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Preface 

The series "Virus Infection of Vertebrates" is intended to supplement the 
plethora of monographs devoted to individual viruses. It was the editors' aim 
to present a "zoocentric" approach instead of the "virocentric" course most 
authors follow. Information on infections of vertebrates is scattered over 
textbooks of veterinary medicine, where it has been selected mainly on the 
basis of clinical and (local) epidemiological importance. However, the concept 
of a series of books summarizing established knowledge on the viruses infect-
ing animals within a taxonomic cluster (species, genus, family) was not 
developed with specifically the veterinary practitioner in mind; any non-
veterinarian who produces, studies or employs animals for scientific purposes 
is a potential reader. The many authors contributing to the present volume 
have been advised to observe a pragmatic approach, with emphasis on essential 
and useful facts. Information leading to a diagnosis, to the interpretation of 
laboratory data, to prophylactic or other control measures was favored, 
whereas presentation of details on the history of a disease or molecular data 
was discouraged. 

Consequently, this series is intended for the non-virologist as a work of 
reference as well as for the scientist as a first start to find out what the present 
state of knowledge on an infection is. The organization of the chapters is 
strictly hierarchical and follows virus taxonomy. Table 1 presents an overview 
of the virus families causing infections in ruminants. A short family descrip-
tion precedes the first chapter discussing an infection caused by a virus from 
this family. The chapters have been written either in an epic style, without 
subdivisions (when only few data were available) or in subdivisions dedicated 
to virus properties (physical and chemical characteristics, antigenic properties 
and cultivation), epizootiology, pathogenesis, disease signs, pathology (gross 
lesions and histopathology), immune reaction, laboratory diagnosis, prophy-
laxis and control; extensive literature references have been provided for 
further study. Pictograms symbolizing the subdivisions have been printed in 
the margins to facilitate the search. Overview chapters are included when 
syndromes have a multifactorial etiology (such as the respiratory and enteric 
infections of ruminants). 

There are, of course, more viruses in cattle, sheep and goats than those 
discussed in this volume. I am not referring to the hitherto unknown agents but 
to viruses with little pathogenic significance or none at all. Viruses have also 
been encountered as contaminants in bovine cell culture but appear to cause 
no harm to the animal host. Electron microscopy of bovine tissue and fecal 
materials has revealed particles of virion morphology that await identification 
and classification (Moussa, personal communication, 1986). Infection of rumi-
nants with arthropod-borne viruses has been evidenced by serology and, less 
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TABLE 1 

Viral taxonomy and arrangement of subjects in the ruminants vo lume (numbers refer to pages) 

Nuc le ic acid Family/ Genus Page 

envelope subfamily 

d s D N A , e n v e l o p e d 

d s D N A , n o n e n v e l o p e d 

s s D N A , n o n e n v e l o p e d 

d s R N A , n o n e n v e l o p e d 

s s R N A , e n v e l o p e d 

p o s i t i v e - s e n s e g e n o m e 

n e g a t i v e - s e n s e g e n o m e 

D N A s t e p i n r e p l i c a t i o n 

a m b i s e n s e g e n o m e 

s s R N A , n o n e n v e l o p e d 

U n c l a s s i f i e d R N A v i r u s e s 

Poxvir idae/ 
Chordopoxvirinae 

Herpesviridae/ 
Alphaherpesvir inae 
Betaherpesvir inae 
Gammaherpesvir inae 

Adenovir idae 

Papovavir idae 

Parvovir idae 

Reoviridae 

Togavir idae 
Flavivir idae 
Coronaviridae 
Toroviridae 

Paramyxovir idae 

Rhabdoviridae 

Retroviridae/ 
Oncovir inae 
Spumavir inae 
Lent iv ir inae 

Bunyavir idae 

Picornavir idae 

Caliciviridae 
Astroviruses 

Borna virus 

Orthopoxvirus 1 

Parapoxvirus 23 

Capripoxvirus 43 

Simplexvirus 69 

Mastadenovirus 159 
Papillomavirus 187 

Parvovirus 201 

Reovirus 215 
Orbivirus 227 
Rotavirus 239 

Pestivirus 245 
279 
295 
309 

Paramyxovirus 317 

Morbillivirus 341 

Pneumovirus 363 

Vesiculovirus 379 
Lyssavirus 393 

417 

431 

Bunyavirus 465 
Phlebovirus 481 
Nairovirus 495 

Aphthovirus 501 
Enterovirus 513 
Rhinovirus 517 

519 
523 

529 

U n c o n v e n t i o n a l i n f e c t i o u s a g e n t s 
Scrapie agent 541 
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frequently, by virus isolation. The listing in Table 2 has been compiled from the 
International Catalogue of Arboviruses 1985 and gives an impression of the 
geographic distribution of arboviruses infecting bovines, sheep, goats and wild 
ruminants. 

I should like to thank all contributors for their efforts, especially those who 
kept the deadlines. The volume editors Prof. Dr. Bror Morein and especially 
Prof, emerit. Dr. Zvonimir Dinter have done a fine job in having most of the 
manuscripts updated by the authors so that the ruminant virus infections 
monograph is the third to appear — after the Carnivore and Porcine volumes. 
A monograph on infections of avian species is presently being edited and 
volumes on rodents and lagomorphs, equines, and fishes are in preparation. 

Marian C. Horzinek 

TABLE 2 

Viruses infect ing ruminants as ev idenced by i so lat ion (I), serology (S) or experimental infect ion (E) 

Virus Family Serogroup Cont inent Detec t ion 

Colorado t ick Orbi Colorado America S 

Bunyip Creek Pa lyam Austral ia I, s 
CSIRO Vi l lage Austral ia I, S, sent inel (bovine) 
d'Aguilar Austral ia S 

Marrakai Austral ia I, s 
Vel lore As ia s 
E H D E H D America S, Ε 
Ibaraki As ia I, s 
Eubenangee Eubenangee Austral ia s 

Kemerovo Kemerovo Europe s 
Seletar As ia s 
Tribec Europe I, sent inel (goat) 

Mitchel l River Warrego Austral ia S 

Warrego Austral ia S 

Chobar Gorge ungrouped As ia s 
Orungo Africa s 

Getah Toga Alpha Austral ia s 
Middelburg Africa s 
Ndumu Africa I 

Ross River Austral ia E 

Sag iyama As ia S 

Absettarov Flavi T B E Europe I, S, E 

Hypr S, E 

Banzi U g a n d a S Africa S 

Kokobera Β Austral ia s 
Kumlinge Europe s 
Kunjin Austral ia s 
Kyasanur Forest disease As ia S, E 

Murray Val l ey encephal i t i s Austral ia E 

Neg i sh i As ia E 

Omsk haemorrhagic fever As ia S, E 

RSSE As ia E 

Saboya Africa S 
Stratford Austral ia S 
U s u t u Africa s 
Wesselsbron Africa I, s 

(Table cont inued overleaf) 
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TABLE 2, contd. 

Viruses infect ing ruminants as evidenced by i so lat ion (I), serology (S) or experimental infect ion (E) 

Virus Family Serogroup Continent Detec t ion 

Chandipura Rhabdo Ves i cu lo As ia S 

Piry America S 

Kotonkan Lyssa Africa S 

Adelaide River B E F Austral ia I, S, sent inel (bovine) 

Berrimah Austral ia I 

Kimberley Austral ia S 

Jo injakaka ungrouped Austral ia S 

Tibrogargan Austral ia s 

Aino Bunya Simbu Austral ia s 
Buttonwi l low America s 
Douglas Austral ia s 
Ingwavuma As ia s 
Peaton Austral ia I, s 
Sabo Africa I, s 
Sango Africa s 
Shamonda Africa I, s 
Shuni Africa CO

 

Tinaroo Austral ia s 

Inkoo California Europe s 
Tahyna Europe s 
Batai Bunyamwera Asia , Europe s 
Bunyamwera Africa E, S 

Cache Val ley America S 

Calovo Europe S (roe deer, elk), Ε 
Germiston Africa S 
Lokern America S 

Maguari America S 
Main Drain America s 
Tlacotalpan America s 

Pongola Bwamba Africa s 

Uukuniemi U u k u Europe s 

Congo Nairo Africa I, E 

Crimean hemorrh. fever Asia, Africa S, E 

Europe 

Dugbe Africa I, s 
Ganjam As ia I 

Bhanja Bhanja Africa, Europe I, s 

Salehabad Phlebo As ia s 
Toscana Europe s 
Zinga Africa s 
Silverwater Kaisodi America s 
Trubanaman Mapputta Austral ia s 

Belmont Bunya-l ike Austral ia s 
Upolu Austral ia s 

Thogoto Orthomyxo Africa I, s 

U n g r o u p e d u n c l a s s i f i e d 
Batken As ia s 
N g a i n g a n Austral ia s 
Wongorr Austral ia s 

BEF: bovine ephemeral fever. EHD: epizootic hemorrhagic disease of deer. RSSE: Russ ian spring 
summer encephal i t is . 
Source: International Catalogue of Arboviruses 1985. 
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Introduction 

This volume is devoted to viral infections and diseases of ruminants, of 
which cattle and sheep deserve particular consideration. They nourish a vast 
majority of the human population, and their skin and wool are important to the 
clothing industry. In many countries great effort is therefore required to 
overcome contagious viral diseases such as foot-and-mouth disease (FMD) and 
rinderpest — epizootics that may threaten the entire national stock of cattle 
— and bluetongue, which is transmitted by biting flies (Culicoides) and is a 
considerable menace to rearing of sheep. Countries that are free, or mostly free, 
of FMD aim to eradicate infectious bovine rhinotracheitis (IBR) and bovine 
leukosis. Large collectives of feedlot calves are exposed to infections with 
viruses that cause enzootics, such as adenoviruses, parainfluenza-3 virus and 
bovine viral diarrhoea virus (BVDV). Transmitted from carriers, these viruses 
— either as solitary agents or as participants of mixed infections — initiate 
respiratory and/or enteric disease, often aggravated by secondary bacterial 
invasion. Neonatal calf diarrheas, caused by rotaviruses, toroviruses or a 
Coronavirus, are an additional menace. The pathogenesis of mucosal disease is 
still an unresolved, intriguing problem. Based on development of immunotole-
rance towards noncytopathic biotypes of BVDV during fetal life, mucosal 
disease during postnatal life is caused by cytopathic biotypes, presumably 
mutants of the former. The economic losses by enzootics are difficult to esti-
mate but may reach levels that make farming less profitable. 

Apart from economics, there is another important aspect to viral infections 
of ruminants: that of comparison with human disease. Bovine leukemia virus, 
discovered in 1969, proved to be precedent of human T-lymphotropic leukemia 
and lymphoma viruses, described during the early 1980s, when the era of human 
retrovirology began. And maedi-visna virus of sheep, with its restricted replica-
tion in vivo, is the prototype of lentiviruses, one of which is the human 
immunodeficiency virus (HIV). A remarkable coincidence was the recent 
report that a bovine lentivirus, first described in 1972, proved to be antigeni-
cally related to HIV. Furthermore, our understanding of the etiology of 
Creutzfeldt-Jakob disease was inconceivable without the study of scrapie of 
sheep and its "unconventional virus" after successful transmission to mice and 
hamsters. 

In the present volume, the steadily growing number of reports on develop-
ment of rapid procedures had to be considered in describing viral diagnosis; 
however, virus isolation and identification by traditional methods is still the 
"gold standard", particularly for index cases of epizootics and enzootics. These 
methods should not preclude parallel application of rapid tests for detection of 
viruses via their antigens, or of antibodies to them, by various modifications of 
enzyme-linked immunosorbent assays (ELISA); and monoclonal antibodies, if 
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prepared against well-chosen epitopes, do facilitate identifiation of a virus or 
differentiation of antigenically closely related viruses. Subtypes of FMD virus 
are now identified in field samples by ELISA and no longer by the less sensitive 
complement-fixation test. However, the question whether or not FMD out-
breaks had derived from old standard strains, present in the vaccines, could 
only be answered when gene sequences encoding VP1 of the isolates from 
outbreaks were compared to corresponding sequences of old vaccinal strains. 
Recently, rapid detection of IBR virus, a herpesvirus, in clinical specimens 
from infected cattle was achieved by dot-blot hydridization with probes 
selected and amplified by recombinant DNA technique. 

The present volume was edited in a time of transition from identification of 
viruses as phenotypes (antigens) to their identification as genotypes (genomes), 
which also will influence future classification. 

For viral proteins as "protective antigens", an appropriate way of present-
ing them to the body's defence system was studied, resulting in a construct 
called "immunostimulating complex (iscom)". An iscom prepared with a 
separated envelope glycoprotein of IBR virus protected cattle against disease 
experimentally induced by the virus and secondary infection with Pasteurella 
haemolytica. Immunizing oligopeptides from VP1 of FMD virus, even synthetic 
ones, are studied as constituents of future subunit vaccines, and so on. Thus, 
even with regard to the preparation of vaccines against viral diseases of 
ruminants, there are new, promising avenues of approach. 

Z. Dinter 
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Abbreviations 

AD CC - antibody-dependent cytotoxicity 
AGID - agar gel immunodiffusion 
AH - arthrogryposis-hydranencephaly 
BAD - Borna disease 
BAV - bovine adenovirus 
BD - border disease 
BEF - bovine ephemeral fever 
BEV - bovine enterovirus 
BF (A, I, K, L, S, T) - bovine fetal (adrenal, intestine, 

kidney, lung, spleen, testicle) cells 
BHV - bovine herpesvirus 
BIV - bovine immunodeficiency virus 
BLV - bovine leukemia virus 
BMV - bovine mamillitis virus 
BPS - bovine papular stomatitis 
BPV - bovine papilloma virus 
BPoV - bovine parvovirus 
BRD - bovine respiratory disease 
BRSFV - bovine respiratory syncytium forming virus 
BTV - bluetongue virus 
BVD-MD - bovine viral diarrhea-mucosal disease 
BVD - bovine viral diarrhea 
CAE - caprine arthritis-encephalitis 
CAM - chorioallantoic membrane 
C(BVD) - cytopathogenic (BVD) 
CF - complement fixation 
CHV - caprine herpesvirus 
CIEP - counterimmunoelectrophoresis 
CMI - cell-mediated immunity 
CNS - central nervous system 
CPE - cytopathic effect 
DEA - diffuse early antigen (MCF) 
DFV - deer fibroma virus 
EAV - equine arteritis virus 
EBL - enzootic bovine leukosis 
EEPV - European elk papilloma virus 
EIA - equine infectious anemia 
EID50 - 50% egg infectious dose 
ELISA - enzyme-linked immunosorbent assay 
EM - electron microscope, electron microscopy 



Abbreviations 

F - fusion protein (paramyxovirus) 
FMD - foot-and-mouth disease 
FTLV - feline T-lymphotropic lentivirus 
GPV - goatpox virus 
H - hemagglutinin (paramyxovirus) 
HA - hemagglutination 
HADEN - hemadsorbing enteric (virus) 
HCV - hog cholera virus 
H&E - hematoxylin and eosin 
HI - hemagglutination inhibition 
HIV - human immunodeficiency virus 
HSV - herpes simplex virus 
IBP - infectious balanoposthitis 
IBR - infectious bovine rhinotracheitis 
i.e. - intracerebral 
ID - immunodiffusion 
IEM - immuno electron microscopy 
IF - immunofluorescence 
IgG, IgM - immunoglobulin G, M 
IIP - indirect immunoperoxidase 
i.n. - intranasal 
i.p. - intraperitoneal 
IPV - infectious pustular vulvovaginitis 
i.v. - intravenous 
JSRV - jaagsiekte retrovirus 
LD50 - 50% lethal dose 
LDV - lactic dehydrogenase virus 
LRS - lymphoreticular system 
LSD - lumpy skin disease 
MCF - malignant catarrhal fever 
MD - mucosal disease 
MMTV - mouse mammary tumor virus 
MN - micro-neutralization 
MNC - mononuclear cells 
MPMV - Mason-Pfizer monkey virus 
MVV - maedi-visna virus 
Ν - neuraminidase (paramyxovirus) 
NC(BVD) - noncytopathogenic (BVD) 
NI - neutralization index 
NSD - Nairobi sheep disease 
OAV - ovine adenovirus 
OPV - ovine papilloma virus 
PAGE - Polyacrylamide gel electrophoresis 
PEA - particulate early antigen (MCF) 
PFU - plaque-forming unit 
p.i. - post infection 
PI-3 - parainfluenza type 3 
PMN - polymorphonuclear (leukocytes) 
PN - plaque-neutralization 
PPR - peste-des-petits-ruminants 
PR - plaque reduction 
PRV - Pseudorabies virus 
RBC - red blood cell 
RIA - radioimmunoassay 
RSV - respiratory syncytial virus 

xvi 
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RVF - Rift Valley fever 
SA(MCF) - sheep-associated (MCF) 
S-antigen - soluble antigen (BAD) 
SBL - sporadic bovine leukosis 
SN - serum neutralization 
SPV - sheeppox virus 
STLV - simian T-lymphotropic lentivirus 
SV - simian virus 
TCID50 - 50% tissue culture infectious dose 
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Poxviridae 

The name of this family is derived from the plural of old English "poc", 
meaning a vesicular skin lesion. The family contains six genera, of which 
members of the Orthopoxvirus, Parapoxvirus and Capripoxvirus genera (sub-
family Chordopoxvirinae) occur in ruminants. The total number of poxviruses 
demonstrated in vertebrates is in excess of 30. 

Poxviruses are the largest of all viruses. The particle may measure 220-
450 χ 140-260 nm and can thus be seen by light microscopy. The virion is 
brick-shaped (Orthopoxvirus), oblong (Capripoxvirus) or ovoid (Parapoxvirus). 
The surface structure of the virion is of diagnostic relevance: parapoxvirions 

TABLE 3 

General properties of orthopoxviruses of domest ic animals* 

Characterist ics Vacc in ia Cowpox Buffalopox Camelpox 

Isolated from man cow, man, buffalo, man camel 

large fel ines 
Pock on chick large whi te haemorrhagic large small opaque white 
embryo to grey/pale opaque/ 

chor ioal lanto is haemorrhagic white /pale 
ulcer haemorrhagic 

ulcer 

Cei l ing temperature 41.0 40.0 38.5 38.5 
on chor ioa l lanto is 
of chick embryo (°C) 
Rabbit skin les ions different indurated erythematous some strains produce 

strains give wi th purple red nodule transient nodule, 

variety of centre whereas others do 
les ions not produce any 

les ion 
Pathogenic i ty 

Baby mice high h igh h igh low 
Adult mice + + - -

Chick mortal i ty very h igh h igh medium very l o w - l o w 
Ant igen ic specificity 
f η 
L U 

Vacc in ia + + + + 
Variola + ? + + 
Monkeypox - ? - -

Polypeptide pattern character of character of character of character of 

vacc in ia cowpox buffalopox camelpox 
Thymidine k inase resistant to res istant to resistant to res istant to 
act iv i ty induced by inhibi t ion by inhibi t ion by inhibit ion by inhibit ion by TTP 
orthopox viruses: TTP TTP TTP 
sensi t iv i ty to 
inhibit ion by 

thymidine 
tr iphosphate (TTP) 

*From: Pandey, R., Kaushik, A.K., Grover, Y.P., 1985. Bio logy of orthopoxvirus infect ions of 
domestic ruminants . Prog. Vet. Microbiol . Immun., 1: 199-228. Reprinted with permission from the 
publisher (Karger, Basel) . 
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Fig. 1. Vacc in ia virus viroplasm with "empty shel ls", immature and complete particles ( χ 60000). 

show a pattern of coiled parallel strands on their surface whereas members of 
the other two genera possess irregular filaments. Orthopoxviruses have been 
studied in detail. They have an external coat containing lipid and enclosing 
one or two lateral bodies and a core; the outer envelope is easily lost during 
manipulation. The biconcave core contains the nucleocapsid which, in turn, 
encloses a single molecule of double-stranded DNA with a mol.wt. in the range 
between 150 and 240 χ 106. Virus particles are built from more than 30 struc-
tural proteins and several viral enzymes concerned with nucleic acid synthesis 
and processing, including a DNA-dependent transcriptase. 

Multiplication occurs exclusively in the cytoplasm (in special viroplasma 
"factories", Fig. 1) and is accompanied by the formation of inclusion bodies. 
Mature virus particles are released from microvilli or by cellular disruption. 
Genetic recombination has been reported within genera. 

Some properties of poxviruses infecting ruminants are summarized in Table 3. 
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Chapter 1 

Vaccinia Virus 

A. M A Y R and C P . CZERNY 

INTRODUCTION 

Vaccinia virus received its name from the Latin word "vacca" (= cow) after 
it was isolated from cowpox in 1796 by E. Jenner; since then, it has been 
cultured uninterruptedly in laboratories (in animals, chick embryos and cell 
cultures) to produce smallpox vaccine. It is not possible to establish whether 
this virus was a genuine cowpox virus or a naturally occurring vaccinia virus. 
The animal poxvirus used by Jenner almost 200 years ago for the first human 
vaccinations was probably a cowpox virus whose original strain no longer 
exists. Passages may have changed its original biological properties (Mayr and 
Danner, 1979). Due to this process, virus reservoirs may have come into exis-
tence similar to those discussed in connection with the genuine cowpox virus 
in carnivores and rodents (Arita and Breman, 1979; Mayr and Danner, 1979; 
Marennikova et al., 1984; Webster and Jefferies, 1984; Bennett et al., 1989). 

It is important to note that vaccinia virus is widespread in animals and 
causes local affections and generalized disease (Mayr, 1976); also, it can be 
transmitted from affected animals to humans, where it can cause manifest 
infection (zoonosis). Virulent vaccinia virus strains are particularly dangerous 
to immunosuppressed persons where generalized vaccinia may be fatal. Vac-
cinia virus infections in animals must therefore be considered as dangerous 
(Herrlich, 1965; Hassan et al., 1970). 

Vaccinia virus can be transmitted to virtually all mammals (Baxby, 1977); of 
the ruminants, sheep, goats, camels and buffaloes are particularly susceptible. 

Vaccinia virus is the type species of the genus Orthopoxvirus. Within the 
genus all viruses are interrelated as found by cross-protection experiments. 
Ectromelia virus shows the lowest degree of relationship (Müller et al., 1978; 
Mayr et al., 1983). 

Physical and chemical characteristics 

Vaccinia virus is labile to fat solvents (chloroform, ether) and at pH values 
below 7 and above 9. The optimum pH is around 7.6. Under natural conditions, 
dry scabs can remain infectious for several weeks (3-6 weeks in the tropical 
environment). Cell-free virus is inactivated in 1-2 h at +56°C. When lyoph-
ilized, it remains stable for unlimited periods at temperatures of + 4°C and 
below. Suitable disinfectants are formalin (1-3%), detergents, acids and all 
virucidal disinfectants. 

VIRUS PROPERTIES 

Chapter 1 references, p. 8 
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Antigenic properties 

Vaccinia virus is serologically uniform. It includes approximately 17 dif-
ferent antigens which can be divided into three groups: (1) heat-labile antigens 
(L-antigens); (2) heat-stable antigens (S-antigens); (3) nucleoprotein antigens 
(NP-antigens). 

All three antigen complexes induce antibodies which can be detected by 
complement-fixation, precipitation, ELISA and RIA. The NP-antigen cross-
reacts widely with other poxviruses (in some cases even with representatives 
of different genera). 

The antigens which are responsible for the induction of protective immunity 
are localized exclusively in the virus coat. They give rise to virus-neutralizing 
and hemagglutination-inhibiting antibodies. These antibodies cross-react with 
other viruses within the Orthopoxvirus genus, which makes it possible to 
differentiate between the vaccinia virus cluster and the viruses belonging to 
other genera of the Poxviridae family. 

Cultivation 

Small experimental animals (baby mice, rabbits, guinea pigs, rats, chick 
embryos) and a large number of cell cultures are suitable for propagation of 
vaccinia virus. Isolation, using the chorioallantoic membrane of embryonated 
eggs, is the preferred method for diagnosis, since the nature of the primary foci 
permits differentiation from other orthopoxviruses. The broad cell spectrum 
(virtually all cell cultures from mammals and birds are susceptible) is of 
additional assistance in the diagnostic work. Replication is usually accom-
panied by a CPE, leading to cytolysis after 3-5 days. The virus harvests contain 
up to 10 7 0-10 8 5TCID 5 0/ml (Mayr, 1966; Mayr et al., 1972; Mayr et al., 1983). 

Vaccinia virus was initially propagated in calves (dermovaccine). For vac-
cine production, it was also propagated in donkeys, sheep, goats, rabbits and 
subsequently in chick embryo cell cultures. The attenuated vaccinia virus 
strains have been obtained by repeated passage in cell culture. They are 
considerably less virulent for humans and animals, and their ability to induce 
protective immunity against smallpox remains unchanged. The prototype for 
these attenuated vaccine strains is the MVA strain (Mayr et al., 1978). 

Mutations leading to reduced virulence are frequently associated with de-
letions in the DNA molecule. The genome of the MVA strain, for instance, is 
9% shorter than that of the Elstree WHO reference strain (Mayr et al., 1978; 
Altenburger et al., 1989). "White cowpox" variants also occur as a result of a 
deficit in terminal sequences of the red cowpox virus genome, affecting ap-
proximately 16-18 χ 106 daltons, or 11.4% of the genome (Archard and Mack-
ett, 1979). 

The most important biological characteristics which can change spon-
taneously affect the virulence, host range, behaviour in the host, thermostabil-
ity, and the formation of hemagglutinin. Vaccinia virus mutants that do not 
form a hemagglutinin have repeatedly been isolated from infected animals. 

Mutants possessing particular markers can be obtained as a result of treat-
ment with chemicals. More than 50 mutants of this type have been described. 

EPIZOOTIOLOGY 

During the era of smallpox vaccination in humans, vaccinia infections in 
ruminants, as in other animal species, originated from farm children after 
primary vaccination. The local pustules become dry and fall off as scabs; in 
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them, vaccinia virus survives for a long time. It finds its way into dust and 
spreads in the form of airborne particles. However, it is primarily transmitted 
from humans to animals by direct contact and to a certain extent also by biting 
flies and other arthropods. 

Small lesions on the skin and mucous membranes promote transmission. In 
the population, an infected animal with manifest disease may spread the virus, 
which thereby adapts to the species through animal-to-animal passages. The 
spread amongst animals is via the oral and aerogenic routes and by arthro-
pods, resulting in an increase in virulence. However, foci of vaccinia virus 
in ruminants remain always locally restricted. The virus does not spread in an 
epidemic manner, since transmission only takes place by direct contact. The 
termination of worldwide smallpox vaccination may eventually lead to the 
disappearance of vaccinia virus infections in animals. Alternatively, a new 
situation may arise with vaccinia virus adapted to animal species that hitherto 
did not support its growth. However, also in these instances direct contact will 
probably remain the most important means of transmission. This applies both 
to transmission between animals, and between animals and man. 

^ r . PATHOGENESIS AND PATHOLOGY 

• Vaccinia virus infections in ruminants can develop as local affections, 
generalized disease, and as latent infections. Localized affections are most 
common. Lesions develop on restricted areas of the mucous membranes, skin 
or on other organs. A generalized disease develops in immunosuppressed ani-
mals and in those with impaired nonspecific infection defense mechanisms. It 
arises as a result of a massive propagation of the virus in the primary target 
organs and progresses through a viremia, resulting in lesion on the skin, the 
mucous membrane and in inner organs. Latent vaccinia infections are rare. 
The virus occasionally persists in lymphoreticular tissue without being se-
creted. 

The typical vaccinia pustules which develop on the skin and the mucous 
membranes pass from efflorescences (stadium maculosum) into papules 
(stadium papulosum), small blisters (stadium vesiculosum) and subsequently 
into pustules when necrosis of the blisters' central region (pox navel) occurs. 
The pustules dry up and fall off as scabs after several days. 

In the inner organs, a localized proliferation initially occurs at the point 
where the virus is multiplying, followed by a ballooning degeneration and 
subsequent lysis of the affected cells. 

Histologically, intracytoplasmic A- and B-type inclusion bodies (Guarnieri's 
bodies) can be detected. Both types of inclusion bodies constitute the viroplasm 
zones where virus replication takes place. The acidophilic A-type inclusion 
bodies are viroplasm zones in an advanced stage of virus development, in which 
mature particles dominate. The basophilic B-type inclusion bodies are zones in 
which early virus development takes place. 

DISEASE SIGNS 

The disease manifests itself as local affections in most instances. Typical 
vaccinia pustules with a wide central navel (pox navel) form on the mucous 
membranes, the skin of the muzzle, the udder and, rarely, in the genital tract. 
The incubation period is 2-3 days. After the eruption phase it takes about 5 
days for complete development of the pustules. If there is no secondary bac-

Chapter 1 references, p. 8 



6 Virus infections in ruminants 

terial infection, the pustules dry up within days and fall off after one week. The 
animal's general state of health is not affected. 

The generalized form of the infection begins with general signs of disease, 
e.g. anorexia, restlessness and salivation. In contrast to genuine cowpox, high 
fever also occurs. The incubation period is between 3 and 7 days. When the 
fever has subsided, pox pustules (secondary and tertiary pustules) gradually 
appear over the whole body. The areas most susceptible to infection are the 
mucous membranes of the muzzle (ulcerative stomatitis) and the genitals, and 
the hair-free areas of the scrotum and udder. Complications are acute ulcera-
tion and mastitis. In the absence of complications, the generalized form in cows 
progresses rapidly and the symptoms vanish. Infections with genuine cowpox 
virus take a more protracted course. 

Vaccinia virus has an affinity to fetal organs; therefore, abortion and fetal 
malformation must be expected to occur in susceptible animals. In addition, 
complications such as those following pox immunization in humans can occur, 
e.g. the development of opportunistic infections (Keane et al., 1983). Newborn 
and young calves are most at risk, as vaccinia infection easily becomes 
generalized. In the past, young animals and dairy cows were often afflicted by 
outright enzootics. Animal caretakers and their families frequently became 
infected (Hassan et al., 1970). 

The prognosis is good in most cases. The disease is lethal in only 1-2%; 
however, in calves the mortality can rise to 20-30% when generalized com-
plicated forms of the disease develop. 

4̂  

IMMUNE REACTION 

Animals acquire a long-lasting immunity after recovery. This pertains both 
to the localized disease and to systemic disease of a cyclic pattern. 

Protection is based on cellular and humoral immunity. Before the develop-
ment of detectable immunity (between 3 and 8 days p.i.), a nonspecific resis-
tance against various infections develops (as early as 8-10 h p.i.). 

Cellular immunity begins 3-5 days p.i. It can be detected by delayed hyper-
sensitivity reactions in the skin using an intracutaneous inoculation test; 
reactivity disappears after 2-3 months. 

Specific serum antibodies appear 6-8 days after infection. They are detected 
in complements-fixation, precipitation, HI and VN tests. The hemagglutina-
tion-inhibiting and neutralizing antibodies are directed against surface pro-
teins and are considered to prevent the development of systemic disease. They 
last for over a year, whereas the antibodies directed against other virus pro-
teins disappear after 2-3 months. 

The humoral immunity is transferred from the mother to the newborn 
animals via the colostrum. 

LABORATORY DIAGNOSIS 

The preferred method is EM detection of the typical vaccinia virus particles 
in fresh samples of skin and mucous membrane pustules (Fig. 2). In case of 
doubt it is necessary to propagate the virus on the CAM of embryonated eggs 
which have been pre-incubated for 10 days (appearance of primary pocks) or in 
cell cultures (type of cytopathic effect, immunofluorescence). Difficulties arise 
in distinguishing vaccinia virus from cowpox virus and also from other related 
poxviruses in ruminants. 

A simple and rapid method of distinction is cutaneous inoculation (feather 
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Fig. 2. Vacc in ia virus: complete particle wi th addit ional membranes or ig inat ing from the cel l 
membrane. 

follicle method) of chickens. Vaccinia virus strains cause typical localized 
pocks at the site of inoculation whereas cowpox virus strains lead to no 
reaction whatsoever (Mayr, 1966; Mayr et al., 1972). New methods of differen-
tiating between both viruses are hybridization and restriction enzyme analysis 
of the DNA. It is possible to distinguish the virions from parapoxviruses by 
electron microscopy, by pock morphology on the CAM, in laboratory animals 
and cell cultures, and by immunofluorescence and other serological methods. 

Indirect diagnosis via antibody detection is possible in individual cases by 
examining paired sera (HI, neutralization). For diagnosis in livestock, it is 
sufficient to confirm the presence of antibodies in a few animals. 

Clinical methods are not sufficient for an etiological diagnosis of the disease. 
Cowpox, milker's nodes, parapox diseases (stomatitis papulosa, ecthyma), sto-
matitis vesicularis, sheep- and goatpox, bluetongue, panaritium, mastitis and 
occasionally foot-and-mouth disease and mucosal disease have to be excluded. 

PROPHYLAXIS AND CONTROL 

There is no specific therapy. Symptomatic treatment is intended to prevent 
secondary bacterial infections. Young and pregnant animals can be protected 
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against infection by the administration of immune serum. Immune serum has 
no therapeutic effect. 

Vaccination with live virus vaccines is the preferred method of prophylaxis. 
Only attenuated vaccinia virus strains may be used as vaccines; virulent 
viruses, e.g. the Elstree strain, present a risk. The attenuated vaccinia virus 
strain MVA has proved to be harmless and has good immunogenic properties; 
a dose should contain at least 107 0 TCID 5 0 of vaccinia virus. Application is by 
intracutaneous injection, scarification or subcutaneous injection. Vaccines of 
this kind are also suitable for use in healthy animals in infected herds as an 
emergency measure (Mayr, 1976; Mayr et al., 1978). 
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Chapter 2 

Cowpox Virus 

A. M A Y R and C P . CZERNY 

INTRODUCTION 

The term "cowpox" is somewhat indiscriminately applied to all diseases in 
cows where a local or generalized pox exanthema of the mucous membranes 
and skin occurs, especially on the udder (udder pox). Etiologically these di-
seases are not uniform; the agents involved are parapoxviruses (stomatitis 
papulosa, milker's node, ecthyma), vaccinia virus and the genuine cowpox 
virus. 

Only the disease caused by cowpox virus should be designated as cowpox. 
The disease pictures include on the one hand pustulous local lesions restricted 
to particular areas of the animal's body, e.g. the muzzle, udder, teats or 
scrotum, and on the other hand systemic disease of a cyclic nature, with pocks 
covering the whole body. 

The cowpox disease is as old as variola, but it was recognized only fairly late. 
The origin and first outbreaks of cowpox are unknown. It is assumed that the 
bovine epidemics of ancient times described as "smallpox", were, in fact, 
outbreaks of cowpox. When Edward Jenner applied a suspension from the 
pustulous infected skin of a cow to a person and proved that this treatment 
protected against smallpox (1796), he showed that a pox disease occurring in 
cows is related to a similar disease in man. It will remain unknown whether the 
orthopoxvirus experimentally transmitted from cowpox at that time was the 
genuine cowpox virus as it has been isolated in recent decades, or whether it 
more closely resembled vaccinia virus. 

Cowpox had a purely economic significance during the period in which 
smallpox vaccination took place. It occurred sporadically, only occasionally 
reaching epidemic proportions. Since the termination of worldwide compulsory 
vaccination against smallpox, however, cowpox has become important again, 
in view of the danger of its transmission to humans as a zoonosis (Mayr and 
Danner, 1979). 

VIRUS PROPERTIES 

Physical and chemical characteristics 

The tenacity of the cowpox virus resembles that of vaccinia virus. This also 
applies to the use of disinfectants. 
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Antigenic properties 

Cowpox virus belongs to the Poxviridae family, Chordopoxvirinae subfamily 
and to the Orthopoxvirus genus. It resembles vaccinia virus in size, shape (Fig. 
2), composition, chemicophysical properties and autonomous multiplication in 
"viroplasm zones". Immunologically, cowpox virus is a single serotype. It 
cross-reacts with the variola and vaccinia viruses as well as with the other 
orthopoxviruses. It is possible to differentiate cowpox virus from other or-
thopoxviruses by the character of primary foci on the CAM of chick embryos, 
the host spectrum and its behaviour in various cell cultures. More recently, 
serological tests with the aid of monoclonal antibodies are used, as well as 
DNA-analysis by restriction enzymes and hybridization. However, differentia-
tion tests of this kind are only applicable to field strains. The differences 
become slight in laboratory strains which have been passaged and attenuated 
in cell cultures or which have become adapted by passage through other animal 
species; this applies in particular to the differentiation between the vaccinia 
and cowpox viruses. Common methods of differentiating between orthopox-
viruses of animal origin are listed in Table 3. 

Cowpox virus is closely related to the poxviruses of elephants, buffalos and 
other zoo animals but differs relatively much from camelpox virus. 

Cultivation 

For cultivation of cowpox virus the CAM of 10-12-day-old chick embryos and 
a large number of cell cultures are suitable (Mahnel, 1974). The preferred 
methods are inoculation of the CAM and propagation in secondary cell cul-
tures of fetal bovine lung and kidney. Hemorrhagic foci with a central necrosis 
between 1.5 and 2 mm in diameter arise on the CAM after 2-3 days. The 
proliferative phase of focus formation is highly accentuated, lasting somewhat 
longer than in vaccinia. Correspondingly, the central lysis occurs slightly later. 
The mesoderm of the CAM is enlarged by infiltrating cells. Stasis and throm-
bosis in the terminal blood vessels and considerable damage to the vessel walls 
accompanied by diapedesis are characteristic of the primary cowpox foci. After 
60-72 h, the infection becomes generalized throughout the CAM along the 
blood vessels. The generalization includes the embryo and its internal organs. 
During this stage the embryo dies. After generalization, titers between 107 5 and 
10 8 5 EID 5 0/ml can be found in the CAM. 

Repeated passages of cowpox virus can lead to the appearance of "white 
mutants" which resemble vaccinia foci on the CAM (Herrlich et al., 1967). Such 
mutants can occur in virtually all orthopoxviruses; they have been described 
for simian and rabbit poxviruses. Mutants are always the result of terminal 
deletions in the viral DNA (Archard et al., 1984). 

Virus replication in cell culture is accompanied by a CPE. It begins with 
rounding of the cells and results in lysis, cell fusion and formation of syncytia. 
Optimum virus harvests contain 10 7 0-10 8 5 TCID 5 0/ml. 

Of the common laboratory animals, rabbits (cutaneous route, mildly affec-
ted, only partly hemorrhagic), guinea pigs (cutaneous infection), rats (cuta-
neous infection), and mice (intracerebral, parenteral infection) are susceptible 
to cowpox virus. In newborn animals, parenteral infection can lead to 
generalization, with fatal consequences. 

Cowpox virus can be distinguished from the camelpox and vaccinia viruses 
by inoculation of chickens and rabbits. Details are given in Table 3. 
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EPIZOOTIOLOGY 

Cowpox is transmitted both directly and indirectly. The most likely means 
of transmission is direct contact. The virus passes into the environment by way 
of pustules from the skin and mucous membranes which have dried up and 
peeled off, ocular secretion and secretions of the upper respiratory and diges-
tive tract. It enters the body principally through broken skin, but can also be 
contracted from dust containing the virus via the mucous membranes of the 
respiratory and digestive tract. Occasionally, a large number of animals may 
contract the infection while grazing. Cowpox can often also be transmitted 
indirectly, e.g. during milking (via the milk pail, humans or animals; Ghosh et 
al., 1977). In addition, different invertebrates can spread cowpox virus in a 
purely mechanical way. Intrauterine transmission can occur in the course of 
generalized disease. 

A large number of domestic animals and animals kept in zoos are susceptible 
to cowpox virus. Among the ruminants, sheep, goats, camels and buffalos in 
particular contract cowpox. Cowpox virus is also transmitted to humans, 
where it may cause local affections in the form of pocks on the hands, arms and 
face after direct contact with pustule material, e.g. during milking. Systemic 
disease with fever, lymphangitis, lymphadenitis, conjunctivitis and dissemi-
nated pox exanthema may also develop. Fatal cases of meningo-encephalitis 
have been reported (Herrlich et al., 1967). In recent years, the disease has 
occurred in humans with no contact with cattle. It is therefore suspected that 
reservoirs of cowpox virus exist in other animal species. The presence of a 
natural reservoir in rodents is discussed (Marennikova et al., 1984). 

Cowpox can cause epidemics with a periodic occurrence. Epidemics of this 
kind are known from Germany (intervals of 10 years), England, France, Poland 
and the USSR. In the 1950s, epizootic cowpox in cattle occurred in Holland, 
Great Britain, France and Brazil (Baxby, 1977). Then, between 1962 and 1972, 
only five cases were reported in these countries. Consequently, the epidemiol-
ogy of cowpox has not yet been explained (Marennikova et al., 1984). In 
many cases the sources of infection cannot be traced. The possibility that 
animal species other than ruminants may serve as reservoir hosts became a 
topic of discussion at the very beginning of research. In 1962, Dixon described 
the periodic outbreaks as "mysterious". After 1970, cowpox virus infections 
attracted more attention. Five okapis contracted the disease at a zoo in Rotter-
dam. Cheetahs in a British zoo, and elephants belonging to travelling circuses 
in Germany, Austria, Poland and England were found infected; the virus was 
also isolated from kangaroos, rhinoceroses and dolphins (for references, see 
Pandey et al., 1985). 

A new epidemiological aspect emerged when cowpox infections were obser-
ved in various carnivorous species (Felidae); in some cases in a generalized 
form, they were found in cats, leopards, lions, ocelots, cheetahs, jaguars, and 
the like (Webster and Jefferies, 1984; Bennett et al., 1989; Mahnel et al., 1989). 

In the search for a virus reservoir, infections in laboratory rats were dis-
covered. The virus which was first isolated from the lungs of diseased rats was 
given the name "pneumotropic virus of white ra ts" (Krikun, 1974), but was 
later characterized as cowpox virus. Further investigations showed that infec-
tions with viruses similar to cowpox virus also occur in wild rats (Rattus 
norvegicus). They take an inapparent course but may lead to systemic diseases 
(pneumonia, exanthema). 

The virus is excreted with urine and feces. Serological tests (hemagglutina-
tion-inhibition and neutralization) confirmed the presence of cowpox infection 
in various rodent species. It is possible to differentiate cowpox from ectromelia 
(mousepox), which is caused by the only rodent poxvirus known. 
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Fig. 3. Cowpox les ions on teats. 

Marennikova et al. (1984) concluded that various species of wild rodents are 
a hidden natural reservoir for cowpox virus, maintaining the chain of infec-
tion. The final hosts are ungulates, carnivores and humans. 

s PATHOGENESIS AND PATHOLOGY 

The pathogenesis of cowpox resembles that of vaccinia virus infections. 
Besides local affections with pustule formation on the muzzle, udder and 
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scrotum, generalized systemic disease occurs, which often takes a more severe 
course. Systemic forms of infection have a cyclical pattern, affecting the skin 
and mucous membranes, internal organs and the central nervous system. They 
are the result of virus replication in organs of primary affinity (bone marrow, 
liver) following viremia. Latent infections are conceivable, but serological 
tests have not yet provided reliable proof. Interpretation of the test results is 
difficult due to the immunological cross-reactions with vaccinia virus. 

In pathological-anatomical terms, cowpox is a typical pox disease with 
pustulation of the skin and mucous membranes, and disseminated foci in the 
internal organs (pin-sized, whitish), in particular in the lungs, liver, kidneys 
and lymph nodes. In severe cases, hemorrhagic diathesis occurs, leading to 
petechiae and extensive ecchymosis. Hemorrhagic exudates are found in the 
pleural cavity and the pericardium. Hemorrhages occur above all in the liver, 
spleen, renal capsule and central nervous system. 

Histologically, cytoplasmic inclusion bodies (acidophilic) are present in the 
infected tissue. In contrast to vaccinia inclusion bodies, they are large, com-
pact and less granular, and occur only in small numbers. Inclusions produced 
by cowpox virus in cell cultures have been analyzed by Patel et al. (1986). 

fr 

DISEASE SIGNS 

The incubation period generally lasts for 3-7 days; it is normally shorter for 
vaccinia than for cowpox virus infections. The disease begins with moderate 
fever which remains unnoticed in many cases. The experimental infection of 
bovines with vaccinia virus results in a fever higher than 40.5°C as early as 3 
days after inoculation, lasting for about 10 days. In contrast, after cowpox virus 
infection, the body temperature does not rise above 39.5°C before the 4th day 
p.i. The temperature curve reaches its peak on the 8th day. Shortly after or at 
the same time as the fever rises, pocks appear on the udder, teats and testes, and 
only very rarely on other parts of the body. Infection of the udder is mostly 
confined to the teats (Fig. 3). The pustules reach maturity after 8-11 days, then 
dry up into a scab. Infection with cowpox virus is frequently accompanied by 
hemorrhagic symptoms resulting in scabs with a darker color than those 
occurring after vaccinia virus infection. 

Localized pox lesions usually take a benign course unless the tops of broken 
pustules become infected by bacteria and abscesses or ulcers form. The 
generalized infection, however, leads to severe disease characterized by 
generalized manifestations on the skin, mucous membrane and internal organs 
(Fig. 4). The pocks are often hemorrhagic. 

High fever and heart and circulatory complications are the dominant symp-
toms. In the advanced stage of the disease, central nervous system disorders 
become apparent. Abortions occur in pregnant animals. As a result of secon-
dary bacterial infections, acute inflammation of the udder and ulceration of the 
affected areas of skin and mucous membranes occur. 

The prognosis is favourable for the localized form of the disease. In systemic 
disease, when hemorrhagic symptoms are involved, mortality can reach 50%. 
Young animals are more seriously affected than older ones. 

IMMUNE REACTION 

When animals have recovered, they possess a protective immunity lasting 
for several years. The immunity is more pronounced and lasts longer than after 
vaccinia virus infection. 
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Fig. 4. Generalized cowpox. 

Protective immunity is determined by humoral and cellular factors. Cellular 
immunity measured by delayed hypersensitivity disappears faster than the 
humoral immunity. In general, cellular immunity can be detected for up to a 
year after exposure. The protective humoral immunity is considered to be based 
on antibodies detectable by HI and VN tests. These antibodies appear to 
prevent a generalized, systemic disease and last for between 2 and 3 years. 
Newborn animals receive maternal antibodies via the colostrum. 

LABORATORY DIAGNOSIS 

The diagnosis of cowpox resembles that of vaccinia virus infection. Dif-
ferentiation between the cowpox and vaccinia viruses is difficult. The methods 
for differential diagnosis are listed in Table 3. 

In clinical terms, only a tentative diagnosis is possible. Infections involving 
vaccinia virus and parapoxvirus must be excluded by virological and serologi-
cal methods. The following diseases are important for differential diagnosis: 
stomatitis vesicularis, bluetongue, panaritium and mastitis, and occasionally 
foot-and-mouth disease and bovine diarrhea/mucosal disease. 

PROPHYLAXIS AND CONTROL 

There is no specific therapy for cowpox. The localized skin and mucous 
membrane inflammations are treated symptomatically (iodine- and halogen-
based ointments and acidic solutions, sprays or embrocations). Secondary 
bacterial infections are treated with antibiotics. In most cases it is too late for 
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serum therapy, which does not prevent the local affections from developing 
into a generalized systemic disease. 

The preferred method of prophylaxis makes use of live virus vaccines for 
healthy animals after an outbreak has started in a herd or a zoo (emergency 
vaccination). Only attenuated vaccine strains should be used whose virulence 
for cows has been reduced. Attenuated vaccinia strains used as vaccines have 
proved innocuous; the MVA vaccinia strain is recommended (Mayr, 1976; 
Mayr et al., 1978). It became attenuated through numerous cell culture pas-
sages and has been tested over a period of several years. For primary vaccina-
tion, two parenteral injections at an interval of 3-4 weeks are recommended. 
In case of emergency one injection is sufficient. Re-vaccination after 2-3 years 
should be sufficient. The MVA vaccines should contain at least 107 0 TCID 5 0 per 
dose to ensure a high degree of efficacy. 
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Chapter 3 

Buffalopox Virus 

A. M A Y R and C P . CZERNY 

Clinically, buffalopox resemble vaccinia virus infections and cowpox. They 
mostly take the form of local pox exanthema (pustulation with central ne-
crosis) on the muzzle, udder, teats or scrotum. In individual cases, buffalopox 
can also develop as a severe systemic disease of a cyclical pattern. 

Buffalopox was first described in India (Ramkrishnan and Anathapad-
manabham, 1957; Maqusood, 1958; Singh and Singh, 1967). It was contemporary 
with smallpox epidemics and the vaccinia virus vaccination programs. Vac-
cinia virus vaccines were initially produced in buffaloes (dermo-vaccine) in 
India (Hobday et al., 1961). Buffaloes cannot be infected with variola virus 
—only man and apes are susceptible. Cases of buffalopox have meanwhile also 
been reported from other countries (Mathew, 1967; Tantawi, 1974; Tantawi et 
al., 1977). A connection with smallpox immunization of humans has been 
excluded, but infection with cowpox virus is discussed (Tantawi et al., 1979). 
There is a possibility that the vaccinia and cowpox viruses have adapted to the 
buffalo via several passages through highly susceptible animals. 

As far as its epidemiology and potential virus reservoirs are concerned, the 
same considerations as for cowpox apply. The epidemiology of buffalopox 
should be reconsidered some 10-20 years after the termination of smallpox 
immunization in humans. 

Buffalopox virus is currently classified as a separate species of the Orthopox-
virus genus (Baxby and Hill, 1971; Mayr et al., 1972). Its size, shape, structure 
(Bloch and Lai, 1975), physico-chemical properties and replication in "viro-
plasm zones" resemble those of the cowpox and vaccinia viruses. It is im-
munologically uniform and cross-reacts both with vaccinia and cowpox, as well 
as with other orthopoxviruses. It can be distinguished from cowpox and vac-
cinia viruses by double ID, CF, Immunoelectrophoresis and neutralization 
tests. It is serologically more closely related to the cowpox and vaccinia viruses 
than to the other orthopoxviruses (Gispen, 1955; Rondle and Dumbell, 1962). 
However, its biological property differs slightly from those of the cowpox and 
vaccinia viruses (Mathew, 1970; Baxby and Hill, 1971; Dogra et al., 1978). 

Buffalopox virus replicates in a wide range of cell cultures and in the chick 
embryo. Cell cultures of bovine origin and of chick embryos are most frequent-
ly used for virus propagation that is accompanied by a cytopathic effect. 

As regards the pathogenesis, pathology and histology (formation of cyto-
plasmic inclusion bodies) buffalopox resembles vaccinia and cowpox. 
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After recovery the animal is protected by both cell- and antibody-mediated 
immunity. Neutralizing, hemagglutination-inhibiting and precipitating anti-
bodies may be detected. Following experimental infection, neutralizing and 
precipitating antibodies appear after approximately 12 days. The maternal 
antibodies are transferred to the newborn animals via the colostrum. 

Although buffalopox does not occur very frequently, the disease is econom-
ically important in countries where buffalo are reared. It may be transmitted 
to humans who are in close contact with affected buffaloes (Ghosh et al., 1977). 

Prophylactic control is possible with a live virus vaccine based on an 
attenuated vaccinia vaccine strain. The program resembles that of cowpox 
prophylaxis. Such vaccines can also be used to protect animals in an infected 
herd. 
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Chapter 4 

Camelpox Virus 

A. MAYR and C P . CZERNY 

INTRODUCTION 

Camelpox is a systemic disease of a cyclic pattern. A typical pox exanthema 
appears over the entire body, and on the head in particular. The first symptom 
is usually swelling of the entire face. Pustules then form on the lips, nostrils 
and ears, resulting in severe secondary bacterial infections of the eyes and 
ears, which may cause blindness. The disease occurs enzootically and causes 
high mortality among young animals. 

Camelpox has been known since the Middle Ages and is caused by a poxvirus 
with a relatively restricted host spectrum (Tantawi, 1974). It occurs in the 
Bactrian camel (Camelus bactrianus L.) and in the dromedary (Camelus 
dromedarius L.). Pox diseases are unknown in the South American tylopods 
(llama and related species). Camelpox is widespread in Asia and Africa, especi-
ally Algeria, the Sahara, Egypt, Sudan, Kenya and Somalia, the Asiatic part of 
the Soviet Union and India (Baxby, 1972). 

VIRUS PROPERTIES 

Camelpox virus belongs to the Poxviridae family (Chordopoxvirinae sub-
family) and is classified under the Orthopoxvirus genus (Mahnel, 1974; Kriz, 
1982; Mayr et al., 1983). In terms of size, shape, structure, physico-chemical 
properties and autonomous replication in "viroplasm zones", it resembles 
vaccinia virus. It is immunologically uniform and closely related to other 
members of the Orthopoxvirus genus. There is no relationship with Parapox-
virus, the etiological agent of contagious dermatitis (Asduk) (Roslyakov, 1972; 
Dashtseren et al., 1984). 

It is possible to differentiate within the orthopoxviruses by the nature of 
primary foci on the CAM of embryonated eggs, the host spectrum (apes, mice) 
and its behaviour in various cell cultures. Other methods for differentiation are 
immunological techniques where monoclonal antibodies are useful, e.g. HI, 
neutralization or ELISA tests, or by nucleic acid analysis using restriction 
enzymes or DNA-hybridization. Small proliferative focuses occur on the CAM, 
the morphology of which depends on the incubation temperature, without the 
tendency to generalize or to kill the embryo. Virus replication causes complete 
CPE in a wide range of cell cultures. However, virus strains from the USSR, 
Iran and Egypt behave differently as far as temperature sensitivity and hemag-
glutinin formation are concerned. When injected intracutaneously into rab-
bits, sheep and chickens, not all virus strains cause infection. Apes appear to 
be more susceptible. Upon intracerebral and intraperitoneal inoculation into 
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young mice, all strains were found to be only mildly virulent (Mahnel and 
Bartenbach, 1973; Marennikova et al., 1974; Davies et al., 1975; Tantawi et al., 
1978). Histologically, cytoplasmic eosinophilic inclusion bodies can be detected 
in the infected cells (Tantawi and Sokar, 1976). 

EPIZOOTIOLOGY 

Camelpox can be transmitted both directly and indirectly. Once it has 
established itself in a herd, it is transmitted by contact. The virus contaminates 
the environment when pustules on the skin and mucous membranes become dry 
and fall off; it is frequently shed with secretions from the eyes, the upper 
respiratory tract and the digestive tract. Feed, grazing and contaminated 
objects play an important role in spreading the infection. Virus in dry scabs or 
crusts remains infectious for 4\ months or longer. Camelpox spreads rapidly in 
camel populations, affecting young animals in particular. Epidemics occur 
every 3-5 years, mostly in the warm, humid seasons. 

Only few cases of transmission to humans are known, and such reports are 
for the most part not very reliable. However, Kriz (1982) reports a WHO 
investigation of 280 persons in Somalia, 33% of whom had been vaccinated 
against smallpox, and all of whom were in constant contact with severely 
diseased camels. Of this group, three unvaccinated people fell ill with exanthe-
ma, and in one case a pox infection was suspected on the basis of a positive HI 
test against orthopoxviruses. Although transmission to humans may be rare, 
camelpox must be considered a zoonosis which may cause illness, particularly 
in immunosuppressed persons. 

DISEASE SIGNS 

The incubation period in the adult camel is usually 6-7 days (range 3-15 
days). Newborn foals of non-immune camels fall ill between 3 and 5 days after 
being exposed to the virus at birth. 

Pustule formation starts 1-3 days after the prodromal symptoms (fever, poor 
general state of health, salivation). In mild cases the pustules are restricted to 
the lips, nose, eyelids and the respective mucous membranes. In severe cases 
with fever, the pustules spread over the whole body, being manifested on the 
udder, genitals and the anal region. An edema frequently appears on the head 
and limbs. Animals may recover after 1-2 months. Pregnant female camels 
mostly suffer abortions. 

Secondary infections result in suppuration beneath the pock scabs, ab-
scesses in the subcutis, muscles, lymph nodes and lungs, and general pyemic 
symptoms. In such cases the animals suffer exhaustion, loss of appetite, diar-
rhea, and rapid loss of weight. They die quickly or after a few months as 
a result of total exhaustion. In general, young animals are most severely 
affected. The mortality rate in infected herds ranges from 25 to 100% for young 
animals, and from 5 to 25% for older animals. Mortality is higher in males than 
in female animals; it has reached 8.8% in male animals and 4.4% in female 
animals (Ramyar and Hessami, 1972; Kriz, 1982). 

IMMUNE REACTION 

Animals which have recovered from local affections or systemic disease 
have protective immunity for several years. In its development and duration, 
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it resembles the immunity gained after infection with vaccinia virus, but it is 
more and lasts longer. 

Protective immunity is humoral and cell-mediated. Cellular immunity disap-
pears more rapidly than the humoral immunity. The former can generally be 
detected for up to a year by delayed hypersensitivity reactions. The humoral 
immune response is detected by HI and VN tests. These antibodies are con-
sidered to prevent generalization of the virus and the development of a cyclic 
disease. It lasts for 2-3 years. Maternal immunity is transferred to newborn 
animals via the colostrum. 

LABORATORY DIAGNOSIS 

The methods for diagnosis of camelpox resemble those used for vaccinia and 
cowpox virus infections. The preferred method is EM detection of the typical 
orthopox virus particles in the pustules. The virus can be isolated in 10-12-day-
old chick embryos (inoculation on the CAM) or in cell cultures. A difficulty is 
the differentiation of viruses within the Orthopoxvirus species, and in par-
ticular between the cowpox, variola and vaccinia viruses. Camelpox virus can 
be easily distinguished from parapox virus by electron microscopy, by cultiva-
tion and by serological methods. 

PROPHYLAXIS AND CONTROL 

Some camel-owning tribes still use the empirical but outdated and dan-
gerous method of "variolation", i.e. inoculation with virulent field virus. They 
collect dried-up scabs from diseased camels and keep them until the following 
year. Before the onset of the humid season, milk containing ground scabs is 
inoculated into the lips of the animals. The rest of the herd thereby becomes 
infected by a natural process, and infection with virulent virus is constantly 
maintained. 

Live vaccines from attenuated vaccinia strains are harmless and effective. 
The attenuated MVA vaccinia strain is recommended for this purpose. For 
primary vaccination, it is advisable to administer two parenteral doses at an 
interval of 3-4 weeks. One dose is sufficient for vaccination of healthy animals 
in an infected herd (emergency vaccination). Revaccination at intervals of 2-3 
years is sufficient (Mayr, 1976; Mayr et al., 1978). 
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Chapter 5 

Bovine Papular Stomatitis Virus 

A. MAYR and M. B Ü T T N E R 

INTRODUCTION 

Bovine papular stomatitis (BPS) is a mild generalized viral disease. It fre-
quently becomes apparent after activation of latent virus, which is widespread 
in cattle. It manifests itself typically on the skin and mucous membranes, with 
papulation occurring particularly around the mouth and occasionally on the 
udder. The papules are not, as has often erroneously been supposed, a local 
affection, but rather the result of a viremic phase with secondary viral localiza-
tion in the skin, mucous membranes and internal organs. The disease may 
resemble local affections as seen in hyperkeratosis (X disease, chloronaph-
thalene poisoning and other intoxications; Schmidt, 1967). The terms "stoma-
titis pseudoaphtosa" or "oral papillomatosis" are misleading, since they sug-
gest an other etiology. 

Bovine papular stomatitis is occasionally transmitted to humans, causing 
mainly local skin affections (Nagington et al., 1965; Priesslinger, 1982). 

VIRUS PROPERTIES 

Bovine papular stomatitis virus (BPSV) belongs to the family Poxviridae 
(subfamily Chordopoxvirinae) and is classified in the genus Parapoxvirus. It is 
morphologically similar to ovine orf virus and to the parapoxvirus causing the 
milker's nodes or udder pox. These three viruses are antigenically closely 
related (Mayr et al., 1972). A comparative study between neutralization kinetic 
tests and restriction enzyme analysis was carried out by Wittek et al. (1980) on 
various isolates of the three viruses. Serological cross-reactions were demon-
strated between all strains tested. Antibodies to the outer coat structures were 
detected by Rosenbusch and Reed (1983) in low cell culture passage virus using 
immunoelectron microscopy. Antibodies to antigens in the coat permit the 
serological distinction between the three parapoxviruses. Restriction enzyme 
analysis of the DNAs of several isolates revealed a broad heterogeneity within 
orf virus and the milker's node parapoxviruses. Different strains of BPSV 
showed less heterogeneity. Presently, only the DNA hybridization technique 
allows a differentiation between the three viruses (Wittek et al., 1980; Gassman 
et al., 1985; Rafii and Burger, 1985). 

The chemical and physical properties of BPSV resemble those of orf virus. 
The BPSV can be propagated in cell cultures; primary and secondary cultures 
of fetal lung, testes and kidney from cattle, sheep and man are particularly 
suitable (Nagington et al., 1965). A CPE with cell fusion, giant cell formation 
and granular lysis usually accompanies the replication, and cytoplasmic in-
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elusion bodies are formed. On the other hand, propagation in chick embryo 
fibroblast cultures or in the CAM of embryonated eggs fails, this in contrast to 
the bovine orthopoxviruses and to the capripoxvirus that causes lumpy skin 
disease. Small laboratory animals (including baby mice) are not susceptible to 
the BPSV. 

EPIZOOTIOLOGY 

At birth, BPSV is transmitted to the offspring of latently infected mothers; 
later in life it is transmitted by contact with latently infected or diseased 
animals (e.g. when penned together for fattening), and by virus intake via food 
and water. The virus is excreted from the upper digestive and respiratory tracts 
(Moreno-Lopez and Lif, 1979). Latent infections are frequent in cattle. It can be 
assumed that the virus occurs worldwide (Aguilar-Setién et al., 1980). 

Although BPS occurs also in wild ruminants, the etiology is not clear in 
many cases since, for example, ovine orf virus can also be involved (Kum-
meneje, 1979). BPSV does not appear to be harmful to pigs and horses, and 
reports of infection in carnivores, particularly in dogs, are infrequent and 
contradictory (Liebermann, 1967). 

People in close contact with diseased animals may become infected; local 
papular and pustular lesions develop on the hands, arms and legs. The lesions 
heal either spontaneously or during symptomatic treatment (Nasemann and 
Sauerbrey, 1981). Such affections in man may be caused by any of the three 
viruses of the Parapoxvirus genus; recently, the incidence seems to have 
increased (Schnurrenberger et al., 1980). When cases occur it is often difficult 
to establish the actual cause of the disease. Most of the cases in man, however, 
can be attributed to orf virus and BPSV; the latter can also manifest itself on 
the udders, predominantly of older animals (PHLS Communicable Disease 
Surveillance Centre, 1982). The expression "milker's node" (see chapter 6) has 
established itself in human medicine as the designation of a zoonosis, regard-
less which one of the three relevant virus species has caused the infection. 

PATHOGENESIS AND PATHOLOGY 

Bovine papular stomatitis is a cyclic, generalized disease. The pathogenetic 
chain of events is similar to that of the ovine ecthyma contagiosum. During 
generalized disease, the symptoms may disappear at any stage with ensuing 
subclinical and latent infections accompanied by virus excretion. Clinically 
inapparent infections predominate in obviously healthy animals and can be 
activated by various stress factors. 

More recently, infections in immunosuppressive stress situations (e.g. 
crowding, misuse of medication) have led—particularly in fattening herds—to 
activation of latent infections with widespread outbreaks (Snider et al., 1982) 
and severe cases of the disease (Bohac and Yates, 1980). 

When the latent infection is activated, the disease manifests itself on the 
mucous membranes of the muzzle (Fig. 5), on the udder (of older animals), the 
palatal mucous membrane, the esophagus and rumen. The infected areas be-
come inflamed and develop into erosions and papulae at a later stage; these are 
characterized by concentric zones of inflammation (Figs. 6 and 7). Virus multi-
plication occurs in the spinous layer of the epidermis and leads to ballooning 
degeneration and vacuolization of infected cells, as well as to basophilic and 
eosinophilic cytoplasmic inclusion bodies (Pospischil and Bachmann, 1980). A 
small number of lesions on mucous membranes of the head and occasionally on 
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Fig. 5. First c l in ical s igns of BPS: erythematous c ircular changes on the sk in and mucous mem-

branes around the mouth (arrow). 

the udder are pathognostic for classical BPS; despite the viremia these animals' 
general state of health is hardly affected (fever is rare and food uptake is 
normal). 

DISEASE SIGNS 

The period of incubation is between 2 and 5 days. The course of the disease 
is generally mild. Initial erythematous changes on the mucous membranes of 
the muzzle develop into erosive and proliferative stomatitis. There is no forma-
tion of blisters. The primary lesions are often followed 2-3 weeks later by 
secondary papulation, which causes the animal severe irritation. The papulae 
may turn ulcerous in rare progressive cases, and the general state of health is 
then disturbed. The prodromal symptoms are increased salivation and reduced 
food intake. During generalization the infection also manifests itself on the 
udder as papulation and subsequent ulceration (Figs. 8 and 9). Such manifesta-
tions can occur enzootically and are referred to by Nagington et al. (1965) as 
"benign or chronic", or as "acutely progressive". The duration of the disease 
varies greatly; depending upon the nature of its progression and secondary 
infections, it can last for several months. In the case of chronic progression, 
repeated phases of sickness every 2-3 weeks are typical. A simultaneous infec-
tion with adeno-, mucosal disease- and IBR-IPV viruses may occur and often 
initiates the outbreak of BPS. Secondary bacterial infections, especially with 
pasteurellae may complicate its course. 

Fig. 6 (left). Typical cockade- l ike appearance of B P S eros ions in the form of concentr ic ring zones 

around a central papula (arrow) on the gum of a calf. 

Fig. 7 (right). Enlarged v iew of Fig. 6. 
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Fig. 8 (left). B P S manifestat ion on the udder. Papulat ion wi th subsequent ulcerat ion. 

Fig. 9 (right). As Fig. 8, enlarged view. 

The economic significance of bovine papular stomatitis is greater for fatten-
ing than for breeding cattle. Besides causing acute sickness in calves soon after 
they are stalled up for fattening, it causes diminished food uptake and supports 
multiple infections such as "crowding disease". 

IMMUNE REACTION 

Most animals develop antibodies that can be detected by the agar gel pre-
cipitation test, by IF or by the ELISA technique (Aguilar-Setién et al., 1981). 
The complement-dependent cytolytic activity of serum antibodies aga ins t 5 1 Cr-
labelled virus-infected cells can also be tested; sera reacted with higher titers 
against homologous than against heterologous strains (Rosenbusch and Reed, 
1983). Virus-neutralizing antibodies are extremely rare. On the other hand, a 
powerful cell-mediated response can be diagnosed by the delayed hypersensitiv-
ity skin reaction. 

Newborn animals acquire antibodies from the mother but are not protected. 
In general, protective immunity to BPS is very unstable. It develops slowly, 

is primarily cell-mediated and is short-lived. If animals possess neutralizing 
antibodies, they are protected against generalized disease. Neutralizing antibo-
dies are only detectable for a period of several months. The parapoxviruses are 
reported to induce nonspecific defense mechanisms also in heterologous hosts 
(Mayr, 1981). 

LABORATORY DIAGNOSIS 

The fastest and most reliable diagnosis is obtained by EM detection of the 
characteristic parapox virions in fresh samples of typical skin and mucous 
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membrane lesions. In doubtful cases, virus is propagated in suitable cell cul-
tures where viral antigen is detected by IF. For differential diagnosis, material 
may be inoculated onto the CAM of 10-12-day-old chick embryos or onto chick 
embryo fibroblast cultures in which orthopoxviruses would replicate in con-
trast to parapoxvirus. 

In individual cases a serological diagnosis should be made on paired sera; 
only a positive result is conclusive. 

For herd diagnosis, detection of serum antibody in a small number of ani-
mals is sufficient to diagnose virus presence. The intracutaneous hypersensitiv-
ity test using purified BPSV antigen also demonstrates the presence of the 
virus. 

The most important diagnostic distinction has to be made between BPS and 
mucosal disease (BVD-MD). Both diseases are similar in the primary stage. 
They may occur together and influence each other synergistically (Ernst and 
Butler, 1983). Besides BVD-MD, we must also take into account infectious 
bovine rhinotracheitis, malignant catarrhal fever and progressive exanthemat-
ic diseases (vesicular complex), especially foot-and-mouth disease (Griesemer 
and Cole, 1960). 

Until now, no specific preventive measures against BPS have been taken. 
The importance of such measures has been realized only in the last few years, 
when reports have accumulated on the role of BPSV in calf diseases (fattening 
farms) and on enzootics among breeding animals. The infection's ubiquitous 
occurrence and its zoonotic character are factors which underline the impor-
tance of control. 

The close immunological relationship of BPSV to the ovine parapoxvirus 
(orf) prompted us to test the attenuated orf virus strain D 1701 as a vaccine. 
This strain proved innocuous for cattle when given subcutaneously or intra-
muscularly, and the inoculated virus was not excreted. The protection awarded 
was almost equally good against experimental and natural infection. The 
attenuated strain D1701 enhanced the immune response against BVD-MD 
virus when present in a combined vaccine, whereas its efficacy against BPS 
remained unaffected (Mayr et al., 1980; Mayr, 1981; Büttner, 1985; Chen et al., 
1985). 
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Chapter 6 

Milker's Node Virus 

A. M A Y R and M. B Ü T T N E R 

INTRODUCTION 

Milker's node is a virus-induced local skin infection in humans, charac-
terized by the appearance of nodules between the size of a pea and a cherry pit. 
It is transmitted to humans by close contact with sheep, goats and cows in 
particular, where skin lesions of the animals promote transmission of the 
infection. In rare cases and under immunosuppressive conditions, a generaliz-
ing systemic disease can develop (Leavell et al., 1968). Milker's node is a 
zoonosis; other names for the disease are pseudo cowpox, spurious cowpox, 
milker's nodule and farmyard pox. All these designations are ill-chosen but are 
still in use, irrespective of proposals to change the terminology (Shelley and 
Shelley, 1983). 

VIRUS PROPERTIES 

The etiological agent is a virus of the family Poxviridae, subfamily Chor-
dopoxvirinae of the genus Parapoxvirus. This genus includes orf virus in sheep 
and goats, and BPSV in cows. All three viruses can be transmitted to humans 
and may lead to the development of "milker's nodes". 

These viruses are immunologically closely related and cannot be distin-
guished in cross-neutralization tests. Distinction was achieved however, by 
DNA restriction analysis and hybridization (Gassmann et al., 1985). Using the 
same methods, differences were found also within groups of strains belonging 
to the ovine and bovine parapoxviruses. It is therefore a matter of discussion 
whether the three viruses should be regarded as variants of one virus which has 
adaptated to different hosts. In morphological and physico-chemical terms, the 
three viruses are identical. Parapoxviruses can easily be distinguished from 
other poxvirus genera by EM. There are a few cross-reacting antigens with 
orthopoxviruses in agar gel precipitation, but there is no protective cross-
immunity between the genera (Renshaw and Dodd, 1978; Subba Rao et al., 
1984). 

Primary and secondary cultures of fetal lungs, kidneys, and skin from cows, 
sheep and humans are suitable for propagation of milker's node parapoxvirus. 
A CPE characterized by cell fusion and the formation of giant cells leads to 
lysis. Cytoplasmic inclusion bodies are formed in the infected cells. 

EPIZOOTIOLOGY 

Humans acquire the disease by direct contact with lesions from infected 
animals. When milking by hand was common, lesions on the udders of cows 
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Fig. 10. Milker's nodes on the hand of a man. 

frequently transmitted the infection (Fig. 10). Milkers and livestock farmers 
are most prone to infection with parapoxviruses. However, abattoir workers 
and veterinary surgeons can also contract the disease, and under exceptional 
circumstances, housewives preparing contaminated meat became infected 
(Günes et al., 1982; Brueschke, 1983). Parapoxviruses can be transmitted by 
inanimate carriers such as apparatuses and abattoir products. In New Zealand 
abattoir workers handling virus-contaminated wool were found to be at great 
risk of infection (Robinson and Petersen, 1983). 

According to an epidemiological study carried out in Great Britain (1975-
1981), most human infections arose from contact with infected sheep (PHLS 
Communicable Disease Surveillance Centre, 1982; Moore et al., 1983; Shelley 
and Shelley, 1983). 

DISEASE SIGNS 

Milker's node is characterized by rather coarse nodes of a roughly spherical 
shape, up to the size of a cherry pit, of a reddish-blue color, which occur 
individually or in clusters, primarily on the fingers, ball of the thumb, back of 
the hand and forearm, rarely in the face (Fig. 11). The nodules have a narrow, 
reddish limbus and are somewhat elevated in the center (Nasemann and Sauer-
brey, 1981; Brueschke, 1983). As the infection progresses, a central navel forms 
which develops into a brownish-black crust during the healing stage. The 
nodes are not particularly painful. In contrast to cowpox, the general state of 
health of the patient is not affected. Secondary infections with bacteria and 
fungi may complicate the course of the disease (Hartman et al., 1985). 
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Fig. 11. Milker's nodes in the face of a woman. 

PATHOLOGY 

The following lesions are typical of coarse milker's nodes (Brueschke, 1983): 
— hyperkeratosis and parakeratosis with lamellar layers but with intact ep-
idermis; 
— localized reticuloform degeneration of the stratum spinosum, transition to 
small intra-epidermal blisters, no pustulation; 
— strong epithelial ridges spreading into the cutis, more frequent necrosis of 
the tips of the epithelial ridges; 
— cell infiltration, principally of polynuclear leukocytes; 
— edema of the cutis with enlarged vessels; 
— Feulgen-positive cytoplasmic inclusion bodies in the rete Maplpighi. 

A brief period of cellular immunity occurs in all cases and can be detected 
by delayed hypersensitivity (intracutaneous) tests with parapoxvirus antigen. 
Antibodies may sometimes be detected—the most reliable method is ELISA 
(Hartmann et al., 1985). Antibodies are less frequently detected by VN; they are 
of the IgG and IgM class. When they are present, immunity is strong, it lasts 
for a longer period of time and it indicates that a generalized infection has 
taken place. 

Clinically, only a tentative diagnosis is possible, which can be supported by 
histology. The virus can be propagated in cell culture from biopsy specimens 

IMMUNE REACTION 

LABORATORY DIAGNOSIS 
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(Hessami et al., 1979). A suspected case of parapox virus infection can rapidly 
and reliably be identified by EM. 

For a differential diagnosis in man, infections with orthopoxviruses, in 
particular vaccinia, cowpox and molluscum contagiosum, and further tuber-
culosis cutis verrucosa, chancrous pyoderma and warts have to be excluded. 

Localized milker's nodes are usually treated symptomatically by applying 
protective bandages with desiccating ointments, powders and local antibiotics 
to prevent secondary infections. The best prophylactic measure is vaccination 
with attenuated orf virus of cell culture origin. Sheep, goats and cows should 
be vaccinated against ecthyma contagiosum and stomatitis papulosa to control 
virus spread among the animals as well as transmission to humans (Mayr et al., 
1981). It is advisable to apply emergency vaccination to healthy animals in an 
infected herd. 
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Chapter 7 

Ecthyma (Orf) Virus 

A. MAYR and M. B Ü T T N E R 

INTRODUCTION 

Ecthyma contagiosum is a generalized viral disease incurred by sheep, goats 
and chamois that normally takes a cyclic course; local lesions occur occasion-
ally. The infection frequently leads to clinically inapparent forms which can be 
activated by stress, immunosuppression and other noxae. 

Ecthyma is transmitted to humans (zoonosis), where it mostly results in 
local affections. 

There are more than 80 synonyms for ecthyma contagiosum, an indication 
of the multifarious clinical picture of this disease. The designations most 
commonly used are: contagious ecthyma (CE), contagious pustular dermatitis, 
ecthyma contagiosum and orf. 

The word "ecthyma" means skin purulence with ulcer formation; the path-
ogen is known as orf virus, and the disease also often bears this name, which 
probably originated in Scottish or English. It may have derived from the old 
Icelandic word "hurf " meaning a scab or crust (Robinson and Balassu, 1981). 

VIRUS PROPERTIES 

Physical and chemical characteristics 

Orf virus is a member of the family Poxviridae, subfamily Chordopoxvirinae, 
genus Parapoxvirus. Infection confers cross-immunity to the other parapox-
viruses, the agents causing BPS and milker's node. 

Parapoxviruses differ from orthopoxviruses structurally in terms of: 
—the size, shape and virion axial ratio; 
—the arrangement of the filaments on the viral membrane; 
—the dimensions of lateral bodies and the internal substructure. 

The parapoxvirion is somewhat smaller than, for example, vaccinia virus, 
and the shape is an elongated oval. The dimensions are 250 nm for the longitudi-
nal axis and 160 nm for the shorter axis (ratio about 1.5; Fig. 12). The most 
important difference is found in the arrangement of the filaments in the outer 
membrane. The tubular subunits are, unlike those of other poxviruses, arran-
ged regularly like a single coiled-up rope—the "clew" morphology (Fig. 13). 
The strand is 8-9 nm thick and has a total length of about 8-10 μπι. Lateral 
body, surface protein and internal body are smaller (Nagington and Home, 
1962). Also, parapoxviruses replicate in their own "factories" in the cytoplasm 
(viroplasm) where virions may be found in several development stages. 

Orf virus is extremely stable. It can be kept for many years in liquid medium 
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Fig. 12. Electron microscopy of orf vir ions wi th typical "clew" morphology and envelopes (arrow) 
surrounding the virus particles ( χ 60 000). 

at temperatures below - 70°C, or after drying or lyophilization at + 4°C. 
Infectivity is maintained at room temperature in thick, dry scabs for up to 10 
years, in scabs after grinding for 14 months, in 5% glycerin for 3-8 months and 
in putrid material for at least 17 days. Pasture remains infectious for many 
months. In summer, the virus loses its infectivity on the ground only after 50-60 

Fig. 13. Orf virus particles (negat ive s taining) and schemat ic representat ion of structure: (2) and 
(5), particle seen on end with threads or tubules curving round the end; particle (250 χ 160 nm) of 
symmetrical shape; (3) and (6), series of figure-of-eight loops, each circuit hav ing one crossover; (4) 
and (7), spiral arrangement of tubules (from Nagington , 1962). 
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days; it can withstand the winter months. Contaminated animals remain infec-
tious for several weeks. The virus survives heating to 56°C for several hours. 
Suitable disinfectants are a 5% creolin solution, chloramine, chloride of lime, 
formalin, detergents and commercially available virucide disinfectants (Mayr 
et al., 1983). 

Antigenic properties 

All orf strains isolated so far from sheep, goats and humans are immunolog-
ically uniform. Serologically (CF, precipitation, neutralization tests), there are 
slight differences between strains. Restriction analysis revealed genetic 
heterogeneity among orf virus isolates (Grassmann et al., 1985). The existence 
and nature of phenotypic differences as well as possible pathobiological conse-
quences are still uncertain, although recent experiments support this (Hussain 
and Burger, 1989). 

Cultivation 

Cell cultures that are particularly suitable for growth of parapoxviruses are 
derived from fetal kidneys, lungs and from the skin of sheep, cattle and humans. 
Adaptation of orf virus to growth in monkey kidney cell lines is possible and 
has been demonstrated by Hussain and Burger (1989) for three field isolates in 
Vero cells and in our laboratory for an attenuated vaccine strain in MA cells. 
Replication of orf virus produces a CPE either immediately or after two-three 
blind passages; cell fusion, formation of giant cells and subsequent granular 
breakdown are observed. 

EPIZOOTIOLOGY 

Orf is highly contagious among sheep and goats. Natural transmission is by 
contact, aerogenic, or by virus remaining infectious in lost scabs in the ground 
during the winter. The virus is indirectly transmitted by way of carcasses or 
processed meat from latently infected animals or those slaughtered in the 
viremic phase. Carcasses may also contaminate the environment. In addition, 
dried virus-containing material can spread to the environment by way of feed, 
wool, fleece, etc. The virus can be transmitted to lambs by infected ewes at birth 
or later. Orf can spread at an explosive rate in a susceptible population, 
especially if the sheep are kept in stables and fattened early after weaning, as 
is currently practiced. 

Morbidity can reach 100% (Gardiner et al., 1967), but mortality is usually 
not more than 1%. Changes in animal husbandry (early weaning, crowding, 
etc.) weaken the animals' defenses and increase virulence as a result of rapid 
passages of orf virus through host animals. This has given rise to more severe 
forms of ecthyma, with mortality reaching 20-50% among suckling lambs and 
causing severe financial losses (Valder et al., 1979). The persistance of the virus 
has led to worldwide spread by way of trade in animals and products derived 
from sheep (Obi and Gibbs, 1978). 

Latently infected sheep, goats and chamois are regarded as virus reservoirs 
for other animals (Robinson and Balassu, 1981). In Norway contagious ecthyma 
was diagnosed by EM in musk ox (Kummeneje and Krogsrud, 1978; Mathiesen 
et al., 1985) and reindeer (Kummeneje and Krogsrud, 1979). In musk ox the 
clinical picture was characterized by cauliflower-like papillomas mainly on the 
lips, muzzle and nostrils. The disease caused high mortality in calves and adult 
males while adult females were more resistant. In reindeer the clinical picture 
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was mild and characterized by similar papillomas (1-2 cm in diameter) on the 
oral mucocutaneous junction. The lesions disappeared within 3-4 weeks. Other 
animals species which can contract orf are bighorn sheep, chamois, thar ibex, 
camels and alpaca. 

There is one report of an outbreak of orf in dogs (Wilkinson et al., 1970). It 
was suspected that the dogs became infected after feeding off unskinned sheep 
carcasses. The situation is still uncertain with regard to cattle. When kept 
together with infected sheep, cattle normally do not become ill. However, 
several authors have described experimental infections by way of the mucous 
membranes of the muzzle (Aynaud, 1923; Bennet et al., 1944; Huck, 1966; 
Liebermann, 1967). Of the small laboratory animals, apparently only the rabbit 
can be infected, but not reproducibly and only with extremely large amounts 
of virus (Abdussalam, 1957; Darbyshire, 1961). Horses and pigs are resistant to 
orf, but monkeys can probably acquire the disease. 

Ecthyma is a zoonosis. It normally induces proliferative local lesions on the 
skin and mucous membranes (Liess, 1962; Falk, 1978). The virus can become 
generalized in immunosuppressed animals and humans. Human cases are attri-
butable to contact with sheep, but also reindeer and musk-ox were reported as 
source of infection (Falk, 1978). They are usually found in members of par-
ticularly exposed professions such as shepherds, farmers, sheep-shearers, tax-
idermists, butchers and veterinary physicians, but housewives have also be-
come infected after handling mutton or lamb (PHLS Communicable Disease 
Surveillance Center and Communicable Diseases Unit, 1982). 

fOM 
PATHOGENESIS AND PATHOLOGY 

Ecthyma is a generalized viral disease which runs a cyclic course. Its prefer-
red portal of entry are the skin and mucous membranes. After virus multiplica-
tion at these sites a primary viremia develops, during which organs of primary 
affinity, e.g. the lympho-reticular tissue, bone marrow, and liver become infec-
ted. Whether the virus becomes generalized in a second viremic phase depends 
on its replication in these organs. Preferred targets of symptom manifestation 
are the head, extremities, udder, genitals, lungs and liver. The proliferative, 
typical changes in the skin and mucous membranes are the result of viremia 
and not attributable to primary virus settlement. The cause of severe, 
sometimes fatal disease is virus replication in the internal organs, which takes 
place simultaneously with growth in the skin and mucous membranes. The 
chain of pathogenetic events leading to generalized disease can be interrupted 
in any phase. This results in subclinical and latent forms of the infection with 
virus excretion but without symptoms. Inapparent infections can be activated 
by stress, leading to immunosuppression. Secondary infections with certain 
viruses (e.g. adenoviruses and BVD-MD/border disease viruses) and bacteria 
promote clinical manifestation. 

Histologically, virus multiplication leads through a proliferation phase to 
ballooning degeneration with pustule formation and subsequent cell lysis 
(McKeever et al., 1988). Cytoplasmic inclusion bodies occur in the affected 
cells, a visible sign of virus multiplication. However, also nuclear changes 
visible as fine intranuclear filaments occur approximately 36 h p.i. (Pospischil 
and Bachmann, 1980; Fig. 14). 

DISEASE SIGNS 

Ecthyma appears clinically with different symptomatologies, namely as: the 
labial form; the podal form; the genital form; the malignant form. 
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Fig. 14. Formation of intranuclear filaments (arrow) during infect ion of bovine embryonic lung 
cel ls wi th orf virus 36 h p.i. (from Pospischi l and Bachmann, 1980). 

Fig. 15. "Scabby mouth": labial form of contag ious ec thyma in sheep. Bl is ters and ye l lowish 
pustules form on the upper and lower lip. 

Chapter 7 references, p. 41 



38 Virus infections of ruminants 

Fig. 16. Mal ignant form of ec thyma contag iosum in sheep: severe cauliflower-like tumors on the 
lips and mucous membranes of the mouth. Gloss i t i s phlegmatosa et ulcerosa complicated by 
secondary bacterial infections. 

The incubation period is 3-8 days. 
In the labial form (scabby mouth), blisters and yellowish pustules, which 

may reach approximately pea size, are formed on the lips. The lesions extend 
to the corners of the mouth and up to the nose, ears and eyelids, changing 
gradually into brownish-black, hard scabs and reaching walnut size (Fig. 15). 
The scabs can be removed, sometimes with difficulty, revealing easily bleeding 
granulated tissue. The formation of pus and abscesses in older scabs is caused 
by secondary infections with bacteria (Spherophorus necrophorum, staphylo-
cocci) and insect larvae. The mild labial form generally heals in 3 weeks. 
Pustules sometimes occur on the udders of ewes shortly before the lambing 
period. Mastitis can also develop, with complications caused by secondary 
bacterial infection. 

Thepodal form (scabby foot) occurs either at the same time as the labial form 
or independently. In the latter case, changes develop at the coronar edges of 
the hooves, at the pasterns and in the hoof gaps. The ends of the digits are 
painful, leading to lameness and the refusal to stand. Secondary bacterial 
infection may cause whitlows and pododermatitis. 

The genital form is less common. Typical pustule and crust formation occurs 
on the udder in particular, developing into mastitis. Furthermore, skin changes 
occur on the inner leg, the labia and the prepuce. Abortion sometimes takes 
place without skin or mucous membrane changes. 

In the malignant forms, the skin and mucous membrane changes appear 
together with virus manifestation in the internal organs. Secondary bacterial 
infections complicate the course of the disease. The result is a breakdown of the 
general well-being, leading to prostration. The general symptoms occurring in 
parallel with the skin and mucous membrane disease are high temperature, 
general debility, edema of the head, swelling of regional lymph nodes, pneumo-
nia and gastroenteritis. If no complications occur, the disease lasts for 2-4 
weeks. 

Malignant forms affect predominantly lambs, but also older sheep. Lambs 
may show cauliflower-shaped tumors on the mucous membranes of the mouth, 
particularly around the incisors, and glossitis phlegmonosa et ulcerosa (scabby 
mouth) extending to the pharynx, the esophagus and as far as to the entry of 
the rumen (Figs. 16 and 17); these manifestations lead to unwillingness to suck, 
inanition and frequent deaths. If the herd has become infected for the first time, 
severe forms may also be observed in older sheep. In such cases foot-and-mouth 
disease has to be excluded. Blisters varying from millet-seed to lentil size may 
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Fig. 17. Gum of a sheep wi th a mal ignant form of ec thyma contagiosum: gloss i t is that can extend 

to the pharynx, the esophagus and as far as the entry to the rumen. 

occur, in particular on the mucous membrane of the mouth and tongue, later 
modifying into tumor-like growth with necrosis. About 8 weeks later, most 
animals become lame, and cases of hoof horn shedding are frequently observed. 
The old hoof horn is rejected only after new horn has been formed. 

IMMUNE REACTION 

Animals which went either through the disease or the inapparent infection 
are protected against reinfection. However, the immunity is labile, especially 
under stress. A distinction must be made between systemic and local ecthyma 
immunity in the skin and mucous membranes. Systemic immunity is both 
cellular (e.g. measured by delayed hypersensitivity) and humoral (circulating 
antibodies). The skin and mucous membrane immunity is carried by cytotoxic 
T-lymphocytes and secreted IgA-antibodies. 

Before specific immunity develops, non-specific short-term defense is ac-
tivated, sustaining the disease or promoting latent forms of it. It includes viral 
interference, induction of interferon and other mediators, and increased 
macrophage and natural killer-cell activity. 

Cellular immunity dependent on T-cells develops about 5-7 days after infec-
tion. Secretion of local antibodies occurs after 7-9 days and appearance of 
serum antibodies at about 15-20 days p.i. Depending on the nature and course 
of the infection and the age of the animal, the production of serum antibodies 
may not take place. However, the animals continue to be protected against 
reinfection. 

Often serum antibodies cannot be demonstrated until after reinfection, 
particularly in lambs. In adult sheep, on the other hand, antibodies are found 
quite frequently, probably because they have been infected repeatedly in their 
lives. 

Virus neutralizing antibodies are usually produced only to low titers (Fre-
drichs, 1980). There is neither cross-neutralization nor cross-immunity to chal-
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lenge with sheeppox virus (Renshaw and Dodd, 1978; Dubey and Sawhney, 
1979). 

Antibodies are transferred to newborn animals from the mother and provide 
them with a low and inadequate level of immunity (Poulain et al., 1972; Le Jan 
et al., 1978; Buddle and Pulford, 1984). 

In the absence of a booster infection the humoral antibodies disappear after 
about 5 months (first the precipitation and complement-fixation reactions 
become negative and then the neutralizing antibodies disappear). Cellular 
immunity does not last for more than 8 months. 

4̂  LABORATORY DIAGNOSIS 

The most rapid and reliable diagnosis is obtained by EM, when the typical 
parapoxvirus particles are found in freshly obtained specimens from sheep 
which exhibit the characteristic skin and mucous membrane alterations. In 
case of doubt, the virus should be isolated in suitable cell cultures and viral 
antigen demonstrated by IF. In order to distinguish orf virus from orthopox-
viruses, the material under investigation can be used in parallel to inoculate 
both the CAM of 10-12-day-old chicken embryos and chicken embryo fibroblast 
cultures; orf virus would not grow in these tissues. 

In individual cases, paired sera can be tested for an indirect diagnosis by 
demonstrating the presence of antibodies (neutralization test, ELISA, agar gel 
precipitation, etc.). Complement-mediated antibody reactions against virus-
infected cells can be detected by a chromium-51 release assay in the form of 
antibody-dependent cytotoxicity (ADCC) (DeMartini et al., 1978). Individual 
serological diagnosis is needed especially when humans have contracted the 
disease. 

Serological methods are useful for diagnosing field outbreaks after vaccina-
tion or an enzootic infection. In both cases, demonstration of antibodies in only 
a few animals will suffice. More recently we have developed monoclonal antibo-
dies which give the possibility of a sensitive and reliable detection of parapox-
viruses in ELISA, immunoperoxidase staining and immunoblotting. Sheep pox, 
foot rot, blue-tongue, whitlows, mastitis and foot-and-mouth disease should be 
excluded. 

PROPHYLAXIS AND CONTROL 

Inactivated virus has not proven successful as a vaccine against orf. Vac-
cination of ewes does not give rise to protection of their offspring, but it does 
prevent the spread of virus in a herd. 

Live vaccines administered cutaneously have been used for many years, but 
not very successfully (Robinson and Balassu, 1981). In some cases poorly 
defined virus isolates from sheep were used, which resulted in vaccines contain-
ing, for example, too low virus concentrations per dose or even highly virulent 
virus (for details see Buddie et al., 1984). Such preparations have been super-
seded by high-titered cell culture vaccines based on attenuated, genetically 
stable, avirulent, noncontagious vaccine strains that can be applied parenter-
ally. Mayr et al. (1981) developed a vaccine of this type, based on a highly 
attenuated (135 passages), plaque purified orf virus strain (D1701); it is applied 
subcutaneously and is innocuous. After inoculation, virus-neutralizing antibo-
dies were found in the majority of sheep. A booster effect was also observed. 
Since vaccination of gestating ewes does not provide sufficient protection to 
the offspring, the lambs have also to be vaccinated (Buddie and Pulford, 1984). 
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The vaccine has proved successful under extreme field conditions as an "emer-
gency" vaccine for lambs (Mayr et al., 1983). Parenteral live vaccines induce 
both cellular and humoral systemic immunity. With the subcutaneous method 
of administration the risk of postvaccinal disease is avoided and so is the 
excretion of vaccine virus; this has frequently occurred after scarification of 
the skin in the groin area as practiced previously. 

Based on experience to date, the following vaccination programs can be 
recommended for the new parenteral (subcutaneous) cell culture live vaccines 
(Mayr et al., 1983). 

Vaccination in noninfected herds: All animals older than 3 months are vac-
cinated once, regardless of the stage of gestation; lambs less than 3 months of 
age are vaccinated twice at an interval of 4-6 weeks; depending upon the 
degree of exposure, the inoculations are repeated at 6-12-month intervals. 

Vaccination in infected herds (emergency vaccination): Like in noninfected 
herds, all animals without symptoms are vaccinated; newborn lambs are ino-
culated when they are 1-2 days old; they are revaccinated after 10-14 days and 
after 3 months. 

For all vaccination programmes it is important that all healthy animals are 
included. 
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Chapter 8 

Sheeppox Virus 

M. MERZA and E.Z. M U S H I 

INTRODUCTION 

Sheeppox is a contagious disease of sheep caused by sheeppox virus (SPV). 
It is considered one of the most dangerous pox virus infections among animals. 
The disease is characterized by a rise of body temperature and skin lesions in 
the areas denied of wool; the disease may also affect the mucous membranes of 
the respiratory and gastrointestinal tracts. Sheep are the natural host of the 
virus; affection is determined by age and breed (Jubb and Kennedy, 1970; 
Buxton and Fraser, 1977). 

VIRUS PROPERTIES 

The virus has been classified by the International Committee of Taxonomy 
of Viruses as belonging to the subfamily Chordopoxvirinae and the genus 
Capripoxvirus (Andrews et al., 1978), which includes goatpox virus and lumpy 
skin disease virus. Viruses of the Capripoxvirus genus are found not to aggluti-
nate red blood cells (Andrews et al., 1978). The chemical and physical proper-
ties of SPV resemble those of orf virus, but the morphology is different. Abduss-
alam (1957) was first to identify the virus by EM; it is brick-shaped, with 
dimensions of 90-140 by 150-250 nm; it has an outer membrane surrounding an 
electron-dense nucleoid which contains the genomic DNA. The lateral bodies 
of this virus are larger than those of other members of the Poxviridae family 
(Cohen et al., 1971). 

In negatively stained EM preparations two forms of this virus were revealed: 
the beaded "mulberry" form (M-form) and the capsular form (C-form; Al-Bana, 
1978). A similar morphology characterizes the vaccinia virus (Westwood et al., 
1964). 

Most of the strains isolated in different parts of the world infect only sheep 
under natural conditions and not cattle or goats (Murty and Singh, 1971; Khan 
1973). One strain was isolated in Kenya which caused disease under natural 
conditions in both sheep and goats. After experimental infection this strain 
showed the same pathogenicity for sheep and goats; it was therefore called 
sheep- and goatpox virus (Davis, 1976). In its pathogenicity the Kenyan strain 
is different from strains isolated in the Middle East and India. Al-Bana (1978) 
observed mild lesions in goats inoculated intradermally with the Held strain of 
SPV, while no clinical signs were seen following intravenous inoculation. The 
goats that developed lesions resisted the challenge with goatpox virus (GPV) 
and so did the goats given the SPV intravenously. 

There appears to be a considerable difference in the susceptibility of dif-
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ferent breeds of sheep to different strains of SPV (Arik and Kurtul, 1974; Davis 
and Otema, 1981). 

Experimental intradermal inoculation of cattle with SPV resulted in a local 
reaction similar to the nodules produced by lumpy skin disease virus, and the 
inoculated animals also resisted the challenge with this virus (Capstic et al., 
1959; Capstic and Coakley, 1961). Man appears to be insusceptible to SPV. 

SPV is generally propagated in cell cultures from kidney or testicles of 
lambs. Subba Rao and Malik (1978) were able to adapt the Rainpet strain of 
SPV to growth in the egg CAM. 

EPIZOOTIOLOGY 

Sheeppox is prevalent in Africa, Asia, the Middle East and some Mediter-
ranean countries. The main routes of infection are by direct contact with 
materials contaminated with SPV, and by the aerogenic route: inhalation of 
contaminated water droplets, dust or dry skin scabs (Hutyra et al., 1949; Murty 
and Singh, 1971). There are some reports indicating that arthropods may 
transmit the disease (Buxton and Fraser, 1977). Virus may be transmitted 
through wounds or scratches on the skin (Jensen, 1974). Experimentally it is 
possible to transmit the disease by inoculation of virus intradermally, subcu-
taneously, intraperitoneally or intravenously (Plowright et al., 1959). In the 
early days, Hutyra et al. (1949) infected the animals by intratracheal inocula-
tion, which resulted in inflammation of the mucous membranes and spread of 
the disease. 

PATHOGENESIS 

Following intradermal inoculation, SPV replicates locally in the tissue 
(Plowright et al., 1959). Peak virus titer in the skin was attained on day 7 p.i., 
when pox lesions were detected. The virus spreads to the regional lymph nodes 
before invading the blood stream to produce primary viremia after 3-4 days 
(Singh et al., 1979). Internal organs such as spleen, liver and lungs are affected 
after viremia; lung lesions, however, may also develop directly from inhaled 
virus. The peak virus titers in skin nodules persist from day 7 to 14 and decline 
thereafter, concomitantly with the development of serum antibodies. Excretion 
of SPV from sheep is not documented; most likely skin scabs are the main 
source for virus shedding, but also ocular and nasal secretions might be infec-
tious. 

DISEASE SIGNS 

The incubation period is 4-8 days after natural infection (own observations; 
Newson, 1965). The incubation period following experimental infection is re-
ported to be 2-3 days. 

The disease is characterized by a rise in body temperature up to 42°C, 
lacrimation, salivation, serous nasal discharge, swelling of the eye lids, hard 
respiration and congestion of mucous membranes. Two to three days later 
macules appear on the skin in areas denied of wool such as the lips, around the 
eyes, nostril, udder, genital organs, under the tail and between the legs. After 
1-2 days the macules develop into red papules with a diameter up to 1 cm, which 
later develop into vesicles; thereafter necrotization of the skin and formation 
of scabs occur. Healing may take 5-6 weeks. The scabs fall off, leaving scars in 
their places. 
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Some authors reported that the stage of vesicle formation is absent and the 
papules develop directly into scabs (Plowright et al., 1959; Krishnan, 1968; 
Vegad and Sharma, 1970). Two forms of the disease are recognized. The malig-
nant form causes high mortality in lambs (50-80%). In this form the lesions are 
found all over the skin denied of wool and in the mucous membranes of mouth, 
respiratory and gastrointestinal tracts (Murty and Singh, 1971). The mild form 
usually causes low mortality (2-5%) among adult animals, and the lesions 
appear in certain areas of the skin such as under the tail and between the legs 
(Buxton and Fraser, 1977). Secondary complications may occur due to bacterial 
infection, which often causes septicemia, tendovaginitis, orchitis and periph-
eral paresis (Scott, 1960). 

s PATHOLOGY 

SPV causes generalized skin eruptions. Following an incubation period of 
about one week, hyperemic macules are observed on the skin which later, in a 
day or two, develop into papules and umbilicated vesicles followed by scab 
formation. Iwanoff (1941) described four forms of papules: 
— Verrucoid papules, which are wart-like and are characterized by hyperplasia 
and parakeratosis of the epidermis; they are known as "wart pox". 
— Urticaria-like papules, which are characterized by an intensive serous and 
cellular infiltration of the chorium, associated with thickening of the epider-
mis. 
— Pelliculated papules, which are covered by a membranous necrotic epi-
thelium that, when stripped off, leaves a raw ulcerating surface. 
— Vesiculated papules, which are formed when the necrotic membrane of the 
pelliculated papules are raised from the chorium and filled with serous fluid to 
form a vesicle. 

The main histopathological changes in the skin involve the subepithelial 
layers, dermis and subcutis. Borel (1903) described sheeppox cells or "cellules 
claveleuses", which are characterized by large oval or irregular nuclei with 
enlarged nucleoli. These cells arise from histiocytes (Jubb and Kennedy, 1970). 

Lesions consisting of vesicles and ulcers and mucous membranes of the 
respiratory and alimentary tracts and small lymphoma-like nodules in the 
kidneys and lungs have been described (Hutyra et al., 1949; Scott, 1960; Jubb 
and Kennedy, 1970). 

Regression of the lesions and repair with incoming fibroblasts is observed 
from the 16th day after the onset of disease (Ramachandran, 1967). The primary 
virus effect on the bone marrow appears to be hyperplasia followed by regress-
ive changes (Vegad and Sharma, 1972). 

4̂  
LABORATORY DIAGNOSIS 

Skin nodules should be preserved in buffered glycerol and transported on 
ice. Electron microscopy is advantageously performed on negatively stained 
samples that reveal poxvirus particles. Inoculation of lamb testicle cell cul-
tures grown on cover slips with lesion material allows the demonstration of 
viral antigens by IF after 48 h. An AGID technique using convalescent serum 
or hyperimmune rabbit serum can be used to differentiate SPV from GPV 
infection. 
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PROPHYLAXIS AND CONTROL 

Many attempts were made towards the production of vaccines against sheep-
pox; they can be classified as follows: 

Inactivated virus vaccines 
Many efforts have been made to inactivate SPV; e.g. by treatment with 

formaldehyde, butanol, boric acid, phenol and UV light (Angeloff, 1940; Uppal, 
1963; Pandey et al., 1969). These treatments proved to be unsuccessful due to 
their denaturing effects and to the loss of immunogenicity of the preparations 
(Jayaraman, 1967). 

Goyal and Singh (1975) used chemicals which would not affect the antigenic-
ity of the virus, such as N-acetyl ethyleneimine, hydroxylamine or formalin in 
low concentrations. The resulting vaccines were safe and induced protection 
against challenge with high doses of virulent virus. 

Sheeppox antigen in combined vaccines 
SPV can be advantageously mixed with other antigens to form combined 

vaccines, e.g. with antrax antigen (Linkhachev et al., 1967); the preparation 
was shown to protect against both pathogens. Safarov and Kadymov (1970) 
composed a vaccine with SPV and clostridial antigens which proved effective. 

Chick embryo adapted live vaccines 
Yuan et al. (1957) adapted the virus to the CAM of chicken embryos and used 

it as a vaccine after 90 passages. Linkhachev et al. (1961) further studied the 
Chinese strain of SPV, which was found to be avirulent and to induce a high 
level of protective immunity. Borisovich (1962) and Borisovich et al. (1966) 
confirmed that the Chinese strain (K-strain) grown on the CAM is highly 
immunogenic. 

Cell culture attenuated vaccines 
Serial passages in tissue culture resulted in the loss of virulence while 

immunogenicity of the virus was retained. Large yields of virus to a low cost 
could be attained, and the vaccine produced in this way did not spread from the 
vaccinated animals. After inoculation into the original host a local reaction 
with rise in body temperature was observed, and a high level of immunity was 
induced, protecting the animal against natural or experimental infection (Ram-
yar and Hessami, 1968; Martin et al., 1973; Penkova et al., 1974). 

The Rumanian strain of SPV (RM/65), isolated in Yougoslavia, was att-
enuated by 30 passages in cultures of lamb kidney cells (Ramyar, 1965; Ramyar 
and Hessami, 1968). This vaccine was shown to give protective immunity 
lasting for up to 2 years (Ramyar et al., 1976). El-Zein (1968, 1969) managed to 
attenuate this strain by 25 passages in lamb testicle cells and used it as a 
vaccine which is called sheeppox virus/Rumanian-Fannar (SPV/RF). 

Precausta et al. (1979) developed a vaccine by passing the Rumanian strain 
30 times in cultures of lamb kidney cells. Given subcutaneously, it protected 
animals for 12 months. The freeze-dried vaccine is stable for at least 2 years at 
6°C. 

Recently, local isolates of SPV have been attenuated. They often seem to suit 
the local conditions better and induce protection in a larger proportion of 
vaccinated animals than foreign strains. 

For prophylaxis and control, the live vaccines attenuated by several pass-
ages (20-30) in tissue culture should be used instead of inactivated vaccines: 
they are safe and induce protective immunity. These attenuated vaccines can 
safely be given to lambs over 2 months of age; annual boosters are required 
(Precausta et al., 1979). 
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The vaccine is administered intradermally. At the site of inoculation a local 
reaction should develop. All vaccinated animals should be checked after a 
week for a positive reaction, and if there is no take they should be revaccinated. 

Suitable disinfectants are formalin (1-3%) strong acids, caustic soda and 
virucidal preparations. 
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Chapter 9 

Goatpox Virus 

M. MERZA and E.Z. M U S H I 

Goatpox is caused by goatpox virus (GPV) which is closely related to sheep-
pox virus; clinically it resembles sheeppox but the disease in goats takes a 
milder course. 

GPV is morphologically and structurally identical to SPV (Skalinski and 
Borisovich, 1975); it is also sensitive to ether and chloroform (Pandey and 
Singh, 1970). GPV is classified by the International Committee of Taxonomy of 
viruses as a member of the genus (Capripoxvirus). 

Under natural conditions GPV infects goats; there are also reports of the 
disease affecting mixed sheep and goat herds in Gahna and Yemen. 

Bennett et al. (1944) were able to transmit Palestinian GPV to sheep, mon-
keys, rabbits and calves. Using a Swedish strain, Bakos and Brag (1957) also 
showed such a wide host range. In Sudan, Mohamed et al. (1982) have 
described the transmission of GPV to sheep; others, however, have failed 
(Hutyra et al., 1949; Andrews and Pereira, 1972). Al-Bana (1978) observed mild 
lesions in sheep inoculated intradermally with the Held strain of GPV. No 
reaction was seen following intravenous injection. The sheep that had reacted 
with lesions after intradermal injection, but also those that had been given the 
virus intravenously, resisted challenge with virulent SPV. Bennett et al. (1944) 
and Bakos and Brag (1957) are the only authors who report experimental 
infections of laboratory animals (rabbits) with GPV. 

The Sersenk strain of GPV grew very well on the CAM of chick embryos 
(Tantawi and Falluji, 1979). An Iranian and likewise an Egyptian strain grew 
poorly, while a Russian strain did not grow at all. The Swedish strain of GPV 
caused pox-like eruptions on the hands of people in contact with infected goats 
(Bakos and Brag, 1957). Animal attendants were reported to be infected with an 
Iranian strain of GPV, and the virus isolated from the person could experiment-
ally be transmitted back to goats (Sawhney et al., 1972). 

The first to describe the disease was Hansen in Norway 1879 (cited in 
Andrews et al., 1978). Goatpox is now prevalent in North Africa, the Middle 
East, India, Australia, America and some Scandinavian countries (Andrews et 
al., 1978). 
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Under natural conditions the disease is transmitted within the flock by 
direct contact. Experimental infection of goats by the inoculation of virus 
intradermally, subcutaneously, intravenously, or intraperitoneally caused the 
appearance of skin lesions all over the body (Rafyi and Ramyar, 1959). 

The clinical signs resemble those of sheeppox (Hutyra et al., 1949; Jubb and 
Kennedy, 1970). The disease has two forms: malignant and mild. The malignant 
form spreads among kids and is characterized by the appearance of scabs on the 
skin all over the body and on the mucous membranes of the respiratory and 
gastrointestinal tracts. The mild form, on the other hand, is characterized by 
a moderate rise of the body temperature and the appearance of scabs on the 
skin of the udder, under the tail, around the mouth and on the plantar side of 
the front legs. 

The members of the genus Capripoxvirus are antigenically related and their 
clinical signs have many common features (Al-Bana, 1978). There are several 
studies using the ID test that demonstrate the immunological relationship 
between SPV and GPV (Bhambani and Krishna Murty, 1963; Pandey and 
Singh, 1972; Al-Bana, 1978; Muhamed, 1982). When antisera were absorbed with 
the heterologous antigens they gave only one line of precipitation with the 
homologous antigen (Muhamed, 1982). Kitching et al. (1985) used 3 5S methio-
nine to label the proteins of SPV and GPV and showed that the major struc-
tural polypeptides of these viruses co-migrate in Polyacrylamide gels. By use of 
an AGID test with labelled antigens a major common precipitating antigen was 
identified. 

There have been few attempts towards the production of a goatpox vaccine. 
Arik and Denizli (1977) produced live vaccines based on an Iranian strain and 
an isolate from Israel. They reported that these preparations were effective and 
safe. However, both strains were found to be ether resistant, in contrast to the 
established members of the Capripoxvirus genus. 

Dubey and Sawhney (1978) passed the Mysore strain of GPV 25 times in goat 
testicular cells and used it either directly or mixed with 0.5% phenol. Both 
vaccines produced local reactions at the site of inoculation and gave good 
protection. 

Suitable preparations for decontamination are formalin (1-3%), acids, caus-
tic soda and virucidal disinfectants. 
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Chapter 10 

Lumpy Skin Disease Virus 

J.A. WOODS 

INTRODUCTION 

Lumpy skin disease (Ngamiland disease, knopvelsiekte, maladie nodulaire 
cutanée) is a serious disease of cattle first seen in Northern Rhodesia (Zambia) 
in 1929 (Morris, 1931); since then it has spread to most parts of Africa. 

VIRUS PROPERTIES 

Physical and chemical characteristics 

The virus has a structure typical of other members of the Poxviridae. The 
surface shows a network of threads 70-90 Â wide when stained with phos-
photungstic acid at pH 6.5 and a multilayered capsule at pH 8.5 (Munz and 
Owen, 1966). When stained with uranyl acetate the internal structure is re-
vealed: a dumbbell-shaped core and two lateral bodies (Fig. 18). The virion 
contains DNA as judged by acridine orange and Feulgen staining (Weiss and 
Broekman, 1965) and 5-bromodeoxyuridine inhibition (Weiss, 1968). 

The virus is ether and chloroform sensitive and is stable between pH 6.6 and 
8.6 (Plowright and Ferris, 1959). There is no reduction in titer when it is held 
at 37°C for 5 days, and it remains viable at 4°C for 6 months. It has been 
recovered from lesions on an air-dried hide after 18 days (Alexander and Weiss, 
1959). 

Lumpy skin disease virus is classified as a Capripoxvirus along with the 
viruses of sheep and goat pox (Matthews, 1982). The term Neethling strain or 
Neethling virus has been applied to distinguish it from the herpesvirus infec-
tion causing pseudo lumpy skin disease. 

Antigenic properties 

Only one antigenic type of the virus exists. Strains from outbreaks in South 
Africa, Kenya and Nigeria have been found antigenically indistinguishable. 

There is a close relationship between LSDV, SPV and GPV. Antigenic 
relationships and host specificity of pox viruses of sheep and goats are not 
exactly clear but SPV strains such as the Kedong and the Kenya SGPV O-240 
strain affect both sheep and goats and also protect cattle against lumpy skin 
disease (Capstick, 1959; Davies and Otema, 1981). 

LSDV and various strains of SPV and GPV from Africa and Europe are 
indistinguishable using SN and IF tests. Davies and Otema (1981) found no 
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Fig. 18. Electron micrograph of LSD virus particles. Vir ions are stil l eas i ly recognized despite 
widespread destruct ion of host cytoplasm by formalin fixation. 

cross-reactivity of the capripoxvirus group to a number of orthopoxviruses, 
with the exception of low level reactions to cowpoxvirus using the IF test. 
Polyacrylamide gel electrophoresis of LSDV, SPV and GPV has revealed a 
common major precipitating antigen, mol. wt. 67 k, located on the outer mem-
brane of the virus particle (Kitching et al., 1986). This antigenic conformity 
within the Capripoxvirus genus is the basis of the use of SPV as a vaccine 
against lumpy skin disease. 

EPIZOOTIOLOGY 

Distribution 

The spread of the disease through Africa has been slow and tortuous. It has 
taken half a century to travel from central Africa southwards to the Cape, 
northwards to the Sahara and thence to western Africa. Its progress has been 
marked by a rapid spread followed by periods of up to a decade of quiescence. 
Most countries south of the Sahara have now experienced the infection (Fig. 
19). 

Morbidity varies greatly between herds and has been found in the range of 
50-100% in Bechuanaland (Von Backstrom, 1945), 5-45% in South Africa 
(Haig, 1957), 10-50% in Madagascar (Lalanne, 1956) and 5-75% in Nigeria 
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(Nawathe et al., 1978). The mortality rate in South African herds in the initial 
epizootic was around 1% (Diesel, 1949) but rising on occasions to 75%. Later 
outbreaks in other countries have usually shown mortality rates below 5%. 
Bos indicus and Bos taurus seem to be equally susceptible. There appear to be 
no sex, age or breed differences of significance. Of the domestic animals only 
cattle are susceptible, and the disease is not transmissible to man. 

Nature of spread 

Lumpy skin disease virus is not very contagious. Although virus is present 
in saliva for at least 11 days after the onset of pyrexia (Haig, 1957), experiment-
al transmission by close contact has only been successful when cattle shared 
drinking bowls (Weiss, 1968). 

The semen of bulls has been found to contain virus for 22 days after clinical 
signs have started. Virus is present in the blood for at least 4 days following the 
onset of pyrexia and generalization of lesions, as judged by experimental 
infection (Alexander and Weiss, 1959). 

A number of factors are involved in the spread of infection during and 
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Fig. 19. Virg in outbreaks of LSD in Africa s ince 1929. E a c h dot represents 5000 catt le (based on a 
catt le distribution map by the Interafrican Bureau of Animal Health , Nairobi) . 
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between epizootics; these include biting flies, rainfall pattern, animal move-
ment, wild birds, game animals and susceptibility of the national herd. 

Biting flies have been incriminated in most epizootics since Morris (1931) 
described the first outbreak in 1929. This was also noted by Haig (1957) in the 
case of the South African epizootic and Burdin and Prydie (1959) for the 
Kenyan outbreak. In Kenya, the geographic distribution of the mosquitoes 
Culex mirificus and Aedes natronius, present in great numbers, coincided with 
foci of disease. In the virgin outbreak in Chad in 1973 an exceptionally large 
population of biting flies of the genus Lyperosia was reported by Provost (1974). 
Virus has been isolated from Biomyia fasciata and Stomoxys calcitrans caught 
feeding on infected cattle (Weiss, 1963). 

It has been consistently noted that disease outbreaks occur during the rainy 
season and disappear with the onset of the dry season. Heavy rains are often 
associated with epizootics. Disease in Kenya is not seen in the dry coastal areas 
but occurs in all other rainfall zones; particularly on high rainfall plateaux 
epizootics follow excessive rains (Davies, 1982). High savannah grasslands and 
lower drier guinea savannah have both been involved in Nigerian outbreaks. 

Cattle movement is undoubtedly one of the most important factors in the 
dissemination of lumpy skin disease. Road and rail movement of cattle contri-
buted greatly to the spread of infection in South Africa in 1946. In Kenya in 
1957 spread was limited, probably due to efficient action of the veterinary 
services in stopping animal movement. Nomadic and trade movement of cattle 
in western Africa formed the basis for rapid dissemination of disease in that 
region. Severe droughts occurred in sub-Saharan areas in 1971 and 1972, forc-
ing semi-nomadic cattle from Chad to migrate further south than normal. Deep 
in the Central African Republic they came in contact with infected cattle and 
brought the infection back to Chad from whence it spread to Niger and nor-
thern Nigeria. The comprehensive network of trade routes coupled with road 
and rail transport ensured rapid dispersal throughout Nigeria. 

Naturally occurring cases of lumpy skin disease in game animals have not 
been reported to date. It can be concluded that if they do occur it is rarely. 
However, experimental infection of an impala (Aepyceros melampus) and a 
giraffe (Giraffa camelopardalis), both calves, resulted in macroscopic lesions 
and death (Young et al., 1970). Two adult wildebeest (Connochaetus gnou) and 
two Cape buffalo (Syncerus caffer) calves were refractory to infection in the 
same experiment. Davies (1982) found high levels of antibody to Capripoxvirus 
in Cape buffalo in Kenya, in areas where disease was endemic in cattle. He 
concluded that buffalo might serve as reservoir hosts during the inter-epizootic 
periods. A serological survey by Hedger and Hamblin (1983) covering many 
affected countries showed low levels of antibody in six species of game and 
negative titers in 38 other species, including the Cape buffalo. There was 
considerable uncertainty about the specificity of antibody detected. The low 
prevalence and generally negative results suggest that wildlife does not play 
a significant part in the perpetuation of the disease. 

Two birds, the red-billed oxpecker (Buphagus erythorhynus) and the egret 
(Bubulcus ibis) are often seen perching on the backs of cattle throughout 
Africa; McOwan (1959) suggested that they might spread LSDV mechanically 
on their beaks. 

The pattern of recurrence of epizootics (which should give some indication 
of national herd susceptibility) has varied in different parts of Africa. The 
disease has never caused much alarm in central Africa, and apart from the 
original outbreak in 1945 and resurgences in 1954 and 1976 it has made little 
impact in Zimbabwe, despite the presence of many exotic dairy cattle. Else-
where the picture has been one of well-defined epizootics occurring at regular 
intervals. In South Africa such outbreaks occurred in 1947,1953,1957,1962 and 
1967, in Uganda in 1968 and 1981 and in Nigeria in 1974 and 1979. This would 
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suggest cycles of resistance and susceptibility of around 5 years. The extent 
and frequency of vaccination will of course affect the disease pattern. It is 
generally supposed that there are no latent virus carriers, which is supported 
by circumstantial evidence from South Africa (Haig, 1957). 

It can be concluded that in an unvaccinated population lumpy skin disease 
is likely to occur in epizootics at intervals of 5 years or more, with sporadic 
cases in the inter-epizootic periods. Epizootics can be expected after the start 
of a rainy season, particularly when rains are heavy. Associated with these 
rains is the rapid multiplication of biting flies of which some species probably 
act as short-range vectors. Further extension of disease can be expected to 
occur following cattle movement, but animal-to-animal contact is not impor-
tant in this spread. Disease prevalence will fall dramatically at the end of the 
wet season. There is no hard evidence for the role of any species other than 
cattle in the perpetuation of disease in the inter-epizootic period, but this 
aspect of the epidemiology is still poorly understood. 

It is quite possible that the disease may appear outside Africa. Due to the 
nature of transmission it is unlikely that infection will be spread by meat or 
products. The movement of live infected animals remains the obvious risk. 
From time to time there is trade in live animals from eastern Africa to the 
Middle East. New political affiliations of some African countries raise the 
possibility of the disease appearing much further afield. 

An assessment of the economic significance of the disease has not been made. 
Lumpy skin disease has always been taken more seriously in South Africa than 
elsewhere, though the apparent severity in that country may be a function of 
the concern shown by farmers with advanced husbandry systems and highly 
productive animals. The most important losses accrue from morbidity and not 
from mortality. Secondary infection causes debility and loss of weight, mas-
titis, a drop in milk yield and infertility. Abortions can occur in the early stages 
of disease but are usually not numerous. Milk yields have been seen to drop by 
50% in indigenous herds in Nigeria (J.A. Woods, unpublished data, 1974); this 
was partly due to general malaise but also to udder lesions and purulent 
mastitis. Loss of quarters has been noted in Rhodesia (Anon., 1977). Damage to 
hides has been described (Green, 1959; De Sousa Dias and Limpo-Serra, 1956) 
which can be severe, as lesions affect the full thickness of the skin and a few 
holes can render a hide virtually useless. 

PATHOGENESIS 

A febrile reaction occurs about 5 days after exposure to the virus and lasts 
5-12 days as judged by experimental infection. A primary nodule appears at the 
site of inoculation some 7 days later (Capstick, 1959; Nawathe and Asagba, 
1977; Prozesky and Barnard, 1982). It would seem that virus multiplication 
occurs in the dermis at the sites of insect bites. Viremia follows, coinciding 
with the rise in temperature and lasting for about 4 days (Alexander and Weiss, 
1959). Following the viremia generalized lesions occur in the skin and 
sometimes in the viscera. Only one "crop" of disseminated lesions is observed. 

During the course of the disease, virus is present in the saliva for at least 11 
days, in the semen of bulls for at least 22 days and in skin nodules for at least 
33 days after generalization. Virus has also been recovered from regional 
lymph nodes, spleen, muscle and normal skin but not from urine or feces 
(Alexander and Weiss, 1959). Although saliva contains large amounts of virus, 
infection by direct contact and fomites is of minor importance. The period of 
infectivity will largely depend on the accessibility of virus to biting flies. The 
duration is unknown, but it can be assumed that the animal will be at its most 
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infective during the short viremic period 2-3 days before and after the app-
earance of lesions. Since virus is present in skin nodules for 5 weeks, infected 
cattle are probably also a source of infection during this period. 

There is no evidence for a carrier state. In South Africa, an anaplasmosis 
vaccine caused no ill effects despite being produced in cattle with a history of 
LSD (Haig, 1957). 

DISEASE SIGNS 

The clinical signs of lumpy skin disease have been described by Morris 
(1931), Von Backstrom (1945), Haig (1957), Burdin and Prydie (1959) and Pro-
vost (1974) as the condition occurred in virgin epizootics throughout Africa. 
Outbreaks of disease present a variety of signs which, taken together, give a 
quite unmistakable picture. There is a wide range of severity. Some animals 
show only a few skin lumps and no systemic reaction and are virtually unaffect-
ed by the disease. Others show the full spectrum of signs described. The 
incubation period in the field has been estimated as 2-4 weeks (Henning, 1956). 
A disease outbreak spread by an anaplasmosis vaccine in South Africa would 
indicate a period of 14 days (Diesel, 1949). 

A rise in temperature of up to 41°C, a generalized lymphadenitis, anorexia 
and the appearance of edema in limbs, abdomen or brisket can occur in the 
early stages. Pyrexia can last for 2 weeks. Swelling of prescapular, precrural 
and popliteal lymph nodes is usually obvious. Abortion, probably due to the 
pyrexia, is not uncommon. 

Within 48 h of the onset of pyrexia lumps appear in the skin. Most of the 
lumps measure 1-3 cm in diameter and extend 1-2 cm deep. They can range from 
a few millimetres to 10 cm or more due to nodules coalescing to form plaques. 
The number of lumps appearing on one animal can vary from one to many 
hundreds. They are hard, circular and have well demarcated edges. The full 
thickness of the skin and often the subcutis is involved in the lesion. Nodules 
protrude above the surrounding skin and in short-haired cattle are visible at 
a distance. The nodule can be grasped between fingers and thumb, when it will 
usually move easily with the skin. At this early stage the skin over and around 
the nodules looks quite normal and is unbroken. Some nodules remain in this 
stage and are slowly resorbed over a number of months. Lesions are distributed 
on all parts of the body from the muzzle to the tail (Figs. 20, 21). 

The severity of disease generally increases with the number of skin nodules 
(Haig, 1957; Weiss, 1963) but severe cases can occur when lesions are restricted 
to the mucosae and internal organs (Provost, 1974). 

Clinical examination of suspect cases, particularly of longer-haired Euro-
pean breeds, should be thorough. The skin should be palpated carefully, especi-
ally in the region of the perineum and posterior aspects of the thighs, as these 
areas are predilection sites. 

Within a week of their appearance nodules begin to develop to the "sit-fast" 
stage. A circular line of necrosis appears around the edge of the nodule and a 
central cylindrical core of tissue begins to separate from the surrounding skin. 
The lesion now looks as though it had been hit with a circular punch. Some 
nodules develop no further than this and are slowly resorbed. 

The core of most "sit-fast" lesions becomes necrotic in the next 5-7 weeks 
and sloughs, leaving a deep granulating pock involving all layers of the skin. 

An affected animal in the later stages will show a mixture of unbroken skin 
nodules, "sit-fasts" and granulating pocks. 

Sequelae to skin and lymph node lesions include sloughing of the skin, 
suppurative ulcers of the legs and mastitis. Sloughing of skin can occur par-
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Fig. 20. A Niger ian Gudali cow wi th sk in nodules of different sizes and s tages of development. 

ticularly on the lower abdomen and legs where necrosis has resulted from 
edema or possibly from plaques of coalesced nodules. Suppurative discharging 
sinuses in the lower limbs are due to abscessation of regional lymph nodes; 
these can persist for months. Nodules occur on the skin of the teats and udder 
and in the glandular substance of the udder. An accompanying purulent mas-
titis is common. Milk yields often fall dramatically. 

Ocular and nasal discharge and occasionally drooling of saliva follow the 
appearance of yellowish necrotic lesions on the mucosa of the nose, mouth and 

Fig. 21. Severely affected cow showing widespread distribution of nodules . 
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conjunctiva. Nasal discharge may be purulent and profuse and may cake in the 
external nares to obstruct breathing. Necrotic foci also appear in the vagina. 
Lesions are common on the dental pad, at the skin-mucosal junction and at the 
edge of the hard palate. Most have the same "punched out" appearance of the 
"sit-fast" skin lesion. This is characteristic of the condition and helps to 
distinguish it from rinderpest and mucosal disease. The central necrotic plug 
of mucosa sloughs to leave a deep ulcer. 

The disease affects cattle of all ages, young calves often severely. Animals 
in a poor nutritional state seem to be more susceptible. Chemotherapy appears 
to hasten recovery by countering secondary bacterial infection. Some cattle 
progress to a cachectic state; these animals often have lesions in the lungs and 
other organs not obvious from a clinical examination. 

A wide range of conditions has in the past been confused with lumpy skin 
disease. These include Allerton virus infection (pseudo lumpy skin disease), 
streptothricosis, onchocercosis, globidiosis and urticarial swellings.These con-
ditions may give rise to uncertainty when only one or two animals are affected. 
In practice when an outbreak occurs there should be no confusion with any 
other condition. Allerton virus infection is consistently mild and only the 
superficial skin layers are involved. The lesions have a flat surface with a slight 
central depression. Lumpy skin disease has on occasion mimicked rinderpest or 
mucosal disease. In the virgin epizootic in Chad many cattle showed mucosal 
lesions and few or no skin nodules (Provost, 1974). The "punched out" appear-
ance of ulcers of the mucosa and skin-mucosal junction will help in the dif-
ferentiation of these cases. 

Treatment in the early stages with sulfonamides (sulfadimidine) or antibiot-
ics (Oxytetracycline) has been found to alleviate the condition by minimizing 
secondary bacterial infection. 

Skin nodules occupy the full thickness of the skin and subcutis, occasionally 
also the underlying muscle. The cut surface reveals a hard fibrous mass whitish 
in colour and centred in the dermis (Fig. 22). Early lesions show a reddish 
exudate in the surrounding subcutis. The yellow necrotic nodules seen in the 
mouth may also be present in the rumen and abomasum. Ulceration results 
from sloughing of the central necrotic core. Lesions can also be found through-

PATHOLOGY 

Gross changes 

Fig. 22. A well-defined focus of necrosis centered in the dermis. 
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out the respiratory tract, from the nasal mucosae to the lungs. Lung lesions 
occur as discrete greyish-yellow spherical masses about 1 cm in diameter. They 
are scattered through the organ and are easily seen and palpated. They are firm 
in consistency and well demarcated from surrounding lung tissue. 

Histopathology 

The histopathology has been described in South Africa and Kenya by Tho-
mas and Maré (1945), Burdin (1959) and Prozesky and Barnard (1982). The 
essential changes include a vasculitis of dermal vessels with perivascular 
cuffing, thrombosis and infarction leading to coagulative necrosis with cyto-
plasmic inclusions common in the early stages. 

The basic lesion comprises a focus of necrosis in the dermis. There is an 
infiltration of mononuclear cells, mostly lymphocytes and macrophages with 
some plasma cells and fibroblasts. Neutrophils may also be present in the later 
stages. Cellular cuffing of arteries and veins is particularly evident. The lesion 
is well defined from the surrounding skin but not encapsulated, and tongues of 
inflammatory cells extend outwards from the lesion between the collagen 
bundles of the dermis. Thrombosis of blood vessels is apparent. Large intracyto-
plasmic inclusion bodies are present mostly in macrophages and fibroblasts and 
occasionally in the endothelium of blood vessels. Inclusions vary in colour 
from pink to purple with hematoxylin and eosin staining and are frequently of 
the same size as the cell nucleus or larger. A basophilic limiting membrane and 
internal basophilic granules can often be seen. The nucleus of the host cell 
usually shows well defined margination of chromatin (Fig. 23). Inclusions can 
sometimes be seen in an extracellular position in the necrotic debris at the edge 
of the lesion. 

In some nodules tissue damage is restricted to the dermis and subcutis but 
in others changes occur concurrently in the epidermis and adnexa remote from 
the main focus. Epidermal cells, particularly in the basal layers, show vacuola-

Fig. 23. Hair fol l icle and sebaceous g land showing vacuo la t ion of cytoplasm, marginat ion of 

nuclear chromatin and many inc lus ion bodies (arrows). 
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Fig. 24. Necrot ic cel ls in the dermis, probably macrophages , showing marginat ion of nuclear 

chromatin and large intracytoplasmic inc lus ions . 

tion, margination of nuclear chromatin and many inclusion bodies. These 
changes are also seen in the hair follicles and sebaceous glands (Fig. 24). Foci 
of cellular infiltration and necrosis are often present in the dermal papillae. 

The initial lesion may resolve with no serious involvement of the upper 
layers of the dermis and epidermis. Most lesions, however, develop to the 
"sit-fast" stage with an extension of necrosis to involve all layers of the skin. 
In these cases edema, hemorrhage and marked cellular infiltration are seen in 
the upper layers of the corium. The epidermis is eventually destroyed and a 
confluent plug of necrotic tissue then extends from the original focus in the 
corium to the epidermis. At this stage blood vessels in the corium are often 
occluded and eventually obliterated. Inclusion bodies are now less numerous. 
At the edges of the lesion there is proliferation of fibroblasts and formation of 
capillary loops as the necrotic core begins to be walled off. In most cases the 
layer of granulating tissue gradually extends beneath the necrotic plug, 
eventually expelling it and leaving a raw healing ulcer. The pathology of 
mucosal lesions is similar to that of the skin nodules. 

Lung lesions show a central zone of coagulative necrosis in which the 
lobular architecture is still visible. This is surrounded by a band of mononu-
clear cells. An outer layer of fibrous tissue encapsulates the lesion. There is 
thrombosis of pulmonary blood vessels and inter-alveolar edema and hemor-
rhage. Intracytoplasmic inclusions are rare in chronic lesions. 

Minor changes have been described in other organs but are not pathogno-
monic for the disease. 

IMMUNE REACTION 

It has been repeatedly observed that morbidity is variable and that innate 
resistance occurs in both naturally and experimentally infected animals. In 
South Africa about 1260 cattle were accidentally infected with LSDV through 
a contaminated anaplasmosis vaccine but only 493 showed clinical signs 
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(Diesel, 1949). A great variation also exists in the severity of clinical reactions. 
Capstick (1959) recorded only three cases of generalization of lesions in 56 
inoculated cattle. This resistance does not seem to be associated particularly 
with Bos indicus or Bos taurus or with breeds within these species. 

Animals which have recovered from disease develop neutralizing antibodies 
and are immune to reinfection. Antibody levels persist for at least 5 years 
(Weiss, 1963). Some cattle without skin lesions also show this response and 
have presumably undergone a subclinical infection. Cattle vaccinated with the 
attenuated Neethling strain virus mostly develop neutralizing antibody by the 
10th day and a high titer by the 30th day. Titers persist for at least 3 years. 
About 50% of vaccinated cattle develop a reaction at the site of injection and 
show a serum antibody response; those without a local reaction do not develop 
titers but are immune to challenge (Weiss, 1968). Passive immunity (maternal 
antibodies) has been found to persist in calves for up to 6 months (Van der 
Westhuizen, 1964). 

Capstick and Coakley (1962) devised an intradermal test similar to the 
tuberculin test. The test was used for the detection of susceptible animals for 
experimental use and proved accurate and specific. The nature of the histologi-
cal reaction in skin lesions where cellular infiltrations are dominated by 
lymphocytes and macrophages would further suggest that cellular and cell 
mediated immunity are important. Although structural cells in the epidermis, 
adnexa and vascular endothelium suffer direct damage from the virus, most of 
the changes result from the cellular infiltration inherent in the immune reaction. 

Immunity to infection is lifelong and recurrence of disease in the same 
animal is rare, if it occurs at all. Recurrent outbreaks in the same herd are 
probably due to the buildup of a susceptible population born since the previous 
exposure and in the absence of regular vaccination. Immunity induced by live 
virus vaccines (attenuated Neethling strain and the Kenya sheeppox strain) is 
also reckoned to be lifelong. 

LABORATORY DIAGNOSIS 

Electron microscopy 

Examination of fresh lesion material has been applied to LSD V using the meth-
od of Parsons (1963). Samples are negatively stained with phosphotungstic acid, 
and the procedure takes only a few minutes. Virus particles are seen as long as in-
clusions are visible by light microscopy. Early lesions must therefore be selected. 

EM examination 5-jum sections conventionally processed for histology from 
formalin fixed material has been described by Rossi et al. (1970), and the method 
can be applied to LSDV (J.A. Woods, unpublished data, 1980). J & Ε stained 
sections are examined under the light microscope and areas containing inclu-
sion bodies selected for EM processing. Paraffin-embedded tissue can also be 
examined by removing a small portion of the block known to contain inclusion 
bodies and processing for EM (Lehner et al., 1966). Positive staining with 
uranyl acetate is used. Viroplasm zones and typical pox virions are easily and 
rapidly identified (see Fig. 18). The technique is very flexible. Preservation of 
material in 10% formalin is straightforward under field conditions. Retro-
spective assessment of fixed tissue or histological sections from suspect cases 
is possible. Transportation of Η & Ε sections and blocks for confirmation to a 
laboratory in another country presents no problems. Virions remain easily 
recognizable for many years in paraffin-embedded tissue despite extensive 
damage to the cytoplasm. 
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Samples taken by the field officer should include slices of skin nodule about 
3 mm thick in formalin for histology and/or EM and fresh tissue on ice for EM, 
cryostat sectioning or virus culture depending on the facilities available. Best 
results for conventional EM work are obtained by preservation of tissue in 4% 
glutaraldehyde in sodium cacodylate buffer, pH 7.4, for 2 h followed by storage 
in 5% sucrose in the same buffer at 4°C. 

The identity of virus grown on the CAM of embryonated eggs or in tissue 
culture can be confirmed by thin sectioning and positive staining and by 
negative staining, respectively (Munz and Owen, 1966; Van Rooyen et al., 1969). 

Histology 

The general histological picture is highly supportive of a diagnosis. In-
tracytoplasmic inclusions, however, are present only in the early stages of 
infection. Not all "closed" lesions are early, but unbroken nodules rather than 
"sit-fasts" should be sampled. Cattle known to have become recently ill and 
which are still pyrexic should be chosen, and biopsies should be taken from a 
number of animals. The complete nodule should be excised under local anes-
thesia, cut into slices 2-3 mm thick and preserved in 10% buffered formalin. 

Immunofluorescence 

The technique has been successfully used to identify virus in tissue culture. 
Virus antigen can be detected as early as 48 h after inoculation of the monolay-
er. 

The indirect IF test has been used to identify antigen in cryostat sections but 
nonspecific fluorescence limited its usefulness when used by Davies et al. 
(1971). 

Virus isolation 

A wide variety of cell types has been used, but lamb testis and kidney and 
calf fetus muscle cells are particularly suitable. The CPE is characterized by 
rounding, shrinking and detachment of cells to give a "moth-eaten" app-
earance to the monolayer. Staining with Η & Ε shows the presence of intracyto-
plasmic inclusions and many of the cellular changes seen in tissue sections. 
CPE is apparent 3 days after inoculation. 

Virus can be grown by inoculating the supernatant of ground-up lesions 
onto the CAM of 7-9-day-old embryonated eggs incubated at 33.3°C to 35°C 
(Van Rooyen et al., 1969). This produces characteristic pocks on the CAM 
which, when sectioned, show vacuolation of ectoderm and intracytoplasmic 
inclusions. 

Growth of the virus in tissue culture or in eggs must be regarded as suppor-
tive evidence only. Confirmation by EM, neutralization or IF tests is essential. 
As with histology and EM studies, all biopsy material should come from 
recently ill animals. 

The two national laboratories holding stocks of specific antiserum and 
which are also most conversant with the disease are at the Department of 
Veterinary Services Division, Kabete, Kenya and The Veterinary Research 
Institute, Onderstepoort, South Africa. 

PROPHYLAXIS AND CONTROL 

Kenya and South Africa are alone in having shown great concern and a 
concerted effort to control lumpy skin disease. They have now come to terms 
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with the condition, accepting that it will probably continue to be endemic, and 
rely on a strategic vaccination policy to prevent epizootics. The disease is no 
longer notifiable in South Africa. 

Measures that have been used with limited success include the isolation of 
infected herds and slaughter of clinical cases, movement control and the use of 
insecticides. 

Quarantine measures and movement control did not appear to limit spread of 
the 1944-47 virgin epizootic in South Africa (Haig, 1957). In Kenya very strin-
gent movement controls seemed to stop the condition becoming widespread, 
though it did not stop local farm-to-farm spread as would be expected with an 
insect-borne infection (McOwan, 1959). 

Slaughter of clinical cases was discontinued in the first Kenya outbreak 
except for outlying foci. Since cattle are infective for some days before lesions 
appear this is not an efficient method of control and is no longer practiced in 
Africa. 

Dipping and spraying of cattle with residual insecticides and spraying of 
farm buildings were practiced during the Kenya epizootic and may have assis-
ted in limiting spread. 

Vaccination is the only effective means of control. Two vaccines have been 
successfully used to date, a live SPV vaccine grown in tissue culture and an 
attenuated strain of LSDV passaged in embryonated eggs and tissue culture. 

A freeze-dried live vaccine based on a local strain of SPV has been produced 
at the Veterinary Research Laboratory, Kabete, Kenya, and used in the field 
since 1959 (Capstick and Coakley, 1961; Coakley and Capstick, 1961). A dose of 
2 ml is given subcutaneously in front of the shoulder. Transient local reactions 
and very occasional systemic reactions are seen. There is no generalization of 
lesions and no shedding of live virus. There is no marked thermolability but the 
virus is sensitive to direct sunlight, especially when reconstituted. Vaccine 
virus is highly virulent for sheep and goats; its use would be acceptable only 
in countries where sheeppox is endemic and where the sheep and goat popula-
tions show a high degree of resistance. 

The Neethling strain of LSDV has been used to produce an attenuated 
vaccine at the Veterinary Research Institute, Onderstepoort, South Africa, 
since 1960. The freeze-dried vaccine is safe and effective and minor side effects 
include local reactions at the injection site in 50% of cattle and an occasional 
transient drop in milk yield in dairy cows (Weiss, 1968). The dose is 5 ml 
subcutaneously in calves of 6 months or older and immunity is reckoned to be 
life-long. Maternal antibody is considered to persist for up to 6 months in calves 
of immune cows. 

A freeze-dried live virus vaccine derived from a virus strain isolated in 
Madagascar and attenuated by passage in tissue culture has been produced at 
the Farcha laboratory in Chad but to date has not been used in the field 
(Lefèvre, 1979). 

The strategy used to control the disease in a country will depend on its 
geographical position and the risk of (re)introduction of infection. 

In high-risk areas as in Africa a strategic vaccination policy is essential, 
particularly for valuable exotic cattle. Regular vaccination of calves at 6 
months of age will ensure a resistant population. If vaccination on this scale 
is not possible, prompt ring vaccination around new outbreaks will help to stop 
spread of disease. Early and excessive rains may herald the start of an epizoot-
ic, and there may be areas of the country where past experience has shown that 
outbreaks are most likely to occur. In these areas clinical vigilance and limited 
vaccination may be adequate. 

In the case of low-risk areas remote from the continent of Africa the im-
mediate desire would be eradication. The efficiency of a policy of declared 
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infected zones with movement restriction and ring vaccination might well 
work if carried out with thoroughness. Animals in transit through infected 
zones must have been vaccinated at least 2 weeks previously. 
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Herpesviridae 

The family has obtained its name from the multiple recurrence of fever 
blisters in certain persons. The term is derived from Greek herpein to creep. 
The family contains the subfamilies Alphaherpesvirinae (herpes simplex virus 
group), Betaherpesvirinae (cytomegalovirus group) and Gammaherpesvirinae 
(lymphoproliferative herpesvirus group). The subdivision is based mainly on 
biological behavior; recently, five genera have been proposed (Brown, 1986). 
Some 20 herpesviruses have been identified in vertebrates. 

Herpesvirions are large particles, 180-200 nm in diameter when enveloped. 
The capsid is about 100 nm in diameter and consists of 162 capsomers, 12 
pentameric and 150 hexameric. A granular zone (integument), consisting of 
protein, fills the space between the capsid and the envelope, which carries short 
projections. In the core a fibrillar protein spool is present onto which the DNA 
is wrapped. 

The herpesvirion contains one molecule of linear double-stranded DNA with 
a mol. wt. between 80 and 150 χ 106. More than 25 structural polypeptides with 
mol. wts. between 4 k and 200 k have been identified, some of which are glycosy-
lated or phosphorylated. Buoyant density of the virion in CsCl is between 1.20 
and 1.29 g/cm3; sedimentation coefficients around 1800 S have been determined. 

Viral DNA is transcribed in the nucleus, mRNA is translated in the cyto-
plasm. Viral DNA is replicated in the nucleus, too, and is spooled into prefor-
med immature nucleocapsids. The assembled virus particles leave the nucleus 
by budding from the nuclear membrane which is modified by inserted viral 
glycoproteins and forms the envelope. Eosinophilic inclusion bodies - rem-
nants of virus factories - are found in the nucleus; cytomegalovirus-infected 
cells may also contain basophilic cytoplasmic inclusion bodies. 

Herpesviruses of Ruminant Cattle 
A herpesvirus, mostly known as the agent of infectious bovine rhinotracheit-

is (IBR) or infectious pustular vulvovaginitis (IPV) is also named bovine herpes-
virus 1 (BHV-1). Another herpesvirus infecting cattle is the agent of ulcerative 
mammillitis, named bovine herpesvirus 2 (BHV-2). Both BHV-1 and BHV-2 
belong to Alphaherpesvirinae, BHV-2 being related to herpes simplex virus 1. 

Ill-defined as agents of disease but identified as herpesviruses is a group of 
isolates characterized as bovine cytomegaloviruses with the Movar isolate as 
reference strain (Storz et al., 1983). The isolates thus belong to the Betaherpes-
virinae and are named bovine herpesvirus 3 (BHV-3). 

Cattle are secondary hosts of a herpesvirus causing malignant catarrhal 
fever (MCF). The primary hosts are wildebeest (in Africa) and sheep (in 
Europe), but the European virus has not yet been isolated. In the primary hosts, 
the infection is inapparent, basically lymphoproliferative, the MCF virus 
belongs to Gammaherpesvirinae and is also named alcelaphine herpesvirus 1 
(AHV-1). This is because two additional related types have been isolated from 
hartebeest and topi (for references, see Rossiter, 1985). 

The above naming (BHV-1, BHV-2, etc.) is presented according to the recom-
mendations of the International Committee on Taxonomy of Viruses (ICTV). 
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These recommendations are, however, at variance with the opinion of some 
leading veterinary virologists, who proposed the name BHV-3 for the MCF 
virus and the name BHV-4 for the isolates of the Movar type. The recent 
proposal of the ICTV regarding a subdivision into genera (Brown, 1986), will 
probably lead to a revised naming. The last proposal by the Study Group 
supports the label BHV-4 for designating Movar-type BHVs (which were also 
named "orphan viruses" or cytomegaloviruses; Bartha et al., 1987). 

Sheep and Goats 
Strains of a herpesvirus, named caprine herpesvirus 1 (CHV-1), have been 

isolated from cases of ovine pulmonary adenomatosis (jaagsiekte) which, how-
ever, appears to be caused by a retrovirus. There is a herpesvirus occurring in 
goats and named caprine herpesvirus 2. Although this virus is antigenically 
closely related to BHV-1, the two viruses show different restriction patterns of 
their genomes (Engels et al., 1983). 

Pseudorabies Virus 

The herpesvirus of Pseudorabies (Aujeszky's disease), having the pig as the 
primary host, may accidentally infect cattle and sheep, which are "dead-end 
hosts". 
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Chapter 11 

Infectious Bovine Rhinotracheitis Virus 

O.C. S T R A U B 

INTRODUCTION 

The viral agents causing infectious bovine rhinotracheitis (IBR), infectious 
pustular vulvovaginitis (IPV) and infectious balanoposthitis (IBP) share a 
large number of properties, although they cause disease in different organ 
systems. In the provisional nomenclature all IBR, IPV and IBP strains have 
been attributed to the subfamily Alphaherpesvirinae and are designated "bo-
vine herpesvirus 1" (BHV-1; Roizman et al., 1981). According to a more recent 
proposal by Ludwig (1983), these strains would form the group "bovid herpes-
virus 1" (BHV-1). 

VIRUS PROPERTIES 

Physical and chemical characteristics 

IBR-IPV virions contain lipid in their envelope wich renders them suscept-
ible to many disinfectants, especially solvents such as diethyl ether and 
chloroform. It has been demonstrated that 0.5% NaOH, 0.01% HgCl 2, 1% 
CaOCl 2 (chlorinated lime), 1% phenol derivatives and 1% quaternary amm-
onium bases inactivate BHV-1 within seconds and that 5% formalin does so 
within one minute (Straub, 1985). Stronger solutions were tested by Khamraev 
(1980), who exposed contaminated objects to an aerosol of 38% formaldehyde 
(20mlm~ 3) for 6h, sodium hypochlorite solution (equivalent to 1.5% active 
chlorine; 200 ml per m 2 of surface) for 1 h, or 3% peracetic acid (200 ml m~ 2) for 
1 h. Schaller (1977), in a model experiment, sprayed daily for 4-6 weeks cattle 
and surroundings with a 0.5% solution of "Wofasteril" (a peracetic acid 
product) thus breaking the chain of infection. More recently, the effect of ozone 
has been studied (Anciaux et al., 1982; Bolton et al., 1982). The virus could 
readily be inactivated by concentrations ranging from 0.25 to 1.6 mgl" 1; a 
temperature-sensitive (ts) strain was found to be more sensitive than a 
prototype IBR virus strain (LA). 

BHV-1 survives in the environment for 30 days in winter, and inside build-
ings for 6-13 days (in winter) and 5-9 days (in spring). It will probably survive 
even longer under more favorable conditions, e.g. in feedstuffs. It appears 
unlikely, however, that virus comes into contact with feedstuffs, with the 
exception of grass, silage and hay. If necessary — for example for the nutrition 
of specific pathogen-free animals — feed can be sterilized, since the virus will 
be inactivated at temperatures above 63°C within seconds. 
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TABLE 4 

Influence of temperature on the inact ivat ion of BHV-1 in the presence of ^ 2% serum (O.C. Straub, 

unpublished data) 

Temperature Time period Initial t iter Titer reduction 

(°C) of exposure (loguTCIDso/ml) (log^TCIDso/ml) 

56 1 hour 5.0 5.0 

37 9 days 5.0 5.0 

22 2 weeks 5.0 5.0 

4 2 months 5.0 2.5 

- 3 0 6 months 7.0 1.0 

- 7 0 12 years 7.0 no loss 

Studies on temperature sensitivity have resulted in uniform findings. Dif-
ferences were only observed when field virus strains were compared with 
attenuated strains (Bartha et al., 1969). The virus is very stable at temperatures 
below - 65°C, but less stable at - 20°C if storage exceeds one year (Table 4). It 
is slowly inactivated at + 4°C. At + 37°C it survives for approximately 10 days 
(Hahnefeld et al., 1963; Straub, 1970). It is therefore important to note that virus 
will survive in semen storage containers, where it can contaminate virus-free 
semen when infected semen is stored in the same container (Lorrmann, 1967; 
Chapman et al., 1979; Guevara, 1979; Krpata, 1982). 

For airborne virus survival, humidity is of special importance, but also when 
attenuated vaccines are used for local vaccination. From studies carried out by 
Elazhary and Derbyshire (1979) it can be concluded that survival is optimal at 
90% RH and low temperature. With increasing temperature the required opti-
mum humidity is lower. This may influence virus transmission under natural 
conditions. The virus is stable between pH 6.0 and 9.0 (Griffin et al., 1958), 
values that are measured in the upper respiratory (mostly below pH 7) and in 
the genital tract (male above pH 8, female varying; O.C. Straub, unpublished 
data, 1962). 

Antigenic properties 

A one-way serological relationship has been found between IBR-IPV virus 
and Aujeszky's Disease (Pseudorabies) virus; it can also be demonstrated using 
a delayed hypersensitivity test in cattle (Aguilar-Setién et al., 1979a,b, 1980; 
Straub et al., 1983). This relationship is not sufficiently close to protect animals 
by means of heterologous vaccines. The IF test for BHV-1 antibodies in cattle 
that have been vaccinated with Aujeszky's disease vaccine is not affected 
(Wellemans et al., 1980). Bush and Pritchett (1985), who compared the genomes 
of BHV-1 and Pseudorabies virus, concluded that the homology between these 
two viruses was approximately 8% as measured by liquid reassociation kin-
etics. Another one-way relationship exists between BHV-1 and the goat herpes-
virus (BHV-6) (Engels et al., 1983). 

A relationship with other bovid herpesviruses has been shown using two-
dimensional immuno-electrophoresis (Levings et al., 1984). The serum neutral-
ization test has been used in kinetic studies to demonstrate IBR-IPV virus 
strain differences (Potgieter and Maré, 1974). 
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IPV/IBP or only serological ev idence 

IBR and/or conjunct iv i t i s 

Abort ions 

Encephal i t i s 

Mast i t i s 

Proof of ant ibodies or v irus in other domest ic species or game 

Fig. 25. Occurrence of the various diseases caused by BHV-1 in Europe. Fol low-up of a 1977 review 
(Straub, 1978b). Numbers refer to the source of information: (1) Net t l e ton et al. (1981); (2) Inglis et 
al. (1983); (3) Straub et al. (1982b); (4) Kubin (1982); (5) Tanyi et al. (1983); (6) Karadzhov et al. (1977); 
(7) Rejas Garcia et al. (1979); H. Gei lhausen, personal communicat ion (1981). (Albania and Portugal 
have in the meant ime also proven to be infected.) 

EPIZOOTIOLOGY 

Host range and geographic distribution 

Although BHV-1 is widely distributed among cattle in all continents, its host 
range is limited. Many wild species have been found seropositive but distinct 
clinical signs have only been observed in cattle. A literature survey conducted 
in 1977 (Straub, 1978b) summarized the data available at that time. New data 
have been added to show the geographical distribution (Figs. 25-28). Differ-
ences have been found in studies with ferrets. They proved to be highly suscept-
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\···''·
:
:'·\ IPV/IBP or only serological ev idence 

M IBR 

1 = 1 Abort ions 

' Ç j * Proof of antibodies or virus in other domestic species or game 

Fig. 26. Occurrence of the various diseases caused by BHV-1 in Asia . Fol low-up of a 1977 review 
(Straub, 1978b). Numbers refer to the source of information: (8-12) S ingh et al. (1977); (13,14) Babu 
et al. (1984); (15) Ibrahim et al. (1983); (16) O.C. Straub, unpubl ished data (1984). 

ible to disease in the USA but not in Europe (Porter et al., 1975; Smith, 1978; 
Abraham and Straub, 1981). Lately, rabbits have sucessfully been used as 
experimental models (Lupton et al., 1980; Rock and Reed, 1982). Experimen-
tally, neonatal skunks (Mephitis mephitis) proved also to be susceptible. This 
may also be true for hamsters, as judged from earlier experiments (Straub, 
1978a). Experiments conducted in 1957 and confirmed in 1985 have shown that 
goats are not resistant to BHV-1 (McKercher et al., 1959, Wafula et al., 1985). 
Their clinical reaction is mild, but natural transmission also occurs (Fulton et 
al., 1982); in this study in Louisiana, 5 of 38 herds tested were found to contain 
seropositive animals (a total of 6 out of 502 animals). In Nigeria antibodies were 
also found in sheep, but at a lower prevalence (Taylor et al., 1977). 
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I.V-iv| IPV/IBP or only serological ev idence 

M IBR 

^rr^ Proof of ant ibodies or virus in other domest ic species or game 

Fig. 27. Occurrence of the various diseases caused by BHV-1 in Africa. Fol low-up of a 1977 review 
(Straub, 1978b). Numbers refer to the source of information: (17) Cherif and M'Rabet (1984); (18) 
Mahin et al. (1982); (19) Espinasse et al. (1980); (20) Taylor et al. (1977); (21) Hedger and Hamblin 
(1978); (22) D. Sibartie, personal communicat ion (1983); (23) Mushi and Karstad (1979); (24) Hassan 
and El Tom (1985); (25) Hafez (1982). 

Reservoir hosts and vectors 

Although IPV and IBP have been known in Europe for a century it appears 
that wild ruminants in Africa and in zoos (Doyle and Heuschele, 1983) are the 
true reservoir. Probably BHV-1 has been associated with wild ruminants in 
Africa for such a long time that agent and host have formed a more symbiotic 
association. Various virus strains can be harbored by most animals following 
infection. After a period of persistence they reach a state of latency from which 
they can emerge following natural or artificial stress. 

Recently, BHV-1 was isolated from the soft-shelled tick Ornithodorus co-
riaceus. This finding is interesting as the infected ticks had been collected from 
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l:v:;l\ IPV/IBP or only serological ev idence 

HUH IBR and/or conjunct iv i t i s 

\ = \ Abort ions 

Encephal i t i s 

Mast i t i s 

Proof of antibodies or virus in other domest ic species or game 

Fig. 28. Occurrence of the various diseases caused by BHV-1 in America and Oceania. Follow-up 

of a 1977 review (Straub, 1978b). Numbers refer to the source of information: (26) Elazhary et al. 

(1981); (27) Eugster et al. (1978); (28) Centro Nac iona l de Sanidad Agropecuaria; (29) Rice and Jenny 

(1979); (30) Guevara (1979); (31) H. Gei lhausen, personal communicat ion (1984); (32) Galarza and 

Periolo (1983); (33) Guarino et al. (1981); Caril lo et al. (1983); (34) Etchegary et al. (1977); (35) De 

Frederick and Reece (1980). 

deer bedding areas in the Western USA on more than one occasion, in 1979 and 
1981. By their restriction enzyme patterns, six out of nine strains were found 
to be identical with the typical IBR strain LA, the other three showing minor 
variations. Cattle and deer (Odocoileus lemionus) frequently graze together in 
this region, and both species proved seropositive. The report by Taylor et al. 
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(1982) leaves some questions unanswered because viremia, if it occurs, is very 
short during the overt disease; however, the tick may harbor the virus for a 
long period of time, or BHV-1 may even replicate in ticks. Mechanical trans-
mission is also possible. 

Zoonosis aspects 

Since herpesviruses play such an important role in human disease, the risk 
of human infection with BHV-1 was a subject of concern. Therefore three 
groups of people have been examined for the presence of antibodies against 
BHV-1: (1) animal caretakers who have been in close contact with experimen-
tally infected animals for many years; (2) veterinarians who have extensively 
used attenuated vaccines and an interferon inducer derived from an IPV strain; 
and (3) humans of both sexes who had suffered from a disease similar to IPV and 
IBP and who had contact with an artificial insemination center where an 
outbreak of IBP had occurred. In no instance was a positive result obtained. It 
may therefore be concluded that there is no risk of human infection with 
BHV-1. 

Prevalence 

Prevalence rates are usually determined only when a disease is recognized 
for the first time in a country or when the number of outbreaks rises suddenly. 
Since serological tests do not identify the disease that accompanies seroconver-
sion the data are of limited value. Recent data are summarized in Table 5. 

Economic impact 

The first authors to quantify losses due to an outbreak of IBR in a herd of 
156 dairy cattle were Pierson and Viar (1966). They calculated a loss of US$ 
7968. A lost heat period due to IPV in the Federal Republic of Germany equals 
a loss of DM 150-300 depending on quality of cattle and herd management 
(Straub, 1978a). Barth et al., (1978) reported a non-return-rate that was 3.6-13% 
lower in seropositive cattle; they also reported that the interval between first 
insemination and conception date was longer by 3.4-5.5 days in a 1900-head 
cattle unit. Wiseman et al. (1979) estimated the losses caused by 15 incidents of 
IBR. Their total of £59570 is composed of 

costs due to death/culls: £ 14 750 
extra feeding: 37400 
other costs: 7 420 

The number of cattle at risk was 2207 and the cost per animal was £ 27. 

Factors influencing spread of BHV-1 

It is assumed that IPVV met favorable conditions for rapid passages in the 
upper respiratory tract of cattle under the feedlot conditions in the U.S.A., 
where IBR was first detected. It took a number of years for small herds and 
range cattle to become affected (McKercher and Straub, 1960). After another 
interval outbreaks of IBR appeared in Europe, some of which could be traced 
to imports from Northern America. 

There is still a number of countries (Figs. 25-28) where IBR has not been 
diagnosed. The virus may be spread by the following types of carriers (Straub, 
1978a): 
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TABLE 5 

Prevalences of BHV-1 seroposit ive catt le according to individual recent reports 

Geographical Type of No . of No . of Percentage of Author(s) 

area catt le herds animals seroposi t ives 

El Salvador ca lves 14 393 36.6 Rice and Jenney, 1979 

Argent ina catt le 4 413 48.0 Galarza and Periolo, 1983 

England dairy 83 1499 5.6 Kirby et al., 1978 
beef 37 643 6.1 Kirby et al., 1978 
AI bulls 2 177 10.2 Peters and Perry, 1983 

60 15.0 Peters and Perry, 1983 

Federal Republic 
of Germany 

Bavaria dairy 499 6487 9.5 Bauer et al., 1980 
Hess ia dairy 1081 9.8 Frost and Wagner, 1982 
Hess ia AI bulls 6 287 51.0 Gössler and Paulsen, 1975 
North AI bulls 14 334 25.4 Ziegenhagen, 1977 
Northrhine AI bulls 5 716 32.5 Zioleck, 1979 
Rhineland dairy 240 2880 4.8 Rotschuh, 1980 
Wurtemberg dairy 319 2568 34.0 Albrecht et al., 1985 

France mixed 301 2942
a 

10.8 Perrin et al., 1981 

German Democrat ic 
Republic

15 
dairycalves 33 2830 0.7 Kokles , 1978 
heifers 37 5685 25.2 Kokles , 1978 
beef 21 1106 19.9 Kokles , 1978 
cows 45 6767 37.4 Kokles , 1978 
AI bulls 2 164 3.7 Kokles , 1978 
ca lves

0 
1 300 29.3 Barth et al., 1983 

Israel AI bulls 2 155 65.7 Abraham et al., 1982a,b 
12.2 Abraham et al., 1982a,b 

Morocco dairy 11 67
a 

60.0 Mahin et al., 1982 
Nether lands dairy 882 3130 27.9 Straver et al., 1977 

AI bulls 1330 10.8 Straver et al., 1977 
dairy 22 447

a 
76.1 V a n Nieuwstadt and 

Verhoeff, 1983 
Friesland dairy 7229 37.2

d 
Nederlandse Gezondheids-
dienst, 1979 

Poland AI bulls 2 718 46.6 Majewska et al., 1980 
275 28.0 Majewska et al., 1980 

Scot land mixed 114 1152 12.0 Msol la et al., 1981 

Solomon Islands beef 51 331 30.8 DeFrederick and Reece, 1980 

Togo mixed 5
e 

447 14.3 Espinasse et al., 1980 
mixed 1 221 79.6 Espinasse et al., 1980 

Yugos lav ia dairy 2117 46 Jermolenko et al., 1978 
Serbia AI bulls 3 79 34.1 Jermolenko et al., 1978 

a
 Selected. 

b
R o s t o c k District . 

c
l - 2 months old (percentage of seroposit ive dams 58). 

d
R e g i o n s . 

e
 Based on titers of 16 and above as determined by the passive hemagglut inat ion test. 

— Animals that have become infected without clinical signs and are still 
shedding virus. 
— Animals in which the levels of antibodies have dropped markedly. After they 
are reinfected, virus replicates in the mucous membranes of the upper respirât-
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ory tract for a number of days without clinical signs or with signs that are 
attributed to transportation or some other factor. 
— Animals that are latently infected; these shed virus after any stress, usually 
without clinical signs. 
— Animals whose passive immunity has waned; virus is also readily 
propagated in the upper respiratory tract (up to 10 7 5TCID 5 0perml of nasal 
mucus) and these calves do not exhibit any clinical signs. 

Cattle of all ages are susceptible; newborns without maternal antibodies are 
more severely affected than older animals. In calves the infection is more 
systemic, involving most organ systems, including the digestive tract. This 
phenomenon is probably due to the fact that the abomasum of young calves 
resembles the stomach of nonruminants. Also, if the pH is not low enough, 
which might occur in older calves, then IBRV may readily pass through the 
stomach, whereas it is inactivated in normally functioning abomasums. 

The spread of IPVV occurs by contaminated semen, natural service, the 
teaser bull or herdsmen (sometimes by the veterinarian, too!); occasionally, 
virus is transmitted on the tail from one animal to the other. Since embryo 
transfers are now frequently carried out, it was important to investigate the 
risk of this method for transmission of BHV-1. When the experiments of Singh 
et al. (1982) are evaluated it can be concluded that no danger exists. BHV-1 
could not penetrate the zona pellucida of the 16-cell blastocyst, although it 
attached to this structure. Furthermore, no evidence of transmission was found 
when 31 eggs/embryos from seropositive donors were examined for BHV-1. 

A genetic predisposition does not exist in the natural host. In the prevalence 
studies (Table 5) numerous breeds of cattle have been investigated. However, 
a low-grade immunity — passive or active — may not be detected with the 
routine laboratory tests but still prevents the appearance of clinical signs after 
infection. 

It is not known why some strains of BHV-1 cause abortions and others do 
not. One outbreak (Straub et al., 1982b) could be traced to a newly introduced 
calf that passed the virus to other calves and to adult cows. Some of the young 
calves died after showing severe clinical signs. The adult cattle did not show 
any clinical signs prior to abortion; when the virus isolated from a fetus was 
inoculated into susceptible cattle they developed severe signs of IBR. It is also 
unknown why some IBRV strains pass along the nerve fibers to the central 
nervous system, causing encephalitis and meningitis. This form of disease 
occurs mainly in young animals. 

Morbidity and mortality 

If the morbidity rate in outbreaks of IBR is less than 100% then some animals 
were protected by antibodies. The same is true for IPV and IBP, provided the 
animals are in close contact. Frequently, cattle develop antibodies at low titers 
after infection with "mild" strains, most likely IPVV which replicates in the 
upper respiratory tract but does not cause disease. Such animals do not become 
sick, even if a herd is exposed to very virulent strains (Wiseman et al., 1980; 
Zimmermann, 1981; Straub et al., 1982a,b). Similar phenomena occur if IPVV 
persists in a herd in which the offspring is raised separately. When IBRV is 
introduced, all offspring not protected by maternal antibodies becomes severe-
ly ill, whereas calves with distinct levels of maternal antibodies do not show 
any signs of disease and those whose maternal antibodies have waned develop 
mild signs. The morbidity rates cited in the literature therefore show variations 
from 20 to 100% (Gibbs and Rweyemamu, 1977; Straub, 1978a; Wiseman et al., 
1980; Yates, 1982). 

There is general agreement that mortality rates show considerable variation 
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and are dependent on external factors such as crowding, food, climate and 
hygienic conditions. Figures available are 2-10% (Bowes et al., 1970), 7-8% 
(Wiseman et al., 1980), 8-12% (Andreev and Fuks, 1980) and 1-10% (Yates, 
1982), which refer only to IBR. Fatalities are rare (if not absent) in cases of IPV 
and IBP, but death of calves suffering from encephalitis is common; the major-
ity dies on day 5 after the first signs have been noticed (Straub, 1978a). 

There is no doubt that IBRV usually enters the body via the mucous mem-
branes of the upper respiratory tract and IPVV via the mucous membranes of 
the genital tract. A third possibility is the entry of IBRV by way of the 
conjunctival epithelium, and a fourth possibility was offered by Taylor et al. 
(1982) who investigated the role of the soft-shelled tick. 

It is not yet established if oral infection occurs. It is known, however, that 
in cattle fed fluid feed the infection is most rapidly spread (Straub et al., 1965). 
The virus can be recovered from the unaffected buccal epithelium for at least 
5 days after experimental infection (Straub and Böhm, 1964). Virus that enters 
the mammary gland most likely stems from a genital infection (Straub and 
Kielwein, 1966). Lesions in the interdigital space are certainly possible after 
virus entry at that site. All other manifestations of BHV-1 causing disease 
entities such as encephalitis and abortions are due to its spread within the 
animal. 

Virus spread within the infected animal and organ manifestation 

Two animal experiments carried out by the author were designed to detect 
the mode of spread after experimental infection; one involved respiratory 
infections of calves, the other was done with older cattle, which were inoc-
ulated by the respiratory and the genital routes (McKercher et al., 1963; 
Straub and Böhm, 1964). The results of both experiments are summarized in 

In the upper respiratory tract, the virus spreads along the mucous mem-
branes, the nerve fibers and lymph vessels, thereby reaching the outer and 
inner ocular tissues, brain, lymph nodes and the digestive tract. The virus is 
inactivated in the abomasum provided the pH is normal (1.7-2.0) but may pass 
into the small intestine if the pH is higher. The caudal portion of the digestive 
tract where pH values are near 7 can possibly be infected in females from the 
genital tract. No virus could be detected in the genital tracts of the calves 
inoculated intranasally. Therefore it is not surprising that there are only few 
reports describing a simultaneous infection of both the genital and respiratory 
tracts (Collings et al., 1972; Mueller et al., 1979). 

Other modes of spread must be considered. In some instances the clinical 
signs are limited to ocular tissues although virus must have reached the nasal 
cavity via the lacrimal duct; in another case virus was isolated simultaneously 
from clinical conjunctivitis and vaginitis (Wilke and Letz, 1970). The local 
tissue temperature is an important factor in the pathogenesis of BHV-2 infec-
tions (Letchworth and Carmichael, 1984); it remains to be determined whether 
it plays a role in BHV-1 infections, too. 

Some other mode of spread must have occurred when BHV-1 is identified as 
the etiological agent of abortions or silent infection of the fetus (Ludwig and 

PATHOGENESIS 

Virus entry 

Table 6. 
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TABLE 6 

Results of i so lat ion trials from various t i ssues after BHV-1 inoculat ion of 12 ca lves (both groups) 

and 11 young catt le (only older group) into the respiratory and genital tracts: samples from the 

genital tract of ca lves after the first day p.i. were all negat ive 

Tissue Earl iest Lates t
a 

Only N o iso lat ion 

i so lat ion i so lat ion s ingle 
(days p.i.) (days p.i.) i so lat ion 

(days p.i.) 

Nasa l mucosa 2 5 
S inuses 2 6 

Lacrimal duct 2 6 

Olfactory bulb 2 5 

Pharyngeal lymph node 4 5 

Larynx 3 12 

Trachea 2 6 
Bronchus 3 6 
Lung 2 6 
Bronchial and 3 

medast inal lymph node 

Pleural fluid X 

Buccal mucosa 3 10 

Oesophagus 2 10 
Parotid g land 3 4 
Parotid lymph node 6 
Mandibular lymph node X 

Prescapular lymph node X 

Rumen X 

Abomasum X 

Caecum 4 
Mesenter ic lymph node 6 

Conjunct iva 3 20 
Brain 2 5 
Inner eye 2 6 

Cerebrospinal fluid 5 

Vagina l mucosa 2 5 
Cervical mucosa 2 5 
Uter ine mucosa 2 5 
Oviduct 2 5 
Ovarial t i ssue 2 

Peri toneal fluid 4 
Rectum 4 5

b 

Bladder 2
b 

Urether 2
b 

Kidney X 

Prepuce 2 10 
Distal portion 2 

of urethra 

Proximal portion X 

of urethra 
Accessory glands X 

Epidydimis X 

Test ic le X 

Blood X 

Pericardial fluid X 

Spleen 2 
Liver X 

Adrenal gland 10 
Thoracic duct X 

a
 Days p.i. of sampling were for more than one animal days 2 - 6 , 1 0 and 20, for individual ones 9, 12, 
24, 40, 68, 124, 204, 255, and 290. 
b
 Females . 
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Storz, 1973; Straub et al., 1982b). From these studies it became evident that 
virus may be present in organs which could only have been reached via the 
bloodstream. On the other hand, viremia is rarely observed. Obviously the 
cellular components of the blood play an important role. The distribution of the 
virus in the infected organism is quite different if the animal had experienced 
a BVDV infection (Potgieter et al. 1984), which is known to cause im-
munosuppression. 

Nyaga and McKercher (1979) have studied the interactions of the virus with 
blood cells and concluded that replication occurs in monocytes; lymphocytes 
needed stimulation by mitogens. It must therefore be assumed that some BHV-1 
strains are circulated in the animal via the bloodstream, causing disorders in 
the lower digestive tract in calves (Burkhardt and Paulsen, 1978; Evermann 
and Clemm, 1980), abortions or arthritis (Lamothe et al., 1979). 

Virus has been recovered from the lung, which is not a primary site of virus 
replication. It reaches the bronchi and alveolar epithelium by inspiration of 
contaminated material from the upper respiratory tract, especially the trachea. 
Allan and Msolla (1980) used scanning electron microscopy to study the effect 
of virus replication. They found pinpoint hemorrhages on the mucosal surface 
on day 4 p.i. Neutrophils had migrated into the hypertrophied epithelium, 
which had lost its cilia, and lymphocytes had penetrated into the deeper layers. 
These processes continued through day 7 p.i. leaving areas covered with mi-
crovilli and the submucosal glands dilated and somewhat hypertrophied. The 
pathophysiologic studies by Kiorpes et al. (1978) did not fully explain the 
development of pneumonia. These authors considered the obstructions in the 
upper respiratory tract a reason for hypoventilation, increased pulmonary 
resistance and change in arterial carbon dioxide tension. The possible role of 
the alveolar macrophage was first studied by Forman and co-workers (Forman 
and Babiuk, 1982; Forman et al., 1982). They initially examined the susceptibil-
ity of macrophages for BHV-1 and found equal susceptibility of cells from IBR 
immune and nonimmune donors; in the second study they observed a rapid 
alteration of cell function — immune adherence, phagocytosis and complement 
receptor activity — following infection with IBRV. They speculated that this 
process favors the development of secondary lung infection. Later McGuire 
and Babiuk (1984) concluded that a defective neutrophil function may predis-
pose infected animals to secondary bacterial infections, because alveolar 
macrophages from virus-infected animals were not able to produce neutrophil 
chemotactic factors. 

Virus excretion and persistence 

Since one replication cycle of BHV-1 requires only a few hours in the host, 
reisolation of the agent after experimental infection is generally possible at 
and after day 1 p.i. The virus is recovered from secretions for varying periods 
if the animals had been seronegative at the time of infection. In cases of IBR, 
virus excretion ceases between days 10 and 16, in IPV mostly between 8 and 14 
days, and in cases of IBP in general later (14-22 days). Persistance for longer 
periods has been demonstrated in individual cases, especially in calves, when 
passively acquired antibodies are on the verge of detection (O.C. Straub, 
unpublished data, 1968). The virus content of secretions has been determined 
frequently. Maximum titers in respiratory tract infections range from 10 8 0 to 
10 1 00 TCID 5 0 per g of mucus, those in the genital tract may reach 1011 TCID 5 0 

per g.These are remarkable quantities considering the fact that in cattle the 
infectious dose is below 102 TCID 5 0 (O.C. Straub, unpublished data, 1987). 

In cases of abortion the highest virus titers are present in the fetal part of 
the placentome, the cotyledon, where they may reach 10 6 0-10 6 5 TCID 5 0perg 
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(Kendrick and Straub, 1967; Straub et al., 1982b). If autolysis has progressed, 
virus cannot be recovered from any part of the fetus but isolation is still 
possible from the placenta. 

Latency 

Numerous papers have dealt with this phenomenon, which is characteristic 
for Herpesviridae and was also described for BHV-1: Sheffy and Davies (1972) 
used corticosteroids to "reactivate" the virus. Later Narita et al. (1978, 1979, 
1981, 1983) demonstrated the presence of the viral genome in the ganglia and 
peripheral nerve fibers. They also observed degeneration, neuronophagia and 
trigeminal ganglionitis when they applied treatment with dexamethasone. 
Using hybridization in situ, Ackermann and Wyler (1984) found the genome of 
an IPV strain in the sacral ganglia during latency after intravaginal infection. 
Homan and Easterday (1982) succeeded in isolating BHV-1 from six trigeminal 
ganglia of slaughter cattle by 7-24-day expiant cultures. The prevalence of 
seropositive animals in the herd was 45.4%. These authors also used neuron 
cultures for their in vitro studies, from which they concluded that BHV-1 did 
not attach to neural perikarya but did so readily to fibroblasts. The absence of 
receptors on neuron perikarya may be responsible for the slow spread of 
herpesvirus to adjacent neurons during recrudescence. Straub (1979) and Lema 
et al. (1981) have demonstrated that field virus genomes remained latent al-
though animals had been repeatedly vaccinated with live and/or inactivated 
vaccines after the field virus infection. Although some animals show an in-
crease in serum neutralization titers following treatment with corticosteroids, 
titers in other animals remain constant; clinical signs, if they occur, are 
insignificant (Pastoret et al., 1979; Straub, 1979; Lema et al., 1981). Recent 
studies have demonstrated that reactivation and shedding of BHV-1 can also 
be initiated by Dictyocaulus viviparus infection and normal parturition (Msolla 
et al., 1983; Thiry et al., 1985). It is interesting to note that the mean plaque size 
of a virus recovered after dexamethasone treatment differed from the strain 
used for inoculation (Pastoret et al., 1979; Curvers et al., 1985); in another 
publication (Pastoret et al., 1980b), the authors concluded that the virus 
recovered after dexamethasone treatment was identical with the one used for 
vaccination according to the restriction endonuclease cleavage patterns. The 
virus may apparently in some instances undergo changes which require further 
study, especially in relation to the results of restriction enzyme analysis (Thiry 
et al., 1984). It should be possible to determine by this method if recombinants 
between field and vaccine strains occur. Pastoret et al. (1980a) found cyclophos-
phamide not effective in stimulating the excretion of latent virus. Espinasse et 
al. (1983) succeeded in reactivating BHV-1 after intraruminal application of 
3-methylindole. Rodriguez et al. (1984) demonstrated a different pathogenicity 
after inoculation of rabbits with selected isolates recovered from trigeminal 
ganglia from clinically healthy cattle. These isolates could also be distin-
guished by their plaque size — as Pastoret et al. (1979) had shown — whereas 
their inactivation profiles at 48°C were not different. Ts-mutants could not be 
detected when the isolates were grown at 41°C. 

It has been demonstrated that vaccination with inactivated vaccines (locally 
or parenterally administered), a ts-mutant vaccine or an attenuated vaccine 
followed by a challenge infection with field virus leads to latency of the latter 
(Rossi and Kiesel, 1982; Kretzschmar et al., 1983; Lazarowicz et al., 1983; 
Nettleton et al., 1984; Straub, 1984a). After the administration of attenuated 
IPV vaccines and subsequent treatment with immunosuppressive drugs, virus 
recovery was reported to be negative (Kokles, 1979); Straub (unpublished data, 
1982) and Nettleton et al. (1984), however, did recover BHV-1 for the vaccinées. 
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Miller and Van der Maaten (1984, 1985) first studied the reproductive tract 
lesions after intrauterine inoculation with BHV-1; they inoculated six heifers 
intravenously at estrus and demonstrated virus in the corpus luteum in one of 
them after treatment with dexamethasone. 

The quantities of virus shed after reactivation do not depend on the antibody 
titer. Maximum titers in excretions do not reach the same levels as after the 
first infection, although they may be high; in our experiments, two out of eleven 
cattle had titers of 108 TCID 5 0 and a third one had a titer of 10 7 5; some animals 
shed much less virus, the lowest 10 1 5 TCID 5 0 units (O.C. Straub, unpublished 
results, 1984). These animals consequently are extemely dangerous for suscept-
ible cattle, especially as they do not show distinct symptoms of disease. 

No reports exist on the duration of latency. In the author's own experiments 
recrudescence of virus has been demonstrated 3 years following the initial 
infection (O.C. Straub, unpublished data, 1982). Rossi and Kiesel (1982) con-
cluded that humoral antibodies may play a role in preventing viral shedding 
following the application of immunosuppressive drugs. These authors (Rossi et 
al., 1982) had shown that recrudescence of virus was possible only from the 
original site of inoculation (except following intravenous infection, where it 
was isolated from the respiratory and genital tract). Aguilar-Setién et al. 
(1979b) describe a case where an animal was found seronegative in the neu-
tralization test but positive in the delayed hypersensitivity test. This heifer 
proved to be a latent carrier when she was treated with dexamethasone. We 
have found that application of immunosuppressive drugs interferes with the 
skin test (Straub, 1986b). Recently, the rabbit has been used as a model in 
BHV-1 latency studies (Rock, 1982; Rock and Reed, 1982). 

DISEASE SIGNS 

IBR 

Of the clinical entities caused by BHV-1, IBR is economically the most 
important one and second world-wide in regard to occurrence (Figs. 25-28). The 
incubation period lasts from 2 to 4 days depending on the exposure. In light 
cattle the first sign is a pink muzzle. Nasal secretion, initially serous, is 
increased, food intake decreases, and as the temperature rises above 41°C the 
animals start strong salivation — often of a frothy appearance. The cows' milk 
production drops suddenly; the animals go off their feed, the nasal secretions 
become seromucous and then mucopurulent. At the same time the conjunctivas 
are reddened, ocular discharge is increased; initially also of serous consis-
tency, it gradually becomes mucopurulent (sometimes a string of flies on the 
cheek is the first symptom if cattle are observed from some distance in the field). 
The climax is reached at days 3 and 4 after the first signs. If secondary infec-
tions are prevented by the administration of antimicrobial drugs, the tempera-
ture decreases thereafter, likewise pulse and respiration rates slow down. If 
bacterial infections do appear, a second rise in temperature follows or it 
remains constantly high. Then respiration becomes labored, hyperpnea is 
evident and before death occurs, open mouth breathing is common. In the 
recovering animals, appetite returns to normal as soon as the fever has gone. 
At the same time milk production starts to increase, reaching almost the same 
level as before if management is optimal. The weight loss caused by the lack of 
food intake and the energy consumption during the high fever period is gradu-
ally compensated, and a stage of restitutio ad integrum is reached by 4-5 weeks 
p.i. 

84 
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TABLE 7 

The init ial c l in ical abnormali t ies recognized by farmers in 15 incidents of IBR (Wiseman et al., 
1980) 

Clinical s igns Number of 

inc idents 

Percentage 

Reduced appetite 9 60 

Serous oculonasa l discharge 8 53 

Coughing 7 47 

Dul lness 6 40 

Tachypnea 5 33 

Drool ing sa l iva 4 27 

Nasa l discharge 3 20 

Ocular discharge 2 13 
Hyperpnea 2 13 

Reduced milk yield 2 13 

Blood on tai l 1 7 

Wiseman et al. (1980) painstakingly recorded the clinical abnormalities 
recognized by the farmers in 15 outbreaks of IBR in Scotland; a summary is 
presented in Table 7. 

A number of reports describe unusual symptoms found in connection with 
outbreaks of IBR: 
— In calves the disease appears to be of a more systemic type, as was first 
observed by Baker et al. (1960). Strikingly, the digestive tract is as much 
involved as the respiratory tract (Burkhardt and Paulsen, 1978; Miller et al., 
1978; Ehrensperger and Pohlenz, 1979; Evermann and Clemm, 1980). 
— In Australia, where 132 out of 340 animals died on one property and where 
BHV-1 was considered to be the etiological agent — the simultaneous infection 
with BVD/MD virus which had also been found could be ruled out — symptoms 
included ulceration of the oral cavity (tongue, dental pad, gums, buccal muco-
sa) and the caudal third of the esophagus, mild catarrhal enteritis and necrosis 
of lymph nodes draining the affected areas (Greig et al., 1981). 
— In France, Dhennin et al. (1979) found, in addition to ulcerative lesions on 
the tongue, an ulcer in the interdigital space from which virus could be 
recovered. 
— In the USA, BHV-1 was isolated from vesicular lesions on the udder and 
teats, which were up to 10 mm in diameter (Guy et al., 1984). 
— In the USSR (Gunekov et al., 1982) IBR was associated with the formation 
of consolidated nodes in the jaw region besides the upper respiratory tract 
symptoms. 
— Cases of abortion are often reported in connection with symptoms of IBR as 
e.g. by Stubbings and Cameron (1981); the typical clinical pattern of IBR 
abortion will be described later. 
— Mixed infections worsen the clinical picture of IBR; the combination with 
mycoplasma leading to fatalities in 8-12% of the cases was published by 
Andreev and Fuks (1980) and by Rogers et al. (1980), who also isolated nume-
rous bacteria. 
— Unusually only unilateral conjunctivitis associated with pyrexia, inap-
pétence, decreased milk production and some abortions but no clinical IBR are 
seen during outbreaks (Rebhun et al., 1978). 

IPV 

The clinical picture of this disease was, before 1958, better known as coital 
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exanthema (both in male and female animals). It starts 2-4 days after natural 
service, artificial insemination or contamination by the tail of a neighboring 
infected animal with an elevated temperature which usually remains undetec-
ted. Small pustules become visible in the vulvar and caudal vaginal region. 
They enlarge and spread over the whole epithelium in a plaque-like manner 
causing edema and hyperemia. The vulva is swollen; increased secretion soils 
the tail which is almost constantly waggling. Animals exhibit unrest and often 
turn their heads. At this stage the owner usually recognizes the sickness and 
asks for veterinary advice. Temperatures have by then reached their maximum 
of between 40.5 and 41.5°C, depending on the severity of secondary infections 
which are facilitated by the loss of epithelium. The high temperature and 
clinical symptoms continue for more than 8 days. Thereafter re-epithelization 
is rapid and a healthy stage is reached after 14 days. In general the animals do 
not go off their feed, and loss of milk production is less severe than in IBR 
unless the virus infects the mammary gland, where it may cause a catarrhal 
inflammation comparable to acute bacterial mastitis (Straub and Kielwein, 
1966). Elevated hyperemic nodules a few millimeters in diameter are usually 
the last symptom after the second week p.i. These may persist for many weeks 
and become more distinct due to a delayed hypersensitivity type reaction when 
the animals are infected for a second or third time (Straub, 1970). 

Reference has already been made to the involvement of reproductive organs 
during the infection (Table 6). The isolation of virus from ovarian tissue has 
lately been confirmed by Miller and Van der Maaten (1984), who also describe 
the histopathological changes. 

IBP 

The clinical symptoms are limited to the preputial, penile and sometimes the 
distal portion of the urethral mucosa. The progress of the disease is similar to 
that described for IPV, but healing of the epithelial lesions often requires more 
time. During the first days p.i. — usually following service of an infected female 
or after mechanical contamination in artificial insemination centers — the 
bulls serve normally, until they stop at days 3 or 4 p.i., when temperatures are 
very high (40.5-41.5°C) and the preputial swelling is pronounced. 

The healing can be greatly disturbed if the animals are teased too early. The 
newly formed superficial vessels burst when erection occurs. During the peak 
of the inflammation process the bulls show unrest, frequently lift their hind 
legs and bend their heads to the side. Some animals go completely off their feed 
for a few days, which leads to considerable weight loss. 

Four weeks p.i. small hyperemic modules are still visible on the penile 
mucosa; they reach pea size if secondary infections were present. A sequel may 
be that some bulls are reluctant to start servicing again, especially in artificial 
insemination centers. Secondary infections should be treated systemically 
rather than by local treatment, which only increases irritation. 

IBR abortion 

As indicated, abortions frequently occur in the course of IBR, where virus 
isolation from the respiratory tract is easy (see e.g. Stubbings and Cameron, 
1981). This clinical entity has to be separated from those abortions where no 
overt IBR is noticed. 

Abortions have been reported for the first time after the administration of 
IBR vaccine in which the virus had not been properly attenuated (Crane et al., 
1964). Meanwhile virus strains are known which predominantly cause abortion 
during the third trimester of pregnancy. In one of the later reports (Straub et 
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al., 1982b) the incident is described as follows: IBRV was introduced into a 
dairy herd of 92 cattle by a young calf. It was transmitted to other calves, 
causing the death of four of them. Forty-five days passed during which six live 
calves were born at term from heifers and cows. Then within 56 days 12 animals 
(heifers and cows less than 6 years of age) aborted after 197 to 271 days of 
pregnancy, having shown no signs of abnormality during the preceding 
weeks. During the same period six animals more than 6 years of age gave birth 
at term to healthy calves. These animals had antibodies as a result of an 
outbreak of IPV several years ago. It is therefore not unexpected that both 
groups (aborted animals, and cows after normal parturition) were found to have 
antibodies when checked after the occurrence of five abortions. Virus was 
isolated from the ninth and tenth case with the highest titer in the cotyledon 
(106 TCID 5 0). 

Because some time elapses between fetal death and abortion the fetuses are 
in general in various stages of autolysis. The general behavior of the aborting 
animals is hardly changed, only milk production is reduced if the abortions 
occurred before the normal term. 

If treatment of the animals suffering from a retained placenta is carried out 
correctly, metritis will be avoided. Otherwise the animals may not conceive 
within the normal period of 60-90 days post partum. Lately Bowen et al. (1985) 
have shown that early embryos can be fatally infected by various strains of 
BHV-1. 

IBR encephalitis 

Encephalitis may be more frequently associated with the occurrence of IBR 
than is clinically recognized, as judged from the pathogenetic studies (Table 6). 
It must be considered as a separate clinical entity in some parts of the world such 
as the American continent, Australia and Hungary (Bartha et al., 1969; Baxter, 
1984; Hill et al., 1984). This assumption is supported by studies of the plaque 
phenotype where the Australian virus strain isolated by French (1962) differed 
considerably from European IBR strains (Straub, 1972). This finding is sup-
ported by restriction endonuclease analysis (Wyler et al., 1989). 

Laboratory data 

IBR, IPV and IBP do not cause distinct changes in the cellular components 
of the blood, even at the time when the animals are febrile. This fact is 
sometimes helpful in differential diagnosis. Due to secondary infections, how-
ever, a neutrophilia can develop, as was shown by Wiseman et al. (1978); this 
author published clinical pathological data from two severe cases (Table 8). 

Data concerning the cell content of the cerebrospinal fluid are available 

TABLE 8 

Hemato log ica l findings of two cases of IBR, 1 (no. 1) and 9 (no. 2) days after the detect ion of c l inical 

symptoms (Wiseman et al., 1978) 

Parameter Calf no. 1 Calf no. 2 

P C V ( % ) 28 34 

Hemoglobin per 100 ml 9.1 11.0 

Erythrocytes χ 1 0
6
ρ β Γ μ 1 5.74 7.79 

Leukocytes per μΐ 7000 10400 

Neutrophi l s per μΐ 4550 7176 

Lymphocytes per μΐ 3224 2450 

Eos inophi l s per μΐ 0 0 
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TABLE 9 

Cell content of cerebrospinal fluid from five catt le (Nos. 1-5) infected experimental ly (Straub and 

Böhm, 1965) 

Days p.i. No . 1 No . 2 No . 3 No . 4 No . 5 

0 0/3 0/3 0/3 0/3 0/3 

2 2/3 35/3 72/3 32/3 13/3 

4 10/3 712/3 1528/3 184/3 2660/3 

7 20/3 X 1172/3 1136/3 t 
9 1224/3 2250/3 5144/3 1216/3 

11 1920/3 X X 328/3 
16 523/3 308/3 t 352/3 
23 423/3 90/3 12/3 
30 124/3 80/3 6/3 

X Samples were not taken because of serious condit ion of the animal, 
t Animal died. 

from experimentally induced cases of encephalitis (Table 9). Cell counts in 
surviving animals remain abnormal for a considerable period of time. 

PATHOLOGY 

IBR 

During the acute stage of the infection the mucous membranes of the upper 
respiratory tract are swollen and congested. Pseudomembranes consisting of a 
mucopurulent, greenish exudate cover wide areas following secondary infec-
tion. In addition to rhinitis, laryngitis and tracheitis are usually present. The 
sinuses may also be affected and filled with exudate. When the pseudomem-
branes are removed the damage caused by the destruction of the epithelial 
layers is evident. Hemorrhages are also observed in the larynx and trachea. In 
rare cases the interlobular tissue of the lungs is edematous, but in general 
pneumonia does not develop. 

Histologically the changes in the mucosa are characterized by a marked 
edema in the lamina propria and lymphocytic infiltrations; these form bandlike 
layers, especially along the glandular ducts, leading into the deeper layers. In 
the vicinity of cells destroyed by the replicating virus neutrophils are abun-
dant. Blood vessels in affected areas are very prominent. If infected cells from 
the upper respiratory tract are fixed and stained during the early stages of the 
disease typical Cowdry A-type inclusion bodies can be observed. The latest 
detailed descriptions were given by Allan et al. (1980) and Narita et al. (1982). 
The latter author paid special attention to the changes in the neural system 
after experimental infection, whereas Allan et al. (1980) described the findings 
in field cases. Narita et al. (1982) found inflammatory changes in the peripheral 
and CNS, most frequently in the trigeminal ganglion and the rhomb-
encephalon. Their histopathological findings are summarized in Table 10. 

Animals in which the digestive tract is affected exhibit massive erosions and 
ulcerations of the buccal mucosa, lips, gums and hard palate, not unlike those 
occurring in cases of mucosal disease. The same type of lesions is found in the 
esophagus, forestomach and abomasum. The intestines show a catarrhal en-
teritis with involvement of the local lymph nodes. 

Histologically the process starts with a ballooning degeneration of the 
epithelial cells leading to necrosis that is also present in the Peyer's patches. 
Molnâr et al. (1984) found necrotic foci and intranuclear inclusions also in the 



T
A

B
L

E
 1

0
 

H
is

to
p

a
th

o
lo

g
ic

a
l 

le
si

o
n

s 
in

 c
a

tt
le

 
a

ft
er

 i
n

tr
a

n
a

sa
l 

in
o

cu
la

ti
o

n 
o

f 
IB

R
V

 
(N

a
ri

ta
 

e
t 

a
l.

, 
1

9
8

2
) 

C
a

lf
 

A
g

e 
D

a
y

s 
af

te
r 

T
ri

g
em

in
a

l 
M

ed
u

ll
a 

P
o

n
s 

C
er

eb
ru

m
 

C
er

eb
el

lu
m

 
S

p
in

a
l 

O
th

er
 

n
u

m
b

er
 

in
o

cu
la

ti
o

n 
g

a
n

g
li

o
n 

o
b

lo
n

g
a

ta
 

co
rd

 
g

a
n

g
li

a 

1 
1 

w
ee

k 
8 

+ 
+

 
+ 

+
 

+ 
_ 

—
 

—
 

—
 

2 
3 

w
ee

k
s 

8 
+ 

+
 

+ 
-

-
-

-
-

3 
5 

w
ee

k
s 

8 
+ 

+
 

+ 
+

 
-

-
-

-
-

4 
1 

w
ee

k 
14

 
+ 

+
 

+ 
+

 +
 

+ 
+

 +
 

+ 
+

 
-

+ 
-

5 
3 

w
ee

k
s 

14
 

+ 
+

 +
 

+ 
+

 +
 

+ 
+

 
+ 

+
 

-
+ 

-

6 
6 

y
ea

rs
 

14
 

+ 
+

 
+ 

+
 

-
-

-
-

-

G
ra

d
e 

o
f 

le
si

o
n

: 
—

, 
n

o
 l

es
io

n
s;

 
+

, 
m

il
d

; 
+

 +
, 

m
o

d
er

a
te

; 
+

 +
 +

, 
se

v
er

e.
 

Chapter 11 references, p. 99 

Herpesviridae 89 



90 Virus infections of ruminants 

liver. The histological changes occurring in the respiratory tract after a secon-
dary infection with Pasteurella haemolytica 4-5 days following BHV-1 infection 
are described by Jericho (1983). The bacterial colonies were seen in the turbi-
nates, tonsils, and lung. Necrosis was present in the epithelium of nose, trachea 
and lung, and mucopurulent changes were particularly evident in pharyngeal 
tonsils and alveoli. 

IPV and IBP 

Typical inflammatory reactions are present in the vulval, vaginal and cervi-
cal mucosa and the preputial and penile mucosa. In some cases an endometritis 
occurs; in the male phimosis and paraphimosis may develop during later stages 
of the disease. Edema in both the male and female is a prominent feature. The 
changes in the epithelium have been termed "vesicles" and the disease 
therefore originally named coital exanthema ("Bläschenausschlag"); later pus-
tules are prominent, which has lead to the current term IPV. In principle, this 
is a plaque-forming process whereby the infected cells undergo a ballooning 
enlargement before they die as a consequence of the virus replication. Released 
virus attacks neighboring cells and the process starts again. When enough 
cells are destroyed the lesion becomes visible, first minute, then becoming 
larger and confluent with other primary centers. Then the climax of the disease 
is reached. Bursting of capillaries in the regions of virus growth is responsible 
for the appearance of small focal hemorrhages. Bacterial growth occurs where 
the epithelium has been destroyed. If inclusion bodies are to be demonstrated, 
cells from the border of the plaques should be fixed. A wall of lymphocytes 
rapidly surrounds the foci and granulocytes phagocytize the dead epithelial 
cells. The fast formation of the lymphocyte barrier occurs because of the 
presence of large numbers of minute lymph nodes in the genital tract. When the 
process of virus spread is stopped by immune mechanisms, regeneration of the 
epithelium progresses rapidly. 

IBR abortion 

Characteristic changes are only recognizable in fetal organs — the uterine 
wall and placenta do not show any specific lesion. Even fetuses autolyzed in 
utero may provide evidence of the cause of death. The lesions most readily 
recognized are in the liver and kidneys. Macroscopically the liver appears 
yellowish with a rough surface, which is caused by necrotic and necrobiotic 
centers spread through epithelial and connective tissue. The kidneys are in 
most cases surrounded by a marked hemorrhagic edema. The cortex is almost 
completely destroyed by severe hemorrhagic processes often leaving only a 
thin layer attached to the capsule; the remainder including the medulla floats 
in a dark red fluid of necrotic debris. Histologically, focal necrosis and hem-
orrhages are the common finding. 

IBR encephalitis 

Macroscopically, hyperemia and petechiae in the brain are evident. The 
spinal column appears normal, only the cerebrospinal fluid is turbid due to its 
cell content. Histologically, most cases exhibit a perivascular edema and 
cuffing in the cerebrum with intranuclear inclusions in astrocytes and neurons. 
Degenerative processes with vacuolation around the neurons are seen in the 
cerebral cortex and rarefaction necrosis sometimes occurs in the superficial 
cortical lamina. 
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Fig. 29. Virus neutral iz ing t iters ( - l o g N D 5 0) obtained for the antibody c lasses IgG, IgM and IgA 
in gel-filtration fractions of sera from five cat t le (nos. 74, 94, 96, 332 and 438) fo l lowing a BHV-1 
infection, and the severity of the c l inical symptoms observed (mod. = moderate, sev. = severe). 
The sect ions on the base l ines indicate the intervals be tween sampling (on days 0, 7 ,14 and 28 p.i.). 

IMMUNE REACTION 

Immunoglobulins 

The development of the different classes of immunoglobulins has been stud-
ied in detail by Matthaeus and Straub (1978). The results are depicted in Fig 29. 
In four of the five amimals examined maximum IgA titers were reached 2 weeks 
p.i. The highest IgM titers occurred after the second week p.i. IgG levels were 
at their maximum after the same period in two animals whereas the other three 
exhibited peak titers after the fourth week p.i. In pregnant animals, however, 
peak levels are reached earlier (Guy and Potgieter, 1985). The IgG antibody 
synthesis during the primary immune response is restricted to the IgGl sub-
class whereas after reexposure mainly IgG2 antibodies are formed (Guy and 
Potgieter, 1985). No correlation exists between the levels of immunoglobulins, 
virus excretion and severity of clinical signs; this has been confirmed by Rusch 
et al. (1981). The antibodies persist for years, but there is a difference according 
to the site of infection. Higher titers are usually the result of an infection of the 
respiratory tract, lower titers are found after genital tract infection (Straub et 
al., 1982a). This is of epidemiological importance, if for example a problem of 
infertility exists in cattle without a history of upper respiratory tract infection. 
The chain of genital tract infection is then maintained. As the antibody titers 
decrease virus latency is terminated and infectious virus is shed (Huck et al., 
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1973), which may be transmitted to neighboring cattle, e.g. via the tail (Straub 
and Böhm, 1963). 

Another correlation exists between the level of humoral antibodies and the 
duration of virus excretion (Straub, 1978a) if challenge with virulent virus 
occurs. This correlation does not exist, however, if virus excretion is provoked 
by the administration of corticosteroids (Straub, 1979; Lema et al., 1981). 

Immunoglobulins of all three classes are also present in the discharges of the 
respiratory and genital tract with higher IgG titers in the uterus during estrus 
than at any other time. It is interesting to note that a positive correlation exists 
between the serum and the follicular fluid antibody titers (Whitmore and 
Archbald, 1977). 

Cell-mediated immunity 

CMI plays a major role in the body's defense against IBR-IPV virus infec-
tions (Straub 1970, 1980). Hyperemic nodules in the genital tract of immune 
animals considered to be due to reinfection could be explained as evidence of 
CMI. Changes in the white blood counts in intravenously inoculated animals 
and a distinct increase in the activity of the medullary portion of the lymph 
nodes as early as 5 h after intranasal inoculation were described (Kendrick and 
Straub, 1972). Darcel and Dorward (1972) were the first to use the hypersensi-
tivity reaction for diagnostic skin tests; later studies were conducted by Aguil-
ar-Setién et al. (1978a,b,c) and Ivanov et al. (1982). If the tests are conducted in 
immunosuppressed animals the results become less pronounced (Straub, 
1986b). Rouse and Babiuk (1974a,b) demonstrated that Τ lymphocytes play the 
major role. It has also been shown that besides lymphocytes the cells present 
in broncho-alveolar washings may be involved in this process (Bouffard et al., 
1982). A series of studies was devoted to the antibody-dependent cell-mediated 
cytotoxicity (Rouse et al., 1976a,b; Wardley et al., 1976; Hanton and Pastoret, 
1984). The mechanism is instrumental in the recovery from herpesvirus infec-
tions; the presence of polymorphonuclear leukocytes as effector cells and 
antibody in infected cultures markedly diminished viral expansion. 

In addition to the cellular components, serotonin and dopamine play an 
important role in the allergic pathophysiology of the lung in ruminants (Eyre, 
1978). Whether IgE antibodies are passively transferred by colostrum, leading 
to a sensibilization of newborn calves (Petzoldt, 1979), remains to be deter-
mined, especially in the light of a recent study conducted in rats. Jarret t and 
Hall (1983) discussed the possibility that the suppression of IgE antibody 
responsiveness by maternal IgG may represent a physiological regulatory 
process with a role in inhibiting allergies in the newborn. 

Maternal antibodies 

It has been reported that 1000 ml colostrum given within the first 12 h after 
birth are sufficient to attain the dam's antibody level in the newborn (Straub, 
1969). In a detailed study, the absolute immunoglobulin amounts (IgG, IgM, IgA) 
in colostrum samples taken at different hours post partum were determined 
(Table 11). Peak immunoglobulin levels in the calf are reached between 6 and 
9 h after parturition. If the calf does not receive sufficient colostrum its anti-
body levels remain below that of the dam (Fig. 30a) and production of its own 
antibodies starts earlier (after 6 weeks) than in calves that had received more 
colostrum (Fig. 30b). 

Depending on the maximum levels attained, the specific antibodies against 
BHV-1 can be traced for up to 3-4 months, and in rare cases even longer 
(Straub, 1969). They can also be detected in nasal secretions, but in lower 
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TABLE 11 

Immunoglobul in concentrat ions in co lostrum samples taken at different hours after parturit ion 

(averages of three determinat ions for each t ime period) (Straub and Mat thaeus , 1978) 

Hours IgA IgG IgM 

post partum (mg/100ml) (mg/100ml) (mg/100ml) 

3 333 4560 422 

6 387 5250 687 

9 484 5260 546 

12 304 4406 425 

24 288 3236 403 

30 260 2530 232 

36 172 1306 50 

concentrations and rarely beyond the third week (Pospisil et al., 1983). Calves 
should therefore be vaccinated against BHV-1 infection at that age unless the 
history of the dam is available. 

4̂  LABORATORY DIAGNOSIS 

Laboratory diagnosis of BHV-1 infection is readily achieved, provided the 
samples are taken properly and sent under adequate conditions. 

Collection of samples 

For virus isolation from cases of IBR swabs made of gauze (not cotton) 
should be inserted into the nasal cavity. The gauze is preferably fixed by 
forceps and placed in a sterile tube after collection. The material should then 
be kept at approximately 4°C and transported to a diagnostic laboratory. It is 
advisable to send a blood sample along for all those cases where virus cannot 
be isolated and a later diagnosis based on serology is desirable. It is possible to 
take swabs from the conjunctiva also. 

In cases of IP V, gauze swabs fixed to long forceps are placed into the vagina, 
left there for at least one minute and rotated during removal. Care has to be 
taken that the vulva is parted before insertion of the forceps, which should be 
covered by the gauze in order to prevent trauma. 

If gauze is not available to swab the prepuce in cases of IBP it is possible to 
collect preputial washings using saline. At insemination centers the artificial 
vagina can be flushed after semen has been collected. 

As virus in the fetus is usually inactivated at the time of abortion, a caruncle 
with placenta attached should be collected, cooled and dispatched to the 
diagnostic laboratory. In cases of mastitis, milk should be collected from 
individual quarters; in cases of epithelial lesions scrapings should be taken. 
Immediate cooling and proper shipment with an accompanying blood sample 
are necessary. 

If there are sick animals in a herd a limited number should be sampled. 
Preference should be given to febrile animals showing typical clinical signs. It 
is advisable therefore to examine many animals of different ages before making 
a choice. Frequently animals are then detected where the only sign of infection 
is high fever. These animals shed large amounts of virus in contrast to animals 
with secondary infections. 

Following stress, latently infected animals shed virus usually without ex-
hibiting clinical signs. 
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Virus or antigen detection 

Most commonly tissue culture is used for virus isolation and identification. 
Diagnostic laboratories are familiar with the procedures and are able to 
provide a diagnosis 24-48 h after the samples have arrived; they are immedi-
ately titrated in twofold, once in the presence of a BHV-l-negative serum and 
in parallel with a hyperimmune serum added. If the virus content in a sample 
is low it may take serial passages before it is classified as negative. 

The identification of viral antigen is even more rapid. Suitable substrates 
are obtained by washing cells from the swabs, by scraping cells from epithelial 
layers (digestive tract, skin, interdigital space, fetal part of the placentome) or 
by using the sediment from milk after centrifugation. The method of choice is 
the IF technique (Wellemans and Leunen, 1974; Terpstra, 1979; Silim and 
Elazhary, 1983), but also the ELISA and the immunoperoxidase assay (Collins 
et al., 1985) have been found suitable. 

When the four methods were compared, virus isolation in cell culture was 
found the most sensitive (Edwards et al., 1983). Special techniques are necess-
ary if virus is to be isolated from semen samples, because undiluted semen is 
toxic for cell cultures (Darcel et al., 1977; Kahrs et al., 1977). 

Antibody detection 

The SN test is most commonly used and very reliable, but almost all other 
laboratory diagnostic methods have been employed. More recent reports come 
from Aguilar-Setién et al. (1980) concerning counterimmunoelectroosmo-
phoresis, from Karadzhov and Khristova (1980) on the micro-CF test, and from 
Herring et al. (1980) on the micro-ELISA; also a passive HA test has been 
described (Karadzhov et al., 1979; Dannacher et al., 1979). In the author's 
experiments the immunodiffusion test produced acceptable results (Straub, 
1986a). Usually blood serum is employed, but the tests may also be carried out 
with milk serum (Stuker et al., 1980; deMeuron, 1982; Perrin et al., 1984) or 
semen (Kharalambiev et al., 1974). 

PROPHYLAXIS AND CONTROL 

Numerous attenuated and inactivated BHV-1 vaccines are available all over 
the world. In most countries, vaccinations are carried out after outbreaks of 
the diseases. Before a general control or vaccination policy in a country is 
developed, the epidemiological pattern needs to be examined, especially with 
regard to the properties of the agent. If the diseases are confined to a small 
number of herds a strict control programme offers the best chance of eliminat-
ing the diseases. From the data collected it appears that this will be the 
exception, since BHV-1 carriers will remain undetected especially among wild 
ruminants. If a higher percentage of herds is infected or cattle are raised under 
feedlot conditions a prophylactic programme must be implemented. First it 
should be determined whether the signs of disease are to be prevented or rather 
spread of field virus. 

Because of the potency of herpesviruses to induce cell transformation, 
experiments have been conducted to immunize animals with nucleic-acid-free 
subunit vaccines using herpes simplex type 2 virus. It proved possible to induce 
both humoral and CMI in mice, rabbits and monkeys. Others were less success-
ful when they tried a subunit BHV-1 vaccine to immunize calves after they had 
achieved a strong response in adult cattle. Results improved when BHV-1 
subunits were obtained by solubilization of infected cell cultures with Triton 
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X-100 and NP-40. Animals which had received antigen in Freund's incomplete 
adjuvant exhibited high serum titers. The current developments in genetic 
engineering and peptide synthesis herald a new generation of vaccines against 
the bovine herpesviruses. 

Treatment of cattle with human leukocyte A interferon to prevent infection 
were unsuccessful (Roney et al., 1985). Therapy using chemical compounds may 
be possible in the future. Experiments using 2-deoxy-D-glucose in IBR infec-
tions in calves proved efficacious for ocular disease but did not influence 
respiratory tract infections (Mohanty et al., 1980). 

Attenuated live vaccines 

The first attenuated live vaccines were employed in the late fifties. They 
could be used only for intramuscular injection and some proved dangerous for 
pregnant cattle. Most preparations had not been properly attenuated and they 
proved to be virulent when tested by intratracheal inoculation. Vaccines for 
local application were first presented in 1970/1971 based on IPV and IBR virus 
strains, respectively. 

Another type was the ts-vaccine, which could only be used for vaccinations 
of the respiratory tract; the mutant virus required lower temperatures for 
proper growth. This was of special advantage since field and attenuated strains 
could be distinguished. Nowadays restriction enzyme analysis offers this possi-
bility. 

It has not been proven that attenuated IBR or IPV vaccines will prevent the 
infection with field virus. In fact, it has been demonstrated that one attenuated 
strain and the ts-vaccine did not prevent infection. Although unlikely, recom-
bination of an attenuated vaccine virus strain with field virus can occur. 
Nevertheless, the application of attenuated vaccines has proved satisfactory 
in most countries as a prophylactic or emergency measure. Emergency vacci-
nations are recommended when a herd is stricken with the disease and the 
diagnosis is made before all animals have contracted the field virus. Frequently 
vaccines against diseases caused by BHV-1 contain other components. Most 
common are combinations with parainfluenza-3 virus, bovine viral diarrhea/ 
mucosal disease virus and adenovirus. Sometimes bacteria are also included 
(such as Pasteurella or Haemophilus), depending on the marketing situation of 
the country. 

Most manufacturers recommend the following vaccination scheme for at-
tenuated products. First vaccination should be given to calves between 3 and 
4 months of age, provided they had received antibody-containing colostrum. 
Otherwise calves may be vaccinated at any age with most vaccines. Second 
vaccination has to be given 4-6 weeks later. Subsequently one yearly vacci-
nation is sufficient to maintain immunity unless severe outbreaks of disease 
occur in neighboring herds or if animals of unknown history are introduced. 
The animals should be vaccinated intranasally when infections via the res-
piratory tract are to be minimized. However, if all natural portals of entry of 
BHV-1 are to be protected it is necessary to apply vaccine virus to the mucous 
membranes also of the ocular and genital tissues. A single dose of vaccine is 
therefore not sufficient. 

Intramuscular injection or only intranasal administration (it has been re-
ported that one-nostril-application is sufficient) certainly prevents severe clini-
cal signs but not the infection with the possibility of excretion following stress. 
Protection against challenge can be obtained by 48 h after injection. The local 
administration also leads to the production of interferon which does not occur 
after intramuscular administration. The best serological responses are 
therefore most likely achieved if no other live components are included in the 
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vaccine. Subsequently the IgA levels in both blood and milk are also raised. It 
has been shown that interferon in nasal secretions protects calves against 
infection with other agents. Attenuated vaccines can be given to pregnant 
cattle during all stages of gestation unless specified otherwise by the manufac-
turer. If antibodies in the colostrum are to reach high levels, dams with an 
unknown history should be vaccinated twice during the last 8 weeks of preg-
nancy, preferably 6-7 and 2-3 weeks ante partum. Under feedlot conditions it 
is better to vaccinate animals prior to shipment than after the occurrence of the 
first clinical cases of IBR. In the vaccinated animals virus clearance from the 
nasal mucosa is much more rapid than in nonvaccinated animals. In cases of 
emergency all animals in a herd without clinical signs should be vaccinated. At 
the second vaccination the affected animals should also be treated and prefer-
ably all mucous membranes included, because it has been demonstrated that 
humoral antibodies may disappear rapidly after a natural infection. It has been 
pointed out that a correlation exists between the number of days virus is 
excreted after infection with field virus and the level of humoral antibodies. 

Inactivated vaccines 

If the sole aim is to protect animals from clinical disease, inactivated vac-
cines may be administered. However, they should not be used when clinical 
signs are already present in a herd. 

There are numerous vaccines and also vaccine combinations on the market 
in many countries. There is a tendency to prefer them because parenteral 
administration is easy. They are advantageous for administration to seronega-
tive cattle for export to a destination with an unknown status, because no one 
would like to introduce even attenuated virus strains into a country considered 
to be free of BHV-1. 

Inactivated vaccines may also be used in large-scale control programmes. 
Special care has to be taken in licensing. First the safety and efficacy of the 
inactivating compound has to be demonstrated. Also the volume to be injected 
and the amount of antigen per dose should be known and be above 106 5 PFU or 
TCID 5 0 per ml prior to inactivation. Vaccines with a low antigen content are 
dangerous, because they introduce a low-level immunity in the recipients; 
these remain susceptible to field virus infections, after which they produce 
appreciable amounts of infectious virus in their mucous membranes without 
clearcut signs. They also may become latent carriers and spread the virus when 
introduced into herds after transport instead of being placed in quarantine for 
at least 3 weeks. The vaccination programme may be the same as mentioned for 
attenuated vaccines. It may be advantageous to repeat the vaccinations at 
shorter intervals (approximately every 6 months), especially when the epidemic 
situation shows a high prevalence in a given region. 

Post vaccinal reactions 

After local adminstration of live attenuated vaccines a slight increase in 
serous nasal and genital discharge may be observed, which is usually only 
noticed during experiments. The same is true for a minimal increase in body 
temperature. Other signs occur only if the vaccines are not properly attenuated 
or are unsuitable for local administration. The vaccine virus can be recovered 
from the excretions for longer periods of time (up to 16 days) after the first 
vaccination and for shorter periods after the second and further vaccinations. 
If antibody titers have reached high levels, virus can no longer be recovered. 
The same is true when the vaccine is injected. Attenuated live vaccines have 
caused abortions especially when administered during the last third of ges-
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tation. Information now provided by manufacturers indicates whether a live 
attenuated vaccine is suitable for parenteral injections. 

After parenteral administration of inactivated vaccines local swelling and a 
slight incrase in body temperature are frequently observed. The severity de-
pends on the adjuvant and the site of administration. The swellings are most 
prominent and painful after injection of the vaccine into the hind muscles or 
subcutaneously somewhat cranial of the prescapular lymph node. A moderate 
change in the white blood counts can be observed, which is correlated to the 
severity of the local symptoms and to the elevation of the body temperature. In 
some instances allergic reactions have been observed, but it is not known 
whether they are related to the viral or the adjuvant portion of the vaccine. 

Passive immunization 

Natural passive immunization of the newborn occurs via the colostrum. The 
antibodies (IgGx and IgA) are present in the colostrum at a higher concentration 
than in the dam's blood serum (Fig. 30). It is also possible to protect animals 
passively by injecting immune serum; 50 ml (or 1ml per kg body weight) given 
intravenously or in t ra t rachea l^ are sufficient to protect a calf from disease. If 
the calf is older than 18 h the procedure should not be repeated because the 
animals are then no longer tolerant. They develop antibodies against the 
specific serum, and shock with immediate death may follow upon a second 
injection. If a second injection is indicated due to a disease such as anaplas-
mosis, blood from another donor should be tried in small quantities before 
larger amounts are injected. The passive immunity hinders the active forma-
tion of antibodies, but obviously not to the very latest stage, where the 
presence of minute amounts of antibodies can be proven. 

Control 

In infected herds all animals older than 6 months are to be tested for 
antibodies. It has then to be determined which aim needs to be achieved: 
prevention of clinical disease, elimination of field virus circulation or eradi-
cation of BHV-1. 

The prevention of clinical disease can easily be achieved if the animals are 
vaccinated at regular intervals using attenuated, ts-, or inactivated vaccines. 
It has to be kept in mind that animals already infected remain latent virus 
carriers, because the genome of BHV-1 persists in the ganglia, as described 
earlier. 

Elimination of field virus and prevention of clinical disease is accomplished 
by vaccinating all animals with attenuated live vaccines. It is important to 
repeat the vaccinations. 

Depending on the percentage and absolute number of seroreactors in a herd 
an empirical programme can be applied (Table 9). Quite frequently the number 
of seroreactors does not change in a herd kept under conditions of low stress; 
transportation, introduction into new herds etc. are all dramatic events caus-
ing reactivation of BHV-1. The higher the number of seroreactors in a herd the 
higher is the risk that one of them might shed virus following a stress situation. 
On the other hand it has been shown that animals with high antibody titers shed 
virus less readily and in lower quantities than low-titer animals. 

Therefore the scheme presented in Table 12 is recommended. Care has to be 
taken that replacements are only from certified BHV-l-free herds. Animals 
should not participate in shows and fairs. Offspring is not vaccinated and, if 
possible, raised separately. The vaccination has to be continued until the last 
seroreactor has left the premises. 
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TABLE 12 

Scheme for the eradicat ion of BHV-1 from infected herds
a 

Maximal numbers of seroreactors at the various prevalence rates 

^ 10% 20% 40% 50% 

1-10 1 2 4 5 
1 1 - 20 2 4 5 10 
2 1 - 50 5 10 20 25 
51-100 10 20 40 50 

> 1 0 0 > 1 0 > 2 0 > 4 0 > 5 0 

a
 Ital ic numerals: vacc inat ion only wi th inact ivated vacc ines; first two vacc inat ions at 4-6 weeks 

interval; subsequent ly one yearly vacc inat ion . 

Bold numerals: first two vacc inat ions at 4-6 w e e k s interval wi th at tenuated l ive vaccines; 4 months 

later vacc inat ion wi th inact ivated vacc ines; subsequent ly one yearly vacc inat ion . 

Stress factor increases from top to bottom. 

This last section is based on the experimental work of the following authors 
and our own experience: Straub, 1977; Gerber et al., 1978; Mansfield et al., 1978; 
Straub, 1978; Latarija, 1979; Mitscherlich, 1979; Msolla et al., 1979; Schipper et 
al., 1979; Straub, 1979; Zuffa et al., 1979a,b; Cappel et al., 1980; Cummins and 
Rosenquist, 1980; Imray, 1980; Lugovic and Cvetnic, 1980; Lupton and Reed, 
1980; Mohanty et al., 1980; Sutton, 1980; Zuffa and Feketova, 1980; Burns and 
Lloyd-Evans, 1981; Darcel and Jericho, 1981; Kretzschmar, 1981; Burroughs et 
al., 1982; Frerichs et al., 1982; Jericho et al., 1982; Kretzschmar, 1982; Mohanty, 
1982; Straub et al., 1982a,b; Vogel, 1982; Zuffa et al., 1982; Deptula and Buczek, 
1983; Jericho and Babiuk, 1983; Martin et al., 1983; Zmudzinski and Baczynski, 
1983; Morter et al., 1984; Nettleton et al., 1984; Straub, 1984a,b; Menanteau-
Horta et al., 1985. 
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Chapter 12 

Bovine Mammillitis Virus 

W.B. MARTIN 

INTRODUCTION 

Several viruses are now recognized as causing specific infections of the teats 
of cows. One of them, cowpox, is now rarely seen, and with the cessation of 
vaccination infection with vaccinia virus should cease. Probably the most 
severe virus infection of cows' teats is caused by a herpesvirus, bovine mam-
millitis virus. Infection of the teat and udder with this virus has only been 
recognized within the past 25 years. 

The first isolation was made in 1957 from cattle in South Africa, where it was 
called the "Allerton" strain after the farm of origin. The virus was cultured 
from an excised skin nodule associated with a generalized skin infection known 
now as pseudo lumpy skin disease. A further isolation of this herpesvirus from 
skin lesions on cattle was made in West Africa a few years later. In 1964 the 
virus was recovered in Great Britain from the teats of cattle with severe skin 
ulcers. Additional isolations have been made subsequently in several European 
countries, America and Australia. 

Depending on the country of origin the isolates have been given different 
names: Allerton virus, bovine ulcerative mammillitis virus, bovine herpes 
mammillitis virus, bovine dermopathic herpesvirus. 

Useful reviews of this herpesvirus and the associated disease syndromes 
have been given by Cilli and Castrucci (1976) and Gibbs and Rweyemamu 
(1977). 

VIRUS PROPERTIES 

The virus of herpes mammillitis has been classified as a member of the family 
Herpesviridae, subfamily Alphaherpesvirinae, genus Simplexvirus, with the 
proposed name of bovine herpesvirus 2 (BHV-2). It is ether- and chloroform-
labile and is readily inactivated by UV light, acidic conditions (pH3) and by 
heat ( ̂  4 log reduction in 60 min at 50°C). Halogen disinfectants will destroy 
BHV-2 rapidly; thus an iodophore disinfectant diluted according to the man-
ufacturer's instructions completely inactivated the virus in 20 s. 

EPIZOOTIOLOGY 

BHV-2 can affect cattle of all ages and has been recovered from African 
buffalo (Syncerus caffer) in which it produces disease. Serological evidence of 
natural infection has been obtained from other free-living large mammals in 
Africa. 
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Experimentally, infection with BHV-2 has been produced in sheep, goats, 
pigs and laboratory animals, e.g. rabbits, guinea-pigs and other rodents. Sub-
cutaneous or intraperitoneal inoculation of mice 1-5 days old will cause severe 
or fatal disease. Domestic poultry appear to be refractory. There is no con-
firmed evidence that man can be infected by BHV-2. 

Both ticks (Rhipicephalus appendiculatus) and biting flies (Stomoxys calci-
trans and Biomyia fasciata) can carry the virus, although transmission of 
infection by these vectors has not been shown. 

BHV-2 infection in cattle has been reported from South, West and East 
Africa, the USA, several European countries (e.g. Britain, Italy, France, Yug-
oslavia and the Netherlands) and from Australia. One survey of 400 randomly 
selected sera from cattle in West England showed that 19.5% had antibodies to 
BHV-2. In Italy, where 1079 sera from cows in five dairy herds in different 
provinces were examined, 0-41.6% were positive, whereas in the FRG a survey 
of 1000 cattle sera did not detect a single one with antibody. BHV-2 infection 
is prevalent in Africa; 95% of 317 cattle sera in Somalia were shown to have 
antibodies, over 85% of cattle sera in East Africa and from 65-93% in Zambia, 
depending on the area. Also a serological survey of game animals in East Africa 
has shown a high prevalence of infection in buffalo, and positive sera have been 
obtained from giraffe, hippopotamus and several species of gazelle. In contrast, 
antibodies were not found in 190 sera from five species of deer in Britain in one 
survey. 

The infrequency with which outbreaks of disease due to BHV-2 have been 
reported would suggest that it is not a common or economically important 
problem in most countries. Individual cattle herds may, however, experience 
serious occurrence of the disease which can greatly reduce the milk output for 
several weeks. In one series of outbreaks in a small area of western Scotland, 
24 dairy herds were affected in 3 months. An analysis of a number of these 
herds, and others affected the following year, showed that about 50% (range 
18-90%) of the milking cows had lesions, of which 22% developed mastitis. The 
course of the clinical disease in individual animals varied from 2 to 10 weeks 
and in the herds from 5 to 15 (average 9) weeks. No breed incidence is recog-
nized. 

As will be described later, two main syndromes (pseudo lumpy skin disease 
and mammillitis) are caused by this virus. The disease as seen in temperate 
regions is a mammillitis which has an interesting epizootiological pattern not 
yet fully understood. 

Mammillitis outbreaks in Europe are sharply confined to the autumn and 
early winter seasons (between September and November). It is of interest to 
note that outbreaks described in Australia also occurred between October and 
mid-December, which are the spring months in that country (Turner et al., 
1976). 

Irrespective of the seasonal incidence the pattern of farms affected is ran-
dom. Thus the cattle on several farms within an area of several square kilo-
meters may be affected about the same time, though the disease may not occur 
on contiguous farms but has a sporadic distribution. The disease generally does 
not recur in the same herd, at least for some years. Indeed there is considerable 
variation in the prevalence within areas from year to year. 

Most outbreaks have been reported in dairy herds and many start with one 
or a few cows, usually primiparous heifers, developing lesions within a few 
days of calving. Other cows may develop lesions on calving and lateral spread 
through the herd can result, so that a variable number of cows, some of which 
will be in mid-lactation, develops lesions. Sometimes cases are confined to a few 
newly calved heifers, whereas in other herds most of the cows can become 
affected, presumably due to spread of infection during milking. Serous fluid 
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exuding from lesions contains high concentrations of BHV-2 10 6TCID 5 0/ml) 
and virus has been recovered from milking machine cups for several days. 
Although BHV-2 does not appear to penetrate intact skin, minor abrasions, 
which are common on teats, will allow entry of the virus. In some herds lesions 
of pseudo cowpox caused by Parapoxvirus occur about the same time and may 
well be a factor in allowing BHV-2 to gain access to the deeper epithelial cells. 

Other features of the epizootiology of BHV-2 infection are less well under-
stood. No explanation is available for the sudden appearance of disease in 
many herds, but occasionally outbreaks coincide with the introduction of a 
newly purchased cow. Generally the source of infection in the first affected 
cows cannot be explained, as no evidence of infection will have been obtained 
in that or previous years. 

One fact which is now accepted and which may be important in understand-
ing the epidemiology of this disease is that BHV-2 can become latent in cattle, 
and remain so for at least 18 months. Following the administration of cortico-
steroid, recrudescence of disease can occur (Martin and Scott, 1970). Spread of 
infection has also been shown to occur among bulls housed together and to 
others in a separate shed. Although the bulls were being inspected daily, no 
clinical disease was noted and it was concluded that spontaneous reactivation 
of latent virus with subsequent transmission had occurred (Letchworth, 1980). 

This information, combined with the knowledge that biting flies can carry 
BHV-2, had led some workers to consider that infection in dry cows occurs 
during the summer months, possibly spread by flies from cows with minor 
lesions. The virus is then retained as a latent infection until permitted to 
replicate and to produce lesions. The reduction in CMI that occurs in cows at 
parturition may permit the replication of the herpesvirus, and this has been 
suggested as the reason why lesions appear shortly after calving. No site for the 
latency of the virus is known; during acute infections, virus has been recovered 
from the central nervous system and the skin, among other tissues. 

Another school of thought holds that disease occurs in the first cows by 
spread from clinically unrecognized cases. However, this hypothesis is unlikely 
to explain outbreaks for such reasons as the rapidity of onset after calving, the 
severity of lesions in the early cases, the subsequent spread through the herd, 
the lack of evidence of infection in previous years and the seasonal prevalence. 

BHV-2 virus appears to replicate most readily in skin with somewhat lower 
than normal temperature, as can occur post-calving in the edematous area 
around the udder. 

Calves receiving milk from infected cows may become infected. The part 
played by such calves in the epidemiology of the disease is uncertain, but 
presumably they may carry the virus as a latent infection for long periods. 

Although herpes mammillitis virus can produce severe mammary lesions it 
will not cause systemic illness or death. A variable percentage of an affected 
dairy herd may have to be disposed of because of mastitis which can develop 
due to the teat damage and the consequent difficulty in milking adequately. 

PATHOGENESIS 

During the acute phase of disease the fluid which exudes from skin lesions 
has a high virus content, e.g. ^ 10 6 0TCID 5 0/ml. Virus may also be present in 
lesions and fluid during reactivation. Lateral spread may therefore occur. 

Experimental inoculations have shown three important facts. First, lesions 
occur at the site of intradermal or subcutaneous inoculation, but dissemination 
of lesions to other parts of the skin does not occur. Second, generalized infec-
tion with the development of widespread skin nodules (pseudo lumpy skin 
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disease), follows the intravenous inoculation of BHV-2, whether the virus is of 
European or African origin. Third, the virus replicates to high titer and 
produces severe lesions in the cooler areas of the skin (Letchworth and Car-
michael, 1984), which may explain the lesions on the thin skin of the udder and 
teats during cold weather, particularly when subcutaneous edema is present. 

Following local or systemic inoculation of virus, lesions usually occur 
within 3-8 days and reach maximum size 3-4 days after they first appear. Virus 
can be recovered from circulating leukocytes for a few days after intravenous 
inoculation and from skin lesions for about 10 days after the reaction becomes 
visible. Titers of virus in lesions, and in the serous fluid from them, are between 
106 and 10 7TCID 5 0/ml initially but reduce as the reaction regresses and antibo-
dies develop. 

During the early phase of experimental intravenous infection, virus has 
been recovered from the skin, superficial and deep lymph nodes, cutaneous 
nerves, spinal ganglia and even the central nervous system. Virus has also been 
isolated from nasal fluid and the milk from teats with lesions. In experiments 
involving reactivation, BHV-2 has also been recovered from some of these sites. 
The sites of virus latency are believed to be the skin and possibly nervous 
tissue. Only in generalized infections with the Allerton strain of BHV-2 has 
virus been recovered from semen, urine and feces. 

Horizontal spread of infection may occur through viral contamination of 
wounds or abrasions, but seroconversion has been recorded even in the absence 
of clinical disease. 

DISEASE SIGNS 

A mild febrile reaction of short duration has been noted in cattle following 
intravenous inoculation of BHV-2 and occasionally in heifers during natural 
infection, but other systemic illness does not occur. Cattle continue to eat and 
do not appear dull. 

In classical herpes mammillitis, lesions appear on the skin of the teats and 
udder. Sometimes the lesions extend up the skin covering the posterior part of 
the udder to the perineum and exceptionally may involve the vulva. 

Lesions sometimes appear quickly. Though the mature lesion is an ulcer, a 
variety of earlier lesions can occur. Probably the most common is a local, 
thickened plaque which involves the wall of the teat. Such plaques are usually 
oval or circular and about 0.5-2.0 cm in diameter so that the contour of the teat 
is distorted. The overlying skin either becomes dark purple or black and 
necrotic or moist and ulcerated. 

Ulceration may be shallow but in the latter case the ulcer is deep with an 
irregular edge that is sharply demarcated from the surrounding skin (Fig. 31). 
Such lesions are generally painful and sensitive to manipulation, so that 
milking becomes difficult. 

Infection causes the entire teat to become grossly swollen and inflexible. The 
skin becomes light yellow or blue and hard before breaking to leave most of the 
teat ulcerated. Vesiculation is rare but a single large vesicle may occasionally 
be seen. 

Lesions on the skin of the udder are present only in a minority of cases. In 
the most severely affected udders, widespread necrosis of the more superficial 
layers of the skin accompanied by exudation occur over all quarters; such cases 
have been termed "gangrene of the udder". In milder cases the affected area is 
smaller (Fig. 32). The necrotic skin gradually separates in dry sheets 1-2 mm 
thick and of varying size, beneath which there may be moist, serous or purulent 
foci. Ulceration of the vulvo-vaginal mucosa has been recorded. 
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Fig. 31. Deep ulcerat ion of a teat caused by BHV-2. 

Calves sucking milk from infected cows can become infected. The buccal 
mucosa may show a general erythema which may last for several days, and 
circular ulcers can appear on the lips, nostrils or muzzle, from which virus can 
be recovered. On the muzzle thick crusts form which on removal reveal a red, 
granulating ulcer. 

Fig. 32. Extens ive BHV-2 les ions affecting skin of udder and teats . 
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Nodules resembling those of lumpy skin disease have very occasionally been 
recorded on areas of the body during outbreaks of mammillitis. However, the 
pseudo lumpy skin disease syndrome has generally been reported from tropical 
or subtropical countries (Weiss, 1963). After a slight febrile reaction, skin 
nodules develop which may be numerous and generalized or few and localized. 
Sites most frequently affected are the skin over the neck, shoulders, back and 
perineum. Nodules are hard, circular or oval raised areas of thickened skin 
2-3 cm in diameter with a depressed centre. Palpation is resented. Initially the 
hair over the nodules appears raised, fixed by the necrosis of the more super-
ficial layers of the epidermis and the dried exudate. This crust gradually 
separates from the underlying tissue and drops off within about 2 weeks, 
leaving a healed, thickened, pigmented, oval or circular area devoid of hair for 
several months. Some enlargement of the local lymph nodes may be observed. 

A leukopenia has been described in cattle experimentally infected with 
BHV-2, but even if confirmed in the field this alteration would be of little 
diagnostic value. 

PATHOLOGY 

The histopathological changes present in the early lesions are those of a 
severe inflammatory reaction in the epidermis. Affected areas show hydropic 
degeneration, necrosis and intercellular edema resulting in the formation of 
microvesicles. Cells in the deeper layers of the epidermis contain single ac-
idophilic or lightly basophilic inclusion bodies in their nuclei, separated from 
the nuclear membrane by a clear halo. The formation of syncytia containing 
intranuclear inclusion bodies is a characteristic feature of the BHV-2 lesion. 

The necrotic epidermis is infiltrated with masses of leukocytes. Hair follicles 
and sebaceous glands are involved in the necrotizing process. The dermis is 
infiltrated with polymorphonuclear leukocytes and mononuclear cells are 
present especially around blood vessels. 

The focal areas of necrosis enlarge to involve a wider area of the epidermis 
and ulceration results. Hemorrhage and exudate cover the dermis at the base 
of the ulcer and form a coagulated scab. By the tenth day of infection surviving 
epithelial cells begin to show increased mitotic activity and regeneration takes 
place over the granulating tissue beneath the scab. 

Inclusion bodies are no longer evident after about the fifth day of the 
reaction. 

Using EM the inclusion bodies are seen to be composed of paracrystalline 
aggregations of virions in the nuclei. Occasional enveloped virus particles are 
present in the cytoplasm of cells and in the intercellular stroma. 

IMMUNE REACTION 

Neutralizing antibodies first appear in the serum of experimentally infected 
cows about 5-7 days after the development of lesions. Titers reach a maximum 
about 3-4 weeks later and are rarely greater than about 100; they decrease to 
low levels after several weeks. In herds, neutralizing antibody levels have been 
claimed to persist for at least 2 years; inapparent infections or reactivation of 
virus may explain the disparity between the field and experimental observa-
tions. 

Immunity does not correlate with the presence of neutralizing antibodies in 
serum, and recrudescence of disease or reinfection with the production of 
lesions can occur even in the presence of circulating antibody. Further, calves 
with no demonstrable antibodies can be refractory to experimental infection. 
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Antisera to BHV-2 will significantly neutralize herpes simplex virus types 1 
and 2 (HSV-1, 2). Immunodiffusion tests also show a common line of precipita-
tion between BHV-2 and HSV-1, 2. Mice immunized with BHV-2 will resist an 
otherwise fatal infection with HSV-1, 2. BHV-2 is thus clearly related antigen-
ically to HSV-1, 2. 

Peripheral blood leucocytes, probably monocytes, from both immune and 
susceptible cattle are reported as suppressing the growth of BHV-2 nonspecific-
ally in in vitro culture systems. Cultures of bovine thyroid cells or monocytes 
have been shown to produce interferon following infection with BHV-2 (Letch-
worth, 1980). 

4& 
LABORATORY DIAGNOSIS 

Irrefutable diagnosis of BHV-2 infection is achieved by the isolation of virus, 
which is most readily recovered during the acute phase of disease. Fluid from 
the somewhat rare teat vesicles is a particularly rich source of virus. Alter-
natively, small drops of fluid may be expressed from a lesion and drawn up into 
a syringe or adsorbed onto a swab. Small fragments of tissue from the edge of 
active ulcerated lesions are also sources of virus. Where ulcers are present in 
the mouth, nostril etc. swabs can be taken. 

Dried crust or scab material, although most readily obtained, is a poor 
source of virus. Biopsy samples of lesions, from any skin site, are valuable 
specimens for virus isolation, and, if fresh, may be used to prepare expiant 
cultures. 

Swabs, fluid or pieces of tissue should be placed in virus transport medium 
and kept at about + 4°C in ice (vacuum flask) or in a refrigerator. Ideally, 
transportation to a laboratory should be made at this temperature, but virus -
if present in high concentration - can still be recovered following about 24 h of 
postal transport, provided this takes place in a suitable medium and at 
moderate temperatures. 

BHV-2 will replicate in a variety of cells, but for primary isolation cells of 
bovine origin, e.g. calf testes or kidney, are preferred. Reducing the tem-
perature of incubation to 32°C appears to aid replication of virus isolates. 

Fluid, suspensions of tissue and sections can be examined by EM for herpes-
virus particles which may provide rapid confirmation where the lesions are 
characteristic. 

Histological examination of tissues from lesions may be useful if characteris-
tic lesions with intranuclear inclusions can be seen. 

SN, CF, AGID and IF tests can be used to confirm the presence of antibody 
to BHV-2 or BHV antigen. Paired sera are obviously essential to establish that 
a current infection is caused by BHV-2. 

PROPHYLAXIS AND CONTROL 

No commercial vaccine is available for the control of disease caused by 
BHV-2. Live, unattenuated virus has been given by intramuscular injection to 
prevent serious disease, but such methods are best confined to infected herds 
because of the likely spread of infection. Inactivated vaccines have so far not 
been effective. 

As the mode of transmission between herds is unknown, so are the measures 
to control the infection. When disease occurs in a herd some control of spread 
may be attempted. Where possible, infected cows should be milked last. As 
virus is readily inactivated by halogen disinfectants these should be used to 
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disinfect milking machine teat clusters between cows. Udder cloths should be 
discarded, boiled or thoroughly disinfected and the use of iodophore teat dips 
is recommended. 

Treatment is usually based on the use of topical emollients and antibiotics 
to reduce trauma, infection and mastitis. To avoid transmission to calves, fresh 
milk from infected dams should not be fed, nor should calves be allowed to suck 
cows with teat lesions. None of the newer antiviral preparations has been 
found to be effective in treating BHV lesions. 
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Chapter 13 

Pseudorabies Virus 

SASHI Β. M O H A N T Y 

INTRODUCTION 

Pseudorabies (Aujeszky's disease, mad itch, infectious bulbar paralysis) is 
primarily a viral infection of swine but occurs naturally in a wide range of 
animals (Mohanty and Dutta, 1981). In all animals but adult swine the disease 
is fatal. It was first described by Aujeszky (1902) in Hungary; he demonstrated 
the etiology and originally isolated the virus from a naturally infected ox, a 
dog, and a cat. 

VIRUS PROPERTIES 

Pseudorabies virus (PRV, porcine herpesvirus 1), a member of the subfamily 
Alphaherpesvirinae in the virus family Herpesviridae, is more thermostable 
and resistant to changes in pH than other herpesviruses (Mohanty and Dutta, 
1981). The survival of the virus is influenced by temperature, moisture, and pH 
(Davis and Beran, 1981). It may survive for 2-7 weeks in infected premises, and 
for up to 5 weeks in meat. In clean damp bedding, the virus may remain 
infectious for 140 days at 4°C, and for 24 h at 37.5°C. It survives only a few hours 
on material contaminated with feces and urine and is rapidly inactivated by 
sunlight, heat, and dry conditions. The virus survives less than 48 h in pit and 
lagoon water, and is rapidly destroyed on clean concrete and well-cured hay 
(Thawley et al., 1982). It is sensitive to ether and chloroform, and may be 
destroyed by ultraviolet and gamma irradiations. Recommended disinfectants 
include 5% phenol, sodium and calcium hypochlorites, 2% formalin, 2% so-
dium hydroxide, trisodium phosphate, and quarternary ammonia. For the disin-
fectants to be most effective, it is important that surfaces be free of organic 
matter. 

PRV grows and produces a rapid CPE in cell cultures derived from swine, 
cattle, rabbits, dogs, monkeys, and chicken embryos. Cowdry type A intranu-
clear inclusions and polykaryocytes are seen in infected cells and pocks are 
produced on the CAM of embryonating chicken eggs (Mohanty and Dutta, 
1981). Only one antigenic type with no subtypes has been recognized. 

EPIZOOTIOLOGY 

Naturally occurring fatal non-suppurative encephalomyelitis is produced in 
cattle, sheep, goats, dogs, cats, deer, foxes, coyotes, opposums, rabbits, rats and 
mice (Gustafson, 1980). The morbidity rate is very high in swine. Pigs in the 
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first few weeks of life usually succumb to Pseudorabies, but mortality is neglig-
ible in older pigs. Many mammals and birds have been experimentally infected. 
Domestic swine are the principal reservoirs (Gustafson, 1980), and almost all 
cases of Pseudorabies in cattle are due to cohabitation with swine. Latent 
infection occurs in swine and inapparently infected pigs are responsible for 
most infections in domestic ruminants. 

The disease has a wide geographical distribution, including New Zealand, 
but it has not been reported in Australia and Japan. It causes serious economic 
losses in swine and is of growing importance in swine, cattle, and sheep in the 
USA and in many European countries. In cattle, the disease is of economic 
significance because of the occurrence of clustered fatal cases. 

The nasal discharge of infected pigs is probably the source of infectious 
virus. Cattle of all ages, sexes, and breed are susceptible. Mechanical, accident-
al transmission by man may occur when veterinarians and herdsmen working 
with infected swine handle cattle immediately afterwards (Bitsch, 1975). Cattle 
are considered dead-end hosts of PRV and there is no clear evidence of inter-
bovine transmission. However, a transmission of this nature in crowded quar-
ters with limited ventilation is not impossible (Gustafson, 1980). Infected 
domestic ruminants rarely transmit the disease to other animals unless their 
tissues are ingested by susceptible carnivors. The virus causes a short viremia 
in the early stages of the disease, but no vectors are involved in its trans-
mission. 

Although rodents have been incriminated in the transmission of PRV, it 
appears that rats and mice are quite resistant to infection and are poor shed-
ders of the virus. Thus, they are considered poor reservoirs and do not play a 
role in the spread of the virus (McFerran and Dow, 1970). The importance of 
wild animals in Pseudorabies is not clear. However, carnivores can serve as a 
source of infection of other species after they have become infected by ingest-
ing infected carcasses (Kirkpatrick et al., 1980). Reports of human infection are 
sketchy and of questionable validity (Trainer, 1981). Although the threshold of 
infection for humans is very high, one should have respect for PRV, and 
infected animals and their tissues should be handled with caution. 

PATHOGENESIS 

PRV can naturally enter into domestic ruminants by several routes, most 
commonly via a break in the skin caused by bite or other wounds. Occasional 
aerosol infection may occur. Experimentally, cattle can be infected by sub-
cutaneous, intramuscular, intravenous, oral, and intranasal routes. In the 
prodromal phase, infected swine may shed the virus in the saliva and transmit 
it to cattle while wandering among them, nuzzling or biting the flank, vulva, 
and anal region (Gustafson, 1980). Pruritus usually occurs at the site of viral 
inoculation. Peroral infection in cattle, sheep, and goats may occur via conta-
minated feed and water. Respiratory transmission of PRV from swine to cattle 
may result especially in poorly ventilated, crowded areas. Pruritus may not be 
seen in these cases. 

PRV enters the central nervous system via peripheral nerves, moving along 
them centripetally toward the brain, causing neuronal damage, and resulting 
in local pruritus and encephalomyelitis. The virus has been isolated from the 
nasopharynx, lungs, and vagina of affected cattle. It appears that it replicates 
not only in nerve endings or terminal fibers, but also in epithelial cells to a 
limited degree. In domestic ruminants, Pseudorabies appears to be strictly 
neurotropic and spread of the virus in cattle along peripheral afferent and 
efferent nerves has been suggested (Ohshima et al., 1976). Persistent latent 
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infections capable of reactivation are common in adult swine but have not 
been reported in cattle. 

DISEASE SIGNS 

In cattle, the disease is referred to as "mad itch" and affected animals 
develop a fatal encephalomyelitis characterized by intense pruritus of some 
portion of the skin, leading to self-mutilation. The onset of clinical signs varies 
somewhat according to the route of infection. The incubation period in natur-
ally infected animals is usually between 4 and 7 days. The signs are often short, 
lasting from 10 to 24 h, and some animals may die without any sign of illness. 
The syndromes in experimentally infected animals range from 8 to 72 h. Uneasi-
ness, evidenced by wandering about the pen followed in some instances by 
ataxia, are the first signs of the disease. The body temperature may range from 
39.5 to 41°C and the animals may continue to eat despite having a fever and 
pruritus at the site of viral entry (Gustafson, 1980). The signs vary widely 
among individual animals as the disease progresses. Itching may be localized 
to any part of the body, but most commonly affected areas are the head, 
shoulder, flank, hind quarters, and anal region, the most likely sites of viral 
inoculation. At this stage, there is intense excitement and convulsion. Grind-
ing of teeth and constant bellowing may occur. Affected cattle rub the itching 
area against firm objects to the point of causing bruises and lacerations. If the 
part is accessible, they lick and bite it incessantly until it becomes reddened 
and abraded. The itching is so intense that the animals become frenzied (Moh-
anty and Dutta, 1981). Occasionally, cattle may die without having pruritus 
(Blood et al., 1979). 

Cutaneous tremor often occurs in the early phase of the disease, followed by 
neurologic signs due to the involvement of the medulla. Excess salivation and 
frothing are usually seen at this point. This may be followed by spasms of 
muscles in the neck and thorax that give rise to hiccoughs. The animals 
breathe rapidly, their eyes have a staring or wild appearance, and trembling, 
opisthotonos, and ataxia are evident. Later, convulsions are more frequent and 
pronounced, accompanied by paralysis, sweating, and atony of the rumen with 
bloating and straining. The animals usually have a fever, often as high as 
41-43°C, and shallow, rapid respiration occurs, immediately followed by death 
in β-48 h after the first appearance of illness. Cattle do not exhibit aggressive 
behavior toward other animals or people (Gustafson, 1980). Young calves have 
encephalitis, erosion of the oral cavity and esophagus, no pruritus, but a high 
case fatality rate (Blood et al., 1979). 

The clinical signs in sheep are similar to those observed in cattle. 
In goats, the central nervous system is largely involved and the signs are 

restlessness, incessant screaming, profuse sweating, and, in the terminal 
stages, spasms and paralysis (Blood et al., 1979). Death usually occurs in 
24-48 h. Pruritus may be absent. 

PATHOLOGY 

There is a general lack of typical and constant gross lesions (Mohanty and 
Dutta, 1981). The site of pruritus is often lacerated, contains exudate, and has 
subcutaneous edema. There are accumulations of cerebrospinal fluid and 
meningeal congestion, but lesions in the viscera are insignificant. The lungs 
may show some congestion, edema, and hemorrhages. Microscopically, signifi-
cant lesions in the central nervous system consist of nonsuppurative ence-
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phalomyelitis, meningitis, and neuronal damage. Perivascular cuffing, focal 
necrosis, and type A intranuclear inclusions may also be present (Mohanty and 
Dutta, 1981). 

4\ 

IMMUNE REACTIONS 

Since infected domestic ruminants succumb rapidly, immunity of these 
animals to PRV and serologic procedures have not been described. 

LABORATORY DIAGNOSIS 

Pseudorabies is usually fatal to domestic ruminants within 3 days after the 
onset of signs, and serologic tests are not employed for its diagnosis. The 
disease is clinically characteristic and presumptive diagnosis can be made by 
the history, syndromes (particularly severe pruritus), and its short course. 
Pruritus, however, may not be seen in a few cattle, sheep, and goats. His-
topathologic changes may aid in the diagnosis. The nervous form of the disease 
must be differentiated from listeriosis, rabies, acetonemia, lead poisoning, and 
the rare encephalitic form of IBR. 

A definitive diagnosis can be made by virus isolation and identification. The 
virus is readily isolated in a variety of cell cultures. The brain is the specimen 
of choice, otherwise samples from the site of pruritus may be used for virus 
isolation. 

Animal inoculation can be used when laboratory facilities are not available; 
rabbits are most sensitive to PRV. Subcutaneous injection of homogenate in 
the flank (1 ml of 1:10 dilution of the tissue suspension) results in signs within 
48 h after inoculation. The rabbits become agitated, bite at the site of inocula-
tion, breathe rapidly, and die of respiratory failure within 3-5 days (Gustafson, 
1980). The virus can be isolated from the cord and spinal ganglia of rabbits, but 
not from the brain. Guinea pigs may also be used; the signs are similar to those 
in rabbits. Mice are less sensitive. 

The IF test on cryostat section of fresh tissues is extremely rapid and 
accurate. 

PROPHYLAXIS AND CONTROL 

Vaccines for use in cattle are not available in the USA. Attenuated and 
inactivated vaccines made for swine have been used in cattle in Europe. In a 
limited study, cattle vaccinated with two doses of a killed Pseudorabies swine 
vaccine developed a marginal serologic response but were resistant to subse-
quent challenge (Muhn and Beard, 1977). 

Once clinical signs appear, there is no effective treatment. Homologous 
hyperimmune serum and concentrated gamma globulin have been successfully 
used to treat calves in Europe. Antisera made in horses or pigs produce anaphy-
lactic reactions in cattle. 

Pseudorabies in cattle and other domestic ruminants is prevented by keep-
ing pigs from contact with these animals. Animals showing clinical signs 
should be separated from those that are normal. Carcasses of affected animals 
should be burned or buried. Where the disease is enzootic, veterinarians and 
other animal handlers should be aware of their potential role in transmitting 
the disease from swine to cattle (Gustafson, 1980). 

Eradication by slaughter and quarantine of infected pigs may be considered 
after the incidence of Pseudorabies in swine is reduced to a manageable level. 
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Chapter 14 

Malignant Catarrhal Fever Virus 

WALTER PLOWRIGHT 

INTRODUCTION 

Malignant catarrhal fever (MCF; malignant catarrh; bösartiges Katarrhal-
fieber; coryza gangreneux) is a sporadic disease of domestic cattle and buf-
faloes, as well as of many other wild Bovidae. It has a characteristic, severe, 
clinical course, leading almost invariably to death. The distribution of MCF 
is virtually worldwide and the clinico-pathological features observed do not 
differ significantly from one continent to another. 

Cases of MCF outside Africa can usually be associated with close contacts 
between presumed "carrier" sheep and the susceptible species; occasionally 
this is also true in Africa. This form of the disease has long been known to be 
transmissible in series, albeit often with difficulty (Götze and Liess, 1929) but 
the causal agent has not yet been identified. 

In Africa, and occasionally elsewhere in zoological gardens, the source of 
infection is known to be one of two species of wildebeest (Connochaetes tauri-
nus and C. gnu) and a lymphoproliferative herpesvirus is the established cause 
(Plowright et al., 1960). The wildebeest-derived virus and the disease it causes 
forms a basis for this description, but the "sheep-associated" condition is 
probably caused by another related herpesvirus for which permissive cell 
cultures are not yet available (Reid and Buxton, 1985; Plowright, 1986). 

VIRUS PROPERTIES 

Physical and chemical characteristics 

As a typical herpesvirus, cell-free MCFV is inactivated by lipid solvents and 
detergents; it is relatively stable in culture media containing serum. Thus, 
high-passage levels of the WC-11 strain in culture medium with 5% serum had 
a half-life of 11-14 days at 4°C and 9.3 h at 37°C. At 56°C all infectivity was lost 
in 9-15 min. Stocks of virus at -70°C or lower retained their original titer for 
many months (Plowright, 1981). The Ololossos strain used by Harkness and 
Jessett (1981) had a half-life of 33 h at 37°C; their medium contained 2% serum 
only. Mushi et al. (1980) found that 90% of cell-free infectious virus survived 
in the laboratory for at least 30 days at 22°C, so long as the relative humidity 
was high (100% RH); they suggested that these findings would be reflected in 
stability in the natural environment. The virus was stable for 30 min at 37°C in 
phosphate buffers at pH 6.0-8.0; stability was increased by higher concentra-
tions (150 mM vs. 100 mM) of sodium ions, whilst potassium or magnesium ions 
were also protective at 45°C (Schloer and Breese, 1982). 
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Antigenic properties 

Wildebeest isolates of MCFV appear to be indistinguishable antigenically. 
Thus in indirect IF or cross-neutralization tests there were no appreciable 
differences between the WC-11 (high-passage attenuated) and a virulent (C500) 
isolate (Rossiter et al., 1977). Two of three isolates from hartebeest (see below), 
were antigenically reactive with wildebeest virus at a low level only, but the 
other (K30) was judged to be identical to the WC-11 strain in neutralization 
tests using experimental antisera (Reid and Rowe, 1973). Later, higher neu-
tralizing titers were recorded in hartebeest sera against homologous (K30) 
virus than against the WC-11 (wildebeest) isolate. All the antelopes (harte-
beest, topi, oryx) which possess neutralizing antibody to wildebeest (MCFV 
show low titers, which possibly reflect minor antigenic differences in the 
viruses which induce them (Reid et al., 1975). Virus isolates from topi also 
cross-react in IF tests with antisera to wildebeest virus (Mushi et al., 1981). 

It is of interest that the majority (> 95%) of sheep from many countries 
possess antibodies which react in indirect IF tests with antigens of wildebeest 
strains of MCFV. These antibodies can be absorbed by infected cells and 
blocked by rabbit antiserum to MCFV, not by normal rabbit serum (Rossiter, 
1981b); they are not induced by the ovine herpesvirus associated with jaag-
siekte (Martin et al., 1979). 

The very few cattle which recover from infection with African MCFV are all 
immune for at least 8 years to repeated parenteral challenge with homologous 
or heterologous isolates and possess low but persistent levels of neutralizing 
antibody (Plowright, 1963, 1964, 1968). There is, therefore, no evidence for 
significant immunological variation. 

A summary of the more recent evidence of the relationship of the wildebeest-
derived (WD) and sheep-associated (SA) viruses is given by Plowright (1986). 

Cultivation 

In both wildebeest and indicator hosts, such as cattle and buffaloes, the 
infectivity in tissues is strictly cell-associated. Disruption or death of cells 
brought about, for example, by ultrasonic treatment or by freezing and thawing 
in the absence of cryoprotectants, leads to complete loss of infectivity (Plow-
right, 1963). The only exception to this generalization is that cell-free infec-
tious virus is found in the ocular and nasal secretions of wildebeest calves. The 
richest sources of virus are the lymphoreticular tissues, such as lymph nodes, 
thymus, spleen, bone marrow and the buffy coat separated from peripheral 
blood; the highest titers are about 10 5-10 6TCID 5 0/g in bovine lymph node and 
thymus, somewhat lower (10 2-10 4TCID 5 0/g) in spleen and about 10 2-10 3TCID 5 0/ 
ml in the blood of reacting cattle. It is now established that the cells which 
carry infectivity are medium-sized lymphocytes. 

In SA-MCF infectivity is associated with cultivable cells, designated large 
granular lymphocytes of T-cell lineage and with natural killer-cell properties 
(Reid and Buxton, 1985). 

The most sensitive cell cultures for virus isolation from animals were, for 
many years, considered to be primary or secondary monolayers prepared from 
calf thyroid (Plowright et al., 1960), but more recently it has been found that 
some strains of serially cultivated calf testis cells are more satisfactory. These 
cultures have the additional advantages that a CPE is more easily detected in 
them and accompanied, even at low passage levels, by high yields of cell-free 
infectivity — 10 5-10 6TCID 5 0/ml (R.G. Watt and W. Plowright, unpublished 
results, 1977). The thyroid cell culture systems have about the same sensitivity 
as cattle inoculation for detection of cattle tissue virus (Plowright, 1963,1964); 
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strains of bovine testis cells are approximately 100 times more sensitive than 
rabbits for demonstration of cultured virus. 

Cytopathic effects can be detected in unstained cultures by light micro-
scopy; the most characteristic change is the development after 3 days to 3 
weeks of syncytia (multinucleate cells) with a variable degree of vacuolation 
(Fig. 33). Rounded, refractile or stellate cells may also be seen. There is little 
tendency for the foci to extend or disseminate in bovine thyroid monolayers at 
37°C, presumably because very little cell-free virus is produced at low passage 
levels; on the contrary, syncytia may detach and the CPE is then difficult to 
recognize. At 32°C, however, CPE appears more slowly but spreads more 
extensively and cell-free infectivity is released into the medium in greater 
quantities at low passage levels; yields of 10 4 5-10. 5 9/ml in comparison with 
trace quantities at 37°C, have been recorded, and maximum titers are attained 
at 8-10 days (Harkness and Jessett, 1981). 

In fixed and stained cultures affected cells show "beading" of the nuclear 
membrane and large intranuclear inclusions which are increasingly DNA-
positive as they mature (Fig. 34; in some cells DNA-positive, small, granular 
intracytoplasmic inclusions may also occur, especially in the juxtanuclear 
region (Figs. 35, 36). Morphologically, released virus has a typical herpesvirus 
structure, with a capsid about 100 nm in diameter, a nucleoid about 40 nm 
across and hollow capsomers (Fig. 37). Some particles have an outer envelope 
and a diameter of 140-220 nm with an inner nucleocapsid of 85-100 nm (Fig. 38) 
(Plowright et al., 1965; Castro and Daley, 1982; Schloer and Breese, 1982). 

EPIZOOTIOLOGY 

Host range 

The disease, MCF, is primarily one of domesticated cattle (Bos taurus and B. 
indicus) and buffaloes (Bubalus bubalis), but it is now being increasingly 
encountered in farmed deer, for which it sometimes represents a major disease 
hazard (see Reid et al., 1979, Reid and Buxton, 1984, and Fletcher, 1982, for red 
deer, Cervus elaphus; Westbury and Denholm, 1982, for Rusa deer, C. timo-
rensis). Multiple cases of MCF have also been reported in free-living, indig-
enous North American cervids, such as white-tailed and mule deer (Odocoileus 
virginianus and O. hemionus, Clark et al., 1970; Pierson et al., 1974). Finally, 
there is a wide range of other species, belonging to the subfamilies Bovinae, 
Cervinae and Odocoileinae, in which cases of the disease have been reliably 
reported in zoological collections; tabulated lists were given by Plowright 
(1981), and further information was summarized by Plowright (1986). On the 
other hand, it was found that the African buffalo (Syncerus caffer) and the 
camel were not susceptible to experimental infection with wildebeest strains 
(Plowright, 1981). The evidence for susceptibility of sheep to parenteral inocu-
lation with the latter is conflicting; attempts to infect East African sheep failed 
(Plowright, 1964), but Kalunda et al. (1981b) obtained some evidence for in-
frequent establishment of "Africa" virus in North American sheep, and Straver 
and Van Bekkum (1979) recovered a probable wildebeest isolate from Dutch 
sheep which had been inoculated 20-23 days previously. 

The most important experimental host for MCFV is the domestic rabbit 
(Oryctolagus cuniculus), which is susceptible to parenteral inoculation by a 
number of routes, with material from naturally infected cattle, deer or with 
culture-propagated agents; it invariably succumbs to the disease if infected (for 
WD-MCFV see Daubney and Hudson, 1936; Piercy, 1955; Plowright et al., 1960; 
Plowright, 1964; Rossiter et al., 1977; Edington et al., 1979; Straver and Van 
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Fig. 33 (top, left). Uns ta ined monolayers of calf thyroid cel ls . Large syncyt ium with peripheral 
vacuolat ion, 3 days after inoculat ion of MCFV-infected bovine l eukocytes ( χ 150). 

Fig. 34 (top, right). Calf kidney cel ls wi th typical vacuolated syncyt ium and numerous intranuclear 
inc lus ion bodies, 7 days p.i.; Bouin: M a y - G r u n w a l d - G i e m s a ( χ 500). 

Fig. 35 (middle, left). Uninfected bovine thyroid monolayer; Carnoy: May-Grunwald-Giemsa 
( χ 1000). 

Fig. 36 (middle, right). Bov ine thyroid monolayer, 4 days after infection with high passage MCFV 
(strain WC-11); all ce l ls show beading of nuclear membranes, obscured chromatin pattern and 
numerous DNA-posi t ive cytoplasmic granules , mainly paranuclear; Carnoy: M a y - G r u n w a l d -
Giemsa ( χ 1000). 

Fig. 37 (bottom, left). N o n enveloped vir ions of the WC-11 strain of MCFV; hol low capsomeres 
clearly visible on the surface and in profile at the periphery; potass ium phosphototunstate pH 6.8 
( χ 150000) (with thanks to Drs. R.F. Macadam and J.F. Armstrong). 

Fig. 38 (bottom, right). Enveloped vir ions of WC-11 strain of MCFV, wi th t w o nonenveloped capsids 
not penetrated by stain; potass ium phosphototunstate pH 6.8 ( χ 150000) (with thanks to Drs. R.F. 
Macadam and J.F. Armstrong). 
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Bekkum, 1979; for SA-MCFV see De Kock and Neitz, 1950; Daubney, 1959; for 
deer-pathogenic virus see Huck et al., 1961; Buxton and Reid, 1980; Westbury 
and Denholm. 1982). The rabbit provides a model system in which to study the 
disease. The infection is not contagious in this species and suggestions that 
rabbits may act as a natural source of infection for cattle (Kalunda et al., 1981b) 
are unreasoned. 

Recently, it has been reported that both newborn guinea pigs and hamsters 
(55% and 100% respectively) succumb to inoculation of cultured WD-MCFV 
(Kalunda et al., 1981b). More recently hamsters and rats have been successfully 
used to passage the agent from continuous lines of SA-MCF-infected lympho-
blasts (Reid and Buxton, 1985; Reid et al., 1986). Embryonated eggs are not 
susceptible to inoculation according to most observers, but Danskin (1955) 
claimed to have propagated virus in the yolk-sac of 8-day embryonated eggs. 

Reservoir hosts and transmission 

Sheep-associated cases 
The majority of cases of MCF, particularly when multiple incidents occur in 

any species, can be associated with close contact between sheep and the 
"indicator" hosts. The disease has been reported most frequently when cattle 
are housed with sheep over long periods, and the classical experiments of Götze 
and Liess (1930) and Jesse (1930) showed that three carrier sheep transmitted 
MCF to 18 out of 50 cattle which were placed in continuous close contact over 
a period of 10 months. In 17 of these cases the maximum incubation period, 
estimated from the time of introduction of the sheep, must have been 96-185 
days. Cases of MCF continued to appear up to 3 or 4 months after removal of 
sheep from effective contact with cattle; exposure needed to be very close, 
preferably in a stable with common food and water troughs (Götze, 1932). 
Similar experiments, occasionally successful (e.g. Magnusson, 1939; De Kock 
and Neitz, 1950; Piercy, 1954; Snowdon, 1972; Daniels et al., 1988), sometimes 
failures (e.g. Wyssmann, 1933,1934; Piercy, 1954; Plowright, 1964; Pierson et al., 
1974), have been reported. In no case, however, has it been possible to induce 
typical MCF in cattle by the inoculation of tissues from naturally infected 
sheep. 

Whilst recent reports of multiple cases of MCF have supported the thesis 
that sheep are probably reservoir hosts of the virus (e.g. Pierson et al., 1973, in 
the USA; James et al., 1975, in New Zealand; Selman et al., 1974, and Reid et 
al., 1979, in Great Britain), there are also experienced investigators who have 
failed to incriminate sheep. The possibility remains that other species act as 
inapparent reservoirs, but these will not be easily identified until the agent(s) 
of MCF outside Africa has (have) been cultivated and serological tests for it 
(them) have been developed. Some investigators assert that SA-MCF is more 
common during the lambing season (Buxton and Reid, 1980). 

Whilst many observers agree that indirect contagion is an unlikely method 
of transmission of SA-MCF to cattle, Reid et al. (1979) reported that inter-
mediate contagion was likely in one outbreak involving red deer. There is some 
evidence that infection may, unusually, spread amongst highly susceptible 
deer by direct contact (McCallum et al., 1982; Reid et al., 1986), but evidence for 
this in cattle is either lacking or unconvincing (Maré, 1977). 

Wildebeest-derived MCF 
Although two species of wildebeest are mentioned in the introduction, only 

one, the blue or white-bearded variety (Connochaetes taurinus), has been inves-
tigated adequately and this only in East Africa; the pioneer work of Mettam 
(1923) was, however, carried out with virus derived from the black wildebeest 
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(C. gnu) in South Africa, and virus derived from this species has been isolated 
in an Oklahoma zoo (Castro et al., 1982, 1984). There is no epidemiological 
evidence that serologically related viruses in hartebeest (Reid and Rowe, 
1973), topi (Damaliscus korrigum) (Mushi et al., 1981) and probably oryx (Reid 
et al., 1975; Mushi and Karstad, 1981) are naturally transmissible to cattle. The 
hartebeest viruses are, however, pathogenic for them under experimental con-
ditions. 

Many significant features of virus maintenance and transmission to cattle 
are now known, and this work has been reviewed recently by Mushi and 
Rurangirwa (1981) and Plowright (1984,1986). All the geographically distinct po-
pulations of East African wildebeest are infected with MCFV and serologically 
negative animals are very rare. The virus crosses the placenta in some cows 
(Plowright et al., 1960) and the calf is born infected; Mushi and Rurangirwa 
(1981) recorded nasal excretion at the age of 4 days, and Plowright (1965a, b) 
postulated that congenitally infected calves may disseminate virus among 
other members of the annual calf crop, which is normally born over a period of 
about 2 months. Approximately 30% of calves in Tanganyika were viremic in 
cell culture tests when sampled at ages up to 3 months, but the rate of virus 
recovery then fell to 7% and 2% in the second and third trimesters, respective-
ly; by 18 months virus was not demonstrable by the same technique in 20-ml 
volumes of blood. Inoculation of larger quantities into cattle showed that virus 
was present in blood or lymphoid tissues in animals of all ages, including — and 
perhaps particularly — in pregnant adults; it probably persists for life in many 
of them. The duration of viremia in calves which were sampled continuously 
by cell culture techniques varied from 3 to 36 weeks and the infectivity was 
associated entirely with circulating leukocytes. Passively acquired neutraliz-
ing antibody is present in the majority of calves but does not prevent infection, 
which leads to increased titers up to about 18 months, followed by a slight 
decline. Neither free-living nor captive wildebeest infected with MCFV show 
clinical or pathological signs attributable to the virus. 

Natural transmission of MCFV from wildebeest to cattle takes place almost 
entirely during the first 3-4 months of life of the annual calf crop, i.e. during 
the period of first viremia. Transfer occurs on common grazing lands and 
sometimes in zoological gardens. Experimentally, the incubation period for 
"contact" infections was 30-81 days (Plowright, 1965b). Very occasionally 
transmission also takes place from adult wildebeest, at least under laboratory 
conditions of housing or paddocking (Mushi and Rurangirwa, 1981; Plowright, 
1981). 

Virus excretion by wildebeest is through nasal and ocular secretions, app-
arently not through urine or saliva. In calves up to 3 months old, particularly 
those in the 6-8 weeks age group, virus titers in excretions may be 
^ 10 3 2TCID 5 0/ml and part of the infectivity is cell-free virus; it is probably 
derived from the turbinate mucosa and cornea, which appear to represent 
predilection sites for superficial virus replication. Expiant cultures of cornea 
tissue frequently yield virus up to and including 4 months of age. After 3 
months the secretions contain neutralizing antibody, predominantly IgA, 
which accounts for the rapid decline in virus excretion and loss of ability to 
transmit infection (Mushi and Rurangirwa, 1981). 

The infectivity found in the nasal secretions of adult wildebeest after stress 
(Rweyemamu et al., 1974) and virus in the nasal and oral secretions of reacting 
cattle is probably associated with living infected cells and therefore unlikely 
to infect susceptible species (Kalunda et al., 1981a). There are very few records 
indeed of contact infection amongst cattle, although De Kock and Neitz (1950) 
suspected it had occurred; the disease is generally regarded as incapable of 
spreading among them, even after very close and prolonged exposure (Plow-
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right, 1968, 1981). For this reason and the observed seasonal incidence, the 
inability to spread at a distance and the generally very low prevalence, vectors 
such as flies, ticks or lice are unlikely to play a role in the transmission of MCF. 

There is no evidence that MCFV is infectious for man. 

Incidence 

Neither the widely distributed SA nor the restricted, WD forms of the disease 
are commonly encountered, and it is seldom that they become economically 
important. SA-MCF can, however, be serious for individual properties. 
Roderick (1958) described "problem" farms in North Dakota where owners had 
been forced out of business by losses of up to 50% of the herd, and Pierson et 
al. (1973) reported the death of 87 out of 231 cattle (37%) within 68 days in a 
herd in Colorado. Clark et al. (1970) recorded the loss of 26 out of 40 axis deer 
(Axis axis) in the course of a year on one property. 

Both SA-MCF and WD-MCF are of some importance in Africa. Piercy (1954) 
and De Kock and Neitz (1950) described serious outbreaks of the former and the 
latter has produced annual losses in Kenya Masailand which may reach 7% 
(Plowright et al., 1975); one outbreak in 1960 resulted in the death of about 100 
of a herd of 500 cattle (Plowright, 1964). A similar loss has been reported from 
Indonesia (Daniels et al., 1988). 

In spite of these incidents, the majority of cases of MCF are sporadic in 
occurrence; the SA cases have a tendency to recur at intervals over many 
years, but only one or two animals are affected at a time. Some authors report 
a higher incidence of SA-MCF in the spring and early summer. The WD form, 
as encountered in East Africa, is seen almost exclusively in the months Jan-
uary-July, from the time wildebeest calves are born up to 2-3 months thereaf-
ter. 

The majority of cases of MCF occur in young adults, but animals of all ages 
are susceptible under experimental conditions. All breeds of cattle (Bos in-
dicus) and water buffaloes are apparently susceptible; the indigenous cattle of 
Bali, an Indonesian island, are extremely susceptible (Daniels et al., 1988). 

Susceptibility 

The low incidence of MCF could suggest that subclinical immunizing infec-
tions of cattle occur on exposure to reservoir or even indicator hosts. This 
hypothesis is not supported by the extremely high morbidity and case mortality 
rates which are observed following experimental infection with African MCF 
(Plowright, 1968). Cattle which have been held for many weeks in contact with 
clinical cases are still susceptible to challenge, and in two areas of Kenya 
where the WD form of the disease is commonly encountered, six different 
serological tests failed to produce evidence of subclinical infection in "normal" 
cattle (Rossiter et al., 1980). 

The case mortality rate in cattle infected experimentally with WD-MCF is 
extremely high. The mean for 9 isolates in 311 cattle in Kenya was 94%, 
survival being favoured by concurrent anaplasmosis (Plowright, 1968). The 
mortality rate recorded for a single isolate in the USA was comparable; thus 
only 3 of 50 cattle (6%) developed mild disease; 28 died and the rest were killed 
when sick (Kalunda et al., 1981a). The lethal effects of "non-African" MCF are 
probably equally great, but it is difficult to collect comparable figures due to 
difficulties in transmission and a tendency to kill some animals for collection 
of materials, especially in an experimental series. Liggitt et al. (1978) reported 
that "once clinical signs became obvious death or a moribund state occurred 
within 5 days". 

Chapter 14 references, p. 147 



130 Virus infections of ruminants 

PATHOGENESIS 

Route of infection 

The presumed natural portal of entry in WD-MCF is the upper respiratory 
tract: the precise site is unknown but it is probably the nasal mucosa and/or 
tonsil; instillation of infectious tissue suspensions or low-passage culture virus 
into the nares sometimes results in transmission to cattle (Plowright, 1963, 
1964,1968). Aerosols or the intratracheal route have been used with consistent 
success in cattle (Kalunda et al., 1981a) and in rabbits (Mushi and Rurangirwa, 
1981). The nasal and salivary secretions of reacting cattle do contain virus 
infectivity (Kalunda et al., 1981a) but contact transmission is virtually 
unknown in this species, presumably because there is no stable, cell-free virus 
in excretions but only living, infected lymphocytes (see below). 

Congenital transmission of WD-MCFV takes place frequently in the reser-
voir host but has been demonstrated only once in cattle; the animal concerned 
was a cow that had a subclinical infection following experimental inoculation 
and produced, over a period of 80 months, six calves, of which four were 
infected in utero (Plowright et al., 1972). Evidence suggestive of congenital 
transmission has been seen in a fetus in one outbreak in New Zealand (James 
et al., 1975). 

Incubation period and death time 

A long incubation period is characteristic for both forms of MCF. Thus, in 
East African cattle infected with about 10 3ID 5 0 of WD virus, it was 19.5 ± 3.7 
days (11-34 days; Plowright, 1968). Previously published figures from Africa 
were similar and, more recently, those obtained elsewhere have been compar-
able (Table 13); the shorter periods observed by Straver and Van Bekkum (1979) 
may have been due to a very large dose of blood. In practice it is essential to 
wait at least 2 months before concluding that an animal has not been infected 
by a parenteral inoculation, since a few previously unexposed animals do not 
show recognizable reactions until 9-10 weeks have passed. 

In the experimental SA form transmission has almost invariably been by 
intravenous or subcutaneous inoculation of large volumes of blood, and the 
incubation period has ranged from 11 to 63 days (Plowright, 1968). In a more 
recent passage series, figures of 30.2 ± 13.6 days (range 19-73) were recorded 
in Colorado, but the amount of infectivity was clearly marginal, since only 19 
out of 28 (68%) of animals inoculated developed the disease during twelve 
passages (Liggitt et al., 1978). Other figures include means of 27 days (range 
15-49) (Pierson et al., 1974) and 20-36 days (Selman et al., 1978). 

The death time in MCF, i.e. the time from the beginning of pyrexia to death, 

TABLE 13 

The incubat ion period and death t ime in WD-MCF of catt le 

Infective Incubation period Death t ime Mortal i ty Reference 
materials Range Mean ± S.D. Range Mean ± S.D. rate 

Blood, lymph node 11-34 19.5 ± 3.7 3-22 8.2 ± 2.9 291/311 
(94%) 

Plowright , 1968 

Blood, culture virus 14-46 22.3 ± 6.6 

(n = 47) 
4-52 12.9 ± 10.3 

(n = 28) 

N D Kalunda 
et al., 1981a 

Blood 7-16 10.6 N D N D N D Straver and 

van Bekkum, 1979 

N D = not determined. 
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is somewhat variable, as is evident from Table 13. Pierson et al. (1979) remarked 
that the incubation period in "American" MCF was longer than that in the 
"African" form and that the course of the disease was shorter; their data 
revealed death times of 4 ± 6 days (range 1-9) and 12 ± 4 days (range 6-23), 
respectively, for the two forms. In deer shorter death times have been reported 
(1-4 days; Reid et al., 1979). 

Rabbits are important experimental hosts; Table 14 gives some data for the 
incubation periods and death time in this species. Continuous passage of 
WD-MCFV up to 75 times in rabbits, using either spleen or mesenteric lymph 
node inoculated intraperi toneal^, did not materially change the incubation 
period or course of the disease. The mortality rate in infected rabbits is unfor-
tunately 100%. 

The primary site of MCFV replication 

It is not known whether the primary site of MCFV replication is at a mucosal 
surface and includes epithelial cells. The difficulty, even with WD strains, lies 
in the fact that histological, EM and IF studies failed, until recently, to reveal 
convincing evidence of infection by a herpesvirus at any stage of the disease, 
in either rabbits or cattle (see Plowright, 1984). However, by subinoculation of 
tissues of rabbits it was shown that WD-MCFV infectivity was present in 
pooled lymphoid tissues of rabbits at 2 and 4 days after intraperitoneal infec-
tion and in the spleen at 4 days after intravenous inoculation. From 8 days to 
death, spleen and lymph nodes were continuously infective (Edington et al., 
1979; Edington and Patel, 1981). 

Furthermore, some "mononuclear" cells developed specific MCFV fluores-
cence in the spleen, lymph nodes and thymus of rabbits at 4-6 days. Sites 
particularly involved were the splenic red pulp, paracortical areas of lymph 
nodes and cortex and medulla of the thymus. All these locations suggest an 
involvement of Τ lymphocytes, and the first two of these sites are also areas 
where lymphoblastic infiltration and focal lymphocytic necrosis occur early. 
Hence it appears that, in the rabbit, there is rapid establishment of infection 
in the spleen and lymph nodes, but no evidence of epithelial involvement at the 
site(s) of mucosal penetration. 

The "mononuclear" cells which express viral antigens, are medium-sized 
lymphocytes, 11 ± 0.6 μπι in diameter and with little cytoplasm. They contrast 
with the infiltrating lymphoblasts, for long regarded as typical of the lesions, 
which are somewhat larger (10-15 μπι), have more cytoplasm, a large vesicular 
nucleus and often a reticulated nucleolus. It is not yet clear whether the cells 
which contain viral antigen are of Β or Τ lineage. 

When lymphopoietic tissues from reacting rabbits were dispersed and the 
cell suspensions used to prepare smears for IF staining, it was found that only 
1-4 in 106 expressed viral antigen(s). However, after 48-72 h in culture in RPMI 
1640 medium (with 20% fetal calf serum) the number of antigen-positive cells 
increased 50-1000-fold, as did the number of cells which registered as infectious 
centers in culture assays. Small numbers of herpes-like virions appeared simul-
taneously in both nucleus and cytoplasm of 0.1-0.3% of cultured cells (Patel 
and Edington, 1980). Productively infected cells also developed membrane 
antigens demonstrable by IF of living cells (Patel and Edington, 1982a). 

Similar methods were applied to infected bovine lymphopoietic tissues and, 
whilst differentiated medium-size lymphocytes (11-13 μπι diameter) were again 
virus "carriers", important differences were observed; the number of infectious 
centers was initially much higher (x = 1000/106) and increased little on cul-
ture, whilst cells expressing antigens in IF tests rose from ^ 2 to 300-3000/106 

(Patel and Edington, 1981). The apparent anomaly may be explained by the 
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ability of the bovine complement/antibody system to destroy cells expressing 
viral antigens on their plasma membranes, whereas the rabbit complement/ 
antibody system lacks this ability (Patel and Edington, 1982a). The inference 
was that the proportion of cells incorporating viral genomes at the time of 
explantation was similar in both species and probably did not increase in 
culture. There is little evidence for the infection by WD-MCFV of other cell 
types, except perhaps macrophages (see Plowright, 1984). 

Viremia in MCF 

In cattle WD-MCFV produces a viremia detectable from 9 to 17 days after 
inoculation of virulent blood, i.e. on average 7 days (range 3-15) before the 
onset of pyrexia (Plowright, 1964, 1968). Similar delays between the onset of 
viremia and clinical signs have been reported by Rweyemamu et al. (1976) and 
Kalunda et al. (1981a). Once viremia is detected it persists throughout the course 
of the disease; the titer increases during the late incubation period to reach 
levels of ^ 10 2 0TCID 5 0/ml at the onset of fever or even 3-4 days earlier. Peak 
mean viremia titers (10 2 6TCID 5 0/ml) are recorded at about day 3-7 of pyrexia, 
and high levels are usually maintained to death (Fig. 39). In the few animals 
which recover, blood titers decline during convalescence but virus is usually 
detectable for up to 50 days by isolation in cell culture; by inoculating 5 ml of 
blood into cattle persistence of viremia for 3-6 months was demonstrated 
(Plowright, 1964). 

The viremia in cattle and wildebeest is associated entirely with cellular 
fractions of the blood and not the plasma, erythrocytes or platelets. "Mononu-
clear" cells, devoid of neutrophils and eosinophils, have the highest infectivity, 
and hematological monitoring reveals in some animals that increasing viremia 
is associated with a rise in the numbers of medium-sized and large lymphocytes 
and with a terminal decline in small lymphocytes (Plowright, 1953b, 1964; Fig. 
40). It can be assumed that the infectious elements in the blood are derived from 
lymphopoietic tissues such as lymph nodes and thymus, which have titers of 
^ 10 5TCID 5 0/g, or from spleen and bone-marrow, which also often contain 
more infectivity (per gram) than blood. 

No quantitative data on the viremia in SA-MCF are available, but the 
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Fig. 39. The titer of WD-MCFV in the blood of react ing catt le; all t i trat ions were performed in calf 

thyroid monolayers (from Plowright , 1964); l ine indicates mean titer. 
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Fig. 40. Correlation of viremia, c l inical s igns and hemato log ica l changes in an ox infected wi th 
WD-MCFV by intravenous inoculat ion of v irulent blood (from Plowright , 1964); ( + ) viremia, not 
titrated; ( χ — χ ) viremia; ( · — · ) rectal temperature (in °F); I, lymph node enlargement; II, oral 
congest ion and necrosis; III, nasal discharge; IV, peripheral corneal opacity; V, complete corneal 
opacity. 

majority of experimental transmission series in cattle have relied on subino-
culation of large volumes (usually 0.5-1) of freshly collected blood or, in one 
case, of separated "mononuclear" cells (Liggitt et al., 1978). In rabbits mixed 
tissues, including blood, have usually been employed for transmission (Buxton 
and Reid, 1980; Westbury and Denholm, 1982; Reid et al., 1986). 

Immune pathogenesis 

There is increasing evidence that the disease MCF is an immunopathologi-
cal condition. The main arguments for this are: 
— The lesions are not attributable directly (in WD-MCF) to the causal herpes-
virus, as shown by the virtual absence of viral antigens and virions. 
— The rather prolonged incubation period and prepatent viremia may suggest 
a requirement for sensitization to viral or virus-associated antigens. 
— The lesions show some similarity to those of graft-versus-host disease and 
other possibly virus-induced autoimmune and lymphoproliferative conditions 
such as Behcet's syndrome (Liggitt et al., 1978; Liggitt and DeMartini, 1980a, 
b). 
— The invariable temporal and spatial association of lymphocytic infiltration 
with the vascular and epithelial lesions (Liggitt and DeMartini, 1980a, b) fits 
in well with the demonstration by Reid et al. (1983) that SA-MCF infectivity is 
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present in lines of cultured rabbit Τ lymphocytes, which also have natural 
killer cell activity and large dense cytoplasmic granules (Reid et al., 1983,1986; 
Reid and Buxton, 1985). According to these workers the essential defect in 
MCF pathogenesis appears to be immune deregulation attributable to virus 
infection causing dysfunction of natural killer cells and uncontrolled prolifera-
tion of lymphoblastoid elements in many tissues. 

Others have suggested that the lesions of MCF may be due to a type III, or 
Arthus-like, hypersensitivity reaction with deposition of antigen-antibody 
complexes, e.g. in vessel walls (Rweyemamu et al., 1976) or to a combination of 
this with a type IV, delayed T-cell mediated response. With respect to the 
former suggestion, the minor participation of polymorphs, the absence of a 
hypergammaglobulinemia and failure to demonstrate IgG or complement in the 
walls of blood vessels and glomeruli do not lend support (see Plowright, 1984). 
However, Patel and Edington (1982b) found immune complexes in both sites, 
containing IgG, C3 and conglutinin, as also a depletion of circulating levels of 
the two latter. These authors suggested that extensive binding of conglutinin 
masked the complement which had been sought by others; their observations 
and conclusions have yet to be confirmed. 

DISEASE SIGNS 

Götze (1930) described four clinical forms of SA-MCF in Europe, termed 
peracute, "head-and-eye", intestinal and mild; whereas all of these undoubted-
ly occur, the majority of naturally occurring cases probably belongs to the 
"head-and-eye" category. The disease produced by WD-MCFV is overwhel-
mingly of this type, but "mild" cases have been reported by several workers and 
some of the diagnoses are supported by virological data (e.g. Plowright et al., 
1972; Kalunda et al., 1981a). In addition there is a category of "delayed" disease 
which is encountered in experimental animals rendered partially resistant by 
previous exposure to African MCFV; it is characterized not only by incubation 
periods of 2 months and more but particularly by an ulcerative enteritis with 
perforating peritonitis (W. Plowright, unpublished data, 1966-1970; Rweye-
mamu et al., 1976). There is no doubt that the proportion of peracute and 
enteric cases is higher in cattle infected naturally or experimentally with SA 
strains (James et al., 1975; Liggitt et al., 1978; Pierson et al., 1979) and in several 
species of deer (Huck et al., 1961; Reid et al., 1979). Bali cattle (Bos javanicus) 
are especially prone to develop very rapid disease with poorly developed 
clinical signs at death (Daniels et al., 1988). 

In the most easily recognized "head-and-eye" form, the disease is usually 
sudden in onset and manifested by serous or sero-mucoid ocular and nasal 
discharges, severe congestion of the scleral vessels and congestion of the 
conjunctival, nasal and oral mucosae. The rectal temperature is raised and 
palpation often reveals a firm, slightly painful enlargement of the superficial 
lymph nodes; in cattle, chains of hemolymph nodes may also be detected. 
Anorexia is present but usually not complete until late in the clinical course. 
In hyperacute cases, particularly in deer, there may be sudden death, without 
premonitory signs, but severe depression with diarrhea or dysentery of sudden 
onset, accompanied by rapid loss of weight is more common. In these cases 
fever, lymph node enlargement and mucous discharges are less marked, but 
there is sometimes frequent, painful micturition. In mild cases there is 
moderate pyrexia, accompanied by discharges and congestion of the visible 
mucosae, sometimes also enlargement of lymph nodes; all these signs gradually 
regress during the convalescent period. 

The time of onset of the lymph node enlargement is a matter of controversy 
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and of importance in relation to pathogenesis but of limited value in diagnos-
ing the natural disease. In experimental infection by WD-MCFV, Daubney and 
Hudson (1936) and Plowright (1964) noted that enlargement occasionally be-
came palpable 1-4 days before the onset of pyrexia; Pierson et al. (1979) stated 
that this event occurred regularly 5-10 days before pyrexia of ^ 39.4°C. In the 
experimental SA form, Pierson et al. (1974) often noted a delay of 2-3 days after 
onset of fever before superficial lymphodenopathy was noted, but for Selman et 
al. (1978) it was the first detectable clinical abnormality, occurring in 6 out of 
10 calves at 7 days after inoculation, although the "incubation period" was at 
least 20 days. The disparity between these results could be due to the subjective 
nature of assessments of the size of lymph nodes. 

When inocula are injected subcutaneously, the homolateral node frequently 
shows distinct enlargement several days before the onset of fever (Piercy, 
1952a, b; Plowright, 1964). Whatever the time of its appearance, lymph node 
enlargement tends to increase progressively during the clinical course of the 
disease. Even in the WD form it is not invariable, only 82% of 233 animals 
having shown this sign, 57% to a marked extent (Plowright, 1964); it is similar-
ly variable in the SA form. 

The ocular and nasal discharges which appear early in the disease become 
more profuse and mucopurulent as the lesions develop; they leave trails of 
matted hair on the cheeks or hang in viscid strings, sometimes blood-streaked, 
from the nostrils (Fig. 41). Examination of the muzzle often reveals congestion 
at an early stage, followed by exudation of serum, which coagulates and forms 
tightly adherent scabs, to which food and bedding may stick. Similar conges-
tion, together with necrosis, erosion and fibrino-necrotic deposits, are seen in 
and around the nares. Again, these deposits are removed with difficulty and 
may gradually block the openings, leading to noisy dyspnea, extended head and 
even mouth-breathing (Fig. 42). In advanced cases the discharges and expira-
tions are foul-smelling, containing necrotic mucosal fragments. A slight, harsh 

Fig. 41. Head of an experimental case of WD-MCFV on day 11 of the disease; note ocular discharge, 
s l ight diffuse corneal opacity, mucopurulent nasal discharge and dry adherent scabs on the muzzle 
(ox 8522). 
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Fig. 42. Muzzle of an experimental case of WD-MCFV on day 8 of the disease; there are extens ive 
scabs on the muzzle and around the nares, the latter partial ly occluded (ox 8871). 

cough may be heard, presumably due to the necrotic pharyngitis, laryngitis and 
tracheitis which are commonly present. 

The ocular discharges draw attention to the eyes where an opthalmia usu-
ally develops which is characteristic of the disease; it affected 97% of 234 WD 
cases (Plowright, 1964) but may be much less frequently recorded in SA out-
breaks. A corneal opacity begins near the limbus as a thin grey line, usually on 
day 2-5 of the fever (Table 15). It spreads centripetally (Fig. 43) and may 
eventually involve the whole of the cornea, although this is by no means 
constant; an iridocyclitis with exudate in the anterior chamber is frequently 
seen and sometimes anterior or posterior synechiae occur. In a few cases 
staphyloma, glaucoma or corneal vascularization develop late in the disease. 
The eye lesions are accompanied from the beginning by intense photophobia 
and pain on handling the head. 

The early congestion of the visible oral mucosae is accompanied or followed 
by foci of superficial necrosis and erosion (see Table 15), especially seen on the 
gums and buccal papillae. The latter are often intensely congested or hemor-
rhagic with necrosis of the tips, followed by erosion and blunting. No animal 
with the fatal WD form failed to develop this form of stomatitis (Fig. 44). 
Epithelial necrosis and erosions can also be found on the undersurface of the 
free part of the tongue, the hard palate and dental pad. The oral lesions lead 
to excessive, often frothy, salivation, less profuse and "ropy" than that in 

TABLE 15 

The frequency and t ime of appearance of c l inical s igns of WD-MCF in experimental cat t le (from 

Plowright , 1964) 

Clinical s ign No . of 
animals 

Cumulat ive % with les ion on g iven day of disease No . of 
animals 

1 2 3 4 5 6 ^ 7 

Corneal opacity 
Oral necrosis 
and erosion 

234 
116 

4 
58 

25 55 80 90 94 
76 91 97 99 100 

97 
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Fig. 43. Eye les ions in ox 8651, on day 5 of WD-MCFV reaction; ocular discharges adhere to the 
eyel ids and stream down the face; corneal opacity and hypopyon are extensive . 

Fig. 44. Necrot ic deposits on epithel ia around incisors and on lower lip and gum; dried deposits on 
muzzle and erosions on dental pad; day 8 of disease (ox 9158). 

foot-and-mouth disease; there is also pain when the mouth is examined and 
some difficulty with eating, but complete anorexia is not usually recorded until 
near death. 

Diarrhea or dysentery are very infrequent in WD-MCF but may be signs in 
peracute SA-MCF, especially in deer (James et al., 1975; Pierson et al., 1979; 
Reid et al., 1979). Constipation is a common feature of WD-MCF, persisting 
throughout the course of the disease. 
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Skin lesions were frequently recorded in SA-MCF in Europe but were not 
observed by the majority of those working with the WD form; only two cases 
of extensive dermatitis in calves (0.25% of all) were seen by Plowright (1964) in 
many hundreds of experimental cattle. An exudative dermatitis affecting the 
skin between the accessory digits and around the bulbs of the heels was 
reported by Selman et al. (1978) before the onset of pyrexia in experimental 
calves. In naturally occurring SA cases the dermatitis affected the skin of the 
vulva, scrotum, body, teats and lower parts of the limbs (Selman et al., 1974); 
these authors, incidentally, published excellent color photographs of many 
clinical signs. Laminitis or separation of the hooves and loss of the horns have 
been observed in a few animals. 

Nervous signs are not infrequent in both WD- and SA-MCF. They usually 
take the form of extensive muscular tremors, readily seen in muscles behind the 
shoulder and in front of the femur. Incoordination, head pressing, nystagmus, 
twitching of the ears and aggressive behaviour have been reported and tor-
ticollis is occasionally seen. These signs probably occur more frequently in 
natural than in experimental cases. 

The hematological changes in MCF of cattle include a leukopenia, with 
total counts beginning to fall at about the time of or just before the onset of 
pyrexia and sometimes sinking within 4-5 days to 2000-3000 cells/mm3. There 
is a relative lymphocytosis in the majority of animals, which may attain 
95-97%, accompanied by a decrease in the number of small lymphocytes and a 
marked increase in "immature" lymphoblastoid cells. The small lymphocytes 
which persist are often shrunken and pyknotic with very little cytoplasm; the 
large forms resemble those which occur in enormous numbers in many tissues, 
especially the lymph nodes. Rabbits sometimes exhibit massive terminal leu-
kocytosis, with flooding of the circulation by lymphoblastoid cells and up to 5% 
of macrophages, some laden with debris. There are no important changes in 
erythrocyte count, unless severe diarrhea or dysentery intervene (Plowright, 
1953b). 

The urine frequently contains protein and blood as a result of the mucosal 
petechiae and erosions present in the bladder and the extensive tubular and 
glomerular changes which often develop in the kidneys. 

In the cerebrospinal fluid there is a marked pleocytosis due to enlarged 
mononuclear cells, and occasionally some neutrophils; there is also an in-
creased total protein content (Liggitt et al., 1978). 

In addition to the clinically detectable lesions of MCF, autopsy reveals the 
following: 

Alimentary tract. Epithelial necrosis and erosions, sometimes followed by 
ulceration, occur in the pharynx, on the soft palate, esophagus, on the folds of 
the reticulum and the pillars of the rumen. The palatal tonsil is usually 
enlarged and the crypts filled with mucopus. In the abomasum, congestion of 
the fundic folds and hemorrhagic erosions of the pyloric region are common. 
The intestines, particularly the cecum and upper colon, exhibit congestion and 
mucosal petechiae, which turn black along the crests of folds. In the intestinal 
form the contents are blackened or contain fresh blood and an excess of mucus. 
Congestion of the omentum and a slight peritoneal exudate are frequently 

PATHOLOGY 

Gross changes 
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encountered. The liver usually shows a fine regular and greyish mottling or 
small (1-2 mm) rounded foci attributable to cellular infiltration. 

Respiratory tract. Congestion, with necrosis, diptheritic membranes, erosion 
and hemorrhagic areas are present on the turbinates and septum in the great 
majority of cases of the head-and-eye form. Pseudomembranes also form on the 
vocal cords of about 80-90% of such cases. A similar change with hemorrhages 
is not infrequent in the trachea. Congestion and edema of the lungs and a 
patchy bronchopneumonia, with slight pleural exudate, are present in about 
40% of animals which die. 

Urogenital tract. In natural cases especially, the kidneys are swollen with 
irregular cortical mottling and wedge-shaped infarct-like areas of dense, cell-
ular infiltration or necrosis. The mucosa of the urinary bladder is usually 
congested with areas of hemorrhage and erosion. A vaginitis with congestion, 
necrosis and erosion of the mucosa and slight mucopurulent exudate is also 
seen. 

Lymphopoietic system. About 80% of all cases probably show generalized 
lymph node enlargement, which is particularly marked in the head and neck 
region and in visceral nodes such as the bronchials or renais. The glands are 
firm, fleshy, sometimes surrounded by a gelatinous edema; in cattle they usu-
ally show little congestion or hemorrhage, except sometimes in the medulla 
and in the nodes of the pharyngeal region. On incision, an excess of lymph 
escapes, sometimes forming a soft fibrinous clot. The spleen is slightly to 
moderately enlarged, the Malpighian corpuscles frequently prominent and up 
to 2-3 mm in diameter; the same applies to hemolymph nodes. 

Miscellaneous. The adrenal glands often show a greyish infiltration, with 
hemorrhage, in the capsular and cortical areas. Occasionally the organ is 
visibly enlarged and friable. An extensive synovitis has also been reported in 
some cases (Liggitt et al., 1980). 

Histopathology 

There are three essential components in the genesis of the very widespread 
and severe lesions which characterize MCF of whatever origin in any indicator 
host (Plowright, 1953a). These are: 

(i) a destruction of smaller lymphocytes, especially in the lymphopoietic 
tissues; 
(ii) a proliferation and infiltration in many organs of larger lymphoblastoid 

cells, primarily in perivascular locations; and 
(iii) an angiitis, affecting all components of the walls of arteries and veins. 
There is no histological or cytological evidence that any of these processes is 
due directly to a herpesvirus in either form of the disease. 

Lymphocyte destruction is particularly marked in germinal follicles of the 
cortex of lymph and hemolymph nodes (Fig. 45). It is manifested particularly by 
karyorrhexis and by macrophages ingesting cell debris; in some cases large 
areas of the outer cortex show a diffuse necrosis. The destruction in these areas 
contrasts with a dense, diffuse proliferation of lymphocytic and lymphoblastoid 
cells in the interfollicular and paracortical areas (Fig. 46). In the medulla of 
nodes the cell cords are thickened and the sinuses engorged with increased 
numbers of enlarged reticulum and lymphoid elements as well as numerous 
macrophages. 

The angiitis is segmental and irregular in distribution, most readily seen in 
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Fig. 45 (left). Diffuse necros is of a lymphoid fol l ic le in a bovine hemolymph node (ox 7129); Η & Ε 

( χ 120). 

Fig. 46 (right). Deplet ion of small lymphocytes in subcortical areas wi th numerous macrophages 

appearing as partial ly c leared holes; dense lymphoblastoid infiltration central ly (rabbit 91); Η & 

Ε ( χ 120). 

medium-sized arteries (Figs. 47, 48) invariably accompanied by perivascular 
and intramural infiltration of mononuclear cells — lymphocytes, lymphoblasts 
and macrophages — but with few polymorphs. There is frequently a striking 
degeneration, often fibrinoid in character, of infiltrated connective tissue and 
smooth muscle elements of vessel walls (Fig. 49). The endothelial cells are 
enlarged and/or hyperplastic, forced up into irregular projections by an under-
lying infiltration of lymphoid elements or cells orientated radially into the 
lumen; occasionally lymphoid cells accumulate in the lumen (Fig. 50). The 
increased cellularity of the intimai layer is, according to Denholm and West-
bury (1979) and Liggitt and DeMartini (1980a), due to lymphocytes rather than 
endothelial elements, a statement confirmed through EM by the latter authors. 
Previous reports emphasizing endothelial hyperplasia (e.g. Selman et al., 1974, 
Plowright, 1981) are probably misleading. In spite of these changes in the 
intima, thrombosis is a relatively rare event, though it does occur and may lead 
to infarction. 

Changes similar to those seen in the walls of blood vessels also occur in 
connective tissues of the capsule and trabeculae of lymph nodes and spleen; 
they may even extend into the perinodal connective and adipose tissues. In 
hollow viscera, such as the intestines, similar perivascular infiltration and 
degeneration occur in smooth muscle layers. 

Vascular lesions appear to have predilection sites, namely the kidney (the 

Fig. 47 (left). A n arcuate artery in the kidney of an ox (7129) with severe changes in all layers of 

the wall; H & Ε ( χ 120). 

Fig. 48 (right). An arcuate artery in the kidney of an ox (7129); int imai les ions, inc luding radial 

or ientat ion of infiltrating ce l l s and disruption of endothel ium; H & Ε ( χ 500). 
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Fig. 49 (left). Diffuse fibrinoid change in the tunica media of a medium-sized artery in the adrenal 
capsule (ox N41, SA-MCFV); infiltration and irregular th icken ing of intima; H & Ε ( χ 500). 

Fig. 50 (right). A small artery in the submucosa of the cecum of a calf (7006); irregular protrusions 

into lumen formed by lymphoid and endothel ia l cells; Η & Ε ( χ 500). 

arcuate vessels particularly), brain and meninges, the portal triads, lung, 
capsule of lymph nodes and adrenal gland and the carotid rete (Liggitt et al., 
1978; Liggitt and DeMartini, 1980a). 

The processes (ii) and (iii) occur in the lamina propria and submucosa of 
many body surfaces, where they are associated with the degeneration and 
necrosis of surface epithelia (Figs. 51, 52) and subjacent glands. In parenchyma-

Fig. 51 (left). Tip of the tongue of a calf (7136) wi th subepithel ial edema and cel lular infiltration; 
acantholyt ic foci wi th degenerat ing and lymphoid cel ls in the epithelium; H & Ε ( χ 125). 

Fig. 52 (right). Enlargement of Fig. 51, showing mononuclear cel ls invading the lamina propria, 

basement membrane and epithel ium; a few polymorphs are present towards the surface. 

Fig. 53 (left). Liver of a calf (7006) wi th heavy infiltration by lymphoid cel ls , v irtual ly virtually 
obliterating the wal ls of a verin; Η & Ε ( χ 100). 

Fig. 54 (right). Liver of an ox (7204) with lymphoblastoid infiltration of the portal tract accom-
panied by compression and degenerat ion of adjacent l iver parenchymal cel ls ( χ 500). 
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tous organs, such as the liver and kidneys, they are accompanied by similar 
changes in adjacent specialized structures, e.g. kidney tubules and, to a lesser 
extent, hepatic cell cords (Figs. 53, 54). 

IMMUNE REACTION 

The few cattle that survive an infection with virulent WD-MCFV are resis-
tant to parenteral challenge for several years, if not for life; there are apparent-
ly no immunological differences between isolates. In a few cases, animals 
apparently protected by attenuated live virus (Reid and Rowe, 1973) succumbed 
to a modified form of the disease after a prolonged interval (Rweyemamu et al., 
1976). There is only one record of susceptible rabbits having survived an 
infection with cell-associated MCFV. 

Studies of neutralizing antibodies were first made possible by the develop-
ment of cell-free strain of WD-MCFV, propagated in calf thyroid monolayers 
(Plowright et al., 1965; Plowright, 1967); the technique was subsequently adap-
ted to microtiter trays and embryonic calf kidney cells (Mushi and Plowright, 
1979). Cattle which recover from infection develop neutralizing antibodies in 
their serum, the titer of which is usually low ( ̂  20) unless the animals are 
challenged parenterally, in which case there is frequently a considerable boost 
(Reid and Rowe, 1973). Neutralizing antibody appears towards the end of the 
incubation period in the majority of rabbits infected intraperitoneally with 
virulent spleen suspensions (Rossiter et al., 1977). Experimental cattle usually 
do not develop this antibody before convalescence from the experimental 
disease (Plowright, 1968; Rossiter et al., 1977). Nevertheless, it was detected in 
some reacting American cattle (Kalunda et al., 1981a) and in 6 of 13 naturally 
occurring fatal cases (Rossiter et al., 1980). It is evident that the development 
of VN antibodies does not avert the fatal outcome of the disease. 

Tests for neutralizing antibody have been employed to study the host range 
of WD-MCFV and related viruses in wild and captive ungulates, including 
particularly members of the subfamilies Alcelaphinae, Hippotraginae and Ca-
prinae (Ramsey et al., 1982; Hamblin and Hedger, 1984; Heuschele et al., 1984; 
Plowright, 1984,1986). Passively acquired (colostral) antibody does not protect 
the young against natural infection. 

Indirect IF tests are more sensitive than VN for detecting antibodies to 
WD-MCFV. Using productively infected calf kidney or thyroid cells as antigen, 
antibodies are demonstrable by IF in cattle or rabbits 5-7 days before the onset 
of pyrexia and increase continuously until death. However, there are low-level 
reactions between antisera to the bovine viruses IBRV (BHV-1) and BHV-3 
(Movar type) and MCFV antigens, but the titers are 16-32 times lower than 
against the homologous antigens. Serological relatedness of BHV-3 and WD-
MCFV has been confirmed by Rossiter et al. (1988), who also demonstrated an 
immunological cross-reaction between these viruses (see also Rossiter, 1985). 

If cultured cells are treated with cytosine arabinoside (Ara-C) no infectious 
virus is produced but two "early" antigens develop, one of which is diffuse and 
found throughout the cell (DEA), the other being particulate and intranuclear 
(PEA). Antibody to DEA is found only in hyperimmunized animals, whereas 
activity against PEA appears later and to lower titer than that to "late" 
antigens in cattle, whilst in wildebeest it was transitory in calves (Rossiter et 
al., 1978, 1983). 

By indirect IF test, Rossiter et al. (1980) found higher levels of antibodies in 
the sera of natural bovine cases in Kenya than in any other group of normal 
cattle and suggested that this test could have diagnostic value. It was later 
reported that the IIP technique, with infected calf kidney cells as antigen 
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substrate, detected antibody in all of 23 naturally infected or experimental 
bovine cases, titers being 8-fold higher than the corresponding indirect IF 
figures (Rossiter, 1981a). 

Sheep sera from Australia, Great Britain, Austria and Kenya possessed 
indirect IF (late antigen) activity in 162/167 cases. It was present even in some 
gnotobiotic and colostrum-deprived lambs, which suggests widespread perina-
tal or in utero infection; antibody to the PEA component was also demon-
strated. Blocking and adsorption experiments, as well as the similarity in 
distribution of the antibody in sheep and wildebeest sera, suggested that it was 
induced by a virus related to that of WD-MCFV (Rossiter, 1981b). 

The class-specific antibody responses to infection in rabbits were inves-
tigated by Rossiter (1982a) using IIP tests; both IgG and IgM appeared 2-6 days 
before pyrexia, the former increasing at least four times more quickly as the 
disease progressed. Complement-fixing antibodies developed in the late incuba-
tion period both in cattle and rabbits; their demonstration may require a 
normal calf serum (Clq) supplement (Hamdy et al., 1980; Rossiter and Jessett, 
1980). 

Little is known about CMI in MCF, although the failure of neutralizing 
antibodies to protect suggests that it is the most important part of the immune 
response. The response of whole-blood leukocytes of reacting rabbits to non-
specific B- or T-cell mitogens was depressed but washed lymphocytes reacted as 
expected, also to viral antigens (Wilks and Rossiter, 1978). 

Delayed hypersensitivity to MCFV antigens injected intradermally has been 
reported and also lymphocyte-mediated cytolysis of MCFV-infected cells (see 
Rossiter, 1985). 

LABORATORY DIAGNOSIS 

The initial diagnosis of MCF rests on clinicopathological data which have 
been described; the histopathology is fortunately unique and pathognomonic 
(see, for example, Jubb and Kennedy, 1976), as virological confirmation is still 
impossible for the SA form. 

Virological diagnosis of WD-MCF is now well-established and based on the 
recovery of virus from sick or moribund, killed animals, and on the demonstra-
tion of specific antibodies in the serum — especially if collected late in the 
disease course or during convalescence in the very few survivors. 

In live animals blood taken at any time during the clinical course of the 
disease should contain virus; the titer is usually in excess of 10 2 0TCID 5 0/ml at 
collection. When animals are killed, or dead for periods not exceeding 1-2 h, the 
solid tissues of choice for virus isolation are lymph nodes (such as prescapular, 
which may have titers > 10 5TCID 5 0/g) thymus or spleen. For blood, an anti-
coagulant devoid of preservatives should be employed; a solution of EDTA 
gives better preservation than heparin or sodium citrate. One-third of the final 
volume of 1.5% (w/v) EDTA in 0.7% NaCl, with antibiotics, should be used and 
the mixture placed immediately on ice (4°C). The buffy coat should be separated 
by centrifugation as soon as possible and resuspended in the maintenance 
medium used for roller tube cultures of bovine thyroid or testis cells. 

Solid lymphoid tissues should be collected aseptically, finely chopped with 
scalpels, and reduced to a well-dispersed suspension in culture maintenance 
medium, using a glass tissue grinder. Samples kept for more than 3 days at 4°C 
are unlikely to yield virus. The thyroid cells should be dense primary or 
secondary monolayers; testis cells should be of a strain which had been pass-
aged approximately 5-20 times in vitro. 

In the USA a strain of fetal kidney cells from a Barbary sheep (aoudad) was 
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reported to be sensitive for virus isolation (Heuschele and Fletcher, 1984). 
Whether buffy-coat cells or solid tissues are used for virus isolation, it is 

advisable to use a series of dilutions of the material, as heavy concentrations 
may be inhibitory to virus replication (Plowright, 1986). Some workers have 
advocated the fusion by polyethylene glycol of suspect cell suspensions and 
permissive cell cultures as a means of facilitating virus isolation (Castro et al., 
1984). 

A CPE, consisting of syncytial (multinucleate cell) foci, is detectable micro-
scopically after as little as 3 days at 37°C with large inocula, but may be delayed 
for up to 3 weeks when infectivity is minimal. In thyroid cultures the syncytia 
detach, leaving a narrow border, and the number of foci does not increase on 
prolonged incubation. In testis cell monolayers the retracting syncytia have 
long, refractile processes and secondary foci appear; detection of virus is, 
therefore, facilitated. The identity of any viral agent isolated is confirmed by 
specific IF tests using acute-phase, immune or "hyperimmune" sera prepared 
in rabbits or cattle. Neutralization is not possible until cell-free virus is avail-
able; this is the case earlier when calf testis monolayers are used for propaga-
tion, or a lower temperature of inoculation, 32°C (see p. 126). 

Where cell cultures are not available, rabbit inoculation can be employed, 
the intraperitoneal and intracerebral routes being most frequently successful. 
Large volumes can be injected into the abdominal cavity, e.g. 2-5 ml of a 10% 
w/v suspension of lymph node. A record of rectal temperature should be main-
tained until the animal dies or for up to 2 months in any case. The clinical signs 
in rabbits, which should be examined daily, include ocular and nasal dischar-
ges, enlargement of superficial lymph nodes and death within 3-5 days. Calf 
inoculation is occasionally carried out using blood intravenously or lymphoid 
tissue suspensions subcutaneously. Intraglandular inoculations, as sometimes 
practiced, are unnecessary. 

When rabbits or cattle show typical reactions blood can be taken for virus 
isolation in cell culture, or an animal can be killed to harvest tissues for 
passage or storage with cryoprotectants at - 70°C or below. After fixation, it 
is necessary to confirm the presence of a characteristic histopathology. 

Serum obtained during the acute, usually fatal, course of the clinical disease 
contains specific antibodies in a proportion of cases, IIP tests being the most 
sensitive (Rossiter, 1981a). The earliest to appear is antibody reacting in IIP or 
IF tests, but care must be taken to exclude low dilution reactions with other 
herpesviruses. Virus-neutralizing antibody is present in a proportion of cattle 
which die of the disease; similarly, complement-fixing antibodies have been 
demonstrated in many reacting cattle (Rossiter and Jessett, 1980). 

There are no diagnostic tests at present which depend on the demonstration 
by serological means of viral antigens in infected tissues. It is possible that 
DNA probes will soon become available for the detection of viral genomes in 
tissues infected by either WD- or SA-MCFV (Bridgen et al., 1986). It is now also 
possible to isolate lines of large granular lymphocytes with NK (natural killer 
cell) activity from tissues of cattle and deer with SA-MCF, especially lymphoid 
tissues, cornea and cerebrospinal fluid. Unfortunately no antigens of MCFV 
were detectable in them and they were irregularly infectious for deer and 
rabbits only (Reid et al., 1989). 

PROPHYLAXIS AND CONTROL 

Nearly all attempts to immunize cattle against WD-MCF, using virus which 
may have been attenuated, have essentially failed. A claim by Hamdy et al. 
(1978) to have isolated a virus from a fatal case of SA-MCF in Minnesota and 
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to have immunized cattle with it after a few culture passages awaits confirma-
tion. After serial passaging for up to 75 times in rabbits, or in bovine thyroid 
and kidney-cell cultures for up to 59 times, the virus either failed to infect and 
immunize or, occasionally, caused only delayed but still fatal reactions (Plow-
right, 1968). Reid and Rowe (1973) investigated a hartebeest isolate which after 
30 monolayer passages did not cause reactions in six inoculated cattle; two out 
of three of them were later immune to homologous virulent virus, but the other 
three were susceptible to a wildebeest isolate. One of the two survivors, how-
ever, when challenged with wildebeest virus, appeared at first to be resistant 
but later succumbed to delayed disease (Rweyemamu et al., 1976). 

A number of attempts have been made to protect cattle and rabbits against 
challenge with virulent WD-MCFV, using inactivated virus preparations (see 
Plowright, 1968). The antigens employed in cattle were culture-propagated 
"attenuated" or virulent virus, formalin-inactivated and combined with an 
oil/water adjuvant; although very high levels of neutralizing antibody de-
veloped, there was no resistance to parenteral challenge by cell-free or cell-
associated virus (Plowright et al., 1975). In rabbits, similar inactivated anti-
gens have provided protection against cell-free virus given intravenously, but 
not against virulent spleen-cell suspensions (Edington and Plowright, 1980; 
Russell, 1980). Rossiter (1982b) found that several inoculations of fixed or living 
cultured cells (RK13) expressing viral antigens on their membranes and com-
bined with "reversed" Freund's adjuvant (double emulsion), immunized rabbits 
against challenge at 47 weeks with virulent cell suspensions. At 90 weeks 
protection was no longer demonstrable. Attempts to protect cattle and rabbits 
against parenteral challenge using cell-associated virus by vaccination with 
fixed virulent tissue suspensions, or even living "attenuated" cells, have con-
sistently failed, in spite of the development of high-titer antibodies and delayed 
cutaneous hypersensitivity (Plowright, 1968; Rossiter, 1982b, 1985). 

To conclude, inactivated or live viral preparations with suitable adjuvants 
do induce antibodies to MCFV, including those neutralizing the virus. How-
ever, whilst protection against parenteral challenge with cell-free virus is 
sometimes demonstrable in rabbits, there is little evidence for protection 
against cell suspensions infected with virulent virus. Claims to have isolated 
viruses safely attenuated for cattle, which confer a regular immunity to nat-
ural or experimental challenge, have yet to be substantiated. Similarly the 
resistance of cattle (2/3) given multiple inoculations of BHV-3 (bovine 
cytomegalovirus) needs to be confirmed (Rossiter et al., 1988). 

In the absence of vaccines, the use of which could seldom be justified by the 
losses incurred, the prevention of MCF rests simply and reliably on the preven-
tion of close contacts between susceptible and "reservoir" hosts. In the major-
ity of cases outside Africa, this means the avoidance of housing or herding 
together of sheep and cattle or deer; in a small minority there may be a 
possibility of indirect contagion over short distances (Reid et al., 1979) or of 
reservoir hosts other than sheep. 

In Africa, the seasonal problem of contact on extensive grazings — between 
migratory wildebeest herds and the cattle of semi-nomadic pastoralists or 
ranchers — is much more difficult to combat. The costs of effective fencing to 
separate the species are very high, and objections to the solution of eliminating 
the wildebeest are increasingly voiced by conservationists. 

Less frequently, severe and important losses due to MCF occur in zoological 
collections, where again the only practical solution is to separate the reservoir 
host, usually wildebeest, from the many susceptible species (Heuschele, 1982; 
Heuschele et al., 1984). 
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Chapter 15 

Other Herpesviruses 

S.B. M O H A N T Y and B. HYLLSETH 

INTRODUCTION 

Of the other herpesviruses isolated from domesticated ruminants, the Movar 
type of isolates (BHV-3) has been associated with a variety of disease syn-
dromes in cattle. A herpesvirus of sheep, caprine herpesvirus 1 (CHV-1), has 
been associated with ovine pulmonary adenomatosis, but its role in this or any 
other disease is unclear. A herpesvirus of goats, caprine herpesvirus 2 (CHV-2), 
is known to cause either a generalized and enteric infection in kids or a genital 
infection in adult goats. 

THE MOVAR TYPE OF BOVINE HERPESVIRUSES (BHV-3) 

Bartha et al. (1967) isolated a new serotype of bovine herpesvirus (strain 
Movar 33/63) that was nonpathogenic to calves. Subsequently, agents similar 
to this virus were isolated in the USA, Africa and the FRG (Mohanty, 1978). 
Although their pathogenic role is either minor or insignificant, they are often 
isolated from a variety of clinical samples. Strain DN-599 was isolated from 
cattle with respiratory infection (Mohanty et al., 1971), as were strains FTC-1 
and FTC-2 (Smith et al., 1972). Other strains include isolates from lym-
phosarcomatous tissues, bovine metritis (strain DDV-71, Parks and Kendrick, 
1973), lactating dairy cows with mammary pustular dermatitis (strains 3374, 
4112, and 7952, Reed et al., 1979), and bovine abortion (strain 9583, Reed et al., 
1979). It now appears that these strains, along with virus isolates from Africa 
and the FRG, have characteristics similar to those of strain Movar 33/63; all are 
antigenically related, all have an identical restriction pattern, and should be 
classified as BHV-4 (Gibbs and Rweyemamu, 1977; Mohanty, 1978; Ludwig, 
1983). The ICTV proposed the name BHV-3 (see Roizman, 1982). 

Virus properties 
Assigned originally to the subfamily Alphaherpesvirinae, it now appears 

that this virus may have characteristics of cytomegaloviruses and therefore be 
a member of the subfamily Betaherpesvirinae (Ludwig, 1983). The virus is heat 
and acid labile, sensitive to lipid solvents, and is destroyed by detergents and 
common disinfectants. It replicates with CPE in cell cultures of bovine, ovine, 
and caprine origin and in rabbit kidney cells. Numerous type A intranuclear 
inclusions are produced, but syncytia are rarely seen (Mohanty, 1978). 
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Epizootiology 
Cattle of all ages, sexes, and breeds are susceptible. It is probably worldwide 

in distribution and cattle are the principal reservoir. The morbidity rate may 
approach 20-30%, but mortality is usually very low. In a serologic survey of 
Oklahoma cattle for respiratory infection, BHV-3 was involved in 2% of the 
population (Potgieter and Aldridge, 1977). Its economic importance is un-
known. Transmission is usually by direct contact. The virus has been associated 
with the bovine respiratory disease (BRD) complex; aerosol infection can 
occur, and in crowded conditions with limited ventilation it could spread 
rapidly. Although it has been isolated from enzootics of mammary pustular 
dermatitis in lactating cows, it is not known if transmission occurs during 
milking via contaminated hands or milking machines. The virus is non-
pathogenic to man. 

Pathogenesis 
The principal route of entry of the virus is the respiratory tract which is 

mainly involved in the disease process, and the nasal discharge of infected 
cattle is the usual source. BHV 3 has been associated with bovine abortion and 
has been isolated from bovine metritis. Thus, a genital tract infection and 
vertical transmission are possible. The virus may be shed for up to 17 days in 
nasal secretions (Mohanty, 1978), and it causes a latent infection as demon-
strated by its isolation from trigeminal ganglia of abattior cattle (Homan and 
Easterday, 1981). It can also establish a persistent infection in lymphoid tiss-
ues, and during a prolonged viremia it is associated with the mononuclear cell 
fraction (Osorio and Reed, 1983). 

Disease signs 
The incubation period in experimental infections (with strain DN-599) is 5-7 

days (Mohanty, 1978). The disease may be inapparent, mild or acute. Although 
BHV-3 induced mild clinical signs of tracheitis in young calves (Smith et al., 
1972), the respiratory illness caused by the virus in association with Pasteurella 
multocida may be quite severe (Mohanty, 1978). The acute disease is charac-
terized by fever (39.5-41.5°C), dyspnea, cough, hyperpnea, and a copious nasal 
discharge. Some animals may develop conjunctivitis. The hemogram is essenti-
ally unaltered. 

The role of BHV-3 in bovine mammary pustular dermatitis, abortion, and 
metritis is not clear. Experimental inoculation of bovine fetuses in the third 
month of gestation had no adverse effect (Kendrick et al., 1976). In experiment-
al respiratory infection, the lesions were confined to the respiratory tract 
(Mohanty et al., 1971; Mohanty, 1978). There are areas of consolidation, atelec-
tasis, and emphysema in the lungs. Histologically, proliferative bronchiolitis 
and in most severe cases, peribronchial aggregates of lymphocytes are seen. 
The causal role of BHV-3 in the BRD complex has not been fully elucidated. 

Immune reaction 
BHV-3 is a poor immunogen and it has been almost impossible to prepare VN 

antibodies against it (Mohanty et al., 1971). Although little or no serum antibo-
dies are detected in naturally or experimentally infected cattle, the animals 
remain solidly immune to challenge. Cell-mediated immunity probably plays an 
important role in this infection. Neutralization of the virus with homologous 
antiserum is extremely slow, and incubation of the serum-virus mixture for 
12-24 h at 4°C is recommended for conducting VN tests (Mohanty, 1978). 
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Laboratory diagnosis 
The diagnosis of BHV-3 infection is difficult because the virus induces a poor 

serologic response, if any, and respiratory syndromes induced by most respirat-
ory viruses along with the gross and histopathologic lesions are similar. The 
VN test generally cannot be used for determining seroconversion. However, 
indirect IF (Sass et al., 1974), immunoferritin, and immune EM techniques are 
quite sensitive for detecting viral antibodies (Mohanty, 1978). Sera that are 
negative by the VN test are found positive in these tests. The indirect IF test 
can be routinely used for detection of antibodies and identification of the virus. 
Isolation of virus from clinical cases, along with seroconversion using the 
indirect IF test are probably the only means of diagnosing the disease in the 
laboratory. On cryostat sections of infected tissues the direct IF test may be 
helpful. 

Prophylaxis and control 
There is no vaccine available. 

HERPESVIRUS OF SHEEP (CHV-1) 

A herpes-like virus has been associated with pulmonary adenomatosis 
(chronic progressive pneumonia, jaagsiekte) of sheep in Europe, South Africa, 
Iceland, Israel, and the USA. The disease has a long incubation period of 6-9 
months, and the infection is characterized by a chronic progressive pneumonia 
with the development of adenomatous ingrowths of the alveolar walls (Buxton 
and Fraser, 1977). EM studies revealed a herpes-like virus in macrophages 
cultured from lungs of infected sheep (Mackay, 1969a, b). The role of this agent 
in pulmonary adenomatosis was not clear and the jaagsiekte agent has now 
indeed been found to be a retrovirus. [Martin et al. (1976) proposed that in 
pulmonary adenomatosis the oncogenic transformation might result from a 
synergetic effect of the herpesvirus (which alone is not pathogenetic) with a 
retrovirus (see also chapter 14 on jaagsiekte)]. There is no vaccine, and eradica-
tion by slaughter of sheep with pulmonary adenomatosis is recommended. 

HERPESVIRUS OF GOATS (CHV-2) 

Herpesviruses have been isolated from kids with severe generalized infec-
tions (Saito et al., 1974; Mettler et al., 1979), from genital lesions in goats 
(Horner et al., 1982; Rosadio et al., 1984; Hyllseth et al., 1985; Grewal and Wells, 
1986), as well as from clinical conditions such as acute and chronic pneumonia, 
wart-like lesions of the eyelid and proliferative lesions around mouth and hard 
palate (Rosadio et al., 1984) and dermal lesions (Waldvogel et al., 1981). Experi-
mental infections have caused abortions (Saito et al., 1974; Berrios et al., 1975b; 
Waldvogel et al., 1981), but there is little evidence in the literature that natural 
infections cause abortion. Serologic evidence indicates that herpesvirus infec-
tions occur worldwide (Taylor et al., 1977; Fulton et al., 1982; Plebani et al., 
1983; Elazhary et al., 1984; Horner and Tisdall, 1985; Hyllseth et al., 1985; Kao 
et al., 1985). 

Restriction enzyme mapping studies support the previous findings that clea-
vage patterns of goat herpesvirus DNA do not correspond to those of any other 
herpesvirus. Whetstone and Evermann (1988) examined virus isolates from 
sheep and goats and found differences both between and within species. Engels 
et al. (1987) showed that although CHV-2 had a restriction profile different from 
BHV-1, their DNAs shared a high degree of base sequence homology. Brake and 
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Studdert (1985) found that isolates from goat, buffalo, bovine encephalitis and 
BHV-1 had distinct DNA profiles. E. Rimstad and B. Hyllseth (unpublished 
data, 1989) compared isolates from goat, reindeer and cattle and found that 
their DNA profiles were different. 

Studies carried out on antigenic relationships between herpesviruses from 
goat and other animals support and enlarge previous findings. Nixon et al. 
(1988) found that both goat and red deer viruses appeared to be more closely 
related to BHV-1 than they were to each other. Whetstone and Evermann 
(1988) showed that goat and sheep viruses were antigenically related; both 
were related to BHV-1. Sanvittore (1986) showed that there is a distinct anti-
genic relationship between CHV-2 and BHV-1, and Rimstad and Hyllseth found 
that BHV-1, goat and reindeer viruses were all antigenically related (unpub-
lished data, 1989). Using monoclonal antibodies, Friedly and Metzler (1986) 
established that BHV-1 and CHV-2 both share and have unique antigenic 
determinants. 

An extensive survey in Greece showed that more than 50% of examined 
goats had antibodies (Koptopoulos et al., 1988). The bucks were found to have 
a higher rate of infections than the female goats. The kids possessing maternal 
antibodies became seronegative at the age of about 4 months and "new" 
antibodies appeared at the age of about 7-8 months. Observations in two closed 
goat herds showed that the virus does not spread during the mating and 
lactation periods. Infections in seronegative animals occurred after the sum-
mer when breeding took place. 

A small number of British goat sera (40) were all negative in ELISA (Nixon 
et al., 1988). 

In Australia, genital tracts of 76 mature feral bucks were examined at an 
abattoir (Tarigan et al., 1987). Two bucks had hyperemia of the penis and acute 
ulcerative lesions on the prepuce. The latter consisted of numerous small 
(1-5 mm) discrete punctate areas of epithelial desquamation on the preputial 
mucosa together with associated petechial and ecchymotic hemorrhage; 
caprine herpesvirus was isolated from the lesions. 

In New Zealand it is reported that the virus may cause sporadic abortion 
(Horner, 1987). A serosurvey in 1985 showed that 6.3% of tested goats and 27% 
of the tested flocks were positive. As the genital caprine herpesvirus lesions 
heal quickly and the virus does not cause infertility, it could be argued that the 
disease is not important. However, occurrence of the disease can delay mating 
and lengthen the reproductive cycle. In addition, if more virulent strains 
emerge, abortion outbreaks and kid deaths could cause substantial financial 
losses for individual farmers. 

In Djibouti, Africa, a serosurvey of several virus infections showed i.a. that 
34% of 439 examined goats had antibodies to BHV-1 (Bohrman et al., 1988). 

In Switzerland the question whether goats could be a source of herpesvirus 
infection in cattle was examined experimentally using both animal species and 
their respective viruses CHV-2 and BHV-1 (Ackermann et al., 1986). Although 
goats were susceptible to BHV-1, this species is of no importance in the trans-
mission of BHV-1 infection to cattle in Switzerland. Antibodies to BHV-1 were 
detected in 13% of 1700 goat sera; it was shown by homologous and heterolo-
gous serologic tests that goats had been infected with the antigenically related 
CHV-2 (Hasler and Engels, 1986). There was thus no evidence for a BHV-1 
infection in goats. 

The generalized and enteric form of the infection affects 1-2-week-old kids 
and is characterized by fever, inappetance, abdominal pain, nasal and ocular 
discharges, diarrhea and depression. Gross lesions consist of necrosis and 
ulceration of mucous membranes in the digestive tract, particularly in the 
cecum and the ascending colon, and sometimes in the bladder and in the skin. 
Virus has been isolated from bone marrow, spleen, lung and liver organs; in 
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experimental infections virus has been isolated from nasal, oral, conjunctival, 
rectal and vaginal samples as well as from skin lesions (Saito et al., 1974; 
Berrios et al., 1975b; Mettler et al., 1979, Waldvogel et al., 1981; Plebani et al., 
1983). Experimentally infected goats remained normal in appearance and beha-
vior, but some of them had fever and three does aborted 20-46 days p.i. 
Experimental infection of kids was quite severe as described above (Berrios et 
al., 1975b). Histological examination of experimentally infected animals show-
ed necrosis, tissue infiltrations with macrophages, monocytes, neutrophils and 
lymphocytes. Intranuclear inclusions could be seen in cells lining areas of 
necrosis (Waldvogel et al., 1981). The principal route of infection is probably 
via respiratory tract. The "enteric" goat herpesvirus was not pathogenic for 
lambs or calves (Berrios et al., 1975b). 

The genital form of the infection is characterized by fever, varying degrees 
of vulval edema and erythema with shallow erosions in the vulval and posterior 
vaginal mucosa. Yellowish necrotic material attached to lesions and clear 
yellowish vaginal discharges have been described (Horner and Tisdall, 1985). 
Balanoposthitis with lesions similar to those found in vulvovaginitis are found 
in the buck. Virus has been isolated both from genitalia and from leukocytes. 
In experimental topical infection of genitalia of goats, lesions were observed 
from day 4 p.i. and lasted for 1-2 weeks; mild fevers were recorded on days 4-6 
p.i.. Neutralizing antibodies were first detected on days 5-7 p.i. and highest 
titers (128-512) were recorded 2-3 weeks p.i. Virus was reisolated during the 
first \\ weeks. Histological examination of preputial mucosa 5 weeks p.i. show-
ed marked infiltrations with mononuclear cells, including plasma cells, but no 
inclusions. Lambs that were experimentally infected showed milder clinical 
signs without fever. Antibody responses appeared at the same time as in goats, 
but the titers were 2-4-fold lower. Inoculation of calves gave no clinical signs 
and no immune response (B. Hyllseth et al., unpublished data, 1985). The 
principal mode of transmission appears to be venereal (Horner et al., 1982, 
Hyllseth et al., 1985). 

Virus replicates with a CPE in cells of bovine, caprine, ovine, equine, canine 
and feline origin (Saito et al., 1974; Berrios and McKercher, 1975). For virus 
isolation bovine embryonic lung cells have been used by several workers 
(Mettler et al., 1979; Horner et al., 1982); bovine turbinate cells (Rosadio et al., 
1984) and caprine chorioid plexus cells are also suitable. In the neutralization 
test several of the above mentioned cells have been used. The monkey kidney 
cell line MA104 is less permissive than some other cells tested (Engels et al., 
1983), but this line is useful for the neutralization test (B. Hyllseth et al., 
unpublished data, 1985). 

A diagnosis can be made by virus isolation and serological identification, 
seroconversion, and by demonstration of herpesvirus/viral antigen in infected 
tissue or cell cultures immunohistochemically and by EM (Waldvogel et al., 
1981; Ludwig, 1983, 1984; Plebani et al., 1983). 

There is a very close antigenic relationship between enteric and genital goat 
herpesviruses and they have a "one-way" serologic relationship with BHV-1, 
i.e they are neutralized by antisera to BHV-1 (Engels et al., 1983). The goat 
strains are, however, serologically unrelated to human, canine, feline and 
other bovine herpesviruses as well as to Pseudorabies virus and herpes B-virus 
(Saito et al., 1974; Berrios et al., 1975; Horner et al., 1982; Engels et al., 1983; 
Gregersen et al., 1983; Ludwig, 1983; Plebani et al., 1983; Rosadio et al., 1984; 
B. Hyllseth et al., unpublished data, 1985). The restriction enzyme cleavage 
pattern of goat herpesvirus DNA does not correspond to those of any other 
herpesvirus, including BHV-1 (Ludwig, 1983). Small differences in patterns 
have been shown for enteric strains (Engels et al., 1983) and for genital strains 
(Tisdall et al., 1984). 
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The common herpesvirus feature of latency and reactivation (Ludwig, 1983, 
1984) has been shown using corticosteroid treatment in goats (Plebani et al., 
1983; Hyllseth et al., 1985). 

There are no recommendations given for prophylaxis and control. 
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Adenoviridae 

The first adenovirus was discovered in uninoculated cultures of human 
adenoid tissue (Greek "aden" means gland). 

Adenovirions are naked icosahedral particles 60-90 nm in diameter. Their 
capsid is composed of well-discernable protein subunits (capsomeres) surround-
ing a core with DNA and internal, arginine-rich proteins. There are in total 252 
capsomeres termed hexons (each surrounded by six neighbours) and pentons 
(surrounded by five hexons, at the twelve verticles of the icosahedron). To each 
penton base capsomer an antenna-like fiber is attached, which may carry a 
hemagglutinating activity. 

The adenoviral genome is a single linear molecule of double-stranded DNA 
of a mol.wt. between 20 and 25 χ 106. The terminal nucleotide sequences of 
each strand are inverted repetitions — if the DNA is denatured both strands 
form single stranded circles. A small protein of about 55 kd is covalently linked 
to the 5' end of each strand. There are at least ten polypeptides in the virion 
with mol.wts. ranging from 5 k to 120 k. Buoyant density of the mammalian 
viruses in CsCl is 1.33-1.34 g/cm3. 

After uncoating the viral DNA is transcribed into early nonvirion polypep-
tides (before initiation of DNA synthesis) and "late" proteins (when viral DNA 
and structural polypeptides are synthesized). DNA replication occurs by strand 
displacement; transcription in the nucleus is followed by splicing into mRNAs 
(the splicing mechanism has been discovered in adenovirus-infected cells). The 
mRNAs migrate into the cytoplasm, where the structural polypeptides are 
synthesized. Assembly of the virus particles again takes place in the nucleus, 
and release takes place by disintegration of the damaged cells. The virus 
infection efficiently shuts off host cell DNA, RNA and protein synthesis. In-
tranuclear inclusions may contain nucleic acid, viral protein and virions in 
paracrystalline arrangement. 

As regards ruminants, there are bovine, ovine, and caprine serotypes. The 
nine bovine serotypes are divided into two subgroups mainly on the basis of 
replication in either calf kidney and testicle cells (types 1-3 and 9) or only in 
calf testicle cells (types 4-8). The two subgroups are antigenically distinct (see 
below). Serological evidence suggests a high incidence of infection with certain 
strains which might be replaced by other serotypes from time to time. The six 
ovine serotypes replicate in ovine kidney cells and seem to belong to a single 
subgroup. The two known caprine serotypes differ from both the bovine and 
ovine strains. 

The viral proteins bear determinants which are family-, subgroup- or type-
reactive and are detectable by appropriate serological techniques. Mammalian 
adenoviruses form the genus Mastadenovirus ("mastos" means breast). They 
share common determinants which differ from those of the genus 
Aviadenovirus. However, "certain bovine adenovirus species contain little or 
none of the genus-specific antigen from hexons of other mammalian ad-
enoviruses" (Wigand et al., 1982); this refers to the types 4-8, replicating 
preferably in calf testicle cell culture. Adenoviruses with a lower percentage 
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of G + C content are tumorigenic for newborn hamsters but could not be 
associated with naturally occurring tumors. 

In ruminants there is no virus of any serotype known to be the agent of a 
well-defined disease. Instead, adenoviruses are pathogens either solitary or as 
members of a miscellaneous microbial "flora" in acute respiratory/enteric 
disease. 
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Chapter 16 

Bovine Adenoviruses 

F. BÜRKI 

INTRODUCTION 

Bovine adenoviruses (BAV) are classified into nine serotypes (species) so far 
(Wigand et al., 1982). These nine serotypes are divided into two subgroups 
(Bartha, 1969) mainly on the basis of replication in either calf kidney or testicle 
cells (subgroup I, serotypes 1-3 and 9) or only in testicle cells (subgroup II, 
serotypes 4-8; see Table 16). The two subgroups also differ in their antigenic 
properties. 

VIRUS PROPERTIES 

Physical and chemical properties 

Bovine adenoviruses show a remarkable stability outside their hosts. Rond-
huis (1970) tested representative strains of several BAV types and found them 
resistant to pH 2, pH 11, 0.25% trypsin, heating for 30 min at 50°C, partially 
even for 7 days at 41°C. 

Inactivation took place at pH 12 (therefore, NaOH at 0.5-2.0% concentra-
tions acts as a fast disinfectant), as well as by 0.5% chloramine within 30 min. 
The Adenovirus Study Group (Wigand et al., 1982) confirms that chlorine 
preparations are effective disinfectants at moderate concentrations. 

TABLE 16 

Prototype strains of bovine adenoviruses 

B A V type Prototype s tra in
3
 Reference

b
 Subgroup 

1 B-10 Kle in et al., 1959 
2 B-19 Kle in et al., 1960 
3 WBR-1 Darbyshire et al., 1965 
4 THT/62 Bartha and Aldâsy, 1966 

5 Β 4/65 Bartha and Aldâsy, 1966 

6 671130 Rondhuis , 1968 
7 Fukuroi Matumoto et al., 1970 
8 Misk/67 Bartha et al., 1970 
9 Sofia-4/67 Guenov et al., 1970 

b
 Avai lable from: American Type Culture Col lect ion, Virus Repository, 12301 Parklawn Drive, 
Rockvi l le , M D 20852, USA; and W H O Col laborat ing Centre for Col lect ion and Eva luat ion of Data 
on Comparative Virology, Inst i tute for Medica l Microbiology, Infect ious and Epidemic Diseases , 
Veter inary Faculty , Ludwig Maximi l ians Univers i ty , Königinstr , 49, 8000 M u n i c h 22, FRG. 
b
T h e complete references are g iven in B e n k ö et al. (1988). 
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Antigenic properties 

Typing of bovine adenoviruses is based first of all on cross-neutralization 
tests. The Adenovirus Study Group requests that "a species (type) has either no 
cross-reaction with other adenoviruses or shows a homologous titer ratio of 
> 16 in both directions". Low-grade cross-SN which does not disturb classifica-
tion has been reported between BAV types 1 and 2, and between types 4, 5 and 
8 (Bartha, 1969; Rondhuis, 1970; Adair and McFerran, 1976; Bürki et al., 1978). 

Only some serotypes show hemagglutinating activity. Erythrocytes from 
rats were agglutinated by types 1, 2, 4 and 7 (Messner, 1978). Bovine eryth-
rocytes were agglutinated at low titer by types 1, 2 and 4 (Messner et al., 1978; 
Belâk et al., 1983). Hemagglutination titers are generally so low that HI is not 
used for typing. 

The two subgroups are differentiated by CF or ID tests. Subgroup I viruses 
share antigens in common with all mammalian adenoviruses except for those 
of subgroup II. 

Taxonomically unresolved appears the position of bovine subgroup II, for 
which subgroup-reactive soluble antigens were found by Bürki et al. (1979), 
who also proposed the name of a third genus — Paramastadenovirus — for this 
subgroup. The "recall phenomenon" (Pâlfi and Belâk, 1979) supports the con-
cept of a common protective subgroup antigen. However, in subgroup II there 
are probably family-reactive determinants detectable by other methods than 
those listed above. Adair et al. (1983) reported that in cross-IF tests between 
subgroup II viruses and conventional adenoviruses (e.g. viruses of subgroup I, 
several ovine, porcine and human serotypes) a sharing of antigens was demon-
strated. However, the low-level cross-reactions were predominantly one-way. 
Thus, it is not easy to determine the final taxonomical position of bovine 
subgroup II viruses. Even the use of monoclonal antibodies does not furnish 
exclusively type-specific and unequivocal results for classification of bovine 
types (Rusvai et al., 1988). Furthermore, monoclonale produced against bovine 
types partly cross-reacted with human types (Adam et al., 1988). Recently, 
Benkö et al. (1988) showed that bovine adenoviruses of subgroup I have larger 
genomes and fewer Eco RI recognition sites than those belonging to subgroup 
II. 

Another point of importance is that at least one of the bovine serotypes 
crosses the host species barrier. Belâk et al. (1977) have shown that certain of 
their ovine isolates cross-neutralized at high levels with BAV type 2 and 
infected both sheep and cattle under experimental conditions. Upon closer 
examination, specifically of the different HA and DNA restriction enzyme 
patterns, Belâk et al. (1983) proposed to subdivide BAV-2 into two subtypes. 
Subtype Β is present both in cattle and sheep, whereas subtype A strains were 
isolated only from cattle so far. Another example is a New Zealand ovine 
isolate being antigenically related to BAV-7 (Adair et al., 1982). 

Cultivation 

In suitable cell cultures all laboratory-adapted BAV serotypes produce a 
CPE (Fig. 55). Subgroup I viruses replicate in a wide range of cultured mam-
malian cell types, whereas subgroup II viruses grow only in calf testicle cells 
(Bartha, 1969). In stained tissue cultures characteristic nuclear inclusion bo-
dies are seen, single ones for subgroup I types (Fig. 55e), multiple inclusions for 
subgroup II types (Fig. 55f, g). Plaques with diameters of 0.5-4 mm can be seen 
within 7-12 days (Rondhuis, 1970). It is important to use only cultures which 
are free from latent adenovirus infection. This can be achieved by preparing 
subcultures, in which the CPE may appear. Fetal organs can be transplacent-
a l ^ infected (Bartha and Mâté, 1983). The use of conventional calf sera in the 



Adenomridae 163 

Fig. 55. (α) CPE of BAV-4 in cultured tes t ic le cel ls . Only epitheloid ce l l s become affected, go 
through a very short phase of swel l ing , later of shr inking (this phase shown), and finally detach 
from culture vessel; fibroblastic cel ls remain unaltered; l iv ing cel ls , χ 250. (b) CPE of BAV-1 in 
cultured calf tes t ic le cel ls; epitheloid as wel l as fibroblastic cel ls become affected, very briefly show 
swel l ing, fol lowed by lysis (this phase shown); l iv ing cel ls , χ 250. (c) CPE of BAV-3 in calf test ic le 
cel ls; affected cel ls show pronounced rounding and swel l ing (this phase shown), before lysis; 
grape-like c lusters become less apparent on calf test ic le cel ls than on calf kidney cells; l iv ing cel ls , 
χ 300. (d) Cryostat sec t ion of tons i l s of a calf experimental ly infected wi th BAV-4; aceton fixed, 

s tained by direct IF, χ 700. (e) A s ingle nuc lear inc lus ion body formed by BAV-1 in cultured calf 
kidney cells; fixed by Carnoy, s ta ined Η & Ε, χ 1000. (J) Mult ip le nuclear inc lus ion bodies formed 
by BAV-4 in cultured calf tes t ic le cel ls; fixed by Carnoy, s ta ined Η & Ε χ 1200 (g) Mult ip le nuclear 
inc lus ion bodies formed by BAV-4 in cultured calf tes t ic le cells; aceton-fixed, s ta ined by IF, χ 1400. 

culture medium should be avoided, because they may contain adenovirus or 
antibodies to it. Fetal calf sera should be preferred and tested for virus and 
antibody. 

EPIZOOTIOLOGY 

The distribution of BAV in cattle populations is worldwide. Serological 
evidence suggests a high incidence of infection, with certain serotypes being 
replaced by others from time to time. In a given geographical region a serotype 
may disappear and a newly introduced serotype may suddenly dominate, e.g. 
BAV-7 replaced BAV-6 in a certain region of Austria (Table 17). In Bulgaria, 
BAV-1 was the dominating type; in Great Britain it was BAV-3; in Hungary 
BAV-4, to be replaced later by BAV-5 and 8; in the USA BAV-3 and 5 (for 
references, see Bürki et al., 1980). 

Virus can be excreted during disease or latency of infection. Acutely infec-
ted animals may shed the virus in nasal and conjunctival secretions, feces and 
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TABLE 17 

Distribution of adenovirus serotypes in Austr ia and the Nether lands 

Percentage of SN-posi t ive sera wi th B A V types 

1 2 3 4 5 6 7 8 

Austria 

1976
a 

68 68 48 83 23 48 

1978
b 

41 67 - - - 81 

The Nether lands 

1970
c 

47 84 74 38 43 

a
B ö c k m a n n and Bürki (1976). 

b
M e s s n e r (1978). 

c
R o n d h u i s (1970). 

- not determined. 

urine (Aldâsy et al., 1965; Rondhuis, 1970; Bürki et al., 1980). Excretion in the 
urine may follow the infection of kidneys for 10 weeks or longer, in spite of 
clinical recovery and high titers of circulating antibodies (Aldâsy et al., 1965). 

As outlined in the section on pathogenesis, maternal antibodies provide 
protection against the homologous BAV type (Bürki et al., 1980). In Central 
Europe, however, where calves originating from different producers are re-
grouped at 2-3 weeks (Baumgartner et al., 1979), passive immunity is non-
functional against heterologous BAV types that are introduced into groups by 
latently infected animals. This became most obvious in Hungary, where up to 
4000 calves from different producers are accumulated on state farms. Under 
such conditions, pneumoenteritis, the most common clinical form of BAV 
infection, used to start with a few isolated cases, to sweep thereafter through 
infected premises within 1-2 weeks (Aldâsy et al., 1965). 

In Austria, private farmers usually purchase groups of 30-50 calves and 
stable three different age groups under one roof. They never practice the 
all-in-all-out system and neglect disinfection. This allows BAV and other 
copathogens to stock up in the older groups, with the effect that the newly 
purchased group usually falls ill 1-2 weeks after having been added (Baumgart-
ner et al., 1979). In a study conducted over several months on fattening calves 
originating from the same producers, Böckmann and Bürki (1976) showed that 
over the winter months the reactor rate among groups sold for slaughter rose 
from 58% to 90%. This illustrates the stocking-up effect of such husbandry 
conditions. 

Pneumoenteritis has often a multiple etiology. It is in such cases difficult to 
decide which agent is the primary cause of disease and which is involved in 
complications. Results of serological screening, in particular on paired sera, 
can provide information about the spread of a given agent in a certain cattle 
population. This means that the laboratory can diagnose the infection, but not 
the disease. It is therefore difficult to relate morbidity and mortality rates to a 
certain agent. There are exceptions, however, when the agent is solitary, or 
when losses can be estimated indirectly, by means of the efficacy of vaccination. 

PATHOGENESIS 

If a calf has no adenovirus antibodies it may be infected by various inocula-
tion routes; the route profoundly influences the incubation period. Respirat-
ory, enteral and parenteral infection all lead to viremia and systemic infection 
(Aldâsy et al., 1965; Tanaka et al., 1968; Rondhuis, 1970; McClurkin and Coria, 
1975; Bürki et al., 1980). In the calves infected by the Viennese group of workers 
(Bürki et al., 1980), fever developed 2-3 days after intravenous infection, 7-8 
days after nasal or tracheal infection with a fluid inoculum and only after 2 
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weeks when nasal infection was practiced by aerosol. In newborn, colostrum-
free calves various BAV serotypes often induced severe disease (Bürki et al., 
1980). Usually, the symptoms seen in experimentally infected calves are less 
pronounced than those in natural cases (Tanaka et al., 1968; Bürki et al., 1980). 
Irrespective of its age, a susceptible calf develops viremia, accompanied by 
moderately high fever that lasts for 2-6 days. Thereafter, the virus may be 
demonstrated by isolation or, more easily, by IF test in any organ or tissue 
examined, particularly in respiratory mucosae, fecal samples, lung, liver, kid-
ney, tonsils and testicles (Aldâsy et al., 1965; Bürki et al., 1980). Wilcox (1970) 
transmitted several BAV isolates from Australian outbreaks of enzootic 
keratoconjunctivitis but could reproduce this syndrome in only 10% of his 
experimental animals. McClurkin and Coria (1975) were unable to reproduce 
experimentally the poly-arthritic "weak calf syndrome". 

DISEASE SIGNS 

Adenoviruses are generally present in large herds. Viruses are excreted by 
different forms of shedding and by coughing. Accordingly, peroral as well as 
respiratory infections ensue. Infection occurs most frequently when calves are 
3 weeks to 4 months old. Under natural conditions, the incubation period varies 
from 7 to 10 days (Aldâsy et al., 1965). In diseased calves respiratory and enteric 
symptoms, fever and anorexia can be observed. The disease usually starts with 
respiratory symptoms. Serous excretions from the nose and conjunctivae are 
accompanied by coughing. Enteric infection becomes manifest by salivation 
and thin, greyish-yellow feces. There may be fever of 39.5-40.5°C and anorexia. 
The disease can be aggravated by secondary bacterial infections. 

Outbreaks of adenoviral pneumoenteritis may cause severe losses among 
calves, especially in large herds (Aldâsy et al., 1965), but even in small farms 
losses can be high; a farmer in Austria lost 20 animals in a group of 30 calves. 
Infection is followed by reduced weight gain due to malabsorption (Bürki et al., 
1980). 

^ PATHOLOGY 

There are neither gross nor histopathological changes pathognomonic for 
disease syndromes caused by BAV. It remained undetermined whether the 
interstitial nephritis found in Hungarian calves was etiologically connected 
with a long-term urinary shedding of adenoviruses, as observed by Aldâsy et al. 
(1965). 

Intranuclear inclusion bodies are often present in the organs a few days after 
infection, but they are essentially absent later on (Rondhuis, 1970; Bürki et al., 
1980). In Australia, however, during outbreaks of enzootic bovine keratocon-
junctivitis, nuclear inclusion bodies could be frequently demonstrated in cells 
from conjunctival scrapings. 

ν / IMMUNE REACTION 

Adenoviruses are potent antigens. At least 14 polypeptides are associated 
with well-defined virion structures (Norrby, 1969; Wigand et al., 1982). After 
natural infection VN titers of > 1000 were noticed. Maternal antibodies 
mediate passive protection against the homologous virus type. The protection 
by heterologous antibodies is unknown. 
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LABORATORY DIAGNOSIS 

Virus isolation must always be attempted, preferably from nasal and rectal 
swabs. Urine can also be tested. In this way the serotype can be determined and 
additional ones may be discovered. Post mortem various organs (e.g. mucous 
membranes of the head, the bronchi, small intestine, tonsils, lungs, liver, 
kidneys and testicles) can be homogenized and used for virus isolation. The 
chance of virus isolation decreases when the antibodies appear; therefore it is 
preferable to collect samples during the first week of the disease. For virus 
isolation calf testicle or a recently described permanent calf thyroid cell line 
(Benkö et al., 1989) should be used. In this way the subgroup I as well as II 
viruses can be demonstrated. Isolation and typing sometimes takes weeks, 
especially when blind passages have to be made. 

Demonstration of viral antigens can be performed by CIEP of fecal samples. 
Direct IF tests on cryostat sections (Fig. 55d) will uncover the presence of 
antigen in cells. This will speed up the virological diagnosis of the fastidious 
subgroup II types. A potent antiserum to type 4 will reveal the presence of all 
bovine adenovirus types (Weber, 1976). On the other hand, the ELISA using 
polyclonal or monoclonal antibodies on swab material proved unsatisfactory 
(Anderson et al., 1983). In the case of an acute disease, paired serum samples 
should be taken from calves. The acute-phase sera are collected from at least 
4-6 recently diseased animals. The convalescent sera are collected from the 
same calves 2-3 weeks later. If no acute disease is observed but infection of the 
herd is suspected, a serological survey can be performed. In this case single 
serum samples are collected from adult animals representing 5-10% of the 
herd. 

Adenoviruses contain type-specific as well as group-specific antigens, and 
induce the corresponding categories of antibodies following infection. Prefer-
ably, serodiagnosis should start using CF (Messner et al., 1979), ID (Messner et 
al., 1983) or group-reactive ELISA (Anderson et al., 1983; Rossmanith and 
Horvath, 1988). These methods are subgroup-specific if antigen representing 
each of the two subgroups is used. The results will show to which subgroup the 
virus belongs. Thereafter, the serotype can be determined using virus types of 
the given subgroup. Serotyping is performed using VN or type-reactive ELISA. 
In the case of a hemagglutinating virus the HI test can also be applied (Rosen, 
1960). The use of subgroup-reactive tests makes the diagnosis fast and econom-
ical. These tests demonstrate whether there has been an adenovirus infection 
or not. However, if vaccination is considered, serotyping must be performed. 

Sequential serotesting of experimentally infected calves has shown that SN 
is positive first, followed by CF and ID, in this order (Bürki et al., 1980). HI has 
not been systematically investigated but probably turns positive in parallel to 
SN. It may be predicted that ELISA, owing to its high sensitivity, will parallel 
SN in becoming positive. With homologous antigen, SN, HI and ELISA titers 
of BAV-infected calves reach levels of 500 to several thousands. Group-reactive 
CF titers frequently reach up to 128, rarely higher; ID is a qualitative test. 

PROPHYLAXIS AND CONTROL 

Immunoprophylaxis against BAV is needed especially under the husbandry 
conditions practiced in large parts of Europe. Calves are often weaned at the 
tender age of around 8 days and sold to fattening lots when 2-5 weeks old. 
There they are exposed to one, frequently to several BAV types carried in 
latent form by contact calves. Transportation, change of feed, crowding and 
such are additional stressors. As a consequence, respiratory and/or enteric 
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outbreaks commonly start within 1-2 weeks after new calf groups are in-
troduced for fattening (Baumgartner et al., 1979). Immunoprophylaxis should 
therefore be functional within 1-2 weeks after arrival on fattening lots. Ideally, 
cows in their home herds should be immunized while pregnant, using a mul-
ticomponent vaccine that is composed of the geographically prevailing BAV 
types (plus additional viral agents affecting young calves). For economical 
reasons this is not practiced in the field as long as pregnancy in cattle is not 
synchronized, because it would require too frequent visits by a veterinarian. 
Therefore, efforts were made to quickly immunoprotect very young calves 
traded at auctions or upon arrival on fattening lots. Haralambiev et al. (1972) 
and Baumgartner et al. (1979) tried the intratracheal application of hyperim-
mune sera. The method was not satisfactory under field conditions. 

Several producers have marketed vaccines, notably all in Europe. In the 
USA calves are 5 months old when alotted to fattening farms. At this age calves 
are already less susceptible to the disease. They have lost maternal antibodies 
but might have developed postinfectional immunity to types prevailing on their 
home premises. At present no adenovirus vaccine is licensed in the USA 
(Gillespie and Timoney, 1981). 

Calves are passively protected by colostral antibodies. This is one of the 
reasons why the disease generally does not appear on small home premises. 
Vaccination of pregnant cows is recommended on large farms, when protection 
of very young calves is necessary. Hyperimmune sera are predominantly mo-
notypic and too large quantities would be needed. This procedure would be 
costly and the protection limited both in range and duration. 

In Hungary, a bivalent adenovirus vaccine has been developed, containing 
representatives of both subgroups. Five commercial vaccines containing BAV 
components have appeared on the Western European market. Invariably vir-
uses were used in inactivated form, jS-propiolactone or formalin serving as 
inactivants. Aluminum hydroxide, either alone or in combination with saponin 
was added as an adjuvant. All vaccines marketed in Western Europe were of 
the multifactorial type, five containing BAV-3 as the only component of the 
adenovirus spectrum, one containing BAV-1, 3 and 5. Individual doses measure 
2-5 ml, depending on the total number of viruses incorporated. All vaccines 
have been specified for subcutaneous use. No local or systemic side effects have 
been reported from any vaccine used. Two of the products licensed in Western 
Europe have been withdrawn from the market by their respective firms because 
of poor performance. 

At present, all vaccine producers are aware that at least two, better four, 
doses are needed to confer immunity. Basically, two different approaches have 
been recommended: combined pregnant cow/calf vaccination, or calf vaccina-
tion only. According to the first scheme, cows are vaccinated twice during the 
last trimester of pregnancy; their calves are vaccinated at the age of 6-8 weeks. 
Vaccination is repeated when the calves are 10-12 weeks old. Ideal as this 
quadruple vaccination might be, its high cost impedes its use. Vaccination of 
only the calves is actually practiced in Western Europe with two different 
approaches and highly variable success. Some producers recommend that the 
first dose be given immediately after calves arrive on fattening lots, i.e. when 
8-10 (!) or 14-30 days old — according to local trading habits — followed 6 
weeks later by a booster dose. Others specifically reject vaccination during the 
weeks of adaption and recommend a first dose at 6 weeks and the booster at 
10-12 weeks. 

Baumgartner et al. (1979) made experiments with a combined im-
munoprophylaxis. On auction day the calves were injected in t ra t rachea l^ 
with 10 ml of hyperimmune serum plus 5 ml of a tailored inactivated and 
adjuvanted vaccine given intramuscularly. Preliminary tests had disclosed 
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that such application did not weaken the immune response to the inactivated 
vaccine injected intramuscularly on the same day. Nevertheless, calves were 
merely partially protected from disease. More impressive than numerical re-
duction in disease incidence (2.5-fold) was that bronchopneumonia was cut 
6-fold and veterinary treatment 8-fold. 

Neither researchers nor vaccine producers have ever tested whether a BAV 
type incorporated into a vaccine exerted cross-protection against heterologous 
BAV types. As long as this information is lacking, market vaccines should be 
so composed as to contain the BAV types which actually prevail in the cattle 
population, in which they are to be used. 

BAV-3 is incorporated into most vaccines, frequently as the only BAV 
representative. However, nobody has actually proven that this type causes 
severe enzootics in the field nor studied its pathogenicity in calves of the 
susceptible age. Furthermore, type 3 antigenically occupies an isolated posi-
tion, as described above; it is therefore certainly not the most plausible BAV 
type for active vaccination in the field. A more careful selection of virus types 
incorporated into adenovirus vaccines is recommended to improve the result of 
vaccination. 

Statistics show that one out of ten calves born in Austria is lost at a young 
age. The losses are even higher in other countries where the majority of young 
calves is collected on large farms. This means that special attention should be 
paid to the proper and fast diagnosis of calf diseases. In addition, the factors 
that contribute to the spread of viruses (e.g. crowding, mixing of animals) have 
to be controlled. Attention must also be paid to hygienic conditions (e.g. 
temperature, ventilation). However, on large industrialized farms vaccination 
is unavoidable. The best results are obtained when the vaccines are tuned to 
the infections present on a given farm. For large companies it would be desir-
able to produce such "farm-specific" vaccines. Since vaccines containing ad-
enovirus components have been used with good result in the sheep industry, 
there is a chance to decrease economical losses in a similar way among young 
calves. 
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Chapter 17 

Ovine Adenoviruses 

S. BELÂK 

INTRODUCTION 

Sheep adenoviruses have been classified into six serotypes so far (Adair et 
al., 1982; Wigand et al., 1982). McFerran et al. (1969, 1971) isolated ovine 
adenovirus (OAV) strains in Northern Ireland identified as serotypes 1-3 
(OAV-1-3) from apparently healthy lambs, from lambs with enteritis and from 
animals with enteric and respiratory symptoms. Serotype 4 (OAV-4) was first 
isolated by Sharp et al. (1974) in Scotland from 4-10-week-old lambs recovered 
from respiratory disease. Bauer et al. (1975) first isolated OAV-5 in Turkey from 
the feces of a clinically healthy animal. OAV-6 was isolated from a lamb in New 
Zealand (Davies and Humphreys, 1977b; Thurley et al., 1977) and characterized 
by Adair et al. (1982). 

In Hungary it has been proven that sheep may be naturally infected not only 
with OAV but also with BAV-2 (Belâk and Pâlfi, 1974a; Belâk et al., 1983). 

The serotypes and reference strains of sheep adenoviruses are shown in 
Table 18. 

VIRUS PROPERTIES 

All ovine strains examined resisted 30 min exposure to 56°C, although with 
a notable loss of titer. Bivalent cations significantly decreased heat resistance. 
All strains were resistant to pH 3.0, chloroform and sodium deoxycholate 
treatment (McFerran et al., 1971; Bauer et al., 1975; Belâk, 1978). 

Sodium hypochlorite and formalin produced complete inactivation of OAV-
1, Iosan, an iodophore, exerted much weaker effect (Fig. 56; Belâk, 1980). 

TABLE 18 

Serotypes and reference strains of adenoviruses isolated from sheep 

Serotype Reference strain Original references 

OAV-1 SI McFerran et al., 1969 

OAV-2 PX 515 McFerran et al., 1969 

OAV-3 PX 611 McFerran et al., 1969 

OAV-4 7769 Sharp et al., 1974 

OAV-5 S A V Bauer et al., 1975 

OAV-6 WV 419 Davies and Humphreys, 1977b 
BAV-2B Het /3 Belâk and Pâlfi, 1974a 

Chapter 17 references, p. 183 

Physical and chemical characteristics 
Τ Γ Τ Τ Γ Ο 



172 Virus infections of ruminants 

- 6 h 

- 3 -

- 2 -

ο 
l u 

Time of 
exposure 

5* 10' 15' 

0.5°/o 

5' 10' 15' 

1°/o 
losan 

5' 10' 15' 

3
e
/o 

5' 10' 15' 

5°/· 
Sodium hypochlorite 

5' 10' 15' 

3°/· 

5' 10' 15' 

5·/ο 
Formaldehyde 

Fig. 56. Effect of different dis infectants on the infect ivity of ov ine adenovirus. 

Antigenic properties 

McFerran (1981) concluded that OAV-1 agglutinates some batches of rat 
cells. Strain WV757/75 isolated in New Zealand (typing still not completed; 
Adair et al., 1982) agglutinates chicken erythrocytes (Davies and Humphreys, 
1977b). Belâk (1980) described that rat erythrocytes are agglutinated by 
OAV-l-OAV-5 and also by bovine and ovine strains of BAV-2B. 

With AGID, CF and IF tests all viruses isolated from sheep share a soluble 
group specific antigen with human adenoviruses, but not to the same extent 
(McFerran et al., 1971; Belâk, 1980; McFerran, 1981). 

The six serotypes and BAV-2B strains of sheep could be clearly distinguished 
in cross-neutralization tests (Adair and McFerran, 1976; Belâk, 1980; Adair et 
al., 1982); HI tests confirmed the results of the neutralization tests (Belâk, 
1980), which revealed cross-reactions of a low degree between OAV-2 and 
OAV-3 and viruses of the bovine subgroup I (Adair and McFerran, 1976). Some 
cross-reaction with caprine adenoviruses was also observed (Gibbs et al., 1977). 
Strains of BAV-2B isolated from sheep showed a complete two-way reaction 
with the reference strain of BAV-2 allowing designation as the same serotype 
(Belâk, 1978). Strain WV757/75 isolated in New Zealand cross-reacted with 
BAV-7 to an extent that there was insufficient difference to describe it as a 
separate serotype (Adair et al., 1982). 

Cultivation 

Ovine adenoviruses readily replicate in various ovine and other mammalian 
cell cultures, such as lamb kidney, testis, thyroid and lung cells (McFerran et 
al., 1971; Sharp et al., 1974; Dubey et al., 1986), sheep chorioid plexus cells (S. 
Belâk and B. Klingeborn, unpublished data, 1983), in calf kidney and testis 
cells, pig kidney cells, and at varying rates in the MDBK cell line (Belâk, 1980). 
The only exception is the collection of New Zealand isolates, including ΟAV-6, 
which preferably multiply in lamb testis cell cultures (Davies and Humphreys, 
1977b; Adair et al., 1982). 

CPE appears generally 14-24 h p.i. (Belâk et al., 1978; Adair et al., 1979). 
Increased refractility and rounding of cells are the earliest changes noted in 
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monolayer cultures. Comparison of replication cycles in stationary and rotated 
cultures revealed considerable inter- and intratypic differences. Intra- and 
extracellular virus titers generally culminate around 40-58 h after inoculation 
(Belâk et al., 1978; Belâk, 1980). 

The earliest inclusions in the nucleus are observed 14 h p.i. Enlargement of 
the nucleus is accompanied with deformation and the appearance of pleomor-
phic inclusion bodies (Adair et al., 1979). Nearly all cells are affected 52 to 72 h 
p.i. (Belâk et al., 1978). Using EM, Müller (1974) observed virus particles in the 
nucleus in the 36th hour of infection. Other investigators showed the presence 
of newly formed virions as soon as 10 h (Belâk, 1980) and 24 h (Adair et al., 1979) 
after infection. 

Viral antigen in the nucleus was demonstrated by IF test 8-14 h p.i. (Fig. 57; 
Belâk et al., 1978; Adair et al., 1979). 

EPIZOOTIOLOGY 

As adenoviruses in general, ovine strains seem to be largely confined to their 
host species. However, fatal outbreaks of pneumoenteritis caused by BAV-2 
were also repeatedly observed among lambs (Belâk and Pâlfi, 1974a,b). The 
BAV-2 viruses are similarly pathogenetic for lambs and calves. 

The presence of adenoviruses or adenoviral antibodies in sheep populations 
has been proven in England (Darbyshire and Pereira, 1964), Northern Ireland 
(McFerran et al., 1969, 1971), Hungary (Belâk and Pâlfi, 1974a), Scotland 
(Sharp et al., 1974), Turkey (Bauer et al., 1975), New Zealand (Davies and 
Humphreys, 1977b), France (Russo et al., 1978), Australia (Peet et al., 1983), the 
USA (Lemkuhl and Cutlip, 1984a, b), Nigeria (Obi and Taylor, 1984), Sweden 
(Belâk et al., 1985), India (Dubey and Sharma, 1985) and Bulgaria (Sizov et al., 
1988). One of the New Zealand isolates was found serologically related to 

Fig. 57. Intranuclear fluorescence in lamb kidney ce l l s 14 h after infect ion wi th a sheep isolate of 

B A V - 2 B ( x 800). 
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BAV-7. An American isolate was identified as OAV-5, the other as OAV-6, 
although the serological cross-reaction was largely one-sided (Adair et al., 
1985). The Swedish and Indian isolates proved to be OAV-1 (Belâk et al., 1985; 
Dubey and Sharma, 1985, 1986). 

To learn about the geographic distribution within a country a serological 
survey was done in Hungary. Of 50 large farms, 43 were found to be affected 
generally by more than one serotype (Pâlfi and Belâk, 1978). Seroepidemio-
logical surveys in Northern Ireland, the USA and India showed similar high 
prevalence of adenovirus antibodies in sheep populations (Adair et al., 1984; 
Dubey et al., 1985; Lemkuhl et al., 1985). Antibodies against BAV subgroup II 
antigen were also found in sheep (Bélak, 1980; Adair et al., 1984). This shows 
that the bovine is not the only animal species which is infected with subgroup 
II adenoviruses, which differ from all other mammalian adenoviruses in anti-
gen composition. Experiments in cattle show that subgroup II adenoviruses 
may have great economical importance, but their unique cell spectrum 
(preferential growth in testicle but not in kidney cells) makes detection difficult. 

Adenoviral pneumoenteritis may cause great losses both in suckling and 
fattening lambs (Bélak and Pâlfi, 1974b). This affects mainly large, industria-
lized farms, where many lambs of different immunological background are 
collected. Economical losses are caused not only by death and emergency 
slaughter, but also by increased food consumption and retarded growth rate of 
lambs. Preventive vaccination showed that rentability of fattening may be 
substantially lowered even by clinically inapparent infections. 

Virus is shed mainly with the nasal discharge, feces and urine. Direct 
contact between animals is the most important factor in the spread of infection. 
Fattening lambs in units with continuous replacement are most likely to 
develop overt disease. This is the reason why the most serious cases of pneu-
moenteritis have been observed in fattening plants where several thousand 
lambs are continuously housed. Under such conditions the passage of the virus 
is uninterrupted, resulting in a permanent chain of infection with adenoviruses 
of enhanced virulence (Belâk et al., 1976). Endemics with clinical symptoms 
generally prevail in a large farm for 1-2 months, depending upon its size and 
the degree of close contact between lambs. The recovered animals may shed the 
virus permanently, passing the infection to newly arrived lambs. 

Crowding, insufficient ventilation, heat stress, etc. may aggravate the out-
come of the disease. Inadequate feeding of ewes may contribute to the severity 
of the disease in suckling lambs. The effect of these factors was directly proven 
in immunization experiments (Pâlfi et al., 1980a). 

The disease is frequently accompanied by infection with other viruses and 
bacteria. Simultaneous infection with reovirus and/or parainfluenza-3 virus is 
common. Bacterial complications are generally caused by Pasteurella hae-
molytica or corynebacteria (Bélak, 1980; Leamaster et al., 1987). Infection with 
Mycoplasma ovipneumoniae is also common (Stipkovits et al., 1975). 

As mentioned above, inapparent infections occur very often. However, in 
flocks where the infection results in clinical disease, morbidity may reach 
100%. The disease occurs in 2-12-week-old animals and may cause losses as 
high as 30-40% in suckling lambs and 10-15% in fattening lambs (Belâk et al., 
1976). Approximately 10% of the losses occur in the acute phase of the disease 
and about 90% in the second phase, when bacterial infections complicate the 
process (Belâk et al., 1976). 

The disease may be reproduced by intranasal and intratracheal inoculation 
of the virus into lambs. The virus replicates in the respiratory and intestinal 

PATHOGENESIS 
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tract; from about 4 days p.i. and onward pathological changes may appear in 
other organs, indicating that viremia has developed. Lesions were found in the 
nasal mucous membranes, lungs, intestines, lymph nodes, spleen, kidneys and 
liver (Belâk et al., 1975, 1980; Tury et al., 1975; Palya et al., 1977; Pâlfi et al., 
1982). Sharp et al. (1976) demonstrated virus in various organs, but characteris-
tic pathological changes were not observed. Rushton and Sharp (1977) later 
continued the studies with OAV-4 and reported pulmonary and hepatic lesions. 
Experimental infections with New Zealand isolates revealed virus replication 
in the respiratory tract and appearance of the virus in the kidneys (Davies and 
Humphreys, 1977a; Davies et al., 1982). Australian investigators observed ad-
enovirus inclusions and virus particles in areas of hepatic lesions (Peet et al., 
1983). Experimental infection with the OAV-6 and OAV-5 USA isolates resulted 
in lesions in the respiratory tract, most severe in the terminal airways (Cutlip 
and Lemkuhl, 1983, 1986; Lemkuhl and Cutlip, 1986). Indian investigators 
produced experimental pneumoenteritis in seronegative young lambs by ino-
culating a local isolate of OAV-1 (Dubey et al., 1987). 

The discrepancies found by various groups may be due to differences in 
virulence of the viruses studied. Hungarian authors described, for example, 
that two strains of OAV-5, one of them isolated from the nasal discharge of an 
acutely diseased lamb, the other from the feces of an apparently healthy 
animal, differed in their invasiveness, although both belong to the same 
serotype (Belâk et al., 1980). 

The virus is shed with the nasal discharge and feces generally from day 2-3 
p.i. onward (Belâk et al., 1975, 1980; Davies et al., 1982; Pâlfi et al., 1982; 
Lemkuhl and Cutlip, 1984a). Davies et al., (1982) reported peak virus titers 4-6 
days p.i., which then decreased rapidly until only traces were present in the 
nasal secretions on day 8. Other authors were able to reisolate the virus 3-14 
days p.i. from feces, 3-11 days p.i. from nasal discharge and 3-9 days p.i. from 
the urine of experimentally infected lambs (Pâlfi et al., 1982). 

Field investigations proved that the virus can be readily isolated from 
naturally infected lambs in the acute phase of the disease (Belâk et al., 1976). 
Later, lambs may become carriers, and virus can be isolated only occasionally 
from animals with antibodies; in these cases virus may be shed intermittently 
with the feces (Pâlfi and Belâk, 1978). Carrier sheep were also reported by 
Sharp et al. (1976), who were able to reisolate the virus from the feces of an 
animal 80 days p.i. Pâlfi et al. (1982) studied chronic infection and found that 
histopathological lesions in the respiratory and renal epithelium persisted 
throughout the observation period of 75 days. In this experiment acute lesions 
reappeared after cortisone treatment; however, no virus excretion could be 
demonstrated in the chronic period of the infection. 

OAV-1 strains were isolated from the kidneys of sheep fetuses, and VN 
antibodies were detected in the fetal blood samples (Belâk and Rusvai, 1986). 
These data indicate the possibility of a transplacental infection. 

DISEASE SIGNS 

In the field, adenoviral disease may start with diarrhea after an incubation 
period of 7-8 days; respiratory symptoms follow 2-3 days later. Sneezing, 
seromucous nasal discharge, conjunctivitis and lachrymation are common. 
Breathing may be superficial, accelerated and forced. Diarrhea usually stops 
after one week. Respiratory symptoms persist, turning chronic in most cases. 
The chronic form is characterized by seropurulent nasal discharge, respiratory 
disorders and coughing. Temperature may rise to 41-42°C. Chronic respiratory 
symptoms may prevail for months. Spontaneous, intermittent diarrhea may 
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Fig. 58. Ate lec tas i s in a pulmonary lobule of a lamb infected wi th BAV-2B; Η & Ε, χ 40 (courtesy 
of Dr. E. Tury. Department of Anatomy, Univers i ty of Veter inary Sc iences , Budapest) . 

Fig. 59. Swol len and proliferating epithel ial ce l ls in a bronchio lus of a lamb infected wi th BAV-2B; 

Η & Ε, χ 690 (courtesy of Dr. E. Tury). 

Fig. 60. Epithel ium cel l proliferation in a bronchio lus of a lamb infected wi th BAV-2B; Η & Ε, χ 275 
(courtesy of Dr. E. Tury). 

Fig. 61. Intralobular interst i t ial pneumonia in a lamb infected with OAV-5; in the alveol i a large 
number of detached, degenerated a lveolar epithel ial ce l ls are present; Η & Ε, χ 400 (courtesy of 
Dr. F. Vetés i , Department of Pathology , Univers i ty of Veterinary Sc iences , Budapest) . 
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occur. Sometimes the disease occurs only in the respiratory form, without 
intestinal disorders. 

During the acute phase of pneumoenteritis the lambs loose weight. A retarded 
growth rate as a consequence of anorexia is common in both phases of the 
disease (Belâk et al., 1976). The same symptoms could be reproduced by experi-
mental infection (Belâk et al., 1975; Tury et al., 1975; Palya et al., 1977). In an 
experiment by Pâlfi et al. (1982) early signs of respiratory tract involvement 
(rales) and swelling of retropharyngeal and submandibular lymph nodes were 
seen. In several lambs percussion revealed blunt areas in the retrocubital zone 
and crepitation could be heard. Moderate leukocytosis developed on days 10-13 
p.i. The differential leukocyte count showed a significant increase in neutro-
phils and a decrease of lymphocytes. Kidney involvement resulted in the 
appearance of protein, blood and pus in the urine. The urine sediment con-
tained renal epithelial cells, erythrocytes, leukocytes and various cylinders. 

Experimental infection with the New Zealand isolates produced mild res-
piratory illness (Davies et al., 1981, 1982). Lambs experimentally infected with 
a USA virus strain developed a mild febrile response and serous nasal dis-
charge; they were inactive and their respiratory rates and efforts were in-
creased (Lemkuhl and Cutlip, 1984a). 

In cases of pure viral infection, lesions of focal interstitial pneumonia are 
common, mainly in the apical, cardiac and accessory lobes. Bacterial complica-
tions are indicated by lesions of croupous pneumonia. In some cases chronic 
catarrhal bronchopneumonia can be seen. Lesions in the tracheal mucous 
membrane are connected with bacterial invasion. The surface of the mucous 
membrane appears swollen and reddish, covered by catarrhal exudate. The 
nasal mucous membrane is swollen and reddish already at the very beginning 
of the disease and is covered by seromucous, later by mucopurulent exudate. 
The mucous membrane of the small intestines is generally congested and 
covered by viscous exudate. The lymphoid patches are swollen and may contain 
pinpoint hemorrhages. The retropharyngeal, peribronchiolar and especially 
the mesenteric lymph nodes are markedly swollen. In the cortex of the kidneys 
sometimes greyish-white foci are seen. 

Histopathology 

Lesions in the lungs can be detected as early as 4 days p.i. The endothelial 
cells of the capillaries are swollen and marked histiocytic proliferation and 
infiltration of the alveolar septa by lymphocytes and neutrophilic granulocytes 
can be seen. Degeneration and desquamation of the alveolar epithelial cells 
can be demonstrated (Figs. 58-61). Peribronchial lymphoid follicles generally 
show hyperplasia. In some cases proliferation of the lymphoid cells results in 
peribronchial cuffing. In complicated cases croupous pneumonia and chronic 
catarrhal pneumonia may characterize the histopathological lesions. 

In the submucosa of the trachea of animals succumbed in the advanced stage 
of the disease hyperemia and edema can be present. In the epithelial and 
propria layers massive infiltration with neutrophils can be observed. In the 
lamina propria and submucosa of the nasal mucous membrane edema and 
hyperemia are common. In some foci epithelial degeneration and necrosis are 
accompanied by infiltration of neutrophilic granulocytes. In addition, par-
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Fig. 62 (left). Peribronchial lymph node of a lamb infected wi th OAV-5; so-called smudge cel ls and 

polynuclear g iant cells; Η & Ε, χ 400 (courtesy of Dr. F. Vetési ) . 

Fig. 63 (right). Mononuc lear g iant cell in the peribronchial lymph node of a lamb infected wi th 

OAV-5; inc lus ion bodies in the nucle i of proliferating ret icular cells; Η & Ε, χ 900 (courtesy of Dr. 

F. Vetési) . 

ticularly around the blood vessels of the propria, infiltration with histiocytes 
and lymphoid cells can be observed. Hyperplasia of the lymphoid follicles can 
also be present. 

Similar changes are seen in the retropharyngeal, peribronchial and mesen-
teric lymph nodes; their structure is changed due to proliferation of follicles 
and thickening of medullary cords. Sinuses are dilated and filled with 
proliferating endothelial and reticular cells, lymphocytes, plasma cells and 
neutrophilic granulocytes (Figs. 62, 63). 

In the small intestines infiltration of the mucous membrane with eosinophil-
ic and neutrophilic granulocytes and to a lesser degree with lymphocytes and 
plasma cells can be observed. Hyperemia of the lymphoid patches is also seen. 

In the kidneys the tubular cells, especially those in the proximal convoluted 
tubules, show degeneration. Some epithelial cells are enlarged, their cytoplasm 
is foamy. Signs of edema can be found by EM in the tubular epithelial cells (Fig. 
64). Pyknosis in the nuclei of tubular epithelial cells can be seen, mitochondria 
can be disarranged and accumulated around the nucleus. By 13-15 days p.i. 
destruction or, in other areas, proliferation of the tubular epithelial cells can 
be seen as well as interstitial infiltration of lymphocytes and histiocytes 
around the glomeruli and tubules (Fig. 65). 

Activation of the reticuloendothelial system is general in the liver; hepatitis 
can also be found. Hyperplasia of the reticular cells of the spleen may occur. 
Degeneration and neutrophil granulocytic infiltration can be seen in all three 
layers of the conjunctiva. 

In cases uncomplicated by bacterial infection, especially when lambs are 
emergency slaughtered, basophilic nuclear inclusions can be seen in the bron-
chiolar epithelial cells, alveolar septal cells, reticulum cells of lymph nodes and 
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Fig. 64. Les ion in the kidney of a lamb infected wi th OAV-5; degenerat ion of epithel ial ce l ls of the 
proximal tubules; EM, χ 2000 (courtesy of Dr. F. Vetési ) . 

epithelial cells of the nasal mucosa (Fig. 66). Inclusion bodies generally disap-
pear by day 10 p.i. 

The lesions listed above were reported after infection with OAV-1 and 
OAV-5, and BAV-2B (Belâk et al., 1975,1980; Palya et al., 1977; Pâlfi et al., 1982). 
Pulmonay and hepatic lesions were found in specific pathogen free (SPF) lambs 

Fig. 65. Chronic nephrit is in a lamb infected wi th OAV-1; intralobular and periglomerular cel l 

infiltration in the renal cortex; Η & Ε, χ 160 (courtesy of Dr. F. Vetési ) . 
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Fig. 66. Ful ly developed intranuclear inc lus ions in nasal mucous epithel ial cells; BAV-2B infec-
tion; Η & Ε χ 690 (courtesy of Dr. E. Tury). 

infected with OAV-4 (Rushton and Sharp, 1977). Pulmonary lesions were also 
described by New Zealand, American and Indian investigators (Davies and 
Humphreys, 1977a; Davies et al., 1981, 1982; Cutlip and Lemkuhl, 1983, 1986; 
Dubey et al., 1987). It worth noting that BAV-2B isolated from lamb caused 
similar disease and lesions in both lambs and calves (Figs. 67, 68; Belâk et al., 
1975, 1977; Tury et al., 1975, 1978). 

Fig. 67 (left). Collapsed lobules in the lungs of a calf infected wi th BAV-2B isolated from a lamb; 
Η & Ε (courtesy of Dr. E. Tury). 

Fig. 68 (right). Karyopyknos is and karyorrhexis in the Kupffer ce l l s of a calf infected wi th BAV-2B 
isolated from lamb; Η & Ε, χ 690 (courtesy of Dr. E. Tury). 
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IMMUNE REACTION 

When antibody-free lambs are infected, neutralizing antibodies appear 5-7 
days p.i., reaching maximal titers of 32-256 by days 16-21 (Belâk et al., 1975; 
Davies et al., 1982; Lemkuhl and Cutlip, 1984a). Subsequently the antibody titer 
gradually decreases (Pâlfi et al., 1982). 

Sharp et al. (1976) studied the development of precipitating antibodies. On 
day 20 p.i. these were not demonstrable; they appeared around day 31 and were 
still present 90 days p.i. Increase in antibody titers was observed following the 
antigenic stimulus with a different serotype, indicating that virus belonging to 
one serotype is able to boost the antibodies against another serotype (Pâlfi and 
Belâk, 1979). 

The adenovirus-induced immune response has also been studied in 70-80-
day-old ovine fetuses. They were experimentally infected, removed from the 
uterus 19 days p.i. and examined for pathological changes and immune reac-
tions. Fetuses (and their noninfected twins) had neutralizing serum antibodies 
against the inoculated virus in a titer range of 32-128. The antibodies were 
identified as belonging to the subclasses IgGj and IgG 2 (Tuboly and Belâk, 
1980). Tuboly (1987) reported that adenovirus-induced immune-complexes 
might be important in the pathogenesis of fetopathies. 

4̂  LABORATORY DIAGNOSIS 

Differentiation of adenoviral pneumoenteritis from other viral diseases of 
very similar symptoms (like reovirus or parainfluenza-3 virus infection) has to 
be based on laboratory examination. 

Nasal secretion, feces and urine are used for virus isolation. Samples must 
be collected early in the acute period of the disease, before virus shedding 
significantly decreases (around 10 days p.i.). Within this period organ ho-
mogenates (lung, kidney, liver, intestine, lymph nodes) may also serve as 
sources for virus isolation. After appearance of antibodies the change of virus 
isolation decreases. However, protracted shedding of virus via the feces may 
occur. 

Lamb kidney, testicle and thyroid cells are equally suitable for virus isola-
tion. After one or two passages a CPE usually appears. Viral antigen can be 
detected in the organs of acutely diseased lambs and in the inoculated tissue 
cultures by direct IF test, making a rapid diagnosis possible. EM may reveal 
adenovirions in the nuclei of infected cells. The viral DNA can be rapidly 
detected in nasal cells by DNA-hybridization, using cloned viral DNA frag-
ments or synthetic oligonucleotide molecules as probes (Belâk et al., in prepa-
ration). 

Serologic screening should be done on about 5-10% of the flock. It is advis-
able to check the sera first by gel precipitation, IF test or ELISA; those reacting 
may be assayed in the neutralization test against different serotypes of ovine 
and also bovine adenoviruses. 

When studying acute disease, paired sera are of great value to demonstrate 
the rise of neutralizing and HI antibodies to the given serotype. 

PROPHYLAXIS AND CONTROL 

Since predisposing conditions play an important role in the manifestation of 
adenoviral pneumoenteritis of lambs, elimination of these factors is of great 
importance. Adequate feeding and management conditions for the preparation 
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of ewes for lambing must be assured. Crowding of fattening lambs and mixing 
of large populations must be prevented. 

In farms where thousands of lambs are collected it is difficult to prevent 
adenovirus infection. Detailed studies have shown that the infection may 
manifest itself as a pronounced respiratory and/or enteric disease, but in the 
majority of the cases it occurs in a clinically inapparent form. Since both forms 
cause important economic losses, it is necessary to prevent infection. 

In Hungary an inactivated, bivalent sheep adenovirus vaccine (OVIVAC) is 
commercially available which has been tested in many large farms. After 
administration, neutralizing antibody titers of 128-512 appear in the sera of 
lambs. Experimental infections showed that viremia was prevented, whereas 
the nonvaccinated controls developed signs of disease and shed virus. Neither 
clinical disease nor pathological lesions developed in the vaccinated lambs 
(Pâlfi and Belâk, 1978/79; 1979). Vaccination resulted in increased homologous 
(type-specific) and heterotypic antibody levels in the sera of pregnant ewes, 
with passive immunity conferred to their lambs. Challenge of suckling lambs 
with homologous and heterologous virus showed significant resistance to 
development of lesions by homologous virus (present in the vaccine); partial 
resistance was observed against heterologous virus (Pâlfi et al., 1980b). 

Factors affecting antibody production after vaccination were studied. Anti-
bodies produced by a single vaccination of seronegative lambs were detectable 
only for a short time at a sufficient level to prevent virus shedding and develop-
ment of clinical symptoms. This indicated the need for two vaccinations. The 
time of the second vaccination significantly influences its efficacy. The level 
and persistence of antibodies produced by the booster dose given 10 or 42 days 

14 21 28 35 

Days after immunizat ion 

Fig. 70. The influence of h igh and low temperature stress on the immunological response of lambs; 
(—O—) 5-15°C, varying; (—Δ—) 15°C, constant; (—•—) from 15 to 30°C, varying; geometric mean 
titers of sera from eight animals . 

Fig. 69. Comparison of the serological response after revacc inat ion on day 10 (---) or day 42 (—); 
geometric mean titers of sera from ten sheep. 
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following the first dose significantly exceeded those when the booster dose was 
given at a 21-day interval. Revaccination while antibody production was in-
creasing gave the highest titers; revaccination done in the phase of decreasing 
antibody production gave lower titers but longer persistence (Fig. 69; Pâlfi et 
al., 1980a). 

Cold and heat stress also affect antibody production after vaccination. 
Antibody titers were higher in vaccinated lambs kept at a favourable ambient 
temperature than in those kept at varying low and high temperatures (Fig. 70; 
Pâlfi et al., 1980a). 

In farms where regular immunization had been introduced, losses due to 
pneumoenteritis were markedly reduced. An economic effect of the vaccine was 
also noted on farms where no clinical disease but only seropositivity had 
indicated adenovirus infection. On these farms food consumption was reduced 
by 10-15% in the vaccinated fattening lambs. Also, daily weight gain was 
higher and fattening completed faster (Szilâgyi et al., 1981). It is interesting to 
note that the occurrence of urolithiasis was also reduced in vaccinated fatten-
ing lambs. Considering the kidney lesions induced by adenovirus infection, a 
preventive effect of vaccination cannot be excluded, but further studies are 
needed to answer this question. 

Pregnant ewes are vaccinated twice with a 6-week interval between the 
injections. The second vaccination should be given no later than 3 weeks before 
lambing. In this way suckling lambs are passively protected. Lambs are active-
ly immunized around 5 weeks of age and given a booster vaccination 10 days 
later (the dosage of the OVIVAC vaccine is 2 ml subcutaneously, both for ewes 
and lambs). Immunization of lambs provides lifelong immunity. Since the vac-
cine causes a good booster effect, a single revaccination of the ewes during each 
subsequent pregnancy is sufficient to guarantee high colostral antibody levels. 
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Papovaviridae 

The term papova was formed by connecting the first two letters from the 
names of three viruses — papillomavirus, Polyomavirus and the vacuolating 
agent (Latin "papilla" means nipple and "-oma" is a suffix meaning tumor). 
Polyoma means "many tumors", which appear in mice after Polyomavirus 
infection. The vacuolating agent is a simian virus, also called SV40. The family 
comprises the two genera Papillomavirus and Polyomavirus. A "possible 
bovine Polyomavirus" was demonstrated in cultured kidney cells of a newborn 
calf (Coackley et al., 1980). Antibodies to bovine Polyomavirus were found in 
sera from persons that were in close contact with cattle (e.g. 71% of veterinary 
practitioners in Great Britain; Parry and Gardner, 1986). Otherwise, only 
members of the genus Papillomavirus occur in ruminants, where they may 
cause warts. 

Papillomaviruses are nonenveloped, icosahedral particles, 50-55 nm in dia-
meter. They are somewhat larger than polyomavirions, which measure about 
45 nm across. The capsid is formed of 72 well-discernible capsomers in a skew 
arrangement. Tubular forms have been seen by EM. The viral core contains a 
single molecule of infectious circular double-stranded DNA with a mol.wt. of 
3-5 χ 106. In papillomas, the virions can be demonstrated only in keratinizing 
cells of the epidermis. 

Buoyant density of papovaviruses is about 1.3g/cm3 in CsCl and the sedi-
mentation coefficient is between 240-300 S. 

Generally, the papillomaviruses are considered to be species specific, but 
different types may be associated with various forms of papillomatosis in a 
single animal species, e.g. in cattle. The subdivision of papillomaviruses into 
six types is made by serology and, recently, by comparing restriction en-
donuclease cleavage patterns of their DNAs and the extent of DNA-DNA 
homology following hybridization. Papillomatosis is also known to occur in 
sheep, goats, deer and the European elk (for review, see Lancaster and Olson, 
1982). 

The replication of papillomaviruses occurs in the nucleus, but the viral DNA 
is not integrated into cellular DNA. A cell type permissive for growth of 
papillomaviruses in vitro is lacking, but there are established cell lines which 
respond to infection or transfection with foci of transformation. 
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Chapter 18 

Papillomaviruses 

C. OLSON 

INTRODUCTION 

Papillomaviruses, once thought of minor importance in animals and man, 
are now regarded as highly significant oncogenic factors in some neoplastic 
entities. Laryngeal papilloma and cancer, as well as carcinomas of the cervix 
and skin in man, skin cancer in goats, eye cancer in cattle, and equine sarcoid 
have been associated with papillomavirus infection. These inferences have 
come about because of application of recent developments in molecular biology 
and cloning technology (Lancaster and Olson, 1982). By these means at least 
six types of bovine papillomavirus (BPV) and at about 50 types of human 
papillomaviruses have been recognized in neoplastic lesions. This progress has 
been made even though these viruses had not been propagated in cell culture 
systems. Two fascinating details will be of general interest. First, an internal 
capsid antigen is common to all known papillomaviruses, so that antisera 
raised against this antigen can be used to mark the location of various types 
of papillomavirus in formalinized tissues using immunohistochemistry. The 
second is that BPV types 1 and 2 can serve as eukaryotic vectors in genetic 
engineering to insert foreign genetic material (DNA) into cells in culture. A 
few references (Sarver et al., 1982; Nakabayashi et al., 1983; Brian-Markson et 
al., 1985; Gorra et al., 1985; Spalholz et al., 1985) will indicate the extent of this 
work which has stimulated international workshops for coordination of 
papillomavirus research. 

Warts of the skin (cutaneous papillomatosis) are usually self-limiting benign 
tumors occurring at multiple sites and usually in young animals (Fig. 71). 
Viruses causing these tumors are similar in morphology, but differ in other 
characteristics. The bovine papillomavirus (BPV-1 and 2), the ovine papillo-
mavirus (OPV), the deer fibroma virus (DFV), and the European elk papillo-
mavirus (EEOV) will cause a fibroblastic tumor in the hamster. In addition, 
BPV-1 and 2 will cause a fibroblastic tumor in horses and evidence of the BPV 
genome is found in naturally occurring equine sarcoids. Otherwise, the known 
papillomaviruses are oncogenic only for their species of origin (Koller and 
Olson, 1972; Lancaster and Olson, 1982). Table 19 summarizes the papilloma-
toses of ruminants. 

The virus appears to infect the basal cells of the epithelium, causing some 
cells to degenerate while others are stimulated to excessive growth and wart 
formation. New virus particles form in the degenerating cells and may com-
pletely replace the nuclear material when the cell reaches the surface; thus, 
there is much infective virus at the surface of the wart. The virus is quite 
resistant and may contaminate fences, stanchions and other objects. Skin 
wounds from such objects frequently lead to infection of susceptible animals. 
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Fig. 71. Natural case of papil lomatosis; probably inoculated by scratching back and cheek on 

boards contaminated wi th BPV. There had been no response to topical treatment with oi ls and 

vacc ine therapy. 

>22 

days days 

Fig. 72. Growth curve of warts of ca lves in w h i c h 25-50% of warts were removed at about 43, 73 
and 100 days after inoculat ion; recurrence of warts at s i tes of early removal was common. Numbers 
in circles indicate number of ca lves in the experiment; * number of warts measured; (—) average 
size of intact warts; (—) average size of recurrent warts; arrows indicate the exc is ion date. 
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Tattoo instruments and hypodermic needles will transmit the infection in 
cattle. 

Infectious papillomatosis is a self-limiting disease, although the duration of 
warts on individual animals may vary considerably. A variety of chemicals has 
been advocated for treatment without agreement on their value. Surgical 
removal by knife or cryosurgery is recommended if the warts are sufficiently 
objectionable. Surgical intervention in the early growing stage of a wart may 
lead to recurrence and stimulation of growth; therefore, warts should be re-
moved when near their maximum size or when regressing (Fig. 72). Affected 
animals may be isolated from susceptible animals, although with the long 
incubation period many will have been exposed to the infection before a 
problem is recognized. 

BOVINE PAPILLOMAVIRUS TYPES 1 AND 2 

BPV types 1 and 2 cause fibroblastic tumors of the dermis, in addition to the 
epithelial hyperplasia. These are more properly called fibropapillomas (Fig. 
73). Progressively growing fibroblastic tumors of the brain can be experiment-
ally produced in cattle and hamsters (Fig. 74). Polypoid tumors of the urinary 
bladder can be produced with BPV in calves (Fig. 75). In certain areas of the 
world, such as northern Japan, parts of Brazil, Scotland, Colombia and Turkey, 
enzootic bovine hematuria is associated with the bracken fern (Pteridium 
aquilinum) grown on certain soils as well as with BPV infection. A carcinogen 
from a low-level continuous consumption of bracken fern seems to operate 
together with the BPV in causing various tumors (Fig. 76). Previously the 
disease had occurred in parts of the USA, Canada, Europe, Australia, India and 
New Zealand. When pastures are improved cattle no longer are forced to 
consume bracken fern and enzootic hematuria ceases to be a problem 

Bovine fibropapillomatosis is worldwide in distribution and is more common 

Fig. 73. Fibropapil loma in skin of calf 40 days after inoculat ion of BPV; note epithel ial prolifera-

t ion over underlying fibroma ( χ 22). 
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Fig. 74. A large fibroma almost complete ly replaces the left hemisphere in the brain of a calf after 

intracerebral inoculat ion of BPV 227 days previously. 

in cattle less than 2 years of age that are housed in close contact with each 
other. The skin of the neck, legs, back and abdomen are the more usual sites, 
since these locations are probably more subject to abrasions and wounds. 
Cutaneous papillomas in cattle can be of various size — depending on the area 
infected — have a cauliflower-like appearance and a fibroma base in the dermis. 
Fibropapillomas of the penis and vulvo-vaginal mucosa have a smooth surface 
with less epithelial proliferation (Fig. 77). Virus is concentrated in the outer 
keratinized epithelium of the papilloma and when shed can contaminate fen-
ces, stanchions, and boards of the stable. These fomites transmit the disease to 
susceptible cattle when causing wounds of the skin. Immunity develops in a few 
weeks after exposure; older animals are more resistant than very young, prob-
ably because of prior inapparent exposure. The incubation period for cuta-
neous warts produced by BPV is approximately 30 days, and the duration of 
both naturally and experimentally produced fibropapillomas ranges from 1 to 
12 months before regression (Fig. 78). Occasionally, cutaneous fibropapilloma-
tosis will persist in a calf and become very extensive. This is probably because 
of some defect in the immune system. Fibroma regression is not related to 
serum antibody but probably to CMI (Barthold and Olson, 1974). 

Antibodies (detectable by ID, CF and HI) can readily be found after exposure 
to BPV or to commercial bovine wart vaccines. Formalinized suspension of 

Fig. 75. Mucosa l aspect of bovine urinary bladder with many 6-cm polyps in the tumor area 
inoculated 122 days previously wi th BPV. 

Chapter 18 references, p. 199 
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Fig. 76. Mucosa l aspect of bovine urinary bladder wi th numerous dist inct hemangiomas; hemor-
rhage from these and other neoplas ias (fibromas, adenomas, carcinomas) gave rise to the c l inical 
term of enzootic hematuria (this case provided by Dr. Bankier of Vancouver , B.C., in 1961). 

bovine warts provide a vaccine for prophylactic immunization when cutaneous 
warts are a problem in a herd (Olson et al., 1962). Such problems can exist in 
cattle to be used for shows, to be sent to slaughter — where antemortem 
inspection may cause a reduced price — and particularly in studs, where young 
bulls can develop fibropapilloma of the penis (Fig. 79). Such penile lesions tend 
to recur after surgery, with eventual deformation. 

Prophylactic vaccination might also be used in bands of young horses where 
equine sarcoid is common. It may be necessary to begin vaccination as early as 
at 4-6 weeks of age in calves with about 0.4 ml vaccine intradermally at two 
sites, repeating the procedure 4-6 weeks later and 1 year of age. Immunity to 
infection will develop in a few weeks, but this immunity is not related to the 
(unknown) mechanism involved in regression of the wart. Since exposure to the 
virus may have occurred prior to vaccination, as e.g. with a contaminated 
tattoo instrument, the vaccine-induced immunity may develop too late to 
prevent development of warts. A program of prophylactic vaccination must be 
in effect for about 3-6 months before its preventive value will be noted (Fig. 80). 
It should be continued for at least a year after disappearance of the last wart 
in a herd, since virus may still contaminate the premises. Stalls, stanchions and 
other inert materials can be disinfected by formaldehyde fumigation, but this 
must be done at high humidity and temperature to be effective. 

Reports of wart tissue vaccines containing formalin-inactivated virus used 
for treatment indicate variable results. One controlled trial on experimentally 
produced warts in cattle showed that such a vaccine was of no therapeutic 
value (Olson and Skidmore, 1959). Since most wart viruses are species specific, 

Fig. 77. Fibropapil loma of a young heifer; experimental ly produced with BPV inoculated when the 

animal was 400 days old. 



Ο 3 4 7 8 1 0 6 
Days 

Fig. 78. Growth curves of warts produced wi th the same bovine papil loma material on scarified skin 
of ten calves; note the marked variat ion in size and duration on individual calves . Graph (b) 
i l lustrates cha l l enge (Sc, scarified; Id, intradermal) react ions in a calf wi th a large papil loma 
induced 71 days previously; such react ions to cha l lenge of immunity were observed in 3 of 60 
similarly treated calves . 

there is no merit in using a vaccine of wart tissue derived from another species 
of animal except a bovine vaccine to prevent equine sarcoid. 

A fascinating situation has been discovered (Jarrett et al., 1984), in which 
fibropapillomas of the esophagus and rumen harbor the genome of BPV-2 but 
neither mature virus could be found by EM nor viral antigen by immunohis-

Fig. 79. Natural case of fibropapilloma of a penis; this can be experimental ly produced with BPV. 

Chapter 18 references, p. 199 
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Fig. 80. Fibropapil lomas (- · -, of g lans penis; —, of skin) in a populat ion of 40-60 young bull ca lves 

during 2 \ years of study; prophylactic vacc inat ion with formalin-treated bovine papil loma suspen-

s ion influences new cases after 0 time. 

tochemical methods. This suggests epithelial transformation to neoplasia with 
no production of infectious virus as in the fibroblasts. 

BOVINE PAPILLOMAVIRUS TYPE 3 

Pfister et al. (1979) have classified a virus from cutaneous epithelial papillo-
mas of Australian cattle as type 3. The fibropapillomas of Australian cattle 
have BPV types 1 and 2 (Spradbrow, 1982). 

Atypical warts (Fig. 81) in cattle, similar to the Australian type 3 lesions, 
lack the dermal fibroma component of the BPV-induced cutaneous fibropapill-
oma (Barthold et al., 1974). The atypical tumors tend to persist rather than 
regress and involve adult animals as well as young stock. The atypical papillo-
mas contain a virus morphologically identical with BPV; however, the viruses 
are immunologically distinct. Experimental transmission of the atypical wart 
virus was unsuccessful. A 3-year herd vaccination program using atypical wart 
homogenates failed to influence the natural incidence of the disease (Barthold 
et al., 1974). 

Fig. 81. Natural ly occurring atypical bovine wart composed only of epithel ial e lements and lacking 

the dermal fibroma (details are g iven by Barthold et al., 1974). 
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BOVINE PAPILLOMAVIRUS TYPE 4 

On farms of the west coast of Scotland with much growth of bracken fern, 
papillomas and carcinomas are found on the tongue, pharynx, esophagus,eso-
phageal groove, rumen and intestine of cattle. A virus morphologically similar 
to BPV, but different in other respects, exists in these lesions; tumor extracts 
have produced typical papillomas in the esophagus, palate and skin. This virus 
has been characterized as BPV type 4 (Jarrett et al., 1980). An 80% incidence 
of alimentary tract papillomatosis has been noted in cattle slaughtered after 
being pastured in the high cancer area for more than 5 years. Multiple papillo-
mas were found in more than half of the cattle, most of which also had 
associated squamous carcinoma. While BPV-4 is found in the alimentary 
papillomas, the alimentary carcinomas had no demonstrable virus or viral 
antigens (Campo et al., 1985). In 70 cases, only one transforming papilloma of 
the esophagus and one squamous carcinoma of the tongue contained BPV-4 
viral DNA (Jarrett et al., 1984a). Thus, it is believed that BPV-4 DNA is not 
required for progression from papilloma to and maintenance of the cancer 
Urinary bladder tumors (enzootic hematuria) were found in about 30% of cattle 
from the high cancer areas. Similar epidemoid carcinomas of the alimentary 
tract had been observed in the enzootic hematuria (carcinogenic bracken) area 
of Brazil (Tokarnia et al., 1969) and Colombia (J. Tobon, personal communica-
tion, 1972). 

BOVINE PAPILLOMAVIRUS TYPE 5 

Papillomas on the teats of cows are not a common herd problem but can 
cause difficulty in milking individual cows. Meischke (1970a) found papillomas 
in 36% of cattle processed through a Glasgow abattoir. These were classified 
as filiform or "rice grain" with no fibroma, as papilloma and as fibropapilloma; 
papillomavirus particles were seen by EM in all three types. 

Meischke (1979b) reported that animals with "rice grain" lesions were 
susceptible to virus from fibropapillomas (BPV-1 or 2) but were immune to 
challenge with "rice grain" virus. The "rice grain" virus has been charac-
terized as BPV type 5 (Jarrett et al., 1980). 

BOVINE PAPILLOMAVIRUS TYPE 6 

Jarret t et al. (1984b) have characterized a BPV-6 in teat "fond" epithelial 
papillomas from 32 cattle which had concurrent teat "rice grain" fibropapillo-
mas with BPV-5. The DNA of BPV-6 is smaller than and has no sequence 
homology with BPV-1, BPV-2 or BPV-5. It does share some sequences with 
BPV-3 and BPV-4. 

During a survey of 667 cattle at a Wisconsin abattoir three kinds of teat 
papillomas were seen in about 25% of the animals. These were classified as 
atypical filiform, atypical flat and typical fibropapilloma. The bovine papilloma 
capsid antigen was found in all three kinds. Homogenates of the typical fi-
bropapillomas produced skin lesions in four calves and two ponies. The atypi-
cal filiform papillomas produced lesions on skin and teats in two heifers. The 
atypical flat papillomas produced papillomas on only the teats of two heifers 
(Olson et al., 1982). 

Troublesome papilloma-like lesions not infrequently develop on teats and at 
the teat meatus of milking cows. They consist of proliferations of epithelium as 
in a papilloma, but lack the fibroplasia of the underlying dermis as seen in the 
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typical fibropapilloma of BPV. The etiology of this condition is unknown but 
a papillomavirus is suspected. 

BOVINE PAPILLOMA VIRAL ETIOLOGY SUSPECTED 

Virions resembling BPV were found in 8 out of 24 ocular lesions in Austra-
lian cattle (conjunctival plaques and papillomas, papillomas of the eyelid and 
a cutaneous horn of the eyelid; Ford et al., 1982; Spradbrow, 1982). Plaques at 
the corneal-scleral border could be produced by scarification with BPV, but 
the lesions were small and soon regressed (C. Olson, unpublished data, 1953). 

The histology of bovine vesical fibromatosis of northern Japan (Yoshikawa 
and Oyamda, 1971), resembles the initial lesions produced experimentally by 
BPV (Olson et al., 1962; Brobst and Olson, 1965). The various stages of cuta-
neous papillomas of pasterns (Lindley, 1974) have been described and illus-
trated by Cheli et al. (1980) and Lindley (1974). 

SHEEP PAPILLOMAVIRUS 

Fibropapillomas of the muzzle and legs of sheep in England were found by 
Gibbs et al. (1975) to be associated with a papillomavirus also capable of 
producing sarcoma in the hamster but not in cattle or goats. 

Vanselow et al. (1982) found papilloma virions by EM in squamous car-
cinoma and papillomas of Merino sheep in Australia. Such squamous car-
cinomas in non-pigmented areas poorly covered by wool (ear, muzzle, eye and 
vulva) had been recognized as an economic problem for many years. It is 
believed that papillomavirus and sunlight are involved in a complex etiology 
of these tumors. Virions have been demonstrated in papillomas of the eyelid 
and vulva (Vanselow and Spradbrow, 1983). 

DEER FIBROMA VIRUS 

A cutaneous fibromatosis occurs in both white-tailed and mule deer and is 
caused by papillomaviruses which are slightly different in the two deer species 
(Lancaster and Sundberg, 1982). The virions occur in the moderately hyperplas-
tic epithelium covering the fibromas, and the viral genome can be demon-
strated in the fibroma. In nature and experimentally the lesions are usually 
small and regress (Sundberg et al., 1985). Papillomas and fibropapillomas have 
been reported in a variety of other deer, in caribou and moose (Sundberg and 
Nielson, 1981). The deer fibroma viruses produce fibroplastic tumors in ham-
sters but not in cattle or horses. Deer are not susceptible to bovine papillo-
mavirus. 

EUROPEAN ELK PAPILLOMAVIRUS 

Cutaneous fibropapillomas have been found to be rather common in the 
European elk of Sweden. The EEPV produced fibrosarcomas in hamsters and 
is unrelated to BPV based on molecular hybridization studies (Moreno-Lopez 
et al., 1982). 
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GOAT PAPILLOMA 

A progression of mammary papillomatosis to carcinoma was reported in 
goats some years ago (Moulton, 1954). A current study indicates that multiple 
cutaneous papillomas of the head and neck are squamous in character; mam-
mary and genital warts are fibropapillomas (Theilen et al., 1982). Thus far a 
virus has not been demonstrated. 

PAPILLOMAS IN OTHER ANIMALS 

Papilloma viruses no doubt exist in other ruminants, as evidenced, for exam-
ple, by the presence of papillomavirus antigen in the pronghorn antelope 
(Sundberg et al., 1983). Such immunohistochemical surveys followed by mole-
cular study of the extracted virus will add new papilloma viruses to the list. 
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Parvoviridae 

The particles of parvoviruses measure only 18-26 nm in diameter and are the 
smallest DNA viruses known so far (Latin "parvus" = small). In addition to 
the genus Parvovirus which contains most of the infectious agents of veterin-
ary importance, the genera Dependovirus and Densovirus (in insects) belong to 
this family. Except for minor cross-reactions between rodent representatives, 
the members of the genus Parvovirus show type-specific reactions by hemag-
glutination-inhibition, neutralization and other serological tests. In contrast, 
all dependoviruses possess a common antigen, as can be demonstrated by 
immunofluorescence. Some 20 parvoviruses have been described in vertebrates. 

Parvovirions are nonenveloped isometric particles with an icosahedral sym-
metry and probably 32 capsomeres, 3-4 nm in diameter. 

The genome consists of a single molecular of single stranded DNA with a 
mol.wt. of 1.5-2 χ 10b. In some genera the single strands of both polarities are 
encapsidated and form double stranded molecules upon nucleic acid extrac-
tion. In mature virions three polypeptides are usually present in the vertebrate 
parvoviruses, all of which are probably derived from a common sequence. 

Infectious virions band at a density of 1.39-1.42 g/cm3 in CsCl; particles with 
still higher densities (precursor particles) have been described. The virion 
sediments at 110-122 S. 

Virus replication is restricted to the nucleus and is dependent either on 
certain helper functions from the host cell (Parvovirus) or from a helper virus 
(Dependovirus). Accumulations of both empty and full progeny virions can be 
found in the nuclei of infected cells. Parvoviruses are best propagated in young, 
rapidly dividing cells. Intranuclear inclusion bodies can occasionally be seen 
in infected cells after staining. 

In cattle, representatives of two genera — Parvovirus and Dependovirus 
(former Adeno-associated virus) — are found (Siegl. et al., 1985). The first strain 
(type 1) of bovine parvovirus (BPoV) was isolated in the USA and was called 
HADEN (HemADsorbing ENteric) virus. Additional strains have been isolated 
in various countries. A Japanese strain, antigenically different from the 
HADEN strain, is considered to represent a type 2. Bovine parvoviruses are 
associated with diarrhea in calves and obstetric problems such as abortion in 
cattle. 

Members of the genus Dependovirus are defective but multiply in the 
presence of a replicating adenovirus or herpesvirus. Bovine and ovine depen-
doviruses are known to occur. Dependoviruses per se have never been found 
associated with pathogenic conditions. 
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Chapter 19 

Bovine Parvoviruses 

J. STORZ 

INTRODUCTION 

In 1959, Abinanti and Warfield isolated from the intestine of calves a virus 
that was later identified as a parvovirus (Storz and Warren, 1970; Bachmann, 
1971). It is now well established that replication of nondefective parvoviruses 
depends on cellular functions expressed during the S phase of the eukaryotic 
cell cycle (Margolis and Kilham, 1965; Tennant et al., 1969; Siegl, 1976). Con-
sidering the turnover of intestinal cells and their gradient of differentiation, it 
is not surprising that parvoviruses were cultured frequently from the intestinal 
tract of calves when specific attempts for isolation were made (Vincent, 1971; 
Bates et al., 1972; Hinaidy, 1978; Hinaidy et al., 1979; Wosu et al., 1979). 
Furthermore, evidence for intrauterine infections of bovine fetuses was found 
when high titers of HI antibodies of bovine parvovirus (BPoV) were detected 
in commercial bovine fetal serum (Storz et al., 1972). 

VIRUS PROPERTIES 

Physical and chemical characteristics 

Parvoviruses are extremely resistant to chemical and physical inactivating 
factors. The most reliable disinfection is achieved with 0.5% chlorox or ethy-
lene oxide in the form of the nonexplosive mixture of 10% ethylene oxide and 
90% carbon dioxide. 

Antigenic properties 

All the parvoviral isolates studied agglutinate guinea pig and human type 
Ο erythrocytes. The isolates from cattle of different countries all are antigen-
ically related or identical to prototype BPoV-1 (Abinanti and Warfield, 1961). 
One BPoV strain isolated in Japan appears to differ and is separated as BPoV-2 
(Inaba et al., 1973a). Bovine parvoviruses differ antigenically from parvoviruses 
isolated from man, pigs, cats, dogs, rats and rabbits. This is further substan-
tiated by comparisons of genomic nucleotide sequences among parvoviruses, 
which revealed virtually no homology between rodent parvoviruses, Lu III and 
BPoV (Banerjee et. al., 1983). A defective parvovirus was found associated with 
BAV types 1, 2 and 3 (Luchsinger et al., 1970; Myrup et al., 1976; Coria and 
Lehmkuhl, 1978). 

Chapter 19 references, p. 213 
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Cultivation 

BPoV-1 replicated in all primary bovine fetal cells tested. High levels of 
hemagglutinin were present in tissue culture fluids following passage in dif-
ferent cell types (Bates and Storz, 1973; Hinaidy et al., 1979; Durham and 
Johnson, 1985). The virus reached cytopathic and hemadsorption titers of 106 2 

and 10 6 8TCID 5 0/ml, respectively, on assay after three passages in bovine fetal 
lung (BFL) cells. Replication occurred to similar titers in bovine fetal testicle 
(BFT), spleen (BFS), and adrenal (BFA) cells. The least efficient replication of 
BPoV-1 occurred in bovine fetal kidney (BFK) and bovine fetal intestine (BFI) 
cells with cytopathic endpoints of 10 4 2 and 10 3 5TCID 5 0/ml, respectively. In all 
cases, hemadsorption endpoints were approximately 10-fold higher than cy-
topathic endpoints. 

Cell lines from a variety of animal species were tested for their susceptibility 
to BPoV infection (Bates and Storz, 1973). The line cells examined did not 
support replication of BPoV-1. Except for decreasing titers observed in the cell 
strain FB4BN, established from bovine bone marrow, hemagglutinins were not 
detected in these tissue cultures. Low levels of infectivity and hemagglutinin 
were detected in BFL cells after three passages of BPoV-1 in MDBK and 
BHK-21 cells. Plaques resulting from BPoV replication in BFS cells were 
detected within 5 days after inoculation (Bates and Storz, 1973). The plaque 
sizes ranged from 1 to 3 mm in diameter at 5 days and increased to 3-5 mm at 
7 days p.i. All plaques, irrespective of their size, had fuzzy edges. 

The CPE resulting from BPoV replication in actively dividing BFL cells was 
distinct and reproducible. At 20-24 h after inoculation, infected cells were 
swollen, refractile, and exhibited a stellate appearance. These cells were scat-
tered over the cell monolayer and ultimately became uniformly round and 
highly refractile. Soon after rounding, the cells detached from the glass sur-
face. The cytopathic changes continued until all cells were involved, usually 
by 72 h after inoculation. 

Parvovirus-specific fluorescence in infected BFS cells was detected ex-
clusively in the nuclei. Intranuclear inclusions with a unique morphology are 
formed and can be detected following acridine orange or Giemsa staining 
(Hinaidy et al., 1979; Leary and Storz, 1980, 1982). Initial changes resulted in 
a uniformly basophilic nucleoplasm giving the nuclei a glassy appearance. 
Clumps of dark blue marginated chromatin appeared on the inner nuclear 
envelope. Along with greater numbers of glassy nuclei, a second nuclear 
change became apparent, which was characterized by an intensely stained, 
eosinophilic, finely granular nucleoplasm with a prominent dark blue nucleo-
lus. Thin halos formed around the entire finely granulated nucleoplasm by 18 h 
after infection. Halo width, intensity of staining, and basophilia of the central 
inclusion mass increased after 24 h to reach the form of Cowdry type A in-
clusions (Figs. 82 and 83). 

An additional type of inclusion consisting of multiple round, smooth, eo-
sinophilic foci emerged in both glassy and finely granular nuclei at 18-24 h. 
Halos formed later around individual foci, which remained clearly distinct 
from nucleoli (Figs. 84 and 85). These foci were often marginally arranged, but 
they appeared also throughout the nucleoplasm (Hinaidy et al., 1979). All our 
BPoV strains tested induced multifocal as well as Cowdry type A inclusions 
(Leary and Storz, 1980, 1982). 

Ultrathin sections of many nuclei of infected BFS cells fixed 18-24 h after 
inoculation contained distinct, fine-grained, electron-dense, circular foci in the 
nucleoplasm. The foci are local accumulations of viral capsids as revealed by 
EM (Fig. 86). There appeared to be nuclear compartmentalization of viral 
replication sites (Bates et al., 1974; Leary and Storz, 1982). Inclusions were not 
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Fig. 82 (left). Early Cowdry type A inc lus ion wi th in the nuc leus of a B F S cel l infected wi th BPoV-1; 
Giemsa s ta in ( χ 1280). 

Fig. 83 (right). Mature Cowdry type A inc lus ion wi th in the nuc leus of a B F S cel l infected wi th 

BPoV-1; Giemsa s ta in ( χ 1280). 

detectable in infected mitotic cells where the nuclear envelope was dispersed. 
The presence of characteristic tubular forms in these cells revealed them as 
infected. 

The nucleopathic changes described are characteristic for BPoV and can be 
used to indicate the infection in cultured cells. Their appearance in infected 
cells of tissues from animals can be exploited diagnostically. 

EPIZOOTIOLOGY 

Evidence for parvovirus infection of cattle through detection of antibodies 
neutralizing infectivity or inhibiting hemagglutination of BPoV was detected 
in the USA, Algiers, Japan, Brazil, England and Austria (Leary and Storz, 
1980). The incidence of cattle with antibodies ranged from 46 to 86% (Table 20). 
The age of the animals tested was not specified, but the majority of the serum 
samples involved newborn calves and cattle to 12 months of age. The highest 
percentage of positive calves was found in February in Austria, where the only 
attempt was made to analyze seasonal distribution (Hinaidy and Bürki, 1980). 

Fig. 84 (left). Mult i focal inc lus ion located peripherally in nuc leus of B F S cel l infected wi th BPoV-1; 
Giemsa s ta in ( χ 1280). 

Fig. 85 (right). Large and small mult ifocal inc lus ions wi th in the nuc leus of B F S cel l infected wi th 

BPoV-1; Giemsa stain ( χ 1280). 
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Fig. 86. Ultrastructural detail of sect ion from a nuc leus of a B F S cel l infected wi th BPoV-1. 

Serum samples from 35 herds of cattle representing 433 animals were tested in 
the western USA. Antibodies were detected in sera from 243 of 377 animals in 
29 herds. Six of the herds did not have cattle with parvovirus antibodies (Storz 
et al., 1972). Parvoviruses were isolated from cattle of all the countries where 
serological surveys had been made. 

Considering their antigenic properties and minimal homology with par-
voviruses of other animal species, one can assume that BPoV antibodies in 
cattle were not induced through cross-reactions after infection with par-
voviruses of other animal species (Bates et al., 1972). In addition, the host cell 
range of BPoV was found to be virtually restricted to bovine cells. Accordingly, 
the chain of infection is maintained within the cattle population. 

Vertical transmission of BPoV was proven through detection of significant 
antibody titers in fetal serum and isolation of parvovirus from tissues of a 
naturally occurring abortion (Storz et al., 1972; Inaba et al., 1973b); it was 
confirmed through experimental inoculations of pregnant cows or direct fetal 
inoculations (Storz et al., 1978). 

TABLE 20 

Parvovirus antibodies in catt le 

Country Pos i t ive 

(%) 

Total tested References 

U S A , Maryland 86 Abinanti and Warfield, 1961 

83 209 Spahn et al., 1966 
Colorado 65 377 Storz et al., 1972 

Algiers 70 254 Vincent , 1971 

Japan 50 48 Inaba et al., 1973b 
England 46 114 Huck et al., 1975 
Austria 71 148 Hinaidy, 1978 

70 101 Hinaidy and Bürki, 1980 
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PATHOGENESIS 

How do parvoviruses induce enteritis in calves? 

The spread of BPoV during infection and its distribution in newborn calves 
after oral or intravenous inoculations was studied (Storz et al., 1978). Par-
voviral antigen was demonstrated by IF test and virus was reisolated. 

Calves excreted BPoV 24-48 h after oral as well as intravenous inoculation 
and continued to do so during the course of the experiment lasting for 11 days. 
Virus was isolated from mucosal scrapings of the duodenum and lower levels 
of the intestine for 6 days. The regions most consistently infected were the 
jejunum, ileum and caecum; the highest titers were measured in the intestinal 
mucosa of intravenously inoculated calves. Patches of cells with fluorescent 
nuclei were found in the epithelium of the Lieberkühn crypts, in the transition 
and intervillous zones of villi, in cells of central lacteals (a site where more 
fluorescent cells were found after intravenous inoculation) and in cells of the 
lamina propria. The range and distribution of fluorescent cells was similar to 
that found in newborn kittens inoculated with feline panleukopenia virus, 
another parvovirus (Hammon and Enders, 1939; Csiza et al., 1971; Carlson et 
al., 1977, see volume Virus Infections of Carnivores of this series). It differed 
from the range of infected cells of adult conventional cats, where the cells of 
Lieberkühn crypts are the initial sites of intestinal infection. 

Viremia associated with leukocytes developed after oral inoculation and 
reemerged when virus was given intravenously, and more serious diarrhea was 
then induced. Infections of intestinal cells in crypts, central lacteal and other 
sites occurred during the systemic phase. Also, infection of cells in the cortex 
of the adrenal gland (Fig. 87), the thymus, lymph nodes and heart muscle 
became pronounced during the systemic phase, which is a characteristic feat-
ure of the pathogenesis of parvovirus-induced enteric disease. 

Fluorescence in intestinal and other lymph nodes was distributed randomly 
and involved large cells in paracortical areas. The thymus showed fluorescence 
in large nuclei or reticulum-like cells in the medullar region and cortex. 
Fluorescent cells were present in the nodular areas of the spleen. The adrenal 

Fig. 87. Sec t ion of adrenal gland of a calf infected wi th BPoV-1; several nucle i have inclus ions . 

Chapter 19 references, p. 213 
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glands examined had abundant fluorescence in the zona glomerulosa and 
fasciculata. Net-like pronounced fluorescence was present in heart muscle 
cells. Fluorescent cells were not found with parvovirus-specific conjugates in 
the corresponding tissues of one normal control calf or calves inoculated with 
bovine enteroviruses. 

Conventional calves inoculated orally or intravenously with parvovirus 
propagated in BFS or BFK cells for 8-10 passages developed diarrhea (Storz et 
al., 1978). Also 2-8-month-old calves became diarrheic 4-7 days after oral or 
intranasal inoculation with BPoV-1 of an unspecified passage level (Spahn et 
al., 1966). Calves inoculated intravenously had more severe diarrhea, which 
was initially watery and then mucoid, than orally inoculated calves. Since 
parvoviruses were also isolated from conjunctival and tonsillar specimens, it 
appears that the oropharyngeal and respiratory routes of infections are more 
common under natural conditions than direct oral intestinal infections. The 
oropharyngeal and respiratory or parenteral routes of infection are most effec-
tive in experimental induction of feline panleukopenia (Csiza et al., 1971). 

The most reliable inocula for inducing enteric disease with clinical signs 
comparable to those observed under natural conditions were suspensions of 
wild-type virus derived from diarrheic fluid and intestinal mucosal samples in 
experimental coronaviral and rotaviral enteritis (Storz et al., 1978; Storz and 
Leary, 1979). Similarly, a reliable inoculum for inducing panleukopenia in cats 
was a wild-type parvovirus maintained by intestinal infections in pathogen-
free cats (Carlson et al., 1977). Cell culture propagated BPoV did not reproduc-
ibly cause diarrhea. Evidently, enteropathogenic viruses rapidly become att-
enuated during passage in cell culture due to mutation and selection of host 
range mutants with reduced virulence. Although enteritis was induced in our 
experiments involving parvovirus passed serially in cultured cells at least 
eight times, we may not have reproduced the naturally occurring infection. 

Parvoviruses were detected in mixed intestinal viral infections of calves 
involving enteroviruses, adenoviruses, pestiviruses and coronaviruses. Be-
cause multiple viral infections in enteric diseases are quite common but seldom 
mentioned and hardly studied, the significance of a parvovirus component 
should be investigated. The parvoviral infection involves the host cell niche 
left unoccupied by intestinal coronaviruses or rotaviruses. 

Pathogenesis of fetal infections 

The pathogenic potential of BPoV to establish infection of the placenta and 
fetus was investigated by intravenously inoculating pregnant cows or by direct 
fetal inoculation during laparotomy (Storz et al., 1978). Following intravenous 
inoculation of pregnant cows, virus was isolated from their blood leukocytes 3 
and 6 days later, and placental as well as fetal infection occurred. Fetuses of 
the first trimester of gestation were highly susceptible. Nuclei of cells of the 
cotyledonary villi fluoresced in a honeycomb pattern when stained with par-
vovirus-specific antibodies. The uterine mucosal glands contained some fluores-
cent cells which were also present in the adrenal glands, lungs, spleen, heart 
muscle, kidneys and thymus of the fetuses. Virus was isolated from uterine fluid 
and the fetal organs. 

Also fetuses from the second trimester of gestation were susceptible to BPoV 
infection. When gravid uteri were removed 5-13 days after exposure of the 
fetuses, parvovirus could be isolated from placental fluids and most organs, 
including the intestinal tract. The infectivity levels of placental fluids varied 
from 104 to 10 6PFU per ml. The liver of one fetus contained 7 χ 10 5PFU/g, and 
titers of similar levels were detected in adrenal glands, lymph nodes and 
intestinal tissues. Immunofluorescence findings corresponded with viral isola-
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tion results. If fetuses survived and were tested 2 weeks after inoculation or 
later, virus isolation was irregular because the fetuses had produced antibo-
dies. 

Fetuses of the third trimester of gestation became infected, developed anti-
bodies and recovered. These calves were born alive at term, and virus was 
isolated from them irregularly. 

Repeat breeders and embryonic death 

A serological survey in 12 commercial dairy herds indicated that BPoV may 
be involved in other reproductive problems (Barnes et al., 1982). The BPoV 
seroreactor cows commonly experienced higher rates of embryonic mortality 
and required more services per conception than did nonreactor cattle. The 
cows in these herds were adequately protected against the major reproductive 
diseases. Regular disease prevention programs and vaccination against 
brucellosis, leptospirosis, BVD, IBR and parainfluenza were applied in these 
herds. Bluetongue virus infection also was not associated with reproductive 
problems in these herds. 

DISEASE SIGNS 

Calves with naturally occurring parvoviral infections proven by isolation 
had various clinical signs and varied in age from 1 week to 12 months (Abinanti 
and Warfield, 1961; Vincent, 1971; Bates et al., 1972; Huck et al., 1975; Hinaidy 
et al., 1979). Diarrhea affected most calves from which we recovered par-
voviruses. Calves surviving the diarrheic episode developed circulating antibo-
dies, but parvoviruses could be isolated intermittently from their feces. Most 
isolates were made from fecal specimens of calves suffering from enteritis, 
combined occasionally with febrile respiratory illness and conjunctivitis 
(Table 21). In some instances parvoviruses were isolated from feces of clinically 
normal young cattle. Holstein calves that had recovered from episodes of 
parvovirus diarrhea appeared retarded in growth. 

Newborn calves deprived of colostrum or given colostrum free of parvoviral 
(HI) antibodies developed enteritis 24-48 h after oral or intravenous inocula-
tion with cell culture propagated strain 71-1-20W of the eighth-tenth passage 
in BFS cells (Storz et al., 1978). The diarrhea was mild to moderately severe in 
orally inoculated calves. Calves given the inoculum intravenously developed 
a more severe, watery diarrhea and became prostrate. The body temperatures 
reached 41°C 2 days after exposure. The calves were listless, but they usually 
drank the offered milk. Others observed diarrhea in 2-8-month-old calves 4-7 
days after oral or intranasal inoculation with BPoV-1 of an unspecified passage 
level in cell cultures (Spahn et al., 1966). 

Pregnant cows did not develop clinical signs immediately following inocula-
tion. Their temperature and behavior remained normal. Abortions occurred in 
the first and early second trimester. The aborted fetuses were edematous, and 
the placentas were edematous and had necrotic cotyledons (Storz et al., 1978). 

PATHOLOGY 

Most calves infected with BPoV had a catarrhal enteritis. The levels of the 
gastrointestinal tract consistently infected were the jejunum, ileum and 
cecum. Single small patches of fluorescent cells were found in the epithelium 
of the crypts, in the transition and intervillous zones of villi, the central 
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lacteals, and in cells of the lamina propia mucosae. Clusters of fluorescent 
epithelial cells were also found in the crypts of Lieberkühn. Fluorescence in 
lymph nodes was distributed randomly and involved single large cells, prob-
ably lymphoblasts, in paracortical areas; they were also seen in the germinal 
centers. Fluorescence in large nuclei of reticulum-like cells in the medullar 
regions of the thymus and infrequently in cells of the cortex was observed. 
Similarly, fluorescent cells were found in the nodular areas of the spleen. The 
adrenal glands examined showed large numbers of fluorescent cells in the zona 
glomerulosa and fasciolata. The nuclei of numerous heart muscle cells had 
net-like fluorescence. Histological samples were taken from the experimental 
calves that were studied virologically. Evaluations of these tissues were not 
fruitful because of fixation problems. Recognizable nuclear changes (see Fig. 
87) were detected in the adrenal glands, which had high titers of infectious 
virus (Storz and Bates, 1973). 

Fetuses aborted during the first and early second trimester of gestation were 
edematous and had increased amounts of pleural and peritoneal fluid. Intranu-
clear inclusions were formed in cells of the small intestine, liver, lymph nodes, 
and the cerebellum. Microscopic lesions consisted of excessive cellular ne-
crosis in the external granule cell layer of the germinative sites of the cerebel-
lum. Lymphoid hyperplasia was also observed in fetuses examined at 10 days 
p.i. There was no evidence of lymphoid depletion or necrosis in lymph nodes, 
spleen, or thymus (Storz et al., 1978; Barros, 1980). 

ν / IMMUNE REACTION 

Newborn calves and pregnant cows inoculated intravenously had a brisk HI 
antibody response within 5-7 days. These antibodies also neutralized virus 
infectivity as tested in the plaque assay. A high percentage of cattle in different 
herds had antibodies, but there were closed herds found free of this infection 
(Spahn et al., 1966; Vincent, 1971; Storz et al., 1972; Hinaidy and Bürki, 1980). 

The humoral immune response of bovine fetuses to BPoV infection during 
the second and third trimesters was studied by the single radial immunodif-
fusion, HI, indirect IF test, micro-neutralization (MN), plaque-neutralization 
(PN), and double ID tests (Storz et al., 1978; Hayder et al., 1983). Serum samples 
collected from 23 virus-inoculated and several control fetuses were tested. The 
IgM concentration reached 355mg/100ml at 10 days after fetal inoculation and 
then decreased. The IgG concentration increased 10 days after inoculation and 
was maximal 142 days later. A correlation between Ig concentrations and 
antibodies reacting in the HI, MN, PN, IF, and ID tests existed in all samples. 
Neutralizing and HI antibodies were detected 10 days after fetal inoculation. 
The highest MN titer of 4096 was detected in a fetus 10 days after inoculation 
done during the third trimester. Six sera were positive in the IF test. These 
samples were collected 10-60 days after the fetuses had been inoculated; they 
had IgG concentrations of 615mg/100ml or higher and titers of 16-64. 

Between 5 and 10 days p.i. fetal blood lymphocyte counts tripled, due pri-
marily to an increase in E-rosetting lymphocytes. Peripheral blood lym-
phocytes of all fetuses reponded well to nonspecific mitogens of phytohemag-
glutinin, concanavalin A, and pokeweed (Liggitt et al., 1982). 

4̂  
LABORATORY DIAGNOSIS 

The BPoV isolates established by investigators in different countries were 
cultured in BFK or calf testicle cells. Considering the high incidence of cattle 
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with antibody titers it is apparent that isolation of parvovirus from natural 
infections was relatively sporadic and inefficient with the various methods 
used. Optimal replication and pronounced cytopathic changes were observed 
in BFL and BFS cells (Bates and Storz, 1973). These were used as actively 
growing cultures in a state of parasynchrony. The cellular requirements of 
BPoV must be considered before attempting in vitro studies, in viral isolation 
trials, and in the interpretation of pathogenetic mechanisms. Cultures of BFS 
cells synthesize DNA in a parasynchronous manner between 18 and 48 hours 
after passage (Leary and Storz, 1982). Optimum interaction of BPoV with 
DNA-synthesizing, S-phase cells was insured by infecting cells 18 h after pass-
age. Intracellular infectivity rose 18-24 h p.i., at which time both cytopathic 
changes and intranuclear inclusions were detected. 

Three methods of BPoV isolation from IF pretested samples of experiment-
ally inoculated calves were compared (Storz et al., 1978): (1) parasynchronous 
BFS cells with freezing and thawing between subpassages to disrupt cells; (2) 
direct culture of cells from selected organs; and (3) parasynchronous BFS cells 
and cell-associated virus techniques to maintain cell viability on subpassages. 

Cell-free virus techniques with parasynchronous BFS cells detected par-
vovirus in only 25.5% of the samples that were IF positive. Direct culture of 
cells from kidneys or testicles produced parvovirus where this technique failed. 
The cell-associated virus technique employing parasynchronous BFS cells was 
most reliable and recovered parvovirus from 82.5% of IF-positive tissue spe-
cimens. Reports of investigations of parvoviral infections in other animal 
species, mainly the cat, also infer that it is difficult to isolate virus from infected 
organs. Method 3 is recommended and should be employed to isolate field 
strains. Serum free of antibodies against BPoV and of HI inhibitors must be 
used for successful isolation and virus propagation (Storz et al., 1972). 

Direct EM examination of diarrhea fluid is not reliable because of the 
possible presence of many other small particles, including enteroviruses, cali-
civiruses, astroviruses, togavirus cores and even small bacteriophages. Re-
course to the use of immune EM would be more specific, and enzyme immune 
assays should be developed. 

A unique variety of nucleopathic changes was detected in cultured BFS cells 
infected with BPoV (Leary and Storz, 1980). They consisted of Cowdry type A 
as well as multifocal inclusions (see Figs. 82-85). Formation of distinct halos 
occurred in both instances. The appearance of these nucleopathic changes in 
infected host tissues has to be analyzed further to establish its diagnostic 
value. 

A most efficient method to detect antibodies against BPoV is the HI test 
employing guinea pig or human type Ο red blood cells (Abinanti and Warfield, 
1961; Storz et al., 1972). In some serum samples, nonspecific inhibitors of BPoV 
hemagglutination may be present and must be removed before testing for BPoV 
antibodies. The HI antibody titers corresponded well with results obtained 
through infectivity neutralization tests and other methods for the detection of 
antibodies (Hayder et al., 1983). 

Recently, a competitive ELISA was introduced for detection and titration of 
antibodies to BPoV. The antibodies, if present in the cattle sera, are competing 
in this assay with two monoclonal antibodies to the parvoviral hemagglutinin. 
The antibody titers determined in ELISA correlated with the titers in VN tests 
(N. Juntt i , personal communication, 1987). 

PROPHYLAXIS AND CONTROL 

A high percentage of cattle in the USA and other parts of the world has 
antibodies resulting from natural infections (Storz and Leary, 1979). However, 
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there are herds of seronegative cattle and thus without experience with this 
infection. Attempts to vaccinate cattle have not been described. As we learn 
more about the infection and the pathogenic potential of BPoV, efforts to 
develop vaccines may be warranted, particularly for the prevention of re-
productive disease problems. This approach would be of benefit in reducing 
parvovirus-induced disease during the neonatal period of calves. 
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Reoviridae 

Reo is an acronym derived from "respiratory enteric orphan". The family 
comprises the genera Reovirus, Orbivirus, Rotavirus, Phytoreovirus and Fiji-
virus, of which only the first three are of veterinary importance (the other two 
genera occur only in plants). Some 70 viruses have been assigned to the animal 
genera, most of them being (arthropod-borne) orbiviruses isolated from mos-
quitos, culicoides, phlebotomines and ticks. 

Members of the Reoviridae family are spherical particles with diameters 
between 60 and 80 nm; they do not possess a lipoprotein envelope, but a double-
shelled capsid constructed according to iscosahedral symmetry (Fig. 88). Cores 
have twelve spikes at the sites of the 5-fold symmetry axes. The three genera 
can be distinguished morphologically, the most characteristic detail of the 
orbiviruses being ring-shaped capsomers of the inner capsid (Latin orbis = 
ring) and of the rotaviruses a wheel-like (Latin rota = wheel) capsid appear-
ance with a wide hub, short spokes and a well-defined rim. The outer capsid 
layer of rotaviruses (diameter of the complete infectious particle is 69-75 nm) 
is easily lost, which results in "incomplete" 58-62-nm particles. 

The genome of the members of the Reoviridae family is segmented and 
consists of ten (Reovirus, Orbivirus) or eleven (Rotavirus) fragments. The 
nucleic acid molecules are linear and double-stranded and have mol. wts. 
between 0.2 and 7 χ 106. In general, there are six to ten polypeptides in the 
virions of members of the Reoviridae family, including a transcriptase, nucleo-

Fig. 88. Reovir ions (of av ian origin; courtesy J. Moreno-Lopez, Uppsala) . 
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tide phosphohydrolase and capping enzymes. Removal of the outer shell by 
proteolytic enzymes is required for the activation of the RNA-dependent RNA 
polymerase. 

Virion buoyant densities range between 1.36 and 1.39 g/cm3 in CsCl; the 
sedimentation coefficient is about 730 for the reoviruses and 520-540 for the 
orbi- and rotaviruses. The double-shelled complete virions of porcine rotavirus 
have a density of 1.36g/cm3 and the single-shelled particles of 1.38g/cm3. 

Replication of reoviruses occurs exclusively in the cytoplasm, where viro-
plasma zones are visible, sometimes containing virus particles in paracrystal-
line arrays. Virion transcriptase synthesizes first positive strands and a repli-
case enzyme makes the negative strands later in the cycle, thereby forming the 
double-stranded progeny RNA molecules. Morphogenesis of orbiviruses is 
accompanied by formation of regularly structured filaments and tubules. 
Unassembled newly synthesized double-stranded RNAs and the excess viral 
antigens accumulate in large masses in the cytoplasm, forming the characteris-
tic inclusions which give a bright green fluorescence with acridine orange 
staining (characteristic for double-stranded polynucleotides). 

In ruminants, reovirus types 1, 2 and 3 are encountered (amongst others) in 
acute respiratory/enteric disease in calves. No characteristic syndrome can be 
attributed to these viruses; rotaviruses, on the other hand, are the causative 
agents of neonatal calf and lamb diarrhea, and orbiviruses of bluetongue in 
sheep. 
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Chapter 20 

INTRODUCTION 

Reoviruses in general, including those associated with infections of cattle 
and sheep, are classified as a genus of the family Reoviridae, and are frequently 
referred to as the classical reoviruses. The reoviruses of mammalian origin 
have been divided into three serotypes, although cross-reactions occur. 
Serological surveys conducted in various parts of the world have indicated that 
reovirus infections are widely distributed in cattle and sheep populations. 
Nevertheless, there is still little evidence for the implication of reoviruses as 
pathogens of the respiratory or alimentary tracts of either species, particularly 
when compared with the effects produced with other known disease agents. 

It has been postulated (Darbyshire and Roberts, 1968; Lamont et al., 1968; 
Phillip and Darbyshire, 1971) that reoviruses of cattle are of less importance in 
the etiology of respiratory disease than are a number of other viruses that have 
been implicated as primary pathogens. Reoviruses are likely to initiate tissue 
damage in the respiratory tract, thereby enabling secondary agents to invade 
and replicate to advantage. In the case of the alimentary tract, their role as 
pathogens is even less well defined. 

In sheep, evidence for pathogenic effects of reoviruses is also limited. Reo-
virus type 1 has been recovered from sheep showing signs of concurrent res-
piratory and alimentary tract disease, and the virus isolated was then utilized 
to reproduce the condition experimentally. It seems that the behaviour of 
reoviruses as pathogens of sheep, as in cattle, depends upon the activities of 
secondary agents in precipitating disease. 

VIRUS PROPERTIES 

Physical and chemical characteristics 

Virus infectivity is stable between pH 2.2 and 8.0, and resists the effects of 
ether and chloroform. The virus also resists the effects of 1% phenol for at least 
1 h, but is inactivated by 70% ethanol or 3% formalin at 56°C. When heated to 
55°C in the presence of magnesium ions, virus infectivity is actually increased; 
the reverse is true at temperatures below 0°C. Infectivity can also be enhanced 
by treating the virus with proteolytic enzymes. Virions become cytotoxic 
following exposure to ultraviolet irradiation. 

The efficiencies of various chemical agents for the disinfection of premises 
do not appear to have been assessed in much detail. The virus is known to 
survive 1% phenol and 20% lysol for l h at room temperature; it is unknown 
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Fig. 89. HI reovirus antibody responses in ca lves inoculated wi th (a) bovine strain WBR 26 type 1; 

(b) human strain Lang type 1; and (c) human strain Jones type 2; note the heterotypic responses 

to the human strain Jones type 2 (a and b) and bovine strain WBR 26 type 1 (c) (data with 

permission from Lamont et al., 1968). 

whether longer periods in the presence of such chemicals may reduce infectiv-
ity. The persistence of reoviruses in animal products has not been reported to 
date. 

Antigenic properties 

In respect of their antigenic structure, mammalian reoviruses are comprised 
of three serotypes. This has been determined both by cross-neutralization and 
HI tests. Heterotypic reactions can, however, be demonstrated by both techni-
ques (Flammini et al., 1980a, b) as exemplified by Lamont et al. (1968), who used 
calves infected with reovirus types 1 or 2 and found heterotypic responses in HI 
tests (Fig. 89). 

Isolations of the three reovirus serotypes have been made from animals and 
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man. All three types occur in cattle and sheep; a report (Kurogi et al., 1974) of 
the isolation of two further distinct types from cattle was subsequently modi-
fied: the viruses were found related to type 2 (Kurogi et al., 1980). The human 
isolates of all three serotypes are evidently indistinguishable from those re-
covered from animals, but the five described serotypes of avian origin form a 
separate group. Strains of reoviruses within the three types recovered from 
various animal species have usually proved to be indistinguishable, and will 
apparently cross the species barrier. Human strains of types 1 and 2 have been 
shown capable of infecting calves (Lamont et al., 1968). 

All three reovirus serotypes possess two group-specific antigens in common; 
each type possesses a type-specific antigen as determined by immunodiffusion. 
However, immunoelectrophoretic analysis indicates that the reoviral antigens 
can be further resolved into four group-specific and two type-specific antigens. 

The host range of the three mammalian reovirus serotypes is very wide 
indeed: they are found in most animals, including primates, domesticated 
livestock and wild animals. Reoviruses are also found in birds, including 
chickens, but these form a separate group. Reservoir hosts may exist but are 
unknown at the present time; reoviruses have been recovered from culicine 
mosquitoes, which may act as true vectors or merely as mechanical carriers 
(Parker et al., 1965). Reoviruses of cattle have been reported in various coun-
tries, including North America, Europe, Africa and the Far East. They have 
been found in sheep in Europe and Australasia. 

Reoviruses evidently spread easily among cattle or sheep populations. There 
have been reports of inapparent infections among cattle in the course of 
vaccination trials (Blackmer, 1976; Thurber et al., 1977; Morzaria et al., 1979). 
The economic consequences of reovirus infection are difficult to assess in view 
of the mild character of the effects of infection. In serological surveys carried 
out on bovine respiratory disease in the United Kingdom, Phillip et al. (1968) 
reported that about 26% of cattle associated with outbreaks had a significant 
increase in reovirus antibody. In Belgium incidence was much lower (Welle-
mans, 1969) In a later survey in the United Kingdom, Darbyshire and Roberts 
(1968) recorded an incidence of 22% for reovirus type 2 during a 3-year period 
of serum monitoring. 

Similar seroepidemiological surveys have shown that sheep populations 
experience infection widely as well (Stanley et al., 1964; Pringle and Cart-
wright, 1969; McFerran et al., 1973; Münz et al., 1974). Epizootics may occur in 
sheep (Belâk and Palfi, 1974; Belâk et al., 1974), and it would appear from the 
literature that reoviruses initiate a more severe condition of respiratory di-
sease in sheep than in cattle. 

In both cattle and sheep, reoviruses initiate infection in the respiratory and 
alimentary tracts. The virus enters the cell by phagocytosis and becomes 
associated with lysosomes. Viral RNA synthesis proceeds in the cytoplasm, and 
infected cells later display intracytoplasmic inclusions in the Golgi apparatus 
which accumulate as perinuclear masses within which virus particles may be 
observed. 

After experimental infection of the respiratory and alimentary tracts in 
cattle there is a latent period of less than 24 h. This is followed by a period of 
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viremia which may last for up to one week, depending on the virus strain. Virus 
can also be recovered from nasal discharge and feces, as well as from the 
conjunctival sac. Following experimental infection, virus may be recovered for 
up to 2 weeks. 

Once reovirus has initiated infection it spreads to various tissues, probably 
by means of a viremia. Most virus strains have a tropism for respiratory tract 
tissue, including the nasal turbinate mucosa, tonsils, trachea, lung and medias-
tinal lymph nodes. In addition, virus may be demonstrated in the spleen and 
kidney; it can be found throughout the alimentary tract and in the mesenteric 
lymph nodes for at least a week after infection. 

It has been shown by Phillip et al. (1968) that Chlamydia will act synergisti-
cally with reoviruses to induce a more severe pneumonopathy than either 
agent alone. Nonetheless, the clinical response is still mild, although lesions 
observed at necropsy of such dually infected animals are more severe than 
those induced by reovirus alone. The conclusion drawn from experimental 
evidence is that reoviruses are only mild pathogens of the bovine respiratory 
and alimentary tracts. 

The clinical response of sheep to infection, however, would seem to be more 
pronounced. A strain of reovirus type 1 which had been isolated originally from 
sheep (Belâk and Palfi, 1974a; Belâk et al., 1974) in an epidemic of respiratory 
and enteric disease in a flock was used to inoculate lambs (Belâk and Palfi, 
1974b, c). After an incubation period of 4-6 days, the lambs showed pyrexia and 
ocular and nasal discharges; there was clinical evidence of pneumonia accom-
panied by diarrhea. These clinical signs abated within 3 weeks of infection. 
Neutralizing antibody titers of 64-128 were demonstrable. 

Virus was recovered from the conjunctiva and internal organs of succumbed 
animals. Such experimental evidence suggests that reoviruses, at least those of 
serotype 1, are capable of inducing respiratory and intestinal disease in young 
sheep. There is no evidence for persistence or latency of reoviruses in sheep or 
cattle. 

DISEASE SIGNS 

In calves experimentally infected with reovirus types 1 or 2, only rectal 
temperatures were elevated (Lamount et al., 1968). This accords with a previous 
report (Abinanti, 1963) that bovine reovirus strains do not produce clinical 
illness in calves. Later, Phillip et al. (1968) were able to enhance the response 
by adding Chlamydia to reovirus and administering the mixture intratrache-
a l ^ . Diarrhea occurred within 3 days p.i., accompanied by a mucopurulent 
nasal discharge during the first week. 

In lambs, laboratory evidence suggests that reovirus type 1 is capable of 
producing disease, whereas types 2 and 3 are not (McFerran and Baskerville, 
1972; Snodgrass et al., 1976). However, this does not rule out that strains of both 
types may act as pathogens. Reovirus type 1 administered experimentally 
produces pyrexia, together with ocular and nasal discharge, sneezing and some 
dyspnea, all within a period of 4-6 days p.i. In the following week, diarrhea may 
be evinced, varying in severity and even leading to death before the end of the 
second week p.i. (Belâk and Palfi, 1974c). 

In natural outbreaks in sheep attributed to reovirus (Belâk et al., 1974), mild 
respiratory and enteric signs were noted. Lambs with less vitality than the 
remainder of the flock succumbed, accounting for some 13% of the total num-
ber of animals affected. Pasteurella organisms were isolated from the lungs, 
which suggests that the pneumonia resulted from an invasion of secondary 
organisms following the virus infection. 
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Fig. 90. Ventral surface of the lungs of a calf inoculated wi th reovirus type 1 (strain WBR 26); 

arrows indicate the areas of consol idat ion. 

The pathology and histopathology of reovirus infections has been deduced 
from experimental infections with BRD in calves (Lamont et al., 1968). Colos-
trum-deprived calves inoculated both intranasally and in t ra t rachea l^ with 
human strains of types 1 and 2, or with a bovine strain of type 1, all produced 
similar responses. 

There were no overt clinical signs apart from pyrexia, but on necropsy 
lesions of pneumonia were observed (Fig. 90). Histologically, the findings were 
similar to those noted in other virus infections of the respiratory tract. They 
include an extensive epithelialization of the lung alveoli, with pseudo-epithe-
lialization of septal cells (Figs. 91, 92). Hepatocytes are often shed into the 
bloodstream with hemosiderosis. 

Alveolar septal cell necrosis has also been observed. No intracytoplasmic 
inclusions have been described in histological lesions, but the alveolar walls 
have a marked reticulin content. Small islets of red cells, forming "blood 
lakes", may be observed. 

CMI and the development of specific immunoglobulin in bovine and ovine 
reovirus infections have not been described. In calves, HI antibody can be 
demonstrated subsequent to infection. For such tests a hemagglutinating 
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Fig. 91. Sect ion of lung from a calf, 4 days after inoculat ion wi th reovirus, showing an early 
exudat ive react ion with a peribronchiolar, lymphoreticular hyperplasia and emphysema (data with 
permission from Lamont et al., 1968) 

strain of reovirus is used as antigen. Some bovine strains, originally isolated 
in pig kidney cell cultures, may require at least one passage in monkey kidney 
cells to enhance hemagglutinating activity. Antibody becomes demonstrable 
within 3-4 days p.i. The homotypic response is followed by a heterotypic HI 
response. A similar heterotypic response had been demonstrated previously in 
man (Rosen et al., 1963a) as well as in naturally occurring infections in cattle 
(Rosen et al., 1963b). Such antibody may attain maximum titer within 14 days, 

Fig. 92. Sect ion of lung from a calf, 7 days after inoculat ion wi th reovirus, showing early epitheliza-
tion; cell marked "a" shows cytoplasmic a t tenuat ion and basophilia; cell marked "b" is in mitosis 
(data with permission from Lamont et al., 1968). 
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although occasionally this may take a further 14 days; the levels are main-
tained for up to a year. Lamont et al. (1968) did not consider HI titers as a true 
indicator of protection against challenge infection. 

Neutralization tests using calf kidney or lamb kidney cultures have also 
been employed to ti trate antibodies in calves or sheep. In the latter, the results 
from HI and neutralization tests show a good correlation (McFerran et al., 
1973). 

4̂  LABORATORY DIAGNOSIS 

Association of reoviruses with a clinical picture must be interpreted with 
considerable reserve in the first instance. This association may be easier to 
prove in sheep than in cattle. Nasal swabs should be taken from any discharges 
and used to infect culture monolayers of pig kidney or lamb kidney cells. 

Antigen for HI tests is produced by growing virus in cynomolgus monkey 
kidney cell monolayers. The fluids are harvested and clarified by centrifuga-
tion, the supernatant being used as the antigen without further concentration. 
The antigen is tested against human erythrocytes group O, to determine the 
concentration of the hemagglutinin. As mentioned, some bovine strains may 
require additional passage in monkey kidney cells to produce a hemagglutinat-
ing activity. The timing of the collection of samples is probably most important. 
For the recovery of virus, swabs need to be made within the first few days of 
onset of illness. The first of paired serum samples should also be collected at 
this time. The swabs should be placed in a transport medium, such as sterile 
broth or tissue culture medium containing 0.5% bovine albumin, incorporating 
antibiotics such as streptomycin, penicillin or polymixin B. The swab fluids are 
kept at 4°C as long as possible until used to inoculate cultures. 

With the collection of second samples from the same animals the sera may 
be examined for HI and neutralizing antibodies. The neutralization tests are 
performed in the conventional manner, using a standard virus dose of ap-
proximately 100 TCID 5 0 against dilutions of serum; 4-fold increases are signifi-
cant. Neutralizing antibody titers of 1/64 to 1/128 in single serum samples can 
occur in lambs following either experimental or natural infections. In cattle, 
similar titers would be significant, whereas HI titers of comparable levels 
would also be indicative of a recent infection. The latter tests should be 
conducted against hemagglutinins of all three reovirus types in order to ascer-
tain the highest, and thereby the homotypic titer. 

PROPHYLAXIS AND CONTROL 

There have been but a limited number of attempts to evaluate vaccines 
against reoviruses. Phillip et al. (1973) examined the efficacy of 2 commercial 
vaccines against BRD, both inactivated multifactorial vaccines. One prepara-
tion contained PI3 virus, BAV-3 and Chlamydia; the other vaccine was directed 
against PI3 virus, BAV-3, reovirus type 1 and BVD virus. These vaccines were 
evaluated solely on the basis of antibody responses, and comparisons were 
made of liveweight gains. Whereas calves were evidently protected on one 
farm, antibody titers fell sharply on another. The work of Philip et al. (1973) 
was extended by Morzaria et al. (1979) with a vaccine containing reovirus 1. It 
was found that whereas humoral responses were obtained in calves, the 
presence of maternal antibodies interfered with the response to vaccination. 

Twiehaus et al. (1975) surveyed the opinions of veterinarians who used oral 
reovirus vaccines in the field. Performance ratings indicated that such vac-
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eines were possibly efficacious in reducing calf diarrhea in vaccinated beef and 
dairy herds. A combined reovirus and Coronavirus vaccine used in calves, 
however, did not produce any significant difference between vaccinated and 
unvaccinated animals (Blackmer, 1976). Thurber et al. (1977) also conducted 
field trials with reovirus vaccines in calves, but considered them of use only 
when reovirus infections were not very prevalent. In sheep, there are apparent-
ly no reports of any vaccine trials or use. 
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Chapter 21 

Bluetongue Virus 

B.J. E R A S M U S 

INTRODUCTION 

Bluetongue (BT) is an infectious, noncontagious, insect-borne viral disease 
of sheep and other dometic and wild ruminants. The disease was first recog-
nized and described in South Africa, and for many decades it was believed to 
be confined to Africa. In the past 40 years, however, clinical or serological 
evidence of infection has been found in many countries outside Africa. This led 
to renewed interest in the condition and, particularly in the past two decades, 
also to extensive research on different aspects of BT in various research 
establishments, resulting in major advances in knowledge. A great deal of this 
information is contained in some excellent reviews (Bowne, 1971; Howell and 
Verwoerd, 1971; Verwoerd et al., 1979; Sellers, 1981; Gorman et al., 1983; Barber 
and Jochim, 1985; Campbell and Grubman, 1985) which should be consulted for 
details and for more complete bibliography sources. 

VIRUS PROPERTIES 

Bluetongue virus (BTV) is the type species of the Orbivirus genus, family 
Reoviridae. Complete virions have a diameter of about 69 nm and possess a 
double-layered capsid. The structureless, diffuse outer layer is readily lost 
during gradient centrifugation in CsCl (or by other treatments), exposing the 
inner layer, which consists of 32 prominent ring-like structural units from 
which the genus name was derived (Verwoerd et al., 1972). 

The double-stranded RNA genome consists of ten segments. The virion is 
composed of seven structural proteins, two of which occur in the diffuse outer 
protein layer (Verwoerd et al., 1972). Type-specific neutralizing antibodies are 
induced by protein P2, one of the outermost two proteins, whilst group-specific 
antibodies are induced by protein P7, one of the main components of the core 
particle (Huismans and Erasmus, 1981). 

Unpurified BTV can be regarded as fairly resistant, particularly in the 
presence of protein. It is stable at 20°C, 4°C and below - 70°C but not at - 20°C. 
In the freeze-dried state the virus is also very stable and can be kept almost 
indefinitely. On account of the double-stranded nature of its RNA, BTV is 
relatively resistant to ultraviolet and gamma irradiation. It is stable between 
pH 6.5 and 8.0 and relatively resistant to lipid solvents such as ether and 
chloroform. The virus is readily inactivated by disinfectants containing acid, 
alkali, sodium hypochlorite and iodophors (Howell and Verwoerd, 1971). 

BT is characterized by the existence of a plurality of antigenically distinct 
serotypes of virus which can be distinguished by plaque reduction neutraliza-
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16 

Fig. 93. Diagrammatic scheme to i l lustrate the interrelat ionships between BTV serotypes; thick 

l ines represent strong relat ionships evident in plaque-reduction tests; th in l ines represent relation-

ships only evident by cross-protection tests in sheep and by heterotypic antibody responses; dotted 

l ines represent relat ionships that are very weak or for which insufficient information is available. 

BTV type 4 could be regarded as the ancestral serotype. 

tion tests. At present, 24 serotypes are recognized. However, all of these are to 
a greater or lesser degree related to one another as evidenced by cross-reactions 
in in vitro neutralization tests, cross-protection by in vivo challenge infections 
and the development of heterotypic antibodies in sheep and cattle. A provision-
al attempt to illustrate this relatedness, which may have an evolutionary basis, 
is presented in Fig. 93. 

EPIZOOTIOLOGY 

BT is historically an African disease, and although it has not been reported 
from all countries it is probably present throughout the entire continent. It 
presently occurs in the USA, in most (if not all) states of Central and South 
America, in the Near, Middle and Far East, in Japan, Indonesia and the 
northern regions of Australia (Luedke, 1985; Ozawa, 1985). Europe appears to 
be free at present, although the disease has occurred in the Iberian Peninsula, 
in Cyprus and on Lesbos Island. 

BTV has a very wide host range, including sheep, cattle, goats, deer, bighorn 
sheep, most species of African antelope and various other artiodactyles (Hour-
rigan and Klingsporn, 1975; Hoff and Hoff, 1976). The outcome of infection may 
range from fatal (e.g. in sheep and deer) to inapparent, with the latter situation 
prevailing in most species. It is conceivable that, historically, the primary 
epizootiological cycle involved species of African antelope and Culicoides 
midges. With the agricultural development of large parts of Africa and the 
introduction of BTV to countries outside of Africa, the traditional epizootio-
logical role of wild game animals has been taken over largely by cattle. Sheep 
are apparently involved in a secondary cycle. The infection seems to progress 
in the cattle-midge cycle and once a certain level of infection is attained it 
spills over to sheep. This generally occurs in late summer or in autumn and is 
often characterized by simultaneous outbreaks in sheep in various regions of 
a country. 

Midges of the genus Culicoides act as biological vectors of BTV. The most 
significant vector species are C. variipennis and C. insignis in the USA, C. 
fulvus, C. wadai, C. actoni and C. brevitarsis in Australia and C. imicola in 
Africa and the Middle East (Standfast et al., 1985; Wirth and Dyce, 1985). 
Midges become infected by feeding on overtly or latently infected animals and 
virus replicates in the salivary glands, where it reaches a maximum concentra-
tion in about 6-8 days. Infected midges remain infective for life, but there is 
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to date no evidence of transovarial transmission. Overwintering of BTV results 
from survival of infected midges in areas with very mild and short winters as 
well as from latently infected cattle which circulate virus for long periods, 
perhaps even for years. 

The prevalence of BT is governed largely by ecological factors such as high 
rainfall, temperature and humidity which favor the insect vector life cycle. In 
most countries, therefore, it has a distinct seasonal occurrence. 

BT is not contagious, and effective transmission occurs only when infective 
blood or tissue suspensions are inoculated parenterally. Excretions and se-
cretions from infected animals contain minimal concentrations of virus and 
susceptible animals are quite refractory to per os infection. Animal products 
such as meat, milk and wool from infected farms, and even from infected 
animals can, therefore, be regarded as harmless from an epidemiological point 
of view. 

Semen from BTV-infected bulls collected during the viremic phase of the 
disease may be infective, and cows inseminated with such semen may also 
become infected (Bowen et al., 1985a). Shipment of semen from BTV-infected 
countries to BTV-free countries is therefore not without hazard. 

In contrast, embryo transfer in cattle appears to be without risk of transmit-
ting BTV, even when the embryo donors are viremic at the time of transfer 
(Bowen et al., 1985b). In sheep, however, embryos collected from infected ewes 
may occasionally give rise to BTV infection in recipient ewes (Gilbert, 1985). 

Following natural infection, replication of BTV first takes place in regional 
lymph nodes, thereafter in other lymph nodes and lymphoreticular tissues as 
well as in endothelium, periendothelial cells and pericytes of capillaries, small 
arterioles and venules (Stair 1968; Pini, 1976; Lawman, 1979). This may lead to 
cytoplasmic vesiculation, nuclear and cytoplasmic hypertrophy, pycnosis and 
karyorrhexis. The resultant necrosis as well as the subsequent regenerative 
hyperplasia and hypertrophy of endothelium lead to vascular occlusion, stasis 
and exudation. This in turn results in hypoxia of overlying tissues with secon-
dary development of lesions in the epithelium. The severity of secondary 
lesions, particularly in stratified squamous epithelium, is greatly influenced by 
pressure and mechanical abrasion (Stair, 1968). 

There is mounting evidence that involvement of endothelial cells is highly 
selective. This means that there is not necessarily generalized involvement of 
endothelial cells throughout the body. Certain organs and certain blood 
vessels (and even particular branches of blood vessels) are more commonly 
involved than others. The basis for this selectivity is not understood but it 
could depend on differences in endothelial cells or the specific tropism of 
particular virus strains. 

Once replication in the target cells has taken place, virus appears in the 
blood stream and spreads through the entire body, and hence most organs and 
tissues will contain a certain background of virus. 

Virus is first detected in the blood stream from about day 3-6 p.i., depending 
upon the infecting dose and the route of infection. The viremia reaches its peak 
on about day 7 and 8, whereafter it declines fairly rapidly. In sheep, virus can 
rarely be demonstrated in the blood after day 14, but in cattle viremia can 
apparently persist for much longer. 

BTV is largely cell associated, involving the erythrocytes and the leuko-
cytes, while only a very small fraction of virus is found free in the plasma 
(Lawman, 1979; Collisson and Barber, 1983). It has not been established if virus 

PATHOGENESIS 
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occurs inside the red blood cell and whether a particular white cell type is 
involved. 

A panleukopenia which somewhat precedes the appearance of viremia and 
the febrile reaction is a consistent feature of BTV infection in sheep, goats and 
cattle. The cause of the leukopenia has not been established, but it could be due 
to the replication of BTV in the leukocytes or in the stem cells of the hemo-
poietic system (Lawman, 1979). 

In cattle, unlike sheep, there is mounting evidence that expression of clini-
cal disease is due to an IgE-mediated hypersensitivity reaction induced by 
previous exposure to BTV or related viruses. The appearance of symptoms and 
lesions is paralleled by a rapid elevation of serum-IgE-specific BTV antibodies, 
which in turn is associated with a release of endogenous mediators such as 
histamine, prostaglandins and thromboxane A 2 (Emau et al., 1984; Anderson et 
al., 1985). 

DISEASE SIGNS 

Although BTV may infect many species of ruminants, clinical signs of 
disease are generally associated with sheep and consequently most descrip-
tions of the disease apply to sheep (Erasmus, 1975). 

All breeds of sheep are susceptible to BTV infection, although the clinical 
outcome may vary remarkably. Indigenous African breeds are resistant and 
generally show little more than a mild febrile reaction, whereas the Merino and 
the European mutton breeds are highly susceptible and frequently die. A very 
marked variation in susceptibility is also encountered between different in-
dividuals of the same breed and even the same flock. This individual variation 
is entirely independent of previous exposure to homologous or related viruses 
and cannot be explained at present. 

Furthermore, the severity of infection depends to a marked extent upon 
environmental conditions, most notably exposure to sunlight. This fact has 
been known for at least 40 years but has frequently been ignored. It is practic-
ally impossible to reproduce the disease with regard to severity and range of 
clinical signs in sheep kept in stables where they are not exposed to sunlight 
or UV light. In fact, it appears as if sheep infected with BTV develop some form 
of photosensitivity which accounts for some of the severe signs seen under field 
conditions. 

The average incubation period following artificial infection of sheep is 4-6 
days but it may be as short as 2 days and occasionally as long as 15 days. The 
first sign of infection is almost invariably a rise in body temperature, which 
reaches an acme on the 7th or 8th day. In many instances the fever exceeds 41°C 
and occasionally even 42°C. The average duration of the febrile reaction is 6 
days, although it may vary from 2 to 11 days. In the majority of instances there 
is a fair correlation between the height and particularly the duration of the 
febrile reaction and the severity of the clinical signs. 

Within 1-2 days after the onset of fever other clinical signs may become 
evident. The skin of the muzzle and lips as well as the oral mucosa become 
hyperemic. Edema of the lips, face, eyelids and ears develops, and some of this 
fluid may accumulate in the intermandibular space. This submandibular edema 
may be very extensive and occasionally extend down the neck and rarely to the 
axillary region. Petechial hemorrhages may be observed on the muzzle and in 
the mucous membranes of the mouth and eyes. Shallow erosions develop on the 
muzzle and the nostrils (Fig. 94) as well as in the mouth, particularly opposite 
the corner incisors. Very extensive erosions can also develop in the cheeks and 
on the tongue opposite the molar teeth. Such erosions are normally difficult to 
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Fig. 94. Hyperemia of the lips and eros ions of the muzzle and nostrils . 

Fig. 95. Edema of the tongue, lips and submandibular space. 

see but a fetid breath is noticed. Pain is evidenced by smacking of the lips and 
frequent movement of the tongue, resulting in slight frothing, and also immer-
sion of the mouth and lips in the drinking water for long periods. Affected sheep 
obviously also resent handling and examination of their mouths and find it 
difficult to eat. 

The tongue is frequently involved and initially may show intense hyperemia 
with petechial hemorrhages of the papillae near the tip. It may later become 
grossly swollen and edematous and may even protrude from the mouth (Fig. 95). 
Occasionally, in very severe cases, it may become cyanotic, hence the name 
"bluetongue". 

A watery nasal discharge is frequently present which later becomes muco-
purulent and eventually dries to form crusts, causing severe dyspnea. The 
respiratory rate may increase and panting is frequently observed. In peracute 
cases alveolar edema develops which leads to marked dyspnea and, terminally, 
froth may exude from the nostrils. 

The hyperemia of the skin of the lips may extent to the entire face, ears and 
the rest of the body. It is usually most pronounced in the groin, axilla, perineum 
and the lower limbs. The slightest abrasion or handling may result in extensive 
subcutaneous hemorrhages, particularly in the groin and axilla. The extensive 
dermatitis causes abnormal wool growth, which is evidenced about 3-6 weeks 
later by a "break" in the wool that can lead to casting of the entire fleece. 

Foot lesions usually develop with the subsidence of fever but occasionally 
during the peak of the febrile response. Initially, hyperemia of the coronary 
band is observed. Soon petechial hemorrhages appear under the periople, 
which later become streaky in appearance (Fig. 96). The hind feet are more 
frequently affected, and the lesions are more pronounced on the bulbs of the 
feet, particularly on the lateral hooves. As a result of the pain, affected sheep 
are reluctant to walk, are mostly recumbent or stand with an arched back and 
may even attempt to walk on their knees. Within 7-14 days the horny laminae 
may start to separate from the sensitive laminae and a clear "break" in the hoof 
develops. The old hoof gradually grows out and is sloughed completely about 
3-4 months after infection. 

In some instances BTV-infected sheep show rapid and extreme emaciation 
and weakness. Although this state can partially be ascribed to fasting and 
dehydration, it results mostly from very severe muscle degeneration and ne-
crosis. Some sheep develop torticollis, which can have serious consequences as 
the animals find it difficult to maintain their balance. 

The course of the disease depends largely on the severity of the condition. 
In mild cases recovery is generally rapid and uneventful. In more severe cases 
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Fig. 96. Coronit is wi th l inear hemorrhages in horny tubules of hooves . 

peracute death may take place about 7-9 days p.i. Mouth lesions normally heal 
quickly, and extensive ulcerations may only leave a small scar after 7 days. 
Similarly, lesions on the muzzle and nostrils disappear in about 5 days. Sheep 
with extensive muscle involvement may become weak and debilitated, and 
recovery could be protracted. 

The mortality rate obviously depends on various factors but under normal 
field conditions varies from 2 to 30%. However, it can be much higher if 
infected sheep are exposed to cold, wet conditions, as often happens in late 
autumn when the morbidity rate may be near its peak. 

Although the frequency of infection of cattle with BTV is generally higher 
than in sheep, disease in cattle is rare. Similarly, attempts to experimentally 
produce disease in cattle with virulent virus rarely succeed. Clinical infection 
is actually a hypersensitivity reaction. Infected animals may show a transient 
febrile response, ranging from 40 to 41°C. Stiffness or lameness is common, the 
respiratory rate may be increased and there may be lacrimation and increased 
salivation. The lips and tongue are sometimes swollen, and ulcers may occur 
in the oral mucosa. The skin of the muzzle is often inflamed and later cracks 
and peels. Similarly, the skin of the neck, flanks, perineum and teats may be 
affected (Anderson et al., 1985; Jochim, 1986). 

Hydranencephaly and congenital deformities may develop in bovine and 
sheep fetuses of BTV-infected dams. The severity of lesions depends on the 
gestational age of the fetus at infection. Fetuses seem to be most susceptible 
during the period of active brain development. 

PATHOLOGY 

The severity and distribution of the lesions found in BTV-infected sheep are 
obviously related to the severity of the clinical disease as well as to the 
particular stage of the disease at which death occurs. The following description 
largely applies to sheep dying within 14 days of infection. 
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Fig. 97. Sharply del ineated hyperemia of anterior third of omasum with focal necrosis at base of 
folds. 

The oral mucosa is hyperemic, edematous and possibly cyanotic, and pete-
chiae or ecchymoses may be present. Excoriations are evident on the inner 
surface of the lips (particularly opposite the corner incisors), dental pad, the 
sides, tip and anterior dorsum of the tongue, and particularly on the internal 
surface of the cheeks opposite the molar teeth. Hyperemia of the ruminai 
papillae, the rumen pillars, reticular folds and the anterior third of the omasal 
mucosa is commonly observed. The sharp demarcation of the omasal hyperemia 
is striking (Fig. 97) and is often associated with corresponding subserosal 
hemorrhage. Hemorrhage may also be found in the mucosa around the esopha-
geal groove and in the subserosa encircling the pylorus. 

The lungs may show severe alveolar and interstitial edema and the entire 
bronchial tree may be filled with froth. In addition the lungs may be severely 
hyperemic and show extensive subpleural hemorrhages. Alternatively, the 
thoracic cavity may contain up to 21 of plasma-like fluid. Lung edema and 
hydrothorax are probably the main causes of acute death in sheep. 

The pericardial sac may show numerous petechial hemorrhages and con-
tains a variable amount of fluid. The vast majority of cases shows a distinctive 
hemorrhage in the tunica media near the base of the pulmonary artery. This 
highly pathognomonic lesion may vary from a few pin-point hemorrhages 
(which are only visible when the artery is stretched and held against the light) 
to a bulging hemorrhage up to 15 mm in diameter (Fig. 98). Subepicardial and 
subendocardial hemorrhages, particularly involving the left ventricle, are 
commonly found. Occasionally focal necrosis and even calcification of the 
papillary muscle of the left ventricle is observed. Generalized damage to the 
cardiovascular system is evidenced by widespread hyperemia, edema and 
hemorrhage. 

The spleen may be slightly enlarged with subcapsular hemorrhages. The 
lymph nodes are commonly enlarged and edematous and have a pale washed-
out appearance. 

The skin often shows intense hyperemia, particularly in the areas not 
covered by wool. The vascular network on the inside of the skin is generally 
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Fig. 98. Hemorrhage in wal l of pulmonary artery and of ventr ic les as well as ev idence of hydroperi-
cardium. 

markedly congested and even the smallest blood vessels become very con-
spicuous. 

Animals that die later than 14 days p.i. often show dramatic degeneration 
and necrosis of the skeletal musculature (Fig. 99), resulting in severe wasting 
of the carcass. Individual muscle fibers or entire muscles lose their pigmenta-
tion and the intermuscular fasciae are infiltrated with a clear fluid, resulting 
in a gelatinous appearance. The cause of death in such animals is not clear but 
it could be due to general exhaustion. 

Fig. 99. Focal areas of muscle necrosis . 
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Histopathological examination does not reveal any pathognomonic changes 
and generally confirms the gross pathological finding. A detailed description 
has been given by Stair (1968). 

IMMUNE REACTION 

Infection with BTV in immunocompetent animals is followed within 7-10 
days by the formation of group-specific and type-specific antibodies. The group-
specific antibodies persist for about 6-18 months, whereas type-specific neu-
tralizing antibodies can often still be demonstrated after 3 years. 

Protective immunity is generally associated with neturalizing antibodies, 
but occasionally animals with no demonstrable neutralizing antibodies resist 
infection with virulent BTV. It is becoming apparent that CMI responses to 
BTV infection in sheep are also protective and may in fact be less type-specific 
than humoral responses (Jeggo and Wardley, 1985; Jochim, 1985). Sheep that 
recover from virulent BTV infection will show partial protection when challen-
ged with a heterologous virulent serotype and complete protection when chal-
lenged once more, despite the complete absence of demonstrable neutralizing 
antibodies against the second and third challenge viruses (Jeggo et al., 1983; 
B.J. Erasmus, unpublished data). 

Lambs born to BTV-immune ewes obtain passive immunity; duration of this 
colostral immunity depends on the initial level and persists for a maximum 
period of 6 months. Lambs that possess passive immunity cannot be effectively 
vaccinated with live attenuated vaccine until it has waned sufficiently. 

LABORATORY DIAGNOSIS 

Although a presumptive diagnosis of BT, based on the clinical and patholog-
ical signs, can frequently be made, laboratory confirmation may be required. 

Blood should be collected from febrile animals as early as possible in anti-
coagulants such as heparin, EDTA or citrate. In fatal cases pieces of spleen and 
lymph nodes should be collected as soon as possible after death and kept at 4°C 
during shipment to the diagnostic laboratory. 

BTV can most readily be isolated by intravascular inoculation of 10-12-day -
old embryonated eggs. Occasionally, isolations can also be made by intracere-
bral inoculation of new-born mice or by inoculation of cell cultures (L929, 
BHK21, Vero or Aedes albopictus). Initial identification of virus isolates can be 
made by group-specific tests such as IF or CF. For serotyping, best results are 
achieved with plaque reduction or plaque inhibition tests. 

Detection of BTV antibodies can be achieved by DF, ID, ELISA and hemoly-
sis-in-gel tests. Type-specific antibodies can be demonstrated by plaque-reduc-
tion and by HI tests (Luedke, 1985). For diagnostic purposes it is imperative to 
use acute and convalescent phase serum samples. In animals that have suffered 
multiple BTV infections, results of neutralization tests may be difficult to 
interpret in view of heterotypic antibody responses. 

PROPHYLAXIS AND CONTROL 

Once BT has established itself in a country it may be impossible to eradicate 
and even difficult to control. On account of the wide host range and the possible 
existence of latently infected carrier animals, elimination of the source of virus 
may not be possible. It is equally impossible or impractical, in the light of 
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present knowledge, to attempt the eradication or even an effective reduction 
of insect vectors. Although integrated insect control should be encouraged, 
infected midges could still be blown in on the wind from other farms, districts 
or states. Stabling of animals and the strategic use of insect repellants should 
reduce the prevalence of infection but may not always be possible. Prophylac-
tic immunization of sheep therefore remains the most practical and effective 
control measure. 

Live attenuated BTV vaccine has been in use for 40 years and is known to 
induce a very effective and lasting immunity. However, in a country such as 
South Africa, where 21 of the 24 known serotypes occur, polyvalent vaccines 
present unique problems. In view of the interference between vaccine strains, 
the number as well as the composition of the serotypes in a vaccine must be 
carefully considered. At present three pentavalent vaccines, administered at 
intervals of at least 3 weeks, are used in South Africa (Erasmus, 1980). Lambs 
possessing colostral immunity cannot be effectively vaccinated before 6 
months of age. The vaccine is safe except if used in ewes during the first half 
of pregnancy, in which case it may cause serious damage to the fetal brain. 

Promising experimental results are being obtained with inactivated BTV 
vaccines. Furthermore, the identification of the structural protein (P2) res-
ponsible for the induction of protective neutralizing antibodies has paved the 
way for the development of novel cloned or even synthetic BTV vaccines 
(Huismans et al., 1985). 
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Chapter 22 

Bovine and Ovine Rotavirus 

C A . M E B U S 

VIRUS PROPERTIES 

Rotavirus particles are approximately 70 nm in diameter and are charac-
terized by an icosahedral core containing eleven segments of doubled-stranded 
RNA surrounded by an inner and outer capsid layer. All known rotaviruses 
have a common (group) antigen associated with the inner capsid layer. Type-
specific antigens are associated with the outer capsid layer. Gel electrophoresis 
of the genome segments has revealed differences in RNA patterns for ro-
taviruses obtained from different species as well as for different isolates from 
the same species (Rodger et al., 1981). In contrast to the numerous electro-
phoretic types for a species, the number of serotypes was more limited. 

Calf rotavirus has been shown to remain viable for 6 months in fecal mat-
erial at room temperature (Flewett et al., 1975). A 10-s exposure to iodophore 
(4%, 1% and 0.31%), sodium hypochlorite solution (3%), lysol (5%), or formal-
dehyde-saline (10%) had little effect on the titer of rotavirus in the intestinal 
contents from infected lambs. Lysol (5%) and formaldehyde-saline (10%) were 
effective when the intestinal contents were exposed for 2 h (Snodgrass and 
Herring, 1977). 

At least two different serotypes were found when isolates from calves in 
Japan and the United Kingdom were examined by serum cross-neutralization 
(Murakami et al., 1983b; Ojeh et al., 1984). The majority of the isolates was 
related to the Lincoln strain from Nebraska, which in the future should re-
present serotype 1 of the serogroup A. Ovine rotaviruses isolated in Japan were 
different from the Lincoln strain (Makabe et al., 1985). There are obviously 
isolates from both calves and lambs belonging to a different serogroup (B) and 
showing "atypical" electropherograms of their eleven RNA segments (Snod-
grass et al., 1984). At present, and to the best of our knowledge, a classification 
of rotaviruses is still missing. 

EPIZOOTIOLOGY 

Rotavirus infections have been recorded in many species of domestic and zoo 
ruminants (Eugster et al., 1978), monogastric animals and man. The importance 
of cross-species infection is not known. The USA calf rotavirus isolate did not 
infect piglets, while the British calf isolate caused diarrhea in piglets (Hall et 
al., 1976). The mouse rotavirus did not infect calves. Human infant rotavirus 
caused diarrhea in calves, but the severity of illness and amount of virus shed 
was less than that caused by infection of calves with the USA calf rotavirus 
(Mebus et al., 1977). In spite of these experimental cross-species infections there 
is no evidence that, under field conditions, cross-species infection is important. 
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Calf rotavirus and most likely lamb rotavirus infection has a worldwide 
distribution. In different surveys, rotavirus has been found to be associated 
with 41-48% of the cases of neonatal calf diarrhea (England et al., 1976; Morin 
et al., 1976; Martel and Perrin, 1981). The estimated economic loss in the USA 
(1970-1976) from all causes of bovine neonatal gastroenteritis was $95500000 
per year (House, 1978). 

Animals confined in sheds and barns frequently have a high incidence of 
neonatal diarrhea because of exposure to accumulated viruses and bacteria. 
This exposure is not materially reduced if the cows or ewes and their young are 
placed in large pastures, because of their gregarious nature. Feeding hay or 
supplement on pasture increases congregation and exposure. An animal in the 
early stage of diarrhea can have up to 108-109 virions per ml of feces. 

The highly contagious nature of rotavirus diarrhea should be considered 
when caring for neonatal animals. Attendants should be advised to care for 
healthy animals before sick animals and to sanitize hands, gloves, boots and 
clothing after working with sick animals. 

In the established larger herds, rotavirus diarrhea frequently develops a 
pattern — at a certain age there will be a high probability that the animals will 
develop diarrhea; in one herd the age may be 3-5 days, in another herd 14 days. 
There is apparently no age resistance, for rotavirus infection has been reported 
in a yearling calf in the USA (Fernelius et al., 1972) and in two cows in England 
(Woode and Bridger, 1975). 

Cattlemen over the years have associated adverse weather with an increased 
incidence of diarrhea. In the colder climates this is rain, sleet or snowstorm, 
while in warm areas it can be heat, wind or blowing sand. A draft in a barn can 
have the same effect. How these stress conditions cause an increased incidence 
in neonatal diarrhea is not known. 

Mortality from rotavirus diarrhea depends to a large extent on secondary 
infection. In uncomplicated rotavirus infections, animals develop diarrhea but 
mostly recover without treatment. However, when complicating infections 
with e.g. E. coli, Salmonella, Clostridia or Cryptosporidium occur, particularly 
in the very young animals, mortality can be high. 

PATHOGENESIS 

Portal of entry for rotavirus is the mouth. The primary site of replication is 
the mature villous epithelial cells of the small intestine (Mebus et al., 1971; 
Mebus and Newman, 1977). In the lamb, limited replication has also been found 
to occur in the epithelium of the cecum and colon (Snodgrass et al., 1977). 
Viremia has not been detected, but calf rotavirus has been isolated from 
mesenteric lymph nodes and lung. Viral replication outside the intestinal tract 
is minimal and is believed not to contribute to the clinical disease. Rotavirus 
is shed in the feces; titers of 108-109/ml are not unusual in the first few hours 
of diarrhea; thereafter, the titer drops. Circumstantial evidence suggests that 
healthy calves can be carriers, for diarrhea has occurred in herds within a few 
days after introducing a new calf. Also cows may be carriers: when only adult 
animals from a herd having a history of rotavirus diarrhea were moved to a 
ranch that had not had a problem, rotavirus diarrhea has occurred during the 
subsequent calving. Persistent infection has also been suggested (Schlafer and 
Scott, 1979). 
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DISEASE SIGNS 

The most reliable information on the clinical course of rotavirus infections 
has been obtained from experimentally infected gnotobiotic calves (Mebus et 
al., 1971) and lambs (Snodgrass et al., 1977). The incubation period in experi-
mental animals after oral inoculation can be as short as 12|h and as long as 
36 h; inocula containing large amounts of virus caused shorter incubation 
periods. Incubation time in natural infection can also be short, for calves less 
than 24 h old can have rotavirus diarrhea. 

Clinical signs usually progress in the following order: anorexia, depression, 
drooling a few strings of thick saliva and then diarrhea. Onset of illness is 
rapid; within 2 h a calf can become so depressed that it cannot stand and will 
then develop diarrhea. Diarrhea in gnotobiotic calves lasts for 5-6 h, during 
which time the animal will pass 300-400 ml of liquid yellow feces. The amount 
of feces is somewhat dependent on the amount of milk consumed after inocula-
tion. Twenty-four hours after the onset of diarrhea the calf will suckle and then 
pass an increased amount of pulpy yellow feces. In field cases, the diarrhea lasts 
for longer periods; this variation is thought to be due to secondary infection. 
In contrast to calves, diarrhea in gnotobiotic lambs was present throughout the 
6-day observation period. 

PATHOLOGY 

Uncomplicated cases of rotavirus enteritis have no gross lesion in the 
intestinal tract. Secondary infection can cause congestion of the mucosa and 
in severe cases hemorrhage. 

Light, IF and EM studies of rotavirus infected calves (Mebus et al., 1977) 
suggest the following pathogenesis. After oral inoculation, the columnar epithe-
lial cells over the small intestinal villi become infected. When the animal 
becomes depressed and diarrhea begins, the villous epithelial cells in the lower 
part of the small intestine appear normal by light microscopy but contain a 
large quantity of viral antigen. It is postulated that the viral infection results 
in the redirection of cell function from absorption to virus production, causing 
digestive fluids and partially digested milk to accumulate in the intestinal 
lumen. As the infection proceeds, there is accelerated migration of infected 
epithelial cells up the villi; these cells are shed and replaced by cubodial 
(immature) epithelial cells. After the mature epithelial cells have been lost, the 
villi appear shortened with an irregular surface. During recovery, the villious 
epithelial cells gradually become columnar and villi become longer. 

IMMUNE REACTION 

In both calves and lambs circulating rotavirus antibody, particularly IgG, 
appears to have little effect in preventing rotavirus enteritis. Passive protec-
tion results from the presence of rotavirus immunoglobulin in the lumen of the 
intestinal tract (Snodgrass and Wells, 1978; Soulebot et al., 1981). Susceptible 
calves inoculated with an attenuated rotavirus are resistant to challenge 
inoculation 48 h after vaccination (Mebus et al., 1973). The mechanism of this 
protection has not been elucidated. 
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4̂  LABORATORY DIAGNOSIS 

Diagnosis of rotavirus enteritis requires the demonstration of rotavirus 
antigen or virions in diarrheic feces. Serology is of little value, for most lambs 
and calves fed colostrum have circulating antibodies. 

Routine isolation of bovine or ovine rotaviruses was made possible following 
introduction of the MA-104 line of fetal rhesus monkey kidney cells and treat-
ment of the virus with trypsin or pancreatin (Matsuno et al., 1977; Murakami 
et al., 1983a; Ojeh et al., 1984; Makabe et al., 1985). CPE was noted after 
prolonged incubation or after several blind passages in MA-104 cells. Even 
plaque-assays could be performed using MA-104 or BSC-1 cells in the presence 
of trypsin and DEAE-dextran in the overlay medium (Matsuno et al., 1977; 
Archambault et al., 1984). In infected cultures not showing a cytopathic effect, 
foci of immunofluorescence might be seen after fluorescent-antibody staining. 

Isolation of rotaviruses in cell culture is not a rapid method; therefore, EM, 
IF, CF, Immunoelectrophoresis, solid-phase radioimmunoassay and ELISA are 
used for diagnosis (Ellens, 1981). Since the viral titer in feces drops off quickly 
after onset of diarrhea, fecal material should be collected as soon as possible. 
At least 10 ml of diarrheic feces should be collected into an appropriate con-
tainer directly from the animal. If possible, specimens should be collected from 
several calves. Specimens can be kept frozen until use. 

In some laboratories a rapid diagnosis is made by PAGE of viral RNA 
extracted from infected fecal samples. A combination of PAGE and silver-stain-
ing is recommended; it can be applied following extraction from 0.01 ml of a 
fecal sample (Herring et al., 1982). 

PROPHYLAXIS AND CONTROL 

Circulating antibody does not protect against rotavirus infection (Snod-
grass and Wells, 1978; Woode et al., 1975). Passive protection against disease 
results from the presence of rotavirus antibody from colostrum or milk in the 
lumen of the intestinal tract (Bridger and Woode, 1975; Snodgrass and Wells, 
1978). 

The frequent occurrence of rotavirus diarrhea in animals less than a week 
old is believed to be caused by the rapid fall of antibody titer in milk 3-7 days 
after parturition (Snodgrass et al., 1980). The administration of rotavirus 
vaccine to pregnant cows or ewes will increase and prolong the secretion of 
antibody in milk and decrease the incidence of diarrhea (Mebus et al., 1973). 
Two disadvantages of passive protection are: (1) animals must continuously be 
fed milk from an immunized dam, and (2) animals must become infected, hope-
fully subclinically, in order to develop active immunity. 

Oral administration of attenuated rotavirus as soon as possible after birth 
has successfully reduced morbidity and mortality (Mebus et al., 1972). Efficacy 
of the oral vaccine is affected by the rotavirus antibody in the colostrum and 
the timing of vaccination in relation to the first feeding. 

Theoretically, calf vaccination with an attenuated rotavirus is the desirable 
approach, for it induces an active immunization. The problem of colostral 
antibody neutralizing the vaccine virus can be overcome by placing the vac-
cine into the amniotic fluid at 7-8 months of gestation. The fetus ingests the 
virus and becomes immunized. Calves vaccinated in this manner possess cir-
culating antibody when delivered by hysterotomy and are resistant to chal-
lenge inoculation at 1 day of age. Development of this method of vaccination 
may offer a novel and more consistent way of actively immunizing animals 
against enteric infections (Wyatt et al., 1979). 



Reoviridae 243 

REFERENCES 

Archambault , D., Roy, R.S., Dea, S. and Elazary, M.A.S.Y., 1984. Comparative study of bovine 

rotavirus i so lates by plaque assay. Can. J. Comp. Med., 48: 286-289. 

Bridger, J.C. and Woode, G.N., 1975. Neonata l calf diarrhea: Identification of a reovirus l ike agent 
(rotavirus) in feces by immunofluorescence and immune e lectron microscopy. Br. Vet. J., 131: 

528-535. 
El lens , D.J., 1981. Diagnos i s by enzyme-l inked immunosorbent assay. Curr. Top. Vet. Med. Anim. 

Sei., 13: 22-32. 

England, J.J., Frye, C S . and Enright, E.A., 1976. Nega t ive contrast e lectron microscopic diagnosis 
of v iruses of neonata l calf diarrhea. Cornell Vet. , 66: 172-182. 

Eugster, A.K., Strother, J. and Hartfiel, D.A., 1978. Rotavirus (reovirus-like) infect ion of neonatal 
ruminants in a zoo nursery. J. Wildl. Dis. , 14: 351-354. 

Fernel ius , A.L., Ritchie , A.E. , Ciassick, L.B., Norman, J.O. and Mebus, C A . , 1972. Cell culture 
adaptat ion and propagat ion of a reovirus l ike agent of calf diarrhea from a field outbreak in 
Nebraska. Arch. Ges. Virusforsch. , 37: 114-130. 

Flewett , T.H., Bryden, A.S. , Davies , H. and Morris, C A . , 1975. Epidemic viral enterit is in a 

long-stay children's ward. Lancet , 1: 4-5. 
Hall , G.A., Bridger, J . C , Chandler, R.L. and Woode, G.N., 1976. Gnotobiot ic piglets experimental ly 

infected wi th neonatal calf diarrhea reovirus-l ike agent (rotavirus). Vet . Pathol . , 13: 197-210. 
Herring, A.J., Inglis, N.F. , Ojeh, C.K., Snodgrass , D.R. and Menzies , J.D., 1982. Rapid diagnosis of 

rotavirus infect ion by direct detect ion of viral nuc le ic acid in si lver-stained Polyacrylamid gels. 

J. Clin. M i c r o b i o l , 16, 473-477. 
House , J.A., 1978. Economic impact of rotavirus and other neonata l disease agents of animals . J. 

Am. Vet. Med. Assoc. , 173: 573-576. 
Makabe , T., Komaniwa, H., Kishi , Y., Yataya , K., Imagawa, H., Sato , K. and Inaba, Y., 1985. 

Isolat ion of ov ine rotavirus in cel l cultures . Arch. Virol. , 83: 123-127. 
Martel , J.L. and Perrin, B., 1981. Infect ious aet io logy of diarrhea in newborn calves . Prevalence 

in France of E. coli K99 + and rotavirus. Pract ical d iagnos is techniques . Bull . Group Tech. Vet., 

4: 45 54. 
Matsuno , S., Inouye, S. and Kono, R., 1977. Plaque assay of neonata l calf diarrhea virus and the 

neutral iz ing antibody in human sera. J. Clin. Microbiol . , 5, 1-4. 
Mebus, C A . and Newman, L.E., 1977. Scanning electron, l ight, and immunofluorescent microscopy 

of intes t ine of gnotobiot ic calf infeted wi th reovirus-l ike agent. Am. J. Vet. Res., 38: 553-558. 
Mebus, C A . , Stair, E.L., Underdahl , N.R. and Twiehaus , M.J., 1971. Patho logy of neonatal calf 

diarrhea induced by a reo-like virus. Vet . Pathol . , 8: 490-505. 
Mebus, C A . , White , R.G., Stair, E.L., Rhodes , M.B. and Twiehaus , M.J., 1972. Neonata l calf 

diarrhea: Resul ts of a field trial us ing a reo-like virus vacc ine . Vet . Med. Small Anim. Clin., 67: 

173-178. 
Mebus, C A . , White , R.G., Bass , E.B. and Twiehaus , M.J., 1973. Immunity to neonata l calf diarrhea 

virus. J. Am. Vet . Med. Assoc . , 163: 880-883. 
Mebus, C A . , Wyatt , R.G. and Kapikian, A.Z., 1977. Intest inal les ions induced in gnotobiot ic ca lves 

by the virus of human infanti le gastroenterit is . Vet . Pathol . , 14: 273-282. 

Morin, M., Lariviere, S. and Lallier, R., 1976. Patholog ica l and microbiological observat ions made 
on spontaneous cases of acute neonata l calf diarrhea. Can. J. Comp. Med., 40: 228-240. 

Murakami, Y., Nish ioka , N., Hashiguchi , Y. and Kuniyasu , C , 1983a. Primary i so lat ion of cyt-
opathic bovine rotaviruses on fetal rhesus monkey kidney cel ls . Vet. Microbiol . , 8: 135-139. 

Murakami, Y., Nish ioka , N., Hashiguchi , Y. and Kuniyasu , C , 1983b. Serotypes of bovine rot-
aviruses dis t inguished by serum neutral izat ion. Infect. Immun., 40: 851-855. 

Ojeh, C.K., Snodgrass , D.R. and Herring, A.J., 1984. Evidence for serotypic variat ion among bovine 
rotaviruses. Arch. Virol., 79: 161-171. 

Rodger, S.M., Bishop, F.R., Birch, C , McLean, B. and Holmes, I.H., 1981. Molecular epidemiology 
of human rotavirus in Melbourne, Austral ia , from 1973 to 1979, as determined by electro-
phoresis of genome ribonucle ic acid. J. Clin. Microbiol . , 13: 272-278. 

Snodgrass , D.R. and Herring, J.A., 1977. The act ion of dis infectants on lamb rotavirus. Vet. R e e , 
101: 81. 

Snodgrass , D.R. and Wells , P.W., 1978. The immunoprophylaxis of rotavirus infect ions in lambs. 
Vet. R e e , 102: 146-148. 

Snodgrass , D.R., Anguss , K.W. and Gray, E.W., 1977. Rotavirus infect ion in lambs: pathogenes is 

and pathology. Arch. Virol. , 55: 263-274. 
Snodgrass , D.R., Fahey, K.J., Wel ls , P.W., Campbell , I. and White law, Α., 1980. Pass ive immunity 

in calf rotavirus infections: Maternal vacc inat ion increases and prolongs immunoglobul in G l 
antibody secret ion in milk. Infect. Immun., 28: 344-349. 

Snodgrass , D.R., Herring, A.J., Campbell , I., Inglis , J .M. and Hargreaves , F.D., 1984. Comparison 
of atypical rotaviruses from calves , piglets , lambs and man. J. Gen. Virol. , 65: 909-914. 



244 Virus infections of ruminants 

Soulebot, J.P., Dauvergne, M., Brun, A. and Espinass , J., 1981. Current immunology information 

regarding intest inal rotavirus in calves . Journ. Vet. Fr. Egypt. Carire, Novembre, 9-11: 1-18. 

Woode, G.N. and Bridger, J.C., 1975. Viral enterit is of calves . Vet . R e e , 96: 85-88. 

Woode, G.N., Jones , J .M. and Bridger, J.C., 1975. Levels of colostral antibodies against neonatal 

calf diarrhea virus. Vet . R e e , 97: 148-149. 

Wyatt , R.G., Mebus, C A . , Yolken, R.H., Kal ica, A.R., James , H.D., Kapikian, A.Z. and Chanock, 

R.M., 1979. Rotaviral immunity in gnotobiot ic calves: Hetero logous res istance to human in-

duced by bovine virus. Sc ience , 203: 548-550. 



245 

Togaviridae 

Togaviruses owe their name to the envelope (Latin toga = cloak) which 
surrounds the isometric nucleocapsid core. The Togaviridae family at present 
consists of the four genera Alphavirus, Rubivirus, Pestivirus and Arterivirus; 
the flaviviruses have recently been assigned an independent family status. 
There are some 25 members in the Alphavirus genus, whereas the Rubivirus 
and Arterivirus genera contain one virus only (rubella virus and equine ar-
teritis virus, respectively). The Pestivirus genus is represented by mucosal 
disease/bovine diarrhea virus, the very closely related border disease virus of 
sheep and hog cholera virus. 

Togaviruses are small enveloped animal RNA viruses (40-70 nm). The en-
velope tightly surrounds a spherical nucleocapsid 25-37 nm in diameter whose 
icosahedral symmetry has been proven only for alphaviruses. Surface projec-
tions are demonstrable in most togaviruses. 

The nucleic acid is a single molecule of positive-sense, single-stranded RNA 
with a mol. wt. of about 4 χ 106. Genomic nucleotide sequence data of al-
phaviruses and recently also of pestiviruses have been obtained. The virion 
contains three or four polypeptides, one or more of which are glycosylated. 

The virion buoyant density is about 1.25 g/cm3 in CsCl and varies between 
1.13 and 1.24 g/cm3 in sucrose. Sedimentation coefficients between 150 (pesti-
viruses) and 300 S have been reported. 

Togaviruses replicate in the cytoplasm and mature by budding of either 
pre-assembled (alphaviruses) or assembling nucleocapsids through the plasma 
membrane. During the replication of alphaviruses and rubiviruses a subgenom-
ic 26 S RNA is synthesized which contains the information for the virion 
structural proteins. Arteriviruses produce five subgenomic mRNAs as a nested 
set. 

With recent data on the genomic organization and transcription strategies 
acumulating, inclusion of the pestiviruses and arteriviruses into the Togaviri-
dae family becomes untenable. In contrast to alphaviruses, pestiviruses lack 
polyadenylation of the genomic RNA as well as a subgenomic mRNA species, 
and have their virion protein coding sequences near the 5' end of the genome. 
From these data, it would appear that pestiviruses are more related to 
flaviviruses than to togaviruses. The coronavirus-like transcription strategy of 
arteriviruses should be a reason to eliminate them from their present taxonom-
ic cluster. 

In ruminants, the non-arthropod-borne togaviruses are bovine viral diarrhea 
virus (BVDV) and border disease virus (BDV). It appears as if BDV is a BVDV 
adapted to sheep; both are antigenically closely related to hog cholera (swine 
fever) virus. These three viruses from the genus Pestivirus. 

BVDV is the causative agent of bovine viral diarrhea (BVD) and mucosal 
disease (MD) but may also participate in the etiology of acute respiratory/ 
enteric disease in calves. Both BVDV and BDV are teratogenic and show a 
trend to viral persistence. The teratogenicity of BVDV and BDV is expressed 
by congenital conditions of the newborn, first described in lambs from the 
borders of Wales. Later it became evident that intrauterine infection mostly 
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after transplacental transfer may result in "late onset" disease of cattle, with 
the majority aged 6 months to 2 years. In a few cases BVDV may persist for life 
without obvious clinical signs. A late onset MD-like syndrome has also been 
described in sheep recovered from clinical border disease . 

FLAVIVIRIDAE 

Yellow fever virus (Latin flavus = yellow) is the type species of this recently 
established monogeneric family. Most of the 50 viruses are either mosquito-
borne or tick-borne, but there are also flaviviruses without arthropod trans-
mission. 

The enveloped spherical virions measure 40-50 nm in diameter and consist 
of a core particle surrounded by a projection-bearing membrane. Fuzzy surface 
projections have been visualized. 

The virus particle contains a single molecule of a single-stranded RNA with 
positive polarity and a mol. wt. of 4-4.6 χ 106. The nucleocapsid protein (mol. 
wt. 14 k) and a small additional polypeptide (mol. wt. 8 k) as well as one 
glycosylated envelope protein (mol. wt. 53-63 k) constitute the structural poly-
peptides. 

The buoyant density of flaviviruses is 1.22-1.24 g/cm3 in CsCl and 1.19 g/cm3 

in sucrose; sedimentation coefficients of around 200 S have been determined. 
Flaviviruses replicate in the cytoplasm; maturation is presumed to occur by 

budding through intracytoplasmic membranes (mostly endoplasmic reticulum) 
but has only incidentally been visualized. Subgenomic mRNAs do not occur, 
and posttranslational processing of one large precursor molecule is the mech-
anism involved. 

The International Catalogue of Arboviruses 1985, published by the Ameri-
can Society of Tropical Medicine and Hygiene, San Antonio, TX, can be 
recommended as a source of detailed information on alpha- and flaviviruses; 
tables giving the numbers of viruses from different taxonomic clusters isolated 
from naturally infected vertebrates are especially valuable for the epidemiolo-
gist. 

There are two flaviviruses which have recognized associations with rumi-
nants: the louping-ill and the Wesselsbron disease virus. Louping-ill virus is 
transmitted by ticks and can cause disease in most categories of domestic 
animals as well as man but is most frequently associated with sheep and is 
thought to be unique to the British Isles. Wesselsbron disease virus (WBV) is 
transmitted by Aedes mosquitos and causes abortion and death of young lambs 
in South Africa. 
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Chapter 23 

Bovine Viral Diarrhea Virus 

B. LIESS 

VIRUS PROPERTIES 

Physical and chemical characteristics 

The lipid-containing membrane enveloping the nucleocapsid of BVDV ac-
counts for a low buoyant density of the virion; it is easily broken by organic 
solvents such as ether and chloroform and infectivity is thus readily inac-
tivated (Hermodsson and Dinter, 1962; Dinter, 1963). Considerable decrease of 
infectivity is achieved by treatment of BVDV suspensions with trypsin (0.5 mg/ 
ml, 37°C, 60 min). The effect of pH in the range between 5.7 and 9.3 revealed 
relative stability, but outside this range the infectivity decreased rapidly 
(Hafez and Liess, 1972b). 

The lack of information on inactivation of BVDV by various agents and 
disinfectants necessitates comparison within the genus Pestivirus. The effects 
of physical and chemical treatment on hog cholera virus (HCV) might also 
apply to BVDV (Liess, 1981). 

Antigenic properties 

BVDV applied by natural routes (oral, intranasal) induces antibodies upon 
multiplication in the natural host (bovine, small ruminants, pigs). Such im-
mune sera can neutralize BVDV as shown by experiments in calves (Baker et al., 
1954) and other host systems, e.g. cell cultures of bovine origin (Noice and 
Schipper, 1959; Gillespie et al., 1960). Neutralizing antibodies specifically bind 
to surface antigens of the BVD virion. Antibodies develop also against internal 
antigen(s) of the viral particle, as has been demonstrated by other serological 
methods. However, these methods (e.g. agargel precipitation) are less suitable 
for the identification of BVDV strains and their differentiation from the closely 
related HCV (Darbyshire, 1962). Work on monoclonal antibodies has lead to 
the identification of viral proteins that are type- or strain-specific. Within the 
nonarbo togavirus group, no cross-reaction occurs between rubella virus, 
equine arteritis virus, lactic dehydrogenase virus and the pestiviruses (Hor-
zinek, 1981). The only serologically related viruses are HCV and BVDV. This 
relationship is expressed not only by common soluble antigens detected by, for 
example, agar double diffusion test (Gutekunst and Malmquist, 1963), but also 
by the presence of neutralizing antibodies against BVDV in pig sera (Snowdon 
and French, 1968). 

Therefore it has been questioned whether HCV, BVDV and the closely 
related virus found in cases of Border Disease (BD) in sheep are separate 
viruses or not (Horzinek, 1981). In this concept HCV and BVDV would be 
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Weeks of demonstrable antibody f o r m a t i o n 

Fig. 100. Means of hetero logous neutral iz ing antibody t iters against HCV strain Alfort and B V D V 

strains NADL, Oregon C24V and A l 138/69 after intranasal inoculat ion of s ix pigs wi th HCV strain 

GLENTORF. 

separate "species" due to subgroup-specific antigens that are located on the 
membrane of the virions. But even neutralization would not differentiate 
between the "species" unless homologous and heterologous titers are com-
pared. The quantitative differences have their basis in the existence of either 
(i) a common and a type-specific antigen in the membrane, or (ii) a variable 
type-specific antigen, which would also explain the antigenic variation 
amongst strains of BVDV. The latter has been well established, mainly by 
neutralization using immune sera prepared against different BVDV strains in 
calves (Gillespie et al., 1961; Castrucci et al., 1975). In order to exclude in-
dividual differences, groups of pigs have been inoculated with low virulent 
strains of HCV and mean antibody titers plotted against heterologous HCV as 
well as BVDV strains. Distinct profiles have been obtained, reflecting the 
antigenic variation of BVDV and the relationship amongst the strains tested 
(Fig. 100). 

EPIZOOTIOLOGY 

The host range for BVDV seems to be restricted to domestic and wild 
ruminants and pigs. These species can be infected in the field as judged from the 
detection of antibodies specific for BVDV reported by many investigators. 
Adaptation of BVDV by serial passages to rabbits has been reported, but this 
species must not be regarded as a natural host (Baker et al., 1954). 

No reservoir hosts are known except persistently infected cattle; calves are 
infected in utero by transplacental virus transmission (Malmquist, 1968). 

Vectors amongst invertebrates have not been reported; however, resem-
blance of BVDV to the "arbo" togaviruses demands attention. 

The lack of antibody and the absence of clinical symptoms indicate that 
BVDV is not transmitted to man; a justified conclusion, considering the wide 
distribution of BVDV in the cattle population. 

BVDV is widespread not only in North America and Europe but has a global 
distribution. It is therefore astonishing that there are apparently countries 
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where BVDV does not occur, as judged from the absence of neutralizing 
antibodies in the cattle population. This was reported from China where most 
cattle are kept in small holdings (J. Chen, personal communication, 1982). 

Serological surveys revealed a high prevalence of neutralizing antibodies in 
the cattle population of many countries; an intensive cattle industry with 
frequent movements of animals within the country as well as imports favor 
the spread of BVDV. The incidence of BVDV infections with clinical disease or 
with a lethal course confirmed by laboratory investigation seems to be low as 
compared with the figures obtained by serosurveys. However, without inten-
sive recording, notification of disease and detailed information on diagnostic 
methods, the economic consequences of BVD can hardly be estimated. 

Spread of BVDV, its pattern and speed cannot be properly determined; in 
most cases it will occur unnoticed. Over 90% of the infections are inapparent. 

PATHOGENESIS 

Under field conditions BVDV enters the host organism by the oral route or, 
depending on the circumstances, by the nasal route. In tonsils and lymphoid 
tissues lining the oropharynx it finds cells for primary multiplication, par-
ticularly the epithelial cells in the crypts of tonsils, where viral antigen can be 
demonstrated by IF. BVDV or virus-infected cells (debris) may be taken up by 
phagocytic cells and transported to the draining lymphoid tissues (Bielefeldt 
Ohmann, 1983). 

Virus could be detected in the blood 2-4 days after oral and nasal BVDV 
inoculation of calves (Mills and Luginbuhl, 1968; Rohde and Liess, 1970). 
Infectivity was mainly found in leukocytes (bufify coat) for up to 11 days after 
onset of demonstrable antibody formation. This suggests that the virus is 
associated with leukocytes in such a way that it is not accessible for neutraliz-
ing antibodies. In blood plasma infectivity disappeared as soon as neutralizing 
antibodies could be detected. 

Further spread of the virus in the organism from the site of primary multi-
plication occurs through viremia, which eventually ceases so that the infected 
organism seems to have eliminated the virus. Before that, BVDV is excreted via 
secretions and excretions, with large quantities of virus found in saliva, nasal 
discharge and, to a lesser extent, in urine and feces (if at all, in the absence of 
diarrhea). 

Only in rare experimental cases did BVDV infections run a more serious or 
even fatal course (Baker et al., 1954) allowing investigation of organ manifesta-
tions after viremia. The more or less severe clinical symptoms and pathological 
changes relate to the terms that were introduced when the condition was first 
described: Bovine Virus Diarrhea (Olafson et al., 1946; Olafson and Rickard, 
1947) and Mucosal Disease (Ramsey and Chivers, 1953). 

The epizootiological impact of viral latency and persistence are of great 
interest. While BVDV acks properties that would allow the genome to become 
integrated into the cell genome, persistence in BVDV infections is well estab-
lished. It plays an important role not only in the epizootiology but also in the 
pathogenesis of the disease. Diagnostic procedure as well as control strategies 
that include immune prophylaxis should take persistence into account. 

Recovery of BVDV from lungs and bronchial lymphnodes for up to 56 days 
p.i. (intranasal virus application by atomizer) as reported by Mills and Lugin-
buhl (1968) appears insufficient to claim viral persistence. In the present con-
text it is meant that BVDV persists lifelong (e.g. in bufify coat cells) without 
causing clinical signs of BVD. This state was attributed to specific immune 
tolerance by Liess (1973) and Coria and McClurkin (1978). Specific unrespon-
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siveness of the humoral immune system to BVDV in a highly contaminated 
milieu was suggested by Holling (1971). Johnson and Muscoplat (1973) inves-
tigated immunologic abnormalities in calves with the chronic BVD syndrome 
and offered two theories for the unresponsiveness of lymphocytes to phytohem-
agglutinin stimulation as well as a deficient humoral response: (i) im-
munosuppression as an effect of the disease, and (ii) immunologic unresponsive-
ness as a factor in the cause of the disease. Neither of these theories could be 
verified by the available data. 

Shope et al. (1976) studied the role of cellular immunity and passive antibody 
in protecting neonatal calves against primary BVDV infection using ad-
ministration of corticosteroids (0.5mg/kg/day for 10 days). They observed that 
after intratracheal infection calves without antibody died while others with 
high levels of passively transferred antibodies, under otherwise similar con-
ditions, did not. In contrast, administration of 0.5-1 mg/kg/day starting 3 days 
before oral and nasal inoculation of a field strain of BVDV resulted in only mild 
clinical symptoms (Rohde and Liess, 1970). Shope et al. (1976) concluded that 
"severe fatal viremia in immunosuppressed calves apparently resulted in more 
extensive dissemination of BVD virus to target organs, particularly lymphoid 
tissue". 

Once BVD viral persistence was considered a precondition for the develop-
ment of severe clinical disease, total protein and immunoglobulins in serum of 
persistently infected animals became of interest. The fact that immuno-
globulins G x, G 2 and M could not be detected in precolostral sera of eleven 
persistently BVD-infected calves was attributed to insensitivity of the test and 
to complexing of Ig with BVDV, since virus was isolated from all sera (Coria 
et al., 1983). Using a more sensitive test procedure, Coulibaly (1984) was able 
to demonstrate a significantly decreased IgG 2 concentration in sera of 20 
healthy, persistently BVD-infected cattle in the range of 7 months to 7 years of 
age. This confirmed results obtained by Steck et al. (1980) from cattle fatally 
affected by the BVD-MD syndrome. Depletion of circulating Β and Τ 
lymphocytes — the latter in particular — (Bolin et al., 1985a), as well as a 
depressed response to mitogen stimulation of Β and Τ lymphocytes (Muscoplat 
et al., 1973) reflects the influence of BVDV on the immune system. Whether 
immunosuppression plays a role in the fatal outcome of BVDV infections still 
needs to be shown. Corticosteroid treatment may have a suppressive effect on 
local antibody formation only. It appears somewhat unlikely that neutralizing 
antibody controls viremia, as suggested by Shope et al. (1976), since BVDV 
infectivity is intimately associated with leukocytes in the peripheral blood and 
persisted up to 40 days p.i. (Mills and Luginbuhl, 1968); in the presence of 
neutralizing antibodies virus could be recovered for at least 10 days (Rohde and 
Liess, 1970). 

A factor to be taken into account in explaining the pathogenetic mechanism 
by which BVDV infections can run a severe course is that fatally infected 
cattle frequently do not produce detectable antibodies against BVDV. It has 
been presumed that this phenomenon is due to immunologic tolerance as a 
consequence of antigenic experience at or before birth (Malmquist, 1968). 
Although after exposure to low-passage BVDV some neonatal calves died 
(Liess, 1967; Lambert et al., 1969), the cause of fatal BVDV infections and the 
role of immunologic tolerance remained obscure. Nevertheless, cases of fatal 
BVDV infections have to be expected among the seronegative animals in herds 
where a high percentage of heifers and cows is seropositive to BVDV. On the 
other hand, selection of seronegative animals in a highly contaminated en-
vironment offers the chance of finding persistently infected animals that will 
die sooner or later (Liess et al., 1974). This hypothesis resulted in the detection 
of persistently BVDV-infected calves, heifers, young bulls and pregnant cows 
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which were followed up for longer periods of time (McClurkin et al., 1979; Liess 
et al., 1983). Most of these persistently infected animals were probably exposed 
to BVDV during intrauterine life; Bürki and Germann (1964) and Romvary 
(1965) had reported BVDV infections in newborn and day-old calves. 

The outcome of transplacental virus transfer to the bovine fetus depends on 
the gestational stage of the seronegative dam. The earliest date of maternal 
infection at which neutralizing antibody formation in the fetus was stimulated 
appeared to range between 79 (Scott et al., 1973) and 93 days of gestation 
(Kendrick, 1971). The length of period for the transplacental transfer is un-
known as yet but probably ranges from 10 days onwards. Transplacental 
infection also interferes with fertilization, this being the principal manifesta-
tion of the adverse effects of BVDV infection (Grahn et al., 1984). 

As a result of investigations on the ontogenesis of the bovine immune 
system, Schultz (1973a, b) concluded that the bovine fetus develops immu-
nologic responsiveness to BVDV antigen between the 90th and 120th day of 
gestation. Attempts to isolate BVDV from fetuses after they had produced 
neutralizing antibodies do not promise to be successful (Kahrs, 1973; Done et 
al., 1980; Orban et al., 1983). 

For the establishment of persistent viremia as shown by lifelong detection 
of BVDV in buffy coat cells (Coria and McClurkin, 1978), transplacental 
transfer of BVDV within the first trimester of gestation is most important. Only 
recently could it be shown that seronegative cows, 50-120 days pregnant when 
vaccinated with a commercial BVD modified live virus vaccine, delivered 
viremic calves — some of them persistently viremic. After some months these 
animals showed growth retardation and runting, or they remained healthy for 
up to 2 years (Fig. 101); at the same time they were shedding (vaccine?) virus 
by various routes (Liess et al., 1984). None of the persistently infected calves 
showed precolostral neutralizing antibodies to the infecting virus. 

The finding that live modified BVDV vaccines and BVDV-contaminated 
vaccines (Lohr et al., 1983) can establish persistent infections must also be 
considered in the light of reports on the detection of BVDV in commercial fetal 
calf sera used in cell culture (Kniazeff et al., 1967; Malmquist, 1968; King 
and Harkness, 1975; Nuttall et al., 1977; Β. Liess et al., unpublished data, 
1981). 

Experimentally, cattle with a persistent noncytopathogenic (NC) BVDV 
viremia may develop MD after infection with a cytopathogenic (C) strain of 
BVDV (Brownlie et al., 1984; Bolin et al., 1985b, c). MD may also be a conse-
quence of a mutation of the persistently infecting NC-BVDV to a C-BVDV 
(Brownlie et al., 1986; Howard et al., 1987). The latter hypothesis is supported 
by results of cross-neutralization tests. A C- and a NC-strain, being a pair of 
strains derived from a certain case of MD, were indistinguishable from each 
other but different from pairs of strains isolated from other cases of MD 
(Howard et al., 1987). 

Larsson (1987) studied the activities of mononuclear cells (MNC) in periph-
eral blood during MD and persistent infection with BVDV. Cattle with MD 
commonly showed normal MNC counts but with an altered composition of 
subpopulations. The mean proportion of Ig-bearing cells (B cells) was in-
creased, while cells being neither Ig + nor attaching the Τ cell marker Helix 
pomatia A hemagglutinin (HP) were decreased. The proportion of mononu-
clear phagocytes and their phagocytic capacity varied within the normal 
range. Persistently infected healthy cattle did not show the altered com-
position of MNC as seen in cattle with MD. During MD and subclinical 
persistent infection, the proliferative response of MNC to mitogens was sup-
pressed, which was partly due to an increased suppressor activity of cells with 
receptors for the Fc part of IgG (Fc.+ cells), but not by an increased number of 
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Fig. 101. (Top) Bull calf 4 months old (right) and female calf 5 | months old (left) persistently infected 

wi th B V D V fol lowing vacc inat ion of their dams wi th commercial a t tenuated l ive B V D V vacc ine 

on gestat ional days 76 (right) and 118 (left); note unthrift iness of female calf compared wi th 1 | 

months younger and normal appearing bull calf. 

(Bottom) Female calf (see top) exhibi t ing chronic disease s igns of persistently B V D V infected 

animals . 

these cells. Almost 70% of te Fcy+ cells attached to HP, indicating that these 
cells with suppressor activity are a subset of Τ cells. 

DISEASE SIGNS 

Olafson and coworkers (Olafson et al., 1946; Olafson and Rickard, 1947) 
described "Bovine Virus Diarrhea" as a febrile disease characterized by leuko-
penia, salivation, nasal discharge, profuse scouring, coughing, depression, 
anorexia and development of ulcers. Mild cases with no clinical symptoms 
detectable were called "sleeper" or subclinical cases; these animals were obser-
ved to abort 10 days to 3 months later. 

Transmission experiments by feeding animals fecal material, subcutaneous 
injection of blood from febrile animals and other modes of inoculation resulted 
in variable symptoms and courses of disease, comparable to observations in 
naturally infected animals. Only occasionally did experimental animals die 
after infection with BVDV. The first reports by Olafson and coworkers des-
cribed most of the clinical lesions which were later confirmed by other inves-
tigators. Unfortunately this has led to the introduction of new terms for the 
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same infection, notably "Mucosal Disease" (Ramsey and Chivers, 1953), and 
has contributed to the confusion which arose over clinically similar but etiol-
ogically different diseases. The situation became even more complicated when 
a group of syndromes, some of which were later recognized as being etiologic-
ally different from BVD, was referred to as "mucosal diseases of cattle" (FMD, 
rinderpest, IBR, etc.). Consequently, names like "mucosal disease complex" 
(Malmquist, 1968) or "a mucosal disease" (Ramsey, 1956; Huck, 1957) should be 
avoided. 

Because of a "marked resemblance of mucosal disease to rinderpest", Ram-
sey (1956) considered the possibility that an "incorrect diagnosis of mucosal 
disease could be made in the early stages of an outbreak of rinderpest with 
potentially serious consequences"; earlier, Walker and Olafson (1947) had 
shown that cattle reconvalescent of BVD were not immune to rinderpest and 
had no detectable antibodies to rinderpest virus. 

It is now accepted that BVD and MD represent two different clinical pic-
tures with a common etiologic agent (Gillespie et al., 1961), and that MD can 
be considered as a late onset, immunologically mediated condition that can 
occur in cattle persistently infected with BVDV (Liess, 1973; Roeder, 1982) and 
displays criteria of a "slow virus infection" (Porter, 1971; Liess et al., 1974). 

Apart from BVD initially described as an acute gastroenteritis with severe 
diarrhea (Olafson et al., 1946) and MD reported to occur with low morbidity and 
high lethality, a third course was identified: chronic infections of several 
weeks' duration in calves up to 1 year of age (Johnson and Muscoplat, 1973). 
This chronic syndrome was characterized by interdigital hyperkeratosis and 
ulceration, diarrhea, dehydration, weakness and failure to thrive. 

Malmquist (1968) had mentioned that calves with MD had persistent viremia 
and failed to develop neutralizing antibodies over extended periods, the longest 
being approximately 4 months. The animals remained unthrifty, but it was not 
the "slow-gainer or poor-doer that became sick, because frequently it had been 
sick for some time". Coria and McClurkin (1978) related unthriftiness to con-
genital infection with BVDV; calves surviving for more than a few months 
were usually persistently infected and chronically ill. 

All these reports compare with details on "chronic outbreaks" with prolong-
ed coursed of up to several months, which however, mainly affected adult 
animals (Huck, 1957). 

Finally, mild outbreaks in herds characterized by subclinical or transient 
symptoms have been reported by Huck (1957); mild courses in individual ani-
mals are known since the first report by Olafson et al. (1946) as cases without 
prominent symptoms ("sleeper" or subclinical cases). This is in agreement with 
transmission experiments to calves, which in general did not reproduce the 
complete clinical picture of the disease (Malmquist, 1968). Cases where calves 
died from enteritis within 24-48 h after birth must be seen in the light of present 
knowledge on viruses causing neonatal diarrhea (e.g. rotaviruses, cor-
onaviruses); they are rare events in BVDV infections, except in those establish-
ed in utero. 

From the literature it is obvious that transmission experiments so far failed 
to fulfill the second Henle-Koch postulate, which requires that the virus 
material used for inoculation is not contaminated with other viruses (Liess, 
1967). Usually BVDV serially passaged in bovine cell cultures served as an 
inoculum; reports on any selection procedure (e.g. limiting dilution, plaque 
isolation) are lacking. This point needs consideration in view of the frequent 
occurrence of NC-BVDV in bovine material. Primary bovine cell cultures and 
fetal calf sera used for the propagation of the BVDV isolate must be checked 
before use, e.g. by fluorescent antibody or interference tests 
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PATHOLOGY 

The macroscopic lesions first described by Olafson and coworkers (Olafson 
et al., 1946; Olafson and Rickard, 1947) varied considerably according to the 
course of the infection (severe acute, mild, chronic). In severe cases extensive 
ulceration or diffuse necrosis of the mucous membranes of the upper digestive 
and respiratory tract occurred. Occasionally calves died without developing 
ulcers, or only very few were present in the stomach mucosa. Reddening, 
petechiae and hemorrhages in the omasum, small intestine and cecum appeared 
variably, as did hemorrhages in subcutaneous tissue, epicardium and the 
vaginal mucosa. 

Ramsey (1956) described the variation in gross lesions noted in one affected 
herd with so-called mucosal disease. Erosive, ulcerative and cystic lesions were 
confined to the epithelia and the mucosa of the alimentary canal. Hyperemia 
and hemorrhages were not common findings. In the oral cavity necrosis of the 
epithelium produced lesions irregular in outline. Loss of the necrotic surface 
epithelium left erosions and ulcers with a hyperemic base. Necrosis and ero-
sions appeared at varying degrees in other locations, e.g. esophagus, forestom-
ach and abomasum. Severe catarrhal enteritis was noticed mainly in the 
jejunum, but inflammation in all other parts of the intestine wsa common. 

Histopathologic examination revealed thrombosis of vessels in the submu-
cosal areas of ulceration. Small arterioles of the abomasum and gut were 
described containing hyaline emboli. Other lesions of the circulatory system 
consisted of increased capillary permeability and diffuse periarteritis as shown 
by circumferential necrosis with leukocytic infiltration. In lymph nodes, marked 
decrease in mononuclear cells exposed the basal tissue of the lymphoid organ. 
Marked decrease of lymphocytes was also found in the spleen, indicating 
lymphoid exhaustion (Carlson et al., 1957; Tyler and Ramsey, 1965). Liver, 
pancreas and salivary gland generally appeared normal (Ramsey, 1963). 

In the respiratory system diffuse lesions consisted of petechial and ecchy-
motic hemorrhages with no evidence of inflammation in the subvisceral pleura 
and tracheal mucosa. However, trachea and lungs appeared normal in most 
animals (Ramsey, 1956), and edema of larynx and trachea occurred in only 10% 
of the cases (Carlson et al., 1957). Epithelial hyaline droplets in the renal 
glomeruli and tubules were common findings (Ramsey, 1956). 

While gross and microscopic alterations of the central nervous system were 
not found by Ramsey (1956; 1963), encephalitis was reported by others (Carlson 
et al., 1957; Khater et al., 1964). 

Lesions in the skin consist of focal proliferative dermatitis (Ramsey, 1956); 
they are noted in protracted cases only (Ramsey, 1963). 

According to Carlson et al. (1957), gross and microscopic changes are most 
prominent in animals with subacute, chronic and recovering cases and least 
prominent in early and experimental cases. In MD, pathological changes were 
described as much more severe than in BVD. They consist mainly of erosions, 
ulcerations and destruction of lymphatic tissue in the alimentary tract and are 
similar to those in BVD in distribution and character. In a comparative study 
on pathologic responses to selected isolates from cases of BVD and MD, Tyler 
and Ramsey (1965) concluded that it was impossible to clarify the variability of 
syndromes seen in the field. The experimental syndrome was always mild and 
resembled virus diarrhea rather than MD. 

The respiratory tract is the portal of entry of BVDV. Bielefeldt Ohmann 
(1983) concluded that BVDV initially replicates in the epithelia of tonsils and 
bronchioli from where virus and infected cells are transported to the draining 
tissues by phagocytic cells. Involvement of blood vessels is accompanied by 
degenerative changes. However, according to Bielefeldt Ohmann (1983) BVDV-
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antigen-containing migrating mononuclear cells were not related to degenera-
tive changes in the vicinity. Cutlip et al. (1980), investigating clinically healthy 
cattle persistently infected with BVDV, found viral antigen in endothelial cells 
by direct IF. Some blood vessels in the brains were cuffed with mononuclear 
cells. 

The beginning of the lesions is in the submucosa, which shows degenerative 
changes of the basal layers without surface necrosis, although often the ne-
crosis extends to the deeper layers of the epithelium. The degenerative process 
is characterized by vacuolization of the cytoplasm mainly of the stratum 
spinosum with the initial disappearance of intercellular bridges. Cell enlarge-
ment due to increased cytoplasmic volume, pycnosis of the nuclei and forma-
tion of small vesicles leads to detachment of the surface epithelium leaving 
erosions (Ramsey, 1956; Hansen et al., 1962). According to Seibold (1956) cir-
culatory failure in the lamina propria of the gastrointestinal mucosa results in 
hyperemia and hemorrhages (petechiae and ecchymoses). 

BVDV is known to cross the placenta, giving rise to abortion and antibody 
formation in the fetus (Romvary, 1965; Kahrs, 1968). Pathologic changes can be 
initiated by experimental intrauterine infection at any time of fetal develop-
ment. After intravenous inoculation of eleven cows 150-217 days pregnant, 
only three neonatal calves showed signs of disease. The newborn to a cow 
inoculated when the fetus was 150 days of age was ataxic, blind and had a low 
presuckle titer of neutralizing antibodies to BVDV as compared with all the 
other calves. In the two other calves weakness, buccal erythema and erosions 
were reported, while the majority of calves appeared normal (Ward et al., 1969). 

While BVDV has apparently a mild or no pathological effect on older 
fetuses, more severe reactions can be expected to occur in embryos or young 
fetuses after natural infection; there should be an age below which the virus 
kills the conceptus. 

Nine cows inoculated with BVDV during the first trimester of pregnancy 
delivered three normal calves, one calf with partial alopecia, one mummified 
fetus, three abortions and one stillbirth (Kendrick, 1971). In another study the 
fetus, amniotic vesicle or placentome in 26 cows between 51 and 256 days of 
gestation were inoculated with BVDV irrespective of the presence of neutraliz-
ing antibody. Again severity of lesions decreased as the age of the fetuses 
increased (Casaro et al., 1971). Congenital anomalies consisted of inflammation 
with moderate necrosis of the bronchial epithelium, nonsuppurative dermatitis 
with necrosis of the basal cells of the epidermis, and nonsuppurative meningitis 
with destruction of the external granular layer of the cerebellum. These lesions 
occurred in the period of organogenesis. 

Lesions resulting from maternal infection during the first trimester are 
represented mainly by malformations and degeneration of the cerebellum and 
eyes (cataract, retinal degeneration) while later the fetuses acquire the ability 
to react with inflammations (Scott et al., 1973). Inoculation of cattle on gesta-
tion day 100 or later with field strains of BVDV resulted in intrauterine death 
(with or without abortion), mummification, growth retardation (with or with-
out malformations) and/or dysmyelination of the central nervous system (Done 
et al., 1980; Bielefeldt Ohmann, 1984; Trautwein et al., 1986). 

IMMUNE REACTION 

BVDV usually produces lifelong immunity (Kahrs, 1968); the immunologic 
basis for this phenomenon is unknown. It can be stated that the presence of 
neutralizing antibody in blood serum reflects immunity (Robson et al., 1960). 
Immune competent cattle actively immunized following field infections or 
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application of BVD live viral vaccines can be considered as immune beyond the 
life expectation of a dairy cow (Kahrs et al., 1966). 

Since transplacental transmission of BVDV occurs frequently, a review on 
the immune reaction to BVDV must include the fetus. The stage when the 
bovine fetus acquires immune competence to BVDV has been estimated by 
Casaro et al. (1971) to be around day 180 of gestation. 

Brown et al. (1979) studied the immune reactions in 24 fetuses at a gestation-
al age of about 150 days and quantitated the serum immunoglobulins between 
4 and 140 days after intravenous inoculation of serologically negative pregnant 
heifers. IgM appeared first in the fetus 14 days after inoculation of the dam, 
followed by IgG! and IgG 2. BVDV-specific antibodies were not detected in the 
fetus before 56 days after maternal inoculation. It was assumed that immuno-
globulin production had occurred in response to the infection of the fetus, since 
maternal immunoglobulins normally do not cross the placenta. 

More recently, Bielefeldt Ohmann et al. (1982) inoculated four 120-165-day-
old fetuses with BVDV in utero. Three weeks later, after caesarian section, 
they were tested for immunoglobulins and neutralizing antibodies against the 
infecting BVDV strain and another laboratory strain. Again all fetuses respon-
ded with marked IgM and IgG production; immunoglobulin was absent from 
abbattoir fetuses of the same age. Appearance of IgA was related to the de-
velopment of Peyer's patches and the presence of plasma cells in the intestinal 
submucosa — a major source of IgA in ruminants. Two fetuses showed neu-
tralizing antibodies against the homologous strain, but none against the 
heterologous strain. BVDV antigen was detected in the fetal tissues. These two 
fetuses represent the youngest individuals so far reported of having mounted 
a specific response to experimental BVDV infection within 3 weeks; other 
investigators reported 20-30 days (Casaro et al., 1971; Schultz, 1973a, b). 

As outlined above, viral persistence plays a major role in BVD. It may be the 
result of specific immune tolerance and is apparently related to the develop-
ment of chronic BVD and MD. Steck et al. (1980) studied cattle fatally infected 
with BVDV; in 24 out of 25 cattle they found a significant reduction of IgG 2 

levels while the other immunoglobulins were normal; the same observation was 
made in clinically healthy cattle persistently infected with BVDV (Coulibaly, 
1984). 

According to Steck et al. (1980) the sera were devoid of BVDV antibodies, 
but neutralized other viruses to the same extent and degree as sera of healthy 
cattle when reacted with rotavirus, PI3 or bovine parvovirus. 

A lack of IgG 2 had been observed by Nansen (1972) with high frequency 
among animals affected by pyogenic bacteria and was believed to be associated 
with a reduced resistence to infections. 

Immune-competent susceptible cattle respond to BVDV with the production 
of usually high titering neutralizing antibodies which are highly specific as to 
the antigenic variant strain used. This has been convincingly shown by Steck 
et al. (1980) in vaccination experiments using viremic animals. They were 
sero-negative to the homologous isolate as well as to the vaccine strain before 
vaccination and remained so when tested against the homologous BVDV strain 
but developed high neutralizing titers against the vaccine strain. Recently this 
finding has been confirmed when testing persistently viremic cattle in the field 
(Liess et al., 1983). However, immune-competent animals infected with one 
strain are obviously immune to heterologous strains and also develop neu-
tralizing antibodies to these strains. Variant strains are differentiated by 
measuring neutralizing antibody titers, which show higher values against the 
homologous than against heterologous strains. Each strain is recognized spe-
cifically by immune-competent cattle and pigs as shown in Fig. 100 (Malmquist, 
1968; Castrucci et al., 1974; Liess et al., 1977). In summary, the BVDV strain 
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which induces immune tolerance will not be recognized immunologically even 
after the fetal organism has acquired immune competence, while other strains 
are recognized resulting in strain specific antibody formation. 

Calves born to infected dams take up maternal BVDV antibodies by ingest-
ing colostrum. Within 24-48 h all calves in a naturally infected herd possess 
antibodies. The serum titers decline exponentially to undetectable levels bet-
ween 105 and 230 days, depending on the level of the initial titers (Malmquist, 
1968; Kendrick and Franti, 1974). For high, medium, and low initial values 
Kendrick and Franti (1974) expected the titer to approach zero in approximate-
ly 230, 165, and 105 days, respectively. The half-life of neutralizing antibodies 
in sera of colostrum-fed calves was calculated to be 19-20 days (Landelius, 
1977). 

CMI responses have been studied by only a few investigators, although the 
significance of small lymphocyte depletion for the defense mechanism in rela-
tion to secondary bacterial or viral infections was emphasized by Malmquist 
(1968). Such studies were hampered by the impossibility of consistently produc-
ing clinical cases of MD. Therefore Steck et al. (1980) selected cattle fatally 
infected with BVDV for their studies on in vitro responsiveness of lymphocytes 
to stimulation by phytohemagglutinin or Concanavalin A. Differences between 
sick animals and controls were not seen, except that the sera from animals in 
later stages of fatal BVD-MD showed a suppressive effect on the stimulation. 
Johnson and Muscoplat (1973) had used lymphocytes from calves with chronic 
BVDV infection and reported inhibition of the mitogenic effect of phytohemag-
glutinin as compared with lymphocyte responses in healthy control calves. 

In vitro studies on the stimulatory effect of pokeweed mitogen on bovine 
splenic lymphoid cells infected with BVDV supported the hypothesis that 
BVDV can alter B-cell responses, plasma cell development and subsequent 
synthesis of IgG and IgM (Atlurn et al., 1979). However, these observations do 
not explain the development of severe, fatal courses of BVDV infections. The 
decrease of polymorphonuclear leukocytes and the impairment of their func-
tion may, in part, explain the increased susceptibility of cattle to secondary 
bacterial infection during BVDV infection (Roth et al., 1981). It remains open 
whether inhibition of in vitro responsiveness of lymphocytes to mitogens and 
decrease in B-cell function in connection with impaired IgG and IgM synthesis 
are an effect or a cause of fatal "late onset" forms of BVDV infections. 

Considering the various disease pictures of BVD one is reminded of immune 
pathogenetic phenomena, especially of the immunologic tolerance in persis-
tently infected animals to a particular antigenic variant of BVDV. In calves, 
failure to make antibodies has been attributed by Coria and McClurkin (1978) 
to immune tolerance, immune paralysis or immune suppression and unrespon-
siveness. Later Cutlip et al. (1980) described microscopic lesions in the kidneys 
of persistently infected cattle and BVDV antigen in mesangial and endothelial 
cells of glomeruli. This suggests an immune-mediated reaction with deposition 
of small amounts of antibody (incomplete immune tolerance) complexed with 
viral antigen in the renal glomeruli along the basement membrane, similar to 
the situation in lymphocytic choriomeningitis of mice (Oldstone and Dixon, 
1969). Immune complexes have indeed been demonstrated in renal glomeruli of 
persistently BVDV-infected cattle in exactly the same locations as reported by 
others (Prager and Liess, 1976). 

Sera from infected, seropositive cattle did not unequivocally discriminate 
infections with NC strains from infections with C-BVDV biotypes in radioim-
mune precipitations of cell lysates. This is because the viral protein of 80 k, 
present in lysates of cells infected with a C-BVDV strain, shares epitopes with 
the precursor protein of 118 k, present in cells infected with C and NC strains 
(Donis and Dubovi, 1987). The absence or low prevalence of protein 80 k in cells 
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infected with NC strains, i.e. the absence of 118 k protein processing was 
described by Akkina (1982) and confirmed by Pocock et al. (1987) and others. 

4̂  LABORATORY DIAGNOSIS 

Clinical cases suspect of BVDV infection must be confirmed by laboratory 
testing; this is also true for specimens from animals submitted for post mortem 
examination, even without an anamnestic suspicion of such an infection. In 
addition it may be necessary to perform tests on the prevalence of antibodies 
against BVDV in cattle populations. 

Inapparent infections 

Detection of antibody by means of virus neutralization is the most frequent-
ly used test; the variable serum-constant virus procedure is routinely employed 
in the calculation of neutralization titers. An initial serum dilution of 1/2 to 1/5 
is used; positive titers arise soon after infection, reaching values far beyond the 
initial dilution (usually 1/100 to 1/10000), depending on the strain and amount 
of BVDV used. Neutralization may be measured in the presence of C and NC 
strains of BVDV. In the latter case, fluorescent antibodies (Fernelius, 1964) or 
peroxidase-linked antibodies (Holm Jensen, 1981) may be used. The microtiter 
system can be used with highly cytopathogenic strains, e.g. Oregon C24V 
(Gillespie et al., 1960). The cytopathic effect may be increased by seeding 
culture cells together with the virus-serum mixture (Frey and Liess, 1971). In 
only few instances determinatin of the neutralization index or reduction of 
plaque numbers were used for antibody quantitation (Gillespie et al., 1961; 
Hafez and Liess, 1972a). 

For the detection of animals persistently infected with BVDV negative 
neutralization (titers < 1/5) gives an indication (Malmquist, 1968); it can be used 
to identify carriers and to prevent losses which might occur among such 
animals sooner or later (Holling, 1971). Seronegative and persistently infected 
cattle may appear healthy, and BVDV can be isolated from their blood (Coria 
and McClurkin, 1978; Liess et al., 1983). After vaccination they may develop 
neutralizing antibodies to the BVD vaccine strain; vaccination does not affect 
the state of viral persistence, as further circulation of the persistent virus even 
in the plasma is found. 

Chronic infections 

Persistently BVDV infected cattle may develop signs of chronic disease. In 
these cases the virus can be cultured from the buffy coat of peripheral blood 
even in the presence of demonstrable neutralizing antibody (Coria and McClur-
kin, 1978). The antibodies may have been transferred by colostrum, or they 
were actively produced by the persistently infected animal against heterolo-
gous BVDV, e.g. vaccine virus (Steck et al., 1980). 

For virus isolation blood samples are suitable that contain heparin or EDTA 
to prevent coagulation and to facilitate separation and collection of the leuko-
cyte fraction after low-speed centrifugation. After washing and resuspension, 
the buffy coat leukocytes are inoculated into cultures of susceptible bovine 
cells. After incubation for some days at 37°C the cell-culture fluids are collected 
for further passages, preferably in established monolayer cell cultures. These 
are examined for the presence of BVDV by fluorescent antibody, enzyme-linked 
antibody or interference, especially if it concerns a NC strain. C-BVDV strains 
are detected in only few instances; NC strains are frequently isolated from 
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persistently infected healthy animals (Coria and McClurkin, 1978) and even 
more so from chronically affected cattle (Liess et al., 1983). 

Chronic infections may not be very impressive to begin with but become 
more apparent as the animals age. Therefore the search for persistently infec-
ted and virus excreting animals amongst those not showing clinical signs is of 
utmost importance. Characteristically, they are found among seronegative 
animals older than 9 months. Young animals may be viremic in spite of possess-
ing maternal antibodies. 

BVD/MD (severe acute form) 

In cases of acute disease blood samples may be collected from the sick 
animals for virus isolation as well as for determination of neutralizing anti-
body. This is especially valuable if animals are at an age in which maternal 
antibodies are still present (6-9 months). Antibody may interfere with diagnos-
tic procedures if the animals are allowed to die. Homogenization of tissues for 
virus isolation and the usual treatment with antibiotics may result in neu-
tralization of BVDV during incubation by antibodies present in the lymph 
(Fernelius and Lambert, 1969). 

Cells containing BVDV antigen over long periods in the presence of antibo-
dies were considered by Fernelius and Lambert (1969) as evidence for a low-
grade "carrier state". The results by Fernelius and Lambert found support by 
Bielefeldt Ohmann et al. (1982), who were not able to isolate BVDV from 
fetuses inoculated at 4-6 months of age and examined 3 weeks later. Instead, 
viral antigen was demonstrated in sections of several fetal organs, primarily 
lymphoid tissues (Bielefeldt Ohmann et al., 1981,1982); the hyperimmune serum 
for these experiments had been raised in pigs by repeated intravenous 
injections of BVDV. 

BVDV antigen detection by fluorescein- or enzyme-linked antibody is a 
widely used laboratory diagnostic procedure; tissue sections from various 
organs, preferably tonsil, parotis, spleen, lymph nodes and mucosa of the 
gastrointestinal tract are suitable. The main limitations of this method come 
from the presence of maternal antibodies, or from autolysis in field material 
because of inadequate transport conditions. Moreover, the specificity of the 
conjugate is very important. It is usually prepared from bovine serum which 
may contain antibodies against many other viruses. High-titer BVDV anti-
serum was raised in pigs by taking advantage of the anamnestic response when 
challenged with HCV (Overby, 1973; Liess et al., 1977; Hyera et al., 1987). 

Fetal infections 

From the fact that fetal infections with BVDV occur to an extent higher 
than commonly expected, diagnostic procedures must be applied to fetuses in 
cases of abortion, stillbirth or perinatal death. This is supported by the finding 
that amongst 57 aborted fetuses in Denmark 25% were positive for BVDV by 
virus isolation or/and specific antibody detection in peritoneal fluid (L. Rons-
holt, personal communication, 1982). 

Since blood samples can only incidentally be obtained in the above cases, 
laboratory diagnosis has to be based on detection of viral antigen by IF or 
immunoperoxidase techniques and on virus isolation in primary calf kidney 
cells or bovine cell lines, as outlined by Carbrey (1971). 

Peritoneal fluid from fetuses or young calves, from which blood samples are 
not available, should be included in the diagnostic procedures. Since in many 
cases NC strains of BVDV are involved, proper techniques for the isolation and 
identification are of utmost importance. This includes three to four sub-
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passages whenever virus cannot be found after one passage and subsequent 
inoculation on coverslip cell cultures or interference testing. 

Considering diagnosis in congenitally infected calves fed on colostrum, 
maternal antibodies could interfere with the above diagnostic procedures. 
Antibodies found in, for example, peritoneal fluid of aborted fetuses older than 
135 days of gestational age are probably actively produced (Bielefeldt Ohmann 
et al., 1982), as are those detectable in precolostral blood samples of newborn 
calves (Orban et al., 1983). 

PROPHYLAXIS AND CONTROL 

In the past, prophylaxis against BVDV infections has been the subject of 
many controversial publications. After what has been said before, it seems 
plausible that transplacental transmission of BVDV can be prevented by im-
munizing cattle before pregnancy (Duffell et al., 1984; Liess, 1984). 

The first vaccine against BVD consisted of an attenuated virus (strain 
Oregon C24V) which after 32 passages did not produce illness in calves and was 
concluded to be safe and efficacious (Gillespie et al., 1960; Coggins et al., 1961). 
After extensive use of this vaccine, a postvaccinal condition was observed 
with characteristics similar to MD; it was thought to be due to a failure of the 
immune mechanism in a few animals (Peter et al., 1967). 

Postvaccinal complications have been discussed in the USA in the years 
1968-1973. Administration of attenuated BVDV was considered to be more 
harmful than beneficial, particularly for animals in a "carrier state" 
(Gutekunst, 1968). Apart from further possible postvaccinal conditions (Bittle, 
1968), no disagreement was noticed as to the efficacy of live attenuated BVDV 
vaccines. Duration of immunity was estimated to be longlasting if not lifelong 
(as in BVDV field infections) provided the vaccine was administered at a time 
when colostral immunity did not interfere with immunization (Kahrs et al., 
1966). 

The problem of safety resulted in attempts to develop inactivated vaccines 
in order to prevent effects following passage of BVDV via the placenta to the 
fetus (Bognâr, 1970, 1973). Abortion, cerebellar hypoplasia, ocular lesions, 
stillbirth, weakness and diarrhea were suspected to occur, as in natural BVDV 
infections during the first half of gestation (Ward, 1971; McClurkin et al., 1975). 
In a report describing resistance to acriflavine as a marker of an attenuated 
BVDV strain (ACR), Rockborn et al. (1974) called for further studies to ascer-
tain whether the ACR strain is sufficiently attenuated and immunogenic for use 
as vaccine strain. In addition the need for tests on the pathogenicity for 
pregnant cows and the growing fetus was stressed. Thus the demand for studies 
on the pathogenesis of fetal BVDV infections and the effect of BVDV infection 
on fetal development was repeated (Kahrs, 1968). 

Although McClurkin et al. (1975) reported that killed BVDV vaccines may 
be safe in pregnant cattle and also produce "adequate antibody to protect the 
fetus from an intrauterine infection", live attenuated BVDV vaccines con-
tinued to be manufactured on a large scale and used widely. This stimulated 
field studies on the transmissibility and the possible fetopathogenic effects of 
BVDV after administration of a commercial live virus vaccine to dams during 
the first half of gestation, commencing on gestational day 51. The vaccine was 
applied to seronegative pregnant cattle in herds where less than 50% of the 
animals had neutralizing antibodies. Five abortions occurred between 8 and 60 
days after vaccination, but BVDV infection was confirmed in only one of three 
cases submitted to the laboratory. Five calves with torticollis and opis-
thotonus, ataxia or astasia were born at term (their dams had been vaccinated 
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Fig. 102. Kinet ics of maternal antibody decay in ca lves (3 days to 32 w e e k s post partum) and 

antibody development (40-66 weeks post partum) after field infect ion wi th two strains of BVDV; 

each point represents the mean of neutral iz ing doses measured at one t ime in e l even animals up 

to the 58th week; ( · — · ) strain NADL; ( O — O ) strain A1138/69. 

between 90 and 118 days of gestation); nine calves had precolostral viremia 
which persisted until the animals were sold or sacrificed because of chronic 
disease (Fig. 101). One calf became 2 years old and showed growth retardation 
but appeared otherwise normal. Calves born with persistent viremia usually 
had no precolostral antibody except three with very low titers (Liess et al., 
1984). 

This demonstrates the hazard caused by vaccines which have not been 
properly tested. It cannot be decided whether it was the vaccine virus or a BVD 
field virus which had been picked up and caused the effects. Bovine cell 
cultures used for the propagation of any vaccine virus need proper pretesting 
in order to rule out dissemination of BVD field virus by vaccination. 

Control of BVD by use of live attenuated vaccine in calves requires deter-
mination of the susceptible age for vaccination because of colostral immunity 
and its interference with immunization. According to Kahrs et al. (1966) this 
immunity lasts for about 9 months; it correlates with the presence of mater-
nally derived neutralizing antibody (Robson et al., 1960). The rates of antibody 
decline are similar in calves from vaccinated and naturally immune dams with 
a calculated half-life of 19-20 days (Landelius, 1977). A shorter duration resul-
ted from lower initial titers (Kahrs et al., 1966) or was due to the use of 
antigenically different strains of BVDV, as shown in Fig. 102. Since frequent 
revaccination is not feasible, one or two vaccinations might assure successful 
immunization of the greatest number of calves at the earliest possible age. 

The early possibility of a BVD field infection became visible in a group of 
calves (Fig. 103) which developed active immunity when the titer of antibodies 
was still high (Lackmann-Pavenstedt, 1978). Since usually BVDV enters the 
bovine organism by the oronasal route, even high antibody titers in the blood 
do not prevent infection, resulting in active immunization (Liess et al., 1982). 

Little is known about local immunity in BVD, but it must be expected to play 
an important role in protection. Therefore, live BVDV vaccines should prob-
ably be applied locally, for example by intranasal instillation. Although there 
are no reports on pertinent studies available it should be remembered that the 
intranasal route has been used successfully for challenge with BVDV in 
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Fig. 103. Kinet ics of neutral iz ing antibody pass ively acquired on day of birth; in spite of h igh titer 

of colostral ly transferred antibody, field infect ion with B V D V init iated antibody development as 

demonstrable for the first t ime 14 weeks post partum; each point represents the mean of neutraliz-

ing dose measured at one time in twelve animals unti l the 60th week post partum; ( · — · ) strain 

NADL; ( O — O ) strain A1138/69. 

several investigations. Immunity and neutralizing antibodies were efficiently 
induced. 

Veterinary control measures rely on diagnostic tools to detect persistently 
infected cattle and on vaccination using safe vaccines. While there is no 
question that persistently BVDV infected animals should be eliminated from a 
herd, the application of a live virus vaccine to the seronegative group should 
be considered under various aspects. The vaccine should be applied well before 
breeding age and prior to situations involving a high risk of exposure. How-
ever, vaccination becomes a gamble as soon as antibody prevalence within the 
parent population approaches 50%; then also 50% of the newborn calves would 
receive maternal antibodies. 

Immunization failure would result from too early vaccination while late 
vaccination would retain susceptibility during early calfhood (Kahrs et al., 
1966). Control measures depend on management conditions and may have to be 
adapted accordingly (Malmquist, 1968; Kahrs, 1972). 
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Chapter 24 

Border Disease Virus 

R.M. BARLOW 

VIRUS PROPERTIES 

The virus of border disease (BD) or hairy shaker disease of lambs, of which 
both cytopathic and noncytopathic variants are known, has been grown in cell 
structures of fetal lamb kidney, sheep choroid plexus, porcine kidney and 
bovine testis. It is inactivated by moderate heat (56°C for 30 min), lipid solvents, 
common disinfectants, UV light and desiccation. It has limited ability to 
survive outside the host even in animal products and under moist conditions. 

BDV has been shown to pass a filter membrane of 50 nm average pore 
diameter but be retained by one of 35 nm (Harkness and Vantsis, 1982). Thus in 
size it is comparable with the closely related BVDV, reported as being a 
45-54 nm particle with a core of about 30 nm (Chasey and Roeder, 1981; 
Bielefeldt-Ohmann and Bloch, 1982). 

The buoyant density values of BDV are also similar (1.09-1.15 gm/ml) to 
those obtained with the NADL strain of BVDV under similar conditions. In 
sucrose density gradients the sedimentation coefficients of BDV, BVDV and 
HCV grown in a sheep cell line were found to be identical (S^° = 139 ± 12). 
Although the physical similarities illustrate the closeness of the relationship 
between pestiviruses of different animals, strain differences within BDV, in 
terms of pathogenicity for different breeds of sheep, have been recognized. 
Moreover, the varying ability of BDV antibodies to neutralize or protect 
against different strains of virus in vitro and in vivo is an indication of 
appreciable antigenic differences. Despite this, there are no routine methods 
available for distinguishing between BDV and BVDV. 

EPIZOOTIOLOGY 

As a clinicopathological entity BD is essentially a disease of sheep, though 
experimentally it has been shown that goats, cattle and swine are susceptible 
to infection. There is also serological evidence of BDV infection in several 
species of wild deer, and wild ungulates may serve as a reservoir and source of 
infection for domestic ruminants. 

BD has now been reported from most sheep-rearing countries, many of which 
also have substantial cattle populations. Experimentally it has been shown 
that contact spread of BDV from sheep to cattle and of BVDV from cattle to 
sheep readily occurs. However, serological surveys indicate that whereas 
about 70% of adult cattle have experienced infection with BVDV or BDV, the 
proportion of seropositive sheep rarely exceeds 20%, even in areas in which BD 
is endemic (Barlow, 1982). The reasons for this difference are not clear, but 
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some strains of virus may spread more readily in cattle than in sheep and vice 
versa. Also, as will become evident later, animals infected in utero may become 
persistent excretors of virus; it may be that bovine persistent excretors survive 
better than their ovine counterparts and thus provide more durable reservoirs 
of infection in cattle populations. 

Infection of immunologically naive adults with these viruses is usually 
subclinical and shortlived. If pregnant dams are infected, however, the fetus 
also becomes infected and may be expelled or born alive at full term, either 
immune or as a persistently infected virus excretor. The breeding season 
therefore represents the period of greatest risk from infection with BVDV or 
BDV. The virus is present in the aborted fetus and its membranes and in the 
secretions and excretions of persistently infected animals. Infection is probably 
acquired by inhalation or ingestion. Breed differences in susceptibility to BD 
infection have not been observed, though there is evidence that the manifesta-
tions of disease in the newborn, e.g. fleece abnormalities and neuropatho-
logical changes may be influenced by host genetic factors. 

Outbreaks of BD characterized by clinically obvious "hairy shaker" lambs 
(Fig. 104) vary greatly in severity (from < 10% rising in exceptional circum-
stances to 80% of the lamb crop). However, it has been shown that infection is 
more widespread than clinical disease suggests; subclinical infection may 
result in early embryonic death, late returns to service, low lambing percen-
tages and ill-thrift among surviving lambs; these lambs require greater man-
agement/feed inputs and time to reach marketable weight. All these features 
can seriously affect gross margins. 

PATHOGENESIS 

In nonpregnant sheep, infection with BDV is invariably subclinical, though 
mild pyrexia and transient leukopenia have sometimes been encountered 6-11 
days p.i., during which time viremia probably occurs. Serum neutralizing 
antibodies quickly appear. They have been detected as early as 1 week after 
inoculation and within 2 weeks in control sheep housed in contact with in-
oculated animals (Hamilton and Timony, 1972). Thus in the preimplantation 
phase of pregnancy, viremia could be terminated before a firm villous union has 
formed between the caruncle and the trophoblast, and the fetus may escape 

Fig. 104. BD-affected "hairy shaker" and normal Dorset Horn lambs, 2 days old. 
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Fig. 105. Caruncular septum showing perivascular exudate and necrosis of the crypt wall; early 

les ion, 10 days p.i.; H&E, χ 500. 

Fig. 106. Local necrosis of caruncular septum with adjacent v i l lus atrophy; establ ished lesion, 12 

days p.i.; H&E, χ 50. 
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infection. At all postimplantation stages of pregnancy, however, the virus 
readily crosses the placenta, which remains impermeable to maternal neu-
tralizing antibody. 

The effects upon the fetus depend upon the developmental stage reached at 
infection and vary according to the degree of fetal immune responsiveness. The 
virus is distributed widely in fetal tissues, but the morphological effects of 
infection are most obvious as developmental abnormalities in the central 
nervous system, skeleton and skin. Placentitis occurs (Figs. 105, 106) and may 
contribute to the death and expulsion of the fetus, a not infrequent conse-
quence of BD infection. The abortus is a rich source of infection for susceptible 
flockmates. Infections initiated at less than about 80 days of gestation may also 
result in the birth of viable lambs which excrete virus persistently but develop 
no neutralizing antibody, or only at very low fluctuating levels. Such animals 
are important disseminators of virus, usually for life. 

DISEASE SIGNS 

The signs of BDV infection are manifold. On a flock basis infection may be 
manifested by an increase in the number of ewes barren at lambing time, or by 
evidence of abortion. Abortion may occur at any stage of pregnancy but is 
common up to about 90 days of gestation. The aborting ewe shows little 
discomfort. There is rarely retention of placenta or postpartum metritis, and as 
the fetus is usually small and mummified, abortion may pass unnoticed. 

Badly deformed fetuses may be carried to term but cause dystocia because 
of kyphoscoliosis or arthrogryposis. 

The most characteristic sign of BDV infection is the birth of small weakly 
lambs, some of which may show varying degrees of tremor and, in smooth-
coated breeds of sheep, have abnormally coarse, hairy birth coats. These lambs 
bleat piteously; if they can stand they will seek the ewe's udder but be unable 
to feed because of the violence of the tremor. However, most will suck if held 
to the teat. 

Some BD-affected lambs are neither hairy nor show significant tremor but 
have disproportionally long metacarpals, metatarsals and first phalanges— 
so-called "camel-legged" lambs (Fig. 107). If they can get to their feet they show 

Fig. 107. "Camel-legged" lamb. 
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little teat-seeking drive but tend to wander aimlessly and appear blind. Other 
BD-affected lambs show only skeletal abnormalities such as a small narrow 
head with brachygnathia, fine long bones and incomplete carpal extension, and 
yet others appear physically normal but fail to thrive. 

Under field conditions many BD-affected lambs die in the first few weeks of 
life. In surviving "hairy shakers" the tremor gradually regresses and has 
usually disappeared by about 20 weeks of age. Deaths may continue to occur 
throughout the suckling period and following the stress of weaning. Many of 
these later deaths are associated with severe episodes of diarrhea or respirat-
ory distress. These conditions have been attributed to secondary infections, but 
it has been shown that they may also be part of a mucosal disease-like mani-
festation of BD (Barlow et al., 1983; Gardiner et al., 1983). 

PATHOLOGY 

The mild or subclinical disease which follows infection in the nonpregnant 
adult may be associated with slight pyrexia and transient leukopenia. Morbid 
anatomical changes have not been described. Tiny focal infiltrations of small 
mononuclear cells have been observed histologically in some tissues (Barlow 
et al., 1983). Though nonspecific in character, such infiltrations were not seen 
in controls. 

In the pregnant female at all postimplantation stages of gestation a focal 
necrotizing carunculitis develops in the basal third of the placentome. Such 
lesions may resolve in 25-30 days, but in some cases they expand and coalesce 
to form diffuse bands of necrosis in the deeper parts of the placentome; this will 
obviously affect fetal viability and contribute significantly to fetal death and 
abortion. The aborted fetus is usually mummified, but if fresh shows serosan-
guinous hydrops foetalis and hydrops amnii. 

The pathology in the full term lamb depends to a considerable extent on the 
gestational age at infection. The characteristic "hairy shaker" lamb is the 
product of infection before about the 80th day. The gross morphological chan-
ges resemble those of lambs subjected to severe nutritional stress in utero—a 
shallow narrow body with short thin bones containing growth arrest lines but 
fewer ossified centers than normal (Richardson, 1982). 

In normally smooth-coated breeds of sheep the hairiness of the "hairy 
shaker" fleece is due to an increase in size of the primary wool follicles with 
concomitant increase in the proportion of medullated fibers and a reduction in 
number of secondary follicles, i.e. the secondary:primary (S/P) follicle ratio is 
reduced (Orr, 1982). 

The nervous system of such lambs appears macroscopically normal; histo-
logically there is a diffuse or patchy deficiency of myelin in the brain and spinal 
cord. Axons are frequently naked or clad with abnormally thin myelin sheaths 
with few lamellae and abnormal, irregular profiles in cross section: hypomye-
linogenesis congenita. The peripheral nerves are unaffected. This form of BD 
is essentially noninflammatory (Fig. 108). 

In the "camel-legged" lambs which experimentally have been shown to arise 
from infection before 80 days of gestation and also in those with arthrogryposis 
and kyphoscoliosis, the skeletal defect has not been investigated. The S/P wool 
follicle ratio is normal and hypomyelinogenesis congenita is not obvious. 
However, there are intracranial malformations which are frequently of a gross 
nature. These comprise porencephaly or hydranencephaly, cerebellar hypo- or 
dysplasia, hydrocephalus and persistent cavum septum pellucidum (Fig. 109). 
These lesions usually contain numerous plump macrophages. Glial nodules 
and perivenous lymphoid cuffs are present in the substance of the brain and 
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Fig. 108. Longitudinal sec t ions of (a) normal and (b) BD-affected spinal cord; note the paucity of 

myel in in the affected animal, the swol len glial nucle i and the intracel lular dense l ipoidal droplets; 

both specimens are from fetuses at 80 days of gestat ion; perfused with glutaraldehyde, embedded 

in Araldite and stained wi th Giemsa, χ 800. 

spinal cord; thus this form of BD clearly has an inflammatory component. Virus 
is not recovered from such lambs, most of which have serum neutralizing 
antibody. 

No macroscopic changes are present in lambs born after infections initiated 
later than about 80 days of gestation; histologically there is a nodular periar-
teritis which is disseminated throughout most tissues but is most frequently 
encountered in the CNS and meninges (Fig. 110). The nodules consist mainly 
of lymphoid cells and macrophages. The lesions are remarkably uniform in 
their cellular characteristics; they are also durable, as they have been found for 
up to one year after birth. Viral antigen can be demonstrated in the lesions for 
about 6 months and neutralizing antibody has been detected in the serum of 
some such lambs. 
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Fig. 109. (a) Deve loping porencephal ic les ion in BD-affected fetus at 84 days of gestat ion; H&E, 
χ 33. (b) High-power picture of the l in ing of the ventr ic le of 109a; note the discont inui ty of the 

ependyma and partial loss of the adjacent subependymal mant le layer; H&E, χ 133. (c) Cerebellar 
cortex of BD-affected fetus at 84 days of gestat ion, showing focal loss of the external granular 
(granulo-prival) layer, the forerunner of a hypoplast ic cerebellum; H&E, χ 133. (d) Edge of cavity 
shown in 109a wi th infiltration of phagocyt ic cells; H&E, χ 500. 
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Fig. 110. Periarteritis; cerebral meninges of newborn lamb from a ewe infected wi th B D V at 120 

days of gestat ion; the infiltrate is composed mainly of lymphocytes and macrophages; the les ion is 

usual ly nodular and persistent; H&E, χ 130. 

Intercurrent infections are frequently implicated in the mortality amongst 
older recovering ' 'hairy shaker" lambs and may complicate assessment of the 
pathological changes. However, characteristic changes have been recognized 
(Barlow et al., 1983), e.g. hyperplastic ulcerative typhlocolitis with heavy 
lymphoid infiltrations of the mucosa and submucosa (Fig. I l l ) , periventricular 
encephalitis (Fig. 112) and focal lymphoid infiltrations in visceral organs (Figs. 
113, 114). These lymphoproliferative changes are associated with intractable 
scour and/or respiratory disease. Concurrently cytopathogenic virus is iso-
lated from blood, whereas previous isolates are invariably noncytopathogenic 
(Gardiner et al., 1983). The mechanisms involved in the apparent disturbance 
in the equilibrium between virus and tolerant host are as yet unclear. 

In the fetus, the immune response varies according to the gestational age at 
infection and the developmental state of the immune system at that time. 
Fetuses are usually immunologically unresponsive to BDV when the ewe is 
infected at less than 70-80 days of gestation, and the surviving fetuses become 
tolerant persistent excretors of virus. However, under some circumstances, 
fetuses at this early stage of development have responded with intense inflam-
matory reactions in the CNS, resulting in the intracranial malformations 
described. Of these the majority that survive to term have virus neutralizing 
antibody in their serum prior to sucking, and no virus is isolated from them. 
The conditions that give rise to this altered response are poorly understood; 
however, it has been reproduced experimentally by injecting susceptible preg-
nant ewes with BDV that had been preincubated with antibody to BVDV, or by 
injecting pregnant ewes with BDV following infections with BVDV or another 
strain of BDV. This has led to the conclusion that virus combined with related 
but heterologous antibody may in some way stimulate a precocious immune 
response in the fetus. 

Fetuses that become infected after 80 days of gestation are usually im-
munologically responsive to BDV. Serum neutralizing antibody was found in 
19 out of 40 progeny of ewes infected at 90 days of gestation. A cellular response 
to viral antigen in the adventitia of small and medium-sized arteries has also 
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Fig. 111. (a) Polypoid hyperplasia of mucosa of the cecum in a scouring "recovered" hairy shaker 

lamb; H&E, χ 35. (b) Hyperplast ic mucosa displacing the muscle coats of the cecum; Alc ian 

b lue /PAS, χ 25. 

been demonstrated within 17 days of infection in late pregnancy. This has been 
confirmed as a cell-mediated allergic reaction by specific cutaneous hypersen-
sitivity to BD viral antigens in the newborn lamb. 

4̂  LABORATORY DIAGNOSIS 

The best materials for specific diagnosis of BD are of course the newborn 
affected lamb, alive and unsuckled, if possible together with clotted blood 
samples from the mother and a number of her flockmates. These should be sent 
to a laboratory which has facilities for virus isolation, IF examination of 
cryostat sections, neuropathology and serology. The most rapid and accurate 
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Fig. 112. Periventricular encephal i t i s in "recovered" hairy shaker lamb; the wal l s of the ventr ic les 
and the interventricular septum show perivascular cuffing by lymphocytes and a diffuse gliosis; 
H&E, χ 100. 

diagnostic method is IF microscopy on cryostat sections of small pieces of 
tissue, e.g. kidney, gonad or cerebellum, which have been quenched in liquid 
nitrogen, or a "dry-ice"/isopentane freezing mixture. 

These tissues together with blood clots are valuable for virus isolation in 
tissue culture and if taken in the field should be sent to the laboratory in 
transport medium as soon as possible. 

For neuropathological examination the entire CNS should be removed care-
fully and fixed in Baker's calcium formol (10% formalin + 1% anhydrous 
calcium chloride). Phosphate-buffered formalin should be avoided, as it may 
form soluble soaps with some components of myelin and result in the loss of 
diagnostically valuable lipid droplets from histological preparations. 

Serological examination for BDV antibodies, on its own, is the least valu-
able diagnostic method even when paired samples are obtained. This is because 

Fig. 113. Nonsuppurat ive myocardit is in a scouring "recovered" hairy shaker lamb; H&E, χ 100. 
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Fig. 114. Thyroidit is in a scouring "recovered" hairy shaker lamb; H&E, χ 100. 

even in a new disease outbreak maternal and in-contact ewe titers will prob-
ably have reached a plateau by the time samples are collected and will only 
indicate prior exposure to the virus. Titers in suckled lambs are also of little 
value, as they simply reflect maternal antibody status. The presence of anti-
body in precolostral lamb blood is of course diagnostic, but it must be remem-
bered that the typical "hairy shaker" lamb is usually immunologically tolerant 
to BDV. Isolation of virus from the lamb and absence of antibody in its mother 
would indicate that the latter is a tolerant carrier and possibly responsible for 
introducing infection to the flock. 

PROPHYLAXIS AND CONTROL 

It has been shown that infection with BDV confers immunity to challenge 
with the same strain during subsequent pregnancies. Experimentally both live 
and killed vaccines have been prepared and have afforded protection to the 
fetus in the face of maternal challenge with virus of the same strain. However, 
ewes with immunity to one BDV strain may be susceptible to another strain 
and give birth to "camel-legged" lambs with gross intracranial malformation 
or to "hairy shaker" lambs (Gardiner, 1982). 

Most new outbreaks of BD result from livestock movements at the beginning 
of the breeding season. The introduction of acutely infected or carrier sheep 
(and cattle) is the most likely source of infection (Terlecki, 1977). Direct 
evidence implicating wild animals in the introduction of BD is not available, 
though there is serological evidence for infection in several species of deer. In 
the prevention of BD it would be prudent to allow close cohabitation of the 
breeding flock with introduced ruminant stock well before the breeding season 
commences so that all animals have the opportunity to become immune before 
becoming pregnant. 

In the event of BD appearing early in the lambing season complete segre-
gation of later lambing groups should be undertaken; this measure may not be 
effective in controlling disease, as infection already may be widespread. After 
lambing, affected lambs and breeding stock, including new additions, should be 
closely mixed to allow maximum opportunity for spread of infection and de-
velopment of immunity before the next breeding season. All surviving BD 
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lambs should be disposed of to slaughter before the next breeding season. If 
flock size permits, breeding stock can be examined at this time for virus 
neutralizing serum antibody, and blood clots from seronegative animals can be 
cultured in order to identify carrier animals. 

These methods are time consuming and expensive and will not protect 
against the introduction of another strain of BDV. In small flocks or in flocks 
where small outbreaks have occurred and segregation procedures have been 
effective it may be satisfactory simply to slaughter all members of affected 
families. 
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Chapter 25 

Louping-il l Virus 

H.W. REID 

INTRODUCTION 

Louping-ill virus is a tick-transmitted Flavivirus that causes acute menin-
goencephalomyelitis in sheep and other species. Until recently the disease was 
assumed to be restricted to the British Isles, but it has now been diagnosed in 
Norway, Spain, Bulgaria and Turkey as well (Reid, in press). The name is 
derived from the Scottish vernacular term "to loup" meaning "to leap". 

Louping-ill virus belongs to a group of eight antigenically closely related 
viruses known collectively as the tick-borne encephalitis (TBE) complex. 
These viruses are distributed throughout the northern temperate latitudes and 
comprise the Central European TBE, Far Eastern Russian TBE, Omsk hemor-
rhagic fever, Kyasanur Forest disease, Langat, Powassan, Negishi, and louping-
ill viruses (Clarke, 1964). Differentiation of the TBE complex by antigenic 
analysis alone is not easy, but glycoprotein and peptide mapping clearly iden-
tify louping-ill as a distinct entity within the group (Heinz and Kunz, 1981, 
1982). 

There is evidence that 32 vertebrate species can be infected with louping-ill 
virus. Probably all species may be regarded as susceptible to infection, and 
likewise all tick species tested could transmit virus suggesting an equally 
catholic vector potential. Most infections are accompanied by negligible clini-
cal responses; natural disease following infection has been described in sheep 
(Stevenson, 1807; M'Fadzean, 1894), cattle (Dunn, 1952), horse (Fletcher and 
Galloway, 1937), dog (MacKenzie et al., 1973), pig (Bannatyne et al., 1980), red 
deer (Cervus elaphus) (Reid et al., 1978a), roe deer (Capreolus capreolus) (Reid 
et al., 1976), red grouse (Lagopus scoticus) (Reid et al., 1978b) and man (Brewis 
et al., 1949; Williams and Thorburn, 1962). Clinical disease is most frequent in 
sheep; despite the potential of other tick species to transmit the virus, Ixodes 
ricinus would appear to be the sole natural vector. 

VIRUS PROPERTIES 

The morphology of louping-ill virus is typical of a Flavivirus. Replication 
occurs entirely in the cytoplasm within compartments of the endoplasmic 
reticulum or Golgi apparatus (Doherty et al., 1971a). The virus is thermolabile, 
sensitive to organic solvents, detergents and acidic conditions, but is stable at 
alkaline pH values and at low temperatures (little infectivity being lost at 
- 80°C over extended periods of storage) and withstands lyophilization. 

The virus will agglutinate gander, rooster and pigeon red cells (Clarke and 
Casals, 1958). Hemagglutinin may be prepared from infected suckling mouse 
brains or from infected tissue culture (BHK-21) supernates. Although hemag-
glutination can be demonstrated in suitable preparations without extraction, 
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activity is greatly augmented following cold acetone extraction. Antigens 
suitable for CF, ID and ELISA tests can also be easily prepared from infected 
brains or tissue culture. 

Virus may be propagated in a wide variety of cultured cells, including 
those of chick embryo (Wilson, 1945), pig kidney (Williams, 1958; Madrid and 
Porterfield, 1969), sheep kidney, baby hamster kidney (BHK-21) (Brotherston 
and Boyce, 1969; Brotherston et al., 1971). and a number of tick cell lines 
(Pudney et al., 1978). For detecting infectivity and neutralizing antibody, a 
plaque test using the pig kidney cell line IB/RS2 (clone 60) under an overlay 
containing sodium carboxymethyl cellulose has proved to be of greatest utility 
(Reid and Doherty, 1971b), while infected BHK-21 cell cultures have been found 
to produce high titers of hemagglutinin. Virus may also be propagated by 
intracerebral inoculation of suckling or 3-week-old mice (Alston and Gibson, 
1931). 

On evidence obtained by analyzing isolates from a variety of species and 
from different geographical locations by plaque morphology, neutralization, 
HI and pathogenesis studies it was concluded that the virus is homogenous 
throughout its distribution (Reid, 1984); reports of variation between isolates 
(Williams et al., 1963; Timoney, 1971) have probably arisen through failure to 
standardize the methodology employed. However, recent studies with a panel 
of monoclonal antibodies have indicated the presence of several biotypes (H.W. 
Reid, unpublished observations, 1988). 

The virus is also very stable in vitro and no attenuation for sheep occurred 
after 170 passages in chick embryo cultures (Wilson, 1945). 

EPIZOOTIOLOGY 

The epizootiology of arthropod-transmitted viruses is determined by the 
interaction of vector and vertebrate characteristics. Detailed analysis of the 
biology of the vector is beyond the scope of this chapter, but further infor-
mation is contained in specialist reviews (Campbell, 1952; Reid, 1984). 

The distribution and seasonal occurrence of louping-ill will be dictated by 
the prevalence of the vector. The only identified vector, /. ricinus, is a three-
host tick, requiring a single blood meal at each stage and completing its life 
cycle in 3 years. Active feeding is restricted to approximately 3 weeks of this 
3-year life cycle, the remainder of the time being spent in the vegetational mat 
close to the soil where the relative humidity is close to saturation. The require-
ment for such microclimatic conditions restricts the distribution of J. ricinus 
to the rough grazings of the UK. The activity of ticks follows a distinct 
seasonal pattern, there being few questing ticks through the winter months, 
but when the threshold temperature for activity is exceeded in spring the 
numbers of questing ticks rapidly increase, reaching peaks in April or May. 
Those ticks that fail to gain access to a host will desiccate and die, while those 
that have fed fall back into the vegetation, where the blood meal is digested. 
Molting and egg laying are completed over the summer months, during which 
time there are no active ticks. The resultant flat ticks will not generally feed 
again until the following spring. The period of tick activity in the autumn that 
occurs in some parts of the country is due to a separate population of ticks that 
overwinters as replete ticks, molts through the summer and quests in the 
autumn. 

The host range of /. ricinus is wide and the immature stages will feed on any 
available vertebrate. Thus all vertebrates present in the ticks' habitat may be 
parasitized and infected with louping-ill virus. Ticks acquire virus when they 
engorge on a viremic host; high blood titers of virus are required before it can 
establish infection in the cells of the tick and translocate to the salivary gland 
of the subsequent stage. Threshold titers for larvae were found to be in the 
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order of 104 plaque-forming units per 0.2 ml of blood and approximately 10-fold 
less for nymphs (Beasley et al., 1978). As transovarial transmission does not 
occur, infection of the adult stages is irrelevant. 

It is therefore apparent that the intensity and duration of the host's viremia 
will determine its epizootiological relevance. While all vertebrates may be 
infected, only those species that develop viremias in excess of threshold titers 
are involved in the maintenance of louping-ill virus. To assess the potential 
role of candidate hosts in the epizootiology of louping-ill the course of experi-
mental infection was examined in a variety of mammalian and avian species 
(Table 22; Reid, 1975, 1978, 1984, Reid et al., 1983). Virus was injected sub-
cutaneously and the intensity and duration of the viremia was determined. The 
possible impact that any species might have on the epizootiology can be 
assessed from the number of days when threshold titers to larvae and nymphs 
were exceeded. From these data it is apparent that threshold titers generally 
were not achieved and that infection of most species has little or no biological 
relevance. Of the mammalian species only the sheep regularly developed vi-
remias in excess of threshold titers and therefore can be regarded as a potential 
maintenance host. While three grouse species (ptarmigan, willow grouse and 
red grouse) also developed substantial viremias, only red grouse inhabit areas 
infested with /. ricinus; thus ptarmigan and willow grouse are unlikely to 
become infected under natural circumstances. In contrast, infection does occur 
in red grouse (Williams et al., 1963), a species peculiar to the British Isles, 
inhabiting the heather (Calluna spp.) dominated upland grazings where ticks 
can be prevalent. 

However, of the experimentally infected red grouse 80% died with evidence 
of acute virus encephalitis; when wild populations in louping-ill enzootic areas 
were examined, virus infection was found to account for a mortality in excess 
of the reproductive capacity of the grouse. It was therefore concluded that 
infection of red grouse could have only a temporary, local amplifying effect on 
virus circulation and that in enzootic areas grouse died out. 

Thus the only vertebrate species identified in these studies as capable of 
regularly transmitting virus to the tick was the sheep. No evidence of a cycle 
involving wild native vertebrates and the tick was forthcoming, and it was 
concluded that the maintenance of louping-ill virus is essentially dependent on 
a tick <-• sheep cycle. This conclusion is consistent with the marked suscep-
tibility of the red grouse, the habitat of which was free of louping-ill prior 
to the introduction of sheep during the 19th century. Before that time red 
grouse had not encountered infection and they represent a naive population in 
which no innate resistance was evolved. 

Further confirmation of the importance of the sheep <-> tick maintenance 
cycle has emerged from two studies on islands off the west coast of Scotland 
from which louping-ill appears to have been eradicated by eliminating suscep-
tible sheep. On one island all sheep were removed, and while ticks have 
remained prevalent on resident deer, the absence of antibody to louping-ill 
virus in their serum suggests that the virus has been eliminated (Adam et al., 
1977). On the other island all sheep were systematically vaccinated over a 
period of 3 years, at the end of which time the absence of seroconversion in 
sentinel cattle and of clinical disease in sheep indicated that louping-ill has 
been eliminated. 

Thus there is no evidence to support the assumption that louping-ill is 
maintained in a cycle between the vector ticks and native wild vertebrates as 
proposed by Williams et al. (1963) and Smith et al. (1964b). 

Following challenge with virus only a few sheep develop fatal encephalitis; 
surviving animals acquire a life-long immunity which can be transferred in 
colostrum to lambs, resulting in solid protection (Reid and Boyce, 1976). At the 
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start of the spring period of tick activity the sheep flock consists of breeding 
ewes with lambs and 1-year-old ewe lambs to be used as replacement breeding 
stock. The efficiency with which colostrum-derived antibody protects lambs 
ensures that there will be an equal proportion of susceptible ewes and lambs. 
However, because adult sheep can host more ticks, infection in the older 
animals is epizootiologically more significant than in lambs. Where the ma-
jority of the breeding stock is immune, most of the lambs will also be immune 
by passively acquired antibody. While this antibody will provide solid protec-
tion through the first season of exposure, such animals will be fully susceptible 
the following year. Thus the minimum number of susceptible sheep in a flock 
is represented by the replacement breeding stock, which is unlikely to consist 
of less than 1/5 of the sheep. Infections in this number of sheep are adequate to 
ensure perpetuation of the virus. Tick activity declines during the summer 
months to reappear in some parts of the country in the autumn, when most of 
the lambs will no longer be protected by colostral antibody. However, as lambs 
tend to be weaned and removed from the flock by the time of this recrudescence, 
maintenance of virus in this population of ticks is dependent on the availability 
of susceptible adult sheep. Virus survives in replete and molting ticks during 
interepizootic periods. 

Although infection is normally transferred by inoculation of virus by infec-
ted ticks it can also be established by ingestion. An outbreak of disease in pigs 
occurred after they had been fed lambs that had died from louping-ill (Ban-
natyne et al., 1980); goat kids became infected and died after sucking virus-
infected nanny goats which were excreting virus in their milk (Reid et al., 
1984). However, lambs that had ingested milk from louping-ill virus infected 
ewes did not become infected despite the presence of high virus titers (Reid and 
Pow, 1985). 

PATHOGENESIS 

Louping-ill virus causes an acute meningoencephalomyelitis which has been 
studied in detail in sheep (Doherty and Reid, 1971a, b; Reid and Doherty, 
1971a, b; Doherty et al., 1971b, 1972; Reid et al., 1971; Doherty and Vantsis, 
1973). Following peripheral inoculation, initial viral replication occurs in the 
drainage lymph nodes and viremia can be determined within 24 h thereafter, 
rising exponentially for 2-4 days (Fig. 115). Viremia then declines precipitously 
and is associated with the appearance of neutralizing and HI antibody. 

Invasion of the CNS invariably occurs early in infection, and while titers in 
the periphery continue to decline, titers in the CNS reach maxima later and 
decline more slowly. Elimination of virus from the CNS is also dependent on 
immune mechanisms. High titers of viral antibody can be found in the cerebro-
spinal fluid of acutely affected and recovered animals. This antibody, which is 
responsible for eliminating virus from the brain, is synthesized within the CNS 
and almost certainly originates from cells with the ultrastructural and 
immunohistological characteristics of antibody-secreting B-cells that have 
been recruited into the perivascular spaces. Immunosuppressed sheep tend to 
survive longer (Reid et al., 1981) but the proportion that develops fatal ence-
phalitis is greater. Thus, as with other acute viral encephalitides, the immune 
system may precipitate death of virus-infected cells, causing earlier mortality; 
but without an effective immune response to restrict virus spread more neurons 
become infected and death is the inevitable outcome due to extensive, virus-
induced cytolysis of neurons. 

Before it was realized that viral invasion of the CNS is probably an inevi-
table consequence of infection it was considered that virus had gained access 
to the brains of only those animals that succumbed with acute encephalitis. 

Chapter 25 references, p. 287 



284 Virus infections of ruminants 

CM Ο 
d 

f 4 

Ο) ρ 

***** 

4 6 8 
Days after infection 

10 

/ / 

/\ / \ 

/ \ v
 7 \ 

/ \ / 

/ \ 1 

/ \ 1 

/ \ 1 

/ \ 1 

/ λ 

/ y \ 
12 

5120 

1280 

| 3 2 0 ? 

4M 

80 S 

\20
 2 

14 

Fig. 115. Schemat ic diagram of the course of louping-il l virus infect ion of sheep; (-
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Great emphasis was therefore placed on factors that might facilitate access of 
virus to the CNS, and concurrent tick-borne-fever (Cytoecetes phagocytophild) 
was considered to be a predisposing factor (Gordon et al., 1962; Smith et al., 
1964a). It was suggested that this normally benign infection affects the per-
meability of the vasculoendothelium of the blood-brain barrier. Experimental 
infection of sheep with both organisms produced a much higher mortality in 
the dually infected animals, but this was attributed to a profound immunosup-
pression induced by the combined infection with death resulting from systemic 
mycotic invasion (Reid et al., 1986). 

DISEASE SIGNS 

The clinical signs are typical of an acute virus-induced meningoencephalo-
myelitis primarily affecting locomotor functions (see Fig. 115). During the 
initial visceral phase of infection few clinical signs are detected—the rectal 
temperature may be raised and the animal may appear dull and inappetent, but 
frequently no abnormalities are detected. The subsequent clinical course is 
very variable: the majority of infected sheep exhibit no further symptoms and 
make an uncomplicated recovery while a variable proportion develop signs of 
neurological dysfunction, which may vary from transient ataxia and spasmodic 
muscular contractions to sudden death. The first signs are nervous nibbling 
and smacking of the lips accompanied by ataxia, particularly of the hind limbs, 
progressing to recumbency. Terminally affected animals paddle wildly before 
becoming comatose, death occurring within 24-48 h of initial signs being ap-
parent. In a proportion of recovered animals residual paresis affecting the 
limbs or neck may last for weeks or months following the acute phase of the 
disease. The clinical signs in other ruminants are similar, though in cattle the 
course is more protracted, with affected animals becoming recumbent but 
continuing to eat and drink for several days. Animals may recover if attentive-
ly nursed. 
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4t 

5 

Fig. 116. Distr ibut ion of neuropathologica l changes in the brain of a sheep wi th louping-ill . 

PATHOLOGY 

Specific lesions in sheep affected with louping-ill are restricted to the CNS, 
although not infrequently a terminal bacterial pneumonia may develop. 
Lesions which consist of a nonsuppurative encephalomyelitis are most pro-
nounced in the brain stem and ventral horns of the spinal cord, while the 
forebrain is relatively unaffected (Fig. 116). The lesions consist of neuronal 
necrosis, neuronophagia, focal gliosis and perivascular cuffing by lymphoid 
cells. The distribution of viral antigen and infective virus within the brain 
correlates with the distribution of neuronal necrosis, and it has been concluded 
that cell death is a direct consequence of viral cytolysis. The perivascular 
accumulations of inflammatory cells contain globulin-producing (IgM and IgG) 
cells with the ultrastructural characteristics of plasmacytes (Doherty et al., 
1971). These are apparently responsible for the viral antibody within the CNS 
which is believed to limit virus spread and neuronal destruction. In surviving 
animals, irrespective of the clinical severity of infection, neuropathological 
lesions persist for several weeks. They consist of foci of inflammation, gliosis 
and neuronophagia distributed throughout the CNS but most apparent in the 
brain stem and spinal cord. 

Earlier reports of the pathology of louping-ill in sheep tended to em-
phasize the involvement of Purkinje cells (Brownlee and Wilson, 1932). How-
ever, this is now recognized to be a feature of the pathology following in-
tracerebral inoculation of virus and not of the changes following peripheral 
infection. 

LABORATORY DIAGNOSIS 

Before contemplating any investigation of louping-ill it should be borne in 
mind that the virus can cause severe and sometimes fatal encephalitis in man. 
The first obligation of the diagnostician is therefore to ensure that suitable 
equipment and facilities are available to minimize the risk of infecting labora-
tory personnel. In addition, it is recommended that those anticipating regular 
involvement in the diagnosis of louping-ill should be vaccinated against TBE 
using a commercially available vaccine (Immuno AG., Industriestrasse 72, 
A-1200 Wien, Austria). 

When the clinical features and epidemiological circumstances suggest loup-
ing-ill, laboratory confirmation should be sought. 
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Serology 

Antibody to louping-ill virus may be detected using gel diffusion (Thorburn 
and Williams, 1966), CF (Casals et al., 1951), HI (Clarke and Casals, 1958), 
neutralization (Reid et al., 1971), and IF tests (Doherty and Reid, 1971b). The 
HI test has proved of greatest utility and is regularly employed in diagnosis. 
Virus antigen will agglutinate trypsinized human O, rooster and pigeon red 
blood cells, but for large-scale testing gander cells have proved most practical. 
Male bird red blood cells only must be employed, as cells from females are less 
sensitive, particularly during egg-laying periods. Antigen may be prepared 
from either infected suckling mouse brain or from BHK-21 culture supernatant; 
to obtain maximum activity it should be extracted with cold acetone (Clarke 
and Casals, 1958). Before testing sera, nonspecific inhibitors must be removed 
using either cold acetone or acid-washed kaolin, the latter method being the 
most convenient, economic and best suited for routine use. 

The presence of IgM class antiviral antibody in serum can readily be detec-
ted by comparing the HI antibody in whole serum and in serum that has been 
heated to 62.5°C for 30 min. A 4-fold or greater reduction in the titer of the 
heated sample implies the presence of IgM antibody and hence recent virus 
infection. Unfortunately, most of the antibody present from about day 10 p.i. is 
IgG; hence the detection of IgM is of diagnostic value only in early cases, and 
failure to detect IgM antibody does not exclude louping-ill. In cases that 
recover examination of paired serum samples is of value. 

Virus isolation 

Definitive diagnosis relies on the isolation of virus from the CNS. Highest 
virus titers are present in the brain stem and cord, which therefore are the 
tissues of choice for virus isolation attempts. As the virus is thermolabile and 
susceptible to acid pH, 50% glycerol saline should be used as a transport 
medium, and precautions should be taken to ensure that the material is kept 
cool. Clarified 10% w/v homogenates of the material are inoculated either 
directly onto monolayer cultures of the pig kidney cell line IB/RS2 (clone 60) 
or intracerebrally into 3-week-old-mice. By incubating infected monolayers 
under an overlay containing carboxymethyl cellulose, plaques will develop 
within 3-4 days. If duplicate plates containing antiserum to louping-ill virus 
are also inoculated, virus will be neutralized and no plaques will develop 
allowing a specific diagnosis. 

Within 6-14 days p.i. mice become excited, then hunched, develop posterior 
paralysis and die after approximately 24 days. If suckling mice are employed 
death occurs earlier but may be confused with nonspecific effects, which makes 
isolation by this method cumbersome. In either case the presence of virus in 
brains of mice should be confirmed by preparing hemagglutinin for HI tests or 
by plaque neutralization in tissue culture. 

Histopathology 

The identification of typical neuropathological lesions can also be useful in 
reaching a diagnosis of louping-ill. That portion of the brain that is not used 
for virus isolation should be fixed in 10% formol saline. A series of blocks is 
then prepared from samples of brain taken from at least five levels and sections 
cut and stained with Η & Ε. The detection of typical lesions distributed in the 
brain as described above permits a presumptive diagnosis in areas where 
louping-ill is the only agent recognized to cause nonsuppurative menin-
goencephalomyelitis. 
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PROPHYLAXIS AND CONTROL 

Shortly after the isolation of louping-ill virus in 1931 a vaccine consisting of 
formalinized infected sheep brain, cord and spleen was developed (Gordon, 
1934). This vaccine did not cause seroconversion but was suggested to prime 
animals to viral antigen, which ensured that on subsequent infection serum 
antibody developed rapidly in the absence of clinical signs. 

Such tissue-derived vaccines suffer from the risk of contamination by adven-
titious agents, and in 1937 a disastrous outbreak of scrapie occurred in sheep 
that had received one batch of the vaccine which had been prepared from the 
brains of eight lambs whose dams subsequently developed scrapie (Gordon, 
1946). A further disadvantage of this vaccine was that its preparation was 
hazardous for the laboratory personnel, and after an incident in which three 
technicians became seriously ill production was terminated. 

A vaccine using tissue-culture-propagated virus was developed and tested in 
the field (Brotherston et al., 1971). This vaccine consists of formalin-inac-
tivated virus from BHK-21 cell cultures concentrated by ultrafiltration and 
incorporated in an emulsion with an oil adjuvant. This vaccine stimulates the 
production of serum antibody, and a single inoculation is sufficient to provide 
lifelong immunity. Normally only the sheep stock to be retained for breeding 
or that have been introduced from tick-free properties are vaccinated, co-
lostrum-derived antibody being relied on to protect lambs. Vaccine should be 
given at least 14 days before introducing animals to tick-infested pasture to 
ensure that they are immune prior to exposure. 

Systematic vaccination of sheep flocks should interrupt the circulation of 
louping-ill virus by eliminating susceptible hosts in that area and, after 2-3 
years, result in its eradication. However, unless the spread of ticks on straying 
domestic or wild vertebrates from contiguous properties can be prevented it 
would be unwise to terminate a vaccination regime. 

Methods designed to control the vector of louping-ill virus are beyond the 
scope of this book and have been considered by Reid (1984). 
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Chapter 26 

Wesselsbron Disease Virus 

B.J.H. B A R N A R D 

VIRUS PROPERTIES 

Wesselsbron virus (WBV) shares basic physical and chemical properties 
with other members of the Flavivirus genus. It has a particle diameter of 45 nm 
and an electron-dense core of 25 nm. It is inactivated by ordinary disinfectants. 

Although only one serotype exists, it cross-reacts with other members of the 
Flavivirus genus in serological tests (Theiler and Casals, 1958). It can best be 
distinguished from other flaviviruses with virus neutralization tests. Primary 
infections are recognized by specific and relatively high titers of antibody, 
while secondary infections are marked by high heterologous antibody titers 
(Blackburn and Swanepoel, 1980). VERO and CER (chicken embryo related) 
cell cultures infected with WBV and other members of the flavivirus group 
produce more acid than noninfected cultures. This phenomenon can be utilized 
for virus titration (Barnard, 1984). 

EPIZOOTIOLOGY 

WBV has a wide host range including cattle, sheep, goats, pigs, horses, 
donkeys, camels, guinea-pigs, rabbits, dogs, wild birds, wild mammals and man. 
Serological evidence indicates widespread occurrence of WBV in African coun-
tries, including South Africa, Zambia, Zimbabwe, Malawi, Mozambique, 
Kenya, Chad, Nigeria and Madagascar. Despite the widespread occurrence 
and wide host range of WBV, the disease has a very low incidence and appears 
to exist in an enzootic form over the greater part of Africa. Only three out-
breaks and some sporadic cases have been recorded in South Africa since 1956. 

The disease is encountered almost exclusively in sheep (Weiss, 1957). In 
cattle it is usually limited to a mild febrile reaction in a few animals only, and 
in man infection may result in an influenza-like syndrome. Recovered animals 
are immune to reinfection, and animals previously infected by other members 
of the flavivirus group seem to be more resistant against experimental infection 
with WBV (Fagbami and Ojeh, 1981). 

The disease usually manifests itself after abundant rains and a consequent 
increase in the arthropod vector population. Aedes caballus (Kokernot et al., 
1958) and A. circumluteolus (Muspratt et al., 1957) are known vectors of the 
virus. Contact and/or airborne transmission to man and sheep have been 
described. 
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PATHOGENESIS 

Experimental infection of lambs resulted in viremia after approximately 27 h 
(Coetzer et al., 1978). The viremia lasted for an average of 50h; in adult sheep 
it is of shorter duration (Theodoridis and Coetzer, 1980). Although pathological 
lesions are restricted to the liver and lymphatic tissue, the virus could be 
reisolated from all organs, with the highest titers in liver, blood, spleen and 
brain. In cattle, viremia is not always present and, when detected, is low and 
of short duration. 

The virus may pass the placenta in both sheep and cattle, causing abortion, 
congenital abnormalities or weak animals that die shortly after birth. 

DISEASE SIGNS 

WB disease is characterized in sheep by abortion, neonatal death and a low 
incidence of congenital abnormalities. However, a rise in body temperature is 
sometimes the only symptom. In both lambs and adult sheep a biphasic febrile 
reaction occurs (Coetzer et al., 1979). The first peak in temperature is of short 
duration, but the increase in body temperature during the second peak may last 
for 3-6 days. In fatal cases in lambs the symptoms are more severe and include 
anorexia, staring coat, lethargy, general weakness, sunken flanks and an 
increased respiratory rate. The perineum may be soiled with bright yellow to 
orange feces. 

In cattle a rise in body temperature may occur and an occasional abortion 
with abnormal or weak calves may be encountered. 

In both cattle and sheep, aborted fetuses may show arthrogryposis, poren-
cephaly, hydranencephaly and cerebellar hypoplasia (Coetzer and Barnard, 
1977). 

PATHOLOGY 

Macroscopical changes include mild to severe icterus, slight to moderate 
hepatomegaly, generalized lymphadenopathy and petechial and ecchymotic 
hemorrhages in the mucosa of the abomasum (Coetzer and Theodoridis, 1982). 
Microscopy on the liver may show a mild to extensive necrosis of the paren-
chyma diffusely scattered throughout the liver. Active regeneration of paren-
chymal cells is indicated by hepatocytes with large nuclei and mitotic figures. 
Other changes, for example Kupffer cell proliferation, sinusoidal leucostasis, 
bile duct proliferation and infiltration of mononuclear cells in the portal triads 
are frequently encountered. Moderate to severe cholestasis, intranuclear in-
clusions and intracytoplasmic acidophilic or Councilman-like bodies are fre-
quently present. 

IMMUNE REACTION 

Infection in sheep, cattle or goats, whether asymptomatic or accompanied by 
clinical signs, results in the development of antibodies (Blackburn and Swane-
poel, 1980). HI antibody titers increase 2-8-fold within 1 week after infection 
and reach a peak at about 3 weeks, after which they decline slowly over a 
period of months. Peak VN titers are reached at 2-3 weeks, and these are 
detained much longer. Cattle develop antibodies between epizootics and at any 
given time more than 50% may possess detectable antibodies. 
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The immunity that develops after infection is generaly of lifelong duration, 
but antibodies may wane to undetectable levels within 2-3 years after infection. 

4̂  LABORATORY DIAGNOSIS 

WBV can be isolated by intracerebral inoculation of infant mice with spleen, 
liver, and brain suspensions prepared from dead animals or with blood col-
lected during the febrile reaction. The mice usually die within 5-10 days. The 
virus can be identified by means of specific SN tests. All animals and humans 
that become infected develop antibodies demonstrable in their sera. Comple-
ment fixation, HI and VN tests can be used to determine antibody titers. 
However, cross-reactions with other flaviviruses must be borne in mind. In 
general, sera are broadly cross-reactive in HI, less cross-reactive in CF and 
virtually monospecific in VN tests. Antibodies are least cross-reactive early in 
infection and become progressively more cross-reactive later. It is recommen-
ded that all known flaviviruses of a region should be included in tests intended 
to determine the occurrence of antibody to a member of the group (Theiler and 
Casals, 1958). CF antibodies in serum are too transient to be used in surveys; 
HI titers wane more slowly. Therefore, the use in surveys of the three different 
tests in conjunction would allow an estimate to be made of how recently 
infection took place. 

PROPHYLAXIS AND CONTROL 

Control measures are purely prophylactic. An attenuated virus strain is 
used for the production of a live-virus vaccine in VERO cells. Susceptible 
animals can be safely vaccinated at any age, but the progeny of immune 
animals must not be vaccinated before they are at least 6 months old. As the 
vaccine may cause abortion, pregnant animals should not be immunized. A 
good lifelong immunity develops about 3 weeks after vaccination. Since no 
vaccine is completely effective, other preventive measures such as mosquito 
control, avoidance of low lying areas and stabling of valuable animals should 
also be undertaken. 
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Coronaviridae 

The characteristic club-shaped surface projections studding the virion en-
velope (from Latin corona = crown, wreath) have given the family its name. 
Serological relationships suggest two avian and two mammalian groups. Some 
twelve viruses are established members of this family, and several morphologi-
cally similar particles, which are referred to as coronavirus-like, have been 
found by electron microscopy and await detailed analysis. 

Coronaviruses are pleomorphic enveloped viruses averaging 100 nm in dia-
meter which bear widely spaced projections of about 20 nm length. The capsid 
is of helical symmetry. 

The genome is one molecule of infectious RNA of about 7 χ 106mol.wt. 
Virions characteristically contain three major classes of structural proteins: 
the nucleocapsid protein (50-60 k), the matrix or envelope protein (20-35 k) and 
the surface (peplomer) protein (90-200 k). The capsid protein is phosphorylated 
and both the matrix and the peplomer proteins are glycosylated. 

The average buoyant density is 1.18 g/cm3 in sucrose and 1.23-1.24 g/cm3 in 
CsCl. Coronavirions sediment at between 330 and 490 S. 

Coronaviruses replicate in the cytoplasm; characteristic is the production of 
3' coterminal subgenomic RNAs which form a nested set with unique sequences 
extending in the 5' direction. Virions bud into cisternae acquiring their lipid 
membranes from the cell. The virions are subsequently transported to and 
accumulated in Golgi vesicles. No budding from the peripheral plasma mem-
brane occurs. 

There are several coronaviruses of importance to veterinary medicine, such 
as avian infectious bronchitis virus, porcine transmissible gastroenteritis and 
hemagglutinating encephalitis viruses, feline infectious peritonitis virus, etc.; 
there is only one Coronavirus so far known to occur in ruminants—the bovine 
Coronavirus, initially named neonatal calf diarrhea Coronavirus. 

The bovine Coronavirus is one of the agents of diarrhea during calfhood, the 
"second one" after rotaviruses. Occasionally it also participates in respiratory 
tract infections of calves. In adult cattle the bovine Coronavirus may be the 
agent of a disease called winter dysentery. All the isolates of bovine Co-
ronavirus belong to a single serotype. 



297 

Chapter 27 

Neonatal Calf Diarrhea Virus 

C.A. M E B U S 

VIRUS PROPERTIES 

Calf diarrhea Coronavirus particles in negatively stained preparations have 
a mean diameter of 120 nm and are covered by petal-shaped projections about 
20 nm long. Viral replication occurs in the cytoplasm. The virus is sensitive to 
ether, chloroform, deoxycholate and exposure to 50°C for l h . Thermosensi-
tivity is stabilized in the presence of 1 M MgCl 2. The virus is stable at pH 3. 
Hemadsorption and hemagglutination occur with erythrocytes of hamsters, 
mice and rats. Formalin treatment (0.02% at 37°C for 24 h) completely inac-
tivates the infectivity in cell culture fluid (Sharpee et al., 1976). Stability of the 
virus in the environment is not known. To date, one serotype has been iden-
tified. 

EPIZOOTIOLOGY 

Calf diarrhea Coronavirus infects only the bovine species. Under natural 
conditions, calves 1 day to 3 or more weeks old are affected. Gnotobiotic piglets 
inoculated with the calf Coronavirus developed no clinical signs. No recognized 
illness has occurred in people working with the virus. Circumstantial evidence 
suggests that recovered calves introduced into a healthy herd can be respon-
sible for an outbreak of diarrhea, and that there may be carrier cows. Disease 
patterns and the effect of adverse conditions are the same for Coronavirus as 
described for rotavirus infections. 

Morbidity in an outbreak of diarrhea is usually high, but mortality is 
influenced by the age of the calf when infected, management and type of 
secondary infection. 

PATHOGENESIS 

Portal of entry is the mouth through contact with teats, feed or fomites 
contaminated with infected feces. Primary sites of viral replication are the 
mature epithelial cells on the small intestinal villi and surface epithelial cells 
of the colon. During the first few hours of diarrhea the feces can contain up to 
1010 virions/ml. 

DISEASE SIGNS 

Uncomplicated Coronavirus infection has been studied in gnotobiotic calves. 
The incubation period in experimental calves varies from 20 to about 36 h. In 
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contrast to rotavirus infections, gnotobiotic calves infected with Coronavirus 
become anorectic but do not become as depressed. The appearance of the initial 
diarrheic feces is the same as for rotavirus; the feces are liquid, yellow, and the 
volume is somewhat dependent on the amount of milk fed after inoculation. 
Within 12-24 h after the onset of diarrhea, coronavirus-infected calves will be 
hungry, but if fed milk will continue to have liquid feces which contain some 
curd and mucus; the volume of feces will depend on the amount of milk fed. 
When normal milk feedings are continued, diarrhea in gnotobiotic calves will 
persist for 5-6 days. Bacteria-free calves fed normal quantities of milk may die 
of severe dehydration 48-62 h after onset of diarrhea. If an oral electrolyte 
solution is fed instead of milk, the calves recover. 

Although the bovine Coronavirus is much more known as one of the agents 
of enteritis, this virus was also isolated (as a member of mixed infections) from 
the trachea and lungs of calves with a respiratory disease (McNulty et al., 
1984). These authors showed that in newborn calves the respiratory isolates, 
inoculated nasally and tracheally, caused a mild respiratory disease (cough) 
accompanied by diarrhea. The isolates are thus probably neither genuine 
respiratory, nor genuine enteric strains; also it was shown by cross-serology 
and cross-immunization that both belong to a single serotype (McNulty et al., 
1984; Reynolds et al., 1985). 

PATHOLOGY 

Calves necropsied during the acute or later stages of Coronavirus diarrhea 
have no gross lesion in the small or large intestine other than an increased 
amount of liquid contents. Calves that die show signs of dehydration. Conges-
tion, hemorrhage or other gross lesions, if seen in Coronavirus infection are due 
to secondary infection. 

Light microscopic, IF and EM examination of intestine from calves killed 
at different intervals after the onset of diarrhea revealed the following chan-
ges. At the onset of diarrhea, the small intestinal villous epithelial cells and 
surface colonic epithelial cells have a normal morphology by light microscopy, 
but are full of viral antigen and virus. Thus the initial diarrhea is believed to 
result from a redirection of epithelial function from absorption to virus produc-
tion. As the disease progresses, the infected epithelial cells of the small intes-
tine and colon are lost. The villi become truncated, covered by squamous to 
cuboidal epithelial cells, and adjacent villi particularly in the lower ileum may 
fuse. In the colon, the lost epithelial cells on the colonic ridges are replaced by 
cuboidal cells, and the ridge structure is lost. The persistence of immature 
epithelial cells for several days is believed to be responsible for the continued 
diarrhea and dehydration; the immature epithelial cells cannot complete the 
digestion of milk, and thus there is decreased absorption of milk and digestive 
fluids (Mebus et al., 1973b, 1975a). 

v / IMMUNE REACTION 

Circulating Coronavirus antibody does not prevent infection (Mebus et al., 
1973b), but may cause an attenuation of the infection through resecretion of 
antibody into the lumen of the intestine (Mebus et al., 1975b). Regular ingestion 
of colostrum and milk from an immune dam and the consequential presence of 
antibodies in intestinal lumen can apparently be protective. 

Oral administration of an attenuated Coronavirus to newborn calves causes 
no adverse reaction, and the calves are resistant to challenge inoculation when 
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96h old (Mebus et al., 1975b). Isolated intestinal loops (Thiry-Vella loops) have 
been used to study the immune response. Virus was isolated from loop washings 
for 6-7 days after inoculation. Beginning at 6-7 days after inoculation, neu-
tralizing antibody identified as IgM and IgA appeared in the loop washings, 
rose to a respectable titer by 10 days post-inoculation, and persisted. Circulat-
ing antibody appeared at 7-8 days post-inoculation. Thus it appears that 
resistance to Coronavirus infection is primarily due to the presence of colostral 
and/or milk antibody or actively produced IgM and/or IgA in the intestinal 
lumen (Mebus et al., 1975b). 

4̂  LABORATORY DIAGNOSIS 

Coronavirus diagnosis can be made by EM examination of feces collected 
during the early stages of diarrhea. The specimens should be collected into a 
suitable container directly from an animal. When possible, specimens should be 
collected from several animals; specimens can be frozen. Another method of 
diagnosis is IF staining of frozen sections of spiral colon collected from a calf 
killed 1-4 days after the onset of diarrhea. Pieces of colon should be shipped 
frozen to the laboratory. 

In fecal samples the coronaviral antigens can be detected by immunoelec-
troosmophoresis (Dea et al., 1979), reversed passive HA (Sato et al., 1984), and 
ELISA (Reynolds et al., 1985). A modified ELISA was used to detect antigen-
antibody complexes in fecal samples during chronic shedding of bovine Co-
ronavirus by clinically normal cows (Crouch et al., 1985). 

The bovine Coronavirus has been cultivated with cytopathic effect in pri-
mary bovine embryonic kidney cells (Mebus et al., 1973a) and in a continuous 
line of bovine embryonic kidney (BEK-1) cells (Inaba et al., 1976). The repli-
cation of isolates could be enhanced by addition of trypsin to cells of a line of 
bovine embryonic lung (BEL) cells (Toth, 1982) or to cells of a line of human 
rectal tumor (HRT-18) (Reynolds et al., 1985). Isolates adapted to growth in 
HRT-18 cells could be titrated on these cells by a plaque assay (Vautherot, 
1981). Bovine Coronavirus isolates did replicate in organ cultures of bovine 
fetal trachea and intestine as was shown by EM, indirect IF and specific 
agglutination of rat erythrocytes (Bridger et al., 1978; McNulty et al., 1984). 

PROPHYLAXIS AND CONTROL 

Vaccination of cows prior to parturition will apparently increase the 
amount of antibody in the colostrum and milk and thus reduce the incidence 
and/or severity of diarrhea. However, with passive protection, the calf has to 
become infected to develop an active immunity. Ideally, this will be a subclini-
cal infection. 

Oral vaccination of newborn calves will induce an active immunity. How-
ever, the problem with an oral vaccine is the timing of vaccination in relation 
to the ingestion of colostrum and amount of antibody in the colostrum. Vac-
cination seems to be more successful in herds in which Coronavirus diarrhea is 
occurring in the very young calf. 

Interference by colostral antibody with an oral attenuated virus vaccine can 
be overcome by vaccination of the calf in utero. Attenuated Coronavirus in-
oculated into the amnionic fluid of 7-8-month-old fetuses caused no adverse 
reaction, and the animals had circulating antibody when delivered by hyster-
otomy. These calves were not challenge inoculated, but based on the results 
of rotavirus challenge results of in utero vaccinated calves, one would expect 
them to be protected. 
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Equally important to vaccination are good management practices to mini-
mize introduction of the infection into the herd: new animals should not be 
introduced into the herd immediately before or during the calving season, and 
hygiene measures should be followed when people move between herds. 
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Chapter 28 

Winter Dysentery of Adult Cattle Virus 

J. E S P I N A S S E , M. S A V E Y and M. VISO 

INTRODUCTION 

During the 1930s, the bacterium Vibrio jejuni (Campylobacter jejuni) was 
considered the etiological agent of winter dysentery in the USA (Jones and 
Little, 1931; Jones et al., 1931). Recently, AI Mashat and Taylor (1980b) and 
Firehammer and Myers (1981) have shown that it can induce fever, diarrhea 
—sometimes with dysentery—and lesions similar to those described by Jones 
and Little. In addition, Garcia et al. (1983) suspect that C. jejuni is one of the 
many etiological agents of winter dysentery. However, C. jejuni was isolated 
also from the feces of normal calves (Allsup et al., 1972), and in Great Britain 
Campylobacter fetus subspecies fetus was identified in cases of winter dysentery 
<(A1 Mashat and Taylor, 1980a). 

In view of the difficulties encountered during the microbiological study as 
well as the experimental reproduction of the condition, the participation of a 
virus was suggested after transmission of material from feces passed through 
a Seitz filter. However, a specific agent was not found to be associated with the 
illness (MacPherson, 1957). Afterwards, the following viruses were eliminated: 
IBRV, BVDV-MDV, BAV-3 and BAV-7, reovirus type 3, PI3 virus, bovine 
rotavirus, enterovirus, syncytial virus, BPoV and Chlamydia psittaci (Scott et 
al., 1973; Takahashi et al., 1980; Espinasse et al., 1981,1982). In Israel, Komarov 
et al. (1959) isolated a virus by inoculation of egg embryos and mouse brain. In 
France, Charton et al. (1963a,b) found that the disease was related to an 
enterovirus able to induce hemorrhagic diarrhea in two 12-13-month-old 
heifers following intravenous inoculation. Andersen and Scott (1976) found 
this virus to be different from the agent involved in New York state. 

VIRUS PROPERTIES 

Based on experiments by Horner et al. (1976) and Durham et al. (1979) in New 
Zealand and especially by Takahashi et al. (1980) and Akashi et al. (1980,1981) 
in Japan, a virus with morphological, physical, chemical and antigenic proper-
ties similar to those of coronaviruses was identified in the feces of calves 
affected with diarrhea; it was associated specifically with winter dysentery. In 
France, our observations were similar (Espinasse et al., 1981,1982; Fig. 117), as 
were those in Belgium (Broes et al., 1984). 

The Kalegawa strain isolated in Japan and grown in BEK-1 cells (Inaba et 
al., 1976) replicated in the presence of 5-iodo-2 ,-deoxyuridine, indicating that its 
viral nucleic acid was RNA. It was highly sensitive to ether and chloroform and 
moderately sensitive to trypsin and heat. It was stabilized by cations to treat-
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Fig. 117. Typical corona-l ike viral forms in a feces sample ( χ 265000). 

ment at 50°C for l h . Its infectivity was slightly reduced at pH 3. The virus 
passed through a membrane filter of 200 nm pore size but not through 100-nm 
pores. 

The peak of infectivity and hemagglutinating activity was found at a sucrose 
density of 1.182 g/ml, which is in agreement with results obtained with the USA 
strain of calf Coronavirus (Pensaert and Callebaut, 1978; Sharpee et al., 1976) 
and other coronaviruses (Mcintosh, 1974). Neutralization and HI tests showed 
a close relationship between the Kalegawa and the USA strains of calf Cor-
onavirus. 

The Kalegawa strain could be propagated in suckling mice. Infected animals 
died with neurologic symptoms, and serial passage was readily accomplished 
by intracerebral inoculation with brain suspensions. The third-passage viral 
material from infected mice evoked the same disease in suckling mice, rats and 
hamsters inoculated by the intracerebral or by the subcutaneous route. Virus 
recovered from mice, rats and hamsters could be clearly differentiated from 
mouse hepatitis virus by neutralization test (Akashi et al., 1981). 

Virus particles were observed by EM in and outside of the degenerating 
neurons. They had a core 70 nm in diameter and an envelope with spikes (Kubo 
et al., 1982). 

EPIZOOTIOLOGY 

The disease has been reported in the USA, Canada, Great Britain, Sweden 
(Hedstrom and Isaksson, 1951), Germany (Rolle et al., 1955), France, Belgium, 
Israel, Japan, Australia (Hutchins et al., 1958) and New Zealand. 
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First and most frequently, young mature (2-3 years old) dairy cattle are 
infected during the winter in crowded barns, especially during the postpartum 
period. The young calves (under 4 months) generally resist the disease or are 
affected with a milder form. 

The disease has a distinct epizootic character within an area and generally 
prevails in winter. The disorders literally explode in susceptible herds and 
initially affect 10-20% of the population. The morbidity can reach 100% in 1 or 
2 weeks, depending on the size of the herd. The death rate usually does not 
exceed 10%. MacPherson (1957) recorded a 1-2% death rate following secon-
dary bacterial infection. 

The economic consequences of winter dysentery mainly concern milk 
production. It is reduced by 25-95% (50% on average) for 1 or 2 weeks. After-
wards, lactation rarely regains the estimated performance; however, the 
general tendency is to overestimate the losses (Kahrs et al., 1973; Jactel et al., 
1986). 

The feces of affected animals and probably those of healthy adult cattle 
(Crouch et al., 1985) are the source of contagion. Virus is transmitted from one 
animal to another by oral infection (contaminated food), from one farm to 
another within a small region by the equipment used by, for example, cattle 
dealers, breeders, technicians, inseminators and veterinarians, and perhaps by 
animal vehicles (dogs, wild birds). 

Susceptibility of the animals is an essential element in the emergence of 
disorders and their experimental reproduction. Besides the breed and age of the 
animals as well as their state of immunity, disease expression mainly seems to 
depend on external factors. The role of sudden temperature changes (cooling) 
and atmospheric pressure (fall) during the cold season appears to be a deter-
mining factor. Consumption of poor quality (moldy) food is usually considered 
destabilizing for the gastrointestinal ecosystem. 

*qM PATHOGENESIS 

The disease can be transmitted by oral or oronasal administration of fresh 
feces within 3-5 days, or of material kept at - 60°C with 10% dimethylsulfoxide 
within 7-11 days (Scott et al., 1973). 

In the absence of more precise data on the pathogenesis of winter dysentery, 
the following hypotheses may be formulated: 
—the Coronavirus isolated by the Japanese workers may be a single serotype 
which is capable of causing diarrhea in cattle regardless of their age; it acts on 
the apical cells of the villus (enterocytes ) of the small intestine and colon, 
inducing a malabsorption syndrome; 
— the campylobacter(s), in particular C. jejuni, act as opportunistic agents due 
to their invading property and colonize the crypts in the same regions; 
— lipopolysaccharides or endotoxins of the bacteria induce a phenomenon of 
localized and/or disseminated intravascular coagulation, the source of dysen-
tery. 

DISEASE SIGNS 

The incubation period is between 3 and 7 days. 
There is a sudden onset of symptoms in the herd after (in some cases) a brief 

period of hyperthermia (39.5-40.5°C), anorexia and apathy (24-48 h). Oc-
ulonasal discharge and coughing are also frequently noted. The cough has been 
variously characterized as dry, harsh, hacking and moist. 
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In affected animals, the feces are sometimes expelled as a spurt of diarrhea 
during a coughing fit. The color varies from dark green to black. The feces from 
5-10% of the animals contain blood or blood clots. The consistency is liquid or 
slightly thicker, like that of a dilute vegetable soup. The diarrhea falls to the 
ground in unbroken lines and may contain large "soap" bubbles. The feces 
often have a characteristic odor. Descriptions range from fetid, to musty, to 
sweet-nasty. This dung attract dogs who avidly consume it. 

Milk production is reduced before, during and above all after the phase of 
diarrhea, especially in animals that have just calved. In an individual animal 
the diarrhea may resolve within several hours, but most often it lasts for 
several days (less than a week). In a herd, the diarrheic episode lasts for 3-4 
weeks, 2 weeks on the average. Convalescence is shorter, with milder symp-
toms. 

Death rarely occurs with winter dysentery and results from hemorrhagic 
anemia following intense asthenia or respiratory or intestinal complications 
(like peritonitis) (Campbell and Cookingham, 1978). 

4̂  

PATHOLOGY 

The lesions are those of a catarrhal inflammation: injected serosal blood 
vessels, edematous intestinal walls and swollen, wrinkled and congested muco-
sa. Ecchymosis and petechiation are commonly found. The intestinal contents 
have been observed to be dark and fluid, sometimes mixed with mucus or blood 
(Fig. 118). 

Lesions of the respiratory mucosa can extend from the posterior nasal cavity 
down the trachea to the large bronchi; they appear as congestion, swelling, 
petechiation and serofibrinous exudation. 

IMMUNE REACTION 

In general, immunity is found after a herd epizootic, protection ranging from 
6 months to 2 or 3 years. It seems that the period of protection is directly 
correlated with the number of infected animals (Roberts, 1957). 

MacPherson (1957) claims that greater susceptibility in young adults is due 
to the loss of colostral antibodies and increasing stress. 

LABORATORY DIAGNOSIS 

The diagnosis of winter dysentery is not based on laboratory methods. This 
is due to the lack of knowledge concerning the etiological agent(s); the epide-
miological and clinical characteristics of the illness are necessary to provide 
a positive diagnosis. For a differential diagnosis BVD-MD, rinderpest, sal-
monellosis, paratuberculosis, coccidiosis, gastrointestinal strongylosis, liver 
fluke and food poisoning should be considered. 

In feces, Coronavirus can be found in conjunction with winter dysentery by 
EM, as demonstrated by the authors. Recently, Sato et al. (1984) have recom-
mended reverse passive hemagglutination for the detection of bovine Cor-
onavirus in feces (bovine Coronavirus antibodies raised in rabbits bound to 
sheep erythrocytes). This method seems to be specific and sensitive. The test 
detected bovine Coronavirus in 13 out of 22 fecal samples (59%) from natural 
cases of diarrhea, while the positive rates were 14% (3/22) and 22% (5/22) for 
IF staining (primary cultures of calf kidney cells infected with the specimens) 
and IEM, respectively. 
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Fig. 118. Les ions of hemorrhagic enterocol i t i s . 

Coronavirus can be isolated from feces in bovine fetal kidney cells and 
identified by direct IF using a rabbit antiserum conjugated with fluorescein 
isothyocyanate (Takahashi et al., 1980). 

The test for seroconversion of bovine Coronavirus by SN or HI is another 
means of approaching the etiological diagnosis of winter dysentery (Takahashi 
et al., 1980). 

PROPHYLAXIS AND CONTROL 

No vaccine has been developed due to the lack of knowledge concerning the 
source of winter dysentery. Moreover, a number of specific vaccines, e.g. 
against leptospirosis, IBR and BVD-MD (Kahrs et al., 1973) are not effective. 
American practitioners use inactivated vaccine preparations containing dif-
ferent bacteria (Pasteurella), with generally satisfactory results (Williams, 
1980). 

Prevention of the disease depends on the standard measures of isolation and 
disinfection used in all epizootics, in and around all centers of infection: 
immediate isolation of affected animals, traffic restriction, both human and 
animal, and disinfection of footwear and equipment; however, even when all 
precautions have been taken, disease outbreaks occur. 

Treatment of winter dysentery aims at controlling diarrhea and its conse-
quences. Intestinal sulfonamides and astringents (clay) or a combination of 
both in pellet form probably only have symbolic value, as there tends to be 
spontaneous recovery. However, therapy is indicated in animals presenting the 
most pronounced symptoms, as it makes possible more rapid recovery and 
avoids complications. In subjects with severe signs of dehydration and/or 
anemia, oral and/or general fluid and electrolyte replacement and blood trans-
fusions are recommended. 
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Toroviridae 

The term Toroviridae has been proposed as a family name for a group of 
antigenically related viruses demonstrated in horses, cattle and man (Latin 
torus = a doughnut-shaped ring). Most studies have been done with Berne 
virus of horses and Breda virus of cattle. Evidence of infection has been 
obtained in other ungulates (pig, sheep, goat), in lagomorphs and in rodents. 

Toroviruses are enveloped RNA viruses consisting of a peplomer-bearing 
envelope and an elongated tubular nucleocapsid of helical symmetry. The 
nucleocapsid may be bent into an open torus, thereby conferring a kidney- or 
disk-shaped morphology to the virion (average diameter 120-140 nm), or it may 
be straight, resulting in a rod-shaped particle (diameter 35 nm, length ap-
proaching 180 nm). 

Berne virus, which has been proposed as the prototype, possesses a single-
stranded genome of positive polarity; its mol. wt. has been estimated as about 
8 χ 106. Two major proteins occur in the virion, a phosphorylated 20 k nucleo-
capsid polypeptide and a 22 k protein representing the main envelope con-
stituent. Additional species of 37 k and in the 75-100 k range are present in the 
virus particle, the former being a membrane constituent, the latter a peplomer 
subunit. 

Buoyant density of Berne virus is 1.17 g/ml in sucrose; a sedimentation 
coefficient of about 400 S has been determined. 

Toroviruses replicate in the cytoplasm, where four subgenomic mRNAs are 
formed; as in coronaviruses, these probably form a 3'-coterminal nested set. 
Replication is dependent on some nuclear function of the host cell. Tubular 
structures resembling virion nucleocapsids have been found in the nucleo-
plasm and cytoplasm of infected cells. Budding of preformed Berne virus 
nucleocapsids through intracytoplasmic membranes was demonstrated. 
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INTRODUCTION 

The Breda virus of calves was isolated from a calf in acute neonatal diarrhea 
(scours). This virus had a superficial resemblance to bovine Coronavirus but 
was antigenically different to bovine Coronavirus and to other bovine viruses, 
did not elute from erythrocytes and, in the opinion of the authors, was mor-
phologically distinct (Woode et al., 1982). For these reasons and to avoid 
confusion, the term Breda virus (named from the township in Iowa in which the 
farm was situated) is now used. 

VIRUS PROPERTIES 

This virus is antigenically related and morphologically similar to an equine 
virus (Berne virus). Berne virus has been cultured in vitro, purified and charac-
terized as an enveloped RNA virus. It has morphological and molecular biolo-
gical properties which distinguish it from the Coronavirus group, and it has 
been proposed that the Berne/Breda group of viruses be classified in a new 
family of viruses, the Toroviridae (Horzinek et al., 1987; Weiss and Horzinek, 
1987). Viruses that are morphologically similar to Breda virus and are aggluti-
nated by antiserum to Breda virus serotype 2 have been isolated from humans 
with diarrhea (Beards et al., 1986). 

In negatively stained preparations of intestinal contents, feces or tissue 
culture fluids, virus particles are either elongated and frequently curved into 
a kidney shape, with dimensions 105-140 χ 12-40 nm, or spherical, with mean 
diameter of 82 nm, with a peplomer-bearing envelope. Peplomers on most parti-
cles are short, 7-9 nm (Breda virus serotype 1) or long, 20 nm (Berne virus and 
Breda virus serotype 2). Many particles of Breda virus have short stubby 
peplomers, making the virus readily distinguishable from Coronavirus (Fig. 
119). If Breda virus is pelletted at 80-100000 χ g, most of the long projections 
are lost, leaving the short peplomers. This is not observed with bovine Cor-
onavirus. The integrity of the Breda virus peplomers is maintained better at 
30000 χ g. 

Thin sections of jejunal epithelial cells infected with Breda virus 1 or 2 show 
brick-shaped or elongated virus particles with rounded ends, with dimensions 
of 80-100 χ 35-42 nm. The particles are pleomorphic and vary considerably in 
length. The outer membrane bears short projections and there is an internal 
core measuring 23-25 nm in diameter. Virus particles are observed most fre-
quently in autophagolysosomes and in the gut lumen closely associated with 
the epithelial cell membrane and damaged microvilli (Pohlenz et al., 1984). 
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Fig. 119. Ultrastructural morphology of the Breda virus in potass ium phosphotungstate negat ive 
s ta in preparations, from calf fecal specimens; bar = 100 nm. (a) Original calf sample of Breda 
agent; numerous kidney-shaped particles are evident, (b-h) Various round and kidney-shaped 
forms of the Breda virus; (b) arrow indicates short project ions (7.6-9.5 nm); longer projections are 
occas ional ly seen and are thought to represent adherent t i ssue debris; (c -h) the re lat ionship of the 
two particle types; arrows indicate the cleft in which stain has penetrated in spherical particles (c, 
d and e) and larger clefts of kidney-shaped particles (f, g and h); rods in c, d and e are portions of 
TMV. (i) Similar particle observed in the feces of one diarrheic calf from South Dakota , (j) IEM 
of the Breda virus wi th convalescent calf serum. 
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Breda virus serotype 2 infection has been studied in gnotobiotic calves, 
which were killed at different time intervals following infection. From this 
data the morphogenetic pathway for the virus was proposed. The virus enters 
the intestinal epithelial cells by receptor-mediated endocytosis, through coated 
pits situated between microvilli. It does not attach to the microvilli of goblet 
cells nor to the microfolds of M cells associated with Peyer's patches. Viral 
uncoating and release is related to lysosomal or other degradation of the 
virus-containing vesicles. Virus replication is associated with the Golgi sys-
tem. Tubules with the same dimensions as the viral nucleocapsid are seen both 
in the cytoplasm associated with the Golgi apparatus and in the nucleus. Thus 
the virus appears to have a nuclear phase in its replication, as does Berne virus 
(Horzinek et al., 1985, 1987). Virus nucleocapsid passes through the rough 
endoplasmic reticulum, at which site the envelope proteins are taken up by the 
virus. Virions are most frequently seen in swollen vesicles of the Golgi ap-
paratus. Viral release probably occurs following fusion of the vesicles with the 
plasma membrane (reverse pinocytosis). The replicative cycle and release of 
the virus occurs before cytopathic changes are observed in the cell. Morpholog-
ically, Breda virions in infected cells most closely resemble the "bacillary" 
forms of rhabdoviruses in which both ends are rounded. The virion core (nu-
cleocapsid) is highly electron-dense with an electron-lucent central channel 
(Fagerland et al., 1986; Pohlenz et al., 1984). 

Breda virus may also have a nuclear phase of replication, as in thin sections 
infected cells show tubules in the nucleoplasm (Pohlenz et al., 1984). Breda 
virus isolates possess an hemagglutinin for rat and mice erythrocytes. Serotype 
1 does not elute from erythrocytes but the serotype 2 does. 

Breda viruses carry common antigens measurable by IF test and ELISA 
(Woode et al., 1982, 1983, 1985). HI tests have shown distinct differences bet-
ween two isolates from Iowa and one from Ohio. It is proposed that there are 
two distinct serotypes, Breda virus serotype 1 (first Iowa isolate) and Breda 
virus serotype 2 (Ohio and the second Iowa isolate) (Woode et al., 1985). By 
these tests Breda virus is not related antigenically to other bovine hemaggluti-
nating viruses, including bovine Coronavirus, parvovirus, rotavirus, PI3 virus 
and reovirus 3, and there is no cross-reaction with bovine pestivirus (BVD) 
(Woode et al., 1982, 1983). A bovine isolate from France, Lyon-4 virus (Moussa 
et al., 1983), is neutralized by antisera to both serotypes. 

Berne virus shows cross-neutralization with Breda virus and the Lyon-4 
virus. There is wide distribution of the Berne virus in the Swiss horse popula-
tion and antibodies also occur in sera from cattle, sheep, goats, pigs, laboratory 
rabbits and two species of wild mice. Antisera against the three Coronavirus 
clusters (represented by mouse hepatitis, transmissible gastroenteritis and 
avian infectious bronchitis viruses) do not cross-react with Berne virus by IF 
(Weiss et al., 1983, 1984). 

Studies have not been reported on the effect of disinfection or heat steriliza-
tion. Infectivity of Breda virus can be lost after 2-3 weeks storage of feces at 
4°C (G.N. Woode, unpublished data, 1983), and it is probable that this virus 
group is readily destroyed by disinfectants and heat. 

EPIZOOTIOLOGY 

Breda virus was isolated from acute enteritis (scours) of a calf aged 5 days, 
from a herd in which 56% of the calves born developed diarrhea sometime 
during the first 20 days of life, with most calves becoming diarrheic during the 
first 3-5 days. Fifteen percent of the diarrheic calves died. The affected calves 
were housed and had direct and indirect contact with each other. Experimental 

Chapter 29 references, p. 316 



314 Virus infections of ruminants 

data of transmission of infection confirms the conclusion that natural spread 
under these conditions follows the fecal/oral route (Woode et al., 1982). How-
ever, Breda virus 2 was isolated from a calf produced by caesarean section 
under strict aseptic conditions and housed in a disinfected experimental calf 
unit, in which previous animals had not been infected with this virus. It is 
possible that the dam was excreting this virus subclinically and contamination 
occurred during or after surgery. Subclinical excretion of rotavirus by sows at 
parturition has been recorded by Benfield et al. (1982), and bovine dams are 
possibly a common source of neonatal viral infections. 

There are no reports of reservoir hosts or vectors. The virus has been 
isolated in the USA, in Ohio and South Dakota, in addition to Iowa (Woode et 
al., 1982, 1985), and is related antigenically to viruses isolated in France 
(Moussa et al., 1983; Lamouliatte et al., 1987). 

The virus spreads rapidly through a group of susceptible young calves with 
an incubation period as short as 24 h under experimental conditions. Infection 
occurs both in calves housed and in those born and reared at pasture, as well 
as in yearlings and adult cows. Insufficient outbreaks have been studied to 
comment further on morbidity and mortality. However, studies by ELISA have 
shown that 88.5% of calf and cow sera obtained from states in the midwest of 
the USA and from Florida, and 94% from The Netherlands and the Federal 
Republic of Germany, have antibodies to Breda virus (Woode et al., 1985; 
Koopmans et al., 1989). 

PATHOGENESIS 

Virus fed, or inoculated intranasally, into colostrum-deprived or gnotobiotic 
calves aged 1 h to 21 days rapidly infects the small intestine and reaches the 
feces within 24-72 h, the incubation period depending on the dose of inoculum. 
Diarrhea or change in appearance of the feces coincides with virus excretion. 
The virus is detectable in the feces for 2-4 days after the onset of diarrhea 
(Woode et al., 1982). In naturally infected calves virus shedding can precede 
clinical signs and subclinical infections occur. After recovery, virus can be 
excreted repeatedly for at least 4 months. In calves fed sufficient amounts of 
immune colostrum, infection is not prevented, but clinical signs usually are 
mild (Koopmans et al., in press). 

Viremia has not been reported, nor has the virus been observed outside the 
small and large intestine. 

DISEASE SIGNS 

Calves first develop depression and anorexia followed within a few hours by 
greenish-yellow soft feces. This soon changes to a greenish-yellow or yellow 
fluid stool. Dehydration may develop rapidly, within 24-48 h, and death can 
occur within 48-72 h after the onset of diarrhea. Some calves show an un-
controllable continuous muscular shivering at 12-24 h after infection. Im-
mediately prior to and at the onset of diarrhea there is a rise in body tem-
perature to 39.4-40.0°C. 

PATHOLOGY 

Apart from the signs of dehydration, reddening and loss of tone of the 
thin-walled small intestine, no macroscopic signs are observed. Infection has 
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been recorded in the epithelium from mid-jejunum through ileum and in all 
regions of the large intestine. Villus atrophy is the consequence of virus 
infection of both the crypt and villus epithelial cells. Virus infection and 
lesions are seen from the surface deep into the folds of the large intestine. At 
all sites there is focal necrosis in association with mild to moderate inflammat-
ory response in the small intestine. Cytopathic infection occurs of dome epith-
elium over Peyer's patches. Fusion of regions of the villi or folds occurs, with 
the "bridge" frequently composed of virus-infected cells. Ultrastructurally, the 
epithelial cells are rounded, vacuolated and separating from each other. There 
are no pathological signs which might distinguish this infection from Cor-
onavirus, except possibly the lesions in the crypts (Woode et al., 1982; Pohlenz 
et al., 1984). 

ss 

4^ 

IMMUNE REACTION 

Following primary infection nonimmune animals develop Breda-virus spe-
cific IgM and IgG antibodies, which reach peak serumtiters 1-2 and 3-4 weeks 
after infection. After reinfection, circulating IgA antibodies can be detected 
within 2 weeks. 

Passively derived antibodies do not necessarily protect calves from infec-
tion; IgM is produced in these calves relatively late (3-5 weeks after infection). 
No IgG seroconversion occurs (Koopmans et al., in press). 

LABORATORY DIAGNOSIS 

Fecal samples should be taken during the first 3 days of diarrhea. Breda 
virus is stable morphologically in fecal samples for at least 10 days at 18-25°C, 
and the hemagglutinin retains its specificity under these same conditions. 
Infectivity is probably lost within a day or two at temperatures above 4°C, and 
is not stable unless frozen at - 70°C. EM detection of the virus using 3-4% 
potassium phosphotungstate, pH 7.0, can be used to identify infected animals, 
but few calves excrete highly characteristic particles in sufficient numbers for 
diagnostic purposes. Breda virions can be distinguished from Coronavirus 
particles by IEM. As the virus has not been grown in cell culture, the best 
diagnostic methods at present available are the HI test, ELISA and IEM. Viral 
hemagglutin titers of fecal samples vary from 20 000 to > 500 000 in different 
calves. Normal, virus-negative feces have titers of 16-32. Specific Breda virus 
antisera will block the hemagglutinin, and this test distinguishes between the 
two Breda virus serotypes which do not share common HA antigens. The HI 
test will not identify other serotypes of Breda virus, as this is a serotype-specific 
test. As all Breda virus isolates share common antigens in IF, frozen sections 
of the large intestine (particularly spiral colon) can be examined, and the 
antigen persists in large intestinal epithelial cells for 3-4 days p.i. ELISA has 
been used to identify Breda virus purified from feces, and again this test 
demonstrates antigens shared amongst all Breda virus isolates. This test can 
also be used for a survey of serum antibodies, in contrast to the HI test, which 
is not satisfactory because of the relatively low HI response of convalescent 
animals. These various diagnostic methods have been described in detail by 
Woode et al. (1982, 1983, 1985). 

As this infection is primarily one which can occur despite the presence of 
passively derived antibodies, the paired serum response is not a useful test. 
ELISAs for detection of Breda-virus-specific IgM antibodies can be used to test 
paired serum samples of colostrum-fed calves, bearing in mind that the interval 
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can vary from 3 to 5 weeks and that not all calves develop detectable amounts 
of IgM. In animals older than 4 months paired serum response is a useful test. 

There are no specific methods available for control of this infection. As the 
virus is probably easily destroyed by heat, disinfection or desiccation, good 
hygiene practices should be adopted. Avoidance of contact between uninfected 
and infected calves is recommended. Prolonged feeding of small amounts 
(500 ml/day) of antibody-containing colostrum is advisable in view of the pres-
ence of antibodies in the gut lumen. 
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Paramyxoviridae 

Viruses possessing a hemagglutinin (H) and neuraminidase (N) were origin-
ally called myxoviruses since mucoproteins (Greek myxa = mucus) carry 
receptor sites for the hemagglutinin and neuraminidase action. Formerly the 
influenza viruses, Newcastle disease virus and mumps virus formed the myxo-
virus group. Later studies on the structure and replication revealed substantial 
differences, which led to the subdivision into orthomyxoviruses (Greek 
ortho = straight) and the paramyxoviruses (Greek para = next to). The Par-
amyxoviridae family contains the genera Paramyxovirus, Morbillivirus (for-
merly the measles/rinderpest/distemper group) and Pneumovirus (encompass-
ing the respiratory syncytial viruses of man, cattle and mice). 

Paramyxovirions are pleomorphic, but usually roughly spherical, 150 nm or 
more in diameter. The envelope is derived from cellular lipids and contains 
viral glycoproteins at its outer surface and a nonglycosylated inner protein. In 
the Paramyxovirus genus the virion envelope bears two types of projections, 
the larger one (HN) being responsible for both the hemagglutinating and 
neuraminidase activities whereas the smaller type (F) causes cell fusion and 
hemolysis. Morbilliviruses (Latin morbillus is a diminutive form of morbus = 
disease) lack the neuraminidase activity. Canine distemper virus, rinderpest 
virus and the virus of the peste-des-petits-ruminants (PPR) lack both the 
hemagglutinin and neuraminidase activities, which is also true for the mem-

Fig. 120. Bov ine P13 virus negat ive ly stained. To the left, two virus part ic les are v i s ib le—note the 
virus enve lope wi th its project ing spikes enc los ing f i lamentous nucleocapsids; to the right nucleo-
capsids are observed ly ing free; χ 90000 (courtesy Dr. D.G. Boyson) . 
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bers of the genus Pneumovirus (Greek pneuma = breath). Nucleocapsids are in 
one piece, have a diameter of 12-17 nm, depending on the genus, and may reach 
a length of 1 μπι in some genera (Fig. 120). 

Virions contain one molecule of single-stranded RNA, which is of negative 
polarity in most virions (some may contain positive-sense strands, which leads 
to self-annealing during isolation). The mol. wt. of the genome ranges between 
5 and 7 χ 106. Five to seven structural polypeptides have been identified, with 
mol.wts. ranging between 35 k and 200 k; in addition to the proteins mentioned 
above, transcriptase, polyadenylate transferase and mRNA methyl transferase 
have been identified. 

In sucrose, virions possess a buoyant density of 1.18-1.20g/cm3; sedimenta-
tion coefficients over 1000 S have been determined. 

Paramyxoviruses enter the cell by fusion of their envelopes with the cell 
surface membrane. The nucleocapsid is the functional template for transcrip-
tion of complementary viral mRNAs and for RNA replication. Independently 
assembled nucleocapsids are enveloped at the cell surface at sites at which the 
viral surface (envelope) proteins had been inserted. Virions leave the cell by 
budding. 

Pa ram yxo virus 

Parainfluenza-type 3 (PI3) virus is commonly encountered in cattle and 
sheep, and is found amongst various other viruses in acute respiratory/enteric 
disease in calves and lambs. 

Morbillivirus 

The prototype is measles virus. The envelope of this virus contains a glyco-
protein H- and a nonglycosylated F-protein. Related antigenically to measles 
virus as well as to each other are canine distemper virus, rinderpest virus, and 
PPR virus. Only measles virus has a well-developed hemagglutinin activity. All 
morbilliviruses produce both cytoplasmic and intranuclear inclusions which 
contain viral ribonucleoprotein. In cattle rinderpestvirus causes devastating 
enzootics which have been known to occur since ancient times. PPR is a 
disease similar to rinderpest but restricted to goats and sheep. 

Pneumovirus 

The envelope of pneumoviruses bears projections that possess cell-fusing 
activity, since the virus gives rise to syncytium formation. In cattle this genus 
is represented by the bovine respiratory syncytial virus (BRSV), which causes 
an acute respiratory disease. Recently, a related caprine respiratory syncytial 
virus has been described. A review on respiratory syncytial virus is given by 
Stott and Taylor (1985). 
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Chapter 30 

Parainfluenza-3 Virus in Cattle 

D.G. B R Y S O N 

VIRUS PROPERTIES 

The structure, physical and chemical properties of a bovine parainfluenza 
type 3 virus (PI3 virus), a member of the family Paramyxoviridae, have been 
described by many workers, including Dawson (1964), Kahn et al. (1969), 
McLean and Deane (1971), Shibuta et al. (1979; 1986), Sakai et al. (1987) and 
Shioda et al. (1988). Important viral proteins are the hemagglutinin-neurami-
nidase protein and the glycosylated fusion (F) protein. Paramyxoviruses attach 
to receptors on the cell surface with the hemagglutinin and penetrate cells by 
fusion with the cell membrane, which requires the active F protein. Syncytium 
formation is also mediated by the F protein (Shibuta et al., 1986). Drzeniek et 
al. (1967) have shown that various PI3 virus strains differ in neuraminidase 
activity with some being neuraminidase strong and some neuraminidase weak. 

Strains of bovine PI3 virus grow in cells of bovine, porcine and human 
origin, producing a CPE characterized by plaque formation, syncytia and 
eosinophilic inclusion bodies. Maturation occurs at the plasma membrane and 
virus is released from infected cells by budding. Variations in cytopathogenic-
ity, plaque morphology and hemagglutinating and syncytium-inducing activity 
have been described between strains of bovine PI3 virus (Dinter et al., 1960; 
Hermodsson et al., 1961; Burroughs and Sulerman, 1971; Shibuta et al., 
1986). 

No major antigenic differences have been described between strains of PI3 
virus recovered from dairy and beef cattle and from cattle in different countries 
(McKercher, 1963; Burroughs and Sulerman, 1971). However, with monoclonal 
antibodies variations in the structure of viral envelope proteins have been 
detected in some bovine PI3 virus strains and it has been suggested that these 
differences might be related to viral pathogenicity (Shibuta et al., 1986). Using 
monoclonal antibodies, antigenic differences have been detected between 
bovine and human PI3 viruses (Ray and Compans, 1986; Rydbeck et al., 1987). 

EPIZOOTIOLOGY 

PI3 virus was first isolated in the USA from the nasal mucus of cattle 
showing clinical signs of shipping fever (Reisinger et al., 1959). In the following 
years PI3 virus was isolated from cattle in many European countries and 
subsequently its distribution in the cattle population has been found to be 
worldwide. Surveys in the USA, most European countries, Japan, UAR, Aus-
tralia and New Zealand have revealed infection with PI3 virus to be endemic 
in both beef and dairy cattle, with the majority of animals having antibody. An 
increase in the percentage of serum samples positive for PI3 virus antibody and 
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the geometric mean titer was noted with increasing age. Most reports of bovine 
PI3 virus activity have been in groups of young cattle with respiratory diseases 
such as enzootic calf pneumonia and shipping fever. Reports of PI3 virus-asso-
ciated respiratory disease in adult cattle have been much less commonly 
described. However, bovine PI3 virus infections are not invariably associated 
with disease, and subclinical infections often occur (Frank and Marshall, 
1973). 

Infections with bovine PI3 virus have been observed to be most common in 
the autumn and winter months. In studies on dairy farms in the Netherlands, 
Van Nieuwstadt et al. (1982) noted that virus circulation occurred nearly every 
year in groups of calves. In a longitudinal survey of respiratory virus infections 
of young cattle in a large beef rearing unit in England, Stott et al. (1980) found 
that infections with PI3 virus were common, were significantly associated with 
disease, and mostly occurred during the months from October to March. PI3 
virus infection may be accompanied by concurrent infection of the respiratory 
tract by other viruses such as respiratory syncytial virus, adenovirus or 
mucosal disease virus (Rosenquist and Dobson, 1974; Bryson et al., 1979a). 

Many calves are infected by the respiratory route; a common method of 
infecting susceptible animals is to introduce them into an air space already 
occupied by animals harbouring the virus. Such a situation frequently occurs 
on dairy farms where accommodation is often limited and where calf houses 
may never be empty. Also in saleyards or transport vehicles, where calves from 
a variety of sources are mixed together often under conditions of severe stress 
this situation arises. PI3 virus multiplies to high titer in the upper and lower 
respiratory tract, and large quantities of virus are excreted in nasal mucus, 
ocular secretions and in droplets. PI3 virus is very stable in aerosols of nasal 
secretion, particularly where temperatures are low (Elhazary and Darbyshire, 
1979); assays of nasal mucus from infected cattle have revealed titers as high 
as 10 6-10 7TCID 5 0/ml (Frank and Marshall, 1973). 

In intensive calf-rearing units PI3 virus-associated respiratory illness may 
be encountered in closed groups of calves assembled at a few days of age and 
reared in houses which had been empty, thoroughly disinfected and might 
never have housed calves previously (Bryson et al., 1978a). In such situations 
a number of calves may have been harbouring PI3 virus at the time of their 
introduction. Furthermore, infections with PI3 virus are occasionally demon-
strable in the respiratory tract of calves only a few days of age, removed from 
their dams shortly after birth and reared under isolation conditions (McNulty 
and Bryson, unpublished results, 1988). The source of this early calfhood 
infection is not clear but infection may have occurred in utero or shortly after 
birth. PI3 virus has on occasions been isolated from aborted bovine fetuses 
(Sattar et al., 1965) and antibody has been demonstrable in fluids from bovine 
fetuses (Dunne et al., 1973). It has been possible to establish PI3 virus infection 
of the bovine fetus by direct intrafetal inoculation and pneumonic lesions have 
been observed in both the acute and chronic stages of experimental infection 
(Swift and Kennedy, 1972). 

The possibility of cross-infections between species must also be considered. 
Experimentally calves have been successfully infected with ovine (Stevenson 
and Hore, 1970) and human (Woods, 1968) strains of PI3 virus. In lambs, bovine 
strains of PI3 virus produced severe clinical respiratory disease and pneumonia 
(Stevenson and Hore, 1970). The possibility therefore exists that cross-infec-
tions with PI3 virus particularly between cattle and sheep occur naturally. 
Although PI3 virus infection is not considered an important zoonosis, isolated 
reports have described infections with respiratory illness in children by bovine 
strains of PI3 virus (Ben-Ishai et al., 1980). 

Whatever the initial source of infection, PI3 virus can spread quickly in 
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susceptible young cattle, particularly when these are confined in close contact 
in poorly ventilated buildings. Such conditions are encountered frequently in 
modern intensive calf rearing systems (Bryson et al., 1978a). 

Bovine PI3 virus usually enters into the animal body via the respiratory 
tract, and most experimental studies of the pathogenesis of the virus have 
utilized aerosol, intranasal or combined intranasal and intratracheal routes of 
inoculation. Experimentally cattle of all ages have been infected with PI3 
virus, although Bergman et al. (1978) found that calves less than 4 weeks old 
could not be infected with neuraminidase-weak strains. However, such calves 
can be successfully infected with neuraminidase-strong strains. Once PI3 virus 
is established in the respiratory tract viremia may occur (Dawson et al., 1965; 
Woods et al., 1965) with usually transient location of PI3 virus in a variety of 
sites outside the respiratory tract (Van der Maaten, 1969). Occasionally PI3 
virus infection has been associated with systemic lesions such as acute 
splenitis (Woods et al., 1965) or enteritis (Hamdy, 1966). However, bovine PI3 
virus is primarily a respiratory tract pathogen, exerting its most severe effect 
on respiratory tract epithelial cells (Bryson et al., 1979b, 1983a). 

Before infecting cells of the respiratory tract, PI3 virus has first to penetrate 
the mucus layer, which consists of a gel phase and a lower sol phase. The 
glycoproteins of the mucus secretions are rich in N-acetyl-neuraminic acid 
(NANA), a molecule for which paramyxoviruses have a great affinity. The 
mucus glycoproteins thus act as "receptors" for bovine PI3 virus. After viral 
adsorption to the "receptor site", viral neuraminidase splits off the NANA from 
the gel glycoproteins and the virus becomes free to attach to the next receptor-
bound NANA. This process appears to be the basic mechanism by which bovine 
PI3 virus penetrates the mucus barrier to reach epithelial cells (Morein and 
Dinter, 1975). The virus replicates in epithelial cells of the upper and lower 
respiratory tract and in alveolar macrophages. Replication is predominantly 
within the cytoplasm, and aggregations of viral nucleocapsids have been ob-
served in ciliated cells of the upper respiratory tract, ciliated and nonciliated 
bronchiolar cells, in type I and II pneumonocytes and in a fraction of alveolar 
macrophages (Tsai, 1977; Bryson et al., 1983a). Virus particles are released from 
infected cells by "budding" from cell membranes. Nucleocapsids and budding 
virus particles are observed most commonly in the first 7 days post-infection 

Replication of PI3 virus in the bovine respiratory tract can cause epithelial 
changes, including hyperplasia and necrosis. Important consequences in the 
acute stage of infection are destruction and loss of cilia and of ciliated cells 
(Fig. 122) and hyperplasia of type II pneumonocytes, leading to thickening of 
the respiratory barrier by cuboidal epithelialization of alveolar walls (Fig. 123; 
Bryson et al., 1983a). In an in vitro study, PI3 virus infection of calf alveolar 
macrophages has been shown to decrease their cytotoxicity for virus-infected 
target cells (Probert et al., 1976). In vitro and in vivo studies have also indicated 
that PI3 virus infections can depress phagocytosis and bacterial killing by calf 
alveolar macrophages (Liggitt et al., 1985; Slauson et al., 1987; Brown and 
Ananaba, 1988). PI3 virus-induced defects in bovine neutrophil function have 
also been suggested (Briggs et al., 1988). The important role of the mucociliary 
apparatus and alveolar macrophages in pulmonary defence mechanisms is well 
known, and the destruction of cilia and ciliated cells by PI3 virus together with 
interference with alveolar macrophage function is likely to lower the defence 
of the respiratory tract to subsequent infectious challenge. 

PATHOGENESIS 

(Fig. 121). 
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Fig. 121. Nuc leocaps id aggregate (arrow) in cytoplasm of a Type II pneumonocyte from a calf 2 days 
post-experimental infect ion wi th PI3 virus; χ 8000. 

Primary infection of seronegative calves with PI3 virus will result in virus 
shedding from the respiratory tract. Calves with maternal antibody to PI3 virus 
will also shed virus (Marshall and Frank, 1975; Bergman et al., 1978). In most 
experimental studies of virus excretion a single exposure has been used, and 
the duration of shedding was usually 8-10 days (Frank and Marshall, 1973). 
Bryson et al. (1979b) after repeatedly exposing calves to PI3 virus over a period 
of several days (a model which is more likely to reflect the field situation), were 
unable to detect virus excretion after 12 days post initial infection. Reinfection 
of seropositive calves several weeks after primary exposure has also been 
studied experimentally (Frank and Marshall, 1971). Reinfected calves may or 
may not excrete virus, but where virus excretion does occur it is usually of 

Fig. 122. (a) Scanning e lectron micrograph of bronchial epithel ium of a control calf showing a 
"carpet" of c i l ia periodical ly interrupted by the apices of adjacent nonci l ia ted cells; χ 3500. (b) 
Scanning e lectron micrograph of an equivalent area of bronchial epithel ium 10 days post init ial 
infect ion wi th PI3 virus; c i l ia have been lost and there is exposure of microvil l i; χ 4500. 
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Fig. 123. A lveo lus l ined by cuboidal epithel ia l ce l l s 11 days post-experimental infect ion wi th PI3 

virus; AL = a lveolar lumen; χ 3000. 

shorter duration than in primary infections. In naturally occurring PI3 virus 
infection, virus has been found in the respiratory tract of individual calves over 
a period of months (Allan et al., 1978; Stott et al, 1980). Whether this was due 
to a persistent primary infection or to reinfection was unclear, but it does 
indicate that under field conditions an infection focus may remain active for a 
considerable length of time. 

The amount of damage inflicted on the respiratory tract by PI3 virus depends 
on the virulence of the infecting strain, the magnitude and duration of chal-
lenge, the immune status of the animal and on environmental stress factors. 
Experimentally, most severe respiratory tract damage was produced when 
young seronegative calves were infected with certain strains of PI3 virus, 
including te J121 strain (Omar et al., 1966), Tl strain (Dawson et al., 1965) 
Canadian (Tsai and Thompson, 1975) and Northern Ireland strains (Bryson et 
al., 1979b). Observations on naturally occurring outbreaks by Bryson et al. 
(1978a) indicated that environmental stress factors and in particular bad ven-
tilation will maximize the severity of the respiratory disease problem. These 
findings are supported by Mihajlovic et al. (1972), who reported that calves 
exposed to environments with high levels of carbon dioxide and ammonia (such 
as occur under conditions of poor ventilation) and inoculated with PI3 virus 
developed respiratory disease of greater severity than calves inoculated but 
not exposed. 

In natural outbreaks there is rarely an opportunity to study an uncom-
plicated PI3 virus infection. Usually it is accompanied by other microorgan-
isms, including other respiratory viruses, mycoplasmas and bacteria. The most 
important respiratory diseases in which PI3 virus activity has been described 
are enzootic pneumonia of calves and shipping fever. 

Enzootic calf pneumonia is a general term incorporating a range of respira-
tory tract lesions occurring in young calves in their first period indoors. A 
number of viruses, including PI3 virus, mycoplasmas and bacteria, are involved 
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in the production of respiratory tract damage. PI3 virus has been reported 
frequently in outbreaks of enzootic pneumonia in many countries (Ide, 1970), 
with viral activity occurring mainly in the early stages of pneumonia out-
breaks. 

"Shipping fever pneumonia" is a problem in many countries, but particular-
ly in the USA, where it is the most common, serious and costly disease of feedlot 
cattle. Yates (1982) has defined shipping fever as "a pneumonic condition of 
cattle which is of undetermined though multifactorial etiology and is usually 
associated with Pasteurella haemolytica or less commonly Pasteurella mul-
tocida." The activity of PI3 virus along with Pasteurella species has frequently 
been demonstrated in outbreaks of shipping fever. Synergism between PI3 virus 
and Pasteurella haemolytica has been shown experimentally when the interval 
between viral and bacterial exposure was 3-10 days (Jericho et al., 1982). How-
ever, despite a variety of reports of combined infections of calves with PI3 virus 
and Pasteurella species (reviewed by Yates, 1982) the pathogenesis of shipping 
fever and the role of PI3 virus remains poorly understood. 

DISEASE SIGNS 

In experimental reports where it has been possible to study uncomplicated 
infection of the bovine respiratory tract with PI3 virus, the severity of clinical 
signs has varied considerably; sometimes the infection has been asymptomatic. 
In the majority of cases a mild clinical illness characterized by coughing, fever, 
nasal and sometimes ocular discharge has been produced (Frank and Marshall, 
1973). A moderate to severe respiratory illness with marked tachypnea and 
hyperpnea and evidence of pneumonia on auscultation has occasionally been 
described (Omar et al., 1966; Bryson et al., 1979b, 1989). 

Enzootic calf pneumonia is a high-morbidity disease and the clinical picture 
can vary from mild outbreaks characterized mainly by coughing to severe 
pneumonia outbreaks with the majority of calves developing tachypnea, 
hyperpnea and losing condition. Mortalities approaching 10% have been recor-
ded; survivors may be left with permanent lung damage, leading to depressed 
food conversion efficiency and liveweight gain (Ide, 1970; Thomas, 1973; Tho-
mas et al., 1978; Bryson et al., 1978a). 

In recent years there have been reports of viral infections of the bovine 
respiratory tract where the clinical signs were particularly acute and severe 
and where lung damage has been caused by virus activity alone. Of particular 
importance is the distinctive rapid-onset respiratory distress syndrome of 
young cattle seen mainly in autumn. Up to 10% of calves in an affected group 
may develop dyspnea, and on clinical examination there is evidence of severe 
pneumonia in the cranial lung lobes with pulmonary emphysema. The majority 
of severely affected animals die. This syndrome has been recognized in Europe 
and the USA and is consistently associated with RSV; nevertheless in some 
instances the activity of PI3 virus has also been demonstrable (Holzhauer and 
Van Nieuwstadt, 1976; Bryson et al., 1979a). At least one of such strains of PI3 
virus produced extensive pneumonia when inoculated into calves (Bryson et 
al., 1979b, in press), which suggests that where dual infections had occurred, 
PI3 virus may have contributed to the severity of the lung damage. 

Shipping fever pneumonia is characterized by depression, anorexia, high 
fever, rhinitis and nasal discharge, tachypnea and dyspnea. Increased lacrima-
tion is a frequent sign, and affected animals may show evidence of thoracic 
pain. On auscultation there is increased harshness of lung sounds, and adven-
titious sounds may be detectable. Diarrhea occurs in some animals, and there 
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is invariably a substantial weight loss. Most cases occur within one month of 
arrival at the feedlot; morbidity rates recorded have varied from 4% to 44% of 
animals at risk. Mortality rates up to 20% have been described (Jensen et al., 
1976; Yates, 1982). 

While it is possible to clinically differentiate the major respiratory syn-
dromes in which PI3 virus may participate it is not possible to diagnose the 
involvement of PI3 virus on clinical grounds alone. 

s PATHOLOGY 

Although there are numerous reports of experimental infections of calves 
with PI3 virus, only a few have included a detailed pathological study of the 
respiratory tract. Where pathological examination has been carried out, the 
damage has varied from mild rhinitis and tracheobronchitis (Bogel, 1961) to 
pneumonia, which in some cases was quite extensive (Dawson et al., 1965; 
Omar et al., 1966; Bryson et al., 1979b). 

The rhinitis and tracheitis produced by PI3 virus is usually slight and not a 
striking feature at necropsy. Uncomplicated PI3 virus pneumonia appears as 
deep red coloured zones of consolidation distributed mainly in the cranial lung 
lobes and in the cranioventral aspects of the caudal lobes (Fig. 124). Such zones 
may coalesce to produce areas of consolidation involving most of the affected 
lobe or lobes. In the acute stages the pneumonic areas are swollen, but in the 
repair stage they may be slightly depressed compared with adjacent noncon-
solidated lung tissue. On section of the lung tissue catarrhal or purulent 
exudate may be expressed from small bronchi and bronchioli. Interlobular 
septa may be edematous but are seldom distended. The bronchial and mediasti-
nal lymph nodes may be enlarged. Pleurisy nd abscess formation are usually 
absent. 

Histopathologically, PI3 virus activity in the upper respiratory tract can 
result in epithelial changes such as hyperplasia, metaplasia or necrosis. Often 
the underlying lamina propria is infiltrated with polymorphs, macrophages and 
cells of the lymphocyte series. In the lower respiratory tract PI3 virus can cause 
severe damage to small bronchi, bronchioli and alveoli. In the early stages of 
the disease there is bronchitis, bronchiolitis, cellular infiltration into alveoli 
and thickening of interalveolar septa. Cellular exudate accumulates in bron-
chial and bronchiolar lumina until many of the small airways become occluded. 
Alveolar epithelial hyperplasia develops, leading to sometimes extensive cu-
boidal epithelialization. In the acute stages of PI3 virus infection eosinophilic 
intracytoplasmic and less commonly intranuclear inclusion bodies may be 
observed in bronchial, bronchiolar and alveolar epithelium. They are most 
commonly observed between 2 and 7 days p.i. Epithelial syncytium formation 
on bronchiolar and alveolar walls (Fig. 125) has been a prominent feature of 
infections with some strains of bovine PI3 virus (Dawson et al., 1965; Omar et 
al., 1966; Bryson et al., 1979b). 

In the repair stage of PI3 virus pneumonia, macrophages invade bronchiolar 
and alveolar lumina and reepithelialization is observed. Organization of bron-
chiolar exudate can lead to widespread bronchiolitis obliterans, with fibrous 
masses causing varying degrees of obliteration of bronchiolar lumina (Bryson 
et al., 1983b). 

In animals that die in outbreaks of PI3-virus-associated enzootic pneumonia 
or shipping fever, primary PI3 virus pathology may be obscured by superim-
posed changes produced by secondary invaders, particularly the severe exuda-
tive changes, necrosis and pleurisy produced by Pasteurella sp. However, in 
some instances, particularly with PI3 virus strains that produce large numbers 

Chapter 30 references, p. 331 



326 Virus infections of ruminants 

Fig. 124. Lungs of calf ki l led 7 days after experimental infect ion wi th PI3 virus; note pneumonic 

areas in the cranial lung lobes. 

of syncytia, changes incriminating PI3 virus may still be detectable on careful 
histopathological examination (Betts et al., 1964; Bryson et al., 1978b). 

ν / IMMUNE REACTION 

Exposure of seronegative calves to PI3 virus results in the development of 
both systemic and local virus neutralizing antibody (Morein, 1970; Marshall 
and Frank, 1971; McKercher et al., 1972). IgM and IgG are the immunoglobulin 
classes predominantly involved in the serum antibody response, whilst anti-PI3 
virus activity in nasal secretions resides mainly in the IgA class of immuno-
globulin (Morein, 1970). After primary infection, high levels of serum antibody 
may be detectable 6 days p.i.; virus neutralizing antibody may also be detected 
in nasal secretions at that time (Marshall and Frank, 1971). There is some 
dispute as to the length of time over which serum antibodies remain at a high 
level (Dawson et al., 1965; Thomas, 1973); most workers have found that after 
a primary infection serum antibodies will persist at a high level for 3-5 months. 

In a series of experiments, Marshall and Frank (1971) exposed 5-12-month-
old colostrum-deprived calves to aerosols of PI3 virus and studied the develop-
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Fig. 125. Alveo lar syncyt ium conta in ing intracytoplasmic inc lus ion body (arrow) in a field case of 

enzoot ic pneumonia from w h i c h PI3 virus was isolated; H&E, χ 400. 

ment of virus neutralizing antibodies in serum and nasal secretions. The serum 
antibodies persisted for 3-5 months, but nasal antibodies declined rapidly, 
reaching low to subdetectable levels within 6-8 weeks. Reexposure produced a 
sharp increase in both serum and nasal antibody titer consistent with an 
amnestic response. After reexposure, high levels of nasal antibody and serum 
antibody persisted for 5 months, but thereafter nasal antibody levels but not 
serum antibody levels began to fall. In a subsequent experiment Frank and 
Marshall (1971) found that in reinfection experiments with bovine PI3 virus 
calves with high levels of serum antibody and low levels of nasal secretory 
antibody succumbed to clinical illness, whereas calves with low serum anti-
body titers and high nasal secretory antibody titers did not. These workers 
concluded that the degree of protection from PI3 virus-associated illness was 
reflected more by nasal secretory antibody than by serum antibody. However, 
serum antibody was associated with reducing the severity of illness once it 
occurred. In reinfections, PI3 virus may continue to be excreted for varying 
periods, and Gates et al. (1970) concluded that differences in serum or nasal 
antibody titers could be demonstrated to account for differences in duration of 
viral excretion. 

As the majority of adult cattle has antibodies to PI3 virus, calves will obtain 
maternal antibodies to this virus. Dawson (1966) found that their persistence 
in calf serum depended on the initial titer of the transferred antibodies. Ma-
ternal antibodies to PI3 virus often persisted until calves were 10 weeks of age; 
in calves which had received a high initial level of maternal antibodies they 
persisted until 19-23 weeks of age. McKercher (1972) reported that antibody 
acquired from colostrum also appeared in the nasal secretions of young calves. 

Marshall and Frank (1975) studied the clinical and immunologic responses 
of calves with colostral antibody against PI3 virus to infection. After aerosol 
exposure the colostrum-fed calves developed disease and shed virus from their 
nasal passages. However, the disease was less severe in the colostrum-fed 
calves than in colostrum-deprived calves. Both the serum and nasal antibody 
responses were markedly depressed compared to the response of calves which 
did not receive maternal antibody. A challenge exposure stimulated amnestic 
responses which appeared damped by the maternal antibodies, being less than 
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in calves which were initially seronegative. No clinical signs were observed 
following challenge exposure. These findings indicate that maternal antibodies 
may reduce the severity of PI3 virus-associated disease. In experimental sys-
tems, the most severe lesions produced have been in colostrum-deprived calves 
(Omar et al., 1966; Bryson et al., 1979b). 

CMI also participates in the immune response. Morein and Moreno-Lopez 
(1973) produced a delayed skin hypersensitivity reaction with PI3 virus antigen 
in seropositive cattle naturally infected with PI3 virus. Very young calves 
possessing exclusively maternal antibodies to PI3 virus did not show any skin 
hypersensitivity. Subsequently Johnson and Morein (1977) and Moreno-Lopez 
(1977) demonstrated lymphocyte stimulation and leukocyte migration inhibi-
tion by PI3 virus antigen in cattle infected with PI3 virus. However, the 
relative importance of CMI compared with that of antibody mediated immunity 
in protection against PI3 virus disease is unknown. 

4̂  LABORATORY DIAGNOSIS 

In outbreaks of bovine respiratory disease it is not possible to diagnose PI3 
virus infection on clinical grounds alone. To establish a diagnosis it is necess-
ary to take nasal samples and paired sera from infected animals and to submit 
animals from the outbreak for necropsy, the latter facilitating pathological, 
microbiological and immunocytochemical examinations of the lower respirat-
ory tract. 

Good quality nasal samples may be nasal swabs taken into transport media 
or samples of nasal mucus extracted with a portable vacuum pump (Baskerville 
and Lloyd, 1977). The use of conventional cotton-wool-tipped swabs frequently 
does not yield suitable material for virus isolation; more suitable swabs have 
been described by Thomas and Stott (1975). Because of their content of infected 
cells, nasal mucus samples provide excellent material not only for virus isola-
tion in tissue culture but also for rapid diagnosis by IF (McFerran and 
McNulty, 1981). To maximize the chances of PI3 virus isolation it is important 
to sample as early as possible in the outbreak, preferably within a few days of 
the animals showing clinical signs, and to sample a range of animals showing 
a range of clinical signs and not just the most severely affected animals. 
Samples should be submitted as quickly as possible to the diagnostic laborat-
ory. 

PI3 virus infection in an outbreak of respiratory disease can be detected by 
the demonstration of a 4-fold or greater rise in serum antibody titer to the virus 
between acute- and convalescent-phase serum samples. For the antibody in-
crease (seroconversion) to be detected, paired sera taken from the same animals 
approximately 3-4 weeks apart must be submitted and the acute phase samples 
must be taken as early as possible. Submission of a batch of single samples is 
useless. Serological diagnosis in young calves may be complicated by persis-
tent maternal antibodies blocking an active antibody response to virus infec-
tion (Thomas, 1973). To circumvent this, as many animals as possible should be 
sampled, and diagnosis should not be left to serological examination alone. In 
small groups at least 50%, and in larger groups 10-20% of the animals should 
be serologically examined. The serological tests most commonly used are HI, 
SN, indirect IF (Adair, 1986) and ELISA (Florent and De Marneffe, 1986). 
Development of IgM-specific ELISA may prove useful for serodiagnosis of PI3 
virus infections in young calves with maternal antibodies, as has been shown 
in the case of BRSV (Westenbrink and Kimman, 1987). 

In animals submitted for necropsy from outbreaks of respiratory disease it 
is possible to carry out histopathological examination and immunofluorescent 
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and immunoperoxidase staining to detect PI3 virus antigen in lung paren-
chyma and also to attempt virus isolation from the lower respiratory tract. 
Unfortunately, in many animals that die during outbreaks of enzootic pneumo-
nia or shipping fever primary PI3 virus pathology may be obscured by secon-
dary exudative changes in the lungs, particularly those produced by Pas-
teurella sp. Furthermore, in animals dying in the middle or latter stages of 
outbreaks, PI3 virus antigen may be no longer detectable in lung tissue. Special 
efforts therefore should be made to submit animals which die in the early stages 
of outbreaks for necropsy, and better still to submit a live animal in the early 
stages of the outbreak. 

On histopathological examination suspicion of PI3 virus infection may be 
aroused by the finding of eosinophilic intracytoplasmic inclusion bodies in 
respiratory epithelium and by the presence of epithelial syncytia on bron-
chiolar and alveolar walls, often accompanied by hyperplasia of the alveolar 
epithelium. However, it should be remembered that a similar pathology is 
encountered in RSV pneumonia in young cattle (Bryson et al., 1983b). Further-
more, inclusion bodies in syncytia are not present at all stages of infection and 
some strains of PI3 virus produce few syncytia (Bryson et al., 1979b). Examina-
tion of sections therefore should be accompanied by specific staining for PI3 
virus antigen using IF or immunoperoxidase methods. 

PI3 viral antigen may be detected in lung tissue by direct or indirect IF 
examination of impression smears, cryostat sections (McNulty and Allan, 1984) 
and paraffin sections (Watt et al., 1982). PI3 viral antigen may also be detected 
in paraffin sections using immunoperoxidase methods, such as those described 
for the detection of BRSV (Bryson et al., 1988). 

PROPHYLAXIS AND CONTROL 

In the prophylaxis of PI3 virus-associated respiratory disease, measures 
should be taken to reduce managemental stress factors predisposing to severe 
outbreaks of pneumonia. Overcrowding should be avoided, adequate ventila-
tion should be maintained at all times and large calf rearing houses should be 
partitioned into a number of subunits, each with its own air space. Buildings 
used for calf rearing should be periodically depopulated and disinfected when-
ever possible. 

Both inactivated and modified live PI3 virus vaccines are commercially 
available. 

Inactivated PI3 virus vaccines have been shown capable of stimulating 
systemic and local antibody production and reducing virus excretion post-chal-
lenge when administered systemically to seronegative calves or calves with 
low antibody levels to PI3 virus (Dinter, 1967; Morein, 1972; Probert et al., 
1978). Two doses given some weeks apart are usually necessary to achieve this 
effect. 

Modified live PI3 virus vaccines given by the intranasal or intramuscular 
route to seronegative calves or calves with low levels of antibody will also 
result in the production of systemic and local nasal secretory antibody 
(McKercher et al., 1972; Zygraich, 1979). Vaccinal virus may be shed from the 
nasal passages, the shedding index being much higher in the nasally vac-
cinated animals (McKercher et al., 1972). The antibody response (both local 
systemic) appears earlier and in higher titer in response to intranasal vaccine 
than to parenteral inoculation (McKercher et al., 1972; Woods et al., 1975). 
Viral shedding following experimental challenge exposure has often been 
found reduced in vaccinated animals. 

Opinions are divided as to the comparative efficacy of intranasal and intra-

Chapter 30 references, p. 331 



330 Virus infections of ruminants 

muscular vaccination with live PI3 virus vaccines. Gutekunst et al. (1969) and 
Gates et al. (1970) reported that intranasal vaccination resulted in better 
protection against experimental challenge. However, in a comparative study of 
the response of 3-4-month-old colostrum-deprived and conventionally reared 
calves to live PI3 virus vaccines designed for intramuscular and for intranasal 
use, McKercher et al. (1972) were unable to demonstrate any advantage of one 
vaccine or route of administration over the other. They did note a possible 
exception in the case of very young calves, which may have persisting maternal 
antibody levels capable of interfering with parenterally administered vaccine. 
In such a situation nasal administration is more likely to produce an effective 
response. 

In the past, the absence of a reproducible challenge model capable of produc-
ing disease and pathological lesions has made evaluation of PI3 virus vaccines 
under experimental conditions very difficult. Stimulation of antibody produc-
tion (often systemic antibodies alone) and reduction of viral shedding post-
challenge have been mostly used as criteria of vaccinal protection. Such 
parameters may not be reliable indicators of vaccinal efficacy under field 
conditions. 

PI3 virus vaccines have been marketed mainly for use in prophylactic 
regimes against shipping fever and for the control of enzootic calf pneumonia. 
Inactivated PI3 virus vaccines have frequently been combined with inactivated 
IBR vaccine and Pasteurella bacterins for the control of shipping fever and 
with inactivated preparations of other viruses thought to be involved in enzoot-
ic calf pneumonia outbreaks. Two injections of inactivated products are usu-
ally recommended. Live PI3 virus vaccines are available as single-component 
vaccines or as a component of multivalent preparations containing, for exam-
ple, IBRV BVDV or adenovirus. The range of preparations currently available 
includes vaccines containing a temperature-sensitive mutant of the Umeâ 
strain of bovine PI3 virus (Zygraich et al., 1979). Where calves more than 3-4 
months of age are vaccinated with live vaccine one injection may be sufficient. 
However, where calves only a few days or weeks old are vaccinated (e.g. in 
regimes to control enzootic calf pneumonia), maternal antibodies may inter-
fere. In such situations intranasal vaccination is indicated and revaccination 
may be necessary to ensure the persistence of antibody in nasal secretion 
(Marshall and Frank, 1975). 

Reports of the use of PI3 virus vaccination in prophylactic regimes against 
shipping fever are numerous and do not provide unequivocal evidence of 
efficacy. In a comprehensive review on the published data on the efficacy of 
various respiratory disease vaccination regimes in feedlot calves, Martin (1983) 
criticizes the lack of detail and planning relating to experimental design and 
lack of formal analysis of results in many reports. The author found little 
evidence of a beneficial effect of the use of PI3 vaccines in feedlot calves in 
terms of reduced incidence of respiratory disease and improved weight gains 
and concluded that there was little data to support the use of vaccines. 

Vaccination may be considered in the prophylaxis of enzootic pneumonia 
outbreaks, particularly when investigations of previous outbreaks on a calf 
rearing unit have yielded a diagnosis of PI3 virus activity. In view of the variety 
of organisms that can be involved in enzootic calf pneumonia, vaccination 
against PI3 virus alone, whilst possibly reducing the severity of the disease, is 
unlikely to effect control on every farm. Vaccination against a range of viruses 
—including PI3 virus—may be necessary before satisfactory prophylaxis is 
achieved. 
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Parainfluenza-3 Virus in Sheep 

J.M. S H A R P 

VIRUS PROPERTIES 

Only one serotype of ovine PI3 virus has been recognized; it is related 
antigenically to both bovine and human strains of PI3 but may be distinguished 
from them by several serological techniques. 

EPIZOOTIOLOGY 

Infections of sheep by PI3 virus are common. Antibodies have been detected 
in the sera of sheep in many countries throughout the world and in most 
surveys the prevalence is over 70%. The majority of lambs acquire antibodies 
to PI3 via colostrum, and whilst these are present infections are rarely detec-
ted. However, such antibodies rapidly wane so that most sheep become infected 
within the first 12 months; certain management practices appear to delay 
contact with the virus until the sheep are older so that the prevalence of 
antibodies continues to rise with age. 

Transmission of PI3 between animals has not been studied adequately, but 
the failure to demonstrate virus in any tissue other than the respiratory tract 
indicates that respiratory excretions alone are responsible. Similarly, how the 
virus is maintained in a flock is unclear, although outbreaks of infection not 
associated with the introduction of infected sheep suggest viral persistence. 

It is clear from the high prevalence of antibodies that the majority of 
infections by this ubiquitous virus are inapparent or of a mild nature. However, 
a small number of observations records the association of PI3 virus with severe 
outbreaks of respiratory illness, but the role of PI3 virus in these is confounded 
by the dominating influence of Pasteurella haemolytica. Nevertheless, experi-
mental findings support the observation that the virus may initiate events 
which predispose the sheep to infection by this bacterium. Infection of lambs 
with PI3 virus 4-7 days before exposure to an aerosol of P. haemolytica exacer-
bated the disease induced by the bacterium (Davies et al., 1977; Sharp et al., 
1978). The clinical illness and lesions produced by the combined infection are 
identical with those observed in natural acute pasteurellosis (syn. enzootic 
pneumonia). 

PATHOGENESIS 

Although detailed studies of the pathology induced by PI3 virus in sheep 
have been made, the pathogenesis requires further elucidation. 
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Studies of infected lambs, killed at intervals, indicate that within the lower 
respiratory tract viral antigens are detected first by IF in the bronchioles and 
surrounding alveoli, the same sites in which the initial histological changes 
occur (Stevenson, 1969; Cutlip and Lehmkuhl, 1982). The principal specific 
lesions are inclusion body formation and bronchiolar epithelial hyperplasia 
followed by necrosis and desquamation. The progressive development of these 
lesions is associated with the appearance of illness in affected animals, and the 
clinical signs reflect the systemic involvement (pyrexia, anorexia, depression) 
or damage to the respiratory tract (tachypnea, hyperpnea, dyspnea). Both 
systemic and respiratory signs appear simultaneously and increase in severity 
with the pulmonary lesions. However, the systemic signs regress between 6 and 
7 days p.i., when the extent of the pulmonary lesions is maximal; regression 
coincides with the appearance of specific antibodies. The respiratory signs 
abate more slowly as the pulmonary lesions resolve. These observations sug-
gest that the pathogenesis of PI3 infection extends beyond the simple pathol-
ogy involving the bronchiolar and alveolar epithelia (Sharp, 1977). Further 
support for this suggestion is provided by observations that infection with PI3 
virus may reduce both growth rate and appetite (Hore, 1968; Jones et al., 1982). 

It has been suggested that the epithelial destruction and accumulation of 
debris in the lower respiratory tract provides a focus in which secondary 
bacteria may localize and proliferate. It is well established that PI3 infection 
can predispose lambs to a severe pneumonia caused by several serotypes of P. 
haemolytica biotype A, but the mechanism is not clear. The initial lesions 
associated with bacterial proliferation occur in areas favoured by the virus, 
which supports the tissue-damage hypothesis and points to a close interaction 
at the cellular level (Rushton et al., 1979). However, mechanisms other than 
apparent tissue damage must be involved, because the pathogenicity of seroty-
pes of P. haemolytica biotype Τ and of untypeable strains is not enhanced 
(N. J.L. Gilmour, personal communication, 1983). Probably PI3 virus acts with-
in the sheep lung in the same way as other viruses act within the murine lung 
to impair the intrapulmonary bactericidal defences. 

DISEASE SIGNS 

Most PI3 virus infections are subclinical, but occasional outbreaks of acute 
illness occur. Such outbreaks have a sudden onset and are characterized by a 
high morbidity. During the early stages, affected animals have copious serous 
nasal and conjunctival discharges and later develop pyrexia and frequent 
coughing. However, the presence of other microorganisms has obscured the 
aspects of the illness attributable to PI3 virus. The illness following experi-
mental inoculation largely depends on the route. A single intranasal instilla-
tion or aerosol exposure of lambs with PI3 virus results in viral replication in 
the upper respiratory tract without clinical signs, whereas combined intra-
nasal and intratracheal inoculation of specific pathogen-free (SPF) lambs 
results in a consistent clinical picture (Wells et al., 1977a). No signs are 
apparent on the first 2 days after inoculation, but by day 3 a few animals appear 
slightly depressed, anorexic, febrile and show hyperpnea with an exaggerated 
jerky expiration. During days 4-6 after inoculation, the clinical signs become 
more pronounced and evident in an increasing proportion of lambs until, on the 
sixth day, over 90% of the animals appear ill. However, within 24 h the illness 
abates; most animals are alert, no longer febrile, and the hyperpnea and 
dyspnea disappear by about 9 days after inoculation (Sharp et al., 1978). Con-
junctival discharges and coughing have not been observed in these experi-
ments in SPF lambs although they have been reported in experiments in 
conventional animals, where other microorganisms cannot be excluded. 
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PATHOLOGY 

Lesions associated with infection by PI3 virus are confined to the lower 
respiratory tract (Hore and Stevenson, 1969). Postmortem inspections of lambs 
inoculated intranasally and in t ra t rachea l^ reveal multifocal linear or patchy 
areas of dull red consolidation in all pulmonary lobes, which are most exten-
sive 6-8 days after inoculation. The essential histological features are severe, 
hyperplastic and necrotic bronchiolitis and alveolitis, associated with infiltra-
tion of interalveolar septa by mononuclear cells. Syncytia involving epithelial 
cells may be seen but are not a prominent feature. These destructive changes 
are followed by regenerative responses but, except during the early phase of 
infection, the two processes are coexistent. Eosinophilic intracytoplasmic 
inclusions are common in bronchiolar epithelial cells and a few bronchial and 
alveolar cells between 3 and 6 days after inoculation. Thereafter, inclusions are 
difficult to demonstrate. The gross and microscopic lesions resolve fairly quick-
ly, although a residual interstitial pneumonia and focal alveolar epithelializa-
tion may persist for a further 21 days or longer. 

IMMUNE REACTION 

Infection of sheep with PI3 virus stimulates both humoral and cellular 
immunity, the dynamics of which have been determined by experimental stu-
dies (Wells et al., 1977b). Following infection, antibodies are usually first detec-
ted in nasal secretions. Virus neutralizing antibodies may be demonstrated in 
nasal secretions after 5 days and last for 4-5 weeks; in the serum HI antibodies 
are not detected before 7-9 days, and virus neutralizing antibodies 2 days later. 
The neutralizing antibodies in nasal secretions are largely IgA, but most of the 
HI activity is considered to be a high-molecular-weight nonimmunoglobulin 
substance. In serum, IgM is clearly associated with the primary antibody 
response and IgG with the secondary response. In the lower respiratory tract, 
HI and neutralizing antibodies are considered to be mainly IgA. 

The influence on immune responses of preexisting antibodies, whether from 
colostrum or previous infections, is not clear. Observations during natural 
outbreaks and experimental studies have confirmed that PI3 infections can 
occur without a following rise in antibody titers, and that this is particularly 
so when there are pre-existing antibodies. 

The role of CMI in PI3 infections of sheep remains to be resolved; it has been 
shown that intravenous inoculation of sheep with PI3 virus will stimulate 
specific cytotoxic activity of peripheral blood leukocytes within 7 days (Wil-
liamson et al., 1981). 

4̂  
LABORATORY DIAGNOSIS 

Confirmation of infection by PI3 virus can be achieved by histopathology, 
virus isolation, detection of viral antigens or serology. Both histopathology 
and virus isolation have been used but have major drawbacks, relating mainly 
to the transient nature of the infection. 

The only histological feature that may be regarded as indicative of the PI3 
virus infection is the presence of intracytoplasmic inclusions in bronchiolar 
epithelial cells. However, these are detected readily only between 3 and 6 days 
after infection and could be confused with the inclusions induced by respirat-
ory syncytial virus (Bryson et al., 1988). 

Virus isolation offers the advantage that a positive identification of the 
agent can be made. In respect to PI3 virus infections, the techniques are 
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insensitive, as virus may be isolated readily only during the first 6 days after 
infection. Therefore samples for virus isolation, usually swabs or aspirates of 
the upper respiratory tract, should be taken from animals which have been ill 
for less than 24 h and from several sheep without clinical signs. 

The value of histopathology and virus isolation can be improved by combin-
ing them with IF, immunoperoxidase and ELISA. 

The most common laboratory aid to the diagnosis of PI3 infections is serol-
ogy, which relies on detecting a 4-fold rise in antibody titers between acute and 
convalescent sera. This approach generally has been regarded as satisfactory, 
although sheep may be infected by PI3 virus without an apparent rise in serum 
antibody titers, particularly where there are preexisting antibodies. Also, the 
time at which sera are taken in relation to the infection appears to be more 
critical than has been appreciated. The rapid rise and fall of antibody titers in 
some sheep may go undetected if sera are obtained more than 2 weeks apart. 

PROPHYLAXIS AND CONTROL 

The available evidence suggests that PI3 virus may be one factor in the 
initiation of outbreaks of ovine respiratory disease, most of which also are 
associated with P. haemolytica. Therefore it would appear worthwhile to con-
sider some means of prophylaxis and assess its value in the control of naturally 
occurring ovine pneumonias. 

Immunity to PI3 virus can be stimulated by local or parenteral administra-
tion of PI3 antigens, which will prevent virus replication, clinical illness and 
pneumonic lesions (Wells et al., 1977a). Live virus inoculated either intranas-
ally or intramuscularly stimulates both nasal secretion and serum antibodies, 
but the local administration induces higher mucosal antibodies and better 
protection. Inactivated virus given by either route fails to stimulate antibodies 
or confer protection unless adjuvant is used. When administered with ad-
juvant, inactivated whole virus and subunits given as micellar aggregates 
containing only the HN and F glycoproteins stimulate high antibody titers and 
protection (Morein et al., 1983). 

Experiments to evaluate the efficacy in sheep of vaccination against PI3 in 
providing protection against superinfection with P. haemolytica have shown 
that it can reduce the clinical illness and pneumonic lesions induced by the 
bacterium (Wells et al., 1978; Davies et al., 1980). 
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Chapter 32 

Rinderpest Virus 

G.R. SCOTT 

INTRODUCTION 

For centuries waves of the murrain formerly known as cattle plague and now 
called rinderpest regularly devastated the cattle and domestic buffalo popula-
tions of Asia and Europe and occasionally wrought havoc in north Africa. The 
flora and fauna of Africa south of the Sahara was changed permanently by a 
panzootic that spread from Eritrea and the Sudan west to the Atlantic and 
south to the Cape of Good Hope in the last years of the last century; the tsetse 
fly, for example, disappeared from most of Africa south of the Zambezi because 
rinderpest wiped out its hosts. Rinderpest invaded Brazil in 1920 and Australia 
in 1923, being introduced with livestock imported from Asia. In both countries 
the disease was eradicated within months by the rigorous application of quar-
antine measures and slaughter of infected herds. Epizootics and panzootics still 
occur despite the availability of excellent vaccines. 

VIRUS PROPERTIES 

The ultramicroscopic nature of rinderpest virus was demonstrated as early 
as 1902 when cattle were infected with a bacteria-free filtrate (Curasson, 1932). 
The virion is pleomorphic, occurring either as an enveloped plastic spheroid, 
100-150 nm in diameter, or as a long filament. The surface is covered with 
projections, 8nm long, spaced 8-10 nm apart. The helical nucleocapsid is tight-
ly coiled. When unravelled the nucleocapsid emerges as a serrated thread 
resembling a herringbone. 

Hydrated rinderpest virus is heat, light and ultrasonic sensitive. Lyoph-
ilized virus, in contrast, is relatively stable, surviving for years at - 20°C. 
Airborne virus survives best at low and high RH, whereas the virus rapidly 
loses infectivity at 50-60% RH. Infectivity is destroyed by many chemicals, 
including lipid solvents. Strains vary in their pH stability; most are stable 
between pH 7.2 and 8.0, are relatively stable between pH 4.0 and 10.2, and are 
rapidly inactivated at lower and higher pH values. Pragmatically, rinderpest-
infected carcasses are rendered noninfectious by the pH changes that follow 
autolysis and inactivation is hastened by putrefaction. Contaminated premises 
should be treated with either 5% phenol or a lipophilic disinfectant such as 4% 
cresylic acid or 2% sodium orthophenylphenate. 

Strains of rinderpest virus vary in their virulence, their tissue tropism and 
their invasiveness, and yet they are all immunologically homogenous. In addi-
tion, rinderpest virus is closely related antigenically with the viruses causing 
canine distemper, human measles and PPR. These viruses are classified togeth-
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er in the genus Morbillivirus in the family Paramyxoviridae (Kingsbury et al., 
1978). They differ from other paramyxoviruses by not having neuraminidase. 
Other likely members of the genus are PMV 107 virus identified in German 
cattle with encephalitis, Hhl virus recovered from a sick hedgehog in the 
United Kingdom, and phocine morbillivirus isolated from North Sea seals. The 
official type species is measles virus, but recent studies using 39 monoclonal 
antibodies identifying 18 epitopes on the major structural proteins pointed to 
rinderpest virus being the archvirus of the genus (Norrby et al., 1985). 

EPIZOOTIOLOGY 

Host range 

Natural infections occur only in even-toed ungulates belonging to the Order 
Artiodactyla; an updated checklist has been published (Scott, 1981). Domestic 
ungulates, cattle and buffaloes in particular, are most commonly attacked and 
perpetuate the disease. Epizootics in goats and sheep have been observed 
sporadically in Africa, Asia and Europe in the past but today are regularly 
reported only from India. This peculiar restricted prevalence has been attri-
buted to the (mis)use of attenuated vaccines of strains of rinderpest vaccine 
passaged serially too few times in goats. Recent explosive epizootics in goats 
and sheep in Africa have proved to be caused by PPR virus. 

Asiatic domestic pigs frequently suffer from and succumb to rinderpest, 
whereas pigs of European origin do not, although they are susceptible and will 
multiply and excrete virus. Moreover, they can be infected through eating 
infected offal (Scott, 1964). 

On occasion, some species of free-living wildlife are decimated; the losses are 
highest in buffalo, eland, giraffe, kudu, warthog and wildebeest in Africa and 
in banteng, blackbuck, gaur, nilgai and sambhar in Asia. However, overt 
disease is not perpetuated for long in wildlife in the absence of large domestic 
ruminants. In contrast, the results of recent serological survey lend credence 
to the hypothesis that low pathogenic strains of rinderpest virus are being 
maintained in wild East African ungulates (Rossiter et al., 1983). 

Vectors 

The role of vectors in the epizootiology of rinderpest is considered to be 
minimal, although the virus has been recovered from horse flies, house flies, 
stable flies, tsetse flies, mosquitoes, ticks, leeches, lice and vultures. Survival 
of the virus rather than multiplication in the vector is postulated. 

Geographic distribution 

At the start of the 20th century rinderpest was prevalent throughout Asia, 
in the fringes of Europe and in eastern and southern Africa. By mid-century 
southern Africa, Europe and the USSR were no longer affected. Thereafter 
enthusiastic implementation of national and international mass vaccination 
campaigns hastened the global decline in the incidence of the disease, but the 
goal of eradication, within sight in the mid-1970s, was not achieved. In Africa, 
foci in Mauritania in the west and in southern Sudan in the east erupted. The 
two epizootics merged in Nigeria with devastating economic and social conse-
quences. The eastern epizootic also invaded temporarily Egypt in the north and 
Tanzania in the south. In the Middle East, Israel and Syria were invaded when 
the disease spread from a focus that had smouldered in war-torn Lebanon for 
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13 years. Today, rinderpest is enzootic in northern equatorial Africa, the 
Middle East and the Indian subcontinent. 

Incidence 

The most complete data on the incidence of rinderpest in a country are those 
furnished by the government of India, which maintains in New Delhi a central 
office specifically monitoring the disease. A nationwide vaccination campaign 
in the 1950s cut the number of outbreaks from 8156 and 1956 to 960 (Khera, 
1980). Between 1961 and 1970 the annual incidence rate fluctuated between 3 
and 7 per 100 000 head, and since 1971 it has stabilized at 1-2 per 100 000. Similar 
low incidence rates appear to be the norm in other enzootic areas; in Mali, for 
example, the incidence in 1976 was 2 cases per 100 000 and in 1979 5 per 100 000. 

There is no evidence of a seasonal incidence in either Africa or Asia. 
Animals of all ages are attacked in virgin-soil epizootics, whereas the di-

sease in enzootic areas is characterized by a specific age incidence. The adults 
in enzootic areas are immune either through recovery from a natural infection 
or from vaccination, and the sucking young are protected passively through 
the ingestion of antibodies in the colostrum; only the yearlings are at risk. 

Economic consequences 

In the past the ravages of rinderpest changed the fate of nations. The 
catastrophic panzootic that devastated Europe in the 1740s and 1750s by killing 
200 million cattle created an awareness for the need for trained manpower to 
handle animal diseases. In France this resulted in support for a proposal by 
Claude Bourgelat to found a veterinary school at Lyons, the first in the world. 
Within a year after the doors of that school had opened Bourgelat and his 
pupils were in the field tackling rinderpest. Concurrently most continental 
European governments enacted legislation to control animal movements to 
limit the spread of the disease. 

Memories were short. In the early and middle years of the 19th century a 
network of railways quickly spread over Europe and Russia, enabling livestock 
to be moved through and between countries speedily and in numbers hitherto 
impossible. Rinderpest panzootics were inevitable; they raged from 1857 to 
1867,1870 to 1872, in 1877 and from 1844 to 1896. The losses were enormous and 
governments throughout Europe were forced to establish or reestablish civil 
veterinary inspectorates and to promulgate fresh regulations to control ani-
mal diseases. Similarly,the origins of most of the state veterinary departments 
in Africa and Asia are attributable directly to the economic and political 
consequences of rinderpest. 

The 19th-century panzootics were also responsible for the first International 
(now World) Veterinary Congress being convened in Hamburg in 1863 for the 
purpose of exchanging views, in the hope that a consensus of opinion would 
emerge on the nature of rinderpest and on how best it could be controlled. The 
foundation of the International Office of Epizootics (OIE) in Paris in the 1920s 
followed the havoc induced in Europe and South America by a shipload of 
Indian zebu cattle that were unloaded at Antwerp for shipment across the 
Atlantic; the zebu cattle were infected with rinderpest which spread to in-
contact cattle both in Belgium and in Brazil. Similarly, the Inter-African 
Bureau of Epizootic Diseases was created in 1952 specifically to monitor rinder-
pest in Africa. 

A rare modern economic appraisal of the havoc wrought by rinderpest is that 
by Nawathe and Lamorde (1984), who described the socioeconomic impact of 
the recent recurrence of rinderpest in Nigeria, a country where the cattle 
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industry was valued at over 13 χ 109 US dollars. The damage afflicted on the 
industry was without parallel in this century; nearly 2 million cattle sickened 
and half a million died. The losses due to mortality, reduced performance, 
surveillance costs, replacement costs, loss of working hours and indirect losses 
were estimated at 2 χ 109 US dollars. 

Estimates of the benefits of rinderpest control are also few in number. The 
Inter-African Bureau for Epizootic Diseases organized JP15, an international 
multi-million-dollar vaccination campaign aimed at eradicating the disease 
from Africa. Eradication was not achieved but the benefits were considerable; 
in northern Nigeria, for example, the additional cost of intensive vaccination 
as a result of JP15 was estimated at £310.912, whereas net benefits 11 years later 
totalled £785.127, giving a benefit-cost ratio of 2.5:1 and an internal rate of 
return of more than 47% annually (Felton and Ellis, 1978). Other assessments 
are less well documented. Nevertheless, in Sierre Leone a 4-fold increase in the 
cattle population was observed when the disease was eradicated. Similarly, 
after rinderpest disappeared from the wildlife on the Serengeti and Mara plains 
of East Africa in 1964 the buffalo and wildebeest populations increased several-
fold within 10 years. 

Speed and pattern of spread 

Virgin-soil epizootics spread rapidly and frequently escalate into panzootics. 
However, veterinary authorities in Australia, Belgium, Brazil and, more re-
cently, Italy have shown that a primary focus can be obliterated by prompt 
quarantine and slaughter procedures. Enzootic rinderpest, in contrast, spreads 
slowly but steadily for weeks and months through the immature and young 
adult stock at risk. The incidence flares up temporarily whenever the young 
stock are congregated around water-holes in the dry season or are assembled 
as recruits to flying dairy herds. 

Most strains of the virus spread readily between cattle and buffaloes. Some 
are catholic in the range of other hosts they attack and some are remarkably 
selective. The problem is confounded by changes in host preference during the 
course of a prolonged panzootic and by variations in innate resistance in hosts. 
Consequently, an epizootic of rinderpest may not spread to all susceptible 
species at risk. 

The virus is usually transmitted from sick to susceptible animals in aerosols, 
and normally the contact has to be close because the infectious droplets are 
large and short-lived. Theoretically wind-borne transmission is possible at 
night at high or low relative humidities, but the only hint that it might have 
occurred naturally was the ease with which the Pendik strain of the virus 
spread in East African cattle. In contrast, laboratory-attenuated strains used 
as vaccines are not shed in expired air or feces and consequently do not spread 
by contact. 

Transmission through ingestion of virus-contaminated food or water is rare 
and any such allegation should be investigated thoroughly; the most likely 
source of a fresh focus is a newly arrived live animal. 

Pigs can acquire infection through eating meat scraps from infected ani-
mals, and once infected they can transmit the virus in aerosols to in-contact 
pigs and cattle. In practice, the risk to a disease-free country from imported 
infected meat appears to be low, because every virgin-soil epizootic in the 19th 
and 20th centuries has been linked to a recent importation of animals. 

Innate resistance 

Innate resistance varies widely within and between species, the dominant 
factor in its development being selection for survival through constant associa-
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tion with the disease. When this genetic selection pressure is removed, either 
through eradication of the disease or through vaccination, local races lose 
their high resistance in a few generations (Scott, 1964). Crosses between cattle 
with high and low resistance tend to be more resistant than the nonresistant 
parent but less resistant than the highly resistant parent. 

The use of attenuated virus vaccines has revealed even finer shades of 
resistance and has shown that the races possessing the lowest resistance in 
Africa are Sanga-type cattle and, in Asia, Japanese Black and Yellow Korean 
cattle. Analysis of postvaccinal reactions has confirmed the inherited nature of 
the resistance; adverse reactions occurred in related cattle. 

In contrast, the degree of resistance in pigs is so far inexplicable; European 
pigs with no ancestral association with rinderpest undergo inapparent infec-
tion, whereas Asiatic pigs in constant association with the disease have severe 
clinical reactions and often die. Similar inexplicable species differences are 
manifested in cohabitating wildlife. 

Reports on an age-related resistance conflict. Curasson (1932) considered 
that the response of young and adult cattle were the same, but most field 
veterinarians believe that reactions are more severe in calves. Similarly, re-
ports on the effect of bodily condition conflict; early workers concluded that 
healthy, well-nourished cattle withstood infection better than animals in poor 
condition. Thiery (1956), however, noted more pronounced lesions in animals 
in good condition than in wasted animals. 

Morbidity and mortality 

Morbidity and mortality are profoundly influenced by the innate resistance 
of the infected host, but an additional important factor is the virulence of the 
virus strain involved. Moreover, the degree of virulence may vary for par-
ticular hosts. The Ol Balbal strain, for example, was isolated originally from 
a sick eland and proved to be avirulent for cattle despite serial passage in 
cattle. In contrast, strains attenuated for use as vaccines to protect cattle and 
buffaloes have proved to be lethal when administered to captive wildlife. Other 
strains lethal for wildlife are also lethal for domestic stock. In general, case 
mortality rates in indigenous cattle reared in an enzootic area hover around 
30%. When exotic cattle are exposed to the same strains the case mortality 
rates exceed 80%, sometimes 90%. 

PATHOGENESIS 

Rinderpest virus shed in an aerosol invades the tissues of a new host through 
the mucous membrane lining the upper respiratory tract. Thereafter, primary 
multiplication of the virus occurs either in the palatal tonsil or in the pharyn-
geal and mandibular lymph nodes (Plowright, 1968). 

New virus is released from the primary multiplication site into the blood-
stream, where it becomes attached to circulating mononuclear cells. This 
viremia is detectable 1 or 2 days before the onset of illness. Further prolifera-
tion occurs in all the lymphoid tissues, in the mucous membranes of the alimen-
tary and respiratory tracts, and in the lungs. The virus does not multiply in the 
brain, kidneys or myocardium (Plowright, 1968). 

The plateau phase of the virus growth curve is attained during the prodro-
mal fever and is maintained into the erosive-mucosa phase of the disease. Virus 
titers fall slowly and steadily with the first appearance of circulating antibody 
4 or 5 days after the onset of fever. Viremia ceases several days before virus 
clearance occurs from target organs (Scott, 1955; Plowright, 1968). 

The duration of a rinderpest viremia is influenced by the strain of virus 
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involved and by the innate resistance of the host. Some viremias last 10 days 
and some 2 days. In general, the longer viremias are induced by the more 
virulent strains propagating in hosts with low innate resistances (Scott, 1955). 

Affected animals shed virus in all their secretions and excretions, primarily 
with ocular and nasal secretions and feces. Tears are infective one day before 
the onset of fever and nasal secretions and feces become infective at the onset 
of fever (Mushi and Wafula, 1984). Virus continues to be shed throughout the 
fever period and for a few days after the fever regresses (Plowright, 1968). 

Recovered animals are not considered to be carriers; unequivocal evidence 
of latency has not been found. On the other hand, at least two other mor-
billiviruses, canine distemper and measles virus, sometimes cause latent persis-
tent infections that are manifested months or years later. Moreover, persistent 
infection of rinderpest virus has been established in Vero cells. Perhaps the 
controversy of the 1930s over the possible existence of carriers should be 
renewed, because there are several reports of the virus being recovered weeks 
and months after the acute clinical episode. 

DISEASE SIGNS 

The standard description of rinderpest is misleading, since it is based on data 
amassed in the virgin-soil epizootics that ravaged Europe in the 19th century. 
The syndrome occurs today only when exotic stock are exposed to infection. 
The enzootic disease in indigenous stock is less dramatic, less typical and often 
one or more of the cardinal features of the disease are modified or even absent. 

The classic rinderpest syndrome is characterized by a short, sharp fever, 
erosive stomatitis, gastroenteritis, dehydration and death. A characteristic 
nauseating stench emanates from the typical acute case. The disease course is 
divisible into five phases: an incubation period, a prodromal fever, an erosive-
mucosa phase, a diarrheic phase and convalescence in surviving animals (Fig. 
126). 

Cattle with a low innate resistance exposed naturally to rinderpest develop 
fever after incubation periods of 3-9 days, whereas cattle with a high innate 
resistance may take up to 15 days to become febrile. It cannot be stressed too 
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Fig. 126. The cl inical phase of rinderpest. 
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often that cattle in the later stages of the incubation period are infectious 
although apparently healthy. 

The onset of fever is sudden but other clinical signs are minimal. Illness 
becomes manifest 48 h later. The affected animal is at first restless and then 
stands dully apart. The muzzle is dry and the coat stares. The milk yield falls, 
respiration is shallow and rapid, the visible mucous membranes are congested 
and the outflow of serous secretions is increased. An impaired appetite is linked 
to poor rumination and constipation. 

Mucosal erosions, the first sign suggestive of rinderpest, appear 2-5 days 
after the onset of fever as raised pinheads of necrotic epithelium on the mucous 
membranes lining the mouth, the nasal passages and urogenital tract. They are 
readily abraded, exposing a hemorrhagic layer of basal cells. Salivation is 
profuse. The erosions enlarge, coalesce and shed off thick yellow patches of 
necrotic cells which mix with the nasal secretions to produce a fetid mu-
copurulent discharge. Affected animals are still febrile and are obviously sick 
and uncomfortable. They drink excessively, stop eating and pass soft feces 
frequently. 

Two to three days after the first appearance of the mucosal erosions the fever 
regresses and diarrhea begins. The dark brown fluid feces contain excess 
mucus, epithelial shreds and necrotic debris streaked with blood. The odor is 
offensive. Frequent straining exposes a congested and eroded rectum. Breath-
ing is laboured and painful and often abdominal in character with a grunting 
exhalation. 

The profuse diarrhea causes rapid dehydration. Affected animals waste 
away while standing with lowered heads, sunken eyes and arched backs. Most 
collapse and die in the diarrheic phase 6-12 days after the onset of illness, but 
a few linger on to die in the third week. 

The convalescence is prolonged, the return to full health taking several 
weeks. Its onset is ill-defined; in animals that are going to recover the mucosal 
erosions generally resolve within a week of their first appearance and the 
diarrhea stops shortly afterwards. Pregnant animals abort during the con-
valescence, but there is no evidence that the virus is teratogenic. A common 
sequel that complicates the clinical picture, particularly the convalescence, is 
the activation of latent infections. Many pathogens have been incriminated, 
the most troublesome being latent protozoal infections (Curasson, 1932). 

A transient mild leukocytosis often occurs during the incubation period, but 
the significant change is the profound leukopenia that starts before the onset 
of fever and persists until death, or for at least 5 weeks if the animal survives. 
The leukopenia is largely due to a dramatic fall in the number of lymphocytes, 
and to a lesser extent to the disappearance of eosinophils (Fig. 127). 

Erythrocyte numbers and packed cell volumes rise significantly with the 
onset of diarrhea. In addition, in terminal cases blood coagulation is slow and 
serum separation is poor. In animals that recover both the erythrocyte numbers 
and the packed cell volumes regain normal levels within a week. 

Total serum proteins and electrolytes decline, the chloride, potassium, so-
dium and bicarbonate ions being drained out in the diarrhea. Death is caused 
by the combined loss of body water and electrolytes. 

PATHOLOGY 

The gross pathology of rinderpest is suggestive but not pathognomonic, 
being very similar in cases of acute BVD and PPR. The carcass is emaciated 
and dehydrated, the eyes are sunken and the coat is rough and soiled by 
mucopurulent discharges and fluid feces (Maurer et al., 1956). 
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10 h 

Days after onset of fever 

Fig. 127. Hematologica l changes in rinderpest; ( • ) eos inophi ls , ( · ) lymphocytes , (O) neutrophils . 

The most spectacular gross changes occur in the alimentary and upper 
respiratory tracts. The mucous membranes of the mouth, throat and upper 
esophagus are eroded. The forestomachs are not often affected, whereas the 
pyloric region of the abomasum is usually edematous and the lining is eroded 
and sometimes ulcerated. The Peyer's patches in the small intestine are par-
ticularly conspicuous, being swollen, hemorrhagic and necrotic. Congested 
capillaries underlying the mucous membrane lining of the cecum, colon and 
rectum produce a striking pattern (called tiger stripes in Asia and zebra stripes 
in Africa). The mucosa itself is often ulcerated and bleeding. Gross changes in 
the urogenital tract are similar to those in the alimentary tract. 

The nasal passages are blocked by tenacious mucopurulent debris, which 
also encrusts the nostrils and muzzle. The mucous membranes of the nasal 
passages and larynx are eroded and hemorrhagic. A prominent emphysema 
may be seen in animals that die late in the disease. 

Early deaths are often associated with subendocardial hemorrhage in the 
left ventricle and subepicardial petechiae on the base of the heart and along the 
coronary grooves. 

Dramatic histopathological changes occur in the lymphoid organs, which 
are denuded of lymphocytes in both the thymus-dependent and thymus-
independent areas. The early significant change is the appearance of giant cells 
containing intracytoplasmic and intranuclear inclusions. Giant cell formation 
is followed by necrosis of lymphocytes, which begins in the periarteriolar 
region of the spleen and in the germinal centres of the lymph nodes. The 
necrosis proceeds to involve all the lymphocytes in the follicles. Experiments 
in rabbits infected with a rabbit-adapted strain of rinderpest virus have re-
vealed that the depletion of T-lymphocytes precedes that of the B-
lymphocytes. Similar events occur in the hemolymph nodes and gut-associated 
lymphoid tissues. 

The attack on epithelial cells also results in early multi-nucleated cell 
formation with inclusions and proceeds to necrosis and erosion of the cells 
(Thiery, 1956). 

IMMUNE REACTION 

The immune response to rinderpest virus is relatively uncomplicated; 
strains of the virus are immunologically homogenous, and there is complete 
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cross-protection. Surviving animals do not develop clinical signs when reex-
posed to the virus, although a few may support transient multiplication of the 
virus in the tonsillar-pharyngeal tissues. The protection is lifelong and asso-
ciated with the induction of humoral antibodies which first appear as IgM 
immunoglobulins 5-7 days after the onset of illness. They decline within 2 
weeks, being progressively replaced by IgG-class antibodies. After reaching 
peak values within one or more weeks antibody titers fall back to a threshold 
level at which they persist. Reexposure results in an anamnestic response. 

Naturally infected cattle and cattle vaccinated by the intranasal route 
secrete specific IgA-class antibodies into the respiratory mucus (Provost, 1970). 
These antibodies are produced locally; they are not found when cattle are 
vaccinated by parenteral routes. 

Antibodies in the sera of actively immune cattle are concentrated in the 
colostrum and are transferred to newborn calves. The half-life of the antibody 
is 37 days. The duration of the protection conferred passively on the calves is 
directly related to the amount of antibody ingested; in general, it ranges from 
4 to 8 months, occasionally longer. The ingested antibodies are not secreted 
into the nasal mucus. 

An early, if not the first, practical field exploitation of the interference 
phenomenon was the use of attenuated rinderpest virus vaccine to protect 
susceptible cattle and buffaloes during an epizootic in Burma in the middle 
1930s. The protection conferred was operational several days before the app-
earance of humoral antibodies, but animals already incubating the disease 
were not protected. Since then rinderpest virus has been shown to be a potent 
producer of interferon in the rabbit. 

Experiments in rabbits infected experimentally with adapted strains of 
rinderpest virus have clearly shown that thymus-dependent CMI is not essen-
tial in the recovery from infection (Yamanouchi, 1980). The role of CMI in 
cattle is not known but is unlikely to differ significantly from that in the rabbit. 

Rinderpest virus is a potent immunosuppressive agent because it destroys T-
and B-lymphocytes. The immunosuppression allows latent infections to be 
activated, which may complicate the clinical picture and cause diagnostic 
confusion. The virus suppresses both humoral and cell-mediated mechanisms, 
but production of memory cells is unimpaired (Yamanouchi, 1980). The lym-
phocyte response to mitogens is suppressed for at least 4 weeks. 

The destruction of lymphoid tissues by the virus triggers auto-immunity 
in the rabbit; data on cattle infections are not available (Yamanouchi, 1980); 
an antinuclear antibody and a cold hemagglutinin antibody are produced. 
Histopathological evidence of auto-immune disease has not been obtained, how-
ever. 

4̂  LABORATORY DIAGNOSIS 

Directorates of state veterinary services in countries where rinderpest is 
enzootic or where the risk of its gaining entry into the country is high because 
of links with enzootically infected areas should issue clear and unequivocal 
instructions. State veterinarians, private veterinary practitioners and stock-
owners should be informed that any disease outbreak that resembles rinderpest 
must be reported and handled as if it were rinderpest until proven otherwise. 
Delay in instituting control measures can be economically, socially and politic-
ally disastrous. If the epizootic proves to have another cause, the cost of the 
then unnecessary rinderpest control measures is a small price to pay. Moreover 
no harm will have been done, and in any event the quarantine measures 
instituted to control rinderpest will limit the spread of other contagions. 

Most diagnoses of rinderpest are provisional and are made by field veterina-
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rians. They are based on an assessment of the history of the outbreak and on 
clinico-pathological observations. Confirmation should be sought when the 
disease episode occurs in a new area. It depends primarily on the rapid detec-
tion of virus specific antigens and less commonly on virus isolation and identif-
ication. The demonstration of early IgM-antibody and specific histopathologi-
cal changes supplement the other findings. However, the key to diagnostic 
success is the submission of suitable samples from an adequate number of 
animals. Diagnostic techniques have been updated and discussed in detail by 
Bansal (1986) and Scott et al. (1986). 

Dead animals are NOT suitable donors of samples for a diagnosis of rinder-
pest, because the tissues contain little or no virus or antigen. The affected herd 
should be examined clinically and six to ten animals in the erosive-mucosa 
phase should be selected. The diarrhea is a useful marker; soiled and de-
hydrated animals should be rejected for sampling. 

The chosen animals are bled for serum and into EDTA. Simultaneously clear 
tears are collected on swabs inserted into the conjunctival sacs and the necrot-
ic debris from the gum erosions is scraped off onto a spatula. Tear swabs are 
transported in sealed bottles containing 150 μΐ of phosphate-buffered saline. 
Gum debris is wiped off the spatula into a convenient container. Then, if 
possible, at least two animals are slaughtered to collect aliquots of the lymph 
nodes, spleen and tonsils into sterile containers half-filled with virus-transport 
medium. Thin slices of these tissues together with pieces of affected mucous 
membranes are also collected and placed in formol-saline for histopathological 
examination. The fresh samples are taken on wet ice by courier to the laborat-
ory. It is important to forward a few samples from several animals rather than 
several samples from too few animals. 

The sampling procedures are summarized in Fig. 128. 
The essential reagent for detecting rinderpest-specific antigen is hyperim-

mune antiserum prepared by multiple inoculations with or without adjuvants 
into a suitable donor. The ideal system, which avoids detection of nonrinder-
pest antigen-antibody reactions, is the rabbit using the Yamanouchi substrain 
of the Nakamura III strain of lapinized rinderpest virus; this substrain does not 
kill rabbits. If a lethal substrain is used then the rabbits should first be protec-
ted passively, 24 h before receiving virus. The preferred antigen detection 
techniques are CIEP and AGID tests. CIEP is more sensitive, and results are 
obtained within 40 min. IF techniques are excellent for the early detection of 
virus growth in cell cultures, but background fluorescence bedevils the inter-
pretation of the impression smears and cryostat sections of most tissues from 
field cases. Liver sections, however, are relatively free of background fluores-
cence (Rossiter and Jessett, 1982). 

Concurrently the leukocyte fraction of the blood sample collected in EDTA 
is harvested, resuspended and diluted in tissue culture maintenance medium 
and then inoculated into primary calf kidney cells; some cultures also receive 
rinderpest antiserum, and others contain flying coverslips. On the first day, the 
acute-phase serum samples are examined for antibody and if found positive 
they are reexamined after heat or 2-mercaptoethanol treatment to destroy IgM 
immunoglobulins. 

If the CIEP and AGID test results are negative, lymph node extracts are used 
in CF tests. If these are also negative, spleen and tonsil samples are thawed and 
10% suspensions prepared and inoculated into rinderpest-susceptible and rin-
derpest-immune cattle or goats. 

The flying coverslips are removed 1-3 days after inoculation, fixed wet in 
acetone and examined by direct IF test. The other cell cultures and the ino-
culated animals are examined daily for three weeks. In the meantime the 
results of the histopathological examinations will become available. 
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Select 6 - 1 0 febrile animals 

Collect blood in EDTA and 
blood for serum 

Live animals Slaughter at least 2 animals 

Collect gum scrapings 
and tears 

Collect tears and pieces 
of lymph nodes, spleen 

and tonsils 

Collect slices of lymph 
nodes, mucosal erosions 

and spleen in formol-saline 

Forward on ice to virus laboratory 
by courier 

Forward to 
histopathological 

laboratory 

Fig. 128. F low chart of the samples required for the confirmation of a provis ional diagnosis of 

rinderpest. 

Positive findings should be reported back immediately to the field veterina-
rians concerned. They should be confirmed by repeating the tests with the 
stored reference samples from the outbreak. The directorate of the state 
veterinary service should notify the directors of neighboring countries and the 
international clearing organisations, namely the OIE, the Inter-African Bu-
reau for Animal Resources and the FAO. 

Several diseases mimic some of the clinical manifestations of rinderpest. Two, 
in particular, are clinically and pathologically virtually indistinguishable, 
namely, BVD and PPR. 

BVD has a worldwide distribution in both domestic and wild ruminants. 
Therefore the isolation of BVD virus from a sick or dead animal does not 
invalidate a provisional diagnosis of rinderpest. Fortunately CIEP and AGID 
tests readily differentiate rinderpest antigen from BVD antigen. 

PPR has so far only been identified in the sub-Saharan area of Africa and the 
Middle East. It has not been recognized in the Indian subcontinent, where 
rinderpest in sheep and goats is not uncommon. PPR virus and rinderpest virus 
share antigens, which makes differentiation difficult. The simplest method is 
the inoculation of suspensions of lymphoid tissue from suspect cases into 
rinderpest-susceptible cattle or buffaloes; rinderpest virus will induce a clini-
cal response whereas PPR virus will not. A histopathological examination of 
the lungs will also differentiate rinderpest and PPR; the former rarely induces 
viral pneumonia whereas PPR usually does so in association with giant cell 
formation. 

The ease and frequency with which rinderpest virus activates latent and 
persistent infections often leads to diagnostic confusion. When animals have a 
high innate resistance to rinderpest virus the clinical signs of the activated 
infection are superimposed on the relatively low-grade signs of rinderpest. 
Suspicions should be aroused when animals known to be enzootically infected 
with protozoa die with acute manifestations of the protozoal infection. 

Apart from seeking antibody activity in the IgM fraction of acute-phase 
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serum, antibody tests are seldom used to confirm a diagnosis of rinderpest 
because the time necessary to examine paired serum samples is too long. On the 
other hand, antibody tests are frequently used to evaluate the efficiency of 
vaccination programmes and to monitor the epizootiological behavior of the 
natural disease, particularly in wildlife. 

Antibody tests range from the very sensitive neutralization test in tissue 
culture to the relatively insensitive indirect AGID test; convalescent sera do 
not contain precipitating antibodies, hence the need in antigen-detection tests 
to use hyperimmune antisera. The simplest technique is HI in which the 
agglutination of monkey erythrocytes by measles virus is inhibited by rinder-
pest antibodies. It is not a sensitive technique but useful for evaluating the 
immune status of herds. There is also a passive hemagglutination test using 
erythrocytes coated with rinderpest antigen. 

Very few laboratories now attempt to detect antibodies by CF. On the other 
hand, several groups have employed microplate ELISA for rapid screening of 
large numbers of sera. It is essential, however, that the tissue culture system 
used to produce the test virus for ELISA be free of bovine globulins. 

PROPHYLAXIS AND CONTROL 

Disease-free, low-risk countries maintain their freedom from rinderpest by 
banning imports of live domestic animals from areas where the disease is 
enzootic or epizootic. Unfortunately, legislation for the control of animal 
diseases usually fails to control the import of captive wild animals destined for 
zoological gardens and so-called safari parks. The last enzootic of rinderpest in 
Europe, for example, occurred in the zoological gardens in Rome following the 
importation of antelopes from East Africa (Cilli et al., 1951). 

High-risk countries have geographical or commercial links with areas 
where the disease is enzootic. The risk varies with the degree of animal move-
ment. In some countries, e.g. Kenya, close policing of the border areas, the 
establishment of controlled entry points and vaccination of all animals enter-
ing the country suffice. In other countries, e.g. Thailand, an immune barrier 
zone 50 km deep along the border is maintained, in which all susceptible 
domestic species, including pigs, are vaccinated annually. A few countries, e.g. 
Egypt, allow imports from neighboring countries in which the disease is en-
zootic but protect their own animals by annual vaccination campaigns. 

Prophylaxis in areas where rinderpest is enzootic is the raison d'être of the 
state veterinary services in these countries. Three principal techniques are 
used: vaccination, control of animal movements by licensing, and disease 
surveillance by auxiliary staff living in the rural areas. 

Although the most widely used vaccine is still the lyophilized attenuated 
goat-adapted virus, it is being supplanted by the cell-culture-attenuated RBKO 
strain developed by Plowright in Kenya. The cell-cultured virus, like the 
parent strain, grows only in lymphoid tissues and vaccinated animals are 
therefore not infectious. The vaccine is cheap to produce and easy to assay for 
potency and safety. It is fully attenuated for buffaloes, cattle, goats and sheep, 
inducing lifelong immunity. However, the field veterinarian has no way of 
assessing whether the injected vaccine was viable. Postvaccinal serological 
surveys, therefore, are essential in any vaccination campaign. 

The vaccine is lyophilized and stores well at - 20°C, but its potency declines 
at higher temperatures and its "life" after reconstitution is less than 2 h. Provost 
and Borredon (1972) selected a heat-resistant clone of the cell-culture-adapted 
virus which retained its potency after lyophilization for 15 days at 45°C, which 
obviates the need for refrigeration in the field. In addition, they combined the 
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rinderpest vaccine with vaccine against contagious bovine pleuropneumonia. 
To date, this product has been used only in francophone Africa. 

The use of primary calf kidney cells involves the risk of introducing bovine 
pathogens into the vaccine production plant and into the vaccine itself. Indian 
workers therefore adapted the attenuated RBKO strain to lamb kidney cells. 
Meantime, elsewhere in Asia several derivatives of the Nakamura III strain of 
lapinized rinderpest virus have been propagated in cell culture for use as 
attenuated virus vaccines (Sonoda, 1983). 

The variable duration of the passive colostral protection of calves is a big 
problem in countries where the disease is enzootic. It is partially solved by 
vaccinating all young animals irrespective of age. Those less than 1 year old 
are left unmarked but the others are permanently branded or ear-notched. The 
unmarked young therefore have to be presented for a second vaccination a year 
later. In short, two calf crops are vaccinated annually. 

Antiserum injected in massive doses during the incubation period or prodro-
mal fever will prevent deaths but is useless if the animal has progressed into 
the erosive-mucosa phase of the disease. Treatment then consists of counteract-
ing the depletion of body water and electrolytes. Antibiotics and sul-
phonamides have no effect on rinderpest virus but may inhibit activated latent 
infections. Similarly appropriate anti-protozoal drugs should be administered 
when necessary. 

Although the contagious nature of rinderpest has been appreciated for more 
than 1000 years, the knowledge was not exploited until the chaos in the 18th 
and 19th centuries forced European governments to enact legislation control-
ling animal movements. Today epizootics in low-risk countries are obliterated 
by a total ban on animal movements and slaughter of all infected and in-contact 
suceptible species, together with thorough disinfection of contaminated pre-
mises. The first cases will probably be misdiagnosed as BVD unless there is a 
clear history of a live animal movement from an area where the disease is 
enzootic. 

Outbreaks in high-risk and enzootic countries are tackled by quarantine 
measures and ring vaccination around the focus. Animals are vaccinated 
irrespective of whether or not they have vaccination brands or ear notches. 
Many veterinarians will also vaccinate the infected herd in the hope that 
attenuated virus will protect the uninfected animals by interference. Visibly 
sick animals are segregated. 

If any disease is eradicable it is rinderpest. The goal is unlikely to be 
achieved in the foreseeable future because the first essential is civic stability 
in the countries where the disease is enzootic. In Africa, sound techniques for 
finding and vaccinating the calf crops of the nomadic herds have yet to be 
formulated. In Asia, Hinduism and Buddhism hinder the use of vaccines and 
brands. Finally, many of the countries where the disease is enzootic do not have 
the financial resources necessary to control and eradicate the disease. 
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Chapter 33 

INTRODUCTION 

In the early 1940s Gargadennec and Lalanne (1942), working in the Ivory 
Coast, studied a fatal disease of goats, hitherto undescribed, which they label-
ed "peste-des-petits-ruminants" (PPR) because of the high case mortality rate. 
Fourteen years later Mornet and his colleagues (1956) rediscovered the disease 
and found a serological relationship with rinderpest virus in addition to clinical 
signs and pathological changes reminiscent of rinderpest. They concluded that 
PPR was a strain of rinderpest virus, adapted to and pathogenic for goats and 
sometimes sheep, that had lost its ability to infect cattle. PPR virus has since 
been shown to be a distinct entity possessing antigenic links with the viruses of 
rinderpest, canine distemper and human measles (Gibbs et al., 1979). 

PPR has many synonyms, most of them being descriptive: erosive stomatitis 
and enteritis of goats, goat catarrhal fever, "ka ta" and stomatitis-pneumoen-
teritis complex; in view of the disastrous nature of the infection, the term "goat 
plague" is justified as a more concise disease term. 

VIRUS PROPERTIES 

The half-life of hydrated virus held at 37°C was about 2 h; at 50°C infectivity 
was destroyed within 30 min (Lefevre, 1982). However, a molar solution of 
magnesium sulphate significantly slows the rate of heat inactivation. PPR 
virus is also sensitive to lipid solvents and to low pH. Virus in lymph nodes is 
protected from pH changes after death, and it has been recovered from lymph 
nodes of carcasses held for 8 days at 4°C. 

PPR virus does not hemagglutinate, but PPR antibodies will inhibit the 
hemagglutination of monkey erythrocytes by measles virus. 

Strains of PPR virus isolated in Senegal and in Nigeria were found to be 
homogenous (Taylor and Abegunde, 1979). The relationships with other mem-
bers of the Morbillivirus group is close. Cross-protection has been observed; 
PPR has, on occasion, protected cattle against rinderpest, and the cell-culture-
adapted strain of rinderpest virus used as an attenuated rinderpest vaccine 
usually (but not always) protects goats against PPR. 

EPIZOOTIOLOGY 

Natural disease is observed in goats and less often in sheep. More older goats 
recover than younger goats. West African Dwarf goats react severely when 
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affected and may die, whereas reactions in European goats are less dramatic. 
Reactions in indigenous and exotic sheep are often subclinical and most di-
seased animals recover. 

Cattle in contact with sick goats were not affected (Mornet et al., 1956). 
After experimental infection some exhibited low grade fever and developed 
antibodies. Viremias in cattle, if they occurred, were short-lived. Deer and 
domestic pigs have been shown experimentally to support virus multiplication. 
Reactions in the deer were unpredictable and ranged from inapparent infec-
tions to fulminating fatal disease. Pigs developed antibodies after inoculation 
without exhibiting clinical reactions, and the virus did not spread to in-contact 
susceptible pigs or goats. The role of pigs, therefore, in the epizootiology of 
PPR was considered negligible. 

Many species of wild ruminants and wild pigs in areas where rinderpest is 
enzootic have antibodies reactive with rinderpest virus in in vitro tests. It 
seems that some of the antibodies in the sera of wildlife may have been induced 
by PPR virus. 

PPR virus circulates in a belt lying across Africa immediately south of the 
Sahara and in the Arabian peninsula (Taylor, 1984). Most disease outbreaks 
occur in West Africa, but at least two epizootics have ravaged sheep and goats 
in the Sudan. Moreover, the description of the peracute septicemia in Sudanese 
goats known as "abu nini" (Otte, 1960) is reminiscent of PPR. Similar clinical 
episodes have been observed in sheep and goats in Ethiopia. 

Antibodies to PPR virus have been detected in sera from small ruminants in 
Oman, Dhofar and the Yemen Arab Republic, areas of the Arabian peninsula 
in close commercial contact with Islamic Africa. In addition, a rinderpest-like 
disease caused by a morbillivirus was seen to affect sheep and goats in Saudi 
Arabia in 1981 and was diagnosed as PPR. Taylor (1984) expressed the opinion 
that further spread of PPR was inevitable, and he saw no reason to expect 
Kenya, Uganda or Somalia to remain free of infection. Similarly, he forecasted 
that PPR would spread northwards from Saudi Arabia into Jordan, Syria and 
Iraq. 

Epizootics are most frequently observed in village flocks and herds in the 
humid zone of West Africa at the start of the rainy season; epizootics in the 
sub-Sahara zone occur in the dry season, but they are less commonly reported. 
Serological studies have revealed similar incidences of infection in goats and 
sheep; the percentages with antibodies rose progressively with age to 74% in 
animals over 3 years old (Taylor, 1979). Morbidity is significantly higher in 
goats. Similarly mortality in clinically affected goats is also much higher, 
ranging from 70% to 80%. 

West Africans prefer goat and sheep meat to beef. Goats and sheep are the 
major source of animal protein, and consequently the annual toll from PPR is 
of utmost significance; in Nigeria alone the estimated loss is 1.5 χ 106 US 
dollars per year (Hamdy et al., 1976). Control of PPR in many West African 
countries therefore has a high priority. 

The onset of the rains in the humid tropics causes managemental changes; 
owners sell their surplus kids and tether the remaining animals indoors to 
protect the growing crops. The goats dislike rain and huddle close together 
under whatever shelter is available. This behaviour favors rapid spread of the 
virus by the aerosol route. Epizootics therefore tend to be explosive in charac-
ter and involve all adolescent animals; sometimes an epizootic leads to the loss 
of the entire village herd. The source of infection is either the introduction of 
an animal newly purchased or the return of unsold animals from a market. 

In arid and simi-arid areas surplus transhumant animals are marketed in the 
dry season because of a scarcity of feed. Infection is readily acquired in the 
markets and spreads to settled flocks and herds. 
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PATHOGENESIS 

PPR virus in an aerosol invades the body through the tissues lining the 
upper respiratory tract, is disseminated before the onset of clinical signs and 
is shed in nasal secretions, tears, saliva and urine. When diarrhea supervenes 
fecal excretion occurs. As the disease progresses the quantity of excreted virus 
increases. Animals that recover do not become carriers. 

DISEASE SIGNS 

Sheep and, less commonly, goats develop subacute reactions after an incuba-
tion period of about 6 days, the illness being manifested by a low-grade fever, 
nasal catarrh, recurring mucosal erosions and intermittent diarrhea. After a 
course of 10-14 days the animals usually recover. 

Acute reactions begin after an incubation period of 3-4 days. Fever and 
serous rhinorrhea suddenly appear but otherwise the affected animal looks 
normal. A few hours later depression is evident. Erosions develop in the 
mucous membranes lining the upper alimentary, upper respiratory and uro-
genital tracts 1 or 2 days after the onset of fever. Salivation is profuse and the 
tongue is continually protruded and retracted. The rhinorrhea becomes so 
mucopurulent that it often blocks the nostrils. Simultaneously mucopurulent 
tears mat the eyelids together. The mucosal erosions coalesce, producing 
extensive lesions in a further 2-3 days. Ulceration often follows. Diarrhea and 
pneumonia then supervene. Affected goats are a picture of misery and exude a 
nauseating odor (Fig. 129). Most of them die within 10 days. 

Peracute reactions follow incubation periods that are often as short as 2 
days. A profuse nasal catarrh precedes a sudden high fever with signs of 
depression, dyspnea, anorexia and constipation. The visible mucous mem-
branes are congested and sometimes eroded. A debilitating diarrhea sets in 
within 3-4 days. The fever persists to within a few hours of death, which 
usually occurs 4-6 days after the onset of illness. 

Within 24 h of the onset of fever a severe leukopenia is evident and persists 

Fig. 129. Acute peste-des-petits-ruminants (photograph by M.A. Bonniwel l ) . 
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until death or for 10 days in animals that recover. Differential counts have not 
been published; massive destruction of lymphocytes has been observed in 
lymphoid tissues, and by analogy with rinderpest it is likely that the leu-
kopenia is primarily caused by a lymphocytopenia. 

Pasteurella pneumonia almost invariably supervenes in acute cases and 
complicates the clinical and postmortem findings. In addition, a wide range of 
other secondary bacterial invaders has been isolated. Experimental dual infec-
tion of goats with Mycoplasma capri and PPR virus was found to be much more 
severe than infection by either pathogen alone (Onoviran et al., 1984). Enteric 
and hemoprotozoal infections are also exacerbated. Similarly activation of 
latent viral infections is suspected. Adenovirus and PPR virus, for example, 
have both been isolated from a fatal case of PPR. Many surviving goats develop 
labial crusts and oral plaques, some of which are attributable to exacerbated 
orf and others to a recrudescence of Dermatophilus congolensis, which in the 
goat has a predilection for the lips. 

PATHOLOGY 

Goats dying from PPR are dehydrated and soiled with feces. The periorbital 
and perinasal areas are encrusted with mucopurulent discharges. The specta-
cular gross lesions are the eroded and ulcerated mouth and throat and the 
secondary bronchopneumonia which often masks an underlying primary viral 
pneumonia manifested by areas of level red consolidation (Rowland et al., 
1969). Other gross lesions are surprisingly minor in appearance; there is usu-
ally congestion of the iliocecal valve, some inconspicuous "zebra striping" of 
the colon, and lymphadenopathy. 

Microscopic lesions are associated with the mucosal erosions, depressed 
lymphoid tissues and the consolidated lung lobules. The primary change is the 
development of multi-nucleated giant cells containing intranuclear and in-
tracytoplasmic inclusions, the syncytia in the lung parenchyma being par-

Fig. 130. Mul t inuc leate g iant cell wi th intranuclear inc lus ions wi thin alveoles; Η & Ε, χ 450 
(photograph by A.C. Rowland). 
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ticularly conspicuous (Fig. 130). Focal necrosis destroys epithelial cells of the 
alimentary tract and lymphocytes in lymphoid tissues. 

IMMUNE REACTION 

Surviving goats and sheep develop immunity and resist reinfection. The 
duration of immunity is likely to be lifelong. It is associated with humoral 
antibodies which are detectable by CF, AGID, measles HI and neutralization 
tests. Cell-culture-adapted rinderpest virus used as an attenuated rinderpest 
vaccine protected most goats against challenge with PPR virus; the vaccinated 
animals developed rinderpest antibodies but not PPR antibodies. When the 
goats were challenged with PPR virus, homologous antibodies appeared anam-
nestically. 

Colostral immunity protects kids and lambs until they are weaned. Artificial 
passive immunity has been used successfully to limit the spread of disease by 
injecting the animals at risk with hyperimmune serum. 

4ϋ 
LABORATORY DIAGNOSIS 

Most diagnoses of PPR are not confirmed, being based on knowledge of the 
history of the outbreak, particular attention being paid to the season of the 
year, recent purchases from markets, the nature of the clinical signs and the 
lesions found post mortem. 

Laboratory confirmation depends primarily on detection of antigen and 
isolation and identification of the virus, supplemented by histopathology. 
Inoculation of tissue suspensions from suspect cases into rinderpest-suscept-
ible cattle may be necessary to differentiate PPR virus from rinderpest virus if 
tissue culture facilities are not available. 

The preferred samples for antigen detection are lymph nodes and tonsils 
taken from animals killed early in the course of the disease; it is also worth-
while collecting lymph nodes from dead animals. The samples are used in agar 
precipitation tests against rabbit hyperimmune-rinderpest serum (if no PPR-
hyper-immune serum is available) employing the CIEP or the conventional 
AGID tests; CF tests are also useful. 

The preferred samples for virus isolation are likewise collected from animals 
killed while febrile and within 5 days of the onset of fever. These include blood 
in heparin or EDTA, lymph nodes, tonsils, lung and affected intestinal mucous 
membranes. Dilutions of the tissue suspensions are inoculated into primary 
lamb kidney cells or into known susceptible and immune goats; animal inocula-
tions yield the quicker results. The isolated virus is identified by cross-
neutralization tests using homologous (PPR) and heterologous (rinderpest) 
antisera. 

A histopathological examination of early mucosal lesions, lymphoid tissues 
and lungs that reveals multinucleated giant cells with inclusions backs up the 
other procedures. 

Unlike the sera of rinderpest-convalescent animals the sera of PPR-
convalescent sheep and goats contain antibodies readily detected by CIEP and 
AGID tests. In addition, antibodies are detectable by HI using measles virus 
and by neutralization tests. Cross-neutralization tests differentiate PPR anti-
bodies from rinderpest antibodies (Taylor, 1979). 

For many years in many West African countries PPR was misdiagnosed, 
usually as a purulent pneumonia. By the same token today, every acute death 
in goats tends to be labelled PPR. It is difficult to distinguish PPR from 
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rinderpest without laboratory tests or cattle inoculations. Fortunately, rinder-
pest appears to be absent or very rare in goats and sheep in Africa, whereas 
PPR has not been detected in India, where rinderpest in sheep and goats is not 
uncommon. Diagnostic confusion has occurred with fulminating fatal cases of 
heartwater and contagious caprine pleuropneumonia. The ulcerated oral 
lesions of bluetongue have been mistaken for PPR. The labial crusts in PPR-
convalescent animals have been attributed to primary orf or bluetongue reac-
tions but are latent infections activated by PPR. 

PROPHYLAXIS AND CONTROL 

In the humid tropics of West Africa villages are isolated. The simplest 
prophylactic measure therefore is to ban the importation of live animals pur-
chased at or brought back unsold from markets. Unfortunately most purchases 
are made for festive or social reasons, necessitating the sacrifice of a live 
animal; an animal slaughtered in the market is no substitute. 

In the dry tropics it is virtually impossible to segregate transhumant ani-
mals from settled village animals. Consequently, prophylaxis is based on vac-
cination. Virulent cell-culture-passaged PPR virus produced durable immunity 
in goats when administered simultaneously with hyperimmune anti-PPR serum 
prepared in cattle (Adu and Joannis, 1984). An attenuated PPR virus strain has 
been developed by prolonged serial passage in cell culture, but it is not yet avail-
able commercially as a vaccine. The common prophylactic, therefore, is still at-
tenuated cell-culture-adapted rinderpest virus vaccine, first used with good re-
sults by Bourdin et al. (1970). The goats developed rinderpest antibodies and 
withstood challenge with PPR virus. Cell-culture-adapted rinderpest virus vac-
cine, moreover, is nonpathogenic in newborn and pregnant goats. It is now wide-
ly used to protect sheep and goats against PPR but, on occasion, there have been 
failures (Bonniwell, 1980). 

Tissues from PPR-infected goats have been used to produce inactivated 
vaccines. Results with formalin-inactivated vaccine were inconsistent, whereas 
chloroform-inactivated vaccine maintained its efficacy for 1 year at 4°C, and the 
sera of vaccinated goats fixed complement 8 months after vaccination (Nduaka 
and Ihemelandu, 1975). 

Hyperimmune serum has been used successfully to limit the spread of infec-
tion in an outbreak but had no effect in diseased animals. 

Symptomatic treatment and good nursing alleviate suffering and may save 
lives. It should be supplemented with antibiotics and sulphonamides to coun-
teract bacterial infections. In addition, anti-protozoal drugs and anthelmintics 
should be administered where necessary. 

Sick animals should be segregated immediately and the remaining animals 
should be vaccinated with attenuated rinderpest virus vaccine. The affected 
village should be quarantined until the outbreak is over. Thereafter biannual 
vaccination of the adolescent kids should be carried out. 
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Chapter 34 

Bovine Respiratory Syncytial Virus 

G. W E L L E M A N S 

VIRUS PROPERTIES 

Physical and chemical characteristics 

The bovine respiratory syncytial virus (BRSV) is morphologically similar to 
the human RSV and pneumonia virus of mice, the only known members of the 
pneumovirus group (Cash et al., 1977). 

The virus is of great pleomorphism. Many particles appear roughly spherical 
with an overall diameter of 80-450 nm (Ito et al., 1973; Mohanty, 1978). The RSV 
genome codes for ten virus proteins. Four proteins are associated with the virus 
envelope: the large glycoprotein (G, 84 k), the fusion-protein (F, 68 k), the 
matrix (M, 26 k) and the 22 k protein. The F protein consists of two disulphide-
linked polypeptide fragments (Fl, 48 k, and F2, 20 k) and causes fusion of 
infected cells (Walsh and Hruska, 1983). The G protein is the attachment 
protein (Levine et al., 1987). Three proteins constitute the virus nucleocapsid: 
the major nucleocapsid protein (N, 42 k), the phosphoprotein (P, 34 k) and the 
large protein (L, 200 k). A small protein (9.5 k) is found in association with 
purified virions and is candidate to be a nonstructural protein (Huang and 
Wertz, 1983). The nucleocapsids have a density of 1.26-1.27 g/ml, and structures 
of 1.32-1.36 g/ml appear during the disintegration of nucleoids. Virion RNA has 
a sedimentation coefficient of 52 S (Zhdanov et al., 1974). 

Cell-culture-adapted virus survives quick freezing to - 70°C, but Mohanty 
(1978) reports that isolations are more difficult from frozen than from fresh 
material. BRSV is sensitive to low pH, ether and chloroform and is destroyed 
by heating at 56°C for 30 min (Inaba et al., 1970; Paccaud and Jacquier, 1970; 
Rosenquist, 1974). Application of the least squares method to survival values 
obtained at 0.5 and 15 min indicated estimated half-lives of 1.8 and 2.8 min 
(Rosenquist, 1974). 

The infectivity titer of a BRSV suspension decreases by about 1 log per 24 h 
at 37°C. The virus remains infectious for at least 10 years when stored in liquid 
nitrogen. 

Antigenic properties 

Evidence of a close antigenic relationship between the bovine agent and 
human RSV is confirmed by CF and IF tests (Paccaud and Jacquier, 1970; 
Wellemans et al., 1970). 

Cross-neutralization experiments indicate that antiserum against human 
RSV neutralizes the homologous virus at significantly higher titers than the 
bovine virus (Inaba et al., 1970; Paccaud and Jacquier, 1970; Smith et al., 1975). 
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Some differences, e.g. the spectrum of susceptible cells and an antigenic dissi-
milarity, suggest that the two viruses have different natural hosts (Inaba et al., 
1970). Moreover, virus could not be recovered from the respiratory tract of mice 
inoculated with bovine strains (Taylor et al., 1984). However, Jacobs and 
Edington (1975) succeeded in an experimental infection of a calf with a human 
strain. This experiment was successfully repeated by Thomas et al. (1984). 

The protein composition of human and bovine RSV strains is very similar, 
with only minor differences in mol. wt. (Cash et al., 1977). Two subgroups of 
human RSV can be distinguished; the major antigenic differences are located 
on the G protein (Mufson et al., 1985). BRSV can be classified as a separate 
group, sharing epitopes with most proteins of the two human subgroups, but 
being distinct with respect to the epitopes on the G protein (Orvell et al., 1987). 

Monoclonal antibodies to the F protein showed neutralizing activity and 
prevented spread of the virus in vitro (Walsh et al., 1985). Passive transfer of 
monoclonal antibodies to the F and G proteins offered protection against 
challenge with RSV, while antibodies to internal proteins did not (Walsh et al., 
1984). 

Cultivation 

In tissue culture, BRSV shows a wide range of susceptible host cells. It 
replicates in all cell types (kidney, testicle, thyroid, thymus, duodenum, rec-
tum) of bovine origin as well as in cells from swine (embryonic kidney), hamster 
(lung, kidney), monkey (Vero) and human (embryonic lung and kidney, Hela, 
HEp-2). Better growth is observed in bovine than in human cell cultures 
(Matumoto et al., 1974). This is in contrast to the observations of Paccaud and 
Jacquier (1970), who did not succeed in cultivating their BRSV strains in a 
BHK-21 cell line and in various human cells. 

Larger amounts of virus are obtained in calf kidney and testicle cell culture, 
and higher titers are scored in secondary than in primary cultures of the same 
cells (Mohanty, 1978; Wellemans, 1977). The direct IF test in which the im-
munoglobulins of BRSV antiserum are conjugated with fluorescein isothiocyan-
ate detects the antigens as soon as 16-18 h after inoculation. Fluorescence is 
always confined to the cytoplasm. Within 24 h, fine fibrils appear, usually 
parallel to the long axis of the cell, and cytoplasmic granules are formed 
around the nucleus (Rossi and Kiesel, 1977b). After 24 h, coincident with 
rounding of the cells, fluorescence slowly moves to the periphery of the cyto-
plasm. By IF and as determined by the release of BRSV into the supernatant 
fluid, the minimal time for a single cycle of infection was between 24 and 26 h 
(Rossi and Kiesel, 1977b). 

BRSV grows in organ cultures of bovine fetal trachea expiants at 37°C and 
pH 7.2. It reaches maximum titers of 105 PFU/ml between 11 and 21 days after 
inoculation. Virus growth does not affect ciliary activity of the cultured cells 
(Thomas et al., 1976; Rossi and Kiesel, 1977a). 

EPIZOOTIOLOGY 

BRSV has been isolated in most European countries, North America, Aus-
tralia, Japan and more recently in North Africa (Mahin and Wellemans, 1982). 

The virus generally appears in a BRSV-free country after the introduction 
of an infected animal. Although the presence of virus carriers has not yet been 
proven (probably because of the difficult isolation of the virus), one should be 
aware of this possibility. Humans, especially veterinarians and animal hand-
lers, could play a role in the transmission of the virus. Considering the success-



Paramyxoviridae 365 

fui infection of a calf with a human strain (Jacobs and Edington, 1975) and the 
similarities between human and bovine strains, humans cannot be excluded as 
a virus reservoir (Berthiaume et al., 1973). However, Inaba et al. (1970) and 
Paccaud and Jacquier (1970) do not endorse this view. 

Once a herd in a region is affected, the disease rapidly spreads from farm to 
farm. In an already infected region, the disease becomes endemical and affects 
the same herds almost every year. The animals, especially beef cattle, are most 
susceptible from 3 up to 9 months of age, though older animals are not always 
resistant (Paccaud and Jacquier, 1970; Wellemans et al., 1970; Van Bekkum et 
al., 1977). On the other hand, younger calves of only a few weeks of age can also 
be affected, and their protection by vaccination is still questionable (Welle-
mans, 1982). Differences in housing and other aspects of management probably 
have some effect; in some herds the virus is present without causing any 
disease, as shown by occasional seroconversions, in others one or even two 
outbreaks occur every year (Van Bekkum et al., 1977). However, severe disor-
ders can be observed also in animals at pasture. 

Most of the severe cases appear from October to January (Van Bekkum et 
al., 1977; Wellemans, 1977), but recently BRSV outbreaks have also occurred in 
spring and summer. Therefore, disease caused by BRSV can be expected during 
the whole year, as in the case of IBR. The weather, particularly a fall in 
atmospheric pressure, plays an important role in the outbreak of the disease 
(Wellemans, 1982). 

PATHOGENESIS 

The disease symptoms observed after experimental inoculation are not as 
severe as in cases of natural infection (Inaba et al., 1972; Jacobs and Edington, 
1975; Smith et al., 1975; Mohanty, 1978; Elazhary et al., 1979; Thomas et al., 
1984) and the infection frequently remains inapparent. Stott (1985) suggests 
that virus unpassaged in tissue culture may have a greater virulence for the 
natural host. Treatment with dexamethasone enhances lung lesions produced 
by bovine strains, extends the period of virus shedding and increases peak 
titers (Thomas et al., 1984). The concomitant presence of BVDV as well as a 
sudden fall in atmospheric pressure or a drop of the minimum temperature seem 
to aggravate the disease (Verhoeff and Van Nieuwstadt, 1984). 

The first symptoms are observed 2-8 days after inoculation. The virus can be 
reisolated from nasal secretions for 4-10 days after inoculation, and from the 
nasal, tracheal and bronchial mucosae for 7-13 days after infection (Jacobs and 
Edington, 1975; Thomas et al., 1984). 

It appears that BRSV infection can occur in the presence of circulating 
antibodies (Mohanty, 1978; McNulty et al., 1983). There is no evidence, how-
ever, that preexisting serum antibody causes exacerbation of the disease in 
young calves, as was reported in infants (Kim et al., 1969); other conclusions 
have been drawn by Smith et al. (1975). However, the protective effect of nasal 
neutralizing antibodies against infection with BRSV has been shown by Moh-
anty (1978). This author found that young calves with traces of neutralizing 
antibodies in the nasal secretions remained solidly immune to challenge. The 
quick appearance and the pathogenic action of BRSV on the nasal mucosa 
would indicate that the nasal cavity might be the point of departure to the 
target cells; Baskerville (1981) disagrees with this hypothesis. BRSV is unable 
to suppress ciliary activity, even though the virus replicates within ciliated 
epithelial cells of tracheal rings. It was therefore suggested that the tracheal 
epithelium may not be important in the pathogenesis of BRSV infection (Tho-
mas et al., 1976; Rossi and Kiesel, 1977a). 
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The accumulation of cellular debris and exudate favors bacterial prolifera-
tion, which may lead to extensive purulent pneumonia chiefly in young calves. 
However, the sudden onset of pulmonary emphysema is not explained by BRSV 
infection. Immunological hypersensitivity reactions probably are involved as 
complicating factors, as has been shown in humans (Gardner et al., 1970). 

Mcintosh and Fishaut (1980) have reviewed several theories about the 
pathogenesis of RSV disease in infants: serum antibodies reacting with the 
virus, prior sensitizing infection, CMI, IgE-mediated reactions—no firm con-
clusions are possible about immunopathologic mechanisms in bronchiolitis. 

DISEASE SIGNS 

In typical outbreaks, the disease develops in two distinct episodes. Suddenly 
80-90% of a certain age group may show symptoms. Affected calves are 3-9, 
sometimes up to 15 months old. The animals cough and there is nasal discharge 
and a conjunctivitis with lachrymation. The body temperature is about 40°C. 

About 2 or 3 days later, when everything seems to be back to normal, the 
second episode begins and signs of lung emphysema appear. Some animals have 
difficulty in breathing, accompanied by bouts of dry coughing. Body tem-
perature at the time these symptoms are first manifest is close to normal. The 
calves lose weight and have a rough hair coat. Respiration rates can go up to 
> 100. The breathing of the sick animals becomes increasingly rapid and 
shallow, and the condition is aggravated by bouts of coughing. There is little 
or no discharge from the nostrils. Frequently there is froth at the commissure 
of the lips. Ill calves may stand with a stretched neck and extended forelimbs 
(Fig. 131). Symptoms of abdominal breathing can develop. The animals can 
neither lie down nor eat and make desperate efforts to breath through the open 
mouth. Constipation is common and there is complete loss of appetite. The 
mucosae become cyanotic. On auscultation, some harshness in the breathing 
can be detected. 

There can be up to 20% mortality in the herd. Farms specializing in baby-
beef tend to have the highest losses. Mortality often occurs within a few hours. 

Surviving calves recover after a few days: breathing becomes easier and 

Fig. 131. Calf with BRSV infection; note the dyspnea. 
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Fig. 132. Pulmonary emphysema (apical lobe) wi th hemorrhagic les ions . 

appetite returns (Holzhauer and Van Nieuwstadt, 1976; Van Bekkum et al., 
1977; Wellemans, 1977; Verhoeff and Van Nieuwstadt, 1984). 

A slightly different symptomatology can be observed in 6-week-old calves, 
especially in fattening farms. Few or no emphysema lesions are encountered, 
but bacterial superinfections are frequently found. Cough, high fever and 
serous to mucopurulent nasal discharge are the most common symptoms. 

Paccaud and Jacquier (1970) noted that all animals aged less than 7 years 
showed signs of acute respiratory disease. Pregnant animals or good milk 
producers tend to be affected (Inaba et al., 1972). 

In Belgium, respiratory disorders are seldom observed in cattle more than 2 
years old. 

Fig. 133. Pulmonary emphysema (mediast inal lobe); (1) interlobular septa are distended; (2) large 
bullae; (3) pleural wal l is broken. 
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PATHOLOGY 

In animals that have died from the disease, pathological changes are restric-
ted to the respiratory tract; postmortem lesions are not really pathognomonic: 
they can also be found in cases of BVD and PI3 infection. 

The lungs are voluminous and emphysematous. The apical and cranial lobes 
show lobular bronchopneumonia. Numerous large ecchymotic hemorrhages 
are present in emphysematous bullae and under the pleura (Figs. 132, 133); 
often foamy exudate covers the injected mucosae of the bronchi. The diaphrag-
matic lobes are edematous and interlobular septa are distended. Subpleural 
emphysema is present in all lobes but is more severe in the diaphragmatic lobe, 
where numerous large dissecting bullae are present. In some cases the pleural 
wall is broken, resulting in pneumothorax. In most cases there is also marked 
mediastinal emphysema and in some calves emphysema extends into the sub-
cutaneous tissues of the shoulder, back and neck. The animals then show 
crepitating, asymétrie swellings. Petechia are frequently seen, particularly on 
the larynx. In the heart, petechia are often found on the myocard (Holzhauer 
and Van Nieuwstadt, 1976; Wellemans, 1977; Bryson et al., 1983). 

Calves of a few weeks of age present hepatization in the anterior lobes; 
emphysema is rare. 

Histological lesions, e.g. mononuclear infiltration in the hyperplastic alveo-
lar walls, bronchiolitis or lobular interstitial pneumonia with edema, are not 
pathognomonic of BRSV infection. However, in some cases, mainly in young 
calves, syncytia with eosinophilic inclusions are observed in the alveoles 
(Mohanty, 1978; Bryson et al., 1983). Two types of lesions can be found in 
ultrathin sections of apical and cranial lobes, with the aid of a fluorescein 
isothiocyanate (FITC) conjugated anti-BRSV serum. The lesions are referred to 
as types A and B. In type A lesions the antigen is distributed homogenously in 
the cytoplasm of the affected cells. These cells look undamaged, and syncytium 
formation is frequently seen. This type of lesions is found in calves of a few 
weeks of age and sometimes in older animals of the Charolais or Blonde 
d'Aquitaine breed (Wellemans, 1982). In type Β lesions the antigen is clustered 
in packs. The cells are disrupted and antigen masses are spread i the alveolar 
or bronchial lumen. Rarely giant cells are found in these lesions (Wellemans, 
1977). The type Β lesions are encountered in emphysematous lungs of older 
calves of the Belgian Blue White breed. 

Epidemiological studies have shown that there is no solid protection in 
humans against nasal reinfection. However, cotton rats infected with RSV 
develop complete resistance to pulmonary infection lasting for at least 18 
months. Nasal resistance was of shorter duration and decreased from 8 months 
on. Immunity to RSV infection is therefore more long lasting in the lungs than 
in the upper tract and the level of immunity to RSV in the upper respiratory 
tract does not necessarily reflect resistance in the lungs (Prince et al., 1983). 

Preexisting maternal antibodies to BRSV did not protect calves from infec-
tion (Mohanty, 1978; McNulty et al., 1983). On the other hand, maternal 
immunity was effective but transient in the lungs of young cotton rats (Prince 
et al., 1983). Immune factors other than neutralizing antibodies may play a role 
in the maternal passive immunity (Prince et al., 1983). 

In experimentally infected calves, high interferon titers are detected during 
the early stage of infection. This is followed by a period of at least 1 week 
during which interferon is not detectable. After this, moderate to low inter-

IMMUNE REACTION 
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feron titers reappear in most animals and persist for a number of weeks (Elaz-
hary et al., 1981). In contrast, in children no interferon or only low levels are 
found (Hall et al., 1978; Mcintosh, 1978), and mean levels do not fluctuate 
significantly in relation to disease and recovery. These discordant results are 
probably due to the fact that the first blood sample in children is taken in the 
course of the disease, whereas in calves the first sample is taken at an early 
beginning stage. 

Antibodies have been demonstrated by VN, CF, indirect IF, ELISA and 
precipitation tests in sera from cattle infected with BRSV. Neutralizing antibo-
dies appear in serum of experimentally infected calves after 7 days at extremely 
low titers (4-8) (Mohanty et al., 1975). In natural infections, however, the SN 
titers score much higher (64: Rosenquist, 1974; 256: Inaba et al., 1972) and the 
maximum level is reached after 3 weeks. Using indirect IF, antibodies may be 
evidenced as early as 3 days p.i., with maximum titers at about 10 days p.i. 
(Elazhary et al., 1981). In natural infections, it is not uncommon to find highly 
seropositive calves in the acute stage of the disease. Experimentally infected 
animals can react in different ways: in some calves, antibodies develop very 
early, as described by Elazhary et al. (1981); in others their appearance is 
delayed (7-9 days). In nasal mucus antibodies evidenced by indirect IF are 
excreted from the first week on, and they are present for at least 3 months 
(Wellemans, 1977). 

Results of leukocyte migration-inhibition tests under agarose indicate that 
a CMI response is elicited after infection of calves with BRSV. The calves also 
develop a delayed hypersensitivity skin response (Field and Smith, 1984). 

Recovery of 6-7-month-old calves from severe BRSV-associated disease was 
accompanied by an antibody response that was mainly directed to the F and Ν 
proteins. Calves 2-3 weeks of age with moderate levels of maternal antibodies 
to BRSV particularly directed to the F and Ν proteins became seriously ill after 
infection. The antibody response in these calves was severely suppressed. In 
sera of 4-9-month-old calves that had died in the course of infections, high 
anti-F and anti-N antibody levels were found. Apparently, the presence or 
development of antibodies to the F and Ν proteins is not sufficient for protec-
tion against or recovery from infections with BRSV (Westenbrink et al., 1989). 

Fig. 134. CPE caused by a BRSV infect ion on BFK cell culture; note the presence of syncyt ia (S) 

and the "moth-eaten" aspect of the culture. 

Chapter 34 references, p. 373 



370 Virus infections of ruminants 

4̂  
LABORATORY DIAGNOSIS 

A clinical diagnosis based on symptomatology is impossible. Only the lab-
oratory can help the practitioner who suspects a BRSV outbreak in a farm. The 
laboratory diagnosis will be based on either BRSV isolation, the detection of 
viral antigen in suspected organs, or by evidencing a seroconversion in di-
seased animals. 

The nasal mucus is taken with sterile cotton swabs during the initial stage 
of the disease (serous discharge, fever, conjunctivitis). The swabs are then put 
into a tube with a protein-rich medium (maintenance medium for cell cultures) 
and forwarded very rapidly in a cool box to the laboratory. Postmortem sam-
ples of lung tissue from very young calves should also reach the laboratory 
rapidly. In contrast to other viruses, e.g. IBRV, viral presence in the nasal 
mucous is of short duration and limited to the first stage of the disease, which 
often passes unnoticed. 

The isolation of the virus in cell culture is difficult because of the late 
appearance of CPE; the time of incubation may be extremely long: 20 days 
(Inaba et al., 1970), 30 days (Paccaud and Jacquier, 1970), 45 days (Wellemans 
et al., 1970) or even 50 days (Smith et al., 1975). Secondary fetal calf kidney or 
testicle cells are most susceptible. Virus growth depends on the age of the cell 
culture, and the medium has to be replaced frequently. 

The first changes noted are small areas where four or five cells become 
ballooned with shrinkage of cytoplasm. In the following days, syncytia develop 
in these cultures. They become opaque while contracting, and holes appear in 
the cell monolayer. The aspect becomes more and more granular, resembling a 
mycoplasma-infected cell culture (Fig. 134). 

In preparations fixed with Bouin solution and stained with H & E , homoge-
nous eosinophilic inclusion bodies are observed in the cytoplasm of syncytial 
cells. These inclusions are less polymorphic than in cells infected with PI3 
virus. 

The cells grown on glass slide of Leighton tubes are fixed in aceton at - 20°C 
and stained with an antiserum to BRSV conjugated with fluorescein isothio-
cyanate. Plaques of fluorescent cells confirm the presence of the virus (Fig. 
135). 

Isolation of BRSV is difficult and of long duration; it is not recommended as 
a routine procedure (Edwards et al., 1984). 

Viral antigen can be detected in nasal mucus and in lung tissue. Nasal 

Fig. 135. Direct IF s ta ining of a BRSV infected BFK culture; note the presence of a syncyt ium. 
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Fig. 136. Direct IF s ta in ing of an infected cell; two types of f luorescence present: (1) granular, 

around the nucleus; (2) f i lamentous, in the rest of the cytoplasm. 

mucus can be taken with a swab. Though the most characteristic emphysema 
lesions are situated in the mediastinal lobes of the lungs, antigen has to be 
searched for mainly in the apical and cardiac lobes. The samples have to be 
forwarded quickly and under refrigeration to the laboratory. For the direct IF 
test, monospecific hyperimmune serum is required that is marked with fluor-
escein isothiocyanate using the classical technique. 

Typical small, round cells in which fluorescence is confined to the cytoplasm 
are detected in the nasopharyngeal specimens (McNulty et al., 1983). Fluor-
escence is not seen in ciliated columnar epithelial cells, although many are 
present in most specimens (Thomas and Stott, 1981). Problems of nonspecific 
fluorescence are encountered with the method when applied to nasopharyngeal 
material but not in the examination of lung material (Thomas and Stott, 1981). 
Evans blue (1:10.000) can be used to reduce nonspecific fluorescence. 

Ultrathin sections of lung fragments, preferably from the apical and cardiac 
lobes, are stained with conjugated serum. Fluorescent antigen is detected in 
this material for up to 48 h post mortem, even after freezing. However, it is 
noteworthy that the viral antigen disappears after longer freezing periods, 
even at low temperatures ( - 100°C). In most of the lung specimens, antigen is 
found located in the alveoli and sometimes in the bronchioles. Two types of 

Fig. 137 (left). Direct IF s ta in ing on sect ions of the lung of a y o u n g calf; the affected cel ls of the 
a lveolus appear intact (type A). 

Fig. 138 (right). Direct IF s ta in ing on ul trathin sect ions of the lung of an older calf; les ions of 

a lveol i t i s wi th disrupted cel ls (type B). 
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fluorescence are distinguished (Fig. 136): type A, in which the antigen is spread 
homogenously throughout the cytoplasm. The cells look intact and syncytia 
are frequently observed (Fig. 137); and type B, in which the antigen is ag-
gregated in granular packs. The cells are disrupted and antigenic masses are 
spread in the alveolar and bronchial lumen. Rarely giant cells are found in 
these lesions (Fig. 138). Type A lesions are encountered in 2-3-week-old calves 
and also in older cattle of the Charolais and Blonde d'Aquitaine breed; type Β 
lesions are found in emphysematic lungs of older animals of the Belgian Blue 
White breed. 

ELISA is applied more and more for the detection of viral antigens. Horn-
sleth et al. (1981) described its use for RSV diagnosis and confirmed its reliabil-
ity. 

An increase of anti-BRSV antibodies can be evidenced in paired sera taken 
from the same animals in the acute stage and 15 days to 3 weeks later. Neu-
tralizing antibodies appear as a consequence of a BRSV infection. SN titers in 
convalescent animals rarely exceed 4-16 according to Bartha (1976), whereas 
Rosenquist (1974) and Inaba et al. (1970) report titers of 256. Despite the 
improved micromethods the SN test remains a time-consuming technique with 
difficult reading of the results; it is used in research work rather than for 
routine diagnosis. 

Numerous authors have used the CF test (e.g. Takahashi et al., 1975; Holz-
hauer, 1978). Untreated infected cell culture fluid, fluorocarbon-treated and 
ether-treated material are equally suitable as antigen. Human RSV antigen is 
commercially available. Best specific reactions are obtained with 5% fresh 
normal calf serum added to the diluent of complement (Wellemans et al., 1970; 
Takahashi et al., 1975). Neutralizing and complement fixing antibody titers are 
closely related. The CF test is very reliable for the diagnosis of BRSV infection 
(Takahashi et al., 1975). 

Seroconversion can be detected by AGID. After infection, more than 50% of 
the animals have immunodiffusion antibodies (Zygraich and Wellemans, 1981). 
However, this test is only seldom used because of the difficulty in obtaining 
precipitating antigen and the 3-day delay before the test can be read. 

Espinasse et al. (1978) have adapted passive hemagglutination (PHA) to the 
detection of BRSV antibodies. The preliminary results are encouraging and 
appear equivalent to the SN scores. 

Anti-BRSV antibodies in serum, nasal mucus and organ extracts can be 
evidenced rapidly and specifically using the indirect IF test (Wellemans, 1977; 
Potgieter and Aldridge, 1977). The production of a batch of slides covered with 
antigen-containing cells, which can be stored in a freezer for a long time, makes 
this test highly reproducible. 

After experimental inoculation, the antibodies appear generally from the 
7th day on and the titers rise quickly to levels of ^ 1280 at the end of the second 
week. Titers exceeding 5000 are frequently found. In other cases, however, a 
very slow titer evolution is noted, with a maximum score of 135 — although a 
BRSV infection could be confirmed on postmortem examination of the lungs. 

No valid diagnosis can be made without paired sera. However, very high 
indirect IF or CF antibody levels in single samples are indicative of a BRSV 
infection in severe respiratory distress. The increase of anti-BRSV antibodies 
reflects an infection but no conclusions can be drawn about the pathogenic role 
of the virus. Striking seroconversions have been observed in animals vac-
cinated 2-3 months before, although no respiratory problems were noticed 
(Wellemans, 1982). Serological examination is useful but the possibility of 
atypical seroconversions exists. 
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PROPHYLAXIS AND CONTROL 

BRSV carriers have not yet been proven to exist but it seems possible they 
will, as was shown for other bovine pathogens, e.g. IBRV (Bitsch, 1973), Cor-
onavirus (Van Opdenbosch et al., 1979) and BVDV (Coria and McClurkin, 
1978). The fact that the disease becomes enzootic after its introduction in a 
BRSV-free area supports this hypothesis. Therefore it is advisable to forbid the 
introduction of diseased animals into a BRSV-free region. 

Modification of breeding and fattening conditions (habitat, environment, 
feeding) has to be taken into consideration, although it is our experience that 
the most severely affected herds are not always the most badly managed ones. 

The vaccination of young children with an inactivated RSV vaccine caused 
severe hypersensitivity reactions (Kim et al., 1969). In cattle, Mohanty et al. 
(1981) used a formalin-inactivated and Freund-adjuvanted vaccine. There was 
no evidence after challenge that vaccinal serum antibodies caused exacerba-
tion of disease in young calves. The vaccine did not induce a nasal antibody 
response. All but one of the five vaccinated calves appeared to be protected 
against the disease after challenge exposure. Stott et al. (1984) used a vaccine 
containing cells persistently infected with BRSV and fixed with glutaraldehyde 
to retain viral antigens on the cell surface. The glutaraldehyde-fixed cells were 
combined with incomplete Freund's adjuvant or Saponine Quil-A. After chal-
lenge, virus was recovered from all control calves but from only one out of 
twelve vaccinated calves. 

A BRSV strain (Poum 2) at the 94th passage level in BFK cell cultures is 
presently used in Belgium (Wellemans, 1982) and in the Netherlands (Holz-
hauer, 1982) for immunization of young cattle. The animals (at least 3 months 
old) are vaccinated intramuscularly in August-September and boostered 3 
weeks later. Some vaccination problems that are not attributable to the vac-
cine virus strain have been described (Wellemans, 1982). This strain has been 
shown to be safe in over a million vaccinated animals (Zygraich, 1982) and the 
results of protection are satisfactory (Holzhauer, 1982; Wellemans, 1982). 
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Chapter 35 

Ovine and Caprine Respiratory Syncytial 
Virus 

G. W E L L E M A N S 

A syncytial virus was isolated from a pygmy goat with respiratory tract 
disease (Smith, 1970). This goat isolate did not produce hemadsorption of 
guinea pig erythrocytes, contained ribonucleic acid and was sensitive to lipid 
solvents and heat (56°C) and labile at pH 3.0. SN tests revealed that the virus 
is antigenically related to bovine and human strains of RSV. The mor-
phogenesis and structure of caprine RSV are compatible with characteristics 
of the Pneumovirus genus of the Paramyxoviridiae family (Lehmkuhl et al., 
1980). However, cross-neutralization tests indicate that the caprine isolate is 
distinct from BRSV (Smith et al., 1979). 

In a serological survey (Berthiaume et al., 1973), 81% of sheep from different 
farms in Canada had complement-fixing antibodies to RSV. This prevalence 
was confirmed by other authors (Fulton et al., 1982; Elazhary, 1984; Morgan et 
al.,1985). Signs of illness, lesions and seroconversions were observed in lambs 
experimentally inoculated with RSV of bovine origin. Signs of illness were mild 
and consisted of fever and hyperpnea. Multifocal interstitial pneumonia and 
bronchiolitis were seen in lambs necropsied during the period of clinical 
response (Cutlip and Lehmkuhl, 1979; Lehmkuhl and Cutlip, 1979). The role of 
RSV in small ruminants is far from clear (Morgan et al., 1985) and there is no 
evidence that natural infection results in clinical disease (Berthiaume et al., 
1973). Mild lesions caused by RSV infection could predispose the lung to 
invasion by opportunistic bacteria (Al-Darraji et al., 1982). Seemingly, RSV 
infection facilitates Pasteurella haemolytica pulmonary lesions in lambs and 
results in a decrease of Fc receptors on alveolar macrophages (Trigo et al., 
1984). 
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Rhabdoviridae 

Animal rhabdoviruses (from Greek rhabdos = rod) are oblong particles with 
one rounded and one planar end, which results in a bullet-shaped virion 
morphology. Particles are of varying length (130-380 nm) and diameter (be-
tween 50 and 95 nm). The membrane carries surface projections 5-10 nm in 
length and about 3 nm in diameter. In thin sections an axial channel is seen. 
The nucleocapsid measures about 50 nm in diameter and consists of a helical 
structure (20 χ 700 nm), tightly coiled into a cylinder. This confers a charac-
teristic cross-striation (spacing 4-5 nm) to the particle in electron microscopic 
preparations. Rhabdoviruses of animals have been assembled in two genera, 
named Vesiculovirus and Lyssavirus. When including the probable members, 
some 30 viruses may belong to this family. 

The genome of rhabdoviruses consists of one molecule of noninfectious 
linear single-stranded RNA of negative polarity; the mol.wt. is between 3.5 and 
4.6 χ 106. Virion proteins are associated with the membrane (Matrix protein 
and surface projection Glycoprotein) and the nucleocapsid (Nucleocapsid pro-
tein, Non-Structural and Large protein). The L and NS proteins constitute the 
virion transcriptase. 

Virion density is 1.19-1.20 g/cm3 in CsCl and 1.17-1.19 g/cm3 in sucrose. 
Sedimentation values between 550 and 1000 S have been determined. 

Viral replication is entirely cytoplasmic. The virion transcriptase copies the 
viral RNA into several positive stranded mRNA species which are encountered 
in polysome complexes. Virion RNA replication involves an RNA nucleopro-
tein intermediate. Morphogenesis is by budding from intracytoplasmic or 
peripheral membranes. 

Vesiculovirus 
Some viruses of this genus cause vesicular stomatitis. This disease was 

formerly known to occur primarily in horses but is now more common in cattle; 
it also occurs in pigs. It is a disease of the New World and a zoonosis. The 
vesicular stomatitis virus group is represented by serotypes Indiana and New 
Jersey. The classical Indiana virus is the type species and the subtype 1. It is 
antigenically related to subtype 2 (Cocal and Argentina) and subtype 3 (Ala-
goas from Brazil). 

Lyssavirus 
In areas of endemic rabies, domestic ruminants may be victims of rabies 

virus, which has an extraordinarily broad range of susceptible animal host 
species. The famous Negri bodies are intracytoplasmic acidophilic inclusion 
bodies seen in the brain cells of animals with rabies. They represent accumula-
tions of viral ribonucleoprotein and are pathognomonic. Direct IF is more 
reliable and a faster diagnostic test. 

Bovine ephemeral fever (BEF) virus is loosely grouped among the "probable 
members" of the family and occurs in vertebrates and invertebrates. 
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Chapter 36 

Vesicular Stomatitis Virus 

R.P. H A N S O N * and B. M c M I L L A N 

VIRUS PROPERTIES 

Rhabdoviruses are enveloped and rapidly destroyed by lipid solvents. They 
are inactivated in minutes at 50-60°C (Galasso, 1967) and rapidly by low or high 
pH (Fong and Madin, 1954). The virus can be preserved for years by low 
temperature storage ( - 60°C) and by lyophilization. All common disinfectants, 
formalin, phenols and quaternary ammonium compounds rapidly inactivate 
vesicular stomatitis virions. 

The virus contains the envelope glycoprotein that is type-specific and the 
nucleoprotein and matrix protein that are shared to a degree by viruses of the 
Vesiculovirus group (Meyers and Hanson, 1962; Brown et al., 1966; Kelly et al., 
1972). 

Indiana virus is antigenically diverse (Federer et al., 1967). Cocal virus 
isolated in Trinidad from mites and rodents (Jonkers et al., 1964; Thormar, 
1967) shares both neutralizing and complement fixing antigens with Indiana 
virus of Cotton (1927). Federer et al. (1967) examined a collection of Indiana 
virus strains from North and South America and classified them as Indiana 
type 1 (the original isolate from the USA), Indiana type 2 (Cocal from Trinidad), 
and Indiana type 3 (Alagoas from Brazil). Cocal and Alagoas viruses isolated 
from arthropods and wild mammals were initially believed not to attack live-
stock under natural conditions. However, both are pathogenic for horses and 
to a lesser extent for cattle. Alagoas has on occasion been recovered from cattle 
with severe vesicular stomatitis in northeastern Brazil. Thus the antigenic 
subtype of an isolate is not an indicator of pathogenicity for live-
stock. 

New Jersey virus isolates are antigenically similar irrespective of the host 
species or the geographic location (Hanson, 1952; Tesh, 1979). 

The oligonucleotide fingerprint obtained from Cocal virus is readily distin-
guishable from that of the Indiana strain (Clewley et al., 1977). RNA finger-
prints from the Indiana serotypes are unlike those of the New Jersey serotype. 
Hybridization studies conducted on several antigenically similar New Jersey 
isolates RNA has shown that New Jersey isolates can be differentiated into two 
groups (Reichman et al., 1978) having less than 25% homology. More genetic 
difference exists between the two antigenically similar New Jersey groups than 
among the three antigenic subtypes of Indiana virus. 

Isolates of both Indiana and New Jersey viruses differ in their physical, 
biological and genetic properties. Gonzales (1977) studied seven isolates of 
Indiana type 1 virus and 13 isolates of New Jersey virus that were recovered 
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from livestock at different places in Colombia over a 10-year period. Com-
parison of the growth characteristics in vivo and in vitro showed that the 
isolates varied in their incubation times, thermostability and ability to 
generalize. Lauerman (1967), in studies carried out for the purpose of obtaining 
a suitable vaccine virus for cattle, found that large plaque variants of New 
Jersey and small plaque variants of Indiana virus were more virulent for 
laboratory hosts than their respective opposites. Whether this would be true 
for all isolates of the two viruses remains to be determined. Other investigators 
have used treatments to selectively eliminate wild-type virus and obtain heat-
sensitive mutants (Pringle, 1970; Pringle et al., 1971). 

Vesicular stomatitis viruses can be propagated in guinea pigs (Cotton, 1926; 
Henderson, 1960), mice (Karstad and Hanson, 1958), chicken embryos (Skinner, 
1954; Holbrook and Patterson, 1957) and in continuous cell cultures such as 
Vero and BHK-21. In cell culture the viruses are cytocidal (Sellers, 1955; 
McClain and Hacket, 1958) and produce clear and turbid plaques (Lauerman, 
1967). 

Whether a laboratory strain represents the wild-type virus should be ques-
tioned. Most investigators who have isolated vesicular stomatitis virus from 
animals having the natural disease report difficulty in propagating the virus 
initially in chicken embryos at a temperature of 37°C (Sigurdsson, 1943; Kar-
stad and Hanson, 1958). Incubation at 34-35°C gave more virus isolations and 
higher titers. Yet after two or three passages in embryos the virus has always 
been adapted for growth at 37-38°C. Biological properties, particularly the 
ability to generalize in the host, is lost following adaptation to growth in 
chicken embryos (G.J. Castaneda, personal communication, 1983). 

EPIZOOTIOLOGY 

Epizootiologic investigations rely on the ability of the investigator to identi-
fy the disease entity by its clinical signs, by isolation of the agent, or the 
detection of specific antibody. The epizootiology of vesicular stomatitis is made 
complex by the fact that there are two antigenically distinct viruses, Indiana 
and New Jersey, which induce vesicular lesions in the mouths and on the feet 
of cattle, horses, and swine. Furthermore, Indiana virus has three distinguish-
able serotypes. 

One of the Indiana serotypes occurs from the USA through Central Ameri-
ca into Brazil. The second serotype (Cocal virus) is limited to South Caribbean 
countries and the third serotype (Alagoas) is found only in Brazil. The New 
Jersey virus, which has one serotype, ranges from Canada south to Argentina. 

The host range in nature is also dependent on the strain and serotype of the 
virus. Clinical disease in livestock is regularly induced by New Jersey virus 
and by Indiana, serotype 1. Indiana serotype 2 sometimes produces disease in 
horses and serotype 3 does so in cattle. There are differences, probably deter-
mined by strain, of host specificity between epizootics. Most commonly horses 
and cattle are affected without disease appearing in swine, but sometimes only 
swine are affected. Differences also occur in the nature of the disease produced. 
In some epizootics there may be primarily foot lesions, in others mouth lesions, 
teat lesions, or no predilection for an anatomical site at all. Gonzales (1977) 
has shown that isolates of New Jersey and of Indiana viruses recovered from 
different epizootics can differ in their ability to induce localized or generalized 
disease in laboratory mice and lesions in laboratory rabbits and guinea pigs. 
Virus isolations and demonstration of virus-specific antibody indicates that 
many wild mammals and man can become infected with vesicular stomatitis 
viruses. 

Antibodies are found in the general population of rural areas where the 
disease is enzootic. However, the infection is most frequently recognized 



Rhabdoviridae 383 

among livestock handlers during epizootics or in laboratory personnel. Disease 
in man has been documented in individuals working in virus laboratories 
(Hanson et al., 1950; Fellowes et al., 1955; Johnson et al., 1966; Laserna, 1968) 
or employed as clinicians (Patterson et al., 1958). Serologic studies in Georgia, 
New Mexico and Panama have revealed that 25-90% of farmers or livestock 
handlers have antibodies (McCroan, 1956; Hanson and Brandly, 1957; Brody et 
al., 1967; Fields and Hawkins, 1967). Since the disease in man resembles influen-
za and is unlikely to be diagnosed, the rural cases may be as clinically apparent 
as the laboratory infections. The primary source of infection among laboratory 
workers appears to be aerosol, while contamination of hands, eyes and nose is 
probably the source for clinicians, farmers and livestock handlers. 

With the exception of white-tailed deer, there is no evidence of clinical 
disease occurring in wild mammals that have been found to have specific 
antibodies. In the USA the raccoon, skunk and bobcat have become infected 
during epizootics. In the tropics (Kuns, 1962) Indiana antibodies, in contrast to 
New Jersey antibodies, are found frequently in arboreal and semiarboreal 
mammals such as the kinkajou, two- and three-toed sloths, night monkeys and 
marmosets. Among terrestrial mammals in the tropics, the agouti and the 
rabbit have antibodies only to New Jersey virus. From the wide range of wild 
animal species affected one might conclude that disease in livestock is inciden-
tal to the perpetuation of the disease, and that transmission is dependent upon 
some mechanism other than animal-to-animal contact. 

The manner in which the virus is transmitted from one animal to another 
has remained controversial for 70 years. It is clear from experimental studies 
that virus can be transmitted from an infected to a suceptible cow by contami-
nating an abrasion in a susceptible site (mucosa of the gum or tongue, skin of 
the teat orifice or skin bordering the hoof) with saliva or any exudate from a 
lesion. Efforts to infect susceptible animals through the intact mucosa or skin 
have been unsuccessful (Sorensen, 1953; Karstad, 1957). 

Theiler (1901) explained the transmission of an agent that does not infect 
through the intact mucosa by suggesting that awns of pasture grasses could 
produce tiny wounds during mastication that would allow virus entry. There 
are few alternative ways of preparing an entry site. Internal parasites which 
penetrate the mucosa of the gastrointestinal tract rarely attempt entry in the 
susceptible tissues of the buccal cavity. However, increased success in infect-
ing swine fed both ascarids and virus has been reported (Hanson and Karstad, 
1956). The biting arthropods that are vectors in the transmission of togaviruses 
and bunyaviruses probably do not transmit vesicular stomatitis virus, since 
they do not feed on mucosal surfaces. Insects may introduce vesicular stoma-
titis viruses either as mechanical or biological vectors into susceptible sites of 
the skin at the teat orifice or within the narrow band of skin adjacent to the 
hoof of cattle (Ferris et al., 1955; Mussgay and Suarez, 1962; Bergold et al., 
1968). Mouth lesions would be produced only if the virus was able to generalize 
as a result of viremia. Indiana virus was isolated from an Aedes mosquito 
during an outbreak of vesicular stomatitis in cattle in New Mexico (Sudia et 
al., 1967). Other investigators have established that Indiana virus can be 
regularly isolated from Phlebotomus flies, that they support viral replication, 
and that transovarial transmission occurs in these flies (Shelekov and Peralta, 
1967; Johnson et al., 1969; Tesh et al., 1972). New Jersey virus was recovered 
from several flying arthropods in Colorado during the 1982 epizootic (T.C. 
Walton, unpublished data) but the virus has not been shown to replicate in 
mosquitoes or phlebotomines. 

Vesicular stomatitis of cattle, horses and swine is a disease that recurs 
annually or at 2- or 3-year intervals in tropical and subtropical countries and 
at longer intervals in the temperate regions of North and South America. 

While Lauerman (1967) observed what appeared to be a centrifugal move-
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ment from the disease foci in Georgia, most observers have found that the 
disease does not spread along roads and fails to reach all susceptible herds in 
a neighborhood as is characteristic of communicable disease. This suggests 
that the virus is not transmitted directly between livestock. 

The recurrence of vesicular stomatitis in one area and the continual absence 
from another has been observed in both North and South America. In the USA 
the disease has recurred several times in the southern Appalachians, the upper 
Mississippi River Valley, the eastern Rocky Mountain states and along the 
Gulf of Mexico. In Wisconsin seven of ten northwestern counties had the 
disease in 1937 and again in 1949. Sixty southern and eastern Wisconsin 
counties, including those with the largest cattle populations, did not become 
infected during either outbreak (Brandly et al., 1951). 

Vesicular stomatitis virus has the seasonal prevalence of an arthropod-
borne virus. It appears late in the warm season in the temperate zones and 
usually disappears with the onset of hard frost. In the tropics it appears at the 
end of the rainy season and disappears when the countryside becomes arid 
(Kuns, 1962; Lauerman, 1967). However, the period of virus activity is probably 
longer than the reported cases indicate (Karstad et al., 1956). During the 
1982-83 outbreak in the USA infections continued for 4 months after the onset 
of freezing weather (Fig. 139). This outbreak tended to affect animals at eleva-
tions less than 2200 m and seemed to follow rivers and river valleys. The 
population of black gnats and deer flies was high during the late summer and 
early fall of 1982. No explanation was found for the continuation of this 
outbreak into the winter months beyond the period of arthropod activity. 

While vesicular stomatitis is endemic in the tropical and subtropical areas 
of the Americas (Jonkers et al., 1964; Kuns, 1964), disease in livestock is 
seasonal. If active transmission continues year round, it must involve hosts 
other than livestock, or the virus must persist in a latent condition in some 
host. Antibodies to Indiana virus are common among forest mammals in Pana-
ma (Tesh et al., 1969). In the areas of Georgia where vesicular stomatitis virus 
is endemic, antibodies can be found in several forest mammals and particularly 
feral swine as well as in domestic horses, cattle, and swine (Karstad et al., 1956; 
Hanson and Karstad, 1958). Whether the infection of wildlife occurs between 
the periods of active transmission in livestock is not known. In coastal Georgia 
clinical disease is seldom seen except in swine or imported cattle. There is little 
evidence of vesicular stomatitis virus persistence in the USA outside the 
coastal plain (Hanson, 1952). The virus appears to be transported into these 
temperate regions from the warm endemic réfugia, which in some cases may be 
more than 1000 miles away. 

Within its extensive range vesicular stomatitis is restricted to favorable 
habitats that occupy only a fraction of the entire land mass (Hanson, 1952). In 
the upper Mississippi river valley it appears in aspen parklands, a narrow 
ecotone separating hardwood-coniferous forests to the northeast and open 
prairies to the southwest. In the mountainous regions of the USA the disease 
moves up and down valleys but rarely infects animals kept on higher pastures. 
In tropical areas it spreads at irregular intervals into high valleys and upper 
slopes but recurs with considerable regularity on the lowland savannas (Kuns, 
1962; Hanson et al., 1968). 

In both tropical and temperate regions, shade-producing trees, high humid-
ity and natural surface water are common to pastures in which cattle become 
infected (Kuns, 1962; Jonkers, 1967). The disease does not invade treeless 
prairies (Hanson, 1952). Others have reported that cattle in pastures of dry, 
short grass are not affected, while animals in nearby pastures which have more 
moisture and taller grasses become infected. On every occasion in which the 
disease appeared in livestock in the USA, it has failed to reach major cattle 
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populations that were fully susceptible, while invading herds in areas in which 
it had been observed years before. Outside of these regions, disease has 
sometimes occurred in horses and cattle that were being shipped (Möhler, 1918; 
Hanson, 1952; APHIS Newsletter, 1982). These are circumstances in which man 
appears to ensure transmission through abrasion-inducing fomites. 

In connection with the still unknown reservoirs for the virus, it should be 
mentioned that vesicular stomatitis virus was found to multiply efficiently in 
the leafhopper (Peregrinus maidis), the vector of maize mosaic virus, a plant 
rhabdovirus (Lastra and Esparza, 1976). 

PATHOGENESIS 

Although the Indiana and New Jersey serotypes of vesicular stomatitis virus 
are distinct, the clinical signs of the infections are indistinguishable. Vesicles 
appear on the epithelial tissues of the mouths or teats of infected animals. The 
natural portals of entry are abrasions of the mucosal epithelium in the mouth, 
on the teats or the coronary band above the hoof. The incubation stage of the 
disease is usually less than 24 h but in some cases may be as long as 48 h. 
Vesicles appear, presumably at the site of infection, and enlarge, sometimes 
coalescing to form large vesicles. The severity of the lesion is probably depen-
dent upon the strain of virus and environmental factors that influence the 
resistance of the infected animal. In general the vesicular stomatitis viruses 
cause high morbidity but low mortality. The morbidity is evident mainly as 
decreased productivity in dairy herds but can also take the form of slowed 
weight gain in beef and swine operations. Asymptomatic infections occur in the 
field (Brandly et al., 1951) and have been reproduced experimentally (Seibold 
and Sharp, 1960). 

Persistently high antibody titers in experimentally infected mice have been 
reported. These antibodies are apparently associated with virus replication 
(Sorensen, 1953) and are perhaps attributable to an immune response directed 
against host antigens incorporated in the viral envelope (Hecht and Paul, 
1982). However, these antibodies do protect the animals from reinfection with 
vesicular stomatitis virus. 

DISEASE SIGNS 

Prior to eruption of the vesicles, the animals may appear lethargic or weak 
and consume less feed and water, but more often infected animals do not 
present any signs of illness. 

The primary clinical signs, cessation of eating and salivation, appear with 
the rupture of the oral vesicles. Any attempt to examine the lips or tongue 
markedly increases the flow of saliva. The animal gives the appearance of 
wanting to eat, making motions as if starting to eat, but stopping short of 
taking food in the mouth. If there are lesions around the hoof, the animals are 
disinclined to move and limp. 

Increase in the body temperatures may occur in cattle 8-10 h before the 
vesicles erupt but dissipates rapidly thereafter. Calves may exhibit a biphasic 
temperature rise. The timing of the initial phase coincides with the tem-
perature rise in adult animals. The second phase is observed in calves which 
develop vesicles in the mouth and on the tongue. It is detectable at the end of 
the erosive period and may be more related to the low level of fluid intake than 
to an effect of the virus. 

While the vesicular or the erosive stages are not diagnostic they are easily 
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recognizable in the field. With proper laboratory support the veterinarian can 
rapidly diagnose vesicular stomatitis virus infections. 

Ribelin (1958) and Chow et al. (1951) describe the classical pathology of 
vesicular stomatitis virus infections. In the cases studied, infection occurred 
through an abrasion or virus was injected intradermally. Virus spread through 
the intracellular spaces to adjacent cells. The macular stage was rarely evident 
and the papules were often not well defined. Vesicles appeared in 24-48 h and 
were readily ruptured, particularly when they coalesced with adjoining vesi-
cles. The fluid of the vesicle contained few polymorphonuclear leukocytes. Most 
of the leukocytes were caught as part of the infiltrates within the tissue at the 
base of the vesicles. The erosive stage followed the vesicular stage, lasted a 
week or longer, and this is the stage that is more often seen by clinicians than 
the transitory earlier stages. 

The first sign of disease at the microscopic level is a loosening of the prickle 
cells of the Malphighian layer; this progresses until the intracellular bridges 
are stretched and rupture by fluid accumulation. The vacuoles coalesce to form 
the vesicle; the epithelial cells disarranged by the intracellular edema undergo 
degenerative changes. Edema and hemorrhage in the dermal papulae, engorge-
ment of the lymph vessels and blood vessels, and perivascular leukocytic 
infiltration are usually observed. Sweat glands and sebaceous glands are not 
affected, although there is sometimes hemorrhaging around the hair shaft. 
With the exception of the liver, where congestion is sometimes apparent, 
significant lesions are not seen in other tissues. The eroded epithelium is open 
to secondary infections. Though this may occur, repair is usually rapid and 
well underway within a week of the time vesicles are observed. 

Gross vesiculation is not always the consequence of experimental infection 
in cattle. Seibold and Sharp (1960) found that most of the vesicles become 
dehydrated in situ by seepage of the intracellular edema through the stratum 
corneum, and the epithelium eroded in the manner of a dry necrotic, mucosal 
lesion. They concluded that depending on the virus strain and the host reac-
tion, either intracellular edema or necrosis could be favored, and only when the 
proper combination of these two processes occurred was gross vesiculation 
produced. While clinical mastitis is reported in the field it is not easy to 
reproduce experimentally (Easterday et al., 1954). 

The course of disease in swine (Chow and McNutt, 1953; Patterson et al., 
1956), horse (Lauerman, 1967) and deer (Karstad and Hanson, 1957) is similar 
to that described for cattle. 

Neutralizing and CF antibodies are detectable in bovine serum samples 
10-14 days p.i. The titers increase until the fourth or fifth week and then persist 
at high levels for several months before gradually declining (Sorensen, 1953). 
The CF antibodies disappear before the neutralizing antibodies, which may 
persist for years. Recovered cattle are refractory to reexposure within a month 
and for at least a year. The degree of this immunity can be determined by 
inoculation of serial dilutions of the virus into separate sites in the mucosa of 
the tongue (Castaneda et al., 1982). On the basis of information from enzootic 
areas in Georgia and Panama it appears that natural reinfections resulting in 
disease are rare. Neutralizing antibodies have been detected in cattle that were 

PATHOLOGY 
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not reexposed to the virus for up to 7 years after infection (Sorensen, 1953). 
Their persistence and the duration of immunity requires further study. 

4̂  LABORATORY DIAGNOSIS 

Clinical specimens for virus isolation should contain either vesicular fluid 
or tissue scrapings from the diseased area (Karstad and Hanson, 1958). Paired 
sera, one of which was drawn during the clinical stage of the disease and the 
other 10-14 days later, can be used to establish the presence and the identity 
of the disease. 

Demonstration of antigen in fluids or scrapings can be done using the tissue 
CF test. This technique is rapid, sensitive and can be completed within a day 
of receipt of the specimen. Virus isolation can be accomplished in mice (Kar-
stad and Hanson, 1958), the chick embryo (Skinner, 1954) or BHK-21 cell 
cultures. The virus kills mice inoculated intracerebrally in 4-5 days, kills 
10-day-old embryos inoculated intra-allantoically in 2 days and produces 
plaques or CPE in cell cultures (BHK-21 or Vero) in 2-4 days. 

Fluorescent antibody, serum CF and SN tests may be used to confirm vesi-
cular stomatitis virus isolation. However, these tests may be negative during 
the 10-14 days between appearance of lesions and development of detectable 
antibody. Newer methods such as the ELISA with monoclonal antibody (Le-
Francois and Lyles, 1982) can also be used to detect vesicular stomatitis virus 
antigens or antibodies. 

PROPHYLAXIS AND CONTROL 

Treatment of vesicular stomatitis virus infections of cattle consists of good 
nursing care and rest. When the disease is present on neighboring farms, it is 
good practice to remove animals from woodlot-pastures and confine them to 
barns or dry feedlots. 

Vaccines for vesicular stomatitis virus are used primarily in dairy cattle. 
Live embryo-attenuated vaccine was tested in Georgia (Lauerman, 1967), Pana-
ma (Lauerman and Hanson, 1963) and Peru (Strozzi and Ramos-Saco, 1953) and 
protected cattle from the New Jersey type for periods of at least one year. 
Venezuela has been using an attenuated vaccine on a large scale for years and 
has observed a significant reduction in field cases of the disease (Castaneda et 
al., 1982). This vaccine was prepared by multiple passages of the virus through 
embryonated chicken eggs or cell cultures. The vaccine induced protective 
antibody when introduced intramuscularly in cattle and did not cause clinical 
signs or result in virus shedding. When the same vaccine was used in swine, 
vesicular lesions were occasionally evident and the virus was shed. Less in-
formation is available on inactivated vaccines (Holbrook and Geleta, 1957). 

There are no specific treatments for vesicular stomatitis. An abundance of 
water and soft feed should be kept before the animals to avoid excessive weight 
loss during the febrile period and to reduce injury to the mucosal tissues. 
Although secondary infections may occur in the abraded epithelial tissues, 
they are infrequent and are easily treated with broad-spectrum antibiotics. 
However, mastitis has been reported to be less responsive to treatment and can 
be a serious problem. W.R. McCallon (personal communication) found that 
losses in dairy herds for this reason in southeastern USA frequently exceeded 
$10000. 
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Chapter 37 

Rabies Virus 

G.M. B A E R 

VIRUS PROPERTIES 

Rabies is caused by a rhabdovirus, a bullet-shaped RNA virus (Murphy, 
1975), with a diameter of about 80 nm and a length of 180-200 nm. Its surface is 
covered with 6-7-nm spikes which aid viral binding to cells. The gonome 
consists of linear, single-stranded negative-sense RNA of about 12000 nucleo-
tides. The noninfectious RNA and attached proteins form a helical nucleo-
capsid. The enveloped virions bud from cytoplasmic membranes, both at the 
cell surface and into the endoplasmic reticulum (Fig. 140). The virus genome 
codes for five structural proteins: L, Ν and NS (= M x) are associated with the 
nucleocapsid, Μ (= M 2) and G with the envelope. The L protein most likely 
functions as transcriptase (Kawai, 1977). The G protein forms surface spikes 
and mediates adsorption and penetration of the virus into cells. It is the only 
protein that induces neutralizing antibodies (Cox et al., 1977) and is also the 
rabies virus hemagglutinin. Probably due to these functions it also bears a 
pathogenicity marker detectable by monoclonal antibody (Dietzschold et al., 
1983). 

Like most other enveloped viruses, rabies virus is quite fragile. It is readily 
inactivated by organic solvents and detergents, and by media having pH values 
below 4 or above 10. It is also sensitive to UV light and heat. Temperatures 
above 55°C destroy the virus within minutes. The half-life at physiological 
temperatures ranges from a few hours to several days. The detrimental influ-
ence of temperature and other physical agents is greatly modified by the 
stabilizing effect of polypeptides and other compounds (Michalski et al., 1976). 

Rabies virus strains isolated from naturally infected hosts are usually called 
"street virus". The term "fixed virus" is used for certain strains maintained 
over many passages by intracerebral inoculation of laboratory rodents and 
rabbits. "Fixed viruses" are highly virulent even after peripheral inoculation. 
The attenuated viruses LEP (low egg passage), HEP (high egg passage), and 
Street Alabama Dufferin (SAD) immunize after peripheral inoculation of most 
species, but LEP and SAD kill when given intracerebrally. Polyclonal antisera 
from immunized animals do not readily differentiate between rabies virus 
strains in ordinary cross-neutralization tests. Only monoclonal antibodies 
clearly distinguish between strains with different passage histories (Wiktor 
and Koprowski, 1978: Flamand et al., 1980), isolates of different geographic 
origin (Sureau et al., 1983), and between rabies viruses circulating in different 
host populations (Smith et al., 1984). 
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Fig. 140. Neurons of a mouse inoculated wi th an Ethiopian dog rabies isolate; cell packed with 

randomly spaced viral matrices (M) and virus particles (arrow) budding from the endoplasmic 

ret iculum membranes; Ν = nucleus , χ 21000 (courtesy of Dr. M a k o n n e n Fekadu, Centers for 

Disease Control, At lanta , GA). 

EPIZOOTIOLOGY 

Rabies occurs on all continents except Australia and the Antarctic. Only a 
few countries are free from the disease (for instance, Great Britain, The Nether-
lands, Japan, Jamaica). One can readily distinguish between areas where dogs 
are the main hosts and areas where rabies is maintained by cycles in terrestrial 
wild animals or, in the case of Latin America, vampire bats also. In areas where 
wildlife rabies is common, such as Europe, Canada and the USA, cattle are the 
domestic species most commonly found rabid. In countries with endemic dog 
rabies, cattle are also commonly infected, although reporting is often deficient. 
Most cattle that die of rabies worldwide have been infected by vampire bats. 
Bovine vampire rabies is limited to Latin America, since vampires are found 
there only. The disease caused by such bats is dramatic, with an estimated half 
a million to a million cattle dying of rabies annually (Acha, 1967) at a cost of 
hundreds of millions of dollars (Table 23). 

Vampire paralytic rabies was reported as early as in the 16th century, when 
Spanish conquistadores told of many Spanish soldiers dying after bat bites, and 
of cattle epizootics attributed to bat bites (Licenciado Palacio del Rey D. 
Felipe, 1576; Molina Solis, 1943; Baer, 1975). The epidemiology of vampire 
paralytic rabies has been amply studied (Hurst and Pawan, 1931, 1932; De 
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TABLE 23 

Bovine paralyt ic rabies in the Americas
41 

Country Number of Est imated Number of Annual loss 
cases per annual mortal i ty catt le vacc inated (US $ equivalent) 
year per year 

Argent ina 18000 (1964) 50000 100000 (1965) 10000000 (1964) 

Brazil 32200 (1965) 200000 1300000 (1965) 22000000 (1965-66) 

Bol iv ia 20000 (1965) 50000 5000 (1965) 1500000 (1965) 
Brit ish Honduras 815 (1962) 2000 200 (1962) 100000 (1961) 

Costa Rica 132 (1964) 10000 18000 (1963) 365000 (1962) 

Colombia 5300 (1964) 50000 150000 (1963) 1260000 (1964) 

Ecuador 930 (1962) 5000 4500 (1962) 850000 (1963) 
El Salvador 1080 (1961) 3000 7000 (1964) 108000 (1961) 

French Guiana 600 (1958) 1000 60000 (1958) 
Guatemala 1120 (1964) 12000 8000 (1964) 168000 (1964) 

Guyana 2000 (1957) 3000 30000 (1963) 43000 (1959) 

Honduras 348 (1960) 6000 5000 (1963) 87000 (1960) 

Mex ico 1502 (1963) 90000 1000000 (1963) 10400000 (1964) 

Nicaragua 831 (1962) 10000 8000 (1964) 200000 (1962) 

Panama 218 (1962) 8000 5000 (1963) 115000 (1962) 

Paraguay 320 (1963) 5000 2000 (1964) 94000 (1963) 

Surinam 733 (1963) 2000 5013 (1963) 55000 (1963) 

Trinidad 2 (1965) 500 24047 (1963) 5000 (1961) 

Uruguay 83 (1965) 2000 63000 (1965) 

Venezue la 215 (1965) 5000 53 032 (1963) 119000 (1960) 

TOTAL 86439 514500 2 724 792 $47 592000 

a
F r o m A c h a (1967). 

— N o information avai lable . 

Verteuil and Urich, 1936; Prieto and Baer, 1972). The attack rates per herd in 
the few outbreaks studied varied between 1% and 70% (Table 24). Good report-
ing is hampered by the lack of supporting laboratory diagnoses. In Argentina, 
for instance, the ratio of estimated bovine deaths to each laboratory-confirmed 
case is 25, in spite of the extensive diagnostic laboratory network (Lopez 
Adaros et al., 1969). In the State of Oaxaca, Mexico, Mancisidor (1965) found 

TABLE 24 

Individual and mean herd mortal i ty in epizoot ics of bovine paralytic rabies
8 

Mean herd Herd Area and country 
mortal i ty (%)

b 
mortal i ty 

range (%)
c 

1.0 N s Valenc ia Vi l lage , Trinidad 

3.0 N s Chaco, Paraguay 

6.6 1.5-50 Tuxtepec, Oaxaca, Mexico 

9.0 N s Santa Cruz Val ley and 

San Juan, Trinidad 
15.6 2-53.3 Magdalena and La Guajira, 

Colombia 
20.0 N s Michoacan , Mexico 

9.6 5-17.6 Oxapampa, Peru 
33.0 N s Vicente , Oaxaca, Mexico 

70.0 N s 25 Léguas, Paraguay 

a
 Adapted from Baer (1975). 

b
 Approximate catt le mortal i ty (total, not by herds). 

c
 Ns , not stated. 
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TABLE 25 

Rabies in dogs and catt le in the USA, 1981-1985 

1981 1982 1983 1984 1985 

Dog 216 153 132 97 94 
Cattle 465 296 204 154 213 

that less than 1% of the 9000 cattle dying of paralytic rabies were confirmed by 
laboratory examination. In another outbreak in the same area only one cow 
was officially reported rabid of a total of 571 dying over a 15-month period 
(Prieto and Baer, 1972). Yet even that percentage is high compared to that in 
some outbreaks; the most severe and extensive outbreak of bovine paralytic 
rabies ever reported began in Southern Bolivia in 1953 and was only published 
as a mimeograph report (Serrudo, 1968). Over 250000 cattle died of the disease 
in the Cercado de Tarija Valley and near the Yungas between 1954 and 1958. 
The disease then spread to the northern Argentine provinces of Jujuy, Salta, 
Misiones, and Santiago del Estero between 1959 and 1968 (Lopez Adaros et al., 
1969), leaving entire zones without any cattle. 

In comparison to these studies on outbreaks of vampire paralytic rabies, 
almost no epidemiological studies have been carried out on cattle rabies in 
other parts of the world, since cases there are sporadic and caused by dogs (or 
terrestrial wildlife such as foxes or skunks). This is true even though over 40% 
of all domestic animal rabies in the USA between 1980 and 1982 was in cattle 
(Centers for Disease Control, 1985) and the number of rabid cattle reported in 
the last 5 years exceeded the number of rabid dogs (Table 25). 

Similarly, European data from 1983 show that cattle accounted for one-third 
of domestic animal rabies vs. 12% in dogs and 29% in cats (Schneider, 1983). 

In both these areas wild animals such as skunks and foxes are the main 
transmitters of the disease to cattle (Figs. 141-144). Usually few animals per 
herd are affected (Table 26). In areas with endemic canine rabies, almost 
nothing is known of the epidemiology of bovine rabies; it is thought, however, 
that the problem is a sizable one. Surprisingly, bovine rabies is rarely reported 
in countries with endemic canine rabies, i.e. most of Asia and Africa; since the 
reporting of canine cases is emphasized, cases in other species are largely 
overlooked. In Nigeria, for instance, Okoh (1981) states that "it is highly 
probable that rabies in cattle and other farm livestock is widespread but 

TABLE 26 

Incidence of bovine rabies cases per reported at tack(s )
a
 by rabid animals in N e w York State 

(exclusive of N e w York City), January 1943-June 1955 

Number of cases per herd Totals 

1 2 3 4 5 6 7 8 9 10 

No . herds 1190 283 82 46 18 17 9 5 3 6 1659 

with cases 

reported 

% Herds 71.7 17.1 4.9 2.8 1.1 1.0 0.5 0.3 0.2 0.4 100 
in which 
at tacks 
reported 

a
 All onsets in a herd within a 2-month period after reported attack. 

Source: WHO Working Document (Dean, 1956). 
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TABLE 27 

Mortal i ty of catt le experimental ly injected wi th virus of vampire bat origin 

Amount of virus (MICLD 5 0) No . deaths /No. injected 

20000000 3/3 
4000000 3/3 

800000 1/3 

Adapted from Sureau et al. (1971). 

underreported and only when deaths are unusual and take the form of an 
epidemic or occur in government herds are veterinary authorities notified". 

Cattle appear to be quite resistant to experimental inoculation with rabies 
strains from vampire bats (Table 27) but are relatively susceptible to the 
injection of other strains (Abelseth, 1966; Artois et al., 1984). The apparent 
variability in susceptibility may be explained rather by the limited studies than 
by any real difference in strain invasiveness. One unexplained difference, 
however, is the susceptibility of cattle to infection by vampire bites but their 
resistance to the injection of virus from vampire bats. The presence of antibo-
dies in cows during and after an outbreak of vampire rabies (Lord et al., 1975) 
suggests that cattle have an intermediate resistance and are very unlike the 
highly susceptible fox, where almost no animals survive with antibodies (Sikes, 
1962). 

PATHOGENESIS 

The incubation period of experimentally infected cattle varies from 20 to 150 
days (this excludes one period of 611 days in an animal injected with virus from 
a vampire bat (Abelseth, 1975)). The average period observed in cattle bitten by 
vampire bats was 60-75 days (Carneiro, 1936), while that after skunk or fox 
bites was 35-45 days. This may be due to the amount of virus introduced and 
the site of the bite, since pastured cattle are often bitten on the nose after they 
have approached paralyzed rabid skunks, while vampire bat bites are mainly 
on the neck, ears, fetlocks and vulva (Baer, 1975). 

Cattle excrete virus in their saliva when ill. In naturally infected animals 
the majority (44 out of 70) had virus in the saliva or salivary glands (Rueflf et 
al., 1978). In bovine rabies experiments virus excretion has also been readily 
demonstrated (Martell et al., 1974; Pepin et al., 1984). In one of these studies 
(Pepin et al., 1984) 13 out of 15 of the animals had virus in the submaxillary 
salivary glands, but only six of these excreted virus in the saliva. 

The distribution of virus in the rabid bovine has not been extensively 
studied. In the salivary glands the virus titer appears to vary with the strain 
of infecting virus. In cases where the virus was from vampire bats, the highest 
titers were in the parotid glands (Martell et al., 1974), whereas in animals 
infected with rabies virus from foxes (Rueff et al., 1978), the submaxillary 
glands were mostly involved. Virus distribution in other organs appears to be 
limited. In the brain the levels in the cerebellum are high (at least in cows dying 
with bovine paralytic rabies) and virus titers are higher in the midbrain and 
forebrain (Martell et al., 1969). Rabies virus has never been isolated from meat, 
although one would expect low levels there, since virus spreads centrifugally 
along nerves late in infection; such virus would be inactivated by cooking 
before it is consumed. Virus in the milk of rabid cows would be expected to be 
at low levels or absent, since there are few direct glandular nerve connections 
to the milk source; moreover, virus in milk would be highly diluted. 
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Fig. 141. Fox rabies cases in Europe, third quarter 1982; total of 4838 cases reported. 

Fig. 142. Counties in the U S A reporting fox rabies, 1982; 25 posit ive states , 84 posit ive count ies , 
total of 222 cases reported; · , 1-5 cases; X, 6-10 cases; • , > 10 cases (symbols are plotted at the 
populat ion center of each county) . 



Fig. 143. Count ies in the U S A reporting skunk rabies, 1983; 32 posit ive states , 687 posit ive count ies , 
total of 2388 cases reported; · , 1-5 cases; X, 6-10 cases; I, > 10 cases (symbols are plotted at the 
populat ion center of each county) . 

Fig. 144. Count ies in the U S A reporting cat t le rabies, 1983: 28 pos i t ive s tates , 165 posi t ive count ies , 
total of 205 cases reported: · , 1-5 cases (symbols are plotted at the populat ion center of each 
county) . 
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DISEASE SIGNS 

The signs of rabies in cattle infected by foxes, dogs or skunks include a short 
premonitory period, usually hours to a few days, in which diagnosis is very 
difficult, with nonspecific signs predominating, such as mild temperature rises, 
malaise, anorexia, and an abrupt cessation of lactation (Starr, 1956). In one 
review (Barnard, 1979) the most obvious signs noted were salivation (92%), 
bellowing (69%), aggressiveness (47%), paresis or paralysis (30%) and strain-
ing (12%). The affected animals may attack and butt others in the herd, or 
remain by themselves. Attacks at moving objects are more common than other 
aggressive behavior. Most human exposures occur during the early period, 
when the veterinarian (or owner) suspects choke or another digestive disorder, 
and searches for some object in the throat of the affected animal. 

The excited (furious) phase follows the prodromal period, when a definite 
change of behavior occurs that includes irritability and increased nervousness, 
often with tenesmus and bellowing. One review describes the signs as follows: 

" . . . Cattle assume a "stupid" expression with dropping ears and a wild stare, 
intently following all movement in their vicinity. Frequently they show 
persistent tenesmus, a sign easily misinterpreted as being indicative of 
gastrointestinal disturbance. There may be rapid transition to an aggressive 
state in which they lunge at other cattle and moving objects. Often they emit 
a continuous and characteristic hoarse bellow. They frequently exhibit 
progressive ataxia associated particularly with weakness of the hindquar-
ters and are ultimately overcome by paralysis, coma and death. Cattle may 
exhibit marked sexual exci tabi l i ty . . ." (Swanepoel and Foggin, 1978). 

Fig. 145. A rabid cow. 
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Starr (1956) wrote that "a typical sign is observed in pastured animals: the 
patient is usually alone and may be lying in a natural position. If disturbed 
quietly, it will get up quickly and trot off, lifting its feet with a mincing gait. 
After going a short distance it may stop, turn its head, stand like a statue and 
stare at its disturbers. It will get away if possible, but is dangerous if cornered 
or . . . . confined". The cow attempts to eat and drink but cannot swallow, and 
hay or grass may be held in the mouth for long periods of time. The animal 
becomes unusually alert with the head up and the eyes wide open (Fig. 145). 
As mentioned, bellowing may increase during this period and tenesmus app-
ears, both continuing up to death. The bellow is very characteristic; high, long, 
and somewhat shrill. Saliva may drool from the mouth. Self-mutilation is rare 
but dramatic when observed. Rabid cattle may show signs of pain, including 
sudden movements and attacks in which they drop suddenly and roll over on 
their side or sternum, with the head back and over the shoulder in a U-shaped 
curve, as is seen in milk fever. Sexual excitement is very common, with the 
affected animals attempting to repeatedly mount other animals in the herd. 
This excitement stage is usually short, and is followed by paralysis, dehydra-
tion, prostration, and death, thought to be caused by respiratory paralysis. 

The signs of disease in cattle infected by vampire bats are quite different, 
with paralysis predominating (Haupt and Rehaag, 1921). The premonitory 
signs are virtually pathognomonic, with the animal becoming slightly uncoor-
dinated in the rear quarters, a sign that gave rise to the names of the disease 
"derriengue" (limping illness) or "mal de céderas" (hip ill). It is at this early 
point that ranchers rush their cattle to market. Paralysis ensues, and the 
animal falls repeatedly and then tries to rise. Once paralysis becomes extensive 
the animal often pulls the head over and back towards the shoulder, as des-
cribed above, and finally ends in opisthotonos with an extensive paddling 
motion of the front legs. 

PATHOLOGY 

Gross postmortem pathology in domestic animals other than dogs gives no 
indication for rabies. Histopathology of the brain shows lesions of encephalitis 
with neuronal degeneration in the midbrain and medulla. Cellular infiltration 
is mostly slight. Negri bodies in the neurons of the hippocampus and cerebel-
lum are pathognomonic. The presence of viral antigen can be confirmed by IF. 

4̂  LABORATORY DIAGNOSIS 

The preferred diagnostic method is the fluorescent antibody technique 
(Goldwasser and Kissling, 1958; Dean and Abelseth,1973) developed in the late 
1950s; before then rabies was diagnosed by direct staining of brain impressions 
(especially with Sellers' stain) to detect Negri bodies, but these inclusions were 
only seen in 70-80% of infected animals (Kissling, 1975). Subsequent mouse 
inoculation permitted the separation of the remaining 20-30% of positive cases 
from the negative ones, but this procedure took 7-20 days. This changed when 
the fluorescent antibody technique was introduced (McQueen, 1959), a method 
virtually 100% effective in diagnosing the disease and performed in hours. 

PROPHYLAXIS AND CONTROL 

Many inactivated and attenuated rabies vaccines have been developed for 
cattle. Those most commonly used worldwide are the ERA strain (an att-
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TABLE 28 

Inact ivated rabies vacc ine produced on t issue culture, for use in catt le 

Product name Produced by Marketed by Dosage Age at Booster 

primary recommended 
vacc inat ion 

RABGUARD-TC Norden Norden 1ml 3 months Annual ly 
IMRAB Merieux Pitman-Moore 2 ml 3 months Annual ly 

Source: CDC, 1986. 

enuated vaccine) (Abelseth, 1964), HEP Flury vaccine (Koprowski and Cox, 
1948; Carneiro et al., 1955), and inactivated suckling mouse brain vaccine 
(Fuenzalida et al., 1969). Attenuated products must be properly handled in the 
field to assure immunity, whereas inactivated products are more stable under 
adverse conditions. This may explain many of the vaccine failures that have 
occurred with the attenuated vaccines (Palacios and Dumith Arteaga, 1964). 
Only inactivated tissue culture vaccines are currently licensed for use in cattle 
in the USA and some European countries (Table 28; Petermann et al., 1967; 
Centers for Disease Control, 1986), although other vaccines have been used in 
the past. 

Few studies have been made on the post exposure efficacy of rabies vaccines, 
but those published have indicated that vaccine is of no value if used after the 
bite (Moegle et al., 1976). 

There is no surveillance of human rabies vaccination per se, and only a 
general idea can be drawn of the number of people vaccinated for exposure to 
rabid cows. In one study, 8% of all persons vaccinated for rabies in part of the 
USA were treated for exposure to rabid cows (Helmick, 1983). Most cattle in 
Europe and North America develop rabies after exposure to wild animals, and 
the bovine cases occur where the cases in wild animals are concentrated. 
Veterinarians and others who treat sick cows should always consider rabies in 
the differential diagnosis of CNS disorders in cattle and seek medical assis-
tance if they are exposed. Preexposure rabies vaccination is available for 
veterinarians (Centers for Disease Control, 1984). 

Human deaths after exposure to rabid cattle are very rare (since cattle do 
not bite in the manner dogs do); 13 cases have been recorded (Baer, 1980). The 
most recent death involved a Swiss veterinarian who examined a rabid cow in 
1977 (Grani et al., 1978). 

REFERENCES 

Abelseth, Μ.Κ., 1964. A n attenuated rabies vacc ine for domestic animals produced in t issue 

culture. Can. Vet. J., 5: 279-286. 
Abelseth, Μ.Κ., 1966. The growth of rabies virus in t i ssue culture and i ts use as a l iv ing at tenuated 

vacc ine for domestic animals . Thesis , Univers i ty of Minnesota , Minneapol is , M N , 120 pp. 
Abelseth, Μ.Κ., 1975. Bovine vacc ines—past and present. In: G.M. Baer (Editor), The Natural 

History of Rabies. Academic Press, N e w York, Vol. II, pp. 203-219. 
Acha, P.N., 1967. Epidemiology of paralytic bovine rabies and bat rabies. Bull . Off. Int. Epizoot., 

67: 343-382. 
Artois , M., Aubert, M.F.A., B lancou, J. and Pericard, M., 1984. Rage expérimentale du chat 

sens ibi l i té—symptômes—excrét ion du virus. Rev. Méd. Vét. , 135: 281-287. 
Baer, G.M., 1975. Bovine paralytic rabies and rabies in the vampire bat. In: G.M. Baer (Editor), The 

Natural History of Rabies. Academic Press, N e w York, Vol. II, pp. 155-175. 
Baer, G.M., 1980. Human Rabies after Exposure to Rabid Cattle. Rabies Information Exchange , 

Number 3, December 1980. Centers for Disease Control, Lawrencevi l le F a c , At lanta , GA, pp. 

33-34. 
Barnard, B.J.H., 1979. Symptoms of rabies in pets and domest ic animals in South Africa and 

Southwest Africa. J. S. Afr. Vet . Assoc. , 50: 109-111. 



Rhabdoviridae 403 

Carneiro, V., 1936. Rabies epizoot ics in the Americas: the role of hematophagous bats Arch. Inst. 
Biol. , 7: 273-322 (in Portugese) . 

Carneiro, V., Black, J. and Koprowski , H., 1955. Rabies in catt le . V. Immunizat ion of catt le in 

Brazil aga inst exposure to street virus of vampire bat origin. J. Am. Vet. Assoc. , 127: 366-369. 
Centers for Disease Control, 1984. Rabies Prevent ion—Uni ted States . Recommendat ion of the 

Immunizat ion Pract ices Advisory Committee (ACIP). Morb. Mortal. Wkly. Rep., 33: 397-416. 
Centers for Di sease Control, 1985. Rabies Survei l lance , A n n u a l Summary 1984. Centers for Disease 

Control /Publ ic Heal th Serv ice /US Dept of Heal th and Human Services , At lanta , GA. 
Centers for Disease Control, 1986. Compendium of Animal Rabies Vacc ines , 1986 (Prepared by The 

Nat iona l Assoc ia t ion of State Publ ic Heal th Veter inarians , Inc.). Morb. Mortal . Wkly. Rep., 34: 
770-774; 779-781. 

Cox, J.H., Dietzschold, B. and Schneider, L.G., 1977. Rabies virus glycoprotein. II. Bio logica l and 
serological characterizat ion. Infect. Immun., 16: 743-759. 

Dietzschold, B., Wunner, W.H., Wiktor, T.J., Lopez, A.D. , Lafon, M., Smith, C. and Koprowski , H., 

1983. Characterizat ion of an ant igenic determinant of the g lycoprote in w h i c h correlates with 
pathogenic i ty of rabies virus. Proc. Nat l . Acad. Sei. U.S.A., 80: 70-74. 

Dean, D.J., 1956. The epidemiology of bovine rabies in N e w York State . Expert Committee on 

Rabies, WHO Working Document (WHO/Rabies/56), World Heal th Organization, Geneva. 
Dean, D.J. and Abelseth, M.K., 1973. The fluorescent antibody test. In: M.M. Kaplan and H. 

Koprowski (Editors), Laboratory Techniques in Rabies. World Hea l th Organization, Geneva, 
pp. 73-84. 

De Verteui l , E. and Urich, F.W., 1936. The study and control of paralytic rabies transmitted by bats 
in Trinidad. Trans. R. Soc. Trop. Med. Hyg., 29: 317-354. 
in Trindad. Trans. R. Soc. Trop. Med. Hyg., 29: 317-354. 

Flamand, Α., Wiktor, T.J. and Koprowski , H., 1980. U s e of hybridoma monoclonal antibodies in the 

detect ion of ant igenic differences between rabies and rabies-related virus proteins. I. The 
nucleocapsid protein. II. The glycoprotein. J. Gen. Virol. , 48: 97-109. 

Fuenzal ida, E., Acha, P.N., Atanas iu , P., Larghi, O. and Szyfres, B., 1969. Rabies vacc inat ion of 

catt le . Proc. 73rd Annu. Meet . U.S. Anim. Hea l th Assoc. , pp. 307-322. 
Goldwasser, R.A. and Kiss l ing, R.E., 1958. F luorescent antibody s ta in ing of street and fixed rabies 

virus ant igen. Proc. Soc. Exp. Biol . Med., 98: 219-223. 
Grani, R., Wandeler, Α., Steck, F. and Rosli , R., 1978. Tol lwut bei e inem Tierarzt. Schweiz . Med. 

Wochenschr. , 108: 593-597. 
Haupt, H. and Rehaag, H., 1921. Durch Fledermäuse verbreitete seuchenhafte Tol lwut unter 

Viehbeständen in Santa Catharina (Süd-Brasil ien). Z. Infektionskr. Hyg. Haust iere , 22:104-127. 
Heimick, C G . , 1983. The epidemiology of h u m a n rabies postexposure pyophylaxis . J. Am. Med. 

Assoc. , 250: 1990-1996. 

Hurst, E.W. and Pawan, J.L., 1931. A n outbreak of rabies in Trinidad wi thout history of bites and 
wi th the symptoms of acute ascending myél i tes . Lancet , II: 622-628. 

Hurst, E.W. and Pawan, J.L., 1932. A further account of the Trinidad outbreak of acute rabies 

myelit is: History of the experimental disease. J. Pathol . Bacteriol . , 35: 301-321. 
Kawai , Α., 1977. Transcriptase act iv i ty assoc iated wi th rabies virion. J. Virol. , 24: 826-835. 
Kiss l ing, R.E., 1975. The fluorescent antibody test in rabies. In: G. M. Baer (Editor), The Natural 

History of Rabies. Academic Press, N e w York, Vol. I, pp. 401-416. 
Koprowski , H. and Cox, H.R., 1948. Studies on chick embryo adapted rabies virus. I. Cultural 

characterist ics and pathogenic i ty . J. Immunol. , 60: 533-554. 
Licenciado Pa lac io del Rey D. Fel ipe, II., 1576. Cited in: Constant ine , D.G., 1970. Bats and their 

relat ion to heal th . In: W.A. Wimsatt (Editor), B io logy of Bats . Academic Press , N e w York, Vol . 
2. 

Lopez Adaros, H., Si lva, M. and La Mata, M., 1969. Seminario Sore Rabia para Los Paises de la 
Zona IV. Pan American Hea l th Organizat ion, Buenos Aires, Argent ina, pp. 161-181. 

Lord, R., Delpietro, H., Fuenzal ida, E., Oviedo de Diaz, A. M. and Lazaro, L., 1975. Presence of 
rabies neutral iz ing antibodies in wild carnivores fo l lowing an outbreak of bovine rabies. J. 
Wildl. Dis. , 11: 210-213. 

Mancis idor Ahuja, Α., 1965. El uso de una vacuna autogena en el control de un brote de derriengue 
en Mexico . Tec. Pec. (Mexico) , 5: 27-29. 

Martel l , M.A., Batal la , D. and Baer, G.M., 1969. Estudio de immunofluorescencia de diferentes 
segmentos de encefalos de bovinos muertos de rabia paral i t ica ο derriengue en forma natural 
e inoculados experimentalmente . Tec. Pec . (Mex.) , 12-13: 24-27. 

Martel l , M.A., Batal la , D., Baer, G.M. and Benignos , J., 1974. Experimental bovine paralyt ic rabies 
"Derriengue". Vet . R e e , 527-530. 

McQueen, J.L., 1959. Rabies d iagnos is special appl icat ion of fluorescent antibody techniques . Proc. 
63rd Annu. Meet . U.S. Livest . Sanit . Assoc . , pp. 356-363. 

Michalski , F., Parks, N.F. , Sokal , F. and Clark, H.F., 1976. Thermal inact ivat ion of rabies and 
rhabdoviruses: s tabi l izat ion by the che la t ing agent ethylenediaminetetra-acet ic acid at phy-
s io logical temperatures. Infect. Immun., 14: 135-143. 



404 Virus infections of ruminants 

Moegle , H., Schneider, L.G., Ritter, H. and Muller, B., 1976. Zur post infekt ionel len Immunisierung 
Tollwut-exponierter Rinder. Ein Impfversuch an vier Kühen. Berl. Munchn. Tierärztl. 

Wochenschr. , 89: 360-362. 
Mol ina Solis , J.F., 1943. Historia del descubrimiento y conquis ta del Yucatan, 3: 38. 
Murphy, F.A., 1975. Morphology and morphogenesis . In: G.M. Baer (Editor), The Natural History 

of Rabies. Academic Press, N e w York, Vol . 1, pp. 33-61. 
Okoh, A.E.J., 1981. Rabies in farm l ivestock in Nigeria . Int. J. Zoonoses , 8: 51-56. 
Palacios , G.C. and Dumith Arteaga, G., 1964. Proc. Annu. Meet , on Rabies, Venezuela , December 

1964, pp. 1-12. 
Pepin, M., Blancou, J. and Aubert, M.F.A., 1984. Rage expérimentale des bovins. Sensibil ité-

symptomes-reactions immunitaires- lés ions-excrét ion du virus. Ann. Rech. Vét. , 42: 211-217. 
Petermann, H.G., Lang, R., Branche, R., Soulebot , J. P. and Mackowiak, C., 1967. Real izat ion d'un 

nouveau vacc in rabique a partir de culture cel lulaire . C. R. Acad. Sei. (Paris), 265: 2143-2144. 
Prieto, J.F. and Baer, G.M., 1972. A n outbreak of bovine paralyt ic rabies in Tuxtepec, Oaxaca, 

Mexico . Am. J. Trop. Med. Hyg., 21: 219-225. 
Rueff, C., Blancou, J. and Andral, L., 1978. La sa l ive des bovins enragés est-elle virulente? Rev. 

Méd. Vét. , 129: 895-909. 
Schneider, L.G., 1983. Rabies Bul le t in Europe/Information Survei l lance Research, WHO Colla-

borating Centre for Rabies Survei l lance and Research, Federal Research Inst i tute for Animal 
Virus Diseases , Tubingen, Germany. 

Serrudo, L., 1968. CEPANZO Bullet in , Fall 1968. Pan American Heal th Organization, Buenos 
Aires, Argent ina, p. 12. 

Sikes , R.K., 1962. Pathogenes i s of rabies in wildlife. I. Comparative effect of varying doses of rabies 
virus inoculated into foxes and skunks . Am. J. Vet . Res., 23: 1041-1047. 

Smith, J.S., Sumner, J.W., Roumil lat , L.F., Baer, G.M. and Winkler, W.G., 1984. Ant igenic charac-
terist ics of i so lates associated wi th a new epizootic of raccoon rabies in the Uni ted States . J. 
Infect. Dis. , 149: 769-774. 

Starr, L.E., 1956. Rabies In: M.G. Fincher, W.J. Gibbons, K. Mayer and S.E. Park (Editors), 
Diseases of Cattle. American Veterinary Publishers , Evanston, IL, pp. 646-653. 

Sureau, P., Arel lano, C. and Batal la , D., 1971. Eva luac ion de la eficacia de la vacuna antirrabica 
cepa "ERA" en bovinos . II .Duraction de Inmunidad. Tec. Pec. (Mexico) , 18: 16-21. 

Sureau, P., Roll in, P. and Wiktor, T.J., 1983. Epidemiological analys is of ant igenic variat ions of 
street rabies virus: detect ion by monoc lona l antibodies . Am. J. Epidemiol. , 117: 605-609. 

Swanepoel , R. and Foggin , C M . , 1978. The occurrence, d iagnosis , treatment and control of rabies 
in Rhodesia. Cent. Afr. J. Med., 24: 107-115. 

Wiktor, T.J. and Koprowski , H., 1978. Monoc lona l antibodies against rabies virus produced by 
somatic cel l hybridization: Detec t ion of ant igenic variants . Proc. Nat l . Acad. Sei. U.S.A., 75: 
3938-3942. 



405 

Chapter 38 

Bovine Ephemeral Fever Virus 

T.D. ST. GEORGE 

INTRODUCTION 

Bovine ephemeral fever (BEF) has been recognized under this name and 
various others for approximately 100 years. Other names applied to it are three 
day(s) sickness, stiffsiekte and bovine epizootic fever. From the very early 
years of this century, ephemeral fever has been assumed to be a vector-borne 
disease, but the final steps to prove this have yet to be taken. The "ephemeral" 
nature of the disease, which is a reflection of its behavior in an individual 
animal, and its largely unpredictable epizootic behaviour both present diffi-
culties for the investigator. It is a disease that affects tens of millions of cattle 
and buffaloes and exists in many countries. The fact that very few animals die 
as a result of infection with BEFV has diverted attention from its tremendously 
disruptive effects on production and animal husbandry. Its clinical signs are by 
no means "ephemeral", as the description later in this chapter shows. 

The taxonomic position of BEFV has been resolved recently by Calisher et 
al. (in press). BEFV is one of several rhabdoviruses, namely Kimberly, Berri-
mah, Malakal and Puchong viruses, which form an antigenically related clus-
ter within the lyssaviruses. Thus the physical characteristics of the BEFV 
virion, the natural history of the virus and the pathogenesis of the consequent 
disease will form a model for the "newer" viruses. 

VIRUS PROPERTIES 

The structure of BEFV was described by various workers as that of a 
rhabdovirus, on the basis of electron photomicrographs. However, there was 
doubt for some time, because Japanese workers initially described the virus as 
having double-stranded RNA. The apparent inconsistency has now been resol-
ved and BEFV is known to have the single-stranded RNA of the rhabdoviruses 
(Deila-Porta and Snowdon, 1980). 

In preparations of BEFV, three different shapes can be found. Their ap-
proximate diameter is 73 nm, which is close to the usual diameter of 70 nm given 
for animal rhabdoviruses. The longest virions are bullet-shaped with a length 
of approximately 183 nm, having parallel sides and a precisely coiled helical 
nucleocapsid with a 4.8 nm interval. Particles are also found which have a 
truncated bullet shape, while others appear as blunt cones. The length of the 
shorter particles varies from 70 to 140 nm. These shorter virions are considered 
to be defective and to cause interference with the growth of BEFV in tissue 
cultures. This results in low yields when tissue cultures are inoculated with 
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high multiplicities. Conversely, yields are increased when diluted inocula are 
used to infect cultures. 

BEFV is very sensitive to lipid solvents. It is inactivated at pH levels below 
5 or above 10. Since a pH level below 5 is rapidly attained in a beef carcass when 
lactic acid levels in muscle rise after slaughter, meat is of no consequence as 
a means of virus survival, aside from the impossibility of transmission from 
infected meat. Any disinfectant producing either a high or a low pH will 
inactivate the virus, but, apart from laboratory use, disinfectants have no role 
to play in the control. 

The general characteristics of Kimberley virus are consistent with those of 
BEFV, but the other BEF serogroup viruses remain to be fully described. The 
pathogenicity of Kimberley virus for cattle has been partially investigated and 
strains tested so far appear to be nonpathogenic. Each BEF group virus was 
isolated from blood collected from a sentinel cow with a subclinical infection. 
It must be assumed, for the present, that these viruses are not of direct signifi-
cance in the production of ephemeral fever disease, though they may produce 
heterotypic antibodies in natural infections. This means that these viruses may 
cause false positive results in serological surveys. 

EPIZOOTIOLOGY 

There are a number of species of ruminants in which neutralizing antibodies 
to BEFV have been found, but only cattle and water buffaloes (Bubalus bub-
alis) suffer clinical disease, and BEFV has been isolated only from cattle. In 
Australia, antibodies have been found in feral water buffaloes, feral and domes-
ticated red deer (Cervus elaphas), feral Chital deer (Axis axis) and Rusa deer 
(Cervus timorensis). In India, Malaysia and Indonesia, domesticated buffalo 
have been found to have antibodies. The African ruminant species known to be 
infected as the result of antibody studies also fit this general pattern. They are 
the African buffalo (Syncercus kaffer), Waterhuck (Kobus ellipsiprymnus), har-
tebeest (Alcelaphus buselaphus) and wildebeest (Connochaetes taurinus). Thus 
the number of species experiencing subclinical infection is greater than that 
known to suffer disease. The numbers and variety of species of ruminants in 
Africa which could be involved in the epizootiology of BEFV is considerable. 
The numbers of buffaloes are such that they constitute a significant reservoir 
of infection in parts of tropical Australia, but the small populations of deer are 
of negligible importance. The deer in Asia and Europe have not yet been 
examined for antibodies. No natural antibodies have been detected in any 
species of marsupial, horses, sheep, pigs, cats, dogs or rodents. 

The production of symptoms or viremia by experimental infection of sheep, 
dogs, cats and mice has been reported. The experimental infection of rats and 
rabbits results in the production of antibodies, but not a detectable viremia. 
None of these species play any part in the epizootiology. Ephemeral fever is not 
a zoonosis. The owners of herds through which epizootic ephemeral fever has 
passed have not developed neutralizing antibodies to BEFV, although there 
would have been ample exposure to infection. Furthermore, BEFV has been 
handled by numerous laboratory workers without any evidence of infection. 
Since control and infected cattle may be closely housed together, BEF must be 
considered as a noncontagious infection of cattle. 

BEFV does not occur in the Americas, the Pacific Islands, New Zealand or 
Europe. It can be assumed that it has occurred in all countries of Africa, the 
Arabian peninsula and all countries of Asia south of a line formed by Lebanon, 
Iraq, Iran, Pakistan, India, Bangladesh, Burma, southern and eastern China 
and Japan; not all parts of these countries have infected cattle. Although 
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Papua-New Guinea experienced an epizootic in 1956, ephemeral fever has not 
been observed since then, and extensive serological surveys support the theory 
that it died out spontaneously (St. George, 1981; St. George and Standfast, 
1988). 

Infection with BEFV can be subclinical or clinical. In the tropical areas in 
which BEFV infection is enzootic, subclinical infections occur commonly with 
occasional clinical expression. In more temperate regions of the northern and 
southern hemispheres where epizootics are seen, subclinical infection may still 
occur. Subclinical infections have been proven by the isolation of BEFV from 
the blood of sentinel cattle not showing clinical signs, in both enzootic and 
epizootic areas. 

Epizootics can be widely spaced, as in Japan and in Australia between 1937 
and 1967. Such infrequent epizootics tend to involve cattle of all ages. In 
contrast, since 1967, in Australia, epizootics have occurred at 2-3-year inter-
vals, so that most clinical cases in recent years have been in younger animals. 
In a naive population all ages could be affected. 

There is strong epizootiological evidence that BEFV is vector-borne. Major 
epidemics in Australia had the appearance of travelling with a wave front in 
a north-south direction with only local lateral spread. 

Outbreaks of ephemeral fever occur in summer. A strong association with 
recent rainfall is reported from Africa and Australia. The onset of winter in 
temperate regions terminates an epizootic. This pattern is compatible with that 
of a vector-borne disease. 

The other important evidence of the involvement of a vector is the obser-
vation that in the northern hemisphere disease occurs as far north as Syria, 
Iraq, Iran in western Asia and south of the 38°N parallel of latitude in Japan. 
In the southern hemisphere an epizootic rarely goes further south than 25°S in 
western and central Australia and 36°S on the eastern side of the continent, 
which has a higher rainfall. In other words, there is a discontinuity of occur-
rence on a continuous landmass, with contiguous cattle populations. The 
barrier to spread north or south of these limits is neither quarantine, topo-
graphy, nor lack of suitable hosts. This indirectly indicates insect vectors with 
climatic constraints on their distribution. 

The speed of spread of an epizootic ranges from slow and apparently erratic, 
to extremely swift. The first recorded outbreak in southern Africa took about 
one year to move from Transvaal to Cape Province (covering a distance of 
approximately 1000 km). The 1909 outbreak in Egypt moved 1000 km down the 
Nile Valley from Aswan to the Delta in the summer months. In Australia, 
outbreaks have varied in their speed of apparent movement, taking from 6 
weeks in 1968 to 2 years in other epizootics to cover north-south distance of 
approximately 3000 km. The general direction of spread has always been away 
from the equator in countries that have experienced the epizootic pattern 
(China, Japan, Australia, Egypt and South Africa). 

To complicate the issue, the general pattern in Australia has altered three 
times. Initially, there were swift moving, widely spaced epizootics 20 years 
apart, followed by epizootics at 2-3-year intervals for 10 years. Currently 
epizootics are localized and slow moving with either a high or low incidence of 
the disease in most years in the north-east quadrant of the continent. This 
pattern is tending towards that seen in the tropics where the disease occurs 
frequently, but not as explosive epizootics. 

The factors that influence the pattern of spread of disease include the 
immunity level of the population, the virulence of the virus, the presence of 
vector species and their relative transmission efficiency, vector habitat, geo-
graphical barriers, and climate. Within a herd, competition from related and 
unrelated arboviruses spreading in the same time frame in the same vector 
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species may be an additional factor. In one herd, viremia with a Simbu group 
Orbivirus or another rhabdovirus appeared to confer temporary protection on 
cattle against BEFV infection. This may contribute to the apparent erratic 
nature of some outbreaks. 

The immunity level of the cattle population can be measured by serological 
tests using a statistically based sample or a system of sentinel animals. How-
ever, the significance of low titers to the various "standard" strains used in 
Asia, Africa and Australia will have to be reconsidered in the light of the 
discovery that BEFV is part of a group of antigenically related viruses that can 
engender heterotypic antibodies. The immunity of a national herd is also 
changed by vaccination, as has occurred in the southern part of Japan, where 
mass vaccination has reduced the pool of nonimmune cattle. 

Maternal antibody is passed in the colostrum to calves, whether generated 
by natural infection or vaccination. Even a lew level of maternal antibody 
appears protective. Calves with maternal antibody during one epizootic are 
fully susceptible at the succeeding epizootic. The presence of maternal anti-
bodies can be a confusing factor in assessing the number of animals in a herd 
at risk in an enzootic area. 

There is a wide variation in the virulence of BEFV strains. Strains of 
avirulent BEFV have been isolated from cattle, others produce disease in 
virtually all inoculated animals. So far, no strain has been isolated with a high 
fatality rate under experimental conditions. Within a particular outbreak, the 
variation in severity of clinical signs is wide, but whether this is due to 
variation in virulence of BEFV or host reaction is unknown. 

The insect species from which BEFV has been isolated have not been proven 
to function as vectors anywhere in the world. Isolations of BEFV have been 
made from a pool of Culicoides spp. in Kenya, from Culicoides brevitarsis in 
Australia and from two widely different genera of mosquitoes in Australia, 
Anopheles bancroftii and a pool of Culicine species. As the disease occurs in an 
immense area of the world, several species of mosquitoes and Culicoides must 
be involved as vectors. There will be a range of different efficiencies between 
these vectors, so that the mere presence of an insect species from which BEFV 
has been isolated will not allow definitive conclusions concerning its role in 
epizootic spread. 

Ephemeral fever can spread in a wide range of habitats, from the tropics to 
very temperate latitudes; from lush rice-growing regions and rainforests to arid 
central Australia (which has an average annual rainfall of 100-250 mm) and, in 
Africa, from sealevel to the highlands of Kenya. The factors in these environ-
ments affecting vector distribution remain to be identified. 

The oceans appear to have prevented the entry of BEFV into the Americas 
and the oceanic islands. This barrier could be breached should viremic animals 
be brought into an area when potential vectors are active, if migratory birds 
carry the virus, or if live infected insects are introduced. Water barriers of up 
to 50 km are not effective in preventing spread of BEF, and there is speculation 
that water gaps of several hundred km are not effective over a span of years. 
Thus BEFV may have crossed from the Indonesian archipelago to northern 
Australia, or from the Asian mainland across the Yellow Sea to Japan. An 
important factor must be the general direction of the wind and the weather 
pattern, as this affects the movements of flying mammals, birds and insects. 

Climate does have an influence on the occurrence of ephemeral fever in that 
it imposes a northern and southern limit, and also a summer/winter division. 
In some tropical areas where there is a distinct wet and dry season but not a 
summer/winter temperature change, the disease occurs in the wet months or 
the monsoon season. In the Nile Valley, the disease has spread south to north 
in the summer, a time when rainfall is almost unknown. It is possible in such 
an area that the vector populations may be linked to river level changes. 
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There is no objective information on the relative susceptibility of European 
or Zebu cattle, or of breeds within these species, all of which seem susceptible. 
Cows, bulls and steers are equally susceptible to infection. Clinical signs tend 
to be more severe in very fat animals. Calves have milder clinical signs and are 
less commonly affected in nature, though they are easily infected experiment-
ally. 

PATHOGENESIS 

Numerous experiments have been conducted under insect-proof conditions 
and have shown that direct cow-to-cow transmission does not occur, even when 
cattle are in very close contact. In contrast, the disease is easily transmitted 
by the intravenous injection of blood taken from a viremic bovine. The disease 
has not been transmitted when nasal or ocular discharge or saliva from in-
fected animals was smeared on mucous surfaces or injected intravenously. 

The presence of BEFV in the bloodstream makes the virus available to biting 
midges. Culicoides feed by lacerating the surface of the skin and taking up the 
blood that pools in the wound from cuts in the capillary bed. Mosquitoes feed 
by probing with their mouthparts to locate a capillary before penetrating into 
these small vessels and sucking blood. BEFV multiplies for an unknown period 
in the body of the arthropod and eventually reaches the salivary glands. When 
the vector takes a second or a later blood meal the virus is transferred to the 
wound with the saliva. Whether BEFV is inoculated directly into the blood-
stream or reaches it via the lymphatics is unknown. 

The natural incubation period is also unknown, but there is some epi-
zootiological evidence that 4-8 days are required, which is consistent with the 
3-10 days after experimental inoculation. Viremia in natural cases often per-
sists no more than 1 or 2 days and in experimental cases 3 days, generally 
coincidental with fever. BEFV appears to occur mostly in the white cell 
fraction of the blood and has been demonstrated by IF in neutrophils in the 
blood stream or joint transudates, in alveolar macrophages and in some 
visceral organs. However, the peak of viremia is at least 24 h before the neut-
rophil or temperature rise. 

There is no evidence that BEFV persists in blood or tissues after the acute 
phase of illness; neither chronic infections nor latency can be suspected. The 
disease is seasonal, and during the cooler months or dry season the virus is 
suspected to be carried in the invertebrate vector rather than in cattle, buf-
faloes or deer. 

Many signs of the disease are due to the host response rather than to direct 
pathological damage by the virus. Factors influencing the host response are 
age, bodily condition, stage of lactation, and whether the animal is forced to 
exercise during illness. Heavy or lactating animals are affected more severely 
than lean, nonlactating or young animals. 

In the first stage of the disease, a sudden drop in milk production, fever, 
neutrophilia, lymphopenia and increase of plasma fibrinogen are linked, but 
the mechanism by which BEFV induces these changes is not yet determined. 
In the second phase muscle stiffness, depression, and falling plasma calcium 
and zinc levels are noted. Whether calcium-deficit-related signs are 
displayed by a particular animal is probably dependent on a decline of ionized 
calcium in the bloodstream. The ruminai stasis that occurs in more severely 
affected cattle may be a factor in reduced calcium uptake, but no explanation 
is available as to why homeostatic mechanisms do not compensate. Ruminai 
movement ceases as plasma calcium level falls and returns when it rises. 

The rapid clinical recovery that is characteristic of ephemeral fever, and to 
which the disease owes this name, occurs in both experimental and natural 
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disease. In experimental cases the disappearance of clinical signs precedes by 
3 or 4 days the detection of antibody. An explanation other than neutralization 
by antibody must be sought for the end of viremia and recovery. High inter-
feron levels in the plasma are attained during illness. 

DISEASE SIGNS 

The clinical severity of the disease varies greatly from outbreak to outbreak, 
and even within a herd, so that not all the signs described occur in any one 
animal, or even one herd. 

Typically, one or several cattle will show signs about one week ahead of the 
main wave of the disease. The passage of ephemeral fever through a herd takes 
2-4 weeks and longer in large herds. This means that animals at various stages 
of illness may be seen at one time. 

The clinical course is highly variable but can be described in four main 
phases: (a) onset of fever; (b) period of disability; (c) recovery or onset of 
complications; (d) sequelae. 

Onset of fever: In natural infections, there is a rapid development of fever. 
Pyrexia reaches a peak of 40-41.5°C within a few hours of a detectable tem-
perature rise. The pyrexia is biphasic but the first peak may not be noticed. A 
small proportion of cattle shows triphasic or polyphasic fever. Concurrently, 
slight changes in behaviour or stance may be noted by the herdsman, and milk 
production may drop suddenly. This phase may last half a day. 

Period of disability: This phase usually lasts 1 or 2 days. The first peak of 
fever has passed, but the rectal temperature is still elevated. The most charac-
teristic signs are severe depression, anorexia, a tucked-up appearance, general 
muscle stiffness and lameness, with or without joint swelling. There may be 
ocular and nasal discharge and salivation. The animal is usually standing, but 
may be in sternal recumbency, although able to rise if forced to do so. Milk 
production may have virtually ceased, and the quality of the remaining milk is 
altered. The heart and respiratory rates are increased. Dry rales may be detec-
ted in the lungs, progressing to moist rales the following day. These signs are 
all associated with a generalized inflammation. 

Superimposed on these signs may be others which are associated with 
hypocalcemia, such as muscular fibrillation, an incoordinated gait, inability to 
rise, ruminai stasis, constipation, loss of swallowing reflex, salivation, and 
refusal to drink. While the animal is in a sternal recumbency the head may be 
turned to one flank. The affected animal may show varying degrees of these 
effects of hypocalcemia. 

Recovery or onset of complications: In the majority of instances recovery 
occurs after 1-2 days of mild to severe disability. Recovery can be gradual or 
quite dramatic, and animals that were thought close to coma can be moving 
about normally a few hours later and be completely recovered a day later. 
Death ensues in less than 2% of the uncomplicated cases, but can occur 
without an obvious cause being detected postmortem. It can occur during acute 
disease or at the stage when most animals are recovering uneventfully. 

Sequelae: Except for cows late in lactation, milk yield increases steadily 
after recovery (except when bacterial mastitis supervenes) but not above 80-
90% of pre-illness levels (Fig. 146). Subcutaneous emphysema, particularly 
along the backline, occurs unpredictably. The emphysema may be a conse-
quence of overbreathing, atalectasis and breakdown in lung structure, but this 
remains to be proven. This complication occurs in clusters of animals in 
particular herds. Bacterial pneumonia is another complication, particularly in 
stormy weather, as is dehydration in very hot weather. 
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Fig. 146. Dai ly milk yield of a dairy herd that suffered a B E F outbreak measured before, during and 

after the occurrence of c l inical s igns; the bar chart i l lustrates the range of milk yield change; it 

should be emphasized that the fall in milk yield began before characterist ic c l inical s igns became 

obvious. 

Ataxia of the hindlimbs is not rare, particularly in bulls. The prognosis for 
animals that cannot rise within 2 days of the onset of symptoms is poor, 
although there are instances where full recovery has followed weeks of careful 
nursing. 

Abortion sometimes occurs in the late stages of pregnancy. Such cows may 
not lactate until the following pregnancy. BEFV does not appear to cross the 
placenta. Fertility in the female is unimpaired. Bulls may have reduced semen 
quality for a period of up to 6 months. Early treatment avoids this complica-
tion. If an animal with well-developed ephemeral fever signs is forced to 
exercise, or is travelled on foot or in a vehicle, the risk of a fatal outcome or 
of complications is increased. 

PATHOLOGY 

Most of the material avialable for postmortem examination is derived from 
experimental cases. 

BEF displays inflammations of all serous surfaces. The generalized changes 
noticed are swelling of the lymph nodes and effusion of fluid flecked with fibrin 
clots into the pericardial, pleural, peritoneal and joint cavities. The involve-
ment of the joints is highly variable, but may include the articular surfaces of 
the limbs and of the spinal column. 

If death occurs in the acute stages, there is evidence of inflammation in the 
nasal mucosa, turbinates, sometimes the larynx and also a patchy inflamma-
tion of the mesentery. The lungs may show a patchy engorgement especially in 
the diaphragmatic lobes. The spleen and kidneys may be engorged. The bladder 
and urine appear normal. There are no gross or microscopic brain lesions to 
account for the nervous signs. 

The histopathology was summarized by Basson et al. (1970). The organs 
show some congestion of small vessels but nothing that is pathognomonic of 
the disease. The gross changes in the lungs relate to areas of alveoli and 
bronchioles containing fluid and leukocytes alternating with small areas of 
atalectasis. The brain shows only some degree of congestion of blood vessels 
but no microscopic neural lesions. Thus physical pathological changes do not 
account for all the clinical signs. 

In the few cases where a thorough examination has been made of animals 
that have been permanently partially paralyzed, Wallerian degeneration has 
been found in the cervical section of the spinal cord (Hill and Schultz, 1977). 
In paralyzed animals the muscles show only degeneration consistent with 
disuse. 
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ν/ IMMUNE REACTION 

One attack of clinical ephemeral fever confers permanent immunity in 
almost all cattle, whether it is a natural event or experimentally induced. 
There are known exceptions where cows have had two, and rarely three 
episodes of disease in the same outbreak with a 2-4-week spacing, or in succes-
sive outbreaks 2 or more years apart. In each instance, there was no virological 
or serological confirmation of the double or triple attacks, but the observers 
were familiar with the syndrome. There are two conclusions that can be drawn 
from these observations: infection with pathogenic virus should be preventable 
by vaccination and possibly more than one virus can produce the syndrome. 

The serological response to natural infection is variable. The titers of neu-
tralizing antibody in recovered cattle, as measured by laboratory strains of 
BEFV, bear no relationship to the severity of clinical signs. The titers in 
recovered animals vary from 10 to 400. Very rarely titers in excess of 40000 are 
found in natural infections. In two instances BEFV was isolated from the blood 
of cows, and there was virtually no subsequent serological response, as meas-
ured in neutralization tests with standard and homologous viruses. 

During recovery from clinical disease, many naturally infected cattle 
produce what appears to be a secondary immune response. Antibody is detect-
able before clinical signs have disappeared and rises to a plateau level in less 
than 5 days. The explanation for this phenomenon seems to be prior infection 
with an antigenically related virus. There is some evidence that Kimberley 
virus acts in this way. Since there are several viruses in the BEF complex, 
further work is necessary before the effect on immunity of these other viruses 
is known. 

In experimental cases where a single strain of virus is used, neutralizing 
antibody is first detected 3 or more days after clinical recovery (9-10 days 
postinoculation) and the titer rises in a primary response pattern. 

4̂  LABORATORY DIAGNOSIS 

Almost all diagnoses of BEF are made on clinical grounds. A diagnosis can 
be confirmed by the isolation of the causative virus, but this procedure is slow 
and not very efficient at present. There are various other tests, which are not 
definitive but much more rapid. They do not provide a positive confirmation but 
are useful in discounting the diagnosis if negative. Once clinical signs are 
sufficiently developed for a veterinarian to be required to visit an animal, fever 
and an elevated leukocyte count may already be declining. Therefore, samples 
should be taken from other animals in the herd that have fever but have not yet 
developed characteristic signs. The owner or herdsman should be able to point 
out individual cattle which have altered gait or behaviour pattern. 

A sample of blood taken from the sick animal is required in four parts, two 
air-dried smears for a differential leukocyte count and an IF test, 5-10 ml in an 
anticoagulant, and 20 ml that is allowed to clot. The anticoagulant must not be 
EDTA if a calcium estimation is to be done, otherwise lithium or sodium 
heparin, or sodium citrate may be used. 

The blood should be collected aseptically and kept at 4-10°C until it is 
received in the laboratory. In countries where the disease is enzootic, central 
veterinary laboratories should be able to attempt transmission to susceptible 
cattle or the isolation of BEFV in suckling mice or tissue culture. As the 
procedure is expensive it may only be warranted at the beginning of an out-
break. If ephemeral fever is suspected in a country where it has never occurred 
previously the appropriate action is to collect blood samples and notify the 
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Fig. 147. Changes in serum calc ium and fibrinogen values , blood neutrophil and lymphocyte counts 
and rectal temperatures all related to the period of natural ly occurring c l inical ephemeral fever; 
the representat ion is a schemat ic based on approximately 30 cases . 

regulatory authorities. The subsequent action will then depend on that coun-
try's policy. 

A total leukocyte count is carried out on the blood sample taken in anti-
coagulant. In combination with the blood smear this will allow calculation of 
a differential leukocyte count. During the first 2 or 3 days of illness, the 
neutrophil count is usually elevated into the range of 8-18 χ 109 per 1, with a 
high proportion of immature or banded forms. A depression in the absolute 
leukocyte count to 1-2 χ 109 per 1 occurs at the time of neutrophil increase. A 
rise in monocytes to 0.7-0.8 χ 109 per 1 is a late manifestation and continues 
in the recovery phase. While not pathognomonic of ephemeral fever, if the 
leukocyte changes do not conform to the pattern as illustrated in Fig. 147 the 
disease in the cow is unlikely to be ephemeral fever. Hemoglobin levels and 
packed cell volume should be near normal. The clotted blood from an animal 
with ephemeral fever contracts poorly and has a whitish appearance, so that 
the serum yield is reduced. This is the reason for collecting a substantial 
volume of blood for serology. 

Serum biochemistry can be helpful. Fibrinogen levels are raised approxi-
mately to 2-4 times normal within the range of 10-20 g/1. The decline to normal 
takes 1-2 weeks (see Fig. 146). Serum calcium may be at the low end of the 
normal range, or subnormal, depending on the stage of illness and whether the 
cow is showing specific signs of hypocalcemia. 

There is no rule as to when serum samples should be taken for confirmation 
by VN tests. The first serum samples should be taken as early in acute illness 
as possible, the second 2-3 weeks later. While occasional animals fail to 
develop neutralizing antibodies to laboratory strains of BEFV, most will do so. 
There may be a low titer (^4) of antibody in the sample taken during acute 
illness. A 4-fold rise in a paired sample is considered diagnostic. 

PROPHYLAXIS AND CONTROL 

The advent of vaccines for the control of ephemeral fever has come late in 
the history of the disease. The difficult task of first isolating the causative virus 
was achieved at Onderstepoort, South Africa, in 1966 by Van der Westhuizen 
(Van der Westhuizen, 1967). A complication in vaccine manufacture soon 
became apparent when some strains of BEFV lost antigenicity, as well as 
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virulence upon passage in mice or tissue cultures. However, certain strains 
have been adapted to tissue cultures and retain their antigenicity. Live virus 
attenuated vaccines with adjuvant have been made successfully in South 
Africa, Japan and Australia. These vaccines protect against experimental 
challenge with virulent virus. In Japan, a killed vaccine has been also used to 
boost initial immunity produced by a live virus vaccine. Vaccination has been 
carried out on a large scale in Japan, but until another epizootic occurs there 
the economic value may not be assessed. Data on the protection achieved 
against natural disease in South Africa, Australia or other countries with live 
virus adjuvant vaccines has not yet been published. 

An experimental killed vaccine produced in Australia failed to protect cattle 
against intravenous challenge with virulent virus. Its value as a protection 
against natural disease has not been tested. The serum neutralizing antibody 
titers in vaccinates were in excess of 40000. A high antibody titer is not 
necessarily protective against BEFV infection. 

In many instances a vaccination program, once initiated must be continued 
for many years before natural challenge occurs. The costs, availability and 
administration of vaccines has to be assessed in relation to potential loss not 
only from country to country, but also within a country; no universal recom-
mendation can be made. 

Ephemeral fever is a benign disease in that most animals will recover 
spontaneously. Unlike for most virus diseases treatment for the clinical effects 
of ephemeral fever is available and the severity of the disease can be amelior-
ated. The first principle is to rest the sick animal, preferably for one week. The 
second is to give nothing by mouth, unless the swallowing reflex has been 
observed to be functional. 

Treatment revolves around the generalized inflammation and the depression 
of serum calcium. The inflammation can be treated with phenylbutazone given 
intramuscularly for eight hourly periods of up to 3 days, depending on res-
ponse. Treatment with calcium borogluconate is warranted when signs of 
hypocalcemia are present. While the initial dose is given intravenously, to 
effect, further maintenance doses can be given subcutaneously. Late treatment 
has little beneficial effect. The prognosis depends on the duration of illness. 
Anti-inflammatory treatment is essential. Supplementary antibiotic treatment 
to avoid secondary pneumonia or mastitis are warranted in valuable animals. 
The choice of antibiotic must be with regard to the bacteria known to cause 
pneumonia or mastitis in the particular geographical area. If paralysis has 
been established for more than a day or so, treatment is unlikely to be effective. 
The animal then appears to have impairment of nerve function and the chances 
of recovery are poor. 

The basic lesion of ephemeral fever is inflammatory and resolution of the 
damage takes time: therefore specific treatment supplements rest but does not 
replace it. If the treated animal is stressed, relapse is likely. If treatment is 
delayed until the animal has reached the stage of either atalectasis or coma the 
prognosis is poor. If the animal is severely affected it is better to provide shelter 
and care where it is, rather than to force it to move any distance to shelter. 
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Retroviridae 

This family owes its name to the unique enzyme reverse transcriptase (from 
Latin retro = backwards) which transcribes a DNA copy from the viral RNA 
genome. The subfamilies Oncovirinae, Spumavirinae and Lentivirinae are 
further subdivisions of this family which contains more than 20 viruses. 

Retrovirions are spherical enveloped particles measuring 80-100 nm in di-
ameter and possessing glycoprotein surface projections of approximately 8 nm. 
The internal structure is complex, consisting of an icosahedral core which in 
turn contains a helical ribonucleoprotein strand. In thin sections the outer 
envelope, an inner shell and a nucleoid are distinguishable. The nucleoid is 
located acentrically in the genus Type Β Oncovirinae and concentrically in the 
genus Type C Oncovirinae. Type species of the former is the mouse mammary 
tumor virus; the latter comprises the mammalian and avian subgenera of 
leukosis and leukemia viruses. 

The genome of retroviruses is an inverted dimer of linear single-stranded 
RNA with a positive polarity; the monomers are held together at their respec-
tive 5' ends by hydrogen bonds, probably by base-pairing. A cellular tRNA 
serves as a primer for reverse transcription and is bound to a specific primer 
attachment site about 100 residues from the 5' end of the genome. It is not 
known whether both copies of the genome are functional. The genetic infor-
mation is contained in the genes gag (coding for the nonglycosylated internal 
proteins with group specific antigenic determinants), pol (coding for the re-
verse transcriptase or po/ymerase) and env (coding for the envelope glycopro-
teins). The gene sequence is 5 - gag-pol-env - 3 ' . Some retroviruses incorporate 
genetic information for nonstructural proteins from the host cell which are 
important in pathogenesis, especially in oncogenicity. They are either inserted 
into a complete retroviral genome or substitute deleted viral sequences. In this 
latter case the virus is rendered defective by the deletions and it depends on a 
nontransforming helper virus for the production of infectious progeny. 

Virions contain four internal nonglycosylated structural proteins (includ-
ing the gag-determinants which define the subgenera), the reverse transcrip-
tase enzyme and two A envelope proteins (env gene products). 

Retroviruses band between 1.16 and 1.18 g/cm3 in sucrose gradients; the 
sedimentation coefficient of the virion is about 600 S. 

Upon entry into the cell and uncoating, replication starts with the reverse 
transcription of virion RNA into DNA, which is then made double stranded. 
This structure is integrated into the chromosomal DNA of the host cell at 
nonspecified sites. Virus can only replicate when the DNA is integrated. Cellu-
lar RNA polymerase II transcribes the integrated provirus into virion RNA 
mRNAs. Both RNA splicing and posttranslational cleavage of proteins have 
been shown to occur in retrovirus-infected cells. Virus is released from the cells 
by budding. 

The Retroviridae are the only family of animal RNA viruses with an on-
cogenic potential; some may be immunosuppressive (e.g. the lentiviruses caus-
ing AIDS in man and animals) or nonpathogenic (e.g. the spumaviruses); for a 
summary see Table 29. 
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TABLE 29 

Exogenous Retroviridae 

Oncoviruses EM: nucleo id of C type; cell-transforming 

acute, v ia v -oncogene
a 

avian, fel ine and murine sarcoma viruses 

chronic, v ia c -oncogene
b 

avian, fel ine and murine leukemia viruses 

chronic, v ia tat g e n e
c 

BLV, HTLV-1, HTLV-2, STLV-1 

Lentiviruses EM: nucleo id similar to that of D type; cy to ly t i c
0 

Visna/maedi 

Ovine progressive pneumonia virus (OPPV) J p30 (reciprocal) 

CAEV 

EIAV 
« p24, p l 7 (nonrecripocal) 

HIV-1, HIV-2, STLV-III (SIV) 
_ p24:p26 (reciprocal) 

BIV [ 
FTLV 

a
 Viral (v) oncogene integrated into the viral genome. 

b
 Viral genome inserted into cel lular chromosome proximally to a cel lular (c) oncogene . 

c
 S i tuated between env gene and 3'LTR. The viral genome has no v-oncogene and is not inserted 
proximally to a c-oncogene. 
d
 Repl icat ion strictly regulated by four or five accessory genes , often overlapping (sor, tat, art/trs, 

3'orf, R). 

Lines: ant igenic relationships; p24 and p l7 are core proteins of HIV, p26 is a core protein of BIV. 

Bovine leukemia virus (BLV) is a C-type oncovirus that preferentially in-
fects lymphocytes of the Β lineage in cattle (but Τ lymphocytes in sheep). In 
most cells in vivo BLV persists in the proviral state but its replication can be 
induced (in vitro), e.g. by mitogens. BLV is related to human T-lymphotropic 
and leukemia viruses (HTLV-1 and HTLV-2 ). These viruses together with a 
similar simian virus (STLV-I) form a group of chronic leukemia viruses with as 
yet unknown mechanisms of leukemogenesis. 

Lentiviruses are agents of slow diseases — visna and maedi (caused by the 
same virus) in sheep as well as caprine arthritis-encephalitis. These viruses are 
interrelated by sharing at least one antigen — the internal protein, p30. The 
growth of a visna virus in cell culture is abundant when compared to growth 
in vivo, which is markedly restricted. It is unclear if integration of DNA is 
required for replication, since most of the DNA is extrachromosomal. 

Visna virus and caprine arthritis-encephalitis virus (CAEV) are related to 
HTLV-3/LAV, the agent primarily involved in etiology of AIDS (acquired 
immune deficiency syndrome). These viruses together with a similar simian 
virus (STLV-3), the equine infectious anemia virus and the above-mentioned 
leukemia viruses were placed into a group of trans-acting retroviruses, dif-
ferent from other retroviruses (for review, see Wong-Staal and Gallo, 1985). In 
connection with BLV and related leukemia viruses, the iraras-acting transcrip-
tional activity is believed to be the major mechanism of cell transformation. 

The virus causing ovine pulmonary adenomatosis (jaagsiekte) was recently 
identified as a retrovirus. It does not seem to be related to either the known 
lentiviruses or oncoviruses. 

Spumaviruses are nonpathogenic, causing persistent but silent infections. 
Cells of infected cultures form syncytia and have vacuolated cytoplasm, thus 
showing a "foamy" appearance. One member of this subfamily is bovine syncy-
tial virus, important only in connection with differential diagnosis in the 
laboratory. 
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Chapter 39 

Bovine Leukosis Virus 

M.J. V A N DER M A A T E N and J.M. MILLER 

INTRODUCTION 

The discussions contained in this chapter relate primarily to the adult or 
enzootic form of bovine leukosis (EBL). This is the only form of the disease in 
which bovine leukemia virus (BLV) has been shown to play an etiological role. 
The other forms of leukosis, commonly referred to as sporadic, include calf 
lymphoma, thymic lymphoma (sometimes considered together as juvenile lym-
phomas) and skin lymphoma. There is no evidence that these less frequently 
occurring types of lymphoid neoplasms are related to BLV or to other, as yet 
unisolated and unidentified, infectious agents. They will be discussed only to 
the extent that information regarding differential diagnosis is required. 

VIRUS PROPERTIES 

Bovine leukemia virus is classified as a type-C oncovirus in the retroviridae 
family and thus shares characteristics with the leukemia viruses of other 
species. 

The BLV virion is apparently quite fragile and, in the laboratory, infectivity 
is greatly decreased by routine manipulations such as ultracentrifugation or 
subjecting the virus to a single freeze-thaw cycle. The virus is readily destroy-
ed by heating to 56°C for 30 min. It has also been shown that BLV is inactivated 
in milk heated to temperatures of 60°C for more than 1 min and by routine 
pasteurization temperatures. Attempts to preserve virus by lyophilization have 
failed. The viral envelope contains lipid, thus rendering the virus susceptible 
to destruction by organic solvents. Extensive tests of the effects of various 
disinfectants on BLV have not been conducted, but binary ethyleneimine and 
N-acetylethyleneimine have been found to be effective inactivating agents for 
virus preparations (Miller and Van der Maaten, 1980). The reader is also 
reminded that much of the transmission of virus among cattle does not result 
from exposure to cell-free virus but rather from the transfer of lymphocytes 
containing BLV genomes. Thus, the possibility that BLV infectivity in this 
unexpressed form may be more or less susceptible to inactivation must be kept 
in mind. From a strictly practical viewpoint, the success of eradication pro-
grams, where positive animals were removed from infected herds but no specific 
disinfection or sanitation was practiced, indicates that BLV does not persist in 
the environment for any appreciable length of time (Van der Maaten and 
Miller, 1979). 

Studies to date have failed to reveal important antigenic differences among 
BLV isolates from various parts of the world, and so it is presently assumed 
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that antigenic subtypes, if they exist, remain to be discovered. There have been 
some studies that identiy viral subtypes at the genomic level (Burny et al., 
1980), but these apparently do not result in differences in antigenic properties 
of the virus particle. 
No significant antigenic relationships between BLV and leukemia virus of 
other domestic animal species have been detected to date, and so BLV, at 
present, remains antigenically unique in this respect. There is evidence, how-
ever, that BLV shares structural and functional properties, and perhaps even 
minor antigenic determinants, with the human T-cell leukemia viruses, which 
has led to the suggestion that these agents may comprise a new group of 
retroviruses that have arisen from a common ancestor (Burny et al., 1984). 

EPIZOOTIOLOGY 

Cattle, including the European breeds (Bos taurus) and zebu breeds (Bos 
indicus) are considered to be the primary and important host of BLV. Sheep 
(Kettmann et al., 1984) have been found infected with BLV and death losses 
from lymphosarcoma have occurred, but these instances have been so rare that 
they must be regarded as resulting from the accidental introduction of BLV 
rather than as evidence that sheep are a significant reservoir of the virus. More 
recently, studies in South America have reported serological evidence of infec-
tion (but not disease) in water buffalo and capybara, a large rodent. The 
reported prevalence of infection among the buffalo and capybara was, however, 
well below that of the cattle tested in the same study. Other studies in which 
common domestic animals, laboratory animals, wild animals and wild and 
domestic birds were examined have failed to provide evidence of BLV antibo-
dies in these species. Information to date thus supports the hypothesis that 
BLV is propagated and maintained primarily in the cattle population and that 
infections in other species are accidental introductions. The possibility of 
transmission to other species must, of course, be considered in the formulation 
of control programs. The frequency with which transmissions occur may be 
related to the presence of vectors capable of transmitting the infection, not 
only within the cattle population but among other species as well. Ticks and 
biting flies have been incriminated but, in consideration of the persistent 
presence of BLV-infected cells in the blood, other biting insects could also 
spread the infection. The available evidence indicates that arthropods are 
merely transport vectors and not true biological vectors of BLV; transmission 
has been obtained with Ixodes ricinus adults that have been fed on BLV-infect-
ed cattle as nymphs. 

The potential human health hazards associated with BLV have been a 
constant concern of the meat and dairy industries. Some epidemiological 
studies have indicated that certain malignancies and lymphoid neoplasms are 
more prevalent among persons engaged in dairying or other farm-related occ-
upations. None of these studies, however, has shown any direct correlation 
between the observed malignancies and BLV infections in the cattle present on 
the farms (Burridge, 1981). Furthermore, all attempts to obtain direct evidence 
of human infection, including the application of serological, virological, or 
biochemical methods, have yielded negative results. There have been indica-
tions of a distant antigenic relationship between BLV and some of the human 
T-cell leukemia viruses. This has resulted in the identification of antibodies 
reacting with BLV in a few human subjects known to be infected with human 
T-cell leukemia virus; current evidence indicates that this reactivity is due to 
the apparent common ancestry of BLV and the human T-cell leukemia virus 
and not a consequence of BLV transmission to man (Burny et al., 1984; Thiry 
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et al., 1985). Thus the information available to date indicates that BLV is not 
a human health hazard. 

BLV infections among cattle are worldwide in distribution. However, there 
are certain countries, such as Switzerland, where infection has not been iden-
tified or where it is no longer considered to be present. The Netherlands, 
Austria and the British Isles (Mussgay et al., 1980) apparently have only a low 
prevalence of infection, and other countries or regions may be recognized in 
the future as being BLV-free. 

BLV-related economic losses arise from deaths and restrictions on the move-
ment of BLV-infected animals in international commerce. The incidence of 
tumors among BLV-infected cattle is quite low (vide infra) so these losses are 
not of great significance on a national basis. Because they often occur in 
multiple-incidence herds, they may represent significant losses to certain herd 
owners. The economic significance related to restrictions regarding movement 
of infected cattle and their products are, of course, directly related to the 
export of breeding stock, semen, embryos, or similar materials. 

Early epidemiological observations had indicated that EBL is a horizontally 
transmitted infectious disease. Studies conducted after BLV was isolated and 
serological tests were available confirmed these observations by providing 
additional evidence of the slowly progressing contact transmission in herds 
(Mussgay et al., 1980). The virus does not gain entrance to the germ line and 
hence true genetic transmission does not occur, but there is ample evidence of 
in utero transmission. Various studies have indicated that 3-20% of the calves 
from infected dams are BLV-infected at birth, possibly depending upon genetic 
susceptibility of the cattle (Ferrer and Piper, 1981). Thus, although in utero 
infections may perpetuate the virus from one generation to the next, they are 
not regarded as the most preponderant mode of transmission. Calves which are 
not infected in utero but are born to infected cows are probably only occasion-
ally infected as a result of ingesting colostrum or milk that contains infected 
lymphocytes (Ferrer and Piper, 1981). They are protected from contact infec-
tion until the levels of colostral antibody wane, usually 4-6 months after birth 
(Van der Maaten et al., 1981). Contact virus transmission may occur among 
young animals during the rearing period but, because there are usually only 
small numbers of infected animals present, the prevalence of infection remains 
low. An increased rate of transmission is noted when the calves reach breeding 
age and are reintroduced into a highly infected adult population (Van der 
Maaten and Miller, 1979). 

Factors that influence the epizootiological pattern have not been identified 
in the USA, but the prevalence of BLV infection is higher among dairy cattle 
than among beef cattle. Husbandry practices (greater opportunity for animal-
to-animal contact) and genetic factors may be responsible for this. High 
prevalence of BLV infection is also often reported from tropical or semitropical 
areas. It can only be speculated at present that the high prevalences are due to 
the large numbers of insect vectors in these areas. 

The term morbidity is perhaps inappropriate to describe animals infected 
with BLV because in the majority there is no evidence of disease, only of 
seroconversion and persistent virus infection. The prevalence of infection 
varies from country to country as described above, and even from farmstead to 
farmstead within countries or regions. It is not rare to encounter herds where 
80-90% are infected and, within the same geographic region, to find other herds 
that are virtually BLV-free (Miller and Van der Maaten, 1980). 

Tumor development among BLV-infected animals is influenced by virologie, 
genetic and immunologic factors, but none of these is understood at the present 
time. Evidence presented indicates that the BLV genome is quite susceptible to 
genetic mutation, and that the clusters of tumor cases observed during a short 
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period may have resulted from the transmission of a particularly oncogenic 
form of BLV that subsequently underwent changes and lost this strong tum-
origenic activity. There are also some indications that cellular and humoral 
immune mechanisms, particularly those specific for BLV-related antigens, may 
be suppressed in the infected animal (Yamamoto et al., 1984). It is widely 
recognized, however, that tumor development is age-related, and only rarely 
are tumors found in animals less than 2 years old. It is thus apparent that herd 
management decisions may profoundly influence the tumor rate, because older 
animals may be routinely culled, whereby the size of the population with the 
highest risk of developing lymphosarcoma is decreased. One estimate of tu-
mor rate from a study in a region of France indicates that 0.4% of BLV-infected 
cattle may be expected to develop tumor in any given year (Crespau et al., 
1978). As indicated above, the immunological interactions involved in tumor 
suppression have not been elucidated, but it is obvious that BLV-specific 
antibody has no protective effect. Antibodies are present in all infected cattle, 
regardless of whether or not they have tumors. 

The possibility that genetic factors influence the development of tumors in 
BLV-infected animals has long been recognized, because numerous tumor 
cases were recorded within certain cow families or sire groups (Ferrer et al., 
1978). Recent studies have confirmed this genetic susceptibility for tumor 
formation; they also provided evidence that persistent lymphocytosis as a 
response to BLV infection may be under a similar, but separate, genetic control 
mechanism. Finally, susceptibility to infection with BLV may also be related 
to heritable factors (Ferrer et al., 1978). 

PATHOGENESIS 

The susceptible host probably encounters BLV in the form of infected lym-
phocytes, not as cell-free virions. Experimental inoculations with lymphocytes 
have proven that BLV infections can be established by oral (only in newborn 
calves) and intranasal exposure, or as a result of intrauterine instillation. All 
of these studies involved the inoculation of large quantities of infectious 
material, and they never resulted in the infection of all animals exposed (Miller 
and Van der Maaten, 1980). Thus it must be concluded that these are relatively 
inefficient routes of entry for BLV. Conversely, the parenteral route, par-
ticularly intracutaneous inoculation of relatively small doses of infectious 
material, has proven very successful in establishing BLV infections. From 
these experiments it has been concluded that insects or other blood-sucking 
ectoparasites might play a role in BLV transmission. Obviously, other factors 
such as minor trauma, surgery with contaminated instruments, the insertion of 
ear tags or other identification procedures that pierce the skin (tattooing) 
could transfer infected lymphocytes from one individual to another. Vaccina-
tion or venipuncture must also be considered as potential avenues to BLV 
transmission, particularly if the needle is contaminated with blood, a situation 
more likely to happen during collection of blood specimens than during vac-
cinations (Straub, 1981). Premunition procedures and blood transfusions, in 
which BLV-infected donors are used, would be other means of BLV dissemina-
tion. 

Once the infected lymphocyte enters the host organism, a cycle of virus 
replication is initiated in the infecting lymphocyte in probably the same man-
ner as when these cells are cultured in vitro. Virus produced by the infecting 
lymphocyte contacts susceptible cells, probably of lymphoid or stem-cell origin, 
and additional replicative cycles are initiated. There is little evidence that 
specific lymphoid sites are involved in this early stage of replication; experi-
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mental studies have failed to implicate the regional lymph node, bone marrow, 
thymus, or spleen as fulfilling critical roles. The plasma of recently infected 
cattle contains cell-free virus on occasion, but not routinely; so it seems that 
a prolonged true viremia is not a requisite step in the initiation of infection. 
The BLV infection apparently becomes established in the lymphoid tissues 
during the first few weeks and virus can usually be reisolated from blood 
lymphocytes between the third and fifth week after experimental inoculation. 
The level of infectivity present in the blood can vary considerably from animal 
to animal. At the time that virus appears in the blood of recently infected 
cattle, or within a few to several days thereafter, BLV-specific antibody can 
usually be detected. The infection and antibody response, which may vary 
somewhat due to physiological changes in the host, such as pregnancy and 
parturition, persist for life. 

As stated above, little or no cell-free virus is produced in the tissues of 
infected cattle, and thus most infectivity must escape from the persistently 
infected host in the form of infected lymphocytes (Ressang et al., 1982). 
Therefore, blood is probably the most potent source of infectivity. Milk and 
colostrum have also been found to contain BLV, undoubtedly due to their 
lymphocyte content. Saliva, urine, semen, feces and expired air have also been 
examined and occasionally been found to contain infectivity or BLV antigen 
(Ferrer, 1980; Lucas and Roberts, 1982), but, on a quantitative basis, they must 
be considered of far less importance than blood (Straub, 1981; Ressang et al., 
1982). It should be recognized, however, that inflammation or tissue damage 
that results in hemorrhage into any of these materials may increase their 
cellular content, thereby altering their infectivity. 

The molecular mechanisms involved in cell transformation and tumor de-
velopment remain to be elucidated. BLV does not carry cellular oncogenes 
within its genome like the rapidly transforming sarcoma viruses. It also does 
not integrate at specific sites into the host genome, and it is unlikely that it 
transforms cells by activating specific transforming cellular sequences near 
the integration site, as has been described for e.g. avian retroviruses. BLV is 
integrated at various (if not at random) sites in the cell genome; one of the BLV 
gene products is capable of activating cellular genes at some distance from the 
integration sites and thus brings about the malignant transformation (Burny 
et al., 1984). The longstanding observation that BLV is much more oncogenic 
in sheep than in cattle has not yet been explained at the molecular level. The 
observation that BLV-infected ovine lymphocytes, unlike bovine lymphocytes, 
contain considerable quantities of unintegrated DNA transcripts of BLV RNA 
is a significant difference and may provide a clue for determining the mechan-
isms responsible for the differences in oncogenicity in these ruminant species 
(Kettmann et al., 1984). 

DISEASE SIGNS 

The initiation of BLV infection is often associated with a transitory lym-
phocytosis, which is clinically inapparent. There have also been reports of 
abnormalities in immunoglobulin production, particularly of IgM (Meiron et 
al., 1985), and of decreased cytotoxic responses to BLV-infected target cells 
(Yamamoto et al., 1984). Most tests of immunologic responses of BLV-infected 
animals to a variety of antigens have, however, failed to identify abnormalities. 
There has been one paper that presents evidence that BLV-infected cows were 
culled from a dairy herd at a higher rate than their nonBLV-infected herdmates 
(Thurmond et al., 1985), but other reports indicate that BLV-infected cattle do 
not differ from their uninfected herdmates in milk production, reproductive 
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performance, incidence of mastitis or productive life span. Herds with chronic 
health problems have been tested for BLV antibodies and a high prevalence of 
infection was found. It was then assumed that an etiologic association exists 
between the BLV infection and health problems present in the herd. However, 
no data are available to support such a conclusion. 

Persistent lymphocytosis is associated with BLV infections, and lymphocyte 
counts have in the past been used with some success to identify herds infected 
with BLV (Bendixen, 1965). Various studies have indicated that 29-85% of 
BLV-infected cattle develop lymphocytosis. Hematological examinations thus 
have limitations in sensitivity and furthermore disregard other possible causes 
of persistent lymphocytosis. They have therefore generally been supplanted 
with the more sensitive and specific serological tests (Miller and Van der 
Maaten, 1977). Cattle with persistent lymphocytosis remain clinically normal 
and, although these animals seem to have a greater risk of developing tumors, 
persistent lymphocytosis is regarded as neither an initial nor a requisite step 
in the development of the malignant lymphoid neoplasm. It is now generally 
accepted that the predisposition to develop persistent lymphocytosis and tumor 
formation are determined by separate genetic factors, but that these factors 
tend to occur together (Ferrer et al., 1978; Ferrer, 1980). 

Development of lymphosarcoma is a rare result of BLV infection. Tumor 
formation is sometimes accompanied by increased numbers of circulating lym-
phocytes, but this leukemic manifestation is distinct from the persistent lym-
phocytosis mentioned above. Hematological studies will be of value in arriving 
at a diagnosis of malignant lymphoma. Although preferred sites for tumor 
development appear to exist, there is no absolute tissue predilection, and so 
clinical signs of disease may be extremely varied. A presumptive diagnosis of 
lymphosarcoma can sometimes be made on the basis of tumors in subcutaneous 
or retrobulbar lymph nodes, or enlargements may be detected by rectal or 
vaginal palpation. There also may be signs related to organ involvement, such 
as cardiac distress, digestive disturbances, or neurological manifestations. In 
other instances, there may be only vague indications of disease, such as de-
creased production, inappétence, weight loss, weakness, and generalized debil-
ity. Surgical exploratory procedures and examination of biopsy specimens may 
be of value in some cases, but diagnosis will ultimately depend upon the skill 
and experience of the attending clinician and will require laboratory confirma-
tion. 

PATHOLOGY 

The definition of leukosis given by pathologists is "a proliferation of leuko-
cyte forming tissue." In veterinary literature, the term is commonly used to 
indicate conditions of uncontrolled proliferation, i.e. neoplasia. In some spe-
cies, such as the chicken, this malignant state can involve any class of leukocy-
tes, but in cattle only lymphocytes are affected. Therefore, the pathologic 
diagnosis frequently made is lymphosarcoma or malignant lymphoma. The 
term leukemia is also used; however, this designation is not accurate because 
primary bone marrow involvement is extremely rare in the cow. 

When diagnosing leukosis in cattle, it is important to recognize which of the 
clinical forms of the disease is involved. Three forms of bovine lymphosarcoma 
(calf, thymic, and skin) are included in a category designated sporadic bovine 
leukosis (SBL), because there is no epidemiologic evidence to indicate that 
they are infectious diseases (Hugoson, 1967). Only the enzootic form of lym-
phosarcoma in adult cattle is caused by BLV. 

A differential diagnosis of the four clinicopathologic types of lymphosar-
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coma can usually be made on the basis of a clinical examination and an 
evaluation of the case history. The calf form usually occurs in animals that are 
less than 6 months old, and the characteristic feature of this form is its 
generalized nature. Virtually all the lymph nodes are enlarged and, at ne-
cropsy, lymphoid tumor cell infiltration is frequently visible in the liver, 
spleen, and bone marrow. As a result of the marrow involvement, peripheral 
blood often shows an elevated leukocyte count due to the presence of numerous 
malignant lymphocytes. This clinical-pathological manifestation is (rarely) 
also encountered in animals up to 2-3 years of age. The cases, which are BLV 
antibody negative, are regarded as atypical manifestations of the calf form. The 
second form of SBL, thymic lymphosarcoma, typically occurs in animals bet-
ween 6 and 18 months of age. Primary tumor involvement is restricted to the 
thymus, although thoracic lymph nodes may also be enlarged. Skin leukosis, 
the third type of SBL, is the only form of bovine lymphosarcoma in which a 
clinical recovery can be expected. The cutaneous tumors are usually accompa-
nied by lymphadenopathy and are seen in young adults, 1-3 years of age. The 
lesions persist for only a few weeks or months and then complete remission 
occurs. Bendixen (1965) reported that in all cases of the cutaneous form the 
malignancy eventually recurs with involvement of vital organs and a fatal 
termination. In our experience, however, some cattle recovered from skin 
leukosis and remained healthy for as long as 12 years after regression of the 
lesions. Because nothing is known concerning the etiology or pathogenesis of 
any form of SBL, we cannot be sure that the cutaneous cases we have seen 
represent the syndrome described by Bendixen. 

The adult form of lymphosarcoma, as the name implies, is seen in cattle over 
2 years old, with a peak incidence at 5-18 years. The disease is most frequently 
recognized due to a visible enlargement of one or more of the peripheral lymph 
nodes. Involvement of retrobulbar lymphoid tissue may result in protrusion of 
the eyeball, which can lead to corneal ulcerations. Enlarged nodes or tumor 
masses may also be detected in the peritoneal cavity or retroperitoneal areas 
during rectal examination. When lymphadenopathy is not apparent upon clini-
cal examination, there is usually no chance to make a definitive diagnosis until 
a necropsy is performed. At this time, internal tumors, frequently in the mesen-
teric or retroperitoneal lymph nodes, may be obvious. Tumor cell proliferation 
in the white pulp can cause massive enlargement of the spleen, which 
sometimes leads to rupture of the capsule and death due to internal hemorr-
hage. When the lymphoid tissues are not grossly affected, a careful examina-
tion of other tissues is required. One of the organs frequently affected is the 
heart, especially the right atrium. The abomasum is another common location 
of tumor; in many cases the visible manifestation of neoplasia is ulceration at 
the mucosal surface. The kidneys and uterus should also be examined. If 
paralysis or neurologic signs were noted, examination of the brain and spinal 
cord are indicated. It is advisable to substantiate necropsy findings with his-
topathologic study. The microscopic examination should confirm that the 
lesions are composed of proliferating lymphoid cells. Lesions which are 
thought at gross examination to be tumors can be found microscopically to be 
some type of proliferative inflammation. It is also important to differentiate 
other types of tumors which may be primary in one of the organs mentioned 
above and may have metastasized into lymphoid tissues. 

Microscopically, the diagnosis of lymphosarcoma depends on a subjective 
evaluation of the involved tissue with primary consideration given to esta-
blished criteria for the characterization of neoplasia, e.g. anaplasia, invasive-
ness, unrestrained growth, metastasis, etc. The tumors of lymphoid leukosis 
may be classified pathologically according to the predominant stage of cell 
differentiation, e.g. reticular, lymphoblastic, lymphocytic, etc.; however, this 
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type of classification has not proven helpful in clinical or epidemiologic inves-
tigations. 

IMMUNE REACTION 

The humoral immune response to BLV infection has been well charac-
terized. After experimental infection, antibody first appears within 3-9 weeks, 
but the average time is 4-6 weeks as determined by AGID (Miller and Van der 
Maaten, 1977) and perhaps several days sooner as determined by highly sensi-
tive techniques such as RIA. An infected animal can make antibody to several 
viral proteins, but the reaction to two antigens is of particular importance: to 
the major structural protein of the virus core (p24), and to one of the glycosylat-
ed envelope proteins (gp51). Antibody to gp51 is believed to be responsible for 
the virus-neutralizing activity that is found in sera of BLV-infected cattle. The 
production of neutralizing antibody does not lead to elimination of BLV from 
an animal because of the mechanism of BLV persistence (integration of DNA 
copies of viral nucleic acid into host chromosomes). The gp51 antibody is also 
capable of lysing BLV-infected cells in vitro; however, the reaction requires the 
presence of rabbit complement, and it is not known if antigen-producing cells 
are similarly affected in vivo. 

The constant presence of the viral genome apparently is accompanied by a 
persistent production of antigen. The result of this viral activity are antibody 
titers that usually remain high throughout the infected animal's life span. It 
has been shown that in most BLV-infected cattle the titers to gp51 antigen are 
about 10-fold higher than the titers to p24. Antibody titers to both antigens are 
higher in cattle with tumors than in animals that are asymptomatic, and there 
is frequently a relative increase in titers of antibody to p24 in cattle with 
tumors. These differences are neither great nor consistent enough, however, to 
be used for diagnostic purposes. 

Serum antibody to BLV has been found to be IgG1 or IgA. Infection appears 
to alter serum levels of IgM but there are no reports of a viral specific antibody 
that has the physical-chemical characteristics of this globulin. The IgM altera-
tions do not present a consistent pattern (Meiron et al., 1985). 

The BLV antibody level in a cow's serum drops precipitiously at the time of 
calving, returning to normal within a few weeks (Miller and Van der Maaten, 
1980). The decreased antibody content of serum is apparently the result of a 
selective concentration of the immunoglobulin in colostrum. This maternal 
antibody can confer immunity to newborn calves that should protect them 
against a contact infection for the first 4-6 months of life. 

To date there has been no evidence of a significant CMI response to BLV 
infection. It has been shown that when BLV-infected lymphocytes are cultured 
in vitro and produce virus particles, other (noninfected) lymphocytes in the 
culture undergo blastogenesis. This response is a physiologic and morphologic 
alteration of lymphoid cells that represents a specific reaction to the presence 
of viral antigens. It is not known if a similar response occurs in vivo; further-
more, there is no evidence to suggest that this or any other type of cellular 
immune reaction plays a role in the pathogenesis of BLV. 

LABORATORY DIAGNOSIS 

The diagnosis of bovine leukosis is aimed at two objectives. One goal is the 
detection of BLV infection in cattle, another goal is the diagnosis of lymphosar-

coma. 
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For the diagnosis of BLV infection, serological tests are preferred. A com-
plete herd test of all cattle over 6 months old is most desirable. However, if the 
herd size is large, it may be possible to test only a representative sample of the 
animals. In this case, attention should be given to selecting animals in age 
groups that are characteristic of the herd, because BLV prevalence tends to 
increase with age. There is little reason to test calves that are less than 6 
months old, because a serological test does not distinguish between passive 
immunity due to colostral antibody and calves that have been infected (Van der 
Maaten et al., 1981). 

A herd serosurvey can be used to estimate the prevalence of BLV infection. 
This information may be useful when determining the desirability and feasibil-
ity of a control program. With regard to the testing individuals, the main 
purpose will be to satisfy a health certificate requirement. On occasion, the test 
may be used to aid a clinician in making a differential diagnosis of lymphosar-
coma (adult form). It is important in this situation to recognize the limitations 
of a serological test, i.e. it can only be used to diagnose infection with BLV. 
Because most infected animals do not develop lymphosarcoma, a positive 
serological test cannot be used to confirm a presumptive diagnosis of lym-
phosarcoma. A negative test, however, is helpful because it indicates that the 
animal in question probably has no clinical EBL. 

Serological tests developed for the diagnosis of BLV infection include AGID, 
CF, RIA, ELISA and VN. The RIA, ELISA, and VN tests have the greatest 
sensitivity, but the AGID test is the most widely used because of its greater 
practicality. The AGID test is used especially in regional laboratories where 
the small number of samples tested may not justify a more sophisticated 
technique. 

As we indicated previously, serological tests are of no value for diagnosing 
BLV infection in young calves from infected cows, because such calves will 
have passive antibody from the dam's colostrum. If it is deemed essential to 
determine the BLV status of such animals, techniques to identify virus, rather 
than antibody, must be used. These include in vitro culture of lymphocytes from 
the animal in question and the subsequent visualization of C-type virus parti-
cles by EM, or attempts to identify viral antigens by AGID, competition RIA, 
antigen-capture ELISA, or other serological methods. Alternatively, BLV 
might be identified by the cocultivation of the lymphocytes with specific indica-
tor cells in which the virus will stimulate syncytium formation. These techni-
ques require specific equipment and reagents and are only available in certain 
central laboratories. An additional method to identify BLV infectivity involves 
the inoculation of test material into BLV-negative sheep or cattle which are 
then kept in isolation and examined serologically. This is not only the most 
sensitive virological test method available but it can be used to test a large 
volume of inoculum, even if contaminating microorganisms are present. How-
ever, this is an expensive and time-consuming procedure that would only be 
applied in special situations. From the foregoing discussion it must be con-
cluded that the virological test methods will find only limited application in 
practical field situations. 

The diagnosis of clinical EBL (lymphosarcoma) requires a pathological and 
serological investigation. The tissues submitted for histopathological study 
may be obtained by biopsy or at necropsy. The specimens should be collected 
in 10% formalin or other suitable tissue fixative and submitted to a veterinary 
pathologist. A diagnosis of lymphosarcoma may be made on such material, but 
the designation of EBL can only be applied if a serological test confirms the 
existence of a BLV infection. The serological test is necessary because SBL can 
occur (rarely) in adult cattle and the clinicopathological features of such cases 
may be indistinguishable from those of EBL. It is important to remember the 
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effect of BLV infection on hematologic values in cattle, i.e. that many animals 
will develop a persistent lymphocytosis. In these animals the examination of 
blood smears may also occasionally reveal the presence of abnormal lym-
phocytes. An uninformed diagnostician may try to use a high lymphocyte count 
and cellular morphologic evaluation to substantiate a diagnosis of lymphoblas-
tic or lymphocytic leukemia. However, as we have described in the section on 
pathogenesis, these conditions are natural sequelae of BLV infection in many 
cattle and they cannot be directly correlated with the presence of lymphoid 
neoplasia. 

PROPHYLAXIS AND CONTROL 

There have been only a few attempts to develop a vaccine for the prevention 
of BLV infection in cattle. Thus far, the only immunogen which appears to be 
effective is a surface glycoprotein of the virus (Miller and Van der Maaten, 
1980). Unfortunately this is also the antigen that is used in the serological tests 
that identify infected cattle. Therefore it is unlikely that such a vaccine would 
be acceptable to countries that are using the serological tests in a BLV control 
or eradication program. 

When control measures for EBL were initiated, the hematological tests was 
the only method available for the identification of infected animals. This test 
was later replaced by the more sensitive and specific serological tests which 
also detect animals with asymptomatic BLV infection. Control usually re-
quires slaughter of either an entire infected herd or just the individual infected 
animals, sometimes with their offspring. Because such practices are costly, 
efforts have been made to reduce the spread of BLV by segregating infected 
cattle from noninfected animals. This is a relatively effective control measure 
but is not used extensively, probably because of the extra labor costs required 
for maintenance of two separate herds, especially when milking cattle are 
involved. For trade purposes, it may be more practical to obtain BLV-free 
calves and keep them isolated from the infected herd. The easiest way to obtain 
such calves is to select those born to noninfected dams. In some herds, however, 
the prevalence of BLV infection may be so high that this is not feasible. In these 
situations there are several possibilities for obtaining virus-free calves: (1) 
allow the calves to nurse their dams and then use a virological test to detect 
which calves are infected; (2) allow the calves to nurse their dams, wait until 
colostral antibody wanes (4-6 months of age) and then use serological tests to 
identify noninfected calves; (3) feed the calves colostrum from BLV-negative 
dams so serological tests can be used immediately to identify calves that were 
either infected in utero or during the birth process. The last two methods are 
probably the most practical ones (Van der Maaten and Miller, 1979). 

Another suggested method for securing BLV-negative calves from infected 
cows is to use embryo transfer. Research in this area is limited, but reports thus 
far indicate that such an approach would be successful. The relative costs of 
using embryo transfer compared to calf rearing methods have not been assess-
ed (Bouillant et al., 1981; Eaglesome et al., 1982; Olson et al., 1982). 

Regarding the role of veterinarians in BLV control, the need for good 
hygienic practices when blood sampling, vaccinating, and performing surgical 
procedures is obvious, because any transfer of blood (or other material that 
may contain lymphocytes) involves a risk of spreading the virus. The veterina-
rian should also educate his client regarding these practices in everyday 
management of the herd. The possible role of insects as mechanical blood 
vectors should also be emphasized (pest control). It is important to recognize 
that these efforts are merely going to reduce the risk of exposure for noninfec-
ted animals; unless the BLV carriers are removed from the premises there will 



Retroviridae 429 

be continual transmission of BLV in the herd and some level of infection will 
be maintained. 
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Maedi-Visna Virus 

G. P É T U R S S O N , G. GEORGSSON and P.A. P Â L S S O N 

INTRODUCTION 

Maedi and visna are two disease manifestations in sheep, both caused by a 
virus belonging to the lentivirus subgroup of retroviruses. Maedi is an Icelan-
dic word meaning dyspnea and is used for a slow progressive interstitial pneu-
monia; the term visna (meaning wasting) is used for a slow progressive inflam-
matory disease of the central nervous system resulting in paresis or paralysis. 
These diseases, together with pulmonary adenomatosis and scrapie, were 
classified by Sigurdsson (1954, 1962) as slow infections when he formulated his 
criteria of this special group of infectious diseases. The criteria for slow 
infections were: 

— A very long period of latency (meaning incubation period) lasting months 
or years. 

— A rather regular progressive course after clinical signs have appeared, 
usually ending in serious disease and death. 
— Sigurdsson's third criterion, namely limitation of the infection to a single 
host species and lesions in only one organ or tissue system, has since been 
modified in the light of more recent knowledge, as he had anticipated. 

In this chapter only the essential features of maedi-visna will be presented. 
For further information the reader may consult several reviews dealing with 
the virus and the infection (Gudnadottir, 1974; Haase, 1975; Pâlsson, 1976; 
Thormar, 1976; De Boer and Houwers, 1979; Pétursson et al., 1979; Dawson, 
1980; Georgsson et al., 1980; Narayan et al., 1983; Nathanson et al., 1983; Haase, 
1986; Cheevers and McGuire, 1988; Narayan and Clements, 1989). 

The maedi-visna virus (MVV) exhibits typical retrovirus morphology (Har-
ter, 1976). The fully formed virion has a diameter of approximately 100 nm and 
contains an electron-dense nucleoid (about 30-40 nm). Between the internal 
nucleoid and the outer membrane an internal structure can sometimes be seen 
in electron micrographs. The membrane is covered by knobs about 10 nm in 
length, most readily seen with negative staining. Electron microscopy of infec-
ted tissue culture cells shows that the assembly of virions is completed by 
budding from the cytoplasmic membrane (Fig. 148). MVV has a buoyant density 
of 1.15-1.16 g/ml in sucrose, the sedimentation coefficient is about 600 S and the 
isoelectric point of the virion is 3.8 (Haase, 1975). 

The virus is readily inactivated by ethyl ether, chloroform, formaldehyde, 
ethanol and phenol and by treatment with trypsin. It is stable at — 50°C for 
months and relatively resistant to repeated freezing and thawing. Incubation 
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Fig. 148. M W in cell culture, χ 80000: (a) extracel lular vir ions (arrows), an electron-dense core 

surrounded by two membranes, spikes on the surface; (b) virus budding from the plasma membrane. 

at 50°C in 1% serum inactivated 90% of the infectivity in 10-15 minutes, as does 
storage at 4°C for 4 months. The infectivity is relatively stable at pH values 
between 5.1 and 10 (Thormar, 1965). 

The structural proteins of MVV are quite similar in general to those of other 
lentiviruses, except for certain differences in the glycoproteins (Haase and 
Baringer, 1974). A major virus component (40% of the virion mass) consists of 
a single protein of 25-30 000 daltons (p30) which is a constituent of the virus 
core; a glycoprotein of an apparent mass of 135 000 daltons (gpl35) is thought 
to be associated with the virus surface knobs. These two proteins form the two 
major precipitation lines in immunodiffusion tests with sera from infected 
sheep. The envelope of MVV has been reported to contain neuraminic acid. The 
virus does not seem to be hemagglutinating but will inhibit hemagglutination 
by influenza virus (August et al., 1977). 

Several strains of MVV have been isolated in various countries. They cross-
react strongly in various serological tests, e.g. immunodiffusion, CF and 
ELISA. The major internal antigen p30 of various strains seems identical or 
strongly cross-reactive, but different isolates of virus can vary in neutraliza-
tion tests, even isolates from the same animal. 

The basic biological features of MVV are quite similar to those of other 
animal lentiviruses and the human lentivirus HIV, although immunodeficiency 
is not seen in the ovine disease (Pétursson et al., 1989). 

EPIZOOTIOLOGY 

MVV infections are found in sheep only. Although a related virus can cause 
disease in goats (caprine arthritis-encephalitis) there is little evidence to show 
that sheep will contract the infection from goats under natural conditions. 
Studies in Norway and Australia indicate that the goat disease may exist for 
a number of years in a region without being transmitted to sheep. It is unclear 
to what extent visna-maedi infection of sheep will be transmitted to goats 
under natural conditions. MVV has been transmitted to goats by parenteral 
injections and the goat virus to sheep (Banks et al., 1983). It has not been 
possible to infect small laboratory animals. The virus will grow in cultured 
cells from several species, including bovine and human cells (Thormar, 1976). 
No evidence for laboratory infection of humans has ever been found. There are 
no known reservoir hosts or vectors. 

There seems to be a widespread geographic distribution of maedi or closely 
related diseases of sheep (Pâlsson, 1976). The pulmonary disease has been 
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known by different names in various countries, lungers or ovine progressive 
pneumonia in the USA, zwoegerziekte in the Netherlands, Graaf-Reinet di-
sease in South Africa and la bouhite in France. It has also been found in 
Germany, Belgium, Spain, Italy, Greece, Hungary, Bulgaria, Switzerland, Is-
rael, Kirgizia in the Soviet Union, Canada, Kenya, India and Peru. In the last 
two decades the disease has been introduced with imported sheep to Denmark, 
Norway, Sweden, Great Britain and Morocco. In many cases the imported 
sheep were of the Texel breed. 

Together with pulmonary adenomatosis (jaagsiekte), visna and maedi were 
brought into Iceland with the importation of Karakul sheep from Halle in 
Eastern Germany in 1933 (Pâlsson, 1976). The diseases were not known in the 
Karakul flock. In Iceland the local breed, primitive short-tailed hill-sheep, were 
extremely susceptible to the new diseases. In the beginning losses due to maedi 
were overshadowed by those due to jaagsiekte in areas where the two diseases 
coexisted, since jaagsiekte has a shorter incubation period and clinical course. 
Losses due to maedi gradually increased over several years and reached 15-
30% annually in some flocks. Clinical signs of visna were seen in the southwes-
tern part of Iceland but not in the northeastern part, where maedi spread from 
a separate focus. This may indicate that genetic differences in the virus and/or 
in the sheep population may determine which manifestation of the infection is 
dominant. In most other countries the neurological signs of visna have not 
been apparent, although brain lesions have been found in maedi-infected flocks 
by histological surveys (Ressang et al., 1966). The incidence of maedi varies 
widely between countries and individual flocks. Serological tests may show 
from a few percent up to 80-90% of adult sheep to be infected. Annual losses 
due to clinical maedi have been much lower generally than in Icelandic flocks, 
but information on the economic consequences of the infection is difficult to 
obtain. The infection has come to play an increasing role in trade with live 
sheep, especially when they are to be imported. Serological screening of flocks 
is required by many countries before import licences are granted, since ex-
perience shows that flocks may be infected even if clinical cases have not been 
seen. The initial spread of the infection is often insidious and the infection may 
have spread widely before any clinical cases are detected, especially where it 
is customary to cull ewes at a relatively early age. Husbandry methods such as 
housing of sheep may facilitate the spread of the disease. 

PATHOGENESIS 

Most of the studies on the pathogenesis of visna have been done by infecting 
sheep intracerebrally with virus. From field studies it is evident that the virus 
spreads laterally, probably by the respiratory route. Crowding definitely favors 
the spread of the infection. However, where the infection is enzootic the most 
important route of infection seems to be from ewe to lamb with colostrum (De 
Boer et al., 1979). There are conflicting reports concerning transmission to the 
fetus in utero but it rarely seems to occur under natural conditions (Hoff-
Jörgensen, 1977; De Boer et al., 1979). The virus is found in the lungs, CNS, 
spleen and lymph nodes, salivary glands and in white blood cells. The mam-
mary gland is infected and virus has been isolated from milk. No evidence for 
transmission with semen has been obtained, but rams have been known to 
spread the infection by transmission to ewes (Krogsrud and Udnes, 1978). In 
experimental visna there is severe restriction of virus replication in various 
tissues (Haase et al., 1977). Many cells contain the viral genome in DNA 
provirus form as demonstrated by in situ hybridization with virus-specific 
probes. In a smaller fraction of cells the DNA is transcribed into RNA, but cells 
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containing virus protein detected by usual methods such as IF are rare. It is 
difficult to demonstrate budding or fully formed virus in the CNS by EM 
(Georgsson et al., 1977). The reasons for this restriction of virus replication in 
vivo are unknown, but it is apparently not due to the immune responses of the 
host. 

The production of lesions in visna seems to be immunologically mediated, 
probably by a CMI response to virus antigen on infected cells (Pétursson et al., 
1979). The exact mechanism of pathogenesis of the pulmonary lesions in maedi 
is unknown, but some features of the pathological lesions speak for an 
immunopathological process operating in the lungs also. An important fact is 
that the infected animals rarely, if ever, rid themselves of virus. Each infected 
animal continues to harbor the virus and remains a constant threat to any 
uninfected contact animal. 

The first clinical symptom of maedi is failure to thrive. The affected animals 
tend to lag behind and show signs of respiratory distress when flocks are driven 
to pasture. Later an increased rate of respiration is observed even at rest. 
Coughing is not prominent and there is no discharge from the nostrils. This is 
of help in differential diagnosis, since pulmonary adenomatosis, another virus-
induced lung disease of sheep, is characterized by coughing fits and copious 
discharges of fluid from the nostrils. Gradually the sheep become cachectic in 
spite of good appetite and lie down most of the time in the terminal phase of the 
disease. The clinical course may last for months or even more than a year but 
is apparently accelerated when the sheep are exposed to stress such as lambing 
and lactation. Clinical maedi is rarely seen in sheep younger than 3-4 years 
(Pâlsson, 1976). 

The clinical picture of visna is dominated by neurological symptoms. The 
affected sheep tend to lag behind the flock when driven due to lameness of one 
or both hindlegs. Weight loss is usual in spite of a healthy appetite. Gradually 
the paresis of the hindlegs progresses whereas the front legs are usually not 
affected, at least not before the final stage of the disease. Sometimes a slight 
tremor of the head and of the muscles around the mouth is observed and 
occasionally blindness. The course of the clinical phase may last for several 
months or even years but ends in prostration and death. 

Maedi and visna may coexist in the same flock or even in the same individual 
sheep, but maedi is by far the most common clinical manifestation. Only in 
some flocks in Iceland did visna dominate. Recently arthritis has been observed 
in flocks in the USA afflicted with progressive pneumonia (Oliver et al., 1981), 
and a chronic indurative mastitis is also associated with MVV infection (Van 
der Molen et al., 1985). 

In maedi the lesions primarily affect the lungs and the mediastinal lymph 
nodes (Georgsson et al., 1976). The lungs are increased in size, often weighing 
2-3 times more than normal (Fig. 149). They do not collapse when the thoracic 
cavity is opened and exhibit a dull greyish-blue or greyish-brown color rather 
than the normal pink. They are compact to the touch — somewhat like a rubber 
sponge but less elastic. Usually in advanced maedi the whole lung is diffusely 
affected. On the cut surface the tissue is rather dry and homogenous in color 
and consistency. The tracheobronchial and mediastinal lymph nodes are enlar-
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Fig. 149. Maedi lungs (1370 g) wi th enlarged mediast inal lymph node on the right; normal lung 

(450 g) wi th corresponding mediast inal lymph node on the left. 

ged, often 3-5 times the normal size. Microscopically, the lesions consist of 
diffuse thickening of the interalveolar septa, which gradually encroaches upon 
alveoli, leading to their obliteration with almost total consolidation in some 
areas. The thickening of the alveolar septa is mainly caused by cellular infil-
trates consisting of lymphocytes, monocytes and/or macrophages in varying 
proportions, with a few plasma cells. Polymorphonuclear leukocytes are not a 
feature of these chronic inflammatory changes. Hypertrophy and/or hyper-

Fig. 150. Maedi: chronic interst i t ial inf lammation wi th peribronchial lymphoid hyperplasia; Mass-

on-trichrome, χ 120. 
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plasia of smooth muscles in interalveolar septa is a usual feature of the disease; 
there is an increase in reticular fibers but fibrosis is not prominent. A regular 
and typical finding is a sometimes very prominent accumulation of lymphoid 
tissue, peribronchially and often perivascularly as well. This is often in the 
form of regular lymph follicles with active germinal centers (Fig. 150). Trans-
formation of the squamous epithelium of the alveoli into cuboidal cells if often 
noted, and sometimes irregular cyst-like cavities lined with cuboidal epi-
thelium are seen. They may bear a superficial resemblance to lesions found in 
pulmonary adenomatosis. The lesions of maedi are not pathognomonic, and 
early lesions may be difficult to evaluate especially in lungs infested with 
lungworms. Other lung diseases of sheep such as pneumonia due to other virus 
infections and mycoplasma may pose problems in differential diagnosis. 
Therefore it is desirable to use virus isolation and serological tests to confirm 
the diagnosis of maedi. 

The lesions of visna have mainly been studied in experimental infections, but 
they seem to correspond closely to those found in the natural disease (Georg-
sson et al., 1976). The cardinal features are chronic inflammation of the brain 
and the spinal cord. The lesions are mainly distributed around the ventricular 
system affecting both grey and white matter (Fig. 151). Subependymal and 
perivascular infiltrates of lymphocytes, monocytes and/or macrophages with 
some plasma cells are typical, and an astrocytic reaction is seen bordering the 
lesions. The inflammatory changes are sometimes quite severe with lique-
faction necrosis and occasionally coagulative necrosis. Destruction of myelin 

Fig. 151. Visna: periventricular inflammation around the lateral ventr ic le wi th perivascular 
inflammatory cuffs extending into the adjacent neuroparenchyma; Η & Ε, χ 50. 
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together with the axons is seen in the necrotic foci, but primary demyelination 
is also observed where the myelin sheath is selectively destroyed, leaving the 
axons intact (Georgsson et al., 1982). This feature of primary demyelination 
makes experimental visna an interesting model in research on demyelinating 
diseases of humans of unknown etiology, e.g. multiple sclerosis. The meninges 
of the brain and the spinal cord also show inflammatory changes and the 
choroid plexus is affected in varying degree, sometimes with massive prolifera-
tion of lymphoid tissue with active germinal centers. There is little destruction 
of neurons, and no changes have been seen in the peripheral nervous system. 
The lesions in visna resemble caprine arthritis-encephalitis and other virus 
encephalitides of animals, e.g. demyelinating canine distemper. 

IMMUNE REACTION 

Sheep respond to infection with MVV by production of antibodies, which 
can be detected by means of various tests. The VN test was the first to be used 
and can be carried out mixing sera and virus and assaying for infectivity in 
cultured sheep cells. Although a useful tool in experimental work, the VN test 
has several drawbacks in diagnostic work. It is time-consuming and expensive, 
and due to antigenic variation of MVV false negative results may occur. In 
experimental animals neutralizing antibodies are usually first detected 2-3 
months after infection, increasing in titer for a few weeks and then remaining 
fairly constant for months or even years (Pétursson et al., 1976). CF tests have 
also been useful in detecting antibodies in infected animals (Gudnadottir and 
Kristinsdottir, 1967). Some laboratories have obtained results with this test, 
others report difficulties due to anticomplementary reactions of sera and dif-
ficulty in producing good antigens consistently. It is very important to test all 
samples in parallel with control antigen from uninfected cell cultures. The first 
antibody rise after experimental infection can be detected after 3-4 weeks 
using CF, and the titers tend to remain constant for years after they have 
reached a plateau. More positive animals are detected in an infected herd using 
CF rather than VN tests (Gudnadottir et al., 1968). Both neutralizingand CF 
antibodies seem to belong to the IgGl subclass of sheep immunoglobulins but 
represent two distinct subpopulations of IgGl molecules, since the neutralizing 
antibodies can be separated from the CF fixing molecules by ion-exchange 
chromatography (Pétursson et al., 1979). 

Antibodies against the glycoprotein antigen and the p30 core antigen can be 
demonstrated by AGID (Cutlip et al., 1977). More than 90% of sheep experi-
mentally infected with visna show a precipitation line against the glycoprotein 
antigen; a lower proportion shows a second line corresponding to the p30 
antigen (Pétursson et al., 1979). This test is simple to carry out, but different 
preparations of antigen may contain varying relative amounts of glycoprotein 
and p30 antigens. The ELISA with semipurified virus has given good results 
and may become the test of choice (Houwers et al., 1982). Some laboratories 
have experienced difficulties with high backgrounds in sera from normal ani-
mals. IF tests using virus-infected cells in culture have also been used success-
fully to measure virus-specific antibodies (Thormar, 1969). 

A comparative study has shown indirect ELISA, indirect IF and AGID tests 
to be equally good in detecting maedi-specific antibodies in sera from infected 
sheep (Dawson et al., 1982). 

Evidence of CMI in experimentally infected sheep has been obtained by use 
of lymphocyte blast transformation. The response seems to be irregular and to 
vary with time (Sihvonen, 1984); this test is therefore not suitable for diagnos-
tic work. 
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There is evidence from experimentally infected sheep that the CNS lesions 
are immunologically mediated at least in the early stages of the disease. The 
lesions could be prevented by installing an immunosuppressive regime, and 
there is some evidence that they are produced by a CMI response to virus-
induced antigens in the brain (Nathanson et al., 1976). The pathogenesis of the 
primary demyelination seen in visna has not been fully explained, but findings 
of the viral genome and antigen in glial cells, astrocytes and especially ol-
igodendrocytes (Stowring et al., 1985) indicate that an immune attack on 
infected oligodendrocytes may be responsible for the primary demyelination. 

4̂  LABORATORY DIAGNOSIS 

In living animals the only practical laboratory diagnostic methods are tests 
for antibodies against the virus. ELISA and AGID tests are best considered as 
herd tests since individual animals may show false negative results, for exam-
ple if they are recently infected. If visna is suspected a spinal tap may reveal 
an increase in the number of cells in the spinal fluid, consisting mainly of 
macrophages and lymphocytes with a few plasma cells (Georgsson et al., 1979). 
In maedi-affected sheep anemia and hypergammaglobulinemia have been re-
ported, but these are neither specific nor constant features of the disease. 
Attempts to isolate virus from the buffy coat of the blood are occasionally 
successful but this technique is hardly practical as a diagnostic test (Pétursson 
et al., 1976). 

At autopsy the histopathology of the lungs and the brain may reveal typical 
lesions, but these may be minimal or absent in some animals. Then virus 
isolation in cell culture remains the final means for detection of infection. 

The best methods of isolating virus are expiant cultures in plasma clot and 
cocultivation of cells from infected animals with susceptible cell strains such 
as cultivated plexus choroideus or testis cells (Pétursson et al., 1976). Most 
cultivated sheep cells are permissive for MVV in vitro. The CPE consists of 
rounded individual cells with filiform extensions and multi-nucleated giant 
cells that arise by fusion of several virus-infected cells. Eventually the cell 
sheet degenerates and is lysed. Some field strains of maedi or the progressive 
pneumonia form of the disease in the USA are not strongly cytolytic and do not 
produce higher titers in vitro (Quérat et al., 1984). The isolates can be charac-
terized as belonging to the MVV group by their typical morphology in EM, the 
presence of reverse transcriptase and most simply by serological comparison 
with known MVV strains. The spleen, lungs, mediastinal lymph nodes and the 
plexus choroideus are the organs of choice in attempts to isolate virus (Péturs-
son et al., 1976). 

PROPHYLAXIS AND CONTROL 

There is no vaccine available for protection against maedi and visna. Lim-
ited attempts to produce such a vaccine have not been successful. The most 
important preventive measures are thorough serological tests of the flocks of 
origin when sheep are aquired from another herd. In Iceland the disease was 
eradicated by ruthless stamping out of flocks in areas where the disease had 
been detected and replacement of the sheep with lambs brought in from unaf-
fected regions. Strict control of movement of live animals with division of the 
country into fenced-off quarantine areas led to the complete eradication of the 
disease in 1965. In the process, pulmonary adenomatosis was also eradicated. 
Today Iceland is the only country where the disease has been eradicated. These 
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drastic measures were necessary because of the heavy losses experienced and 
the lack of information about the disease at that time (Pâlsson, 1976). 

These methods are impractical in most other countries, but other less severe 
measures are available. They all require extensive, repeated serological testing 
and restrictions of movement of sheep between flocks. Some rely upon culling 
of seropositive animals with repeated tests over a period of several years 
(Krogsrud et al., 1978). These methods are slow and most suitable when the 
proportion of infected animals in a herd is low (Hoff-Jörgensen, 1978). In 
heavily infected flocks the main route of infection is from the mother ewe to her 
lamb by means of the colostrum. Attempts to clean up infected herds by 
removing lambs from the ewe at birth and raising them artificially, in isolation 
from the infected flock, have been successful in the Netherlands and in the USA 
(Houwers et al., 1983; Molitor et al., 1979). 
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Chapter 41 

Caprine Arthritis-Encephalitis Virus 

O. N A R A Y A N and L.C. CORK 

INTRODUCTION 

Caprine arthritis-encephalitis (CAE) is a disease complex that affects 
domestic goats of all ages and probably all breeds. In young animals the 
disease is characterized by paresis which progresses rapidly to paralysis, and 
in adults by a high prevalence of chronic persistent arthritis and mastitis. On 
rare occasions, adults also develop a slowly progressive fatal pneumonia-ence-
phalitis characterized clinically by dyspnea and progressive paralysis. The 
entire disease complex is caused by a lentivirus that shares antigenic deter-
minants with the etiologic agent of maedi-visna of sheep, but is distinct from 
all other retroviruses. Serologic surveys show that the CAE virus (CAEV) is 
widely disseminated in goat herds in North America, Europe and Australia and 
that the incidence of infection in individual herds may be close to 100% even 
though only a small fraction of these animals shows clinical disease. Except for 
goats, and possibly sheep, there is no other known host for this virus. 

VIRUS PROPERTIES 

The CAE agent is a nononcogenic retrovirus and a member of the len-
tiviruses (Clements et al., 1980; Crawford et al., 1980a; Sundquist, 1981). The 
polypeptides of biological significance in the virion are structurally very sim-
ilar to those of maedi-visna virus (MVV) (Clements et al., 1980). They consist 
of a single glycoprotein with a molecular weight of 140 000 daltons (gpl40) 
which is located in the virus envelope and is the antigen normally responsible 
for eliciting virus neutralizing antibodies. The other proteins in the virion are 
nonglycosylated; the p28 protein is in the core of the virion, making up 75% of 
its mass. This protein shares many antigenic sites with its counterpart of MVV 
(Narayan et al., 1980). 

The virus is usually cultivated in early subcultures of outgrowths of syno-
vial membranes of goats. The growth cycle of the virus extends from 15 to 20 h 
in these cells. Most of the mature virions are produced by budding from the cell 
membrane, although large numbers of particles are produced by budding from 
the endoplasmic reticulum into intracytoplasmic vesicles. Replication of the 
virus in cell cultures is accompanied by cell fusion (multinucleated giant cell 
formation), which is the major cytopathic effect of the virus (Narayan et al., 
1980; Klevj er-Anderson and Cheevers, 1981). These cytopathic effects have not 
been seen in lesions in diseased animals. 

The lentiviruses of goats and sheep are susceptible to most forms of chemical 
inactivation because of the fragile lipoprotein envelope of the virion. Thus, 
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detergent soap solutions, phenolic and quaternary ammonium compounds, in 
addition to formalin and hypochlorite would all be effective as disinfectants. 
The agent is inactivated by heat at 56°C for 10 min. Since colostrum and milk 
from infected animals usually contain virus-infected cells, these products 
should therefore be used with caution to prevent oral infection of kids. Presum-
ably these products can be sterilized by adequate heating procedures. 

EPIZOOTIOLOGY 

CAE is a relatively new disease whose epizootiology is still being evaluated. 
Epizootiological studies have been complicated by the fact that a single virus 
can cause three different diseases in different age groups of the host. These 
include: (1) a rapidly progressive leukoencephalitis and pneumonia in newborn 
and young goats (Cork et al., 1974b); (2) chronic arthritis (Crawford et al., 1980) 
and mastitis (Cork and Narayan, 1980) in adult goats; (3) a sporadic slowly 
progressive pneumonia-encephalitis in adult goats (Sundquist et al., 1981). The 
neurological disease in kids occurs in animals less than 4 months of age and 
may have an incidence of up to 20%. The arthritic disease may have a preva-
lence of 10-20%. Most infected animals do not show clinical disease, although 
many may have pathologic lesions (L.C. Cork and T.B. Crawford, unpublished 
data, 1974). Using the immunodiffusion technique which recognizes the p28 
polypeptide of this virus, Crawford and Adams (1981) examined over 1000 serum 
samples from different areas in the USA and showed that 81% of the animals 
were infected. Similar high levels of infection have been reported in goat herds 
in several countries in Europe. 

Further complications in evaluating the epizootiology of CAEV comes from 
the fact that the agent is closely related serologically to ovine MVV, posing the 
question whether the goat disease could be caused by the sheep agent or vice 
versa. The recent demonstration that arthritis and mastitis also occur as a 
complication, albeit rarely, of maedi-visna of sheep (Oliver et al., 1981) keeps 
the issue of cross-species infection alive. No other animal species is known to 
be susceptible to infection with this virus. 

One of the main methods of dissemination of CAEV may be via the feeding 
of infected colostrum, as previously established for the spread of MVV in sheep 
(De Boer et al., 1979). Crawford and Adams (1981) showed that kids which were 
deprived of colostrum remained free of infection for at least 2 years, whereas 
kids which had nursed or were fed colostrum showed evidence of infection by 
day 60. Transplacental infection of fetuses by viremic maternal blood does not 
seem to be a major method of virus spread. Exposure of newborn kids to virus 
in colostrum is probably responsible for the high incidence of leuko ence-
phalitis seen in this age group of animals. 

The fact that many individual goat herds show almost 100% infection can be 
explained by a combination of factors. Firstly, the infection in goats persists, 
often for life, and thus these animals become important virus shedders either 
via colostrum or via respiratory secretions. Secondly, infection is usually 
subclinical and thus virus spread is insidious. In this respect the mastitis which 
develops in mature goats is even more insidious than the arthritis, because the 
inflammatory changes occurring in the mammary glands cannot be seen except 
by histological examination. Thirdly, dairy goat husbandry usually includes 
hand rearing of kids. This fosters virus dissemination by bottle feeding of 
infected milk as well as by physical contact due to handling of kids. Further 
horizontal spread of virus probably occurs among kids, because these animals 
are often housed together in close quarters. 
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PATHOGENESIS 

CAEV and M W have three biological properties which lend themselves 
perfectly to persistent infection. First, these viruses can sequester themselves 
in host cells by integrating their proviral DNA into host cell DNA. In this 
integrated state the agents elude immunologic elimination. Second, these 
viruses replicate preferentially in macrophages (Narayan, 1980; Narayan et al., 
1982). Field strains of the viruses replicate most efficiently in macrophage 
cultures, and the highest concentration of infectivity in pathologically affected 
tissues are found in the extracts of macrophages in these target tissues. Third, 
these viruses do not usually induce virus neutralizing antibodies (Narayan, 
1980; Griffin and Narayan, 1981; Klevjer-Anderson and McGuire, 1982). Virus 
replication can thus continue independent of any control by the humoral 
immune system. 

Exposure of goats and sheep to their respective retroviruses results in a 
persistent systemic infection during which virus infects and replicates at 
minimal levels in cells of the monocyte-macrophage series. Animals develop a 
low-level viremia in which virus is associated almost exclusively with monocy-
tes. Monocytes are derived from bone marrow and circulate in blood for a 
variable period before localizing in particular tissues where they mature into 
resident macrophages (Blusse van oud Alblas and Van Furth, 1979). Studies on 
infected monocytes show that they contain the viral genome but no infectious 
particles. When these cells are cultivated in vitro they mature into macro-
phages, which then produce infectious particles (Narayan et al., 1983a). The 
inference from these studies is that monocytes may be important in dissemina-
tion of infection to various tissues when the cells "home" for specific tissues. 
Support for this comes from studies which showed that in naturally or experi-
mentally infected animals virus could be isolated from monocytes and also from 
macrophages in spleen, lung, synovium and, in lactating does, from macro-
phages in the colostrum and milk (Kennedy-Stoskopf et al., 1985). 

Examination of animals with clinical disease — goats and sheep in the 
encephalitic phase of disease (leukoencephalitis and visna, respectively) or 
sheep with dyspnea (maedi, progressive pneumonia, zwoegerziekte) or goats 
with arthritis — all show the typical low-grade systemic infection, i.e. non-
productive infection in monocytes. However, homogenates of tissues with 
lesions nearly always contain cell-free infectivity, indicating that virus replica-
tion occurs at an amplified level in the these tissues in contrast to the low level 
of replication in other tissues. Further, comparison of the amount of infectivity 
in extracts of maedi lung tissue with the infectivity in extracts of alveolar 
macrophages lavaged from the same lungs showed similar titers. This suggests 
that the macrophages in the organs with lesions may be the site for increased 
virus replication (Narayan et al., 1983b). 

Newborn goats are particularly susceptible to infection of the CNS with 
CAEV. However, the isolation of virus from the CNS of persistently infected 
adult animals is relatively rare except from animals with encephalitic disease 
(Narayan et al., 1983b). This applies even to animals with chronic arthritis 
and/or pneumonia. Experimental infection corroborates the rarity of CNS 
involvement, since adult sheep and goats inoculated via parenteral routes 
develop typical systemic infection without infection of the CNS. Intracerebral 
inoculation of virus, however, results in virus replication in brain with acute 
leukoencephalitis, simulating the encephalitic phase of naturally occurring 
disease. Moreover, i.e. inoculation results also in the low-grade systemic infec-
tion seen after parenteral inoculation. This would be expected, given the "spill 
over" of i.e. inocula into the blood stream. 
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Whereas macrophages are important cells for virus replication, the immune 
réponses of infected animals play other crucial roles in pathogenesis. As 
mentioned above, the failure of the animal to develop antiviral antibodies 
cripples a major arm of the host defense system and thus indirectly potentiates 
persistent infection. The cellular immune response plays an even greater role 
in the disease because of the strong implication for cell-mediated injury. The 
basic pathologic lesion in all affected organ systems consists of infiltration and 
proliferation of mononuclear cells together with necrosis of cells normally 
populating this tissues, e.g. Oligodendroglia in brain, synovial cells in joints 
(Cork et al., 1974a; Adams et al., 1980b). Administration of antithymocyte serum 
to both sheep (Nathanson et al., 1976) and goats (Cork and Narayan, 1980b) 
during the early phases of infection prevent development of these lesions 
without affecting virus recovery. Present indications for pathogenesis 
therefore are that infected monocytes bring virus to target organs and cause 
infection with virus replication in indigenous cells in these organs. Viral 
antigens produced by these cells elicit the CMI response which causes the 
immunopathologic consequences. 

DISEASE SIGNS 

CAEV is associated with at least three disease syndromes in nature. The 
most frequently encountered is the arthritic disease of adult goats (Crawford 
and Adams, 1981). The arthritis is insidious in onset and usually slowly pro-
gressive over a period of months to years. In a survey of animals in Washington 
State these authors noted that disease may appear suddenly and remain static, 
whereas in others it is either rapidly progressive or chronic and slowly pro-
gressive over a period of several years. Joints, bursae and tendon sheaths are 
targets for disease, but the commonest and most severe localization is usually 
seen in the carpal ("knee") joints, giving rise to the colloquial description of 
"big knee" disease. The hock and stifle joints are involved to a lesser extent. 
In severe cases, swelling of the atlantal and supraspinous bursae also become 
evident. Disease is usually seen in animals between 2 and 9 years of age and, 
generally, the longer the disease duration the greater the tissue damage. 
Affected goats are usually thin to emaciated and have long, coarse, poor hair 
coats (Fig. 152). Lactating does show a reduction in milk production. Depend-
ing on disease severity, affected animals show signs varying from lameness and 
reluctance to walk, to severe restriction in joint movements, leading to recum-
bency. Decreased locomotion often leads to overgrown distorted hooves which 
compound gait abnormalities (Fig. 153), whereas recumbency sometimes leads 
to skin ulceration, abscessation and osteomyelitis. In some cases long-standing 
severe arthritis becomes compounded by mineralization, and ligaments and 
tendons may rupture, resulting in inability to stand. 

Except in septic complications, arthritic animals are afebrile, alert and 
maintain healthy appetites despite severe loss in physical condition. In early 
cases of arthritis there is an excess of synovial fluid which causes distention of 
joint capsules, bursal spaces and tendon sheaths. The fluid is less viscous than 
normal; it is blood tinged or straw colored and highly cellular. Whereas normal 
synovial fluid may have a mononuclear cell count of less than 500 cells/mm3, 
fluid from arthritic joints may have up to 500 000 cells/mm3. These cells consist 
of lymphocytes, plasma cells and macrophages. Fibrin, fragments of synovial 
membrane and mineralized debris are often found in the fluid. 

The histopathological changes seen in natural and experimentally induced 
arthritis have been described by Adams et al. (1980b), Crawford et al. (1980a, b), 
and Cork and Narayan (1980a). The earliest lesions are characterized by 
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Fig. 152. Goat wi th CAE showing typical unthrifty appearance and arthrit is in carpal jo ints . 

proliferation of the synovial membrane with development of villous projections 
into the lumen of the joint. There is an accompanying inflammatory response 
characterized by perivascular cuffs which are made up of the same type of 
mononuclear cells as seen in the synovial fluid (Fig. 154). 

Later lesions consist of necrosis of the collagen structures, including the 

Fig. 153. Carpal jo ints of goat w i th CAE are enlarged and may show mineral izat ion of periarticular 

t i ssue radiographical ly; hooves are overgrown and misshapen due to decreased act iv i ty and 

abnormal gait . 
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Fig. 154. Synovia l l in ing from carpus of goat infected wi th CAEV; synovia l vi l l i are hypertrophied 

and th ickened by increased fibrous connect ive t issue; a mass ive infiltration of lymphocytes , 

macrophages and plasma cel ls is wi th in the vi l l i and is most prominent in perivascular regions; 

x 4 0 . 

Fig. 155. Mammary gland from doe infected wi th CAEV; the glandular t i ssue has focal, interst i t ial 
and perivascular infiltrations of mononuc lear cells; a germinal center has formed adjacent to the 
duct; χ 175. 
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joint capsules, tendons and tendon sheath, ligaments and bursae. Inflammatory 
cells in these late lesions often become organized into germinal centers with 
more extensive perivascular cuffing in which plasma cells are predominant. 
Severe lesions consist of extensive necrosis compounded by mineralization of 
necrotic debris and subsequent fibrosis. It is at this stage of cartilagenous 
degeneration that tendons and ligaments rupture. 

In addition to arthritis, lactating does often have chronic inflammatory 
lesions in the mammary glands (Cork and Narayan, 1980a). These lesions 
consist of marked lymphoid hyperplasia, which in the chronic cases become 
lymphoid nodules as seen in the joints. Many of these nodules are arranged 
adjacent to the lactiferous ducts (Fig. 155). The inflammatory cells are of the 
same type as seen in the arthritic joints. Both the arthritic and mastitic lesions 
can be reproduced when young adult goats are inoculated with CAEV (Cork 
and Narayan, 1980a). 

Rapidly progressive neurological disease of young goats is the other major 
disease syndrome associated with this virus infection (Cork et al., 1974b). Kids 
are usually 2-4 months old when the earliest signs of disease are recognized, 
and they progress rapidly to paralysis within the following 2-4 weeks. The 
earliest clinical sign is often posterior paresis or ataxia or "weakness in hind 
quarters", which could be either uni- or bilateral. A few may show circling 
signs or appear blind. Within weeks, posterior paresis may progress to include 
the front legs. Kids with tetraparesis become recumbent and are usually killed. 
If given good nursing care, however, these animals recover from the acute 
disease and survive, although with residual paralysis. Torticollis and devia-
tions of the head have been observed in these survivors. Goats with ence-
phalomyelitis usually have rough hair coats and may have muscle atrophy. 
However, they are afebrile, alert and maintain a good appetite (Fig. 156). 
Survivors of the neurologic disease develop arthritis similar to that seen in 
adult goats (L.C. Cork, unpublished data, 1974). 

Fig. 156. Goat kid wi th CAE and posterior paresis; affected kids are alert and afebrile and wil l 

cont inue to nurse or graze; note atrophy of musc les in hind leg. 
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5 PATHOLOGY 

Pathologie changes consist of demyelinating encephalomyelitis (Cork et al., 
1974a). During the acute stage of disease animals develop a pleocytosis, in 
which up to 100000 mononuclear cells/mm3 can be found in the cerebrospinal 
fluid. Starting at the pial or ependymal surfaces of the brain, lesions consisting 
of perivenous accumulations of mononuclear cells expand into the parenchyma 
(Fig. 157). This inflammation is accompanied by destruction of myelin and 
proliferation by glial cells. Lesions in the spinal cord follow the same pattern, 
radiating from the perivascular regions and giving rise to demyelination. In the 
late stages inflammatory cells may become organized into germinal centers or 
focal accumulations of glial cells. Paralyzed animals may have residual demye-
linated areas with no further evidence of ongoing inflammation. These large 
foci of demyelination also occur in the CNS of goats with late onset disease in 
adults (see below) and also in sheep with visna (Georgsson et al., 1982). 

Kids with neurological disease also often develop a transient subclinical 
interstitial pneumonia and the lungs fail to collapse completely at autopsy. 
Histologically, these lesions consist of lymphoid hyperplasia with frequent 
nodular arrangements, thickening of alveolar septa and pronounced infiltra-
tion by macrophages. These lesions are typical of chronic interstitial pneumo-
nia which, in sheep, is called progressive pneumonia in the USA, maedi in 
Iceland and zwoegerziekte in the Netherlands (Dawson, 1980). 

The third disease manifestation in infected goats is a sporadic slowly pro-
gressive paralytic disease in adult animals ("goat visna") (Sundquist et al., 
1981). Goats 1-5 years old are affected and disease starts as a slight abberration 
in gait which progresses over a course of months to paresis and paralysis. In 
some cases the disease stabilizes for a few weeks and then relapses with a 
progressive course. Similar to young animals with rapid onset leukoence-
phalomyelitis and adults with arthritis, these adult goats with paralytic di-

Fig. 157. Brainstem from goat kid wi th CAE; ependymal l in ing is hyperplast ic or disrupted, 
adjacent neuroparenchyma is diffusely infiltrated wi th mononuclear cells; broad perivascular cuffs 
of macrophages , lymphocytes and plasma ce l l s are prominent; χ 200. 
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sease are afebrile, alert and maintain a good appetite. They have normal 
withdrawal and menace reflexes. Arthritis has not been reported with this 
disease. 

The basic pathologic lesions in these adult goats are similar to those seen in 
young animals. Spread of inflammation from the ventricles, glial proliferation 
and myelin destruction all accompany necrotizing malacic lesion. The localiza-
tion of lesions to periventricular areas of the mid-brain, cerebellum, pons, 
medulla and spinal cord are typical of the disease in goats and remarkably 
similar to lesions of visna in sheep (Sigurdsson et al., 1962). Furthermore, these 
animals often have interstitial pneumonia of the same type seen in kids with 
rapid onset leukoencephalomyelitis and in sheep with maedi. 

Presumably this disease complex in adult goats is similar to that described 
by Stavrou et al. (1969) in Germany. However, in the latter case the "granuloma-
tous" pathologic changes noted in the brain were also seen in the eyes in a form 
of iridocyclitis. It is possible that these optic lesions could represent disease 
initiated by a particular strain of CAEV in yet another target organ. However, 
the viral specificity of these lesions has not been confirmed. It should be noted, 
moreover, that none of the currently known strains of CAEV or MVV cause 
lesions in the optic system or peripheral nervous system. 

IMMUNE REACTION 

Both the humoral and cellular immune responses to the virus play important 
roles in the infection, but neither seems to have any benefit to the host. Very 
little is known about IgM antibody responses of goats and sheep to these 
lentiviruses. However, large amounts of virus-specific antibody are present in 
the IgG class and these are found specifically in the IgGi fraction (Griffin and 
Narayan, 1981; Johnson et al., 1983). The affinity of these antibodies for gpl40, 
and their lack of virus neutralization, has not been evaluated but the antibo-
dies bind strongly to the p28 polypeptide. This antibody binding can be seen in 
a variety of tests including immunoprecipitation, AGID, ELISA, IF and CF 
tests. As mentioned above, these immunoglobulins do not neutralize infectivity 
of the virus. The reasons for this are not understood. In contrast, the glycopro-
tein of laboratory-adapted Icelandic visna virus elicits excellent neutralizing 
antibodies; however, these antibodies are specific for Icelandic visna virus and 
do not neutralize field isolates of MVV or the CAE agents. Furthermore, the 
neutralizing antibodies to the Icelandic visna virus serve for the selection of 
antigenic mutants of this virus, providing an explanation of antigenic drift, or 
variation, among these agents (Narayan et al., 1981). 

Experimental infection of goats with CAEV results in appearance of the 
virus-specific, nonneutralizing antibodies in the serum a few weeks later. 
Levels of the antibody fluctuate with time but are present for life (Adams et al., 
1980a). Virus-specific IgGl antibodies have been found also in the cerebrospi-
nal fluid of sheep infected with visna virus (Griffin et al., 1978b) and in synovial 
fluid of CAEV-associated arthritic goats (Johnson et al., 1983). Current data 
suggests that these antibodies are produced locally by plasma cells in the 
lesions. Whether these local antibodies are in the form of immune complexes 
and play a role in the disease process is not known. Presumably the colostrum 
and milk of infected does also contain antibodies. These antibodies do not 
enhance infectivity of virus in cell culture systems (O. Narayan, unpublished 
data, 1980). Whether they enhance infection in the animal is not known. 

The cellular immune response in sheep infected with visna virus (Griffin et 
al., 1978a), maedi virus (Larsen et al., 1982), and goats infected with CAEV 
(Adams et al., 1980a) is virus specific. Using the phenomenon of virus-induced 
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lymphocyte proliferation in vitro as an index of CMI responses, these inves-
tigators have shown that the CMI response correlates with the onset of ence-
phalitis, pneumonia and arthritis, and persists as long as inflammation persists. 
Whether sensitized lymphocytes are important in the causation of the inflam-
matory disease cannot be answered directly because histocompatibility dif-
ferences among the animals preclude adoptive immunization experiments. 
However, the beneficial effects of administration of antithymocyte serum to 
infected animals supports the concept that lesions are immunologically 
mediated. These studies prove at least that the virus does not cause primary 
cytopathic effects in tissues as it does in cell cultures. 

Although CAEV and MVV have similar pathogenic mechanisms and share 
major antigenic determinants, the CAEV agent seems distinct. In competitive 
hybridization assays of radiolabeled RNA from the goat agent, Icelandic visna 
virus and progressive pneumonia virus, the CAEV RNA showed only 20% 
homology with the RNA of the sheep viruses (Roberson et al., 1982). Similar 
differences between the polypeptides of CAEV and the sheep viruses have been 
observed. However, more strains of CAEV need to be analyzed in these tests 
and the viruses should be compared with current field strains of MVV (rather 
than laboratory adapted strains) before the species specificity of the goat agent 
can be appreciated with certainty. 

LABORATORY DIAGNOSIS 

Since animals become persistently infected after exposure to the virus, 
demonstration of antiviral antibody indicates infection. The immunodiffusion 
technique is the test of choice for demonstration of antibody (Crawford and 
Adams, 1981) and is widely used in diagnostic laboratories in the USA and 
Europe. The ELISA technique is probably more sensitive but its efficacy is only 
now being evaluated (Adams et al., 1980a; Houwers et al., 1982). Single samples 
of freshly procured serum are all that is required for establishing serological 
diagnosis. 

Virus isolation techniques can also be used for diagnostic purposes: 10-20 ml 
of blood are collected in anticoagulant solutions (heparin, Alsever's etc.) and 
sent to the laboratory in plastic syringes. Here the buffy coat cells are 
separated and cocultivated with normal goat synovial membrane cultures. The 
coculture is maintained for at least 2-3 weeks at 37°C and examined frequently 
for development of viral CPE. Alternatively, viral target tissues may be cul-
tivated directly and the cellular outgrowths examined for CPE. Positive serolo-
gical or virus isolation results are self explanatory for infection in the animal. 
However, since not all infected animals show clinical disease, identification of 
infection in clinically normal animals does not prognosticate eventual disease. 
These animals shed virus and would have to be culled from herds in any 
attempt to control the disease. 

PROPHYLAXIS AND CONTROL 

Not only do humoral antibodies fail to neutralize CAEV in cell culture, but 
hyperimmunization of goats and sheep with live or inactivated virus prepara-
tions does not protect these animals against subsequent infection with live 
virus (Narayan et al., 1984). Control measures therefore rest entirely on iden-
tification of infected animals by serological means and elimination of such 
animals from the herd. Present data suggests that formites and infected pre-
mises play minimal roles in maintaining the agent. Given the physical charac-
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teristics of these agents and the virus life cycle, direct contact and/or feeding 
of infected milk would be the most important factor in virus dissemination. 
Although sexual transmission has not been proven, it is conceivable that 
infected macrophages on the surfaces of mucosal membranes could transfer 
during mating. Maintenance of closed herds with serological monitoring at 
regular intervals would therefore be the only sure method of keeping out 
infection by CAEV. 
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Chapter 42 

INTRODUCTION 

Jaagsiekte was first recognized as an infectious disease in South Africa more 
than a century ago (Tustin, 1969; Verwoerd et al., 1985). Nevertheless, its viral 
etiology was elucidated only recently. For many years all attempts in various 
parts of the world to isolate the causative organism failed. The involvement of 
a latent virus was therefore generally suspected. When several groups isolated 
a herpesvirus, first from affected lungs and then by the spontaneous activation 
of a latent virus in cell cultures of tumor cells, it seemed to be the answer. 
Transmission studies, serological evidence and molecular hybridization stu-
dies eliminated the ovine herpesvirus as etiological agent, however (De Villiers 
and Verwoerd, 1980). 

The first indication of a possible retrovirus involvement was the observation 
of particles possessing type C morphology in jaagsiekte lungs (Perk et al., 
1971). This was followed by biochemical evidence for the presence of particles 
with reverse transcriptase activity in lung extracts (Perk et al., 1974) and the 
demonstration of morphologically typical retroviruses in cell cultures es-
tablished from adenomatous lungs (Malmquist et al., 1972). However, in neither 
case were any transmission studies done and no attempt was made to exclude 
the possibility of the particles being maedi-visna-related retroviruses. Jaag-
siekte and maedi-visna are now known to coexist in many countries and even 
to be present in the same animal, a phenomenon that caused much confusion 
in the early literature (Palsson, 1976; Markson et al., 1983; Snyder et al., 1983; 
Houwers and Terpstra, 1984). 

Transmission of jaagsiekte with lung extracts containing reverse transcrip-
tase activity was first reported by Martin et al. (1976) and confirmed by Perk 
(1982). Serial transmissions of the disease over a number of years in 
newborn lambs, using concentrated and purified virus as inoculum, and the 
demonstration of an inverse relationship between virus concentration and the 
incubation period of the disease constitutes the most convincing evidence that 
jaagsiekte is indeed caused by a retrovirus (Verwoerd et al., 1980). 

VIRUS PROPERTIES 

All attempts to cultivate the jaagsiekte retrovirus (JSRV) in a variety of cell 
cultures have been unsuccessful to date. Therefore, the viral properties repor-
ted to date were determined for virus isolated from lungs washes or tumor 
extracts. Partial purification was achieved by a combination of fluorocarbon 
treatment and density gradients or gel-filtration (Verwoerd et al., 1980, 1983). 
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It was demonstrated, however, that the virus isolated in this way consists 
mainly of immune complexes with IgA, which could affect some of the proper-
ties reported (Verwoerd et al., 1983). Because of the lack of an in vitro culture 
system, all purification and characterization experiments with JSRV were 
carried out using reverse transcriptase activity as indicator of viral concen-
tration. The characteristics of the viral transcriptase have been well documen-
ted (Herring et al., 1983). 

The morphology of JSRV has been studied by EM both in thin sections of 
tumor tissue or viral pellets and by negative staining of purified virus (Payne 
et al., 1983). An average size of 104 nm for the mature virion was obtained with 
the various techniques. 

Mature virions are almost homogeneously electron dense with a close-fitting 
envelope. A slightly eccentric nucleoid, usually round in shape, can sometimes 
be seen (Fig. 158). In a few particles penetrated by stain an intermediate layer, 
or inner coat, could be distinguished. 

Fixed negatively stained virions often appear hexagonal in shape and the 
surface is covered with spikes (Fig. 158, insert). The spikes consist of a knob on 
a narrow spine and are 10-12 nm long. 

The overall morphology of JSRV is typical for retroviruses. In finer detail 
and in morphogenesis, however, it can be distinguished from all the other 
known members of this family. Intracytoplasmic immature or A particles are 
not found in type C or in MVV-infected cells, where a crescent-shaped core is 
first seen at the cell surface at the start of the budding process. Type A particles 
of type Β MMTV and type D retroviruses are less electron dense and have a 
double ring structure, which only seems to mature (condense) after budding. 

The nucleoids of most retroviruses are centric, with MMTV and MVV being 
the exceptions in possessing eccentric core structures. JSRV is intermediate in 
having a slightly eccentric nucleoid. MVV cores have a very characteristic 
ovoid or conical shape with a clear intermediate layer and electron-lucent 
perinucleoidal space, both absent in the case of JSRV. 

Fig. 158. Mature v ir ions of JSRV showing an electron-dense inner structure wi th c lose fitting 
envelope and s l ight ly eccentr ic nucleo id (arrows); posi t ively s ta ined sect ion of a pel let of semi-puri-
fied virus from lung fluid. Insert: Negat ive ly s ta ined JSRV particle showing surface structure with 
spikes (courtesy A. Payne) . 
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The surface structure of JSRV, as illustrated by negative staining, also 
differs significantly from the others. Only type Β retroviruses possess a com-
parable spiked surface layer. Morphologically, therefore, JSRV seems to be 
most closely related to MMTV, which is perhaps not too suprising in view of 
the similarity of the tumors they produce. 

Retrovirus capsids are complex in structure, consisting of a core particle or 
nucleoid, an intermediate layer and an envelope or outer coat. Each of these 
layers contains two or more polypeptides, bringing the total number of viral 
proteins to at least six. Polyacrylamide gel electrophoretic fractionation of 
JSRV capsids consistently yielded nine proteins ranging in size from 84 000 to 
32 000 daltons (Fig. 159). Detergent treatment of the virus followed by isopyknic 
centrifugation in sucrose gradients resulted in the isolation of high density 
(1.21 g/ml) core particles (Verwoerd et al., 1983). 

The total number of polypeptides found in JSRV is comparable to that of 
other retroviruses, especially if the two double bands represent variant forms 
of one protein. A significant difference, however, is the absence of polypeptides 
smaller than 30 000 daltons in JSRV. All the other retroviruses studied to date 
contain two or more major components in the 10-20 000 dalton range. 

In morphology and morphogenesis JSRV most closely resembles type Β 
MMTV. These viruses also share other characteristics, such*âs a relatively 
high density and the possession of a magnesium-dependent reverse transcrip-
tase. A limited serological relationship was found, but molecular hybridization 

Fig. 159. Polypeptide composi t ion of JSRV; lane A cons i s t s of molecular we ight markers, lane Β 

of dissociated complete virus. 
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studies failed to reveal any significant homology of the viral genomes (D.W. 
Verwoerd, unpublished data, 1983). 

In a serological study, JSRV was compared with representatives of type B, 
type C and type D retroviruses as well as with MVV, CAEV and BLV. A 
neutralization test based on the reverse transcriptase activity was used as a 
group-specific assay and an indirect ELISA for detecting low levels of cross-
reaction with sera prepared against whole disrupted virus. Neither of these 
tests revealed any relationship between JSRV and the above-mentioned re-
troviruses (Verwoerd et al., 1983). However, a sensitive immunoblot technique 
demonstrated a cross-reaction between antisera prepared against the group-
specific P27 antigen of type D MPMV and against intact MMTV, respectively, 
and a P25 antigen derived from jaagsiekte lungs (Sharp and Herring, 1983). No 
cross-reactions with MVV-related lentiviruses were found, and therefore the 
reaction can be used to distinguish between JSRV and lentiviruses. This has 
become important in view of the recent isolations of nonpathogenic len-
tiviruses from jaagsiekte lungs (Irving et al., 1984; Payne et al., 1986), and the 
experimental infection of a naturally infected jaagsiekte case with MVV 
(Dawson et al., 1985). 

EPIZOOTIOLOGY 

The domestic sheep is the animal mainly affected by jaagsiekte. A few 
reports of the disease in goats have been published, but none were very con-
vincing. Experimental infection of newborn goat kids were recently obtained, 
but the lesions were atypical, well-circumscribed nodules (Sharp et al., 1986; 
Tustin et al., 1988). Attempts by various workers to infect laboratory animals 
have all failed, with the exception of successful transplantation of cultured 
tumor cells into nude mice (Verwoerd et al., 1977). 

Jaagsiekte is almost ubiquitous in its distribution, Australasia being the 
only continent where it does not occur. The disease is endemic in most Euro-
pean (east and west), African, Middle-East and South American countries with 
a substantial sheep population. Sporadic cases have also been diagnosed in the 
USA and Canada and in many countries with smaller numbers of sheep. 

The incidence of the disease in an affected flock depends on the suscepti-
bility of the population, type of flock management and breed of sheep. An 
average incidence of about 5% is typical for South African flocks, but it can be 
as high as 20%. A survey in Scotland indicated that approximately 20% of all 
sheep older than 1 year necropsied at the,Scottish Veterinary Investigation 
Centres had jaagsiekte lesions in their lungs (Hunter and Munro, 1983). 

When infection is introduced into a clean flock, the incidence of the disease 
usually increases for a number of years, then stabilizes and finally decreases 
gradually, indicating some form of acquired resistance. 

The role of acquired resistance is best illustrated by the experience in 
Iceland. After the importation of an affected Karakul ram in 1933, the first case 
of jaagsiekte in the apparently fully susceptible indigenous sheep occurred 
during the next year. By 1935 the farmer had already lost 54% of his flock. By 
1938 one third of the country's flocks were affected with an incidence of 
50-60%. This very high incidence must have been due to the total lack of 
previous exposure of the Icelandic sheep to jaagsiekte. After the initial epizo-
otic the incidence decreased rapidly (Sigurdsson, 1958), and the disease was 
eventually eradicated by a strict slaughter policy. 

Being an airborne infection, close contact can be expected to facilitate 
spread of the disease. Indeed, in South Africa the incidence of the disease is 
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highest in those parts of the country where, due to the climate, animals are 
housed overnight, and low under extensive farming conditions. 

In Iceland it was shown beyond doubt that genetic predisposition exists. The 
Gottorp breed was found to be most susceptible with some farmers loosing as 
many as 90% of their sheep, whereas only 10% of the Adalbol breed on the same 
farm would succumb (Dungal et al., 1938). 

In Great Britain, jaagsiekte mainly occurs in the eastern and southern parts 
of Scotland, with very few cases occurring in neighbouring England (J.M. 
Sharp, personal communication, 1983), suggesting possible breed differences. 
In South Africa, the merino, the karakul and various cross-breeds have been 
found to be equally susceptible (Tustin, 1969), but there are some indications 
that English breeds are less susceptible (D.W. Verwoerd, unpublished data, 
1982). 

In its natural form the disease has been classified as a slow infection, as 
symptoms are rarely seen in animals younger than a year or two. However, 
once symptoms are seen the disease is probably irreversible, the progessive 
proliferation of cancerous cells eventually leading to death. 

After experimental transmission, when concentrated virus is injected intra-
t r achea l^ into newborn lambs, the disease can be much more acute. Symptoms 
are sometimes seen after 1-2 weeks and death can follow after 4-5 weeks 
(Verwoerd et al., 1980). An interesting phenomenon is the considerable vari-
ation between experimental animals. In one experiment, twins of the same sex 
were injected with identical inocula. One animal died at 6 weeks with acute 
jaagsiekte, the other did not develop any symptoms and when slaughtered after 
2 years had only a few small adenomatous nodules in its lungs (D.W. Verwoerd 
unpublished data, 1984). 

The mortality of the disease can therefore not be regarded as 100%, as some 
individuals seem to have the ability to contain the tumorous lesions. 

Jaagsiekte has been transmitted experimentally by co-habitation, by droplet 
infection with an aerosol spray and by inoculations of extracts of adenomatous 
lungs or of purified virus by intrapulmonary, intrapleural, intratracheal and 
intranasal routes (Tustin, 1969; Wandera, 1971). Infection is therefore clearly 
via the respitory system and requires no vector. 

Replication of the virus has only been observed in the type II alveolar 
epithelial cell (Payne et al., 1983), and no evidence has been found to date of 
virus or viral antigens in any other organ, including the blood. Infection with 
JSRV, even experimental infection leading to acute disease, is not associated 
with any fever reaction. It is therefore probable that the infection remains 
localized in the lung and does not lead to a viremia. This concept is supported 
by the observation that circulating antibodies are only rarely found. 

The type II alveolar epithelial cells, and possibly the nonciliated bronchial 
epithelial or Clara cells are transformed to neoplastic cells which proliferate 
and eventually fill the alveolar spaces. Normal lung tissue is progressively 
replaced by solid tissue, leading to death from asphyxia. 

The tumor cells, in addition to producing virus, are also surfactant-produc-
ing secretory cells. Typical jaagsiekte lungs are therefore edematous in appear-
ance and a copious amount of clear viscous fluid is produced and accumulates 
in the air passages. This accumulation compounds the distress of the animal in 
breathing and gives rise to coughing. This, in turn, leads to droplet formation 

PATHOGENESIS 
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and the dissemination of virus in an aerosol form which can be inhaled by other 
animals. 

It is not yet known whether endogenous JSRV is present as a provirus in the 
genome of all sheep cells. The fact that an acute disease can be produced by 
experimental infection suggests that it is more probably exogenous. However, 
this is not necessarily so; MMTV, for example, has been shown to be trans-
mitted horizontally as an exogenous agent although it is present endogenously. 
Being a retrovirus with an obligatory DNA replicative intermediate, JSRV can 
be expected to occur in a latent form, integrated into the cell genome, whether 
endogenous or exogenous in nature. No evidence for vertical transmission, i.e. 
through the germ cell line, or even through intra-uterine infection has been 
found. 

DISEASE SIGNS 

The incubation period in natural infections can vary from months to years, 
judged by the age at which symptoms are first detected (Tustin, 1969). 

In experimental infections the incubation period can be reduced to weeks or 
even days by increasing the dose, by purifying the virus (presumably removing 
bound antibodies) and by inoculating newborn lambs (Verwoerd et al., 1980; 
Herring et al., 1983). No age limit for susceptibility has been determined, but 
we found that the efficiency of experimental infection progressively decreases 
up to the age of about 6 months, and a number of attempts to infect adult 
animals failed (D.W. Verwoerd, unpublished data, 1978). These observations 
suggest that natural infection may occur predominantly in young lambs. 

Symptoms are only seen when lesions are well established and consist 
mainly of various manifestations of dyspnea. The first sign is usually an 
increased rate of respiration with typical jerky expiratory movements. These 
symptoms increase with exercise and chasing animals is an established diag-
nostic aid. The term jaagsiekte refers to the characteristic increase in respirat-
ory rate, however, and not to the chasing of animals, as sometimes believed. 
Ultimately animals show acute respiratory distress, breathing with nostrils 
dilated and mouth opened, sometimes accompanied by signs of circulatory 
failure. 

A second group of symptoms derives from the increase in secretory activity 
in the lungs. Coughing is first observed and moist rales can be heard on 
auscultation of the chest. In the later stages clear viscous fluid can be seen 
running from the nose, especially if the hind part of the animal is raised. Loss 
of appetite and emaciation are also terminal signs, commonly seen in chronic 
cases. The duration of the disease depends mainly on the age of the animal 
when the symptoms appear. In lambs younger than 6 months it is usually acute 
and animals die within a few days. In older animals the course is more chronic 
and symptoms can last for months or even years. 

Characteristically there is a complete absence of fever, but it should be 
stressed that natural cases of the disease are almost invariably complicated by 
secondary infections, in which case a fever can be present. In South Africa 
pasteurellosis is the most common complication and often the cause of death. 

PATHOLOGY 

There is some controversy about the histological classification of jaagsiekte 
lesions. It may be classified as a bronchiolo-alveolar adenocarcinoma, implying 
some malignancy. Some workers prefer to call it a carcinoma (Perk, 1982). 
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Generally, however, the broad term adenomatosis, including anything from 
hyperplastic to neoplastic proliferation with metastatic potential, is preferred. 
The reason for this difference in opinion is the difference in frequency of 
metastases observed in various countries. In Iceland no metastases were found, 
in South Africa it is very rare, and in Israel a high incidence was reported. No 
explanation for this discrepancy can be given at present. 

The pathology of jaagsiekte has been reviewed extensively (Tustin, 1969; 
Wandera, 1971; Perk, 1982). In advanced cases the lungs can double in size and 
increase to three or more times their normal weight (Fig. 160). One or both 
lungs may be affected, and early lesions are usually found in the ventral parts 
of the anterior lobes. 

Early lesions are small white-colored nodules which progressively expand to 
form solid greyish-white areas of consolidation. On cutting, the surface is moist 
and there is continuous oozing of clear fluid from the tumor tissue. Bronchi and 
bronchioli are usually filled with froth. Mediastinal lymph nodes are often 
enlarged. In chronic cases fibroplasia can be present. 

There is a distinct difference in appearance between natural and experi-
mental cases. In natural cases the tumors usually grow by expansion from one 
or a few primary lesions. Secondary intrapulmonary spread does not seem to 
play an important role. In experimental cases, where a high concentration of 
virus is injected, the tumour is multi-centric in origin, with nodules distributed 
throughout the lungs. 

The smallest microscopic lesion consists of an alveolus lined by cuboidal or 
columnar epithelial cells. These cells proliferate, filling the lumen of the 
alveolus and forming acinar or papilliform masses completely obliterating the 
normal alveolar structure of the lung (Fig. 161). Similar proliferations are 
sometimes seen in the bronchioli. In more chronic cases fibroplasia of the 
interstitial tissue can be prominent. Proliferation of alveolar macrophages is 
a feature of advanced lesions, also in the absence of secondary infections. An 
increased number of lymphocytes and granulocytes, in contrast, is usually 
indicative of an inflammatory response to a secondary infection. 

Electron microscopy confirmed that the tumor cells consist of the type II 
granular pneumocytes. The secretory granules in tumor cells varied in app-

Fig. 160. Typical appearance of jaags iekte adenomatous lungs; note the marble-like appearance of 
consol idated les ions interspersed be tween normal t issue. 
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Fig. 161. His to logica l appearance of jaags iekte les ions as shown in Fig. 160; note the papilliform 
proliferations of neoplast ic epithel ial ce l ls filling and obl i terat ing the alveolar lumen; (a) early 
les ion, (b) advanced les ion. 

earance from electron lucent to electron dense to granules filled with mye-
linoid membrane whorls. These granules are probably the source of the copious 
lung exudate pathognomonic for jaagsiekte (Payne and Verwoerd, 1984). 

Scanning electron microscopy (Fig. 162) revealed grape-like clusters of 
tumor cells filling the alveolar lumen. The tumor cells are covered with abun-
dant microvilli, distinguishing them from normal pneumocytes (Payne and 
Verwoerd, 1984). 
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Fig. 162. Scanning e lectron microscopy of a c luster of proliferating tumor cel ls filling an alveolus; 

the surface of the tumor ce l l s is covered wi th microvil l i , in contrast to the almost smooth appear-

ance of the normal epithel ia l l in ing (courtesy A. Payne) . 

IMMUNE REACTION 

There is abundant evidence of acquired resistance to jaagsiekte on both 
flock and national levels. It is not known whether this resistance is im-
munological in nature, but some form of immunity is very likely. Hod et al. 
(1972) claimed that hyper-7S-immunoglobulinemia is characteristic of advan-
ced jaagsiekte and used its detection as a diagnostic tool. In our laboratory, 
however, a sensitive enzyme-immunoassay only rarely detected specific cir-
culating antibodies. Even acute experimental cases secreting large amounts of 
virus in the lung exudate often had no detectable antibodies in their serum. 

On the other hand, it has been demonstrated that even highly purified virus, 
derived from lung fluid, is complexed with immunoglobulins, mainly of the 
IgA-class (Verwoerd et al., 1983). Furthermore, it has previously been found 
that the lung exudate from adenomatous lungs is very rich in both IgA and IgG 
(Goudswaard et al., 1980). It is therefore very likely that the immune response 
to the jaagsiekte virus is mainly, if not exclusively, local in nature and 
mediated by IgA. The absence of circulating antibodies could be due to the 
absence of a viremia, which in turn derives from the fact that replication of the 
virus is localized in the lung epithelium. No evidence has so far been found for 
the involvement of cellular immunity. 

LABORATORY DIAGNOSIS 

Clinical signs such as dyspnea in the absence of a fever reaction and es-
pecially a clear viscous lung exudate are indicative of jaagsiekte. However, as 
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all the symptoms are not always present and since secondary infections are 
common, a laboratory diagnosis is essential. 

Histopathological examination is the method of choice, since it can distin-
guish clearly between jaagsiekte and chronic pneumonia, lung-worm infes-
tation and maedi-visna. Histologically, the only problem for an inexperienced 
pathologist is to distinguish very early adenomatous lesions from epitheliali-
zation of the alveolar lining. 

Early claims for a serological test probably depended on the demonstration 
of secondary Mycoplasma infections, which are very common in jaagsiekte 
lungs (Wandera, 1971). The apparent absence of circulating antibody has so far 
prevented the development of a diagnostic serum test. However, it is possible 
to detect both antibodies and virus in the lung exudate and lung washings by 
means of enzyme- or radio- immuno assays, and a diagnostic test based thereon 
may become feasible if the practical problem of sample collection can be 
surmounted. The same applies to the detection of reverse transcriptase in lung 
fluid. 

At present the only prophylactic measure available is to maintain a closed 
flock and to avoid the introduction of new animals. In view of the long incuba-
tion period and the lack of a test sensitive enough to detect early infections or 
carriers, it is not yet possible to determine whether an animal is free from the 
virus. 

Conflicting results have been obtained by different workers in attempts to 
immunize animals with vaccines prepared from affected lungs (Tustin, 1969). 
Our present knowledge about the type of immunity involved supports the view 
that such vaccines, especially when administered parenterally, are worthless. 
When the problem of cultivating the virus is solved, it may be possible to 
develop a vaccine suitable for stimulating the local immune response. 

Control at present depends entirely on strict isolation and elimination of all 
animals showing symptoms. In Iceland a strict slaughter policy was succesful 
in eradicating the disease (Sigurdsson, 1958). In our experience, a farmer can 
reduce the incidence of jaagsiekte in a flock to less than 1% by immediately 
removing any animal suspected of having early symptoms. Infectivity of the 
virus is low and infection is probably limited to young lambs. By eliminating 
the progeny of affected ewes the incidence can therefore be reduced further. 

Retroviruses are generally very unstable outside the host cell, and even 
though JSRV is probably stabilized by being coated with antibody, it cannot 
survive exposure and desiccation for long. It should therefore be a relatively 
easy virus to eradicate once a sensitive test to detect carriers becomes avail-
able. 
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Bunyaviridae 

The family name comes from Bunyamwera, a place in Uganda where the type 
species, Bunyamwera virus, was isolated. 

Bunyaviruses are spherical or oval particles, 90-100 nm in diameter; they 
possess a membrane envelope with projections. The projections are glycopro-
teins, designated Gl and G2. 

The genome consists of three molecules of a single-stranded noninfectious 
RNA, designated according to their molecular weights L (large), M (medium) 
and S (small), which are surrounded by a nucleocapsid protein (N). A minor 
large protein (L) is probably a transcriptase. 

Bunyaviruses replicate in the cytoplasm and mature by budding into 
smooth-surfaced vesicles in the Golgi region or nearby. 

The family comprises over 200 viruses which are subdivided into five genera: 
Bunyavirus, Phlebovirus, Nairovirus, Uukuvirus and Hantavirus. The genera 
Bunyavirus and Nairovirus are organized into various serogroups. The mem-
bers of each serogroup are closely related antigenically but exhibit weak 
serologic relationships with members of other serogroups within the same 
genus (previously called "supergroup"). The genera Phlebovirus, Uukuvirus 
and Hantavirus at present each contain a single serogroup. Molecular analy-
ses showed differences between selected members of the five genera especially 
with regard to a unique nucleotide sequence at the 3' end of each of the three 
RNA segments; this sequence is common to members of a genus (Bishop et al., 
1980; Schmaljohn et al., 1985). 

Bunyaviruses, with the exception of hantaviruses, are transmitted by arth-
ropods. It is surprising that among so many bunyaviruses there are only a few 
known to occur in ruminants, namely Akabane, Rift Valley fever and Nairobi 
sheep disease virus; each of these represents a genus and serogroup (Table 30). 

Akabane virus was found associated with epizootic bovine congenital arthro-
gryposis and hydranencephaly in Japan, Australia and Israel. [Arthrogry-

TABLE 30 

Bunyavir idae: Subdivis ion into genera and serogroups (modified from Matthews , 1982) 

Genus Number of 

v iruses 
Number of 
serogroups 

Virus in ruminants 

N a m e Serogroup 

Bunyavirus 145 16 A k a b a n e
8 

Simbu 
Phlebovirus 30 1 Rift Val ley fever Sandfly fever 
Nairovirus 27 6 Nairobi sheep disease Nairobi sheep d i sease

0 

Uukuvirus 7 1 
Hantavirus numerous 3

C 

Possible members 22 4 
of the family 

a
 In Austra l ia a l so Aino , Pea ton and Tinaroo. 

b
 Related to the type species Cr imean-Congo hemorrhagic fever (Casals and Tignor, 1980). 

c
 Described as "serotypes". 
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posis: persistent flexure or contrature of a joint. Hydranencephaly: complete or 
almost complete absence of cerebral hemispheres, the space they normally 
occupy being filled with cerebrospinal fluid.] Vectors are Culicoides (a genus of 
biting flies) and mosquitoes. 

Rift Valley fever virus (RVFV) causes abortion and death in pregnant and 
newborn sheep, goats and cattle; the infection is restricted to Africa. During 
outbreaks in Egypt (Meegan et al., 1979; Swartz et al., 1980), abortion and focal 
hepatonecrosis were the dominant signs of disease. It may infect man (high 
mortality rates in Egypt). The virus occurs also in buffalos, camels and ante-
lopes. Vectors are mosquitoes, but contact infections probably happen, too. 

Nairobi sheep disease virus (NSDV) causes hermorrhagic gastroenteritis in 
sheep and goats with involvement of the female genital tract and with high 
mortality; the condition is restricted to Africa. Ticks serve as vectors. 
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Chapter 43 

Akabane Virus 

Y. I N A B A and M. M A T U M O T O 

INTRODUCTION 

Akabane virus, a member of the Simbu group of bunyaviruses, has been 
shown to cause outbreaks of abnormal deliveries in Japanese cattle, such as 
abortions, stillbirths, premature births and calf deformities referred to as 
congenital arthrogryposis-hydranencephaly (AH) syndrome (Miura et al., 
1974; Kurogi et al., 1975, 1976, 1977a). Seasonal occurrence of congenital AH 
syndrome in cattle, sheep and goats has also been reported in Australia and 
Israel. In both countries the etiologic role of Akabane virus is now accepted 
(Kalmar et al., 1975; Hartley et al., 1975, 1977; Parsonson et al., 1975, 1977; 
Della-Porta et al., 1977; Kurogi et al., 1977b; Narita et al., 1978; Hashiguchi et 
al., 1979). 

Inaba et al. (1975) proposed to designate the congenital AH syndrome in 
cattle, sheep and goats as "Akabane disease". However, this term now seems 
inappropriate because studies in Australia (Coverdale et al., 1979; I.M. Parson-
son, personal communication, 1978) have indicated that other viruses (Aino, 
Peaton and Tinaroo) belonging to the Simbu group of the family Bunyaviridae 
may also be involved in the syndrome. 

The disease has been reviewed by Matumoto and Inaba (1980), Inaba and 
Matumoto (1981) and Porterfield and Della-Porta (1981). 

VIRUS PROPERTIES 

Akabane virus was originally isolated from mosquitoes, Aedes vexans and 
Culex tritaeniorhynchus, in Japan in summer 1959. "Akabane" is the name of 
the village where the virus was first isolated (Matsuyama et al., 1960; Oya et 
al., 1961). Subsequent serological studies could classify Akabane virus in the 
Simbu group (Takahashi et al., 1978), one of the serological groups in the family 
Bunyaviridae (Porterfield et al., 1976). 

Virus particles are roughly spherical, variable in size, 70-130 nm in dia-
meter, and most have a ragged, closely adherent envelope with 9 nm peplomers 
when examined by negative staining EM (Fig. 163; Takahashi et al., 1978; Ito 
et al., 1979). 

Akabane virus is readily filtered through membrane filters of 200- or 100-nm 
pore size, but not through 50-nm filters (Doherty et al., 1972; Takahashi et al., 
1978). The virus is readily inactivated by ether, chloroform (Doherty et al., 
1972; Takahashi et al., 1978) and sodium deoxycholate, but is not precipitated 
by protamine sulfate (Oya et al., 1961; Takahashi et al., 1978). The virus is very 
acid labile, being rapidly inactivated at pH 3, and is readily inactivated by 
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Fig. 163. Electron micrograph of negat ive ly s ta ined Akabane virus, χ 30 000. 

trypsin (Takahashi et al., 1978); it is also very heat labile, losing about 0.3 log 
of infectivity per hour at 37°C (Takahashi et al., 1978). 

The virus contains three size classes of single-stranded RNA with molecular 
weights of 2.15 χ 106 (large, L), 1.5 χ 106 (medium, M), and 0.48 χ 106 (small, 
S) (Pattnaik and Abraham, 1983) and four proteins, two glycoproteins (Gl, G2), 
the nucleoprotein (N) and probably a large protein (L). There appear to be five 
proteins in virus-infected cells : L, Gl, G2, Ν and one smaller nonstructural 
protein (Porterfield and Della-Porta, 1980; Deila-Porta et al., 1981). 

The hemagglutination by Akabane virus is shown to be dependent on the pH 
as well as the NaCl molarity of the diluent; the hemagglutinin titer is signifi-
cantly improved by increasing the NaCl molarity to 0.4 M and standardizing 
the pH to 6.0-6.2 (Goto et al., 1976). Akabane virus gives similar titers with 
duck and goose erythrocytes and somewhat higher titers with pigeon eryth-
rocytes, but no reaction with erythrocytes from cattle, sheep, guinea-pigs, 
day-old-chickens and humans. Hemagglutination is specifically inhibited by 
antisera (Goto et al., 1976, 1978). Analysis by CsCl equilibrium density gra-
dient centrifugation indicates the hemagglutinating activity to be structurally 
associated with the virion (Takahashi et al., 1978). 

Akabane virus also lyses pigeon erythrocytes at 37°C (Goto et al., 1979). The 
hemolytic activity of a virus suspension is enhanced by repeated freezing and 
thawing, whereas its hemagglutinin titer remains unchanged. Also hemolysis 
is dependent on the sodium chloride molarity and the pH of the diluent. Unlike 
the hemagglutination, it is markedly affected by the incubation temperature. 
The hemolytic activity is structurally associated with the virus particle. Scan-
ning electron microscopy of pigeon erythrocytes undergoing hemolysis reveals 
the appearance of depressed areas with holes on the cell surface. The hemolytic 
activity is specifically inhibited by antisera to Akabane virus (Goto et al., 1979). 

Akabane virus can be readily propagated with CPE in primary cultures and 
continuous cell lines. The primary cultures include those of bovine kidney, 
testicle and thyroid, bovine embryonic skin, swine kidney and testicle, guinea-
pig kidney, hamster kidney and chick embryo cells (Oya et al., 1961; Kurogi et 
al., 1976). The continuous cell lines include Vero from African green monkey 
kidney (Hartley et al., 1975; Kurogi et al., 1975; Takahashi et al., 1978); HmLu-1 
from hamster lung (Kurogi et al., 1976; 1977c; Takahashi et al., 1978); BHK21 
from baby hamster kidney (Hartley et al., 1975; Kurogi et al., 1976); ESK (Miura 
et al., 1974), PK-15 (Kurogi et al., 1976) and MVPK-1 (Andersen and Campbell, 
1978) from swine kidney; BEK-1 and MDBK from bovine embryo kidney (Kuro-



Bunyaviridae 469 

gi et al., 1976); STR from bovine thymus (Kurogi et al., 1976); RK-13 from rabbit 
kidney (Kurogi et al., 1976). Of the cell cultures tested, HmLu-1 cells are most 
sensitive and almost as sensitive as the intracerebral inoculation of suckling 
mice for primary isolation from clinical materials (Kurogi et al., 1976). Aka-
bane virus forms plaques in monolayers of MVPK-1 (Andersen and Campbell, 
1978), HmLu-1 and other cells (Kurogi et al., 1976, 1979a). Akabane virus was 
reported to multiply but induce no cytopathic effect in Aedes albopictus cells 
(Hoffmann and St. George, 1985). 

The mouse is the most commonly used experimental animal for Akabane 
virus since the early study of Oya et al. (1961). The virus readily infects adult 
mice and induces fatal encephalitis after intracerebral injection, but not by 
extraneural routes. In contrast, suckling mice are highly susceptible by ex-
traneural as well as intracerebral routes (Kurogi et al., 1978a; Nakajima et al., 
1979). When Akabane virus is inoculated intravenously into pregnant mice, 
virus is not recovered from the placenta and fetal tissues, and virus has no 
effect on litter size or survival of young to 1 week of age (Andersen and 
Campbell, 1978). 

Transplacental infection is produced by inoculation of pregnant hamsters 
(Andersen and Campbell, 1978). High titers of virus are detected first in the 
placenta and later in the fetus. Virus can be readily recovered from blood, lung, 
spleen and liver of both pregnant and nonpregnant hamsters, but it reaches 
higher titers and persists longer in the placenta and fetus. Litter size and 
survival of the newborn to 1 week of age are decreased by inoculation of 
pregnant hamsters (Andersen and Campbell, 1978). 

Akabane virus is propagated in the chicken embryo by yolk sack inocula-
tion. Inoculated embryos show dwarfism, cerebral defects, hydranencephalus, 
deformed legs and toes and arthrogryposis (Ikeda and Yonaiyama, 1978; Miah 
and Spradbrow, 1978; McPhee et al., 1984). 

Cross CF tests revealed Akabane virus to be antigenically related to the 
Simbu group viruses, being more closely related to Aino, Simbu and Sathuperi 
viruses than to Oropouche, Ingvavuma and Manzanilla viruses (Takahashi et 
al., 1968). However, the neutralization, hemolysis-inhibition and HI tests 
seem to be more specific, since they show no cross-reaction between Akabane 
and Aino virus (Goto et al., 1976,1979; Miura et al., 1978). Recently a low-titer, 
two-way cross-reaction was shown between Akabane and Tinaroo viruses by 
the neutralization test (Cybinski, 1984). Metselaar and Robin (1976) isolated a 
virus (MP496) in Kenya from Anopheles funestus mosquitoes that was con-
sidered as a strain or variant of Akabane virus; there was a slight one-way 
difference in the neutralization test, while the CF test could not differentiate 
the isolate from Akabane virus. 

EPIZOOTIOLOGY 

Akabane virus is known to cause sporadic epizootics of developmental 
deformities in cattle, sheep and goats. These epizootics have been observed in 
Australia, Israel, Japan and Turkey (Matumoto and Inaba, 1980; Inaba and 
Matumoto, 1981; Porterfield and Deila-Porta, 1981; R.F. Sellers, personal com-
munication, 1980). 

Similar outbreaks now presumed to have been caused by Akabane virus 
were recorded in 1949-50, 1959-60 and 1966 in Japan (Inaba and Matumoto, 
1981), and in 1937,1951,1955,1960,1964,1968 and 1969 in Australia (Porterfield 
and Della-Porta, 1981). Those outbreaks resembled the 1972-74 outbreaks in 
Japan and the 1974 outbreaks in Australia, respectively, in epidemiological, 
clinical and pathological features, suggesting the same etiology. 

There have been diseases suspected to be a congenital AH syndrome of viral 
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etiology in Argentina (J.A. Villa, personal communication, 1978), Rhodesia 
(Rudert et al., 1978; Shimshony, 1978) and South Africa (B. Barnard, personal 
communication, 1980). 

Akabane virus was first isolated in Japan from Aedes vexans and Culex 
tritaeniorhynchus mosquitoes in 1959 (Oya et al., 1961) and later in Australia 
from biting midges, Culicoides brevitarsis (Doherty et al., 1972; St. George et al., 
1978). Recently the virus was isolated from Culicoides oxystoma in Japan 
(Kurogi et al., 1987). During the outbreaks in Japan in 1972-1974 (Omori et al., 
1974; Kurogi et al., 1975), the virus was isolated from naturally infected bovine 
fetuses and from the blood of sentinel cows (Kurogi et al., 1976). The virus was 
also recovered from the blood of sentinel cattle (St. George et al., 1977) and 
sheep (Deila-Porta et al., 1977). 

In Africa, Akabane virus has also been isolated from mosquitoes and culi-
coides. Metselaar and Robin (1976) isolated the virus from the mosquito Anoph-
eles funestus collected in Kenya. In 1970, Akabane virus was isolated from 
culicoides caught in South Africa (Theodoridis et al., 1979). 

A high incidence of neutralizing antibody to Akabane virus was shown in 
Japanese cattle (Kurogi et al., 1975). Other species found to have antibody were 
horses, goats and sheep, but none was found in chickens, pigs and man (Furuya 
et al., 1980). Oya (1971, 1972) reported antibody in pigs and monkeys in 
Indonesia, in monkeys in Malaya and in the Philippines, in pigs in Taiwan, and 
in horses in Thailand. Antibody has been found in sera collected upon arrival 
from cattle imported to Japan from Australia (27/48, 56%), Indonesia (11/13, 
85%), Korea (11/50, 22%), but no antibody was found in cattle, horses, pigs and 
sheep imported from Canada, England, France, New Zealand, the USA and 
Venezuela (Y. Inaba et al., unpublished data, 1977). Antibody has been reported 
in cattle and sheep in Cyprus (Sellers and Herniman, 1981), in cattle, sheep and 
goats in Israel (Kalmar et al., 1975) and in cattle, sheep, goats, horses and 
camels in the Arabian Peninsula (Al-Busaidy et al., 1988). In Kenya antibody 
to Akabane virus was detected in cattle, sheep, goats, camels and horses, and 
in wild zebras and a whole range of wild ruminant species (Davies and Jasset, 
1985). In Australia, serological evidence indicates that Akabane virus infects 
cattle, sheep, horses, buffaloes and camels, but not wallabies, kangaroos, rats, 
chickens, ducks and man (Doherty et al., 1972; Deila-Porta et al., 1976; Cybinski 
et al., 1978). 

These results of virus isolation and serological tests, although fragmentary, 
indicate a wide distribution of Akabane virus among cattle and other domestic 
animals in many southeast Asian countries, the Arabian peninsula, the Middle 
East and Africa. 

The biting midge Culicoides brevitarsis is the only insect from which Aka-
correlation of antibody in cattle with the geographical distribution of C. 
brevitarsis. The development of Akabane antibody coincides with the periods 
when C. brevitarsis is detected. These findings suggest that the midge may be 
a principal vector of Akabane virus in Australia (Deila-Porta et al., 1976; 
Cybinski et al., 1978). C. brevitarsis feeds also on sheep and horses, and anti-
body to Akabane virus has been found in these species, giving further support 
to the theory that C. brevitarsis is a principal vector (Doherty, 1972). The 
failure to demonstrate antibodies in chickens, ducks, wallabies and man may 
be due to the failure of the suspected vector C. brevitarsis to attack them or to 
the failure of the virus to multiply in these species (Cybinski et al., 1978). 

In the far north of Australia C. brevitarsis adults are active throughout the 
year, and Akabane virus seems to survive in transmission cycles involving 
cattle, sheep and horses as vertebrate hosts, and C. brevitarsis as vector. The 
breeding (in cow dung) and feeding habits (restricted to cattle, sheep and 
horses) of the vector make this cycle likely (Doherty, 1972). However, in 
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Fig. 164. Month ly numbers of reported cases; ( O — O ) total , ( · — · ) abortion and premature birth, 

( Δ Δ ) arthrogryposis and hydranencephaly , (O O) sti l lbirth (Bureau of Animal Industry, 

Ministry of Agriculture, Forestry and Fishery, Tokyo). 

southern Australia there is little, if any, activity of C. brevitarsis in the winter. 
This precludes continuous active transmission of Akabane virus, and an ex-
planation of the apparent endemicity of the virus through the winter is 
awaited. It may be explained by assuming repetitive annual arrivals of infected 
vertebrates — or more probably arthropods — from truly endemic areas further 
north. 

Akabane virus has been isolated from Aedes vexans, Culex tritaeniorhynchus 
(Oya et al., 1961) and Culicoides oxystoma (Kurogi et al., 1987) in Japan, and 
from Anopheles funestus mosquitoes in Kenya (Metselaar and Robin, 1976). In 
Japan the geographical distribution and seasonal occurrence of the disease, as 
well as active virus transmission in the summer suggest the involvement of 
vectors (Kurogi et al., 1975). However, information on the vector(s) is lacking 
and the mechanism of transmission and survival of the virus in nature awaits 
elucidation. In South Africa, Akabane virus was isolated from culicoides 
(Theodoridis et al., 1979). 

In Japan the disease has a seasonal and geographical distribution. Dairy and 
beef cattle were affected likewise in the 1972-73 outbreak. Prevalence of abor-
tion was first recognized in southern district in August, somewhat later in 
central district in September. As shown in Fig. 164, the monthly number of 
reported cases of abortion and premature birth increased rapidly in August and 
September, reached a peak in October, and then gradually declined. On the 
other hand, the number of cases of AH syndrome showed a gradual rise in the 
early months of the outbreak and a sharp rise in December, reaching a peak in 
January 1973. Stillbirths showed a gradual increase and decline with a peak in 
January 1973. The outbreak subsided in May 1973 (Kurogi et al., 1975; Matumo-
to and Inaba, 1980; Inaba and Matumoto, 1981). The epizootic recurred in 
1973-74. It resembled the preceding outbreak in the geographical distribution, 
although it was more localized and tended to spare the areas severely affected 
by the previous outbreak and to move to adjoining areas. The dams affected in 
the last outbreak were apparently unaffected in this one (Kurogi et al., 1975). 
A small outbreak was observed in 1974-75, cases being recognized in the 
prefectures bordering the Sea of Japan as well as in the western parts of the 
country. The number of the reported cases in these epizootics, 1972-75, was 
42000 (37% abortion and premature birth, 22% stillbirth, and 41% congenital 
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AH syndrome), and the direct and indirect economic losses were in excess of 
US$ 20 χ 106 (Matumoto and Inaba, 1980; Inaba and Matumoto, 1981). During 
the 1974 epizootic in Australia losses of calves affected with the AH syndrome 
were in excess of 5000 cases and if abortions and stillbirths were included, 
based on the Japanese experience, could have been as high as 15 000 animals 
(Snowdon, 1979). 

In the 1974 epizootic in New South Wales, Australia, Shepherd et al. (1978) 
recorded the clinical and pathological lesions distribution and incidence in an 
attempt to determine an epidemiological pattern. The probable period of infec-
tion correlated well with the presence of C. brevitarsis in the epidemic area; the 
distribution and incidence of neurologic cases likewise correlated with the 
expected geographical and climatic distribution of C. brevitarsis from an en-
demic area into nonendemic areas. The possibility that infected midges may be 
moved by the wind has been considered (Shepherd et al., 1978; Al-Busaidy et al., 
1988); wind-borne spread has been proposed for bluetongue (Sellers et al., 1978), 
African horse sickness (Sellers et al., 1977) and bovine ephemeral fever (Mor-
gan and Murray, 1969; Murray, 1970). About 20% of the animals in the endemic 
area of northern Australia did not have antibody to Akabane virus. A number 
of these susceptible animals could become infected and produce the sporadic 
and isolated cases which have been observed in this area (Hartley et al., 1977; 
Shepherd et al., 1978). Supporting this view, antibody to Akabane virus was 
shown to develop in cattle in northern Australia throughout the year (Cybinski 
et al., 1978). 

The only outbreak of this disease reported in Israel occurred during 1969-70; 
of all dairy calves born during the epizootic 2-4% suffered from AH syndrome. 
In severely affected areas the syndrome was encountered in most herds, but its 
incidence within a herd was relatively low. In severely affected herds the 
number of abnormal calves amounted to 30% of all calvings during the peak 
months of the epizootic. In the epizootic areas arthrogryposis occurred between 
November and February, with peak incidence in December, whereas hydranen-
cephaly occurred between November and June, with peak incidence in April 
(Markusfeld and Mayer, 1971). 

PATHOGENESIS 

The disease is caused by an in utero infection resulting in abortion, prema-
ture birth, stillbirth and congenital AH syndrome. 

Pregnant cows, ewes and goats infected with Akabane virus do not present 
any clinical signs. Although the site of initial infection is not known, viremia 
seems to be a constant feature (Kurogi et al., 1975, 1977a, b; St. George et al., 
1978; Parsonson et al., 1975, 1977, 1981a,b, 1985). These findings, together with 
infection of the placenta in pregnant animals, suggest that the virus may reach 
the fetus through hematogenous infection of the placenta (Parsonson et al., 
1975,1977; Kurogi et al., 1976; Hashiguchi et al., 1979). However, Akabane virus 
does not produce a persistent infection of the fetus as is observed in bluetongue 
(Luedke et al., 1977; Gibbs et al., 1979). Data on precolostral sera from newborn 
calves and sera from their mothers in the epidemic areas suggest that Akabane 
virus may invade the fetus in about 33% of the infected pregnant cows (Kurogi 
et al., 1975). 

Histological examination of the bovine fetus from which Akabane virus was 
isolated reveal pathological changes of encephalomyelitis and polymyositis of 
skeletal muscles. IF staining demonstrates viral antigen in cells of skeletal 
muscle and cerebral tissue. Virus has been recovered from the brain, cerebral 
fluid, spinal cord, skeletal muscles and placenta of a naturally infected bovine 
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fetus at high titers (Kurogi et al., 1976). These observations, together with 
those obtained after experimental infection of pregnant dams (Kurogi et al., 
1977a, b; Hashiguchi et al., 1979) indicate that the primary pathological lesions 
in infected fetuses are encephalomyelitis and polymyositis. Primary lesions in 
the fetus may soon result in abortion, premature birth or stillbirth. Of fetuses 
surviving the infection some may gradually develop brain lesions such as 
hydrocephalus, spongiform lesions and marked reduction in the number of 
motor neurons in the spinal anterior horn (Blood, 1956; Whittem, 1957; Nobel 
et al., 1971; Konno et al., 1975; Moriguchi et al., 1976; Hatley et al., 1977). The 
development of these secondary lesions depends upon the severity and the 
distribution of the primary damage in the CNS and the gestational stage when 
the infection occurs. 

Arthrogryposis may ensue from the damage in the CNS (Blood, 1956; Whit-
tem, 1957; Nobel et al., 1971; Konno et al., 1975; Kurogi et al., 1975; 1976,1977a, 
b; Moriguchi et al., 1976; Hartley et al., 1977; Parsonson et al., 1977; Hashiguchi 
et al., 1979). These fetuses may be born at term or prematurely, but in some 
stillbirth may be the result. This sequence of events explains the contrasting 
time course in an outbreak for cases of abortion and premature birth, of 
stillbirth, and of congenital AH syndrome (see Fig. 164) and also the fact that 
some CNS inflammatory lesions were found, particularly during the early 
phase of the outbreaks (Kurogi et al., 1975). 

Polymyositis was observed in naturally and experimentally infected fetuses, 
suggesting that it may be the cause of the congenital deformities and muscular 
changes observed in natural cases; alternatively, the changes could be sequel-
ae of the CNS involvement (Kurogi et al., 1977a). 

Further virological and histological investigations are needed to fully un-
derstand the pathogenesis of this disease. 

Fig. 165. (a,b) Arthrogrypotic newborn calf wi th severe invo lments of fore- and hind-limbs and 

torticol l is; (c) tort icol l i s in a fetus from a pregnant goat inoculated wi th Akabane virus; (d) 

congeni ta l deformity in a lamb from a pregnant ewe inoculated wi th Akabane virus, arthrogryposis 

(courtesy of Dr. S. Inui, Hokka ido Branch Laboratory, Nat iona l Inst i tute of Animal Health , 

Sapporo, Hokkaido , Japan). 
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DISEASE SIGNS 

An epizootic in cattle may be first noticed by the increased incidence of 
abortions and premature births in late summer or autumn, followed some 
months later by the birth of incoordinated calves, calves with mild to severe 
arthrogryposis and sometimes cervical scoliosis, torticollis and kyphosis, and 
calves with hydranencephaly, sometimes associated with arthrogryposis. 

No clinical abnormalities have been seen in dams during pregnancy. 
Arthrogryposis is characterized by flexion or extension of various joints 

(Fig. 165a-d) and is seen in approximately 30-50% of affected calves (Blood, 
1956; Whittem, 1957; Markusfeld and Mayer, 1971; Nobel et al., 1971; Kurogi et 
al., 1975; Shepherd et al., 1978). The affected joint cannot be straightened even 
by the application of force. Any joint may be affected, the carpal and tarsal 
joints being involved in most cases. The fore limbs are more often involved than 
the hind limbs. Most arthrogrypotic calves are unable to stand or walk by 
themselves. 

The birth of most arthrogrypotic calves is associated with dystocia, necess-
itating embryotomy or caesarian section, and affected calves are usually 
slaughtered or die shortly after birth. 

Calves with hydranencephaly due to Akabane virus resemble in appearance 
and behavior calves congenitally deformed by bluetongue virus (Nobel et al., 
1971; Hartley and Wanner, 1974; Shepherd et al., 1978). Calves born with 
hydranencephaly may survive for several months if hand reared, but they never 
thrive. The calves are mature, but are underweight at birth. They also show 
various signs: blindness, nystagmus, deafness, dulness, slow suckling, paralysis 
and incoordination (Blood, 1956; Markusfeld and Mayer, 1971). 

Fig. 166. (a) Dorsal v iew of the content of the cranial cavi ty of a calf wi th hydranencephaly; (b) 
cerebral defect of a newborn calf; (c) congeni ta l deformity in a fetus from a pregnant goat 
inoculated wi th Akabane virus, hydranencephaly; (d) congeni ta l deformity in a fetus from a 
pregnant goat inoculated wi th Akabane virus, hydranencephaly (courtesy of Dr. S. Inui, Hokkaido 
Branch Laboratory, Nat ional Inst i tute of Animal Health , Sapporo, Hokkaido, Japan). 
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PATHOLOGY 

Arthrogryposis and hydranencephaly are seen as the main gross lesions of 
Akabane virus infection. Cervical scoliosis, torticollis and kyphosis are also 
seen (see Fig. 165). Lesions differ in severity and in their detailed histopathol-
ogy. Experimental infection at different gestational stages resulted in defor-
mities: between 76 and 96 days of gestation for cattle, and between 30 and 46 
days of gestation for sheep (Kurogi et al., 1977a; Parsonson et al., 1977, 1981c, 
d; Narita et al., 1978; Hashiguchi et al., 1979). 

Arthrogrypotic calves show mainly restriction of movement of limb joints 
and in some cases neck joints. Joint surfaces are normal, and the bones are 
unaffected. In the affected limbs the muscles are usually smaller in bulk and 
paler in color than normal (Blood, 1956; Whittem, 1957; Bonner et al., 1961; 
Markusfeld and Mayer, 1971; Hartley and Haughey, 1974; Hartley and Wanner, 
1974; Konno et al., 1975; Hartley et al., 1977). 

Microscopically there is a severe loss of myelinated fibers in the lateral and 
ventral funiculi of the spinal cord, together with the loss of ventral horn 
neurons and of nerve fibers in ventral spinal nerves. However, white matter is 
unaffected (Whittem, 1957; Konno et al., 1975; Hartley et al., 1977). 

In hydranencephalic calves the cerebral cortex is represented by a thin shell 
of edematous brain tissue, filled with fluid in the cystically dilated lateral 
ventricles (Fig. 166). The meninges, especially the pachymeninges, are thick-
ened. In most cases the mesencephalon and metencephalon are intact. The 
cerebellum in most cases appears normal. Aplasia of the cerebellum has not 
been seen (Blood, 1956; Whittem, 1957; Konno et al., 1975; Hartley et al., 1977). 

Early in the outbreaks calves which are incoordinate or unable to stand at 
birth are found, but no gross pathological lesions are seen in these animals. 
Microscopically there is a mild to moderate nonsuppurative acute encephalo-
myelitis, most evident in grey matter of the mid and posterior brain (Konno et 
al., 1975; Hartley et al., 1977). 

In studies with Akabane virus the neutralization, HI, hemolysis-inhibition, 
CF, AGID and IF tests have been utilized (Matumoto and Inaba, 1980; Inaba 
and Matumoto, 1981; Porterfield and Deila-Porta, 1981). 

The neutralization test in Vero cell cultures by the microtiter method has 
been shown to be particularly useful for testing large numbers of sera (Hartley 
et al., 1975; Kurogi et al., 1975). The HI antibody titer was found to be closely 
correlated with the neutralizing antibody (Goto et al., 1978) and hemolysis-
inhibiting antibody titer (Goto et al., 1979). 

The CF test has principally been used for comparison of Simbu group viruses 
(Doherty et al., 1972). The neutralization test and the HI and hemolysis-inhibi-
tion tests are more specific, since they showed no cross-rection between Akabane 
and Aino viruses (Goto et al., 1976; Miura et al., 1978; Goto et al., 1979). 

The AGID test has been shown to detect antibodies formed against other 
Simbu group viruses as well as the CF test (Porterfield and Deila-Porta, 1981). 
The IF method has been used for detection of antigen in brain tissue as well as 
skeletal muscular tissue of naturally infected fetuses (Kurogi et al., 1976). 

Animals infected with Akabane virus rapidly develop neutralizing, HI and 
hemolysis-inhibiting antibodies (Goto et al., 1978, 1979; Parsonson et al., 
1981a,b,c,d). In cattle, these antibodies can be detected between 7 and 14 days 
following infection, and they are initially sensitive to 2-mercaptoethanol, 
indicating their IgM nature (Goto et al., 1978). Significant levels of neutralizing 
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antibody persist in cattle for at least 2 years following infection (Porterfield 
and Della-Porta, 1981). There is a biphasic antibody response, probably re-
presenting the switch from IgM to IgG (Hashiguchi et al., 1979; Parsonson et 
al., 1981a). 

Fetal calves, lambs and kids infected in utero often develop virus neutraliz-
ing antibodies (Parsonson et al., 1977; Kurogi et al., 1977a,b; Hashiguchi et al., 
1979). Fetal calves develped antibodies to Akabane virus between 70-96 days of 
gestation (Kurogi et al., 1977a) and fetal lambs (Parsonson et al., 1977; Hash-
iguchi et al., 1979) and fetal kids (Kurogi et al., 1977b) between 30-115 days of 
gestation. 

Normal calves, lambs and kids aquire maternal antibodies by ingesting 
colostrum. In lambs, colostral neutralizing antibody declined to become virtu-
ally undetectable after 4 months of age. In calves there is a similar pattern, 
although the neutralizing antibodies remain at detectable levels for up to 6 
months of age (Porterfield and Della-Porta, 1981). 

4̂  LABORATORY DIAGNOSIS 

For the isolation of Akabane virus, clinical material is inoculated into 
suckling mice by the intracerebral route (Oya et al., 1961; Doherty et al., 1972; 
Kurogi et al., 1976, 1978a), or into cultures of primary baby hamster kidney 
cells or continuous hamster cell lines like HmLu-1 and BHK-21 (Kurogi et al., 
1976; Della-Porta et al., 1977; St. George et al., 1977). The most useful tissues for 
attempts to isolate the virus are the placentomes and fetal membranes, but also 
other tissues from aborted fetuses are likely to yeild isolates (Kurogi et al., 
1976; Della-Porta et al., 1977). However, it is unlikely that virus will be isolated 
from deformed full-term offspring because of the serum neutralizing antibodies 
formed in the fetus. Fresh specimens from aborted fetuses occurring in late 
summer and early autumn give a better chance of successful virus isolation. 
Some inoculated mice die from encephalitis but others recover after showing 
mild clinical illness; serial passages can be readily made in suckling mice. In 
inoculated cell cultures Akabane virus replicates with CPE. 

Comparison of the tissue culture isolation system with suckling mice in-
dicated that mice are more sensitive. However, HmLu-1, Vero and BHK-21 cell 
lines are almost as sensitive as mice. Antigens of Akabane virus can be demon-
strated in cerebral or muscular tissues of aborted fetuses by the IF technique 
(Kurogi et al., 1976). 

For diagnosis by serology, the neutralization test has proved most useful. 
Serum samples from the dam and its fetus, and a presuckling sample of serum 
from the affected newborn animal should be collected for neutralization test. 
In cattle, sheep and goats transfer of maternal antibodies through the placenta 
to the fetus does not occur, and the newborn acquires maternal antibodies by 
ingesting colostrum. On the other hand, the fetus develops the ability to 
produce antibody upon antigenic stimulation early in gestation. Therefore the 
presence of antibody in precolostral or fetal serum indicates an intrauterine 
infection with Akabane virus or an antigenically related virus (Miura et al., 
1974; Kurogi et al., 1975; Hartley et al., 1975, 1977; Coverdale et al., 1978). 

There is serological evidence that Aino virus, another member of the Simbu 
group, may be associated with congenital bovine AH syndrome (Miura et al., 
1974; Kurogi et al., 1975; Coverdale et al., 1978, 1979; Cybinski and St. George, 
1978). There are some serological and experimental data that Tinaroo and 
Peaton viruses of the Simbu serogroup may also be associated with in utero 
infections (Porterfield and Della-Porta, 1981; I.M. Parsonson, personal com-
munication, 1978). 
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PROPHYLAXIS AND CONTROL 

There are two main approaches to the prophylaxis of Akabane virus infec-
tion. One is aimed at the vector and the other at protection of individual 
animals by vaccination. The former method includes the elimination of breed-
ing sites and/or the direct attack on the adult arthropods by use of insecticides. 
It may have a temporary effect and help to interrupt the cycle for 1 or 2 weeks; 
the avoidance of exposure to vectors by screening of houses or by use of insect 
repellents is equally possible. These vector control measures are generally 
impractical, and knowledge concerning the vector is still inadequate. 

The main method of prophylaxis is vaccination. A formalin-inactivated, 
aluminum phosphate gel-adsorbed vaccine has been developed with Akabane 
virus propagated in hamster lung cell cultures (Kurogi et al., 1978b). It induces 
neutralizing antibody after intramuscular inoculation in cattle as well as in 
goats, guinea pigs and mice. Antibody response of cattle after one dose is poor 
both in antibody level and seroconversion rate. However, a second dose given 
4 or more weeks later induces a rapid and high-titered antibody formation in 
nearly all the animals. The antibody levels decline, but a booster dose given 
one year later again provokes a rapid response. Considering this pattern 
together with the seasonal incidence of the disease initial immunization should 
be made with two doses followed by a booster injection in late spring or early 
summer, immediately before the epizootic season. The vaccination prevents the 
development of viremia and infection of the fetus in pregnant cattle and goats 
challenged with virulent Akabane virus; it exerts few side effects in cattle. 
Cows vaccinated during pregnancy gave birth to healthy calves at term. The 
vaccine is licensed for general use in Japan. Kirkland and Barry (1985) report-
ed that a j?-propiolacton-inactivated vaccine was effective in the prevention of 
bovine Akabane disease in Australia. 

A live virus vaccine has been developed with the attenuated strain of 
Akabane virus obtained by serial passage at 30°C in hamster lung cell cultures 
(Kurogi et al., 1979a,b). The vaccine, which has been found innocuous in calves 
and pregnant cows inoculated by i.e., i.v. and s.c. route, does not produce 
pyrexia, leukopenia and viremia but induces neutralizing antibody when ino-
culated into calves and pregnant cows. No virus has been recovered from 
various organs and fetuses of the vaccinated animals. Significant levels of 
neutralizing antibody persist in cows for at least 6 months following vaccina-
tion. The vaccine virus cannot be passaged serially in calves by intravenous 
inoculation of blood. However, the vaccine induces viremia in pregnant ewes 
and causes intrauterine infection at a very high frequency (Hashiguchi et al., 
1981). In pregnant cows vaccination by the subcutaneous route prevented 
infection of the fetus upon challenge with virulent Akabane virus. Cows 
vaccinated during pregnancy gave birth to healthy calves at term. No adverse 
effects of vaccination on milk production was shown. Lyophilized vaccine was 
stored at 4°C without loss of infectivity for at least one year. In view of these 
findings the vaccine is currently being made commercially available in Japan 
for prophylaxis of the disease in cattle. 
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Chapter 44 

Rift Valley Fever Virus 

O.L. WOOD, J.M. M E E G A N , J.C. MORRILL and E.H. S T E P H E N S O N 

INTRODUCTION 

The virus causing Rift Valley Fever (RVF) was first isolated in 1931 from 
sheep brought into the Rift Valley region of Kenya (Daubney et al., 1931). The 
disease pattern indicated an arthropod vector, but mosquito transmission was 
not proven until 1949 (Smithburn et al., 1949). The 1951 South African outbreak 
demonstrated that the disease was not limited to a unique geographic region 
(Alexander, 1951). RVF since has been described throughout most of sub-
Saharan Africa and recently the Nile Valley. This outbreak caused extensive 
human disease in the southeastern delta region of Egypt in 1977; RVF reached 
the Mediterranean coast of Egypt in 1978 (Hoogstraal et al., 1979). RVF has not 
been reported to date outside the African continent. Several review articles 
can serve as entrees into the extensive literature (Weiss, 1957; Easterday, 1965; 
Peters and Meegan, 1981; WHO/FAO Working Group on Rift Valley Fever, 
1982; Shimshony and Barzilai, 1983; Lupton and Peters, 1984). 

VIRUS PROPERTIES 

Several physical and chemical properties are common in more than 200 
viruses in the Bunyaviridae. Physical properties of the virion include a spheri-
cal shape bounded by a host-cell-derived membrane with virus-coded glycopro-
tein spikes, a diameter of 85-100 nm, and a buoyant density of 1.21 g/ml for the 
virion and 1.29 g/ml for the virion nucleoprotein core. When viewed in thin 
section by transmission electron microscopy, Bunyaviridae have a mor-
phogenesis consistent with helical symmetry of the nucleoprotein core (Fig. 
167). Virions are formed by budding through the smooth endoplasmic reticulum 
with many virions seen in Golgi cisternae which communicate with the ex-
tracellular environment. Virion formation appears to start with a small 
crescent-shaped region of the smooth membrane acquiring virus glycoprotein, 
to which the nucleocapsid attaches. Assembly proceeds as virions are enclosed 
by smooth membranes, traverse the cytoplasm, and are extruded from the cell 
(Smith and Pifat, 1982). 

Detection of differences among strains of RVF virus (RVFV) requires the 
sensitivity of RNA fingerprinting. All isolates examined have been essentially 
identical using routine serologic tests. The Egyptian 1977 isolates, however, 
were more pathogenic in rats (Peters and Anderson, 1981) than earlier isolates. 
A Central and West African virus, Singa, previously considered an ungrouped 
Bunyavirus, has been shown to be a strain of RVFV (Meegan et al., 1983). 
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Fig. 167. Areas of developing RVF vir ions in the cytoplasm of a Vero cell , a cont inuous cel l l ine 
derived from African Green monkey kidney. The plasma membrane is vis ible at the upper right and 
has no associated virions. Vir ions are developing around internal smooth membranes; the broad 
arrow indicates a v ir ion that has almost completely budded into a smooth membrane bounded 
vacuole . The insert shows a higher magnif icat ion of the budded virion and the cont inui ty of the 
smooth membrane and the stalk sti l l a t taching the bud to the membrane, indicated by the thin 
arrow; vir ions are ly ing free in the vacuole; a small v ir ion is ly ing in the c isterna of a Golgi-l ike 
stack of smooth membrane bound vesic les; bar = 1 μπι. 

Neurotropic strains have been produced in the laboratory, and the Lunyo 
strain may be a naturally occurring neurotropic strain. 

Virion structure does not completely explain the observed stability. Like 
most enveloped virions, RVFV is sensitive to lipid solvents, detergents, and low 
pH. However, at neutral or alkaline pH and in the presence of protein, such as 
in blood or serum, the virus has an extraordinary stability, and retains infec-
tivity for up to 4 months at 4°C. Maintaining virus specimens below 0°C 
resulted in the retention of infectivity for 8 years (Easterday, 1965). In serum, 
infectivity is retained for up to 3 h at 56°C (Mims and Mason, 1956). Clearly, 
sera must be considered infectious after the usual 30-60-min heat treatment for 
complement inactivation prior to CF and plaque-reduction neutralization test-
ing. Likewise, cold acetone extraction of sera for HI testing is not effective in 
eliminating infectious virus, since 12 h are required in acetone at - 30°C for 
inactivation. Formalin does inactivate the virus, even at the low concen-
trations used for the human vaccine: a 0.3% final concentration for 72 h at 37°C. 
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Betapropiolactone (0.1% final concentration) also can be used for inactivation 
according to the procedure of Casals (1979). 

It must be stressed that RVFV is relatively stable in aerosols, with a biologi-
cal half-life in excess of 77 min at 25°C and 30% RH. Humans have been infected 
by aerosols of blood created when RVFV-infected sheep were slaughtered 
(Hoogstraal et al., 1979). In the past, RVF laboratory infections were common. 
Therefore, it is important that only vaccinated individuals handle material 
suspected to contain RVFV and that they carry out all manipulations in 
biological safety cabinets designed to contain aerosols. 

Cleaning of RVFV-contaminated surfaces can be accomplished with strong 
household bleach, either sodium or calcium hypochlorite. Residual chlorine 
should be tested before using the solution and should exceed 5000 ppm. Both 
disinfectants are rendered ineffective by large amounts of organic materials; 
therefore, blood and serum spills must be treated several times. 

EPIZOOTIOLOGY 

The host range of RVFV, as identified by seroconversion, is more extensive 
than the host range defined by severe disease. In Africa, disease seems limited 
to domestic ruminants, with imported European animals being more severely 
affected than native African breeds. Outbreaks among cattle and sheep are 
characterized by widespread abortion and rapidly fatal neonatal disease. Ful-
minant neonatal disease may be the first indication of RVF in areas where 
abortion rates are high due to other agents such as Brucella or bluetongue 
virus. Generally, disease progression and its severity are inversely proportion-
al to age. While adult sheep and cattle may suffer at least 10-30% mortality, 
animals less than 7 days old may have fatality rates approaching 100%. Goats 
are more variable than sheep or cattle with respect to severe disease, and the 
incidence of seroconversion following an epizootic is much lower. Domestic 
Asian buffalo were extensively involved in the 1977 Egyptian epizootic; the 
clinical disease resembled that observed in cattle. 

Other domestic animals are relatively resistant. Equines develop antibody 
in the absence of disease. Camels, like Equidae, can be infected but show no 
clinical signs. RVF was circumstantially linked to abortions in camels in 
Kenya (Scott et al., 1963; Davies et al., 1985), although virus was not isolated. 
Laboratory infection of pregnant rabbits resulted in abortion in the absence of 
other clinical signs. Mice and hamsters die from fulminant liver necrosis. 
Guinea pigs and most rat strains do not show illness. Pigs can be infected only 
with massive doses of virus and show no disease. Both wild and domestic fowl 
are refractory to infection. 

Reservoirs for RVFV are unidentified even though extensive searches have 
been made in Kenya, Zimbabwe, and South Africa. In sub-Saharan Africa, RVF 
epizootics do not appear to spread gradually from enzootic foci; rather, RVF 
epizootics occur simultaneously over areas covering hundreds of kilometers 
during years of exceptionally heavy rains. Annually, transmission to sentinel 
animals occurs in certain enzootic areas which are recognized in the wet 
coastal forest regions of Kenya, Mozambique, and eastern South Africa. When 
RVF is introduced into a new region, such as Egypt, gradual spread occurs that 
is characteristic of arthropod-borne disease. Furthermore, transovarial trans-
mission in arthropods occurs among viruses of other genera of the Bunyaviri-
dae, which suggests that a similar mechanism might exist with RVFV. 

If the RVF reservoir were not vertebrates but transovarially infected Aedes 
mosquitoes, the epizootic pattern observed in sub-Saharan Africa would be 
expected. As higher than normal rains flood low lying areas, water would reach 

Chapter 44 references, p. 493 



484 Virus infections of ruminants 

eggs from previous years, and larvae would emerge and mature into infected 
adults. These infected mosquitoes then could initiate a virus-amplifying cycle 
in vertebrates, which other genera of mosquitoes would transform into an 
epizootic. RVFV has been isolated from unfed female and male adult Culex 
linneatopennis reared from larvae taken from artificially flooded grassland 
depressions in Kenya (Linthicum et al., 1985). However, proof of transovarial 
transmission is not complete since RVFV isolations from eggs and larvae have 
not yet been made. 

Mosquitoes of many species of the genera Aedes, Anopheles, Culex, Eret-
mapodites, and Mansonia can transmit RVFV under field conditions. Addition-
ally, North American mosquitoes of the genera Aedes, Anopheles, and Culex 
have been shown to transmit RVF under laboratory conditions (Gargan et al., 
1984). In laboratory tests Culex pipiens, an important RVFV vector in Egypt, 
preferred to feed on feverish animals. Such behaviour in the field would assure 
blood meals of maximal virus content (Turell et al., 1984). Also, Culex pipiens 
shows increasing vector competence as laboratory holding temperatures are 
raised (Turell et al., 1985), which might explain the observed lull in RVF 
transmissions during the winter months in Egypt even though Culex pipiens 
numbers remained high. 

The broad range of possible vertebrate amplifying hosts plus the numerous 
potential invertebrate vectors would suggest that RVFV introduction any-
where in the world could be followed by an epizootic involving multiple mos-
quito species. Arthropods also might transmit RVFV by strictly mechanical 
means. The high viremia common in RVF-infected animals is sufficient to 
contaminate the mouth parts of most biting arthropods, resulting in mechani-
cal spread of the virus (Hoch et al., 1985). 

Other arthropods caught in field situations have been found to contain 
RVFV, but biologic transmission has not been established after ingestion of 
blood meals containing infectious virus. Hyalomma dromedarii and Rhipice-
phalus sangineus ticks, fed as larvae, did not transmit or even retain RVFV 
transtadially when tested (Sabry et al., 1984). Phlebotomous and Lutzomyia 
sand flies did not become infective after natural feeding on viremic hosts; 
however, the virus was transmitted if the gut barrier was circumvented by 
intrathoracic inoculation (Hoch et al., 1984). Likewise, midges and black flies 
have not been shown to transmit RVFV (Shimshony and Barzilai, 1983). 

Blood and serum from RVFV-infected animals are important infectious 
sources for human disease. Slaughterhouse workers, farmers, veterinarians, 
and laboratory technicians are the principal at-risk occupations in an RVF 
epizootic. Transmission of RVFV by consumption of milk or meat from infected 
animals does not appear common. 

Geographic distribution of RVFV outbreaks is shown in Fig. 168. RVF is 
endemic in virtually all sub-Saharan Africa. Potential for spread into Asia 
exists, since only Egypt and Israel have had active vaccination programs. 

Recent reports from Senegal and Mauritania, and the Institute Pasteur de 
Dakar, indicate a major epizootic of RVF occurred in 1987. In early October 
1987 an increase in human febrile disease and the appearance of an often fatal 
hemorrhagic disease were noted at the Rosso hospital and surrounding area of 
the Senegal river. The virus has been isolated and identified from over 400 
human specimens. Current estimates indicate a higher than previously doc-
umented human mortality rate with an estimate of 200 probable RVF fatalities 
occurring during the October-January period. The number of reported cases 
decreased in early 1988 concomitant with the decline in mosquito populations 
caused by the onset of dry weather. Retrospective serological studies to detect 
human and animal IgM antibody indicate an extensive outbreak. Local domes-
tic animal species were heavily involved, and there are anecdotal reports of 
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Fig. 168. Map of Africa showing reported R V F outbreaks. 

high mortality in young lambs; abortion in sheep approached 90% in affected 
flocks. 

No isolates have been made from arthropods. Previous isolations and low 
levels of antibody in domestic animals in West Africa had indicated RVFV had 
been circulating in an endemic state in this area before 1987. There is specu-
lation that major environmental changes brought about by the 1986-87 dam-
ming of the Senegal River near Rosso might have provided new conditions 
conducive to epizootic RVFV transmission. 

PATHOGENESIS 

Arthropod transmission is recognized as the principal mode of disease 
spread, although infections following contact with infected tissues or inha-
lation of aerosols may occur. Regardless of the portal of entry, the liver is the 
primary site of viral replication. Studies in inbred, susceptible Wistar-Furth 
rats showed viral replication was restricted to certain organs: most renal 
glomeruli and some tubules, foci of adrenal cortical cells, most areas of the 
spleen except the T-dependent periarteriolar sheaths, some littoral macro-
phages in lymph nodes, scattered small vessel walls, and essentially every cell 
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in the liver. Viremia of 10 7-10 8PFU/ml and liver titers of 10 6 5-10 7PFU/g are 
attained within 24 h after experimental infection (Peters and Anderson, 1981). 
Sequential determinations have not been reported for ruminants, but similar 
events would be expected. In the pregnant animal, there is a predilection of the 
virus for the placentomes via the hematogenous route. Rapid fetal death due to 
direct viral infection rather than to generalized placentitis is believed to be the 
principal cause of abortion. There is rapid progress from mild hepatocellular 
changes to massive necrosis. Hemorrhagic diathesis, reduced prothrombin 
levels, and prolonged clotting times have been observed in laboratory-infected 
animals, suggesting that disseminated intravascular coagulation may play a 
role in the disease process. Yet, definitive experimental data are lacking (Coet-
zer, 1982). 

Sheep and cattle are the primary ruminant species affected by RVFV, with 
goats being involved to a lesser extent. Clinical signs observed vary consider-
ably and are related to the species and age of the animals involved. Typically, 
younger animals are the most susceptible. Disease among animals can be 
divided into peracute, acute, subacute, and inapparent forms. 

Disease is characterized by a short incubation period, a definite but short 
febrile period, and signs indicative of liver necrosis. The peracute form most 
commonly occurs in lambs less than 7 days old. In experimentally infected 
animals, an incubation period of approximately 12 h preceeds onset of a febrile 
(40-42°C) episode that terminates in death within 24-48 h. Inappétence, listless-
ness and weakness are the only signs observed prior to death. Mortality ranges 
from 90 to 100%. The acute disease form occurs with older lambs and occasion-
ally adult sheep. Fever (40-41°C) is accompanied by variable clinical signs that 
may include vomiting, rapid pulse, unsteady gait, and hemorrhagic diarrhea. 
The oral mucosa may be hyperemic and the conjuctivae injected (Coetzer, 1977; 
Erasmus and Coetzer, 1981). Although there have been reports of catarrhal 
stomatitis with erosions of the lips, tongue, and mucosa of the cheeks combined 
with necrosis of the udder or scrotum, these signs likely were caused by 
concomitant infections with other agents. Death may occur in 1-4 days in 
10-30% of older lambs and adult sheep. The mortality rate increases markedly 
if the general health of the flock is reduced. Subacute RVF, the common form 
in adult sheep, is evidenced by anorexia, general weakness, a febrile response 
of 24-96-h duration, and a low mortality rate. Only in adult sheep does inap-
parent infection occur, with a slight febrile response being the only sign. 
Abortions in pregnant ewes are common, with an incidence of 95-100%. Al-
though abortions are common and the fetal pathology sequence well defined 
(Coetzer, 1977), the placental degeneration is not well documented. The infec-
ted placenta will be retained in a significant proportion of the ewes, and 
secondary uterine infections may develop. Genetic differences among breeds of 
sheep, similar to those observed in inbred rats, may determine why some adult 
sheep develop lethal infections while others only encounter mild, inapparent 
disease. 

Abortions or infertility have been the principal signs of RVF in cattle. Other 
overt signs are infrequent, but they include pyrexia, salivation, fetid diarrhea, 
and occasionally decreased milk production. Infection of calves results in a 
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febrile response, labored breathing, and death. Mortality rate is 10-70% among 
calves and 5-10% among adults. Incidence of abortions ranges from 80 to 100%. 

Other ruminants 
Field reports show abortions to be extensive among infected goats, camels 

and both Asian and African buffalos. Disease in goats is analogous to the 
disease in sheep. Generally, goats are more resistant. 

Four distinct disease patterns have been recognized in humans (Peters and 
Meegan, 1981). All infected patients initially experience a febrile episode 
characterized by acute onset, severe myalgia, headache, and retro-orbital pain. 
Recovery typically occurs within 4-7 days; however, a few individuals will 
develop one of three types of secondary complications. In some a hemorrhagic 
syndrome occurs 2-4 days after the febrile episode, and is evidenced by jaun-
dice, hematemesis, melana, and petechiae. This hemorrhagic form has been 
observed in the preponderance of fatal cases. A second complication is menin-
goencephalitis diagnosed 5-15 days after onset of fever; clinical signs include 
disorientation, hallucinations and vertigo that can progress to coma and death. 
The third complication is ocular disease characterized by macular retinal 
exudate that causes loss of central vision. Eye involvement, when seen, occurs 
about 15 days after onset of fever; it persists for a prolonged time, sometimes 

leading to permanent visual impairment. 
Clinical pathology data were obtained from experimentally infected domes-

tic and laboratory animals. A leukopenia developed which was most severe in 
younger animals. The lowest leukocyte concentrations were detected 3-4 days 
after infection, corresponding to maximal viremia and temperature responses. 
Leukocytosis often was evident in the later stages of disease. Liver function 
abberations were demonstrated by different enzyme analyses. Clotting time 
was increased in mice. Elevated SGOT, GGT and LDH values are common. 
Virus may be isolated from plasma when the serum fraction is negative. 

Focal liver necrosis is the most consistent gross pathologic finding in all 
species affected. In newborn lambs, the necrotic foci are scattered throughout 
the parenchyma and may be associated with petechial subcapsular hemor-
rhages. As the disease progresses, the grey to pale-yellow necrotic areas en-
large to 1-2 mm in diameter, often resulting in complete destruction of the 
normal hepatic architecture. The liver is friable, irregularly congested, and 
may take on a mottled brown to yellow color. Other changes include sub-
cutaneous, serosal, and visceral hemorrhages, mild to moderate icterus, 
hemorrhagic enteritis and abomastitis, generalized lymphadenopathy and, 
rarely, hemoperitoneum. In older lambs and adult sheep, the hapatic lesions 
are usually less severe than in the newborn lamb and consist of scattered 
necrotic foci with varying degrees of visceral and serosal hemorrhages. Those 
cases with marked hemorrhages in the liver also may present coagulated blood 
in the lumen of the gallbladder. Gross pathology of the liver is illustrated in 
Fig. 169. Lesions in calves older than one week, adult cattle, and goats are 
similar to those in sheep but generally less severe (Coetzer and Ishak, 1982). 

Microscopically, the liver lesions are similar in all species but vary in 
severity with the susceptibility of the host. In newborn lambs, whole lobules 
throughout the liver are nearly destroyed, whereas in older animals the 
necrosis is usually confined to focal areas within individual lobules. The 
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Fig. 169. Liver lobe of a bovine fetus infected wi th RVFV; note the mult ifocal whi te areas of 

necrosis (courtesty of the Armed Forces Inst i tute of Pathology , Washington , DC). 

microscopic changes in the liver of newborn lambs are considered diagnostic-
ally characteristic for RVF. Fig. 170 shows microscopic pathology of the liver. 
The changes are characterized by massive diffuse necrosis of hepatocytes 
associated with semi-demarcated foci of primary coagulative necrosis. In acute 
hepatic lesions, hemorrhage is widespread with virtually no inflammatory 
response. Eosinophilic intranuclear inclusion bodies may be seen in degenerat-
ing and necrotic hepatocytes. Other lesions described include acidophilic 
bodies seen throughout the parenchyma, generalized necrosis of lymphocytes 

Fig. 170. (a) Photomicrograph of a l iver sec t ion from a lamb wi th R V F showing paracentral and 
centri lobular necrosis; the distributional pattern of hepatoce l lu lar necros is is dist inct ly circum-
scribed in th i s lamb, (b) Higher magnif icat ion of paracentral and centri lobular necrosis; the 
necrosis is coagulat ive , invo lv ing hepatocytes and assoc iated cells; there is a loss of the hepat ic 
cord and s inusoidal pattern (courtesy of the Armed Forces Inst i tute of Pathology , Washington, 
DC). 
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in the lymph nodes and spleen, and hyalinization, pyknosis, and karyorrhexis 
of the cellular elements in the kidney glomeruli (Erasmus and Coetzer, 1981). 

In adult sheep, the necrotic areas remain focal and are infiltrated by poly-
morphonuclear leukocytes and histiocytes. In these foci, sinusoids become 
distended with erythrocytes, and focal, but widespread, hemorrhages develop. 
Focal necrosis and hemorrhages are frequently observed in the adrenal cortex, 
lymph nodes and spleen. Gastrointestinal lesions vary from mild mucocatarh-
al enteritis to extensive hemorrhagic gastroenteritis. 

Placental pathology has not been described adequately. In aborted fetuses, 
the pathologic alterations observed resemble those seen in severe disease of 
lambs. It would appear that abortions are related to fetal infection rather than 
to placental inflammation. 

IMMUNE REACTION 

The humoral response to infection with RVFV has been studied extensively 
in naturally infected humans and in experimentally infected sheep and cattle. 
The patterns appear similar. After an incubation period of 1-4 days and a 
viremic period of 1-4 days, antibodies measured in neutralization, HI, CF, IF 
or ELISA tests rise rapidly. In experimentally infected sheep, neutralizing 
antibodies first appear at day 10 p.i. and reach peak titers by day 20. Prelimi-
nary studies using an ELISA to measure sheep antibodies showed the IgM 
response to precede the IgG response by approximately 24 h. The time course 
of decay of the IgM response has not yet been studied in any domestic animal. 
Naturally infected humans develop antibodies between 7 and 10 days after 
onset of clinical symptoms. The human IgG and IgM responses appear to rise 
closely in time, but the IgM antibodies start to quickly decline in titer after 
peaking at 1 month. Titers of IgM are very low (but measurable) at 6 and 12 
months after infection. The IgG titers remain high; neutralizing, HI, IF and 
ELISA antibodies have been measured in one human 47 years after infection. 
Field observations have shown that infected domestic animals also appear to 
have a long-lasting immunity. In humans and a limited number of sheep and 
cattle studied, antibody titers measured by virus neutralization, HI and ELISA 
remained high, while antibodies measured by CF and IF assays decreased to 
low titers 1—2 years after infection. Laboratory studies have documented 
earlier field observations and show that lambs up to at least 3 months of age are 
protected by maternal antibodies. Aspects of CMI with RVFV infection have 
not been studied in detail in any animal. 

Domestic animals, in general, develop higher titer antibodies after im-
munization with live-attenuated vaccines than after inoculation with killed 
vaccines. Available vaccines, however, induce much lower titer antibodies 
than those measured after natural infection. Live vaccines induce antibodies 
detectable in all tests, whereas killed vaccines induce low-titer antibodies, 
usually only measurable in plaque-reduction virus neutralization, ELISA and 
HI tests. In challenge studies, even low postimmunization neutralization titers 
of 10 appeared sufficient to protect a majority of sheep and cattle from clinical 
disease. Titers of 20 or greater are totally protective. Antibody titers, after 
immunization with any killed vaccine, decay quickly and booster immuni-
zations are required. Passively transferred antibodies by themselves are suffi-
cient to protect experimentally inoculated mice. 

In humans, there has been speculation that the encephalitic and ocular 
clinical RVF syndromes have an immunopathological component. These 
diseases occur after the febrile (viremic) period during early convalescence, 
when serum antibodies are developing. Antibodies have been detected in cere-

Chapter 44 references, p. 493 



490 Virus infections of ruminants 

brospinal fluid of patients with RVF encephalitis. The cerebrospinal fluid 
contains IgG and IgM antibodies which appear to be locally synthesized and 
could play a role in the pathology of the disease. Laboratory models for 
encephalitic disease have been developed in certain strains of rats, and future 
studies should yield new insights into immune pathogenetic aspects of RVFV 
infection in both humans and animals. Preliminary studies in rodent models 
show that aerosol exposure to RVFV may produce encephalitis in a portion of 
the vaccinated animals that remain asymptomatic, if challenged by any other 
route. 

4̂  LABORATORY DIAGNOSIS 

Originally RVF was thought to be geographically limited to sub-Saharan 
Africa; therefore, RVF usually was not considered in the diagnosis of disease 
outbreaks outside this area. The epizootic in Egypt, combined with increased 
surveillance efforts, established that the virus exists in a wide variety of 
ecological zones across most countries in Africa. The large number of possible 
amplifying hosts and the many mosquito vectors of RVFV have made its 
potential spread to other countries a distinct threat. Additionally, air transfer 
of animals has made rapid transport of infected animals during the brief RVF 
incubation period possible. Table 31 is a listing of observations which suggest 
that RVF should be considered in the differential diagnosis of an unusual 
disease outbreak. 

There are several reference laboratories that will assist in the diagnosis of 
RVF. They also will supply reference antigens and antibody and will provide 
consultants to help establish diagnostic tests or investigate an outbreak (Shope 
et al., 1982). When a presumptive diagnosis of RVF is made, national auth-
orities immediately should notify the Office International des Epizooties (OIE), 
the Food and Agriculture Organization (FAO) and the World Health Organi-
zation (WHO). These organizations have established joint working groups to 
provide assistance in the event of an outbreak of RVF or the threat of an 
epizootic. 

If RVFV is suspected as the causative agent of an outbreak, the collection 
of samples for laboratory diagnosis should be performed cautiously to prevent 
aerosol or contact infection. Recommendations for the safe collection, packag-
ing and transportation of virologie specimens have been published by the 
World Health Organization (Madeley, 1977). 

TABLE 31 

Observations suggest ive of a RVF outbreak 

1. High abortion rates (possibly approaching 100%) in ewes and cows , but 
lower rates in goats; abort ions possibly increased in other 
ruminants , inc luding camels and water buffaloes. 

2. Increased mortal i ty (possibly approaching 100%) in lambs and ca lves 
less than 7 days of age; lower rates of disease and mortal i ty in 
older animals and other species of ruminants . 

3. Extens ive l iver les ions on gross examinat ion . 

4. Assoc ia t ion wi th season of h igh density of bit ing arthropods. 

5. Potent ia l route of introduct ion from Africa or the Mediterranean area. 
6. Human febrile disease, especial ly prevalent among people wi th c lose 

contact with animals (veterinarians, farmers, abattoir workers, 
etc.); if an extens ive epidemic occurs, a small percentage of 
infected humans may develop encephal i t i s , bl inding retinit is , or a 
fatal hemorrhagic disease. 
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The virus circulates to high titer in most susceptible animals, and virus 
isolation usually is successful if diagnostic samples are transported on wet ice. 
Whole blood or serum collected at the peak of pyrexia, and specimens of liver, 
placenta and fetus have been the most common material used for virus iso-
lation during past epizootics. Samples from liver, brain, kidney, heart and 
spleen should be collected in 10% buffered formalin for histological examin-
ation. Ideally paired sera are needed for serological diagnosis: one collected 
during the acute phase of illness and one convalescent sample obtained 14-28 
days after onset of symptoms. Humans should not be overlooked as a source of 
diagnostic material, and, if possible, samples of suspected mosquito vectors 
could be collected for virus isolation studies. 

In the laboratory, several techniques have been used for diagnosis. His-
topathologic examination can yield the first clues that the disease is RVF. 
Examination will reveal characteristic liver necrosis in all susceptible ani-
mals, with the degree of pathology being related to species and age of the 
animal involved. 

A definitive diagnosis of RVF is accomplished only by isolation and identifi-
cation of the virus or by serological demonstration of a 4-fold or greater rise in 
specific, neutralizing antibody titer between acute and convalescent sera. If 
virus isolation is to be attempted, laboratory workers should be immunized to 
protect against a potentially fatal laboratory infection. Such studies should be 
limited to insect-proof, high-containment laboratories. 

The virus can be isolated in a number of common cell culture systems, 
including VERO, BHK-21, and many primary cells of avian, mouse, bovine, 
hamster, monkey or sheep origin. Cytopathogenic changes are visible in 2-4 
days and advance quickly to complete destruction of the cell monolayer. 
Susceptible laboratory animals for isolation are suckling mice, adult mice, 
hamsters and 1-3-day-old lambs. Isolation should always include adult mice, 
and hamsters if possible, because RVFV is one of the few viruses that will kill 
adult mice and hamsters within 1-4 days after inoculation by the intraperito-
neal route. Engorged hemorrhagic livers are seen in most mice and hamsters 
at necropsy. Typical necrosis can be found when sections of these livers are 
examined microscopically. 

Viral isolates can be identified definitively as RVFV in mouse or plaque-
reduction neutralization tests using reference polyclonal or monoclonal anti-
serum (available through the WHO). If these tests cannot be performed, a 
presumptive diagnosis can be made by preparing antigens from the unknown 
virus and testing it for positive reactions with reference RVFV antiserum in 
HI, CF or IF tests. Antigens for HI or CF tests are best made from suckling 
mouse brain. Infected cells can be fixed and stained for immunofluorescence 
identification studies. 

Other rapid diagnostic methods attempt to demonstrate viral antigen in field 
specimens. Gel diffusion has demonstrated antigen in infected specimens, but 
the test is very insensitive. IF, ELISA and RIA techniques, utilizing reference 
antibodies, have proved successful in limited studies to data, although these 
procedures must be considered experimental techniques at present. 

The following serological tests commonly have been used to demonstrate 
RVFV antibody in domestic animals and humans: CF, AGID, HI, mouse and 
plaque neutralization, IF and ELISA. These assays follow standard procedures 
commonly utilized in veterinary and public health laboratories of most coun-
tries. In the HI test, European domestic goose erythrocytes are the cells of 
choice. Male geese should be used since estrogens may interfere with viral 
hemagglutination. Cells from 1-day-old chicks may be used but give a much 
lower viral antigen titer. In some of these tests, various low-titer, nonspecific 
cross-reactions do occur between the RVFV antigens and antibodies developed 
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in response to infection with other viruses in the Phlebotomus fever serogroup. 
These nonspecific cross-reactions are minimal in the plaque-reduction VN test 
which is the preferred confirmatory test. The distribution of cross-reacting 
phleboviruses currently is limited to the Mediterranean area, Africa, and 
Central and South America. Their role as disease agents in animals is not well 
studied; however, few have been isolated from domestic animals, and none have 
been implicated in major epizootics. In a diagnostic setting where the presence 
of other infecting phleboviruses seems unlikely, a seroconversion or a high 
convalescent anti-RVFV antibody titer measured in any of the above-listed 
serological tests would be strong presumptive evidence of RVF. 

Measurement of IgM antibodies has proved useful in establishing the diag-
nosis in humans when a single convalescent serum sample was the only ma-
terial available. Our laboratory currently is studying the IgM response in 
sheep to determine the time of appearance and disappearance of this antibody 
to aid in the development of rapid diagnostic assays. 

The diagnosis of RVF must be differentiated from a number of other diseases 
with similar clinical findings. The following should be included in the differen-
tial diagnosis: enterotoxemia of sheep, bluetongue, ephemeral fever, Wessel-
bron and Middleburg virus infection. Other potentially confusing diseases 
include: brucellosis, vibriosis, trichomoniasis, Nairobi sheep disease, ovine 
enzootic abortion, and bracken or arsenic poisoning. Heavy contamination of 
pasture with anticoagulant rodenticides can also produce an outbreak of 
hemorrhage and abortion with numbers approaching those seen in RVF disease 
(Feinsod et al., 1986). Definitive diagnosis requires virus isolation or serology. 
Some preliminary findings might suggest RVF; for example, death of adult mice 
is not seen with enterotoxemia and bluetongue, and clinical disease in pigs, 
horses, and rabbits is seen with Wesselsbron but not with RVF. 

PROPHYLAXIS AND CONTROL 

Immunization of susceptible animals is the most effective mechanism for the 
control of RVF (Bres, 1981). All livestock in enzootic areas should be im-
munized; annual immunization of livestock in nonenzootic areas is justified 
only in the face of an epizootic. Due to multiple vector species living in diverse 
habitats and potential insecticide resistance, vector control in enzootic areas 
is expensive and may be only moderately successful. Mosquito and biting fly 
control measures, if implemented, should incorporate the use of larvicides to 
increase effectiveness. Movement of livestock during an epizootic should be 
regulated to prevent extension of the disease to areas which are RVFV-free. 
Sick animals should not be slaughtered, to reduce the risk of aerosol infection 
from infectious blood and other body fluids. Stockmen should be cautioned to 
prevent mechanical transmission of the virus by changing needles between 
animals when administrating injectable materials. Veterinarians, stockmen, 
and abbatoir workers in enzootic areas are at high risk and should be im-
munized. The WHO/FAO has made specific recommendations for measures to 
be taken to control an epizootic (Shope et al., 1982). 

Two types of veterinary vaccines are currently used to immunize sheep and 
cattle in Africa (Assad et al., 1983). The modified live virus (Smithburn strain) 
vaccine is inexpensive, can be produced in large amounts in a short time, is 
stable when properly lyophilized and is highly effective. This vaccine produces 
a solid and long-lasting immunity to RVF. A single inoculation may induce 
protection as early as 6-7 days after injection, and the offspring of vaccinates 
may be protected for up to 5 months of age. Even though about half of the sheep 
vaccinated develop vaccine viremia, arthropod transmission to and virus am-
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plification in unvaccinated susceptible sheep are not proven. The vaccine is 
teratogenic and abortogenic and should not be used during pregnancy. Fetal 
loss under field conditions in South Africa, however, has been minimal only 
because timing of vaccination avoids pregnancy. Reversion of the vaccine to 
virulence or reassortment of the vaccine virus with other Phleboviruses to 
produce a reassortant virus with increased virulence is a remote theoretical 
possibility that must be considered. 

Formalin-inactivated vaccines have been shown to be effective when multi-
ple inoculations are given. Long-lasting immunity does not develop; therefore 
yearly booster immunizations are needed. Two doses of an experimental inac-
tivated vaccine produced in the USA were required to protect pregnant ewes 
from viremia and fetal damage on virulent virus challenge. Inactivated vac-
cines are more costly to produce and generally have poor stability because they 
cannot be lyophilized due to the presence of an adjuvant. Even though a 
possibility exists of residual live virus escaping inactivation, inactivated vac-
cines would be more appropriate than current modified live products for use in 
livestock or zoo animals moving from enzootic areas to areas free of the disease. 

Convalescent sera have been used to confer passive protection to sheep, 
laboratory rodents, and non-human primates. In 1-3-day-old lambs, 10-30 ml of 
convalescent serum administered intravenously or intraperitoneally was effec-
tive, even after signs of illness were detectable. A number of antiviral drugs are 
effective against RVFV in vitro, and good results have been obtained using 
Ribavirin® in experimental animals. Human leukocyte interferon has been 
used experimentally to protect RVFV-infected rhesus monkeys from viremia 
and liver damage. 

Recently, two experimentally modified live RVF vaccine candidates have 
been developed. One candidate, developed in Egypt, is a minute plaque variant 
of RVFV (Moussa et al., 1986). The second candidate, an intensively mu-
tagenized RVFV strain developed in the USA, has greatly reduced pathogenic-
ity for adult mice and hamsters, yet is immunogenic (Caplen et al., 1985). Only 
limited preliminary data are available on these preparations. 

Chemotherapy research of RVF disease in laboratory rodents and monkeys 
has shown that ribavirin and poly IC acting as an interferon inducer are 
effective treatments (Peters et al., 1986). However, neither treatment has been 
tested in ruminants. 
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Chapter 45 

Nairobi Sheep Disease Virus 

C. TERPSTRA 

INTRODUCTION 

Nairobi sheep disease (NSD) is a noncontagious tick-transmitted virus di-
sease of small ruminants, characterized by fever, hemorrhagic gastroenteritis, 
abortion of pregnant animals and a high mortality, especially in sheep. The 
disease was first observed in the vicinity of Nairobi among sheep and goats 
originating from dry areas in the northern and southern parts of Kenya and 
was reported by Montgomery (1917). NSD is known to occur in East and 
Central Africa, but from antibody surveys the virus is suspected to be present 
as far north as Ethiopia and Somalia and as far southward as Botswana and the 
Mozambique coastal plain. 

NSD virus (NSDV) has been shown antigenically closely related to Ganjam 
virus, the causative agent of a tick-borne infection of sheep and goats in India, 
and more distantly related to Dugbe virus, responsible for a tick-transmitted 
infection of cattle in Nigeria (Davies et al., 1978). 

NSDV has all the characteristics of a Bunyavirus (Terpstra, 1983). It is 
sensitive to lipid solvents and detergents, and is rapidly inactivated at high and 
low pH values. Even in the range of optimal stability (pH 7.4-8.0) and with 2% 
serum, the virus is easily inactivated with a half-life period of 6.8 days at 0°C 
and 1.5 h at 37°C. The stability increases in the presence of higher protein 
concentrations. Sterile citrated whole blood remains infective for 66 days at 
5°C, 33 days at 15-18°C, 42 h at 37°C and 1.5 h at 50°C, but infectivity is 
destroyed after 5 min at 60°C (Montgomery, 1917). 

The virus replicates in vitro in primary or secondary cell cultures derived 
from sheep testis, sheep kidney, goat testis and goat kidney, and in continuous 
cell lines of BHK and the vector tick Rhipicephalus appendiculatus (Coackley 
and Pini, 1965; Howarth and Terpstra, 1965; Munderloh, 1977). Infected cells 
usually develop a CPE, while staining with H&E reveals typical eosinophilic, 
intracytoplasmic inclusion bodies (Coackley and Pini, 1965). The polar and 
bipolar inclusions, which also can be observed by immunofluorescence, were 
found to contain large clusters of polyribosomes when examined by EM (Terp-
stra and Vreeswijk, unpublished results, 1983). 

NSDV produces a fatal infection in infant mice, inoculated by intracerebral 
or intraperitoneal routes, but adult mice are only susceptible by the intracere-
bral route (Weinbren et al., 1958). The virulence of the virus rapidly decreases 
after serial passage in infant mouse brains. Terpstra (1969) reported a statistic-
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ally significant difference in duration of illness and mortality between Persian 
fat-tailed sheep infected with the fifth mouse brain passage and those infected 
with the progeny of the fifth brain passage after repassage through ticks. 

The mouse-brain-attenuated strain could successfully be propagated in em-
bryonated hen eggs and in day-old guinea pigs following intracerebral inocula-
tion. 

EPIZOOTIOLOGY 

Sheep and goats are the natural vertebrate hosts of NSDV. Cattle, buffalo, 
horses and pigs are refractory to infection. Although naturally occurring fatal 
infections have been reported in blue duikers (Cephalophus caerulus) and 
viremia followed by an immune response has been demonstrated in experiment-
ally infected field rats (Arvicanthis abyssinicus nubilans), antibody studies 
have not lent support to the assumption that small antilopes or wild rodents are 
involved in the maintenance cycle of NSDV (Davies, 1978a). Antibodies have 
been found in human sera, and accidental laboratory acquired infections 
accompanied by fever, joint aches and general malaise have been reported. 

Ticks, mainly of the genus Rhipicephalus, serve as invertebrate hosts of the 
virus. The common vector of NSDV is the brown tick (R. appendiculatus), but 
other species, including R. pulchellus, R. evertsi and R. simus and the bont tick 
Amblyomma variegatum, can transmit the virus. R. appendiculatus is by far the 
most efficient vector and the only one in which transovarian transmission has 
been demonstrated. For egg transmission, the adult female needs a viremic 
blood meal (Davies and Mwakima, 1982). Within the same generation, all 
stages subsequent to the one which has sucked infected blood remain infective, 
irrespective whether an instar has fed on an immune, susceptible or non-
susceptible host. The virus only will be passed on to the next tick generation 
if the host develops a viremia before the infecting adult female has completed 
its meal. Lewis (1946) studied the survival of NSDV in R. appendiculatus. Unfed 
larvae were able to infect a sheep 6 months after hatching, while unfed nym-
phae and adults remained infective for 12 and 28 months, respectively. 

The distribution of NSDV antibodies in sheep and goats in Kenya and 
Uganda roughly corresponds with the distribution of R. appendiculatus (Terp-
stra, 1969; Davies, 1978b). Most sheep and goats in areas enzootic for NSD have 
antibody to the virus and only incidental losses are observed. The high fre-
quency of antibody in different age groups presumably reflects a high exposure 
rate and infection at an early age, when the lambs are still protected by 
maternal immunity. Outbreaks of NSD either may arise as a result of move-
ment of susceptible animals into enzootic areas or as a result of an incursion 
of infected ticks into NSD-free flocks or areas. The latter situation may occur 
in years with excessive or prolonged rains, which result in vegetational and 
microclimatic changes favorable for an extension in the range of R. appen-
diculatus. Under these circumstances infected ticks may be introduced into 
NSD-free dry zones with movements of stock or wild ruminants and cause an 
epizootic among local sheep and goats in the area. Outbreaks may also result 
from incursions of ticks in NSD-free flocks following a breakdown in tick 
control measures. 

Experimental infection and natural challenge by infective ticks has re-
vealed no difference in susceptibility between local Persian fat-tailed and 
European breeds of sheep, although the latter stand a better chance of survival 
(Terpstra, 1969). The 50% infective dose of the fully virulent Entebbe strain of 
NSDV was found close to 0.01 mouse LD-50 for both local and exotic breeds. 

The mortality in the field has been reported as high as 70-90% for local 
breeds and 30% for exotics and cross-breds (Montgomery, 1917). 
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Goats are regarded less susceptible than sheep, but the mortality of in-
digenous breeds may rise to 90%. 

Mugera and Chema (1967) studied the pathogenesis of the disease following 
intravenous inoculation, but nothing at all is known about the sequence of 
events after vector exposure. In all probability, the virus reaches the target 
organs with the blood stream directly from the location of the infecting bite, 
although an initial replication in the regional lymph node cannot be excluded. 
The virus replicates to high titers in liver, lung, spleen and other organs of the 
reticuloendothelial system and appears to have preference for the vascular 
endothelium. The primary lesions consist of endothelial swelling, edema and 
necrosis of the capillary walls in the mucosae of the abomasum, small and large 
intestine, gall bladder and female genital tract. The vascular lesions are acc-
ompanied with dilatation of the capillary vessels, hemorrhages and catarrhal 
inflammation in the superficial layers of the mucosae and are followed by 
coagulation necrosis and desquamation of the epithelium. Edema of the submu-
cosae is also much in evidence. 

Vascular involvement also has been observed in lung, heart and kidneys. 
Congestion of pulmonary capillaries occasionally leads to hemorrhages and 
serous exudate in the alveoli, which may be aggravated by the granular de-
generation, fragmentation and necrosis of muscle fibres in the myocardium. 
The kidney lesions are the most severe and consist of a glomerulotubular 
nephritis with hemorrhages, degeneration of tubular epithelium and tubuli 
filled with hyalin and cellular casts as early as 48 h p.i. A fatty infiltration and 
hydropic degeneration of liver cells around the central veins has been observed 
at 72 h p.i. 

Signs of disease usually appear 4-6 days after application of infected ticks, 
but this period can considerably be extended when the ticks do not readily feed. 
The experimentally obtained incubation period is in agreement with observa-
tion on natural outbreaks, which occurred 5-6 days after animals had been 
transferred to paddocks infested with R. appendiculatus. 

In case of needle infection, the incubation period normally varies from 1 to 
4 days, with a maximum of 6 days, depending on the virus dose, route of 
infection, virulence of the strain and individual resistance of the animals. 
Clinical signs start with a steep rise of the body temperature above 41°C. The 
fever persists for 1-7 days and may peak up to 42°C. The febrile response is 
accompanied by leukopenia and viremia, but virus can no longer be isolated 
from the blood 24 h after the temperature has returned to normal. In acute and 
peracute fatal cases the temperature rapidly drops below normal, whereas in 
less acute cases animals die 2-5 days after the temperature starts to fall. 
Physical signs of illness, characterized by diarrhea, usually appear 1-3 days 
after the onset of fever. The diarrhea worsens during the following days. The 
feces become watery and fetid and often contain mucus. Sometimes almost 
unchanged blood is passed. The animals show dullness and inappétence, stand 
with drooping head while straining continuously and sometimes moan at each 
expiration. In about half the cases a mucopurulent, often blood-tinged nasal 
discharge can be observed. Pregnant ewes frequently abort. 

The clinical picture of the disease in goats is similar to that in sheep, but the 
symptoms are less severe. 

PATHOGENESIS 

DISEASE SIGNS 
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PATHOLOGY 

The hindquarters, soiled with feces or sometimes blood and feces are the 
most striking on external examination of the carcass. There is often conjun-
ctivitis and dried crusts may be seen around the nostrils as a result of nasal 
discharge. The skin may be dehydrated, especially after a long period of scour-
ing. 

The post-mortem picture is that of a hemorrhagic septicemia, accompanied 
by a catarrhal or hemorrhagic inflammation of the gastrointestinal and female 
genital tract. The most prominent changes are found in the gastrointestinal 
tract. The lesions consist of multiple hemorrhages of different size and are 
mainly located on the longitudinal folds of the abomasum mucosa, the distal 
part of the ileum and ileocecal valve, the cecum and the ascending part of the 
ansa spiralis. The hemorrhages in the mucosa of cecum and colon frequently 
are arranged in longitudinal bands, and in severe cases lines of ecchymosis 
extend from the top of the cecum along the entire colon up to the rectum (Fig. 
171). These striations in cecum and/or colon are the most outstanding and often 
the only post-mortem sign, but occasionally they may be absent. The small 
intestine is often inflamed and contains a little watery fluid, whereas the 
contents of colon and rectum, if present, are liquid. 

Hemorrhages may also be found under the serosa of cecum, colon and gall 
bladder, under the renal capsule, in the mucosae of the female genital tract, 
especially after abortion, and in the lower parts of the respiratory tract. The 
mucosa of the nasal cavity often shows catarrhal inflammation, is congested 
and dark red in color. The heart is mostly pale and flaccid, with petechiae on 
the epicardium and ecchymoses on the endocardium, and unclotted blood 
inside. 

As regards the hemopoietic system, spleen and superficial lymph nodes are 
usually slightly swollen, but the mesenteric glands may be grossly enlarged 
with lymph exuding from the cut surface. The marrow of the long bones 
frequently has a gelatinous, bright cherry-colored appearance. 

Fig. 171. Hemorrhagic str iat ions in mucosae of cecum and co lon of a sheep fatal ly infected wi th 
NSDV. 
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Glomerulo-tubular nephritis, myocardial degeneration and coagulative ne-
crosis in the mucosa of the gall bladder are consistent microscopical lesions. 

v / IMMUNE RESPONSE 

Animals that survive an infection develop antibodies to NSDV, which can 
be demonstrated by CF, neutralization, AGID, indirect IF and indirect HA tests 
(Terpstra, 1969; Davies et al., 1976). Complement-fixing antibody can be detec-
ted for only 6-9 months and neutralization titers are low and insignificant. 
With the other three tests antibodies appear within a couple of days after the 
body temperature has returned to normal and persist for at least 15 months. An 
ELISA for detection of NSDV antibody has been described (Munz et al., 1983), 
but its application in the field has as yet to be assessed. 

4̂  LABORATORY DIAGNOSIS 

The clinical signs and post-mortem lesions are usually sufficiently distinct to 
make a tentative diagnosis of NSD. The picture, however, is seldom complete 
and laboratory investigations are necessary to permit beyond doubt dif-
ferentiation from rinderpest, peste-des-petits-ruminants, Rift Valley fever and 
heartwater. 

Laboratory methods are aimed at the detection of the virus or virus-specific 
antigens, or at detecting antibodies against the virus. Virus multiplies to high 
titers in lung, liver, spleen and mesenteric lymph nodes and also can be 
recovered from whole blood or serum during the febrile stage of disease. 
Samples for virus isolation should be sent on ice without preservatives and 
reach the laboratory by the quickest possible means. NSDV replicates in 
different cell cultures and in infant mouse brains. On primary isolation in cell 
cultures, however, the virus may not cause a CPE. Hence, immunofiuorescent 
methods are extremely useful for the detection and rapid identification of 
isolates (Davies et al., 1977). Primary isolation of the virus in infant mouse 
brain and identification either by IF or CF tests is a slightly more sensitive 
method and suitable for laboratories without cell culture facilities. Taking into 
consideration the sensitivity of cell cultures and mice in comparison with that 
of the natural host, there is no doubt that inoculation of a susceptible sheep 
with suspensions of infected organs or blood is by far the most sensitive method 
for the isolation of NSDV. 

Viral antigen can be detected by immunodiffusion in spleen, lung and mesen-
teric lymph nodes of sheep that have suffered an acute fatal infection, using 
NSDV-specific hyperimmune serum as a source of antibody (Terpstra, 1969). 
The method is simple and rapid and can be applied in field laboratories or 
diagnostic centres without facilities for both cell culture and immunofluores-
cence. 

Paired serum samples collected during the febrile phase and convalescence 
can be examined for a rise of specific antibody. 

PROPHYLAXIS AND CONTROL 

Being a tick-transmitted disease, control and prophylaxis of NSD should be 
sought in vector control and vaccination. R. appendiculatus is also the prin-
cipal vector for East Coast fever and consequently NSD has been controlled or 
even eradicated in highly productive areas as an additional gain of the tick 
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control programmes for East Coast fever. Such programmes are costly, and 
experience has shown that unless pursued rigidly and systematically together 
with quarantine measures for livestock and checks on movement of game 
animals, the ticks will return and with them the tick-borne diseases. 

Two types of vacine—a modified live virus (MLV) attenuated by serial 
mouse brain passage (Terpstra, 1969) and an inactivated oil-adjuvant vaccine 
(Davies et al., 1974)—have been used on experimental base. Although a single 
dose of MLV vaccine rapidly induces immunity, the strain has lost some 
immunogenicity and annual revaccination is recommended for sheep to 
provide full protection. The MLV strain causes a viremia, but reversion to 
virulence is theoretical as the strain is no longer transmitted by R. appen-
diculatus. On the other hand, two doses of the inactivated vaccine are required 
for optimal stimulation of antibody production, and the duration of immunity 
appears to be limited. 

The incidental losses from NSD in enzootic areas do not warrant the applica-
tion of either tick control measures or prophylactic vaccination. Control of 
NSD by vaccination, therefore, should be directed toward individual animals 
or groups at risk, notably sheep and goats moved from clean into enzootic areas 
and flocks of NSD-free farms or in areas infested by infective ticks. 
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Picornaviridae 

This family of smallest RNA viruses (from Italian picolo = small) contains 
the genera Enterovirus, Cardiovirus and Aphthovirus with more than 230 types. 

Virions are nonenveloped, roughly spherical nucleocapsids 22-30 nm in 
diameter with a Τ = 1 type of icosahedral symmetry. Electron microscopically 
the surface is almost featureless. The capsid is constructed from 60 subunits, 
each consisting of one molecule of each of the four major capsid polypeptides. 

The picornavirion contains one molecule of infectious single-stranded RNA 
of positive polarity with a mol.wt. of about 2.5 χ 106. A covalently linked 
protein VPg is present at the 5' terminus of the RNA. Four major polypeptides 
participate in the construction of the capsid. 

Virion buoyant density depends mainly on the genus; enteroviruses and 
cardioviruses band at 1.33-1.34 g/cm3, whereas rhinoviruses possess a density of 
1.38-1.42 and aphthoviruses of 1.43-1.45 g/cm3 in CsCl. Sedimentation coef-
ficients are between 140 and 165 S. 

Replication is entirely in the cytoplasm, in close association with mem-
branes. Partially double-stranded replicative intermediates are formed, both 
strands of which are used as templates. Functional proteins are produced by 
posttranslational cleavage from large precursor polyproteins. 

During Picornavirus replication, the cellular metabolism is arrested and the 
cells (in vitro) soon show signs of degeneration; they are then smaller, rounded, 
refractory, and pyknotic. The release of the virus progeny from the cell is 
facilitated by this degeneration, which results in cytolysis. 

Picornaviruses are either very resistant or very sensitive to pH changes. The 
former fall into the genera Enterovirus and Cardiovirus, and the latter into the 
genera Aphthovirus and Rhinovirus. Foot-and-mouth disease (FMD) viruses 
form the genus Aphthovirus. Bovine enteroviruses (BEV) and bovine rhi-
noviruses have been isolated either from healthy cattle or from cases of acute 
enteric and/or respiratory disease. Their importance is mainly for differential 
diagnosis following cultivation from samples sent to the laboratory; their 
cytopathogenicity (in vitro) resembles that of an aphthovirus. 
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Chapter 46 

Foot-and-Mouth Disease Virus 

J.A. M A N N and R.F. SELLERS 

INTRODUCTION 

Foot-and-mouth disease (FMD) is a highly infectious disease of cattle, sheep, 
goats and pigs as well as of a number of wild animals, including buffalo, deer, 
other wild ungulates and hedgehogs. Man is occasionally infected. The disease 
is characterized by the formation of vesicles on the feet and in and around the 
mouth and, in young animals, by sudden death due to heart failure. 

FMD virus (FMDV) is stable between pH 7 and 9. Outside these pH values 
inactivation occurs. A number of chemical substances inactivate the virus at 
the acid and alkaline ranges of pH. These include phosphoric, sulphuric, citric, 
acetic and formic acids, and sodium carbonate, sodium metasilicate and sodium 
hydroxide on the alkaline side (Sellers, 1968). In the field 4% sodium carbonate, 
1% sodium hydroxide and 1% sodium metasilicate have been used. Acids are 
usually formulated with detergents to improve wettability, and a number of 
proprietary products are available. Other disinfectants or chemicals such as 
formalin (vapor or solution), glutaraldehyde and peracetic acid have been used. 
Phenolic compounds and quaternary ammonium compounds have little effect. 
In the absence of organic matter, oxidizing agents, e.g. hypochlorites, will 
inactivate the virus. 

Heat, UV irradiation and gamma irradiation have been used to render 
animal products free of FMDV. Once rigor mortis has set in, the production of 
lactic acid leads to its inactivation. The effect of heat is variable, depending on 
the time, temperature and the extent to which the product is protected. Overall, 
in treatment of contaminated fluids 90°C is the temperature aimed at. Milk, 
however, may be treated at lower temperatures, as can some meat products. 

Seven serotypes of FMDV are recognized: O, A, C, SAT 1, SAT 2, SAT 3 and 
Asia 1. There is no cross-immunity between types, although an animal which 
has recovered from six types may be immune to the seventh. Within the types, 
a number of subtypes have been described. These are based on differences found 
as a result of vaccinating animals, since cattle vaccinated with a vaccine of one 
subtype are not necessarily protected against disease caused by another 
subtype. 

CF, SN, RIA and ELISA techniques have been used to differentiate strains. 
However, subtyping (Pereira, 1977) is looked at from two points of view, namely 
(1) the relation of the field strain to vaccines available for protection and (2) the 
source of the virus causing the outbreak. Investigations under (1) attempt to 
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group strains together, whereas the detective work required under (2) serves to 
look at small differences. 

For results on cross-protection by available vaccines, strains are studied 
mainly by SN and cross-protection tests and to a lesser extent by CF, RIA and 
ELISA. 

For detective work on the origin, field strains are examined by a number of 
tests in addition to those mentioned before, namely, PAGE and electrofocus-
ing for examining the structural and nonstructural polypeptides, and RNA 
ribonuclease T\ mapping for analyzing the genome. Nucleotide and amino acid 
sequencing are also used (Samuel et al., 1988). 

Interpretation of tests for deciding which vaccine to use is probably easier 
than interpretation of the "fingerprinting" results, because of the variety and 
the variation of field strains of virus. 

EPIZOOTIOLOGY 

FMD affects cloven-hoofed animals. Among domestic animals cattle, sheep, 
goats and pigs are included; among wild ruminants, African buffalo, deer (roe, 
muntjac, impala and kudu), warthogs and bush pigs are natural hosts. Ele-
phants, coypu, agouti and hedgehogs are also affected. 

FMD also affects man but not to any great extent (Hyslop, 1973); only 37 
authentic cases have been described. People became infected by handling 
infective animals or materials in abattoirs, on farms, in vaccine production 
plants or in laboratories. In other instances they drank infected milk or breath-
ed in virus aerosols. In some patients the first symptoms noted were fever, sore 
throat, headache or general malaise; vesicles subsequently appeared on hands 
or feet and in the mouth. In others a vesicle appeared at a local site, followed 
by fever and a generalization of vesicles. People do not appear to be infectious 
to other people. Healing is uneventful, although recurrence of lesions without 
presence of virus has been described. There is a record of a worker in a 
Waldmann type vaccine laboratory being infected twice, first with type C, then 
with type O. Type Ο was responsible in 23 cases, type A in one and type C in 
six cases of infection in man. 

FMD has been reported over the years from most countries of the world. 
Strains of types O, A and C occur in South America and in Europe (including 
Turkey and the USSR), types O, A, C and Asia 1 in the Near East, O, A, C and 
Asia 1 in Central and Southeast Asia, O, A and C in North America, O, A, C, 
SAT 1 and SAT 2 in West and Central Africa, 0 , A, C, SAT 1, SAT 2 and SAT 3 
in East and southern Africa (Pereira, 1981). At present, North and Central 
America have been free for a number of years, as have Norway, Sweden and 
Ireland. The disease has never occurred in Iceland. Australia and Japan have 
been free since 1871 and 1908, respectively, and the disease has never been 
reported from other parts of Australasia. 

The main effect of the disease is due to its high contagiousness. Economic 
losses result from the loss of milk production delay in the animals' reaching 
maturity for marketing, loss of draught power in bullocks, abortions in preg-
nant animals and deaths in calves, lambs or kids. In addition, disease or fear 
of disease disrupts trade in animals or animal products such as meat, offal, 
dried milk or products such as semen and embryos. 

FMD can spread by direct contact, by animal products, meat, milk, semen, 
embryos, by the airborne route or by mechanical means such as on people and 
wild animals and birds, vehicles and fomites (Hyslop, 1970; Sellers, 1971). 
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Animals affected with FMD give out virus in their breath, in their secretions 
and excretions and from the skin. 

Affected animals or those incubating the disease harbor FMDV in their 
tissues, milk, semen or ova. Virus present in muscle is inactivated by lactic acid 
developing after slaughter. In offal and bone marrow, no pH changes take place 
and these products can lead to infection of animals. 

Semen is infective before bulls show lesions, and thus artificial insemination 
can spread disease. Virus is present in milk to high titer just before and at the 
time of appearance of lesions; if such milk is fed to calves and piglets they can 
become infected (Burrows et al., 1971). 

Cattle, sheep and goats infected with FMD excrete virus as an aerosol. The 
amounts vary from 103 to more than 108 infectious units per day. Most of the 
airborne particles are 6 μπι or more in diameter. Normally they will fall to the 
ground, but as a result of turbulences with suitable winds FMDV will be spread 
as a plume. With relative humidities greater than 60%, airborne virus will 
survive many hours. Such humidities occur frequently at night when atmo-
spheric conditions are stable. Most spread over land is within 10 km of the 
source. However, where particles are lifted by wind through valleys and over 
hills, spread may cover longer distances. Also over the sea spread is further 
under certain atmospheric conditions since dispersion of the virus is less 
pronounced. This feature has been observed in spread from northern Germany 
to Denmark, from Denmark to Sweden and from France to the south coast of 
England (Gloster et al., 1982; Donaldson et al., 1982). 

Of the animals at risk, cattle are more likely to become infected than sheep, 
goats or pigs, partly because they are better samplers (the respiratory rate of 
cattle is 1001/min, that of sheep and pigs is 5-101/min) and partly because less 
virus is required to infect cattle (ΙΟ^ΙΟ2 infectious units). Large herds of cattle 
are more at risk than individual animals or small herds. 

Airborne spread is mainly found where large numbers of animals, especially 
pigs, are infected, where conditions are suitable for minimal dispersion of the 
virus aerosol plume and where there are large concentrations of susceptible 
stock downwind. Such conditions are found mainly in northern Europe. Else-
where, spread is more likely at night and during periods when closer contact 
occurs, e.g. at waterholes. 

People who have been in contact with affected animals can carry virus on 
their person, in the nose or, in the case of veterinarians, on their instruments. 
Vehicles that have carried infected animals may expose subsequent loads to the 
risk of infection. Nonsusceptible domestic animals, wild animals and birds may 
transport the virus mechanically. FMDV may survive on inanimate objects, in 
dung and slurry, and on hay and straw, for varying periods depending on the 
temperature and weather conditions. 

Cattle, sheep, goats and pigs may be virus carriers in a number of ways. 
When they are infected by direct contact, they may have virus on them for the 
next 24 h. After the incubation period, infection may develop which is not 
perceived or may not give rise to overt lesions; these animals may excrete more 
virus. This is found especially with sheep and goats and may be observed in 
cattle and pigs that have been vaccinated. 

In pigs, FMDV does not persist for more than a month. However, a virus may 
persist in the pharyngeal region of cattle, sheep and goats (post-infection 
carriers). Of cattle, 50% may remain carriers for 9 months and a few for 2 years 
or more. For 50% of sheep and goats the carrier period is 9 weeks and for some 
9-11 months. No experimental evidence of transmission from such carriers has 
been found, but they may present a potential for virus maintenance. However, 
African buffaloes have been shown to transmit infection. 
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In some areas FMD is enzootic, in others introduction of the virus may lead 
to epizootic or sporadic outbreaks. 

Strains vary in the severity of symptoms induced. Some strains are more 
virulent for cattle and others for pigs. Sheep and goats are usually rather 
resistant. However, the SAT 1 epidemic in the Middle East in 1962 caused 
considerable losses in sheep. In parts of Africa local cattle are more resistant 
than cattle introduced from Europe. Rapidly growing animals or high milk 
yielders are more susceptible. 

In areas where pig husbandry is practised on a wide scale, there is danger 
of spread through trade or as a result of high concentrations of airborne virus 
being produced by intensive units. 

Wildlife may play an important part in maintenance of the disease in East, 
Central and southern Africa (Hedger, 1981). In these areas and in other parts 
of the world, the virus is maintained in a cycle involving ruminants. In South 
America, Africa and Southeast Asia these include cattle and buffalo; in the 
Middle East sheep probably play an important role in disseminating the di-
sease. 

PATHOGENESIS 

The natural route of infection in FMD is via the respiratory tract. Virus 
entry and multiplication probably take place in the pharyngeal area (Burrows 
et al., 1971). Soon after infection, virus spreads in the lymphatic system and the 
blood to infect many tissues and organs. Large amounts of virus are present in 
secretions and excretions, often before clinical signs become apparent (Bur-
rows, 1968; Burrows et al., 1981). There is some evidence that infection can also 
take place in the lungs (Sutmöller and McVicar, 1976). It is argued that virus 
associated with very small airborne particles can reach the alveolar spaces and 
be carried directly into the blood stream by macrophages. Virus which enters 
in this manner is then deposited in undetermined target tissues in which 
multiplication occurs. 

Virus titers in the animal decline as levels of neutralizing antibody increase. 
A significant proportion of cattle become "carriers" following infection (post-
infection carriers). In these animals virus can be recovered from the pharynx 
by means of a probang cup for up to 2.5 years after infection (Hedger, 1968). The 
epidemiological importance of post-infection carriers in FMD is not clear, but 
it is a potential mechanism for virus maintenance. 

DISEASE SIGNS 

Following an incubation period, usually between 2 and 8 days, clinical signs 
become evident. The disease is characterized by fever, depression, anorexia 
and the appearance of vesicles in the mouth and on the feet. In lactating 
animals there is an acute drop in milk production. Vesicles filled with straw-
colored fluid are found on the tongue, dental pad, gums and lips. Lesions may 
also be present at the nares and on the skin of the muzzle. On the feet, vesicles 
are most prominent at the bulbs of the heel, along the interdigital cleft and, to 
a lesser extent, along the coronary bands. Lesions may be present on the teats 
and occasionally on the surface of the udder in affected cows and heifers. 

Morbidity is high, up to 100%, but mortality is very low except in calves, 
where sudden death may occur in a significant proportion. Calves which die 
suddenly with FMD show no outward signs of infection. The principal lesion 
found at post-mortem is an acute viral myocarditis, characterized by an excess 
of fluid in the pericardium and degeneration of the cardiac muscle. The pale 
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areas of degeneration are often striated and give rise to an appearance referred 
to as "tiger heart". 

Adult cattle become lame and sometimes salivate excessively. The shifting 
of weight from one foot to another and "smacking" of lips are clear signs of 
pain associated with the feet and mouth. 

Lesions on the tongue rupture within a few hours, revealing extensive bright 
red ulcers which sometimes bleed when first formed. However, even very severe 
lesions in the mouth heal quickly, and within a few days animals may be eating 
normally. Ruptured vesicles on the feet usually become infected, which pro-
longs the healing process, and in many cases chronic lameness and permanent 
damage to the structure of the hoof ensues. Other serious sequelae are per-
manent loss of full milk production and infertility. 

Chronic illness is often associated with FMD but its causes, other than 
secondary bacterial infection, are not defined. Some abnormalities have been 
attributed to pathological effects on the endocrine system and some nonspecific 
degenerative changes in these organs have been reported. A "panting" syn-
drome has been found in cattle in South America and in India, possibly due to 
an effect on the myocardium. 

The clinical signs of FMD and vesicular stomatitis are indistinguishable. 
The range of species involved may be of some value in differential diagnosis. 
For example, horses as well as cattle can be affected by vesicular stomatitis. 

Conditions which give rise to erosive lesions in the mouth, such as BPS and 
MD, can be confused with FMD. While the former should be distinguishable by 
the papular nature of the lesions, sporadic cases of MD may show severe 
vesication of the tongue. During outbreaks, less serious conditions such as 
foul-of-the-foot, actinobacillosis and actinomycosis may be mistaken for FMD. 
Sudden death in calves might be attributed to causes other than FMD. 

s PATHOLOGY 

Gross changes are confined to areas of vesicle formation, principally the 
tongue, lips, gums, dental pad, nares, the skin of the muzzle, the bulbs of the 
heel and interdigital cleft. The udder and teats may be involved in cows and 
heifers. At post-mortem inspection, gross lesions may also be found on the 
pillars of the rumen. 

At the height of infection, vesicles may be found at varying stages of de-
velopment. Large vesicles filled with clear straw-colored fluid will usually 
rupture at about 24 h. As the epithelium becomes detached, bright red ulcers 
are revealed. Such lesions may involve a large proportion of the surface of the 
tongue. Fragments of necrotic epithelium usually remain attached to lesions 
for some days. Within 4-5 days of the onset of disease granulation tissue is 
evident, especially on the tongue and other parts of the mouth. 

TABLE 32 

A guide to the age ing of l es ions 

Fresh unruptured ves ic les on tongue and/or feet 24-48 h 

Ruptured ves ic les partial ly covered wi th ragged but intact epithel ium; exposed 2-3 days 

bright red ulcers 

Epithel ium necrot ic and caseous; granulat ion t i ssue obvious on tongue or mouth 4-5 days 

parts 

Epithel ium lost; hea l ing process under way in mouth; old and new horn clearly 7 + days 

separated o n hoof 
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Determination of the age of lesions is useful in epidemiological investiga-
tions; Table 32 provides a general guide. 

In general terms, the development of microscopic lesions is similar in all 
locations on the body. The cells most affected are those in the stratum spi-
nosum in the deeper layers of the epidermis. These swell, become eosinophilic 
and show what has been described as "ballooning degeneration'' (Gailiunas et 
al., 1964). The intercellular bridges break down, allowing fluid and debris to 
accumulate and form microvesicles. Microvesicles filled with edema fluid, cell 
debris and infiltrated with leukocytes coalesce to form macrovesicles. It is 
important to note that the stratum germinatium remains largely intact and is 
seldom breached in FMD. This allows rapid healing, since new epithelium is 
generated at many centres over the whole surface of the ulcers. The underlying 
dermis is infiltrated by inflammatory cells and is intensely hyperemic. 

ν / IMMUNE REACTION 

The antibody response in cattle following infection with FMDV is similar to 
that following inoculation with a foreign protein. Antibodies can be detected 
from about 4 days after infection. This early antibody reaches peak levels in 
7-14 days and declines to undetectable amounts within about 30 days (Brown 
et al., 1964). Early antibodies are of the IgM class of immunoglobulin and will 
neutralize and precipitate both homologous and heterologous virus. Later 
during the infectious process antibodies belonging to the IgG class can be 
detected. These arise at about 10-14 days and reach a peak at about 28 days. 
The antibodies which occur later will neutralize and precipitate virus and fix 
complement, although they are much more type-specific than those belonging 
to the IgM class (Skinner, 1953). 

Convalescent cattle remain totally immune to homologous virus for 3-4 
months. After this, degrees of partial immunity can be demonstrated. For 
example, Cunliffe (1964) challenged animals which had recovered about 1 year 
earlier and found that, while local lesions could be produced at the sites of 
inoculation, no generalized infection occurred and no other signs of disease 
were observed. Further studies indicated that an immune state can persist for 
at least 4.5 years. The rate at which immunity declines depends upon age, level 
of nutrition, physiological state and breed of the animals. 

It is possible to immunize cattle passively with whole blood or serum from 
recovered animals. In fact, this was sometimes used as a method of protection 
before vaccines became available. Antibody is present in the colostrum of 
convalescent and immunized cows (Schneider, 1955), and calves which suckle 
immune dams rapidly acquire serum antibody (Van Bekkum, 1966). This can 
interfere with vaccination for 3-6 months and afford protection against chal-
lenge for up to 6 weeks. 

Immunity following vaccination is similar to that after natural infection but 
its duration is somewhat shorter. A single inoculation of inactivated vaccine 
will protect against experimental challenge for 3-6 months (Fogedby et al., 
1952). The duration of immunity is affected by the type of adjuvant used in the 
vaccine formulation. The more recently developed oil emulsion vaccines 
protect for rather longer periods. It is usual to vaccinate at least annually in 
order to maintain a herd immunity which will withstand field challenge. 

LABORATORY DIAGNOSIS 

A vesicular condition appearing in cattle and involving other species of 
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cloven-hoofed animals, i.e. sheep and pigs, might be tentatively diagnosed as 
FMD. Where a single animal or single species is involved, laboratory confirma-
tion must be sought. 

The commonly used test for FMDV is the identification of complement 
fixing antigen in vesicle fluid or epithelial material. The success and rapidity 
of this test depend largely on the quality of the material submitted. Vesicle 
fluid can be collected from unruptured lesions with a needle and syringe. Clean 
pieces of epithelium weighing at least l g are most suitable for diagnostic 
purposes. ELISA is used in many laboratories (Ferris and Dawson, 1988). 

If a sample fails to type in the CF test or ELISA, it is passaged in tissue 
culture. Bovine thyroid or kidney cells are most commonly used. When gross 
CPE has developed, the tissue culture fluid is used in the CF test or ELISA. If 
no CPE is observed, then at least one blind passage should be carried out. 
Occasionally animals, e.g. cattle, sheep, pigs or mice, may be used in the 
process of identification. 

The sequence of events in the laboratory diagnosis of FMDV is shown in the 
diagram below. 

Specimen of epithel ium and/or ves i c l e from field case 

I 
CF test or ELISA against seven types of F M D V 

\ 
Result in 2.5 h

 If no r e s u l t
> passage in 

bov ine thyroid or bovine 

kidney cel l cul tures 

or (IB-RS-2 pig kidney 

Result in 18-24 h cells: pigs only) 

Gross CPE: test N o CPE: further 
by CF/ELISA passage in cel l 

ι cul tures 

Results passed on to control authori ty 

PROPHYLAXIS AND CONTROL 

FMDV is spread by direct contact between affected and susceptible animals, 
by meat, milk, semen or ova, by the airborne route or by virus contaminating 
people, domestic or wild animals, birds, vehicles or fomites. The aim of control 
measures is to break this cycle of spread. 

Control of movement of livestock is one of the most effective measures. 
Lactic acid produced in meat should be sufficient to inactivate the virus, but 
offal and tissues where there is no change in pH must be heated to inactivate 
the virus. Milk should also be treated by heat. People should be discouraged 
from visiting infected farms and, where handling of animals has to be done, the 
person should be disinfected before and afterwards. Vehicles should be cleaned 
and disinfected between carrying animals. Such means of spread are controll-
able. 

However, it is difficult to control virus diffusion by the airborne route or by 
wild animals or birds. Here the aim should be to minimize the amounts of virus 
that are likely to be produced by affected animals (especially pigs) or to be 

Chapter 46 references, p. 511 



510 Virus infections of ruminants 

available for contamination of wild animals. Access of wild animals or birds to 
domestic species should be prevented. 

Besides attempting to block spread, the aim is to reduce the amount of virus 
produced by the animals. This is done by slaughter (stamping out), vaccination 
or a combination of both. 

Slaughter of infected animal stops the production of virus, and slaughter of 
animals in direct or indirect contact with the source of infection breaks the 
infective chain. This is an economic method only in countries where disease 
incidence is low. In other countries, it may not be economically or socially 
acceptable and there vaccination is carried out (Boldrini, 1978). 

Although attenuated vaccines have been used in the past, they have not 
been found satisfactory; the present vaccines contain inactivated virus. Three 
main methods of virus production are used: (1) growth in surviving fragments 
of tongue epithelium (Frenkel method), (2) growth in roller bottles containing 
monolayers of calf kidney or BHK 21 cells, (3) growth in suspension cultures 
of BHK 21 cells. In addition, virus can be grown in IB-RS-2 cells (Mowat et al., 
1978). 

The virus so produced is inactivated with aziridines (ΑΕΙ, BEI). Outbreaks 
of disease have been associated with the use of formalin for inactivation and 
it is therefore no longer used to the same extent. Adjuvants most commonly 
used for cattle and sheep vaccines contain aluminium hydroxide and saponin. 
In South America oil adjuvants are advocated. 

The choice of strains of FMDV to use in the vaccine is important. Such a 
strain should grow to high titer, should produce high amounts of immunogenic 
material, and should be genetically stable. The strain should also protect 
against as wide a spectrum as possible of strains within the type. 

Once made, the vaccine is tested for immunity and potency. Potency is 
expressed, for example, in median protective doses (PD 5 0), and the minimum 
level laid down is 3-7 PD 5 0. 

Vaccines may be monovalent, bivalent, trivalent or polyvalent. There app-
ears to be no interference between the antigens of the different types. The first 
vaccination leads to immunity in ruminants for about 3-6 months. Subsequent 
vaccinations may give protection for a year in cattle but only about 6 months 
in sheep. The dosage for sheep is one-third of that for cattle. 

A number of vaccination schemes are practised, depending on the weight of 
infection likely to be encountered. Where the greatest risk of infection is likely, 
ruminants are vaccinated three times a year; with a medium risk, animals are 
vaccinated twice a year. In countries where the weight of infection is low, 
ruminants are vaccinated twice the first year and subsequently annually. 
Maternal antibody may last for 3-6 months and can interfere with immuniza-
tion. However, to avoid a gap in protection, countries recommend first vaccina-
tion at ages ranging from 2-6 months. 

Vaccination is usually confined to cattle; for example, in Europe 46% of 
cattle are vaccinated as compared with 3.42% of sheep and 2.76% of pigs. Cattle 
are regarded as the animals most likely to be affected and to suffer economic 
loss through failure to produce milk or be fattened. Owing to the vaccination 
programme, in some countries there may be times of the year when only about 
20% of the animals in an area are protected. 

The timing of vaccination depends on the husbandry of the country. Where 
there is a rainy and dry season, vaccination should be done at the beginning 
of the dry season, since movement of animals is restricted during the rainy 
season and spread of disease may occur once movements start in the dry season. 

When an outbreak occurs in a country that vaccinates, controls on move-
ment may be established. In addition, there may be stamping out of the animals 
on the farm and ring vaccination around. 
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In some countries vaccine is kept as a reserve in order to help control 
outbreaks. In other countries vaccination is limited to frontiers where disease 
may occur. 

It should be realized that present vaccines do not protect cattle completely 
until three vaccinations have been given. Before that time, local multiplication 
of virus may occur in the pharyngeal area or possibly at an abrasion on the 
skin. Thus, if one wishes to reduce infection, the other control measures have 
to be enforced. 

Some of the vaccines, on introduction, have caused allergic or post-vaccinal 
reactions; these have been caused by antibiotics or proteins in the vaccine. 

With the advent of recombinant DNA techniques, new vaccines may be 
introduced (Bachrach et al., 1983); these are genetically expressed VP1 vac-
cines or synthetic peptides incorporating the major antigenic site on the VP1 
(peptides 141-160), or peptides biosynthesized in cells from the appropriate 
incorporated oligonucleotides. Such vaccines are at present in the develop-
mental stage. They are safe and stable but they still have to be evaluated for 
efficiency, for duration of immunity and for immunogenic ability against a 
range of strains likely to be met in the field. 
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Chapter 47 

Bovine Enteroviruses 

N.J. K N O W L E S and J.A. M A N N 

INTRODUCTION 

Bovine enteroviruses (BEV) have been isolated both from normal cattle and 
from cattle with enteric, respiratory and reproductive disease problems. 

VIRUS PROPERTIES 

BEV are members of the genus Enterovirus in the family Picornaviridae and 
are characterized as naked, icosahedral viruses having a ribonucleic acid 
genome and a diameter of 28 nm. They are stable over a wide pH range and are 
stabilized against thermal inactivation by divalent cations. 

Numerous antigenic comparisons of BEV have been made and as many as 
ten serological types described. However, two major studies have established 
(by VN and CF tests) that there are probably only two serotypes (La Plaça et 
al., 1965; Knowles and Barnett, 1985). Within these two types many antigenic 
variants exist, the differences between type 2 strains being generally greater 
than between type 1 strains. There exist within both types "broad" and "specif-
ic" antigenic variants. Virus strains belonging to type 1 have been found to 
agglutinate mammalian erythrocytes (rhesus monkey and sheep) (La Plaça et 
al., 1965; Knowles and Barnett, 1985). Guinea pig erythrocytes are agglutinated 
by strains of both serotypes (Knowles and Barnett, 1985). The growth of type 
2 strains in tissue culture is inhibited by low concentrations of 2-(a-hydroxy-
benzyl)-benzimidazole (HBB) (Portolani et al., 1968). Higher concentrations 
of both HBB and another inhibitor of virus replication, guanidine hydro -
chloride, inhibit the growth of most BEV (Adair et al., 1987). 

Most BEV strains grow readily in primary kidney cells derived from cattle, 
pigs, sheep, goats, guinea pigs, rabbits, monkeys and humans. They also grow 
in the established cell lines IB-RS-2, BHK 21, HeLa, Vero, Ehrlich ascites 
tumor cells (mouse) and L cells (mouse). They can also be cultivated in embryo-
nating chicken eggs and cells derived from chick embryos. Some strains are 
pathogenic for suckling mice. Abortion in pregnant guinea pigs has been 
observed following experimental infection. 

The physico-chemical properties of enteroviruses renders them relatively 
resistant to many farm disinfectants, especially those based on acids or alkalis. 
The presence of organic matter also hinders effective disinfection. The best 
results can be obtained by the use of combinations of acids, iodophors and 
detergents together with very efficient cleansing schedules. 

Sterilization of animal products can be accomplished by heat treatment. The 
acidity which develops during rigor mortis is insufficient to inactivate en-
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terovirus; thus, refrigeration of contaminated meat products will preserve the 
virus indefinitely unless they are processed at some previous stage by heat (at 
least 60°C for 1 h). 

EPIZOOTIOLOGY 

BEV belonging to serotype 1 have been isolated from domestic cattle (Bos 
taurus), water buffalo (Bubalus bubalis; Mehrotra, 1973; Urakawa and Shingu, 
1987), sheep (Ovis aries; Jain and Batra, 1985; Sharma et al., 1986), goats (Capra 
hircus; Ja in and Batra, 1985), Sika deer (Cervus nippon; Urakawa and Shingu, 
1987), a dog (Canis familiaris; R.N. Srivastava and N.J. Knowles, unpublished 
data, 1986), free-living African buffalo (Syncerus caffer) and impala (Aepyceros 
melampus; Hamblin et al., 1985); however, viruses belonging to serotype 2 have 
only been isolated from domestic cattle. Neutralizing antibodies have been 
detected in humans, monkeys, cattle, horses, pigs, goats, sheep, dogs, rabbits, 
guinea pigs and fowl (Moscovici et al., 1961; McFerran, 1962; Yamada, 1965). 

Enteroviruses have a global distribution and have been isolated from feces 
and pharyngeal washings of healthy and diseased cattle. Latent virus has also 
been found in cultures of many tissues and organs. 

While little is known concerning reservoir hosts and vectors, it can be 
assumed that the most common means of spread is by contact with infected 
animals or animal products. 

Since it is not possible to relate the presence of enterovirus with specific 
disease syndromes, it is difficult to determine speed of spread, incidence or 
economic implications. However, the world-wide distribution indicates facility 
of spread and the conditions to which the virus has been linked — diarrhea 
(Wilner, 1969), abortion (Moll and Finlayson, 1957) and respiratory disease 
(Moll and Ulrich, 1963; Stott et al., 1980) —can be of considerable economic 
importance. 

PATHOGENESIS 

Enteroviruses generally infect by the oral route, thus gaining access to the 
alimentary canal. This is almost certainly the manner in which BEV gain 
access to the host. The resistant nature of the virus allows passage unaffected 
along the digestive tract. Most enterovirus infections in man and animals are 
subclinical and this is probably also the case in BEV. In these instances virus 
passes to a local lymph node, producing a low-level antibody response, and 
progresses no further. In clinical cases more widespread infection occurs in a 
number of target organs, giving rise to symptoms as described below. 

DISEASE SIGNS 

The clinical syndromes most frequently associated with enterovirus infec-
tion are abortion, stillbirth, infertility and neonatal death. Enteritis and res-
piratory disease have also been attributed to enterovirus infection. 

PATHOLOGY 

There are no pathological signs which could be considered pathognomonic. 
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4̂  

IMMUNE REACTION 

Antibodies, usually IgM, may be present in the blood of bovine fetuses. Since 
antibodies do not cross the bovine placenta, the presence of fetal antibody 
indicates intrauterine infection. 

The sera of adult animals can contain antibodies to a number of variants. 
These antibodies will be of the IgG class. A study of the profile of fetal and 
maternal antibody may indicate infection of the fetus, since in many cases the 
maternal serum will contain antibodies to three-five more variants than the 
fetal serum (Dunne et al., 1974). 

The pathogenicity of BEV for cattle, monkeys or man is not clear, but 
neutralizing antibodies have been found in all these species (Moscovici et al., 
1961). 

LABORATORY DIAGNOSIS 

BEV may be isolated from feces, esophageal-pharyngeal scrapings, vaginal 
mucus, semen, blood, placenta, fetuses and fetal fluids, lungs, salivary gland, 
small intestine, lymph node, hard palate, nasal swab, epithelium, abomasum, 
large intestine, rectum, liver, kidney, pancreas and spleen. They grow readily 
on primary bovine cells (kidney, testis, thyroid). 

Many other mammalian cells with support their growth in vitro. BEV have 
been reported to infect mice, exhibiting lesions similar to those produced by the 
human coxsackievirus (Adair et al., 1987). Some BEV strains can cause abor-
tion in pregnant guinea pigs (Moll, 1964). 

Tests for antigen detection include CF and HA, while neutralization and ID 
tests are used for antibody detection. 

Antigenic variants exist within the two serological types and may be so 
diverse as to be considered distinct serotypes. However, there are also "broad 
spectrum" strains linking many unrelated variants. Recently these "broad 
spectrum" strains have been proposed as prototypes for the production of 
reference antisera (Knowles and Barnett, 1985). The host in which reference 
antisera are raised may be important. Chickens are said to produce "broad 
spectrum" antibodies and rabbits produce specific antibodies, while guinea 
pigs provide antisera of an intermediate nature. 

The rapid identification of BEV by serological techniques is necessary 
where their isolation may confuse the diagnosis of more important diseases, 
e.g. FMD and vesicular stomatitis. 

PROPHYLAXIS AND CONTROL 

Since it is difficult to associate enterovirus infection with specific disease 
conditions, vaccination has not been attempted. However, with only two 
serotypes the use of "broad" variants for vaccines might prove useful. The 
importance of good animal husbandry cannot be emphasized too much in the 
control of nonspecific viral conditions, together with the isolation of infected 
animals and effective cleansing and disinfection. 
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Chapter 48 

Bovine Rhinoviruses 

R.F. SELLERS 

Bovine rhinoviruses have been isolated both from normal cattle and from 
cattle with clinical signs of respiratory disease. 

Bovine rhinovirus is a member of the family Picornaviridae. Like human and 
equine rhinoviruses, it is 25-31 nm in diameter with icosahedral symmetry. It 
is resistant to ether and chloroform and is unstable at pH 6.0 and lower values; 
it is not stabilized by MgCl 2 at 50°C for 60 min. 

Three serotypes have been described. Serotype 1 contains strains Sd-1,181-V 
(Germany), C-07, VC-96 and FSI-43 (USA), RS3X (UK) and M47 and Chitose 
(Japan); serotype 2 contains EC-11 (UK) (Ide and Darbyshire, 1972; Shimizu et 
al., 1974; Kurogi et al., 1975; Lupton et al., 1980); serotype 3 contains H-l 
(Japan) (Yamashita et al., 1985). 

Because of its acid lability, bovine rhinovirus is inactivated by chemicals 
and disinfectants used for foot-and-mouth disease (Sellers, 1968). 

Bovine rhinovirus has been isolated from cattle in the FRG, USA, England, 
Japan and Sudan and no doubt its distribution is world-wide in bovid species. 
Antibodies are found among all ages but disease is usually described in young 
animals. It spreads by direct contact, especially where cattle are kept in large 
numbers and where movement and introduction of fresh animals are frequent. 
It is associated with other bovine respiratory viruses, especially parainfluenza 
3 virus, respiratory syncytial virus and bovine enterovirus. The degree of 
morbidity caused by the virus is not known. 

Disease signs associated with isolation of bovine rhinovirus include fever, 
depression, inappétence, lachrymation and conjunctivitis, nasal discharge, 
cough and difficulty in breathing. 

In experimental infection of colostrum-deprived calves, only focal or inter-
stitial pneumonia has been found at necropsy. Animals develop antibodies 
after infection. Local IgA antibodies are probably present in natural se-
cretions. 

Laboratory diagnosis is essentially a differential diagnosis to establish the 
cause of the respiratory illness. Such illness could be due to, for example, 
bovine respiratory syncytial virus, parainfluenza 3, bovine enteroviruses or 
adenoviruses as well as chlamydial and bacterial agents. 

Isolation of bovine rhinoviruses is carried out from nasal swabs in tissue 
cultures of bovine origin, e.g. calf kidney primary cultures or calf kidney cell 
lines. Cells are incubated at 30-33°C and rotated. The virus produces a CPE in 
3-9 days. 

Samples of serum taken during the acute and convalescent phases can be 
tested in neutralization tests to demonstrate a rise in antibody. 

Infection with bovine rhinoviruses is widespread. There are no vaccines. 
Control must therefore, as with other respiratory diseases, be based on sound 
husbandry. 
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Chapter 49 

Calicivirus-Like Agents 

G.N. WOODE 

INTRODUCTION 

Small viruses have been found in diarrheic feces of humans, calves and 
piglets which have a superficial morphologic resemblance to the members of 
the Caliciviridae. However, these have not been characterized or grown in cell 
culture and have not been shown to possess the properties of the Caliciviridae 
(Matthews, 1982). 

The term was first used to describe virus-like particles in human feces 
(reviewed by Madeley, 1979), and similar particles were subsequently identified 
in the feces of lambs by Snodgrass and Gray (1977), of calves by Woode and 
Bridger (1978) and of pigs by Bridger (1980). 

VIRUS PROPERTIES 

Bovine calicivirus-like agents have not been characterized chemically. 
When negatively stained with 2% potassium phosphotungstate, fecal particles 
have a reticulate appearance with capsomeres projecting from their outer 
edges. Occasionally particles are penetrated by stain and show an outer rim, 
7-8 nm wide. The particles occur singularly or in groups containing as many as 
several hundred virions. Within these groups small particles about 18 nm 

Fig. 172. Negat ive ly s ta ined fecal preparation of bovine cal ic ivirus- l ike agent (Newbury agent) 

(courtesy J. Med. Microbiol .) . 
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diameter are frequently and characteristically observed. The mean diameter of 
complete particles is 33 nm (Fig. 172; Woode and Bridger, 1978). The particles 
are similar but not identical to the description of calicivirus-like particles from 
humans (Madeley, 1979) and to members of the Caliciviridae (Smith et al., 
1983). 

Serological tests, other than IEM, have not been developed. Two-way cross-
protection experiments in gnotobiotic calves have confirmed the presence of at 
least two antigenically different strains and probably more (Woode and Brid-
ger, 1978; Bridger et al., 1984). Antiserum to Newbury agent was tested against 
a bovine calicivirus (Smith et al., 1983) and 17 other serotypes of calicivirus (12 
serotypes of San Miguel sea lion virus, a vaccine strain of feline calicivirus and 
caliciviruses isolated from a gorilla, a rattlesnake, a mink and a walrus); no 
antigenic relationship with any one of these caliciviruses was detected (A.W. 
Smith, personal communication, 1983). 

EPIZOOTIOLOGY 

Calicivirus-like agents were identified in fecal samples of three herds with 
a history of calf diarrhea in England. All initial isolates were contaminated by 
astrovirus. In one herd other pathogens were not identified as frequent causes 
of the scour, but in two herds infection with Coronavirus or rotavirus were 
common (Woode and Bridger, 1978). The authors consider that infections with 
these agents are probably common, as it is not necessary to search diligently 
for infected herds, once diagnostic methods have been developed. From a 
survey of calf diarrhea in southern England 6 of 18 outbreaks were associated 
with calicivirus-like agents (Bridger et al., 1984). However, the calicivirus-like 
agent infections of calves have been reported only from one group in England 
and this may be the result of the difficulty of identifying the viruses in fecal 
samples by routine examination (Bridger et al., 1984). Recently a calicivirus-
like agent has been identified with calf diarrhea in the USA (G.N. Woode, 
unpublished data, 1983). A calicivirus (Tillamook strain) was isolated from 
calves with respiratory disease; this virus caused vesicular lesions in experi-
mentally infected pigs. Although this virus was not neutralized by 18 cali-
civirus typing antisera, it has the typical morphology and is probably a member 
of the vesicular exanthema group of swine viruses (Smith et al., 1983). 

Experimentally the fecal-oral route of transmission is successful, with diar-
rhea commencing 24-72 h p.i. Under farm conditions, infections appear to 
spread in a similar manner, following direct or indirect contact with fecal 
material. 

PATHOGENESIS 

Calicivirus-like agents can infect orally, and virus is found in the feces 
24-72 h p.i. There is no report of involvement of organs other than the small 
intestine. Excretion of detectable virus is limited to a few days. 

DISEASE SIGNS 

Gnotobiotic calves 1 to more than 40 days of age when orally fed the virus 
become infected and excrete the virus. Calves less than 8 days of age develop 
mild diarrhea characterized by a change in color of the feces (yellow) and some 
softening. Calves aged more than 16 days may develop profuse yellow diarrhea 
and some calves excrete fresh blood. Anorexia may persist for 1-2 days. There 



Unclassified RNA viruses 521 

is considerable variability between calves in the severity of diarrhea, anorexia, 
watery nature of the stools and fecal output. Dry matter content is a poor 
indicator of disease severity and may vary from 5 to 30%. When anorexia is 
more severe, diarrhea and fecal output is reduced. There may be virus strain 
differences in virulence for gnotobiotic calves. In general, virus particles are 
detectable in the feces a few hours before diarrhea commences, or their 
presence coincides with the onset of diarrhea and may be detectable for a 
further 1-4 days. Usually few particles are excreted and they can be difficult to 
find (Woode and Bridger, 1978; Hall et al., 1982, 1984; Bridger et al., 1984). 
D-xylose absorption is a good measure of the clinical effect of infection and may 
be reduced by as much as 100% 1 h after feeding (Woode and Bridger, 1978) but 
can show variability amongst individual calves with reductions ranging from 
43 to 96% (calicivirus SVR-1) or 18 to 32% (calicivirus SRV-2) of preinfection 
levels (Bridger et al., 1984). 

PATHOLOGY 

There are no macroscopic lesions seen, although some calves will have blood 
in the rectal contents. Lesions occur mainly in the anterior 33% of the small 
intestine, characterized by villus atrophy and reduced lactase activity in the 
jejunum. There is swelling of epithelial cells with shortening or loss of the 
microvilli. Infected cells degenerate and villus atrophy develops, with mild 
inflammatory response and crypt hyperplasia. Virus has not been observed in 
the cells involved in the lesion by transmission EM and immunofluorescence 
is not observed with convalescent serum (Woode et al., 1978; Hall et al., 1982; 
Bridger et al., 1984), but a faint reaction is observed by the immunoperoxidase 
method (Hall et al., 1984). Loss of activity of/J-galactosidase occurs throughout 
the small intestine. 

ν / IMMUNE REACTION 

Convalescent serum has IEM activity. Tissue cultures inoculated with virus 
preparations show no sign of infection and do not immunofluoresce; affected 
tissues also fail to show immunofluorescence, although there is a faint reaction 
by the immunoperoxidase method. 

4̂  LABORATORY DIAGNOSIS 

EM of fecal or intestinal contents, with minimal dilution, pelleted through 
20-40% sucrose and stained with potassium phosphotungstate, is the most 
commonly used diagnostic method. IEM can increase the isolation rate, but 
only for those strains antigenically related. Immunoperoxidase staining of 
sections of the small intestine has been described. At least two and possibly 
more isolates of bovine calicivirus-like agents are unrelated antigenically as 
judged by cross-protection studies. It is probable that many serotypes exist 
(Woode and Bridger, 1978; Smith et al., 1983; Bridger et al., 1984). 

PROPHYLAXIS AND CONTROL 

There are no known control methods, and the importance of these viruses in 
the calf scour syndrome is not known. However, they were isolated from one 
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herd which had a significant incidence of calf diarrhea and death, but from 
which rotavirus and Coronavirus were rarely isolated. Further studies on the 
importance of these agents is required. The viruses survive for months and 
probably years in feces at 4°C. As the syndrome appears to be one of malabsorp-
tion, supportive electrolyte therapy is recommended. 

REFERENCES 

Bridger, J . C , 1980. Detec t ion by e lectron microscopy of cal ic iv iruses , astroviruses and rotavirus-
l ike part ic les in the faeces of piglets wi th diarrhoea. Vet . R e e , 107: 532-533. 

Bridger, J . C , Hall , G.A. and Brown, J.F., 1984. Characterizat ion of a calici- l ike virus (Newbury 
agent) found in assoc iat ion wi th astrovirus in bovine diarrhea. Infect. Immun., 43: 133-138. 

Hall , G.A., Bridger, J.C. and Brooker, Β.Ε., 1982. Enteropathology of gnotobiot ic ca lves infected 
wi th a cal icivirus-l ike (Newbury) agent. Proceedings XII World Veterinary Congress on Di-
seases of Cattle, the Netherlands , Vo lume 1, pp. 217-221. 

Hall , G.A., Bridger, J . C , Brooker, B.E., Parson, K.R. and Ormerod, E., 1984. Lesions of gnotobiot ic 
ca lves experimental ly infected wi th a cal ic ivirus- l ike (Newbury) agent . Vet. Pathol . , 21: 208 -
215. 

Madeley, CR. , 1979. Comparison of the features of astroviruses and cal ic iv iruses seen in samples 
of feces by e lectron microscopy. J. Infect. Dis. , 139: 519-523. 

Matthews , R.E.F., 1982. Classif ication and nomenclature of viruses . Intervirology, 17: 133-134. 

Smith, A.W., Mattson, D.E., Ski l l ing, D.E. and Schmitz, J.A., 1983. Isolat ion and partial charac-
terization of a cal ic iv irus from calves . Am. J. Vet. Res. , 44: 851-855. 

Snodgrass, D.R. and Gray, E.W., 1977. Detec t ion and transmiss ion of 30 nm virus particles (as-
troviruses) in faeces of lambs wi th diarrhoea. Arch. Virol. , 55: 287-291. 

Woode, G.N. and Bridger, J . C , 1978. Isolat ion of small v iruses resembling astroviruses and 
cal ic iv iruses from acute enterit is of calves . J. Med. Microbiol . , 11: 441-452. 



Chapter 50 

G.N. WOODE 

523 

INTRODUCTION 

Astrovirus particles were first observed in the diarrheic feces of children 
(reviewed by Madeley, 1979). Astroviruses are small round virus particles 
28-30 nm in diameter, with a round unbroken edge and a characteristic six-
pointed star with a white center and surface hollows that are triangular. 
Intestinal astrovirus infections were subsequently reported in lambs (Snod-
grass and Gray, 1977), in calves (Woode and Bridger, 1978), in piglets (Bridger, 
1980), in turkeys (McNulty et al., 1980), in red deer (Tzipori et al., 1981) and 
hepatitis of ducklings (Gough et al., 1984). 

VIRUS PROPERTIES 

Bovine, human and red deer astroviruses infect primary kidney cell cultures, 
infected cells being identified by IF test (Woode and Bridger, 1978; Woode et al., 
1984). The addition of trypsin to the media permitted the adaptation of human 
and bovine astroviruses to cell culture (Lee and Kurtz, 1981; Aroonprasert et 
al., 1989). The morphology of each astrovirus isolate is similar (Fig. 173). 

Herring et al. (1981) reported on the purification and characterization from 
gut contents of ovine astrovirus. The virus has a density in CsCl2 of 1.35-1.37 g/ 
ml and a single-stranded RNA genome with an S value of 34 and a poly (A) tract. 
There are two major capsid polypeptides with a similar mol. wt. of approximate-
ly 3.3 χ 104. They conclude that astroviruses must be considered a separate 
group with a polypeptide composition intermediate between the Picor-
naviridae and Caliciviridae. In contrast, the human astrovirus has four poly-
peptides, suggesting a classification in the Picornaviridae. It is stable at pH 3 
and in chloroform (Kurtz and Lee, 1987; Aroonprasert et al., 1989). 

Astroviruses isolated from children, calves, lambs, piglets and red deer do 
not share common IF antigens (Lee and Kurtz, 1977; Woode and Bridger, 1978; 
Snodgrass et al., 1979; Bridger, 1980; Tzipori et al., 1981). The recent isolates of 
bovine astrovirus in the USA share IF antigens and cross-react with antiserum 
to the UK astrovirus isolated by Woode and Bridger (1978) (Fig. 174). However, 
the two USA isolates and the UK isolate do not share neutralizing antigens, 
which suggests that there are at least three serotypes (Woode et al., 1985). At 
least four serotypes of human astrovirus exist (Kurtz and Lee, 1984). 
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Fig. 173. Negat ive ly s ta ined fecal preparation of bovine astrovirus (courtesy J. Med. Microbiol.) . 

ASTROVIRUSES IN ACUTE ENTERITIS OF CALVES 

Astroviruses have been isolated from diarrheic calves in association with 
calicivirus-like agent, Coronavirus and rotavirus in England (Woode and Brid-
ger, 1978; Bridger et al., 1984) and with rotavirus, Coronavirus and Cryptos-
poridium in the USA (Woode et al., 1984,1985). In the opinion of these authors 
astrovirus does not cause a clinical syndrome in calves, and for this reason the 
virus has not been studied extensively. However, studies in the USA have 
shown that although gnotobiotic calves infected with astrovirus do not develop 
clinical illness, cytopathic changes are observed in the dome epithelium of the 
Peyer's patches (Woode et al., 1984, 1985). Experimentally, infection is trans-
missible by the fecal-oral route. Virus infectivity persists several years at 4°C 
in fecal contents and at least 6 months as a 25% suspension of feces in phos-
phate buffered saline. Serological surveys for bovine astrovirus infection in the 

Fig. 174. Immunofluorescence in primary calf kidney cel ls infected wi th bovine astrovirus (cour-
tesy J. Med. Microbiol .) . 
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UK and USA reported 27% and 31% of sera, respectively, to be antibody 
positive (Woode and Bridger, 1978; Woode et al., 1984, 1985). In the USA 28 of 
1060 (2.6%) calf diarrhea samples were positive for astrovirus. The low rate of 
isolation may reflect the subclinical nature of most infections, with isolation 
being a matter of chance. 

Virus enters by the oral route and is excreted in the feces 24-72 h p.i. Studies 
with two different bovine astrovirus serotypes reported infection in the M cells 
of the dome epithelium in the Peyer's patch area of the ileum, by IF and by 
observation of virions in degenerating epithelium by transmission EM (Woode 
et al., 1984, 1985). Subsequent studies showed astrovirus infection in dome 
epithelium throughout the small intestine. Animals usually excrete virus for at 
least 5-7 days and some remain infected and excrete virus in feces for at least 
3 weeks p.i. 

No clinical signs directly attributable to astrovirus infection have been 
reported. 

There is one study reported on the pathology (Woode et al., 1984). Only the 
epithelium overlying the domes of the Peyer's patches in the ileum region is 
involved. Most of the M cells of the dome epithelium are positive in im-
munofluorescence for astrovirus antigen. The tips of most domes are covered 
by cell debris containing swollen and degenerated epithelial cells, mononu-
clear cells and eosinophilic cells. Other domes are covered by flat to cuboidal 
epithelium. The Peyer's patches associated with infected domes show central 
cellular depletion and contain large cells with dark nuclei and eosinophilic 
cytoplasm. Ultrastructurally the virus is observed in both M cells and en-
teroabsorptive cells of the dome epithelium; its mean diameter is 30 nm. 

Calves develop serum antibodies to astrovirus which can be demonstrated by 
IF and neutralization tests and by IEM. 

Because of the small size and few particles produced, diagnosis by EM is 
difficult. Only primary calf kidney cell cultures can be infected by the virus, 
and immunofluorescent cells are demonstrable 24 h p.i. This method can be 
used for serology, both immunofluorescence and neutralization, and for titrat-
ing excreted virus (Woode et al., 1985). Calves excrete up to 10 5-10 7 infectious 
units per gram of feces for several days. 

No methods of control of infection have been reported. The resistance of the 
virus enhances its ability to persist in the cattle population. 

ASTROVIRUS IN ACUTE ENTERITIS OF LAMBS 

Astrovirus infections in lambs have been studied by only one group, in 
Scotland. Data on geographical distribution of the virus are lacking, and 
nothing is known on the role of reservoir hosts, persistence in animals or how 
the virus spreads. It probably persists in the sheep population by virtue of its 
resistance to environmental factors when in feces and possibly by reinfection 
of the adult population. The virus was isolated from 8 to 17 lambs and probably 
spread by the fecal-oral route. Experimentally there is an incubation period of 
2-3 days before virus is excreted in the feces, and this coincides approximately 
with the onset of diarrhea or softening of the feces (Snodgrass and Gray, 1977). 

Under experimental conditions the fecal-oral route of infection occurs. 
Virus has been detected only in the epithelial cells of the small intestine 
(Snodgrass et al., 1979). The virus is excreted for at least 9 days p.i. (Snodgrass 
and Gray, 1977). 

Experimental infections of 2-day-old gnotobiotic lambs cause mild diarrhea 
after an incubation period of 48 h; recovery occurs within 4-5 days (Snodgrass 
et al., 1979). 
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Astrovirus infection is observed by IF test in the mature villus epithelial 
cells and in subepithelial macrophages of the small intestine (Snodgrass et al., 
1979). Infected cells are scattered irregularly in the apical 50% of the villi and 
are best observed in lambs killed early p.i. These cells are cuboidal in app-
earance and virus-containing inclusion bodies may be seen in the cytoplasm. 

Partial villus atrophy occurs at 38-45 hours p.i. in the midgut region and at 
38-120 hours p.i. in the ileum. There is crypt hyperplasia in the anterior, mid 
and distal small intestine. The effects are most marked in the ileum. The lactase 
levels in the tissues are consistently reduced in the midgut region but not in the 
proximal or distal tissues. Complete healing may occur within 5 days of infec-
tion. 

Ultrastructural studies show crystalline arrays of virus particles, 29 nm, in 
the cytoplasm; virus particles are also observed in apical pits, in tubules and 
in secondary lysosomes. Virus particles may be seen aligning along microvilli, 
and sloughing cells show degenerate microvilli (Gray et al., 1980). 

Convalescent sera contain antibodies demonstrable by IF test and specific 
for lamb astrovirus. 

The diagnostic method of choice is EM. The fecal contents are diluted to 
20% in distilled water, the suspension allowed to settle and a drop stained with 
1% potassium phosphotungstate pH 7.0. 

ASTROVIRUSES IN ACUTE ENTERITIS OF RED DEER 

There is one report of the infection (Tzipori et al., 1981). The virus was 
observed in the feces of artificially reared red deer fawns suffering from diar-
rhea attributable to cryptosporidial infection. Particles with the typical mor-
phology of astrovirus were seen (28-30 nm in diameter). Convalescent sera 
reacted in IF tests with infected cells in culture, but not with tissues infected 
with lamb rotavirus. The role of astrovirus in the outbreak of diarrhea is 
uncertain and there is no evidence available concerning its pathogenicity. 

CONCLUSION 

Little is known of the importance of astroviruses in causing diarrhea in 
humans and animals. Lamb astrovirus causes widespread lesions in enterocy-
tes, but frequency of infection in lambs has not been studied. There is doubt 
about their role in humans (Bishop, 1982). In calves, although they do not 
produce diarrhea, the dome epithelial lesion may affect the gut local immune 
response and the ability of the animal to control other enteric infections. These 
viruses are probably widespread in nature, with perhaps each animal species 
possessing a population unrelated antigenically to astroviruses of other spe-
cies, and different serotypes being common for each species. Whether the 
various astroviruses belong to one family of viruses is yet to be determined, as 
they are only related in their morphology. 
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Chapter 51 

Borna Disease in Sheep 

H. LUDWIG and M. KAO 

INTRODUCTION 

Borna Disease (BAD) has a long history; it has been known in Europe for 
more than 250 years (Zwick, 1939). This disease is a naturally occurring enzo-
otic nonpurulent meningoencephalomyelitis of horses and sheep in Germany 
and Switzerland (Heinig, 1969; Ludwig and Thein, 1977; Gosztonyi and Ludwig, 
1984a; Metzler et al., 1976) and has not been recognized with certainty in other 
countries. 

The causitive agent was identified as a virus (Zwick et al., 1926; Ernst and 
Hahn, 1926). Clinical pictures were first described in 1813 as "Hitzige Kopf-
krankheit der Pferde" and the name derives from Borna, a town in Sachsen, 
where the disease caused severe outbreaks in the horse population. The disease 
has been grouped with the slow virus infections because of biological proper-
ties of the agent and the clinical manifestations. All available data indicate 
that the agent belongs to the conventional enveloped viruses (Ludwig and 
Becht, 1977). 

BAD has stimulated a wide interest in clinicians, neuropathologists, virolo-
gists and immunologists because of its model character for other slow and 
persistent virus infections of the CNS (Ludwig et al., 1973; Mayr and Danner, 
1974; Danner, 1977; Hirano et al., 1983; Kao et al., 1984; Gosztonyi and Ludwig, 
1984b; Narayan et al., 1984; Ludwig et al., 1985). This chapter deals mainly with 
BAD in sheep. Early knowledge about BAD and adaptation of the virus to the 
rabbit stems from the 1920s (Zwick and Seifried, 1925; Ernst and Hahn, 1926; 
Nicolau and Galloway, 1928). The histopathological studies by Seifried and 
Spatz (1930) and Pette and Környey (1935) analyzed the inflammatory reaction 
in the brain. Growth in tissue culture (Mayr and Danner, 1972; Ludwig et al., 
1973) as well as information on the immune response (Ludwig et al., 1977; 
Gierend and Ludwig, 1981; Kao et al., 1984) were essential for further virus and 
antigen characterization. 

VIRUS PROPERTIES 

Physical and chemical characteristics 

Filtration experiments have shown that BAD virus (BADV) passes col-
lodium membrane filters and appears to have a size between 85 and 128 nm 
(Elford and Galloway, 1933; Danner and Mayr, 1979). Ultrahistological exam-
inations of BADV-infected cells could not demonstrate any virus particles 
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although a majority of cells was positive for antigen. Moreover, in naturally as 
well as experimentally infected animals, defined particles have not yet been 
found indicative of virion structures (Gelderblom et al., unpublished data; 
Gosztonyi and Ludwig, 1984a). 

The most significant findings in experimental BAD of rabbits and rats were 
large nuclear bodies in nerve cells and astrocytes, with a central granular 
structure and a fibrillar capsule (Anzil and Blinzinger, 1972; Blinzinger and 
Anzil, 1973). Nuclei of neurons in naturally infected horses also contain nu-
clear bodies. They are 54-90 nm in diameter (Bestetti, 1976). Based on com-
parative light and electron microscopic examinations, nuclear bodies were 
identified as the Joest-Degen inclusion bodies. In the cytoplasm of horse brain 
cells, small aggregates of fine filaments with a diameter of the individual 
filaments between 4 and 5nm have been described (Gosztonyi and Ludwig, 
1984a). 

BADV has not yet been classified (Matthews, 1982). In comparison with 
other viruses little is known about its physicochemical properties. 

There is some evidence that the genetic material of BADV consists of RNA: 
(1) From persistently infected green monkey kidney cells 3H-uridine-labelled 
particles could be isolated while banded at 1.2g/ml in sucrose gradients. No 
label was detectable when 3H-thymidine was used in the persistently infected 
cultures (Ludwig and Becht, 1977); (2) from the staining behaviour of intra-
cellular virus material with acridine orange with and without previous nu-
clease treatment some evidence was obtained that single-stranded RNA is 
present in the inclusions (Danner and Mayr, 1979; Weber, 1980); (3) virus 
multiplication in cell cultures was suppressed by 6-azauridine, a substance 
interfering mainly with the replication of RNA viruses. IVDR or BVDR, known 
to interfere with the replication of DNA viruses, did not suppress BADV 
growth in tissue culture, as demonstrated by antigen expansion in foci (H. 
Ludwig and Leiskau, unpublished data). 

Until now, BADV can only be assayed by infectivity. In CsCl a density of 
1.16 g/ml was reported (Danner and Mayr, 1979); we could not reproduce these 
results (H. Ludwig and G. Pauli, unpublished data). Our data obtained with 
cell-associated and salt-released virus gave prominent infectivity bands at 1.18 
and 1.22 g/ml, respectively, when sucrose was applied for gradient centrifu-
gation (Pauli and Ludwig, 1985). 

BADV was inactivated by UV light at the same rate as conventional viruses, 
e.g. vesicular stomatitis virus, with more than 3 log/54 erg/mm 2/s (Danner and 
Mayr, 1979). A similar quick infectivity loss had been reported by Nicolau and 
Galloway (1928) and Heinig (1955/56, 1969). 

BADV is labile to treatment with chloroform, ether and acetone (Zwick et 
al., 1927; Heinig, 1969; Danner and Mayr, 1979; Ludwig et al., 1985), indicating 
that it is enveloped. The effect of formaldehyde on BADV has not been defined, 
although this chemical has been used for many years to produce an inactivated 
vaccine. Virus infectivity is lost in a short time when chlorine containing 
disinfectants or formaldehyde are applied to virus preparations. 

BADV is rather sensitive to heat. Infectivity is destroyed completely after 
30 min at 56°C. At 37°C BADV lost its infectivity completely after 2 days, 
whereas it remained infectious for at least 3 months at +4°C (Danner and 
Mayr, 1979; Herzog and Rott, 1980). At - 70°C and - 20°C virus can be kept for 
months and years with an insignificant titer reduction, especially when brain 
suspensions are frozen (M. Kao and H. Ludwig, unpublished data). Under 
vacuum at 4°C, brain suspension remained infectious over years (Zwick and 
Witte, 1931). 

The infectivity of BADV was completely destroyed at pH 3.0 within 30 min 
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at 4°C; at pH 7.0 no infectivity was lost under these conditions (Heinig, 1955; 
Danner and Mayr, 1979). 

The known BADV-specific antigens are the soluble antigen (S-antigen), 
antigens involved in virus neutralization, antigens on the plasma membrane 
which are not yet identified (Ludwig et al., 1984) and a 14.5 kD protein recently 
isolated from infected brains (Ludwig et al., 1985). The S-antigen was first 
demonstrated by Von Sprockhoff and Nitzschke (1955) and could be extracted 
from brains of naturally as well as experimentally infected animals. It is also 
present in persistently infected cells (Ludwig et al., 1973; Pauli and Ludwig, 
1981). The S-antigen consists of two components, a 42 kD and a 22 kD protein 
(Ludwig et al., 1977). Experimentally induced antibodies do not neutralize the 
virus and give no protection against disease (Pauli and Ludwig, 1981). In vitro 
or in vivo this antigen appears first in the nucleus and later on diffusely spread 
in the cytoplasm of tissue culture cells or neurons (Ludwig et al., 1985). It has 
been successfully quantitated using CF tests (Nitzschke, 1957; Ludwig et al., 
1973; Danner et al., 1978), direct and indirect IF tests (Wagner et al., 1968; 
Shadduck et al., 1970; Krey et al., 1979), direct or indirect precipitation tech-
niques (Ludwig et al., 1977; Gierend and Ludwig, 1981; Gierent, 1982) 
and by peroxidase-antiperoxidase techniques like ELISA or the biotin-
avidin technique (Gosztonyi and Ludwig, 1984a; Kao et al., 1984; Pauli et al., 
1984a, b). 

Evidence for the presence of another class of antigens comes from neu-
tralization experiments. We first found that BADV can be neutralized by a 
variety of sera from naturally and experimentally infected animals (Ludwig et 
al., 1981; Hirano et al., 1983; Gosztonyi and Ludwig, 1984a; Kao et al., 1984); the 
virus is obtained from brain or tissue culture preparations. Some of the sera 
reached titers of 5000 when a sensitive focus reduction test combined with an 
immunostaining technique was used (Kao et al., 1984; Pauli et al., 1984a; Kao, 
1985; Ludwig et al., 1985). 

Recently, a protein with a mol. wt. of 14.5 kD could be isolated from the brain 
of infected rats, mice and chickens; the extraction procedure involved nonionic 
detergents. This protein was demonstrable when high virus titers (more than 
105 focus-forming units per ml) were present in the brains. Control brains never 
showed a protein of this size. The function of this protein is unclear. Under 
natural and experimental infection, no antibodies were produced against it. We 
were able to induce antibodies which recognize the protein in immunoblotting. 
These antibodies did not neutralize BADV, nor did they cross-react with the 
S-antigen described above (Schädler et al., 1985). 

Cultivation 

The virus is passaged by i.e. inoculation or kept in persistently infected cell 
lines. Until now, virus can only be monitored by infectivity titration, either in 
the animal or in tissue culture (Danner et al., 1978; Hirano et al., 1983; Kao et 
al., 1984; Kao, 1985). BADV was regarded as being cell-bound, but treatment of 
infected cells with increased salt concentrations in the medium released the 
virus. 

The host spectrum for BADV is very broad. In vitro virus replicates in 
epithelial and fibroblastoid cells and especially in neurons. In vivo antigen has 
only been found in neurons (Danner et al., 1978; Herzog and Rott, 1980; 
Tsukamoto et al., 1982; Tsukamoto and Ludwig, 1983; Kao et al., 1984; Pauli and 
Ludwig, 1985). In vitro and in vivo no alterations such as cell fusion, trans-
formation or lysis can be observed after BADV infection. 
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EPIZOOTIOLOGY 

Reports on the epizootiology of BADV are contradictory. The facts are that 
disease occurred only in some areas in Germany, especially in Saxony, Thurin-
gia, Württemberg, Bavaria and Hesse. The character of the disease in sheep 
and in horses is mostly enzootic (Ihlenburg, 1957). Horses show disease sporadi-
cally, whereas in sheep most of the animals become sick. Up to 20% of the 
animals from a herd can be afflicted. The reports uniformly state that enzootics 
are limited to special areas and do not move into other places. Furthermore, the 
percentages of infected animals breeding over longer time periods remain 
approximately the same, meaning that the enzootics did not die out. There is 
no correlation between BAD cases in horses and sheep over the years; the peak 
of the disease incidence is at end of spring and in the summer months. Sheep 
of all age groups acquire the disease. 

There is not much information on the pathogenesis in sheep, since experi-
mental infection was not easy to perform. The pathogenetic mechanisms, 
however, are thought to be the same in sheep, horses and experimentally 
infected animals like rabbits. The portal of entry for the virus is not known; it 
can, however, be assumed that infection occurs via the olfactory or naso-
pharyngeal path (Gosztonyi et al., 1985). The few experimental infections 
reported show that some investigators could infect sheep intracerebrally and 
the animals became sick, whereas others — and this is our own experience, too 
— showed that i.e. infection did not induce BAD. A general experience is that 
sheep do not show clinical signs, although carrying and excreting the virus, 
since by inoculation of rabbits with excretions of these sheep or brain material 
infectious virus was demonstrable. In our experiments two sheep were infected 
i.e. with the rabbit adapted strain V. The animals showed no signs of disease. 
In one animal sacrificed \\ year p.i. virus could be demonstrated by tissue 
culture assays to be present in the brain as well as in the retina (H. Ludwig and 
M. Kao, unpublished data). The conflicting results in the literature might 
reflect the potency of B AD V for adaptation. Probably only sheep-adapted virus 
strains cause disease, whereas strains from naturally infected horses or from 
experimentally infected animals are not virulent for the sheep. The data on 
natural and experimental infections of sheep are listed in Table 33. In some 
cases disease could be induced in sheep by i.e. and by i.v. inoculation, whereas 
i.n. inoculation was not as reliable and induced disease only in a few cases. 
Heinig (1964) is the only author to show that BADV is present in nasal se-
cretions. His experimental infections revealed also that only half of the ani-
mals carried virus when sheep brain was assayed for infectivity in the rabbit. 

BADV does not always cause disease in sheep. This information came in-
dependently from several reports, raising the question whether sheep and not 
horses might be the natural host for this virus. Also, from the older literature 
it becomes evident that horses in farms had BAD, whereas in the sheep flocks 
only a few animals appeared to be sick. The sheep is the host species for scrapie 
and visna (Kimberlin, 1984), which represent classical CNS diseases, as well as 
for bacterial infections like listeriosis, or parasitic infections like coenurus 
cerebralis. It is possible that through the extensive breeding and the poor 
conditions at which sheep are often kept this species has developed a high 
resistance against overt disease caused by a variety of agents. With some of 
them the incubation period cannot be defined, and once clinical symptoms are 
seen, the disease has characteristics of a slow infection. It is certainly of 

PATHOGENESIS 
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interest that sheep are the natural host of unconventional agents like that of 
scrapie as well as of conventional viruses like MVV (Sigurdsson, 1954) and 
BADV and that all these infect the CNS. 

DISEASE SIGNS 

BAD in sheep shows the symptoms of a nonpurulent encephalomyelitis. The 
incubation period could never be clearly defined but usually lies between 4 
weeks and several months. The major symptoms have been summarized by 
Heinig (1969). Behavioural alterations in some sheep of a herd are the first 
signs. They separate from the herd, show an impaired sensorium, some are 
apathetic when the watchdog or the shepherd calls them. They interrupt eating 
without reason. Sometimes hyperesthesia is noted in the hind part of the body. 
In the course of the disease often complete inappétence and disturbances of the 
sensorium become a prominent clinical symptom. Sheep stand apathetic in a 
dark corner of the stable and lean their head against the wall; they grind their 
teeth, walk around in circles and show paralysis of the laryngopharynx. Distur-
bances of the visual system are rare (Hiepe, 1958/59,1960; Ihlenburg, 1959,1962; 
Klaus, 1959), but anomalies in the pupillae without alterations of the eye 
background can be diagnosed. The animals are reluctant to run and show 
atactic movements. Finally they lie down and cannot be forced to stand up 
again. If the symptoms are less severe the sheep may show only sudden collaps-
ing or restlessness, and eventually disturbances of the sensorium. In some cases 
recovery has been described (Ihlenburg, 1959; Primer, 1925). Temperature, 
pulse and breathing are usually physiological. The incubation period is un-
known; however, once the symptoms start the disease lasts for 1 or 2 weeks and 
lethality reaches approximately 90%. BAD in sheep occurs mostly during 
spring, with a peak in April and May. 

For differential diagnosis, a variety of bacterial infections like listeriosis, 
Clostridium tetani infection as well as MVV and scrapie must be taken into 
account (Kimberlin, 1984). Furthermore, parasitic infections like coenurus 
cerebralis are clinically relevant. 

PATHOLOGY 

Macroscopically, no characteristic changes can be seen in organs and in the 
brain of sheep with BAD. Occasionally a prominent appearance of the brain 
vessels is obvious. Histologically, infiltrations with lymphocytes can be ob-
served in the meninges and in the brain. Like in other BADV-infected animals 
perivascular infiltrates are a characteristic feature also in sheep. They are 
prominent in the grey matter of the brain. Predilection sites are the brain stem 
and hippocampus (Beck, 1925,1926). Beck and Frohböse (1926) first studied the 
microscopic lesions in infected sheep and emphasized their resemblance to 
those found in brains of diseased horses. In neurons of the Ammonshorn they 
described the characteristic oxyphilic intranuclear Joest-Degen inclusions 
(Joest and Degen, 1909; Joest, 1911). Neuropathologic reports always em-
phasize the similarity of the pathologic changes in sheep with those reported 
in the horse and other animals (Dahme et al., 1979). Prominent neuronal 
degeneration with neuronophagia can be observed. The presence of intranu-
clear inclusion bodies is not stated in all reports. Metzler et al. (1976) described 
massive glia proliferations without affliction of the cerebellum and the 
medulla; a nonpurulent meningencephalomyelitis was obvious in all diseased 
animals. In contrast to intensive studies on the distribution of virus-specific 
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antigen in the brain of naturally infected horses and experimentally infected 
animals (Ludwig et al., 1985), nothing similar is known for the infected sheep 
brain. 

4^ 

IMMUNE REACTION 

The immune response to BADV has been defined not only in natural infec-
tions of the horse (Ludwig and Thein, 1977; Gosztonyi and Ludwig, 1984a), but 
also in experimentally infected rabbits (Ludwig et al., 1977; Roggendorf et al., 
1983), rats (Hirano et al., 1983), mice (Kao et al., 1984), tupaias, hamsters and 
chickens (Anzil et al., 1973; Gosztonyi et al., 1983; Ludwig et al., 1985). Besides 
antibodies recognizing the S-antigen, those which neutralize the virus have 
been detected. Concerning the cellular immune response, only in the rhesus 
monkey could T-cells be demonstrated to react with BADV-infected tissue 
culture cells (Stitz et al., 1980). Further evidence for the influence of the 
cellular immune response of the disease pattern comes from studies in rabbits 
(Gierend and Ludwig, 1981), rats (Hirano et al., 1983; Narayan et al., 1983) and 
mice (Kao et al., 1984). 

For sheep little information is available. Perivascular infiltrates known 
from horses and other animals were also reported for sheep. They appear to be 
pathognomonic for the disease (Zwick et al., 1927; Matthias, 1958; Heinig, 1964). 
Antibodies were reported in only a few cases of natural outbreak in Switzer-
land. Antibody titers of 5000 were measured in some sheep by an indirect IF test 
(Metzler et al., 1976). In contrast to our experience with naturally and experi-
mentally infected animals (Ludwig et al., 1985), these authors did not report 
neutralizing antibodies. 

LABORATORY DIAGNOSIS 

The diagnosis of BAD intra vitam is based on the clinical symptoms, 
although a differentiation from other virus infections of the CNS (Pseudora-
bies, rabies, visna, scrapie, etc.) or bacterial infections (listeriosis, tetanus, 
etc.) often is difficult. Therefore, laboratory diagnosis is essential. This can be 
performed by virus isolation in tissue culture or by infection of rabbits or 
newborn rats (Pauli et al., 1984; Kao, 1985). Rabbits show disease in 3-4 weeks 
and usually die. Highly sensitive is the newborn rat. It replicates virus to titers 
of 10 5-10 6 per ml. In one case we could isolate BADV from an experimentally 
infected but not diseased sheep by inoculation of retina material into rats 
(Ludwig and Kao, unpublished). 

Infection is demonstrated by the presence of BADV-specific antigen in cul-
tured cells which can be stained by the IF test. The replication of BADV in the 
newborn rat is also demonstrated by the presence of virus-specific antigen in 
cultured tissue. 

The blood and cerebrospinal fluid of suspect sheep should be tested for 
specific antibodies. In one report, antibodies could be demonstrated in the 
serum (Metzler et al., 1976). Anti-S-antigen antibodies have been reported in 
naturally infected horses (Ludwig and Thein, 1977). It is not known whether 
sera or CSFs of infected sheep neutralize BADV as shown for the horse (Ludwig 
et al., 1985). 

The laboratory diagnosis should be supported by histological examination of 
the brain and a search for perivascular infiltrates and Joest-Degen inclusion 
bodies. The most convincing and quick diagnosis is by demonstration of BADV-
specific antigen in different brain areas (Wagner et al., 1968; Shadduck et al., 
1970). 

Chapter 51 references, p. 536 



536 Virus infections of ruminants 

PROPHYLAXIS AND CONTROL 

When BAD has been diagnosed clinically it should be assumed that more 
animals are infected than those showing clinical signs. The positive ones 
should be slaughtered and others placed in isolation. Hygienic measures are 
always indicated to eliminate the virus in secretions and excretions. Formal-
dehyde or any disinfectant acting on enveloped viruses are recommended for 
use. At present, no vaccine can be recommended. In areas where BAD was 
endemic in horses, vaccination was practiced with questionable results. Al-
though BAD no longer appears to be an economical problem for sheep breed-
ing, it is important to be alert and to examine animals with BAD-like symp-
toms, especially in areas where the disease was endemic. 
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Unconventional Infectious Agents 

SCRAPIE 

The term "unconventional viruses" was applied by Gajdusek (1977) to agents 
of transmissible slow diseases characterized by a subacute spongiform ence-
phalopathy in sheep and goats (scrapie), man (Kuru and Creutzfeldt-Jakob 
disease) and mink. These diseases thus form a nosological entity. Kuru (which 
means shivering, trembling) is a fatal neurological condition occurring in the 
Fore tribe of cannibals in New Guinea, while Creutzfeldt-Jakob disease is a 
fatal presenile dementia of midadult life that is not geographically restricted. 

The central enigma is the nature of the agent of scrapie (for review see Carp 
et al., 1985). The only criterion of its presence is infectivity leading to disease. 
The transmissibility to mice and hamsters has greatly facilitated research, 
which is otherwise hampered by long incubation periods (60-200 days or more). 
Infectivity is highly resistant to inactivation by the usual chemical and physi-
cal sterilizing agents, e.g. formaldehyde, heat, ionizing radiation, etc. 

Infectivity appears to be bound to a protein of 26-30 k and the agent is thus 
not a viroid. In brain and spleen EM revealed filamentous structures called 
"scrapie-associated fibrils" which are probably a product of infection and not 
the agent itself. 

Remarkable is the lack of humoral and CMI responses. Unresolved is at 
present the question of relationship between scrapie and similar diseases in 
man and mink. 

BORNA DISEASE 

We deliberately also placed the agent of Borna disease among "unconven-
tional viruses". Borna disease is a transmissible nonpurulent menin-
goencephalomyelitis occurring mainly in horses and sheep in certain parts of 
Germany (Borna is the name of a city and district in Saxony). Remarkable is 
that the agent of Borna disease, although easily cultivable and immunologic-
ally fully active, could never be visualized. 
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Chapter 52 

Scrapie Agent 

R.M. BARLOW 

INTRODUCTION 

The literature on scrapie and similar subacute spongiform encephalopathies 
in man and animals (Kuru, Creutzfeldt-Jakob disease and transmissible mink 
encephalopathy) is redolent with the variety of etiological and pathogenetic 
concepts which have been advanced; it is also the graveyard of many beliefs 
and false hopes concerning the nature of the causal agents. Experimental work 
in the natural host is hampered by the very long incubation period of scrapie 
with the attendant problems of defining the initial scrapie status of the sheep 
and controlling lateral spread of infection. These constraints have encouraged 
the use of laboratory animals for work on the biology of scrapie and the nature 
of the causal agent. Several species of laboratory rodent are susceptible; most 
advances have come from work in hamsters and genetically defined inbred lines 
of mice. It is not the intention here to review this literature, as there are 
already several volumes which trace the development of work with the so-
called "slow virus" diseases (Thormar, 1971; Kimberlin, 1976; Prusiner and 
Hadlow, 1979; Tyrrell, 1979). The purpose is to present a concise account of 
scrapie in sheep, drawing on the results obtained from laboratory animals only 
when these illuminate aspects of the disease in its natural host. 

PROPERTIES OF THE AGENT 

Infectivity is retained by a 50-nm filtrate of infected brain tissue homogena-
tes and has been associated with membrane fragments in the microsome frac-
tion. The mol. wt. has been assessed at between 15 χ 104 and 15 χ 105. Several 
reports have recorded the presence of 35-nm virus-like particles in postsynap-
tic processes of nerve cells in both natural and mouse-adapted scrapie (Bignami 
and Parry, 1971; Baringer et al., 1981), but it is uncertain whether these 
particles represent the scrapie agent or merely result from the disorders caused 
by it. 

Scrapie agents vary in resistance to heat inactivation, but all show unusual 
resilience to a wide variety of chemical and physical procedures. They with-
stand boiling, exposure to formaldehyde for long periods, histological process-
ing procedures, exposure to UV light and ionizing radiations to an extent 
unprecedented by conventional animal viruses. 

Scrapie agent has been likened to the viroid of potato spindle tuber disease 
(PSTV), a naked RNA molecule of 5 χ 104mol. wt. which must rely upon the 
biosynthetic mechanisms of the host for its replication. PSTV has a heat and 
UV light resistance approaching that of scrapie, but is inactivated by ribonu-
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clease and other chemical treatments which the scrapie agent resists. Scrapie 
to a large extent also resists treatment with DNase but is inactivated by 
proteases. These properties distinguish the agent from conventional viruses 
and viroids and have led to the startling suggestion that it might be some novel 
kind of infectious protein. It has been designated "prion" (Prusiner, 1982) 
and has been purified. An oligonucleotide probe complementary to the mRNA 
sequence of this prion protein has been synthesized (Chesebro et al., 1985). 

The DNA clone from scrapie-infected mouse brain hybridized to an mRNA 
found in both normal and scrapie-infected brain. Thus, this mRNA is not 
uniquely associated with scrapie activity, which suggests that prion protein 
may be a normal component of mouse and hamster brain. Though the amount 
of prion protein mRNA is similar in both normal and scrapie brain there is a 
higher content of this protein in the diseased brain (Oesch et al., 1985). The 
latter has been shown to differ from the normally encoded protein in two 
respects: it is partially resistant to proteinase K, an enzyme which completely 
destroys the closely related protein in normal brain, and it can polymerize into 
rods and filaments of amyloid (Bendheim et al., 1984). Thus, whilst prion 
protein differs from prion protein-related protein in some molecular or con-
figurational way and is very closely associated with the scrapie infectious 
particle, it is unlikely to be the actual etiological agent. A more plausible 
suggestion is that a small scrapie-specific nucleic acid is embedded within a 
tightly packed host-derived protein that is essential for transfection. This has 
been termed a "virino" (Kimberlin, 1982). Such an hypothesis can accom-
modate the presently established facts concerning the agent of scrapie. Fur-
thermore it has been found recently that scrapie-associated fibrils (see below) 
form the core of tubulofilamentous particles with an outer coat of single-
stranded DNA. When the purified DNA was treated with mung bean nuclease 
a 17 kilobase band was left intact which retained infectivity at low titer 
(Narang, 1989). These results are compatible with scrapie agent being a single-
stranded DNA virus. 

At present "isolation" and characterization of the scrapie agent is depen-
dent upon bioassay in inbred lines of mice of defined genotype. Different strains 
of scrapie agent have been identified on the basis of their incubation period 
characteristics and the patterns of neuropathological change. 

These strains can be classified into three groups according to the stability 
of these characteristics on subpassage in mice. Class I agents are completely 
stable, class II agents can be made to change their characteristics gradually by 
passage in a different mouse genotype and class III agents are unstable, the 
above characteristics being liable to spontaneous changes. 

The extreme resistance of scrapie agents to inactivation by physical and 
chemical treatments, and the protracted nature of the biological procedures 
necessary to test for residual activity create unique problems for disinfection 
and sterilization. Complete incineration is probably the most satisfactory 
method of destruction. Disposable instruments and utensils which can be 
burned after use should be used for the manipulation of tissues wherever 
possible. For instruments such as boning knives, saws and bone forceps, wash-
ing in detergent solutions followed by soaking in 5% sodium hypochlorite 
solution is recommended where autoclaving for at least 1 h at 121°C is imprac-
ticable. In our laboratory we have used two such autoclave cycles at 132°C, 
interspersed with overnight immersion in hot phenol. This treatment is hard on 
instruments and may appear excessively severe. However, as resistance of 
scrapie to heat inactivation varies with agent strain (Dickinson and Taylor, 
1978) and with respect to chemical inactivation may also change at different 
times during the incubation period of a single strain (Kimberlin, 1979), it is 



Unconventional infectious agents 543 

probably sound practice to use a sequence of powerful inactivating agents for 
sterilization purposes. 

EPIZOOTIOLOGY 

Scrapie is a naturally occurring disease of sheep and goats which has been 
known in Europe for at least 250 years. A similar disorder has been described 
in mule deer (Odocoileus hemionus hemionus) and blacktailed deer (Odocoileus 
hemionus columbianus) in discontinuous contact with domestic and other wild 
ruminants in wildlife facilities in Colorado and Wyoming (Williams and 
Young, 1980). It is also thought that the pathologically similar transmissible 
encephalopathy of mink may be scrapie acquired by ingestion of offals from 
infected sheep. Experimentally, scrapie has been transmitted by the inocula-
tion of brain tissue homogenates from affected animals into mice, rats, voles, 
Syrian hamsters, gerbils and New World monkeys. 

Scrapie is endemic in Europe and has been recorded in northern Africa, 
Asia, India and North and South America, where it has been considered as 
being largely caused by the importation of sheep from Britain. The disease has 
been imported also into South Africa, Australia and New Zealand, but follow-
ing eradication by slaughter of imported stock and all their progeny, these 
countries at present appear to be free of the disease. 

Observations of natural outbreaks in the USA have indicated that the 
disease spreads from flock to flock by the movement of infected but apparently 
normal animals. There was no evidence that the disease spread to adjacent 
flocks in the absence of such movements or that vectors or other host species 
were involved in the spread to sheep and goats. 

Attempts to demonstrate scrapie agents in the excretions and secretions of 
affected animals have been largely negative, though on one occasion mice 
inoculated with Haemonchus contortus or with fetal cotyledon from affected 
goats developed scrapie (Hourrigan et al., 1979). 

In rida, the Icelandic name for scrapie, it is considered that ingestion of 
water and feed contaminated by infected flock-mates is an important method of 
spread. In northern Iceland rida has reappeared 2-4 years after an area left 
without sheep for 3 years was restocked with healthy lambs from areas where 
the disease was unknown. This experience suggests an indirect spread of the 
disease or a long persistence of the causal agent in the environment. 

In countries in which scrapie is endemic, the incidence is highest in certain 
breeds, but within breeds the prevalence may fluctuate over a period of years. 
Clinical scrapie is most common in sheep 2-5 years of age with a peak incidence 
at 3 years, though occasionally it occurs in much younger animals. The disease 
has a familial pattern, attributable to a mainly maternal mode of transmission. 
Though vertical transmission has been suspected, there is no direct evidence 
that transmission occurs in utero. However, fetal membranes are infected and 
neonates may acquire the infection directly or as a result of contamination of 
the environment. 

Clinical scrapie is probably always fatal, although the course of the disease 
may vary from as little as a week to several months. This variation may be 
related to the strain of scrapie agent involved and the genotype of host. 
However, host genotype/agent strain interactions are better documented in 
experimental systems in inbred lines of mice and govern mainly the incubation 
period and the types and distribution of pathological changes in the brain. 
These interactions can be manipulated within wide limits and to the extent 
that incubation period may exceed the median life span of the mice. 
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In sheep also, susceptibility to scrapie is subject to a degree of genetic 
control. Sheep have been selected for increased or decreased susceptibility to 
scrapie induced by subcutaneous injection of a defined challenge. In the sys-
tems which have been most thoroughly investigated susceptibility appears to 
be controlled by a single gene, the dominant allele of which confers increased 
susceptibility. However, there is evidence that scrapie agent may still replicate 
in "resistant" sheep, but only after a long delay. Thus "resistance" may 
sometimes be merely an extension of the incubation period. Furthermore sheep 
which are "resistant" to one strain of scrapie may be susceptible to infection 
with another strain. 

For the commercial farmer the economic consequences of scrapie may be 
bearable if he can dispose of potentially infected stock at an earlier age than 
that at which clinical signs are expected. However, for the pedigree breeder 
scrapie presents serious problems; selection of breeding stock according to 
performance of progeny is seriously compromised or impossible, and his 
product has greatly diminished marketability. Furthermore livestock imports 
from countries in which scrapie occurs may be prohibited. 

PATHOGENESIS 

Epidemiological^ maternal transmission is the common mode of spread, and 
it is considered that primary infection with scrapie occurs via the alimentary 
tract either prenatally from agent in the amniotic fluid or from a contaminated 
environment (Hadlow et al., 1982). By mouse inoculation, scrapie agent was 
first detected in the tonsils, retropharyngeal and mesenteric lymph nodes of 
clinically normal 10-14-month-old Suffolk lambs from a flock experiencing a 
high incidence of natural scrapie. In the CNS it was first detected at 25 months 
of age, and clinical signs were seen in sheep with high concentrations of agent 
in brain at 34-57 months of age. 

These observations accord with well-documented pathogenetic mechanisms 
in experimental mice (Dickinson and Outram, 1979). Following intraperitoneal 
inoculation there is a "zero phase" during which the agent cannot be re-
covered. The length of the zero phase varies according to the genotype of mouse 
and the strain of agent, but thereafter the agent replicates in lymphoreticular 
tissues and reaches a plateau titer in spleen of about 104 mouse LD 5 0. At about 
the time this plateau is reached the agent can also be recovered from the brain. 
Clinical signs appear when titers in the brain reach about the same level as in 
the spleen, but in the brain the titer continues to rise until death supervenes. 
Thus the patterns of agent replication in spleen and brain are similar in 
host/agent combinations of differing zero phase length. The incubation period 
of scrapie is extended in mice inoculated at 1 day old (when the lym-
phoreticular system is immature) in splenectomized mice and in mice given 
large doses of corticosteroids. However, reduction of the incubation period of 
scrapie in mice was observed following general stimulation of the immune 
system by a single injection of the methanol extraction residue of BCG (Kim-
berlin and Cunnington, 1978). Thus the lymphoreticular system (LRS) is impor-
tant to peripheral sequences of scrapie pathogenesis, but pathological changes 
have not yet been detected in the LRS and the identity and properties of the 
cells concerned are unknown. It seems that the LRS contains a number of 
genotypically specified scrapie replication sites, but since, in a given strain of 
mouse, the inoculation of a long-incubation-period strain of scrapie can block 
a subsequently inoculated short-incubation-period strain, such replication 
sites are probably restricted in number. Furthermore, passage of a given strain 
of scrapie agent in a "long-incubation-period mouse genotype" does not affect 
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Fig. 175. Cheviot sheep exhibiting vigorous pruritus (a) followed by collapse of the hind quarters 

its incubation period subsequently in a short-incubation-period mouse 
genotype, and therefore agent replication is considered to be a host permitted 
rather than a host adapted phenomenon. 

Changes in temperament, and in sensory and locomotor function are the 
principal clinical effects of scrapie, but the relative involvement of each of the 
three features varies according to flock. 

Changes in temperament vary from lassitude and stupor to hyperexitability 
with trembling and to collapse if the animal is stimulated. 

Sensory disturbance is most commonly manifested by pruritus (Fig. 175). The 
sheep rubs its hind quarters and flanks on any firmly fixed object and may bite 
at any accessible part of its body. The rubbing and biting cause wool loss and 

Fig. 176. Scrapie-affected Cheviot sheep showing wool loss and cutaneous abrasions due to intense 

pruritus. 
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superficial abrasion of the skin (Fig. 176). Whilst rubbing, the affected animal 
may raise its head and make exaggerated nibbling movements with the lips and 
tongue. This "nibbling reflex" can often be elicited also by applying deep 
massage to the muscles of the back. 

Locomotor disturbance is insidious in onset and associated at first with 
hypermetria and incoordination, progressing to weakness and ataxia. In later 
stages the animal may be unable to rise without assistance but will hobble 
about for some time thereafter. 

Though some scrapie-affected sheep become obese, emaciation is more com-
mon, especially in the terminal phases. Once clinical signs have appeared they 
are almost invariably progressive until death. 

There are no laboratory tests that can be applied in the live animal to 
support the diagnosis of scrapie. In some cases it may be helpful to examine 
skin scrapings to eliminate ectoparasites as a possible alternative cause of 
pruritus. 

PATHOLOGY 

The significant pathological changes in scrapie are microscopic and con-
fined to the CNS. The characteristic changes are vacuolation, degeneration 
and necrosis of nerve cells, spongy vacuolar transformation of the neuropil, 
and astrocytic hypertrophy with hyperplasia of astrocytic fibres (Fig. 177). The 
lesions are noninflammatory and nondemyelinating. There is considerable 
variation in location, extent and severity of these changes, much of which is 
associated with the breed of sheep and may possibly be related to strain of 
agent. In one experimental situation in Cheviot sheep the lesions were virtu-
ally absent in a proportion of animals even in clinically typical terminal 
scrapie cases. 

Fig. 177. (a) A vacuolated nerve cell in the brain stem of a scrapie-affected sheep; an adjacent 
neuron is hyperchromatic and shrunken; H&E, χ 350. (b) Vacuola ted neurons in brain stem of 
scrapie-affected sheep, showing loss of golgi apparatus; frozen sect ion lead capture method for 
thiamine pyrophosphatase, χ 300. 
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Fig. 178. Amygdalo id area of brain of scrapie-affected sheep; note the spongy vacuolar transforma-

t ion of the neuropil (status spongios is) and the prevalence of gl ial nucle i ly ing in pairs or small 

clusters; Η & Ε, χ 160. 

The most severe lesions are usually found in the raphe and nuclei of the 
medulla, but in some instances the midbrain, diencephalon and paraterminal 
body are more severely involved. The cerebral cortex and hippocampus are 
never as severely affected as in mice with some mouse-passaged strains. Att-
empts to correlate clinical signs and neuropathology have been unrewarding, 
although frequently in very obese subjects the thalamus and hypothalamus are 
extensively involved. 

Recently cerebrovascular amyloid deposits have been reported to occur in a 
proportion of scrapie-affected sheep (Gilmour et al., 1986). This ma-
terial bears some resemblance to the cerebral amyloidosis occurring in some 
forms of experimental murine scrapie (Bruce et al., 1976), though the latter 
forms as plaques in the neuropil without an obvious close relationship to blood 
vessels and usually contains argyrophilic elements (Fig. 178). 

EM of negatively stained subcellular fractions of brain from scrapie-affected 
animals has consistently revealed fibrils with a characteristic morphology 
which are absent from similar preparations of normal brain. They have been 
termed scrapie-associated fibrils (Merz et al., 1981). They are 100-500 nm in 
length and are composed of either two or four beaded filaments 4-6 nm in width 
arranged in an helical configuration. They are immunologically identifiable 
with prion protein and with components of cerebral amyloid. Thus they would 
appear to be closely related to the etiological agent of scrapie. 

IMMUNE REACTION 

Although it is evident that the LRS plays an important but incompletely 
understood part in the pathogenesis, there is as yet no evidence of any specific 
immunological reactivity in sheep or laboratory animals. In Herdwick sheep 
with scrapie, IgG levels were 70-90% higher than controls in a considerable 
proportion of clinical cases (Collis et al., 1979), but this could not be interpreted 
and may be a secondary effect. 

In mice, some strains of scrapie agent are associated with the development 
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of amyloid plaques, which could represent either an abortive immunological 
response or a host-coded protein produced in response to the scrapie agent or 
to products of its activity. 

A consistent response of mice to i.e. inoculation with scrapie is an increase 
in the weight of the spleen, the onset of which in one study in C 3H/HeJ mice 
was associated with reduced mitogen responsiveness (Garfin et al., 1978); how-
ever, pure T- and B-cell suspensions from scrapie-infected and control BALB/c 
mice showed no consistent differences in mitogen responsiveness (Kasper et al., 
1982). Neonatal thymectomy did not alter the incubation period of scrapie in 
mice, suggesting that CMI neither contributes to the pathogenesis nor plays a 
significant role in the host's defence against the disease. However, incubation 
of scrapie brain homogenate with mouse peritoneal macrophages has been 
reported to extend the incubation period and has led to the suggestion that, in 
vitro, macrophages may inactivate the scrapie agent (Carp and Callahan, 
1982). 

4̂  LABORATORY DIAGNOSIS 

Since in scrapie there are no specific serological responses to infection, 
examination of the brain of the affected animal is at present the only practical 
method of supporting a clinical diagnosis. 

Histological examination is the method of choice, and it is important that 
the brain is not traumatized or autolyzed before fixation, as this may interfere 
with the recognition of characteristic lesions. The complete brain from a 
freshly killed animal should be immersed in 10-20 times its own volume of 10% 
formalin or formol ammonium bromide and fixation allowed to proceed for 
several days before transplantation to the laboratory. It is important that the 
brain is examined systematically, as the lesions may be restricted in their 
distribution and can be very mild or even inapparent. 

It is a widely held view that naturally occurring scrapie in sheep and goats 
may be transmitted to mice. However, this is not always so, as the following 
example illustrates: Fraser (1983) inoculated ten inbred lines of mice (compris-
ing almost 700 animals) with brain material from five cases of histologically 
confirmed Icelandic scrapie (rida) acquired from different parts of the country. 
In one case no evidence of transmission was obtained and in the other four 
successful transmissions varied from 1.4 to 27%. 

Several attempts have been made to propagate scrapie agents in tissue 
culture. The "Chandler strain" has been shown to survive in a cell line derived 
from mouse brain for 100 passages (Haig and Clarke, 1971). However, agent 
replication appeared to be in synchrony with cell division, as titers remained 
low (10 L 1-10 3 5ID 5 0/0.05 ml) and could be assessed only by i.e. inoculation of 
mice. 

PROPHYLAXIS AND CONTROL 

No prophylactic or therapeutic measures have been found effective against 
scrapie. Control measures depend upon local epidemiological knowledge, from 
which it is possible to decide between two options: eradication, or containment 
within economically acceptable limits. Eradication is feasible only where a 
secure environment has been previously uncontaminated and animals impor-
ted into it have been contained in the most stringent quarantine conditions. 
However, it is difficult to determine the likely duration of the incubation 
period, which may be 8-10 years and involve several generations of sheep. If 
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disease occurs without quarantine, contamination of the environment becomes 
a further unquantifiable hazard. As experience in Iceland indicates, keeping 
pasture free of sheep stocks for a period of years may be insufficient to eliminate 
infection. Containment involves the culling of all progeny of any females 
which become affected. Pregnant ewes which develop clinical disease should 
also be eliminated before lambing. The role of the ram in the spread of scrapie 
is less significant, but he may cause infection through contact and transmit 
genetic susceptibility to infection to his progeny. 
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Chapter 53 

Acute Respiratory Disease in Cattle 

J. MORENO-LOPEZ 

INTRODUCTION 

Acute respiratory disease in cattle is a serious problem in countries with 
intensive or semi-intensive systems of feeding and management. The etiology 
is complex and many reviews list the microorganisms incriminated. Some of the 
viruses which can infect the respiratory tract of cattle are summarized in Table 
34. 

Viruses and bacteria, together with physical stress, transport, overcrowd-
ing, irregular feeding and poor standard of hygiene as well as environmental 
factors (ventilation, temperature and humidity) play an important role in 
pathogenesis. 

The disease has world-wide distribution. It affects cattle of all races and 
ages, tends to recur and responds poorly to preventive and therapeutic treat-
ment. Even if the disease for the most part occurs during calfhood, adult cattle 
may also be involved. 

TABLE 34 

S imul taneous rise of ant ibodies to 15 different agents in the same diseased c a t t l e
8 

P13 B V D V RSV Adenovirus Reovirus Chlamydia 

virus 
1 2 3 4 5 6 7 8 1 2 3 

(13) 2 0 2 0 2 2 1 0 0 0 2 2 3 4 
2 (11) 0 3 1 1 2 1 1 0 0 3 0 2 3 
0 0 (2) 0 0 0 0 0 0 2 0 0 0 1 0 
2 3 0 (9) 1 2 1 1 1 1 1 1 1 0 4 
0 1 0 1 (3) 1 0 1 0 0 0 0 0 0 2 
2 1 0 2 1 (6) 1 0 0 0 0 0 2 0 2 
2 2 0 1 0 1 (13) 0 2 8 5 1 0 1 2 
1 1 0 1 1 0 0 (8) 2 2 1 3 3 1 1 
0 1 0 1 0 0 2 2 (8) 2 1 3 1 0 0 
0 0 2 1 0 0 8 5 1 (12) 6 2 1 1 1 
0 0 0 1 0 0 5 1 1 6 (9) 1 0 0 1 
2 3 0 1 0 0 1 3 3 2 1 (21) 10 8 0 
2 2 0 0 1 0 2 0 3 1 1 0 (13) 4 0 
3 3 0 1 0 0 0 1 1 0 1 0 8 (11) 2 
4 3 0 4 2 2 2 1 0 1 1 0 0 0 (9) 

a
N u m b e r s of catt le wi th a rise of ant ibody to each agent; numbers in brackets indicate that a group 

of catt le wi th a rise of antibody to a certain agent w a s tested for antibody rise to each of the other 
agents . 
Source: Moreno-Lopez (1979). 
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The symptomatology of acute respiratory disease is similar in different 
outbreaks and includes depression, inappétence, dullness, increased respir-
ation and pulse rates in the early stages. The respiratory disorder may or may 
not be accompanied by diarrhea. 

Acute respiratory disease in cattle is not attributable to a single etiological 
agent. In many instances, mixed infections with two or more agents occur, as 
shown in Table 34. Such mixed infections can contribute to the severity of the 
disease. Moreover, the microorganisms involved appear to act synergetically. 
Examples of synergism have been demonstrated in the USA (shipping fever, 
caused by parainfluenza-3 (PI3) virus and Pasteurellae) and Sweden (Umeâ 
disease, caused by PI3 virus and BVDV). 

It is difficult to estimate the economic losses, but in terms of mortality, loss 
of milk production and delayed weight gains, the acute respiratory disease is 
considered as one of the most costly and troublesome problems for the cattle 
industry. 

INFECTION AND DISEASE 

It is generally accepted that viruses are the primary agents and that bacteria 
like Pasteurellae may, as secondary invaders, accentuate the pathology of the 
respiratory tract, as in "shipping fever". Some of the viruses are circulating in 
the cattle population, as for instance PI3 virus, which is common in the 
respiratory tract and is easily transmitted. High percentages of seropositive 
animals were found in various countries. Serological surveys have shown that, 
on the contrary, BVDV was much less frequent on farms separated geographi-
cally than on farms with a close contact of animals on common pastures. 
Collectivization of calves with a different immunological status like that 
occurring on breeder farms or in large feedlots, leads to accumulation of 
viruses introduced by animals in the incubation or convalescence stages or by 
latent carriers. Under these circumstances, explosive outbreaks of respiratory 
and enteric disease may occur. It is unknown how stress factors during massive 
transport and crowding promote pathogenicity of various respiratory viruses, 
because it is not possible to mimic a natural outbreak by experimental infec-
tion. All too frequently only a mild disease is reproduced. Some of the viruses 
per se have an adverse influence on defence mechanisms. It was shown that 
infection with PI3 virus may initially diminish the cell-mediated immune 
response; also, BVDV may act on lymphocytes and neutrophils, suppressing 
antibody production and phagocytosis, respectively. Suppression may promote 
invasion of other agents, particularly through close contact and crowding in 
stables lacking proper ventilation. As regards diagnosis, a somewhat pathetic 
conclusion can be drawn: if foot-and-mouth disease virus is isolated from an 
animal, the disease has been identified. However, if PI3 virus or BVDV has been 
isolated, you have diagnosed the infection but not an "acute respiratory/enter-
ic disease", because other viruses and also bacteria might be etiologically 
involved. 

As diagnostic techniques become more widely applied, an increasing number 
of viruses has been isolated from cattle with acute respiratory disease. At the 
end of the 1950s, "shipping fever" was described as a disease following massive 
transports to or from the enormous feedlots of the USA, and PI3 virus was 
isolated as the first virus of a condition with a multiple viral etiology. 

In Sweden, at about the same time, there were outbreaks of a severe acute 
respiratory-enteric syndrome on farms in the Umeâ district in the northern 
part of the country. Local veterinarians provisionally called the syndrome 
"Umeâ disease". Thus BVDV became the second member of a multiple etiology. 
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At that time, PI3 virus was suspected to be the cause of the infection in the 
respiratory tract (manifested by tracheitis and pneumonia), and BVDV to be 
the cause of infection in the intestinal tract (manifested by erosions in the oral 
and intestinal mucosa). Both viruses were indeed identified. However, it has to 
be kept in mind that the terms "parainfluenza" and "bovine viral diarrhea" are 
merely taxons by which these viruses are classified. 

During the following decade, the first two bovine adenoviruses (types 1 and 
2) were described in the USA, and subsequently a third type was identified in 
the UK. These are the isolates that grow in kidney cells with a hexon antigen 
common to all mastadenoviruses. Then Hungarian workers reported the isola-
tion of two new bovine adenoviruses, types 4 and 5, which preferentially grow 
in cultured calf testicle cells. Then additional adenoviruses, types 6 through 8 
were reported as "testicle-cell types" from various countries and, finally, from 
Bulgaria, a type 9 being a "kidney-cell type". Regarding the "testicle-cell type" 
adenoviruses, the proof for the presence of antigen(s) common to mas-
tadenoviruses is equivocal at present. The types 4, 5 and 7 have been described 
each as a single causative agent of acute respiratory-enteric disease in Hun-
gary and Japan, respectively. 

During the 1970s the first records appeared on bovine respiratory syncytial 
virus (BRSV), closely related to the human respiratory syncytial virus and 
causing pneumonia in cattle often less than 2 years of age. BRSV was found 
either as a single agent or as a member of a multiple etiology (as recently 
reported from UK and USA) condition. 

In some countries the bovid herpesvirus-1, better known as infectious bovine 
rhinotracheitis (IBR) virus, is a "solo" pathogen. IBRV was the first viral agent 
definitely shown to cause respiratory infection in cattle. Herpesvirus type 3 
(malignant catarrhal fever virus), with a low and sporadic incidence, is also 
incriminated in the bovine respiratory-enteric disease complex. 

The role of herpesvirus type 4 (prototype strain Movar 33/63) has not been 
elucidated. However, a respiratory illness caused by this virus in association 
with Pasteurella multocida was quite severe. 

It is easy to extend this listing by adding, for example, bovine enteroviruses, 
rhino- and parvoviruses, coronaviruses and the reoviruses. The isolation of 
these viruses from apparently healthy cattle as well as from those with acute 
respiratory-enteric disease indicates that they are widespread. However, be-
cause they appear to be infrequently implicated in disease processes, it seems 
that they cause infection only under certain conditions. Bacteria such as 
Chlamydia, Pasteurellae and mycoplasmas may influence the cycles of infec-
tion with viruses. 

CONTROL MEASURES 

Young animals require more care than adult animals. Calves fare best when 
confined individually or in very small groups. This facilitates individual ob-
servation, control of diseased animals and maintenance of a higher standard of 
hygiene. A large number of animals maintained in close contact provides ideal 
conditions for the spread of disease agents via the respiratory tract. The 
immunological status, especially passive immunity of the animals, is important 
in connection with respiratory disease. Protective titers of serum antibodies 
have been calculated for some of the respiratory pathogens. PI3 virus infection 
seems to be prevented by a serum neutralizing antibody titer of 32 and IBRV 
infection by a titer of 2. The significance of local nasal antibodies and CMI 
against respiratory disease is of special importance. 

With the complex etiology as that associated with respiratory infections it 
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is logical that control measures are not easy. Control of the disease may be 
attempted by diminishing the frequency of infections and by implementing a 
vaccination program against the most frequent agents. Some authors have 
tried to suppress infections by interferon or interferon inducers, i.e. avirulent 
viruses known to stimulate nonspecific defence mechanisms, including inter-
feron production; however, no efficient control procedures have become avail-
able. 

The development of effective and practical vaccines for the prevention of 
respiratory disease is notoriously difficult, due to the multiplicity of agents 
which are involved. As shown in Table 34, at least 15 distinct microorganisms 
have been identified. Certain viruses, however, produce more severe disease 
than others; vaccines against them may be expected to break the chain of 
events leading to respiratory disease. 

The multiplicity of agents necessitates the use of polyvalent vaccines; poly-
valence does not appear to affect the immunogenicity of the individual agents. 
Although desirable, the incorporation of all potential pathogens in a single 
vaccine is difficult, if not impossible. The results of some limited field trials with 
a tetravalent vaccine have in no way been encouraging. 

Finally, it must be reemphasized that a problem of this complexity is not 
solved by a single measure but demands that attention is given to both the 
infectious and environmental causes of the disease. 
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Chapter 54 

Viral Gastroenteritis in Ruminants 

L.A. B A B I U K 

INTRODUCTION 

Diarrhea is one of the leading causes of morbidity and mortality in infants 
and young animals in both developing and developed countries. It has been 
estimated that over 500 χ 106 cases of diarrhea occur annually in humans, 
leading either directly or indirectly to approximately 10 χ 106 deaths (Edi-
torial, 1978). Accurate estimates of diarrhea cases in ruminants are not avail-
able, but they would appear to be at least as high as in humans on a percentage 
basis, thus indicating the economical importance of this disease syndrome. 

Until recently, the agents responsible for most cases of nonbacterial gas-
troenteritis were not identified. However, since the discovery in 1969 by Mebus 
(Mebus et al., 1969) that a virus was present in feces of calves suffering from 
diarrhea, it has been proven that rotaviruses can infect calves and cause 
diarrhea. This discovery prompted the search for related viruses as a cause of 
diarrhea in other animals. As a result of these investigations, rotavirus has 
been found to be a major cause of nonbacterial gastroenteritis in most mam-
mals and in fowl (Flewett and Woode, 1978; McNulty, 1978; Woode, 1982), and 
it is now accepted that up to 60% of nonbacterial gastroenteritis cases may be 
caused by rotavirus. The remaining cases of diarrhea are caused by a variety 
of viral agents, which may include Coronavirus, Torovirus, Calicivirus, Par-
vovirus, Enterovirus, Adenovirus, Astrovirus, Minireovirus or rota-like viruses 

(Table 35). However, the role and prevalence of many of these agents in causing 
diarrhea has not been firmly established, neither in ruminants nor in other 
mammals. 

Although as microbiologists we try to identify a specific etiological agent as 
a cause of diarrhea, it must be emphasized that diarrhea is often multifactorial 
and that interactions of various factors with infectious agents can exacerbate 
the disease. These factors can be broadly grouped into immunological, environ-
mental and nutritional. In each category there are large numbers of com-
ponents that can interact and alter both the degree of diarrhea and the final 
outcome of the disease. For example, diarrhea is often associated with incle-
ment weather, i.e. storms, sleet, cold, etc. This is probably associated with 
increased stress due to temperature fluctuations which can alter the animals' 
defense mechanisms and increase the probability of infection due to increased 
animal congregation. 

The viruses that cause gastroenteric infections can generally be divided into 
two groups. For viruses of the first group, replication is restricted to the 
gastrointestinal tract; they induce disease as a result of direct effects only on 
the cells of the intestine (Fig. 179). Most of these agents enter the host directly, 
via the oral cavity, and pass into the gastrointestinal tract. Viruses of the 
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Shortened Villi 

Fig. 179. S i tes of infect ion and cell destruct ion by some enteric viruses. 

second group enter the host via the oral cavity and replicate in the gastrointes-
tinal tract but they do not remain localized. These viruses may spread to other 
target organs such as lymphoid tissue (Kahn, 1978) or even the CNS (Nathan-
son, 1979). 

At least eleven different viruses can cause intestinal damage and diarrhea 
in ruminants under appropriate conditions (Table 35). All of these agents 
produce the most severe clinical signs during the first few weeks of life (Woode 
and Bridger, 1975; Little and Shadduck, 1982). However, there are reports of 
virus shedding associated with diarrhea in older animals as well (Von Bons-
dorff et al., 1976; McNulty et al., 1978; Jones et al., 1979). In most cases the 
infection of older animals is subclinical, and it has been suggested that they 
serve as virus carriers and are a source of infection for young susceptible 
animals. In fact, recent reports suggest that removal of carrier animals from a 
herd reduces or eliminates the disease. The reason for increased severity of 
diarrhea in younger animals and a higher mortality is that the viruses gen-
erally cause greater villous atrophy in the younger animals. 

AGENTS INVOLVED 

Rotaviruses 

Rotavirus-induced disease was first described by Cheever and Mueller 

TABLE 35 

Some enteric viruses of ruminants 

Virus Site of repl icat ion Virus 

Horizontal Longitudinal 

Rotavirus enterocytes /v i l lus t ip small intest ine 

Rota-l ike virus enterocytes /v i l lus t ip small intest ine 
Coronavirus enterocytes / top half small , large intest ine, 

co lon 

Corona-l ike virus enterocytes / top half small intest ine 
Torovirus (Breda) mid vi l lus /crypts small intest ine , co lon 

Astrovirus ? ? 

Calicivirus ? ? 

Parvovirus crypts, lymphoid small, large intest ine 
Adenovirus enterocytes small intest ine 

Reovirus ? ? 

Enterovirus ? ? 

? Insufficient data avai lable for definitive s tatements to be made. 
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(1948); later rotaviruses were established as important infectious agents in 
mice by Kraft (1957,1958). However, rotavirus was not recognized as an import-
ant pathogen in domestic animals until Mebus et al. (1969) identified it as a 
cause of neonatal diarrhea in calves. Since then it has been demonstrated to 
play a major role in nonbacterial gastroenteritis in most mammalian species. 
In most outbreaks the disease occurs suddenly and spreads rapidly to other 
susceptible individuals. The reason for this rapid spread is that the concen-
tration of virus can reach 1011 particles per gram of feces, which is equivalent 
to 107 infectious doses (Flewett and Woode, 1978; Woode et al., 1976a, b). 
Experimental inoculation of bacteria-free filtrates containing rotavirus causes 
diarrhea within 12-24 h in susceptible young animals. Diarrheic animals are 
also anorexic and can vomit. The reason for such rapid clinical signs is that 
in the absence of passive antibody or local acquired immunity, the virus infects 
the enterocytes of the villi, rapidly killing them. The replication cycle of 
rotavirus is approximately 12 h (Carpio et al., 1981). 

Rotavirus infection is generally limited to the small intestine in calves, pigs 
and humans (Middleton et al., 1974; Mebus and Newman, 1977; McAdaragh et 
al., 1980), but antigen can be found in the colon of lambs (Snodgrass et al., 1977), 
pigs (Theil et al., 1978) and mice (Little and Shadduck, 1982). Viral infection 
occurs in the enterocytes of the upper half of the villi of the small intestine, 
resulting in rapid death and sloughing of the cells (see Fig. 179). With death, 
the villi become shortened and loose their adsorptive capacity (Woode and 
Crouch, 1978). The cells at the tips of the villi are responsible for production 
of lactase which aids in digestion of lactose. Thus the combination of reduced 
adsorptive capacity and reduced enzyme activity accounts for the diarrhea. 
Since the crypt cells are not damaged, regeneration of the enterocytes and 
recovery of the villi is generally rapid after the infection is overcome. Animals 
that recover from the disease return to normal body weight within 10-28 days 
after infection. 

Coronaviruses 

Coronaviruses can cause both respiratory and gastrointestinal infections in 
humans and animals (Robb and Bond, 1979). Transmissible gastroenteritis 
virus of swine was one of the first coronaviruses identified as a cause of 
diarrhea in animals (Doyle and Hutchings, 1946). Coronaviruses have also been 
identified as a major cause of calf diarrhea (Stair et al., 1972; Mebus, 1978; Storz 
et al., 1978a). Bovine Coronavirus diarrhea, like rotavirus diarrhea, occurs 
within 15-24 h p.i. Early in infection the villous epithelial cells appear mor-
phological normal but they contain large amounts of antigen. Since diarrhea 
occurs before denudation and loss of enterocytes it is postulated that it is a 
direct result of infection of the cell and the ensuing redirection of cellular 
functions from absorption to virus replication. If absorption does not occur 
there is accumulation of digestive fluids. As the infection proceeds cells are lost 
from the villi and are replaced by immature squamous to cuboidal epithelial 
cells which lack the enzymes required for digestion of milk. They also have a 
reduced absorptive capacity as is the case in all other virus infection of the 
gastrointestinal tract. 

Other enteric viruses 

Caliciviruses, astroviruses (Woode and Bridger, 1978) and parvoviruses 
(Storz and Bates, 1973) may be responsible for causing gastroenteritis and may 
account for a significant portion of the cases of diarrhea which are not caused 
by rotaviruses or coronaviruses. However, there are still 20-30% of diarrhea 
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cases for which no etiological agent has been identified. As the search con-
tinues for etiological agents other viruses are discovered. One such new agent 
is the Breda virus (Woode et al., 1982) which has recently been identified. In the 
case of Breda virus infection, the lesions at first appear similar to Coronavirus 
infections with respect to location of lesions. However, on closer examination 
it becomes obvious that the disease is different, since the lesions and infected 
cells are visible in the lower 50% of the villi and in the crypts of the small 
intestine. In the colon, infected cells are present throughout the villi and in the 
crypts. In addition, structurally this virus is not identical to coronaviruses and 
is related to an equine virus described in Europe (Horzinek et al., 1984). Recent 
studies also suggest that other species may have antibody to this group of 
viruses, which has been tentatively designated as toroviruses (Horzinek et al., 
1987). 

Parvoviruses can infect a wide variety of animals, ranging from pets to large 
domestic animals (Kahn, 1978; Storz et al., 1978b). In contrast to the other 
viruses discussed so far, this virus family can produce systemic disease as well 
as enteritis. Since the virus generally replicates in rapidly dividing cells, the 
lesions are seen in the crypts of both the small and large intestines as well as 
in lymphoid tissue. Because of the replication in lymphoid tissue this disease 
can be more severe, especially in small animals, than other viral infections, 
because of interference with immune responses and damage to the crypts. 
However, the role of parvoviruses in diarrhea of ruminants is probably small 
compared to that played by the other agents. 

One common feature of all of the agents described to date is that infection 
occurs by ingestion of the virus. Since the virus does not have to spread 
systemically, the incubation period is extremely short, with villus shortening 
and reduced fluid adsorption, dehydration and death if diarrhea is severe 
enough. For a differential diagnosis of the actual cause of diarrhea attempts 
must therefore be made at demonstrating the presence of the specific agent. 
However, regardless of the agent treatment will be the same. 

Although these viruses have been associated with diarrhea, there are also 
many instances where they are present but no disease occurs. Furthermore, it 
is not always possible to reproduce the disease in conventional or even gnoto-
biotic animals to the extent that it occurs naturally. Under experimental 
conditions most attempts to reproduce the disease are made with a single 
pathogen and more importantly with plaque purified isolates. Replication of 
these pure populations may be restricted to very localized regions of the 
intestine; therefore, they do not cause sufficient damage throughout the intes-
tine (longitudinally) to cause the damage required for disruption of intestinal 
function and diarrhea. Under natural conditions there may be multiple strains 
of a virus (Sahara et al., 1982) that infect different areas of the intestine, thus 
causing severe diarrhea. Another explanation for poor reproducibility of diar-
rhea under experimental conditions could be that avirulent strains grow in 
culture more rapidly than the virulent strains (Woode, 1982). If these are used 
to challenge animals no disease occurs. Another explanation could be related 
to immunity. If low levels of active or passive immunity are present this would 
keep the virus infection rate low so as to allow only few viruses to initiate new 
infections, as is often the case with persistent local infections. However, during 
stress the immune defense is reduced and virus shedding and diarrhea may 
occur. When the immune system returns to normal, diarrhea stops but virus 
may continue to be shed. This type of carrier state would insure the continued 
presence of the virus in the environment for infection of susceptible neonatal 
animals. Such carrier states have been demonstrated to occur both in vivo 
(Leece and King, 1980; Benfield et al., 1982; Crouch et al., 1985) and in vitro 
(Misra and Babiuk, 1980). 
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DIAGNOSIS 

Many of the viral agents involved in causing diarrhea are not easily cultiv-
able in vitro by conventional methods. The reason for this may be related to the 
virus tropism for differentiated cells. Because of the difficulty in growing 
enteric viruses a large variety of tests have been developed to diagnose these 
agents directly (Yolken, 1982). Most tests are based on the observation that 
there are high levels of virus particles present in the feces of diarrheic animals 
and humans (Woode et al., 1976a, b; Flewett and Woode, 1978; McNulty, 1978). 
It is therefore easy to observe virus in feces by EM techniques. However, direct 
observation is less efficient than if combined with serological tests, as is the 
case with IEM, where the virus is aggregated by specific sera and can be 
visualized much more easily. The availability of specific antisera and mono-
clonal antibodies to numerous viruses makes this a very attractive means of 
diagnosis. Some enteric viruses may infect cells without causing a CPE or 
producing infectious virus. In these cases viruses may be identified by cultur-
ing in vitro and testing for the presence of viral antigen in infected cells. 

A number of points must be considered when choosing a test, including 
efficiency, speed, relative costs and the specific purpose for making a diagnosis 
(Table 36). If trained personnel and proper equipment are available then IEM, 
RIA and ELISA appear to be very good, with respect to specificity and speed. 
ELISA tests are especially useful for automation and diagnosing large numbers 
of samples. Furthermore, ELISA can be read by eye if readers are not available, 
making this test very attractive. If serotyping is also desired then many of the 
tests listed can be adapted if specific antisera and preferably monoclonal 
antibody produced against each serotype are prepared. 

PATHOLOGY AND PATHOPHYSIOLOGY OF ENTERIC VIRUS 
INFECTIONS 

In most virus infections of the gastrointestinal tract, regardless of whether 
the virus has a predilection for the epithelial cells at the tips of the villi or the 
crypts, there is shortening and occasional fusion of adjacent villi resulting in 
a reduced absorptive surface (Keenan et al., 1976; Leece et al., 1976; Pearson 
and McNulty, 1977). Infection generally begins in the proximal part of the 
small intestine and spreads progressively to the jejunum and ileum and 

TABLE 36 

Efficiency and pract ical i ty of some diagnost ic techniques for detect ion of v iruses caus ing gastroen-

terit is in animals 

Method Efficiency Speed Relat ive cost 

IEM very good hour h igh 

RIA very good day moderate 

ELISA very good day moderate - low 

IF good hour moderate 

Culture good days low-moderate 

CIEP good hour low 

CF poor-good day low 

Immun. Ad. average hour-day low 

Hemagg. 
HA poor hour low 

AGID poor day low 

The pract ical i ty of IEM is good only for s ing le samples; all other methods can be scaled up for 

mult iple sample examinat ion . 
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sometimes to the colon (Mebus et al., 1973; Snodgrass et al., 1977). This will, 
however, depend on the initial infective dose, the virulence of the virus strain 
(Woode and Crouch, 1978), and the host's immunological status. Thus in the 
presence of passively acquired antibody, infection can occur but replication is 
limited to such an extent that either no or only mild diarrhea occurs. In 
rotavirus and Coronavirus infections, which are limited to the cells at the tips 
of the villi, the absorptive cells are replaced with immature squamous to 
cuboidal epithelial cells. Until these cells mature their absorptive capacity and 
enzymatic activity is greatly reduced. Since they also appear to be relatively 
resistant to virus infection the disease is often self-limiting if dehydration is 
not so significant as to cause death (Woode, 1982; Garwes, 1982). Crypt cells are 
not damaged and the rate of recovery is therefore generally rapid. In contrast, 
after infection with viruses that replicate in the crypt cells there is a limited 
number of new cells available to migrate up the villi and recovery tends to take 
longer. It should be stressed that although the degree of villous damage may be 
influenced by the virulence of the virus and the immunological status of the 
animal, the rate of regeneration of enterocytes and enterocyte maturation may 
also vary with the age of the animal and the site of virus infection. Since 
glucose and sodium adsorption are highest in the proximal and middle part of 
the jejunum (Shephard et al., 1979; Bachmann and Hess, 1982), damage here 
would cause most severe diarrhea. 

In viral infections, the mechanism of fluid loss is considered to be different 
from that in bacterial infections; however, the net losses may be the same. In 
viral infections, water is predominantly lost from the extracellular fluid due to 
impaired adsorption and osmotic loss primarily due to the presence of undiges-
ted lactose in the lumen rather than to active secretion (Lewis and Philips, 
1972; Philips and Lewis, 1973; Tennant et al., 1978; Graham et al., 1982). How-
ever, replacement of mature adsorptive cells with immature cells, which retain 
some of their secretory functions, also increases the rate of secretion (Pensaert 
et al., 1970; Butler et al., 1974; Kerzner et al., 1977). As the virus kills the 
adsorptive cells there is also a loss of enzymes which are responsible for 
digestion of disaccharides. Furthermore, loss of differentiated villous cells 
diminishes glucose, sodium carrier and ( N a + - K + ) - A T P a s e activities, which 
result in a loss of sodium, potassium, chloride, bicarbonates and water. The loss 
of bicarbonate leads to the development of acidosis. However, acidosis also 
develops as a result of increased microbial activity in response to fermentation 
of undigested milk (Lewis and Philips, 1978), as well as the increased lactic 
acid production and decreased utilization in dehydrated animals (Tennant et 
al., 1972; Lewis et al., 1975). Acidosis can create a K + - H + ion exchange across 
the cellular membrane and inhibit cellular functions required for maintaining 
normal potassium concentration with a net loss of potassium from cells. The 
next step that occurs is hypoglycemia due to decreased intestinal adsorption, 
minimal glycogen reserves in young animals, inhibited glyconogenesis and 
increased glycolysis (Lewis and Philips, 1978). This series of complex pathophy-
siological changes, if not promptly corrected, results in death. 

Effective management of diarrhea requires prompt action to prevent con-
tinued loss of fluids and electrolytes. This is most economically achieved by 
removal of milk from the diet. This reduces the amount of undigested lactose 
in the lumen and therefore reduces fluid loss and acidosis. Therapy should 
include administration of balanced electrolyte solutions either orally or by the 
intravenous route. The use of intravenous fluid replacement and careful mon-
itoring of animals could save a large percentage of severely affected animals; 
however, the costs are generally too high to recommend this as a standard 
procedure. 



Viral gastroenteritis 561 

MIXED INFECTIONS 

Severity of diarrhea is not only related to the virulence of the infectious 
agent and the age of the animal but also due to the presence of multiple 
infections. Only a minority of cases of diarrhea in animals is caused by a single 
virus pathogen (House, 1978). Furthermore, it has been suggested that even if 
a single pathogenetic virus is involved in an infection there may be heteroge-
neity within the pathogen (Sahara et al., 1982; Spencer et al., 1983). Therefore, 
if two viruses co-infect an animal and have different sites of replication, the 
combined effect may be much more severe than if they infected the animal 
individually. This may help explain why it is difficult to reproduce enteric 
infections in conventional calves with single plaque-purified virus isolates. 
Another important factor is the presence of viral-bacterial synergistic interac-
tions. There is accumulating evidence that many bacterial infections can be 
more severe if combined with a virus infection (Runnels et al., 1980; Leece et 
al., 1982). Thus Escherichia coli generally produces scours only during the first 
few days of life. However, if an animal is infected with, for example, rotavirus 
or Coronavirus, Ε. coli can colonize and produce a more severe disease at a later 
age (Fig. 180). The exact mechanisms by which this occurs is unknown; how-
ever, viruses may alter fluid transport by virtue of infecting some cells. This 
alteration allows the build-up of toxin by bacteria that are normally non-
pathogenic. Thus the combination of toxin build-up and decreased mobility of 
the intestine results in diarrhea. In addition, reduced adsorption of nutrients 
occurs as a result of virus infection. This provides a more suitable nutritional 
environment for bacteria to grow, adhere and secrete more toxin. 

Additionally, virus infection may reduce the rate of cell maturation. Since 
it is known that the physiological state of cells may alter adherence, it can be 
postulated that bacteria actually colonize virus-infected intestines but not 
normal ones. The virus infection may alter the cells in such a way as to allow 
direct attachment of bacteria to the viral glycoprotein expressed on their 
membranes or to altered host cell glycoproteins, as has been convincingly 
shown for virus-bacterial interactions in the respiratory tract (Sanford et al., 
1978; Davison and Sanford, 1981). 

Finally, some viruses induce Fc receptors on the surface of host cells. If this 
occurs, antibody-coated bacteria can bind via the Fc receptor and anchor to the 
cell, allow secretion of toxin, activation of cyclic AMP and increased fluid loss. 
Although herpesviruses are the only viruses reported to induce Fc receptors 
(Westmoreland and Watkins, 1974; Lehner et al., 1975; Costa et al., 1977), 
preliminary evidence suggests that bovine coronaviruses may also induce them 
(L.A. Babiuk, unpublished data, 1985). 

Virus E. Coli Virus + 
E. Coli 

Fig. 180. Effect of the combined infect ion of v irus plus bacteria (E. coli) on bacterial shedding and 
diarrhea. 
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IMMUNITY AND IMMUNOLOGICAL CONTROL OF GASTROENTERIC 
VIRUS INFECTIONS 

A major problem with controlling gastroenteric infections in animals is the 
age at which the animals get the disease. Even if the adult animals are immune 
and transfer antibody to the young, the antibody must be present continuously 
in the lumen of the intestine to prevent infection, since serum antibodies are 
not protective (Woode et al., 1975; Snodgrass and Wells, 1976, 1978a,b). Since 
many mammalian species do not continue to secrete high levels of antibody in 
their milk after parturition, the antibody in the intestinal lumen drops rapidly 
and the young becomes fully susceptible even if it has acquired high levels of 
serum antibody. Thus, in cattle, the colostrum generally has high antibody 
levels to most enteric viruses, since the infection rate in adults is high. How-
ever, within 5-7 days after parturition antibody levels drop below the threshold 
required to neutralize virus in the lumen. This is the reason that most enteric 
virus infections causing neonatal diarrhea in mammals do so after 1 week of 
age. 

The observed requirement for local immunity has stimulated the interest in 
immunizing the newborn. There is presently an oral vaccine on the market for 
use in newborn calves to provide protection against rotaviruses and cor-
onaviruses. Unfortunately, if the colostral antibodies can protect against vir-
ulent virus they will also prevent the attachment of vaccine virus to enterocy-
tes. Thus the supposed early nonspecific protection, possibly by interferon and 
the later specific immunological protection do not occur unless the animals are 
immunized prior to ingestion of colostrum. This is often not possible and, 
therefore, this vaccine has not proven to be as successful as hoped. To over-
come this problem a few attempts have been made at in utero immunization but 
this is impractical at present under field situations (Newman et al., 1978). 
However, recent advances may make this approach feasible in the near future. 

The most recent trend to overcome the requirement of local immunity in 
gastrointestinal virus infection is hyperimmunization of the dam. This results 
in a much higher initial level of antibody in the colostrum, which provides 
excellent early protection. More importantly, even though antibody levels drop 
they remain above a threshold level which is protective against normal virus 
challenge doses. The final method of providing high levels of antibody in the 
lumen is by feeding monoclonal antibody to the animal. This has proven to be 
very effective in preventing E. coli induced diarrhea in calves (Sherman et al., 
1982). The combination of various antiviral monoclonal antibodies with anti-Z?. 
coli antibody should prove effective under certain situations but is probably of 
limited value in field situations where animals cannot be handled routinely. 
Furthermore, the presence of serotypes, especially in rotaviruses (Woode et al., 
1983) dictates that each serotype is represented either in the vaccine or in the 
monoclonal antibody mixture. 

The recent advances in recombinant DNA technology have great potential 
for helping control gastroenteric infections in animals. They are especially 
relevant to producing vaccines against viruses that do not replicate well in 
culture. Identification of the antigens involved in protection and the genes 
coding for them should make it feasible to produce sufficient antigen for 
immunization. Furthermore, it should be possible to identify the sequences 
involved in protection and synthesize them (Lerner, 1983) for immunization of 
dams during pregnancy so as to elevate colostral and milk antibodies. The 
problem of multiple serotypes combined with multiple agents that can cause 
diarrhea in ruminants emphasizes the need for inclusion of many agents in a 
vaccine before a great decrease in disease incidence will be seen. In this regard 
economical production of these vaccines is mandatory. 
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A final method of reducing enteric infections is by proper management. 
Since it is assumed that infections either occur as a result of virus shedding 
from small numbers of adults or from virus in the environment, animals should 
not be crowded into contaminated areas. Movement of young into clean en-
vironments, away from other animals, will greatly reduce the rate of infection 
and economic loss. Finally, if only a limited number of animals are carriers, it 
may be possible to eliminate these and thus break the infection cycle. However, 
this hypothesis is in need of proper testing. 

CONCLUSIONS 

Although there is a wide variety of viruses that can cause infections of the 
gastrointestinal tract of animals, most of them are localized in either the crypts 
or the enterocytes. Infections are initiated in the proximal part of the small 
intestine and progress sometimes to the colon. Infections result in loss of 
adsorptive cells, villous atrophy, fluid loss and ion imbalance. These pathophy-
siological events lead to anorexia, dehydration and death. Since young animals 
do not have large reserves of fluids and glycogen, mortality can reach 50-80% 
in severe outbreaks. However, removal of milk and administration of oral 
electrolytes can significantly reduce losses. 

Effective immunization requires that local immunity is present at an early 
age. Oral immunization with live attenuated vaccines is difficult due to the 
high levels of maternal antibody in the milk during the first few days of life. To 
overcome this problem the present trend is to immunize the dam so as to 
increase the level of antibody in milk above the threshold level required to 
prevent infection. As more agents and serotypes involved in gastroenteritis are 
identified, vaccines will have to combine various pathogens and serotypes for 
protection. Although in some cases vaccines may be produced by conventional 
methods, recombinant DNA technology may aid in providing sufficient quan-
tities of antigens to vaccinate against viruses that do not replicate well in 
culture. However, it will be more difficult to test the efficacy of these vaccines 
under field conditions than that of many other vaccines due to the difficulty in 
reproducing the disease and its variable incidence from year to year in herds 
under natural conditions. 
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pass ive immunizat ion against PRV, 120 
Pasteurella haemolytica, 174, 324, 335, 337 
Pasteurella multocida, 152, 324 
Pea ton virus, a bunyavirus , 467, 477 
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— M A V vacc ine against 8 
—pustules , 5, 6 
vacc in ia virus, 3, 4 
— a n orthopoxvirus, 3 
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Bovine spongiform encephalopathy (BSE) of domestic adult cattle is a new 
form of progressive degenerative encephalopathy occurring on farms through-
out Great Britain. The disease was first described by Wells et al. (1987), who 
found the clinical signs, neuropathology and the presence of fibrils in affected 
brains as reminiscent of scrapie in sheep. The agent of BSE could be transmit-
ted with brain homogenates from sick cattle to mice, which fell ill 292-342 days 
after intracerebral inoculation showing scrapie-like signs and lesions (Fraser 
et al., 1988). BSE is thus a transmissible disease and its agent is scrapie-like. 
Changes in offal rendering towards low-temperature systems over the last 10 
years have favored the survival and spread of scrapie agent in ovine meat and 
bone meal as supplements of foodstuff for cattle (Morgan, 1988). The epidemic 
of BSE had thus an extended common source, in which all infected animals 
were index cases (Wilesmith et al., 1988). The scrapie-like agent is probably 
ingested within the first 6 months of life, and the infection is then followed by 
a 4-5-year period before clinical signs appear (Winter et al., 1989). The data 
from extensive studies showed that BSE itself is not simply inherited but that 
an individual inheritance of susceptibility is most probable (Wijeratne and 
Curnow, 1990). 

After an insiduous onset, the disease signs are similar to those of scrapie in 
sheep, i.e. behavioral disorder, gait ataxia, paresis, loss of body weight and, 
occasionally, pruritus. The disease has a progressive course, necessitating 
slaughter in 1-6 months (Wells et al., 1987; Wilesmith et al., 1988). At his-
topathological examination, the principal lesion consisted of bilaterally 
symmetrical degenerative changes in certain brain stem grey matter locations 
in the form of neuronal vacuolation (Wells et al., 1987). 

Electron microscopy of appropriately processed, negatively stained brain 
homogenates revealed the presence of scrapie-associated fibrils (SAF), con-
sidered unique for slow progressive encephalopathies caused by "unconven-
tional viruses" (Wells et al., 1987; Hope et al., 1988). It is well-known that SAF 
are aggregates of a protein that can partially be degraded by proteinase Κ to 
result in a resistant form of 27-30 k. The protein is called SAF protein or prion 
protein (PrP). In a normal brain, there is the isoform of PrP which does not 
aggregate to fibrils and is completely degraded by proteinase K. Antisera raised 
in rabbits against the PrP from scrapie in sheep or mice react with the PrP in 
immunoblotting assays, but not with the completely degraded isoform from 
normal brain. Since such antisera reacted positively also with the PrP from a 
cow terminally affected with BSE, they should be used in post-mortem routine 
laboratory testing for scrapie and BSE (Farquhar et al., 1989). 

BSE is a notifiable disease. Its agent belongs to "unconventional viruses" 
known to be extremely resistant to inactivation by standard decontamination 
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procedures. Since BSE is obviously a consequence of feeding cattle with scra-
pie-infected supplements of foodstuff, the avoidance of such supplements ap-
pears to be the major prophylactic measure (reviewed by Taylor, 1989). It 
remains to be seen whether "the recently introduced (July 1988) suspension of 
the inclusion of ruminant-derived animal protein in ruminant feedstuff s (Order 
1988)" will result in reduced incidence of BSE (Wilesmith et al., 1988). 
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