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Introduction

Unlike previous editions, parasites are now organised
under the hosts and organ systems in which they are
found. As many parasites have features in common,
the first chapter of this book provides a background
to the taxonomic classification and common mor-
phological features of the many groups of parasites
found in domestic animals. More detailed individual
descriptions are then provided under the respective
host chapters. Throughout the book extensive index-
ing and cross-referencing are provided both in the

overview that follows, and at the end of each host
chapter. Non-obligate ectoparasites, that may be found
on several hosts, are now grouped in a separate chap-
ter, Chapter 11: Facultative parasites and arthropod
vectors.

Further general chapters are provided on The epi-
demiology of parasitic diseases (Chapter 12); Resist-
ance to parasitic diseases (Chapter 13); Antiparasitics
(Chapter 14); and The laboratory diagnosis of para-
sitism (Chapter 15).

1 PARASITE TAXONOMY AND MORPHOLOGY

A. VETERINARY HELMINTHOLOGY

Phylum Class Superfamily Genus Chapters
Family
Sub-family

Nemathelminthes Nematoda Trichostrongyloidea Ostertagia 1,2 3 8
Teladorsagia 1,3, 8
Haemonchus 1,2, 3 8
Marshallagia 1, 3,8
Mecistocirrus 1,23 5
Hyostrongylus 1,5
Trichostrongylus 1,2, 3,4, 5,

7,89 10

Cooperia 1,2, 3 8
Nematodirus 1,2, 3 8
Dictyocaulus 1,23, 4,8
Amidostomum 1,7
Ollulanus 1,56
Ornithostrongylus 1, 10
Impalaia 1,8
Graphinema 8
Spiculopteragia 8
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Phylum Class Superfamily Genus Chapters
Family
Sub-family

Apteragia
Rinadia
Camelostrongylus
Nematodirella
Lamanema
Graphidium
Obeliscoides
Nippostrongylus
Nematospiroides
Libyostrongylus
Epomidiostomum
Strongyloidea Strongylus
Strongylinae Triodontophorus
Chabertia
Oesophagostomum
Stephanurus
Syngamus
Mammomonogamus
Globocephalus
Deletrocephalus 10
Paradeletrocephalus 10
Kalicephalus 10
Codiostomum 10
Poteriostomum
Craterostomum
Oesophagodontus
Cyathostoma
Cyathostominae Cyathostomum
Cylicocyclus
Cylicodontophorus
Cylicostephanus
Ancylostomatoidea Ancylostoma
Uncinaria
Bunostomum
Gaigeria
Agriostomum
Necator
Metastrongyloidea Metastrongylus
Muellerius
Protostrongylus
Cystocaulus
Spiculocaulus
Neostrongylus
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Phylum Class Superfamily Genus Chapters
Family
Sub-family
Oslerus 1,6
Filaroides 1,6
Aelurostrongylus 1,6
Angiostrongylus 1, 6,9
Crenosoma 1,6
Anafilaroides 1,6
Vogeloides 6
Gurltia 1
Parelophostrongylus 1,8
Elaphostrongylus 1,8
Varestrongylus 3,8
Rhabditoidea Strongyloides 1, 2, 3, 5,
6,7
Halicephalobus 1,4
Rhabditis 1,4
Rhabdias 10
Ascaridoidea Ascaris 1,5
Toxocara 2,6
Toxascaris 1,6
Parascaris 1, 4
Ascaridia 1,7, 10
Heterakis 1,7, 10
Paraspidodera 9
Sulcascaris 10
Ophidascaris 10
Porrocaecum 7
Polydelphus 10
Anisakidae Anisakis 1
Contracaecum 1,7
Hysterothylacium 1
Pseudoterranova 1
Angusticaecum 1, 10
Oxyuroidea Oxyuris 1, 4
Probstmayria 1, 4
Skrjabinema 1,2 3 8
Paraspidodera 1,9
Enterobius 1
Aspicularis 9
Passalurus 9
Syphacia 9
‘Subuluroidea’ Subulura 1,7
Spiruroidea Spirocerca 1,6
Habronema 1,4

-
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Phylum Class Superfamily Genus Chapters
Family
Draschia 1, 4
Parabronema 1,2 3 8
Thelazia 1,2,4,6,8
Gnathostoma 1, 5, 6
Gongylonema 1,2 3, 5,7,
8
Ascarops 1,5
Physocephalus 1,5
Simondsia 1,5
Physaloptera 1,6
Spirura 1, 6, 10
Echinuria 1,7
Dispharynx 1, 7, 10
Tetrameres 1,7, 10
Streptocara 1,7
Cheilospirura 1,7
Histiocephalus 1,7
Hartertia 1,7
Oxyspirura 1,7
Odontospirura 10
Filarioidea Parafilaria 1,2, 4
Stephanofilaria 1, 2
Dirofilaria 1,6
Dipetalonema 1, 6,8
Onchocerca 1,2, 4,8
Setaria 1,2, 4
Elaeophora 1,2, 3, 4,8
Ornithofilaria 1
Pelecitus 1
Brugia 1
Loa 1
Wuchereria 1
Mansonella 1
Suifilaria 5
Paronchocercaria 10
Trichuroidea Trichuris 1,2, 3, 5,6,
8,9
Capillaria 1,23 6,7,
8,9, 10
Trichinella 1,4,5, 6
Trichosomoides 9
Dioctophymatoidea Dioctophyma 1,5 6
Hystrichis 1,7
Eustrongylides 1,7
Dracunculoidea Dracunculus 1,2
Avioserpens 1,7
Acanthocephala Oligacanthorhynchidae Macracanthorhynchus 1,4, 5
Polymorphidae Polymorphus 1,7
Filicollis 1,7

(continued)
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Phylum Class Family Genus Chapters
Sub-class

Platyhelminthes Trematoda
Digenea Fasciolidae Fasciola
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Fasciolopsis
Dicrocoeliidae Dicrocoelium
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Platynosomum
Paramphistomatidae Paramphistomum
Orthocoelium
(syn Ceylonocotyle)
Cotylophoron
Bothriophoron
Gastrodiscus
Homologaster
Explanatum
(syn Gigantocotyle)
Pseudodiscus
Digenea Troglotrematidae Paragonimus
Nanophyetus
Collyriclum
Cyclocoelidae Typhlocoelum
Hyptiasmus
Opisthorchiidae Opisthorchis
(syn Clonorchis)
Metorchis
Parametorchis
Pseudamphistomum
Schistosomatidae Schistosoma
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Bilharziella
Trichobilharzia
Orientobilharzia
Ornithobilharzia
Heterobilharzia
Austrobilharzia
Diplostomatidae Alaria
Diplostomum
Echinostomatidae Echinostoma
Echinoparyphium
Hypoderaeum
Echinochasmus
Euparyphium
Notocotylidae Notocotylus
Catatropis
Cymbiforma
Brachylaemidae Brachylaemus
Skrjabinotrema
Plagiorchiidae Plagiorchis
Prosthogonimidae Prosthogonimus
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Phylum Class Family Genus Chapters
Sub-class
Heterophyidae Heterophyes 1,6
Metagonimus 1, 6
Apophallus 6
Cryptocotyle 6
Haplorchis 1, 6
Strigeidae Apatemon 7
Cotylurus 7
Parastrigea 7
Phylum Class Family Genus Chapters
Order
Platyhelminthes Cestoda
Cyclophyllidea Taeniidae Taenia 1,2, 3 5,6,
(syn Multiceps) 8 9
Echinococcus 1,2, 3, 4,5,
6, 8
Anoplocephalidae Anoplocephala 1,4
Paranoplocephala 1, 4
Moniezia 1,2 3 8
Cittotaenia 9
Dilepididae Dipylidium 1,6
Amoebotaenia 1,7
Choanotaenia 1,7
Metroliasthes 1,7
Davaineidae Davainea 1, 7, 10
Raillietina 1, 7, 10
Cotugnia 1,7
Huttuynia 10
Hymenolepididae Hymenolepis 1,7
Fimbriaria 1,7
Rodentolepis 1,9
Mesocestoididae Mesocestoides 1,6
Thysanosomidae Stilesia 1,2, 3 8
Thysanosoma 1,2, 3
Thysaniezia 1,2, 3 8
Avitellina 1,2, 3 8
Pseudophyllidea Diphyllobothriidae Diphyllobothrium 1,6
Spirometra 1,6

(continued)
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B. VETERINARY ENTOMOLOGY

Phylum CLASS Family Genus Chapters
Order
Sub-order
Arthropoda Insecta
Hemiptera Cimicidae Cimex 1
Reduviidae Triatoma 1, 11
Rhodnius 1, 11
Panstrongylus 1
Diptera
Nematocera Ceratopogonidae Culicoides 1, 11
Simuliidae Simulium 1, 11
Psychodidae Phlebotomus 1, 11
Lutzomyia 1, 11
Culicidae Aedes 1, 11
Anopheles 1, 11
Culex 1, 11
Brachycera Tabanidae Chrysops 1, 11
Haematopota 1, 11
Tabanus 1, 11
Cyclorrhapha Muscidae Musca 1, 11
Hydrotaea 1, 11
Stomoxys 1, 11
Haematobia 1, 11
Fanniidae Fannia 1, 11
Hippoboscidae Hippobosca 1, 11
Melophagus 1,3
Lipoptera 11
Glossinidae Glossina 1, 11
Calliphoridae Lucilia 1,2, 3 11
Calliphora 1, 3, 11
Protophormia 1, 3, 11
Phormia 1, 3, 11
Cochliomyia 1, 11
(syn Callitroga)
Chrysomya 1, 11
Cordylobia 1, 11
Sarcophagidae Sarcophaga 11
Wohlfahrtia 1, 11
Oestridae Hypoderma 1,2 8
Oestrus 1,3, 8
Dermatobia 1, 11
Przhevalskiana 1, 3
(syn Crivellia)
Cephenemyia 1,8
Oedemagena 1,8
Gedoelstia 1,3
Cephalopina 1,8
(syn Cephalopsis)
Rhinoestrus 1, 4
Pharyngomyia 8
Cuterebra 1,9
Gasterophilus 1, 4

(continued)
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Phylum CLASS Family Genus Chapters
Order
Sub-order
Phthiraptera
Anoplura Haematopinidae Haematopinus 1,2, 4,5
Microthoraciidae Microthoracius 1, 8
Linognathidae Linognathus 1,2 3,6
Solenopotes 1,2
Polyplacidae Polyplax 1,9
Amblycera Menoponidae Menacanthus 1,7
Menopon 1,7
Holomenopon 1,7
Ciconiphilus 7
Trinoton 7
Amyrsidea 1,7
Mecanthus 7
Boopidae Heterodoxus 1,6
Gyropidae Gyropus 1,9
Gliricola 1, 9
Trimenoponidae Trimenopon
Ischnocera Philopteridae Cuclotogaster 1,7
Lipeurus 1,7
Goniodes 1,7
Goniocotes 1,7
Anaticola 7
Acidoproctus 7
Anatoecus 7
Ornithobius 7
Columbicola 1, 10
Trichodectidae Bovicola 1,2, 3,4
(syn Damalinia)
Felicola 1,6
Trichodectes 1,6
Degeeriellidae Lagopoecus 7
Siphonaptera Ceratophyllidae Ceratophyllus 1, 11
Nosopsyilus 1,9
Pulicidae Ctenocephalides 1, 6, 11
Spilopsyllus 1, 11
Echidnophaga 1, 11
Pulex 1, 11
Xenopsylla 1,9
Archaeopsylla 1, 11
Tunga 1, 11
Leptopsyllidae Leptopsylla 1,9

(continued)
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Phylum CLASS Family Genus Chapters
Sub-class
Sub-order
Arthropoda Arachnida
Acari
Ixodida Ixodidae Ixodes 1, 10, 11
(Metastigmata) Dermacentor 1, 11
Rhipicephalus 1, 11
Haemaphysalis 1, 10, 11
Boophilus 1, 11
Amblyomma 1, 10, 11
Hyalomma 1, 10, 11
Aponomma 1, 10
Argasidae Argas 1, 10, 11
Otobius 1, 11
Ornithodoros 1, 10, 11
Sarcoptiformes Sarcoptidae Sarcoptes 1,2, 3,4, 5,
(Astigmata) 6, 8
Notoedres 1, 6,9
Trixacarus 1,9
Psoroptidae Psoroptes 1,2, 3,4,8
Chorioptes 1,2 3, 4,8
Otodectes 1,6
Knemidokoptidae Knemidokoptes 1,7
Listeropheridae Mycoptes 1,9
Cytoditidae Cytodites 1,7, 10
Laminosioptidae Laminosioptes 1,7
Analgidae Megninia 1,7
Atopomelidae Chirodiscoides 1,9
Dermoglyphidae Dermoglyphus 1,7
Freyanidae Freyana 1,7
Epidermoptidae Epidermoptes 1,7
Microlichus 1,7
Promyialges 1,7
Pterolichidae Pterolichus 1,7
Sideroferus 1,7
Hypoderidae Hypodectes 1,7
Trombidiformes Demodicidae Demodex 1, 2, 3,4,
(Prostigmata) 56,9
Cheyletidae Cheyletiella 1,6
Trombiculidae Neotrombicula 1, 11
Eutrombicula 1, 11
Leptotrombidium 1,9
Neoschongastia 1,7
Psorergatidae Psorergates 1,2 3 9
Pyemotidae Pyemotes 1, 11
Myobidae Myobia 1,9
Radfordia 1,9
Syringophilidae Syringophilus 1,7
Pterygosomatidae Geckobiella 1, 10
Pimeliaphilus 1, 10
Hirstiella 1, 10
Ixodiderma 1, 10

(continued)
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Phylum CLASS Family Genus Chapters
Sub-class
Sub-order
Scapothrix 1, 10
Zonurobia 1, 10
Mesostigmata Macronyssidae Ornithonyssus 1, 7,9
(Gamesid Mites) Neoliponyssus 10
Ophionyssus 1, 10
Dermanyssidae Dermanyssus 1,7, 9
Liponyssoides 1,9
Halarachnidae Pneumonyssus 1,6
Entonyssidae Entonyssus 1, 10
Entophionyssus 1, 10
Mabuyonysus 1, 10
Rhinonyssidae Sternosoma 1,7
Laelapidae Hirstionyssus 1,9
Haemogamasus 1,9
Eulaelaps 1, 9
Laelaps 1, 9
Androlaelaps 1,9
Arthropoda Pentastomida
Linguatulidae Linguatula 1, 10
C. VETERINARY PROTOZOOLOGY
Phylum Order Family Genus Chapters
Sub-phylum Sub-order
PROTISTA
Sarcomastigophora
Sarcodina Amoebidorida Endamoebidae Entamoeba 1,2 3, 4,5,
6,9, 10
Endolimax 1
Mastigophora Kinetoplastorida Trypanosomatidae Leishmania 1,6
Trypanosoma 1,2, 3, 4,5,
6,7, 8 10
Trichomonadorida Trichomonadidae Tritrichomonas 1,25 7,9
Trichomonas 1,6, 7, 10
Tetratrichomonas 1,2, 3 5,6,
7,9
Trichomitus 1,5
Pentatrichomonas 1,6, 10
Chilomastix 7, 10
Enteromonas 10
Eutrichomonas 10
Herpatomonas 10
Leptomonas 10
Proteromonas 10
Monocercomonadidae Histomonas 1,7
Monocercomonas 1,2, 10
Retortamonadorididae Retortamonas 1,23 9

(continued)
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Phylum Order Family Genus Chapters
Sub-phylum Sub-order
Diplomonadorida Diplomonadidae Giardia 1,2, 3 4,5,
6,9
Spironucleus 1,7, 9 10
(syn Hexamita)
Caviomonas 1,9
Monocercomonoides 1,9
Protomonas 1,9
Hexamastix 1,9
Chilomitus 1,9
Cochlosomatidae Cochlosoma 1,7
Apicomplexa Eucoccidiorida
Eimeriorina Eimeriidae Eimeria 1,2, 3,4, 5,
7, 8,9, 10
Isospora 1, 5, 6, 8,
10
Cyclospora 1, 10
Tyzzeria 1,7, 10
Wenyonella 1, 7,10
Caryospora 1, 10
Hoarella 1, 10
Octosporella 1, 10
Pythonella 1, 10
Dorisella 1, 10
Cryptosporidiidae Cryptosporidium 1,2, 3, 4,5
6,7,8 9 10
Sarcocystiidae Besnoitia 1,2, 3, 6,8,
10
Hammondia 1,6
Sarcocystis 1,2, 3,4, 5
6,7,8 9 10
Neospora 1,2
Frenkelia 1
Toxoplasma 1,2 3, 4,5,
6,7,8 9 10
Lankesterellidae Lankesterella 1
Schellakia 1, 10
Atoxoplasmatidae Atoxoplasma 1
Klossiellidae Klossiella 1, 4,9 10
Hepatozoidae Hepatozoon 1, 6,9, 10
Haemogregarinidae Haemogregarina 10
Haemosporida Plasmodiidae Haemoproteus 1,7, 10
Hepatocystis 1
Leucocytozoon 1,7, 10
Plasmodium 1,7, 10
Piroplasmorida Babesiidae Babesia 1, 2, 3,4,
56,8
Theileriidae Theileria 1,2 3, 4,8
Cytauxzoon 1,6
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Phylum Order Family Genus Chapters
Sub-phylum Sub-order
Microspora Microspororida Nosematidae Encephalitozoon 1, 6,9
Enterocytozoonidae Enterocytozoon 1
Ciliophora Trichostomatorida Balantidiidae Balantidium 1, 5, 10
Pycnotrichidae Buxtonella 2,8
Nyctotheridae Nyctotherus 1, 10
Bigyra Blastocystida Blastocystidae Blastocystis 1
Blastocysta
Ascomycota Pneumocystida Pneumocystidaceae Pneumocystis 1,2
D. RICKETTSIAE
Kingdom Order Family Genus Chapters
Sub-family
Monera Rickettsiales Rickettsiaceae
Rickettsieae Rickettsia 1,2, 36,9
Rochalimaea 1
Coxiella 1
Neorickettsia 4
Ehrlichieae Ehrlichia 1,2, 3,6
‘Cowdria’* 1,2, 3
Bartonellaceae Bartonella 1
Grahamella 1
Anaplasmataceae Anaplasma 1,2, 3 4,
6, 8
Aegyptianella 1,7
Eperythrozoon 1,23 5
Haemobartonella 1,6

(syn Mycoplasma)

-

* Genus Cowdria now classified as Ehrlichia.
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2 Parasites of cattle, 51

Endoparasites, 51
Parasites of the digestive system, 51
Parasites of the respiratory system, 80
Parasites of the liver, 85
Parasites of the pancreas, 91
Parasites of the circulatory system, 91
Parasites of the nervous system, 117
Parasites of the reproductive/urogenital
system, 118
Parasites of the locomotory system, 121
Parasites of the connective tissue, 126
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Flies, 137
Lice, 137
Mites, 141
Cattle parasite checklist, 146

Parasites of sheep and goats, 152
Endoparasites, 152
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Parasites of the liver, 201
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Parasites of the circulatory system, 212
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Parasites of the integument, 227
Ectoparasites, 228
Lice, 228
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Sheep parasite checklist, 247
Goat parasite checklist, 253

Parasites of horses, 259

Endoparasites, 259
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Parasites of the liver, 290
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system, 301
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Horse parasite checklist, 310
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Endoparasites, 316
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Parasites of the pancreas, 339
Parasites of the circulatory system, 339
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Parasites of the integument, 347
Ectoparasites, 347
Pig parasite checklist, 352

Parasites of dogs and cats, 356
Endoparasites, 356
Parasites of the digestive system, 356
Parasites of the respiratory system, 395
Parasites of the liver, 403
Parasites of the circulatory system, 410
Parasites of the nervous system, 427
Parasites of the reproductive/urogenital
system, 429
Parasites of the locomotory system, 431
Parasites of the integument, 433
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Foreword to the first edition

This book is intended for students of veterinary par-
asitology, for practising veterinarians and for others
requiring information on some aspect of parasitic
disease.

Originally intended as a modestly expanded version
of the printed notes issued to our students in the third
and fourth years of the course, the text, perhaps
inevitably, has expanded. This was due to three fac-
tors. Firstly, a gradual realization of the deficiencies
in our notes; secondly, the necessity of including
some of the comments normally imparted during the
lecture course; and thirdly, at the suggestion of the pub-
lishers, to the inclusion of certain aspects of parasitic
infections not treated in any detail in our course.

We should perhaps repeat that the book is primar-
ily intended for those who are directly involved in the
diagnosis, treatment and control of parasitic diseases
of domestic animals. The most important of these dis-
eases have therefore been discussed in some detail, the
less important dealt with more briefly and the uncom-
mon either omitted or given a brief mention, Also, since
details of classification are of limited value to the vet-
erinarian we have deliberately kept these to the min-
imum sufficient to indicate the relationships between
the various species. For a similar reason, taxonomic
detail is only presented at the generic level and, occa-
sionally, for certain parasites, at species level. We
have also trod lightly on some other areas such as, for
example, the identification of species of tropical ticks
and the special significance and epidemiology of
some parasites of regional importance. In these cases,
we feel that instruction is best given by an expert aware
of the significance of particular species in that region.

Throughout the text we have generally referred to
drugs by their chemical, rather than proprietary,
names because of the plethora of the latter through-
out the world. Also, because formulations are often
different, we have avoided stating doses; for these, ref-
erence should be made to the data sheets produced
by the manufacturer. However, on occasions when a

drug is recommended at an unusual dose, we have
noted this in the text.

In the chapters at the end of the book we have
attempted to review five aspects of veterinary
parasitology, epidemiology, immunity, anthelmintics,
ectoparasiticides and laboratory diagnosis. We hope
that this broader perspective will be of value to
students, and particularly to those dismayed by the
many complexities of the subject.

There are no references in the text apart from
those at the end of the chapter on diagnosis. This was
decided with some regret and much relief on the
grounds that it would have meant the inclusion, in
a book primarily intended for undergraduates, of
hundreds of references. We hope that those of our
colleagues throughout the world who recognize the
results of their work in the text will accept this by way
of explanation and apology.

We would, however, like to acknowledge our
indebtedness to the authors of several source books
on veterinary parasitology whose work we have
frequently consulted. These include Medical and
Veterinary Protozoology by Adam, Paul & Zaman,
Veterinaermedizinische Parasitologie by Boch & Sup-
perer, Dunn’s Veterinary Helminthology, Euzéby’s
Les Maladies Vermineuses des Animaux Domestiques,
Georgi’s Parasitology for Veterinarians, Reinecke’s
Veterinary Helminthology, Service’s A Guide to
Medical Entomology and Soulsby’s Helminths,
Arthropods and Protozoa of Domesticated Animals.

Any student seeking further information on
specific topics should consult these or, alternatively, ask
his or her tutor for a suitable review.

The ennui associated with repeated proofread-
ing may occasionally (we hope, rarely) have led to
some errors in the text. Notification of these would
be welcomed by the authors. Finally we hope that
the stresses endured by each of us in this collaborat-
ive venture will be more than offset by its value to
readers.
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was essential in the production of this book. We
would especially like to thank Kenneth Bairden, our
chief technician, who prepared much of the material
for photography, often at inordinately short notice;
Archie Finnie and Allan May, of the Photographic Unit,
who, almost uncomplainingly, undertook the extra
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Foreword and acknowledgements
to the second edition

The first edition of this book was published in 1987
and the authors considered that a second edition is now
necessary for several reasons.

Firstly, the widespread use of drugs such as avermectins
and milbemycins, which have had a significant effect
on anthelmintic prophylaxis and control. At the time
of the first edition only one, ivermectin, was mar-
keted whereas at the present time there are now sev-
eral such products, supplemented by a number of
new, long-acting chemoprophylactic devices.

Secondly, in many countries the production of a num-
ber of older anthelmintics and insecticides has largely
ceased or many are difficult to find.

Thirdly, several parasitic diseases have now been
described, about which little was known at the time
of the first edition. Notably these are neosporosis and
Lyme disease. Also included is a short description of
the nasal mite of dogs, Pneumonyssus caninum, kindly
provided by Professor Arvid Uggla of The National
Veterinary Institute and Swedish University of
Agricultural Sciences, Uppsala, Sweden.

Fourthly, we have taken the opportunity of rewrit-
ing some parts of the text, which on reflection, were
less clear than we had hoped. In many cases, this has
been supplemented by new diagrams or photographs.

Another change in this edition is the adoption of
the standardized nomenclature of animal parasitic
diseases (SNOAPAD) proposed by an expert com-
mittee appointed by the World Association for the
Advancement of Veterinary Parasitology (WAAVP)
published in Veterinary Parasitology (1988) 29, 299-
326. Although this may have a discomforting effect on
those who have used certain familiar terms for animal
parasitic diseases for many years, it is designed to

improve the clarity of scientific communication by the
general use of uniform terminology and should, in the
long term, prove particularly beneficial in facilitating
the retrieval of computerized data related to veterin-
ary parasitology.

At the end of the book we have given a list of books
and journals, which should be useful to anyone who
wishes to pursue a specific subject in greater detail. This
is confined to publications, which are readily avail-
able in most libraries of universities and research
institutes.

We wish to thank Drs Ken Bairden, Quintin
McKellar and Jacqueline McKeand for helpful com-
ments on the text, also Mr Stuart Brown who assisted
in the preparation of some of the new illustrations
and Una B. Shanks RSW who prepared all of the new
drawings.

We should mention, with great regret, the death of
our co-author Dr Angus M. Dunn, who died in 1991
before this review was started, but we are reasonably
certain that he would have approved of all the alter-
ations we have made.

At the start of this revision we had intended to
include new sections on parasitic disease of both fish
and laboratory animals. However, a subsequent review
of the literature currently available on these two sub-
jects indicated that both were adequately covered
in existing publications and it seemed more sensible
to include the titles of these in the list of suggested
reading.

Finally we wish to express our appreciation of the
reception accorded to the first edition by reviewers,
colleagues and students; we hope this second edition
will be equally well received.



Foreword to the third edition

On behalf of the original authors of the first and sec-
ond editions of Veterinary Parasitology, 1 would like
to congratulate the new team of authors responsible
for the third edition, which has expanded considerably
from the previous two in order to include new areas
of interest in the subject at local, national and inter-
national levels.

It is worth reflecting that the first edition was
essentially a written and illustrated expansion of the
printed notes issued to undergraduate veterinary stu-
dents at the University of Glasgow. These notes very
much mirrored the research interests of the staff
within the Department of Veterinary Parasitology,
which were principally in the helminthology branch of
the subject, and to a lesser extent the protozoology and
entomology components. Understandably this bias
was reflected in the first edition, which was aimed at
a readership of veterinary undergraduates and prac-
tising veterinary surgeons.

In the second edition, apart from the inclusion of
some new and emerging diseases, the main change
was the adoption of the standardised nomenclature of
animal parasitic diseases (SNAOPAD) proposed by an
expert committee of the World Association for the
Advancement of Veterinary Parasitology (WAAVP).

By the time edition three was sought there was a
clamour from the ever expanding population of those
interested in the subject to produce a book that was
not only suitable for students and practitioners but also
provided more detailed information required by
those researching the subject whether in academia, gov-
ernment institutions or industry.

This was a difficult task to undertake but the cur-
rent authors have managed to produce a well illustrated
text suitable for those studying and researching the sub-
ject. I particularly liked the re-vamped sections on ento-
mology and protozoology and the updating of that on
helminthology. The new chapters on parasites of lab-
oratory animals and exotic pets were needed and the
highlighting of zoonotic potential, where appropriate,
was a welcome feature.

Despite the wealth of new material the original
flavour of the first edition can still be detected, which
gives great pleasure to myself, and my former colleagues
at Glasgow.

I am sure the new edition will command great
interest and respect from the international community
of veterinary students, researchers and practitioners.

Professor Sir James Armour



Preface and acknowledgements
to the third edition

The third edition has been written to accommodate
a wider readership which includes teachers and
students in veterinary schools, research groups in uni-
versities and institutes, veterinarians in practice and
in government service and others who are involved
in aspects of parasitic disease. In producing the new
edition of Veterinary Parasitology the authors had
several aims.

The first was to preserve the spirit of the first and
second editions, which had been compiled by eminent
and respected veterinary parasitologists in their field
and which provided a solid background on which to
consolidate.

The second aim was to expand the sections on pro-
tozoa and ectoparasites and to incorporate a larger
selection of parasites, which are of veterinary signi-
ficance in other parts of the world. The book focuses
mainly on core information relating to parasites of live-
stock and companion animals but new sections on par-
asites of poultry and gamebirds, laboratory animals,
exotic pets and ‘farmed’ species have been included.
The majority of parasitic diseases are now covered in
detail using a standardised format for each parasite to
allow easy referencing and for comparison between
species within a genus. Where appropriate, reference
is made to human infections where there is natural
transmission of parasitic disease between vertebrate
animals and man (zoonoses).

The third aim was to present the information in a
format which is compatible with the current parasito-
logy teaching modules used within many university
veterinary schools. This inevitably has had to be a com-
promise, as approaches to teaching veterinary parasito-
logy differ throughout the world, but, by arranging the
parasites under host species and their predilection site
within the host and providing a comprehensive check
list for each section and extensive cross-referencing,
it is hoped that information on particular parasites
can be easily located. Taxonomy of the main parasitic
phyla and classes are provided within an introductory
chapter along with generic descriptions and anatom-
ical features of the parasite orders and families.

Additional detailed sections are provided at the back
of the book on veterinary antiparasitics, with a section
on laboratory diagnosis, including numerous tables and
identification charts. In keeping with previous edi-
tions a series of brief overviews of topics relevant to
veterinary parasitology have been included to provide
the non-expert with basic background information
and to also highlight additional sources of reading.

The classification of parasites has been updated
to reflect many of the systematic changes introduced,
particularly where molecular genetics-based taxonomic
reorganisation has been introduced. Throughout,
synonyms have been provided reflecting older taxo-
nomic nomenclature or where controversy remains.
As with the previous edition, parasitic infections are
described according to the Standardised Nomenclature
of Animal Parasitic Diseases guidelines (SNOAPAD,
1988; Veterinary Parasitology 29, 299-326). In consid-
ering treatment of parasitic infections we have used
the generic names of drugs to avoid listing the wide
range of products, which are currently marketed in dif-
ferent countries. Dose rates of drugs are not always
stated as many vary from country to country, being
influenced by the relevant regulatory authorities. In
all cases, readers are advised to consult the manufac-
turer’s data sheets for current information and local
regulations.

The authors are extremely grateful to Professor
Sir James Armour and Professor James Duncan for
their interest and support and for reading through the
drafts of the text and their constructive comments.
Any errors in the book are solely the responsibility of
the authors. In order to assist the reader and for
clarification we took the decision to produce much of
the book and illustrations in colour and we are most
grateful for the generous financial support of the fol-
lowing pharmaceutical companies which made this
possible:

Fort Dodge Animal Health; Pfizer Animal Health
Division of Pfizer Ltd; Merial Animal Health;
Novartis Animal Health; Schering-Plough Animal
Health; Bayer Animal Health; Virbac Ltd.
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The new edition has benefited considerably from the
range of expertise of the three authors:

Professor Mike Taylor is a veterinary graduate of
Glasgow University Veterinary College, having stud-
ied under the authors of the first and second editions,
whose enthusiasm for their subject greatly influenced
his interest in veterinary parasitology. After 6 years in
general veterinary practice, a large part of his career
was spent at the Central Veterinary Laboratory,
Weybridge, later to become the VLA, where he
worked on the epidemiology and control of parasitic
helminths, protozoa and ectoparasites of domestic
animals, and in particular parasite chemotherapy and
anthelmintic resistance. During this time he studied
for a PhD at the Royal Veterinary College (RVC), Lon-
don, under the expert guidance of Professor Dennis
Jacobs. He is currently head of Veterinary Surveill-
ance at the Central Science Laboratory York, a visit-
ing Professor of Parasitology at the Royal Veterinary
College, London and at the University of Wales,
Bangor, a Fellow of Edinburgh University, a Diplomate
of the European College of Veterinary Parasitology
and Editor-in-Chief of Veterinary Parasitology.

Dr Bob Coop graduated in biochemistry from the
University of Liverpool and then undertook a PhD in
large animal parasitology at the University of Wales,
Bangor. He has spent over 35 years in veterinary par-
asitology research, initially working with lungworm
infection in pigs and then on the epidemiology and
pathogenesis of gastrointestinal nematode infection
in small ruminants, and in particular the nutrition—
parasite interaction and sustainable control strategies.
Formerly as Head of the Division of Parasitology at
the Moredun Research Institute, and now as a Fellow
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of the Moredun Foundation, he has considerable
experience of knowledge transfer to end-user groups
and veterinarians in practice.

Professor Richard Wall graduated in zoology from
the University of Durham followed by a PhD in
insect population ecology at the University of
Liverpool. He is now Professor of Zoology at the
University of Bristol, where he teaches and heads a
research group studying a diverse range of arthropods,
focusing particularly on ectoparasites of veterinary
importance and insect colonisers of dung and carrion.
His research ranges widely from fundamental studies
of arthropod taxonomy and physiology, through to field
population ecology and farm-level investigations of the
application of sustainable control technologies.

Finally, the help and support of the following list of
people is acknowledged in producing this textbook.
Professor Quintin McKellar (previous scientific direc-
tor) and Professor Julie Fitzpatrick (current scientific
director) of the Moredun Research Institute provided
support to Dr Coop allowing him full access to the
library facilities following his retirement. Dr Frank
Jackson for comments on the manuscript. Michelle
Moore, Matthew Carroll and Caroline Chaffer provided
invaluable assistance with setting up much of the initial
file documentation required to develop the re-organised
structure of the book. Ralph Marshall at the Veterinary
Laboratories Agency provided information on coccidial
species of camelids and gamebirds. The technical sup-
port of Shelagh Wall is gratefully acknowledged.

The following individuals kindly allowed us to use
their photographs or material as illustrations or
figures: Dr L. Gibbons — Fig. 8.2; Dr J. McGarry — Figs.
2.10,7.1, 7.4 and 8.1.



1

Parasite taxonomy and morphology

PRINCIPLES OF CLASSIFICATION

When examined, living organisms can be seen to form
natural groups with features in common. These sim-
ilarities may be morphological, but increasingly may
be based on DNA analysis. Groups of organisms are
combined into biologically meaningful groups, usu-
ally attempting to represent evolutionary pathways. A
group of this sort is called a taxon, and the study of
this aspect of biology is called taxonomy. The study
of the complex systems of inter-relationship between
living organisms is called systematics.

The taxa into which organisms may be placed are
recognised by international agreement; the primary
ones are: kingdom, phylum, class, order, family, genus
and species. The intervals between these are large, and
some organisms cannot be allocated to them precisely,
so intermediate taxa, prefixed appropriately, have been
formed; examples of these are the suborder and the
superfamily. As an example, the taxonomic status of
one of the common abomasal parasites of ruminants
may be expressed as shown below

Kingdom Animalia

Phylum Nemathelminthes
Class Nematoda

Order Strongylida
Suborder Strongylina
Superfamily Trichostrongyloidea
Family Trichostrongylidae
Subfamily Haemonchinae
Genus Haemonchus
Species contortus

The names of taxa must follow a set of internationally
agreed rules, but it is permissible to anglicise the end-
ings, so that members of the superfamily Trichostrongy-
loidea in the example above may also be termed
trichostrongyloids.

The names of the genus and species are expressed
in Latin form, the generic name having a capital let-
ter, and they must be in grammatical agreement. It is
customary to print Latin names in italics. Accents are

not permitted. If an organism is named after a person,
amendment may be necessary; the name of Miiller, for
example, has been altered in the genus Muellerius.

HELMINTHOLOGY

The higher taxa containing helminths of veterinary
importance are:

Major
Nemathelminthes (roundworms)
Platyhelminthes (flatworms)

Minor
Acanthocephala (thornyheaded worms)

Phylum NEMATHELMINTHES

The phylum Nemathelminthes has six classes but only
one of these, the nematoda, contains worms of para-
sitic significance. The nematodes are commonly called
roundworms, from their appearance in cross-section.

Class NEMATODA

A system of classification of nematodes of veterinary
importance is given in Table 1.1. It must be emphas-
ised that this is not an exact expression of the general
system for parasitic nematodes, but is a simplified
presentation intended for use in the study of veterin-
ary parasitology. It is based on the ten superfamilies
in which nematodes of veterinary importance occur,
and which are conveniently divided into bursate and
non-bursate groups.

STRUCTURE AND FUNCTION

Most nematodes have a cylindrical form, tapering at
either end, and the body is covered by a colourless,
somewhat translucent, layer: the cuticle.

The cuticle is secreted by the underlying hypodermis,
which projects into the body cavity forming two lateral
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Table 1.1

Parasitic Nematoda of veterinary importance: simplified classification.

Superfamily

Typical features

Bursate nematodes
Trichostrongyloidea
Trichostrongylus, Ostertagia, Dictyocaulus,
Haemonchus etc.

Strongyloidea
Strongylus, Syngamus etc.

Ancylostomatoidea
Ancylostoma, Uncinaria etc.

Metastrongyloidea
Metastrongylus, Muellerius, Protostrongylus etc.

Buccal capsule small. Life cycle direct; infection by L,

Buccal capsule well developed; leaf crowns and teeth
usually present. Life cycle direct; infection by L,

Buccal capsule small. Life cycle indirect; infection by L;
in intermediate host

Non-bursate nematodes
Rhabditoidea
Strongyloides, Rhabditis etc.

Ascaridoidea
Ascaris, Toxocara, Parascaris etc.

Oxyuroidea
Oxyuris, Skrjabinema etc.

Spiruroidea
Spirocerca, Habronema, Thelazia etc.

Filarioidea
Dirofilaria, Onchocerca, Parafilaria etc.

Trichuroidea
Trichuris, Capillaria, Trichinella etc.

Dioctophymatoidea
Dioctophyma etc.

Very small worms; buccal capsule small. Free-living and
parasitic generations. Life cycle direct; infection by L,

Large white worms. Life cycle direct; infection by L, in egg

Female has long, pointed tail. Life cycle direct; infection
by L; in egg

Spiral tail in male. Life cycle indirect; infection by L; from
insect

Long thin worms. Life cycle indirect; infection by L, from
insect

Whip-like or hair-like worms. Life cycle direct or indirect;
infection by L,

Very large worms. Life cycle indirect; infection by L; in
aquatic annelids

cords, which carry the excretory canals, and a dorsal
and ventral cord carrying the nerves (Fig. 1.1). The
muscle cells, arranged longitudinally, lie between the
hypodermis and the body cavity. The latter contains

Dorsal nerve
Cuticle
Ovary

Intestine
Excretory canal
Uterus

Muscle
Hypodermis

Ventral nerve

Fig. 1.1 Transverse section of a generalised female nematode.

fluid at a high pressure, which maintains the turgidity
and shape of the body. Locomotion is effected by un-
dulating waves of muscle contraction and relaxation
that alternate on the dorsal and ventral aspects of the
worm. Most of the internal organs are filamentous and
suspended in the fluid-filled body cavity (Fig. 1.1).
The digestive system is tubular (Fig. 1.2a). The
mouth of many nematodes is a simple opening, which
may be surrounded by two or three lips, and leads
directly into the oesophagus. In others, such as the
strongyloids, it is large, and opens into a buccal capsule,
which may contain teeth. Such parasites, when feed-
ing, draw a plug of mucosa into the buccal capsule,
where it is broken down by the action of enzymes,
which are secreted into the capsule from adjacent
glands. Some of these worms may also secrete anti-
coagulant, and small vessels, ruptured in the digestion
of the mucosal plug, may continue to bleed for some
minutes after the worm has moved to a fresh site.
Those with very small buccal capsules, like the
trichostrongyloids, or simple oral openings, like the
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Intestine

Nerve ring Oesophagus

pore

(b)

Anus
Uterus Vulva

Supporting ray

Testis Spicule Bursa

Fig. 1.2 Longitudinal sections of a generalised nematode. (a) Digest-
ive, excretory and nervous system. (b) Reproductive system of a
female nematode. (c) Reproductive system of a male nematode.

ascaridoids, generally feed on mucosal fluid, products
of host digestion and cell debris, while others, such
as the oxyuroids, appear to scavenge on the contents
of the lower gut. Worms living in the bloodstream or
tissue spaces, such as the filarioids, feed exclusively on
body fluids.

The oesophagus is usually muscular and pumps
food into the intestine. It is of variable form (Fig. 1.3),
and is a useful preliminary identification character for
groups of worms. It may be filariform, simple and
slightly thickened posteriorly, as in the bursate nem-
atodes; bulb-shaped, with a large posterior swelling,
as in the ascaridoids; or double bulb-shaped, as in the
oxyuroids. In some groups this wholly muscular form
does not occur: the filarioids and spiruroids have a
muscular-glandular oesophagus which is muscular
anteriorly, the posterior part being glandular; the
trichuroid oesophagus has a capillary form, passing
through a single column of cells, the whole being
known as a stichosome. A rhabditiform oesophagus,
with slight anterior and posterior swellings, is present
in the preparasitic larvae of many nematodes, and in
adult free-living nematodes.

The intestine is a tube whose lumen is enclosed by
a single layer of cells or by a syncytium. The luminal sur-
faces possess microvilli, which increase the absorptive
capacity of the cells. In female worms the intestine ter-
minates in an anus, while in males there is a cloaca
which functions as an anus, and into which opens the
vas deferens and through which the copulatory spicules
may be extruded.

The so-called ‘excretory system’ is very primitive,
consisting of a canal within each lateral cord joining
at the excretory pore in the oesophageal region.

The reproductive systems consist of filamentous
tubes. The female organs comprise ovary, oviduct and
uterus, which may be paired, ending in a common short
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Fig. 1.3 The basic forms of oesophagus found in nematodes.

vagina, which opens at the vulva (Fig. 1.2b). At the
junction of uterus and vagina in some species there is
a short muscular organ, the ovejector, which assists in
egg laying. A vulval flap may also be present.

The male organs consist of a single continuous
testis and a vas deferens terminating in an ejaculatory
duct into the cloaca (Fig. 1.2c). Accessory male organs
are sometimes important in identification, especially
of the trichostrongyloids, the two most important
being the spicules and gubernaculum (Fig. 1.4). The
spicules are chitinous organs, usually paired, which are
inserted in the female genital opening during copula-
tion. The gubernaculum, also chitinous, is a small
structure, which acts as a guide for the spicules. With
the two sexes in close apposition the amoeboid sperm
are transferred from the cloaca of the male into the
uterus of the female.

The cuticle may be modified to form various struc-
tures (Figs 1.5a and 1.5b), the more important of which
are:

Leaf crowns consisting of rows of papillae occur-
ring as fringes round the rim of the buccal capsule
(external leaf crowns) or just inside the rim (internal
leaf crowns). They are especially prominent in certain
nematodes of horses. Their function is not known, but
it is suggested that they may be used to pin a patch
of mucosa in position during feeding, or that they may
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Gubernaculum

Fig. 1.4 Male trichostrongylid nematode bursa showing spicules and
bursa.

prevent the entry of foreign matter into the buccal cap-
sule when the worm has detached from the mucosa.

Cervical papillae occur anteriorly in the oesophageal
region, and caudal papillae posteriorly at the tail. They
are spine-like or finger-like processes, and are usually
diametrically placed. Their function may be sensory
or supportive.

Cervical and caudal alae are flattened wing-like
expansions of the cuticle in the oesophageal and tail
regions.

Cephalic and cervical vesicles are inflations of the
cuticle around the mouth opening and in the oeso-
phageal region.

The copulatory bursa, which embraces the female
during copulation, is important in the identification
of certain male nematodes and is derived from much
expanded caudal alae, which are supported by elon-
gated caudal papillae called bursal rays. It consists of
two lateral lobes and a single small dorsal lobe.

Plaques and cordons are plate-like and cord-like
ornamentations present on the cuticle of many nemat-
odes of the superfamily Spiruroidea.

BASIC NEMATODE LIFE CYCLE

In the Nematoda, the sexes are separate and the
males are generally smaller than the females, which
lay eggs or larvae. During development, a nematode
moults at intervals, shedding its cuticle. In the com-
plete life cycle there are four moults, the successive
larval stages being designated L, L,, L;, L, and finally
Ls, which is the immature adult.

Leaf crowns
Cephalic vesicle

Cervical ala

Cervical papilla

Spicule

Gubernaculum

Bursal lobe Ventral rays

(b} Externo-dorsal ray

Dorsal ray

Lateral rays

Fig. 1.5 Cuticular modifications of a generalised nematode. (a)
Anterior region. (b) Posterior region of a male.

One feature of the basic nematode life cycle is that
immediate transfer of infection from one final host
to another rarely occurs. Some development usually
takes place either in the faecal pat or in a different
species of animal, the intermediate host, before infec-
tion can take place.

In the common form of direct life cycle, the free-
living larvae undergo two moults after hatching and
infection is by ingestion of the free L;. There are some
important exceptions however, infection sometimes
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being by larval penetration of the skin or by ingestion
of the egg containing a larva.

In indirect life cycles, the first two moults usually
take place in an intermediate host and infection of the
final host is either by ingestion of the intermediate host
or by inoculation of the L; when the intermediate host,
such as a blood-sucking insect, feeds.

After infection, two further moults take place to
produce the Ls or immature adult parasite. Following
copulation a further life cycle is initiated.

In the case of gastrointestinal parasites, development
may take place entirely in the gut lumen or with only
limited movement into the mucosa.

However, in many species, the larvae travel con-
siderable distances through the body before settling in
their final (predilection) site and this is the migratory
form of life cycle. One of the most common routes
is the hepatic-tracheal. This takes developing stages
from the gut via the portal system to the liver then
via the hepatic vein and posterior vena cava to the
heart and from there via the pulmonary artery to the
lungs. Larvae then travel via the bronchi, trachea and
oesophagus to the gut. It should be emphasised that
the above is a basic description of nematode life
cycles and that there are many variations.

DEVELOPMENT OF THE PARASITE
EGG

Nematode eggs differ greatly in size and shape, and
the shell is of variable thickness, usually consisting of
three layers.

The inner membrane, which is thin, has lipid char-
acteristics and is impermeable. A middle layer, which
is tough and chitinous gives rigidity and, when thick,
imparts a yellowish colour to the egg. In many species
this layer is interrupted at one or both ends with an
operculum (lid) or plug. The third outer layer con-
sists of protein, which is very thick and sticky in the
ascaridoids and is important in the epidemiology of this
superfamily.

In contrast, in some species the eggshell is very thin
and may be merely present as a sheath around the larva.

The survival potential of the egg outside the body
varies, but appears to be connected with the thickness
of the shell, which protects the larva from desiccation.
Thus parasites whose infective form is the larvated egg
usually have very thick-shelled eggs which can survive
for years on the ground.

HATCHING

Depending on the species, eggs may hatch outside the
body or after ingestion.

Outside the body, hatching is controlled partly by
factors such as temperature and moisture and partly

by the larva itself. In the process of hatching, the
inner impermeable shell membrane is broken down by
enzymes secreted by the larva and by its own move-
ment. The larva is then able to take up water from the
environment and enlarges to rupture the remaining
layers and escape.

When the larvated egg is the infective form, the host
initiates hatching after ingestion by providing stimuli
for the larva, which then completes the process. It is
important for each nematode species that hatching
should occur in appropriate regions of the gut and
hence the stimuli will differ, although it appears that
dissolved carbon dioxide is a constant essential.

LARVAL DEVELOPMENT AND SURVIVAL

Three of the important superfamilies, the tricho-
strongyloids, the strongyloids and the rhabditoids,
have a completely free-living preparasitic phase. The
first two larval stages usually feed on bacteria, but the
L;, sealed off from the environment by the retained
cuticle of the L,, cannot feed and must survive on the
stored nutrients acquired in the early stages. Growth
of the larva is interrupted during moulting by periods
of lethargus in which it neither feeds nor moves.

The cuticle of the L, is retained as a sheath around
the Ls; this is important in larval survival with a pro-
tective role analogous to that of the eggshell in egg-
infective groups.

The two most important components of the exter-
nal environment are temperature and humidity. The
optimal temperature for the development of the
maximum number of larvae in the shortest feasible
time is generally in the range 18-26°C. At higher
temperatures, development is faster and the larvae
are hyperactive, thus depleting their lipid reserves.
The mortality rate then rises, so that few will survive
to L;. As the temperature falls the process slows, and
below 10°C the development from egg to L; usually
cannot take place. Below 5°C movement and metabol-
ism of L; is minimal, which in many species favours
survival.

The optimal humidity is 100%, although some de-
velopment can occur down to 80% relative humidity.
It should be noted that even in dry weather where the
ambient humidity is low, the microclimate in faeces or
at the soil surface may be sufficiently humid to per-
mit continuing larval development.

In the trichostrongyloids and strongyloids, the
embryonated egg and the ensheathed L; are best
equipped to survive in adverse conditions such as
freezing or desiccation; in contrast, the L, and L, are
particularly vulnerable. Although desiccation is gen-
erally considered to be the most lethal influence in
larval survival, there is increasing evidence that by
entering a state of anhydrobiosis, certain larvae can
survive severe desiccation.
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On the ground most larvae are active; although
they require a film of water for movement and are stimu-
lated by light and temperature, it is now thought that
larval movement is mostly random and encounter
with grass blades accidental.

INFECTION

As noted previously, infection may be by ingestion
of the free-living L;, and this occurs in the majority
of trichostrongyloid and strongyloid nematodes. In
these, the L, sheds the retained sheath of the L,
within the alimentary tract of the host, the stimulus
for exsheathment being provided by the host in a
manner similar to the hatching stimulus required by
egg-infective nematodes. In response to this stimulus
the larva releases its own exsheathing fluid, contain-
ing an enzyme leucine aminopeptidase, which dis-
solves the sheath from within, either at a narrow
collar anteriorly so that a cap detaches, or by splitting
the sheath longitudinally. The larva can then wriggle
free of the sheath.

As in the preparasitic stage, growth of the larva
during parasitic development is interrupted by two
moults, each of these occurring during a short period
of lethargus.

The time taken for development from infection
until mature adult parasites are producing eggs or
larvae is known as the prepatent period and this is of
known duration for each nematode species.

METABOLISM

The main food reserve of preparasitic nematode larvae,
whether inside the egg shell or free-living, is lipid, which
may be seen as droplets in the lumen of the intestine.
The infectivity of these stages is often related to the
amount present; larvae which have depleted their
reserves are not as infective as those which still retain
quantities of lipid.

Apart from these reserves the free-living first
and second stage larvae of most nematodes feed on
bacteria. However, once they reach the infective third
stage, they are sealed in the retained cuticle of the sec-
ond stage, cannot feed and are completely dependent
on their stored reserves.

In contrast, the adult parasite stores its energy as
glycogen, mainly in the lateral cords and muscles, and
this may constitute 20% of the dry weight of the
worm.

Free-living and developing stages of nematodes
usually have an aerobic metabolism, whereas adult
nematodes can metabolise carbohydrate by both
glycolysis (anaerobic) and oxidative decarboxylation
(aerobic). However, in the latter, pathways may oper-
ate which are not present in the host and it is at this
level that some antiparasitic drugs operate.

The oxidation of carbohydrates requires the pres-
ence of an electron transport system, which in most
nematodes can operate aerobically down to oxygen
tensions of 5.0 mmHg or less. Since the oxygen ten-
sion at the mucosal surface of the intestine is around
20 mmHg, nematodes in close proximity to the mucosa
normally have sufficient oxygen for aerobic meta-
bolism. Otherwise, if the nematode is temporarily or
permanently some distance from the mucosal surface,
energy metabolism is probably largely anaerobic.

As well as the conventional cytochrome and flavo-
protein electron transport system, many nematodes
have ‘haemoglobin’ in their body fluids which gives
them a red pigmentation. This nematode haemoglobin
is chemically similar to myoglobin and has the high-
est affinity for oxygen of any known animal haemo-
globin. The main function of nematode haemoglobin
is thought to be to transport oxygen, acquired by
diffusion through the cuticle or gut, into the tissues;
blood-sucking worms presumably ingest a considerable
amount of oxygenated nutrients in their diet.

The end products of the metabolism of carbohy-
drates, fats or proteins are excreted through the anus
or cloaca, or by diffusion through the body wall.
Ammonia, the terminal product of protein metabol-
ism, must be excreted rapidly and diluted to non-
toxic levels in the surrounding fluids. During periods
of anaerobic carbohydrate metabolism, the worms
may also excrete pyruvic acid rather than retaining
it for future oxidation when aerobic metabolism is
possible.

The ‘excretory system’ terminating in the excretory
pore is almost certainly not concerned with excretion,
but rather with osmoregulation and salt balance.

Two phenomena which affect the normal parasitic
life cycle of nematodes and which are of considerable
biological and epidemiological importance are arrested
larval development and the periparturient rise in faecal
egg counts.

ARRESTED LARVAL DEVELOPMENT

(synonyms: inhibited larval development, hypobiosis)
This phenomenon may be defined as the temporary
cessation in development of a nematode at a precise
point in its parasitic development. It is usually a facul-
tative characteristic and affects only a proportion of
the worm population. Some strains of nematodes have
a high propensity for arrested development while in
others this is low.

Conclusive evidence for the occurrence of arrested
larval development can only be obtained by examina-
tion of the worm population in the host. It is usually
recognised by the presence of large numbers of larvae
at the same stage of development in animals withheld
from infection for a period longer than that required
to reach that particular larval stage.
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The nature of the stimulus for arrested development
and for the subsequent maturation of the larvae is still
a matter of debate. Although there are apparently
different circumstances which initiate arrested larval
development, most commonly the stimulus is an envir-
onmental one received by the free-living infective
stages prior to ingestion by the host. It may be seen
as a ruse by the parasite to avoid adverse climatic
conditions for its progeny by remaining sexually
immature in the host until more favourable conditions
return. The name commonly applied to this seasonal
arrestment is hypobiosis. Thus the accumulation of
arrested larvae often coincides with the onset of cold
autumn/winter conditions in the northern hemi-
sphere, or very dry conditions in the subtropics or
tropics. In contrast, the maturation of these larvae coin-
cides with the return of environmental conditions
suitable to their free-living development, although it
is not clear what triggers the signal to mature and how
it is transmitted.

The degree of adaptation to these seasonal stimuli
and therefore the proportion of larvae which do
become arrested seems to be a heritable trait and is
affected by various factors, including grazing systems
and the degree of adversity in the environment. For
example, in Canada where the winters are severe,
most trichostrongyloid larvae ingested in late autumn
or winter become arrested, whereas in southern
Britain with moderate winters, about 50-60% are
arrested. In the humid tropics where free-living larval
development is possible all the year round, relatively
few become arrested.

However, arrested development may also occur
as a result of both acquired and age immunity in the
host and, although the proportions of larvae arrested
are not usually so high as in hypobiosis, they can play
an important part in the epidemiology of nematode
infections. Maturation of these arrested larvae seems
to be linked with the breeding cycle of the host and
occurs at or around parturition.

The epidemiological importance of arrested larval
development from whatever cause is that, first, it
ensures the survival of the nematode during periods
of adversity; secondly, the subsequent maturation
of arrested larvae increases the contamination of
the environment and can sometimes result in clinical
disease.

PERIPARTURIENT RISE (PPR) IN FAECAL
EGG COUNTS

(Synonyms: post-parturient rise, spring rise.)
This refers to an increase in the numbers of nemat-
ode eggs in the faeces of animals around parturition.
This phenomenon is most marked in ewes, goats and
sows and recent data supports the hypothesis that
there is competition between the immune system, the

rapidly growing fetus in late pregnancy and the udder
during lactation, for nutrients, particularly metabolis-
able protein. This relaxation of immunity can be largely
restored by supplementation with rumen-undegradable
protein and is also influenced by the body protein
status of the ewe.

The source of the PPR is three-fold:

(1) Maturation of larvae arrested due to host
immunity.

(2) Anincreased establishment of infections acquired
from the pastures and a reduced turnover of
existing adult infections.

(3) An increased fecundity of existing adult worm
populations.

Contemporaneously, but not associated with the
relaxation of host immunity, the PPR may be aug-
mented by the maturation of hypobiotic larvae.

The importance of the PPR is that it occurs at a time
when the numbers of new susceptible hosts are in-
creasing and so ensures the survival and propagation
of the worm species. Depending on the magnitude of
infection, it may also cause a loss of production in
lactating animals and, by contamination of the envir-
onment, lead to clinical disease in susceptible young
stock.

NEMATODE SUPERFAMILIES

Superfamily
TRICHOSTRONGYLOIDEA

The trichostrongyloids are small, often hair-like,
worms in the bursate group, which, with the exception
of the lungworm Dictyocaulus, parasitise the aliment-
ary tract of animals and birds. Structurally they have
few cuticular appendages and the buccal capsule is
vestigial. The males have a well developed bursa and
two spicules, the configuration of which is used for
species differentiation. The life cycle is direct and
usually non-migratory and the ensheathed L, is the
infective stage.

The trichostrongyloids, including Dictyocaulus, are
responsible for considerable mortality and widespread
morbidity, especially in ruminants. The most import-
ant alimentary genera are Ostertagia, Teladorsagia,
Haemonchus, Trichostrongylus, Cooperia, Nematodirus,
Hyostrongylus, Marshallagia and Mecistocirrus. Other
genera of lesser importance are Amidostomum,
Ollulanus, Ornithostrongylus and Impalaia.

Superfamily STRONGYLOIDEA

There are several important parasites of domestic
mammals and birds in this superfamily of bursate
nematodes.
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Most are characterised by a large buccal capsule,
which often contains teeth or cutting plates, and in
some there are prominent leaf crowns surrounding
the mouth opening. The adults occur on mucosal sur-
faces of the gastrointestinal and respiratory tracts and
feeding is generally by the ingestion of plugs of mucosa.

With the exception of three genera, Syngamus,
Mammomonogamus and Cyathostoma, which are
parasitic in the trachea and major bronchi, and
Stephanurus found in the peri-renal area, all other gen-
era of veterinary importance in this superfamily are
found in the intestine and can be conveniently divided
into two groups, the strongyles and hookworms.

The strongyles are parasitic in the large intestine and
the important genera are Strongylus, Triodontophorus,
Chabertia and Oesophagostomum. The cyathostomins
(cyathostomes or trichonemes) of horses include the
genera Cyathostomum, Cylicocyclus, Cylicodontophorus
and Cylicostephanus.

Syngamus and Cyathostoma are important parasites
of the respiratory tract of birds. Mammomonogamus
are parasites of the respiratory tract of cattle, sheep
and goats.

Superfamily
ANCYLOSTOMATOIDEA

Hookworms are parasites of the small intestine and
the genera of veterinary importance are Ancylostoma,
Uncinaria, Bunostomum and to a lesser extent, Gaigeria
and Agriostomum.

In humans important hookworm genera are Ancylo-
stoma and Necator.

Superfamily

V s RNUIN Y LOTDEA

Most worms in this superfamily inhabit the lungs or
the blood vessels adjacent to the lungs. The typical life
cycle is indirect, and the intermediate host is usually
a mollusc.

They may be conveniently divided into three
groups according to host: those occurring in pigs
(Metastrongylus), in sheep and goats (Muellerius,
Protostrongylus, Cystocaulus, Spiculocaulus and Neo-
strongylus), and in the domestic and wild carnivores
(Oslerus, Filaroides, Aelurostrongylus, Angiostrongylus,
Crenosoma, Anafilaroides, Metathelazia and Gurltia).

Elaphostrongylus occurs in deer in Europe; Pare-
laphostrongylus occurs in deer and camelids in North
America.

Superfamily RHABDITOIDEA

This is a primitive group of nematodes which are
mostly free-living, or parasitic in lower vertebrates
and invertebrates. Although a few normally free-living
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genera such as Halicephalobus (Micronema) and
Rhabditis occasionally cause problems in animals, the
only important genus from the veterinary point of view
is Strongyloides.

Superfamily ASCARIDOIDEA

The ascaridoids are among the largest nematodes
and occur in most domestic animals, both larval and
adult stages being of veterinary importance. While
the adults in the intestine may cause unthriftiness in
young animals, and occasional obstruction, an import-
ant feature of the group is the pathological con-
sequences of the migratory behaviour of the larval
stages.

With a few exceptions the genera have the fol-
lowing characters in common. They are large, white
opaque worms, which inhabit the small intestine.
There is no buccal capsule, the mouth consisting
simply of a small opening surrounded by three lips.
The common mode of infection is by ingestion of
the thick-shelled egg containing the L,. However, the
cycle may involve transport and paratenic hosts.

Genera of veterinary interest are Ascaris, Toxocara,
Toxascaris, Parascaris, Ascaridia, Heterakis and to a
lesser extent the anisakids (Anisakis, Contracaecum,
Hysterothylacium, Pseudoterranova, Angusticaecum).

Superfamily OXYUROIDEA

Adult oxyuroids of animals inhabit the large intestine
and are commonly called pinworms because of the
pointed tail of the female parasite. They have a double
bulb oesophagus and a direct life cycle. The genera
of veterinary interest are Oxyuris and Probstmayria,
both parasitic in the horse; Skrjabinema, which is a para-
site of ruminants; Paraspidodera in guinea pigs;
and Subulura (Subuluroidea) which are parasites of
poultry. Oxyurids include the common human pinworm,
Enterobius.

Superfamily SPIRUROIDEA

The precise classification of a number of genera cur-
rently assigned to this superfamily is controversial,
but there are some of significance in veterinary medi-
cine: Spirocerca, Habronema, Draschia, Parabronema,
Thelazia, Gnathostoma, Gongylonema and to a lesser
extent Ascarops, Physocephalus, Simondsia, Phy-
saloptera, Spirura, Echinuria, Dispharynx, Tetrameres,
Streptocara, Cheilospirura, Histiocephalus, Hartertia
and Oxyspirura. A major characteristic of this group
is the tight spirally coiled tail of the male. The life cycles
are indirect involving arthropod intermediate hosts.
Members of the genus Thelazia are principally
found in or around the eyes of animals and can be
responsible for keratitis. Unlike most spiruroids, the
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L, stage is not ingested from the faeces, but by flies
feeding on ocular secretions.

The genus Gongylonema is unusual among the
spiruroids in having a very wide final host range,
which includes all the domesticated animals, though
it is most prevalent in ruminants. Like most spiruroids
the favoured location of the adults is in the upper
alimentary tract, in the oesophagus, and in the
forestomachs and stomach of mammals and the crop
of birds.

Superfamily FILARIOIDEA

This superfamily is closely related to the Spiruroidea
and, as in the latter, all its genera have indirect life
cycles. None of them inhabits the alimentary tract, and
they depend upon insect vectors for transmission.

Within the superfamily, differences in biological
behaviour are seen, the more primitive forms laying
eggs, which are available to the vectors in dermal
exudates, and the more highly evolved forms laying
larvae, termed microfilariae. The latter, which may be
enclosed in a flexible, sheath-like ‘egg shell’ are taken
up by parasitic insects feeding on blood and tissue fluids.
In some species, the microfilariae only appear in the
peripheral blood and tissues at regular intervals,
some appearing in the daytime and others at night; this
behaviour is termed diurnal or nocturnal periodicity.

Genera of interest in veterinary medicine include
Parafiliaria, Stephanofilaria, Dirofilaria, Dipetalonema,
Onchocerca, Setaria, Elaeophora, Ornithofilaria and
Pelecitus. Of greater importance in human medicine
are the genera Onchocera, Brugia, Loa, Wuchereria and
Mansonella.

FILARIOSIS IN MAN

Though they are probably the most important group
of helminth infections in humans, filarioid nematodes
are of only marginal concern to the veterinarian, since
domestic animals are of little significance in their
epidemiology. The following are the most important
species in man:

1. Onchocerca volvulus. Human onchocercosis due
to O. volvulus occurs around the world in the
equatorial zone, and is transmitted by Simulium
spp (black flies). The adult worms live in subcuta-
neous nodules, and almost the entire pathogenic
effect is caused by the microfilariae; dermatitis and
elephantiasis are common, but the most import-
ant effect is ocular onchocercosis (‘river blind-
ness’), so-called because of its distribution along
the habitats of Simulium spp. Dying microfilariae
cause a sclerosing keratinitis in the cornea that leads
to corneal opacification and retinochorioiditis. It
has been estimated that in Africa there are about
20 million people affected by onchocercosis.

The only other animals to which it is trans-
missible are the higher primates, chimpanzee and
gorilla. Ivermectin is effective in reducing skin
microfilarial counts in O. volvulus infection and
repeated treatment should help reduce transmis-
sion. The onchocercosis associated pathology in the
eye and skin has also been shown to be reduced
with ivermectin treatment.

2. Brugia spp are carried by many species of
mosquito and occur in Southeast Asia, notably in
Malaysia, causing elephantiasis. The most import-
ant species, B. malayi, is also infective for mon-
keys and domestic and wild carnivores, and has
been transmitted experimentally to the cat and dog.
The lesser species occurring in man, B. pahangi,
has a reservoir in many species of domestic and
wild animals, including the dog and cat. Adult para-
sites inhabit lymph nodes and afferent lymphatic
vessels.

3. Wuchereria bancroffti is also mosquito borne and
affects the lymphatic system causing elephantiasis
in Africa, Asia and South America. It is exclusive
to man. As with Brugia spp, the main pathogenic
effects are associated with adult worms rather
than with microfilariae.

4. Loa loa is transmitted by Chrysops spp (tabanid
flies), and occurs in west, central and east Africa,
where it causes the transient subcutaneous en-
largements known as ‘Calabar swellings’. It is
confined to man, apes and monkeys. Longevity can
be up to 20 years.

5. Mansonella ozzardi, carried by Culicoides spp
and Simulium spp, occurs in the Caribbean, and
in Central and South America. It lives in the fat
and on the mesentery or pleural cavity, and is
usually considered to be non-pathogenic, though
recently it has been associated with allergic signs.
The prevalence is extremely high in endemic areas,
where parasites closely resembling M. ozzardi
are commonly found in monkeys and in horses and
cattle. There is, however, reluctance to presume
that these animals may be reservoir hosts until pos-
itive identification is made.

Superfamily TRICHUROIDEA

The members of this superfamily are found in a wide
variety of domestic animals. A common morphological
feature is the ‘stichosome’ oesophagus that is composed
of a capillary-like tube surrounded by a single column
of cells.

There are three genera of interest. The first,
Trichuris, is found in the caecum and colon of
mammals; the second, Capillaria, is most commonly
present in the alimentary or respiratory tract of
mammals or birds. Both lay eggs with plugs at both
poles. The adults of the third genus, Trichinella, are
found in the small intestine of mammals and produce
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larvae, which immediately invade the tissues of the
same host.

Superfamily
| DIOCTOPHYMATOIDEA |

Species of veterinary interest in this superfamily are
the ‘kidney worm’, Dioctophyma renale; Hystrichis

and Eustrongylides occur in aquatic fowl.

Superfamily DRACUNCULOIDEA

Members of this superfamily are parasites of the
subcutaneous tissues. The two genera of veterinary
significance are Dracunculus and Avioserpens. The life
cycle involves development in a species of Cyclops
before becoming infective to the final host.

Phylum ACANTHOCEPHALA

This is a separate class, closely related to the
Nematoda, which contains a few genera of veterinary
importance. They are generally referred to as ‘thorny-
headed worms’ due to the presence of a hook-covered
proboscis anteriorly, and most are parasites of the
alimentary tract of vertebrates. The hollow proboscis
armed with recurved hooks, which aid in attachment,
is retractable and lies in a sac. There is no alimentary
canal, with absorption taking place through the thick
cuticle, which is often folded and invaginated to in-
crease the absorptive surface. The sexes are separate,
males being much smaller than females. Posteriorly,
the male has a muscular bursa and penis and, after
copulation, eggs, discharged by ovaries into the body
cavity of the female, are fertilised and taken up by a
complex structure called the uterine bell, which only
allows mature eggs to pass out. These are spindle-
shaped, thick-shelled and contain a larva which has an
anterior circlet of hooks and spines on its surface and
is called an acanthor. The life cycle is indirect, involv-
ing either an aquatic or terrestrial arthropod inter-
mediate host. On ingestion by the intermediate host,
the egg hatches and the acanthor migrates to the
haemocoel of the arthropod where it develops to
become a cystacanth after 1-3 months. The definitive
host is infected by ingestion of the arthropod inter-
mediate host, and the cystacanth, which is really a young
adult, attaches and grows to maturity in the alimentary
canal. The prepatent period varies from 5-12 weeks.

Family
OLIGACANTHORHYNCHIDAE

The major genus of veterinary significance is Macra-
canthorhynchus, which is found in pigs.

Family POLYMORPHIDAE

A few genera are parasites of rodents (Moniliformis)
aquatic birds (Polymorphus, Filicollis) and fishes
(Echinorhynchus, Acanthocephalus).

Phylum PLATYHELMINTHES

This phylum contains the two classes of parasitic
flatworms, the Trematoda and the Cestoda.

Class TREMATODA

The class Trematoda falls into two main subclasses,
the Monogenea, which have a direct life cycle, and the
Digenea, which require an intermediate host. The
former are found mainly as external parasites of fish,
while the latter are found exclusively in vertebrates and
are of considerable veterinary importance.

The adult digenetic trematodes, commonly called
‘flukes’, occur primarily in the bile ducts, alimentary
tract and vascular system. Most flukes are flattened
dorsoventrally, have a blind alimentary tract, suckers
for attachment and are hermaphrodite. Depending
on the predilection site, the eggs pass out of the final
host, usually in faeces or urine, and the larval stages
develop in a molluscan intermediate host. For a few
species, a second intermediate host is involved, but the
mollusc is essential for all members of the group.

There are many families in the class Trematoda,
and those which include parasites of major veterin-
ary importance are the Fasciolidae, Dicrocoeliidae,
Paramphistomidae and Schistosomatidae. Of lesser
importance are the Troglotrematidae and Opisthor-
chiidae. The most important group by far are the
Fasciolidae and the discussion below of structure,
function, and life cycle is largely orientated towards
this group.

Subclass DIGENEA

STRUCTURE AND FUNCTION OF
DIGENETIC TREMATODES

The adult possesses two muscular suckers for attach-
ment. The oral sucker at the anterior end surrounds
the mouth, and the ventral sucker, as the name indic-
ates, is on that surface. The body surface is a tegu-
ment, which is absorptive and is often covered with
spines. The muscles lie immediately below the tegu-
ment. There is no body cavity and the organs are
packed in a parenchyma (Fig. 1.6).

The digestive system is simple, the oral open-
ing leading into a pharynx, oesophagus and a pair
of branched intestinal caeca, which end blindly.
Undigested material is presumably regurgitated. The
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Fig. 1.6 Internal structure of a generalised digenetic trematode.

excretory system consists of a large number of ciliated
flame cells, which impel waste metabolic products
along a system of tubules, which ultimately join and
open to the exterior. The nervous system is simple, con-
sisting of a pair of longitudinal trunks connecting
anteriorly with two ganglia.

The trematodes are usually hermaphrodite and
both cross- and self-fertilisation may occur. The male
reproductive system consists of a pair of testes each
leading into a vas deferens; these join to enter the
cirrus sac containing a seminal vesicle and the cirrus,
a primitive penis which terminates at the common gen-
ital opening (Fig. 1.6). The female system has a single
ovary leading into an oviduct, which is expanded dis-
tally to form the ootype. There the ovum acquires
a yolk from the secretion of the vitelline glands and
ultimately a shell. As the egg passes along the uterus,
the shell becomes hardened and toughened and is
finally extruded through the genital opening adjacent
to the ventral sucker. The mature egg is usually yellow
because of the tanned protein shell and most species
have an operculum.

Food, generally blood or tissue debris, is ingested
and passed into the caeca where it is digested and
absorbed. Metabolism appears to be primarily anaerobic.

LIFE CYCLE OF DIGENETIC TREMATODES

The essential point of the life cycle is that whereas one
nematode egg can develop into only one adult, one
trematode egg may eventually develop into hundreds
of adults. This is due to the phenomenon of asexual
multiplication, parthenogony, in the molluscan inter-
mediate host, i.e. the production of new individuals by
single larval forms.

The adult flukes are always oviparous and lay
eggs with an operculum or lid at one pole. In the egg
the embryo develops into a pyriform (pear-shaped),

ciliated larva called a miracidium. Under the stimulus
of light, the miracidium releases an enzyme, which
attacks the proteinaceous cement holding the oper-
culum in place. The latter springs open like a hinged
lid and the miracidium emerges within a few minutes.

The miracidium, propelled through the water by
its cilia, does not feed and must, for its further devel-
opment, find a suitable snail within a few hours. It
is believed to use chemotactic responses to ‘home’ in
on the snail and, on contact, it adheres by suction
to the snail and penetrates its soft tissues aided by
a cytolytic enzyme. The entire process of penetra-
tion takes about 30 minutes, after which the cilia are
lost and the miracidium develops into an elongated
sac, the sporocyst, containing a number of germinal
cells. These cells develop into rediae, which migrate
to the hepato-pancreas of the snail; rediae are also
larval forms possessing an oral sucker, some flame
cells and a simple gut. From the germinal cells of the
rediae arise the final stages, the cercariae, although
if environmental conditions for the snail are unsuit-
able, a second or daughter generation of rediae is often
produced instead. The cercariae, in essence young
flukes with long tails, emerge actively from the snail,
usually in considerable numbers. The actual stimulus
for emergence depends on the species, but is most
commonly a change in temperature or light intensity.
Once a snalil is infected, cercariae continue to be pro-
duced indefinitely, although the majority of infected
snails die prematurely from gross destruction of the
hepato-pancreas.

Typically the cercariae swim for some time, utilis-
ing even a film of water, and within an hour or so attach
themselves to vegetation, shed their tails and encyst.
This stage is called a metacercaria.

Encysted metacercariae have great potential for
survival extending to months. Once ingested, the outer
cyst wall is removed mechanically during mastica-
tion. Rupture of the inner cyst occurs in the intestine
and depends on a hatching mechanism, enzymatic
in origin, triggered by a suitable oxidation-reduction
potential and a carbon dioxide system provided by
the intestinal environment. The emergent juvenile
fluke then penetrates the intestine and migrates to the
predilection site where it becomes adult after several
weeks.

Family FASCIOLIDAE

These are large leaf-shaped flukes. The anterior end
is usually prolonged into the shape of a cone and the
anterior sucker is located at the end of the cone. The
ventral sucker is placed at the level of the ‘shoulders’
of the fluke. The internal organs are branched while
the cuticle is covered in spines. There are three import-
ant genera: Fasciola, Fascioloides and Fasciolopsis.
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Family DICROCOELIIDAE

These trematodes are small, lancet-like flukes occur-
ring in the biliary and pancreatic ducts of vertebrates.
Miracidia are present in the eggs when they are passed
in the faeces; there is no redial stage during devel-
opment in the snail and two to three intermediate
hosts may be involved in the life cycle. Members of
this family are found in ruminants (Dicrocoelium,
Eurytrema), and cats (Platynosomum).

Family PARAMPHISTOMATIDAE

Adult paramphistomes are mainly parasitic in the
forestomachs of ruminants, although a few species
occur in the intestine of ruminants, pigs and horses.
Their shape is not typical of the trematodes, being
conical rather than flat. All require a water snail as an
intermediate host. There are several genera: Paramphi-
stomum, Cotylophoron, Bothriophoron, Orthocoelium
(syn Ceylonocotyle), Gastrodiscus, Homologaster and
Explanatum (syn Gigantocotyle), of which Param-
phistomum is the most common and widespread.

Family TROGLOTREMATIDAE

Several genera are of local veterinary interest. Para-
gonimus, commonly referred to as the ‘lung fluke’, is
found in cats, dogs and other carnivores and in man
in North America and Asia. The cycle involves a water
snail and a crayfish or fresh water crab. Pulmonary signs
are comparatively rare in cats or dogs and the veteri-
nary interest is in the potential reservoir of infection
for man.

The genus Nanophyetus is a fluke found mainly in
the small intestine of dogs, mink and other fish-eating
mammals. It occurs in the northwest United States
and parts of Siberia and is of importance because the
flukes are vectors of the rickettsial, Neorickettsia
helminthoeca, which causes a severe haemorrhagic
enteritis of dogs, the so-called ‘salmon poisoning’.
This name is derived from the cycle of the fluke,
which involves a water snail and a fish that is often
one of the salmonid type.

The genus Collyriclum are parasites occurring
within subcutaneous cysts in chickens, turkeys and wild
birds. Intermediate hosts are snails and dragonflies.

Family CYCLOCOELIDAE

These are medium-sized to large fluke, parasites of
aquatic birds in the body cavity, air sacs or nasal
cavities. Genera include Typhlocoelum in the respirat-
ory tract of ducks, and Hyptiasmus in the nasal and
orbital sinuses of ducks and geese.

Family OPISTHORCHIIDAE

The members of this family require two intermedi-
ate hosts, the first being water snails and the second
a wide variety of fish, in which the metacercariae are
encysted. The final hosts are fish-eating mammals in
which they inhabit the bile ducts.

Opisthorchis (syn Clonorchis) is by far the most
important genus, with Metorchis, Parametorchis and
Pseudamphistomum being of lesser importance.

Family SCHISTOSOMATIDAE

This family is primarily parasitic in the blood vessels
of the alimentary tract and bladder. In man, schisto-
somes are often responsible for severe and debilitat-
ing disease and veterinary interest lies in the fact that
they can cause a similar disease in animals, some
of which may act as reservoirs of infection for man.
The schistosomes differ from other flukes in that
the sexes are separate, the small adult female lying
permanently in a groove, the gynaecophoric canal,
in the body of the male (see Fig. 2.12). The most
important genus is Schistosoma with Bilharziella,
Trichobilharzia, Orientobilharzia, Ornithobilharzia,
Heterobilharzia and Austrobilharzia other genera of
lesser importance.

Family DIPLOSTOMATIDAE

The family Diplostomatidae includes the genera
Alaria and Diplostomum. The life cycle involves two
intermediate hosts, namely freshwater snails and frogs.
The definitive host is infected through eating frogs
containing encysted metacercariae (mesocercariae).

Family ECHINOSTOMATIDAE

The family Echinostomatidae includes the genera
Echinostoma, Echinoparyphium and Hypoderaeum,
which are parasites of birds, and Echinochasmus
and Euparyphium, which are parasites of fish-eating
mammals. The life cycle involves two intermediate
hosts, namely freshwater snails and fish or frogs. The
definitive host is infected through eating the second
intermediate host containing encysted metacercariae
(mesocercariae).

Family NOTOCOTYLIDAE

The family Notocotylidae includes the genera Noto-
cotylus, Paramonostomum and Catatropis, which are
parasites of birds, and Cymbiforma, which occur in
sheep, goats and cattle. The small eggs are characterised
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by long filaments at the poles. The intermediate hosts
are snails.

Family BRACHYLAEMIDAE

Members of this family are parasites of birds
(Brachylaemus) or sheep (Skrjabinotrema). The inter-
mediate hosts are snails.

Family PLAGIORCHIIDAE

Plagiorchis are parasites of birds. The life cycle
involves two intermediate hosts, namely freshwater
snails and larvae of dragonflies. The definitive host
is infected through eating the dragonflies or their
nymphs containing encysted metacercariae.

Family PROSTHOGONIMIDAE

Prosthogonimus are also parasites of birds with life
cycles similar to Plagiorchis.

Family HETEROPHYIDAE

These are small trematodes found in the intestines
of mammals and birds. The life cycle generally
involves two intermediate hosts, namely freshwater
snails and fishes or frogs. Genera of veterinary inter-
est are Heterophyes found in dogs, cats, foxes and man;
Metagonimus in the small intestines of dogs, cats, pigs
and man; and Rossicotrema in cats, dogs, foxes and
seals.

Family STRIGEIDAE

These worms are characterised by a constriction
dividing the body into an anterior flattened adhesive
organ and a posterior cylindrical part. They are
parasites of the alimentary tract of birds. The life cycle
involves two intermediate hosts, freshwater snails
and a second host that may be a fish or leech. Genera
include Apatemon and Cotylurus in the intestine of
pigeons and ducks; and Parastrigea in ducks.

Class CESTODA

This class differs from the Trematoda in having a
tape-like body with no alimentary canal. The body is
segmented, each segment containing one and some-
times two sets of male and female reproductive organs.
Almost all the tapeworms of veterinary importance are
in the order Cyclophyllidea, the two exceptions being
in the order Pseudophyllidea.
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Fig. 1.7 Structure of a typical cyclophyllidean cestode.

Order CYCLOPHYLLIDEA
STRUCTURE AND FUNCTION

The adult cestode (Fig. 1.7) consists of a head or scolex
bearing attachment organs, a short unsegmented neck
and a chain of segments. The chain is known as a
strobila and each segment as a proglottid.

The organs of attachment are four suckers on the
sides of the scolex and these may bear hooks. The
scolex usually bears anteriorly a mobile protrusible cone
or rostellum and in some species this may be also armed
with one or more concentric rows of hooks, which aid
in attachment.

The proglottids are continuously budded from the
neck region and become sexually mature as they pass
down the strobila. Each proglottid is hermaphrodite
with one or two sets of reproductive organs, the gen-
ital pores usually opening on the lateral margin or mar-
gins of the segment (Fig. 1.8); both self-fertilisation
and cross-fertilisation between proglottids may occur.
The structure of the genital system is generally similar
to that of the trematodes. As the segment matures,
its internal structure largely disappears and the fully
ripe or gravid proglottid eventually contains only
remnants of the branched uterus packed with eggs.
The gravid segments are usually shed intact from the
strobila and pass out with the faeces. Outside the
body the eggs are liberated by disintegration of the seg-
ment or are shed through the genital pore.
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Fig. 1.8 Mature segment illustrating the reproductive organs.

The fully embryonated egg consists of:

(1) The hexacanth (six-hooked) embryo or
oncosphere.

(2) A thick, dark, radially striated ‘shell’ called the
embryophore.

(3) A true shell, which is a delicate membrane and
is often lost while still in the uterus.

The tegument of the adult tapeworm is highly
absorptive, the worm deriving all its nourishment
through this structure. Below the tegument are mus-
cle cells and the parenchyma, the latter a syncytium
of cells, which fills the space between the organs. The
nervous system consists of ganglia in the scolex from
which nerves enter the strobila. The excretory system,
as in the Trematoda, is composed of flame cells lead-
ing to efferent canals, which run through the strobila
to discharge at the terminal segment.

LIFE CYCLE

The typical life cycle of these cestodes is indirect with
one or more intermediate hosts. With few exceptions,
the adult tapeworm is found in the small intestine
of the final host, the segments and eggs reaching the
exterior in the faeces.

When the egg is ingested by the intermediate
host, the gastric and intestinal secretions digest the
embryophore and activate the oncosphere. Using its
hooks, it tears through the mucosa to reach the blood

Cysticercus Exogenous

cyst

Hydatid cyst

scolex /|

Evaginated
scolex
Cysticercoid

Coenurus

Strobilocercus

Fig. 1.9 Larval stages of cyclophyllidean cestodes.

or lymph stream or, in the case of invertebrates, the
body cavity. Once in its predilection site the oncosphere
loses its hooks and develops, depending on the
species, into one of the following larval stages, often
known as metacestodes (Fig. 1.9):

e Cysticercus: Fluid-filled cyst containing an attached
single invaginated scolex, sometimes called a
protoscolex.

e Coenurus: Similar to a cysticercus, but with num-
erous invaginated scolices.

e Strobilocercus: The scolex is evaginated and is
connected to the cyst by a chain of asexual pro-
glottids. The latter are digested away after inges-
tion by the final host, leaving only the scolex.

e Hydatid: This is a large fluid-filled cyst lined with
germinal epithelium from which are produced
invaginated scolices which lie free or in bunches,
surrounded by germinal epithelium (brood cap-
sules). The contents of the cysts other than the
fluid, i.e. scolices and brood capsules, are frequently
described as ‘hydatid sand’. Occasionally also,
daughter cysts complete with cuticle and germinal
layer are formed endogenously or, if the cyst wall
ruptures, exogenously.

e Cysticercoid: A single evaginated scolex embedded
in a small solid cyst. Typically found in very small
intermediate hosts such as arthropods.

e Tetrathyridium: Worm-like larva with an invagin-
ated scolex; found only in Mesocestoididae.

When the metacestode is ingested by the final host
the scolex attaches to the mucosa, the remainder of
the structure is digested off, and a chain of proglottids
begins to grow from the base of the scolex.
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The seven main families of veterinary interest in
the order Cyclophyllidea are the Taeniidae, Anoplo-
cephalidae, Dilepididae, Davaineidae, Hymenolepididae,
Mesocestoididae and Thysanosomidae.

Family TAENIIDAE

The adults are found in domestic carnivores and man.
The scolex has an armed rostellum with a concentric
double row of hooks (the important exception is
Taenia saginata whose scolex is unarmed). The gravid
segments are longer than they are wide.

The intermediate stage is a cysticercus, strobilo-
cercus, coenurus or hydatid cyst and these occur only
in mammals.

Genera of importance are Taenia (syn Multiceps) and
Echinococcus.

Family ANOPLOCEPHALIDAE

These are essentially tapeworms of horses (Anoplo-
cephala, Paranoplocephala) and ruminants (Moniezia).
The scolex has neither rostellum nor hooks and the
gravid segments are wider than they are long. The inter-
mediate stage is a cysticercoid present in forage mites
of the family Oribatidae.

Family DILEPIDIDAE

These are tapeworms of the dog, cat (Dipylidiun), and
the fowl (Amoebotaenia, Choanotaenia, Metroliasthes).
The scolex usually has an armed rostellum with
several rows of hooks. The intermediate stage is a
cysticercoid.

Family DAVAINEIDAE

These are mainly parasites of birds (Davainea, Rail-
lietina, Cotugnia). These tapeworms usually have rows
of hooks on both rostellum and suckers. The intermedi-
ate stage is a cysticercoid.

Family HYMENOLEPIDIDAE

These parasites are of minor veterinary importance.
Members of this family, which have a characteristic-
ally slender strobila, infect birds, man and rodents
(Hymenolepis, Rodentolepis, Fimbriaria). The interme-
diate stage is a cysticercoid present in an arthropod
host.

Family MESOCESTOIDIDAE

Also of minor veterinary importance, these cestodes
of carnivorous animals and birds have two metacestode
stages. The first is a cysticercoid in an insect or mite,
and the second a solid larval form, a tetrathyridium,
in a vertebrate. Genera include Mesocestoides found
in dogs, cats and wild mammals, and Dithyridium in
chickens, turkeys and wild birds.

Family THYSANOSOMIDAE

Closely related to the Anoplocephalidae, this family
contains several tapeworms of veterinary importance
found mainly in sheep and other ruminants (Stilesia,
Thysanosoma, Thysaniezia and Avitellina).

The intermediate stage is a cysticercoid present in
forage mites of the family Oribatidae.

Order PSEUDOPHYLLIDEA

The morphology of the Pseudophyllidea is generally
similar to that of the Cyclophyllidea, but there are
two distinct features. First, the scolex has no suckers
and instead has two longitudinal grooves or bothria,
which become flattened to form organs of attachment.
Secondly, the egg shell is thick, brown and operculate,
and the coracidium, which emerges after hatching, is
an oncosphere with an embryophore which is ciliated
for mobility in water.

The pseudophyllidean life cycle utilises two inter-
mediate hosts. The coracidium must first be ingested
by a crustacean in whose body cavity a larval pro-
cercoid develops. Subsequently, if the crustacean is
eaten by a freshwater fish, the procercoid is liberated,
and in the muscles of the new host develops into a
second larval stage, a plerocercoid, which possesses
the characteristic scolex; it is only this stage which is
infective to the final host.

This order contains only two genera of veterinary
importance, Diphyllobothrium and Spirometra.

Family DIPHYLLOBOTHRIIDAE

The genus Diphyllobothrium is an important cestode
of humans and fish-eating mammals. They are long
tapeworms with an unarmed scolex, with two muscular
bothria.

Spirometra are tapeworms of dogs, cats and
wild carnivores and an occasional human zoonosis
(sparganosis).
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ENTOMOLOGY

Veterinary entomology, in its literal sense, means a
study of insects of veterinary importance. This term,
however, is commonly used to describe the wider
study of all arthropods parasitic on animals, including
arachnids such as ticks and mites.

Phylum ARTHROPODA

The phylum Arthropoda contains over 80% of
all known animal species and consists of inver-
tebrates whose major characteristics are a hard
chitinous exoskeleton, a segmented body and jointed
limbs.
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CLASSIFICATION

There are two major classes of arthropods of veterin-
ary importance, namely the Insecta and Arachnida,
and the important orders in these classes are shown
in Figs 1.10 and 1.11.

The two major classes can be differentiated by the
following general characteristics:

Insecta: These have three pairs of legs, the head,
thorax and abdomen are distinct, and they have a
single pair of antennae.

Arachnida: The adults have four pairs of legs, the body
is divided into the gnathosoma (mouthparts) and
idiosoma (fused cephalo-thorax and abdomen); there
are no antennae.

Fig. 1.10 A flea (Siphonaptera) (a), louse (Phthiraptera) (b) and adult fly (Diptera) (c), showing the general morphological features of

insect ectoparasites.

Fig. 1.11

scutum

(b)

A mite (a) and tick (b) showing the general morphological features of arachnid ectoparasites (from Baker et al., 1956).
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A third class of arthropod, the Pentastomida, is of
lesser veterinary importance. The adults are found in
the respiratory passages of vertebrates and resemble
annelid worms rather than arthropods.

STRUCTURE AND FUNCTION
SEGMENTATION

Arthropods are metameric, that is they are divided into
segments. However, within a number of arthropod
classes, particularly the arachnids, there has been a tend-
ency for segmentation to become greatly reduced and,
in many of the mites for example, it has almost dis-
appeared. Segments have become fused into clusters,
such as the head, thorax and to a lesser extent the
abdomen. Each group of segments is specialised for
functions different from those of the other parts of the
body.

EXOSKELETON

The exoskeleton is the outer covering, which pro-
vides support and protection to the living tissues of
arthropods. The exoskeleton is non-cellular. Instead
it is composed of a number of layers of cuticle, which
are secreted by a single outer cell layer of the body
known as the epidermis (Fig. 1.12). The outer layer of
cuticle, the epicuticle, is composed largely of proteins
and, in many arthropods, is covered by a waxy layer.
The next two layers are the outer exocuticle and the
inner endocuticle. Both are composed of a protein and
a polysaccharide called chitin, which has long, fibrous
molecules containing nitrogen. For extra strength
the exocuticle may be tanned, or sclerotised. This is
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Fig. 1.12 Diagrammatic section through the arthropod integument.

Fig. 1.13 (a) Articulation of a generalised arthropod leg joint.
(b) A multicellular apodeme. (c) Intersegmental articulation, show-
ing intersegmental membrane folded beneath the exoskeleton (after
Snodgrass, 1935).

where proteins, interwoven between the chitin bundles,
become tightly cross-linked giving it extra strength.
The sclerotised cuticle is hard and dark in colour.

The cuticle is often penetrated by fine pore canals,
which allow the passage of secretions from the epidermis
to the surface. The cuticle has many outgrowths in the
form of scales, spines, hairs and bristles.

Movement is made possible by the division of the
cuticle into separate plates, called sclerites. Plates are
connected by intersegmental membranes, where the
cuticle is soft and flexible (Fig. 1.13). The muscles attach
on the inside of the exoskeleton to rod-like invagina-
tions of the cuticle called apodemes. The soft, flexible,
unsclerotised cuticle present at the joints of the adult
arthropod exoskeleton also occurs in the integument
of larval arthropods.

APPENDAGES

Primitively each arthropod segment bears a pair of
leg-like appendages. However, the number of append-
ages has frequently been modified through loss or
structural differentiation. In insects there are always
three pairs of legs in the adult stage. In mites and ticks
there are three pairs of legs in the larval life cycle stage
and four pairs in the nymphal and adult stages. The
cuticular skeleton of the legs is divided into tube-like
segments connected to one another by soft articular
membranes, creating joints at each junction.

GAS EXCHANGE

For some small arthropods the exoskeleton is thin and
lacks a waxy epicuticle. For these animals oxygen and
carbon dioxide simply diffuse directly across the cuticle.
However, this method of gas exchange is only func-
tional over very short distances and for very small
animals. In most of the terrestrial groups of arthropod
ectoparasite, the protective cuticle is punctured by a
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Fig. 1.14 A spiracle, trachea and tracheoles (after Snodgrass, 1935).

number of openings. In the insects these openings are
called spiracles; in the mites and ticks they are called
stigmata (Fig. 1.14).

Typically spiracles or stigmata open into cuticle-
lined air-conducting tubes called tracheae, which
form longitudinal and transverse tracheal trunks that
interconnect among the segments. The tracheae branch
repeatedly as they extend to all parts of the body.
The branches of the tracheae end within the cells of
muscles and other tissues in extremely fine tracheoles,
which are the principal sites of gas exchange. The ends
of the tracheoles contain fluid and are usually less than
1 wm in diameter. Tracheoles are particularly numer-
ous in tissues with high oxygen requirements.

Oxygen enters through the respiratory openings
and passes down the trachea, usually by diffusion
along a concentration gradient. Carbon dioxide and (in
terrestrial insects) water vapour move in the opposite
direction. Water loss is a major problem for most
terrestrial arthropds and for them gas exchange is
often a compromise between getting enough oxygen
into the body while making sure that they do not des-
iccate. Hence in periods of inactivity the respiratory
openings are often kept closed by valves which open
only periodlically. In large and highly mobile insects
active pumping movements of the thorax and or
abdomen may be used to help to ventilate the outer
parts of the tracheal system.

CIRCULATORY SYSTEM

The arthropod circulatory system is relatively simple,
consisting of a series of central cavities or sinuses,
called a haemocoel (Fig. 1.15). The haemocoel con-
tains blood, called haemolymph, in which hormones
are transported, nutrients are distributed from the
gut and wastes removed via the excretory organs. The
haemolymph is not involved in gas exchange.

2 —wing
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/ dorsal vessel diaphragm

ventral
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ventral
iaphragm
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diaphragm

perineural

(b) sinus

ventral diaphragm
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Fig. 1.15 Generalised arthropod circulatory system. (a) Lon-
gitudinal section through the body. (b) Transverse section through
the abdomen (reproduced from Gullan and Cranston, 1994, after
Wigglesworth, 1972).

In most mites the circulatory system consists only
of a network of sinuses and circulation probably
results from contraction of body muscles. Insects,
on the other hand have a functional equivalent of the
heart, the dorsal vessel. This is essentially a tube run-
ning along the length of the body. The dorsal vessel
is open at its anterior end, closed at its posterior
end and is perforated by pairs of lateral openings
called ostia. The ostia only permit a one-way flow of
haemolymph into the dorsal vessel. The dorsal vessel
pumps haemolymph forward eventually into sinuses
of the haemocoel in the head. Haemolymph then per-
colates back through the haemocoel, until it is again
picked up by the dorsal vessel through the ostia.

NERVOUS SYSTEM

Arthropods have a complex nervous system associated
with the well developed sense organs, such as eyes and
antennae, and behaviour that is often highly elaborate.
The central nervous system consists of a dorsal brain
in the head which is connected by a pair of nerves which
run around the foregut to a series of ventral nerve cord
ganglia.

DIGESTIVE SYSTEM

The gut of an arthropod is essentially a simple tube
that runs from mouth to anus. The precise shape of
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Fig. 1.16 Digestive tract of a generalised arthropod, showing the
fore-, mid- and hindgut. The cuticular linings of the fore and hind
gut are indicated by thickend lines.

the gut varies between arthropods depending on the
nature of their diet.

The gut is divided into three sections: the fore-
gut, midgut and hindgut (Fig. 1.16). The foregut and
hindgut are lined with cuticle. In fluid-feeding arthro-
pods there are prominent muscles, which attach to the
walls of the pharynx, to form a pump. The foregut is
concerned primarily with the ingestion and storage
of food, the latter usually taking place in the crop.
Between the foregut and the midgut is a valve called
the proventriculus or gizzard. The midgut is the prin-
cipal site of digestion and absorption. It has a cellular
lining, which secretes digestive enzymes. Absorption
takes place largely in the anterior of the midgut, in large
outpockets called gastric caecae. The hindgut termin-
ates in an expanded region, the rectum, which func-
tions in the absorption of water and the formation
of faeces. Nitrogenous wastes are eliminated from
the haemocoel by long, thin projections called the
Malpighian tubules, which open into the gut at the junc-
tion of the mid- and the hindgut. In mites and ticks the
gut follows a broadly similar plan, but may be simplified,
often with only one pair of Malpighian tubules.

ARTHROPOD SENSE ORGANS

The sensory receptors of arthropods are usually asso-
ciated with modifications of the chitinous exoskeleton.
The most common type of receptor is associated with
hairs, bristles and setae. Bristles may act as mechano-
receptors, movement triggering the receptor at its base.
Alternatively, the bristle may carry chemoreceptors,
which may be senstive to specific chemical cues.
The sensory hairs and bristles are distributed most
densely at particular locations such as the antennae
or legs.

Most arthropods have eyes, but these can vary
greatly in complexity. Simple eyes, known as stemmata
consisting of only a few sensory cells, are found in many
larval insects. More complex ocelli, which contain
between 1 and 1000 sensory cells and an overlying
corneal lens, are found in many larval and adult
insects. These simple eyes do not form images but are

very sensitive at low light intensities and to changes
in light intensity. The most complex type of arthropod
eye, known as a compound eye, is large with thousands
of long, cylindrical units called ommatidia, each cov-
ered by a translucent cornea, called a facet. There is
no mechanism for accommodation, the compound eye
does not form an effective image and its principal func-
tion is in detecting movement. In the female of some
species of insect the eyes are distinctly separated
(dichoptic) while in the males they may be very close
together (holoptic). Ocelli and compound eyes may
both occur in the same animal. In some arthropods,
such as the ticks and lice, eyes may be greatly reduced
or absent. In others such as some blood-sucking flies,
whose sight is important in locating their hosts, the eyes
are well developed.

REPRODUCTIVE SYSTEM

In most arthropods the sexes are separate and mating
is usually required for the production of fertile eggs.
The female reproductive system is composed of a
pair of ovaries. Each ovary is divided into egg tubes,
or ovarioles. The ovarioles lead, via the oviduct to an
ovipositor. Most arthropods lay eggs, but some retain
the eggs which hatch within the oviduct, and live larvae
may be deposited at various stages of development.

The male reproductive system is usually composed
of a pair or testes, each subdivided into a set of sperm
tubes, leading to the vas deferens and the external
genitalia, with a penis, or aedeagus. Accessory glands
produce secretions, which may form a packet, called
a spermatophore, which encloses the sperm and pro-
tects it during insemination.

Sperm may be delivered directly to the female
during copulation or, in some species of mite, the
spermatophore is deposited on the ground and the
female is induced to walk over and pick up the sper-
matophore with her genital opening. Sperm are usually
stored by the female in organs called spermathecae.
As an ovulated egg passes down the oviduct it is
fertilised by sperm released from the spermathecae.

MOULTING

To grow, arthropods must shed the exoskeleton peri-
odically; this is moulting or, more properly, ecdysis.
Before the old exoskeleton is shed the epidermis
secretes a new epicuticle. The new epicuticle is soft and
wrinkled at this stage. When the old skeleton is shed
the soft, whitish exoskeleton of the newly moulted
animal is stretched, often by the ingestion of air or
water. Once expanded, sclerotisation occurs, resulting
in hardening and darkening of the cuticle. The stages
between moults are known as stages, or stadia, and
distinct morphological life cycle stages are known as
instars.
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Class INSECTA

GENERAL MORPHOLOGY AND
LIFE CYCLE

Members of the class Insecta can be distinguished
from the other arthropods by the presence of only three
pairs of legs in the adults, and the broad division of
the body into three sections: the head, thorax and
abdomen.

The head carries the main sensory organs: the
single pair of antennae, a pair of compound eyes and,
often, a number of ocelli. The mouth is surrounded
by mouthparts which are very variable in form. In
the ancestral form, represented by living insects such
as cockroaches or grasshoppers, the mouthparts are
composed of the following elements (Fig. 1.17). The
labrum or upper lip is a hinged plate attached to the
face or clypeus. The paired mandibles (jaws) and
macxillae (secondary jaws) have areas of their surfaces
adapted for cutting, slashing or grinding. The maxil-
lae may also carry maxillary palps, which are sensory
in function and used in the monitoring of food. A
hypopharynx arises from the floor of the mouth and
bears the external opening of the salivary glands and
is similar to a tongue. A labium or lower lip usually
bears two sensory labial palps, but these may be
extensively modified, especially in flies. The mouthparts
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Fig. 1.17 Mouthparts of a generalised omnivorous insect.
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Fig. 1.18 (a) The segments of the leg, and the empodium and
pulvilli of adult (b) brachycerran and (c) cyclorrhaphous Diptera.

of different insects show a remarkable variety of spe-
cialisation, which is related to their diet.

The thorax is composed of three fused segments:
the prothorax, the mesothorax and the metathorax. On
each of these segments there is a single pair of legs.
Each leg is composed of six segments. The basal sec-
tion of the leg articulating with the body is the coxa,
which is followed by a short, triangular trochanter.
There then follows the femur, the tibia, one to five
segments of the tarsus, the tarsomeres and, finally,
the pretarsus composed of claws and ridged pads.
Between the claws there may be two pad-like pulvilli
surrounding a central bristle or pad, known as the
empodium (Fig. 1.18). The legs of insects are gener-
ally adapted for walking or running but some are
modified for specialised functions, such as jumping
(fleas) or clinging to the hairs of their host’s body (lice).

Most orders of insect have two pairs of wings arti-
culating with the mesothorax and metathorax (ptery-
gotes). Some orders of primitive insects have never
developed wings (apterygotes), while others, such as
the fleas and lice, which once had wings, have now lost
them completely. Others, such as some of the hippo-
boscids, have wings for only a short time as adults, after
which they are shed. The wing consists of a network
of sclerotised veins, which enclose regions of thin,
transparent cuticle called cells. The veins act as a
framework to brace and stabilise the wing and may
carry haemolymph and nerves. The arrangement of the
veins tends to be characteristic of various groups of
insect species and so is important in identification and
taxonomy (Fig. 1.19). In several groups of insects,
such as beetles, the front wings have been modified
to various degrees as protective coverings for the
hind wings and abdomen, known as elytra. In the true
flies (the Diptera) the hind wings have been reduced
to form a pair of club-like halteres, which are used as
stabilising organs to assist in flight.

The abdomen is composed primitively of 11 seg-
ments, although the tenth and eleventh segments
are usually small and not externally visible and the
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Fig. 1.19 The wing veins and cells of a typical insect, the calypter-
ate dipteran, Calliphora vicina.

eleventh segment has been lost in most advanced
groups. The genital ducts open ventrally on segment
eight or nine of the abdomen and these segments
often bear external organs that assist in reproduction.
The genitalia are composed of structures which prob-
ably originated from simple abdominal appendages.
In the male, the basic external genitalia consist of one
or two pairs of claspers, which grasp the female in
copulation, and the penis (aedeagus). However, there
is considerable variation in the precise shape of the
male genitalia in various groups of insect and these
differences may be important in the identification of
species. In the female the tip of the abdomen is usu-
ally elongated to form an ovipositor.

Within the class Insecta there are generally con-
sidered to be 30 orders, of which only three, the flies
(Diptera), fleas (Siphonaptera) and lice (Phthiraptera),
are of major veterinary importance.

INSECT LIFE CYCLES

In most insects, the juvenile stadia broadly resemble
the adult, except that the genitalia and, where appro-
priate, wings are not developed. The juveniles, usually
called nymphs, make new cuticle and shed the old one
at intervals throughout development, typically four or
five times, increasing in size before the emergence of
the adult. This is often described as a simple life cycle
with incomplete or partial metamorphosis, known as
hemimetabolous metamorphosis (Fig. 1.20).

In other, more advanced, insects the juvenile and
adult stages are dissimilar. The juvenile instar, which may
be referred to as a larva, maggot, grub or caterpillar,
has become concerned primarily with feeding and
growth. In contrast, the adult, or imago, has become
the specialised reproductive and dispersal instar. To
reach the adult form, the larva must undergo com-
plete metamorphosis, during which the entire body is
reorganised and reconstructed. The transformation
between the juvenile and the adult is made possible
by the incorporation of a pupal stage, which acts as a
bridge between juvenile and adult. The pupa does not
feed and is generally (but not always) immobile.
However, it is metabolically very active as old larval

Nymphs /

Fig. 1.20 Life cycle of a generalised louse, displaying hemi-
metabolous metamorphosis and passing through three nymphal
stages prior to emergence as a reproductive adult.

tissues and organs are lost or remoulded and replaced
by adult organs. This pattern of development is des-
cribed as a complex life cycle with holometabolous
metamorphosis (Fig. 1.21).
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Fig. 1.21 Life cycle of a fly, Stomoxys calcitrans, displaying
holometabolous metamorphosis, with the egg giving rise to maggot-
like larva, pupa and finally reproductive adult.
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Order HEMIPTERA

This order includes a large number of plant lice and
bugs of considerable economic importance. Only a small
number of species are of veterinary importance.

Family CIMICIDAE

Bed-bugs of the genus, Cimex, are blood feeders on
a wide range of animals and humans.

Family REDUVIIDAE

Triatome or cone-nose bugs, sometimes called kissing
or assassin bugs, of the genera Rhodnius, Triatoma
and Panstrongylus, are blood-feeders on a wide range
of animals and humans. They are vectors of the pro-
tozoan parasite Trypanosoma cruzi which causes
Chagas’ disease, in South America.

Order DIPTERA

The Diptera are the true flies; it one of the largest
orders in the class Insecta, with over 120 000 described
species. They have only one pair of wings, the hind

Parasitology

pair having been reduced to become halteres, which
help the insect to maintain stable flight. All species
of Diptera have a complex life cycle with complete
metamorphosis. As a result, dipterous flies can be
parasites as larvae or adults, but they are rarely para-
sites in both life cycle stages. The adults of many mem-
bers of this order are also important as vectors of
disease.

The order Diptera is most commonly divided
into three sub-orders, Cyclorrhapha, Brachycera and
Nematocera, and this is the classification system that
will be adopted here (Fig. 1.22). Adults of these sub-
orders can be distinguished morphologically by wing
venation (Fig. 1.23) and antennal structure (Fig. 1.24),
and also by ecological habitats. However, recent
work has suggested that the sub-order Cyclorrhapha
should be replaced as an infraorder known as the
Muscomorpha, within an enlarged sub-order Brachy-
cera. This is known as the ‘McAlpine classification’
but is not, as yet, universally accepted.

Suborder NEMATOCERA

Flies of the sub-order Nematocera are usually small,
slender and delicate with long, filamentous antennae
composed of many articulating segments (Fig. 1.24).

Order
Diptera
Suborder Suborder Suborder
Nematocera Brachycera Cyclorrhapha
I I
Series Series
Schizophora Aschiza
Family
| Tabanidae
Family Family Section Section
Family Simulidae  Culicidae  Family Acalypterae Calypterae
Psychodidae Ceratopogonidae |
| | |
Super-family Super-family Super-family
Oestroidea Hippoboscoidea Muscoidea
1
Family Family Family Family Family
Oestridae  Sarcophagidae  Calliphoridae Muscidae Fannidae
Family Family
Glossinidae Hippoboscidae

Fig. 1.22 Classification of the families of Diptera of veterinary importance.
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Fig. 1.24 Variations in the antennae found in the three suborders
of Diptera.
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Fig. 1.25 Mouthparts of a mosquito (Diptera: Nematocera). (a)
Anterior view. (b) Transverse section (reproduced from Gullan and
Cranston, 1994).

The wings are often long and narrow, with conspicuous
longitudinal veins (Fig. 1.23). The palps are usually
pendulous, though not in mosquitoes, and usually are
composed of four or five segments. Only the females
are parasitic and have piercing—sucking mouthparts.
Eggs are laid in or near water and develop into
aquatic larvae and pupae: both of these stages have
recognisable heads and are mobile.

The labium forms a protective sheath for the other
mouthparts, known collectively as the stylets, and
ends in two small, sensory labella (Fig. 1.25). Inside
the labium lies the labrum which is curled inwards
to the edges so that it almost forms a complete tube.
The gap in the labrum is closed by the very fine
paired mandibles to form a food canal. Behind the
mandibles lies the slender hypopharynx, bearing the
salivary canal, and behind this are the paired maxillae
(laciniae). Both the mandibles and maxillae are finely
toothed towards their tips. At the base of the mouth-
parts is a single pair of sensory maxillary palps. The
structure of these mouthparts is essentially similar in
all families of blood-feeding Nematocera. However,
they are greatly elongated in the mosquitoes.

Family CERATOPOGONIDAE

This family consists of very small flies, which are
commonly known as biting midges. The females feed
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on humans and animals and are known to transmit
various viruses, protozoa and helminths. The only
important genus from a veterinary standpoint is
Culicoides.

Family SIMULIIDAE

Of the 12 genera belonging to this family of small flies,
Simulium is the most important. Commonly referred
to as ‘blackflies’ or ‘buffalo gnats’ they have a wide
host range, feeding on a great variety of mammals and
birds and causing annoyance due to their painful
bites. In humans however, they are most important as
vectors of Onchocerca volvulus, the filarioid nematode
that causes ‘river blindness’ in Africa and Central and
South America.

Family PSYCHODIDAE

The flies of this family are called the ‘sandflies’ with
Phlebotomus the main genus of veterinary importance.
In the New World the genus Lutzomyia is of medical
importance. Both genera are important as vectors of
Leishmania. Since, in some areas of the world, the term
‘sandflies’ includes some biting midges and blackflies
a better term is ‘phlebotomine sandflies’.

Family CULICIDAE

The Culicidae are the mosquitoes. They are small
slender flies with long legs. Although their bites are a
severe nuisance to humans and animals they are prin-
cipally important as vectors of malaria (Plasmodium
spp), filarial nematodes and viruses. Primarily because
of their importance as vectors of human malaria there
is a vast literature on their classification, behaviour
and control, but the family is of limited veterinary
significance and only general aspects of morphology,
significance and control need be discussed. The main
genera of importance are Anopheles, Aedes and Culex.

Suborder BRACHYCERA

These are large flies with stout antennae often consist-
ing of only three segments, the last segment frequently
bearing annulations (Fig. 1.24). The maxillary palps are
usually held forwards and cross-veins are present on
the wings. The females use their slashing-sponging
mouthparts to pierce the skin of their host and then
feed on the pool of blood created (Fig. 1.26). The eggs
are laid on vegetation overhanging mud or shallow
water and hatch into large carnivorous larvae with
ill defined but usually retractile heads. Like the
Nematocera, both larvae and pupae are mobile and
aquatic, and are usually found in mud.

mandible /
hypopharyy
maxillae
Fig. 1.26 Slashing and sponging mouthparts of a female tabanid
fly.

Family TABANIDAE

There is only a single family of Brachycera of major
veterinary interest, the Tabanidae, species of which
are often known as horse flies, deer flies and clegs.
The pain caused by their bites leads to interrupted
feeding, and as a consequence, flies may feed on a
succession of hosts and are therefore important in
the mechanical transmission of pathogens such as
trypanosomes.

The Tabanidae is one of the largest families of
Diptera, containing an estimated 8000 species divided
into 30 genera, only three of which are of major veterin-
ary importance: Tabanus (horse flies), Haematopota
and Chrysops (deer flies). Species of the genus
Tabanus are found worldwide; the Haematopota are
largely Palaearctic, Afrotropical and Oriental in dis-
tribution; species of the genus Chrysops are largely
Holarctic and Oriental.

Suborder CYCLORRHAPHA

These are small to medium-sized flies with short, three-
segmented antennae, the last of which often bears
a feather-like attachment, the arista. The maxillary
palps are small and the wings show cross-venation.

The cyclorrhaphous Diptera of veterinary interest
are divided into the three superfamilies Muscoidea,
Hippoboscoidea and Oestroidea. The Muscoidea
and Hippoboscoidea, each contain two families of
veterinary interest, the Muscidae and Fannidae and
the Hippoboscidae and Glossinidae, respectively.
The superfamily Oestroidea contains three families
of veterinary interest, Oestridae, Calliphoridae and
Sarcophagidae, species of which are primarily asso-
ciated with myiasis, the infestation of the tissues of a
living host with fly larvae.
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Fig. 1.27 The head and mouthparts of an adult house fly in (a) an-
terior and (b) lateral views (modified from Snodgrass, 1935). The
mandibles and maxillae have been lost, the labrum reduced, and
the labial palps expanded to form two large, fleshy labella. The labella
are covered by a series of fine grooves, called pseudotracheae,
along which liquid flows to the oral aperture by capillary action. The
labium is flexible and the mouthparts can be retracted into the head.

There are two basic functional types of mouthpart
seen in the adult cyclorrhaphous Diptera of veterinary
interest. Sponging mouthparts are used for feeding
on liquid films. Such mouthparts are found in groups
such as the house flies, blow flies and face flies.
Biting mouthparts are used for puncturing the skin
and drinking blood. They occur in groups such as the
stable flies, horn flies and tsetse flies. In the sponging-
type mouthparts, as seen in the house fly, the proboscis
is an elongate feeding tube, composed of a basal
rostrum bearing the maxillary palps, a median flex-
ible haustellum, composed of the labium and flap-like
labrum, and apical labella (Fig. 1.27). Mandibles and
maxillae are absent. The labrum and the hypopharynx
lie within the flexible anterior gutter in the labium.
The labella are sponging organs, the inner surface
of which are lined by grooves called pseudotracheae.
The grooves lead towards the oral aperture, known
as the prestomum. When feeding, the labella are
expanded by blood pressure and opened to expose their
inner surface. They are then applied to the liquid
film. Liquid flows into and along the grooves by
capillary action and then is drawn up the food canal
by muscular pumping action. At rest, the inner surfaces
of the labella are in close contact and kept moist by
secretions from the labial salivary glands.

The house fly proboscis is jointed and can be with-
drawn into the head capsule when not in use by
the retraction of the rostrum. There are a number of
minute teeth surrounding the prestomum, which can
be used directly to rasp at the food. These teeth may
be well developed and important in the feeding of
various species of Muscidae, for example Hydrotaea
irritans.

The ancestral cyclorrhaphous Diptera probably
had the sponging mouthparts as described, with-

(b)

/ @/Iabrum
‘. ‘ t% hypopharynx

salivary duct

labium

==
/: //
labium (c)
hypopharynx

labellum

Fig. 1.28 Mouthparts and head of (a) a stable fly in lateral view
and (b) cross-section. (c) Proboscis and palps of a tsetse fly (repro-
duced from Newstead et al., 1924).

out mandibles and maxillae. However, a number of
species, such as stable flies and tsetse flies, have de-
veloped a blood-sucking habit and show modifica-
tions of the basic house fly mouthparts, which reflect
this behaviour.

In blood-feeding Muscidae, the labella have been
reduced in size and the pseudotracheae have been
replaced by sharp teeth. The labium has been length-
ened and surrounds the labrum and hypopharynx
(Fig. 1.28). The rostrum is reduced and the rigid
haustellum cannot be retracted. In feeding, the teeth
of the labella cut into the skin. The entire labium and
the labrum-hypopharynx, forming the food canal, are
inserted into the wound. Saliva passes down a duct
in the hypopharynx and blood is sucked up the food
canal. Variations on this general pattern range from
the robust mouthparts of stable flies to the delicate
mouthparts of tsetse flies.

The larvae of cyclorrhaphous Diptera have a
poorly defined head, and are mobile and worm-like,
often being referred to as ‘maggots’ (Fig. 1.29). The
mature larva pupates on or in the ground, within a
hard pupal case or puparium, which is completely
immobile. When the adult fly is ready to emerge, it
does so by inflating a membranous ptilinal sac situated
at the front of the head, which then pushes off a cir-
cular cap at the anterior end of the puparium.

Family MUSCIDAE

This family comprises many biting and non-biting
genera, the latter commonly referred to as nuisance
flies. As a group they may be responsible for ‘fly-worry’
in livestock and a number of species are vectors
of important bacterial, helminth and protozoal dis-
eases of animals. The major genera of veterinary
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Fig. 1.29 Structure of a cyclorrhaphous fly larva. (a) Lateral
view with detail of anterior spiracle (after Hall and Smith, 1993).
(b) Transverse section through the head and mouthparts.
(c) Cephalopharyngeal skeleton.

importance include Musca (house flies and related
flies), Hydrotaea (head fly), Stomoxys (stable fly) and
Haematobia (horn fly).

Family FANNIDAE

The family contains about 250 species of which
species of the genus Fannia are of importance as
nuisance pests of livestock.

Family HIPPOBOSCIDAE

The Hippoboscidae are unusual in being flattened
dorsoventrally and having an indistinctly segmented
abdomen, which is generally soft and leathery. They
have piercing bloodsucking mouthparts, are parasitic
on mammals and birds and have strong claws on the
feet, which allow them to cling to hair or feathers.
They tend to be either permanent ectoparasites or to
remain on their hosts for long periods. The two major
genera of veterinary importance are Hippobosca and
Melophagus.

Family GLOSSINIDAE

The sole genus in the family Glossinidae is Glossina,
species of which are known as tsetse flies. Tsetse flies
are entirely restricted to sub-Saharan Africa, and
feed exclusively on the blood of vertebrates and are
of importance as vectors of trypanosomosis in animals
and humans.

Family CALLIPHORIDAE

The Calliphoridae, known as blow flies, are a large
family, composed of over 1000 species divided between
150 genera. At least 80 species have been recorded as
causing traumatic, cutaneous myiasis. These species are
found largely in five important genera: Cochliomyia,
Chrysomya, Cordylobia, Lucilia and Calliphora. The
genera Protophormia and Phormia also each con-
tain a single species of importance. Most of these
species are either primary or secondary facultative
invaders. Only two species, Chrysomya bezziana and
Cochliomyia hominivorax, are obligate agents of
myiasis.

Family SARCOPHAGIDAE

The family Sarcophagidae, known as flesh flies, con-
tains over 2000 species in 400 genera. Most species
of Sarcophagidae are of no veterinary importance,
breeding in excrement, carrion and other decompos-
ing organic matter. The principal genus containing
species which act as important agents of veterinary
myiasis is Wohlfahrtia.

Family OESTRIDAE

This is an important family consisting of several gen-
era of large, usually hairy, flies whose larvae are oblig-
atory parasites of animals. All are obligate parasites,
showing a high degree of host specificity. The adults
have primitive, non-functional mouthparts. However,
their larvae spend their entire period of larval growth
and development feeding within their vertebrate hosts,
causing nasopharyngeal, digestive tract, or dermal-
furuncular myiases. The larvae are characterised by
posterior spiracular plates containing numerous small
pores.

The Oestridae contains about 150 species, known
as the bots and warbles. There are four sub-families
of importance: Oestrinae, Gasterophilinae, Hypoder-
matinae and Cuterebrinae. The sub-family Oestrinae
contains one genus of major importance, Oestrus,
and three genera of lesser importance, Rhinoestrus,
Cephenemyia and Cephalopina. The sub-family Gas-
terophilinae contains a single genus of importance, Gas-
terophilus. The sub-family Hypodermatinae contains
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one genus of major importance, Hypoderma, and a
second, less widespread genus, Przhevalskiana. The
sub-family Cuterebrinae contains two genera of inter-
est, Cuterebra and Dermatobia. Other oestrids, though
of limited geographical distribution, but locally of
veterinary importance are Cephenemyia, Oedemagena,
Gedoelstia and Cephalopina.

Order PHTHIRAPTERA

The lice (order Phthiraptera) are permanent obligate
ectoparasites, which are highly host specific, many
species even preferring specific anatomical areas.
They usually only leave their host to transfer to a
new one. They are small insects, about 0.5-8 mm in
length, dorsoventrally flattened and possess stout legs
and claws for clinging tightly to fur, hair and feathers.
All lice are wingless, but this is a secondary adapta-
tion to the parasitic lifestyle, and lice are thought to
be derived originally from winged ancestors. They
feed on epidermal tissue debris, parts of feathers,
sebaceous secretions and blood. They usually vary in
colour from pale beige to dark grey, but they may
darken considerably on feeding. Most are blind, but
a few species have simple photosensitive eye spots.

The Phthiraptera is a small order with about 3500
described species, of which only about 20-30 are
of major economic importance. The classification
of the Phthiraptera is complex and remains the sub-
ject of some debate. The order is divided into four
sub-orders: Anoplura, Amblycera, Ischnocera and
Rhynchophthirina. However, the Rhynchophthirina
is a very small sub-order, including just two African
species, one of which is a parasite of elephants and the
other a parasite of warthogs. The Anoplura, known
as the sucking lice, are usually large, up to 5 mm,
with small, pointed heads and terminal mouthparts
(Fig. 1.30). They are generally slow moving, and have
powerful legs, each with a single large claw. They
occur exclusively on mammals. The description ‘biting
lice’, sometimes used to describe the Anoplura, is a
misnomer, because all lice bite.

In the veterinary literature, the Amblycera and
Ischnocera are usually discussed together and des-
cribed as the Mallophaga which, in older textbooks,
is accorded status as a sub-order in its own right.
However, Mallophaga is not a monophyletic group.
Mallophaga literally means ‘wool eating’ and the
Amblycera and Ischnocera are known as chewing lice.

LOUSE LIFE CYCLES

Sucking and chewing lice have very similar life cycles.
During a life span of about a month the female lays
200-300 operculate eggs (‘nits’). These are usually
whitish, and are glued to the hair or feathers where
they may be seen with the naked eye (Fig. 1.31).

(a)
Fig. 1.30 Dorsal view of adult female (a) sucking louse, Hae-

matopinus (reproduced from Smart, 1943) and (b) chewing louse,
Bovicola (reproduced from Gullan and Cranston, 1994).
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Fig. 1.31 Detail of (a) the tarsus and claw and (b) an egg attached
to a hair, of an anopluran louse, Haematopinus (reproduced from
Smart, 1943).

There is no true metamorphosis and from the egg
hatches a nymph, similar to, though much smaller
than, the adult. After three moults the fully grown adult
is present. The whole cycle from egg to adult usually
takes 2-3 weeks.

Sucking lice, with their piercing mouthparts, feed on
blood, but the chewing lice are equipped for biting and
chewing and have a wider range of diet. Those on mam-
mals ingest the outer layers of the hair shafts, dermal
scales and blood scabs; the bird lice also feed on skin
scales and scabs, but unlike the mammalian species,
they can digest keratin, so that they also eat feathers
and down.

Heavy louse infestation is known as pediculosis.
Some species of lice may act as intermediate hosts to
the tapeworm, Dipylidium caninum. However, despite
this, lice are predominantly of veterinary interest
because of the direct damage they can cause to their
hosts, rather than as vectors.
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The effect of lice is usually a function of their dens-
ity. A small number of lice may present no problem
and in fact may be a normal part of the skin fauna.
However, louse populations can increase dramatic-
ally reaching high densities. Such heavy louse infesta-
tions may cause pruritus, alopecia, excoriation and
self-wounding. The disturbance caused may result in
lethargy and loss of weight gain or reduced egg pro-
duction. Severe infestation with sucking lice may
cause anaemia. Heavy infestations are usually associ-
ated with young animals or older animals in poor
health, or those kept in unhygienic conditions.

Transfer of lice from animal to animal or from herd
to herd is usually by direct physical contact. Because
lice do not survive for long off their host, the poten-
tial for animals to pick up infestations from dirty
housing is limited, although it cannot be ignored.
Occasionally, lice also may be transferred between ani-
mals by attachment to flies (phoresy).

In temperate habitats, louse populations are
dynamic and exhibit pronounced seasonal fluctu-
ations. The seasonal increase in louse populations
may be exacerbated by winter housing, if the animals
are in poor condition and particularly if animals
are deprived of the opportunity to groom themselves
properly. Louse infestation may also be indicative of
some other underlying problem, such as malnutrition
or chronic disease.

Suborder ANOPLURA

The sub-order contains several families, two of which
are of major importance in veterinary medicine, the
Haematopinidae and the Linognathidae. The Poly-
placidae and Hoploperidae contain species which are
parasites of rodents. The Echinophthiridae contains
species which are parasites of marine mammals and
the Neolinagnathidae, of which there are only two
species that are parasites of elephant shrews. Two
other families of medical interest are the Pediculidae
and Pthiridae.

Family HAEMATOPINIDAE

The family Haematopinidae contains the genus
Haematopinus (the ‘short-nosed’ louse), which is the
main one of veterinary importance. This is the largest
louse of domestic mammals, up to 0.5 cm in length,
found in cattle, pigs and horses.

Family LINOGNATHIDAE

The family Linognathidae contains two genus of
veterinary importance. Linognathus (the ‘long-nosed’
louse) is bluish-black and found on cattle, sheep,

goats and dogs. Solenopotes is a small bluish louse,
which tends to occur in clusters on cattle.

Family MICROTHORACIIDAE

This family contains four species of the genus
Microthoracius. Three species parasitise llamas and a
fourth species is parasitic on camels.

Family POLYPLACIDAE

Lice of the genus Polyplax infest rodents and may cause
problems in laboratory colonies.

Suborder AMBLYCERA

Amblycera are ectoparasites of birds, marsupials and
New World mammals. Adults are medium-sized or
relatively large lice, usually 2-3 mm in length. They
have large, rounded heads on which the eyes are
reduced or absent. They are chewing lice with mouth-
parts consisting of distinct mandibles on the ventral sur-
face and a pair of two- to four-segmented maxillary
palps. The four-segmented antennae are protected
in antennal grooves, so that only the last segment is
visible. The Amblycera contains six families, of which
the families Menoponidae, Boopidae, Gyropidae and
Trimenoponidae are of relevance to veterinary
medicine.

Family MENOPONIDAE

Several genera are of veterinary importance on birds.
Menacanthus can cause severe anaemia and is the
most pathogenic louse of adult domestic hens and
cage birds, in particular canaries. Menopon is found
mainly on the domestic hen, but it will spread to
other fowl, such as turkeys and ducks, which are in
contact. Holomenopon is found on ducks.

Family BOOPIDAE

Members of this family occur on marsupials.
Heterodoxus may be of importance on dogs and other
canidae.

Family GYROPIDAE

Gyropus and Gliricola may be important in guinea
pigs. Species of this family may be distinguished
from other families of chewing lice because the
tarsi of the mid- and hindlegs have either one or no
claws.
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Family TRIMENOPONIDAE

Trimenopon is found on guinea pigs.

Suborder ISCHNOCERA

The Ischnocera includes three families, two of which,
the Philopteridae on domestic birds and Trichodectidae
on mammals, are of major veterinary importance.

Family PHILOPTERIDAE

The family Philopteridae contains the genera
Cuclotogaster, Lipeurus, Goniodes, Goniocotes and
Columbicola, species of which are important para-
sites of domestic birds. The Philopteridae have five-
segmented antennae and paired claws on the tarsi.

Family TRICHODECTIDAE

The family Trichodectidae contains the genera
Bovicola (Damalinia), found on cattle, sheep and
horses; Felicola, the sole species of louse found on
cats; and Trichodectes found on dogs.

The Trichodectidae have three-segmented antennae
and a single claw on the tarsi.

Suborder RHYNCHOPHTHIRINA

The Rhynchophthirina is is a very small sub-order
including just two species, which are parasites of ele-
phants and warthogs.

Order SIPHONAPTERA

Fleas (Siphonaptera) are small, wingless, obligate
blood-feeding insects. Both sexes are blood-feeders and
only the adults are parasitic. The order is relatively small
with about 2500 described species, almost all of which
are morphologically extremely similar. Over 95% of
flea species are ectoparasites of mammals, whilst the
others are parasites of birds.

Fleas (Fig. 1.32) are dark brown, wingless insects,
usually between 1 and 6 mm in length, with females
being larger than males. The body colour may vary
from light brown to black. The body is laterally com-
pressed with a glossy surface, allowing easy movement
through hairs and feathers. Eyes, when present, are
simply dark, photosensitive spots, and the antennae,
which are short and club-like, are recessed into the
head. The third pair of legs is much longer than the
others, an adaptation for jumping. The head and first
segment of the thorax (pronotum) may bear ventral
(genal) or posterior (pronotal) rows of dark spines
called ctenidia or ‘combs’, and these are important
features used in identification.
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Fig. 1.32 Morphological features of an adult flea (reproduced from
Gullan and Cranston, 1994).

Many species of flea are able to parasitise a range
of hosts. This, combined with their mobility, which
allows them to move easily between hosts, makes
them parasites of considerable medical and veterinary
importance and makes them difficult to control. Once
on their host, fleas feed daily or every other day.
Females require significantly more blood than males.
Blood-feeding may have a range of damaging effects
on the host animal, causing inflammation, pruritus
or anaemia. Fleas may also act as vectors of bacteria,
protozoa, viruses and tapeworms. However, in veterin-
ary entomology fleas are probably of most import-
ance as a cause of cutaneous hypersensitivity reactions.
Though most important in dogs, cats and poultry,
their readiness to parasitise humans as alternative
hosts gives the fleas of these domestic animals a relev-
ance in public health. Ruminants, horses and pigs do
not have their own species of fleas.

FLEA LIFE CYCLES

Fleas are holometabolous and go through four
stages: egg, larva, pupa and adult (Fig. 1.33). The
ovoid eggs have smooth surfaces, and may be laid on
the ground or on the host from which they soon drop
off. Hatching occurs in 2 days to 2 weeks, depending
on the temperature of the surroundings. The larvae are
maggot-like, with a distinct, brownish head and have
a coat of bristles. There are no appendages. They
have chewing mouthparts and feed on debris and
on the faeces of the adult fleas, which contain blood
and give the larvae a reddish colour. The larva moults
twice, the final stage being about 5.0 mm long, and then
spins a cocoon, from which the adult emerges.
Moulting and pupation are dependent on the
ambient temperature and humidity. Under ideal con-
ditions, the entire cycle may take only 18 days to
complete, although it can range from 6-12 months.
Two broad trends in flea life cycles can be seen. A
simple association with the nest habitat is preserved
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Fig. 1.33 Life cycle of a typical flea. (a) Adult. (b) Egg. (c) Larvae.
(d) Pupa (after Séguy, 1944).

in many groups of the family Ceratophyllidae, char-
acterised by infrequent and brief associations with
the host and often considerable adult movement
between hosts and nests. In contrast, many groups
of the family Pulicidae show prolonged adult asso-
ciations with the host. However, within these broad
categories, a high degree of variation may exist. A
few genera remain permanently attached throughout
adult life. These are the burrowing, or ‘stickfast’,
fleas, whose females are embedded in the skin, within
nodules. Only the posterior part of these fleas com-
municates with the surface, allowing the eggs or
larvae to drop to the ground and develop in the usual
manner.

There are generally considered to be 15 or 16
families and 239 genera. Only two families contain
species of veterinary importance: the Ceratophyllidae
and the Pulicidae. The Ceratophyllidae is a large
family, at present thought to contain over 500 species,
of which about 80 species are parasites of birds and
the remainder of which are parasites of small rodents.
Most species of the family are Holarctic in distribu-
tion. The Pulicidae are parasites of a range of mammals.
They are distributed worldwide.

Family CERATOPHYLLIDAE

The Ceratophyllidae is a large family containing over
500 species of which about 80 species are parasites
of birds and the remainder are parasites of rodents.
The genus Nosopsyllus are fleas of rats; Ceratophyllus
parasitises mainly squirrels and other rodents, but
contains two species of veterinary importance because
they feed on poultry and other birds.

Family PULICIDAE

The Pulicidae are parasites of a range of mammals with
worldwide distribution. Genera of veterinary import-
ance include Ctenocephalides (dog and cat fleas),
Spilopsyllus, Echidnophaga, Pulex, Xenopsylla, Ar-
chaeopsylla, Tunga and Leptopsylla.

Class ARACHNIDA

Members of the class Arachnida are a highly diverse
group of largely carnivorous, terrestrial arthropods. The
arachnids do not possess antennae or wings and they
only have simple eyes. In this class there is only one
group of major veterinary importance, the sub-class
Acari (sometimes also called Acarina), containing the
mites and ticks.

The sub-class Acari is an extremely diverse and
abundant assembly; over 25000 species have been
described to date. They are usually small, averaging
about 1 mm in length. However, some ticks may be
over 3 cm in length. Segmentation is inconspicuous or
absent and the sections of the body are broadly fused,
so that the body appears sack-like.

The first pair of appendages, called chelicerae, is posi-
tioned in front of the mouth and is used in feeding.
The second pair of appendages appears behind the
mouth and is composed of palps. Their precise struc-
ture and function varies from order to order. The
palps are usually short, sensory structures associated
with the chelicerae. Together the chelicerae and
palps form a structure called the gnathosoma. The body
posterior to the gnathosoma is known as the idiosoma
(Fig. 1.34). In the adult, the idiosoma is subdivided
into the region that carries the legs, the podosoma, and
the area behind the last pair of legs, the opisthosoma.
The legs are six-segmented and are attached to the
podosoma at the coxa, also known as the epimere. This
is then followed by the trochanter, femur, genu, tibia
and tarsus ending in a pair of claws and a pad-like
pulvillus (Fig. 1.35).

There are three main lineages of extant mites:
the Opiloacariformes, the Parasitiformes and the
Acariformes. The Opiloacariformes are thought to
be the most primitive of the living mites and are not
parasitic. The Parasitiformes possess one to four pairs
of lateral stigmata posterior to the coxae of the sec-
ond pairs of legs and the coxae are usually free. The
Parasitiformes include the ticks, described as the
Ixodida or Metastigmata, and the gamesid mites or
Mesostigmata. The Acariformes do not have visible
stigmata posterior to the coxae of the second pair
of legs and the coxae are often fused to the ventral
body wall. The Acariformes include the mite-like
mites, the Sarcoptiformes and Trombidiformes, often
described as the Astigmata and Prostigmata, respect-
ively. The terms metastigmata, mesostigmata, astigmata
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Fig. 1.34 Divisions of the body of a generalised mite.

and prostigmata, relate to the position of the respiratory
openings on the body and provide a convenient way of
distinguishing the four sub-orders of parasitic importance.

LIFE CYCLES

There are four basic life cycle stages: the egg, a six-
legged larva, eight-legged nymph and eight-legged adult
(Fig. 1.36). But these may be further divided into pre-
larva, larva, protonymph, deutonymph, tritonymph
and adult. There may also be more than one moult in

trochanter

pretarsus

Fig. 1.35 The divisions of the leg of a generalised mite.

each of these instars. In many Acari, pre-larval and
larval instars take place within the egg or have been
lost. In others, one or more of the nymphal instars may
be omittted.

The ticks, sub-order IXODIDA
(Metastigmata)

The ticks are obligate, blood-feeding ectoparasites
of vertebrates, particularly mammals and birds. They
are relatively large and long-lived, feeding periodically
taking large blood meals, often with long intervals
between meals. Tick bites may be directly damaging to
animals, causing irritation, inflammation or hypersens-
itivity, and, when present in large numbers, anaemia
and production losses. The salivary secretions of some
ticks may cause toxicosis and paralysis; however, more
importantly, when they attach and feed they are

i

Protonymph Tritonymph Adult

Fig. 1.36 Generalised life-cycle of a psoroptid mite.
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capable of transmitting a number of pathogenic viral,
bacterial, rickettsial and protozoal diseases.

Ticks belong to two families, the Ixodidae and
Argasidae. The most important is the Ixodidae, often
called the hard ticks, because of the presence of a
rigid chitinous scutum, which covers the entire dorsal
surface of the adult male. In the adult female and in
the larva and nymph it extends for only a small area,
which permits the abdomen to swell after feeding.
The other family is the Argasidae or soft ticks, so-called
because they lack a scutum; included in this family are
the bird ticks and the tampans.

Family IXODIDAE

The Ixodidae are relatively large ticks (between 2
and 20 mm), flattened dorsoventrally. The enlarged
fused coxae of the palps are known as the basis
capituli, which vary in shape in the different genera.
Its lower wall is extended anteriorly and ventrally to
form the hypostome, which lies below the chelicerae
(Fig. 1.37). The hypostome is armed with rows of
backward barbs or teeth, and is used as an anchoring
device when the tick feeds. Ventromedially there is a
hypostome with recurved teeth for maintaining posi-
tion; it bears a dorsal groove to permit the flow of saliva
and host blood. The four-segmented sensory palps and
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Fig. 1.37 Tick mouthparts. (a) Ventral view, showing toothed hypo-
stome. (b) Dorsal view, showing the chelicerae behind the cheliceral
sheaths.
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Fig. 1.38 Dorsal view of a generalised female, ixodid tick.

heavily sclerotised chelicerae are anterior and visible
from the dorsal surface.

Ixodid ticks (Fig. 1.38) have a chitinous covering
or scutum, which extends over the whole dorsal sur-
face of the male, but covers only a small area behind
the gnathosoma in the larva, nymph or female. Other
distinguishing features are a series of grooves on the
scutum and body, and, in some species, a row of
notches, called festoons, on the posterior border of the
body. Chitinous plates are sometimes present on the
ventral surface of the males. Some ticks have coloured
enamel-like areas on the body and these are called
‘ornate ticks’.

The coxa of the leg may be armed with internal and
external ventral spurs; their number and size may be
important in species identification (Fig. 1.39). Located
on the tarsi of the first pair of legs is the Haller’s
organ, which is packed with chemoreceptors used for
locating potential hosts. Eyes, when present, are situ-
ated on the outside margin of the scutum. Adult and
nymphal ticks have a pair of respiratory openings, the
stigmata, which lead to the tracheae. The stigmata
are large and positioned posterior to the coxae of the
fourth pair of legs. In adults, the genital opening, the
gonopore, is situated ventrally behind the gnathosoma,
usually at the level of the second pair of legs, and is
surrounded by the genital apron. From the gonopore
are a pair of genital grooves extended backwards to
the anal groove, located ventrally, and usually poster-
ior to the fourth pair of legs (Fig. 1.40).

The hard ticks are temporary parasites and spend
relatively short periods on the host. There is a single
hexapod larval stage, and a single octopod nymphal
stage leading to the reproductive adut stage (Fig. 1.41).



Parasite taxonomy and morphology

hypostome
Haller's organ // palp
farsus
. tibia i
internal spur genital opening
genu
femur stigmatal plate
median plate
trochanter \ genital groove
external spur \"/
P coxa 77— adanal plate
anal groove
(a) (b) anus

Fig. 1.39 (a) Ventral view of the coxae showing internal and external ~ Fig. 1.40 Ventral view of a generalised male, ixodid tick.
spurs and (b) segments of the leg of a generalised ixodid tick.

Female

Fig. 1.41 Life cycle of an ixodid tick.
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The number of hosts to which they attach during their
parasitic life cycle varies from one to three. Based on
this, they are classified as:

e One-host ticks where the entire parasitic devel-
opment from larvae to adult takes place on the
one host.

e Two-host ticks where larvae and nymphs occur on
one host and the adults on another.

e Three-host ticks where each stage of development
takes place on different hosts.

Ixodid ticks are important vectors of protozoal,
bacterial, viral and rickettsial discases. The Ixodidae
contains about 650 species of ticks in thirteen genera.
Ixodes is the largest genus containing 217 species.
Other genera of veterinary importance include Der-
macentor, Rhipicephalus, Haemaphysalis, Boophilus,
Amblyomma, Hyalomma and Aponomma.

Family ARGASIDAE

Soft ticks have a leathery and unsclerotised body with
a textured surface, which in unfed ticks may be char-
acteristically marked with folds or grooves (Fig. 1.42).
The integument is inornate. The palps appear some-
what leg-like with the third and fourth segments equal
in size. The gnathosoma is located ventrally and is
not visible from the dorsal view in nymphs and adults.
When present, the eyes are present in lateral folds
above the legs. The stigmata are small and anterior
to the coxae of the fourth pair of legs. The legs are
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similar to those of hard ticks; the pulvulli are usually
absent or rudimentary in nymphs and adults, but may
be well developed in larvae.

The soft ticks have a multi-host life cycle. The larval
stage feeds once before moulting to become a first-stage
nymph. There are between two and seven nymphal
stages, each of which feeds then leaves the host before
moulting to the next stage. The adult females lay small
batches of eggs after each short feed, lasting only a few
minutes.

These ticks, unlike the Ixodidae, are drought resist-
ant and capable of living for several years, and are
found predominantly in deserts or dry conditions,
but living in close proximity to their hosts. There are
three genera of veterinary importance, Argas, Otobius
and Ornithodoros.

THE MITES

The ectoparasitic mites of mammals and birds inhabit
the skin, where they feed on blood, lymph, skin debris
or sebaceous secretions, which they ingest by punctur-
ing the skin, scavenge from the skin surface or imbibe
from epidermal lesions. Most ectoparasitic mites spend
their entire lives in intimate contact with their host,
so that transmission from host to host is primarily by
physical contact. Infestation by mites is called acariasis
and can result in severe dermatitis, known as mange,
which may cause significant welfare problems and eco-
nomic losses. Some mites may be intermediate hosts
of anoplocephalid cestodes, including Anoplocephala,
Moniezia and Stilesia.

Fig. 1.42 An argasid tick, Argas vespertilonis. (a) Dorsal view of female. (b) Ventral view of female (reproduced from Arthur, 1963).
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Fig. 1.43 Ventral shields of a generalised mesostigmatid mite.

Parasitic mites are small, most being less than
0.5 mm long, though a few blood-sucking species may
attain several millimetres when fully engorged. The
body is unsegmented but can show various sutures
and grooves. The body is divided into two sections, the
gnathosoma and idiosoma. The idiosoma may be soft,
wrinkled and unsclerotised. However, many mites
may have two or more sclerotised dorsal shields and
two or three ventral shields: the sternal, genitoventral
and anal shields (Fig. 1.43). These may be important
features for mite identification. The genitoventral
shield, located between the last two (posterior) pairs
of legs, bears the genital orifice.

The gnathosoma is a highly specialised feeding
apparatus bearing a pair of sensory palps and a pair
of chelicerae, the latter sometimes bearing claw-like,
or stylet-like chelae at their tips (Fig. 1.44). Between
the chelicerae is the buccal cone, both of which fit within
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Fig. 1.44 Longitudinal section through the gnathosoma of a gen-
eralised mite.

a socket-like chamber formed by enlarged coxae of the
palps, ventrally and laterally and by a dorsal projec-
tion of the body wall, called the rostrum.

In the mesostigmatic mites, the fused expanded coxal
segments of the palps at the base of the gnathosoma
are known as the basal capituli, from which protrudes
the hypostome. The palps are one- or two-segmented
in most astigmatic and prostigmatic mites, and five- or
six-segmented in the Mesostigmata. The last segment
of the palps usually carries a palpal claw or apotele.

Nymphal and adult mites have four pairs of legs
arranged in two sets of anterior and posterior legs.
Larval mites have three pairs of legs. The first pairs
of legs are often modified to form sensory structures
and are frequently longer and slender. At the end
of the tarsus may be a pretarsus that may bear an
ambulacrum, usually composed of paired claws, and
an empodium, which is variable in form and may
resemble a pad, sucker, claw or filamentous hair. In
some parasitic astigmatic mites, the claws may be
absent and replaced by stalked pretarsi, which may be
expanded terminally into bell or sucker-like pulvilli
(Figs 1.35 and 3.44).

In many mites, particularly astigmatic mites, gas
exchange takes place through the integument. In other
mites, gas exchange takes place through one to four
pairs of stigmata, found on the idiosoma. The presence
or absence of stigmata is used for taxonomic pur-
poses. The stigmata in mesostigmatic mites can be asso-
ciated with elongated processes called peritremes.

Eyes are usually absent and, hence, most mites are
blind. Where they are present, however, in groups such
as the trombidiformes, the eyes are simple. Hairs, or
setae, many of which are sensory in function, cover the
idiosoma of many species of mite. The number, posi-
tion and size of the setae are extremely important in
the identification of mite species.

Although, like the ticks, mites are obligate parasites,
they differ from them in the important respect that most
species spend their entire life cycle, from egg to adult,
on the host so that transmission is mainly by contact.
The life cycle of many parasitic species may be com-
pleted in less than 4 weeks and in some species as
little as 8 days. Unlike the ticks, once infection is estab-
lished, pathogenic populations can build up rapidly on
an animal without further acquisitions. Female mites
produce relatively large eggs from which a small,
six-legged larva hatches. The larva moults to become
an eight-legged nymph. There may be between one
and three nymphal stages, known respectively as the
protonymph, deutonymph and tritonymph. In many
groups of mites, particularly the Astigmata, one of these
nymphal instars, usually the deutonymph, is usually
a facultative inactive, dispersal or protective stage,
and may be omitted from the life cycle altogether. The
tritonymph then moults to become an eight-legged
adult.
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Sub-order SARCOPTIFORMES
(ASTIGMATA)

The Sarcoptiformes (Astigmata) are a large group of
relatively similar mites. They are all weakly sclerotised;
stigmata and tracheae are absent and respiration occurs
directly through the cuticle. The order includes the fam-
ilies Sarcoptidae, Psoroptoidae and Knemidocoptidae,
which are of major veterinary importance because
they contain the most common mite species which
cause mange and scab. Species of several other fam-
ilies may be important ectoparasites and species of the
Cytoditidae and Laminosioptidae live in the respirat-
ory tracts and muscles of birds and mammals.

Family SARCOPTIDAE

These are burrowing astigmatic mites with circular bod-
ies flattened ventrally, and the cuticle covered with fine
striations. The coxae are sunk into the body creating
a ‘short-leg’ appearance with the third and fourth pairs
of legs not usually visible when viewed dorsally. The
legs have a claw-like empodium with the pulvillus
borne on a stalk-like pretarsus. Paired claws on the tar-
sus are absent. The three genera of veterinary import-
ance are Sarcoptes, Notoedres and Trixacarus.

Family PSOROPTIDAE

These are oval-bodied, non-burrowing, astigmatic
mites. The legs are longer than those of the burrowing
mites and the third and fourth pairs of legs are usually
visible from above. Males have a pair of copulatory
suckers, which engage the copulatory tubicles of the
female deutonymph. The three genera of veterinary
importance are Psoroptes, Chorioptes and Otodectes.

Family KNEMIDOCOPTIDAE

Twelve species of the genus Knemidocoptes (Neocne-
midocoptes) have been described, of which three are
of veterinary importance on poultry and domestic birds.

Family LISTEROPHERIDAE

These are parasites of fur-bearing mammals with a dis-
tinct dorsal shield, and mouthparts and legs modified
for grasping hairs. The genus of veterinary interest is
Mycoptes.

Family CYTODITIDAE

Members of the genus Cytodites are respiratory para-
sites of birds, rodents and bats. The chelicerae are
absent and the palps fused to form a sucking organ.

Family LAMINOSIOPTIDAE

Laminosioptes are relatively small mites with a smooth
elongated body and a few setae, affecting the muscle
of chickens, turkey, geese, partridges, pigeons and
wild Phasianidae.

Family ANALGIDAE

Feather mites of the genus Megninia are found on down
and contour feathers of the chicken and other captive
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Family ATOPOMELIDAE

Chirodiscoides is found on the fur of guinea pigs.

Family CYTODITIDAE

Members of the genus Cytodites are found in the
respiratory system, lungs and air sacs of chickens,
turkeys, canaries and a range of wild birds.

Family DERMOGLYPHIDAE

Members of the genus Dermoglyphus are found on the
quills of chickens and cage birds.

Family FREYANITIDAE

Members of the genus Freyana are found on the quills
of chickens and cage birds, particularly the feathers of
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Family EPIDERMOPTIDAE

Bird ked mites cause depluming mange. The genera
of interest are Epidermoptes, found on chickens;
Microlichus found on quail; Promyialges found on
passeriform cage and aviary birds. Ked mites also
affect hippoboscid flies affecting the bird host.

Family PTEROLICHIDAE

The two genera of veterinary significance are
Pterolichus, found on the tail and flight feathers of
chickens, and Sideroferus, found on the budgerigar.

Family HYPODERIDAE

The genus Hypodectes is of importance in pigeons,
doves and other wild and captive birds.
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Sub-order TROMBIDIFORMES
(PROSTIGMATA)

The trombidiformes (Prostigmata) is a large and
diverse group of mites existing in a wide range of forms,
and occupying various ecological habitats. Prostigmatic
mites usually have stigmata, which open on the
gnathosoma or the anterior part of the idiosoma,
known as the propodosoma. There are over 50 famil-
ies, of which four contain species of veterinary import-
ance: Demodicidae, Cheyletiellidae, Trombiculidae
and Psorergatidae. Other families may be of lesser
importance, not as parasites but because of the allergic
responses they induce.

Family DEMODECIDAE

The Demodecidae is a family of prostigmatid mites,
containing a single genus of veterinary interest,
Demodex, species of which are found in a wide range
of animals including humans. These are small mites
with an elongated ‘cigar-shaped’ body and four pairs
of ‘stumpy’ legs, located at the front of the body, in
the adult. The striated opisthosoma forms at least
half the body length.

Species of the genus Demodex are highly specialised
mites that live in the hair follicles and sebaceous
glands of a wide range of wild and domestic animals,
including humans. They are believed to form a group
of closely related sibling species, which are highly
specific to particular hosts: Demodex phylloides (pig),
Demodex canis (dog), Demodex bovis (cattle), Demodex
equi (horse), Demodex musculi (mouse), Demodex
ratti (rat), Demodex caviae (guinea pig), Demodex cati
(cat) and Demodex folliculorum and Demodex brevis
on humans.

Family CHEYLETIDAE

The majority of mites in this family are predatory,
but several species of mites of the genus Cheyletiella
are of veterinary and medical importance as ectopara-
sites of dogs, cats or rabbits that may transfer to
humans. The body of the mite, up to 0.4 mm long, has
a ‘waist’ and the palps are greatly enlarged, giving the
appearance of an extra pair of legs. The legs termin-
ate in ‘combs’ instead of claws or suckers.

Family TROMBICULIDAE

Mites of the family Trombiculidae are parasitic only
at the larval stage, the nymphs and adults being free-
living. There are two common genera, Neotrombicula,
the ‘harvest mite’, which has a wide distribution in the
Old World, and Eutrombicula, which occurs in North
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and South America, and whose larvae are known as
‘chiggers’. Both of these genera will parasitise any
animal, including man. Other lesser genera include
Leptotrombidium, a vector of scrub typhus (tsutsuga-
mushi fever) in the Far East and Neoschongastia,
affecting chickens, quail and turkeys in North and
Central America.

Family PSORERGATIDAE

Two species of the genus Psorergates are found on
cattle and sheep; the species found on sheep is a
major ectoparasite in southern hemisphere countries.
The body is almost circular with the legs arranged
equidistant around the body circumference, with two
pairs of elongate posterior setae in the female adult
mite, and single pairs in the male. The femur of each
leg bears a large inwardly directed curved spine.

Family PYEMOTIDAE

These are ‘forage’ mites found on hay and grain pre-
dating largely on insect larvae, but they can cause der-
matitis on animals and humans. Mites of the genus,
Pyemotes, are small mites with elongated bodies, the
female mites giving birth to fully formed adults.

Family MYOBIDAE

These are small blood-feeding mites found on rodents,
bats and insectivores. Species of the genera Myobia
and Radfordia may cause a mild dermatitis of labor-
atory mice and rats respectively.

Family SYRINGOPHILIDAE

Poultry quill mites, Syringophilus, feed on tissue fluids
of feather follicles causing feather loss.

Family OPHIOPTIDAE

These mites are found beneath the scales of snakes.

Family CLOACARIDAE

These are mites found in the cloacal mucosa of rep-
tiles. Cloacarus are found in aquatic terrapins.

Family PTERYGOSOMATIDAE

These are parasites of lizards including the genera
Geckobiella, Hirstiella, Ixodiderma, Pimeliaphilus, Sca-
pothrix and Zonurobia
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Sub-order MESOSTIGMATA
(Gamesid mites)

The Mesostigmata are a large group of mites, the
majority of which are predatory, but a small number
of species are important as ectoparasites of birds and
mammals. Mesostigmatid mites have stigmata located
above the coxae of the second, third or fourth pairs
of legs. They are generally large with usually one large,
sclerotised shield on the dorsal surface, and a series
of smaller shields in the midline of the ventral surface.
The legs are long and positioned anteriorly. Some
species are host specific but the majority parasitise a
range of hosts. There are two main families of veterin-
ary interest, the Macronyssidae and Dermanyssidae,
and four families of minor interest, the Halarachinidae,
Entonyssidae, Rhinonyssidae and Laelapidae.

Family MACRONYSSIDAE

These are relatively large, blood-sucking ectopara-
sites of birds and mammals of which Ornithonyssus,
in birds, and Ophionyssus, in reptiles, are of veterinary
importance. Only the protonymph and adult stages
feed. The mites have relatively long legs and can be
seen with the naked eye.

Family DERMANYSSIDAE

Species of the genus Dermanyssus are blood-feeding
ectoparasites of birds and mammals. They are large
mites with long legs, greyish white, becoming red
when engorged. Ophionyssus are parasites of snakes.

Family HALARACHNIDAE

Mites of the subfamily Halarachinae are obligate
parasites found in the respiratory tract of mammals.
Prneumonyssus is found in the nasal sinuses and
nasal passages of dogs. Members of the subfamily
Riallietiinae are obligate parasites in the external
ears of mammals. Raillietia is found in the ears of
domestic cattle.

Fig. 1.45 Pentasomid: female Linguatula serrata (redrawn from
Soulsby, 1982).

Family ENTONYSSIDAE

Mites of the family Entonyssidae are found in the
respiratory tract of reptiles. Entonyssus, Entophionyssus
and Mabuyonysus are found in the trachea and lungs
of snakes.

Family RHINONYSSIDAE

Most species are parasites of the nasopharynx of
birds. Sternosoma occurs worldwide and is found in a
range of domestic and wild birds, including canaries
and budgerigars.

Family LAELAPIDAE

Species of the genera, Hirstionyssus, Haemogamasus,
Haemolaelaps, Echinolaelaps, Eulaelaps and Laelaps
are blood-feeding parasites of rodents and are found
worldwide. Androlaelaps, the poultry litter mite or nest
mite, can occur in large numbers in chicken-house
litter.

Class PENTASTOMIDA

The adults of this strange class of aberrant arthropods
are found in the respiratory passages of vertebrates
and resemble annelid worms rather than arthropods.
The genus Linguatula is of some veterinary signi-
ficance, with adult parasites occurring in the nasal
passages and sinuses of dogs, cats and foxes. Pentast-
omids are up to 2.0 cm long, transversely striated, and
shaped like an elongated tongue (Fig. 1.45) with a small
mouth and tiny claws at the extremity of the thick
anterior end.
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PROTOZOOLOGY
Kingdom PROTISTA
Subkingdom PROTOZOA

The Protozoa contains unicellular organisms, which
belong to the Kingdom, Protista. Protozoa are more
primitive than animals, and no matter how complex
their bodies may be, all the different structures are con-
tained in a single cell.

Protozoa, like most organisms, are eukaryotic, in that
their genetic information is stored in chromosomes
contained in a nuclear envelope. In this way they dif-
fer from bacteria which do not have a nucleus and
whose single chromosome is coiled like a skein of wool
in the cytoplasm. This primitive arrangement, found
only in bacteria, rickettsia and certain algae, is called
prokaryotic and such organisms may be regarded as
neither animal nor plant, but as a separate kingdom
of prokaryotic organisms, the Monera.

STRUCTURE AND FUNCTION OF
PROTOZOA

Protozoa, like other eukaryotic cells, have a nucleus,
an endoplasmic reticulum, mitochondria and a Golgi
body and lysosomes. In addition, because they lead
an independent existence they possess a variety of

Free flagellum

Undulating membrane

Flagellar pocket

Kinetoplast

Fig. 1.46 Trypanosoma brucei showing the flagellum and undulating
membrane.

Food vacuole Contractile vacuole
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Fig. 1.47 The morphology of the intestinal protozoan Balantidium.

other subcellular structures or organelles with distinct
organisational features and functions.

Thus locomotion, in, for example, the genus Try-
panosoma (Fig. 1.46) is facilitated by a single flagellum,
and in some other protozoa by several flagella. A
flagellum is a contractile fibre, arising from a structure
called a basal body, and in some species is attached
to the body of the protozoan along its length, so that
when the flagellum beats, the cell membrane (pellicle)
is pulled up to form an undulating membrane. Some-
times, also, it projects beyond the protozoan body as
a free flagellum. During movement the shape of these
organisms is maintained by microtubules in the pellicle.

Other protozoa, such as Balantidium (Fig. 1.47),
move by means of cilia which are fine, short hairs, each
arising from a basal body; these cover much of the body
surface and beat in unison to effect movement. In
such species a mouth or cytostome is present and the
ciliary movement is also used to waft food towards this
opening.

A third means of locomotion, used by protozoa
such as Entamoeba (Fig. 1.48) are pseudopodia, which
are prolongations of cytoplasm. Movement occurs as
the rest of the cytoplasm flows into this prolongation.

Pseudopodium

Food vacuole

Nucleus

Trophozoite Cyst

Fig. 1.48 Entamoeba histolytica has an amoeboid trophozoite
stage and a non-motile cystic stage with four nuclei.
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The pseudopodium also possesses a phagocytic capac-
ity and can function as a cup, which closes, enveloping
particulate food material in a vacuole.

Finally some protozoa, such as the extracellular
stages of the Eimeria, have no obvious means of
locomotion, but are nevertheless capable of gliding
movements.

The nutrition of parasitic protozoa usually occurs
by pinocytosis or phagocytosis, depending on whether
tiny droplets of fluid or small objects of macromole-
cular dimension are taken into the cell. In both cases,
the process is the same, the cell membrane gradually
enveloping the droplet or object which has become
adherent to its outer surface. When this is complete,
the particle is carried into the cell where fusion with
lysosomes effects digestion. Finally, undigested mate-
rial is extruded from the cell. As noted above, some
ciliated protozoa and also some stages of the organisms
causing malaria obtain food through a cytostome.
At the base of the cytostome the food enters a vacuole
for digestion within the cell. Metabolic products are
excreted by diffusion through the cell membrane.

The infective stage of some protozoa is called a
sporozoite, while the term trophozoite is applied to
that stage of the protozoa in the host, which feeds and
grows until division commences. In most protozoa,
reproduction is asexual and is accomplished by binary
fission or, in the case of Babesia within erythrocytes,
by budding. Another form of asexual reproduction,
which occurs in the subphylum Sporozoa is merogony
(schizogony). In the latter process, the trophozoite
grows to a large size while the nucleus divides
repeatedly. This structure is called a meront (schizont)
and, when mature, each nucleus has acquired a por-
tion of the cytoplasm so that the schizont is filled
with a large number of elongated separate organisms
called merozoites. The meront eventually ruptures,
liberating the individual merozoites.

Protozoa that only divide asexually generally have
a short generation time, and since they cannot exchange
genetic material, rely on mutants to provide the vari-
ants necessary for natural selection. However, most
Sporozoa at certain stages in their life cycle also have
a sexual phase of reproduction, called gametogony,
which may be followed by a free-living maturation
phase, or sporogony. Sometimes, as in Eimeria, both
asexual and sexual phases occur in the same host while
in others, such as Plasmodium, the asexual phase
occurs in the vertebrate host and the sexual phase in
the arthropod vector.

Finally it should be noted that, although this section
deals with pathogenic protozoa of veterinary import-
ance there are many other species, particularly in the
rumen, which are purely commensal or even symbiotic.
These protozoa assist in the digestion of cellulose, and
on being passed to the abomasum, act as a source of
protein for the host.

CLASSIFICATION

Classification of the subkingdom Protozoa (kingdom
Protista) is extremely complex and the classification
given below is intended to give an outline of the basic
differences in the structure and life cycles of the main
groups. To a large extent the common characteristics
of each group are reflected by similarities in the dis-
eases they cause.

There are four phyla of protozoa of veterinary
importance, the Sarcomastigophora, Apicomplexa,
Microspora and Ciliophora. These and the most
important genera they contain are listed in Table 1.2.

Phylum SARCOMASTIGOPHORA

Protozoa with locomotion by pseudopodia and/or
flagella.

Subphylum SARCODINA

Members of the subphylum Sarcodina move by means
of pseudopods, which are also used for feeding. Their
cytoplasm is divided into endoplasm, containing food
vacuoles and nucleus, and relatively clear ectoplasm.
Reproduction is asexual by binary fission. Only a few
species of the Sarcodina are pathogenic.

Family ENDAMOEBIDAE

Members of this family are parasitic in the digestive
tract of vertebrates and invertebrates. Three genera
contain parasites of animals and man (Entamoeba,
lodamoeba, Endolimax) but only Entamoeba con-
tains pathogenic species of veterinary significance.
Genera are differentiated on the basis of their
nuclear structure.

Subphylum MASTIGOPHORA

These are flagellate protozoa having one or more
flagella. Multiplication is mainly asexual by binary
fission with some species producing cysts.

Class
ZOOMASTIGOPHORASIDA

It is convenient for the purposes of this book to
divide the Zoomastigophorasida into the haemo-
flagellates, which live in the blood, lymph and tissues
(family Trypanosomatidae), and other flagellates (Dip-
lomonadidae, Trichomonadidae, Monocercomon-
adidae) that live predominantly in the gastrointestinal
tract.
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Table 1.2 Classification of the protozoa.
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Subkingdom:

Protozoa

Unicellular, eukaryotic animals

Sarcomastigophora
(locomotion by pseudopodia

Phylum: Apicomplexa

(locomotion by gliding, life

Ciliophora
(locomotion by

Microspora
(intracellular parasites

and/or flagella) cycle largely intracellular, both cilia) multiplying asexually)
sexual and asexual phases occur)
Balantidium Encephalitozoon
Subphylum: Sarcodina Mastigophora
(amoeboid (one or more flagella)
movement by
pseudopoda)
Entamoeba
Order:
Kinetoplastorida Diplomonarida Eucoccidiorida Piroplasmorida Haemosporida
(haemoflagellates Trichomonadorida (parasites of epithelial cells  (parasites of blood cells; (parasites of blood
parasites of the (flagellates in which both asexual and have ticks as vectors in cells; have biting insects

blood generally predominantly of sexual reproduction takes which sexual reproduction  as vectors in which sexual
transmitted by the intestines) place) takes place) reproduction takes place)
biting insects)
Trypanosoma Giardia Eimeria Babesia Haemoproteus
Leishmania Spironucleus Isospora Theileria Hepatocystis
Histomonas Tyzzeria Leucocytozoon
Monocercomonas Wenyonella Plasmodium
Tritrichomonas Cryptosporidium
Trichomonas Besnoitia
Tetratrichomonas Hammondia
Sarcocystis
Frankelia
Toxoplasma
Klossiella
Lankesterella
Atoxoplasma
Hepatozoon

Order KINESTOPLASTORIDA
(HAEMOFLAGELLATES)

The haemoflagellates all belong to the family Try-
panosomatidae, and include the trypanosomes and
leishmanias.

MORPHOLOGY

Trypanosomes have a leaf-like or rounded body con-
taining a vesicular nucleus, and a varying number of
subpellicular microtubules lying beneath the outer
membrane. There is a single flagellum arising from a
kinetosome or basal granule. An undulating membrane
is present in some genera and the flagellum lies on its

outer border. Posterior to the kinetosome is a rod-shaped
or spherical kinetoplast containing DNA. Members of
this family were originally parasites of the intestinal
tract of insects, and many are still found in insects. Others
are heteroxenous, spending part of their life cycle in
a vertebrate host and part in an invertebrate host.

Members of the genus Trypanosoma are hetero-
xenous and pass through amastigote, promastigote,
epimastigote and tryptomastigote stages in their life
cycle. In some species only tryptomastigote forms are
found in the vertebrate host; in others, presumably
more primitive species, both amastigote and tryp-
tomastigote forms are present.

In the tryptomastigote form, the kinetoplast and
kinetosome are near the posterior end and the
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flagellum forms the border of an undulating mem-
brane that extends along the side of the body to the
anterior end.

In the epimastigote form, the kinetoplast and kine-
tosome are just posterior to the nucleus and the
undulating membrane runs forward from there.

In the promastigote form, the kinetoplast and kine-
tosome are still further anterior in the body and there
is no undulating membrane.

In the amastigote form, the body is rounded and
the flagellum emerges from the body through a wide,
funnel-shaped reservoir.

THE TRANSMISSION OF TRYPANOSOME
INFECTION IN ANIMALS

With one exception, all trypanosomes have arthropod
vectors in which transmission is either cyclical or
non-cyclical.

In cyclical transmission the arthropod is a necessary
intermediate host in which the trypanosomes multiply,
undergoing a series of morphological transforma-
tions before forms infective for the next mammalian
host are produced. When multiplication occurs in the
digestive tract and proboscis, so that the new infection
is transmitted when feeding, the process is known as
anterior station development; the various species of
trypanosomes which use this process are often con-
sidered as a group, the Salivaria. All are trypanosomes
transmitted by tsetse flies, the main species being
Trypanosoma congolense (subgenus Nanomonas),
T. vivax (subgenus Duttonella) and T. brucei (subgenus
Trypanozoon).

In other trypanosomes, multiplication and trans-
formation occurs in the gut and the infective forms
migrate to the rectum and are passed with the faeces;
this is posterior station development and the trypano-
some species are grouped together as the Stercoraria.
In domestic animals, these are all relatively non-
pathogenic trypanosomes such as Trypanosoma theileri
and T. melophagium transmitted by tabanid flies and
sheep keds respectively. This is certainly not the case
in man in which 7. cruzi, the cause of the serious
Chagas’ disease in South America, is transmitted in the
faeces of reduviid bugs.

Non-cyclical transmission is essentially mechanical
transmission in which the trypanosomes are trans-
ferred from one mammalian host to another by the
interrupted feeding of biting insects, notably tabanids
and Stomoxys. The trypanosomes in or on the con-
taminated proboscis do not multiply and die quickly
so that cross-transmission is only possible for a few
hours. Trypanosoma evansi, widely distributed in
livestock in Africa and Asia, is transmitted mechanic-
ally by biting flies. However, in Central and South
America, T. evansi is also transmitted by the bites
of vampire bats in which the parasites are capable of

multiplying and surviving for a long period. Strictly
speaking, this is more than mere mechanical trans-
mission, since the bat is also a host, although it is cer-
tainly non-cyclical, since the multiplying trypanosomes
in the bat’s blood do not undergo any morphological
transformation before they migrate into the buccal
cavity.

It is important to note that the Salivarian try-
panosomes, normally transmitted cyclically in tsetse
flies, may on occasions be transmitted mechanically.
Thus, in South America, Trypanosoma vivax has estab-
lished itself, presumably by the importation of infected
cattle, and is thought to be transmitted mechanically
by biting flies.

Finally, apart from classical cyclical and non-
cyclical transmission, dogs, cats and wild carnivores may
become infected by eating fresh carcasses or organs
of animals that have died of trypanosomosis, the para-
sites penetrating oral abrasions.

The important trypanosome infections of domestic
animals differ considerably in many respects and are
best treated separately. The African species respons-
ible for the ‘tsetse-transmitted trypanosomoses’, i.e.
Salivaria, are generally considered to be the most
significant.

Family TRYPANOSOMATIDAE

Members of the genus Trypanosoma are found in the
bloodstream and tissues of vertebrates throughout the
world. However, a few species are of overwhelming
importance as a serious cause of morbidity and mort-
ality in animals and man in tropical regions. With one
exception, 7. equiperdum, which is transmitted vene-
really, all have an arthropod vector. Trypanosomosis
is one of the world’s most important diseases of ani-
mals and man. Most African species are transmitted
by the tsetse flies (Glossina).

SALIVARIAN TRYPANOSOMES

A number of species of Trypanosoma, found in
domestic and wild animals, are all transmitted cyclic-
ally by Glossina in much of sub-Saharan Africa.
Reproduction in the mammalian host is continuous,
taking place in the tryptomastigote stage. Salivarian
trypanosomes are highly pathogenic for certain
mammals, such that the presence of trypanosomosis
precludes the rearing of livestock in many areas,
while in others, where the vectors are not so numer-
ous, trypanosomosis is often a serious problem, par-
ticularly in cattle. The disease, sometimes known
as nagana, is characterised by lymphadenopathy and
anaemia accompanied by progressive emaciation and,
often, death.

Salivarian trypanosomes are elongated spindle-
shaped protozoa ranging from 8.0 to 39 um long and
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the posterior end of the body is usually blunt. All pos-
sess a flagellum, which arises at the posterior end of
the trypanosome from a basal body at the foot of a
flagellar pocket. The flagellum runs to the anterior end
of the body and is attached along its length to the
pellicle to form an undulating membrane. Thereafter
the flagellum may continue forward as a free flagellum.
Within a stained specimen, a single centrally placed
nucleus can be seen, and adjacent to the flagellar
pocket is a small structure, the kinetoplast, which
contains the DNA of the single mitochondrion.

SUBGENUS DUTTONELLA

These are monomorphic trypanosomes with a free
flagellum and large kinetoplast, which is usually ter-
minal. Development in the tsetse fly vector occurs only
in the proboscis.

SUBGENUS NANNOMONAS

These are small forms usually without a free flagellum
and a typically marginal medium-sized kinetoplast.
Development in the tsetse fly vector occurs in the
midgut and proboscis.

SUBGENUS TRYPANOZOON

These are pleomorphic (slender to stumpy) forms
with or without a free flagellum and with a small
subterminal kinetoplast. Development occurs in the
midgut and salivary glands of the tsetse fly vector. Some
forms are transmitted mechanically by tabanid vectors
or by contact.

SUBGENUS PYCNOMONAS

These are stout monomorphic forms with short free
flagellum and small subterminal kinetoplast. Devel-
opment in the tsetse fly vector occurs in the midgut
and salivary glands.

STERCORARIAN TRYPANOSOMES

The free flagellum is always present in the trypto-
mastigote and the kinetoplast is large and not terminal.
The posterior end of the body is pointed. Multiplica-
tion in the mammalian host is discontinuous, typically
taking place in the epimastigote or amastigote stages
with the tryptomastigotes typically not pathogenic.

SUBGENUS MEGATRYPANUM

These are large mammalian trypanosomes with the
kinetoplast typically situated near the nucleus and far
from the posterior end of the body. Known vectors are
hippoboscid or tabanid flies.

SUBGENUS HERPETOSOMA

These trypanosomes are of medium size with a sub-
terminal kinetoplast, lying at some distance from the
pointed end of the body. Reproduction in the mam-
malian host is in the amastigote and or epimastigote
stages. Fleas are the main vectors.

SUBGENUS SCHIZOTRYPANUM

These are relatively small, typically ‘C’-shaped try-
panosomes with a large kinetoplast close to the short,
pointed posterior end of the body. Multiplication in
the mammalian host is typically intracellular, primarily
in the amastigote form and secondarily in the epi-
mastigote form. Known vectors are the reduviid bugs.

LEISHMANIA

Leishmania are ovoid organisms within the macro-
phage and possess a rod-shaped kinetoplast associated
with a rudimentary flagellum, which, however, does
not extend beyond the cell margin. The parasites are
found in the amastigote stage in cells of the vertebrate
host and in the promastigote stage in the intestine of
the sandfly.

In the vertebrate host Leishmania is found in the
macrophages and other cells of the reticuloendothe-
lium system in the skin, spleen, liver, bone marrow,
lymph nodes and mucosa. It may also be found in
leucocytes in the blood.

This leishmanial, or amastigote form, after ingestion
by a sandfly, transforms into a promastigote form in
the insect gut in which the kinetoplast is situated at
the posterior end of the body (Fig. 1.49). These divide
repeatedly by binary fission, migrate to the proboscis,
and when the insect subsequently feeds, are inoculated
into a new host. Once within a macrophage the pro-
mastigote reverts to the amastigote form and again
starts to divide.

Leishmania occur primarily in mammals, although
ten species have been described in Old World lizards.
They cause disease in man, dogs and various rodents.
Leishmania have a heteroxenous life cycle, are trans-
mitted by sandflies of the genus Phlebotomus in the
Old World and Lutzomyia in the New World.

Hypopylaria are primitive species found in old
world lizards, which become infected following inges-
tion of sandflies. Development occurs in the sandfly
hindgut.

Peripylaria develop in both the hindgut and foregut
of sandflies and infect both lizards and mammals.
Transmission in mammals is by bite of sandflies.

Suprapylaria develop in the sandfly midgut and fore-
gut and occur only in mammals with transmission by
sandfly bite.
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Fig. 1.49 Leishmania. (a) Promastigote form. (b) Amastigote form.

FLAGELLATES

Members of the families Trichomonadidae, Mono-
cercomonadidae and Diplomonadidae occur predom-
inantly in the gastrointestinal tract of vertebrates.
Whilst many are considered to be commensals, some
may be important causes of enteritis and diarrhoea.

Family TRICHOMONADIDAE

The family Trichomonadidae (‘trichomonads’) includes
a number of genera of medical and veterinary inter-
est: Trichomonas, Tritrichomonas, Tetratrichomonas,
Trichomitus and Pentatrichomonas. The trichomonads
have three to five flagella, of which one is usually
recurrent and attached to an undulating membrane.
Trichomonads have been found in the caecum and
colon of virtually every species of mammals and birds,
and also in reptiles, amphibians, fish and invertebrates.
Specific identification and host—parasite relationships
of many remain unclear.

Tritrichomonas in cattle is an important venereal
disease causing infertility and abortion.

Family
MONOCERCOMONADIDAE

These are similar in appearance to the trichomonads
except there is no undulating membrane. The genus
Histomonas is of veterinary importance causing major
losses in turkeys and gamebirds. Monocercomonas
occurs in a wide range of mammals, birds, reptiles,
amphibians and fish and is generally considered non-
pathogenic.

Family
RETORTAMONADORIDIDAE

These protozoa are predominantly inhabitants of
stagnant water but occur in a wide range of mammals,
birds, reptiles, and insects and are generally considered
non-pathogenic. Species of Retortamonas are found in
humans, monkeys, cattle, sheep, rabbits and guinea pigs.

Family DIPLOMONADIDAE

The family Diplomonadidae contains two main genera
of veterinary interest, Giardia and Spironucleus, and
a few minor genera considered to be non-pathogenic
in animals.

Giardia is a common cause of chronic diarrhoea in
man and infection also occurs in wild and domestic
animals. The organism is bilaterally symmetrical and
possesses eight flagella, six of which emerge as free
flagella at intervals around the body. It is unique in
possessing a large adhesive disc on the flat ventral sur-
face of the body, which facilitates attachment to the
epithelial cells of the intestinal mucosa.

Spironucleus (Hexamita) is a cause of enteritis and
diarrhoea in birds (particularly in poultry, gamebirds
and pigeons) and rodents. Caviomonas is found in the
small intestine and Monocercomonoides, Protomonas,
Hexamastix and Chilomitus are found in the caecum
of guinea pigs.

Family COCHLOSOMATIDAE

Cochlosoma occurs in the caeca of ducks and is of
unknown pathogenicity.

Phylum APICOMPLEXA

Protozoa within the phylum Apicomplexa (Sporozoa)
are characterised by occurring intracellularly and
having an apical complex at some stage of their de-
velopment. The trophozoites have no cilia or flagella.
Reproduction involves both asexual (merogony or
schizogony) and sexual (gametogony) phases. Follow-
ing gametogony, a zygote is formed which divides to
produce spores (sporogony).
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Within the Class Sporozoasida, and Order Eucoc-
cidiorida are three suborders of veterinary signific-
ance, the Eimeriorina (the alimentary sporozoa), and
the Haemospororina and Piroplasmorina, which are
blood sporozoa.

Suborder EIMERIORINA

The Eimeriorina contains parasites which occur
mainly in vertebrates. Those of major veterinary
importance fall into three families, the Eimeriidae,
Cryptosporidiidae and Sarcocystiidae. Other families
of lesser significance include the Lankesterellidae and
Atoxoplasmatidae.

GENERALISED LIFE CYCLE

The life cycle is divided into three phases: sporulation,
infection and merogony (schizogony), and finally,
gametogony and oocyst formation (Fig. 1.50).

Schizogony

° &

Second stage

schizont

SPORULATION

Unsporulated oocysts, consisting of a nucleated mass
of protoplasm enclosed by a resistant wall, are passed
to the exterior in the faeces. Under suitable condi-
tions of oxygenation, high humidity and optimal tem-
peratures of around 27°C, the nucleus divides twice
and the protoplasmic mass forms four conical bodies
radiating from a central mass. Each of these nucleated
cones becomes rounded to form a sporoblast, while
in some species the remaining protoplasm forms the
oocyst residual body. Each sporoblast secretes a wall of
refractile material and becomes known as a sporocyst,
while the protoplasm within divides into two banana-
shaped sporozoites. In some species the remaining
protoplasm within the sporocyst forms a sporocyst
residual body and the sporocyst may have a knob at one
end, the Stieda body. The time taken for these changes
varies according to temperature, but under optimal
conditions usually requires 2—4 days. The oocyst, now
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Fig. 1.51 Sporulated oocyst of Eimeria.

consisting of an outer wall enclosing four sporocysts
each containing two sporozoites, is referred to as a
sporulated oocyst and is the infective stage (Fig. 1.51).

INFECTION AND MEROGONY (ASEXUAL
REPRODUCTION)

The host becomes infected by ingesting the sporul-
ated oocyst. The sporocysts are then liberated either
mechanically or by carbon dioxide, and the sporozoites,
activated by trypsin and bile, leave the sporocyst. In
most species, each sporozoite penetrates an epithelial
cell, rounds up, and is then known as a trophozoite.
After a few days each trophozoite has divided by
multiple fission to form a meront (schizont), a struc-
ture consisting of a large number of elongated nucle-
ated organisms known as merozoites. When division
is complete and the meront is mature, the host cell
and the meront rupture and the merozoites escape
to invade neighbouring cells. Merogony may be
repeated, the number of meront generations depend-
ing on the species.

GAMETOGONY AND OOCYST FORMATION
(SEXUAL REPRODUCTION)

Merogony terminates when the merozoites give rise
to male and female gametocytes. The factors respons-
ible for this switch to gametogony are not fully known.
The macrogametocytes are female and remain uni-
cellular, but increase in size to fill the parasitised
cell. They may be distinguished from trophozoites
or developing meronts by the fact that they have a
single large nucleus. The male microgametocytes each
undergo repeated division to form a large number of
flagellated uninucleate organisms, the microgametes.
It is only during this brief phase that coccidia have

organs of locomotion. The microgametes are freed by
rupture of the host cell, one penetrates a macrogamete,
and fusion of the micro- and macrogamete nuclei
then takes place. A cyst wall forms around the result-
ing zygote, now known as an oocyst, and no further
development usually takes place until this unsporulated
oocyst is liberated from the body in the faeces.

Family EIMERIIDAE

This family contains 16 genera and some 1340 named
species, of which the most important are Eimeria
and Isospora and infections with these genera are
often referred to as ‘coccidiosis’. The genera are dif-
ferentiated on the basis of the number of sporocysts
in each oocyst and the number of sporozoites in
each sporocyst (Table 1.3). Members of this family
are intracellular, and most undergo merogony in the
intestinal cells of their hosts. The life cycle is usu-
ally homoxenous (occuring within one host) and the
majority are highly host-specific.

Eimeria is the largest genus in the family contain-
ing well over 1000 named species, with a number of
important species affecting domestic mammals and
birds. Oocysts contain four sporocysts, each with two
sporozoites. Oocysts are unsporulated when passed in
the faeces and require a period of development before
becoming infective. Species of Eimeria are capable of
causing significant morbidity and mortality and are
discussed in detail under their respective hosts.

Isospora comprises about 200 species although
host-specificity varies with some species. Oocysts
contain two sporocysts each with four sporozoites.
Species of Isospora can cause disease in pigs, dogs, cats
and cage birds.

Table 1.3 Generic identification of coccidian parasites.

Genus Sporocysts/  Sporozoites/  Total
oocyst sporocyst sporozoites/
oocyst
Eimeria 4 2 8
Isospora 2 4 8
Caryospora 1 8 8
Cyclospora 2 2 4
Hoarella 16 2 32
Octosporella 8 2 16
Pythonella 16 4 64
Wenyonella 4 4 16
Dorisiella 2 8 16
Tyzzeria 0 8 8
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Cyclospora has been reported in reptiles and insec-
tivores and has recently been reported as a cause of
gastrointestinal, food-borne disease in man. Oocysts
consist of two sporocysts each with two sporozoites.

Caryopsora are found primarily in birds and snakes
and have a two-host life cycle in which the hosts
have a predator—prey relationship. Oocysts consist of
a single sporocyst with eight sporozoites.

Other genera in this family are Tyzzeria and
Wenyonella in birds; and Hoarella, Octosporella,
Pythonella and Dorisiella in reptiles.

Family CRYPTOSPORIDIIDAE

This family contains a single genus, Cryptosporidium,
with at least 13 species occurring in mammals, birds,
reptiles and fish. Members of this family are small
parasites infecting the brush border of epithelial cells
mainly in the gastrointestinal tract. The life cycle is
monoxenous, but some species are capable of infecting
a range of vertebrate hosts. Development is intracellu-
lar but extracytoplasmic and oocysts lack sporocysts.
Sporulation takes place within the host so that oocysts
are immediately infective.

Family SARCOCYSTIIDAE

Five genera, Toxoplasma, Sarcocystis, Besnoitia, Ham-
mondia and Frenkelia, are of veterinary interest. Their
life cycles are similar to Eimeria and Isospora except
that the asexual and sexual stages occur in interme-
diate and final hosts respectively. With the exception
of the genus Toxoplasma, they are normally non-
pathogenic to their final hosts and their significance is
due to the cystic tissue stages in the intermediate
hosts, which include ruminants, pigs, horses and man.
The tissue phase in the intermediate host is obligatory,
except in Toxoplasma where it is facultative.

The genus Toxoplasma contains a single species.
Unsporulated oocysts are passed in the faeces of cats
and other felids. Toxoplasma shows a complete lack
of species-specificity in the intermediate host and is
capable of infecting any warm-blooded animal and is
an important zoonosis.

Sarcocystis is one of the most prevalent parasites
of livestock and infects mammals, including man,
birds and lower vertebrates. About 130 species have
been reported. The parasites derive their name from
the intramuscular cyst stage (sarcocyst) present in the
intermediate (prey) host. Most Sarcocystis species,
infecting man and domestic animals, are species-
specific for their intermediate hosts and family-
specific for their final hosts. Sarcocystis infections
in the intermediate host are usually asymptomatic.
Gastrointestinal disease is occasionally reported in
man. The closely related genus, Frenkelia, differs

from Sarcocystis in that its last generation meronts occur
in the brain rather than in the muscles.

Neospora is a cause of paralysis in dogs and abor-
tion in cattle. Recent evidence indicates members of
the dog family are the final hosts.

Species of Besniotia have been found in cattle,
horses, deer, rodents, primates and reptiles. Cats
are the definitive hosts. The parasites develop in
connective tissue, particularly of the skin, causing
skin thickening and hair loss.

Family LANKESTERELLIDAE

Lankesterella occur in amphibians; Schellakia are
found in reptiles. Transmission is by leeches, mites and
insects.

Family ATOXOPLASMATIDAE

The genus Atoxoplasma occurs in birds, with about
17 named species. Transmission is by ingestion of
sporulated oocysts.

Suborder ADELEORINA
Family KLOSSIELLIDAE

Klossiella is the only genus in this family. Its mem-
bers are essentially non-pathogenic with most species
occurring in the kidneys. The oocysts are in the kidney
tubules, where they contain as many as 40 sporocysts,
each with 8 to 15 sporozoites. The sporocysts pass
out in the urine and infect new hosts when they are
ingested.

Family HEPATOZOIDAE

The genus Hepatozoon has been reported from mam-
mals, reptiles and birds and is of importance in dogs.
Transmission is by ixodid ticks.

Suborder HAEMOSPORORINA

A single family, the Plasmodiidae, contains a num-
ber of genera of medical and veterinary interest. All
species are heteroxenous with merogony occuring in
a vertebrate host, and sporogony in an invertebrate
host. There are no sporocysts with the sporozoites lying
free within the oocysts.

Family PLASMODIIDAE

Three separate genera in this family, Plasmodium,
Haemoproteus and Leucocytozoon, are the causes of
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avian ‘malaria’ in domestic and wild birds, a disease
most common in the tropics and transmitted by bit-
ing dipteran flies. The vectors differ, in that avian
species of Plasmodium are transmitted by mosquitoes;
Haemoproteus by midges or hippoboscid flies; and
Leucocytozoon by Simulium spp.

Plasmodium species are currently organised into
five subgenera, which are distinguished by the mor-
phological characteristics of the erythrocytic stages
of the parasites, by the morphological changes in
their host cells and by their preference for either
mature erythrocytes or erythrocyte precursors. They
are distinguished from the genera Haemoproteus
and Leucocytozoon by the presence of merogony in
circulating erythrocytes. Avian malaria is a common
mosquito-transmitted disease of wild birds that infects
domestic fowl and cage birds when suitable vectors and
wild reservoir hosts are present. There are over 30
species of Plasmodium affecting birds, which differ
widely in host range, geographical distribution, vectors
and pathogenicity. Species that infect domestic birds
occur in four of these five subgenera.

Within the family Plasmodiidae are species of
Plasmodium which cause malaria in humans, one of
the most prevalent diseases of man in the world.
Sporozoites are inoculated into humans by female
anopheline mosquitoes.

Hepatocystis parasitise arboreal tropical mammals
such as squirrels, fruit bats and monkeys and are
transmitted by midges (Culicoides spp).

Suborder PIROPLASMORINA

Often referred to as ‘piroplasms’, these parasites are
found mainly in the erythrocytes or leucocytes of ver-
tebrates. No oocysts are formed and reproduction in
the vertebrate host is asexual with sexual reproduction
occurring in the invertebrate host. The piroplasms are
heteroxenous with known vectors ixodid or argasid
ticks.

Family BABESIIDAE

The genus Babesia are intra-erythrocytic parasites
of domestic animals and are transmitted by ticks
in which the protozoan passes transovarially, via the
egg, from one tick generation to the next. The disease,
babesiosis, is particularly severe in naive animals
introduced into endemic areas and is a considerable
constraint on livestock development in many parts of
the world.

Family THEILERIIDAE

The diseases caused by several species of Theileria
are a serious constraint on livestock development in

Africa, Asia and the Middle East. The parasites, which
are tick-transmitted, undergo repeated schizogony in
the lymphocytes, ultimately releasing small merozoites,
which invade the red cells to become piroplasms.
Theileria are widely distributed in cattle and sheep
in Africa, Asia, Europe and Australia, have a variety
of tick vectors and are associated with infections
which range from clinically inapparent to rapidly
fatal.

Various species of Cytauxzoon occur as theileria-
like piroplasms in the red cells of wild animals.
The genus differs from Theileria in that schizogony
occurs in the reticuloendothelial cells rather than
lymphocytes. Cytauxzoon is a cause of a fatal disease
of domestic cats, characterised by fever, anaemia
and icterus, in southern USA. The reservoir hosts are
wild cats.

Phylum MICROSPORA

All Microspora are obligate intracellular parasites with
unicellular spores, the spore possessing an extrusion
apparatus and a coiled polar tube, typically filament-
ous, extending backwards to form a polar cap. Most
are parasites of insects.

Family NOSEMATIDAE

The Nosematidae have ellipsoidal or oval spores con-
sisting of an external wall, sporoplasm, a coiled polar
tube and a polar capsule. The genus Encephalitozoon
is of minor significance in veterinary medicine, caus-
ing disease in dogs, rabbits, other mammals and in
humans.

ENTEROCYTOZOONIDAE

Enterocytozoon is an intestinal microsporidian fre-
quently found in humans but has also been reported
in dogs, cattle and other domestic animals. Its signi-
ficance in animal hosts is unknown.

Phylum CILIOPHORA

The ciliates of domestic animals all belong to the
phylum, Ciliophora. Individual organisms have a
micronucleus containing a normal set of chromosomes
and active in reproduction, and a polyploid macro-
nucleus, involved in vegetative functions. Ciliates
have either simple cilia or compound cilia in at least
one stage of their life cycle. Infraciliature are found
in the cortex beneath the pellicle composed of ciliary
basal granules (kinetosomes) and associated fibrils
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(kinetodesmata). Reproduction is by transverse binary
fission and sexual reproduction by conjugation, in
which there is a transfer of micronuclear materials
between individuals. Many species of ciliates occur as
harmless commensals in the rumen and reticulum of
ruminants, and the large intestine of equids. The only
ciliate of importance in veterinary medicine occurs in
the family Balantidiidae.

Family BALANTIDIIDAE

The only genus of importance is Balantidium, which
has an ovoid, ellipsoidal body with elongate macro-
nucleus and a single micronucleus with a cytosome at
the base of an anterior vestibulum. Balantidium has
worldwide distribution and is found in pigs, monkeys
and man.

Family PYCNOTRICHIDAE

This family contains the genus Buxtonella, which has
an ovoid, uniformly ciliated body with a prominent
curved groove and a cyathostome near the anterior end.
Buxtonella has worldwide distribution and is found in
the caecum of cattle.

Family NYCTOTHERIDAE

The genus Nyctotherus are coprophilic, cilated pro-
tozoa with a peristome at the anterior end, ending in
a cytosome in the middle of the body. Nycotherus is
found in the faeces of various species of Chelonia and
vegetarian lizards, such as iguanas.

MISCELLANEOUS ‘PROTOZOAL’
ORGANISMS

The organisms described in this section have tradi-
tionally been included in veterinary parasitology
textbooks. For many of these organisms the taxonomy
still remains complicated and confusing. Their inclu-
sion in this text is for completeness and to aid dif-
ferentiation from morphologically similar protozoal
organisms.

Blastocystis was for many years described as a
yeast, but then considered to be a protozoan in the
subphylum, Blastocysta and latterly in the phylum,
Bigyra. The organism is found in the intestinal tract
of man and in many animals including monkeys, pigs,
birds, rodents, snakes and invertebrates.

Pneumocytis is widely distributed in a wide range
of healthy, domestic and wild animals. Currently it
is considered to be an opportunistic mycoses of the
family Pneumocystidaceae (Class: Archiascomycetes)
causing infections in humans, particularly in the

immunocompromised. Its significance in other hosts is
not known.

RICKETTSIA

Rickettsial organisms are parasitic, Gram-negative
microorganisms, associated with arthropods, which
may act as vectors or primary hosts. Whilst the
Rickettsia are now generally considered to be in the
bacterial Kingdom, Monera, for historical reasons
they are included within parasitological texts and for
this reason have been retained.

Within the order, Rickettsiales, three families are
recognised: the Rickettsiaceae, the Bartonellaceae
and the Anaplasmataceae.

Family RICKETTSIACEAE

This is the most important family, which, in vertebrates,
are parasites of tissue cells other than erythrocytes
and are transmitted by arthropods. The two main
sub-families are the Rickettsieae, which are capable of
infecting suitable vertebrate hosts including humans,
who may be the primary host but are more often
incidental hosts, and Ehrlichieae, most of which are
pathogenic in mammals.

Rickettsieae

Within the sub-family Rickettsieae three genera
are recognised: Rickettsia, Rochalimaea and Coxiella.
Species of Rickettsia are the important human patho-
gens but some species can affect dogs and cats and
many have a wildlife reservoir. With the exception of
louse-borne typhus and trench fever, all these human
infections are zoonoses with no person-to-person
or person-to-animal transmission occurring. Three
groups can be distinguished within the genus: typhus
group, spotted fever group and scrub typhus group.
Species of Rochalimaea are the cause of trench
fever in humans and the disease is transmitted by lice.
The genus Coxiella has a single species with
worldwide distribution and is the cause of Q fever.
Infection is enzootic in cattle, sheep and goats but
can cause severe disease in humans. The organism is
widely disseminated among wild mammals and birds
and has been found in ixodid and argasid ticks,
gamasid mites and in human body lice (Pediculus).

Ehrlichieae

Ehrlichieae are minute rickettsia-like organisms, which
are pathogenic for mammals, including humans. The
genus of importance in veterinary medicine, Ehrlichia
spp, are found in leucocytes in the circulating blood
and are transmitted by ixodid ticks.
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Family BARTONELLACEAE

Members of the Bartonellaceae are polymorphic, often
rod-shaped microorganisms which are distinguished
from the Anaplasmataceae, by cultural and struc-
tural characteristics. The Bartonellaceae include two
genera, Bartonella and Grahamella. Several species of
Bartonella have been described in both cats and dogs,
of which one, B. henselae, is an important zoonosis.

Family ANAPLASMATACEAE

The Anaplasmataceae are very small, rickettsia-like
particles occurring in or on the erythrocytes of
vertebrates and are transmitted by arthropods. Two
of the four genera, Anaplasma and Aegyptianella, are
important pathogens of domestic animals. Species
of the other two genera, Eperythrozoon and Haemo-
bartonella, may also be responsible for disease. Species
of Anaplasma are very small (0.3-1.0 um in diameter)
parasites of the erythrocytes of ruminants and are

transmitted biologically by ticks and mechanically by
sucking flies, especially tabanids.

Aegyptianella infect a wide range of wild and
domestic birds in the warmer parts of the world and
have been recorded from Africa, Asia and southern
Europe. The main vectors are ticks of the genus
Argas.

Eperythrozoon appears as rings or cocci on the
erythrocytes or free in the plasma. They are world-
wide in their distribution and have been found in
domestic and wild mammals. Vectors include lice and
mosquitoes.

Haemobartonella are coccoid or rod-shaped organ-
isms located on or within the erythrocytes and can be
spread by lice or fleas.

The taxonomy of several species is subject to much
debate and there is a proposal to re-classify some
species in the genera Eperythrozoon and Haemo-
bartonella into the bacterial genus Mycoplasma (class
Mollicutes) based on 16s rRNA gene sequences and
phylogenetic analysis.
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Parasites of cattle

ENDOPARASITES

PARASITES OF THE DIGESTIVE
SYSTEM

OESOPHAGUS

Gongylonema pulchrum

Synonym: G. scutatum

Common name: Gullet worm
Predilection site: Oesophagus, rumen
Parasite class: Nematoda
Superfamily: Spiruroidea

Final host: Sheep, goat, cattle, pig, buffalo, horse,
donkey, deer, camel, man

Intermediate host: Coprophagous beetles, cockroaches

Geographical distribution: Probably worldwide
For more details see Chapter 3 (Sheep and goats).

Hypoderma bovis

For more details see Parasites of the integument.

Hypoderma lineatum

For more details see Parasites of the integument.

RUMEN/RETICULUM

Gongylonema verrucosum
Common name: Rumen gullet worm
Predilection site: Rumen, reticulum, omasum

Parasite class: Nematoda

Superfamily: Spiruroidea

Description, gross: Long slender worms, reddish when
fresh. The males are about 3.5 cm and the females
7.0-9.5 cm in length.

Description, microscopic: The adult parasites have
a festooned cervical ala and cuticular bosses only
on the left side of the body. The males’ spicules are
unequal in length with the left spicule longer than
the right.

Final host: Cattle, sheep, goat, deer

Intermediate hosts: beetles and

cockroaches

Coprophagous

Life cycle: The life cycle is typically spiruroid. Eggs
are passed in faeces and when eaten by an interme-
diate host they hatch and develop to the infective stage
within about 4 weeks. Infection of the definitive host
is through the ingestion of infected coprophagous
beetles or cockroaches. The adult worms live spirally
(in a zipper fashion) embedded in the mucosa or sub-
mucosa with their anterior and/or posterior ends pro-
truding into the lumen. The prepatent period is about
8 weeks.

Geographical distribution: India, South Africa, USA
Pathogenesis: Usually regarded as non-pathogenic.
Clinical signs: Infection is usually asymptomatic.
Diagnosis: Usually an incidental finding on postmortem

Pathology: Adult worms bury in the epithelium of the
forestomachs producing white or red, blood-filled
zig-zag tracts in the mucosa.

Epidemiology: Infection is very much dependent
on the presence and abundance of the intermediate
hosts, principally coprophagous beetles of the genera
Aphodius, Onthophagus, Blaps, Caccobius.

Treatment: Not reported

Control: Control is neither practical nor necessary
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Paramphistomum cervi

Synonym: Paramphistomum explanatum
Common name: Rumen fluke
Predilection site: Rumen

Parasite class: Trematoda

Family: Paramphistomatidae

Description, gross: The adults are small, conical
(pear-shaped) maggot-like flukes about 1.0 cm long and
light red in colour when fresh. One sucker is visible
at the tip of the cone and the other at the base. The
tegument has no spines. The larval stages are less
than 5.0 mm, fresh specimens having a pink colour.

Description, microscopic: The egg resembles that of
Fasciola hepatica, being large (about 130-180 wm),
and operculate, but is clear rather than yellow.

Definitive hosts: Cattle, sheep, goat, deer, buffalo,
antelope

Intermediate hosts: Water snails -

Planorbis and Bulinus

principally

Life cycle: Development in the snail intermediate host
is similar to that of Fasciola and under favourable con-
ditions (26-30°C) can be completed in 4 weeks. After
ingestion of encysted metacercariae with herbage,
development in the final host occurs entirely in the
alimentary tract. Following excystment in the duode-
num the young flukes attach and feed there for about
6 weeks before migrating forward to the forestomachs
where they mature. The prepatent period is between
7 and 10 weeks.

Geographical distribution: Worldwide. They are of
little veterinary significance in Europe and America,
but are occasionally the cause of disease in the tropics
and subtropics.

Pathogenesis: The adult parasites in the forestomachs
are well tolerated, even when many thousands are pre-
sent and feeding on the wall of the rumen or reticulum
(Fig. 2.1). Any pathogenic effect is associated with the
intestinal phase of the infection.

Clinical signs: In heavy duodenal infections, the most
obvious sign is diarrhoea accompanied by anorexia
and intense thirst. Sometimes in cattle, there is rectal
haemorrhage following a period of prolonged strain-
ing. Mortality in acute outbreaks can be as high as 90%.

Diagnosis: This is based on the clinical signs usually
involving young animals in the herd and a history of
grazing around snail habitats during a period of dry
weather. Faecal examination is of limited value since
the acute disease occurs during the prepatent period.
However, large numbers of paramphistome eggs can
sometimes be present in faeces during acute disease

Fig. 2.1

Adult Paramphistomum cervi in the forestomach.

as the intestinal phase may also be accompanied
by large numbers of adult flukes in the forestomach.
Confirmation can be obtained by a postmortem ex-
amination and recovery of the small pink-coloured,
immature flukes from the duodenal musosa and ileal
contents.

Pathology: The immature flukes are embedded in
the mucosa of the upper ileum and duodenum and
are plug feeders, and this can result in severe erosion
of the duodenal mucosa. In heavy infections these
cause enteritis characterised by oedema, haemorrhage,
ulceration and associated anaemia and hypopro-
teinaemia. At necropsy, the young flukes can be seen
as clusters of brownish pink parasites attached to the
duodenal mucosa and occasionally also in the jejunum
and abomasum.

Epidemiology: Paramphistomosis often depends for its
continuous endemicity on permanent water masses,
such as lakes and ponds, from which snails are dispersed
into previously dry areas by flooding during heavy
rains. Paramphistome eggs deposited by animals graz-
ing these areas hatch and infect snails. Subsequent
production of cercariae often coincides with receding
water levels making them accessible to grazing rumin-
ants. In other areas, the situation is complicated by
the ability of the snails to aestivate on dry pastures and
become reactivated on the return of rainfall. A good
immunity develops in cattle, and outbreaks are usu-
ally confined to young stock. However, adults continue
to harbour low burdens of adult parasites and are
important reservoirs of infection for snails. In contrast,
sheep and goats are relatively susceptible throughout
their lives.

Treatment: Resorantel and oxyclozanide are considered
the anthelmintics of choice against both immature
and adult rumen flukes in cattle and sheep.
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Control: As in Fasciola gigantica, the best control is
achieved by providing a piped water supply to troughs
and preventing access of the animals to natural water.
Even then snails may gain access to watering troughs
and regular application of a molluscicide at source or
manual removal of snails may be necessary.

Notes: There is confusion over the classification of
paramphistomes and it is likely that many described
species, such as those listed below, are synonymous.

Paramphistomum microbothrium
Common name: Rumen fluke
Predilection site: Rumen
Parasite class: Trematoda
Family: Paramphistomatidae

Definitive hosts: Cattle, sheep, goat, deer, buffalo,
antelope

Geographical distribution: Africa

Ceylonocotyle streptocoelium

Synonym: Paramphistomum streptocoelium

Common name: Rumen fluke

Predilection site: Rumen

Parasite class: Trematoda

Superfamily: Paramphistomatidae

Definitive hosts: Cattle, sheep, goat and wild ruminants

Geographical distribution: Africa

Cotylophoron cotylophorum

Synonym: Paramphistomum cotylophorum
Common name: Rumen fluke

Predilection site: Rumen, reticulum

Parasite class: Trematoda

Family: Paramphistomatidae

Definitive hosts: Cattle, sheep and wild ruminants

Geographical distribution: India, Australia

Monocercomonas ruminatium

Synonym: Trichomonas ruminantium, Tritrichomonas
ruminatium

Predilection site: Rumen

Fig. 2.2 Monocercomonas ruminatium.

Parasite class: Zoomastigophorasida
Family: Monocercomonadidae

Description: The trophozoite is subspherical, 3-8 x
3-7 um, with a rounded anterior end. The axostyle is
curved and may or may not extend beyond the body.
A pelta and parabasal body are present. The cytosome
and anterior nucleus are anterior. There are three
anterior flagella and a trailing one (Fig. 2.2).

Life cycle: The life cycle is simple with trophozoites
dividing by binary fission. No sexual stages are
known and there are no cysts.

Geographical distribution: Worldwide
Pathogenesis: Not considered to be pathogenic

Diagnosis: Identification of trophozoites based on
morphological examination.

Epidemiology: Transmission presumably occurs by
ingestion of trophozoites from faeces or rumen
contents.

Treatment and control: Not required
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Entamoeba bovis

Predilection site: Rumen
Parasite class: Sarcodina
Family: Endamoebidae

Description: Trophozoites are 5-20 um in diameter.
The smoothly granular cytoplasm is filled with vacuoles
of various sizes. The nucleus is large with a large cent-
ral endostome made up of compact granules, with a
row of chromatin granules of varying sizes around
its periphery. The cysts are 4-14 um in diameter and
contain a single nucleus when mature with irregular
clumps of chromatin granules. A large glycogen granule
may or may not be present.

Hosts: Sheep, goat

Life cycle: Trophozoites divide by binary fission.
Before encysting the amoebae round up, become
smaller and lay down a cyst wall. Each cyst has one
nucleus. Amoebae emerge from the cysts and grow into
trophozoites.

Distribution: Worldwide
Pathogenicity: Non-pathogenic

Diagnosis: Identification of trophozoites, or cysts in
large intestinal contents or faeces.

Treatment and control: Not required

ABOMASUM

Cattle can be parasitised by over 18 species of gas-
trointestinal nematodes, infection causing parasitic
gastroenteritis (PGE). The most economically import-
ant gastrointestinal nematode in cattle is Ostertagia
ostertagi and whilst the diagnosis, epidemiology, treat-
ment and control are described in detail for this
parasite, details are similar for other gastrointestinal
nematodes.

Ostertagia ostertagi

Synonym: Ostertagia lyrata, Skrjabinagia lyrata
Common name: Brown stomach worm
Predilection site: Abomasum

Parasite class: Nematoda

Superfamily: Trichostrongyloidea

Description, gross: Adults are slender, reddish brown
worms with a short buccal cavity. Males measure 6—
8 mm and females 8-9 mm in length.

Description, microscopic: The cuticle in the anterior
region is striated transversely whereas the rest of the

(a) (b)

Fig. 2.3 Spicules of Ostertagia species. (a) O. ostertagi. (b) O.
leptospicularis.

body is unstriated and bears around 30 longitudinal
ridges. The brown spicules are slightly curved and
divided in the posterior region to terminate in three
stubby hooked processes (Fig. 2.3a). In the female, the
vulva is sited about 1.5 mm from the posterior and is
covered with a flap. The tail tapers gradually and
ends in a slender, rounded tip.

Hosts: Cattle, deer and very occasionally goats

Life cycle: The life cycle is direct. Eggs are passed
in the faeces, and under optimal conditions, develop
within the faecal pat to the infective third stage
within 2 weeks. When moist conditions prevail, the L;
migrate from the faeces on to the herbage. After
ingestion, the L; exsheaths in the rumen and further
development takes place in the lumen of an abomasal
gland. Two parasitic moults occur before the L,
emerges from the gland around 18 days after infection
to become sexually mature on the mucosal surface. The
entire parasitic life cycle usually takes 3 weeks, but
under certain circumstances many of the ingested L,
become arrested in development at the early fourth
larval stage (EL,) for periods of up to 6 months (also
referred to as hypobiosis).

Geographical distribution: Worldwide. Ostertagia is
especially important in temperate climates and in
subtropical regions with winter rainfall.

Pathogenesis: Large populations of O. ostertagi can
induce extensive pathological and biochemical changes
and these are maximal when the parasites are emer-
ging from the gastric glands (about 18 days after infec-
tion) but these may be delayed for several months when
arrested larval development occurs.
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In heavy infections of 40 000 or more adult worms
the principal effects of these changes are first, a
reduction in the acidity of the abomasal fluid, the pH
increasing from 2.0 up to 7.0. This results in a failure
to activate pepsinogen to pepsin. There is also a loss
of bacteriostatic effect in the abomasum. Secondly,
there is an enhanced permeability of the abomasal
epithelium to macromolecules.

The results of these changes are a leakage of
pepsinogen into the circulation, leading to elevated
plasma concentrations, and the loss of plasma proteins
into the gut lumen, eventually leading to hypoalbu-
minaemia. In addition, in response to the presence of
the adult parasites, the zymogen cells secrete increased
amounts of pepsin directly into the circulation.

Although reduced feed consumption and diarrhoea
affect liveweight gain they do not wholly account for the
loss in production. Current evidence suggests that this
is primarily because of substantial leakage of endo-
genous protein into the gastrointestinal tract. Despite
some reabsorption, this leads to a disturbance in post-
absorptive nitrogen and energy metabolism due to the
increased demands for the synthesis of vital proteins,
such as albumin and the immunoglobulins, which occur
at the expense of muscle protein and fat deposition.

Clinical signs: Bovine ostertagiosis occurs in two clin-
ical forms. In temperate climates with cold winters the
seasonal occurence of these is as follows:

Type I disease is usually seen in calves grazed intens-
ively during their first grazing season, as the result of
larvae ingested 3—4 weeks previously; in the north-
ern hemisphere this normally occurs from mid-July
onwards. In type I disease, the morbidity is usually high,
often exceeding 75%, but mortality is rare provided
treatment is instituted early.

Type 1I disease occurs in yearlings, usually in late
winter or spring following their first grazing season
and results from the maturation of larvae ingested dur-
ing the previous autumn and subsequently become
arrested in their development at the EL, stage. Hypo-
albuminaemia is more marked, often leading to sub-
mandibular oedema. In type II the prevalence of
clinical disease is comparatively low and often only
a proportion of animals in the group are affected;
mortality in such animals can be high unless early
treatment with an anthelmintic effective against both
arrested and developing larval stages is instituted.

The main clinical sign in both type I and type II
disease is a profuse watery diarrhoea and in type I,
where calves are at grass, this is usually persistent and
has a characteristic bright green colour. In contrast, in
the majority of animals with type II, the diarrhoea is
often intermittent and anorexia and thirst are usually
present. In both forms of the disease, the loss of body
weight is considerable during the clinical phase and
may reach 20% in 7-10 days.

Diagnosis: In young animals this is based on:

1. The clinical signs of inappetence, weight loss and
diarrhoea.

2. The season. For example, in Europe type I occurs
from July until September and type II from
March to May.

3. The grazing history. In type I disease, the calves
have usually been set-stocked in one area for sev-
eral months; in contrast, type II disease often has
a typical history of calves being grazed on a field
from spring to mid-summer, then moved and
brought back to the original field in the autumn.
Affected farms usually also have a history of
ostertagiosis in previous years.

4. Faecal egg counts. In type I disease these are usu-
ally more than 1000 eggs per gram (epg) and are
a useful aid to diagnosis; in type II the count is
highly variable, may even be negative and is of lim-
ited value.

5. Plasma pepsinogen levels. In clinically affected
animals up to 2 years old these are usually in excess
of 3.0IU tyrosine (normal levels are 1.0 IU in
non-parasitised calves). The test is less reliable in
older cattle where high values are not necessarily
correlated with large adult worm burdens but,
instead, may reflect plasma leakage from a hyper-
sensitive mucosa under heavy larval challenge.

6. Postmortem examination. Adult worms can be
seen on close inspection of the abomasal surface.
Adult worm burdens are typically in excess of
40 000, although lower numbers are often found
in animals which have been diarrhoeic for several
days prior to necropsy. Species differentiation
is based on the structure of the male spicules
(Fig. 2.3).

In older animals, laboratory diagnosis is more dif-
ficult since faecal egg counts and plasma pepsinogen
levels are less reliable.

Pathology: The developing parasites cause a reduction
in the functional gastric gland mass; in particular
the parietal cells, which produce hydrochloric acid, are
replaced by rapidly dividing, undifferentiated, non-acid-
secreting cells. Initially, these cellular changes occur
in the parasitised gland (Fig. 2.4), but as it becomes
distended by the growing worm these changes spread
to the surrounding non-parasitised glands, the end
result being a thickened hyperplastic gastric mucosa.

Macroscopically, the lesion is a raised nodule with
a visible central orifice; in heavy infections these
nodules coalesce to produce an effect reminiscent of
morocco leather (Fig. 2.5). The abomasal folds are often
very oedematous and hyperaemic and sometimes
necrosis and sloughing of the mucosal surface occurs
(Fig. 2.6); the regional lymph nodes are enlarged and
reactive.
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Fig. 2.5 Abomasum showing the characteristic nodules produced
by the development of O. ostertagi larvae in the gastric glands.

Fig. 2.6 Necrosis of mucosa in severe ostertagiosis.

Epidemiology of ostertagiosis in temperate
countries of the northern hemisphere

Dairy herds

1. A considerable number of L; can survive the
winter on pasture and in soil. Sometimes the
numbers are sufficient to precipitate type I disease
in calves 3—4 weeks after they are turned out to
graze in the spring. However, this is unusual and
the role of the surviving L; is rather to infect
calves at a level which produces patent subclin-
ical infection and ensures contamination of the
pasture for the rest of the grazing season.

2. A high mortality of overwintered L; on the pas-
ture occurs in spring and only negligible numbers
can usually be detected by June. This mortality,
combined with the dilution effect of the rapidly
growing herbage, renders most pastures, not grazed
in the spring, safe for grazing after mid-summer.
However, some L; may survive in the soil for at
least another year and can subsequently migrate
on to the herbage.

3. Eggs deposited in the spring develop slowly to L;;
this rate of development becomes more rapid
towards mid-summer as temperatures increase,
and, as a result, the majority of eggs deposited dur-
ing April to June all reach the infective stage
from around mid-July onwards. If sufficient num-
bers of these L; are ingested, the type I disease
occurs any time from July until October. Devel-
opment from egg to L; slows during the autumn.

4. As autumn progresses and temperatures decline
an increasing proportion (up to 80%) of the L,
ingested become inhibited at the early fourth
larval stage (EL,). In late autumn, calves can
therefore harbour many thousands of these EL,
but few developing forms or adults. These infec-
tions are generally asymptomatic until maturation
of the EL, takes place during winter and early
spring when type II disease may materialise.
Where maturation is not synchronous, clinical
signs may not occur but the adult worm burdens
which develop can play a significant epidemiological
role by contributing to pasture contamination in
the spring.

Two factors, one management and one climatic,
appear to increase the prevalence of type II
ostertagiosis.

First, the practice of grazing calves from May until
late July on permanent pasture, then moving these to
hay or silage aftermath before returning them to the
original grazing in late autumn. Such pasture will still
contain many L; and when ingested they will become
arrested.

Secondly, in dry summers the L, are retained
within the crusted faecal pat and cannot migrate on
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to the pasture until sufficient rainfall occurs. If rain-
fall is delayed until late autumn many larvae liberated
on to pasture will become arrested following ingestion
and so increase the chance of type II disease.

Although primarily a disease of young dairy cattle,
ostertagiosis can nevertheless affect groups of older
cattle in the herd, particularly if these have had little
previous exposure to the parasite.

Acquired immunity is slow to develop and calves
do not achieve a significant level of immunity until the
end of their first grazing season. Housing over the
winter allows the immunity to wane by the following
spring and yearlings turned out at that time are par-
tially susceptible to reinfection and so contaminate
the pasture with small numbers of eggs. However,
immunity is rapidly re-established and any clinical
signs which occur are usually of a transient nature.
By the second and third year of grazing, adult stock
in endemic areas are usually highly immune to rein-
fection and of little significance in the epidemiology.
However, around the periparturient period when
immunity wanes, particularly in heifers, there are
reports of clinical disease following calving. Burdens
of adult Ostertagia spp in dairy cows are usually low
and routine treatment of herds at calving should not
be required.

Beef herds

Although the basic epidemiology in beef herds is
similar to dairy herds, the influence of immune adult
animals grazing alongside susceptible calves has to be
considered. Thus, in beef herds where calving takes
place in the spring, ostertagiosis is uncommon since
egg production by immune adults is low, and the spring
mortality of the overwintered L; occurs prior to the
suckling calves ingesting significant quantities of grass.
Consequently, only low numbers of L; become avail-
able on the pasture later in the year. However, where
calving takes place in the autumn or winter, osterta-
giosis can be a problem in calves during the following
grazing season once they are weaned, the epidemiol-
ogy then being similar to that for dairy calves.

Epidemiology of ostertagiosis in subtropical
and temperate countries in the southern
hemisphere

In countries with temperate climates, such as New
Zealand, the seasonal pattern is similar to that reported
for Europe with type I disease occurring in the sum-
mer and burdens of arrested larvae accumulating in
the autumn. In those countries with subtropical climates
and winter rainfall, such as parts of southern Australia,
southwest Africa and some regions of Argentina, Chile
and Brazil, the increase in L; population occurs dur-
ing the winter and outbreaks of type I disease are seen
towards the end of the winter period. Arrested larvae

accumulate during the spring and where type II dis-
ease has been reported it has occurred in late summer
or early autumn. A basically similar pattern of infec-
tion is seen in some southern parts of the USA with
non-seasonal rainfall, such as Louisiana and Texas.
There, larvae accumulate on pasture during winter and
arrested development occurs in late winter and early
spring with outbreaks of type II disease occurring in
late summer or early autumn.

The environmental factors which produce arrested
larvae in subtropical zones are not yet fully known.

Treatment: Type I disease responds well to treatment
at the standard dosage rates with any of the modern
benzimidazoles, the pro-benzimidazoles (febantel,
netobimin and thiophanate), levamisole, or the aver-
mectins/milbemycins. All of these drugs are effective
against developing larvae and adult stages. Following
treatment, calves should be moved to pasture which
has not been grazed by cattle in the same year.

For the successful treatment of type II disease it
is necessary to use drugs which are effective against
arrested larvae as well as developing larvae and
adult stages. Only the modern benzimidazoles (such
as albendazole, fenbendazole or oxfendazole) or the
avermectins/milbemycins are effective in the treat-
ment of type II disease when used at standard dosage
levels, although the pro-benzimidazoles are also effect-
ive at higher dose rates.

The field where the outbreak has originated may be
grazed by sheep or rested until the following June.

In lactating dairy cattle, topical eprinomectin has the
advantage that there is no milk withholding period.

Control: Traditionally, ostertagiosis has been pre-
vented by routinely treating young cattle with anthel-
mintics over the period when pasture larval levels are
increasing. However, it has the disadvantage that
since the calves are under continuous larval challenge
their performance may be impaired. With this sys-
tem, effective anthelmintic treatment at housing is also
necessary using a drug effective against hypobiotic
larvae in order to prevent type II disease.

The prevention of ostertagiosis by limiting exposure
to infection is a more efficient method of control. This
may be acheived by allowing young cattle sufficient
exposure to larval infection to stimulate immunity but
not sufficient to cause a loss in production. The pro-
vision of this ‘safe pasture’ may be achieved in two ways:

1. Using anthelmintics to limit pasture contamina-
tion with eggs during periods when the climate is
optimal for development of the free-living larval
stages, i.e. spring and summer in temperate clim-
ates, or autumn and winter in the sub-tropics.

2. Alternatively, by resting pasture or grazing it with
another host, such as sheep, which are not sus-
ceptible to O. ostertagi, until most of the existing
L; on the pasture have died out.
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Sometimes a combination of these methods is em-
ployed. The timing of events in the systems described
below is applicable to the calendar of the northern
hemisphere.

Prophylactic anthelmintic medication

Since the crucial period of pasture contamination
with O. ostertagi eggs is the period up to mid-July, one
of the efficient modern anthelmintics may be given on
two or three occasions between turn-out in the spring
and July to minimise the numbers of eggs deposited
on the pasture. For calves going to pasture in early
May two treatments, 3 and 6 weeks later, are used,
whereas calves turned out in April require three
treatments at intervals of 3 weeks. Where parenteral
or pour-on macrocyclic lactones are used the interval
after first treatment may be extended to 5 or 8 weeks
(the interval depends on the anthelmintic used) due
to residual activity against ingested larvae.

Several rumen boluses are available which provide
either the sustained release of anthelmintic drugs over
periods of 3-5 months or the pulse release of thera-
peutic doses of an anthelmintic at intervals of 3 weeks
throughout the grazing season. These are administered
to first season grazing calves at turnout and effectively
prevent pasture contamination and the subsequent
accumulation of infective larvae. Although offering a
high degree of control of gastrointestinal nematodes
there is evidence to suggest that young cattle protected
by these boluses, or other highly effective prophylac-
tic drug regimens, are more susceptible to infection in
their second year at grass.

Anthelmintic prophylaxis has the advantage that
animals can be grazed throughout the year on the same
pasture and is particularly advantageous for the small
heavily stocked farm where grazing is limited.

Anthelmintic treatment and move to safe
pasture in mid-July

This system, usually referred to as ‘dose and move’,
is based on the knowledge that the annual increase
of L; occurs after mid-July. Therefore if calves grazed
from early spring are given an anthelmintic treatment
in early July and moved immediately to a second
pasture such as silage or hay aftermath, the level of
infection which develops on the second pasture will
be low.

The one reservation with this technique is that in
certain years the numbers of L; that overwinter are
sufficient to cause heavy infections in the spring and
clinical ostertagiosis can occur in calves in April and
May. However, once the ‘dose and move’ system has
operated for a few years this problem is unlikely to
arise.

In some European countries the same effect has
been obtained by delaying the turnout of calves until
mid-summer.

Alternate grazing of cattle and sheep

This system ideally utilises a 3-year rotation of cattle,
sheep and crops. Since the effective lifespan of most
O. ostertagi L, is under 1 year and cross-infection be-
tween cattle and sheep in temperate areas is largely
limited to O. leptospicularis, Trichostrongylus axei
and occasionally C. oncophora, good control of bovine
ostertagiosis should, in theory, be achieved. It is par-
ticularly applicable to farms with a high proportion of
land suitable for cropping or grassland conservation.
In marginal or upland areas reasonable control has
been reported using an annual rotation of beef cattle
and sheep. The drawback of alternate grazing systems
is that they impose a rigorous and inflexible regimen
on the use of land. Furthermore, in warmer climates
where Haemonchus spp are prevalent, this system
can prove dangerous since this very pathogenic genus
establishes in both sheep and cattle.

Rotational grazing of adult and young stock

This system involves a continuous rotation of paddocks
in which the susceptible younger calves graze ahead
of the immune adults and remain long enough in each
paddock to remove only the leafy upper herbage.
The incoming immune adults then graze the lower more
fibrous echelons of the herbage, which contain the
majority of the L;. Since the faeces produced by the
immune adults contains few if any O. ostertagi eggs,
the pasture contamination is greatly reduced. The
optimal utilisation of permanent grassland and the con-
trol of internal parasitism without resort to therapy
makes it an option for organic systems of production.

Notes: O. ostertagi is perhaps the most common cause
of parasitic gastritis in cattle. The disease, often simply
known as ostertagiosis, typically affects young cattle
during their first grazing season, although herd out-
breaks and sporadic individual cases have also been
reported in adult cattle.

O. ostertagi is considered to be a polymorphic
species with Ostertagia lyrata (syn. Skrjabinagia).

Ostertagia leptospicularis

Synonym: Ostertagia crimensis, Skrjabinagia kolchida,
Grosspiculagia podjapolskyi

Predilection site: Abomasum
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: Adults are slender, reddish brown
worms with a short buccal cavity. Males measure
6-8 mm and females 8-9 mm in length.

Description, microscopic: Distinguished from other
ostertagian species by the length of the oesophagus,
which is longer than in other species (0.7 mm compared
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with approximately 0.6 mm). In cattle, the worms are
thinner than O. ostertagi and males worms are differ-
entiated on spicule morphology (Fig. 2.3b).

Hosts: Deer (roe deer), cattle, sheep, goat
Life cycle: Similar to O. ostertagi

Geographical distribution: Many parts of the world,
particularly Europe and New Zealand.

Notes: Considered to be a polymorphic species
with two male morphs, Ostertagia leptospicularis and
Skrjabinagia kolchida (Grosspiculagia podjapolskyi).

Details of the pathogenesis, clinical signs, diagnosis,
pathology, epidemiology, treatment and control are as
for O. ostertagi.

Haemonchus contortus

Synonym: Haemonchus placei (see notes)
Common name: Barber’s pole worm
Predilection site: Abomasum

Parasite class: Nematoda

Superfamily: Trichostrongyloidea

Notes: Until recently the sheep species was called
H. contortus and the cattle species H. placei. How-
ever, there is now increasing evidence that these
are the single species H. contortus with only strain
adaptations for cattle and sheep.

For more details see Chapter 3 (Sheep and goats).

Haemonchus similis

Predilection site: Abomasum
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: The adults are 2.0-3.0 cm and red-
dish in colour.

Description, microscopic: The male has an asymmet-
rical dorsal lobe and barbed spicules differing from
H. contortus in that the terminal processes of the
dorsal ray are longer and the spicules shorter.

Hosts: Cattle, deer
Geographical distribution: North America, Europe

Pathogenesis: As for H. contortus

Trichostrongylus axei

Synonym: Trichostrongylus extenuatus
Predilection site: Abomasum or stomach

Parasite class: Nematoda

Superfamily: Trichostrongyloidea
For more details, see Chapter 3 (Sheep and goats).

Mecistocirrus digitatus

Predilection site: Abomasum
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: To the naked eye, the worm is indis-
tinguishable from Haemonchus contortus. The males
measure up to around 30 mm and the females 42 mm
in length.

Description, microscopic: The male is distinguishable
from Haemonchus by the presence of long narrow
spicules that are fused together for the majority of their
length (in Haemonchus the spicules are thicker, sep-
arate and barbed at the tips). The female differs from
Haemonchus in that the vulva is positioned nearer
to the tip of the tail and there is no vulval flap. The
cuticle contains many longitudinal ridges and the cer-
vical papillae are readily apparent. The small buccal
capsule is armed with a lancet.

Hosts: Cattle, buffalo, zebu, sheep and goat; occa-
sionally the stomach of the pig and rarely man

Life cycle: This is direct and similar to that of
Haemonchus. The prepatent period is longer than in
Haemonchus, being 60-80 days, partly as the result of
the longer duration of the fourth stage in the abomasal
mucosa.

Geographical distribution: Tropical and subtropical
regions, particularly Central America and parts of
Asia

Pathogenesis: In endemic areas, the pathogenesis
of this haematophagous parasite is similar to that of
H. contortus and it is of similar economic importance.

Clinical signs: Similar to H. contortus, inducing
anaemia, weight loss and emaciation.

Diagnosis: See the description of the parasite above.

Treatment and control: See H. contortus for details.

Parabronema skrjabini

Predilection site: Abomasum
Parasite class: Nematoda
Superfamily: Spiruroidea

Geographical distribution: Central and east Africa,
Asia, and some Mediterranean countries, notably
Cyprus

For more details see Chapter 3 (Sheep and goats).
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Cryptosporidium andersoni

Synonym: Cryptosporidium muris
Predilection site: Abomasum
Parasite class: Sporozoasida
Family: Cryptosporidiidae

Description: Oocysts, passed fully sporulated, are
ellipsoid, 6.0-8.1 x5.0-6.5um (mean 7.4 x 5.5 um),
with a length/width ratio of 1.35.

Life cycle: Oocysts, each with four sporozoites,
are liberated in the faeces. Following ingestion, the
sporozoites invade the microvillous brush border of the
gastric glands and the trophozoites rapidly differenti-
ate to form meronts with four to eight merozoites.
Gametogony follows after one to two generations of
meronts, and oocysts are produced in 72 hours. The
prepatent period is unknown.

Geographical distribution: Reported in USA, Brazil,
UK, Czech Republic, Germany, France, Japan and Iran

Pathogenesis: Generally considered to be non-
pathogenic

Clinical signs: Usually asymptomatic, although de-
pressed weight gain in calves and milk yields in milking
cows have been reported.

Diagnosis: Oocysts may be demonstrated using
Ziehl-Nielsen stained faecal smears in which the
sporozoites appear as bright red granules. Speciation
of Cryptosporidium is difficult, if not impossible,
using conventional techniques. A range of molecular
and immunological techniques has been developed,
that include the use of immunofluorescence (IF) or
enzyme-linked immunosorbent assays (ELISA). More
recently, DNA-based techniques have been used for
the molecular characterisations of Cryptosporidium
species.

Pathology: The presence of the endogenous stages
of the parasite leads to destruction of the microvilli of
peptic glands, leading to elevated concentrations of
plasma pepsinogen levels.

Epidemiology: The epidemiology of infection has
not been studied although it is likely to be similar to
Cryptosporidium parvum in cattle. Many calves are
likely to become infected without showing clinical
signs but become sources of infection for calves that
follow. The primary route of infection is by the direct
animal-to-animal faecal-oral route. Thus in calves,
for example, overcrowding, stress of early weaning,
transport and marketing, together with low levels of
hygiene will increase the risk of heavy infections.

Treatment and control: There is no reported treatment.
Good hygiene and management are important in

preventing disease from cryptosporidiosis. Feed and
water containers should be high enough to prevent
faecal contamination. Young animals should be given
colostrum within the first 24 hours of birth and over-
stocking and overcrowding should be avoided. Dairy
calves should be either isolated in individual pens or
kept in similar age groups and cleaned out daily.

Notes: Based on oocyst morphology, C. muris-like
oocysts have been found in cattle in several countries
around the world. Recent molecular characterisations
have indicated that all bovine isolates are C. andersoni.

SMALL INTESTINE

Trichostrongylus colubriformis

Synonym: Trichostrongylus instabilis
Common name: Black scour or bankrupt worm

Predilection site: Duodenum and anterior small

intestine
Parasite class: Nematoda

Superfamily: Trichostrongyloidea
For more details see Chapter 3 (Sheep and goats).

Trichostrongylus longispicularis

Predilection site: Small intestine

Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: The adults are similar in size to
T. colubriformis.

Description, microscopic: The spicules are stout,
brown, unbranched, slightly unequal in length and
terminate in a tapering blunt tip that has a small
semi-transparent protrusion.

Hosts: Cattle, sheep, goat, deer, camel, llama

Life cycle: This is direct and typically trichostrongy-
loid. See T. colubriformis for details.

Geographical distribution: Ruminants in Australia;
and cattle in America and parts of Europe

Details of the pathogenesis, clinical signs, diagnosis,
pathology, epidemiology, treatment and control are as
for T. colubriformis.

Cooperia oncophora

Predilection site: Small intestine

Parasite class: Nematoda
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Superfamily: Trichostrongyloidea

Description, gross: In size C. oncophora is similar to
Ostertagia but with a large bursa. Males measure
around 5.5-9mm and females 6—8 mm in length.
When fresh the worms appear pinkish white.

Description, microscopic: The main generic features
are the small cephalic vesicle and the transverse cuti-
cular striations in the oesophageal region (Fig. 2.7).
The body possesses longitudinal ridges. The spicules
have a distinct wing-like expansion in the middle
region and often bear ridges (Fig. 2.8a); there is no
gubernaculum. The females have a long tapering tail.
Eggs are oval and thin-shelled.

Hosts: Cattle, sheep, goat, deer

Life cycle: This is direct and typical of the super-
family. Ingested L; exsheath, migrate into the intestinal
crypts for two moults and then the adults develop on
the surface of the intestinal mucosa. The prepatent
period is around 3 weeks. The bionomic require-
ments of the free-living stages are similar to those of
Ostertagia.

Geographical distribution: Worldwide

Pathogenesis: C. oncophora is generally considered
to be a mild pathogen in calves, although in some
studies it has been associated with inappetence and
poor weight gains. A partial immunity to reinfection
develops after about 8-12 months of exposure to
infective larvae.

Clinical signs: These are loss of appetite and poor
weight gains. Occasionally a heavy infection can
induce intermittent diarrhoea.

Fig. 2.7 Anterior of Cooperia spp showing the cephalic vesicle and
cuticular striations.

Diagnosis: Eggs of Cooperia spp are all very similar
morphologically. Faecal culture will allow identifica-
tion of infective larvae.

Pathology: Moderate to heavy infections can induce
a catarrhal enteritis with localised villous atrophy and
oedema of the intestinal mucosa.

Fig. 2.8 Spicules of Cooperia species. (a) C. oncophora. (b) C. pectinata. (c) C. punctata. (d) Cooperia surnabada.
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Epidemiology: In temperate areas, this is similar to that
of Ostertagia. Arrested development (hypobiosis) at
the EL, is a regular feature during late autumn and
winter in the northern hemisphere, and spring and
summer in the southern hemisphere. Adult animals
usually show few signs of infection but act as carriers,
shedding low numbers of eggs in their faeces.

In the subtropics, the epidemiology is similar to that
of Haemonchus though Cooperia does not have the
same high biotic potential and the L; survive rather
better under arid conditions. Hypobiosis is also a fea-
ture during prolonged dry seasons.

Treatment: The principles are similar to those
applied in bovine ostertagiosis. Cooperia is one of the
dose-limiting species and one should consult the manu-
facturer’s data sheets for efficacy of anthelmintics
against adult and L, stages.

Control: Similar to that described for Ostertagia.

Notes: In temperate areas, members of the genus Co-
operia usually play a secondary role in the pathogenesis
of parasitic gastroenteritis of ruminants although they
may be the most numerous trichostrongyle present.
However, in some tropical and subtropical areas,
some species are responsible for severe enteritis in
calves.

Three further species of Cooperia are found in
cattle. Details of the diagnosis, epidemiology, treatment
and control are as for C. oncophora

Cooperia punctata

Common name: Cattle bankrupt worm
Predilection site: Small intestine
Parasite class: Nematoda

Superfamily: Trichostrongyloidea

Description, gross: Similar to C. oncophora. Males
measure around 4.5-6.0 mm, and females 6—8 mm in
length.

Description, microscopic: See C. oncophora and
Fig. 2.8c for details.

Hosts: Cattle, deer

Life cycle: Similar to C. oncophora but the adults
remain closely associated with the mucosa and surface
epithelium. The prepatent period is around 2-3 weeks.
The bionomic requirements of the free-living stages are
similar to Haemonchus.

Geographical distribution: Worldwide

Pathogenesis: C. punctata is a pathogenic parasite
since it penetrates the epithelial surface of the small
intestine and causes a disruption similar to that of other

intestinal trichostrongylid species, which leads to
villous atrophy and a reduction in the area available
for absorption. In heavy infections, diarrhoea has
been reported.

Clinical signs: There is loss of appetite, poor weight
gains and diarrhoea and there may be submandibular
oedema.

Cooperia pectinata

Predilection site: Small intestine
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: Similar to C. oncophora. Males
measure around 7-8 mm and females 7.5-10 mm in
length.

Description, microscopic: See C. oncophora and
Fig 2.8b for details.

Hosts: Cattle, deer
Life cycle: See C. punctata for details
Geographical distribution: Worldwide

Pathogenesis and clinical signs: Similar to C. punctata.
A catarrhal enteritis is often present with loss of
appetite, poor weight gain, diarrhoea, and in some cases,
submandibular oedema.

Cooperia surnabada

Synonym: Cooperia mcmasteri
Predilection site: Small intestine
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: The males measure around 7 mm
and the females 8 mm in length.

Description, microscopic: The appearance is very
similar to C. oncophora, although the bursa is larger
and the bursal rays tend to be thinner. The spicules
are thinner with a posterior bifurcation and the tips
possess a small conical appendage (Fig. 2.8d).

Hosts: Cattle, sheep, camel

Life cycle: Similar to that of C. pectinata and C.
punctata. The bionomic requirements of the free-
living stages concur with those for Haemonchus.

Geographical distribution: Parts of Europe, North
America and Australia
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Pathogenesis: Moderate pathogenicity as the worms
penetrate the surface of the small intestine and can
induce villous atrophy.

Clinical signs: See C. punctata.
Diagnosis: See C. oncophora.

Treatment and control: Refer to C. oncophora.

Nematodirus helvetianus

Common name: Thread-necked worm
Predilection site: Small intestine
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: The adults are slender, males meas-
uring around 11-16 mm and females 17-24 mm in
length.

Description, microscopic: A small but distinct cephalic
vesicle is present. The male has two sets of parallel rays
in each of the main bursal lobes and the long, slender
spicules end in a fused point with the surrounding
membrane being lanceolate. The female has a trun-
cate tail with a small spine, and the egg is large, ovoid
and colourless and twice the size of the typical tri-
chostrongyle egg (Fig. 2.9).

Hosts: Cattle, occasionally sheep, goat and other
ruminants

Life cycle: The preparasitic phase is almost unique in
the trichostrongyloids in that development to the L,
takes place within the egg shell. N. helvetianus does
not have the same critical hatching requirements as
N. battus (see Chapter 3) and so the larvae often
appear on the pasture within 2-3 weeks of the eggs
being excreted in the faeces. More than one annual
generation is therefore possible. The parasitic phase
within the host is similar to that of N. battus. The
prepatent period is around 3 weeks.

Geographical distribution: Worldwide

Pathogenesis: Although this is similar to that of N.
battus, there is some controversy over the extent of the
pathogenic effect. N. helvetianus has been incrimin-
ated in outbreaks of bovine parasitic gastroenteritis but
experimental attempts to reproduce the disease have
been unsuccessful.

Clinical signs: Low to moderate infections may pro-
duce no obvious clinical manifestations. In severe
infections, diarrhoea can occur during the prepatent
period and young animals may become dehydrated.

Fig. 2.9 Large egg of Nematodirus helvetianus.

Diagnosis: Examination of faeces will allow the large
colourless eggs to be differentiated from those of
N. spathiger. At necropsy, the tips of the male spicules
will allow diagnosis from other Nematodirus species.

Pathology: Increased mucus production and focal
compression and stunting of villi may occur in the small
intestine.

Epidemiology: The eggs do not usually exhibit delayed
hatching. The pattern of infection is similar to that of
Trichostrongylus species.

Treatment: Several drugs are effective against
Nematodirus infections; levamisole, an avermectin/
milbemycin or one of the modern benzimidazoles.
However, Nematodirus is one of the dose-limiting
species and manufacturer’s data sheets should be
consulted as there are differences in efficacy against
adults and L, stages between oral and parenteral
administration for some macrocyclic lactones. The
response to treatment is usually rapid and if diarrhoea
persists coccidiosis should be considered as a com-
plicating factor.

Control: Disease due to monospecific Nematodirus
infections is rarely seen. They are usually part of the
worm burden of trichostrongyloid species that are
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responsible for the syndrome of PGE in cattle and as
such may be controlled by the measures outlined
elsewhere.

Nematodirus battus

Common name: Thread-necked worm
Predilection site: Small intestine
Parasite class: Nematoda

Superfamily: Trichostrongyloidea
For more details see Chapter 3 (Sheep and goats).

Nematodirus spathiger

Common name: Thread-necked worm
Predilection site: Small intestine
Parasite class: Nematoda

Superfamily: Trichostrongyloidea
For more details see Chapter 3 (Sheep and goats).

Bunostomum phlebotomum

Synonym: Monodontus phlebotomum
Common name: Cattle hookworm

Predilection site: Small intestine, particularly the
anterior jejunum and/or duodenum

Parasite class: Nematoda
Superfamily: Ancylostomatoidea

Description, gross: Bunostomum is one of the larger
nematodes of the small intestine of ruminants, being
1-3 cm long, stout, greyish white and characteristically
hooked at the anterior end with the buccal capsule
opening anterodorsally (Fig. 2.10).

Description, microscopic: The large buccal capsule
opens anterodorsally and bears on the ventral margin
a pair of chitinous cutting plates and internally a large
dorsal cone. Dorsal teeth are absent from the buccal
capsule but there are two pairs of small sub-ventral
lancets at its base. In the male the bursa is well devel-
oped and has an asymmetrical dorsal lobe. The right
externodorsal ray arises higher up on the dorsal stem
and is longer than the left. It arises near the bifurca-
tion of the dorsal ray, which divides into two tri-
digitate branches. The spicules are very long and
slender. In the female the vulva opens a short distance
in front of the middle of the body.

The infective larva is small with 16 gut cells and
a short filamentous tail. Eggs are medium-sized (97 x

Fig. 2.10 Head of Bunostomum phlebotomum showing the large
buccal capsule and cutting plates.

50 um) irregular broad elipse, with dissimilar side-
walls and four to eight blastomeres.

Hosts: Cattle

Life cycle: Infection with the L; may be percutane-
ous or oral. After skin penetration, the larvae travel
to the lungs and moult to 4th stage larvae before
re-entering the gastrointestinal tract after approxim-
ately 11 days. Ingested larvae usually develop without
a migration. Further development continues in the
gut. The prepatent period is about 6 weeks after skin
penetration, and 7-10 weeks after ingestion.

Geographical distribution: Worldwide

Pathogenesis: The adult worms are blood-suckers and
infections of 100-500 worms can produce progressive
anaemia, hypoalbuminaemia, loss of weight and occa-
sionally diarrhoea. Worm burdens of around 2000 may
lead to death in cattle. In stabled cattle, pruritus of
the limbs, probably caused by skin penetration by the
larvae, is seen.
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Clinical signs: There may be inappetence, diarrhoea
and emaciation, more frequently seen in young ani-
mals. Severe infection can also induce submandibular
oedema (‘bottle jaw’). Postmortem examination often
reveals hydrothorax and fluid within the pericardium.
Older livestock frequently develop sufficient immunity
to limit reinfection and in many cases Bunostomum
is present asymptomatically. In calves, foot stamping
and signs of itching may accompany skin penetration
by the larvae.

Diagnosis: The clinical signs of anaemia and perhaps
diarrhoea in calves are not in themselves pathogno-
monic of bunostomosis. However, in temperate areas,
the epidemiological background may be useful in
eliminating the possibility of Fasciola hepatica infec-
tion. In the tropics, haemonchosis must be considered,
possibly originating from hypobiotic larvae. Faecal
worm egg counts are useful in that these are lower than
in Haemonchus infection while the eggs are more
bluntly rounded, with relatively thick sticky shells to
which debris is often adhered. For accurate differen-
tiation, larval cultures should be prepared.

Pathology: The carcase is anaemic and cachexic.
Oedema and ascites are seen. The liver is light brown
and shows fatty changes. The intestinal contents are
haemorrhagic and the mucosa is usually swollen,
covered with mucus, and shows numerous lesions
resulting from the worms feeding. The parasites may
be seen still attached to the mucosa or free in the lumen.

Epidemiology: Pathogenic infections are more com-
mon in the tropics and sub-tropics and in some areas,
such as Nigeria, the highest worm burdens are found
at the end of the dry season, apparently due to the
maturation of hypobiotic larvae. Young livestock are
most susceptible. B. phlebotomum is often a serious
pathogen in many regions such as the southern and
mid-western USA, Australia and parts of Africa. In
temperate countries, high worm burdens are usually
uncommon. The prophylactic dosing regimes, adopted
for the control of trichostrongyles, have contributed
to the low prevalence of Bunostomum.

Treatment: Anthelmintics listed for O. ostertagi are
effective.

Control: A combination of strategic dosing with
anthelmintics and pasture management is used in the
control of larvae as they are susceptible to dessication,
and the infection is mainly found on permanently
or occasionally moist pastures. Avoiding or draining
such pastures is an effective control measure. The
ground around water troughs should be kept hard
and dry, or treated with liberal applications of salt.
Stabled cattle should be protected by ensuring the
floors and bedding are kept dry and that faeces are
removed frequently, and are not allowed to contamin-
ate food and water.

Agriostomum vryburgi

Predilection site: Small intestine
Parasite class: Nematoda
Superfamily: Ancylostomatoidea

Description, gross: Worms are stout and greyish white
in colour. Males are around 9-11 mm and females 13—
16 mm in length. Spicules are equal in length and a
gubernaculum is present.

Description, microscopic: The shallow bucal capsule
contains four pairs of large teeth on its margin and
has a rudimentary leaf-crown. The large oesophageal
opening houses two small subventral lancets. Eggs
measure about 130-190 x 60-90 um.

Hosts: Cattle, buffalo, ox and zebu
Life cycle: The life cycle is probably direct.
Geographical distribution: Asia and South America

Pathogenesis: The hookworms attach to the mucosa
of the anterior small intestine. The pathogenicity,
although unknown, presumably depends on its hae-
matophagic habits, inducing anaemia.

Notes: Agriostomum vryburgi is a common hook-
worm of the large intestine throughout its distribution
range.

Details on the diagnosis, treatment and control are
likely to be similar to B. phlebotomum.

Strongyloides papillosus

Predilection site: Small intestine
Parasite class: Nematoda

Superfamily: Rhabditoidea
For more details see Chapter 3 (Sheep and goats).

Toxocara vitulorum

Synonym: Neoascaris vitulorum
Predilection site: Small intestine
Parasite class: Nematoda
Superfamily: Ascaridoidea

Description, gross: This is a very large whitish
nematode, the adult male is up to 25cm and the
female 30 cm.

Description, microscopic: The cuticle is less thick
than other ascarids and somewhat soft and translucent.
There are three lips, broad at the base and narrowing
anteriorly. The oesophagus is 3—4.5 mm long and has
a posterior, granular ventriculus. The tail of the male
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Fig. 2.11

Egg of Toxocara vitulorum.

usually forms a small spike-like appendage. There are
about five pairs of post-cloacal papillae; the anterior
pair is large and double. Pre-cloacal papillae are vari-
able in number. The vulva is situated about one
eighth of the body length from the anterior end. The
egg of T. vitulorum is subglobular, with a thick finely
pitted shell, and is almost colourless (75-95 x 60—74 um)
(Fig. 2.11).

Hosts: Cattle, buffalo and zebu, rarely sheep and
goats

Life cycle: The life cycle is direct. The most important
source of infection is the milk of the dam in which
larvae are present for up to 3—4 weeks after parturi-
tion. There is no tissue migration in the calf following
milk-borne infection and the prepatent period is 3—
4 weeks. The ingestion of larvated eggs by calves over
6 months old seldom results in patency, the larvae
migrating to various tissues where they remain dormant;
in female animals, resumption of development in late
pregnancy allows further transmammary transmission.

Geographical distribution: Africa, India, Asia

Pathogenesis: The main effects of 7. vitulorum infec-
tion appear to be caused by the adult worms in the
intestines of calves up to 6 months old. Heavy infec-
tions are often associated with unthriftyness, catarrhal
enteritis and intermittent diarrhoea, and in buffalo
calves particularly, fatalities may occur. Heavy burdens
can be associated with intestinal obstruction and occa-
sionally perforation may occur leading to peritonitis
and death.

Clinical signs: Diarrhoea, poor condition

Diagnosis: In some instances heavily infected calves
may exhale an acetone-like odour. The sub-globular

eggs, with thick, pitted shells, are characteristic in
bovine faeces. Egg output in young calves can be very
high (>50 000 epg) but patency is short and by around
4-6 months of age, calves have expelled most of their
adult worm population.

Pathology: The pathological effects of adult worms
in the intestine are poorly defined. Heavy infections
may obstruct the gut and lead to gut perforation.
Migration up the bile or pancreatic duct may lead to
biliary obstruction and cholangitis.

Epidemiology: The most important feature is the
reservoir of larvae in the tissues of the cow, with sub-
sequent milk-borne transmission ensuring that calves
are exposed to infection from the first day of life. The
majority of patent infections occur in calves of less than
6 months of age.

Treatment: The adult worms are susceptible to a
wide range of anthelmintics, including piperazine,
levamisole, macrocyclic lactones and the benzimida-
zoles. Many of these drugs are also effective against
developing stages in the intestine.

Control: The prevalence of infection can be dramatic-
ally reduced by treatment of calves at 3 and 6 weeks
of age, preventing developing worms reaching patency.

Capillaria bovis

Synonym: Capillaria brevipes
Predilection site: Small intestine
Parasite class: Nematoda
Superfamily: Trichuroidea

Description, gross: These are very fine filamentous
worms, the narrow stichosome oesophagus occupying
about one third to half the body length. Males meas-
ure around 8—-9 mm and females up to 12 mm.

Description, microscopic: The males have a long thin
single spicule about 0.9 mm long and often possess a
primitive bursa-like structure. The eggs are barrel-
shaped (similar to Trichuris), 45-50 x 22-25 um, are
colourless and have thick shells that are slightly
striated with bipolar plugs.

Hosts: Cattle, sheep, goat

Life cycle: The life cycle is direct. The infective L,
develops within the egg in about 3—4 weeks. Infection
of the final host is through ingestion of this embryon-
ated infective stage and development to adult worms
occurs without a migration phase. The prepatent
period is 3—4 weeks.

Geographical distribution: Worldwide

Pathogenesis: Considered to be of low pathogenicity
and of little veterinary significance.
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Clinical signs: No clinical signs have been attributed
to infection with this parasite.

Diagnosis: Because of the non-specific nature of the
clinical signs and the fact that, in heavy infections,
these may appear before eggs are present in the
faeces, diagnosis depends on necropsy and careful
examination of the small intestine for the presence of
the worms. This may be carried out by microscopic
examination of mucosal scrapings squeezed between
two glass slides; alternatively the contents should be
gently washed through a fine sieve and the retained
material resuspended in water and examined against
a black background.

Pathology: No associated pathology

Epidemiology: Infection is by ingestion of the lar-
vated eggs. Infection is common in sheep though not
significant.

Treatment: Not usually required

Control: Not required

Moniezia benedeni

Predilection site: Small intestine
Parasite class: Cestoda
Family: Anoplocephalidae

Description, gross: These are long tapeworms, 2 metres
or more, which are unarmed, possessing prominent
suckers.

Description, microscopic: Segments are broader than
they are long (up to 2.5 cm wide) and contain two
sets of genital organs grossly visible along the lateral
margin of each segment (Fig. 2.12). There is a row
of inter-proglottidal glands at the posterior border of
each segment, which may be used in species differ-
entiation; in M. benedeni they are confined to a short
row close to the middle of the segment. The irregu-
larly quadrangular eggs have a well defined pyriform
apparatus and vary from 55-75 um in diameter.

Final host: Cattle

Intermediate hosts: Forage mites, mainly of the family
Oribatidae.

Life cycle: Mature proglottids or eggs are passed in
the faeces and on to pasture where the oncospheres
are ingested by forage mites. The embryos migrate
into the body cavity of the mite where they develop
to cysticercoids in 1-4 months and infection of the
final host is by ingestion of infected mites during graz-
ing. The prepatent period is approximately 6 weeks,
but the adult worms appear to be short lived, patent
infections persisting for only 3 months.

Geographical distribution: Worldwide

Fig. 2.12

Proglottids of Moniezia benedeni.

Pathogenesis: Generally regarded as of little patho-
genic significance.

Clinical signs: No clinical signs have been associated
with infection.

Diagnosis: This is based largely on the presence of
mature proglottids in the faeces and the character-
istic shape of Moniezia eggs (triangular, M. expansa;
quadrangular, M. benedeni) that contain the onco-
sphere. The eggs of M. benedeni are slightly larger than
those of M. expansa (see Chapter 3).

Pathology: No reported pathology.

Epidemiology: Infection is common in calves dur-
ing their first year of life and less common in older
animals. A seasonal fluctuation in the incidence of
Moniezia infection can apparently be related to active
periods of the forage mite vectors during the summer
in temperate areas. The cysticercoids can overwinter
in the mites.

Treatment: In many countries a variety of drugs,
including niclosamide, praziquantel, bunamidine and
a number of broad-spectrum benzimidazole com-
pounds, which have the advantage of also being active
against gastrointestinal nematodes, are available for
the treatment of Moniezia infection. If this is carried
out in calves in late spring, in temperate areas, the
numbers of newly infected mites on pasture will be
reduced.

Control: Ploughing and reseeding, or avoiding the
use of the same pastures for young animals in con-
secutive years, may prove beneficial.

Notes: This genus of cestodes is common in ruminants
and resembles, in most respects, Anoplocephala of
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the horse. Moniezia spp are the only tapeworms of
ruminants in many countries of western Europe.

Thysaniezia ovilla

Synonym: Thysaniezia giardia
Predilection site: Small intestine
Parasite class: Cestoda

Family: Thysanosomidae

Description, gross: Adults reach 200 cm in length,
varying in width up to 12 mm.

Description, microscopic: The scolex is small, measuring
up to 1 mm in diameter. Segments are short, bulge out-
wards giving the margin of the worm an irregular
appearance, and contain a single set of genital organs,
rarely two, with genital pores alternating irregularly.
Eggs are devoid of a pyriform apparatus and are found
in groups of 10-15 in elongated paruterine organs
(100 um long), with a thick grey shell and a protru-
berance at one end.

Hosts: Cattle, sheep, goat, camel and wild ruminants

Intermediate hosts: Oribatid mites (Galuma, Schelo-
ribates) and psocids (bark lice, dust lice)

Life cycle: Mature segments are passed in the faeces
of the infected host on to pasture, where forage mites
ingest the oncospheres. Cysticercoids develop within
the orabatid intermediate hosts and infection of the
final host is by ingestion of infected mites during
grazing.

Geographical distribution: Southern Africa
Pathogenesis: Not considered pathogenic

Diagnosis: The mature segments found in the faeces
are readily distinguishable from Moniezia.

Epidemiology: Infection is very commonly found in
adult cattle in southern Africa.

Treatment and control: As for Moniezia.

The following species have also been reported in
cattle. For more details on these species see Chapter 3
(Sheep and goats).

Moniezia expansa

Predilection site: Small intestine
Parasite class: Cestoda
Family: Anoplocephalidae

Description, gross: These are long tapeworms, 2 metres
or more, which are unarmed, possessing prominent
suckers.

Description, microscopic: Segments are broader than
they are long (up to 1.5 cm wide) and contain two
sets of genital organs grossly visible along the lateral
margin of each segment. There is a row of inter-
proglottidal glands at the posterior border of each
segment, which may be used in species differentiation.
In M. expansa they extend along the full breadth of
the segment.

Final hosts: Sheep, goats, occasionally cattle

Intermediate hosts: Forage mites, mainly of the fam-
ily Oribatidae

Avitellina centripunctata

Predilection site: Small intestine
Parasite class: Cestoda
Family: Thysanosomidae

Description, gross: This tapeworm resembles Moniezia
on gross inspection except that the segmentation is
so poorly marked that it appears somewhat ribbon-
like. It can reach 3 metres in length by about 4 mm in
width and the posterior end is almost cylindrical in
appearance.

Description, microscopic: A single genitalia is present
with the pores alternating irregularly. Proglottids are
short. Eggs lack a pyriform apparatus and measure
around 20-45 um.

Final hosts: Sheep and other ruminants

Intermediate hosts: Thought to be oribatid mites or
psocid lice

Stilesia globipunctata

Predilection site: Small intestine
Parasite class: Cestoda
Family: Thysanosomidae

Description, gross: Adults measure around 0.5 metres
in length by 3—4 mm wide.

Description, microscopic: A single set of genital organs
is present.

Final hosts: Sheep, cattle and other ruminants

Intermediate hosts: As for Avitellina centripunctata

Thysanosoma actinoides

Common name: Fringed tapeworm

Predilection site: Small intestine, bile and pancreatic
ducts

Parasite class: Cestoda
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Family: Thysanosomidae

Description, gross: Adult tapeworms measure 15—
30 cm in length by 8 mm wide.

Description, microscopic: The scolex is up to 1.5 mm;
segments are short and fringed posteriorly. Each
segment contains two sets of genital organs with the
testes lying medially. Several paruterine organs are pre-
sent in each proglottid and the eggs have no pyriform
apparatus.

Final hosts: Sheep, cattle, deer
Intermediate hosts: As for Thysaniezia ovilla

Geographical distribution: North and South America

Cymbiforma indica

Predilection site: Gastrointestinal tract
Parasite class: Trematoda

Family: Notocotylidae

Final hosts: Sheep, goat, cattle
Intermediate hosts: Snails

Geographical distribution: India

Bovine coccidiosis

At least 13 different species of Eimeria are known
to infect cattle. Clinical signs of diarrhoea are asso-
ciated with the presence of E. zuernii or E. bovis, which
occur in the lower small intestine, caecum and colon.
E. alabamensis, has been reported to cause enteritis in
yearling calves in some European countries. Affected
animals develop watery diarrhoea, shortly after turn-
out in the spring on to heavily contaminated pastures
previously grazed by calves.

The life cycles (where known) of the Eimeria species
are typically coccidian (see Chapter 1, Protozoa —
Phylum: Apicomplexa). Following ingestion of the
sporulated oocyst there are several merogony stages
within the intestinal mucosa (usually two in those
in which the life cycle has been described). In some
species, such as E. bovis, first-generation meronts are
large, and are referred to as ‘giant’ meronts. These
are followed by smaller second-generation meronts.
During gametogony, fusion of macrogametocytes and
microgametocytes leads to zygote formation and
the excretion of unsporulated oocysts in the faeces.
Sporulation outside the body may be completed in
1-4 days under ideal conditions, but can take several
weeks in cold weather. Sporulated oocysts contain
four sporocysts each containing two sporozoites. The
life cycle takes between 1 and 4 weeks depending on
the species of Eimeria.

Prevalence

Most cattle are infected with coccidia during their
lives and in the majority of animals the parasites
co-exist causing minimal damage. Disease usually only
occurs if they are subjected to heavy infection or if their
resistance is lowered through stress, poor nutrition
or inter-current disease. The presence of infection
does not necessarily lead to the development of clin-
ical signs of disease and in many situations low levels
of challenge can actually be beneficial by stimulating
protective immune responses in the host.

Pathogenesis

The most pathogenic species of coccidia are those that
infect and destroy the crypt cells of the large intestinal
mucosa (Table 2.1). This is because the ruminant
small intestine is very long, providing a large number
of host cells and the potential for enormous parasite
replication with minimal damage. If the absorption of
nutrients is impaired, the large intestine is, to some
extent, capable of compensating. Those species that
invade the large intestine are more likely to cause
pathological changes, particularly if large numbers
of oocysts are ingested over a short period of time.
Here, the rate of cellular turnover is much lower and
there is no compensation effect from other regions
of the gut. In calves that become heavily infected, the
mucosa becomes completely denuded, resulting in
severe haemorrhage and impaired water resorption

Table 2.1 Predilection sites and prepatent periods of
Eimeria species in cattle.

Species Predilection site Prepatent

period (days)

E. alabamensis Small and large 6-11
intestine

E. auburnensis Small intestine 16-24

E. bovis Small and large 16-21
intestine

E. brasiliensis Unknown ?

E. bukidnonensis Unknown ?

E. canadensis Unknown ?

E. cylindrica Unknown 10

E. ellipsoidalis Small intestine 8-13

E. pellita Unknown ?

E. subspherica Unknown 7-18

E. wyomingensis Unknown 13-15

E. zuernii Small and large 15-17

intestine
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leading to diarrhoea, dehydration and death. In lighter
infections, the effect on the intestinal mucosa is to
impair local absorption. Species that develop more
superficially in the small intestines cause a change in
villous architecture with a reduction in epithelial cell
height and a diminution of the brush border giving the
appearance of a ‘flat mucosa’. These changes result in
a reduction of the surface area available for absorp-
tion and consequently a reduced feed efficiency.

Clinical and pathological signs

Clinical signs are usually weight loss, anorexia and
diarrhoea, often bloody. On postmortem, there may
be little to see beyond thickening and petechiation of
the bowel but mucosal scrapings will reveal masses of
gamonts and oocysts. Giant meronts may be seen in
the mucosa of the small intestine as pin-point white
spots, but unless they are present in vast numbers they
cause little harm. The most pathogenic stages are the
gamonts.

Host resistance

Whilst animals of all ages are susceptible to infection,
younger animals are generally more susceptible to dis-
ease. Occasionally, however, acute coccidiosis occurs
in much older, even adult, animals with impaired cel-
lular immunity or in those which have been subjected
to stress, such as transportation, crowding in feedlot
areas, extremes of temperature and weather conditions,
changes in environment or severe concurrent infection.

Epidemiology

Bovine coccidiosis is primarily a disease of young
animals normally occurring in calves between 3 weeks
and 6 months of age but has been reported in cattle
aged 1 year or more. The disease is usually associ-
ated with a previous stressful situation such as ship-
ping, overcrowding, changes of feed, severe weather
or concurrent infection with parvovirus.

Diagnosis

Diagnosis should be based on history, clinical signs
(severe diarrhoea in young animals), postmortem
findings (inflammation, hyperaemia and thickening
of caecum with masses of gamonts and oocysts in
scrapings), supported by oocyst counts and speciation
to identify pathogenic species (Fig. 2.13). Counts of
faecal oocysts identified to species can help to com-
plete the picture, but oocyst numbers may be grossly
misleading when considered in isolation. Healthy
animals may pass more than a million oocysts per gram
of faeces whereas in animals dying of coccidiosis the
count may be less than 10 000. High counts of non-
pathogenic species could mask significant numbers of
the more pathogenic species, for instance, and give the
impression that the abundant species was the cause.
A key to the identification of sporulated oocysts of

Fig. 2.13 Oocysts of Eimeria bovis.

cattle is provided in Chapter 15: The Laboratory
Diagnosis of Parasitism (Table 15.6).

Treatment
Outbreaks of clinical coccidiosis can appear suddenly
and may prove troublesome to resolve as they often
occur on heavily stocked farms, particularly where
good husbandry and management are lacking. If deaths
are occurring, early confirmation of the diagnosis is vital.
Affected animals should be medicated and moved to
uncontaminated pens or pasture as soon as possible.
Normally all animals in a group should be treated,
as even those showing no symptoms are likely to be
infected. Severely infected animals that are diarrhoeic
and dehydrated may require oral or intravenous
rehydration. Where non-specific symptoms of weight
loss or ill-thrift are present, it is important to investigate
all potential causes and seek laboratory confirmation.
If coccidiosis is considered significant, much can be
done through advice on management and instigation
of preventative measures. Batch rearing of animals of
similar ages, limits the build-up and spread of oocysts
and allows targeting of treatment to susceptible age
groups during the danger periods.

Prevention and control

Coccidial infections can be reduced through avoidance
of overcrowding and stress, and attention to hygiene.
Raising of food and water troughs, for example, can
help avoid contamination by reducing the levels of
infection. Young animals should be kept off heavily
contaminated pastures when they are most susceptible.

Eimeria alabamensis

Predilection site: Small and large intestine
Parasite class: Sporozoasida

Family: Eimeriidae
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Description: Oocysts are usually ovoid, 13-24 x 11—
16 pm (mean 18.9 x 13.4 um) with a smooth, colourless
wall with no micropyle, polar body or residuum.
Sporocysts are ellipsoidal, 10-16 x 4—6 um with a tiny
Stieda body and a sporocyst residuum. The sporozoites
lie lengthwise head to tail in the sporocysts and have
one to three clear globules. First-generation meronts
are usually ovoid 7-9 x 5.5-8.0 um, containing 8-16
merozoites. Second-generation meronts are 9-12 X
6-9 um, ovoid or ellipsoidal in shape and contain
18-26 merozoites.

Life cycle: The life cycle is typically coccidian with
the developmental stages occurring in the nucleus
of epithelial cells. Sporozoites penetrate the intestinal
cells as early as day 2 after infection, and meronts are
visible in the nucleus from 2-8 days post infection.
Parasitised cells are usually those at the tips of the villi
and multiple invasion of the nucleus may occur. Two
generations of meronts have been found: mature
first-generation meronts are seen 2-7 days post infec-
tion, and mature second-generation meronts from the
4th to 7th days post infection. The gametocytes are
found in the posterior third of the small intestine
and may also occur in the mucous membrane of the
caecum and colon in heavy infections. Oocysts may be
seen in the cells of the lower ileum as early as 6 days
post infection. The prepatent period is 6-11 days
with a patent period of 1-13 days. Sporulation takes
4-8 days.

Geographical
mainly Europe

distribution: Presumed worldwide,

Pathogenesis: Particularly pathogenic, attacking the
epithelial cells of the jejunum, ileum, and, in heavy
infections, the caecum and colon.

Pathology: Infection causes catarrhal enteritis in the
jejunum, ileum and caecum with petechial haemor-
rhages. Histologically there is necrotic inflammation and
destruction of epithelial cells. There is an inflamma-
tory response consisting predominantly of mononuclear
cells with a few eosinophils and neutrophils. Numerous
meronts are seen in the nuclei of villous epithelial
cells, with occasional meronts in the upper colon. The
mesenteric lymph nodes are enlarged, and parasite
stages have been observed in the lymph nodes.

Clinical signs: Diarrhoea in calves recently turned
out on to permanent paddocks. The calves become
depressed and reluctant to rise. From 8 days after
turnout, 850 000 to several million oocysts/g faeces
are excreted. Growth rate of the calves is adversely
affected. Morbidity ranges from 5-100%, average
64% , but mortality is generally low.

Treatment: Sulphonamides can be used to treat infec-
tion. Decoquinate has a prophylactic action against the
parasite.

Control: Where infection is suspected to be due to
oocysts overwintering on the pasture, the grazing
land should be rotated to ensure that calves are not
turned out on to potentially heavily infected pasture.

Infection with the following species of coccidia pre-
sent in the small intestine is not usually associated with
clinical signs. Specific treatment and control measures
are not usually indicated for these species although they
often present as mixed infections. Differentiation is
based on oocyst morphology (see Table 15.5 and
Figure 15.19).

Eimeria aubernensis

Predilection site: Small intestine
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are elongated, ovoid, 20-46 X
20-25 um (mean 38.4 x23.1 um), yellowish brown,
with a smooth or heavily granulated wall with a micro-
pyle and polar granule, but no oocyst residuum. Sporo-
cysts are elongate ovoid, almost ellipsoidal, 15-23 x
6-11 um with a Stieda body and a residuum. The sporo-
zoites are elongate, almost comma shaped, 15-18 x 3-5
um and lie lengthwise head to tail in the sporocysts,
and have a clear globule at the large end, and some-
times one to two small globules arranged randomly.

Life cycle: The first-generation meronts occur through-
out the small intestine deep in the lamina propria near
the muscularis mucosae. Second-generation meronts
and gamonts occur in the sub-epithelium in the distal
part of the villi, in the jejunum and ileum. The macro-
gamonts are about 18 pm in diameter when mature. The
prepatent period is 16-24 days and the patent period
is usually 2—8 days. The sporulation time is 2-3 days.

Geographical distribution: Worldwide

Predilection site: Unknown
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are ellipsoidal, yellowish brown,
33-44 x 24-30 um (mean 37 x 27 um) with a micropyle
covered by a distinct polar cap. Polar granules may
also be present, but there is no oocyst residuum.
Sporocysts are elipsoidal, 16-22 x7-10 um with a
residuum and sometimes a small dark Stieda body.
The sporozoites are elongate and lie lengthwise, head
to tail in the sporocysts and have a large posterior and
a small anterior clear globule.
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Life cycle: Details of the life cycle are unknown. The
sporulation time is 12-14 days.

Geographical distribution: Worldwide

Eimeria bukidnonensis

Predilection site: Small and large intestine
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are pear-shaped or oval, taper-
ing at one pole, 47-50 x 33-38 pm (mean 48.6 x 35.4 um)
yellowish brown, with a thick, radially striated wall and
micropyle. A polar granule may be present but there
is no oocyst residuum. Sporozoites are elongate and
lie lengthwise head to tail in the sporocysts with a clear
globule at each end.

Life cycle: Details of the life cycle are unknown. The
sporulation time is 4-7 days.

Geographical distribution: Worldwide

Eimeria canadensis

Predilection site: Unknown
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are ovoid or ellipsoidal, colour-
less, or pale yellow, 28—37 x 20-22 um (mean 32.5 x 23.4
um) with an inconspicuous micropyle, one or more
polar granules and an oocyst residuum. Sporocysts are
elongate ovoid, 15-22 x 6—10 um with an inconspicu-
ous Stieda body and a residuum. The sporozoites are
elongate, lie lengthwise head to tail in the sporocysts
and have two to three clear globules each.

Life cycle: Details of the life cycle are unknown. The
sporulation time is 3—4 days.

Geographical distribution: Worldwide

Eimeria cylindrica

Predilection site: Unknown
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are elongated, cylindrical, 16—
27 x 12-15 um (mean 23.3 x 12.3 um) with a colourless,
smooth wall, no micropyle, and no oocyst residuum.
Sporocysts are elongate ellipsoidal, 12-16 x 4—6 um
with an inconspicuous or absent Stieda body and a
residuum. The sporozoites are elongate, lie lengthwise

head to tail in the sporocysts and have one or more
rather indistinct clear globules.

Life cycle: Details of the life cycle are unknown. Both
the prepatent and patent periods are 10 days. The
sporulation time is 2-3 days.

Geographical distribution: Worldwide

Eimeria ellipsoidalis

Predilection site: Small intestine
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are ellipsoidal to slightly ovoid,
colourless, 20-26 x 12-17 um (mean 23.4 x 15.9 um)
with no discernible micropyle, polar granule or oocyst
residuum. Sporocysts are ovoid, 11-17 x 5-7 um and
may have a conspicuous Stieda body, each with a
residuum. The sporozoites are elongate, 11-14 x 2—
3 um and lie head to tail in the sporocysts and have
two clear globules.

Life cycle: Mature gamonts lie in the terminal section
of the ileum, and are seen 10 days after infection in
the epithelial cells near the bottom of the crypts. The
prepatent period is 813 days. The sporulation time
is 3 days.

Geographical distribution: Worldwide

Eimeria pellita

Predilection site: Unknown
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are egg-shaped, with a very thick
brown wall with evenly distributed protruberences,
36-41 x 26-30 um (mean 40 x 28 um) with a micropyle
and polar granule consisting of several rod-like bodies
but no oocyst residuum. Sporocysts are ellipsoidal,
17-20 x 7-9 um (mean 18.5 x 8 um), each with a small
Stieda body and a small sporocyst residuum. The
sporozoites are elongate and each has two clear
globules.

Life cycle: Details of the life cycle are unknown. The
sporulation time is 10-12 days.

Geographical distribution: Presumed worldwide

Eimeria subspherica

Predilection site: Unknown

Parasite class: Sporozoasida
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Family: Eimeriidae

Description: Oocysts are round or subspherical,
colourless, 9-14 x 8—13 um (mean 11 x 10.4 um) with
no micropyle, polar granule or oocyst residuum.
Sporocysts are elongate ovoid, 6—10 x 2-5 um, each with
a small Stieda body, but usually lacking a sporocyst
residuum. The sporozoites are elongate and lie length-
wise head to tail in the sporocysts and each has a clear
globule at the large end.

Life cycle: Details of the life cycle are unknown. The
prepatent period is 7-18 days and the patent period
is 4-15 days. The sporulation time is 4-5 days.

Geographical distribution: Worldwide

Eimeria wyomingensis

Predilection site: Unknown
Parasite class: Sporozoasida
Family: Eimeriidae

Description: The oocysts are ovoid, yellowish brown,
37-45x26-31 um (mean 40.3 x 28.1 um) with a thick
wall, a wide micropyle but no polar granule or oocyst
residuum. Sporocysts are ellipsoidal with narrowed
ends (18 x9um) and each has a tiny Stieda body
and the residuum is generally small or absent. The
sporozoites are elongate, about 7-8 x5 um and lie
lengthwise head to tail in the sporocysts, each with a
large clear globule.

Life cycle: Details of the life cycle are unknown. The
prepatent period is 13—15 days and the patent period
1-7 days. The sporulation time is 5-7 days.

Geographical distribution: Worldwide

Other protozoa

Cryptosporidium parvum

Predilection site: Small intestine
Parasite class: Sporozoasida
Family: Cryptosporidiidae

Description: Mature oocysts are ovoidal or spher-
oidal, 4.6-5.4 x 3.8—4.7 um (mean 5.0 x 4.5 um) and a
length:width ratio of 1.19.

Hosts: Cattle, sheep, goat, horse, deer, man

Life cycle: The life cycle of Cryptosporidium is
basically similar to those of other intestinal coccidia
although sporulation takes place within the host. The
oocysts, each with four sporozoites, are liberated in the
faeces. Following ingestion, the sporozoites invade

the microvillous brush border of the enterocytes and
the trophozoites rapidly differentiate to form meronts
with four to eight merozoites. Gametogony follows after
one to two generations of meronts and oocysts are
produced in 72 hours. Evidence also indicates that two
types of oocysts are produced. The first, the majority,
are thick-walled and are passed in the faeces. The
remainder are thin-walled and release their sporo-
zoites in the intestine, causing auto-infection.

Geographical distribution: Worldwide

Pathogenesis: Cryptosporidiosis is common in young
calves, although the pathogenesis of infection is not
clear. It is remarkable in that, unlike other members
of the Eimeriidae, Cryptosporidium does not enter the
cells of the host and lacks host specificity so that
cross-infection can occur between domestic animals and
man.

Clinical signs: Clinically the disease is characterised by
anorexia and diarrhoea, often intermittent, which
may result in poor growth rates.

Diagnosis: Oocysts may be demonstrated using
Ziehl-Nielsen stained faecal smears in which the
sporozoites appear as bright red granules (Fig. 2.14).
Speciation of Cryptosporidium is difficult, if not
impossible, using conventional techniques. A range of
molecular and immunological techniques has been
developed, that include the use of immunofluores-
cence (IF) (Fig. 2.15) or enzyme-linked immunosor-
bent assays (ELISA). More recently, DNA-based
techniques have been used for the molecular charac-
terisations of Cryptosporidium species.

Pathology: The meronts and gamonts develop in a
parasitophorous envelope, apparently derived from the
microvilli and so the cell disruption seen with other
coccidia does not apparently occur. However, mucosal
changes are obvious in the ileum where there is

Fig. 2.14 Oocysts of Cryptosporidium parvum (Ziehl-Nielsen stain).
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Fig. 2.15 Oocysts of Cryptosporidium parvum (immunofluorescent
antibody test).

stunting, swelling and eventually fusion of the villi.
This has a marked effect on the activity of some of
the membrane-bound enzymes.

Epidemiology: A variety of mammals act as hosts
to C. parvum but little is known of the importance
of their involvement in transmitting infection to, or
maintaining infection in domestic livestock. In young
calves infection appears to be age related with sea-
sonal peaks of disease reported to coincide with birth
peaks in spring and autumn. The first calves to be
born often become infected without showing clinical
signs but become sources of infection for calves that
follow. Infection spreads rapidly, and later-born calves
can become so heavily infected that clinical disease
results. In many instances where Cryptosporidium is
diagnosed in animals, it appears that infections usu-
ally originate from the same host species. The primary
route of infection is mainly by the direct animal-to-
animal faecal-oral route. Thus in calves for example,
overcrowding, stress of early weaning, transport and
marketing, together with low levels of hygiene, will
increase the risk of clinical infections. In lambs,
chilling due to adverse weather conditions in the
neonatal period, intercurrent infections or nutritional
or mineral deficiencies could exacerbate or increase
the likelihood of disease. Infection in these cases is
likely to occur through grooming, nuzzling, coprophagy,
or by faecal soiling by direct contact with infected
animals. Infection may also occur indirectly through
consumption of contaminated foods or environmental
sources, including pasture and water.

Treatment: There is no known treatment, although
spiramycin may be of some value, and the infection
is difficult to control since the oocysts are highly
resistant to most disinfectants except formol-saline
and ammonia. Halofuginone is available for the

prevention of cryptosporidiosis in calves at a dose rate
of 1 mg/10 kg. Symptomatic treatment may be given
in the form of anti-diarrhoeals and fluid replacement
therapy.

Control: Good hygiene and management are import-
ant in preventing disease from cryptosporidiosis. Feed
and water containers should be high enough to pre-
vent faecal contamination. Young animals should be
given colostrum within the first 24 hours of birth and
overstocking and overcrowding should be avoided.
Dairy calves should be either isolated in individual
pens or kept in similar age groups and cleaned out
daily. On calf-rearing farms with recurrent problems,
the prophylactic use of halofuginone can be considered
by treating for 7 consecutive days commencing at
24-48 hours after birth.

Notes: Recent molecular characterisations have shown
that there is extensive host adaptation in Cryptospor-
idium evolution, and many mammals or groups of
mammals have host-adapted Cryptosporidium geno-
types, which differ from each other in both DNA
sequences and infectivity. These genotypes are now
delineated as distinct species and include, in cattle,
C. parvum, C. bovis (also termed the bovine genotype
or genotype 2) and C. hominis (previously termed
the human genotype).

Giardia intestinalis

Synonym: Giardia duodenalis, Giardia lamblia, Lam-
blia lamblia

Predilection site: Small intestine
Parasite class: Zoomastigophorasida
Family: Diplomonadidae

Description: The trophozoite has a pyriform to ellip-
soidal, bilaterally symmetrical body; 12—15 um long
by 5-9 um wide (Fig. 2.16). The dorsal side is convex
and there is a large sucking disk on the ventral side.
There are two anterior nuclei, two slender axostyles,
eight flagellae in four pairs and a pair of darkly stain-
ing median bodies. The median bodies are curved bars
resembling the claws of a hammer. Cysts are ovoid,
8-12 x 7-10 pum and contain four nuclei (Fig. 2.17).

Hosts: Man, cattle, sheep, goat, pig, horse, alpaca,
dog, cat, guinea pig, chinchilla

Life cycle: The life cycle is simple and direct, the
trophozoite stage dividing by binary fission to pro-
duce further trophozoites. Intermittently, trophozoites
encyst forming resistant cyst stages that pass out in the
faeces of the host in the faeces.

Geographical distribution: Worldwide
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Fig. 2.16 Giardia intestinalis trophozoite.

Nuclei
Adhesive disc

Fig. 2.17 Giardia intestinalis.

Pathogenesis: Infections in cattle are often asymp-
tomatic but have been reported to cause diarrhoea in
young calves.

Clinical signs: When disease does occur, the signs
often include chronic, pasty diarrhoea, weight loss,
lethargy and failure to thrive. The diarrhoea may be
continuous or intermittent.

Diagnosis: Giardia cysts can be detected in faeces by
a number of methods. Traditional methods of identi-
fication involve direct examination of faecal smears,
or faecal concentration by formalin-ethyl acetate or zinc
sulphate methods and subsequent microscopic exam-
ination. It is generally recommended that three con-
secutive samples be examined as cysts are excreted
intermittently.

Pathology: There may be villous atrophy, crypt
hypertrophy and an increased number of intraepithe-
lial lymphocytes. Trophozoites may be seen between
villi, attached by their concave surface to the brush
border of epithelial cells.

Epidemiology: Molecular studies have revealed a
substantial level of genetic diversity in G. intestinalis
isolates. Human isolates fall into two major groups
(assemblage A and B) with a wide host range in other
mammals and it may prove to be the case that separ-
ate species names may be applicable. Other assemblages
may also represent distinct species. Limited epidemio-
logical studies suggest that in animal isolates, direct
animal-to-animal contact and faecal soiling is the
most likely method of transmission, although water con-
tamination can also be considered as a possible route.
The incidence of these parasites varies but can be
assumed to be higher in some species than has been
reported. Studies in Canada and USA indicate levels
of infection in cattle of up to 20% in clinically normal
animals and 100% infection rates in young diarrhoeic
calves.

Treatment: There is no recommended treatment for
infection in calves. Several benzimidazole anthelmintics
(e.g. albendazole, fenbendazole) are effective and
may prove to be of benefit.

Control: As infection is transmitted by the faecal-
oral route, good hygiene and prevention of faecal
contamination of feed and water is essential.

Notes: The parasite is important because of waterborne
outbreaks that have occurred in human populations.
There is still controversy over the classification of
Giardia spp. The current molecular classification
places isolates into eight distinct assemblages. Some
authors give separate specific names to organisms isol-
ated from different hosts, e.g. Giardia bovis, although
species specificity of many isolates is unknown. Phylo-
genetic data suggest that G. intestinalis is a species
complex composed of several species that are host
specific.

LARGE INTESTINE

Oesophagostomum radiatum

Common name: Nodular worm
Predilection site: Large intestine
Parasite class: Nematoda
Superfamily: Strongyloidea

Description, gross: Adults are slender whitish worms,
1-2 cm in size, with males 12—-17 mm, and females
16-22 mm long.
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Fig. 2.18 Anterior of Oesophagostomum radiatum showing the large
cephalic vesicle.

Description, microscopic: The cuticle forms a rounded
mouth collar, and large cephalic vesicle, constricted
around the middle by a shallow annular groove
(Fig. 2.18). External leaf crowns are missing and the
internal ring consists of 38—40 small triangular dent-
icles. Cervical papillae are present just posterior to the
cervical groove. The male bursa is well developed. The
egg is a medium-sized (86 x 49 um), regular broad
elipse with barrel-shaped walls, and contains 16-32
blastomeres when passed in the faeces. The L; have
long filamentous tails, 32 gut cells and a rounded
head.

Hosts: Cattle, buffalo

Life cycle: The preparasitic phase is typically strongy-
loid and infection is by ingestion of L,, which enter
the mucosa of any part of the small or large intestine
forming nodules in which the moult to L, takes place.
These L, then emerge on to the mucosal surface,
migrate to the colon, and develop to the adult stage.
On reinfection, the larvae may remain arrested as L,
in nodules for up to 1 year. The prepatent period is
about 40 days.

Geographical distribution: Worldwide

Pathogenesis: In O. radiatum infections in cattle, the
pathogenic effect is attributed to the nodules (up to

5.0 mm in diameter) in the intestine and it is one of
the most damaging worms to cattle when present in
high numbers, with >200 adult worms in calves and
>1000 adults in adult cattle sufficient to produce clin-
ical signs. In the later stages of the disease, anaemia
and hypoalbuminaemia develop due to the combined
effects of protein loss and leakage of blood through
the damaged mucosa.

Clinical signs: In acute infections, there is anaemia,
oedema and diarrhoea.

Diagnosis: This is based on clinical signs and post-
mortem examination. The presence of pea-shaped
nodules in the intestinal wall on postmortem is indic-
ative of nodular worm infection. In the chronic disease,
eggs are present and L; can be identified following
faecal culture.

Pathology: On postmortem examination, animals may
be pale from anaemia, and oedematous from hypo-
proteinaemia. Colonic lymph nodes are enlarged and
the mucosa of the colon is grossly thickened and
folded by oedema and increased mixed inflammat-
ory cell infiltrates in the lamina propria. Colonic
submucosal lymphoid follicles are large and active.
Effusion of tissue fluid and blood cells may be evident
through small leaks between cells, or from erosions in
glands or on the surface. Although repeated exposure
to infective larvae may result in the accumulation
of large numbers of fourth-stage worms in nodules, for-
mation of nodules has little pathogenic significance
in cattle.

Epidemiology: It is not yet known if hypobiosis occurs
in O. radiatum. It is also capable of overwintering
on pasture as L;. In tropical and subtropical areas
O. radiatum in cattle is especially important. Cattle
develop a good immunity, partly due to age and partly
to previous exposure so that it is primarily a problem
in weaned calves.

Treatment: Anthelmintic therapy with broad-spec-
trum anthelmintics (benzimidazoles, levamisole and
avermectins/milbemycins) is highly effective.

Control: Whilst not generally considered highly
pathogenic, a combination of strategic dosing with
anthelmintics and pasture management, as used in
the control of other nematodes, will also help to con-
trol O. radiatum.

Trichuris globulosa

Synonym: Trichocephalus globulosa
Common name: Whipworms
Predilection site: Large intestine

Parasite class: Nematoda
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Superfamily: Trichuroidea

Description, gross: The adults are long white worms
(about 4.0-7.0 cm) with a thick broad posterior end,
tapering rapidly to a long filamentous anterior end that
is characteristically embedded in the mucosa.

Description, microscopic: The male tail is coiled and
possesses a single spicule in a protrusible sheath. The
sheath is covered with minute spines and bears a
spherical appendage; the female tail is merely curved.
The characteristic eggs are lemon shaped, 70 x 35 pm,
with a thick smooth shell and a conspicuous polar
plug (operculum) at both ends; in the faeces these eggs
appear yellow or brown in colour.

Hosts: Cattle, occasionally sheep, goats, camels and
other ruminants

Life cycle: The infective stage is the L, within the
egg, which develops within 1 or 2 months of being
passed in the faeces depending on the temperature.
Under optimal conditions, these larvated eggs may sub-
sequently survive and remain viable for several years.
After ingestion, the plugs are digested and the released
L, penetrate the glands of the distal ileum, caecal and
colonic mucosa. Subsequently, all four moults occur
within these glands, the adults emerging to lie on the
mucosal surface with their anterior ends embedded
in the mucosa. The prepatent period is about 7—
10 weeks.

Geographical distribution: Worldwide

Pathogenesis: Most infections are light and asymp-
tomatic. Occasionally, when large numbers of worms
are present, they cause a diphtheritic inflammation of
the caecal mucosa.

Clinical signs: Despite the fact that ruminants have a
high incidence of light infections, the clinical signific-
ance of this genus, especially in ruminants, is gener-
ally negligible, although isolated outbreaks have been
recorded.

Diagnosis: Since the clinical signs are not patho-
gnomonic, diagnosis may depend on finding numbers
of lemon-shaped Trichuris eggs in the faeces. Egg
output is often low in Trichuris infections.

Pathology: In severe cases, the mucosa of the large
intestine is inflamed, haemorrhagic with ulceration
and formation of diptheritic membranes.

Epidemiology: The most important feature is the
longevity of the eggs, which may still survive after 3
or 4 years. On pasture this is less likely since the eggs
tend to be washed into the soil.

Treatment: In ruminants the benzimidazoles, the
avermectins/milbemycins or levamisole by injection are
very effective against adult Trichuris, but less so
against larval stages.

Control: Prophylaxis is rarely necessary in ruminants.

Notes: The adults are usually found in the caecum but
are only occasionally present in sufficient numbers to
be clinically significant.

Trichuris discolor

Common name: Whipworms
Predilection site: Large intestine
Parasite class: Nematoda
Superfamily: Trichuroidea

Description, gross: Worms are similar to 7. globulosa
but the females are yellow—orange in colour.

Description, microscopic: Eggs measure about 65 x
30 um.

Hosts: Cattle, buffalo, ox, occasionally sheep, goat
Geographical distribution: Europe, Asia, USA

Details of the life cycle, pathogenesis clinical signs,
diagnosis, pathology, epidemiology, treatment and
control are as for 7. globulosa.

Homalogaster paloniae

Predilection site: Large intestine
Parasite class: Trematoda
Family: Paramphistomatidae

Description, gross: The body is divided into two with
a large anterior region and small cylindrical posterior
region.

Hosts: Buffalo and cattle
Intermediate hosts: Water snails

Life cycle: Presumed similar to other paramphistomes
of the rumen.

Geographical distribution: Asia, Australasia

Pathogenesis: Generally considered to be non-
pathogenic.

Treatment and control: Not required

Eimeria bovis

Predilection site: Small and large intestine
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are ovoid or subspherical, col-
ourless, 23-34 x 17-23 um (mean 27.7 x 20.3 um) and
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have a smooth wall with an inconspicuous micro-
pyle, no polar granule or oocyst residuum (see Fig.
2.13). Sporocysts are elongate ovoid, 13-18 x 5-8 um
and have an inconspicuous Stieda body and a sporo-
cyst residuum. The sporozoites are elongate, and lie
lengthwise head to tail in the sporocysts and usually
have a clear globule at each end.

Life cycle: There are two asexual generations. The
first-generation meronts are in the endothelial cells of
the lacteals of the villi in the posterior half of the small
intestine, mature at 14-18 days after infection and
can be seen grossly as whitish specks in the mucosa.
Second-generation meronts occur in the epithelial
cells of the caecum and colon, but may extend into the
last metre of the small intestine in heavy infections.
The sexual stages generally occur in the caecum and
colon, but may extend into the ileum in heavy infec-
tions; they appear 17 days after infection. The prepat-
ent period is 16-21 days and the patent period usually
5-15 days. The sporulation time is 2-3 days.

Geographical distribution: Worldwide

Pathogenesis: Particularly pathogenic, attacking the
caecum and colon, causing mucosal sloughing and
haemorrhage.

Pathology: The most severe pathological changes
occur in the caecum, colon and terminal foot of the
ileum, and are due to the gamonts. The mucosa
appears congested, oedematous and thickened with
petechiae or diffuse haemorrhages. The gut lumen
may contain a large amount of blood. Later in the infec-
tion the mucosa is destroyed and sloughs away. The
submucosa may also be lost. If the animal survives, both
the mucosa and submucosa regenerate.

Clinical signs: Severe enteritis and diarrhoea, or
dysentery with tenesmus in heavy infections. The
animal may be pyrexic, weak and dehydrated, and if
left untreated, loses condition and may die.

Epidemiology: Disease is dependent on conditions,
which precipitate a massive intake of oocysts, such as
overcrowding in unhygienic yards or feedlots. It may
also occur at pasture where livestock congregate
around water troughs.

Predilection site: Small and large intestine
Parasite class: Sporozoasida
Family: Eimeriidae

Description: Oocysts are subspherical, colourless,
15-22x13-18 um (mean 17.8 x15.6 um) with no
micropyle or oocyst residuum. Sporocysts are ovoid,
7-14 x 4-8 um, each with a tiny Stieda body, and a

sporocyst residuum is usually absent. The sporozoites
are elongate and lie head to tail in the sporocysts; each
has a clear globule at the large end.

Life cycle: First-generation meronts are giant
meronts and are found in the lamina propria of the
lower ileum and mature at 14-16 days after infection,
visible as whitish specks in the mucosa; second-
generation meronts occur in the epithelial cells of the
caecum and proximal colon from about 16 days after
infection. The sexual stages generally occur within
epithelial cells of the caecum and colon, but may
extend into the ileum in heavy infections, appearing
16 days after infection. The prepatent period is 15—
17 days and the patent period usually 5-17 days. The
sporulation time is 2-10 days.

Geographical distribution: Worldwide

Pathogenesis: This is the most pathogenic species
causing haemorrhagic diarrhoea through erosion and
destruction of large areas of the intestinal mucosa.
E. zuernii is the most common cause of ‘winter
coccidiosis’ which occurs primarily in calves during
or following cold or stormy weather in the winter
months. The exact aetiology of this syndrome is
uncertain.

Pathology: Generalised catarrhal enteritis involving
both the large and small intestines is present. The lower
small intestine, caecum and colon may be filled with
semi-fluid haemorrhagic material. Large or small
areas of the intestinal mucosa may be eroded and
destroyed. The mucous membrane may be thickened
with irregular whitish ridges in the large intestine,
or smooth, dull grey areas in the small intestine or
caecum. Diffuse haemorrhages are present in the
intestines in acute cases, and petechial haemorrhages
are seen in milder cases.

Clinical signs: In acute infections, E. zuernii causes
haemorrhagic diarrhoea of calves. At first, the faeces
are streaked with blood, but as the diarrhoea be-
comes more severe, bloody fluid, clots of blood and
liquid faeces are passed. Tenesmus and coughing can
result in the diarrhoea being spurted out up to 2-3 m.
The animal’s hindquarters are smeared with red diar-
rhoea. Secondary infections, especially pneumonia,
are common. The acute phase may continue for 3—4
days. If the calf does not die in 7-10 days, it will prob-
ably recover.

E. zuernii may also cause a more chronic form of
disease. Diarrhoea is present, but there is little or
no blood in the faeces. The animals are emaciated,
dehydrated, weak and listless. Their coats are rough,
their eyes sunken and their ears droop.

Treatment: Treatment of both the above pathogenic
species of coccidia is with a sulphonamide, such as
sulphadimidine or sulphamethoxypyridazine, given
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orally or parenterally and repeated at half the initial
dose level on each of the next 2 days. Alternatively,
decoquinate or a combination of amprolium and
ethopabate may be used.

Control: Prevention is based on good management; in
particular feed troughs and water containers should be
moved regularly and bedding kept dry.

Flagellate protozoa

The life cycle of the following flagellate protozoa is
similar for all species found in cattle. The trophozoites
reproduce by longitudinal binary fission, no sexual
stages are known and there are no cysts. Transmis-
sion is thought to occur by ingestion of trophozoites
from faeces. All are considered to be non-pathogenic
and are generally only identified from smears taken
from the large intestine of fresh carcases.

Tetratrichomonas buttreyi

Synonym: Trichomonas buttreyi
Predilection site: Caecum, colon
Parasite class: Zoomastigophorasida
Family: Trichomonadidae

Description: The body is ovoid or ellipsoidal, 4-7 x
2-5um (mean 6 x 3 pum). Cytoplasmic inclusions are
frequently present. There are three or four anterior
flagella, which vary in length from a short stub to more
than twice the length of the body; and each ends in a
knob or spatulate structure. The undulating mem-
brane runs the full length of the body and has three
to five undulations ending in a posterior free flagellum.
The accessory filament is prominent, and the costa
relatively delicate. The axostyle is relatively narrow,
has a spatulate capitulum and extends 3—6 um beyond
the body. There is no chromatic ring at its point of
exit. A pelta is present. The nucleus is frequently
ovoid (2-3 x 1-2 wm) but is variable in shape and has
a small endosome.

Hosts: Cattle, pig
Geographical distribution: Worldwide

Tritrichomonas enteris

Predilection site: Colon
Parasite class: Zoomastigophorasida
Family: Trichomonadidae

Description: The body is 6-12x5-6 um and there
are three anterior flagella of equal length, which arise
from a single blepharoplast. The flagellum at the edge

of the undulating membrane is single and lacks an
accessory filament. The undulating membrane extends
three quarters of the body length and a free flagellum
extends beyond the undulating membrane. The
axostyle is straight and slender, bending around the
nucleus to give a spoon shape and extending at most
a quarter of the body length beyond the body.

Geographical distribution: Worldwide

Tetratrichomonas pavlovi

Synonym: Trichomonas bovis, Trichomonas pavlovi
Predilection site: Caccum

Parasite class: Zoomastigophorasida

Family: Trichomonadidae

Description: The body is pyriform and is usually
11-12 x 67 um. It has four anterior flagella, which are
about the same length as the body. The undulating
membrane is well developed and has two to four
waves that extend almost to the posterior end of the
body. There is a posterior free flagellum, an acces-
sory filament and a costa. The nucleus is round or
ovoid. The axostyle is slender, broadening to form a
capitulum at the anterior end.

Geographical distribution: Unknown

Retortamonas ovis

Predilection site: Large intestine
Parasite class: Zoomastigophorasida
Family: Retortamonadorididae

Description: Trophozoites are pyriform and aver-
age 5.2 x3.4 um. There is a large cytosome near the
anterior end containing a cytostomal fibril that extends
across the anterior end and posteriorly along each
side. An anterior flagellum and a posterior trailing
flagellum emerge from the cytostomal groove. Cysts
are pyriform and ovoid, containing one or two nuclei
and retain the cytostomal fibril.

Geographical distribution: Worldwide

Buxtonella sulcata

Predilection site: Large intestine
Parasite class: Ciliophora
Family: Pycnotrichidae

Description: The body is ovoid, 100 x 72 um, and
uniformly ciliated with a prominent curved groove
bordered by two ridges running from end to end with
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a cyathostome at the anterior end, and an oval or bean-
shaped macronucleus, 28 X 14 um in size.

Life cycle: The life cycle has not been described.
Geographical distribution: Worldwide

PARASITES OF THE RESPIRATORY
SYSTEM

Mammomonogamus laryngeus

Synonym: Syngamus laryngeus
Common name: Gapeworm
Predilection site: Larynx
Parasite class: Nematoda
Superfamily: Strongyloidea

Description, gross: The worms are reddish in appear-
ance and about 1-2 cm long. The females and males
are found in permanent copulation. The buccal capsule
lacks a cuticular crown.

Description, microscopic: Eggs are ellipsoid, 80—90 um
with no operculum at either end.

Hosts: Cattle, buffalo, goat, sheep, deer, rarely man

Life cycle: The life cycle is direct but the mode of trans-
mission is unknown.

Geographical distribution: Asia, central Africa, South
America and Caribbean islands

Pathogenesis: M. laryngeus in not very pathogenic
for cattle. Worms are attached to the mucosa of the
larynx and may cause laryngitis and bronchitis.

Clinical signs: Infections are usually asymptomatic
but affected animals cough and lose condition. Calves
may develop bronchitis and aspiration pneumonia
has been recorded.

Diagnosis: This is based on clinical signs and the
finding of eggs in the faeces. Disease is probably best
confirmed by postmortem examination of selected
cases when reddish worms will be found attached to
the tracheal mucosa. The infected trachea often con-
tains an increased amount of mucus.

Pathology: Not described
Epidemiology: Unknown

Treatment: Successful treatment has not been re-
ported. Benzimidazoles and macrocyclic lactones are
likely to be effective.

Control: No preventive or control measures have
been described.

Notes: This genus, closely related to Syngamus, is
parasitic in the respiratory passages of mammals.
Infection has been reported in man causing a laryngo-
pharyngeal syndrome.

Mammomonogamus nasicola

Synonym: Syngamus nasicola
Predilection site: Nasal cavities
Parasite class: Nematoda
Superfamily: Strongyloidea

Description, gross: The worms are reddish in appear-
ance and about 1-2 cm long. Males are 4—6 mm and
females 11-23 mm long and found in permanent copu-
lation. The buccal capsule lacks a cuticular crown.

Description, microscopic: Eggs are ellipsoid, 54-98 um
with no operculum at either end.

Hosts: Sheep, goat, cattle, deer

Life cycle: The life cycle is direct but the mode of
transmission is unknown.

Geographical distribution: Central and South America,
central Africa, Caribbean islands

For more details on this species see under Chap-
ter 3 (Sheep and goats).

Dictyocaulus viviparus

Common name: Bovine lungworm, husk, hoose, ver-
minous pneumonia, parasitic bronchitis

Predilection site: Bronchi, trachea
Parasite class: Nematoda
Superfamily: Trichostrongyloidea

Description, gross: The adults are slender thread-
like worms; males measure around 4.0-5.5cm and
females 6—8 cm in length.

Description, microscopic: First stage larvae are 300—
360 um with the intestinal cells containing numerous
chromatin granules. There is no anterior knob (cf.
D. filaria in sheep and goats).

Hosts: Cattle, buffalo, deer and camel

Life cycle: The female worms are ovo-viviparous, pro-
ducing eggs containing fully developed larvae, which
hatch almost immediately. The L, migrate up the trachea,
are swallowed and pass out in the faeces. The larvae
are unique in that they are present in fresh faeces, are
characteristically sluggish, and their intestinal cells
are filled with dark brown food granules (Fig. 2.19).
In consequence the preparasitic stages do not require
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Fig. 2.19 First stage larvae of Dictyocaulus viviparus.
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to feed. Under optimal conditions the L; stage is
reached within 5 days, but usually takes longer in the
field. The L; leave the faecal pat to reach the herbage
either by their own motility or through the agency
of the ubiquitous fungus, Pilobolus. After ingestion,
the L; penetrate the intestinal mucosa and pass to
the mesenteric lymph nodes where they moult. The
L, then travel via the lymph and blood to the lungs,
and break out of the capillaries into the alveoli about
1 week after infection. The final moult occurs in the
bronchioles a few days later and the young adults
then move up the bronchi and mature. The prepatent
period is around 3-4 weeks.

Geographical distribution: Worldwide, but especially
important in temperate climates with a high rainfall.

Pathogenesis: Dictyocaulosis is characterised by
bronchitis and pneumonia and typically affects young
cattle during their first grazing season on perman-
ent or semi-permanent pastures. Pathogensis may be
divided into three phases:

(1) Pre-patent phase: around days 8-25. This phase
starts with the appearance of larvae within the
alveoli where they cause alveolitis. This is followed
by bronchiolitis and finally bronchitis as the
larvae become immature adults and move up the
bronchi. Towards the end of this phase bronchitis
develops, characterised by immature lungworms
in the airways and by cellular infiltration of the
epithelium. Heavily infected animals, whose lungs
contain several thousand developing worms, may
die from day 15 onwards due to respiratory fail-
ure following the development of severe interstitial
emphysema and pulmonary oedema.

Patent phase: around days 26—60. This is asso-
ciated with two main lesions. First, a parasitic
bronchitis characterised by the presence of
hundreds or even thousands of adult worms in the
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Fig. 2.20
calf.

Fig. 2.21

Typical distribution of pneumonic lesions of parasitic

bronchitis.
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frothy white mucus in the lumina of the bronchi
(Fig. 2.20). Secondly, the presence of dark red col-
lapsed areas around infected bronchi (Fig. 2.21).
This is a parasitic pneumonia caused by the
aspiration of eggs and L, into the alveoli.

Post-patent phase: around days 61-90. In untre-
ated calves, this is normally the recovery phase
after the adult lungworms have been expelled.
Although the clinical signs are abating, the
bronchi are still inflamed and residual lesions
such as bronchial and peribronchial fibrosis may
persist for several weeks or months. Eventually
the bronchopulmonary system becomes com-
pletely normal and coughing ceases. However,
in about 25% of animals, which have been
heavily infected, there can be a flare-up of clin-
ical signs during this phase, which is frequently
fatal. This is caused by one of two entities. Most
commonly, there is a proliferative lesion so that
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much of the lung is pink and rubbery and does
not collapse when the chest is opened. This,
often described as ‘epithelialisation’, is due to
the proliferation of type 2 pneumocytes on the
alveoli giving the appearance of a gland-like
organ. Gaseous exchange at the alveolar sur-
face is markedly impaired and the lesion is often
accompanied by interstitial emphysema and
pulmonary oedema. The aetiology is unknown,
but is thought to be due to the dissolution and
aspiration of dead or dying worm material into
the alveoli. The clinical syndrome is often termed
postpatent parasitic bronchitis. The other cause,
usually in animals convalescing indoors, is a
superimposed bacterial infection of the imper-
fectly healed lungs leading to acute interstitial
pneumonia.

Clinical signs: Within any affected group, differing
degrees of clinical severity are usually apparent. Mildly
affected animals cough intermittently, particularly
when exercised. Moderately affected animals have
frequent bouts of coughing at rest, tachypnoea (60
respirations per minute) and hyperpnoea. Frequently,
squeaks and crackles over the posterior lung lobes
are heard on auscultation. Severely affected animals
show severe tachypnoea (80 respirations per minute)
and dyspnoea and frequently adopt the classic ‘air-
hunger’ position of mouth breathing with the head
and neck outstretched. There is usually a deep harsh
cough, squeaks and crackles over the posterior lung
lobes, salivation, anorexia and, sometimes, mild
pyrexia. Often the smallest calves are most severely
affected.

Calves may show clinical signs during the prepatent
period and occasionally a massive infection can cause
severe dyspnoea of sudden onset often followed by
death in 24-48 hours.

Most animals gradually recover, although complete
return to normality may take weeks or months.
However, a proportion of convalescing calves sud-
denly develop severe respiratory signs, unassociated
with pyrexia, which usually terminates fatally 1-4 days
later (postpatent parasitic bronchitis).

Diagnosis: Usually the clinical signs, the time of the
year and a history of grazing on permanent or semi-
permanent pastures are sufficient to enable a diagnosis
to be made.

Larvae are found (50-1000/g) only in the faeces
of patent cases so that faecal samples should be
obtained from the rectum of a number of affected indi-
viduals. At necropsy, worms will often be apparent
in the opened bronchi and their size is diagnostic. A
lungworm ELISA can be used to detect antibodies
to D. viviparus. Seroconversion takes 4—6 weeks and
titres persist for 4-7 months. Serology can be helpful
in cases of reinfection husk, as it will often detect
larval stages. Cross-reactivity occurs with intestinal
nematode species so test sensitivity and specificity
requires validation and setting of appropriate optical
density (OD) cut-off values when interpreting results.

Pathology:

(1) Pre-patent phase. Cellular infiltrates of inflam-
matory cells temporarily plug the lumina of the
bronchioles and cause collapse of other groups of
alveoli. This lesion is largely responsible for the
first clinical signs of tachypnoea and coughing.

(2) Patent phase. The bronchial epithelium is hyper-
plastic and heavily infiltrated by inflammatory
cells, particularly eosinophils. Aspirated eggs
and larvae quickly provoke dense infiltrates of
polymorphs, macrophages and multinucleated
giant cells around them. There may be varying
degrees of interstitial emphysema and oedema.

Epidemiology: Generally only calves in their first
grazing season are clinically affected, since on farms
where the disease is endemic older animals have a
strong acquired immunity. In endemic areas in the
northern hemisphere infection may persist from year
to year in two ways:

e Overwintered larvae: L; may survive on pasture
from autumn until late spring in sufficient numbers
to initiate infection or occasionally to cause disease.

e Carrier animals: small numbers of adult worms
can persist in the bronchi, particularly in yearlings,
until the next grazing season. Chilling of infect-
ive larvae before administration to calves will pro-
duce arrested Ls; hypobiosis at this stage has
also been observed in naturally infected calves
in Switzerland, Austria and Canada, although the
extent to which this occurs naturally after ingestion
of larvae in late autumn and its significance in the
transmission of the infection has not yet been
fully established.
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Fig. 2.22 Larvae of Dictyocaulus viviparus on the fungus
Pilobolus.

The dispersal of larvae from the faecal pat appears
to be effected by a fungus rather than by simple
migration as the infective larvae are relatively inactive.
This fungus, Pilobolus, is commonly found growing
on the surface of bovine faecal pats about 1 week after
deposition. The larvae of D. viviparus migrate in
large numbers up the stalks of the fungi on to, and even
inside, the sporangium or seed capsule (Fig. 2.22). When
the sporangium is discharged it is projected a distance
of up to 3m in still air to land on the surrounding
herbage.

Parasitic bronchitis is predominantly a problem
in areas such as northern Europe that have a mild
climate, a high rainfall and abundant permanent
grass. Outbreaks of disease occur from June until
November, but are most common from July until
September. It is not clear why the disease is usually
not apparent until calves, turned out to graze in the
spring, have been at grass for 2-5 months. One expla-
nation is that the initial infection, acquired from
the ingestion of overwintered larvae in May, in-
volves so few worms that neither clinical signs nor
immunity is produced; however, sufficient numbers
of larvae are seeded on to the pasture so that by
July the numbers of L; are sufficient to produce clin-
ical disease. Young calves, added to such a grazing

herd in July, may develop clinical disease within
2-3 weeks.

An alternative explanation is that L; overwinter in
the soil and possibly only migrate on to pasture at some
point between June and October.

Although dairy or dairy-cross calves are most
commonly affected, autumn-born single-suckled beef
calves are just as susceptible when turned out to grass
in early summer. Spring-born suckled beef calves
grazed with their dams until housed or sold do not usu-
ally develop clinical signs, although coughing due to
a mild infection is common. However, the typical dis-
ease may occur in weaned calves grazed until late
autumn.

In tropical countries, where disease due to D.
viviparus may occur intermittently, the epidemiology
is presumably quite different and probably depends
more on pasture contamination by carrier animals
such as may occur during flooding when cattle con-
gregate on damp, high areas, rather than on the pro-
longed survival of infective larvae.

Treatment: The modern benzimidazoles, levamisole,
or the avermectin/milbemycins have been shown to
be highly effective against all stages of lungworms
with a consequent amelioration of clinical signs. For
maximum efficiency, all of these drugs should be
used as early as possible in the treatment of the dis-
ease. Where the disease is severe and well established
in a number of calves one should be aware that
anthelmintic treatment, while being the only course
available, may exacerbate the clinical signs in one or
more animals with a possible fatal termination. What-
ever treatment is selected, it is advisable to divide
affected calves into two groups, as the prognosis will
vary according to the severity of the disease. Those
calves which are only coughing and/or tachypnoeic are
usually in the prepatent stage of the disease or have
a small adult worm burden and treatment of these
animals should result in rapid recovery. Calves in this
category may not have developed a strong immunity
and after treatment should not be returned to grazing
which was the source of infection; if this is not pos-
sible, parenteral ivermectin, doramectin or moxidectin
may be used since their residual effect prevents rein-
fection for an extended period.

Any calves which are dyspnoeic, anorexic and pos-
sibly pyrexic should be kept indoors for treatment and
further observation. The prognosis must be guarded
as a proportion of these animals may not recover
while others may remain permanently stunted. In
addition to anthelmintics, severely affected animals
may require antibiotics if pyrexic and may be in need
of hydration if they are not drinking.

Control: The best method of preventing parasitic
bronchitis is to immunise all young calves with lung-
worm vaccine. This live attenuated vaccine is currently
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only available in parts of Europe and is given orally
to calves aged 8 weeks or more. Two doses of vaccine
are given at an interval of 4 weeks and, in order to
allow a high level of immunity to develop, vaccin-
ated calves should be protected from challenge until
2 weeks after their second dose. Dairy calves or
suckled calves can be vaccinated successfully at grass
provided the vaccine is given prior to encountering
a significant larval challenge.

Although vaccination is effective in preventing
clinical disease, it does not completely prevent the
establishment of small numbers of lungworms. Con-
sequently, pastures may remain contaminated, albeit
at a very low level. For this reason it is important that
all of the calves on any farm should be vaccinated
whether they go to pasture in the spring or later in the
year and a vaccination programme must be continued
annually for each calf crop.

Control of parasitic bronchitis in first year grazing
calves has been achieved by the use of prophylactic
anthelmintic regimens either by strategic early sea-
son treatments or by the administration of rumen
boluses, as recommended in the control of bovine
ostertagiosis. The danger of these measures, however,
is that through rigorous control in the first grazing sea-
son, exposure to lungworm larvae is so curtailed that
cattle remain susceptible to husk during their second
season; in such situations it may be advisable to con-
sider vaccination prior to their second year at grass.

Because of the unpredictable epidemiology, the
technique commonly used in ostertagiosis of ‘dose
and move’ in midsummer does not prevent parasitic
bronchitis.

Parasitic bronchitis in adult cattle
Parasitic bronchitis is only seen in adult cattle under
two circumstances:

1. Asaherd phenomenon, or in a particular age group
within a herd, if they have failed to acquire immun-
ity through natural challenge in earlier years.
Such animals may develop the disease if exposed
to heavy larval challenge, as might occur on pas-
ture recently vacated by calves suffering from
clinical husk.

2. Disease is occasionally seen where an individual
adult is penned in a heavily contaminated calf
paddock.

The disease is most commonly encountered in the
patent phase although the other forms have been
recognised. In addition to coughing and tachypnoea,
a reduction in milk yield in cows is a common pre-
senting sign.

In selecting an anthelmintic for treatment, one
should consider the withdrawal period of milk for
human consumption. Eprinomectin has no withdrawal
period for milk.

The reinfection syndrome in parasitic
bronchitis

Normally the natural challenge of adult cattle, year-
lings or calves, which have acquired immunity to D.
viviparus, whether by natural exposure, or by vaccina-
tion, is not associated with clinical signs. Occasion-
ally, however, clinical signs do occur to produce the
‘reinfection syndrome’, which is usually mild, but
sometimes severe. It arises when an immune animal
is suddenly exposed to a massive larval challenge that
reaches the lungs, and migrates to the bronchioles
where the larvae are killed by the immune response.
The proliferation of lymphoreticular cells around dead
larvae causes bronchiolar obstruction and ultimately
the formation of a macroscopically visible greyish
green, lymphoid nodule about 5.0 mm in diameter.
Usually the syndrome is associated with frequent
coughing and slight tachypnoea over a period of a few
days; less frequently there is marked tachypnoea,
hyperpnoea and, in dairy cows, a reduction in milk
yield. Deaths rarely occur. It can be difficult to dif-
ferentiate this syndrome from the early stages of a
severe primary infection. The only course of action is
treatment with anthelmintics and a change of pasture.

Echinococcus granulosus

For more details see Parasites of the liver.

Pneumocystis carinii

Synonym: Prneumocystis jiroveci
Common name: Pneumocystosis
Predilection site: Lung

Parasite class: Archiascomycetes
Family: Pneumocystidaceae

Description: Two major forms of P. carinii have been
consistently identified from histological and ultra-
structural analysis of organisms found in human and
rat lung. These are a trophic form and a larger cyst
stage containing eight intracystic stages.

Hosts: Man, cattle, rat, ferret, mouse, dog, horse, pig,
and rabbit

Life cycle: The life cycle of Prneumocystis still remains
poorly understood. Information is mostly derived
from histochemical and ultrastructural analysis of the
lung tissue of rodents and infected humans. The pre-
sumed life cycle of Pneumocystis includes an asexual
and a sexual growth phase. Current knowledge sug-
gests that the trophic (trophozoite) forms are produced
during asexual development. These forms are usu-
ally pleomorphic and found in clusters. They appear
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capable of replicating asexually by binary fission and
also replicate sexually by conjugation, producing a
diploid zygote, which undergoes meiosis and subsequent
mitosis, resulting in the formation of a precyst initially,
and then an early cyst and a mature cyst eventually.
During differentiation of the organism from precyst
to mature cyst, eight intracystic spores or ‘daughter
cells” are produced. These intracystic spores are sub-
sequently released as the mature cyst ruptures and
develop into trophic forms.

Geographical distribution: Worldwide

Pathogenesis: Prneumocystis is one of the major causes
of opportunistic mycoses in the immunocompromised,
including those with congenital immunodeficiencies,
retrovirus infections such as AIDS, and cases receiv-
ing immunosuppressive therapy.

Clinical signs: Infections in animals are generally
asymptomatic. In humans, pneumocystosis is observed
in four clinical forms; asymptomatic infections, infan-
tile (interstitial plasma cell) pneumonia, pneumonia
in immunocompromised host and extrapulmonary
infections.

Diagnosis: Gomori’s methenamine silver (GMS) and
Giemsa stain may be used for microscopic visualisa-
tion of Pneumocystis. Toluidine blue (TBO) is the
most effective for cyst stages while Giemsa stains are
used to show trophozoites. Axenic culture methods
have been described; however, in vitro cultivation,
especially from clinical samples, is not always suc-
cessful. Fluorescence antibody staining techniques
can be used to detect both cyst and trophozoite stages
of P. carinii. A number of polymerase chain reactions
(PCRs) have been reported which amplify specific
regions of DNA from P. carinii and are approx-
imately 100 times more sensitive than conventional
staining techniques.

Pathology: Lesions are characterised by a massive
plasma cell or histiocyte infiltration of the alveoli
in which the organisms may be detected by a silver
staining procedure. A foamy eosinophilic material is
observed in the lungs during infection. This material
is composed of masses of the organism, alveolar
macrophages, desquamated epithelial alveolar cells,
polymorphonuclear leucocytes and other host cells.

Epidemiology: The organism is apparently quite widely
distributed in latent form in healthy individuals and
in the dog, as well as a wide variety of other domestic
and wild animals. The organism is thought to be
transmitted by aerosol, although the natural habitats
and modes of transmission of infections in humans
are current areas of research. Pneumocystis DNA has
been detected in air and water, suggesting that the free
forms of the organism may survive in the environment
long enough to infect a susceptible host. However,

little information on the means of transmission exists
currently. In humans, infections appear to spread
between immunosuppressive patients colonised with
Pneumocystis, and immunocompetent individuals
transiently parasitised with the organism. Human and
non-human Preumocystis species have been shown to
be different and host-specific, suggesting that zoonotic
transmission does not occur.

The organism has been reported from a range
of animals. In Denmark, examination of lungs from
carcases selected randomly in an abattoir detected
P. carinii pneumocysts in 3.8% of calves, 3.6% of
sheep and 6.7% of pigs. Studies in Japan detected
P. carinii in cattle and a wide range of other animals.
The organism has also been reported to have caused
pneumonia in weaning pigs.

Treatment: Trimethroprim—sulphamethoxazole is the
drug of choice for treatment and prophylaxis of Pneu-
mocystis infections. Pentamidine and atovaquone are
the alternative therapeutic agents in humans.

Control: Control is difficult given that the details of
the routes of transmission are unknown. Infection is
generally asymptomatic in animals and is only likely
to be detected in immunocompromised individuals.

Notes: Initially reported as a morphological form of
Trypanosoma cruzi, this microorganism later proved
to be a separate genus and was named Pneumocystis
carinii and classified as a protozoan until the late 1980s.
Following further taxonomic revision, Pneumocystis
is now classified as a fungus, not a protozoan. The
taxonomy is still complicated in that Preumocystis
from humans and other animals are quite different
and there appear to be multiple species in this genus.
Genetic variations and DNA sequence polymor-
phisms are often observed, suggesting the existence
of numerous strains even within a single species of
Pneumocystis.

PARASITES OF THE LIVER
Fasciola hepatica

Common name: Liver fluke
Predilection site: Liver
Parasite class: Trematoda
Family: Fasciolidae

Description, gross: The young fluke at the time of entry
into the liver is 1.0-2.0 mm in length and lancet-like.
When it has become fully mature in the bile ducts it
is leaf-shaped, grey-brown in colour and is around
2.5-3.5 cmin length and 1.0 cm in width. The anterior
end is conical and marked off by distinct shoulders
from the body (Fig. 2.23a).



86 Veterinary Parasitology

Fig. 2.23 Outline of (a) Fasciola hepatica and (b) F. gigantica. The
former has broader shoulders and is shorter in length.

Description, microscopic: The tegument is covered
with backwardly projecting spines. An oral and ventral
sucker may be readily seen. The egg is thin-shelled,
oval, operculate, browny-yellow and large (130-150
X 65-90 um), and about twice the size of a tricho-
strongyle egg.

Final hosts: Sheep, cattle, goat, horse, deer, man and
other mammals

Intermediate hosts: Snails of the genus Lymnaea. The
most common, Lymnaea (syn Galba) truncatula, is
an amphibious snail with a wide distribution through-
out the world. Other important Lymnaea vectors of
F. hepatica outside Europe are:

L. tomentosa Australia, New Zealand

L. columella Central and North America,
Australia, New Zealand

L. bulimoides North and Southern USA and
the Caribbean

L. humilis North America

L. viator South America

L. diaphena South America

L. cubensis South America

L. viridis China, Papua New Guinea

Life cycle: Adult flukes in the bile ducts shed eggs
into the bile, which enter the intestine. Eggs passed
in the faeces of the mammalian host develop and
hatch, releasing motile ciliated miracidia. This takes
9-10 days at optimal temperatures of 22-26°C and
little development occurs below 10°C. The liberated

miracidium has a short life-span and must locate a
suitable snail within about 3 hours if successful pene-
tration of the latter is to occur. In infected snails,
development proceeds through the sporocyst and
redial stages to the final stage in the intermediate
host, the cercaria; these are shed from the snail as motile
forms, which attach themselves to firm surfaces, such
as grass blades, and encyst there to form the infect-
ive metacercariae. It takes a minimum of 6-7 weeks
for completion of development from miracidium to
metacercaria, although under unfavourable circum-
stances a period of several months is required. Infec-
tion of a snail with one miracidium can produce over
600 metacercariae. Metacercariae ingested by the final
host excyst in the small intestine, migrate through
the gut wall, cross the peritoneum and penetrate the
liver capsule. The young flukes tunnel through the
liver parenchyma for 6—8 weeks, then enter the small
bile ducts where they migrate to the larger ducts and
occasionally the gallbladder and reach sexual matur-
ity. The prepatent period is 10-12 weeks. The minimal
period for completion of one entire life cycle of
F. hepatica is therefore 17-18 weeks. The longevity of
F. hepatica in untreated sheep may be years; in cattle
it is usually less than 1 year.

Geographical distribution: Worldwide

Pathogenesis: This varies according to the number of
metacercariae ingested, the phase of parasitic devel-
opment in the liver and the species of host involved.
Essentially the pathogenesis is two-fold. The first
phase occurs during migration in the liver parenchyma
and is associated with liver damage and haemor-
rhage. The second occurs when the parasite is in the
bile ducts, and results from the haematophagic activ-
ity of the adult flukes and from damage to the biliary
mucosa by their cuticular spines. Most studies have been
in sheep and the disease in this host is discussed in more
detail in Chapter 3. The seasonality of outbreaks is that
which occurs in western Europe.

Although acute and subacute disease may occa-
sionally occur under conditions of heavy challenge,
especially in young calves, the chronic form of the dis-
ease is by far the most important, and as in sheep, is
seen in the late winter/early spring.

The pathogenesis is similar to that in sheep but has
the added features of calcification of the bile ducts
and enlargement of the gallbladder. The calcified bile
ducts often protrude from the liver surface, giving
rise to the term ‘pipe-stem liver’. Aberrant migra-
tion of the flukes is more common in cattle and
encapsulated parasites are often seen in the lungs.
On reinfection of adult cows, migration to the fetus
has been recorded, resulting in prenatal infection.
There is some experimental evidence that fasciolosis
increases the susceptibility of cattle to infection with
Salmonella dublin.



Parasites of cattle 87

Fig. 2.24 Submandibular oedema in a cow infected with Fasciola
hepatica.

In heavy infections, where anaemia and hypo-
albuminaemia are severe, submandibular oedema
frequently occurs (Fig. 2.24). With smaller fluke bur-
dens, the clinical effect is minimal and the loss of pro-
ductivity is difficult to differentiate from inadequate
nutrition. It must be emphasised that diarrhoea is not
a feature of bovine fasciolosis unless it is complicated
by the presence of Ostertagia spp. Combined infection
with these two parasites has been referred to as the
fasciolosis/ostertagiosis complex.

Fasciola infections may cause a loss of production
in milking cows during winter. Clinically, these are
difficult to detect since the fluke burdens are usually
low and anaemia is not apparent. The main effects are
a reduction in milk yield and quality, particularly of
the solids-non-fat component.

Clinical signs: In heavy infections in cattle, where
anaemia and hypoalbuminaemia are severe, sub-
mandibular oedema frequently occurs. With smaller
fluke burdens, the clinical effect is minimal and the
loss of productivity is difficult to differentiate from inad-
equate nutrition. It must be emphasised that diar-
rhoea is not a feature of bovine fasciolosis unless it is
complicated by the presence of Ostertagia spp. Com-
bined infection with these two parasites has been
referred to as the fasciolosis/ostertagiosis complex.

Diagnosis: This is based primarily on clinical signs,
seasonal occurrence, prevailing weather patterns, and a
previous history of fasciolosis on the farm or the iden-
tification of snail habitats. While diagnosis of ovine
fasciolosis should present few problems, especially
when a postmortem examination is possible, diagnosis
of bovine fasciolosis can sometimes prove difficult.
In this context, routine haematological tests and

examination of faeces for fluke eggs (note: eggs of
Fasciola are browny yellow and eggs of Paramphis-
tomidae are colourless) are useful and may be supple-
mented by two other laboratory tests.

The first is the estimation of plasma levels of
enzymes released by damaged liver cells. Two enzymes
are usually measured. Glutamate dehydrogenase
(GLDH) is released when parenchymal cells are
damaged and levels become elevated within the first
few weeks of infection. The other, gamma glutamyl
transpeptidase (GGT) indicates damage to the
epithelial cells lining the bile ducts; elevation of this
enzyme takes place mainly after the flukes reach
the bile ducts and raised levels are maintained for a
longer period. The second test is the detection of
antibodies against components of flukes in serum or
milk samples, the ELISA and the passive haemag-
glutination test being the most reliable.

Pathology: In cattle, the pathogenesis is similar to that
seen in sheep with the added features of calcification
of the bile ducts and enlargement of the gallbladder.
The calcified bile ducts often protrude from the
liver surface, giving rise to the term ‘pipe-stem liver’
(Fig. 2.25). Aberrant migration of the flukes is more
common in cattle and encapsulated parasites are
often seen in the lungs.

Epidemiology: For a more detailed description, see
entry under sheep.

Fig. 2.25 Gross appearance of the liver in bovine fasciolosis.
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Treatment: The older drugs such as carbon tetra-
chloride, hexachlorethane and hexachlorophene may
still be used in some countries, but these have been
largely replaced by more efficient and less toxic com-
pounds and only the latter will be discussed.

At present there is only one drug, triclabendazole,
which will remove the early immature (around 2 weeks
of age in cattle) parenchymal stages. Apart from tri-
clabendazole, the two drugs most commonly used
for subacute or chronic fasciolosis are nitroxynil and
oxyclozanide, and several others, such as clorsulon
and niclofolan, are also marketed in some countries.
Albendazole, ricobendazole and netobimin are also
effective against adult fluke at an increased dosage rate.
In lactating cows, where the milk is used for human
consumption, the above drugs are either banned or
have extended withdrawal periods. An exception is
oxyclozanide, which is licensed for use in lactating
animals in many countries and has a milk-withholding
time of up to 3 days. Resistance to flukicides is not a
problem in cattle.

Control: Control of fasciolosis may be approached
in two ways: by reducing populations of the inter-
mediate snail host or by using anthelmintics (for a more
detailed description see entry under sheep). The
timing of treatments will depend on the spectrum of
activity of the flukicide. A typical treatment schedule
in the northern hemisphere in an average rainfall
season would be:

e Dose cattle in autumn with a flukicide, which is
effective against young immature fluke to reduce
liver damage from fluke migration. This is irres-
pective of whether cattle will be housed or out-
wintered.

e Dose grazing cattle in winter with a flukicide,
which is effective against adult fluke and immat-
ure stages. In-wintered cattle need to be treated
after housing (timing of the dose varies with the
flukicide used).

e Dose out-wintered cattle in spring with a flukicide,
which is effective against adult stages. This will
remove fluke burdens and reduce contamination of
pastures with fluke eggs and thus reduce the sum-
mer infection of snails.

Dairy cows can be treated at drying-off. It is import-
ant to monitor the need for treatment. The use of
meteorological forecasting of fasciolosis is described
in detail under sheep.

Fasciola gigantica

Common name: Tropical large liver fluke
Predilection site: Liver

Parasite class: Trematoda

Family: Fasciolidae

Description, gross: The adult fluke is larger than
F. hepatica, the body is more transparent, and can reach
7.5 cm in length and 1.5 cm in breadth. The shape is
more leaf-like, the conical anterior end is very short
and the shoulders, characteristic of F. hepatica, are
barely perceptible (Fig. 2.23b).

Description, microscopic: The eggs are larger than
those of F. hepatica, measuring 170-190 x 90-100 pm.

Final hosts: Cattle, buffalo, sheep, goat, pig, camel, deer,
man

Intermediate hosts: Snails of the genus Lymnaea
(syn. Galba); in southern Europe it is L. auricularia,
which is also the important species in the southern
USA, the Middle East and the Pacific Islands. Other
important Lymnaea vectors of F. gigantica are:

L. natalensis Africa

L. rufescens Indian subcontinent
L. acuminata Indian subcontinent
L. rubiginosa Southeast Asia

L. viridis China and Japan

All these snails are primarily aquatic snails and are
found in streams, irrigation channels and marshy
swamps.

Life cycle: This is similar to F. hepatica, the main
differences being in the timescale of the cycle. The
immature stages migrate through the liver parenchyma,
the adults reaching the bile ducts about 12 weeks
after infection. Most parasitic phases are longer and
the prepatent period is 13-16 weeks.

Geographical distribution: Africa, Asia, Europe, USA

Clinical signs: Clinical signs are similar to those of
F. hepatica.

Diagnosis: This is based primarily on clinical signs,
seasonal occurrence, prevailing weather patterns and
a previous history of fasciolosis on the farm or the
identification of snail habitats. Diagnosis can be con-
firmed by the identification of the typical operculate
eggs in faeces samples.

Pathogenesis: Acute and chronic infection occurs
in sheep but only the chronic form predominates in
cattle. Like F. hepatica, F. gigantica is capable of
infecting man.

Pathology: The pathology is similar to that described
for F. hepatica. In cattle, the pathology is similar
to that seen in sheep with the added features of
calcification of the bile ducts and enlargement of the
gallbladder. The calcified bile ducts often protrude from
the liver surface giving rise to the term ‘pipe-stem liver’.

Epidemiology: The snails, which carry the larval
stages of F. gigantica, are primarily aquatic and as a
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result the disease is associated with animals grazing
on naturally or artificially flooded areas or around
permanent water channels or dams. In subtropical
or tropical countries with distinct wet and dry sea-
sons, it appears that optimal development of eggs
to miracidia occurs at the start of the wet season
and development within the snail is complete by the
end of the rains. Shedding of cercariae then com-
mences at the start of the dry season when the water
level is still high and continues as the water level
drops. Under laboratory conditions, a large number
of metacercariae simply encyst on the surface of the
water rather than on herbage, and under natural
conditions this could have a very significant effect
on the dissemination of infection. Metacercariae are
acquired by animals utilising such areas during the
dry season and clinical problems, depending on the
rate of infection, occur at the end of that season or at
the beginning of the next wet season. Metacercariae
encyst on plants under water, such as rice plants, and
can survive for up to 4 months on stored plants, such
as rice straw.

Treatment: The drugs and dose rates given for the
treatment of F. hepatica are also generally applicable
for the treatment of F. gigantica. Only triclabendazole
and clorsulon are effective against both mature and
immature stages of F. gigantica in cattle.

Control: The principles are the same as for the con-
trol of F. hepatica and are based on the routine use
of anthelmintics together with measures to reduce
populations of the snail intermediate host. There is,
however, the important difference that the latter are
water snails whose control depends on a different
approach from that for the mud snail, L. truncatula.

Routine anthelmintic treatment of animals at sea-
sons when heavy infections of adult flukes accumulate
in the host is recommended using a drug effective
against adult and immature flukes. This should prevent
serious losses in production, but for optimal benefit
should be accompanied by snail control.

When watering of stock is from a reservoir or
stream, complete control can be achieved by fencing
the water source and leading a pipe to troughs. To do
this effectively from streams, the water may require
to be pumped and in remote areas simple water-
driven pumps whose power source depends on the
water flow have been found useful. It is important that
the water troughs be cleaned out regularly since they
can become colonised by snails.

When grazing depends on the dry season use of
marshy areas around receding lakebeds, snail con-
trol is difficult. Molluscicides are usually impractical
because of the large body of water involved and their
possible effect on fish, which may form an important
part of the local food supply. Apart from repeated
anthelmintic treatment to prevent patency of acquired

infections of F. gigantica, there is often little one can
do. Ideally, such areas are often best suited to irriga-
tion and the growing of cash crops, the profit from
which can be used to improve the dry season food and
water supply to cattle.

Fascioloides magna

Common name: Large American liver fluke
Predilection site: Liver and bile ducts
Parasite class: Trematoda

Family: Fasciolidae

Description, gross: Flukes are large and thick and
measure up to 10 x 2.5 cm. The flukes are oval, with
a rounded posterior end. They possess no anterior cone
and when fresh are flesh-coloured.

Description, microscopic: Eggs are large, operculate,
measure 109-168 x 75-96 pm and have a protoplasmic
appendage at the pole opposite the operculum.

Final hosts: Deer, cattle, sheep, goat, pig, horse

Intermediate hosts: A variety of freshwater snails,
Fossaria spp, Lymnaea spp, Stagnicola spp

Geographical distribution: Mainly occurs in North
Anmerica, central, eastern and southwestern Europe,
South Africa and Mexico.

Pathogenesis: In deer and cattle, the flukes are
frequently encapsulated in thin-walled fibrous cysts in
the liver parenchyma and this restricted migration
results in low pathogenicity. In cattle and in pigs
the flukes may become entrapped in a thick-walled
fibrous capsule and there is no connection to the bile
ducts and consequently it is rare to find fluke eggs in
faeces in these livestock. Sometimes flukes can also
be found in calcified cysts. Although haemorrhage
and fibrosis may be present in the liver there is often
no obvious clinical sign of infection.

Clinical signs: In deer and cattle the parasites can
cause hepatic damage on reaching the liver but the
flukes rapidly become encapsulated by the host reac-
tion and clinical signs are minimal.

Diagnosis: This is based primarily on clinical signs,
and history of contact with grazing deer in known
endemic areas. Cysts and the large flukes are usually
seen on postmortem examination. Faecal examina-
tion for the presence of fluke eggs is a useful aid to
diagnosis.

Pathology: In cattle and pigs, thick-walled cysts with
fibrous capsules or calcified cysts may be present in
the liver.
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Epidemiology: The various snail intermediate hosts
tend to occur in stagnant semi-permanent water that
contains large amounts of dead or dying vegetation,
swamp areas, or pools and streams. F. magna is indi-
genous to North America and is common in Canada
and the Great Lake areas where the white-tailed deer
and the elk are commonly infected. Domestic cattle
and sheep become infected when they graze pasture
where parasitised deer occur.

Treatment: For cattle and sheep the commonly used
flukicides, such as triclabendazole, closantel, clorsulon
and albendazole, are effective. Mature F. magna are
susceptible to oxyclosanide.

Control: Avoid grazing sheep or cattle on areas
which are frequented by deer. Elimination of the
snail intermediate hosts is difficult due to their varied
habitats. Similarly, removal of Cervidae may not be
practical. Because of these factors sheep rearing, par-
ticularly, is difficult in areas where the parasite is
prevalent.

Notes: F. magna is primarily a parasite of deer
(Cervidae) and is commonly found in white-tailed
deer, elk and moose. For more details see Chapter 8:
Ungulates (Deer).

Dicrocoelium dendriticum

Synonym: Dicrocoelium lanceolatum
Common name: Small lanceolate fluke
Predilection site: Liver

Parasite class: Trematoda

Family: Dicrocoeliidae
For more details see Chapter 3 (Sheep and goats).

Dicrocoelium hospes

Predilection site: Liver
Parasite class: Trematoda
Family: Dicrocoeliidae
Hosts: Cattle

Geographical distribution: Parts of Africa
Details are essentially similar to D. dendriticum.

Echinococcus granulosus

Subspecies: granulosus
Common Name: Dwarf dog tapeworm, hydatidosis

Predilection site: Mainly liver and lungs (intermedi-
ate hosts); small intestine (definitive hosts)

Parasite class: Cestoda
Family: Taeniidae

Description, gross: Hydatid cysts are large fluid-filled
vesicles, 5-10 cm in diameter, with a thick concen-
trically laminated cuticle and an internal germinal
layer.

Description, microscopic: The germinal layer pro-
duces numerous small vesicles or brood capsules each
containing up to 40 scolices, invaginated into their
neck portions and attached to the wall by stalks.
Brood capsules may become detached from the wall
of the vesicle and float freely in the vesicular fluid and
form ‘hydatid sand’.

Final hosts: Dog and many wild canids

Intermediate hosts: Domestic and wild ruminants,
man and primates, pig and lagomorphs; horses and
donkeys are resistant.

For more details see Chapter 3 (Sheep and goats).

Stilesia hepatica

Predilection site: Bile ducts

Parasite class: Cestoda

Family: Thysanosomidae

Definitive hosts: Sheep and other ruminants

Intermediate hosts: The intermediate host is probably
an oribatid mite.

Geographical distribution: Africa and Asia
For more details see Chapter 3 (Sheep and goats).

Taenia hydatigena

Synonym: Taenia marginata, Cysticercus tenuicollis

Predilection site: Abdominal cavity, liver (intermedi-
ate hosts); small intestine (definitive hosts)

Parasite class: Cestoda

Family: Taeniidae

Definitive hosts: Dog, fox, weasel, stoat, polecat,
wolf, hyena

Intermediate hosts: Sheep, cattle, deer, pig, horse

Geographical distribution: Worldwide.

Notes: The correct nomenclature for the intermedi-
ate host stage is the ‘metacestode stage of Taenia
hydatigena’ rather than ‘Cysticercus tenuicollis’. For
more details see Chapter 3 (Sheep and goats).
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Thysanosoma actinioides

For more details see Parasites of the small intestine.

PARASITES OF THE PANCREAS
Eurytrema coelomaticum

Common name: Pancreatic fluke

Predilection site: Pancreatic ducts, rarely the bile
ducts

Parasite class: Trematoda
Family: Dicrocoeliidae

Description, gross: A leaf-shaped reddish brown fluke.
Adults measure around 8-12 mm x 6—7 mm.

Description, microscopic: The body is thick and the
juvenile flukes are armed with spines. The oral sucker
is large, the pharynx and oesophagus short. Eggs
measure around 40-50 x 25-35 um and are similar to
those of Dicrocoelium.

Final hosts: Cattle, buffalo, sheep, goats, pigs, camels
and man

Intermediate hosts: Two are required:

1. Land snails, particularly of the genus Bradybaena
2. Grasshoppers of the genus Conocephalus or tree
crickets (Oecanthus)

Life cycle: Eggs passed in faeces are ingested by a snail
where two generations of sporocysts occur. Cercariae
are released onto the herbage about 5 months after
initial infection and these are ingested by grasshoppers.
Infective metacercariae are produced in about 3
weeks. The final host becomes infected by accidentally
eating the second intermediate host. Metacercariae
encyst in the duodenum and migrate to the pancreas
via the pancreatic duct and reside in the small ducts
of the pancreas. The prepatent period in cattle is
3—4 months.

Geographical distribution: South America, Asia and
Europe

Pathogenesis: Low to moderate infections produce
little effect on the host. Heavy infections may cause a
sporadic wasting syndrome and emaciation.

Clinical signs: No specific signs but a general weight
loss may occur in heavy infections.

Diagnosis: Usually reported as an incidental finding at
necropsy.

Pathology: Large numbers of flukes can cause dilation
and thickening of the pancreatic ducts and extensive
fibrosis. Flukes may also be embedded in the pancreatic

parenchyma causing chronic interstitial pancreatitis
and there is sometimes a granulomatous reaction
around fluke eggs that have penetrated the walls of
the ducts.

Epidemiology: Infection is influenced by the availabil-
ity of the invertebrate intermediate hosts. Prevalence
rates of E. coelomaticum can be as high as 70% in
slaughtered cattle in endemic areas.

Treatment: There is no specific treatment for eury-
trematosis.

Control: This is not feasible where the intermediate
hosts are endemic.

Eurytrema pancreaticum

Common name: Pancreatic fluke

Predilection site: Pancreatic ducts and occasionally
the bile ducts and the duodenum.

Parasite class: Trematoda
Family: Dicrocoeliidae

Description: Similar to E. coelomaticum. Adults mea-
sure around 8—16 x 5—-8 mm.

Geographical distribution: Eastern Asia and South
America

Details of the life cycle, host range, pathogenesis,
clinical, signs, diagnosis, pathology, epidemiology,
treatment and control are as for E. coelomaticum.

Thysanosoma actinioides

For more details see Parasites of the small intestine.

PARASITES OF THE CIRCULATORY
SYSTEM

Schistosoma bovis

Common name: Blood fluke, bilharziosis

Predilection site: Portal and mesenteric veins, urogenital
veins

Parasite class: Trematoda
Family: Schistosomatidae

Description, gross: The sexes are separate; the males
are 9-22 mm long and 1-2 mm wide, and the female
12-28 mm long. The suckers and the body of the male
behind the suckers are armed with minute spines,
while the dorsal surface of the male bears small cutic-
ular tubercles. The slender female worm lies perman-
ently in a ventral groove in the broad flat body of the
male.
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Description, microscopic: The eggs are usually spindle-
shaped, but smaller ones may be oval and measure
187 x 60 um. There is no operculum.

Final hosts: Cattle, sheep, goat, camel

Intermediate hosts: Snails (Bulinus contortus, B. trun-
cates, Physopsis africana, P. nasuta)

Life cycle: The ovigerous female penetrates deeply
into the small vessels of the mucosa or submucosa of
the intestine and inserts her tail into a small venule
and since the genital pore is terminal, the eggs are
deposited, or even pushed, into the venule. There, aided
by their spines and by proteolytic enzymes secreted by
the unhatched miracidia, they penetrate the endothe-
lium to enter the intestinal submucosa and ultimately
the gut lumen; they are then passed out in the faeces.
Worms present in the vesical veins penetrate the
endothelial lining of the bladder where eggs may be
passed in the urine. Some eggs are carried away in the
bloodstream and locate in other organs such as the liver.
The eggs hatch in water and the miracidia penetrate
appropriate snails. Cercariae develop from daughter
sporocysts, which replace the redia stage and there
is no metacercarial phase; penetration of the final
host by the motile cercariae occurs via the skin or
by ingestion in drinking water. After penetration or
ingestion the cercariae lose their forked tails, transform
to schistosomula, or young flukes, and travel via the
bloodstream through the heart and lungs to the sys-
temic circulation. In the liver they locate in the portal
veins and become sexually mature before migrating to
their final site, the mesenteric veins. The prepatent
period is 6—7 weeks.

Geographical distribution: Africa, Middle East,

southern Asia, southern Europe

Pathogenesis: The young flukes cause some damage
during migration but most serious damage is caused
by the irritation produced by the parasite eggs in the
intestine and the blood-sucking habit of the worms.
Acute disease is characterised by diarrhoea and
anorexia due to response to the deposition of eggs in
the mesenteric veins and their subsequent infiltration
in the intestinal mucosa. The presence of the worms
in veins of the bladder in cattle may cause damage to
the bladder wall and haematuria.

Clinical signs: These are diarrhoea, sometimes
blood stained and containing mucus, anorexia, thirst,
anaemia and emaciation. In cattle, the presence of the
worms in the vesical veins may cause haematuria.

Diagnosis: This is based mainly on the clinicopatho-
logical picture of diarrhoea, wasting and anaemia,
coupled with a history of access to natural water
sources. The relatively persistent diarrhoea, often
blood stained and containing mucus, may help to
differentiate this syndrome from fasciolosis.

The demonstration of the characteristic eggs in the
faeces or in squash preparations of blood and mucus
from the faeces is useful in the period following
patency but less useful as egg production drops in the
later stages of infection.

In general, when schistosomosis is suspected,
diagnosis is best confirmed by a detailed postmortem
examination which will reveal the lesions and, if the
mesentery is stretched, the presence of numerous
schistosomes in the veins. In epidemological surveys,
serological tests may be of value.

Pathology: At necropsy during the acute phase of the
disease there are marked haemorrhagic lesions in the
mucosa of the intestine, but as the disease progresses
the wall of the intestine appears greyish, thickened and
oedematous due to confluence of the egg granulomata
and the associated inflammatory changes. The liver
may be larger than normal, depending on the stage
of the disease, and may be markedly cirrhotic in
long-standing infections. On microscopic examination
there is pigmentation of the liver and numerous eggs
may be found, surrounded by cellular infiltration and
fibrous tissue. The spleen may be slightly swollen and
lymph glands are usually pigmented.

Epidemiology: The epidemiology is totally depend-
ent upon water as a medium for infection of both the
intermediate and final host. Small streams, irrigation
canals, wet savannah and marshy or damp areas are
the main snail habitats. Eggs, miracidia and cercariae
are short-lived with seasonal transmission directly
related to rainfall and temperature. The fact that per-
cutaneous infection may occur encourages infection
where livestock are obliged to wade in water. In
cattle, high prevalence is usually associated with low
numbers of worms, although worm burdens increase
with age whilst egg excretion declines markedly in
animals above 2 years of age due to the development
of partial immunity.

Treatment: For economic reasons, chemotherapy
is not suitable for the control of schistosomiosis in
domestic stock except during severe clinical out-
breaks. Care has to be exercised in treating clinical
cases of schistosomosis since the dislodgement of the
damaged flukes may result in emboli being formed
and subsequent occlusion of major mesenteric and
portal blood vessels with fatal consequences. Older
drugs still used in some areas are the antimonial pre-
parations, tartar emetic, antimosan and stibophen,
and niridazole and trichlorphon, all of which have to
be given over a period of days at high dosage rates.
Fatalities associated with the use of these drugs are
not uncommon. Praziquantel, which is the drug of
choice for treatment of human schistosomosis, is also
effective in ruminants at 15-20 mg/kg per os but may
be cost prohibitive.
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Control: This is similar to that outlined for F. gigantica
and Paramphistomum infections. Since the prevalence
of snail populations varies according to temperature,
local efforts should be made to identify the months
of maximum snail population, and cattle movements
planned to avoid their exposure to dangerous stretches
of water at these times.

When watering of stock is from a reservoir or
stream, fencing the water source and leading a pipe
to troughs can achieve control. To do this effectively
from streams, the water may require to be pumped and
in remote areas simple water-driven pumps whose
power source depends on the water flow have been
found useful. It is important that the water troughs be
cleaned out regularly since they can become colonised
by snails.

When grazing depends on the dry season use of
marshy areas around receding lakebeds, snail con-
trol is difficult. Molluscicides are usually impractical
because of the large body of water involved and their
possible effect on fish, which may form an important
part of the local food supply. Apart from repeated
anthelmintic treatment to prevent patency of acquired
infections of Schistosoma, there is often little one can
do. Ideally, such areas are often best suited to irriga-
tion and the growing of cash crops, the profit from
which can be used to improve the dry season food and
water supply to cattle.

Schistosoma japonicum

Common name: Blood fluke, bilharziosis
Predilection site: Portal and mesenteric veins
Parasite class: Trematoda

Family: Schistosomatidae

Description, gross: The sexes are separate; the male,
which is broad and flat, is 9.5-20 mm long, carrying the
female which is 12-26 mm long, in the hollow of its
inwardly curved body (Fig. 2.26). The suckers lie
close together near the anterior end. The cuticle is spiny
on the suckers and in the gynaecophoric canal. This
characteristic and the vascular predilection site are
sufficient for generic identification.

Description, microscopic: The eggs are short, oval,
70-100 um long, and may have a small sub-terminal
spine. There is no operculum.

Final hosts: Cattle, horse, sheep, goat, dog, cat, rabbit,
pig, man

Intermediate hosts: Snails belonging to the genus
Oncomelania.

Life cycle: This is similar to S. bovis. Development
to the cercarial stage occurs through two generations

Fig. 2.26 Male and female Schistosoma in copula.

of sporocyst without a redial form and there is no
metacercarial phase, penetration of the final host
by the motile cercariae occurring via the skin. The
developmental period in the snail can be as short as
5 weeks. Schistosomula, or young flukes, that reach
the abdominal vessels and pass to the portal veins
become sexually mature in about 4 weeks.

Geographical distribution: South and east Asia

Pathogenesis: The penetration of the cercariae
through the skin causes dermatitis, which is evident
about 24 hours after infection. Passage through the
lungs may cause pneumonia in gross infections and
abdominal organs such as the liver may become con-
gested during the early stages of the disease due to
the arrival of immature worms in the intra-hepatic
portal blood vessels. The most serious damage is
caused by the adult parasites in the egg-laying stage
due to the irritation caused by the eggs lodged in the
tissues, which are forced to find their way through
small venules to the epithelium and lumen of the gut.
The masses of eggs become surrounded by inflamed
areas and an infiltration of leucocytes, particularly
eosinophils, gives rise to a rather characteristic type
of abcess. The abcesses in the intestinal wall usually
burst, discharging their contents into the lumen of the
gut and eventually heal forming scar tissue. In the liver
the abcesses become encapsulated and eventually
become calcified, a large number of such foci leading
to liver enlargement, cirrhosis and ascites.

Acute disease, characterised by diarrhoea and
anorexia, occurs 7-8 weeks after heavy infection and
is entirely due to the inflammatory and granulomatous
response to the deposition of eggs in the mesenteric
veins and their subsequent infiltration in the intestinal
mucosa. Following massive infection death can occur
rapidly, but more usually the clinical signs abate slowly
as the infection progresses. As this occurs, there
appears to be a partial shift of worms away from the
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intestinal mucosa and reactions to these migrating
parasites and their eggs can occur in the liver.

Schistosomosis is generally considered to be a
much more serious and important infection in sheep
than in larger ruminants, and even where a high
prevalence of the parasite is detected in slaughtered
cattle, clinical signs of the disease are seen only
rarely. In sheep, anaemia and hypoalbuminaemia
have been shown to be prominent during the clinical
phase apparently as a result of mucosal haemorrhage,
dyshaemopoeisis and an expansion in plasma volume.
The significance of low-level infection is not known,
but it has been suggested that this may have a con-
siderable effect on productivity.

There is evidence, experimentally, of acquired
resistance to reinfection by homologous species and,
from natural infections, that resistance may develop as
a result of prior exposure to a heterologous species.

Pathology: This is similar to S. bovis. Scar tissue and
frequent papillomatous growths may be seen on the
intestinal mucosa. On sections of the liver there is also
evidence of egg granulomata and of portal fibrosis pro-
voked by eggs, which have, inadvertently, been swept
into small portal vessels. The mesentery, mesenteric
lymph nodes and spleen are frequently altered due
to the presence of abnormal amounts of connective
tissue.

Details of the clinical signs, diagnosis, epidemiology,
treatment and control are as for S. bovis.

Schistosoma nasalis

Synonym: Schistosoma nasalae
Common name: Snoring disease
Predilection site: Veins of nasal mucosa
Parasite class: Trematoda

Family: Schistosomatidae

Description, gross: The sexes are separate, the male,
which is broad and flat and about 1 cm long, carrying
the female in the hollow of its inwardly curved body.

Description, microscopic: The eggs are 336-581 um
long, boomerang shaped, with a terminal spine.

Final hosts: Cattle, goat, sheep, buffalo, horse

Intermediate hosts: Snails (Lymnaea luteola, L.
acuminata, Indoplanorbis exustus)

Life cycle: Details of the life cycle are not com-
pletely known. The female in the veins of the nasal
mucosa lays her eggs, which presumably enter the
nasal sinuses and are sneezed out. The eggs hatch in
minutes in water and the miracidia penetrate appro-
priate snails. Development to the cercarial stage
occurs without a redial form and there is no meta-

cercarial phase. After penetration or ingestion the
cercariae transform to schistosomula, or young flukes,
and travel to their final site, the nasal veins.

Geographical distribution: India, Pakistan, SE Asia

Pathogenesis: In heavy infections there is a copious
mucopurulent discharge, snoring and dyspnoea. The
main pathogenic effects are associated with the eggs,
which cause abscess formation in the mucosa. Fibrous
granulomatous growths occur which may occlude the
nasal passages.

Clinical signs: Coryza, sneezing, dyspnoea and snoring

Diagnosis: Infection is confirmed by the presence of
the spindle-shaped eggs in the nasal discharge.

Pathology: The mucosa of the nasal sinuses is studded
with small abcesses that contain the eggs of the worms,
and later show much fibrous tissue and proliferating
epithelium.

Epidemiology: The epidemiology is totally dependent
upon water as a medium for infection of both the inter-
mediate and final host.

Treatment and control: As for S. bovis

Several other Schistosoma species have been
reported in cattle. Details on the life cycle, patho-
genesis, epidemiology, treatment and control are
essentially similar to S. bovis.

Schistosoma mattheei

Predilection site: Portal, mesenteric and bladder
veins

Parasite class: Trematoda
Family: Schistosomatidae

Description, gross: The sexes are separate; the males
are 9-22 mm long and 1-2 mm wide, and the females
12-28 mm long. The suckers and the body of the male
behind the suckers are armed with minute spines,
while the dorsal surface of the male bears small
cuticular tubercles.

Description, microscopic: The eggs are usually
spindle-shaped, but smaller ones may be oval and
measure 170-280 x 72—84 mm. There is no operculum.

Final hosts: Cattle, sheep, goat, camel, man
Intermediate hosts: Snails (Bulinus)

Geographical distribution: South and central Africa,
Middle East

Notes: Thought to be synonymous with S. bovis but
differs on morphological and pathological grounds
and is restricted to the alimentary canal.
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Schistosoma indicum

Predilection site: Portal, pancreatic, hepatic and mesen-
teric veins

Parasite class: Trematoda
Family: Schistosomatidae

Description, gross: The sexes are separate; the males
are 5-19 mm long, and the females 622 mm long.

Description, microscopic: The eggs are oval with a
terminal spine and measure 57-140 x 18-72 pum.

Final hosts: Cattle, sheep, goat, horse, donkey, camel
Intermediate hosts: Snails (Indoplanorbis)

Geographical distribution: India

Schistosoma spindale

Predilection site: Mesenteric veins
Parasite class: Trematoda
Family: Schistosomatidae

Description, gross: The sexes are separate, the male,
which is broad and flat and about 2.0 cm long, carry-
ing the female in the hollow of its inwardly curved
body.

Description, microscopic: The eggs are 100-500 um
long, spindle shaped and have a lateral or terminal
spine. There is no operculum.

Hosts: Cattle, horse, pig and occasionally dog

Geographical distribution: Parts of Asia and the Far
East

Schistosoma turkestanica

Synonym: Orientobilharzia turkstanicum

Predilection site: Mesenteric veins and small veins of
the pancreas and liver

Parasite class: Trematoda
Family: Schistosomatidae

Description, gross: Small species, the male is 4.2—8 mm
and the female 3.4-8 mm.

Description, microscopic: The female uterus contains
only one egg at a time, which measures 72-77 X
16-26 um with a terminal spine and short appendage
at the other end.

Hosts: Cattle, sheep, goat, camel, horse, donkey,
buffalo

Geographical distribution: Asia

Pathogenesis: Of little significance in cattle but can
cause marked debility in sheep and goats, causing
liver cirrhosis and nodules in the intestines.

Elaeophora poeli

Common name: Large aortic filariosis
Predilection site: Blood vessels
Parasite class: Nematoda
Superfamily: Filarioidea

Description, gross: Slender worms, males measuring
around 4-7 cm and females up to 30 cm.

Description, microscopic: There are no lips and the
oesophagus is very long. The tail of the male bears five
to seven pairs of papillae, two pairs being pre-cloacal.
Microfilariae are 340—-360 pum.

Final hosts: Cattle, buffalo, zebu

Intermediate hosts: Not known, possibly Tabanid
flies

Life cycle: Indirect life cycle. The microfilariae are
ingested by the intermediate host and the L;, when
developed, are released into the wound made when
the insect next feeds. The male occurs in nodules
in the wall of the aorta, while the female is fixed in
nodules by its anterior extremity with the rest of the
body free in the lumen of the aorta. Microfilariae
occur in the blood and in subcutaneous connective
tissue.

Geographical distribution: Parts of Africa, Asia and
the Far East

Pathogenesis: In cattle, nodules, from which the
female worms protrude, form on the intima of the
vessels but in other animals the adults appear to pro-
voke little reaction.

Clinical signs: Infection is usually asymptomatic.

Diagnosis: This is not normally required. Infection
is usually diagnosed as an incidental finding on post-
mortem examination of thickened blood vessels, or
those containing nodules.

Pathology: The main affected area is the thoracic
region of the aorta. In light infections, the lesions are
found chiefly on the dorsal wall of the aorta, near the
openings of the intercostal arteries. In heavy infections,
the artery becomes swollen, the wall is thickened and
the intima contains fibrous tracts. The raised nodules
can measure up to 1 cm in diameter.

Epidemiology: Because of the innocuous nature of the
infection in cattle, the distribution of the species in these
hosts is not completely known.
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Treatment: Treatment is not indicated.

Control: Any reduction in vector numbers will reduce
transmission.

Onchocerca armillata

Common name: Aortic filariosis
Predilection site: Aorta
Parasite class: Nematoda
Superfamily: Filarioidea

Description, gross: Slender whitish worms. Male
worms are about 7 cm and female worms up to 70 cm
long.

Description, microscopic: Microfilariae are unsheathed
and measure 346-382 pm.

Final hosts: Cattle, rarely camel, sheep, goat

Intermediate hosts: Midges (Culicoides), blackflies
(Simulium)

Life cycle: The life cycle of Onchocerca armillata is
typically filarioid. The microfilariae are found tran-
siently in the bloodstream and more usually in the skin
of the dorsal parts of the body. Biting insects, feeding
in this area, ingest microfilariae, which then develop
to the infective stage in around 3 weeks. When these
infected insects feed on another bovine host, trans-
mission of L; occurs.

Geographical distribution: Africa, Middle East, India

Pathogenesis: It is interesting that O. armillata,
though occurring in a strategically important site in the
bovine aorta, is not usually associated with clinical
signs. It is usually only discovered at the abattoir, sur-
veys in the Middle East having shown a prevalence
as high as 90%.

Clinical signs: Infection is usually inapparent.

Diagnosis: Typical nodular lesions may be found in
the wall of the aorta on postmortem examination.
Microfilariae may also be found in skin biopsy samples
taken from affected areas. The piece of skin is placed
in warm saline and teased to allow emergence of
the microfilariae, and is then incubated for about
8—12 hours. The microfilariae are readily recognised
by their sinuous movements in a centrifuged sample
of the saline. Another option is to scarify the skin of
a predilection site and examine the fluid exudate for
microfilariae.

Pathology: O. armillata is found in grossly visible
nodules in the intima, media and adventitia of the aorta
(Fig. 2.27), and atheromatous plaques are commonly
seen on the intima. In chronic infections, the aortic wall
is thickened and the intima shows tortuous tunnels with

Fig. 2.27 Onchocerca armillata within the aorta.

numerous nodules containing yellow caseous fluid
and coiled worms. Aortic aneurysms have been noted
in about a quarter of infections.

Epidemiology: Prevalence is very high is some regions
with 80-90% of animals infected.

Treatment: Rarely indicated. Daily administration of
diethylcarbamazine over a period of 21 days acts as
a microfilaricide, and a single dose of ivermectin is
highly efficient in this respect, although the dying
microfilariae may provoke local tissue reactions.

Control: With the ubiquity of the insect vectors there
is little possibility of efficient control, though the use
of microfilaricides will reduce the numbers of infected
flies. In any case, with the relatively innocuous nature
of the infection there is unlikely to be any demand for
control.

TRYPANOSOMIOSIS

Members of the genus Trypanosoma are haemo-
flagellates of overwhelming importance in cattle in
sub-Saharan Africa as a cause of trypanosomiosis.
See Chapter 1 (Protozoa — Zoomastigophorasida) for
general descriptions.

Salivarian trypanosomes

A number of species of Trypanosoma, found in dom-
estic and wild animals, are all transmitted cyclically by
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Glossina in much of sub-Saharan Africa. The presence
of trypanosomosis precludes the rearing of livestock
in many areas while in others, where the vectors are
not so numerous, trypanosomosis is often a serious
problem, particularly in cattle. The disease, sometimes
known as nagana, is characterised by lymphadenopathy
and anaemia accompanied by progressive emaciation
and, often, death.

Pathogenesis

The signs and effects of the various trypanosomes
found in domestic animals are more or less similar. The
pathogenesis of trypanosomosis may be considered
under three headings:

1. Lymphoid enlargement and splenomegaly develop
associated with plasma cell hyperplasia and hyper-
gammaglobulinaemia, which is primarily due to
an increase in IgM. Concurrently there is a vari-
able degree of suppression of immune responses
to other antigens such as microbial pathogens or
vaccines. Ultimately, in infections of long dura-
tion, the lymphoid organs and spleen become
shrunken due to exhaustion of their cellular
elements.

2. Anaemia is a cardinal feature of the disease, par-
ticularly in cattle, and initially is proportional
to the degree of parasitaemia. Anaemia is caused
mainly by extravascular haemolysis through ery-
throphagocytosis in the mononuclear phagocytic
systems of the spleen, liver and lungs, but as the
disease becomes chronic there may be decreased
haemoglobin synthesis. Leucopenia and throm-
bocytopenia are caused by mechanisms that pre-
dispose leucocytes and platelets to phagocytosis.
Immunological mechanisms in the pathogenesis
lead to extensive proliferation of activated macro-
phages, which engulf or destroy erythrocytes,
leucocytes, platelets and haematopoietic cells.
Later, in infections of several months’ duration,
when the parasitaemia often becomes low and
intermittent, the anaemia may resolve to a vari-
able degree. However, in some chronic cases it may
persist despite chemotherapy.

3. Cell degeneration and inflammatory infiltrates
occur in many organs, such as the skeletal muscle
and the central nervous system, but perhaps most
significantly in the myocardium where there is
separation and degeneration of the muscle fibres.
The mechanisms underlying these changes are
still under study.

Clinical signs

In cattle, the major signs are anaemia, generalised
enlargement of the superficial lymph glands, lethargy
and progressive loss of bodily condition (Fig. 2.28).
Fever and loss of appetite occur intermittently during

Fig. 2.28 Enlarged prescapular lymph node of Zebu with try-
panosomiosis.

parasitaemic peaks, the latter becoming marked in the
terminal stages of the disease. Typically, the disease
is chronic, extending over several months, and usu-
ally terminates fatally if untreated. As a herd phe-
nomenon, the growth of young animals is stunted, while
adults show decreased fertility, and if pregnant, may
abort or give birth to weak offspring. In the terminal
stages, animals become extremely weak, the lymph
nodes are reduced in size and there is often a jugular
pulse. Death is associated with congestive heart fail-
ure due to anaemia and myocarditis. Occasionally, the
disease is acute, death occurring within 2-3 weeks of
infection preceded by fever, anaemia and widespread
haemorrhages.

Diagnosis
The clinical signs of the disease, although indicative,
are not pathognomonic. Confirmation of clinical diag-
nosis depends on the demonstration of trypanosomes
in the blood. If a herd or flock is involved, a repres-
entative number of blood samples should be exam-
ined, since, in individual animals, the parasitaemia
may be in remission or in long-standing cases may be
extremely scanty. Occasionally, when the parasitaemia
is massive it is possible to detect motile trypanosomes
in fresh films of blood. More usually, both thick and
thin smears of blood are air-dried and examined
later. Thick smears, de-haemoglobinised before stain-
ing with Giemsa or Leishman’s stain, offer a better
chance of finding trypanosomes, while the stained
thin smears are used for differentiation of the try-
panosome species.

More sensitive techniques utilise centrifugation in
a microhaematocrit tube followed by microscopic
examination of the interface between the buffy coat
and the plasma; alternatively, the tube may be
snapped, the buffy coat expressed on to a slide, and



98 Veterinary Parasitology

the contents examined under dark-ground or phase-
contrast microscopy for motile trypanosomes. With
these techniques the packed red cell volume is also
obtained which is of indirect value in diagnosis if one
can eliminate other causes of anaemia, especially
helminthosis.

A number of serological tests have been described
and include indirect fluorescent antibody test (IFAT)
and ELISA and have been partially validated but
require further evaluation and standardisation.

Pathology

The carcase is often pale, emaciated and there may
be oedematous swellings in the lower part of the
abdomen and genital organs with serous atrophy of
fat. The liver, lymph nodes and spleen are enlarged
and the viscera are congested. Petechiae may appear
on lymph nodes, pericardium and intestinal mucosa.
The liver is hypertrophic and congested with degen-
eration and necrosis of the hepatocytes, dilation of
blood vessels and parenchymal infiltration of mono-
nuclear cells. A non-suppurative myocarditis, sometimes
associated with hydropericarditis, has been reported
accompanied by degeneration and necrosis of the
myocardial tissue. Other lesions can include glomeru-
lonephritis, renal tubular necrosis, non-suppurative
meningio-encephalomyelitis, focal poliomalacia, ker-
atitis, opthalmitis, orchitis, interstitial pneumonia
and bone marrow atrophy. Splenic and lymph node
hypertrophy occur during the acute phase but the
lymphoid tissues are usually exhausted and fibrotic in
the chronic stage.

Epidemiology
The vectors are various species of Glossina including
G. morsitans, G. palpalis, G. longipalpis, G. pallidipes
and G. austeni. Typanosoma congolense can also
be transmitted mechanically by other biting flies in
tsetse-free areas, although this is uncommon. Since
the life cycle of T. vivax is short, it is more readily
transmitted than other species and mechanical trans-
mission of 7. vivax by tabanids allows it to spread
outside the tsetse belt. The disease can also be trans-
mitted mechanically through contaminated needles
and instruments.

The epidemiology depends on three factors: the
distribution of the vectors, virulence of the parasite and
the response of the host.

e The vectors. Of the three groups of tsetse flies
(see Glossina), the savannah and riverine are the
most important since they inhabit areas suitable
for grazing and watering. Although the infection
rate of Glossina with trypanosomes is usually low,
ranging from 1-20% of the flies, each is infected
for life, and their presence in any number makes
the rearing of cattle, pigs and horses extremely

difficult. Biting flies may act as mechanical vectors,
but their significance in Africa is still undefined.

The parasites. Since parasitaemic animals com-
monly survive for prolonged periods, there are
ample opportunities for fly transmission. Perhaps
the most important aspect of trypanosomosis which
accounts for the persistent parasitaemia is the way
in which the parasite evades the immune response
of the host. As noted previously, metacyclic and
bloodstream trypanosomes possess a glycoprotein
coat which is antigenic and provokes the formation
of antibodies which cause opsonisation and lysis
of the trypanosomes. Unfortunately, by the time
the antibody is produced, a proportion of the try-
panosomes have altered the chemical composition
of their glycoprotein coat and now, displaying a
different antigenic surface, are unaffected by the
antibody. Those trypanosomes possessing this new
variant antigen multiply to produce a second wave
of parasitaemia; the host produces a second anti-
body, but again the glycoprotein coat has altered
in a number of trypanosomes so that a third wave
of parasitaemia occurs. This process of antigenic
variation associated with waves and remissions
of parasitaemias, often at weekly intervals, may
continue for months, usually with a fatal outcome.
The repeated switching of the glycoprotein coat
is now known to depend on a loosely ordered
sequential expression of an undefined number of
genes, each coding for a different glycoprotein
coat. This, together with the finding that meta-
cyclic trypanosomes may be a mixture of antigenic
types, each expressing a different genetic repertoire,
explains why domestic animals, even if treated
successfully, are often immediately susceptible to
reinfection. The complexity of antigens potentially
involved has also defeated attempts at vaccination.
The hosts. Trypanosomosis is basically an infection
of wildlife in which, by and large, it has achieved
a modus vivendi in that the animal hosts are
parasitaemic for prolonged periods, but generally
remain in good health. This situation is known as
trypanotolerance. In contrast, rearing of domestic
livestock in endemic areas has always been asso-
ciated with excessive morbidity and mortality,
although there is evidence that a degree of adapta-
tion or selection has occurred in several breeds.
Thus in West Africa small humpless cattle of the
Bos taurus type, notably the N’Dama, survive and
breed in areas of heavy trypanosome challenge
despite the absence of control measures (Fig. 2.29).
However, their resistance is not absolute and
trypanosomosis exacts a heavy toll, particularly in
productivity. In other areas of Africa, indigenous
breeds of sheep and goats are known to be trypano-
tolerant, although this may be partly due to their
being relatively unattractive hosts for Glossina.
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Fig. 2.29 Trypanotolerant N'Dama breed of West Africa.

Precisely how trypanotolerant animals cope with
antigenic variation is unknown. It is thought that
the control and gradual elimination of their para-
sitaemias may depend on the possession of a par-
ticularly rapid and effective antibody response,
although other factors may also be involved.

Trypanosoma brucei brucei

Subgenus: Trypanozoon
Common name: Nagana

Predilection site: Blood. T. brucei brucei is also found
extravascularly in, for example, the myocardium, cent-
ral nervous system (CNS) and reproductive tract.

Parasite class: Zoomastigophorasida
Family: Trypanosomatidae

Description: 7. brucei brucei is pleomorphic in form
and ranges from long and slender, up to 42 um (aver-
age 29 um), to short and stumpy, 12-26 um (mean
18 um), the two forms often being present in the
same blood sample. The undulating membrane is
conspicuous, the kinetoplast is small and sub-terminal
and the posterior end is pointed. In the slender form
the kinetoplast is up to 4 um from the posterior
end, which is usually drawn out, tapering almost to a
point, and has a well developed free flagellum; in the
stumpy form the flagellum is either short or absent
and the posterior end is broad and rounded with the
kinetoplast almost terminal. Intermediate forms aver-
age 23 um long and have a blunt posterior end and
moderately long flagellum (Fig. 2.30). A fourth form
with a posterior nucleus may be seen in laboratory
animals. In fresh unfixed blood films, the organism
moves rapidly within small areas of the microscope
field.

N
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Fig. 2.30 Trypanosoma bruceiis pleomorphic, showing (a) long slen-
der; (b) short stumpy; and (c) intermediate forms.

Hosts: Cattle, horse, donkey, zebu, sheep, goat, camel,
pig, dog, cat, wild game species, particularly antelope

Life cycle: Tsetse flies ingest trypanosomes in the
blood or lymph while feeding on an infected host.
Thereafter the trypanosomes lose their glycoprotein
surface coat, and become elongated and multiply in
the midgut before migrating forward to the salivary
glands. There they undergo a transformation losing
their typical trypanosome, or trypomastigote, form and
acquire an epimastigote form, characterised by the fact
that the kinetoplast lies just in front of the nucleus.
After further multiplication of the epimastigotes they
transform again into small, typically trypomastigote
forms with a glycoprotein surface coat. These are
the infective forms for the next host and are called
metacyclic trypanosomes. The entire process takes
at least 2-3 weeks and the metacyclic trypanosomes
are inoculated into the new host when the tsetse fly
feeds.

At the site of inoculation the metacyclic forms
multiply locally as the typical blood forms, producing
within a few days a raised cutaneous inflammatory
swelling called a chancre. Thereafter they enter the
bloodstream and multiply; a parasitaemia, detectable
in the peripheral blood, usually becomes apparent
1-3 weeks later. Subsequently, the parasitaemia may
persist for many months although its level may wax
and wane due to the immune response of the host.

Geographical distribution: Approximately 10 million
square kilometres of sub-Saharan Africa between
latitudes 14°N and 29°S.

Pathogenesis: In 7. brucei brucei infections, the dis-
ease is usually more chronic in cattle and animals
may survive for several months and may recover.
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Treatment: The two drugs in common use are iso-
metamidium and diaminazine aceturate. These are
usually successful except where trypanosomes have
developed resistance to the drug or in some very
chronic cases. Treatment should be followed by
surveillance since reinfection, followed by clinical
signs and parasitaemia, may occur within a week
or two. Alternatively, the animal may relapse after
chemotherapy, due to a persisting focus of infection
in its tissues or because the trypanosomes are drug
resistant.

Notes: Antelope are the natural host species and are
reservoirs of infection for domestic animals. Horses,
mules and donkeys are very susceptible, and the dis-
ease is very severe in sheep, goats, camels and dogs
(see respective hosts).

Other subspecies of T. brucei — T.brucei evansi, T.
brucei equiperdum — are described separately under
their respective subspecies and definitive hosts.

Two other subspecies, T. brucei gambiense and T.
brucei rhodesiense, are important causes of ‘sleeping
sickness’ in humans.

Trypanosoma brucei evansi

Subgenus: Trypanozoon
Synonym: Trypanosoma evansi, T. equinum

Common name: Surra, el debab, mbori, murrina, mal
de Caderas, doukane, dioufar, thaga

Predilection site: Blood
Parasite class: Zoomastigophorasida
Family: Trypanosomatidae

Hosts: Horse, donkey, camel, cattle, zebu, goat, pig,
dog, water buffalo, elephant, capybara, tapir, mongoose,
ocelot, deer and other wild animals. Many laboratory
and wild animals can be infected experimentally.

Geographical distribution: North Africa, Central and
South America, central and southern Russia, parts
of Asia (India, Burma, Malaysia, southern China,
Indonesia, Phillipines)

Pathogenesis: Domestic species such as cattle, buffalo
and pigs are commonly infected, but overt disease is
uncommon and their main significance is as reservoirs
of infection.

Treatment and control: Suramin or quinapyramine
(Trypacide) are the drugs of choice for treatment and
also confer a short period of prophylaxis. For more
prolonged protection a modified quinapyramine
known as “Trypacide Pro-Salt’ is also available. Unfor-
tunately, drug resistance, at least to suramin, is not
uncommon.
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Notes: The original distribution of this parasite coin-
cided with that of the camel, and is often associated
with arid desserts and semiarid steppes.

For more details see Chapter 4 (Horses).

Trypanosoma congolense

Subgenus: Nannomonas

Common name: Nagana, paranagana, Gambia fever,
ghindi, gobial

Predilection site: Blood
Parasite class: Zoomastigophorasida
Family: Trypanosomatidae

Description: 7. congolense is small, monomorphic
in form, 8—20 um long. The undulating membrane is
inconspicuous, the medium-sized kinetoplast is mar-
ginal and the posterior end is blunt. There is no free
flagellum (Figs 2.31, 2.32). In fresh blood films the
organism moves sluggishly, often apparently attached
to red cells.

Hosts: Cattle, sheep, goat, horse, camel, dog, pig.
Reservoir hosts include antelope, giraffe, zebra, ele-
phant and warthog.

Life cycle: The trypanosomes divide by longitudinal
binary fission in the vertebrate host. After ingestion
by the tsetse fly they develop in the midgut as long
trypomastigotes without a free flagellum. They attach

Red blood cells

Red blood cells

Fig. 2.31 Trypanosoma congolense is monomorphic and pos-
sesses a marginal kinetoplast.
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Fig. 2.32 Trypomastigotes of Trypanosoma congolense.

first to the wall of the proboscis and multiply there for
a time before passing to the hypopharynx where they
develop into metacyclic, infective trypomastigotes
similar in appearance to the blood forms. These are
injected into the vertebrate when the fly bites. Devel-
opment to the infective stage in Glossina takes from
15 to well over 20 days at 23-34°C.

Geographical distribution: Widely distributed in trop-
ical Africa between latitudes 15°N and 25°S.

Pathogenesis: With 7. congolense, there are many
strains which differ markedly in virulence. In cattle,
the parasite can cause either an acute fatal disease
resulting in death in about 10 weeks, a chronic con-
dition with recovery in about 1 year, or a mild almost
asymptomatic condition. The signs caused by this
species are similar to those caused by other trypano-
somes, but the central nervous system is not affected.

Treatment and control: In infected cattle, the two drugs
in common use are diminazene aceturate (Berenil)
and homidium salts (Ethidium and Novidium). As
with 7. brucei, these drugs are usually successful
except where trypanosomes have developed resist-
ance to the drug or in some very chronic cases.

Additional comments made for treatment and
control of 7. brucei infections equally apply to
T. congolense.

Notes: Trypanosoma congolense congolense is the
most important trypanosome of cattle in tropical
Africa. The African disease, nagana, is caused by
T. congolense, often in mixed infection with 7. brucei
and T. vivax.

Trypanosoma vivax

Subgenus: Duttonella

Common name: Nagana, souma
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Fig. 2.33 Trypanosoma vivax is monomorphic and has a short flagel-
lum and terminal kinetoplast.
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Fig. 2.34 Trypomastigotes of Trypanosoma vivax.

Predilection site: Blood
Parasite class: Zoomastigophorasida
Family: Trypanosomatidae

Description: 7. vivax is monomorphic, ranging from
20-27 um. The undulating membrane is inconspicuous,
the large kinetoplast is terminal and the posterior end
is broad and rounded. A short free flagellum is pre-
sent (Figs 2.33, 2.34). In fresh blood films 7. vivax moves
rapidly across the microscope field.

Hosts: Cattle, sheep, goat, camel, horse; antelope and
giraffe are reservoirs.

Life cycle: Development in the insect vector takes place
only in the proboscis. The trypanosomes turn first
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into the epimastigote form, and then the metacyclic,
infective trypanosomes that pass to the hypopharynx
and infect new hosts when the tsetse flies bite and
feed.

Geographical distribution: Africa, Central, West
Indies, Central and South America (Brazil, Vene-
zuela, Bolivia, Columbia, Guyana, French Guyana),
Mauritius.

Pathogenesis: 7. vivax is most important in cattle.
Generally, strains of 7. vivax in West Africa are more
pathogenic than ones in East Africa, except for one
strain in East Africa that causes acute haemorrhagic
disease which is very pathogenic.

Treatment: As for 7. congolense
Notes: There are three subspecies:

e T. vivax vivax causes the disease souma in Africa
and is found in mixed infections with 7. con-
golense and T. brucei.

e T. vivax viennei occurs in the New World and is
transmitted by horseflies. This subspecies occurs
in cattle, horses, sheep and goats in northern
South America, Central America, West Indies
and Mauritius.

e T. vivax uniforme is similar to 7. vivax vivax but
is smaller, 12-20 um long (mean 16 wm). It occurs
in cattle, sheep, goats and antelopes in Uganda and
Zaire, causing a disease similar to 7. vivax vivax.

Salivarian trypanosomiosis control

This currently depends on the control of tsetse flies,
discussed under Tsetse flies (Glossina), and on the use
of drugs (Table 2.2).

In cattle, and if necessary in sheep and goats,
isometamidium is the drug of choice since it remains
in the tissues and has a prophylactic effect for 2—
6 months. Otherwise, diminazene may be used as cases
arise, these being selected either by clinical examina-
tion or on the haematological detection of anaemic
animals. To reduce the possible development of drug
resistance it may be advisable periodically to change
from one trypanocidal drug to another. To further
enhance the effective use of trypanocidal drugs,
they may be used as ‘sanative’ pairs and treatment
restricted to individual clinically affected animals.

Two important aspects of control are:

e The necessity to protect cattle from a tsetse-free
zone while being trekked to market through an area
of endemic trypanosomosis.

e An awareness of the dangers of stocking a tsetse-free
ranch with cattle from areas where trypanosomosis
is present, as mechanical transmission may cause
an outbreak of disease.

In both cases treatment with a trypanocidal drug at
an appropriate time is advisable.

Veterinary Parasitology

Table 2.2 Drugs used in the treatment and control of
nagana in cattle.

Drug Recommended Comments
dose
Diminazine aceturate 3—10 mg/kg i.m. T. brucei,
T. congolense,
T. vivax
Isometamidium 0.25-1 mg/kg i.m. T. brucei,

T. congolense,
T. vivax. Local
reaction

Homidium bromide 1 mg/kg s.c. T. congolense,
T. vivax
Prophylaxis for

6 weeks

Homidium chloride

Pyrithidium bromide = 2-2.5 mg/kg T. congolense,
T. vivax
Prophylaxis for

4 months

An alternative approach, using trypanotolerant
breeds of ruminants, perhaps combined with judicious
drug therapy, may, in the future, offer a realistic solu-
tion in many areas where the disease is endemic and
this aspect is currently under intensive study.

Stercorarian trypanosomes

These are relatively large trypanosomes found in the
blood of cattle, with faecal transmission by tabanid flies
(Tabanus, Haematopota).

Trypanosoma theileri

Subgenus: Megatrypanum
Predilection site: Blood

Parasite class: Zoomastigophorasida
Family: Trypanosomatidae

Description: Large trypanosome, 60-70 um in length,
although may be up to 120 um with posterior end long
and pointed (Figs 2.35, 2.36). There is a medium sized
kinetoplast with a prominent undulating membrane and
a free flagellum. Both trypomastigote and epimastigote
forms may appear in the blood.

Hosts: Cattle

Life cycle: Multiplication occurs in the vertebrate
host by longitudinal binary fission of the epimastigote
form in the lymph nodes and various tissues. The
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Fig. 2.36 Trypomastigotes of Trypanosoma theileri.
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trypanosomes develop into small metacyclic trypto-
mastigotes in the hind gut of tabanid flies (stercorarian
development). Transmission back to the vertebrate host
occurs through fly faeces, containing the parasite,
deposited on mucous membranes.

Geographical distribution: Worldwide

Pathogenesis: Infection produces transient para-
sitaemias, but is generally considered to be non-
pathogenic. Under conditions of stress it may cause
abortion and even death.

Clinical signs: Infections are usually asymptomatic

Diagnosis: Can only be usually diagnosed by incubat-
ing blood in culture medium suitable for the multi-
plication of trypanosomes.

Epidemiology: Trypanosoma theileri is transmitted by
tabanid flies (Tabanus, Haematopota); the worldwide
distribution of the trypanosome corresponds to the
range and prevalence of its intermediate hosts. The
metacyclic tryptomastigotes, present in the faeces of
the vector, gain access to the blood of their mammalian
host by penetrating abraded skin, by contamination
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of mucous membranes, or following ingestion of the
vector when the liberated trypanosomes penetrate
the mucosa. Intrauterine infection has been reported.

Treatment and control: Not wusually required,
although general fly control measures may help limit
potential transmission from tabanid flies.

Notes: Often referred to as a ‘non-pathogenic
trypanosome’.

BABESIOSIS

Life cycle

Multiplication of Babesia organisms in the vertebrate
host occurs in the erythrocytes by binary fission,
endodyogeny, endopolyogeny (budding) or merogony
to form merozoites. These are liberated from the
erythrocyte and invade other cells. The asexual cycle
continues indefinitely and the animals may remain
infected for life. On ingestion by a tick these forms
become vermiform, and enter the body cavity then the
ovary and penetrate the eggs where they round up and
divide to form small round organisms. When the larval
tick moults into the nymph stage, the parasites enter
the salivary gland and undergo a series of binary
fissions entering the cells of the salivary gland acini.
They multiply further until the host cells are filled with
thousands of minute parasites. These become vermi-
form, break out of the host cell and lie in the lumen
of the gland and are injected into the mammalian host
when the tick sucks blood.

Epidemiology

The epidemiology of the bovine Babesia species
depends on the interplay of a number of factors and
these include:

1. The virulence of the particular species of Babesia.
B. bigemina and B. bovis in tropical and sub-
tropical regions are highly pathogenic, B. divergens
in northern Europe is relatively pathogenic,
whilst B. major produces only mild and transient
anaemia.

2. The age of the host. It is frequently stated that
there is an inverse age resistance to Babesia infec-
tion in that young animals are less susceptible to
babesiosis than older animals. The reason for this
is not known.

3. The immune status of the host. In endemic areas,
the young animal first acquires immunity pas-
sively, in the colostrum of the dam and, as a
result, often suffers only transient infections with
mild clinical signs. However, these infections are
apparently sufficient to stimulate active immunity,
although recovery is followed by a long period
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during which they are carriers when, although
showing no clinical signs, their blood remains
infective to ticks for many months. It used to be
thought that this active immunity was depend-
ent on the persistence of the carrier state and the
phenomenon was termed premunity. However, it
seems unlikely that this is the case since it is now
known that such animals may lose their infection
either naturally or by chemotherapy, but still
retain a solid immunity.

4. The level of tick challenge. In endemic areas,
where there are many infected ticks, the immun-
ity of the host is maintained at a high level
through repeated challenge and overt disease is
rare. In contrast, where there are few ticks or when
they are confined to limited areas, the immune
status of the population is low and the young
animals receive little, if any, colostral protection.
If, in these circumstances, the numbers of ticks
suddenly increase due to favourable climatic con-
ditions or to a reduction in dipping frequency,
the incidence of clinical cases may rise sharply.
This situation is known as enzootic instability.

5. Stress. In endemic areas, the occasional outbreak
of clinical disease, particularly in adult animals, is
often associated with some form of stress, such
as parturition or the presence of another disease,
such as tick-borne fever.

Babesia bigemina

Common name: Texas fever
Predilection site: Blood
Parasite class: Sporozoasida
Family: Babesiidae

Description: B. bigemina is a large, pleomorphic
babesia but characteristically is seen and identified
by the pear-shaped bodies joined at an acute angle
within the mature erythrocyte. Round forms measure
2 um and the pear-shaped, elongated ones are 4—5 um.
The erythrocytic stages lack a conoid, micropores and
typical mitochondria, but have an anterior and poster-
ior polar ring and typically two rhoptries.

Hosts: Cattle, buffalo

Geographical distribution: Australia, Africa, North,
Central and South America, Asia and southern
Europe

Pathogenesis: The rapidly dividing parasites in the red
cells produce rapid destruction of the erythrocytes
with accompanying haemoglobinaemia, haemoglo-
binuria and fever.

Generally, B. bigemina infections are not as virulent
as those of B. bovis, despite the fact that the parasites
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may infect 40% of the red cells. Otherwise the disease
is typically biphasic, the acute haemolytic crisis, if
not fatal, being followed by a prolonged period of
recovery.

Clinical signs: Calves are relatively resistant to infec-
tion, and do not usually show clinical disease. In
older animals, clinical signs can be very severe; how-
ever, differences in pathogenicity may occur with
various B. bigemina isolates associated with different
geographical areas. The first sign is usually a high fever
with rectal temperatures reaching 41.5°C (106.7°F).
There is anorexia and ruminal atony. Often the first
visible appearance of infection is that the animal
isolates itself from the herd, becomes uneasy, seeks
shade and may lie down. Cattle may stand with an
arched back, have a roughened hair coat and show
evidence of dyspnoea and tachycardia. The mucous
membranes are first inflamed and reddened, but as
erythrocytic lysis occurs, they become palid and show
signs of anaemia. Anaemia is a contributory factor to
the weakness and loss of condition seen in cattle that
survive the acute phase of the disease. The anaemia
may occur very rapidly, with 75% or more of the
erythrocytes being destroyed in just a few days. This
is usually associated with severe haemoglobinemia
and haemoglobinuria. After onset of fever, the crisis
will usually pass within a week, and if the animal sur-
vives, there is usually severe weight loss, drop in
milk production, possible abortion and a protracted
recovery. Mortality is extremely variable and may
reach 50% or higher, but in the absence of undue stress
most animals will survive.

Diagnosis: As for B. bovis

Pathology: Acute infections as for B. bovis. In
cattle that have suffered a more prolonged illness, acute
lesions are much less conspicuous. Subepicardial
petechial hemorrhages may be present, the carcase is
usually emaciated and icteric, the blood is thin and
watery, the intermuscular fascia is oedematous, the
liver yellowish brown, and the bile may contain flakes
of semi-solid material. The kidneys are pale and often
oedematous, and the bladder may contain normal
urine, depending on how long past the haemolytic
crisis the necropsy is performed. Although the spleen
is enlarged, the pulp is firmer than in acute babesiosis.

Epidemiology: Boophilus annulatus, B. microplus and
B. decoloratus are the principal vectors of Babesia
bigemina. Mechanical transmission is possible, but it
is not efficient enough to maintain infection in the
absence of specific tick vectors.

Treatment: As with B. bovis, successful treatment
of B. bigemina depends on early diagnosis and the
prompt administration of effective drugs. If medica-
tion is administered early, success is the rule, for
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there are several effective compounds. One of the
first successful treatments was trypan blue. This treat-
ment may be used to determine the type of infection
present. B. bigemina is susceptible to trypan blue
treatment, whereas B. bovis is not. Generally, the
small babesias are more resistant to chemotherapy.
The most commonly used compounds for treatment
are diminazene diaceturate (3-5 mg/kg), imidocarb
(1-3 mg/kg) and amicarbalide (5-10 mg/kg); how-
ever, the quinuronium and acridine derivatives are also
effective where these are available. Treatment of
B. bigemina is so effective in some instances that rad-
ical cures occur that will eventually leave the animal
susceptible to reinfection. For this reason, reduced
drug levels are sometimes indicated. Imidocarb has
been successfully used as a chemoprophylactic that will
prevent clinical infection for as long as 2 months, but
allow mild sub-clinical infection to occur as the drug
level wanes resulting in premunition and immunity.

Control: Specific control measures are not usually
necessary for animals born of mothers in endemic
areas, since their colostrum-acquired immunity is
gradually reinforced by repeated exposure to infec-
tion. Indeed, the veterinary importance of babesiosis
is chiefly that it acts as a constraint to the introduc-
tion of improved livestock from other areas. Areas
of enzootic instability also create problems when tick
numbers suddenly increase or animals, for some rea-
son, are forced to use an adjacent tick-infested area.
Immunisation, using blood from carrier animals,
has been practised for many years in tropical areas,
and more recently in Australia; rapidly passaged
strains of Babesia, which are relatively non-pathogenic,
have been widely utilised in live vaccines. In the
near future, these may be superseded by adjuvanted
vaccines prepared from several recombinant Babesia
antigens. Otherwise the control of babesiosis in
susceptible animals introduced into endemic areas
depends on surveillance for the first few months after
their arrival and, if necessary, treatment.
Vaccination of cattle against B. bigemina infection
is commonly practised in many countries by inoculat-
ing blood from donor animals. This is usually obtained
from a recently recovered case, any untoward reactions
in the ‘vaccinates’ being controlled by babesicidal
drugs. In Australia, the procedure is more sophisticated
in that the vaccine is produced from acute infections
produced in splenectomised donors. For economy,
the blood is collected by exchange transfusion rather
than by exsanguination. It is interesting that the
rapid passage of the parasite by blood inoculation
in splenectomised calves has fortuitously had the
very desirable effect of decreasing the virulence of
the infection in non-splenectomised calves to the
extent that post vaccination surveillance of cattle is
frequently not performed. The parasite count of the
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blood determines the dilution of the latter, which is
dispensed in plastic bags, packed in ice and despatched
in insulated containers. Each dose of vaccine contains
about 10 million parasites. Most of the vaccine is used
in cattle under 12 months of age living in conditions
of enzootic instability. The degree of protection induced
is such that only 1% of vaccinated cattle subsequently
develop clinical babesiosis from field challenge, com-
pared to 18% of unvaccinated cattle.

The primary disadvantage of red cell vaccines is
their lability and the fact that, unless their preparation
is carefully supervised, they may spread diseases such
as enzootic bovine leucosis. Obviously there will be
no such problem with a vaccine based on recombinant
antigens.

A regimen of four injections of long-acting oxytetra-
cycline at weekly intervals, administered to naive cat-
tle during their first month of grazing on tick-infested
pastures, has been shown to confer prophylaxis against
B. bigemina during this period, after which the cattle
were immune to subsequent challenge.

Notes: B. bigemina, a large Babesia is of particular
interest historically, since it was the first protozoan
infection of man or animals demonstrated to have an
arthropod intermediate host; this was shown in 1893
by Smith and Kilborne while investigating the cause
of the locally known ‘Texas fever’ in cattle in the USA.
The disease has since been eradicated in that country.

Babesia bovis

Synonym: Babesia argentina
Predilection site: Blood
Parasite class: Sporozoasida
Family: Babesiidae

Description: B. bovis is a small pleomorphic babesia,
typically identified as a single body, as small round
bodies, or as paired, pear-shaped bodies joined at an
obtuse angle within the centre of the mature erythro-
cyte. The round forms measure 1-1.5 um, and the
pear-shaped bodies 1.5 x 2.4 um in size. Vacuolated
signet ring forms are especially common.

Hosts: Cattle, buffalo, deer

Geographical distribution: Australia, Africa, Central
and South America, Asia and southern Europe

Pathogenesis: B. bovis is generally regarded as the
most pathogenic of the bovine Babesia. Although the
classical signs of fever, anaemia and haemoglobinuria
occur, the degree of anaemia is disproportional to
the parasitaemia since haematocrit levels below 20%
may be associated with infections of less than 1%
of the red cells. The reason for this is unknown. In
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addition, B. bovis infection is associated with sludg-
ing of the red cells in the small capillaries. In the
cerebrum this causes blockage of the vessels by
clumps of infected red cells leading to anoxia and
tissue damage. The resulting clinical signs of aggres-
sion, incoordination or convulsions and depression
are invariably fatal. Finally, recent work has indicated
that some of the severity of B. bovis infection may
be associated with the activation of certain plasma
components, leading to circulatory stasis, shock and
intravascular coagulation.

Clinical signs: Incoordination, convulsions, depres-
sion, death

Diagnosis: The history and clinical signs of fever,
anaemia, jaundice, and hemoglobinuria in cattle
located in enzootic areas where Boophilus ticks occur
are usually sufficient to justify a diagnosis of babesiosis.
For confirmation, the examination of blood films,
stained with Giemsa, will reveal the parasites in the
red cells. However, once the acute febrile phase has
subsided they are often impossible to find since they
are rapidly removed from the circulation. In addi-
tion, a technique of brain biopsies has been described
that has proven very useful in detecting and diagnos-
ing Babesia bovis infections. The characteristic low
parasitemias in the circulating blood make this tech-
nique very useful in improving the chances of seeing
the organism. There is a marked concentration of
infected erythrocytes in the capillaries of the brain.

From each animal six blood smears should be
made, air-dried and fixed in methanol and/or a
sample of whole blood in an anticoagulant and serum
should be collected. In cases of chronic infection,
diagnosis is usually made using a variety of serolog-
ical tests for the detection of specific antibodies, since
the organism disappears or is present in extremely low
numbers soon after the acute infection. Presently,
immunofluorescence assay is the test of choice in the
serologic diagnosis of B. bovis.

Other conditions that should be considered and may
resemble babesiosis are anaplasmosis, trypanosomiosis,
theileriosis, leptospirosis, bacillary haemoglobinuria,
haemobartonellosis and eperythrozoonosis.

Pathology: At necropsy, the carcase is pale and
jaundiced and the lungs may be oedematous and con-
gested in cattle that have died early in the course of
infection. The pericardial sac may contain serosan-
guineous fluid and subepicardial and subendocardial
petechial haemorrhages. The liver is enlarged and
icteric, and the gallbladder, which may have haemor-
rhage on the mucous surface, is distended with thick,
dark green bile. The spleen is markedly enlarged,
and has a dark pulpy consistency. The abomasal and
intestinal mucosa may be icteric with patches of sub-
serosal haemorrhages (Fig. 2.37). The blood is thin and
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Fig. 2.37 Postmortem findings, Babesia bovis.

watery. The urinary bladder is frequently distended,
with dark, reddish brown urine. Jaundice is com-
monly distributed in the connective tissue. The lymph
nodes are oedematous and often have petechiation.

Epidemiology: Babesia bovis is transmitted by the
same ticks that transmit B. bigemina (Boophilus
annulatus, B. microplus). The tick Boophilus decol-
oratus, which is widely distributed in Africa, does
not appear to transmit Babesia bovis even though it
readily transmits Babesia bigemina. There are reports
from Europe of Babesia bovis, for which the vector is
thought to be Ixodes ricinus.

Treatment: Successful treatment depends on early
diagnosis and the prompt administration of effective
drugs. There is less likelihood of success if treatment
is delayed until the animal has been weakened by fever
and anaemia. Chemotherapy is generally effective,
although B. bovis is usually somewhat more difficult
to treat than other Babesia species, and a second
treatment, or slightly increased dose rates, may be desir-
able. The most commonly used compounds for the
treatment of babesiosis are diminazene diaceturate
(3-5 mg/kg), imidocarb (1-3 mg/kg) and amicarbalide
(5-10 mg/kg); however, the quinuronium and acridine
derivatives are also effective where these are available.
Trypan blue is not effective against B. bovis.

Control: The numbers of ticks and therefore the
quantum of Babesia infection may be reduced by
regular spraying or dipping with acaricides. In addi-
tion, in cattle, the selection and breeding of cattle
which acquire a high degree of resistance to ticks is
practised, particularly in Australia. Widespread use of
tick vaccines may also hav