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The global turkey business strives for increased production, higher quality, and
competitive pricing. Turkey production has increased in recent decades due to the
progress made in artificial brooding, genetics, nutrition, and management. However,
the rising demand for turkey meat requires a consistent, practical, and goal-oriented
healthcare system to minimize and control the emergence and spread of infections
in turkey farms. Nevertheless, the production and health of turkeys are also being
impacted by various factors and problems. Among these factors are intense global
competition between producing countries and permanent changes in social, politi-
cal, and consumer perceptions regarding food safety, animal welfare, and environ-
mental protection. Several human foodborne infections are linked to poultry and
poultry products, causing a serious challenge because it is difficult to control.
Moreover, contamination of turkey meat and products with antibiotic-resistant bac-
teria is a constant public health hazard. The loss of consumer confidence and trust
in turkey meat product safety and quality will also be a major concern.

The current and future turkey health concepts should cover the control of dis-
eases in birds and the relationship between birds’ health, welfare, and environmen-
tal protection. Additionally, the emergence and re-emergence of infectious turkey
diseases will remain an important and never-ending challenge. Only a few autho-
rized pharmaceuticals and veterinary products are available to treat turkeys.
Developing efficient vaccines and natural antimicrobials against bacterial infections
will reduce antibiotic use and resistant bacteria’s development. Genetic selective
breeding to improve production traits and health is a long-standing goal of the tur-
key industry. Furthermore, rearing technology, management, and feeding will help
maintain the birds healthy and comfortable. Finally, all other partners involved in
the production chain, including farmers, veterinarians, and stockholders, need to
collaborate to meet consumer expectations for high-quality and safe products.

The book Turkey Diseases and Disorders aims to address the main challenges
facing turkey production and is organized into two volumes: Volume 1 covers the
main bacterial and fungal diseases of turkeys in 22 chapters. Volume 2 covers viral
and parasitic diseases and nutritional disorders in 20 chapters. The book is designed
to be a handbook for undergraduate students and a valuable source for researchers,
practical poultry specialists, and nutritionists. Additionally, this book may be instru-
mental as a guide for production and health problems in turkeys. At the end of each
chapter, we provide the reader with selected literature that covers the topic.



vi Preface

Comprehensive citation of the references is minimized, and the presentation of lit-
erature data is based on the interpretation or correlation of research findings.

This book can serve as a textbook, a research reference, and a valuable guide to
the knowledge of turkey management and diseases. We hope that readers will find
this book useful and interesting to read.

Berlin, Germany Hafez M. Hafez
Garching, Germany Awad A. Shehata
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Abstract

The first report on the isolation of the influenza virus from turkeys with respira-
tory signs was in the 1960s in the United States. Since then, several outbreaks
caused by low-pathogenic (LP) and highly pathogenic avian influenza (HPAI)
subtypes, that is, H1, H3, HS5, H6, H7, and H9, have been observed in many
countries worldwide. Differences in susceptibilities between turkeys and chick-
ens have been identified. It was found that H7N2 was more infectious for turkeys
than chickens. Sinusitis is a common sign in turkeys infected with LPAI. In addi-
tion, turkeys play an important role in the evolution of avian influenza viruses for
several reasons: (i) Turkeys have both avian- and human-type receptors, making
them highly probable mixing vessels for avian influenza viruses. Both avian-type
and human-type receptors are expressed in the nasal cavity, lung, kidney, esopha-
gus, and intestine. (ii) Turkey breeders especially can also be infected with swine
influenza viruses such as HIN1, HIN2, and H3N2, causing a severe drop in egg
production and severe economic losses as well as increasing the probability of
reassortments and virus evolution in turkey hosts. (iii) Interspecies transmission
of swine influenza viruses to turkeys is common. Interspecies transmission
between ducks to turkeys has been reported but less frequently. Mixing different
poultry species and outdoor rearing could favor the adaptation of LPAI viruses
and pose a serious health risk.
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Fig. 1.1 Avian influenza virus (Generated by Biorender)
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1.1 Etiology

Al viruses are members of the Orthomyxoviridae family. Four types of influenza
viruses, A, B, C, and D, are known within this family, based on nucleoproteins and
matrix proteins (Kuhn et al. 2020). The structure of avian influenza is illustrated in
Fig. 1.1. The virus genome is a single-stranded segmented RNA; the genome of
influenza A and B viruses comprises eight gene segments, while the influenza C and
D genome comprises seven segments (Abdelwahab and Mettenleiter 2023).

The eight segments of influenza A viruses encode at least ten viral proteins: PB2,
PB1, PA, HA, NP, NA, M1, M2, and NEP are included in the virion, while the non-
structural protein NS1 is expressed only in host cells after infection. Type A viruses
can infect birds, humans, and mammals such as horses, pigs, seals, and whales. The
virus is RNA, enveloped, and sensitive to ether, chloroform, and different chemical
disinfectants. Type B and C affect only humans. Type D infects a broad range of
mammalian species.

1.2 Influenza Pandemics

AIV causes periodic epidemics in humans, horses, pigs, seals, whales, and several
birds (Swayne et al. 2020).

(i) The Russian flu pandemic emerged between 1889 and 1890 in Russia. It was
likely caused by H3N8 and H2N?2 strains (Ryan 2008).



1 Avian Influenza 5

g ==

« Suspected origin: * Suspected origin: Rg
Russia Russian flu Swine flu Mexico Q

+ H3N8andH2N2 1889-1890 ’ 2009-2010 4 * HIN1

* Deaths: 1 million ) * Deaths: 575,000

Influenza

+  Suspected origin: Pandemlcs i:?saectedongm ”
China Spanishflu | Hong-Kongflu |, )y

* HIN 191371920) 1968-1970 £, peaths: 1-2 million !

* Deaths: 40-50 >
million

Asian flu

1957-1958
* Suspectedorigin: China %
= H2N2 Q
* Deaths: 1.5-2 million

Fig. 1.2 Pandemic and epidemic events of influenza (Generated from Parvin et al. 2022)

(i)

(iii)

(iv)

1.3

Spanish flu was the first documented influenza pandemic in humans. About
500 million people were infected, and about 50 million deaths were reported
over 2 years. The cause of Spanish flu is HIN1 of avian origin, which emerged
in four waves during 1918-1920 (Bassareo et al. 2020).

Asian flu and Hong Kong flu pandemics emerged in 1968 and 1970 and were
caused by H2N2 and HIN1 viruses. The two viruses had reassortment events
comprising human and avian-origin gene segments (Martini et al. 2019).
Swine flu was caused by a novel HIN1pdmO9 virus in 2009 (Riley et al. 2011;
Dawood et al. 2012). This virus emerged from triple reassortment between
avian, swine, and human influenza viruses (Tewawong et al. 2015). Various
pandemic and epidemic events of influenza are illustrated in Fig. 1.2.

Evolution of Influenza Viruses

There are three mechanisms of influenza viruses’ evolution:

®

(i)

Antigenic drift: The virus genome experiences a single mutation that alters
the amino acid sequence. The reason for these mutations is a lack of the ability
to proofread RNA-dependent RNA polymerase (RdRP), which causes a rate of
1073 and 10~* integration of false nucleotides (Drake 1993; Shao et al. 2017).
By altering or hiding the immunogenic epitopes of a circulating virus, it may
cause immunological escape. The primary cause of vaccination failure in
humans and poultry is antigenic drift, which necessitates regular updates to
influenza virus vaccines (Grund et al. 2011; Wen et al. 2021).

Antigenic shift (Reassortment): When a host cell is co-infected with numer-
ous viruses, the genome segments may be shifted to generate progeny viruses
with novel genome combinations (Marshall et al. 2013). Antigenic shift
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between avian, swine, and human influenza viruses has been reported, leading
to the emergence of new subtypes. Although pigs serve as a vessel for the mix-
ing of influenza viruses, other host species, such as turkeys and quails, as well
as humans, may also participate in this way; therefore, pigs are not the only
species that participate in the production of reassortant influenza viruses
(Hennig et al. 2022). More recently, potential “mixing vessels” based on the
distribution of avian and human sialic acid receptors have been categorized
into: (i) high probable mixing vessels hosts, such as humans, pigs, minks, fer-
rets, seals, dogs, cats, birds, turkeys, chickens, quails, and ducks; (ii) medium
probable mixing vessel hosts such as nonhuman primates, raccoons, camels,
pikas, horses, and zoo animals, including tigers and lions; and (iii) low proba-
ble mixing vessels hosts such as foxes, bats, and whales (Abdelwahab and
Mettenleiter 2023).

Recombination: Parts of the influenza gene segments, or host cellular RNA,
are integrated into other gene segments, known as homologous recombination
and/or nonhomologous recombination, respectively. HPAI emerged from LPAI
due to recombination in the HA cleavage site (Gultyaev et al. 2021).

Subtypes and Pathotypes of Avian Influenza

To date, there are 18 H subtypes and 11 N subtypes of Influenza A viruses. Avian
influenza viruses (AIVs) contain H1 to H16 and N1 to N9 subtypes, while HI7N10
and H18N11 are detected or isolated only in bats (Gamblin and Skehel 2010; Suarez
2016). According to the pathogenicity, influenza viruses are classified into LAPI
and HPAI (Table 1.1).

Representatives of all the different subtypes of Influenza A viruses have been
isolated from several species of birds, mainly from aquatic species such as ducks,
geese, and gulls. The viruses are known to have a high mutation rate. The mutation

Table 1.1 Features of high pathogenic (HPAI) and low pathogenic (LPAI)

Criteria HPAI LPAI

The cleavage site of Multiple basic amino acids, Monobasic amino acid

HAO such as lysine and arginine

HAO cleavage Ubiquitous cell proteins are Only trypsin-like proteases found
found in most cells of the in the respiratory and digestive
body systems

Virus replication Pantropic Epithelial cells of respiratory and
(all cells and all organs) digestive tracts

Virus replication in cell | Without trypsin With trypsin

culture

Subtypes HS5 and H7? Other subtypes

Lethality in 4-6 weeks 6-8/8
chicks (IV-infection)

*H5 and H7 are usually HPAI with few exceptions
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of the virus and recombinations between strains lead to ongoing dynamic changes
in the virus surface structures (Swayne et al. 2020). Several features are used to
describe new influenza viruses, including antigenic type (A, B, C, D), animal host,
geographical location (city, state, or country), laboratory or reference ID, the year of
isolation, and HA and NA types. An example is A/chicken/Egypt/SCU20/2014 HON2.

1.5 Avian Influenza in Wild and Domestic Birds

AIV subtypes H1 to H11 and H13 have been detected and/or isolated from domestic
birds. The most frequently isolated subtypes in domestic birds are subtypes HSNXx,
H6N2, H7N3, H7N9, and HON2. However, subtypes H12 and H14-H16 have not
yet been detected in domesticated birds. Mixed infections with several influenza
subtypes were reported. Mixed viral infections were observed in both broiler and
layer chickens. The detected triple HSN1, HON2, and H5N8 influenza co-infection
raises the concern of potential Al epidemic strain emergence (Shehata et al. 2019).
AlVs that are highly pathogenic in ducks are also highly pathogenic in chickens, but
the reverse is not true. Most HPAIV H5/H7 strains in ducks are non-virulent, unlike
in chickens and turkeys. Mallard ducks are known to be the primary carriers of
avian influenza viruses, although several HSN1 and H5N8 viruses are also highly
virulent in mallards. Muscovy ducks are more sensitive than Pekin ducks (reviewed
in Abdelwahab and Mettenleiter 2023). The diversity of host-specific influenza
viruses is shown in Tables 1.2 and 1.3.

Table 1.2 Diversity of host-specific influenza viruses. The HI7N10 and HI8N11 subtypes were
identified in bats

Subtype Human Horse Pig Wild birds Domestic Spill over to
birds other animals*

Diversity of HA
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12
H13
H14
H15
H16
Diversity of NA
N1
N2
N3
N4
N5
N6
N7
N8
N9
* Mice, ferrets, monkeys, tigers, cats, dogs, marten, donkeys, and civet cat.
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Table 1.3 Pathogenicity of HPAI in chicken/turkeys versus ducks

Chickens/turkey Ducks
HPAI subtypes | Most strains are pathogenic and can lead | Most strains are avirulent to
H5 and H7 to 100% morbidity and mortality in Mallard ducks
poultry Muscovy ducks are more
sensitive compared to Pekin
ducks
HPAI isolated Pathogenic in chickens and turkeys Not all pathogenic in ducks
from chickens
HPAI isolated Pathogenic in chickens and turkeys Pathogenic in ducks
from ducks

1.5.1 Avian Influenza in Turkeys

Turkeys are considered a bridging host for adapting wild-bird AIVs to infect poultry
(Pillai et al. 2010). They are naturally susceptible to HIN1, triple reassortant H3N2
viruses. Due to the expression of both avian-type receptors in turkeys (Kimble et al.
2010), they are considered highly probable mixing vessels. Both avian- and human-
type receptors are expressed in the nasal cavity, lung, kidney, esophagus, and intes-
tine; however, only an avian-type receptor is expressed in the trachea (Pillai et al.
2010; Costa et al. 2012).

The first report on the isolation of influenza virus from turkeys with respiratory
signs was in 1963 (Lang et al. 1968). In 1999, low pathogen Influenza A subtype
H7N1 was isolated from turkey flocks in Italy, accompanied by a high mortality rate
and a turn to virulence (HPAI) by the end of 2000 (Capua and Alexander 2004).

From December 2001 to January 2002, Al outbreaks were observed in three
turkey flocks reared in the central-west region of Germany. In all cases, sudden
onset of depression, decreased feed and water intake, and respiratory signs accom-
panied by high mortality were observed. Postmortem lesions revealed pericarditis,
petechial hemorrhages in pericardial fat, fibrinous airsacculitis, lung congestion,
and pneumonia (Hafez 2003).

Since 2006, HPAIV H5N1 of clade 2.2.1 infected a wide range of poultry, includ-
ing turkeys, and caused severe economic losses. The virus is endemic in poultry in
several countries and has diversified into two genetic clades: clade 2.2.1.1 and clade
2.2.1.2. The 2.2.1.1 clade represents immune-escape variants in vaccinated com-
mercial poultry from 2007 to 2011.

The 2.2.1.2 clade was detected in humans, non-vaccinated backyard poultry, and,
recently, commercial poultry in Egypt (Salaheldin et al. 2022). The low-pathogenic
AIV A/turkey/Ontario/6213/1966 (H5N1) was isolated and proved that it is a pro-
genitor of HPAI A/turkey/Ontario/7732/1966 (H5N9) (Ping et al. 2012).

Currently, the major turkey-producing countries have a problem at one time or
another with Al (LPAI and HPAI). Although transmission from birds to humans is
rare, there is a risk that these viruses may adapt and become able to infect and gain
the ability to spread from person to person. Therefore, early detection and identifi-
cation of human infection is of great public health importance. Focusing testing of
people who develop symptoms should be tested to reduce the risk of further spread
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to public health. Such investigations increase our knowledge of the zoonotic risk of
influenza A viruses and provide vital evidence to help strengthen One Health
responses, particularly given the unusual infection pressure in avian populations
and the extensive global spread of H5N1.

1.6 Transmission and Source of Infection

The disease is transmitted directly via direct contact with infected birds and/or indi-
rectly via contaminated equipment. Infected birds shed the virus in fecal and/or
oculo-nasal discharges. Recovered flocks will intermittently shed the virus and
should be considered as infected for an extended period if not all the life. The virus
can survive in the contaminated environment for long periods at moderate tempera-
tures and longer in frozen materials. The infection can be easily spread by people
via contaminated shoes and clothing, crates of egg flats, vehicles, rodents, and
insects that may mechanically carry the virus from infected to susceptible poultry.
There is little or no evidence of vertical transmission (egg-borne infection) in poul-
try. However, eggshell surfaces can be contaminated with the virus. Wild and
domesticated waterfowl are the primary natural reservoirs of influenza viruses.
They may be infected with multiple subtypes without clinical signs, excrete the
virus for long periods, and do not develop detectable antibodies.

1.7 Course of Infection

The severity of clinical signs, course of the disease, and mortality after infection
with Al are incredibly variable and vary from a very mild or even inapparent form
to a highly acute form, depending on the virulence of the virus, the species, age, the
immune status of the host, concurrent diseases, and management.

1.8  Clinical Signs

Clinical signs after infection with HPAI may include high mortality, ruffled feath-
ers, depression, diarrhea, sudden drop in egg production in breeder flocks, cyanosis
of the snood, oedema, swelling of the head, blood-tinged discharge from nostrils,
respiratory distress, incoordination, and pinpoint hemorrhages mostly seen on the
feet and shanks. LPAI in turkeys is characterized mainly by respiratory
manifestations.

1.9 Postmortem Lesions

The main postmortem lesions of avian influenza in turkeys are shown in Fig. 1.3. In
turkeys, lesions consist of sinusitis, tracheitis pericarditis, petechial hemorrhages in
pericardial fat, fibrinous airsacculitis, lung congestion, pneumonia, enlargement of
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Fig. 1.3 Postmortem lesions of avian influenza in turkeys. (a) sudden death, (b, ¢) sinusitis,
(d) pneumonia, (b) splenomegaly, (f) peritonitis and hemorrhages on the ovarian follicles,
(g) tracheitis, (h) healthy pancreas, (i) hemorrhagic pancreatitis (©Hafez, H.M. Fu-Berlin)
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Fig. 1.3 (continued)

the spleen, and inflammation of the pancreas. Blood vessels are usually engorged.
Hemorrhage may occur in the trachea, proventriculus, and intestines. HPAI can also
cause necrotizing myocarditis. The lining of the gizzard may be easily removed.
Young broilers may show signs of severe dehydration with other less pronounced or
absent lesions.

1.10 Diagnosis
1.10.1 Sampling

Sampling tracheal swabs from poultry flocks to detect avian influenza viruses is
time-consuming and involves a high workload for the staff and a lot of stress for the
sampled animals. Swab samples in/on drinkers can easily be taken. When taking
water, every animal with a respiratory infection leaves small amounts of its respira-
tory secretions (mucus) in/on the drinkers. Even before the first clinical signs appear
in a flock, the influenza virus is already in small amounts of mucus particles in the
drinkers present. By sampling swabs in/on many drinkers in the barn, the smallest
amounts of respiratory murus from infected birds in the flock can be detected by
PCR technique.

In contrast to the fecal samples, the samples from the drinkers contain only a
small amount of DNA and RNA from microorganisms (Sieverding and Hafez 2023).
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The PCR results from this field study showed that swabs from the drinkers in the
barn yield very reliable and very important information about the presence of avian
influenza viruses in a poultry population. However, taking swab samples from many
drinkers in the barn is important. Influenza monitoring with swab samples from
drinkers is rapid, sensitive, specific, reliable, and inexpensive and can be taken eas-
ily by individuals, regardless of the age and the number of birds in the flock.
Detecting the avian influenza virus in infected flocks with swab sampling in/on
drinkers is an animal-friendly process with an improvement in the statistical signifi-
cance of the infection status of a flock.

1.10.1.1 Laboratory Diagnosis

Clinical signs and lesions are not pathognomonic. Therefore, isolation, identifica-
tion, and characterization of the virus involved are essential. The laboratory diagno-
sis of Al is done in three steps, including (i) identification of influenza type, (ii)
identification of subtype, and (iii) pathotyping using animal experiments or sequence
analysis of the hemagglutinin cleavage side (Fig. 1.4).

Al virus can be isolated in embryonated chicken eggs by the allantoic sac route
or using several cell lines. Depending on the pathotype, the embryos may or may
not die within a 5-day observation period, and usually, there are no characteristic
lesions to be seen in either the embryo or the allantoic membrane. Hatching eggs
inoculated with HPAIV-containing material usually die within 48 h.

The hemagglutination test can detect a hemagglutinating agent in the har-
vested allantoic fluid; it must be differentiated from other hemagglutinating
viruses, such as the Newcastle disease virus and egg drop syndrome. Chicken
RBCs are commonly used; however, H1 and H3 influenza viruses isolated from
turkeys agglutinate turkey, horse, and guinea pig RBCS may not agglutinate
chicken RBCs.

The agar gel immunodiffusion (AGID) test using influenza A antigen can con-
firm that the isolated virus is influenza A, depending on the matrix and nucleocapsid
antigens. PCR can also be used for the detection of the circulating subtype. HI and
NI tests can be used for subtyping influenza viruses using specific sera for H5 and
H7 subtypes.

Classical method Molecular method

Virus isolation in embryonated
—— chicken eggs via allantoic sac route),

RT-qPCR (M/NP/PB1) l Phase 1: Type determination
Confirmation using HA and AGID

[ ] |RT-qPCR using subtype-specific pri
Hl-test for identification of subtypes a usmg(is; H\gpeH;;))eu ““PUTEE | phase 2: Subtype determination

Pathotyping: Animal experiment Sequencing and sequence analysis } Phase 3: Pathotyping

Fig. 1.4 Diagnosis of avian influenza. The laboratory diagnosis of avian influenza is done in three
steps. (i) isolation of avian influenza A, (ii) identification of subtype, and (iii) pathotyping using
animal experiment or IV: sequence analysis of the hemagglutinin cleavage side
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Pathotyping can be determined using the in vivo pathogenicity test and/or
sequencing and phylogenetic analysis. In vivo, the pathogenicity test shall be con-
ducted according to the guideline published by the OIE manual by inoculating 4- to
8-week-old specific pathogen-free chicks intravenously. HPAI causes the mortality
of 75% of birds within 10 days. Isolates with an IVPI >1.2 are considered HPAI. The
cleavage site of HPAI is multiple basic amino acids in the case of HPAI. However,
LPAI viruses have monobasic amino acids.

Serological detection. AGID and ELISA can be used to identify antibodies in
flocks exposed to infection. AGID detects antibodies toward M1 and nucleocapsid
proteins for all type A viruses (group-specific). The AGID test requires large quanti-
ties of reagents and takes 24—48 h for results to be obtained, while most commercial
ELISAs detect only antibodies toward nucleoproteins. Furthermore, the AGID test
may not be suitable as a universal assay for some other species of birds; serum
samples from waterfowl do not contain good precipitating antibodies. The HI test is
more sensitive and rapid than the AGID test, but it is complicated due to the exis-
tence of 16 HA subtypes of AIV.

1.11 Prevention and Control

Since AIVs in nature are maintained in wild aquatic birds, eradicating the infections
seems complicated and even impossible. However, every effort should be taken to
prevent direct and/or indirect contact between domestic poultry and wild waterfowl
as well as vaccination of poultry flocks.

In conjunction with strict quarantine, several vaccination programs have been
used to control the disease in commercial turkey flocks. In infected flocks with
HPALI, strict quarantine and rapid depopulation of infected flocks remain the only
effective methods of stopping Al. The success of vaccination programs depends on
the course of the infection, governmental regulations, veterinarians, and the poultry
industry. However, using inactivated vaccines against highly pathogenic influenza
viruses in some countries has revealed promising results.

1.11.1 Pros and Contras Against the Need for Vaccination

Vaccines against LPAI viruses were successfully used in turkey farms in the United
States, demonstrating their potential effectiveness against HPAI viruses (Halvorson
2009). After that, vaccination was implemented in several countries, including Italy
(LPAI), Mexico (HPAI), and China (HPAI). In influenza-endemic countries, such as
China, Egypt, Indonesia, and Vietnam, vaccination against HPAI has been used
after the ineffective implemented stamping out policy. Vaccination of turkeys is
commonly used to control HPAI H5N1 infections in many countries (Halvorson
2002; Swayne et al. 2014).

The decision to vaccinate against Al remains challenging (Sims et al. 2016),
Fig. 1.5. The outbreaks’ severity and economic consequences have led to debates on
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Fig. 1.5 Pros and cons against HPAI influenza vaccines

whether vaccination should be allowed alongside eradicating infected flocks.
Poultry farmers advocate for vaccination, citing several reasons: (i) The stamping
out method is insufficient in controlling the spread of the deadly Al virus. (ii) The
affected regions are too vast to prevent further virus transmission. (iii) Vaccination
is vital in safeguarding valuable flocks, especially breeding stock.

However, some scientists argue against vaccination for the following reasons: (i)
Vaccination does not completely prevent the infection of flocks and can lead to the
development of clinically silent virus carriers. (i) It can be challenging to distin-
guish between infected and noninfected birds in vaccinated flocks. (iii) Vaccinating
all flocks in affected regions can result in significantly high expenses. (iv) Vaccination
may result in additional trade restrictions. (v) Virus evolution under vaccination
pressure leads to the emergence of antigenically variant strains. In Egypt, since
2006, HPAIV H5N1 of clade 2.2.1 infected a wide range of poultry, including tur-
keys, and caused severe economic losses. The virus is endemic in poultry in several
countries and has diversified into two genetic clades: clade 2.2.1.1 and clade 2.2.1.2.
The 2.2.1.1 clade represents immune-escape variants in vaccinated commercial
poultry from 2007 to 2011. The 2.2.1.2 clade was detected in humans, non-
vaccinated backyards, and commercial poultry (Salaheldin et al. 2017). In 2022,
The 2.2.4.4b clade emerged. Generally, it is recommended to vaccinate against
influenza with vaccines that provide the Differentiating Infected from Vaccinated
Animals (DIVA) principle to detect active infection in vaccinated animals. Capua
et al. developed and validated a serological test, “DIVA “(Capua et al. 2003).

Over the years, advancements in vaccine technology and extensive research have
proven the safety and effectiveness of vaccines against HPAI. Innovative vaccina-
tion strategies, like vector-based vaccines and recombinant technologies, have over-
come previous limitations and strengthened confidence in immunization and control
measures. The collaborative efforts between international organizations, govern-
ments, and research institutions have also played a vital role in establishing
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standardized vaccine development, distribution, and administration protocols.
These efforts have harmonized global strategies and improved preparedness and
response mechanisms for potential HPAI outbreaks. Consumer attitudes have
evolved, driven by increased awareness of the public health implications of avian
influenza and growing demand for sustainable and ethically produced poultry prod-
ucts. This shift in consumer sentiment has encouraged industry stakeholders to
embrace vaccination as a proactive measure to safeguard avian welfare and
human health.

In 2023, vaccination against HPAI was approved in several EU countries for
several poultry species, such as France (domestic ducks), the Netherlands (layers),
Hungary (geese), Italy (turkeys), the Czech Republic (geese), and Belgium.

1.11.1.1 Types of Vaccines

(i) Inactivated vaccines prepared in embryonated chicken eggs, used as oil emul-
sions, and administered intramuscularly or subcutaneously. These vaccines pro-
duce humoral immune antibodies.

(ii) Vectored recombinant vaccines by inserting the HA gene into the Fowlpox
virus vaccine strain or herpesvirus turkey (HVT) vectors (Kapczynski
et al. 2016).

The host develops an immune response against both influenza and the used vec-
tor. Vector vaccines are characterized by the induction of both cell-mediated and
humoral immune responses. Also, this type of vaccine can differentiate between
vaccinated and infected birds (DIVA), with no antibodies against NP. The disadvan-
tage of these vaccines is that birds exposed to the fowlpox virus will not develop
antibodies toward Al (Brugere-Picoux et al. 2015). Several types of HS vaccines are
used, including local and nonlocal field strains and inactivated and recombinant
vaccines from historic and recent HSNx viruses.

Vaccination programs are highly variable; co-infections with viral and bacterial
infections are widespread and can negatively influence the vaccine’s efficacy. Also,
maternal immunity in day-old poults interferes with vaccination at an early age
(Abdelwahab and Hafez 2011). A substantial antigenic drift has been reported as an
immune evasion mechanism due to mutations in immunogenic epitopes of the hem-
agglutinin gene 2.2.1.1 (Abdelwahab et al. 2016). Nevertheless, the infection in
vaccinated poultry continues (Abdelwahab et al. 2016). However, little is known
about HPAI H5N1 infections in vaccinated turkeys (Salaheldin et al. 2017).

1.11.1.2 Vaccination Against Low-Pathogenic Avian Influenza
Generally, the inactivated HON2 vaccine does not effectively control the transmis-
sion of the LPAI virus in poultry (Cui et al. 2021). Inactivated HIN2 vaccines
mainly induce humoral immunity, which makes it difficult to interrupt virus infec-
tion and shedding in the chicken upper respiratory tract. HON2 AIV strains are still
circulated between vaccinated chickens (Zhong et al. 2014), highlighting the urgent
need to develop more effective vaccines that provide cellular and mucosal immunity
against H9.
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However, there are some trials for developing other vaccine types. Shehata et al.
(2020) evaluated the efficacy of H9 plasmid-based DNA targeting the HA gene of
HON2 A/CK/Egypt/SCUS8/2014 in turkey poults. The effectiveness of DNA (pVAX-
H9 and pCR- H9) vaccine, naked or saponin-adjuvanted, was evaluated in turkey
poults at third week of age intramuscularly and challenged 3 weeks later with the
same life isolate at a dose level of 10° EIDsy/bird. None of the birds vaccinated with
naked or saponin-adjuvanted pVAX-H9 or pCR-H9 showed any clinical signs.
However, the pVAX-H9 and pCR-H9 alone did not prevent cloacal and oropharyn-
geal virus shedding.

On the other hand, saponin-adjuvanted pVAX1-H9 and pCR-H9 prevented cloa-
cal and oropharyngeal virus shedding at the third and fifth days post-challenge,
respectively. All vaccinated birds showed high antibody titers in HI (7-8 log,) in the
third week post-vaccination. In conclusion, DNA vaccination with pVAX1-H9 and
pCR-HO9 could protect turkeys from the HON2 virus, but vaccination regimes should
be improved.

1.11.1.3 Considerations and Essential Components
Several considerations should be considered for preventing and controlling avian
influenza (Halvorson 2002, 2009; Swayne et al. 2014; Sims et al. 2016).

1. HPAI should be eradicated from poultry, and vaccination should be used only
to deliver eradication. However, stamping out programs are complex, expen-
sive, and labor-intensive. In several countries, many farms are not registered.
Passive surveillance systems and farmer compensation schemes should be
implemented, particularly if virus elimination is still the immediate goal.
Compensation for culled birds is essential to encourage the owner to report the
disease as early as possible. It must be paid at or near the actual market value of
the birds.

2. Biosecurity is the first line to prevent the introduction and spread of infection.
In simple terms, keep pathogens away from poultry and poultry away from
pathogens. However, practically, biosecurity can reduce but does not elimi-
nate risks.

3. Vaccination is recommended for countries where there is a risk that stamping
out may result in the removal of a major source of food for rural communities
and damage the commercial viability of the local poultry industry. If vaccina-
tion is to be an option in the control of Al, then it must be used in parallel with
enforced biosecurity measures. The objectives and strategies for vaccination
should be clear, consistent, and regularly reviewed to align with prevention and
control plans.

4. High-quality vaccines that are registered by national authorities should be used
if vaccination is implemented. Vaccines should exhibit a good antigenic match
to the circulating field strain(s). However, it’s important to note that not all virus
strains are equally effective in stimulating immunity, which may be attributed
to the glycosylation patterns of the HA protein. Therefore, the best approach for
evaluating vaccine efficacy is to challenge experiments.
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The efficacy of the influenza vaccines should be evaluated in the target species.
Generally, higher antibodies correlate with efficacy. The potency of vaccines should
also be considered. The vaccine should contain 1-5 pg HA/dose or 512-1024 HA
unit/dose. Usually, HI titers of >1:32 can prevent mortality, while >1:128 prevent
oropharyngeal shedding. The efficacy should be tested in vivo against newly emer-
gent mutants. Turkeys should be vaccinated at least three to four times.

The merits of proper vaccination against Al are increasing the resistance of
birds to influenza infection and reducing the virus shedding by reducing virus
replication in the respiratory and gastrointestinal tracts. However, vaccines can-
not prevent infection, virus replication, virus shedding, spread from farm to
farm, and problems in diagnosing infected flocks (DIVA strategy).

. When selecting vaccines, DIVA should be considered. Four strategies can

achieve DIVA: (i) sentinel birds, where 20 susceptible birds are reared with a
vaccinated flock and examined for seroconversion and/or presence of Al anti-
gen; (ii) heterologous neuraminidase strategy, in which neutralization inhibi-
tion (NI) is available for all nine NA, but the availability of diagnostics is an
issue; and (iii) nonstructural protein I (NS1) DIVA strategy. Theoretically,
killed vaccines do not contain NS1, while naturally infected birds develop Ab
toward NS1. However, inactivated vaccines are contaminated with NS1 during
preparation, so dilution of serum before testing may decrease the nonspecific
reactions. (iv) recombinant/subunit vaccine: AGID and ELISA can be used
(subunit vaccines lack Al nucleoprotein).

Recombinant influenza vaccines using fowlpox or herpesvirus turkeys (HVT)
induce both cellular and humoral immune response and provide DIVA strategy
(HA-only based vaccines supporting serological DIVA strategies). However,
the fowlpox vector vaccine is ineffective in birds exposed previously to fowlpox
or birds with immunity to the vector.

Vaccination alone without culling affected birds to reduce virus load in the
environment will probably not be successful.

Continuous updates and development of new diagnostics are crucial in the face
of genetic mutations of the virus in endemic countries.

Genetic monitoring of the field virus under vaccine pressure is essential. The
efficacy of the vaccines should be tested in vivo using the newly emergent
mutants. Principally, the closer the amino acid similarity of the vaccine strain,
the greater the virus replication and shedding reduction.

Particular attention should be given to the household and backyard poultry pro-
duction systems; the improper disposal of dead birds and wastes is another
important factor in disease control failure.

Any vaccination policy should include an exit strategy so that countries do not
rely on costly long-term vaccination campaigns. It is important to continue
using vaccination until infection is controlled and prevented. Vaccination may
be required for an extended period in areas where the virus is widespread and
elimination is unlikely. Vaccination can be stopped once the disease is under
control and the risk of recurrence is low. Rapid detection and management of
new outbreaks are crucial to ensure successful control.
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Abstract

Avian paramyxoviruses (APMVs) have been detected in a wide range of bird
species worldwide. In chickens and turkeys, APMVs are associated with respira-
tory manifestations, high mortality and morbidity, and/or a decrease in egg pro-
duction, accompanied by severe economic losses. These viruses are members of
the genus Avulavirus and the family Paramyxoviridae. Twenty-one serotypes of
APMVs (PMV-1 to PMV-12) have been recognized. Newcastle disease virus
(NDV), which belongs to APMV-1, is the most important pathogen for poultry.
APMVs other than PMV-1 were isolated from wild birds and occasionally from
poultry. APMV-2, 3, 6, and 7 infections are associated with respiratory manifes-
tations and a drop in egg production in turkeys. APMVs can be isolated in the
allantoic cavity of 8- to 10-day-old embryonated chicken eggs and identified
using hemagglutination inhibition tests (HI) with specific antiserum. Currently,
no vaccines are available against PMV-2, PMV-6, and PMV-7. Indeed, inacti-
vated oil-emulsion vaccines against PMV-3 have been developed and used in
turkey breeder flocks.
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2.1 Classification of Paramyxoviruses

Currently, the Paramyxoviridae contains four subfamilies, namely,
Orthoparamyxovirinae, Metaparaymyxovirinae, Rubulavirinae, and Avulavirinae,
and 17 genera. Paramyxoviruses are classified within the genera Metaavulavirus,
Orthoavulavirus, and Paraavulavirus, according to the International Committee on
Taxonomy of Viruses (ICTV) Report 2019 (ICTV 2019).

The Pneumovirinae subfamily has two genera: Metapneumovirus and
Pneumovirus. Paramyxoviruses are pleomorphic, enveloped, and non-seg-
mented ssSRNA with a genome size of 10-17 Kb (Lanb and Parks 2007).
Paramyxoviridae contains viruses that cause diseases in mammals, birds, rep-
tiles, and fish. However, paramyxoviruses are host-specific, that is, measles,
mumps, Nipah, and Hendra, and parainfluenza viruses are pathogenic for
humans (Rima et al. 2019). The avian Paramyxovirus (APMV) can be classified
serologically using a hemagglutination inhibition assay (HI). Serological tests,
including serum neutralization (NT) and agar gel diffusion tests (AGP), can also
be used for virus serotyping. Recently, the viral genome sequence can also be
used as a classification criterion (Cattoli et al. 2011). To date, there are 21 sero-
types described worldwide of APMYV, designated PMV-1 to PMV-21 (ZKBS
2021). According to the International Committee on Taxonomy of Viruses
(ICTV) Report 2019 (ICTV 2019), the subfamily Avulavirus comprises three
genera: (i) Metaavulavirus (APMV-2, 5, 6, 7, 8, 10, 11, 14, 15, and 20), (ii)
Orthoavulavirus (APMV-1,9,12,13,16,17, 18, 19, and 21), and Paraavulavirus
(PMV-3 and 4).

Paramyxoviruses have limited cross-reactivity, and little information is available
since APMV isolates of the same serotype might differ. However, it cannot be
excluded that the host range of APM Vs also extends to humans. APM V-1 can cause
conjunctivitis or influenza-like symptoms in humans. APMV-2 has also been iso-
lated from Javanese monkeys (Macaca fascicularis) (Nelson et al. 1952; Nishikawa
etal. 1977).

2.2  Avian Paramyxoviruses

APMV-1 to PMV-9 viruses were first isolated in the 1970s (Bankowski et al. 1960)
and then identified worldwide. Since 2003, APMV-10 to PMV-21 have been identi-
fied in wild and domestic birds (Dinter et al. 1964; Shortridge et al. 1978; Alexander
and Senne 2008). However, the new serotypes, particularly APMV-10-21, are
poorly characterized. APMVs can infect a broad host range, such as chicken birds
(Galliformes), geese (Anseriformes), passerines (Passeriformes), or parrots
(Psittaciformes) (Cloud and Rosenberger 1980; Capua et al. 2004). Most recently
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identified APMVs have been isolated from Penguins (Sphenisciformes) (Miller
et al. 2010; Neira et al. 2017). Experimentally, mice and hamsters can also be
infected with various APMVs, showing no or only mild clinical symptoms (Samuel

etal. 2011).

APMV-1 (Newcastle disease virus) is the most pathogenic serotype for avian
species, causing significant economic losses. APMV-2, APMV-3, APMV-6, and
APMV-7 cause mild to moderate respiratory manifestations, drop egg production,
and reduced hatchability in turkeys. APMV-8, APMV-9, APMV-10, and APMV-11
cause no clinical symptoms in wild and or domesticated bird species. The different
APMVs and pathogenicity are shown in Table 2.1.

Table 2.1 Avian paramyxoviruses, year of isolation, and pathogenicity

Serotype
PMV-1
PMV-2

PMV-3
PMV-4

PMV-5
PMV-6
PMV-7
PMV-8
PMV-9

PMV-10
PMV-11
PMV-12
PMV-13

PMV-14
PMV-15
PMV-16
PMV-17
PMV-18
PMV-19
PMV-20
PMV-21

Species

Chicken

Chicken, turkeys, passerines,
parrots

Turkey and parakeet

Wild duck, chicken, geese, and
mallard duck

Budgerigar

Duck, geese, turkeys, and
mallard duck
Hunter-killed dove, turkey, and
ostrich

Feral Canadian goose and
pintail

Domestic ducks and feral
ducks

Rockhopper penguin
Common snipe

Eurasian Wigeon

Wild birds

Wild migratory geese, duck
Migratory birds

Wild birds

Wild birds

Wild birds

Wild birds

Wild birds

Wild birds

Pathogenicity

NDV

Mild to moderate respiratory
manifestations

Reduction of egg production and
hatchability

Encephalitis in parrots (Neophema sp.,
and Psephites sp.)

Mild to moderate respiratory
manifestations

Reduction in egg production
Reduction in hatchability

No clinical diseases in wild or
domesticated bird species

Not associated with any diseases in wild
birds,

exhibit low pathogenicity in 1-day-old
chicks inoculated intracerebrally

No clinical diseases in wild or
domesticated bird species
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2.3 Newcastle Disease: PMV-1

It will be discussed in the next chapter in detail.

2.4  Yucaipa Disease: PMV-2

APMV-2 was first reported in chickens in Yucaipa, USA, in 1956 (Bankowski et al.
1960). The natural hosts are turkeys, racing pigeons, and passerines. However,
chickens, psittacines, and rails might be infected accidentally. The passerine and
psittacine species frequently serve as reservoirs for APMV-2 (Zhang et al. 2007).

In turkeys, APMV-2 infection is associated with respiratory manifestations and
decreased egg production (Lipkind et al. 1979; Bankowski et al. 1981). It can also
negatively affect hatchability. The clinical disease is more serious, particularly in
turkeys, during secondary infections with other viruses (Lang et al. 1975). APMV-2
cannot propagate in neural tissues and has an affinity for the epithelial linings of the
intestinal and respiratory systems (Subbiah et al. 2010).

PMV-2 can be isolated in 9-day-old SPF chicken eggs and several cell lines such
as baby hamster kidney (BHK21), Madin—-Darby canine kidney (MDCK), and
African green monkey kidney (Vero cells). The virus causes cell rounding of single
cells without syncytia formation. The mean death time (MDT) and intracerebral
pathogenicity index (ICPI) values of different strains of APMV-2 were mostly
observed to be >168 h and 0, respectively, suggesting the strains’ avirulent nature in
chickens, similar to lentogenic NDV strains. Serotyping of APMV-2 can be done
serologically or using sequence analysis (Subbiah et al. 2010). Birds vaccinated
against NDV show a rise in hemagglutination inhibition titers to both viruses if
subsequently infected with PMV-3. Avian avulavirus-2 does not agglutinate the
RBCS of chickens and turkeys.

2.5 Wisconsin Disease: PMV-3

APMV-3 was initially detected in turkeys in Ontario and then in Wisconsin in 1967
(Tumova et al. 1979). The virus has a diverse host range. It has been identified in
domestic, wild birds, turkeys, and ostrich. Two strains of PMV-3 have been
described, namely, turkey, psittacine, and passerine strains. Currently, numerous
serologically related APMV-3 strains have been detected in turkeys in several
European countries. The Netherlands and Wisconsin APMV-3 strains revealed that
the Netherland APMV-3 strain is slightly pathogenic (MDT = 112 h), while the
Wisconsin APMV-3 strain has MDT of more than 168 h (Kumar et al. 2010). The
cleavage site of F-protein in the Netherlands and Wisconsin APMV-3 strains has
three or two basic residues, respectively, similar but not identical to the pattern of
virulent and avirulent NDV strains (Kumar et al. 2010).

The main clinical signs in turkeys are mild to moderate respiratory manifesta-
tions such as nasal discharge, coughing, and swelling of the infraorbital sinus
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(Redmann et al. 1991; Samal 2011). It is also associated with a drop in egg produc-
tion. In psittacine and passeriform species, APMV-3 causes nervous manifestations
such as encephalitis. Intranuclear and intracytoplasmic inclusion bodies have been
identified in glial cells. Also, myocarditis and pancreatitis with intranuclear inclu-
sion bodies have been reported.

2.6 Avian Paramyxovirus Serotype-6 (APMV-6)

APMV-6 was first isolated from a healthy duck in Hong Kong in 1977 (Shortridge
et al. 1980). The virus was isolated/detected from geese and wild birds (Stanislawek
et al. 2002; Warke et al. 2008). In chickens, APMV-6 is avirulent. However, it causes
mild to moderate respiratory manifestations and reduces egg production in turkeys
(Alexander 1997). In a recent study, PMV-6 was isolated from wild waterfowl in
America. Not all PMV-6 viruses can hemagglutinate chicken red blood cells
(Hisanaga et al. 2021).

2.7 Avian Paramyxovirus Serotype-7 (APMV-7)

APMV-7 was first isolated in 1975 from hunter-killed doves in the United States
(Alexander et al. 1981). APMV-7 was detected in chickens, turkeys, and pigeons.
Occasionally, APMV-7 has also been linked to other avian species (Woolcock et al.
1996). In 1997, a natural epidemic of AMPV-7 was reported in Ohio in turkeys with
respiratory symptoms, hepatomegaly, and splenomegaly (Saif et al. 1997). In tur-
keys, APMV-7 is associated with moderate respiratory symptoms and a drop in egg
production; however, it is avirulent in chickens.
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Abstract

Newcastle disease (ND), caused by avian paramyxovirus serotype 1 (APMV-1),
is a viral disease of many poultry species characterized by respiratory manifesta-
tions followed by/or accompanied by nervous manifestations. ND is ranked as
the major virus disease of poultry in many countries worldwide, and it is chal-
lenging to assess the prevalence of ND worldwide. It is a worldwide enzootic
disease. Based on its pathogenicity, NDV is classified into five pathotypes:
apathogenic, lentogenic, mesogenic, viscerotropic velogenic, and neurotropic
velogenic. The velogenic strains are the most virulent and can cause 100% mor-
tality in susceptible birds. Based on the complete genomic analysis, they are
grouped into classes (Class I and II); the latter class is subdivided into at least 21
distinct genotypes. The presumptive diagnosis of NDV is based on the clinical
signs and postmortem lesions and confirmed by isolation and identification.
Isolation can be done by inoculating the suspected samples into the allantoic cav-
ity of 9- to 11-day-old embryonated specific pathogen-free chicken eggs. The
virus can be identified using the hemagglutination test, PCR, and the hemagglu-
tination inhibition test using PMV-1-specific serum. The pathogenicity can be
identified using the intracerebral pathogenicity index (ICPI), mean death time,
intravenous pathogenicity index (IVPI), and sequence analysis of the cleavage
site of F-protein. ND is a notifiable disease in several countries. The prevention
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of ND is based on good biosecurity and vaccination. Several vaccines are avail-
able, including live, inactivated, and recombinant vaccines.

Keywords

APMV-1 - NDV - Pathotypes - Clinical signs - Postmortem lesions - Diagnosis -
Prevention and control

3.1 Etiology

Newcastle disease (ND) is caused by NDV, family Paramyxoviridae, genus
Orthoavulavirus (Rima et al. 2019; Swayne 2020). Like other members of this
group, the NDV possesses two surface proteins vital to the identification and patho-
genesis of the virus. Hemagglutinin (HA) and neuraminidase (HN) are essential for
the attachment and release of the virus from the infected host cells. In addition, the
HN allows serologic identification of the virus. The fusion (F) protein plays a criti-
cal role in the pathogenesis of the disease. The virus is enveloped, sensitive to lipid
solvents and heat, and unstable at high and low pH.

3.2 Pathotypes of NDV

Currently, 21 serologically distinguishable groups of avian paramyxoviruses
(APMV-1 to APMV-21), based on hemagglutination inhibition (HI) and neuramini-
dase inhibition (NI) assays, have been described. The established serotypes are pretty
distinct, but some cross-reactions have been shown by HI and NI tests, particularly
between the serotypes APMV-1 and APMV-3 (Lipkind and Shihmanter 1986).

Strains of the ND virus have been grouped into five pathotypes based on the
clinical signs in the infected chickens (Beard and Hanson 1984), Table 3.1.

(i) Viscerotropic velogenic: highly pathogenic form in which hemorrhagic intes-
tinal lesions are frequently seen

Table 3.1 Pathotypes of NDV

Respiratory | Nervous

Type Examples Mortality | Hemorrhage | signs signs

Viscerotropic | Herts 33, NY, Parrot +++ ++++ - -

velogenic

Neurotropic | Texas GB ++++ - ++ +++

velogenic

Mesogenic Roakin, Komarov, + — + +
Mukteswar, and H

Lentogenic Hitchner B1, LaSota, - - +) -

Clone 30, Ulster 2C, V4
Avirulent MCI110 - — — —
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(i1) Neurotropic velogenic: accompanied by high mortality and usually following
respiratory and nervous signs

(iii) Mesogenic: a form that presents with respiratory signs and occasional nervous
manifestations but low mortality

(iv) Lentogenic or respiratory: a form that presents with a mild and/or subclinical
respiratory infection

(v) Asymptomatic enteric: a form that usually consists of subclinical enteric
infection

Although these classifications are useful for differentiation purposes, some over-
lapping occurs, and some viruses are difficult to place (Alexander 2000, Alexander
and Gough 2003). According to Council Directive 92/66/EEC “Newcastle disease”
means infection of poultry caused by any avian strain of paramyxovirus 1, with an
intracerebral pathogenicity index (ICPI) in day-old chicks greater than 0.7 (EEC
1992) or mean death time (MDT) >90 h or intravenous pathogenicity index
(IVPI) =0, Table 3.2.

The activated fusion protein comprises two cleaved F1 and F2 subunits linked by
a disulfide (-S-S-) bridge, cleavage of the F gene initiates cell fusion. The cleavage
site is located between positions 112 and 117 of the fusion protein precursor
(Fig. 3.1). Virulent NDVs have multibasic amino acids at the cleavage site (*'*RQK/
RR*F!7), and most virulent NDVs have an additional basic amino acid at position
112. All virulent NDVs have phenylalanine (F) at position 117 of the F1 N-terminus.
However, low virulent NDVs have the sequence "*K/RQG/ER*L!"".

The pathogenicity of NDV is based on the molecular basis of this cleavage site.
Velogenic and mesogenic strains have multiple cleavage sites and at least three
basic amino acids: arginine (R), lysine (K), and phenylalanine (F). Multiple basic
amino acids of the cleavage site can be cleaved by furin-like enzymes, ubiquitous in
the body, whereas a cleavage site containing <2 amino acids can be cleaved by
trypsin-like enzymes located in the digestive and respiratory mucosa. This cleavage
behavior explains why virulent strains cause systemic disease and lead to high mor-
tality rates.

Table 3.2 Pathogenicity indices of Newcastle disease viruses using intracerebral pathogenicity
index (ICPI) in day-old chicks, mean death time (MDT), or intravenous pathogenicity index (IVPI)

Test Avirulent Mesogenic Velogenic

ICPI <0.7 0.7-1.5 >1.5

MDT >90 h 60-90 h <60 h

IVPI 0 0.5-2 2-3

Fig.3.1 The cleavage site virulent NDV-Strains Less virulent
(Multibasic aa) (Monobasic AA)

of the F gene. Newcastle
disease virus is infectious
only when the glycoprotein
FO cleaves into F1 and F2

Ubiquitar Subtilisin-like Proteases
(Furin, PC6, PACE4)

velogenic, mesogenic
12Arg /Lys-Arg-Gln-Arg/Lys-Argd, Phe''’
Systemic infection

Trypsin-like Proteases

!

lentogenic
112Gly/Glu-Lys/Arg-GIn-Gly/Glu-Arg Leu''”
Local infection
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3.3  Genotypes of NDV

Sequence analysis of the F gene revealed that NDVs are classified into six distinct
lineages (1-6); however, based on the complete genomic sequence analysis, they
are grouped into two classes (Class I and Class II). Class I contains a single geno-
type and three sub-genotypes, while class II strains are grouped into at least 21
distinct genotypes (I-XXI) (Dimitrov et al. 2019) and several sub-genotypes. These
high genetic variations could impact antigenicity, subsequently negatively impact-
ing the traditional vaccines’ effectiveness. Although NDV is endemic in several
countries, such as most African countries, the Middle East, Asia, Central America,
and northern South America, only sporadic outbreaks occur in Western Europe and
the United States, highlighting the need to implement strict biosecurity and good
vaccination programs.

34 Transmission

The primary introduction of ND into the bird population of a country can occur via
migratory birds and the importation of captive and domestic poultry or poultry
products. The infection can be transmitted primarily through direct contact between
healthy and infected birds. The disease can also be secondarily spread by mechani-
cal means, by vaccination and debeaking crews, as well as manure haulers, render-
ing truck drivers, and feed delivery personnel. Pet birds pose a significant risk of
introducing exotic AND into poultry flocks. A large variety of wild birds and captive
caged birds has been considered to have been infected naturally with NDV
(Lancaster and Alexander 1975).

3.5 Clinical Signs

The course of the disease varies according to the virulence of the involved
strain, species, age, and immune status of the birds as well as the general health
and environmental conditions. Turkeys infected with vvNDV (velogenic)
strains are mainly accompanied by a mortality rate between 30% and 50%.
Clinical signs can include ruffled feathers, depression, diarrhea, and respira-
tory signs in the form of nasal discharge, coughing, rales, and dyspnea. These
symptoms are accompanied mostly by nervous manifestations such as incoor-
dination, tremors, twisting of the head and neck, abnormal movement (circling,
rearing, somersaulting), paresis, and paralysis (Fig. 3.2). However, unlike
chickens, infected turkeys can show oral exudate mixed with blood or bloody
droppings. The clinical signs in commercial turkeys were less severe and of
later onset than those observed in experimentally infected SPF turkeys (Aldous
et al. 2010).
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Fig.3.2 Clinical signs of
NDV in turkeys showing
nervous manifestations (B)
(©Hafez, FU-Berlin)

Fig. 3.3 Postmortem
lesions of NDV in turkeys
showing hemorrhages on
the coronary fat (OHafez,
FU-Berlin)

3.6 Gross Lesions

Gross lesions of ND are characterized by petechial blood on the fat coronary of the
heart (Fig. 3.3) and in the proventriculus, proventricular glands (Fig. 3.4) and intes-
tine (Fig. 3.5), as well as under the horny lining of the gizzard. In many cases,
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Fig. 3.4 Postmortem
lesions of NDV in turkeys
showing hemorrhages on
the proventriculus glands
(©Hafez, FU-Berlin)

Fig. 3.5 Postmortem
lesions of NDV in turkeys
showing hemorrhages on
the intestine (©OHafez,
FU-Berlin)

Fig. 3.6 Postmortem lesions of NDV in turkeys showing hemorrhages of ileocecal tonsils
(©Hafez, FU-Berlin)

hemorrhagic areas or ulcers could also be observed in various parts of the intestines
and cecal tonsils (Fig. 3.6), particularly in the case of viscerotropic velogenic NDV
infection. In addition, congested tracheitis, caseous materials in the tracheal lumen
(Fig. 3.7), and inflammation of the air sacs can be seen.



3 Newcastle Disease in Turkeys 35

Fig. 3.7 Postmortem lesions of NDV in turkeys showing congested tracheitis and the presence of
caseous materials in the tracheal lumen (©Hafez, FU-Berlin)

Fig. 3.8 Lesions of NDV
in embryos showing
hemorrhages (©OHafez,
FU-Berlin)

3.7 Diagnosis

The conventional isolation technique recommended by the (OIE 2012) is based on
inoculation of the suspected samples into the allantoic cavity of 9- to 11-day-old
specific pathogen-free embryonated eggs from (SPF) chickens (Fig. 3.8).

The virus can be identified using the hemagglutination test, PCR, and the hemag-
glutination inhibition test using PMV-1 specific serum. However, the HI test can
show cross-reactivity between PMV-1 and PMV-3 isolated from turkeys and psit-
tacines. Therefore, monoclonal antibodies might be used to avoid cross-reactivity.
Real-time PCR can be used to confirm virus identification (Creelan et al. 2002).
Tracheal and oropharyngeal swabs are the most appropriate sample types for this
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type of analysis, as they do not contain organic material that may interfere with the
reconstitution and amplification of the virus RNA, as may be the case with cloacal
swabs, feces, or intestinal contents.

Serological diagnosis and monitoring can be done using the HI test. In non-
vaccinated birds, the HI titer is <1/8 when the test is performed using four hemag-
glutinating units, while in vaccinated or infected birds, the titers are greater than 1/8.
The distribution of antibodies in the flock is also an indicator of infection. Usually,
vaccinated birds show a homologous distribution of antibodies among birds, while
infected birds show a heterologous distribution. The pathogenicity of NDV can be
assessed using MDT, ICPI, and ICPI tests (OIE 2012). Additionally, sequence anal-
ysis of the F-gene cleavage site is also widely used.

3.8 Control Measures

According to the EU-directive (Council Directive 92/66/EEC), an infected flock
means any poultry in which the presence of NDV can be officially confirmed fol-
lowing an examination by an approved laboratory investigation or in the case of
second and subsequent outbreaks, in which clinical symptoms or postmortem
lesions consistent with ND are present.

Once the ND is officially confirmed on a holding, the member states shall ensure
that all poultry on the holding, without delay, shall be killed on the spot. The poultry
that has died and/or been killed and all eggs should be destroyed. These operations
shall be carried out to minimize the risk of spreading disease; any substance or
waste, such as animal feed and litter or manures liable to be contaminated, shall be
destroyed or treated appropriately. This treatment is carried out following the
instructions of the official veterinarian and shall ensure the destruction of any NDV
present. The first line of disease control is to prevent the introduction and further
spread via strict biosecurity, establishing and maintaining immunity, and
vaccination.

In addition, disease control in food-producing animals is crucial for improving
animal production, food safety, and human well-being. Monitor infectious diseases
and establish a good vaccination program to control infectious diseases.

3.9 Vaccination
3.9.1 Live Vaccines

Several lentogenic and mesogenic strains are used for vaccination against NDV
(Table 3.2). Live NDV vaccines originated from lentogenic strains such as LaSota,
B1, and VG/GA vaccines belonging to genotype 2.II and are genetically and anti-
genically related with >98% nucleotide identity. The effectiveness of live ND vac-
cines is directly correlated with the dose of the administered vaccine, and under
experimental conditions, the mean embryo infectious vaccine dose (EIDs,) of
10*-10° reliably achieves 100% protection against mortality. Live ND vaccines can
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Table 3.3 List of live strains used for vaccination against Newcastle disease virus

Pathotype | Strain Description
Lentogenic | F Usually used in young chickens
Bl Slightly more virulent than F, used as a vaccine in chickens of all
ages and at 1 day old
LaSota Often causes post-vaccination respiratory signs, used as a booster
vaccine in flocks vaccinated with F or B1
Avirulent V4 Used in chickens of all ages
V4-HR Heat-resistant V4, thermostable, used in chickens of all ages
12 Thermostable, used in chickens of all ages

VG/GA The Villegas Glisson/University of Georgia (VG/GA) strain of
NDV has been proposed to replicate both in the respiratory and
intestinal tract, with a preference for the intestine

Mesogenic | Mukteswar | An invasive strain used as a booster vaccine can cause adverse
reactions (respiratory distress, loss of weight or drop in egg
production, and even death) if used in partially immune chickens.
Usually administered by injection

Komarov Less pathogenic than Mukteswar, used as a booster vaccine.
Usually administered by injection

be administered by eye drop, intranasal, spray, or orally in drinking water. Hitchner
B1 can be used for vaccinating one-day-old chicks by the coarse-spray method. In
some countries, mesogenic vaccines, such as Komarov, Roakin, Mukteswar, and
Hifa, are used. The mesogenic strains are more pathogenic and immunogenic than
lentogenic strains. Indeed, strict quarantine, rapid diagnostics, biosecurity, stamp-
ing out, and other containment measures seem to keep ND under control. A descrip-
tion of live strains of NDV is shown in Table 3.3.

For the European Union (EU), only vaccines containing lentogenic strains are
licensed that fulfill the criteria of an ICPI of <0.4 when tested, with not less than 107
EIDs /bird or <0.5 when tested with not less than 108 EIDs/per bird (93/152/ EEC).
Live NDV vaccines have the advantage of mass application by drinking water and/
or sprays. This is less labor-intensive and inexpensive than inactivated vaccines,
which must be injected into individual birds (Dortmans et al. 2014). Some lento-
genic vaccines have been cloned to select viruses that produce lower post-vaccination
reactions than the original virus (Hafez 2000).

Members of states shall ensure that (i) vaccination against ND with vaccines
authorized by the competent authority for a prophylactic purpose or to supplement
the control measures carried out when the disease appears and (ii) the only vaccines
allowed are those that have received marketing authorization from the competent
authority of the member state in which the vaccine is used.

3.9.2 Inactivated Vaccines
The live virus is propagated in SPF chicken embryos, and harvested allantoic fluid

is inactivated by formalin, beta-propiolactone (BPL), or binary ethylenimine (BEI).
Modern vaccine preparations are oil emulsions that proved more effective (Dortmans
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et al. 2014). The inactivated vaccines are applied intramuscularly or subcutaneously
mainly to achieve long-lasting high antibody titers, which can also be passed from
breeder to offspring.

Also, according to directive 93/152/EEC of the Commission of the European
Council, inactivated vaccines are produced according to the guideline from ND
virus strains, whose original seed virus at testing has an ICPI of <0.7 when admin-
istered no less than 108 EIDs, to each bird in the ICPI test.

Commercially available recombinant ND vaccines are based mainly on fowlpox
(rFPV) or herpesvirus of turkeys (rHVT) as a vector. Both types of recombinant
vaccines have no side effects and can be successfully administered to chicks and
turkeys with maternal antibodies (Weiss et al. 2018). A disadvantage of the rFPV
vaccine is interference with maternally derived antibodies (MDA) (Hu et al. 2020).
While this is not affected by rHVT vaccines, the vector virus is cell-associated and
must be kept in liquid nitrogen and administered within an hour of being thawed.
However, only one rHVT vaccine can be applied; otherwise, there would be inter-
ference between the different HVT vaccines (Dimitrov et al. 2017; Rauw et al.
2020). Several factors can cause vaccinal breaks, such as (i) birds already infected
before vaccination, (ii) improper administration, (iii) early infection with an immu-
nosuppressive virus, and (iv) mycotoxins in the feed.

3.10 Conclusion

ND infections in poultry are primarily associated with severe economic losses; early
recognition and monitoring programs are essential in managing the infections.
When diseases emerge or reemerge, evaluating their economic impact is essential to
determine whether new control measures and, especially, new vaccines are needed.
Generally, therapy or vaccination alone is of little value unless improvements in all
aspects of management and biosecurity accompany them. Biosecurity is the cheap-
est, most effective means of disease control, and no disease prevention program will
work without it. Since the success of any control program depends on the hygiene
practices of the personnel, it is essential to incorporate education programs about
microorganisms and their modes of transmission, as well as awareness of the rea-
sons behind such control programs for all people involved throughout the poultry
production chain. In the long term, the development of poultry lines that are geneti-
cally resistant to some pathogens should be progressed, and further attention must
be paid to developing efficient vaccines against bacterial infections to reduce the use
of antibiotics.
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Abstract

Avian metapneumovirus (AMPV), a member of the genus Metapneumovirus of
the family Paramyxoviridae, is an acute, highly contagious respiratory disease,
causing respiratory manifestations and reproductive problems in turkeys, caus-
ing economic losses, particularly in case of secondary bacterial infections. In
chickens, it is associated with swollen head syndrome (SHS), respiratory disease
complexes, and a drop in egg production. Pheasant, guinea fowl, and ducks are
also susceptible. The diagnosis of AMPV is based on clinical signs, pathological
lesions, virus isolation, and /or molecular investigation. Six different antigenic
subtypes, namely, A-D and two new subtypes, are based on nucleotides and
deduced amino acids of the G-glycoprotein. Vaccination and implementation of
biosecurity are recommended as a control strategy for AMPYV, particularly in
endemic regions.
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4.1 Etiology

The AMPV belongs to the genus Metapneumovirus, subfamily Prneumovirinae of
the Paramyxoviridae family. AMPV genome is a non-segmented, single-stranded
negative-sense RNA of approximately 14 kilobases. The genome encodes eight
genes, namely, 3’-nucleoprotein (N), phosphoprotein (P), matrix (M), fusion (F),
matrix 2 (M2), small hydrophobic (SH), attachment (G), and large polymerase
(L)-5 (Cecchinato et al. 2016). The virus exhibits neither hemagglutinating nor
neuraminidase activities. It is suggested that the G protein has immunological
importance due to the presence of T-cell epitopes (Cecchinato et al. 2010).
Additionally, it is used for performing molecular epidemiological studies and strain
characterization.

Different antigenic subtypes (A-D) have been described (Brown et al. 2014), as
well as two genetic lineages of AMPV-C (Toquin et al. 2006). Subtyping is based on
the reactivity against monoclonal antibodies, cross-reactivity in the ELISA and neu-
tralization tests, and nucleotide sequence analysis. The A, B, and D subtypes are
more closely related to each other than to subtype C.

In 2019, two novel divergent AMPVs that do not belong to these four subtypes
were recently isolated from wild birds (Retallack et al. 2019; Canuti et al. 2019).
Molecular analysis of the L gene proved that they are closer to the subgroup C
viruses (Retallack et al. 2019; Canuti et al. 2019). Subtype C exhibits the highest
nucleotide homology with human Metapneumovirus.

4.2  History and Distribution

AMPYV, or turkey rhinotracheitis (TRT) or avian rhinotracheitis virus (ARTV), was
first reported in South Africa by Buys and DuPreez in 1980. Later, the virus was
identified in Europe, Israel, South America, the Middle and Far East, the United
States, and Brazil. Turkeys and chickens are the natural hosts for AMPYV, while wild
birds are the natural reservoirs (Rautenschlein 2018).

Subtypes A and B are distributed worldwide, including Europe, Africa, Asia, and
the United States in chickens and turkeys, rarely identified in other species. Subtype
C stains have not been identified in chickens. However, it is endemic in the United
States and detected sporadically in Muscovy ducks and pheasants in Korea, France,
and China (Bidyon-Auboyer et al. 2000; Senne et al. 1997). In 1985, subtype D was
isolated from turkeys in France, which has never been reported again.

The virus is highly sensitive to chemical disinfectants such as H,0,, formic acid,
and formalin (Hafez and Arns 1991). It is stable at a pH of 3.0-9.0 and inactivated
at 56 °C after 30 min. The virus was isolated from the autoclaved litter at —12 °C for
up to 60 days. From the non-autoclaved litter, viral RNA was detected for up to
60 days, and the virus was isolated for up to 14 days (Velayudhan et al. 2003).
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4.3 Virus Transmission

Migratory birds are considered a natural reservoir of infection (Chacén et al. 2011;
Shin et al. 2002). The disease spreads via direct and indirect contact. Direct contact
between infected and susceptible birds could spread the virus; however, the trans-
mission failed if the susceptible birds were housed in the same room but in different
pens (Cook et al. 1991). Contaminated water and movement of diseased or recov-
ered poults, personnel, equipment, and feed trucks have all been implicated in
outbreaks.

Vertical egg transmission is suspected (Shin et al. 2002); indeed, high virus titers
can be detected in the reproductive tract of laying birds (Jones et al. 1988). However,
further studies are still needed to confirm. It was suggested that chickens could play
a role in maintaining and circulating AMPYV in a region with chicken and turkey
production (Cecchinato et al. 2016). To date, the airborne spread cannot be entirely
excluded under certain conditions. Inoculation with mucus, nasal washings, or other
materials from the respiratory tract of affected birds established AMPV infection
(Nagaraja et al. 2000). There is no experimental evidence of long-term AMPV per-
sistence in chickens or turkeys. However, both vaccines and field strains may cocir-
culate in poultry-dense regions (Lupini et al. 2011).

4.4 Clinical Signs and Postmortem Lesions

Clinical signs are sneezing, nasal discharge, conjunctivitis, tracheal rales, sinusitis,
and submaxillary edema. These signs have been seen in birds as young as 14 days
old but are more commonly observed in birds between 3 and 9 weeks of age. The
morbidity approaches 100% within 2448 h.

The mortality rate is highly variable, from negligible to over 40%. In susceptible
turkey breeder flocks, a drop in egg production that approaches 50% or more for
2—4 weeks mainly accompanies clinical signs. Increased numbers of thin and white
shelled eggs and the number of un-settable hatching eggs. This effect may be more
significant if infection occurs early in the lay period. Turkeys are more susceptible
to AMPV (Hartmann et al. 2015).

AMPYV is associated with swollen head syndrome (SHS), respiratory disease
complexes, and a drop in egg production in chickens. The clinical signs in chickens
are less clear and normally more difficult to detect than the disease in turkeys. In
roosters, AMPV causes respiratory signs followed by a drop in fertility due to orchi-
tis, reviewed by Rautenschlein (2018).

Gross lesions include rhinitis, tracheitis, and sinusitis. In many cases, pericardi-
tis, airsacculitis with congestion of the lungs, and fibrinous exudate in the pleural
cavity have been observed. Several reports showed synergism between TRT and
Bordetella avium, Mycoplasma gallisepticum, Ornithobacterium rhinotracheale
(ORT), and E. coli (Marien et al. 2005; Turpin et al. 2002; Cook et al. 1991). After
natural exposure to TRT infection, there was a significant increase in TRT antibody
levels, which was usually accompanied by an increase in the number of positive sera
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Fig. 4.1 Postmortem lesions of avian metapneumovirus in turkeys showing tracheitis and pneu-
monia ©Hafez, Fu-Berlin

to avian adenovirus, FAV 1 (Hafez 1990), and an increase in antibody levels against
ORT (Jirjis et al. 2004) and against Chlamydia psittaci (Hafez et al. 1998) (Figs. 4.1
and 4.2).

4.5 Diagnosis

Diagnosis of AMPV based on clinical features and pathological lesions is mostly
difficult since they may be confused with other respiratory infectious conditions.
Accurate diagnosis based on laboratory methods. The virus can be isolated from
choanal cleft, sinuses, nasal exudate, larynx, trachea, and lung samples. Tracheal
organ cultures and cell cultures such as the monkey kidney cell line (Vero cells) and
chicken embryo rough cell line (CER cells) can be used for virus isolation. The
virus can also be isolated in 6- to 8-day-old embryonated chicken or turkey eggs
free from maternal antibodies, via the yolk sac route.

PCR is widely used in many laboratories for detection and typing. However,
virus isolation is difficult for the following reasons: (i) the virus shedding time is
very short, and (ii) isolation of the virus is less successful from birds showing severe
signs due to secondary bacterial infections. Recently, a single five-plex digital drop-
let RT-PCR targeting the conserved viral polymerase gene of AMPV to identify
each of the four AMPV was developed (Lemaitre et al. 2022).

Serologically, serum neutralization test (SN), indirect immunofluorescence assay
(IFA), and ELISA can be used to detect antibodies. However, the ELISA test is
widely used since it has been developed in many laboratories and is available com-
mercially. This method has a cost advantage and provides more rapid results than
the neutralization test. Differentiation of AMPV subtypes can be done based on the
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Fig. 4.2 Postmortem lesions of avian metapneumovirus in turkeys showing severely congested
liver and airsacculitis. Gross lesions include rhinitis, tracheitis, and sinusitis. In many cases, peri-
carditis, airsacculitis with congestion of the lungs, and fibrinous exudate in the pleural cavity
©Hafez, Fu-Berlin

Fig.4.3 Laboratory Detection Isolation Serology
diagnosis of AMPV

Typing Identification+typing

nucleotide sequence analysis of the G protein and other genes as well using mono-
clonal antibodies.

AMPV should be differentiated from diseases causing respiratory manifestations
and/or drop in egg production. Newcastle disease, PMV-3, avian influenza, E. coli,
and Mycoplasma should be considered. Frequently, bacterial infections might be
secondary infections to AMPYV, which complicated the diagnosis (Fig. 4.3).
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4.6 Prevention and Control

* Treatment of secondary bacterial infections using different antibiotics showed
different results. However, treatment alone is of little value unless improvements
in all aspects of management and biosecurity accompany it.

* Both live attenuated and inactivated vaccines are available. Several live AMPV
and inactivated vaccines based on subtype A or B are available worldwide.
However, live vaccines in turkeys provide better protection with low antibody
responses. For optimal protection, it is recommended to use the live attenuated
vaccine for priming, followed by injection with the inactivated vaccine.

* The maternally derived antibodies do not interfere with vaccine efficacy (Cook
2000). Therefore, the early application of AMPV vaccines is possible, especially
in endemic areas. In addition, using live vaccines in ovo vaccination showed
promising results (Worthington et al. 2003).

¢ For breeders, it is recommended to be boosted with inactivated vaccine at the
26th to 27th week of age. Effective monovalent inactivated AMPV vaccines or
bivalent with TRT are available to protect laying and breeding turkeys against the
drop in egg production.

* Cross-protection afforded by subtype A and B vaccines against a heterologous
challenge by subtype A or B has been documented in turkeys (Cook et al. 1999;
Eterradossi et al. 1995; Naylor et al. 1997). Recently, immunization of day-old
broiler chickens with AMPYV subtype B can protect against homologous (subtype
B) and heterologous (subtype A) challenges (Ball et al. 2022).

* The level of antibodies is poorly correlated with protection. Virulent or attenu-
ated AMPV in turkey poults produced virus-specific IgA (in tears) and IgG (in
the tears and serum). Complete protection against challenge was obtained
3 weeks post-vaccination. Protection is attributed to the virus-neutralizing anti-
bodies in tears, suggesting that cell-mediated immunity (CMI), either instead of
or as well as antibody responses, may be necessary for immunity to APV infec-
tions (Khehra and Jones 1999).
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Abstract

Avian pox is a globally distributed viral disease in a broad range of wild, captive,
and domestic birds, including chickens and turkeys, caused by large DNA viruses
of Poxviridae family. The slow-spreading disease is characterized by the forma-
tion of proliferative lesions of the unfeathered skin areas (cutaneous form or dry
pox) or the upper respiratory and digestive tract (diphtheritic form or wet pox).
In commercial poultry, avian poxvirus infection is associated with a significant
economic impact, constrained by a drop in egg production, reduced growth rates
in young birds, and increased mortality. Among other avian species, turkeys are
also broadly affected. The disease can be controlled by vaccinating turkeys using
live attenuated fowlpox vaccine by thigh application at the age of about 8 weeks.
In breeder flocks, a booster may be necessary before the start of production.
After a week of vaccination, birds should be checked for a “vaccinal take,” such
as skin swelling or scab, at the application site to assess the success of the vac-
cination. In this chapter, we will discuss in more detail the etiology, clinical
signs, diagnosis, and vaccination of poxvirus in turkeys.
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5.1 Etiology

Avian poxviruses are classified according to the International Committee on
Taxonomy of Viruses (ICTV) (https://ictv.global/taxonomy) into the genus
Avipoxvirus within the family Poxviridae. This genus comprises seven species,
including the species Avipoxvirus fowlpox, formerly designated as fowlpox virus
(FWPV), and Avipoxvirus turkeypox, formerly designated as turkeypox virus
(TKPV). In this chapter the previous designations will be used. FWPV was the type
species of the Avipoxvirus genus, and the main focus of research studies in the past
was based on this virus. The morphology of avian poxviruses is similar to other
members of the Poxviridae family (Tripathy and Reed 2013). Virus particles are
brick-shaped and measure about 330 x 280 x 200 nm. They consist of an electron-
dense biconcave core flanked by two lateral bodies and are surrounded by an enve-
lope (Fig. 5.1). Unusual for most DNA viruses, avian poxviruses multiply in the
cytoplasm of infected cells and induce the formation of inclusion bodies (Bollinger
bodies) (Woodruff and Goodpasture 1929; Moss 1990).

The viral genome contains a linear double-stranded DNA of about 300 kbp
(Coupar et al. 1990). In the case of FWPYV, the 288 kbp genome encodes 260 puta-
tive genes (Afonso et al. 2000). Three major genetic clades are distinguished by
phylogenetic analysis of different avipoxvirus species based on selected genomic
regions (Jarmin et al. 2006; Gyuranecz et al. 2013). In this context, most sequence
data obtained from different countries revealed a close relationship between TKPV
and FWPYV, and in some cases, FWPV was identified in diseased turkeys (Liischow
et al. 2004, 2006; Hess et al. 2011; Ferreira et al. 2018). In addition, a novel avipox-
virus strain with a very compact genomic organization was detected in a flock of
turkeys previously vaccinated against avipoxvirus (Banyai et al. 2015).

FWPYV is highly resistant in the poultry environment and remains infectious in
dried scabs for months or years (Tripathy and Reed 1997). A photolyase coding
gene in the genome of FWPYV appears to contribute to a high environmental tenacity
(Srinivasan et al. 2001). Turkey poxviruses are resistant to ether treatment. Heating
at 60 °C for 30 min and treatment with 0.25% trypsin, 0.5% phenol, and 5% chlo-
roform inactivate the virus (Singh et al. 2003).

Fig. 5.1 EM of fowlpox
virus showing brick-shaped
virus particles (OHafez,
FU-Berlin)
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5.2 Transmission

Infections are frequently found in wild turkeys but have also been reported in com-
mercial as well as backyard turkey flocks (Davidson et al. 1985; Prukner-Radov¢ic¢
et al. 2006; Camacho-Escobar et al. 2008; Hess et al. 2011; Liischow et al. 2012;
Elsmo et al. 2016; Ferreira et al. 2018). Virus transmission occurs after contact of
the virus with damaged skin, for example, as a result of fighting and pecking
(Tripathy 1993). Infections also appear when mucous membranes of the oral cavity
and upper respiratory tract come in contact with aerosols containing poxviruses
generated by feathers and dried scabs in the poultry house environment (Tripathy
and Reed 1997). Arthropods like mites, mosquitoes, or other biting insects may
serve as mechanical vectors (Kligler et al. 1929; Huong et al. 2014). In addition,
artificial insemination has been described as facilitating the mechanical transmis-
sion of poxvirus in turkey breeder flocks (Metz et al. 1985).

5.3 Clinical Signs and Pathology

The incubation period after natural infection varied from 4 to 10 days (Tripathy and
Reed 2013). The progression of the disease is influenced by the strain involved, the
route of infection, and the distribution of the lesions (Tripathy 1993). Comparable
to the clinical feature in chickens, the disease in turkeys is usually manifested in
cutaneous and diphtheritic forms and occasionally a mixed form where both clinical
manifestations occur in the same bird (Tripathy and Reed 2013). The more common
cutaneous form (dry pox) is characterized by developing epithelial and proliferative
skin lesions of unfeathered areas, especially the head and upper neck (Fig. 5.2).

They are frequently located on wattle, snood, and around the beak and eyelids.
Legs, feet, and regions around the cloaca may also be affected. Lesions evolve from
small-blanched nodules to finally thick, dark, crusty scabs (Mayr and Wittmann
1957). After a couple of weeks, scabs drop off, usually leaving a scar. In more
severe forms, generalized lesions may also spread to feathered parts of the skin. The
cutaneous form is mostly associated with low mortality and usually heals within
3 weeks. The economic impact might be induced by reduced growth rates and a
drop in egg production in breeder flocks (Tripathy and Reed 2013). Secondary bac-
terial infections may complicate this form (Hess et al. 2011; Weli and Tryland
2011). In addition, eye lesions may lead to partial or complete closing of the eye and
blindness, accompanied by the bird’s inability to find food and water (Tripathy and
Hanson 1978).

The more uncommon diphtheritic form (wet pox) involves proliferative lesions
on mucous membranes of the oral cavity (Fig. 5.3), the esophagus, and the upper
respiratory tract (larynx and trachea). Their fusion leads to yellowish necrotic pseu-
domembranes that leave a bleeding surface when removed (Tripathy 1993). This
form is frequently associated with reduced feed intake, drinking problems, and
breathing difficulties, resulting in a greater mortality rate (Tripathy and Reed 2013).
An uncommon outbreak of venereal pox infection was identified in turkey breeders
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Fig.5.2 Cutaneous form of pox showing proliferative skin lesions on unfeathered areas (OHafez,
FU-Berlin)

Fig.5.3 Diphtheritic form
(wet pox) of pox showing
proliferative lesions on
mucous membranes of the
oral cavity with the
presence of yellowish
necrotic pseudomembranes
© Hafez, FU-Berlin
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after artificial insemination. Lesions were limited to the cloacal mucosa, lips of the
vent, and the oviduct mucosa (Metz et al. 1985).

Microscopically, epithelial hyperplasia and enlargement of cells accompanied by
inflammatory changes and the characteristic Bollinger bodies are observed (Tanizaki
et al. 1987).

5.4 Diagnosis

Clinical signs and gross lesions enable a presumptive diagnosis of avian pox, which
has to be confirmed by laboratory methods. In histological sections of cutaneous or
diphtheritic lesions, characteristic eosinophilic intracytoplasmic inclusion bodies
(Bollinger bodies) can be demonstrated after hematoxylin and eosin (H&E) staining
(Tripathy and Hanson 1978). Electron microscopy can be used to identify the typi-
cal poxvirus morphology by negative staining or in ultrathin sections of infected
tissues (McFerran et al. 1971; Catroxo et al. 2009).

Virus isolation can be attempted by inoculating suspected material onto chorioal-
lantoic membranes (CAMs) of 9- to 12-day-old embryonated chicken eggs (Tripathy
2008). After 5-7 days of incubation, CAMs are investigated for poxvirus-specific
lesions like focal white pocks or a generalized thickening. Confirmation can be
acquired by histopathological or electron microscopy investigation or by detecting
specific poxvirus antigens or DNA using different methods. Primary cell cultures
like chicken embryo fibroblasts or permanent cell lines like QT-35 or LMH are also
suitable for virus propagation attempts (Mayr and Kalcher 1961; Schnitzlin et al.
1988; Tripathy 2008).

Amplification of viral-specific DNA sequences by polymerase chain reaction
(PCR) allows a fast and accurate diagnosis. A PCR assay targeting the p4b protein
gene has been used successfully for the molecular detection of different avian pox-
viruses, including poxviruses recovered from turkeys (Lee and Lee 1997; Liischow
et al. 2004). Additional sequence analysis of amplified fragments enables further
genetic differentiation (Liischow et al. 2004; Jarmin et al. 2000).

To investigate the immune response after infection and/or vaccination, several
serological tests like agar gel immunodiffusion (AGID), mixed antigen agar gel
enzyme assay (AGEA), or enzyme-linked immunosorbent assay (ELISA) have
been described (Buscaglia et al. 1985; Tadese et al. 2003; Hauck et al. 2009;
Tripathy 2018).

5.5 Control

There are no effective treatments known for poxvirus infection in turkeys.
Prophylactic measures to prevent infection include good hygienic measures, control
of cannibalism, arthropod vector control, and vaccine administration.

Vaccination of commercial poultry flocks is applied routinely in areas with a
widespread occurrence of the disease (Tripathy and Reed 2013). Different vaccine
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types have been developed in recent decades (Giotis and Skinner 2019). Currently,
live attenuated vaccines propagated in embryonated chicken eggs or avian cell cul-
ture and recombinant vector vaccines are commercially available. In general, for a
successful immunization, the directions for the use of the manufacturers have to be
followed strictly.

Turkeys are usually vaccinated by live attenuated vaccines based on the fowlpox
virus. Typically, FPWV-based vaccines are applied by the wing-web method; how-
ever, due to the behavior of turkeys, the virus might spread and infect the skin of the
head (Hinshaw 1947). As an alternate site, the vaccine should be administered by
thigh application, usually at the age of about 8 weeks. In breeder flocks, a repeated
vaccination might be needed before the start of production. About 1 week after vac-
cination, birds should be investigated for a “vaccinal take” consisting of a skin
swelling or scab at the application site to evaluate the vaccination’s success (Tripathy
and Reed 2013). In turkeys, vaccination is usually effective. Nevertheless, outbreaks
have also been described in previously vaccinated flocks (Bickford et al. 1971;
Odoya et al. 2006; Ferreira et al. 2018).
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Abstract

Turkey hemorrhagic enteritis (HE) was first recognized in turkey poults in 1937
by Pomeroy and Fenster macher in the United States. Afterward, the disease has
been reported in several countries worldwide, that is, Canada, England, Germany,
Australia, India, Japan, Israel, and the United States. The disease is caused by
turkey adenovirus-3 (TAV-3), the genus Siadenovirus, family Adenoviridae. The
susceptible age is 4 weeks and older turkeys mainly 6-11 weeks old). The dis-
ease is characterized by general clinical signs such as bloody dropping and sud-
den death. The main postmortem lesions are swollen intestines, filled with bloody
contents, splenomegaly, and hepatomegaly. The mortality rates ranged from 10
to 15%; however, it can reach 60%. Sometimes, the intestinal mucosa is covered
by a yellowish fibrinonecrotic membrane. Petechial hemorrhages can also be
seen in several tissues. Histologically, the presence of intranuclear inclusion bod-
ies in the macrophages and lymphocytes of the spleen is a characteristic of
HE. The diagnosis is based on the clinical signs, postmortem lesions, and histo-
pathological examination. AGID, PCR, and ELISA can be used for virus identi-
fication. The disease can be prevented by vaccination with avirulent live vaccines
at 3—6 weeks, accompanied by hygienic measures.
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6.1 Etiology

Adenoviruses, belonging to Adenoviridae, are DNA viruses with an icosahedral
capsid and a double-stranded, linear genome. Adenoviruses are described in many
species of vertebrate animals, including mammals, birds, reptiles, amphibians, and
fish. Five genera of adenoviruses are known: Mastadenovirus, Aviadenovirus,
Siadenovirus, Atadenovirus, and Ichtdenovirus. Three of them, Aviadenovirus
(Group 1), Siadenovirus (Group II), and Atadenovirus (Group I1I), can infect poul-
try (Shehata et al. 2021).

The Aviadenovirus comprises the fowl aviadenovirus (FAdV) and the turkey
aviadenoviruses (TAdV) species (Fig. 6.1). FAdVs are grouped into five species
(FAdV A to FAdV-E), 12 serotypes (FAdV-1 to FAdV-8a and FAdV-8b to FAdV-11),
and 12 genotypes [75]. Three TAdV species, namely, TAdV-B (type TAdV-1),
TAdV-C (type TAdV-4), and TAdV-D (type TAdV-5), were isolated from respira-
tory disease and poult enteritis and mortality syndrome (PEMS) (Kajan et al. 2010;
Kleine et al. 2017; Marek et al. 2014). These viruses also cause inclusion body
hepatitis in turkey poults and may be responsible for lower hatchability rates in
breeder flocks (Guy et al. 1988; Guy 1998; Shivaprasad et al. 2001). Generally,

Family Genus Species Serotypes Diseases in poultry
_{ Fowl ,, ]_[ FAQV-1 FAdV contains 12 serotypes causing
several diseases such as Inclusion
[ . J _[ Fowl. T }_[ FAdV-5 ] body hepatitis
'—{ Fowl Ade H FAdV-4 ,FAdV-10 Quail Bronchitis, Gizzard erosions
(caused by FAV-1), Hydropericardium
—-| Fowl firus D H FAdV-2, FAdV-3, FAdV-9, FAdV-11 ] syndrom (caused by FAV-4),
_[ i i { Fowl s }_[ FAAV-6, FAAV-7, FAAV-8a, FAQV-8b |
{__DuckadenovirusB |—{ DAGV2 ) usinfection in ducks
| Falconadenovirus A
[ Goose jirus A J_[ GoAdV-1.3 ] Aviadenovirus infection in geese
[ iri i - pigeonadenovirus - PIAdV-2 ) Aviadenovirus infection n pigeon
—{_Turkeyadenovirus B —1 TAAV-1, TAdV-2 Aviadenovirus infection in turkeys
[ Turkeyadenovirusc | TAdV-4
—[ Turkey adenovirus D ]—{ TAQV-5 )
i L Turkey adenovirus A
Duck adenovirus 1 l_( DAdV-1 Egg Drop Syndrom (EDS)

Raptor adenovirus A
T SEoRTES S Marble spleen disease virus, avian adenovirus
) splenomegaly virus, turkey hemorrhagic enteritis virus

Fig. 6.1 Classification of avian adenoviruses. Turkey hemorrhagic enteritis (HE) is caused by
turkey adenovirus-3 (TAV-3), the genus Siadenovirus, family Adenoviridae (The information col-
lected from https://talk.ictvonline.org/taxonomy/). The genus Aviadenovirus comprises 14 species
(Fowl AdV A-D, Duck AdV-B, Falcon AdV-A, Goose AdV-A, Pigeon AdV-A/ B, TAdV-B/C/D,
and Psittacine AdV-B)
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further studies are required to understand the pathogenicity of aviadenoviruses in
turkeys.

The Aviadenovirus comprises the fowl aviadenovirus (FAdV) and the turkey
aviadenovirus (TAdV) species. FAdVs are grouped into five species (FAdV A to
FAdV-E), 12 serotypes (FAdV-1 to FAdV-8a and FAdV-8b to FAdV-11), and 12
genotypes [75]. Three TAdV species, namely, TAdV-B (type TAdV-1), TAdV-C
(type TAdV-4), and TAdV-D (type TAdV-5), were isolated from respiratory disease
and poult enteritis and mortality syndrome (PEMS) (Kajan et al. 2010; Kleine et al.
2017; Marek et al. 2014). These viruses also cause inclusion body hepatitis in tur-
key poults and may be responsible for lower hatchability rates in breeder flocks
(Guy et al. 1988; Shivaprasad et al. 2001; Guy 1998). Generally, further studies are
required to understand the pathogenicity of aviadenoviruses in turkeys; hence, all
aviadenoviruses were identified.

Turkey HE virus was first recognized in turkey poults in 1937 by Pomeroy and
Fenstermacher in the United States (Pomeroy and Fenstermacher 1937). HE virus
replicates in the endothelial cells but does not replicate in the intestinal epithelium,
causing vascular damage and ischemic necrosis of intestinal villi. Since adenovi-
ruses are non-enveloped, they are resistant to lipid solvents and pH 3-9 but are
sensitive to formaldehyde. HEV remains infective for 6 months and 4 years at 48 °C
and —208 °C, respectively (Domermuth and Gross 1984).

Due to the close relationship between the pheasant marble spleen disease virus
and HE, the pheasant marble spleen virus can infect turkeys, and the turkey HE
virus may infect pheasants (Dhama et al. 2017). The virus causes severe immuno-
suppression, which is accompanied by infections with opportunistic bacteria, lead-
ing to growth retardation and reducing feed conversion rate. The disease is
accompanied by economic losses due to the acute intestinal disorder caused by viru-
lent strains. The disease typically lasts after 7-10 days in the flock, although losses
could last for an extra 2-3 weeks in the case of mixed or secondary infections.

6.2  Clinical Signs

The clinical disease is commonly reported in four to 12-week-old turkey poults. The
main signs include depression, bloody droppings, sudden death, and bloody drop-
pings. The mortality rates ranged from 10 to 15%; however, it can reach 60%
(Fig. 6.2).

6.3 Postmortem Lesions

Postmortem lesions are characterized by an enlarged mottled spleen and distended
and congested intestines, more prominent in the proximal small intestine. The intes-
tine might be filled with bloody exudate. Sometimes, the intestinal mucosa is cov-
ered by a yellowish fibrinonecrotic membrane. Moreover, severely congested
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Fig. 6.2 Clinical signs: (a) depression, (b) bloody dropping, and (¢) death (©Hafez, FU-Berlin)

mucosa, degeneration and sloughing of villus epithelium, and hemorrhage at villus
tips were reported (Figs. 6.3 and 6.4).

6.4  Histopathological Examination

Microscopic examination revealed characteristic lesions, including hyperplasia of
the white pulp and lymphoid necrosis in the spleen. Petechial hemorrhages can also
be seen in several tissues (Shehata et al. 2021).

6.5 Diagnosis

The clinical signs, postmortem lesions, and histopathology are the presumptive
diagnosis of HE. A definitive diagnosis depends on virus isolation and molecular
identification. Adenovirus isolation can be done using cell cultures derived from the
homologous species (Hess et al. 1999). However, adenoviruses could be success-
fully isolated from turkeys using chicken embryo liver (CEL) cells from SPF
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Fig. 6.3 Hemorrhagic
enteritis in turkeys,
showing enlarged mottled
spleen

Fig. 6.4 Hemorrhagic
enteritis in turkeys showing
hemorrhage of the intestine
and a velvety appearance
(©Hafez, FU-Berlin)

chickens. The main cytopathic effects on CEL cells are rounded cell degeneration
after the first and fourth passages (Kleine et al. 2017). Electron microscopy can also
be used to detect the virus in turkey poults (Fig. 6.5). The agar gel immunodiffusion
test is the most common test to detect the virus in the splenic extracts. The highest
titer of the HEV is present in the spleen.

Molecular typing can be done based on conventional PCR targeting the L1 region
of the hexon gene (Meulemans et al. 2001; Kleine et al. 2017). Amplification and
sequence analysis of polymerase genes can be used to distinguish between TAdV-B,
TAdV-C, and TAdV-D (Ye et al. 2012).

Differential diagnosis from pathogens causing splenic and intestinal lesions such
as Erysipelothrix rhusiopathiae, Pasteurella multocida, E. coli, Salmonella sp.,
reticuloendotheliosis, lymphoproliferative disease, avian influenza, and ND should
be considered (Dhama et al. 2017). Aortic rupture should also be considered in the
differential diagnosis. However, aortic rupture is characterized by blood coming
from the nostrils and mouth before performing the postmortem lesions.
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Fig. 6.5 Adenovirus
particles using electron
microscopy (CVUA-
Stuttgart 2010) (Shehata
et al. 2021)

6.6 Prevention and Control

Live HE vaccines prepared from naturally avirulent strains are effective against
HEV. These vaccines can be prepared in cell culture using RP19 cells or peripheral
blood leukocytes (van den Hurk 1992), commercially available, or from spleen
homogenate obtained from 6-week-old poults vaccinated with the avirulent HEV
vaccine (Fadly et al. 1985). However, these vaccines can cause transient
immunosuppression.

By designing a vaccination program against HE, it is recommended to consider
several factors: (1) To avoid exposure to virulent field strains, it is suggested to
immunize poults against HEV before the maternal antibody begins to decline.
Typically, vaccinations are given to poults between 3 and 6 weeks old. (2)
Seroconversion in response to vaccination developed slowly. It was suggested that a
seroconversion rate of 60% or higher using AGID or ELISA 3 weeks after vaccina-
tion with splenic homogenate is a good indication of 100% protection. (3) when cell
culture-based vaccinations are used, a booster dose can be given one week follow-
ing the initial vaccination. (4) Presence of immunosuppressive agents such as avian
metapneumoviruses (Chary et al. 2002) or residual water sanitizers in the pipeline
can negatively impact the vaccine efficacy. (5) If less than 100% of poults get vac-
cinated, lateral transmission within 2-3 weeks can be expected due to fecal excre-
tion of the virus (Pierson and Fitzgerald 2013). (6) The application of E. coli
autogenous vaccines reduces mortality during the most critical period of HEV
infection (Dhama et al. 2017).
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Abstract

Turkey reovirus is a progressive condition affecting mainly tom turkeys at
12th—16th weeks of age, causing enteritis, immunosuppression, arthritis/tenosy-
novitis, and myocarditis. The disease is characterized by lameness, stunted and
uneven growth, poor feed conversion, and increased mortality. The primary post-
mortem lesions are unilateral or bilateral swelling of the hock joints and the
presence of clear yellow to serosanguinous synovial fluid, which may even reach
the sheaths of the gastrocnemius and digital flexor tendons. Rupture of gastroc-
nemius and/or digital flexor tendon may occur, resulting in hemorrhages fol-
lowed by a fibrotic lump above the hock joint. Reoviruses can be isolated in
embryonated chicken eggs via either a yolk sac or on chorioallantoic membrane
routes. PCR, electron microscopy, and immunohistochemistry can be used for
virus identification. ELISA and AGID can be used for serological diagnosis and/
or monitoring of vaccinated flocks. Although live attenuated and inactivated vac-
cines against chicken reovirus are available; however, no commercial vaccine is
available against turkey reovirus. In some countries, the autogenous inactivated
turkey reovirus vaccine can be used.
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7.1 Etiology

The family Reoviridae comprises 15 genera and is classified into two subfamilies,
namely, Spinareovirinae and Sedoreovirinae. Avian reoviruses are members of the
genus Orthoreoviruses and can infect domestic and wild birds. Like Aquareoviruses,
Orthoreoviruses are non-enveloped, icosahedral virions comprising a double-
stranded RNA of ten segments (Tang et al. 2016), designated large (L1, L2, and L3),
medium (M1, M2, and M3), and small (S1, S2, S3, and S4).

The genome encodes eight structural proteins (AA, AB, AC, pA, pB, A, 6B, and
0C) and four nonstructural proteins (LNS, P10, P17, and oNS) (Varela et al. 1996).
The oC protein is encoded by the S1 segment, which is responsible for cell attach-
ment and immunogenicity (Martinez-Costas et al. 1997).

Based on the molecular differences between avian reoviruses, these viruses are
classified into five species-specific, for example, turkey reovirus, duck reovirus,
goose reovirus, psittacines reovirus, and chicken reovirus (Jones et al. 1989). It is
believed that turkey reovirus might have emerged as an evolution of avian reovi-
ruses due to genetic reassortment (Day et al. 2007; Sharafeldin et al. 2014).

7.2  History and Epidemiology

The turkey reovirus is ubiquitous and distributed worldwide, suggesting that it may
be part of the virosome of healthy turkeys. The first isolation of reoviruses from
turkeys suffering from tenosynovitis/arthritis was in the 1980s. However, the iso-
lated virus could not fulfill Koch’s postulates when inoculated into footpads of one-
day-old poults (Afaleq and Jones 1989). Basically, the pathogenicity of avian
reoviruses depends on the age, pathogenicity, reovirus strain, dose, route of infec-
tion, presence of maternal antibodies, and immune system. Young birds free from
maternally derived antibodies can be infected with reoviruses (van der Heide 2000),
highlighting the importance of vaccination of breeders against reovirus to provide
protection conferred by maternal-derived antibodies.

Reoviruses are resistant to heat and environmental stress. The virus survives in
litter and drinking water for about a week but is inactivated within 10 min or less
when exposed to most commercial disinfectants (Mor et al. 2014). It was found that
oxidizing agents and quaternary ammonium compounds plus aldehyde were more
effective against turkey rotaviruses.

The clinical disease is more common in Tom turkeys at 12-16 weeks of age.
However, it was found that poults aged 28 days or less are more susceptible to infec-
tion following oral challenge (Kumar et al. 2021).
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Although chicken reoviruses can be transmitted vertically via hatching eggs and
horizontally through fecal and contaminated litter (Al-Muffarej et al. 1996). The
vertical transmission of turkey reovirus in turkeys has not yet been approved.
Recently, it was also found that turkey reovirus transmitted the infection to naive
sentinel turkeys of the same age, and this highlights the potential vertical transmis-
sion (Kumar et al. 2021).

7.3  Pathogenic Conditions Associated with Turkey Reovirus

7.3.1 Turkey Reovirus-Associated Poult Enteritis and Mortality
Syndrome (PEMS) and Immunosuppression

Turkey reovirus grows well in the intestine (enterocytes), causing mild diarrhea
and depression 7 days post-oral inoculation in commercial poults. The virus can
cross the intestinal barrier and reach the blood and then the gastrocnemius ten-
don to produce tenosynovitis (Sharafeldin et al. 2015, 2016) A mild increase in
crypt depth due to crypt hyperplasia has been observed with granulocyte and
lymphocyte infiltration in the lamina propria and submucosa 2 weeks after oral
challenge.

Turkey reovirus was also detected in the bursa Fabricius and caused lymphoid
depletion that caused bursal atrophy and fibroplasia in poults at a young age, leading
to permanent immunosuppression and stimulating opportunistic pathogens
(Heggen-Peay et al. 2002; Spackman et al. 2005b; Day et al. 2008).

Turkey reoviruses are also associated with poult enteritis and mortality syndrome
(PRMS) (Shehata et al. 2021). However, experimentally infected SPF poults showed
mild clinical signs and no postmortem lesions, highlighting that turkey reovirus
might not be the primary cause of PEMS (Spackman et al. 2005a).

7.3.2 Turkey Reovirus-Associated Arthritis/Tenosynovitis

Infection with turkey reovirus is associated with uni- or bilateral lameness, with
swelling of tarsal and metatarsal tendons. Sometimes, swelling of the hock joint can
be seen. Birds are reluctant to move, and infected flocks exhibit uneven growth, low
feed conversion ratio, and reduced performance. Postmortem lesions reveal unilat-
eral or bilateral swelling of the hock joints and the presence of clear yellow to sero-
sanguinous synovial fluid, which may even reach the sheaths of the gastrocnemius
and digital flexor tendons. A gastrocnemius and/or digital flexor tendon rupture may
occur, resulting in bleeding followed by a fibrotic lump above the hock joint. In
chronic cases, there is bruising of the skin of the hock with prominent periarticular
fibrosis, edema, and occasional large flecks of fibrin within the subcutis and tendon
sheaths.

Microscopically, the main lesions are lymphocytic infiltration in the subsy-
novium of tendons and synoviocyte hypertrophy. Fibrosis of the tendon and tendon
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sheath that promotes stiffness (reduced tendon elasticity) and ultimately leads to
gastrocnemius tendon rupture in some birds was documented (Jones et al. 2013;
Sharafeldin et al. 2016).

7.3.3 Turkey Reovirus-Associated Myocarditis

Turkey reovirus was detected in 19-day-old turkey poults with myocarditis with a
history of diarrhea and increased mortality, suggesting that this virus is probably
the etiology of myocarditis in turkeys. The virus was isolated from enlarged hearts
with mild to severe ventricular dilation, whitish discoloration, hydropericardium,
pale liver areas, congestion, lung edema, and enteritis with pale serosa and watery
contents. The virus was detected from the heart, spleen, intestine, liver, lungs,
intestine, and bursa of Fabricius samples using electron microscopy and immuno-
histochemistry using polyclonal antibodies for turkey reovirus. Microscopically,
severe degeneration and necrosis of myocytes and lymphocytic infiltration in the
myocardium and epicardium were documented (Shivaprasad et al. 2009; Franca
et al. 2010).

7.4 Diagnosis

Avian reoviruses can be isolated in embryonated chicken eggs at 9 days using yolk
sac inoculation of 6-day-old or chorioallantoic membrane route. Virus identification
can be carried out using PCR, transmission electron microscopy (85-88 pm in
diameter), and immunohistochemistry.

7.5 Vaccination

In some countries such as the United States, turkey breeders have been vaccinated
with the autogenous vaccine against turkey reovirus for two purposes: (1) preven-
tion of the suspected vertical transmission to the turkey poults and (2) providing
maternally derived antibodies to the progeny during the initial days of their life.
However, these vaccines provide different efficacy, especially against the variant
strains (Porter 2018). A recombinant Pichinde virus-vectored vaccine expressing S1
and S3 antigens was developed recently. However, further studies are still required
to produce such vaccines commercially.
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Abstract

Avian encephalomyelitis (AE), or epidemic tremor, is a worldwide infectious
viral disease affecting the central nervous system of young birds (during the first
2 weeks) such as chickens, turkeys, quail, pheasants, and pigeons, causing ataxia
and rapid tremors with milder clinical signs in turkeys than in chickens. AE
virus, belonging to the genus Tremovirus of the family Picornaviridae, is entero-
tropic and can be transmitted horizontally and/or vertically. In layers and breed-
ers, the virus caused a drop in egg production and reduced hatchability. The
diagnosis depends on the clinical signs, histopathological lesions of the brain,
pancreas, and duodenum, and PCR. The virus can be isolated in 6-day-old
embryonated chicken eggs. One vaccination of breeder hens before egg produc-
tion with inactivated or live vaccines prevents disease in breeders and progeny.
Commercial ELISA is available for monitoring vaccination status.
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8.1 Etiology

AEV of the Tremovirus genus, family Picornaviridae is non-enveloped, with a size
of 24-32 nm in diameter, and contains a single-stranded RNA genome of 7032
nucleotides (nt), not including the poly-A tail. The AEV genome comprises a single
open reading frame (ORF) that encodes 11 proteins, including four viral structural
proteins (vpl, vp2, vp3, and vp4) and seven nonstructural proteins. The VP1 is the
most immunogenic part of the virus (Liu et al. 2014; Marvil et al. 1999). Because of
the absence of an envelope, the AEV is highly resistant in the environment and to
chloroform, acids, trypsin, pepsin, and DNase and is protected against the effects of
heat by divalent magnesium ions. However, it is susceptible to formaldehyde fumi-
gation and beta-propiolactone.

8.2 Epidemiology

Jones first described AEV in 1930 in the United States (Jones 1932). Turkey poults,
chickens, pheasants, and quails can also be infected naturally. Baby chicks
(1-3 weeks old) obtained from non-vaccinated breeder flocks are susceptible to
AE. Duckling, pigeons, and guinea fowl can be experimentally infected.

The virus is relatively nonpathogenic to adult birds but can cause a temporary
drop in egg production (5—-10%). However, in 2016, sporadic cases with neurologi-
cal signs of AE in pullets at 1-2 were reported (Senties-Cué et al. 2016). AE can be
transmitted vertically through eggs from the infected non-vaccinated breeders.
Infection in incubators at hatching or brooder by contact with infected chicks.

The virus can be transmitted through direct contact. Ingestion of contaminated
food and water by the droppings of infected birds. Infected birds harbor the virus in
the intestine and shed it in the feces for 10-15 days, as the virus can survive for at
least 3 weeks in droppings.

The incubation period after vertical transmission is 1-7 days. While in horizontal
transmission, the incubation period is 11 days.

8.3  Pathotypes

Two Distinct Pathotypes of AEV Are Known

1. Natural field strains. These viruses are enterotropic; however, some show tro-
pism to the nervous system. The virus is shed in the feces for several days
(1-2 weeks) and can be transmitted orally (Westbury and Sinkovic 1978; Shafren
and Tannock 1988). The virus can remain infectious for a long time as it is qui-
etly resistant to environmental conditions. Natural strains do not induce gross
lesions in embryos.

2. Embryo-adapted strains. These viruses are subjected to multiple passages in
antibody-free chicken embryos. They are neurotropic viruses causing severe
neurological signs following intracerebral, intramuscular, or subcutaneous injec-
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Fig. 8.1 Avian encephalitis in chicken embryos, showing severe stunting growth at 5 days post-
inoculation. The embryo on the right is a normal control (© Hafez)

tion. Embryo-adapted viruses are not spread horizontally because they are not
infectious if given orally, except with high doses (Shafren and Tannock 1991). In
contrast to natural field strains, these viruses are pathogenic for embryos, causing
muscular dystrophy and immobilization of skeletal muscles. A severe stunting
growth at 5 days post-inoculation is shown in Fig. 8.1.

Maternal antibodies effectively protect chicks and/or poults against AEV. Maternal
antibodies waned between the second and third week post-hatch (Szabd 2012).
Therefore, detecting high antibodies against AEV in chickens at 21 days of age or
older indicates field infection.

8.4  (linical Signs

The main clinical signs of AE at an early age (1-3 weeks old) are inappetence,
weakness, and the development of various neurological signs such as ataxia, paraly-
sis, and opisthotonus, leading to prostration and death (Fig. 8.2). Head and neck
tremors were also reported. A tremor frequently precedes ataxia; in some cases,
only tremors have been seen. Usually, ataxia worsens until the chick cannot move,
leading to inanition, prostration, and ultimately death.

The disease is characterized by high morbidity (40—-60%) and mortality (25-50%)
rates, depending on the immune status of breeders. Infection at an early age can lead
to the development of cataracts and opacity, which gives a bluish discoloration to
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Fig.8.2 Avian
encephalomyelitis in
chicks showing ataxia and
inability to stand (©
Hafez)

the lens, in some survivors, and blindness. In mature birds, AE is characterized by a
temporary drop in egg production (5-10%) for 1-2 weeks (Meroz et al. 1990).

8.5 Postmortem Lesions

There are no specific gross lesions for AE, only pale areas in the muscular layer of
the gizzard.

8.6  Histopathology

Non-suppurative encephalomyelitis is an apathogenomic microscopic lesion of
AE. The main lesions are multifocal severe perivascular cuffing by lymphocytes,
gliosis, severe local edema, vascular proliferation, and pyknosis (Fig. 8.3). Swelling
and chromatolysis of neurons in nuclei of the (nucleus rotundus and nucleus
ovoidolis) in the midbrain and cerebellum, in combination with infiltration and
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aggregation of lymphocytes in the muscular layers of the proventriculus, have been
reported. Lymphocytic inflammation of the pancreas, myocardium, skeletal mus-
cles, nerves, and muscular layers of the gizzard, crop, and esophagus is also docu-
mented. Muscular changes consisted primarily of eosinophilic swelling and
necrosis, fragmentation, and loss of striations of affected fibers with rare sarco-
lemma proliferation and heterophil infiltration (Hishida et al. 1986).

8.7 Diagnosis

* The presumptive diagnosis of AE depends on the neurological signs in baby
chicks and poults at 1-3 weeks. Biphasic mortality is a feature of vertical infec-
tion with AE. Some recovered birds develop cataracts in one or both eyes. In
older ages (after 6 weeks), the main signs are a transient drop in egg production
(5-10% for 1-2 weeks) and decreased hatchability due to embryonic deaths dur-
ing the last 3 days of incubation. Poults hatched from these eggs develop ataxia
and leg paralysis.

» Egg or embryo susceptibility test. It is used to determine the immunity of a flock.
Fertile eggs from the flock will be tested, and control eggs from a known suscep-
tible flock will be incubated. Each embryonated egg will be inoculated at 6 days
old via the yolk sac with 100 EIDs, of the egg-adapted virus. Embryos are exam-
ined 10-12 days PI for characteristic lesions. The flock is considered susceptible
if 100% of embryos are affected; less than 50% affected indicates an immune flock.

» Histopathological examination is pathognomonic for AE, particularly: (1) cen-
tral chromatolysis of neurons in the brain and spinal cord and (2) clusters of
lymphocytes in the proventriculus muscles, gizzard, and pancreas.

* Virus isolation from a suspension of the brain, spleen, and duodenum can be
inoculated in embryonated chicken eggs via the yolk sac route at 5- to 6-day-old
embryos. The field viruses do not exhibit any embryonic lesions. However, the
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hatched chicks exhibit typical clinical signs during the first 7-10 days of life.
Embryonic fibroblast, kidney, and neuroglial cell cultures and pancreatic cells
from young chicks can be used for virus propagation and isolation. Replication
in cell cultures can be detected by inoculation of embryos (adapted strains only)
or by IFA or ELISA (Nicholas et al. 1986, 1987).

e The virus can be identified using RT-PCR (Xie et al. 2005; Liu et al. 2014). The
brain is an excellent source of virus for RT-PCR or isolation, although other tis-
sues and organs induce the disease when injected into chicks.

* Serological monitoring can be done using ELISA. However, commercial AE
ELISA Kkits are designed for chickens, making implementing these tests in the
serological monitoring of turkey flocks difficult. Differences in the sensitivity of
the ELISAs for testing specific anti-AE antibody levels in turkey serum samples
were reported (Smiafek et al. 2022).

8.8 Differential Diagnosis

AE should be differentiated from other neurological diseases, including vitamin E
deficiency: its diagnosis depends on the therapeutic diagnosis, negative virus isola-
tion, and the microscopic examination (degenerative changes).

The diagnosis of vitamin A or B2 deficiency can be confirmed based on the
therapeutic diagnosis, negative virus isolation, microscopic examination (degenera-
tive changes), and the bilateral thickening of the sciatic nerves. Vitamin B2 defi-
ciency: poults are reluctant to move or walk on their hocks with the aid of wings. In
some birds, the toes are bent inward and downward.

Newcastle disease, Marek’s disease, should also be considered in diagnosing AE.

8.9 Prevention and Control

No treatment is effective against avian encephalomyelitis.

The control of AE is achieved by vaccination of breeder flocks during the grow-
ing period. The maternal antibodies protect baby chicks during the first 2-3 weeks,
the critical susceptible age (Hauck et al. 2017). Commercial layers can also be vac-
cinated to prevent the egg production drop associated with AE. Vaccines used to
control AE in chickens have also been effective in turkeys (Deshmukh et al. 1973).

Live vaccines, embryo-propagated but not embryo-adapted viruses, such as
strain 1143, can be applied in drinking water wing-web inoculation, or intracutane-
ous injection (Smyth et al. 1994; Yu et al. 2015; Senties-Cué et al. 2016). Vaccination
of breeders (growing period) protects against drop in egg production and their prog-
eny through maternal antibodies (Hauck et al. 2017).

It is crucial to avoid the use of embryo-adapted vaccine for two reasons: (1)
adapted virus loses its ability to infect via the intestinal tract and is no longer effec-
tive when administered orally. (2) Egg-adapted viruses are similar to field viruses
and can cause clinical disease.
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Generally, vaccination with live vaccines is done after eight-week-of age and at
least 4 weeks before egg production. Too early vaccination may cause clinical dis-
ease in young birds, and too late vaccination can cause a drop in egg production and
shedding of the virus in the eggs, causing clinical disease in hatching birds.
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Abstract

Rotaviruses were first identified in 1973 by children at 4 and 31 months, showing
symptoms of acute gastroenteritis. Rotaviruses were detected in birds for the first
time by Bergland in 1977. They, belonging to the family Reoviridae, cause
enteric diseases in several avian and mammalian species. These viruses are clas-
sified into nine distinct groups (A-D and F-J) based on the antigenicity and
genetic characteristics of capsid protein VP6. Avian Rotavirus (ARV) was first
reported in turkey poults in the United States in 1977, and since then, the follow-
ing groups, RVA, ARVD, RVF, and RVG, have been identified worldwide. The
pathogenicity of rotaviruses in turkeys depends on several factors, including
virulence of involved strains, co-infections with other pathogens, and manage-
ment. The main clinical signs of rotavirus infections are enteric disorders such as
diarrhea, depression, and runting-stunting syndrome. The diagnosis involves
identifying the virus using electron microscopy and/or PCR. Commercially
available ELISAs for identifying RVA in feces are also available. Currently, no
commercial vaccines are available. Implementing biosecurity and strict sanita-
tion and hygienic measures could minimize the negative impacts of rotaviruses.
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9.1 Etiology

Rotaviruses belong to the genus Rotavirus, one among 15 genera within the
Reoviridae family. Reoviridae is further subdivided into two subfamilies,
Sedoreoviridae and Spinareovirinae. Rotaviruses are non-enveloped icosahedral
particles and contain double-stranded RNA of 11 segments that encode six struc-
tural (VP1-VP4, VP6, and VP7) and six nonstructural proteins (NSP1-NSP6).
According to the VP6, rotaviruses are classified into ten serogroups (RVA-RVIJ)
(Bényai et al. 2017).

The RVA is of greatest epidemiological importance worldwide. The classifica-
tion of avian rotaviruses is shown in Fig. 9.1. Rotaviruses are extremely environ-
mentally resistant. The antigenicity of the virus is determined by two surface
proteins (VP4 and VP7), which are also used to classify the serogroup into different
serotypes (genotypes). There are 16 VP7 (“G-") and 27 VP4 (“P-”) types.

Recently, it has been found that avian rotaviruses can exchange genetic material
with mammalian rotaviruses, leading to the emergence of new types of rotaviruses
(BFR 2020).

9.2 Epidemiology

Rotaviruses have been associated with enteritis in mammalian and poultry species
(Matthijnssens and Van Ranst 2012; Martella et al. 2010; Estes and Greenberg
2013). In poultry, several RVA, RVD, RVF, and RVG have been identified world-
wide, such as in the United States, Italy, Argentina, Belgium, Brazil, China, Cuba,
Germany, India, Bangladesh, the United Kingdom, and Russia (Day 2020). The
global prevalence of avian Rotavirus in poultry ranges from 19 to 70% in turkeys
and 10 to 47% in chicken flocks.
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The pathogenicity of the disease depends on several factors such as (1) Rotavirus
strain, (2) mixed infections, (3) maternal antibodies (with the protection of up to
4 weeks), and (4) hygienic measures. Usually, natural infection is more common in
young poults (<6 weeks of age). Younger poults at 1-2 weeks old are more suscep-
tible (Shehata et al. 2021).

Natural co-infections with Rotavirus and other avian enteric viruses, such as
astrovirus, reovirus, and secondary bacterial pathogens, are common (Pantin-
Jackwood et al. 2007; Otto et al. 2006). The avian rotaviruses are classified into
genogroups/serologic groups: RVA, RVD, RVF, and RVG. The RVD, RVF and RVG
are exclusive to avian species. RVA and RVD are the most prevalent, and interspe-
cies transmission is known to occur within RVA. Broiler and turkey flocks often
have a simultaneous and sequential disease with different avian rotavirus groups.

Avian rotaviruses transmit horizontally (Pantin-Jackwood et al. 2007). No
evidence of vertical transmission via hatching eggs. However, Rotavirus was
detected in a 3-day-old turkey (Theil and Saif 1987), raising the question of
whether the transmission is mechanical or vertical. There is also evidence that
larvae of the darkling beetle can act as a mechanical vector for TRV (Despins
etal. 1994).

9.3  Clinical Signs

Experimentally, the incubation period is 3 days. The clinical signs of rotavirus
infections vary from subclinical infections to severe diarrhea, dehydration, poor
growth, and increased mortality. In the first week of age, infected poults show
mild diarrhea (Horrox 1980). In the second and fifth weeks of life, poults show
diarrhea associated with the runting-stunting syndrome and increased mortality.
In the third week, the symptoms are characterized by restlessness, litter eating,
and watery droppings. The mortality rate reaches 4-7% (Bergeland et al. 1977).
No mortality occurred in experimentally infected turkeys or chickens (Spackman
et al. 2010). Infection of turkeys with crude intestinal homogenates that contained
Rotavirus showed the same clinical signs (Jindal et al. 2009).

9.4 Postmortem

The most common postmortem lesions are the presence of abnormal amounts of
fluid and gas in the intestinal tract and caeca. The intestinal tract’s pallor, accompa-
nied by tonicity loss, may be evident. Secondary findings include dehydration,
stunting of growth, pasted and inflamed vents, anemia due to vent pecking, litter in
the gizzard, and inflammation of the feet (Bergeland et al. 1977; Yason et al. 1987,
Shawky et al. 1993). Discrete, multifocal, superficial, brownish-red erosions were
found in the duodenum and jejunum of turkeys orally infected at 84 and 112 days of
age (Yason et al. 1987).
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9.5 Diagnosis

The diagnosis of rotavirus depends on identifying the virus in feces or intestinal
contents by direct electron microscopy (McNulty et al. 1979). The immune-EM
can be used to identify and differentiate the serogroups, albeit the method requires
the availability of particular reference antisera (Theil et al. 1986). Commercially
available ELISAs are commonly used to identify RVA in mammalian and avian
feces. However, no commercial ELISAs are available to detect RVD, RVF,
and RVG.

Only avian RVA viruses can be isolated in cell culture (Devitt and Reynolds
1993). These viruses can be isolated in primary chicken, turkey, and chicken
embryonic liver cells. The MA104 cell line (Fig. 9.2), derived from the rhesus
monkey kidney, is commonly used for avian RVA. Trypsin activation of rotaviruses
is essential for isolation on cell culture. Other rotavirus serogroups have shown to
be particularly challenging to be isolated.

PCR is highly sensitive in determining the rotaviruses’ genotype and can be used
as an alternative to EM (Fig. 9.3) or virus antigen ELISA (Kirkwood 2010). Highly
conserved primers of the NSP4 gene can be used (Pantin-Jackwood et al. 2007; Day
et al. 2007) to identify ARV.

A multiplex RT-PCR test was developed and validated to identify concurrent
enteric viruses, such as avian astroviruses and avian rotaviruses (Day et al. 2007).
Akimkin et al. (2011) developed a one-step RT-qPCR with an internal control sys-
tem for detecting turkey rotaviruses in fecal samples.

Because of the high incidence of antibodies, it is challenging to interpret the
results of serologic diagnosis of rotavirus infections (McNulty et al. 1984;
Minamoto et al. 1988). Additionally, antigens are unavailable due to the failure to
adapt some avian serogroups to cell culture. Indirect immunofluorescence or
ELISA (Myers et al. 1989) can be used for monitoring the status of specific patho-
gen-free flocks.

Fig. 9.2 Immuno-
fluorescent assay of
Rotavirus on MA104 cells
© Awad Shehata
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Fig. 9.3 Rotavirus
particles using electron
microscopy (Shehata et al.
2021)

9.6 Prevention and Control

There is no specific treatment for avian rotaviruses. Good hygienic measures, man-
agement, ventilation, and adding fresh litter are advisable. It is also recommended
to avoid the reuse of litter for each cycle of birds. Currently, there are no available
commercial vaccines. Trials to develop a vaccine against group A Rotavirus in tur-
keys indicated that inactivated vaccines administered to the breeders are unlikely to
protect the progeny against challenge for more than the first week of life (Shawky
et al. 1994).
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Abstract

Turkey coronavirus (TCoV), a Gammacoronavirus, causes acute contagious
enteritis in turkey poults, leading to impaired growth rate, low feed conversion,
increased mortality, and decreased egg production in turkey breeder hens. The
TCoV infections, in association/combination with other enteropathogenic
viruses, bacteria, and protozoa, are associated with poult enteritis-mortality syn-
drome (PEMS) in turkey poults of 1-4 weeks of age. The diagnosis of TCoV is
based on the isolation of the virus, detecting the antigen or RNA in the intestines
or bursa of Fabricius. Serological detection of TCoV-specific antibodies can be
done using immunofluorescence procedures or enzyme-linked immunosorbent
assays. Currently, no licensed vaccine is available, and the control is based on
eliminating TCoV from contaminated premises by depopulation, cleaning, and/
or disinfection.
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10.1 Etiology

TCoV is a member of the family Coronaviridae, which is divided into two subfami-
lies, namely, Letovirinae and Orthocoronavirinae. The subfamily Letovirinae
includes the genus Alphaletovirus, while the subfamily Orthocoronavirinae has
four genera based on molecular analysis, namely, alphacoronavirus («CoV), beta-
coronavirus (BCoV), gammacoronavirus (yCoV), and deltacoronavirus (8CoV)
(ICTV 2020). Both yCoV and 8CoV infect birds, but some can also infect mammals
(de Wit and Cook 2020), Fig. 10.1.

The avian coronaviruses (ACoVs), such as infectious bronchitis virus (IBV) in
chickens and guinea fowl coronavirus (GfCoV), and TcoV are members of the
genus YCoV and subgenus Igacovirus (Houta et al. 2021). The yCoV contains three
subgenera, namely, Igacovirus and Brangacovirus. Both were identified in birds,
and Cegacovirus was reported in a mammal (beluga whale, SW1 virus).

TCoV is an enveloped virus with a single-stranded positive-sense, non-segmented
RNA of 28 kb (Jackwood et al. 2010). It consists of four structural proteins, namely,
spike (S), envelope (E), membrane (M), and nucleocapsid (N), encoded by the open
reading frame (ORF) at the 3’-end. The other ORF 1a/b at the 5’-end encodes 15
nonstructural proteins (Ducatez et al. 2015). ACoVs exhibit high phylogenetic rela-
tionships, genomic structures, and close nucleotide identities. The IBV, TCoV, and
GfCoV showed nucleotide identities of 90% for the replicase, E, M, and N genes.
However, the S gene of ACoVs shares at most 36% of identity (Mitek and
Blicharz-Domanska 2018).

10.2 History and Distribution

TCoV was isolated for the first time in the United States by Peterson and Hymas
(1951). Later, the virus was reported in several countries, including Australia,
Brazil, Italy, the United Kingdom, France, and Poland (Villarreal et al. 2006). In
2008, TCoV was isolated from turkey poults that had enteritis (Maurel et al. 2011).

Three distinct genetic groups of TCoV isolates were identified in the United
States: North Carolina isolates formed Group I, Texas isolates formed Group II, and
Minnesota isolates formed Group III, suggesting the endemic circulation of distinct
TCoV genotypes in different geographic states (Chen et al. 2015).

10.3 Susceptibility

Turkeys of all ages are susceptible to TCV infection. However, the clinical disease
is more common in young turkeys during the first few weeks of age. Chickens,
pheasants, seagulls, coturnix quail, and hamsters are refractory susceptible to
infection.

Recently, it was found that younger turkeys are more susceptible to infection
than older birds after infection with TCoV NC1743 isolate at a dose of 10° EID50/
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bird. Therefore, 1-day-old turkeys could be used as a TCoV disease model to study
the disease pathogenesis (Kang et al. 2021).

Molecular analysis revealed recombination between different yCoV genomic
backbones, suggesting potential interspecies transmission of coronaviruses between
other different bird species (Domanska-Blicharz and Sajewicz-Krukowska 2021). A
recombination event between a chicken coronavirus and TCoV was documented
(Wang et al. 2020).

10.4 Transmission

The virus is shed in the droppings of infected turkeys for several weeks, even after
recovery from clinical signs (Breslin et al. 2000). Therefore, the virus transmits
horizontally by ingesting feces and contaminated materials. Mechanical transmis-
sion was reported through workers, equipment, vehicles, and insects such as dark-
ling beetle larvae and domestic house flies (Calibeo-Hayes et al. 2003) as well as
wild birds, rodents, and dogs (Watson et al. 2000); there is no evidence for vertical
transmission; however, poults may become infected in the hatchery via contami-
nated personnel and fomites such as egg boxes from infected farms. The tropism of
TCoV is primarily in the intestine, namely, enterocytes in the jejunum and ileum.
The virus replicates in enterocytes at the apical portion of the intestinal villi of the
jejunum and ileum and bursa of Fabricius (Guy et al. 2002). The virus was also
detected in dendritic cells, monocytes, and macrophages, highlighting its potential
replication in antigen-presenting cells (Brown et al. 2019).

10.5 Clinical Signs

The incubation period after natural infection is about 15 days; experimentally, 2—3
days. TCoV causes high morbidity rates that may reach 100% and a sudden increase
in mortality rates ranging between 10 and 50% in turkey poults during the first 4
weeks of age. It is associated with PEMS, a multifactorial syndrome (Day et al.
2010). In older ages, the infection results in stunting growth with low mortality rates
(Guy 2003). The disease is more common and severe during the summer months
(May—August), with sporadic occurrence in autumn. Once turkeys are infected with
the virus, they remain lifelong shedders (Guy and Barnes 1996).

10.6 Postmortem Lesions

The postmortem lesions are mainly found in the gastrointestinal tract (GIT) and in
the bursa of Fabricius. Pale duodenum and jejunum distended with watery gaseous
contents were reported. In addition, the caeca were distended and filled with watery
contents. Atrophy of the bursa of Fabricius can also be observed.
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Microscopic lesions include villus atrophy, infiltration with mononuclear inflam-
matory cells in the Lamina propria, and decreased numbers of goblet cells on vil-
lous tips. Lymphoid atrophy of follicular cells of the bursa of Fabricius and
heterophilic infiltration are also reported (Guy 2020). Experimentally, TCoV shed-
ding persists for 14 weeks post-inoculation (Gomaa et al. 2009). However, poults
infected with TCoV NC95 isolate shed the virus up to 7 weeks post-infection
(Breslin et al. 1999). Additionally, latent infection with TCoV without clinical signs
is also reported (Larsen 1998).

10.7 Diagnosis

TCoV can be isolated from samples collected from the intestine and/or bursa of
Fabricius in >16-day-old embryonated turkey eggs (preferred) or in >15-day-old
embryonated chicken eggs and via amniotic cavity route (Guy 2015). Electron
microscopy (EM) can also be used for the diagnosis of TCoV. TcoV was determined
using EM in fecal samples collected from turkey poults (Fig. 10.2). It is crucial to
consider that cell membrane fragments frequently resemble TCoV particles, mak-
ing it challenging to assess electron microscopic specimens. Immuno-EM is recom-
mended for definitive identification; however, a virus-specific antiserum is needed
(Shehata et al. 2021).

PCR can also be used for the detection of TcoV-RNA. The highly conserved
noncoding region (3’'UTR) at the 3’-end of the RNA strand is particularly suitable
for the design of PCR primers (Jonassen et al. 2005). The 3'UTR sequence frag-
ments showed high homologies between the TCoV strains and IBV (Cavanagh et al.
2001); therefore, infectious bronchitis virus (e.g., H120-strain) can also be used as
a positive control for identifying TCoV based on 3’'UTR-PCR (Villarreal et al. 2006;
Culver et al. 2006). The N and M genes are also highly conserved and can be used

Fig. 10.2 Corona-like particles electron microscopy (EM). Negative staining was done using
phosphotungstic acid. TCoV 1is enveloped particles, roughly spherical, with a diameter of
100-200 nm (Shehata et al. 2021)



90 A. A. Shehata and H. M. Hafez

for PCR targeting (Sellers et al. 2004; Cavanagh et al. 2001). PCR is highly sensi-
tive and detects even minimal amounts of virus particles. It was found that TCoV
can be detected in cloacal swabs just 24 h after oral infection of turkey poults
(Spackman et al. 2005). The use of the 3’UTR primers and the N-gene primers had
identical results. Even though no coronavirus genome was found in the Bursa
Fabricii samples, the detection was successful in at least 27% of the cloacal swabs.
These results highlight that feces and intestinal samples are the best samples suited
for PCR detection of TCoV (Teixeira et al. 2007).

Serological tests using ELISA and/or immunofluorescent assay (IFA) can be
used to detect antibodies. Commercially available ELISA plates coated with IBV
antigens could successfully detect antibodies to TCoV in antibody-capture ELISA
(Loa et al. 2000). The recombinant S1 spike polypeptide was also used to develop a
TCoV-specific antibody ELISA (Gomaa et al. 2009). Also, Abdelwahab et al. (2015)
developed a recombinant ELISA based on the N protein of TCoV expressed in a
prokaryotic system for detecting the antibody of TCoV. The relative sensitivity and
specificity of the developed recombinant ELISA compared with IFA were 86% and
96%, respectively (Abdelwahab et al. 2015).

10.8 Treatment and Vaccination

Antibiotic treatment can be used in case of secondary bacterial infections. On the
other hand, no beneficial effect was observed when glucose, electrolytes, or calf
milk replacer was added to drinking water (Dea et al. 1989). Generally, there is no
specific treatment for TCoV, and there is no licensed vaccine available. Several
attempts for the development of vaccines have been reviewed in detail (Houta et al.
2021). These trials include the development of live attenuated, recombinant, DNA,
and nucleocapsid-based DNA vaccines. However, efforts to develop effective TCoV
vaccines failed to induce early and protective humoral and cellular immune
responses. Further investigations on dosages, frequency, and adjuvants are still
required to improve the vaccine efficacy against TCoVs in turkeys.

References

Abdelwahab M, Loa CC, Wu CC, Lin TL (2015) Recombinant nucleocapsid protein-based
enzyme-linked immunosorbent assay for detection of antibody to turkey coronavirus. J Virol
Methods 217:36—41. https://doi.org/10.1016/].jviromet.2015.02.024

Breslin JJ, Smith LG, Fuller FJ, Guy JS (1999) Sequence analysis of the turkey coronavirus
nucleocapsid protein gene and 3’ untranslated region identifies the virus as a close rela-
tive of infectious bronchitis virus. Virus Res 65(2):187-193. https://doi.org/10.1016/
S0168-1702(99)00117-3

Breslin JJ, Smith LG, Barnes HJ, Guy JS (2000) Comparison of virus isolation, immunohisto-
chemistry, and reverse transcriptase-polymerase chain reaction procedures for detection of tur-
key coronavirus. Avian Dis 44(3):624. https://doi.org/10.2307/1593102

Brown PA, Courtillon C, Weerts EAWS, Andraud M, Allée C, Vendembeuche A et al (2019)
Transmission kinetics and histopathology induced by European turkey coronavirus during



10 Turkey Coronavirus 91

experimental infection of specific pathogen free turkeys. Transbound Emerg Dis 66(1):234-242.
https://doi.org/10.1111/tbed.13006

Calibeo-Hayes D, Denning SS, Stringham SM, Guy JS, Smith LG, Watson DW (2003) Mechanical
transmission of turkey coronavirus by domestic houseflies (Musca domestica Linnaeaus). Avian
Dis 47(1):149-153. https://doi.org/10.1637/0005-2086(2003)047[0149:MTOTCB]2.0.CO;2

Cavanagh D, Mawditt K, Sharma M, Drury SE, Ainsworth HL, Britton P et al (2001) Detection of
a coronavirus from turkey poults in Europe genetically related to infectious bronchitis virus of
chickens. Avian Pathol 30(4):355-368. https://doi.org/10.1080/03079450120066368

Chen Y-N, Loa CC, Ababneh MM-K, Wu CC, Lin TL (2015) Genotyping of turkey coronavirus
field isolates from various geographic locations in the Unites States based on the spike gene.
Arch Virol 160(11):2719-2726. https://doi.org/10.1007/s00705-015-2556-2

Culver F, Dziva F, Cavanagh D, Stevens MP (2006) Poult enteritis and mortality syndrome in tur-
keys in Great Britain. Vet Rec 159(7):209-210. https://doi.org/10.1136/vr.159.7.209

Day JM, Ballard LL, Duke MV, Scheffler BE, Zsak L (2010) Metagenomic analysis of the turkey
gut RNA virus community. Virol J 7:313. https://doi.org/10.1186/1743-422X-7-313

de Wit JJ, Cook JKA (2020) Spotlight on avian coronaviruses. Avian Pathol 49(4):313-316.
https://doi.org/10.1080/03079457.2020.1761010

Dea S, Garzon S, Tijssen P (1989) Isolation and trypsin-enhanced propagation of turkey enteric
(bluecomb) coronaviruses in a continuous human rectal adenocarcinoma cell line. Am J Vet
Res 50(8):1310-1318

Domanska-Blicharz K, Sajewicz-Krukowska J (2021) Recombinant turkey coronavirus: are
some S gene structures of gammacoronaviruses especially prone to exchange? Poultry Sci
100(4):101018. https://doi.org/10.1016/j.psj.2021.101018

Ducatez MF, Liais E, Croville G, Guérin J-L (2015) Full genome sequence of Guinea fowl corona-
virus associated with fulminating disease. Virus Genes 50(3):514-517. https://doi.org/10.1007/
s11262-015-1183-z

Gomaa MH, Yoo D, Ojkic D, Barta JR (2009) Use of recombinant S1 spike polypeptide to develop
a TCoV-specific antibody ELISA. Vet Microbiol 138(3—4):281-288. https://doi.org/10.1016/j.
vetmic.2009.04.010

Guy JS (2003) Turkey coronavirus. In Diseases of poultry. Ed Saif, Y. M., Barnes, H. J., Glisson,
J. R., Fadly, A. M., McDougald, L. R. And D. E. Swayne. lowa State University Press, Ames,
pp- 300-307

Guy JS (2015) Isolation and propagation of coronaviruses in embryonated eggs. In: Maier HJ,
Bickerton E, Britton P (eds) Coronaviruses. Springer, New York, pp 63-71

Guy J (2020) Turkey Coronavirus enteritis. In: Swayne DE, Boulianne M, McDougald LR, Nair V,
Suarez DL (eds) , vol 4. Wiley-Blackwell, Hoboken, pp 402408

Guy J, Barnes H (1996) Poults enteritis and mortality syndrome (“spiking mortality”): an acute,
transmissible diseases unknown etiology. 31-34

Guy JS, Smith LG, Breslin JJ, Pakpinyo S (2002) Development of a competitive enzyme-linked
immunosorbent assay for detection of Turkey coronavirus antibodies. Avian Dis 46(2):334-341.
https://doi.org/10.1637/0005-2086(2002)046[0334:DOACEL]2.0.CO;2

Houta MH, Awe OO, Ali A (2021) Infection with avian coronaviruses: a recurring problem in
turkeys. Ger J Vet Res 1(3):19-27. https://doi.org/10.51585/gjvr.2021.3.0016

ICTV (2020) International committee on taxonomy of viruses. Master Species List 2019 V1

Jackwood MW, Boynton TO, Hilt DA, McKinley ET, Kissinger JC, Paterson AH et al (2010)
Emergence of a group 3 coronavirus through recombination. Virology 398(1):98-108. https://
doi.org/10.1016/j.virol.2009.11.044

Jonassen CM, Kofstad T, Larsen I-L, Lgvland A, Handeland K, Follestad A et al (2005) Molecular
identification and characterization of novel coronaviruses infecting graylag geese (Anser
anser), feral pigeons (Columbia livia) and mallards (Anas platyrhynchos). J Gen Virol 86(Pt
6):1597-1607. https://doi.org/10.1099/vir.0.80927-0

Kang K-I, Day JM, Eldemery F, Yu Q (2021) Pathogenic evaluation of a turkey coronavirus iso-
late (TCoV NC1743) in turkey poults for establishing a TCoV disease model. Vet Microbiol
259:109155. https://doi.org/10.1016/j.vetmic.2021.109155



92 A. A. Shehata and H. M. Hafez

Larsen C (1998) Turkey coronavirus (TCV): cleanup and prevention of TCV enteritis. In: Clark
SR (ed) Proceedings and technical supplement of Roche animal nutrition and health-turkey
coronavirus workshop, pp 181-183

Loa CC, Lin TL, Wu CC, Bryan TA, Thacker HL, Hooper T, Schrader D (2000) Detection of anti-
body to turkey coronavirus by antibody-capture enzyme-linked immunosorbent assay utilizing
infectious bronchitis virus antigen. Avian Dis 44(3):498-506

Maurel S, Toquin D, Briand FX, Quéguiner M, Allée C, Bertin J et al (2011) First full-length
sequences of the S gene of European isolates reveal further diversity among turkey coronavi-
ruses. Avian Pathol 40(2):179-189. https://doi.org/10.1080/03079457.2011.551936

Mitek J, Blicharz-Domanska K (2018) Coronaviruses in avian species—review with focus on
epidemiology and diagnosis in wild birds. J Vet Res 62(3):249-255. https://doi.org/10.2478/
jvetres-2018-0035

Peterson EH, Hymas TA (1951) Antibiotics in the treatment of an unfamiliar turkey disease. Poult
Sci 30(3):466—468. https://doi.org/10.3382/ps.0300466

Sellers HS, Koci MD, Linnemann E, Kelley LA, Schultz-Cherry S (2004) Development of a mul-
tiplex reverse transcription—polymerase chain reaction diagnostic test specific for turkey astro-
virus and coronavirus. Avian Dis 48(3):531-538. https://doi.org/10.1637/7128

Shehata AA, Basiouni S, Sting R, Akimkin V, Hoferer M, Hafez HM (2021) Poult enteritis and
mortality syndrome in turkey poults: causes, diagnosis and preventive measures. Animals
11(7):2063. https://doi.org/10.3390/ani1 1072063

Shehata AA, Attia YA, Rahman MT, Basiouni S, El-Seedi HR, Azhar EI et al (2022) Diversity
of coronaviruses with particular attention to the interspecies transmission of SARS-CoV-2.
Animals 12(3):378. https://doi.org/10.3390/ani12030378

Spackman E, Kapczynski D, Sellers H (2005) Multiplex real-time reverse transcription—poly-
merase chain reaction for the detection of three viruses associated with poult enteritis complex:
turkey astrovirus, turkey coronavirus, and turkey reovirus. Avian Dis 49(1):86-91. https://doi.
org/10.1637/7265-082304R

Teixeira MCB, Luvizotto MCR, Ferrari HF, Mendes AR, da Silva SEL, Cardoso TC (2007)
Detection of turkey coronavirus in commercial turkey poults in Brazil. Avian Pathol
36(1):29-33. https://doi.org/10.1080/03079450601102939

Villarreal LYB, Assayag MS, Branddo PE, Chacén JLV, Bunger AND, Astolfi-Ferreira CS et al
(2006) Identification of turkey Astrovirus and turkey coronavirus in an outbreak of poult enteri-
tis and mortality syndrome. Bra J Poult Sci 8(2):131-135

Wang Y, Cui X, Chen X, Yang S, Ling Y, Song Q et al (2020) A recombinant infectious bronchitis
virus from a chicken with a spike gene closely related to that of a turkey coronavirus. Arch
Virol 165(3):703-707. https://doi.org/10.1007/s00705-019-04488-3

Watson DW, Guy JS, Stringham SM (2000) Limited transmission of turkey coronavirus in
young turkeys by adult Alphitobius diaperinus (Coleoptera: Tenebrionidae). ] Med Entomol
37(3):480-483. https://doi.org/10.1093/jmedent/37.3.480



®

Check for
updates

Awad A. Shehata and Hafez M. Hafez

Abstract

Turkey viral hepatitis (TVH) is an acute to subacute highly contagious viral dis-
ease of young turkeys younger 6 weeks old, characterized by hepatitis and pan-
creatitis. The turkey hepatitis virus of the family Picornaviridae causes the
disease. The main clinical signs are stunted growth, high morbidity rate (100%),
and mortality rates of 25%. In breeders, the disease causes a drop in egg produc-
tion. On necropsy, TVH is characterized by pale white necrotic foci in the liver,
hepatomegaly, necrosis in the pancreas, and enteritis. Diagnosis is based on the
microscopic lesions in the liver and pancreas, including multifocal necrosis and
mononuclear inflammatory cell infiltrations. Definitive diagnosis can be done
using RT-PCR and virus isolation in embryonated chicken eggs. To date, there is
no treatment or vaccination commercially available.
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11.1 Etiology

TVH is caused by the turkey hepatitis virus (THV), belonging to the family
Picornaviridae (Honkavuori et al. 2011). The virus is a non-enveloped capsid that
encloses an ssSRNA genome of more than 9040 nucleotides and 2813 amino acids.
It is thermostable and resistant to ether, phenol, and creolin but not formalin. THV
survives 6 h at 60 °C, 14 h at 56 °C, and 4 weeks at 37 °C in yolk. It survived for 1 h
at pH 2 but not at pH 12 (Tzianabos and Snoeyenbos 1965; Guy 2018).

11.2 Susceptibility

Turkeys are the only natural host, particularly in young turkeys under 6 weeks old.
It was found that chickens, pheasants, ducks, quails, mice, and rabbits are refractory
to infection (Tzianabos and Snoeyenbos 1965).

11.3 Transmission

THV is suggested to be transmitted by direct and indirect contact with infected
birds. Vertical transmission has also been suggested based on field observations and
by virus isolation from an ovarian follicle of experimentally infected turkey hens
(Snoeyenbos and Basch 1960).

11.4 Incubation Period

The incubation period ranged from 2 to 7 days in intraperitoneally inoculated and
in-contact poults.

11.5 Clinical Signs
The disease has several forms:

1. Subclinical form. Infected birds exhibited no clinical signs. However, due to
stress, the disease may become apparent. Infected breeders may exhibit a drop in
egg production, decreased fertility, and hatchability. Mortality in turkeys older
than 6 weeks of age has not been reported.

2. Subacute form. This form is characterized by the sudden death of apparently
normal birds, common in young poults under 6 weeks.

3. Acute form. This form is characterized by variable degrees of depression, com-
mon in young poults under 6 weeks. The morbidity and mortality rates may
reach up to 100% and 25%, respectively (Guy 2018).
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11.6 Postmortem Lesions

The main postmortem lesions are hepatomegaly, with few to multiple necrotic foci
in the liver and pancreas. Occasionally, mottled pale or gray splenomegaly could be
observed. Distended enteritis with the presence of watery contents has been reported.

11.7 Microscopic Examination

The main microscopic lesions are the presence of pale foci representing multifocal
acute coagulative necrosis with dense infiltration by mononuclear leukocytes and
lymphocytes. The proliferation of reticuloendothelial cells with giant cells could be
observed late in the course of infection. Pancreas may exhibit lesions similar to
those observed in livers. Acinar cell degeneration and necrosis are observed with
infiltration of macrophages and lymphocytes. Enteritis is characterized by increased
cellularity of the Lamina propria (Guy 2018).

11.8 Diagnosis

The diagnosis is based on histopathology, virus isolation, and RT-PCR on feces,
cloacal swabs, and liver and pancreas tissues (Honkavuori et al. 2011). THV can be
propagated in embryonated chicken eggs (5—7 days old) and turkey eggs (10 days
old) via the yolk sac. However, maternal antibodies in turkey eggs might negatively
impact virus replication. Transmission electron microscopy of the liver and/or pan-
creas can be used to demonstrate the virus particles.

11.9 Treatment and Control

To date, there is no known treatment or vaccine against turkey viral hepatitis. Proper
sanitation and biosecurity are recommended to prevent virus spread.
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Abstract

Marek’s disease (MD) is a contagious and oncogenic herpesvirus that causes
immunosuppression and tumors in chickens. While there have been several
reports of lymphomas (MD-like conditions) in turkeys, this species has received
less attention in relation to the disease. Recent studies have shown that Marek’s
disease virus (MDV) has been found in lymphomatous tumors in commercial
turkeys in several countries. The pathogenesis of MDYV infection in turkeys is
still not fully understood, and further research is needed. Although the herpesvi-
rus of turkey (HVT) vaccine did not protect turkeys from challenges with a viru-
lent MDYV, the Rispens strain proved effective, emphasizing the need for further
evaluation of MDV vaccines. This review aims to describe the history and cur-
rent situation of MD in turkeys, including its clinical presentation and diagnostic
methods in turkeys.

Keywords
Oncogenic viruses - Herpesviridae - Herpesvirus of turkey - Rispens strain

12.1 Introduction

While common in chickens, Marek’s disease (MD) in turkeys is a relatively infre-
quent diagnosis but was recently reviewed (Shehata et al. 2021). Visceral T-cell
lymphomas and peripheral nerve enlargement, leading to paralysis, are hallmarks of
MD caused by Marek’s disease virus (MDV). There are several early reports of

J. Dunn (<)

Southeast Poultry Research Laboratory, US National Poultry Research Center, Agricultural
Research Service, United States Department of Agriculture, Athens, GA, USA

e-mail: John.dunn@usda.gov

© The Author(s), under exclusive license to Springer Nature 97
Switzerland AG 2024

H. M. Hafez, A. A. Shehata (eds.), Turkey Diseases and Disorders Volume 2,
https://doi.org/10.1007/978-3-031-63322-5_12



98 J.Dunn

possible MD in turkeys, such as neurolymphomatosis in a turkey in the UK
(Andrewes and Glover 1939) and MD-like lesions from wild turkeys in Florida
(USA) (Busch and Lovett 1970) and table turkeys in the Netherlands (Voute and
Wagenaar-Schaafsma 1974), but neither virus isolation nor serology was attempted
in most early reports. More recent cases have included Poland (Gawel et al. 1996),
Israel (Davidson et al. 2002; Malkinson et al. 1996), France (Coudert et al. 1997),
Germany (Voelckel et al. 1999), the United Kingdom (Demkin 2012; Deuchande
et al. 2012; Pennycott and Venugopal 2002), the United States (Hauck et al. 2020),
Italy (Mescolini et al. 2020), and Turkey (Ongor et al. 2022). While some severe
cases have been reported in commercial turkeys, most of these recent cases are
associated with small noncommercial flocks, and many times, the affected turkeys
were raised in close proximity to chickens.

12.2 Etiology

Marek’s disease virus (MDV) is a cell-associated herpesvirus in the subfamily
Alphaherpesvirinae, genus Mardivirus (King et al. 2011). The three MDYV serotypes
are now designated as three species, which are Gallid alphaherpesvirus 2 (serotype
1) (Churchill and Biggs 1967; Nazerian et al. 1968; Solomon et al. 1968), Gallid
alphaherpesvirus 3 (serotype 2) (Biggs and Milne 1972; Cho and Kenzy 1972;
Schat and Calnek 1978), and Meleagrid alphaherpesvirus 1 (turkey herpesvirus
(HVT) (serotype 3) (Kawamura et al. 1969; Witter et al. 1970). As the species names
imply, serotypes 1 and 2 are of chicken origin, and serotype 3 is of turkey origin.
Gallid alphaherpesvirus 2 is the only species capable of causing disease and will be
synonymous with the designation MDYV for the remainder of the chapter. It is par-
ticularly interesting to note that MDV (originating from chickens) is capable of
causing MD in both chickens and turkeys, whereas HVT (originating from turkeys)
is non-oncogenic in both chickens and turkeys (Witter 1972). MDV is further
divided into pathotypes based on virulence in vaccinated chickens, designated as
mild (m), virulent (v), very virulent (vv), and very virulent plus (vv+) (Witter 1997,
Witter et al. 2005).

MDYV is a linear double-stranded DNA virus, approximately 180 kb in length
(Lee et al. 1971; Ross 1985). The virus is highly cell-associated, and while lympho-
tropic properties are more similar to a gammaherpesvirus, its genomic similarity to
other alphaherpesviruses resulted in its designation within the subfamily
Alphaherpesvirinae (Buckmaster et al. 1988; Lee et al. 2000; Tulman et al. 2000).
Structurally, the virus is composed of a uniquely long and unique short sequence,
each of which is flanked by inverted repeat sequences.
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12.3 Transmission

MDYV is highly contagious and readily transmitted by inhalation of infectious feather
dander. Horizontal transmission between turkeys and between turkeys and chickens
was established (Coudert et al. 1997). Feather follicle epithelial cells are the source
of infectious viruses that slough off and are shed as feather dander (Calnek et al.
1970), which can remain viable in a poultry house for months to years, depending
on environmental conditions. While chickens are commonly exposed to residual
viruses in the poultry house from previous flocks, this is likely uncommon for tur-
key flocks, given the low prevalence. In many cases of MD in turkeys, it was reported
that the affected turkeys were in close proximity to chickens, which may be the most
common source of infection. Examples of presumed crossover from chickens to
turkeys include a research flock (Pennycott and Venugopal 2002), commercial farms
currently raising both species or recently raising chickens (Blake-Dyke and Baigent
2013; Voelckel et al. 1999), or backyard flocks raising both chickens and turkeys
(Deuchande et al. 2012; Hauck et al. 2020).

12.4 Clinical Signs and Gross Lesions

While turkeys are more naturally resistant to MD compared to chickens, MDYV can
cause similar clinical signs and gross lesions in turkeys as in chickens. An outbreak
in France reported fatigue, weight loss, dehydration, diarrhea, and occasional paral-
ysis, such as shown in Fig. 12.1 (Coudert et al. 1997). This outbreak manifested
with a high level of morbidity and mortality, with mortality reaching a rate of
80-100% in some flocks between 12 and 30 weeks of age. Earlier studies in a
research setting have demonstrated experimental infection of turkeys with MDV
can result in mortality up to 70% (Paul et al. 1977; Witter et al. 1974). Figure 12.2
illustrates an example of lymphoma from a turkey housed at a zoo (Hauck et al.
2020). Tumors are most commonly found in the liver and spleen but may also be
found in kidneys, heart, gonads, or skin (Elmubarak et al. 1981) (Fig. 12.3).

Fig. 12.1 MD in turkeys
showing paralysis © Hafez
M. Hafez, Berlin
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Fig.12.2 Lymphoma in
the liver of 3-year-old
Bourbon Red turkey tom
© AAAP

Fig. 12.3 Postmortem lesions of MD in small turkey flocks at 9 weeks of age. On necropsy, pale
white nodules were found primarily in the liver (a, b), lung (c), gallbladder (d), heart (e), and
spleen (f). On this farm, turkeys and broiler chickens were kept close to each other (Shehata
et al. 2021)
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Peripheral nerve enlargement is variable with some studies noting enlargement and
others reporting rare or no enlargements.

12.5 Diagnosis

Diagnosis of MD in turkeys is in many ways similar to diagnosis in chickens, as
detailed elsewhere (Witter et al. 2010). Standard diagnostic criteria include history,
epidemiology, gross necropsy, and histopathology. Advanced criteria include tumor
cell characterization and virological assays. In general, diagnosis of the disease is
critical versus diagnosis of infection since vaccinated birds are commonly infected
with MDV. However, in turkeys, vaccination is uncommon, significantly increasing
the diagnostic value of detecting MDV infection. Reticuloendotheliosis virus is a
much more common cause of lymphoid tumors in turkeys, so ruling out this differ-
ential diagnosis is an important early step. The leukosis/sarcoma group of viruses
has never been isolated from turkeys as a natural host, although the disease can be
induced experimentally with certain virus strains (Holmes 1964; Venugopal
et al. 2000).

12.5.1 Diagnosis of the Disease

Evaluating the flock history and gross necropsy coupled with characteristics of the
tumor cells will lead to a presumptive diagnosis. MD can occur as early as ~3 weeks
of age up through maturity. Typical gross lesions include enlarged peripheral nerves
and/or visceral lymphomas. Tumors and nerves should be fixed in formalin, and
sections examined with hematoxylin and eosin staining, as shown in Fig. 12.4.
Typical microscopic lesions include a pleomorphic population of lymphocytes,
lymphoblasts, plasma cells, and macrophages (Gimeno et al. 1999, 2011a, b; Payne
and Biggs 1967). Impression smears of tumors can also be used to evaluate cellular
morphology.

Since MDV and REV induce lymphomas of different cell types, immunohisto-
chemistry is of particular value for differentiating T-cell tumors (MDV) from B-cell
tumors (REV). CD3 and CD4 T-cell markers are particularly useful (example of
antibody labeling in Fig. 12.5), although some CD8 T cells may also be present
(Schat et al. 1991). T-cell markers are commercially available, such as CT4 anti-
body, which labels CD4 cells from both chickens and turkeys. However, care should
be taken in the selection of antibodies, as not all commercially available chicken
leukocyte markers cross-react in the turkey (Meyerhoff et al. 2012). A step further
in making a definitive diagnosis is by labeling viral antigens expressed in the tumor.
Although methods have not been validated in turkeys, the viral antigen Meq is uni-
formly expressed by MD tumor cells, and pp38 is expressed in scattered tumor cells
undergoing late lytic infection. Antibodies against these antigens can be used with
immunohistochemistry, fluorescent antibody assays, or in situ hybridization (Ahmed
et al. 2018; Naito et al. 1986; Ross et al. 1997).
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Fig. 12.4 Pleomorphic
lymphocytic cell

population in turkey liver.

H&E © AAAP

Fig. 12.5 IHC detecting
CD3 in liver lymphoma
from 3-year-old Bourbon
Red turkey © AAAP
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Quantitative PCR (qPCR) is also highly valuable in diagnosing MD. A variety of
gqPCR assays have been designed for measuring virus load from infected tissues of
chickens (Baigent et al. 2005; Bumstead et al. 1997; Burgess and Davison 1999;
Islam et al. 2004; Reddy et al. 2000). The qPCR assay has been further validated for
the diagnosis of MD based on the criteria that tumorous tissue has approximately
10%-fold higher virus load compared to latently infected tissue (Gimeno et al. 2005).
Although more variable, this difference in viral load can also be detected from
FFPE tissue sections (Ahmed et al. 2018). Assays have also been developed for
quantitating viral load in both serotype 2 and serotype 3 MDV (Islam et al. 2006;

Renz et al. 2006).

Because MD and MD vaccination are both uncommon in turkeys, principal
methods of diagnosing infection have higher diagnostic value compared to chick-
ens. These methods include virus isolation, detection of viral DNA by standard PCR
assays, and detection of antibodies. All such methods would be identical
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methodology in both turkeys and chickens. Virus isolation is the gold standard for
confirming the presence of infection and allowing further virus characterization.
Techniques for isolating viruses have been described elsewhere (Nair and Dunn
2018). MDV is highly cell-associated, so the preferred sample for virus isolation is
blood lymphocytes collected from heparinized whole blood, but other options
include splenocytes or tumor cells. To maintain the viability of live cells, samples
should be shipped overnight in cold packs, with care to avoid freezing. Chick kid-
ney cells or duck embryo fibroblasts are the preferred substrates for primary isola-
tion. Successful virus isolation results in the development of cell culture plaques,
usually within 3—12 days. MDV plaques can be distinguished morphologically from
HVT plaques (Schat 1985; Witter 1983), although confirmation should be made
using either PCR or fluorescent antibody labeling with serotype-specific monoclo-
nal antibodies (Lee et al. 1983).

PCR is an important tool for detecting the presence of viral DNA. PCR assays
have been available to differentially detect MDV and HVT (Handberg et al. 2001)
almost as soon as the full sequences of each MDV serotype were made available
(Afonso et al. 2001; Lee et al. 2000; Spatz and Schat 2011). PCR tests for MD have
since been developed using specific primer sets for a variety of different MDV
genes, such as pp38 (Cao et al. 2013), gB (Gimeno et al. 2005) and Meq (Dunn
et al. 2010).

Serology may also be of value in turkeys to diagnose the presence of antibodies
to MDV. As most turkeys are not vaccinated against MD, the assay is not compli-
cated by the presence of maternal antibodies in young poults. Serological tests cur-
rently in use include agar gel immunodiffusion, fluorescent antibody, enzyme-linked
immunosorbent assays (Mohammadi et al. 2007; Zelnik et al. 2004), and virus neu-
tralization (Sharma 2008). Detailed techniques for most of these assays are described
in the OIE Terrestrial Manual (Nair and Dunn 2018).

12.6 Treatment and Control

There is no effective treatment for MD in turkeys or any other poultry species.

While vaccination against MD has proven to be a highly effective control method
in chickens and can provide protection in turkeys, the low prevalence of MD in
turkeys does not warrant routine vaccination. The first generation of MD vaccines,
and most widely used in chickens, includes attenuated serotype 1 MDV (Rispens
et al. 1972a, b), as well as the naturally non-oncogenic HVT (Okazaki et al. 1970),
and serotype 2 viruses (Schat and Calnek 1978; Witter et al. 1987). Interestingly,
while HVT was isolated and is endemic in domestic turkeys (Witter and Solomon
1971), it appears to provide no protection against MDV challenge (Elmubarak et al.
1982). An extensive review of HVT can be found in other sources (Nair et al. 2020)
but is not included here, given the lack of protection provided to turkeys. CVI988/
Rispens vaccine, on the other hand, appears to provide protection (Coudert et al.
1997), although another study failed to demonstrate protection (Davidson
et al. 2002).
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Because MDV is not endemic in commercial turkeys and vaccines are not com-
monly employed, biosecurity is currently the most significant form of control.
Based on previous reports described above, one of the most important control meth-
ods is to avoid keeping turkeys in close proximity to chickens. In addition, all-in,
all-out management allows for extensive cleaning and disinfection and downtime
between flocks and also reduces mixed ages in close proximity.

References

Afonso CL, Tulman ER, Lu Z, Zsak L, Rock DL, Kutish GF (2001) The genome of turkey herpes-
virus. J Virol 75:971-978

Ahmed H, Mays J, Kiupel M, Dunn JR (2018) Development of reliable techniques for the differ-
ential diagnosis of avian tumour viruses by immunohistochemistry and polymerase chain reac-
tion from formalin-fixed paraffin-embedded tissue sections. Avian Pathol 47:364-374. https://
doi.org/10.1080/03079457.2018.1451620

Andrewes CH, Glover RE (1939) A case of neurolymphomatosis in a turkey. Vet Rec 51:934-935

Baigent SJ, Petherbridge LJ, Howes K, Smith LP, Currie RJ, Nair VK (2005) Absolute quantita-
tion of Marek’s disease virus genome copy number in chicken feather and lymphocyte samples
using real-time PCR. J Virol Methods 123:53-64

Biggs PM, Milne BS (1972) Biological properties of a number of Marek’s disease virus isolates. In:
Biggs PM, de The G, Payne LN (eds) Oncogenesis and herpesviruses. IARC, Lyon, pp 88-94

Blake-Dyke C, Baigent S (2013) Marek’s disease in commercial turkey flocks. Vet Rec 173:376.
https://doi.org/10.1136/vr.f6229

Buckmaster AE, Scott SD, Sanderson MJ, Boursnell MEG, Ross LIN, Binns MM (1988) Gene
sequence and mapping data from Marek’s disease virus and herpesvirus of turkeys implications
for herpesvirus classification. J Gen Virol 69:2033-2042

Bumstead N, Sillibourne J, Rennie M, Ross N, Davison F (1997) Quantification of Marek’s disease
virus in chicken lymphocytes using the polymerase chain reaction with fluorescence detection.
J Virol Methods 65:75-81

Burgess SC, Davison TF (1999) A quantitative duplex PCR technique for measuring amounts of
cell-associated Marek’s disease virus: differences in two populations of lymphoma cells. J
Virol Methods 82:27-37

Busch RH, Lovett EW (1970) Case report—a Marek’s disease-like condition in Florida turkeys.
Avian Dis 14:550-554

Calnek BW, Adldinger HK, Kahn DE (1970) Feather follicle epithelium: a source of enveloped
and infectious cell-free herpesvirus from Marek’s disease. Avian Dis 14:219-233

Cao W, Mays J, Dunn J, Fulton R, Silva R, Fadly A (2013) Use of polymerase chain reaction in detec-
tion of Marek’s disease and reticuloendotheliosis viruses in formalin-fixed, paraffin-embedded
tumorous tissues. Avian Dis 57:785-789. https://doi.org/10.1637/10542-032713-ResNote. 1

Cho BR, Kenzy SG (1972) Isolation and characterization of an isolate (HN) of Marek’s disease
virus with low pathogenicity. Appl Microbiol 24:299-306

Churchill AE, Biggs PM (1967) Agent of Marek’s disease in tissue culture. Nature 215:528-530

Coudert F, Vuillaume A, Wyers M, Chauss AM (1997) Marek’s disease in turkeys. World Poultry
August:28-29

Davidson I, Malkinson M, Weisman Y (2002) Marek’s disease in turkeys. I. A 7-year survey of
commercial flocks and experimental infection using two field isolates. Avian Dis 46:314-321

Demkin GP (2012) Marek’s disease in turkeys. Veterinariya (Moscow) 48—49

Deuchande R, Murphy A, Otter A, Baigent S, Wood A, Irvine RM (2012) Marek’s disease in tur-
keys. Vet Rec 171:602. https://doi.org/10.1136/vr.e8274

Dunn JR, Southard T, Cooper C, Kiupel M, Witter RL (2010) Diagnosis of Marek’s disease from
a Japanese quail (Coturnix japonica) using paraffin-embedded liver [abstract]. In American
Association of Avian Pathologists Symposium and Scientific Program, Atlanta



12 Marek’s Disease 105

Elmubarak AK, Sharma BD, Witter RL, Nazerian K, Sanger VL (1981) Induction of lymphomas
and tumor antigen by Marek’s disease virus in turkeys. Avian Dis 25:911-926

Elmubarak AK, Sharma JM, Witter RL, Sanger VL (1982) Marek’s disease in turkeys: lack of
protection by vaccination. Am J Vet Res 43:740-742

Gawel A, Samorek-Salamonowicz E, Mazurkiewicz M, Kozdrun W (1996) Marek’s disease in
slaughter turkeys. Nowa Weterynaria 1:54-56

Gimeno IM, Witter RL, Reed WM (1999) Four distinct neurologic syndromes in Marek’s disease:
effect of viral strain and pathotype. Avian Dis 43:721-737

Gimeno IM, Witter RL, Fadly AM, Silva RF (2005) Novel criteria for the diagnosis of Marek’s
disease virus-induced lymphomas. Avian Pathol 34:332-340

Gimeno IM, Cortes AL, Montiel ER, Lemiere S, Pandiri AKR (2011a) Effect of diluting Marek’s
disease vaccines on the outcomes of Marek’s disease virus infection when challenged with
highly virulent Marek’s disease viruses. Avian Dis 55:263-272

Gimeno IM, Witter RL, Cortes AL, Reed WM (201 1b) Replication ability of three highly protec-
tive Marek’s disease vaccines: implications in lymphoid organ atrophy and protection. Avian
Pathol 40:573-579

Handberg KJ, Nielsen OL, Jorgensen PH (2001) The use of serotype 1- and serotype 3-specific
polymerase chain reaction for the detection of Marek’s disease virus in chickens. Avian Pathol
30:243-249

Hauck R, Mays J, Dunn JR, Shivaprasad HL (2020) Two cases of Marek’s disease in backyard
turkeys. Avian Dis 64:347-351. https://doi.org/10.1637/aviandiseases-D-19-00177

Holmes J (1964) Avian osteopetrosis. Natl Cancer Inst Monogr 63-79

Islam A, Harrison B, Cheetham BF, Mahony TJ, Young P, Walkden-Brown SW (2004) Differential
amplification and quantitation of Marek’s disease viruses using real-time polymerase chain
reaction. J Virol Methods 119:103-113

Islam A, Cheetham BF, Mahony TJ, Young PL, Walkden-Brown SW (2006) Absolute quantitation
of Marek’s disease virus and herpesvirus of turkeys in chicken lymphocyte, feather tip and dust
samples using real-time PCR. J Virol Methods 132:127-134

Kawamura H, King DJ, Anderson DP (1969) A herpesvirus isolated from kidney cell culture of
normal turkeys. Avian Dis 13:853-886

King AMQ, Adams MJ, Carstens EB, Lefkowitz EJ (2011) Ninth report of the international com-
mittee on taxonomy of viruses. Elsevier Academic Press, San Diego

Lee LF, Kieff ED, Bachenheimer SL, Roizman B, Spear PG, Burmester BR et al (1971) Size and
composition of Marek’s disease virus deoxyribonucleic acid. J Virol 7:289-294

Lee LF, Liu X, Witter RL (1983) Monoclonal antibodies with specificity for three different sero-
types of Marek’s disease viruses in chickens. J Immunol 130:1003-1006

Lee LF, Wu P, Sui D, Ren D, Kamil J, Kung HJ et al (2000) The complete unique long sequence
and the overall genomic organization of the GA strain of Marek’s disease virus. Proc Natl Acad
Sci 97:6091-6096

Malkinson M, Davidson I, Weisman Y (1996) Marek’s disease in turkeys. Vet Rec 139:504-504

Mescolini G, Lupini C, Davidson I, Massi P, Tosi G, Fiorentini L et al (2020) Molecular charac-
terization of a Marek’s disease virus strain detected in tumour-bearing turkeys. Avian Pathol
49:202-207. https://doi.org/10.1080/03079457.2019.1691715

Meyerhoff RR, Ali RA, Liu K, Huang GQ, Koci MD (2012) Comprehensive analysis of commer-
cially available mouse antichicken monoclonal antibodies for cross-reactivity with peripheral
blood leukocytes from commercial turkeys. Poult Sci 91:383-392. https://doi.org/10.3382/
ps.2011-01846

Mohammadi A, Spencer JL, Chan M, Ansari Lari M (2007) Antibody response of chickens to
serotype 1, 2, or 3 Marek’s disease vaccines based on ELISA with infected cells as antigen.
Avian Dis 51:982-985

Nair V, Dunn JR (2018) Marek’s disease. In: Manual of diagnostic tests and vaccines for terrestrial
animals. World Organisation for Animal Health (OIE), Paris, pp 952-963

Nair V, Gimeno IM, Dunn JR, Zavala G, Williams SM, Reece RL et al (2020) Neoplastic diseases.
In: Swayne DE, Boulianne M, Logue CM, McDougald LR, Nair V, Suarez DL, de Wit S,



106 J.Dunn

Grimes T, Johnson D, Kromm M, Prajitno TY, Rubinoff I, Zavala G (eds) Diseases of poultry.
Wiley, pp 548-715

Naito M, Nakajima K, Iwa N, Ono K, Yoshida I, Konobe T et al (1986) Demonstration of a Marek’s
disease virus-specific antigen in tumour lesions of chickens with Marek’s disease using mono-
clonal antibody against a virus phosphorylated protein. Avian Pathol 15:503-510

Nazerian K, Solomon JJ, Witter RL, Burmester BR (1968) Studies on etiology of Marek’s disease.
II. Finding of a herpesvirus in cell culture. Proc Soc Exp Biol Med 127:177-182

Okazaki W, Purchase HG, Burmester BR (1970) Protection against Marek’s disease by vaccination
with a herpesvirus of turkeys. Avian Dis 14:413-429

Ongor H, Timurkaan N, Abayli H, Karabulut B, Kalender H, Tonbak S et al (2022) First report of
serotype-1 Marek’s disease virus (MDV-1) with oncogenic form in backyard turkeys in Turkey:
a molecular analysis study. BMC Vet Res 18:30. https://doi.org/10.1186/s12917-021-03130-2

Paul PS, Sautter JH, Pomeroy BS (1977) Susceptibility of turkeys to Georgia strain of Marek’s
disease virus of chicken origin. Am J Vet Res 38:1653-1656

Payne LN, Biggs PM (1967) Studies on Marek’s disease. II. Pathogenesis. J Natl Cancer Inst
39:281-302

Pennycott TW, Venugopal K (2002) Outbreak of Marek’s disease in a flock of turkeys in Scotland.
Vet Rec 150:277-279

Reddy SM, Witter RL, Gimeno I (2000) Development of a quantitative-competitive polymerase
chain reaction assay for serotype 1 Marek’s disease virus. Avian Dis 44:770-775

Renz KG, Islam A, Cheetham BF, Walkden-Brown SW (2006) Absolute quantification using
real-time polymerase chain reaction of Marek’s disease virus serotype 2 in field dust samples,
feather tips and spleens. J Virol Methods 135:186-191

Rispens BH, van Vloten H, Mastenbroek N, Maas HJ, Schat KA (1972a) Control of Marek’s dis-
ease in The Netherlands. 1. Isolation of an avirulent Marek’s disease virus (strain CVI 988) and
its use in laboratory vaccination trials. Avian Dis 16:108-125

Rispens BH, van Vloten H, Mastenbroek N, Maas JL, Schat KA (1972b) Control of Marek’s dis-
ease in The Netherlands. II. Field trials on vaccination with an avirulent strain (CVI 988) of
Marek’s disease virus. Avian Dis 16:126-138

Ross LIN (1985) Molecular biology of the virus. In: Payne LN (ed) Marek’s disease. Martinus
Nijhoft, Boston, pp 113-150

Ross N, O'Sullivan G, Rothwell C, Smith G, Burgess SC, Rennie M et al (1997) Marek’s disease
virus EcoRI-Q gene (meq) and a small RNA antisense to ICP4 are abundantly expressed in
CD4+ cells and cells carrying a novel lymphoid marker, AV37, in Marek’s disease lymphomas.
J Gen Virol 78:2191-2198

Schat KA (1985) Characteristics of the virus. In: Payne LN (ed) Marek’s disease. Martinus Nijhoff,
Boston, pp 77-112

Schat KA, Calnek BW (1978) Characterization of an apparently nononcogenic Marek’s disease
virus. J Natl Cancer Inst 60:1075-1082

Schat KA, Chen C-LH, Calnek BW, Char D (1991) Transformation of T-lymphocyte subsets by
Marek’s disease herpesvirus. J Virol 65:1408-1413

Sharma JM (2008) Marek’s disease. In: Dufour-Zavala L, Swayne DE, Glisson JR, Pearson JE,
Reed WM, Jackwood MW, Woolcock PR (eds) A laboratory manual for the isolation and identi-
fication of avian pathogens, 5th edn. American Association of Avian Pathologists, Jacksonville,
pp 99-105

Shehata AA, Luschow D, Hafez HM (2021) History and current status of Marek’s disease in tur-
keys. Ger J Vet Res 1:1-6

Solomon JJ, Witter RL, Nazerian K, Burmester BR (1968) Studies on the etiology of Marek’s dis-
ease. L. Propagation of the agent in cell culture. Proc Soc Exp Biol Med 127:173-177

Spatz SJ, Schat KA (2011) Comparative genomic sequence analysis of the Marek’s disease vac-
cine strain SB-1. Virus Genes 42:331-338. https://doi.org/10.1007/s11262-011-0573-0

Tulman ER, Afonso CL, Lu Z, Zsak L, Rock DL, Kutish GF (2000) The genome of a very virulent
Marek’s disease virus. J Virol 74:7980-7988



12 Marek’s Disease 107

Venugopal K, Howes K, Flannery DMJ, Payne LN (2000) Subgroup J avian leukosis virus infec-
tion in turkeys: induction of rapid onset tumours by acutely transforming virus strain 966.
Avian Pathol 29:319-325. https://doi.org/10.1080/03079450050118449

Voelckel K, Bertram E, Gimeno IM, Neumann U, Kaleta EF (1999) Evidence for Marek’s disease
in turkeys in Germany: detection of MDV-1 using the polymerase chain reaction. Acta Virol
43:143-147

Voute RJ, Wagenaar-Schaafsma AE (1974) A condition bearing a resemblance of Marek’s disease
in table turkeys in The Netherlands. Tijdschrift Diergeneeskunde 99:166—169

Witter RL (1972) Turkey herpesvirus: lack of oncogenicity for turkeys. Avian Dis 16:666—-670

Witter RL (1983) Characteristics of Marek’s disease viruses isolated from vaccinated commercial
chicken flocks: association of viral pathotype with lymphoma frequency. Avian Dis 27:113-132

Witter RL (1997) Increased virulence of Marek’s disease virus field isolates. Avian Dis 41:149-163

Witter RL, Solomon JJ (1971) Epidemiology of a herpesvirus of turkeys: possible sources and
spread of infection in Turkey flocks. Infect Immun 4:356-361

Witter RL, Nazerian K, Purchase HG, Burgoyne GH (1970) Isolation from turkeys of a cell-
associated herpesvirus antigenically related to Marek’s disease virus. Am J Vet Res 31:525-538

Witter RL, Solomon JJ, Sharma JM (1974) Response of turkeys to infection with virulent Marek’s
disease viruses of Turkey and chicken origins. Am J Vet Res 35:1325-1332

Witter RL, Silva RF, Lee LF (1987) New serotype 2 and attenuated serotype 1 Marek’s disease
vaccine viruses: selected biological and molecular characteristics. Avian Dis 31:829-840

Witter RL, Calnek BW, Buscaglia C, Gimeno IM, Schat KA (2005) Classification of Marek’s
disease viruses according to pathotype: philosophy and methodology. Avian Pathol 34:75-90

Witter RL, Gimeno IM, Pandiri AR, Fadly AM (2010) Tumor diagnosis manual: the differential
diagnosis of lymphoid and myeloid tumors in the chicken. pp. 1-84): American Association of
Avian Pathologists.

Zelnik V, Harlin O, Fehler F, Kaspers B, Gobel TW, Nair VK et al (2004) An enzyme-linked immu-
nosorbent assay (ELISA) for detection of Marek’s disease virus-specific antibodies and its
application in an experimental vaccine trial. ] Vet Med B Infect Dis Vet Public Health 51:61-67



®

Check for
updates

John Dunn

Abstract

Retrovirus-induced tumors, specifically reticuloendotheliosis (RE) and lympho-
proliferative disease (LPD), are the most common virus-induced tumors in tur-
keys. And the diseases are not RE and LPD in turkeys, with emphasis on clinical
signs and diagnosis.

Frequently diagnosed, the viruses appear widespread and thus important to
rule out. This review aims to describe the history and current situation of.
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13.1 Introduction

Reticuloendotheliosis (RE) and lymphoproliferative disease (LPD), both caused by
retroviruses, are the most common virus-induced tumors in turkeys. While the clini-
cal disease is not frequently diagnosed, both virus types appear to be widespread in
turkeys. In wild turkeys in the United States, the reticuloendotheliosis virus has
been frequently found alone or part of mixed infections with lymphoproliferative
disease virus or fowl poxvirus (Allison et al. 2014; Alger et al. 2017; Willis et al.
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2022). Marek’s disease, caused by a herpesvirus, can also affect turkeys and is
reviewed separately in the previous chapter.

Reticuloendotheliosis is the most common virus-induced tumor of turkeys and
can cause significant economic losses due to tumor mortality and loss of production.
In addition to turkeys, RE can naturally affect chickens, ducks, geese, pheasants,
Japanese quail, peafowl, and prairie chickens. RE encompasses multiple strains of
related viruses that can cause chronic lymphoid neoplasia, immunosuppression,
runting disease syndrome, or acute reticulum cell neoplasia. The ability of REV to
integrate into the host genome as well as large DNA viruses has led to recent issues
with vaccine contamination (Jackson et al. 1977; Fadly et al. 1996) and is also sug-
gested to be the mechanism of initial introduction and spread within avian species
(Niewiadomska and Gifford 2013).

Lymphoproliferative disease was first described in the United Kingdom, fol-
lowed soon after by reports of outbreaks in several other European countries in
Israel in the 1970s. While primarily a disease of turkeys, both chickens and turkeys
were able to be experimentally infected (Ianconescu et al. 1983). The disease was
last reviewed in the tenth edition of the textbook Diseases of Poultry (Biggs 1997)
but was removed from subsequent editions due to sporadic incidence. In 2009,
LPDV was found in the United States in a wild turkey, and a follow-up survey sug-
gested a widespread distribution among asymptomatic wild turkeys (Allison et al.
2014). Subsequent studies have confirmed widespread distribution in North
American wild turkeys (Thomas et al. 2015; Kreh and Palamar 2022; MacDonald
et al. 2022; Thiemann et al. 2022; Shea et al. 2022; Cox et al. 2022).

13.2 Reticuloendotheliosis
13.2.1 Etiology

Reticuloendotheliosis virus (REV) is a member of the family Retroviridae, subfam-
ily Orthoretrovirinae, genus Gammaretrovirus. REV is a single-stranded, positive-
sense RNA virus with genome of non-defective strains approximately 9.0 kb
(Barbosa et al. 2007), whereas replication-defective strains are approximately
5.7 kb due to deletions in the gag-pol and env regions (Coffin 1982). The first strain
of REV, known as the defective strain T (REV-T), was isolated from turkey visceral
lymphomas in 1957 (Robinson and Twiehaus 1974), with the designation as
Reticuloendotheliosis based on the rapid proliferation of mononuclear cells of the
reticuloendothelial system (Theilen et al. 1966). While REV-T led to the naming of
the disease, the REV group also includes chick syncytial virus (Cook 1969), duck
infectious anemia virus (Ludford et al. 1972), and spleen necrosis virus (Trager
1959). REV strains are classified as either defective or non-defective based on their
ability to replicate alone or if they require a non-defective RE helper virus (Hoelzer
et al. 1979). REV-T stocks contain a non-defective helper designated REV-A that
lacks acute oncogenic properties but replicates in chicken fibroblasts. REV-T
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contains an oncogene, v-rel, which is responsible for the acute oncogenicity of
REV-T (Bose 1992).

13.2.2 Transmission

Horizontal and vertical transmission are both important for REV, as well as trans-
mission via contaminated vaccines. In turkeys, both horizontal (Paul et al. 1977)
and vertical transmission (McDougall et al. 1980) have been demonstrated through
experimental infection. In other species, REV has been detected in feces, cloacal
swabs, body fluids, and litter (Zavala and Nair 2020). Insect transmission may also
be an important consideration as REV has been recovered from mosquitoes and
several other species after contact with infected chickens (Motha et al. 1984). The
antibody and virus status of the turkey hens appears important on the level of verti-
cal transmission to progeny (Witter and Salter 1989). Infected tom turkeys can also
vertically transmit the virus through infected semen (McDougall et al. 1980, 1981).
While not commonly administered in turkeys, REV-contaminated fowl pox and
Marek’s disease vaccines not only have also led to unintentional REV transmission
(Kawamura et al. 1976; Fadly et al. 1996; Liu et al. 2009; Wei et al. 2012) but has
have been detected in Newcastle disease and infectious bronchitis vaccines (Wei
etal. 2012).

13.2.3 Clinical Signs and Gross Lesions

Lymphomas in turkeys (reticular cell tumor or T-cell lymphoma) most often affect
the liver, intestine, or spleen. An outbreak of RE in turkey breeders featured diarrhea
between 8 and 12 weeks of age, with more than 20% mortality (McDougall et al.
1978). The affected turkeys had liver enlargement as the prominent lesion. Another
outbreak in a commercial turkey flock included clinical signs of lethargy, weakness,
anorexia, diarrhea, and reduced egg production, with an almost 30% mortality rate
prior to termination of the flock (Okoye et al. 1993). Necropsy revealed neoplastic
nodules or gray foci in the liver, intestines, and spleen. Other flocks have reported
lymphomas with much lower mortality rates (Witter and Salter 1989). Disseminated
T-cell lymphomas were diagnosed in a turkey breeding flock that was experiencing
increased mortality and decreased egg production for more than 20 weeks (Crespo
et al. 2002). A comprehensive review of the pathogenesis of RE syndromes can be
found elsewhere (Zavala and Nair 2020).

13.2.4 Diagnosis
The diagnosis of RE is challenging, but because REV is not ubiquitous in turkeys,

there is greater value in the detection of REV infection and REV antibodies. REV-
induced lymphomas are important to differentiate from tumors caused by the
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lymphoproliferative disease virus, Marek’s disease virus, or avian leukosis virus.
Typical microscopic lesions include aggregates of large lymphoblastoid cells with
pale vesicular nuclei, prominent nucleoli, moderate basophilic cytoplasm, and
mitotic figures that are numerous through the lesion (McDougall 1993; Crespo
et al. 2002).

Virus isolation can be carried out in cultures of chicken embryo fibroblasts,
although chicken kidney cells, duck embryo fibroblasts, turkey embryo fibroblasts,
or quail embryo fibroblasts can also be used (Zavala et al. 2016). Cellular inoculum
is preferred from tumor or tissue suspensions, blood, plasma, splenocytes, or white
blood cells. Anti-REV positive sera (Ianconescu 1977) or monoclonal antibodies
(Cui et al. 1986) can be used for the identification of REV in culture, as well as an
ELISA immunoassay using the same monoclonal antibodies (Cui et al. 1988),
immunoperoxidase (Calvert and Nazerian 1994), or complement fixation (Smith
et al. 1977). More recently, the detection of viral RNA or DNA by PCR has become
common in virus-infected cell cultures as well as paraffin-embedded tissues, blood,
and tumor tissues (Aly et al. 1993; Cao et al. 2013). PCR has been particularly ben-
eficial in the differential diagnosis of tumor tissues and in evaluating vaccines for
REV contamination.

Serology is also of value in the diagnosis of RE, especially for the purposes of
ruling out REV. Commercial ELISA antibody kits are available and commonly used
to determine specific pathogen-free (SPF) flock status or confirm breeder flock sta-
tus for exporting progeny.

In differentiating REV-induced tumors from other viral-induced tumors, PCR
from the tumor tissue is of high value since none of the tumor viruses are ubiquitous
in turkeys, with caution that some turkeys may be infected with multiple viruses.
Determining the lymphoma cell type would be valuable in excluding Marek’s dis-
ease (T-cell lymphoma), although REV can induce both B- and T-cell lymphomas
in chickens, so it shouldn’t be assumed that REV can only cause T-cell lymphomas
in naturally infected turkeys. A better strategy for diagnosing the tumor by immuno-
histochemistry would be labeling for virus antigens. Figure 13.1 illustrates labeling
of a lymphoblastoid cell line designated as RECC-RP13 that was established from
a liver tumor of a chicken inoculated with chick syncytial virus (Nazerian et al.
1982). The monoclonal antibodies 11A25 and 11B118 provide strong cytoplasmic
labeling specific to REV glycoprotein 62 (Ahmed et al. 2018).

13.2.5 Treatment and Control

There is no known treatment for RE in turkeys. There are no vaccines or other spe-
cific control methods for RE in turkeys. The most common preventative measures
currently in use include screening of poultry biologicals and strict biosecurity and
screening in SPF flocks (Witter 2006). Insect control may also be important based
on possible horizontal transmission through infected mosquitoes and other insects,
as mentioned above. Fortunately, REVs degrade quickly outside the host at ambient
temperatures. If the disease were to become endemic in domestic turkeys,
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Fig. 13.1 IHC of
RECC-RP13 cell line
illustrating strong
cytoplasmic labeling with
REV monoclonal antibody
(11A25)

minimizing vertical transmission through test and cull procedures paired with
small-group rearing may be beneficial, as has been accomplished with avian leuko-
sis virus in chickens (Nair et al. 2020).

13.3 Lymphoproliferative Disease
13.3.1 Etiology

Lymphoproliferative disease virus (LPDV) appears to be a type C retrovirus of the
family Retroviridae, subfamily Orthoretrovirinae, genus Alpharetrovirus (Chajut
et al. 1992; Allison et al. 2014). While there were a variety of early reports describ-
ing conditions that may have been caused by LPDV, Biggs et al. were the first to
experimentally reproduce the lesions from a natural outbreak in the United Kingdom
and narrow down the cause to either a herpesvirus or C-type particle (Biggs et al.
1974). Type C refers to the morphological structure, with C-type particles having a
central electron-dense core, as is typical for most oncoviruses and endogenous
viruses, forming at the surface of the cell at the site of budding. The LPDV genome
is 7143-bp long, and compared to other oncoviruses, LPDV is mostly closely related
to the avian leukosis/sarcoma viruses (Gak et al. 1991; Sarid et al. 1994; Allison
et al. 2014). Like other oncoviruses, the genome contains three genes, gag, pol, and
env, which code for structural proteins. There is a fourth open reading frame (ORF),
which codes the protease, and four additional ORFs of unknown function. Unlike
other oncogenic retroviruses, however, LPDV does not contain a putative viral
oncogene (Gak et al. 1989). Similar to avian leukosis virus (ALV), LPDV integrates
into the host genome, but unlike ALYV, it is unclear whether oncogenesis for LPDV
is triggered by insertion into a specific region (Allison et al. 2014). Virus isolation
has been unsuccessful from attempts using embryo fibroblasts of chickens, turkeys,
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ducks, and quail, as well as kidney cells of chicks and turkeys (McDougall
etal. 1978).

13.3.2 Transmission

Although the exact mechanism of transmission is uncertain, early studies on experi-
mental transmission of LPDV have demonstrated that turkeys inoculated with
spleen homogenates from a natural outbreak were able to transmit the disease
through direct contact (McDougall et al. 1978). In one report, LPD outbreaks were
reported in subsequent flocks and only ceased once the producer switched to a dif-
ferent strain of turkey (Biggs et al. 1978).

13.3.3 Clinical Signs and Gross Lesions

LPDV induces generalized clinical signs, if any, including ruffled feathers, anorexia,
and reluctance to move (Biggs 1997). In many cases, there are no clinical signs
detected prior to death. Death is the usual sequela to outward clinical signs, with the
highest incidence between 10 and 18 weeks and mortality reaching as high as 25%
in affected flocks (Biggs et al. 1978). In wild turkey surveillance, age is a strong
predictor of LPDV infection, with juveniles less likely to test positive than adults
(Alger et al. 2017). Gross splenomegaly is the most common lesion, which may be
accompanied by hepatomegaly and enlargement of gonad or thymus. Miliary foci
may be present on the liver, pancreas, thymus, kidneys, gonads, intestinal wall,
lungs, or myocardium. The brachial and sciatic plexuses are enlarged in some birds.

13.3.4 Diagnosis

The diagnosis of LPD is challenging, given the inability to isolate and grow the
virus in cell cultures or embryos and the inability to detect antibodies in infected
chickens. Clinical signs and gross lesions are important, as well as characteristic
microscopic lesions that consist of lymphoproliferation of pleomorphic cells. These
lesions primarily consist of lymphocytes, lymphoblasts, reticulum cells, and plasma
cells. PCR is a valuable diagnostic tool using primers specific to the gag gene (Sarid
et al. 1994; Allison et al. 2014). From surveillance of wild turkey populations, bone
marrow was found most effective for detecting LPDV proviral DNA in paired tissue
testing compared to spleen and liver (Thomas et al. 2015), whereas whole blood
provides high levels of detection from live birds (Alger et al. 2015).
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13.3.5 Treatment and Control

There is no known treatment for LPD in turkeys. There are no vaccines or other
specific control methods for LPD in turkeys. Susceptibility appears variable depend-
ing on turkey strain, which suggests that selecting for host resistance could be uti-
lized as a control method (McDougall et al. 1978). This finding is consistent with
the report noted above that switching to a different strain of turkey put an end to one
outbreak that was recurring in subsequent flocks.
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Abstract

The term “arbovirus viruses” describes viruses transmitted to vertebrates by
arthropod vectors, including mosquitos, ticks, and flies. Several arboviruses have
been described; however, this chapter will discuss arboviruses infecting domes-
tic and wild birds. These viruses belong to three families, namely, Togaviridae
(Highlands J Virus, Eastern equine encephalitis, Western equine encephalitis),
Flaviviridae (Turkey meningoencephalitis, Tembusu virus, West Nile virus, and
Usutu virus), and Bunyaviridae (Turlock-like Bunyavirus). Highlands J (HJ),
Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), Israel
turkey meningoencephalitis (ITM), and Western (WN) Nile viruses infect tur-
keys. Eastern equine encephalitis and Western equine are zoonotic and cause
flu-like illness with sudden onset fever, headache, and fatigue. Some patients
may develop neuroinvasive disease, with typical signs of meningitis, encephali-
tis, paralysis, convulsions, and coma in humans. The horse is the primary host of
these two viruses. Arboviruses can be isolated in newly born mice. However,
newborn chicks are highly susceptible, but it is not recommended for arbovirus
isolation to avoid potential aerosol transmission. Virus identification can be done
using PCR and IFA.
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Fig. 14.1 Alphaviruses, family Togaviridae, as arboviruses infecting domestic poultry and wild
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Table 14.1 Summary diagnostic methods of arboviruses

Virus isolation | Laboratory ¢ Newly born mice

animal ¢ Inoculation of suspected samples intracranially
¢ Observation of mice for 10 day
¢ Brains of dead mice is used for virus identification

Cell culture ¢ Chicken and duck embryo fibroblasts, Vero, baby
hamster kidney (BHK-21), and rabbit kidney (RK-13)
¢ Incubation of cells for 7 days and examination for
cytopathic effects

Embryonated ¢ Embryonated chicken eggs can be used for isolation
eggs ¢ Via yolk sac route
* Embryonic death is common at 2—4 days after
inoculation

* Infected embryos with Israel Turkey
meningoencephalitis are cherry red color in cases o

Virus EEE * IFA, antigen capture-ELISA, complement fixation
identification test, plaque-reduction test (RRN test), PCR
WEE * IFA, antigen capture-ELISA, plaque-reduction test
(RRN test), PCR
HJ * IFA, PCR
WN * IFA, antigen capture-ELISA, PCR
IT * IFA, haemagglutination inhibition test, neutralization
test, PCR

Additionally, a hemagglutination inhibition test can be used for the diagnosis
of ITM (ITM agglutinates goose red blood cells). Differential diagnosis of arbo-
viruses from closely related agents, such as diseases causing nervous manifesta-
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tions (i.e., Newcastle disease, avian encephalomyelitis, and Clostridium
botulinum) and diseases causing a drop in egg production (i.e., avian influenza
and turkey rhinotracheitis) should be considered.

Keywords
Arboviruses - Togaviridae - Flaviviridae - Bunyaviridae

14.1 Alphaviruses
14.1.1 Eastern Equine Encephalitis

Eastern equine encephalitis virus (EEEV) was first isolated in 1933 from the brain
of a horse with encephalitis (TenBroeck and Merrill 1933). EEEV is a zoonotic
arbovirus transmitted by mosquitoes (Culiseta melanura), affecting mainly pheas-
ants and emus, but it can also affect pigeons, partridges, quail, ducks, chukar, par-
tridges, and turkeys (Spalatin et al. 1961; Ficken et al. 1993; Johnson et al. 2003).
Humans and horses are accidental hosts. Both quails and chickens are experimen-
tally sensitive to EEEV.

14.1.1.1 Etiology

The disease is caused by the EEEV, genus Alphavirus of the family Togaviridae.
EEEV is enveloped, ss RNA of 9.7-11.8 kilobases (kb). Togaviridae comprises two
genera, Alphavirus and Rubivirus, but only the Alphavirus genus contains
arboviruses.

14.1.1.2 Epidemiology

The disease occurs primarily in the eastern parts of North America, throughout
Central America and the Caribbean, and in eastern parts of South America. EEEV
could not be isolated from Europe. Outbreaks of EEE in avian species have been
reported primarily in pheasants (Johnson et al. 2003).

14.1.1.3 Transmission

The virus is transmitted through the bite of infected mosquitos. Cannibalism, peck-
ing, and artificial insemination may play a role in the virus spread and transmission.
Mosquito bites can infect humans; however, care should be taken to avoid contact
or droplet exposure when handling suspect-infected birds (Guy 2018).

14.1.1.4 Clinical Signs and Lesions

In turkeys, EEE is characterized by drowsiness, incoordination, progressive weak-
ness, paralysis of legs and wings, and low mortality. A significant drop in egg pro-
duction without mortality may also occur. Histopathologically, calcification of
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blood vessel walls in the cerebral cortex, the cerebellar folia, and the basal part of
the medulla have been reported. Neurological lesions in intracerebrally inoculated
birds included lymphocytic perivascular infiltration, neuronal degeneration, and
endothelial cell swelling (Guy 2018).

14.1.1.5 Diagnosis

The diagnosis is based on virus isolation from blood, brain, spleen, liver, and heart
on Vero cells, BHK-21 cells, and duck and chicken embryo fibroblasts. The virus
can also be isolated in mice (IC) or one-old chicks (SC or IM), causing death within
2-5 days post-inoculation. EEEV can also be isolated in 6-8-day-old embryonated
chicken eggs via the yolk sac route (Guy 2018). RT-PCR, immunohistochemistry,
virus neutralization, and ELISA tests can be used for virus identification. Serological
investigations can be done using ELISA and hemagglutination inhibition (HI) using
goose or 1-day-old chicken erythrocytes. It is recommended to remove the nonspe-
cific inhibitors of hemagglutination of serum using kaolin before performing the HI
tests. EEEV should be differentiated from neurologic diseases in poultry and game
birds, such as the Highlands J (HJ) virus, NDV, AEV, and botulism. Drop in egg
production in turkeys can be caused by EEE, WEE, HJ, NDV, Al, AE, PM-3, TCO,
and TRT viruses.

14.1.1.6 Vaccination
An inactivated EEE vaccine, developed for use in horses, has been used to protect
pheasants. However, further studies are needed to evaluate its efficacy in birds.

14.1.2 Western Equine Encephalitis (WEEV)

The WEEV was first identified as the cause of encephalitis and high mortality in
turkeys in Wisconsin (Woodring 1957). It is transmitted by Culiseta tarsalis and
circulated mainly in western parts of North America, Central America, and South
America. The WEEV is genetically close to EEEV; however, unlike EEEV, WEEV
is rarely associated with disease in avian species. WEEV is associated with a drop
in egg production in turkeys in California (Cooper and Medina 1999). Affected
birds produce small, white-shelled, and shell-less eggs. However, neither signs nor
clinical signs were observed (Guy 2018). Both WEE and EEE infections have been
reported in ratites, particularly emus, causing hemorrhagic enteritis.

14.1.3 Highlands J Virus Infection (HJV)

HJ virus was first isolated in 1960 from blue jays in Florida (Henderson et al. 1962).
Since then, it has been detected in chukar partridges and turkeys. The virus is closely
related to WEEV. In turkey hens, HJV is associated with an acute drop in egg pro-
duction (Wages et al. 1993) and mortality in young turkeys (Ficken et al. 1993). The
clinical and pathologic characteristics of HJV infection in turkeys are closely
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similar to those of EEEV. The HJV can be differentiated from WEEYV serologically
using polyclonal and monoclonal antibodies (Karabatsos et al. 1988).

14.2 Flaviviruses
14.2.1 Israel Turkey Meningoencephalitis

14.2.1.1 Etiology

Turkey meningoencephalitis, belonging to the family Flaviviridae, was first
described in 1958 in Israel (Komarov and Kalmar 1960). The virus has been identi-
fied in Israel, South Africa, and Spain (Komarov and Kalmar 1960; Barnard et al.
1980; Aguero 2011).

Turkeys are the only species to be naturally infected with turkey meningoen-
cephalitis. The disease is characterized by drowsiness, incoordination, torticollis,
tremors, progressive paresis, and paralysis. The mortality rate is 15-30% and may
reach 80%. It also causes a drop in egg production without any negative effect on
the egg quality, fertility, and hatchability. The virus is transmitted by mosquitoes
(Aedes and Culex spp.), with seasonal incidence from August to September.
Pheasants and partridges are also susceptible to natural infection. Chickens, ducks,
geese, and pigeons are refractory to infection. Experimentally, young poults,
Japanese quail, and suckling mice are highly susceptible to the turkey meningoen-
cephalitis virus inoculated by IC or IM routes (Guy 2018).

14.2.1.2 Clinical Signs

Turkeys older than 10-12 weeks old exhibit clinical signs. The most common symp-
toms are paresis, incoordination, reluctance, or inability to walk, resting on the
breasts, with legs stretched front, wings spread laterally, and greenish diarrhea.
Morbidity and mortality rates vary from 15 to 30%, but they could exceed 80%.
Although egg quality, fertility, and hatchability are unaltered, turkey breeder hens
show a significant decline in egg production. Following infection recovery, egg pro-
duction resumes as usual (Guy 2018).

14.2.1.3 Postmortem Lesions

The primary postmortem lesions are splenomegaly, or atrophy of the spleen,
catarrhal enteritis, and myocarditis. Ovarian regression, ruptured ovarian follicles,
and peritonitis are observed in breeder hens (Banet-Noach et al. 2003).

14.2.1.4 Histopathology

The primary microscopic lesions are non-purulent meningoencephalitis character-
ized by sub-meningeal and perivascular lymphocytic infiltration and focal myocar-
dial necrosis (Guy 2018).
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14.2.1.5 Diagnosis

The diagnosis of turkey meningoencephalitis is based on virus isolation and identi-
fication and detection of viral RNA using RT-PCR (Davidson et al. 2000). Brain,
spleen, liver, and ovary samples are recommended for virus isolation and serum for
serological testing. Virus isolation can be done in 6-8-day-old embryonated chicken
eggs via the yolk sac route or on monolayers of chicken embryo fibroblasts (CEF).
Before embryo mortality is seen, one or more passages in embryonated chicken
eggs may be necessary. Embryos die 3—-6 days post-inoculation and show a distinct
cherry-red discoloration. The virus can also be isolated in suckling mice by inocu-
lating samples intracerebrally or intramuscularly (Ianconescu 1989). CEF cells are
less sensitive than embryonated chicken eggs or suckling mice for isolation of tur-
key meningoencephalitis.

14.2.1.6 Vaccination

Turkey encephalitis can be controlled by vaccination. However, there is a risk of
vaccination failure. Perelman and others (Perelman et al. 2012) recommended some
instructions to avoid vaccination failure: (1) Use only high-quality TME vaccines,
(2) pre-cool (7 °C) the diluent, (3) use the vaccine within 60 min, (4) vaccinate dur-
ing the day when it is possible to follow and monitor the vaccinating team quality of
work, and (5) adapt the size of the needle to the size of the bird to be injected.

14.2.2 West Nile Virus (WNV)

West Nile virus (WNV) was first isolated in 1937 from a febrile woman in Uganda
(Smithburn et al. 1940). The disease was detected for the first time in 1999 in avian
species, horses, and human beings in North America (Steele et al. 2000). The virus
is endemic in several countries in Europe, Asia, Africa, North America, and Central
America. Outbreaks are common in late summer and autumn. The virus has circu-
lated in Germany since 2018. In 2020, four birds tested positive for the WNV
genome at Zoopark Erfurt (Thuringia) (Bergmann et al. 2023).

14.2.2.1 Etiology

The virus belongs to the family Flaviviridae and has two distinct lineages based on
genetic analysis. Lineage I contained WN viruses isolated in Europe, Africa, and
North America; Lineage Il contained viruses isolated in Africa, Madagascar, and,
most recently in Central Europe (Bakonyi et al. 2006).

14.2.2.2 Reservoir

WNV has a wide host range, including birds, reptiles, amphibians, mammals, and
mosquitos. Geese are the primary natural host. Humans and mammals, including
equids, are considered the dead-end hosts for WNV due to their low-level viremia
(McLean et al. 2002; Troupin and Colpitts 2016). It was reported in geese (Anser
anser domesticus) for the first time in 1997 in Israel (Lanciotti et al. 1999).
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14.2.2.3 Clinical Signs and Lesions

The primary clinical signs are neurological signs, including incoordination, apathy,
torticollis, opisthotonos, recumbency, and leg and wing paralysis (Swayne et al.
2001; Glavits et al. 2005). Postmortem lesions include pallor of the myocardium
and occasionally the kidneys, splenomegaly, and hepatomegaly. Histopathologically,
lymphocytic perivascular infiltration and neuronal degeneration of the brain tissues
are common. In turkeys, no clinical signs or mortality have been reported. Three-
week—old turkeys inoculated S.C. showed no clinical signs (Swayne et al. 2000).

14.2.2.4 Diagnosis

A summary of the diagnostic methods of arboviruses is shown in Table 14.1. The
recommended samples for WNV isolation and detection are the brain, spleen, and
kidneys. The diagnosis is based on virus isolation and identification, viral RNA
detection using RT-PCR, and serological Assay. Virus isolation can occur in 7-day-
old embryonated chicken eggs via the yolk sac route. The virus causes embryonic
mortalities within 2—6 days post-inoculation. Samples can also be inoculated intra-
cerebrally into suckling mice, Mice develop ataxia within 4—7 days, and CPE can be
seen within 48—72 h. The virus isolation can also be carried out in Vero cell cultures
and/or mosquito cell cultures. The WNV can be identified using IFA and RT-PCR
(Braverman et al. 1981; Lanciotti et al. 2000). Serological diagnosis is based on HI,
VN, or ELISA tests (Figs. 14.1 and 14.2).

< ®

+ Geese are more

susceptible
« Turkeys, Pheasants,
partridges, reptiles,
amphibians, mammals 2

+ Nervous manifestations,

+ Turkeys are the only species
susceptible to natural infection
+ older than 10 W

+ Decrease egg production
Geese, ducks, chickens, and
pigeons are resistant

Flavivirus ’
Flaviviridae ”
D . Duck

+ Sharpe drop in egg production
* sudden onset

+ Wild birds

St. Louis

encephalitis Japanese
isPinajatcinigeons encephalitis
+ Wild birds

Fig. 14.2 Alphaviruses, family Togaviridae, as arboviruses infecting domestic poultry and wild
birds. All these viruses are transmitted via mosquitos. However, the Western Nile virus can be
transmitted through mosquitoes and ticks. The green color indicates viruses that cause disease in
birds. The red color indicates zoonotic viruses. Yellow color indicates viruses that infect birds and
cause disease in humans



126 A. A. Shehata and H. M. Hafez

14.2.2.5 Vaccination

Inactivated WNV vaccines such as EQUIP WNV® (Zoetis Belgium SA, Louvain-la-
Neuve, Belgium) are licensed only for use in horses. However, commercial vaccines
or therapy for birds are unavailable. Recombinant canarypox vaccine Proteq West
Nile® (Boehringer Ingelheim Vetmedica GmbH, Ingelheim am Rhein, Germany)
was also proven to be used in horses. In the absence of licensed vaccines for birds,
some bird holders and veterinarians have attempted to vaccinate endangered and
threatened bird species against WNV using equine vaccines, but the safety and effi-
cacy of vaccination protocols are unknown. Recently, it was suggested that inacti-
vated vaccines are safe for avian species (Bergmann et al. 2023).
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Abstract

Parasites are one of the most significant threats to the turkey industry, as they can
cause severe economic losses. The prevalence of parasitosis has decreased over
time, mainly in countries and regions where intensive production is carried out
under conditions of greater biosecurity and sanitary control, in addition to the
use of more efficient diagnostic techniques and deworming programs; however,
the increase in the number of birds raised in extensive or free-range systems has
favored an increase in cases of parasitism and makes their control more difficult.
Controlling and eradicating parasites is not easy; proof of this is that with 220
million people affected annually by malaria, efforts have been made to stop its
transmission through prophylaxis, pesticide-based eradication of mosquito vec-
tors, and vaccine development. Nonetheless, drug resistance, pesticide resistance
in mosquitoes, and vaccine failures due to this parasite’s complex life cycles and
naturally occurring genetic polymorphism have all proven to be significant
issues. Poultry is infected by numerous kinds of parasites, some of which live on
the surface of the body and others internally, so parasites of poultry may be
divided into two general groups: Internal parasites include protozoa and worms,
and the second group is made up of arthropods including lice, mites, fleas, and
ticks. This chapter summarizes the most important endoparasites, including
Sporozoea, Zoomastigophorea, nematodes, and cestodes that affect commercial
turkeys.

Keywords

Endoparasites - Ectoparasites - Sporozoea - Zoomastigophorea - Nematodes -
Cestodes

15.1 Endoparasites

The main endoparasites described in turkeys and their localization are presented in
Table 15.1.

15.1.1 Sporozoea Affecting Turkeys

Parasitic protozoa are a diverse group of unicellular eukaryotic microorganisms
with one or more nuclei and cytoplasm, cytoskeleton, organelles, and other struc-
tures with diverse functions. The locomotion and reproduction mechanisms of pro-
tozoan parasites are diverse; some have specialized locomotion structures and
different forms of reproduction, even between the phases of the reproductive cycle
of the same species. Protozoa can be found in the lumen of the intestinal tract, intra-
cellularly in the blood, or within the cells of many tissues of their host. Some



15 Parasitic Infections in Turkeys

133

Table 15.1 Intermediate host and site of infection of the main endoparasites that affect turkeys

Phylum/class
Phylum:
Apicomplexa
Class: Sporozoea

Phylum:
Sarcomastigophora
Class:
Zoomastigophorea

Nematodes

Tapeworms
(Cestodes)

Genus
Eimeria
Cryptosporidium

Haemoproteus
Leucocytozoon
Histomonas

Hexamita
Trichomonas
Chilomastix
Ascaridia
Heterakis

Subulura
Capillaria spp.
Tetrameres
americana
Syngamus trachea
Davainea
Raillietina

Amoebotaenia
Choanotaenia

Hymenolepis

Metroliasthes

Species
Eimeria spp.
C. meleagridis
C. baileyi

H. meleagridis
L. somondii
H. meleagridis

H. wenrich

H. meleagridis
T. gallinarum
C. gallinarum
Ascaridia spp.
Heterakis
gallinarum

D. meleagridis
R.
echinobothrida
R. cesticillus

R. magninumida
A. cuneata
C. infundibulum

H. carioca
H. cantaniana

M. lucida

Intermediate
host

No

No

No

Louse flies
Black flies
No

Unknown
Ants

Beetle
species
Beetle
Earthworm
Beetle, house
fly

Beetle
species
Beetle
species
Locusts

Site of
infection
Intestine
Respiratory
tract and
intestine
Blood
Blood
Caecum and
liver
Caecum
Intestine
Caecum
Caecum
Intestine
Intestine

Intestine
Intestine

Intestine

Trachea
Duodenum
Duodenum

Duodenum
Duodenum
Duodenum
Duodenum
Duodenum

Duodenum

Duodenum

species of parasitic protozoa are of high economic importance due to their preva-

lence and the damage they can cause.

15.1.2 Coccidiosis (Eimeriosis)

15.1.2.1

Summary

Coccidiosis in turkeys is an intestinal disease characterized by massive destruction
of the intestinal mucosa, leading to great economic losses. The disease is caused by
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host-specific Eimeria spp.; five species are known to cause coccidiosis in turkeys,
namely, E. adenoeides, E. gallopavonis, E. meleagrimitis, E. meleagridis, and
E. dispersa. E. adenoeides primarily induce lesions in the ceca, while E. meleag-
rimitis induces lesions in the duodenum and jejunum of turkeys. Furthermore, two
species, namely, E. innocua and E. subrotunda, are considered nonpathogenic.
Coccidia parasites invade and replicate within the intestinal epithelial cells, leading
to tissue destruction, inflammation, and hemorrhage. The severity of the disease is
related to the number of parasites, the host’s immune status, and the parasite’s viru-
lence. Oocysts are extremely resistant to common disinfectants. Only disinfectants
containing very small lipophilic molecules that can pass through the pores in the
oocyst wall are effective. The control of coccidiosis in turkeys is based primarily on
hygienic measures and coccidiostats as feed additives, usually for the first 8§ weeks
of life. Ionophores such as narasin and salinomycin are effective against sporozo-
ites; however, they are highly toxic for turkeys and ineffective in treating clinical
coccidiosis. Live attenuated and subunit vaccines are also available for turkeys.

15.1.2.2 Etiology

Coccidiosis is a protozoan disease caused by Eimeria, affecting a wide range of
animal species. The disease is characterized by severe enteritis and diarrhea, leading
to reduced growth rates, increased mortality rates, and significant economic losses
in the turkey industry (Chapman 2008). The most important ones are E. adenoeides,
E. meleagrimitis, E. gallopavonis, E. meleagridis, and E. dispersa (Hafez 2008;
El-Sherry et al. 2019) (Table 15.2 and Fig. 15.1).

Eimeria adenoeides. E. adenoeides is one of the most pathogenic species and
can cause significant damage to the turkey’s intestinal lining. It is commonly found
in the ileum, ceca (Fig. 15.2a, b), and rectum and can cause weight loss, decreased
feed intake, and increased mortality in young turkeys.

Eimeria meleagrimitis. E. meleagrimitis is another important species that can
cause severe damage to the intestinal tract. It is commonly found in the duodenal but
in the small intestine in heavy infections and can cause diarrhea, dehydration, and
reduced weight gain. In severe cases, it can also lead to death (Fig. 15.2¢, d).

Eimeria gallopavonis. E. gallopavonis is commonly found in the lower intesti-
nal tract, posterior ileum, ceca, and rectum and can cause moderate to severe

Table 15.2 Location and pathogenicity of Eimeria spp. infecting turkeys

Host Eimeria Location Pathogenicity?
Turkeys E. adenoeides Caecum +++

E. dispersa Duodenum, jejunum +

E. gallopavonis Rectum ++

E. innocua Duodenum, jejunum -

E. meleagridis Caecum +

E. meleagrimitis Duodenum, jejunum +++

E. subrotunda Duodenum, jejunum -

i~ nonpathogenic, + low pathogenic, ++ moderately pathogenic, +++ highly pathogenic
(Hafez 2008)
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Fig. 15.1 Site of infection of Eimeria species affecting turkeys

damage. It can lead to bloody diarrhea, reduced feed intake, weight loss, inflamma-
tion, and ulceration of the ileum.

Eimeria meleagridis. E. meleagridis is commonly found in the upper small
intestine and ceca and can cause mild to moderate damage. It can lead to reduced
weight gain and feed intake but is generally less pathogenic than other species.
Transient edema, inflammation, and caseous exudates in the ceca may occur
(Fig. 15.2e).

Eimeria dispersa. E. dispersa is commonly found in the duodenum and subse-
quently spreads to the lower intestine and occasionally in the cecal necks and can
cause mild to moderate damage (Fig. 15.2f). It can lead to diarrhea, reduced feed
intake, and weight loss (Chapman 2008).

15.1.2.3 Epidemiology and Life Cycle

Coccidiosis in turkeys is a worldwide disease, with high prevalence rates reported
in intensive production systems. The disease is more common in young birds than
in older birds. The severity of the disease is related to the Eimeria species, age of
birds, stocking density, and rearing form (indoor or free range) (Vrba and Pakandl
2014). Coccidiosis is transmitted by the ingestion of sporulated oocysts shed in
feces. Eimeria spp. sporulated outside the host within 1-2 days. It contains four
sporocysts, each of which contains two sporozoites. Coccidia oocysts are highly
resistant to environmental stressors and can survive for extended periods in the
environment.

The cycle of Eimeria species in turkeys begins when the bird ingests the sporu-
lated oocysts of the parasite. These oocysts can be found in the environment, includ-
ing in litter and soil, and can survive for long periods under favorable conditions.
Once the sporocysts reach the turkey’s digestive system, the oocysts release sporo-
zoites, the parasite’s infective stage. The sporozoites then invade the cells lining the
intestinal tract, where they multiply rapidly. As the sporozoites continue to repli-
cate, they undergo several stages of development, ultimately forming mature oocysts
that contain multiple infectious units known as sporocysts. These mature oocysts
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Fig. 15.2 Intestinal macroscopic lesions, feces, and litter of poults with Eimeria spp. (a, and b) Ceca
infected with E. adenoides, showing petechial hemorrhages and white mucous content. (¢, d) Congested
duodenal mucosa with a large amount of mucus. (e) Caseous exudates in the ceca. (f) Flaccidity and
thinning of the intestinal wall, with cream-colored mucus. (g, h) Watery feces of poults with mucus and
blood. Note that the litter is packed due to excess moisture in the feces (Figs. A to C and E to H,
X. Hernandez-Velasco; Fig. D Hafez M Hafez)




15 Parasitic Infections in Turkeys 137

are then shed in the turkey’s feces, infecting other birds and contaminating the envi-
ronment (Edgar and Flanagan 1979) (Fig. 15.3).

The cycle of Eimeria species in turkeys can be particularly problematic since
some species can cause severe damage to the intestinal tract. This damage can lead
to reduced feed intake and feed conversion rate, weight loss, and increased suscep-
tibility to secondary infections. In severe cases, coccidiosis can even result in high
mortalities.

15.1.2.4 Clinical Signs

The clinical signs of coccidiosis in turkeys vary depending on the severity of the
infection. Early signs include decreased feed intake, lethargy, and watery droppings
(Fig. 15.2g). As the disease progresses, diarrhea becomes more severe, and the
droppings become bloody (Fig. 15.2h). The birds become dehydrated and develop a

Schizogony

Fig. 15.3 The life cycle of Eimeria spp. Exogenous phase (sporogony): Non-sporulated oocysts
(1), under normal temperature conditions (15-30 °C) and moisture, are sporulated in 1-2 days.
Sporulated (infective) oocysts) (2). Excystation after ingestion of sporulated oocyst: sporozoites
are released by mechanical and enzymatic digestion (3). Cell invasion. Free sporozoites (4) (initial
infective units) infect intestinal cells and change to trophozoites (5). Schizogony. The schizont
will multiply by asexual multiple division (endogenous and asexual phase) (6) with Merozoites (7)
inside and will have at least two generations of infection (8). Gametogony. The male gametocytes
multiply by sexual multiple division and release microgametes into the lumen of the gut: free
microgametes (9), male microgametes (10), fertilize female macrogamete (11) to produce a zygote
(12). Transmission. The mature oocysts are excreted with the feces (1). Sporulated oocysts can
potentially produce 2—-3 millions of new oocysts within 5-7 days
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Fig. 15.4 Non-sporulating {
oocysts of Eimeria spp. { S
from a fresh feces sample N 7 )
(H.M. Hafez) :

hunched posture. Mortality rates can be as high as 30%, with the highest rates seen
in young birds.

15.1.2.5 Diagnosis

The diagnosis of coccidiosis in turkeys is based on the clinical signs, gross and
microscopic lesions, and detecting oocysts in feces. Typical intestinal lesions, such
as villous atrophy, necrosis, and hemorrhage, can be observed during necropsy.
Microscopic examination of intestinal scrapings can reveal the presence of coccidia
parasites. The detection of oocysts in fecal samples can be done using flotation
techniques (Fig. 15.4) and/or PCR-based methods (Boyett et al. 2022).

15.1.2.6 Control and Treatment

In addition to hygienic measures, as the primary goal of any effective control of
coccidiosis, control of turkey coccidiosis is based primarily on using feed additives
that are effective against coccidia (coccidiostats). Anticoccidial drugs, such as iono-
phores and chemical agents, control the disease in commercial production systems.
Under consideration of the withdrawal period, toltrazuril or other anticoccidial
drugs may be applied in the anticipated time frame of infections with different
Eimeria spp. Another promising measure is immunoprophylaxis using suitable vac-
cines. Vaccination is also an effective control measure, with live attenuated and
subunit vaccines available in turkeys.

15.1.2.7 Hygienic Measures

Good management practices, such as hygiene and biosecurity measures, are essen-
tial to prevent the spread of the disease (Chapman 2008). Hygienic measures include
cleaning and disinfection of the farm with an effective disinfectant before each
restocking to reduce the infection pressure by reducing the number of infectious
oocysts. Special attention must be paid to the dryness of the litter. In particular, the
damp island occurring in the drinking trough area must always be eliminated.
Furthermore, repeated working through the litter leads to diluting the oocyst con-
centration in the house and thus reduces the infection pressure. The effective disin-
fectants against Eimeria spp. are those containing very small lipophilic molecules
that could pass through the pores in the oocyst wall and thereby kill the sporozoites
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such as H,S, chloroform, KOH, ammonia gas, and methyl bromide. Temperatures
above 56 °C or below —15 °C kill coccidia oocysts within a short time. In the litter,
the survival time is limited to a few days due to the development of ammonia.

15.1.2.8 Anticoccidial Drugs

Several coccidiostats are available in turkeys, including chemical drugs and iono-
phores. Chemicals (synthetic compounds) include halofuginone, robenidine, dicla-
zuril, decoquinate, nicarbazin, toltrazuril, clopidol, nequinate, ethopabate,
amprolium, sulfadimethoxine, and sulfaquinoxaline. Each drug has a unique mode
of action, for example, (1) inhibition of parasite mitochondrial respiration (decoqui-
nate, clopidol), (2) inhibition of the folic acid pathway (sulfonamides), (3) competi-
tive inhibition of thiamine uptake (amprolium), (4) nucleoside analog (Diclazuril
and toltrazuril), and (5) oxidative phosphorylation inhibitor (Robenidine). Unknown
mode of action (e.g., halofuginone, nicarbazin) (Hafez 2008).

Chemical drugs are usually administered in feed or water. The drawbacks of
these drugs are: (1) Surviving Eimeria spp. became quickly resistant. (2) They do
not allow the host to develop immunity against coccidiosis. Toltrazuril belongs to
triazines and acts on intracellular life cycle stages undergoing schizogony and gam-
etogony. It has a high efficacy without negatively affecting the formation of immu-
nity. Moreover, it can be used in all poultry species.

Ionophores (polyether antibiotics), such as monensin, salinomycin, lasalocid,
narasin, maduramicin, and semduramicin, are produced by the fermentation of
Streptomyces spp. or Actinomadura spp. On the other hand, ionophores such as
lasalocid, monensin, and maduramicin alter the gut environment to make it less
hospitable to coccidian (Garton 2014). These drugs disrupt ion gradients across the
cell membrane of the parasite. lonophores can be classified into (1) monovalent
ionophores (monensin, narasin, salinomycin), (2) monovalent glycosidic iono-
phores (maduramicin, semduramicin), and (3) divalent ionophore (lasalocid).
Ionophores develop resistance very slowly. However, ionophore intoxication has
been reported in turkeys due to (1) high doses of ionophores (e.g., monensin
>300 ppm); (2) pharmacological incompatibility when applied with tiamulin, chlor-
amphenicol, and sulphaquinoxaline (Hafez 2008). The main clinical causes of iono-
phores intoxication in turkeys are anorexia with depression, weakness, complete
paralysis, posterior paralysis with legs extended, dyspnea, dehydration, and mortal-
ity (variable but may exceed 70%).

Coccidiostats such as monensin, salinomycin, and halofuginone are not effective
in treating clinical coccidiosis. The use of coccidiostats in turkeys is a controversial
issue, with some experts advocating for their use as a necessary tool for preventing
and controlling coccidiosis, while others argue that they can contribute to the devel-
opment of drug-resistant coccidia strains and have negative effects on the turkey’s
gut microbiome. Several programs are known for using coccidiostats:

1. Single (straight) program: A single drug is used in the feed of a single flock.
Using this program can lead to a reduction in drug efficacy and the development
of resistance.
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2. Shuttle or dual program. In this program, one anticoccidial drug is used in the
starter ration, usually synthetic; then another drug in the growers; then a third
drug in the finisher diet; and finally, a fourth type during withdrawal. The
strongest drug may be used in the starter feed. Using this program improves the
efficacy of anticoccidial drugs and reduces the development of drug resistance.

3. Rotation program. This program is widely used to reduce the incidence of
resistance development. The anticoccidial drugs are changed every interval of
months (every 6 months), in successive flocks. Rotations are only possible if
drugs with different modes of action follow each other.

Despite the controversy, many turkey producers continue to use coccidiostats as
a part of their management practices. When used correctly, coccidiostats can effec-
tively prevent and control coccidiosis, reducing the economic impact of the disease.
However, this should be used in combination with good management practices,
such as maintaining good hygiene, litter management, and providing adequate
nutrition and water, which is essential. Coccidiostats are a valuable tool in prevent-
ing and controlling coccidiosis in turkeys. However, their use should be carefully
monitored and integrated into a comprehensive disease management plan to ensure
their effectiveness and minimize the risk of negative side effects. It is essential to
work with a veterinarian to determine the most appropriate coccidiostat regimen for
your flock, considering factors such as the turkey’s age, strain, and health status
(Chapman et al. 2004).

15.1.2.9 Alternative Anticoccidials in Turkeys

Several trials have been done to develop alternative natural anticoccidial drugs
using prebiotics and probiotics, plant extracts, fungal extracts, and essential oils.
Most natural products do not directly target Eimeria spp.; however, they restore the
intestinal microbiota and strengthen the immune response (Shehata et al. 2022).
Several phytogenic substances, such as Artemisia, clove, tea tree, and thyme
(Kadykalo et al. 2018), effectively reduce coccidiosis Cinnamomum verum (Qaid
etal. 2021).

15.1.2.10 Anticoccidial Vaccines for Turkeys

Coccidia vaccines have been developed for turkeys and have been widely used by
turkey producers. Eimeria vaccines are live attenuated and/or non-attenuated
oocysts administered orally to turkeys. The vaccines stimulate mainly the bird’s cel-
lular immune system and, in lesser regard, the humoral immune system to produce
antibodies that protect against the disease. The vaccines are available as monovalent
or multivalent preparations containing different Eimeria strains (Chapman 2018).
The use of Eimeria vaccines in turkeys has several advantages: (1) reducing the
incidence and severity of coccidiosis; (2) improving bird health and productivity;
(3) reducing the need for antimicrobials that can contribute to developing antimicro-
bial resistance; (4) reducing the environmental contamination with oocysts, which
can infect other birds and animals; and (5) vaccination against coccidiosis effec-
tively that prevents necrotic enteritis in a mixed infection (Bangoura et al. 2014).
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Two vaccines with different attenuated but reproducible turkey coccidia species
are commercially produced in Canada. These are the Immuncox T1 vaccine, which
includes E. adenoides and E. meleagrimitis, and the Immuncox T2 vaccine, which
includes E. gallopavonis. The vaccine is administered between the third and fifth
day old via drinking water.

However, Eimeria vaccines have some limitations: (1) They require careful han-
dling and storage to maintain their viability. (2) They require adequate timing and
dosage right application to achieve optimal protection, and failure to do so may
result in inadequate immunity. (3) They may not provide complete protection
against all Eimeria strains, and additional control measures may be required
(Chapman et al. 2005).

15.1.3 Cryptosporidiosis

15.1.3.1 Summary

Cryptosporidiosis is a parasitic infection caused by the protozoan Cryptosporidium
spp., which affects a wide range of animal species, including humans. They are
ubiquitous protozoal organisms that persist in the environment for various durations
depending on temperature and humidity. Turkeys are one of the livestock species
that are susceptible to Cryptosporidiosis, and the infection can result in significant
economic losses to the turkey industry. C. baileyi is the most prevalent species in
domestic poultry, causing respiratory and intestinal infections. While C. meleagri-
dis infection causes mild to severe diarrhea, both C. parvum and C. galli were
detected in chickens or turkeys without clinical disease. C. meleagridis is a zoonotic
parasite, particularly in immune-compromised patients and children. Moreover,
zooanthroponosis (from human-to-animals) of C. parvum has also been reported.
Currently, no specific drugs are available for the treatment of Cryptosporidiosis in
turkeys. Some oocysts are self-infecting without leaving the host, which favors the
chronicity of the disease or lethal infections in immune-deficient birds. Good
hygiene practices include regular cleaning and disinfection of the environment and
equipment, as well as avoiding overcrowding and stress in the birds (Abbassi and
Répérant 2015).

15.1.3.2 Etiology

Several species are known to cause cryptosporidiosis in birds, C. baileyi and
C. meleagridis being the most common in turkeys and C. parvum and C. galli rarely
occurring (Sulaiman et al. 2003; Berrilli et al. 2012), Table 15.3. Oocysts are ellip-
soids, 5.6-6.3 x 4.5-4.8 p (Taylor et al. 2016). The life cycle of Cryptosporidium is
very similar to other coccidia.

15.1.3.3 Epidemiology

Cryptosporidium is a ubiquitous parasite that is prevalent worldwide. The oocysts
can survive for extended periods in the environment and are also resistant to the
majority of common disinfectants. The life cycle of Cryptosporidium involves
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Table 15.3 The main Cryptosporidium spp. in poultry

Species Host Site of infection

C. baileyi Chickens, turkeys, ducks | Bursa of Fabricius, cloaca, respiratory system
C. galli Chickens, finches Proventriculus

C. meleagridis* Turkeys Small intestine

Cryptosporidium Pigeon Small intestine

spp.

aC. parvum is not commonly seen in poultry. There is evidence that C. meleagridis is synonymous
with C. parvum (McDougald 2020)

asexual and sexual phases and culminates in oocyst production. In the host, the
oocyst forms four sporozoites without sporocysts. The infection is usually trans-
mitted by the respiratory and fecal-oral route through thick-walled sporulated
oocysts, while thin-walled oocysts are responsible for endogenous self-infections
(Helmy and Hafez 2022). The endogenous cycle is short (4—7 days), the endoge-
nous stages are small (4—7 mcm), and the parasites are just beneath the epithelial
cell membranes.

Cryptosporidiosis is more severe in turkeys than in chickens and is frequently
fatal in quail. In turkeys, the infection is mostly seen in young birds, especially
those under 6 weeks old (Gharagozlou et al. 2006; McDougald 2020). The inci-
dence of Cryptosporidiosis in turkeys varies widely depending on the region and
farming practices, ranging from 5 to 50% (Goodwin et al. 1988). The most common
species in turkeys are C. baileyi and C. meleagridis (McDougald 2020). In 2017, a
nested PCR detected Cryptosporidium in 9.3% (8/86) of turkeys. Sequence analysis
revealed that C. parvum was the most frequently identified in 5.1% (13/256) of all
poultry species, including 8.1% (7/86) of turkeys, 3.2% (5/158) of broilers, and
8.3% (1/12) of layers. Cryptosporidium baileyi was detected in only 1.3% (2/256)
of the broilers (Helmy et al. 2017).

15.1.3.4 Clinical Signs and Pathology

The clinical signs of Cryptosporidiosis in turkeys include diarrhea, dehydration,
anorexia, and lethargy. The most common clinical signs include diarrhea and
dehydration. The diarrhea is usually watery and may be accompanied by mucus or
blood. The severity of the disease can range from mild to severe, with mortality
rates of up to 10% reported in some cases. The pathology of the infection includes
villous atrophy, inflammation, and crypt hypertropic in the small intestine (de Graaf
et al. 1999), in the cloacal bursa (Fig. 15.5) and/or respiratory disease with swelling
of infraorbital sinuses and serous conjunctivitis. Microscopic lesions of the infected
tissues included deciliation of the epithelium and inflammation (McDougald 2020)
(Fig. 15.6). Cryptosporidium have been found in the sinuses, trachea, bronchi, clo-
aca, and bursa.

15.1.3.5 Diagnosis
The diagnosis of Cryptosporidiosis in turkeys is based on detecting the parasite in
fecal samples or mucosal scrapings using the microscopic examination. Phase
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Fig. 15.5 Histological
section of a bursa of
Fabricius from a turkey
poult. Presence of
Cryptosporidium sp. on the
surface of the epithelium,
epithelial hyperplasia, and
subepithelial mononuclear
lymphocytic infiltrate

(X. Hernandez- Velasco)

Fig. 15.6 Histological
lesions of the trachea with
Cryptosporidium spp. Loss
of the brush border in the
epithelium is observed due
to the presence of the
parasite, in addition to
lymphocytic infiltrate and
hyperplasia of the
epithelium

(X. Hernandez-Velasco)

contrast microscopy and several staining procedures [e.g., Giemsa stain, acid-fast
smear (Fig. 15.7), methylene blue] are helpful in increasing optical contrast, immu-
nofluorescence, or molecular methods such as PCR (Bowman 2019). However,
detecting Cryptosporidium in fecal samples does not necessarily indicate the clini-
cal disease, as some turkeys can harbor the parasite without showing any clinical
signs (Wages and Ficken 1989).

15.1.3.6 Control and Treatment

Currently, no specific drugs are available to treat Cryptosporidiosis in turkeys.
Managing the disease mainly involves supportive care such as rehydration, electro-
lyte therapy, and nutritional support. Hygiene practices are recommended, such as
regular cleaning and disinfecting of the environment and equipment and avoiding
overcrowding and stress in the birds (Bermudez et al. 1988; Helmy and Hafez 2022).
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Fig. 15.7 Detection of
Cryptosporidium sp.
oocysts in smear droppings
(acid-fast stained)

(X. Hernandez-Velasco)

15.1.4 Haemoproteus

Haemoproteus parasites, belonging to the family Haemoproteidae, are a sister group
to malaria agents of the genus Plasmodium (Plasmodiidae). However, Haemoproteus
parasitize only birds and reptiles. Haemoproteus and Plasmodium do not digest
hemoglobin completely, leading to the accumulation of residual pigment in red
blood cells. This characteristic feature distinguishes Haemoproteus from
Leucocytozoidae and Garniidae, which do not develop residual pigment in red
blood cells. Haemoproteus spp. are transmitted by Culicoides biting midges
(Ceratopogonidae), and a few species are vectored by louse flies (Hippoboscidae)
(Valkitnas and lezhova 2022). Experimentally, H. meleagridis causes lameness,
diarrhea, anorexia, and depression in turkeys. Anemia, depression, and lameness
can be observed. Histologic lesions were associated mainly with megaloschizont
development in the musculature. The diagnosis is based on stained blood smears
and observation of large, pigmented gametocytes in mature RBCs. Merozoites are
not seen in the peripheral blood. Schizogony can be detected in the endothelial cells
of the lung, liver, and spleen. PCR tests for Haemoproteus can also be used
(Valkitinas et al. 2022). No drug is approved for commercial use. Antimalarial drugs
reduce the parasitemia but do not eliminate the parasite. Chloroquine, primaquine,
quinacrine, and buparvaquone have been used in pigeons. Combinations of chloro-
quine, primaquine, and mefloquine have been used to treat owls. Treatment is not
recommended in asymptomatic birds. Hygienic measures to control the vectors help
to control the disease.

15.1.5 Leucocytozoon
15.1.5.1 Summary

Leucocytozoon is an obligate intracellular protozoan parasite of wild and domestic
birds. There are approximately 86 species of Leucocytozoon; many of them are
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host-specific, and all are transmitted by simuliids. Leucocytozoon smithi causes the
disease known as leucocytozoonosis or turkey malaria. The pathogenicity of this
parasite is usually low but can be particularly pathogenic to young turkeys.
Diagnosis is based on finding the gamonts in Giemsa-stained blood smears or
meronts in tissue sections. Raising turkeys in poultry houses and improvements in
biosecurity have reduced the incidence of leucocytozoonosis.

15.1.5.2 Epidemiology

It is distributed mainly in Europe and North America. L. smithi is transmitted by
blood-sucking black fly (Simuliidae meridionale and S. slossonae) (Peirce 2005;
Pramual et al. 2020).

15.1.5.3 Life Cycle

The sporozoites infect a new host when an infected female blackfly feeds on it. The
sporozoites reach the blood and invade cells of various tissues and organs, where
they form endogenous stages (schizonts and later meronts), causing necrosis (Peirce
2005). In the liver, meronts form merozoites, and these enter blood cells and form
gamonts. Gametocytes in the blood of the host are acquired by a blackfly. Schizogony
occurs in tissues cells, but not in circulating blood cells. Sporogony is confined to
blackflies. In the gut of the blackfly, oocysts are formed. The sporozoites then
migrate to the fly’s salivary glands and infect the avian host as the fly feeds (Steele
and Noblet 1993).

15.1.5.4 Signs

Clinical signs include dehydration, anorexia, depression, hemoglobinuria, and
hemolytic anemia. Sick birds decrease feed intake, lose weight, and have difficulty
moving or incoordination. Severe infections cause emaciation, convulsions, and
death. Birds that survive 3 days after showing signs of the disease generally recover.
Hens infected had higher mortality, decrease in egg production, and hatch of fertile
eggs (Atkinson and Van Riper IIT 1991).

15.1.5.5 Pathogeny

The pathogenicity of Leucocytozoon infections is usually low. High levels of infec-
tion can occur without clinical signs of disease. L. smithi can be severely patho-
genic, especially in poults. The degree of tissue damage determines the survival or
death of the bird. In severe cases, it can cause hemolytic anemia and death. Surviving
turkeys may remain carriers for years, and sometimes, the infection continues caus-
ing lethargy and persistent coughing. Affected birds have enlarged spleen and liver,
enteritis, pale heart muscle, hemosiderosis, pneumonia, and congested lungs (Taylor
et al. 2016; Pramual et al. 2020).

15.1.5.6 Diagnostic

The parasites (elongated gametocytes) can be seen in Giemsa-stained blood smears.
Gametocytes develop into erythroblasts, erythrocytes, monocytes, and leukocytes
and cause great distortion of the host cell and its nucleus. On postmortem, the spleen
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and liver are enlarged, and there may be enteritis. Schizonts can be seen in histologi-
cal sections of liver or other infected tissues such as kidney, muscle, and brain
(Steele and Noblet 1993).

15.1.5.7 Treatment and Control
There are no reported effective treatments. Disease prevention depends on blackfly
control. Turkeys should not be raised in areas with high populations of blackflies.

15.1.6 Histomoniasis

15.1.6.1 Summary

Histomoniasis, also known as blackhead disease or typhlohepatitis, is a parasitic
disease caused by the flagellate protozoan parasite Histomonas meleagridis. The
disease is distributed worldwide. The parasite exists in two forms in the host: amoe-
boid (lacks flagella and is present in tissue) and flagellated form (has flagella and is
present in the lumen of caeca). The parasite is transmitted by the earthworms that
carry the Heterakis gallinarum eggs containing histomonads. Histomoniasis affects
several bird species, but it is mostly seen in turkeys, which can lead to severe eco-
nomic losses due to the high mortality rate of 80-100%. The disease diagnosis is
based on clinical signs and postmortem lesions of unilateral or bilateral cecal lesions
associated with circular necrotic areas in the liver. Flagellated H. meleagridis can be
demonstrated in wet smears from the ceca. Although nitroimidazoles (dimetrid-
azole, ipronidazole, and ronidazole) were effective against histomoniasis, they are
no longer permitted (banned) in several countries. Available products such as anti-
coccidial drugs roxarsone, antibiotics, and benzimidazole derivatives are ineffective
in treating histomoniasis. The prophylaxis depends on implementing biosecurity
measures and deworming of Heterakis gallinarum.

15.1.6.2 Etiology

Histomoniasis is caused by the flagellated protozoan Histomonas meleagridis, a
unicellular parasite belonging to the Phylum Parabasalia, Class Tritrichomonas,
Order Tritrichomonadida, and Family Dientamoebidae. The parasite has two mor-
phological forms: amoeboid and flagellated forms. The amoeboid form, in tissues,
is roundish or oval (pleomorphic), 8-19 pm in size, and lacks flagella; this flagellum
is lost upon mucosal invasion with the development of pseudopods. The flagellar
form, in the cecal lumen, is similar to the amoeboid form but has one, rarely two,
flagella. Reproduction of both forms occurs via binary fission. The flagella are sen-
sitive to the external environment and survive in excreted feces for a few hours.
However, they remain infective in Heterakis gallinarum eggs for several years.

15.1.6.3 Epidemiology

Histomoniasis of turkeys was first described by Smith (1895). Although the disease
occurs in chickens and numerous poultry species such as chickens, pheasants, and
peafowls, turkeys are the most susceptible host (Landim de Barros et al. 2022).
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Therefore, the separate rearing of poultry species is critical because chickens fre-
quently serve as asymptomatic carriers and reservoirs of H. meleagridis-infected
heterakid eggs.

Turkeys can be infected at any age, but the disease is most common between
third and 12th weeks of age. The course of the disease is mainly influenced by the
age and the intestinal flora of the host. In addition, the disease is usually accompa-
nied by secondary bacterial infections such as E. coli and Clostridium perfringens.
H. meleagridis is distributed worldwide.

The susceptibility of three different turkey lines, namely, wild Canadian turkey
(WCT), British United turkey (BUT-Big6), and Kelly—Bronze turkeys (KBT) after
experimental infection with H. meleagridis, was investigated. The mortality rate
was 95% in WCT, 78% in BUT-Big6, and 75% in KBT. The obtained results dem-
onstrate that all tested turkey lines are susceptible to infection; however, the mortal-
ity rate for the wild Canadian turkey is statistically significantly higher compared to
the other tested two lines (Hafez et al. 2010).

15.1.6.4 Transmission
Histomonas meleagridis can be directly transmitted through the cloacal drinking
transfer of materials from the vent region into the caeca through waves of reverse
peristalsis. Horizontal transmission of H. meleagridis can occur through contact of
infected and uninfected turkeys, even in the absence of Heterakis gallinarum.
Histomonas meleagridis can be transmitted by the earthworms that carry the H. gal-
linarum eggs containing Histomonads. Heterakis gallinarum nematode is com-
monly found in infected turkeys’ caeca, and the eggs are resistant to environmental
conditions. Once the nematode ingests the protozoan, it becomes infected and
releases the parasite into the host’s cecal contents. The protozoan then invades the
cecal wall, causing ulcers and inflammation, which can lead to the formation of
nodules in the liver, spleen, and other organs (Hess et al. 2008) (Fig. 15.8).

The incubation period for natural infection is 7-12 days. The disease is charac-
terized by high morbidity and mortality rates (70-90%).

15.1.6.5 Clinical Signs and Postmortem Lesions
The clinical signs of histomoniasis in turkeys can vary depending on the severity of
the infection. Early signs may include depression, decreased appetite, and diarrhea,
which can progress to more severe symptoms such as weight loss, lethargy, and
anemia. In severe cases, turkeys may develop a characteristic “dropped wing” pos-
ture, which is caused by inflammation and damage to the liver (Beer et al. 2022b).
The main postmortem lesions are observed in the caecum and liver. The lumen
of the caecum is dilated, and the thickened cecal mucosa is covered with fibrinous
to diphtheroid inflammation that can pulplike to fill the lumen. Hepatic lesions are
highly variable and appear 6-8 days after infection. The necrotic target-like lesions
with raised edges and a depressed center on the liver are pathognomonic lesions for
H. meleagridis. In some cases, the liver will appear green or tan. Further lesions
might also be seen in other organs, such as the kidneys, bursa of Fabricius, spleen,
and pancreas (Figs. 15.9 and 15.10).
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Fig. 15.8 Complex transmission of Histomonas meleagridis. Histomonads can be consumed by
Heterakis gallinarum and subsequently incorporated into the nematode ova. Once inside the intes-
tine, the histomonads migrate to the ceca, replicating and degrading the cecal lining. Carrier birds
such as chickens can harbor the cecal worms and shed infected heterakid eggs into the environ-
ment. Earthworms, flies, and other invertebrates can be intermediate mechanical vectors of infected
heterakid ova. Turkeys may ingest infected materials such as excreta or invertebrates contaminated
with the protozoa. Direct transmission can occur rapidly from bird to bird due to cloacal drinking
and reverse peristalsis movement of materials into the vent region. [Adapted from (Beer
et al. 2022b)]

15.1.6.6 Diagnosis

Diagnosis of histomoniasis in turkeys can be challenging, as clinical signs can be
similar to other poultry diseases. A definitive diagnosis can be made through isola-
tion (Hauck et al. 2010) and histopathological examination, in situ hybridization or
immunohistochemistry of affected tissues, such as the cecal wall, liver, or spleen,
where characteristic lesions caused by the protozoan can be observed. Suspected
tissue sections can be stained with hematoxylin and eosin, or periodic acid—Schiff
to investigate the Histomonas meleagridis trophozoites (El-Wahab et al. 2021).
Histomonas meleagridis can be isolated on a medium containing Medium 199 rice
flour and horse serum, balanced with Hank or Earle salts, under microaerophilic
conditions.

Additionally, molecular diagnostic techniques such as polymerase chain reaction
(PCR) can be used to detect the presence of the parasite (Grabensteiner and Hess
2006; Hafez et al. 2005). Molecular typing based on sequencing various genes has
been described (Bilic et al. 2014; Hauck et al. 2010). At the most, four types were
distinguished, and it is unclear if the detected types relate to differences in virulence
of the host spectrum.
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Fig. 15.9 Pathogenesis of histomoniasis. The parasite induces a severe inflammatory reaction in
the ceca. The inflammatory reaction is followed by necrosis, with dysbiosis causing increased
permeability in the ceca (b). This allows bacterial and parasitic translocation to the liver via the
hepatic portal blood; the resulting pathognomonic lesions are exhibited as target-like liver lesions
and caseous cecal cores (a). Histomonas meleagridis in the liver of a turkey, periodic acid—Schiff
(PAS), 40 x (c). From the liver, bacteria, and histomonads migrate to other parenchymal organs
(spleen, heart, kidneys, pancreas, lungs, brain, bursa of Fabricius), causing chronic systemic
inflammation and multiple organ failure. [Adapted from Beer et al. 2022b)]

15.1.6.7 Control

Control of histomoniasis in turkeys requires a multifaceted approach, including
biosecurity measures to prevent the introduction and further spread of the infection
and contamination of equipment and treatment of infected birds.

Paromomycin, an aminoglycoside antibiotic with activity against protozoa, is
currently registered for food-producing animal species. In a pilot study, the efficacy
of different doses of paromomycin in the feed against Histomonas meleagridis in
experimentally challenged turkey poults was evaluated. Groups consisting of 30
birds each were given feed with 100, 200, and 400 ppm paromomycin, respectively,
starting on day 1 via feed to day 42. On day 21, all birds were infected intra-cloacally
with H. meleagridis. One group of 30 birds was left untreated. Additionally, ten
birds were kept as a noninfected and non-treated control group. Before the chal-
lenge, there was no significant difference between untreated and treated groups con-
cerning feed consumption and feed conversion rate. After the challenge, mortality



150 X.Hernandez-Velasco et al.

Fig. 15.10 Classic lesions resulting from Histomonas meleagridis infection. (a, b) Caseous
cheese-like cecal core; (¢, d) focal necrosis resulting in target-like liver lesions [Adapted from Beer
et al. 2022b)]

was 80% in the infected non-treated birds. In the treated groups, the mortality rate
was 73.3%, 43.3%, and 20%, respectively. No histomonal DNA was found in the
caeca and livers of the surviving birds. In addition, higher doses of paromomycin
(200 and 400 ppm) led to reduced Clostridium perfringens count in the droppings
(Hafez et al. 2010).
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In conclusion, a prophylactic application of paromomycin as a feed additive was
effective against the challenge with H. meleagridis under experimental conditions
(Hafez et al. 2010). The most effective control measure is the use of a live attenuated
vaccine, which can provide immunity to the protozoan and reduce the severity of the
disease. Also, management practices such as removing wet litter and using effective
disinfectants can help reduce the risk of infection (Liebhart et al. 2017; Beer
et al. 2022a).

15.1.7 Trichomonas

15.1.7.1 Summary

Trichomoniasis is a parasitic disease that affects a wide range of animals, including
birds. Among birds, it primarily affects pigeons, and turkeys are particularly suscep-
tible to this disease. Trichomoniasis in turkeys is caused by a protozoan parasite
known as Trichomonas gallinae. This disease is often characterized by the presence
of yellowish, cheesy masses in the oral cavity and upper digestive tract of infected
birds (Villeneuve and Brugere-Picoux, 2015). The diagnosis depends on demon-
strating the large number of Trichomonas gallinae in wet smears prepared from
oropharyngeal swabs. For prophylaxis, asymptomatic carriers and sick birds must
be removed from the flock to control the disease.

15.1.7.2 Etiology

Trichomoniasis in turkeys is caused by the protozoan parasite Trichomonas galli-
nae, Parabasalia: Trichomonadida. The body is elongated or pyriform with four
anterior flagella, 5-19 x 2-9 pm. Trichomonas reproduces by binary fission and
does not form cysts (Taylor et al. 2016). The parasite can persist for up to 1 h in
water sources such as gutters and drinkers (Purple et al. 2015). In unfavorable con-
ditions, the parasite can form a pseudocyst; however, the moist environment is
essential to maintain its infectivity (Amin et al. 2014).

15.1.7.3 Epidemiology

The parasite is worldwide distributed and an obligate, anaerobic, flagellated organ-
ism that resides in the upper digestive tract of birds, particularly in the oral cavity,
esophagus, crop, and proventriculus. Columbiformes, Accipitriformes, Strigiformes,
Psittaciformes, Falconiformes, and Passeriformes are susceptible. Pigeon is the
main reservoir for 7. gallinae and acts as the main carrier for other birds, such as
chickens and turkeys.

15.1.7.4 Transmission

The parasite is transmitted from bird to bird by ingesting contaminated food, water,
or saliva. Wet litters and overcrowding promote transmission. It can also be trans-
mitted through contact with infected oral secretions or recently contaminated water.
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Fig. 15.11 Trichomonas
gallinae
(X. Hernandez- Velasco)

15.1.7.5 Pathogenesis

Trichomonas is a normal inhabitant (commensal) of the upper gastrointestinal tract.
In the turkey lesions, most commonly occur in the crop, esophagus, and pharynx
and are uncommon in the mouth (Taylor et al. 2016). However, depending on strain
virulence and host susceptibility, it might cause mild to severe lesions (Marx et al.
2017). After ingestion, the parasites enter the upper digestive tract of turkeys and
start to reproduce rapidly. The parasites attach themselves to the surface of the
host’s epithelial cells and cause inflammation and necrosis of the affected tissues.
This results in the formation of yellowish, cheesy masses in the digestive tract of
infected birds. Sometimes, the parasite spreads to the liver and other visceral organs.

15.1.7.6 Clinical Signs and Lesions

The clinical signs of trichomoniasis in turkeys can vary depending on the severity
of the infection. The most common signs include lethargy, anorexia, weight loss,
regurgitation, and difficulty swallowing. Affected birds may also exhibit a yellowish
discoloration of the feathers around the beak, and a greenish fluid may be found in
the mouth and a foul-smelling odor from the oral cavity.

15.1.7.7 Diagnosis

The diagnosis of trichomoniasis in turkeys is based on a combination of clinical
signs, gross pathology, and laboratory tests. The presence of yellowish, cheesy
masses in the oral cavity and upper digestive tract is a strong indicator of trichomo-
niasis. The diagnosis can be confirmed by microscopic examination of fresh wet-
mount preparations or stained smears of the affected tissues (Fig. 15.11).
Trichomonas has twisting and wriggling movement. PCR-based methods can also
be used for the detection of 7. gallinae DNA in the affected tissues (Sigrist
et al. 2022).
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15.1.7.8 Control and Treatment

Prevention of trichomoniasis in turkeys involves implementing good biosecurity
measures such as proper sanitation, disinfection of equipment, and control of bird
movement. Infected birds should be isolated and treated promptly to prevent the
spread of the disease to other birds. The use of probiotics and immunostimulants
may also be beneficial in preventing trichomoniasis in turkeys.

The antiprotozoal drugs such as enheptin, dimetridazole, metronidazole, carni-
dazole, ronidazole, and ornidazole are effective against trichomoniasis. These drugs
are administered orally or in drinking water for 5-7 days. Some authors recom-
mended that mixing the drugs with food is a better choice, since the crop empties
slower, and the flavor of drinking water can be altered, and birds refuse to drink.
Several strains develop resistance to nitroimidazoles, highlighting the need to
develop new natural products. Natural alternatives such as chitosan and several phy-
togenic substances (extracts or essential oils) are also effective against 7. gallinae
(G6émez-Muiioz et al. 2022).

15.1.8 Cochlosomiasis

Cochlosoma is a protozoan genus belonging to the Trichomonadida Order. They
have a prominent adhesive disc, axostyle, costa, and six flagella, one of which is
attached to a membrane that runs laterally along the body and undulates. A large
sucking organ is present on the anterior ventral surface covering one third to one
half of the body length. Members of this genus have an oval body (6—12 x 4-7 p).
The movement is erratic and jerky with horizontal rotation, no spiraling action
(Clipsham 1995). Cochlosoma species inhabit the intestinal tracts of birds and
mammals. They have been linked to vomiting and enteritis in young turkeys and
ducks. The genus currently contains five species, with C. anatis, a parasite of ducks
and turkeys, being the most notable (Cooper et al. 1995).

Cochlosoma species infection has also been linked to retching and catarrhal
enteritis in domestic and wild turkey poults and ducklings. Cochlosoma adheres to
the host via suction, leaving tiny lesions and swelling on the epithelial surface
(Lindsay et al. 1999).

Although Cochlosoma species have been identified as the primary culprit in
numerous instances, they are frequently seen in association with Coccidia,
Salmonella, and Hexamita. Cochlosoma outbreaks can be avoided by minimizing
overcrowding and environmental pollution. Both metronidazole and ronidazole are
potent anti-infective agents (Evans et al. 2006).

15.1.9 Hexamitiasis (Spironucleosis)
Hexamitiasis is an acute protozoal disease of turkeys, pheasants, peafowl, and quail

caused by Spironucleus meleagridis (formerly Hexamita meleagridis) characterized
by catarrhal enteritis. Pigeons can also be affected by Spironucleus columbae. The
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disease incidence of this parasite is low in commercial turkeys. Spironucleus melea-
gridis is spindle-shaped, approximately 6—-10 pm x 2—4 pm, with four anterior, two
anterolateral, and two posterior flagella. Principally, a disease of poults under
10 weeks. The transmission occurs via the fecal-oral route, or by ingestion of con-
taminated water. The main clinical sign is chronic watery diarrhea, and white or tan
foamy droppings are common. Birds may die in comas or convulsions. Postmortem
examination reveals watery distension of the small intestine with catarrhal inflam-
mation (Clipsham 1995; Villeneuve and Brugere-Picoux, 2015). The diagnosis
depends on microscopical examination to demonstrate the presence of the parasite
in the intestinal mucous (scrapings of the duodenal and jejunal mucosa). The small
size, large number of flagella, and linear locomotion are important differences from
other flagellated enteric protozoa. There is no effective treatment or vaccine for
hexamitiasis, although antibiotics may be used to control secondary infections.
Hygienic measures and an all-in-all-out principle are recommended to avoid para-
site transmission from adult carriers to young poults. Also, it is recommended to
raise single-aged and single-species flocks (Clipsham 1995).

15.2 Nematode (Roundworms) Parasites Affecting Turkeys

Poultry worms are divided into three main groups: (1) roundworms that includes
large roundworms (e.g., Ascaridia), cecal worms (e.g., Heterakis), capillary worms
(e.g., Capillaria), and Gapeworms (e.g., Syngamus); (2) tapeworms (e.g., Raillietina
and Choanotaenia); and (3) flukes, rare in occurrence and therefore, none of eco-
nomic importance. Roundworms (nematodes) are elongated, cylindrical, unseg-
mented worms. The body is covered with a chitinous cuticle plain striated or
ornamented.

Nematodes have a simple and complete alimentary tract, and in contrast to tape-
worms, are male or female in sex. Males usually smaller than females and usually
have two testes, copulatory organs (spicules), and a membrane structure (bursa) at
the posterior extremity of the body. Ovary and uterus form a continuous structure.
Some of the nematode parasites have shown to have a marked pathological effect on
the hosts Heterakis acts as a vector for H. meleagridis, the protozoa causing black-
head in turkey and chickens.

15.2.1 Ascaridia spp.

15.2.1.1 Summary

Ascaridia spp. are large-sized parasitic nematodes commonly found in the intes-
tines of chickens and turkeys. Ascaridia infection reduces efficiency of feed utiliza-
tion as primary damage, but in severe infections, it can cause death. Control of
Ascaridia infections can be conducted through implementation of management
practices such as regular cleaning, use of disinfectants, and chemotherapy, and
proper disposal of the used litter.
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15.2.1.2 Epidemiology

Ascaridia galli is one of the most common parasitic roundworms of poultry. A. dis-
similis and A. galli are the most common species of this round worm in turkeys
(McDougald 2020) (Fig. 15.12).

15.2.1.3 Pathogenesis

In general, it does not cause much damage, but under favorable conditions, these
worms can cause significant health problems for turkeys, leading to reduced growth
rates, poor feed conversion, and even death in severe cases. At the necropsy of these
birds, it is possible to find numerous amounts of nematodes obstructing the intestine
(Norton et al. 1992; McDougald 2020) (Fig. 15.13).

15.2.1.4 Life Cycle

Ascaridia spp. are soil-transmitted parasites that infect birds through ingestion of
infective eggs. There are four larval stages of Ascaridia in the life cycle. The first
and second larval stages of A. galli and A. dissimilis develop within the egg outside
the host. Once inside the bird’s intestinal tract, the eggs hatch, and the larvae pene-
trate the intestinal wall and migrate to the liver (via the hepatic portal circulation),
heart, and lungs before returning to the intestine, where they mature into adult
worms. The second larval stage of Ascaridia dissimilis becomes adult inside the
host within 1 month. Adult worms mate and produce eggs, which are shed in the
feces, completing the life cycle (Hemsley 1971).

15.2.1.5 Clinical Signs of Infection

In young turkeys, Ascaridia spp. infections can cause a range of clinical signs,
including reduced feed intake, poor growth rates, diarrhea, and increased mortality
rates. In severe cases, Ascaridia spp. infections can cause intestinal obstruction and
perforation, leading to death (Collins and Andersen 2022). Ascaridia dissimilis is
associated with white spots in the liver.

Fig. 15.12 Ascaridia galli
(X. Hernandez-Velasco)
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Fig. 15.13 Numerous
specimens of Ascaridia
species occupying the
entire lumen of a turkey
intestine (H.M. Hafez)

Fig. 15.14 Ascaridia galli

eggs
(X. Hernandez-Velasco)

15.2.1.6 Diagnosis

Diagnosis of Ascaridia spp. infections in turkeys can be challenging, as clinical
signs can be nonspecific and may be confused with other poultry diseases. A fecal
examination is the most common diagnostic method, and the Ascaridia egg is very
similar to that of Heterakis. The egg of Ascaridia is slightly larger and more barrel-
shaped than Heterakis eggs (Zajac 2021) (Fig. 15.14). The detection of Ascaridia
spp. eggs in feces are not always reliable, as eggs may be shed intermittently or in
low numbers. Serological tests and postmortem examinations can also be used for
diagnosis (Bicescu et al. 2011).

15.2.1.7 Control Measures and Treatment
Preventive measures are critical in controlling Ascaridia spp. infections in turkey
flocks. These include regular cleaning and disinfection of the environment, mini-
mizing contact with contaminated soil and water sources, and implementing biose-
curity measures to prevent the introduction of infected birds to the flock (Hemsley
1971). Ascaridia eggs are killed at 45 °C for 12 h.
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Fig. 15.15 Heterakis
gallinarum
(X. Hernandez- Velasco)

Regular deworming programs should also be implemented, and the efficacy of
these programs should be monitored through fecal examinations. Several anthel-
mintic drugs are effective against Ascaridia spp. infections in turkeys, including
benzimidazoles, levamisole, and ivermectin. The use of plant extracts with anthel-
mintic potential has been investigated in this and other genera of parasitic nema-
todes (Hassanain et al. 2009). Fenbendazole and levamisole are effective against the
adult worms as well as larval stages. Piperazine is effective against adult worms.
Phenothiazine is not effective against Ascaridia.

15.2.2 Heterakis gallinarum

15.2.2.1 Summary

Heterakis gallinarum is a small and thin parasitic nematode (Fig. 15.15) that com-
monly infects turkeys, chickens, pheasant, and quail causing a variety of health
problems and economic losses. Heterakis gallinarum is the most important nema-
tode in turkeys because it serves as a transport host for Histomonas meleagridis, the
causative agent of Histomoniasis (blackhead disease). H. gallinarum has a direct
life cycle, meaning it can complete its life cycle within a single host, although earth-
worms can ingest H. gallinarum eggs and carry them to the intestine, and birds may
become infected by eating such earthworms. The adult worms parasitize the cecum
and large intestine of turkeys, where they lay eggs that pass out in the feces. The
eggs then develop into infective larvae, which can survive in the soil for several
months. When turkeys ingest contaminated soil or feed, the larvae are released in
the intestine and migrate to the cecum, where they develop into adult worms.
Control is based on hygiene.
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Fig. 15.16 Heterakis
gallinarum eggs
(X. Hernandez- Velasco)

15.2.2.2 Epidemiology

H. gallinarum is prevalent in turkeys worldwide, particularly in intensive produc-
tion systems, where birds are housed in large numbers. The infection is more com-
mon in young turkeys, with the highest prevalence occurring between 6 and
12 weeks of age. The parasite can persist in the environment for long periods, mak-
ing it difficult to control (Cupo and Beckstead 2019) Heterakis gallinarum.

15.2.2.3 Clinical Signs

H. gallinarum infection can cause a range of clinical signs in turkeys, including
diarrhea, decreased appetite, weight loss, and reduced growth rates. The severity of
the clinical signs depends on the intensity of the infection and the age of the birds.
H. gallinarum can cause inflammation and thickening of the cecal wall and the for-
mation of nodules in the mucosa and submucosa in severe infections (Brener et al.
2006; McDougald 2020).

15.2.2.4 Diagnosis

The diagnosis of H. gallinarum infection in turkeys is based on the identification of
eggs, which are slightly smaller than Ascaridia eggs and with flattened walls (Zajac
2021) (Fig. 15.16) or adult worms in the feces and/or in intestinal contents of
infected birds (Fig. 15.17). The eggs are oval-shaped and have a thick shell with a
characteristic pitted surface. They can be identified using standard fecal flotation
techniques.

15.2.2.5 Prevention and Treatment

Prevention of H. gallinarum infection in turkeys involves good management prac-
tices, including proper hygiene and sanitation, regular cleaning and disinfection of
the environment, and avoidance of overcrowding. The use of anthelmintic drugs
should be limited to cases where the infection is diagnosed, and the drugs should be
rotated to reduce the risk of resistance.
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Fig. 15.17 Heterakis
gallinarum seen under the
light microscope in a feces
sample

(X. Hernandez-Velasco)

Several anthelmintic drugs are effective against H. gallinarum infection in tur-
keys, including benzimidazoles, tetrahydropyrimidines, and imidazothiazoles.
These drugs can be administered orally or in the feed. However, resistance to
anthelmintic drugs is a growing concern, particularly in intensive production sys-
tems, where the parasites are exposed to sublethal doses of drugs (Seddiek
et al. 2011).

15.2.3 Subulura

15.2.3.1 Summary

Subulura brumpti is a small-sized nematode parasite that affects the gut (usually
ceca) of turkeys and chickens. Subulura brumpti has indirect life cycles, and inter-
mediate hosts are certain beetle (e.g., Alphitobius spp.) and cockroach species.
These worms are less frequent than Heterakis or Ascaridia, usually not or only
mildly pathogenic, and most infections do not cause clinical signs. The diagnosis
is based on the identification of the eggs, since the nematodes are very similar to
Heterakis, in addition to the fact that both species are found in the lumen of
the ceca.

15.2.3.2 Etiology

Subulura brumpti belongs to the Family Subuluridae and is an obligate parasite that
requires a host to complete its life cycle. The adult nematodes are slender and mea-
sure about 8—18 mm in length. They have a cylindrical body with a tapered anterior
end and a blunt posterior end. The eggs of S. brumpti are almost spherical and mea-
sure about 66—76 x 82—86 pm, fully embryonated when laid. The larvae of S. brumpti
are free-living and can survive in the environment for up to 6 months. The life cycle
of S. brumpti involves an indirect cycle, with the turkey being the definitive host and
the earthworm, cockroaches, and beetles serving as the intermediate host (Taylor
et al. 2016; McDougald 2020).
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15.2.3.3 Epidemiology

Subulura brumpti is found in turkeys and quails worldwide, in general with low
prevalence, depending on the geographical location and management practices. The
infection is more common in turkeys raised on the ground rather than those raised
on wire floors. The transmission of S. brumpti occurs via ingestion of intermediate
hosts containing infective larvae (Farhang 2012).

15.2.3.4 Pathogenesis

The infection caused by S. brumpti can lead to chronic respiratory disease, which is
characterized by coughing, sneezing, nasal discharge, and respiratory distress. The
nematodes can cause damage to the respiratory system by obstructing the airways,
leading to reduced airflow and oxygen uptake. The chronic respiratory disease
caused by S. brumpti can lead to decreased productivity and mortality, especially in
young turkeys (Youssefi et al. 2018).

15.2.3.5 Diagnosis

The diagnosis of subuluriasis can be made by microscopic examination of the ceca
contents. The eggs of S. brumpti are readily identifiable under the microscope and
can be distinguished from other nematode eggs based on their size and shape.
Serological tests have also been developed for the detection of S. brumpti antibodies
in turkeys (Belete et al. 2016).

15.2.3.6 Control

The control of subuluriasis in turkeys involves a combination of management prac-
tices and anthelmintic (benzimidazoles, levamisole, and ivermectin) treatment.
Good management practices, such as maintaining clean and dry litter, preventing
overcrowding, and minimizing exposure to intermediate hosts, can reduce the risk
of infection. Anthelmintic treatment is recommended for infected turkeys and can
be administered via feed or water. The choice of anthelmintic should be based on
the sensitivity of the nematode to the drug and the withdrawal period (Udoh
et al. 2014).

15.2.4 Capillaria spp.

15.2.4.1 Summary

Capillaria spp. are parasitic nematodes that infect various species of birds, includ-
ing turkeys. These worms commonly parasite the crop and the intestine and cause
weakness and emaciation in infected birds. They are hairlike worms, very fine, and
measure half inch to several inches long. In many cases, they can go unnoticed.

15.2.4.2 Epidemiology
Capillaria spp. are ubiquitous parasites found in the soil. They can survive in the
environment for several months and are resistant to many disinfectants. Infections
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Fig. 15.18 Eggs of
Capillaria sp. in a feces
sample. The eggs have
prominent opercula at both
ends

(X. Hernandez- Velasco)

with these parasites are more common in free-ranging birds. Turkeys become
infected by ingesting earthworms with the infective stage. Capillaria spp. can infect
turkeys of all ages, but young turkeys are more susceptible than adults.

15.2.4.3 Pathogenesis

After ingestion, the eggs hatch in the intestinal tract. Capillaria buries its anterior
ends in the mucosa of the esophagus and the crop of infected birds; due to this, even
a few parasites can produce catarrhal inflammation and thickening of the wall of
these organs. Heavy infections can cause diphtheritic inflammation and marked
thickening of the esophageal wall and crop, anemia, and weight loss.

15.2.4.4 Clinical Signs

The clinical signs of Capillaria spp. infections in turkeys can vary depending on the
severity of the infection. Mild infections may not show any clinical signs, while
heavy infections can lead to significant morbidity and mortality. The most common
clinical signs of Capillaria spp. infections in turkeys include diarrhea, weight loss,
anemia, and decreased feed intake. Other less common clinical signs may include
lethargy, ruffled feathers, and poor growth (Hurst et al. 1979).

15.2.4.5 Diagnosis

The diagnosis of Capillaria spp. infections in turkeys is based on a combination of
clinical signs, fecal examination, and careful postmortem examination of the
esophagus and crop for the presence of the worms. Fecal examination is the most
common method of diagnosis and involves the detection of Capillaria spp. eggs in
the feces (Fig. 15.18). The eggs are barrel-shaped with bipolar plugs,
20-28 x 40-65 p. Syngamus eggs also have two polar caps but are much larger than
Capillaria eggs. Postmortem examination can also be used to confirm the diagno-
sis and assess the severity of the infection (Villeneuve and Brugere-Picoux, 2015;
Udoh et al. 2014).
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15.2.4.6 Treatment

There are several anthelmintic drugs that can be used to treat Capillaria spp. infec-
tions in turkeys. The most used drugs include benzimidazoles, fenbendazole, levam-
isole, and ivermectin. Treatment should be initiated as soon as possible to prevent
further damage to the intestinal mucosa and organs.

15.2.4.7 Prevention

Prevention of Capillaria spp. infections in turkeys are primarily based on good
husbandry practices, including proper sanitation and hygiene. Regular cleaning and
disinfection of housing, equipment, and feeders can reduce the risk of contamina-
tion. Additionally, turkeys should be kept on clean and dry litter to reduce exposure
to infective eggs (McDougald 2020).

15.2.5 Tetrameres americana

15.2.5.1 Summary

Tetrameres americana (globular roundworm) are small nematodes (no more than
5 mm in length), with marked sexual dimorphism. The male is slender and whitish,
while the female is round and bright red. Tetrameres lodge in the upper digestive
tract, primarily in the proventriculus glands of chickens, turkeys, ducks, pigeons,
and quails.

15.2.5.2 Epidemiology

T. americana is distributed mainly in Africa and North America and infects most
domestic birds. Intermediate hosts are earthworms, beetles, grasshoppers
(Melanoplus femurrubrum and M. differentialis), or cockroaches (Blattella german-
ica), so Tetrameres infection is not common in housed birds (McDougald 2020).

15.2.5.3 Etiology

Females are hematophagous and globular in shape; they can be seen with the naked
eye as dark-colored circular spots on the mucosa of the proventriculus, even without
opening it (Fig. 15.19). Males inhabit the mucosal surface, are thin, and are difficult
to find due to their diminutive size (Fig. 15.20).

15.2.5.4 Pathogenesis

The bird becomes infected following ingestion of the intermediate host and the
parasite locate in the glands of the proventriculus. The females are embedded in the
mucosal glands and can cause glandular atrophy, anemia, and erosion; however, in
general, they are low pathogenic parasites (Taylor et al. 2016).

15.2,5.5 Clinical Signs and Lesions
The signs it causes in birds are generally mild and nonspecific. The lesions they
cause are thickening and congestion of the proventriculus wall, erosions, and anemia.
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Fig. 15.19 Tetrameres
americana viewed from
the serosal surface of the
proventriculus

(X. Hernandez-Velasco)

Fig. 15.20 Male
Tetrameres americana
(X. Hernandez-Velasco)

15.2.5.6 Diagnosis
The diagnosis is made during necropsy. Eggs measure 42-50 x 24 pm and are
embryonated when passed (Villeneuve and Brugere-Picoux, 2015) (Fig. 15.21).

15.2.5.7 Treatment and Control

As in most helminth infections, control depends on regular anthelmintics treatment
such as fenbendazole or levamisole, along with control of intermediate hosts and
sanitation measures.

15.2.6 Syngamus trachea

15.2.6.1 Summary

Syngamus trachea is a roundworm inhabits the trachea of chickens, turkeys, and
other domestic and wild birds. S. trachea is often called the red-worm or forked-
worm because of its red color and because the smaller male worm attaches itself, in
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Fig. 15.21 Tetrameres
americana embryonated

egg
(X. Hernandez- Velasco)

permanent copulation, to the female and together look like the letter Y. Both male
and female worms attach to the lining of the bird’s trachea and obstruct the passage
of air through it, causing the bird to breathe with its mouth open. Therefore, S. tra-
chea is also commonly known as gapeworm. Infection begins when a bird ingests
embryonated eggs or the intermediate hosts containing gapeworms larvae. After
being eaten by the bird, the gapeworms larvae hatch in its digestive system and
migrate from it to the trachea. Gapeworms attach to tracheal lining and reproduce,
and the female lays eggs. Subsequently, the eggs are coughed up, swallowed, and
excreted along with the feces.

15.2.6.2 Etiology

S. trachea is a medium-sized, red roundworm. The female is larger than the male,
measuring from a quarter to an inch in length. The male gapeworm can reach a
length of a quarter of an inch. The life cycle of S. trachea may be direct by ingestion
of embryonated eggs or infective larvae, or indirect involving an intermediate host
such as earthworms (Eisenia fetida and Allolobophora caliginosus), slugs, and
snails (McDougald 2020).

15.2.6.3 Epidemiology

This disease is more frequent in birds raised in open spaces where birds have access
to the intermediate hosts. Gapeworms affect young birds most severely. The mortal-
ity rate among poults and chicks due to an infestation of S. trachea is usually high.
The soil can remain infected for years.

15.2.6.4 Pathogenesis

The gapeworms clog the trachea of the infested birds, and due to an insufficient sup-
ply of air, the infected poults open their beaks to breathe. A convulsive shaking of
the head may be observed, with a wheezing cough due to labored breathing.
Continuous effort to obtain air prevents infested birds from feeding. Death can
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Fig. 15.22 Syngamus
trachea male and female
on the mucosa or the
trachea

(X. Hernandez-Velasco)

result from suffocation when enough amounts accumulate in the trachea to impede
the passage of air or from general weakness. At necropsy, the mucosa of the trachea
appears inflamed, and sometimes, there are nodules.

15.2.6.5 Diagnosis

Diagnosis of S. trachea infection is based on signs that are highly suggestive of the
disease and on dead birds by identification of parasitic nematodes in the trachea
(Fig. 15.22). A fecal examination is one of the most widely used methods to detect
or confirm the disease. Syngamus eggs are large, segmented, and with slightly bulg-
ing poles (Zajac 2021) (Fig. 15.23).

15.2.6.6 Control

The prevention of gapeworms can be done with good sanitation, using clean soil and
litter, and avoiding the presence of intermediate hosts. Young growing turkeys must
be separated from old turkeys and in areas not recently used by other birds. Some
drugs effective for eliminating gapeworms are fenbendazole and tiabendazole.

15.3 Tapeworm (Cestodes) Parasites Affecting Turkeys

Tapeworms are flat, white, and segmented parasites. Most tapeworms are large
enough to be easily seen; some may be several inches long. However, few species
are very small, so they could be often overlooked in postmortem examinations. The
cestodes do not have both mouth and a digestive tract. The head region (scolex) may
be armed with a special structure (cup) and hooks by which the tapeworm is attached
to the intestinal wall. The tapeworm grows at the neck region and becomes numer-
ous segments (proglottids); the segments farthest from the head are the oldest ones.
Each segment contains both male and female sexual organs. When the oldest seg-
ments mature, they contain a lot of eggs (gravid segments), are released, and
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Fig. 15.23 The Syngamus
trachea egg is segmented
and has two polar caps

(X. Hernandez- Velasco)

Fig. 15.24 Ruaillietina
cesticillus
(X. Hernandez-Velasco)
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excreted in the droppings. These eggs must be eaten by an intermediate host (the
type of intermediate host depends on the tapeworm species). Poultry acquires the
infection by eating the infected intermediate host. Various genera can infect poultry.
However, tapeworms most commonly encountered are Raillietina cesticillus and
Choanotaenia infundibulum.

15.3.1 Raillietina cesticillus

Ruaillietina cesticillus is a cestode parasite that affects turkeys, chickens, and other
domesticated birds (Fig. 15.24). This parasitic infection can cause significant eco-
nomic losses in the poultry industry due to reduced weight gain, decreased egg
production, and mortality (El-Dakhly et al. 2016).
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15.3.1.1 Epidemiology

Raillietina cesticillus infection is widespread in domesticated birds, including tur-
keys. The prevalence of this infection varies depending on the geographical loca-
tion, management practices, and age of the birds. In Turkey, the prevalence of
Raillietina cesticillus infection in turkeys has been reported to be between 6.7 and
44.8% (Kurt and Acici 2008).

15.3.1.2 Life Cycle

The life cycle of Raillietina cesticillus involves an intermediate host, which is usu-
ally an arthropod such as beetles, ants, or grasshoppers. The eggs of the parasite are
shed in the feces of infected birds and are ingested by the intermediate host. The
eggs hatch in the gut of the intermediate host, and the larvae migrate to the muscles,
where they form cysts. When the infected intermediate host is ingested by a bird, the
cysts in the muscles are digested, and the larvae are released into the gut. The larvae
then attach to the gut wall and develop into adult worms, which can grow up to
10 cm in length (Reid and Nugara 1961).

15.3.1.3 Clinical Signs

Raillietina cesticillus infection in turkeys is often asymptomatic, but in severe cases,
it can cause weight loss, decreased egg production in breeder flocks, diarrhea, and
mortality. The severity of clinical signs depends on the number of worms present in
the gut of the bird. Large numbers of worms can cause blockages in the gut, which
can lead to deaths (Nadakal et al. 1973).

15.3.1.4 Diagnosis

The diagnosis of R. cesticillus infection in turkeys is based too on the detection of
eggs in the feces of infected birds. The parasite’s eggs are oval and have a thick shell
(Fig. 15.25). They can be identified using a microscope. In addition, postmortem
examination of infected birds can also reveal the presence of adult worms in the gut

Fig. 15.25 Eggs of
Ruaillietina cesticillus
showing distinctive
funnel-shaped structures
between membranes

(X. Hernandez- Velasco)
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Fig. 15.26 Turkey
intestine with large
numbers of Raillietina spp.
(H.M. Hafez)

(Reid and Nugara 1961) (Fig. 15.26). When evaluating R. cesticillus under a micro-
scope, the broad and large scolex and the rostellum wide are observed (Fig. 15.27).

15.3.1.5 Control Measures

The control of Raillietina cesticillus infection in turkeys involves a combination of
management practices and drug therapy. Good management practices such as proper
sanitation, hygiene, and the use of insecticides can reduce the risk of infection. The
use of anthelmintic drugs such as fenbendazole, praziquantel, niclosamide, and
albendazole can effectively treat Raillietina cesticillus infestation in turkeys
(McDougald 2020).

Raillietina echinobothrida (nodular tapeworm) (Fig. 15.28) can also affect tur-
keys and induce hyperplastic enteritis and caseous nodules where the scolex adheres
to the wall of the small intestine (Villeneuve and Brugere-Picoux 2015). Its life
cycle, epidemiology, and control are similar to that of R. cesticillus. Raillietina echi-
nobothrida can be distinguished from R. cesticillus under the microscope because it
has circular suckers on the scolex and two rows of hooks on the rostellum
(Fig. 15.29). Both species can also be differentiated by identifying the eggs in the
feces of infected animals (McDougald 2020) (Fig. 15.30).

15.3.2 Choanotaenia infundibulum

Choanotaenia infundibulum is a tapeworm that infects chickens, turkeys, and wild
birds. The parasite is primarily found in the upper small intestine and can cause
intestinal damage, malnutrition, and reduced growth rates.

15.3.2.1 Life Cycle

The life cycle of Choanotaenia infundibulum begins when adult tapeworms release
gravid proglottids containing eggs into the lumen of the turkey’s small intestine.
The eggs are then passed out of the host’s body via feces. These eggs can be ingested
by an intermediate host, which is usually houseflies (Musca domestica), beetles
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Fig. 15.27 Ruaillietina
cesticillus scolex. The
unarmed suckers are not
prominent, and the
rostellum is wide and
armed with several hooks
(X. Hernandez-Velasco)

Fig. 15.28 Raillietina
echinobothrida
(X. Hernandez-Velasco)

(Aphodius, Calathus, Geotrupes, and Tribolium), earthworms, and grasshoppers
(Taylor et al. 2016). Inside the intermediate host, the eggs hatch and release onco-
spheres, which penetrate the gut wall and develop into cysticercoids. When the tur-
key ingests the infected intermediate host, the cysticercoids are released in the small
intestine, where they develop into adult tapeworms, completing the life cycle
(McDougald 2020).

15.3.2.2 Epidemiology
This parasite is cosmopolitan.

15.3.2.3 Pathogenesis

Choanotaenia infundibulum infections can cause significant damage to the small
intestine of turkeys. The tapeworms attach themselves to the intestinal wall, causing
inflammation and damage to the gut lining. This can lead to malabsorption of
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Fig. 15.29 Raillietina
echinobothrida scolex
(X. Hernandez- Velasco)

Fig. 15.30 Proglottid of
Ruaillietina echinobothrida,
capsules containing eggs
and some free eggs are
observed

(X. Hernandez-Velasco)

nutrients, leading to malnutrition and reduced growth rates in infected turkeys.
Heavy infestations can also lead to intestinal obstruction, causing morbidity and
mortality in severe cases.

15.3.2.4 Diagnosis
The diagnosis of Choanotaenia infundibulum in turkeys can be challenging. The
most common method of diagnosis is the detection of tapeworm eggs in fecal sam-
ples using microscopy. The rostellum is ringed with slender hooks (Fig. 15.31).
Eggs measure about 45 x 55 p and possess two long distinctive filaments (Taylor
et al. 2016) (Fig. 15.32).

15.3.2.5 Control

Control of Choanotaenia infundibulum in turkeys can be achieved through good
management practices. Measures such as proper hygiene, control of intermediate
hosts, and the use of anthelmintic drugs can effectively reduce infection rates.
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Fig. 15.31 Choanotaenia
infundibulum scolex
(X. Hernandez- Velasco)

Fig. 15.32 Choanotaenia
infundibulum eggs with
outer membranes
prolonged in two elongated
filaments

(X. Hernandez-Velasco)

Regular deworming with effective anthelmintics is an essential control measure.
However, the development of anthelmintic resistance in Choanotaenia infundibu-
lum has been reported, and the judicious use of anthelmintics is necessary to avoid
resistance development (Dixon and Hansen 1965).

15.3.3 Metroliasthes lucida

Metroliasthes lucida is a parasitic cestode that infects turkeys, guinea fowl, and
chickens. The parasite has been reported in commercial and wild turkeys (Rebolloso
et al. 2006; Udoh et al. 2014).
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15.3.3.1 Life Cycle

Metroliasthes lucida uses grasshoppers as intermediate hosts. The infective third-
stage larvae being ingested by the turkey through contaminated food or water. The
larvae penetrate the small intestinal wall, where they develop into adults. The adult
worms lay eggs that pass out in the feces of the infected turkey, which serves as a
source of infection for other birds (McDougald 2020).

15.3.3.2 Etiology
Methroliasthes lucida is a long parasite (20 cm) without rostellum and presents four
suckers (Rebolloso et al. 2006).

15.3.3.3 Epidemiology

Methroliasthes lucida is prevalent in turkey flocks worldwide, with varying levels of
infection rates depending on the management practices of the farm. Factors that
increase the risk of infection include overcrowding, poor sanitation, and inadequate
biosecurity measures. The parasite is more common in wild and older birds, with
infection rates increasing with age (Rebolloso et al. 2006; Karaye et al. 2018).

15.3.3.4 Clinical Signs

The clinical signs of Metroliasthes lucida infection in turkeys include decreased
feed intake, weight loss, diarrhea, and increased mortality. Moderate infections can
lead to anemia, and massive infestation can cause intestinal occlusion and death
(Rebolloso et al. 2006).

15.3.3.5 Diagnosis

Fecal examination is the most common diagnostic method, with the detection of
adult worms. In gravid proglottids, the uterus consists of two sacs side by side (para-
uterine organ) (Fig. 15.33). The eggs have three membranes, 75 x 50 mm
(McDougald 2020).

Fig. 15.33 Parauterine
organ of Metroliasthes
lucida, stained with
Meyer’s hemalum
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15.3.3.6 Treatment and Control Measures

Control measures for Metroliasthes lucida infection in turkeys include improved
management practices, such as reducing overcrowding, improving sanitation, and
implementing effective biosecurity measures. The use of anthelmintics is also an
effective control measure, with several drugs being available for the treatment of
turkey nematode infections. However, the widespread use of anthelmintics can lead
to the development of drug resistance, which can reduce their effectiveness
(McDougald 2020).

15.4 Conclusion

Parasitic infestations and/or infections are a significant threat to the turkey industry,
causing significant losses in productivity and revenue. Coccidiosis, blackhead dis-
ease, worms, and external parasites are some of the most common parasites affect-
ing turkeys. Prevention and treatment of parasitic infections are critical in
maintaining the health and productivity of turkey flocks. Proper sanitation, biosecu-
rity, and parasite control programs are essential in preventing parasite infestations,
while the use of anthelmintic drugs and other parasiticides can help treat infected
turkeys (Table 15.4).

Table 15.4 Principal parasites affecting turkeys

Kind of parasite

and disease Etiology Control Treatment

Protozoan

Coccidiosis Eimeria Prevent the buildup of Amprolium or
adenocides, E. oocytes in the sulfonamide

meleagrimitis, E. | environment by removing

gallopavonis, E. | damp litter and preventing

meleagridis, E. wet spots

dispersa Use of anticoccidial drugs
(sulfadimethoxine plus
ormetoprim, amprolium,
and ethopabate,
amprolium,
sulfaquinoxaline and
ethopabate, halofuginone,
monensin, lasalocid,
diclazuril, maduramicin,

monensin)
Histomoniasis Histomonas Use good sanitation Benzimidazole
(blackhead) meleagridis practices in the brooding | anthelmintics reduce
area. Rotate range areas exposure to both worms
frequently. Use of and histomonads.
vaccines Paromomycin sulfate

(continued)
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Table 15.4 (continued)

Kind of parasite
and disease
Trichomonas

Cryptosporidiosis

Cochlosomiasis

Nematodes
Ascaridiosis

Subuluriasis

Heterakidosis

Capillariosis

Tetrameriasis

Etiology

Trichomonas
gallinae

C. baileyi and C.
meleagridis

Cochlosoma

Ascaridia spp.

Subulura

Heterakis
gallinarum

Capillaria

Tetrameres
americana

Control

Eliminate possible
sources of infection.
Prevent or minimize
contact with pigeons and
doves. Sick birds should
be removed from a flock
Good hygiene practices,
such as regular cleaning
and disinfection of the
environment and
equipment, as well as
avoiding overcrowding
and stress in the birds
Can be avoided by
minimizing overcrowding
and environmental
pollution

Regular cleaning, use of
disinfectants, and proper
disposal of the used litter
Roundworm eggs can
remain viable for up to a
year in the soil

Good management
practices, such as
maintaining clean and dry
litter, preventing
overcrowding, and
minimizing exposure to
earthworms, can reduce
the risk of infection
Proper hygiene and
sanitation

Good husbandry
practices, including
proper sanitation and
hygiene. Eliminate the
intermediated host and its
breeding habitat
Earthworms, beetles,
grasshoppers, and
cockroaches

X.Hernandez-Velasco et al.

Treatment
Nitroimidazole
compounds
(dimetridazole and
metronidazole)

There is no known
method of prevention or
treatment other than
sanitation

Metronidazole and
ronidazole

Benzimidazoles,
levamisole, and
ivermectin

Anthelmintic treatment.
Benzimidazoles,
levamisole, and
ivermectin

Benzimidazoles,
tetrahydropyrimidines
and imidazothiazoles
Fenbendazole,
mebendazole

Fenbendazole or
levamisole, together with
control of intermediate
hosts and sanitation
measures
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Table 15.4 (continued)

Kind of parasite
and disease

Syngamosis

Methroliasthes
lucida infection

Cestodes

Raillietina

Choanotaenia

References

Etiology
Syngamus
trachea

Methroliasthes
lucida

Raillietina
cesticillus

Choanotaenia
infundibulum

Control

Proper hygiene and
sanitation and avoiding
the presence of
intermediate hosts
Improved management
practices include reducing
overcrowding, improving
sanitation, and
implementing effective
biosecurity measures

Eliminate the
intermediate host
(beetles) and its breeding
habitat

Eliminate the
intermediate host
(housefly, beetles) and its
breeding habitat
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Treatment

Fenbendazole,
Thiabendazole

Anthelmintics

Fenbendazole,
praziquantel,
niclosamide, and
albendazole
Fenbendazole,
praziquantel,
niclosamide, and
albendazole
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Abstract

Parasitosis refers to associations between two living beings of different species,
where an individual known as the host (from the Latin hospitator-oris = host)
provides a source of food, shelter, or transport to the other called parasite. The
types of relationships between the host and the parasite can be diverse; in some
cases, the parasite can feed or live only occasionally (facultative parasite) or be
totally dependent on its host (permeant parasite). The degree of affectation that
the parasite causes to its host is variable and depends on many factors; it can be
null or minimal (parasitism), or cause indirect and/or direct damage, and in the
presence of complicating factors, it can significantly affect well-being, and the
health of its host (parasitosis), or even cause death in severe cases. In general, the
economic importance lies in the fact that they affect the well-being and rest of the
birds by causing restlessness, nervousness, discomfort, damage to the plumage,
and itching, but they can also affect the health of the bird by causing weakness,
depression, anemia, loss of body weight, dermatitis, hyperkeratosis, and
decreased egg production in commercial laying and breeding birds, when present
in large numbers. In addition, the ectoparasites that affect domestic birds can be
vectors of pathogenic viruses and/or bacteria and even act as paratenic hosts or
intermediaries for other parasites such as protozoa and helminths. Its diagnosis
can be made by conventional methods (macroscopic, microscopic) or molecular
techniques; the latter allow analyzing the phylogenetic and evolutionary relation-
ships between species. Although many methods have been developed to deter-
mine the size of ectoparasite populations, visual inspection is the easiest, fastest,
and most practical way. The control and treatment of these ectoparasites is dif-
ficult due to the restrictions on the use of some products as well as the presence
of species resistant to one or more of them. The increase of free-range rearing
form does not allow the use of insecticidal products. The ectoparasites that can
parasitize turkeys are mostly not specific to this avian species, in addition to the
fact that their prevalence may vary with the geographical region, climate, and the
production system in which they are raised. In the present chapter, we will
address the most common and important ectoparasites in turkeys.

Keywords
Ectoparasites - Arthropoda - Fleas - Flies - Ticks

16.1 Introduction

Ectoparasites are a group of arthropods or invertebrates that have a segmented body
and legs divided into articulated segments (arthron = joint, and podos = foot) in
addition to an exoskeleton made of chitin, a hard, brown-colored structure that is
highly resistant to environmental conditions. In the case of domestic birds, trans-
mission is generally carried out by direct contact between birds, but flies, rodents,
or other types of harmful fauna can participate in the transmission of ectoparasites
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such as fleas, flies, and ticks from one bird to another (Taylor et al. 2016; Mullen
and Durden 2002). The main ectoparasites that affect turkeys will be discussed in
this chapter.

16.2 Mites

Mites constitute the most diverse group of arachnid symbionts associated with birds
(Proctor and Owens 2000). Mites have adapted to various bird tissues such as skin,
feathers, subcutaneous tissue, and respiratory tract as well as their habitats (Skoracki
et al. 2012). They have a body composed of a cephalothorax and a rounded abdo-
men with no apparent segments. They are grayish when fasting and dark red when
fed since they feed mainly on blood, skin fluids, lipids, and feather keratin (Philips
2000). However, due to their small size (0.3—1.5 mm in length), little knowledge
about them, and the fact that most are not highly pathogenic, they can often go
undetected (Domrow 1991).

The reproductive cycle consists of several phases: egg, larva (with six legs),
protonymph, deutonymph, and adult. Both nymphs and adults have eight legs. They
have a wide global distribution and host range, often associated with large numbers
of domestic and wild birds (Walter and Proctor 1999). Around 20 species of mites
infest domestic birds, but only 12 genus can cause severe infestations and affect
commercial poultry.

16.2.1 Skin Mites

The ectoparasitoses caused by the red mite or Dermanyssus gallinae (De Geer
1778; Acari: Dermanyssidae); the tropical mite, Ornithonyssus bursa (Berlese
1888; Acari: Macronyssidae); and the northern mite u Ornithonyssus sylviarum
(Canestrini and Fanzao 1877; Acari: Macronyssidae) are the most common in poul-
try in different parts of the world (Axtell and Arends 1990; Harrington et al. 2011;
Mullens et al. 2009); however, there are reports of other species that, although less
common, also come to affect intensive poultry farming such as Megninia gingly-
mura or Dermatophagoides pteronyssinus (Quintero et al. 2007, 2010; Camacho-
Escobar et al. 2010; Mironov 2013).

The genera Dermanyssus and Ornithonyssus are frequently found in laying hens
because there are several factors that favor their permanence, such as the presence
of birds of multiple ages, facilities that offer multiple shelters and longer production
cycles, and high production pressure in birds; therefore, the highest infestations
occur around the peak of laying in flocks on commercial farms and during the incu-
bation phase in backyard birds. The distribution within the flock is heterogeneous;
in cases of severe infestation, they become a nuisance both for the birds and for the
workers (Krinsky 1983; Ribeiro et al. 1992).

They are parasites originating from birds of the Order Passeriformes, mainly
sparrows, and it is precisely they who favor their recurrent presence in commercial
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farms and in birds raised under grazing conditions, as well as the presence of cracks
and crevices in the facilities and the flow of personnel, equipment, and harmful
fauna (Walter and Proctor 1999). However, they can also affect mammals, including
humans, which represent an important occupational health issue that is often not
reported and has been undervalued. Bird attendants are the most susceptible popula-
tion (Sparagano et al. 2020; Alves et al. 2023).

16.2.1.1 Ornithonyssus sylviarum (Northern Fowl Mite)

It is an obligate blood-sucking parasite with a wide number of possible hosts among
domestic, ornamental, and wild birds. It is a mite of economic importance for com-
mercial poultry farming in many countries, and in the American continent, it is the
most common and damaging mite in commercial birds, mainly in laying hens and
breeding turkeys.

Description

They are small mites (less than 1 mm in length) of a grayish or dark reddish color;
if they have already fed, their body is oval with a large number of setae compared to
Dermanyssus, and they have long legs that allow them to move quickly. The anal
plate is teardrop-shaped and has three setae in a triangular arrangement. The chelic-
erae are elongated and stylelike. The female has two pairs of setae on the sternal
plate (Taylor et al. 2016; Di Palma et al. 2012).

Life Cycle

In theory, it carries out its entire production cycle (7 days long) on the bird. After
each blood feeding, it deposits from one to five eggs, which is why it can form very
large populations in a short time (McCrea et al. 2005; Taylor et al. 2016). However,
mite populations and their distribution can vary greatly between birds in a flock,
house, or farm (Murillo and Mullens 2017).

Epidemiology

It is distributed worldwide, mainly found in temperate climates, and is particularly
important in North America, where it is considered the most common and harmful
ectoparasite of poultry (Murillo and Mullens 2017); its prevalence is high and simi-
lar in intensive production, such as cage-free or free grazing (Mullens and Murillo
2018). O. sylviarum parasitizes a wide variety of wild and commercial birds, mainly
in laying hens or breeding turkeys. The infection is transmitted by direct contact
with infected birds, through vectors, or material contaminated with mites (Mullens
et al. 2009).

Pathogenesis

Being a blood-sucking parasite, in addition to causing weakness in the bird, it can
also transmit other infectious diseases such as fowlpox, St. Louis encephalitis,
Newcastle disease, chlamydiosis, and western equine encephalomyelitis. According
to DeLoach and DeVaney (1981) at high levels of infestation, a Leghorn hen can
lose about 6% of blood per day, and in turkeys, there are no studies in this regard.
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Fig. 16.1 Ornithonyssus
sylviarum infestation of the
skin and feathers below the
cloaca of a bird

(X. Hernandez-Velasco)

Signs and Lesions

In moderate to severe infestations, dirty and matted feathers with a blackish material
due to the presence of the parasite, traces of dried blood, and feces can be seen on
the feathers around the vent and ventral region (Fig. 16.1). They cause irritation and
anemia and can affect feed conversion rate, egg production, and the reproductive
capacity of the male birds. When there are large populations, they can also be
observed in the facilities (Hinkle and Hickle 2008; Murillo and Mullens 2017).

Diagnosis

The main distinctive habits and characteristics of this mite that help us to identify it
are finding it present in the bird during the day and night. It is an obligate blood-
sucking parasite. To differentiate it from other genera of mites, it is necessary to
clarify it and observe it under a light microscope and look for the main distinguish-
ing characteristics of this species, such as the dorsal plate that extends to two-thirds
of the total length of the body, the anal plate that is shaped like a teardrop, with the
anus in its anterior half (Fig. 16.2), the chelicerae in the form of tweezers with
mobile and fixed last digits, and the genitoventral plate that narrows in its caudal
portion. The sternal plate narrows sharply and has two pairs of setae, unlike O. bursa,
which has three (Di Palma et al. 2012), (Fig. 16.3). It is also possible to differentiate
between species by genetic analysis (Takehara et al. 2019).

Control and Treatment

In commercial birds, powdered or liquid pesticide spray products are used and
placed directly on the skin in the peri-cloacal or ventral region of the bird for the
best effect. Control of these mites can be enhanced by applying liquid spray pesti-
cides to litter and facilities or by placing resin strips in the facilities. Among the
most widely used products are pyrethrins, synthetic pyrethroids (e.g., permethrin),
organophosphates (e.g., tetrachlorvinphos/dichlorvos), isoxazolines (e.g., flu-
ralaner), and carbamates (e.g., carbaryl, Sevin dust); however, the availability and
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Fig. 16.2 Ventral view of
a cleared female
Ornithonyssus sylviarum,
showing the teardrop-
shaped anal plate,
distinctive to this genus
(X. Hernandez- Velasco)

Fig. 16.3 Enlarged view
of gnatosoma of the ventral
side of Ornithonyssus
sylviarum, showing the
chelicerae and the sternal
plate with only two pairs
of bristles

(X. Hernandez-Velasco)

approval of its use may change according to the geographic region and the available
products. The products must be rotated to favor their effectiveness for a longer
period of time. However, mites can persist in the environment for weeks or months.
To prevent infestations or reinfestations by mites, it is necessary to improve biose-
curity measures, mainly to prevent wild birds from having contact with farm birds,
which is difficult in free-range production systems (McCrea et al. 2005; Mullens
et al. 2017).

16.2.1.2 Ornithonyssus bursa (Tropical Fowl Mite)

Ornithonyssus bursa is an ectoparasite of commercial and wild birds, it feeds on
blood and can be found in birds, facilities, or nest boxes (if applicable). Unlike
O. sylviarum, O. bursa occurs mainly in tropical and subtropical climates but has
also been reported from southern Europe.
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Description

In general, it closely resembles O. sylviarum in habits, life cycle, and appearance
(Mullen and O’Connor 2009; Takehara et al. 2019). It differs from O. sylviarum
mainly in that the sternal plate has three pairs of setae, unlike O. sylviarum and
D. gallinae, which have only two pairs.

Life Cycle
Very similar to that of O. sylviarum.

Epidemiology

With worldwide distribution, mainly in tropical and subtropical areas, it occurs in
domestic birds, is a common parasite in wild birds, and occasionally can also affect
humans (Denmark and Cromroy 2003; Waap et al. 2020).

Pathogenesis

Similar to O. sylviarum, it causes stress, but it can also be a potential vector for
diseases such as Western Equine Encephalitis and Saint-Louis Encephalitis virus
(Valiente Moro et al. 2005).

Signs and Lesions
Similar to O. sylviarum.

Diagnosis

It is extremely similar to O. sylviarum, but it can be differentiated by observing it
under a light microscope after processing and rinsing. The most distinctive morpho-
logical differences of O. bursa are the sternal plate, which has three pairs of bristles,
whereas O. sylviarum and D. gallinae only have two as well as the dorsal plate that
tapers toward the caudal end and ends less sharply than O. sylviarum (Figs. 16.4
and 16.5).

Fig. 16.4 Ornithonyssus
bursa, ventral view
(X. Hernandez-Velasco)
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Fig. 16.5 Placa esternal
de Ornithonyssus bursa
(X. Hernandez- Velasco)

Control and Treatment
Similar to O. sylviarum (Takehara et al. 2019).

16.2.1.3 Dermanyssus gallinae (Poultry Red Mite)

It is one of the most common blood-sucking parasitic mites in commercial and wild
birds and can occasionally affect mammals as well. D. gallinae is considered the
most frequent and important ectoparasite in commercial poultry farms for laying
hens in Europe, Brazil, and Japan, where it causes significant economic losses to
80% of poultry farms (Sparagano 2009; Sparagano et al. 2014). In turkeys, there are
no studies in this regard.

Description

They are slightly larger and less hairy than O. sylviarum, an adult measuring just
over 1 mm. Its body is light gray to dark red or black when it has fed. Among the
microscopic characteristics that allow their differentiation is the end of the dorsal
plate that tapers caudally, but does not reach the posterior end of the body: The anal
plate is the width of the genital plate and has the shape of a angular stone, and the
anus is located in its back half. The chelicerae are long and stylet-shaped (McCrea
et al. 2005; Taylor et al. 2016) (Fig. 16.6).

Life Cycle

D. gallinae feed mainly at night on a regular basis, so to rule out their presence,
inspection of the birds and facilities must be carried out at night. During the day, the
parasite hides in groups in cracks and fissures in cages, aviaries, or houses, under
clods of manure, or in nests. The female deposits from three to seven eggs, 12-24 h
after the blood meal, and its incubation takes 2 days. They can survive more than
34 weeks without consuming feed, so they can withstand facility rest days between
flocks. Under favorable conditions, the reproductive cycle is completed in 7-14 days
and requires more days in cold weather (McCrea et al. 2005; Taylor et al. 2016).
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Fig. 16.6 Adult female of
Dermanyssus gallinae,
ventral view

(X. Hernandez- Velasco)

Epidemiology

It has a worldwide distribution, endemic in Europe, Japan, and Brazil, and prevalent
in the western region of North America (Sparagano et al. 2014; Takehara et al.
2019). Chickens and hens are its most common hosts; however, they can also be
found in turkeys (Hinkle and Hickle 2008; Rezaei et al. 2016), pigeons, sparrows,
canaries, and wild birds (Tarazona and Cordero del Campillo 1999). It is a more
serious problem in winter and in breeding birds with floor nests, stackable litter, or
free-range systems (Alabama Cooperative Extension System (Alabama A&M and
Auburn University) 2019; Taylor et al. 2016). The mites are easily transmitted by
direct contact between birds or through fomites or vectors.

Pathogenesis

D. gallinae feeds on blood and is responsible for causing skin irritation and anemia
and affects weight gain, egg production, and quality. It could also be a vector of dif-
ferent pathogens such as fowl pox, St. Louis encephalitis, Eastern equine encepha-
litis, West Nile viruses, Venezuelan equine encephalitis, Western equine encephalitis,
Newcastle disease viruses, Salmonella gallinarum, S. enteritidis, Pasteurella multo-
cida, Erysipelothrix rhusiopathiae, Bacillus thuringiensis, Listeria monocytogenes,
Borrelia burgdorferi, and Coxiella burnetii (Valiente Moro et al. 2009; Sparagano
2009; Mullen and O’Connor 2009).

Signs and Lesions

In affected birds, dirty and matted feathers are observed with remains of excrement
from the mites, desquamation, and remains of the bird’s blood. In addition, they
cause skin irritation, restlessness, paleness, anemia, weight loss, irritability and ner-
vousness, low production, and dirty the egg with spots of the same crushed mites
and blood (Proctor and Owens 2000).
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Diagnosis
The diagnosis is based on the observation under a microscope of the specimens,
previously clarified and based on the previously established identification keys (Di
Palma et al. 2012). Dermanyssus has retracted, whiplike chelicerae and a distinc-
tive, capstone-shaped anal plate, the anus being on the caudal portion of this plate.
The differential diagnosis between these species of mites can also be made by
genetic analysis (Takehara et al. 2019).

Both genders may be present in the same bird or flock. The differentiation
between these genera of mites is extremely important, because due to their unequal
habits, they require different mechanisms for their control.

Control and Treatment

Due to the habits of D. gallinae, control should be done with spray miticide prod-
ucts that are applied directly to help the product penetrate their daytime hiding
places, such as pyrethroid, carbaryl, coumaphos, malathion, or stirophos. Dimethoate
and fenthion can be applied to the facility when it is empty. Fluralaner, ivermectin,
or moxidectin can also be administered to birds (McCrea et al. 2005; Taylor et al.
2016). Other nonchemical alternatives may be useful in organic productions and
include plant products, essential oils, and diatomaceous earth (Sparagano et al.
2014; George et al. 2015; Murillo and Mullens 2017; Mullens and Murillo 2018;
Alves et al. 2023); however, some of these products are not regulated, nor is their
effectiveness as dewormers or pesticides sufficiently proven.

16.2.1.4 Knemidocoptes mutans (Scaly Leg Mite)

Knemidocoptes mutans is a microscopic sarcoptic mite that affects commercial and
wild birds, mainly affecting the skin of the feet, where it builds tunnels or burrows
under the scales that deform the legs. The presence of these mites is uncommon in
birds raised in intensive systems.

Description

It is a very small mite with an almost circular body, very short legs, and a pair of
posterior bristles and penetrates deeply, forming caverns in the skin of the hocks of
chickens and turkeys, causing thickening formation of thick scabs with intense
keratinization. They are extremely small mites with marked sexual dimorphism.
Males measure 220-250 x 140-160 pm, while females measure
445-495 x 340-440 pm in their adult stage (Tarazona and Cordero del Campillo
1999) (Figs. 16.7 and 16.8).

Life Cycle

The reproductive cycle lasts 10-14 days and takes place entirely in the bird. It is
transmitted between birds by close contact with infected birds (Hinkle and
Hickle 2008).
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Fig. 16.7 Female (top)
and male (bottom left) of
Knemidocoptes mutans
from a sample taken
directly from the bird. Note
the difference in size
between the sexes and the
two distinctive longer setae
in the male

(X. Hernandez- Velasco)

Fig. 16.8 Adult clarified
female of Knemidocoptes
mutans, ventral view

(X. Hernandez-Velasco)

Epidemiology

The distribution of K. mutans is worldwide. All stages of these mites occur on the
hosts. It is more common in chickens, turkeys, pheasants, and partridges raised in
semi-freedom or backyard conditions and in ornamental birds such as pheasants
(Lawal et al. 2019).

Pathogenesis

The eggs are laid in tunnels formed by the mites when penetrating under the scales
of the tarsi, where it produces irritation, inflammation of the tissue and together with
the accumulation of granular residues (excretions), and grayish, loosen, and lift the
scales. They can also cause hypertrophy, tissue cornification, thickening and defor-
mation of the legs, and lameness in severe cases (Proctor and Owens 2000).
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Signs and Lesions

Serious infections can cause difficulty walking or limping. Severe lesions generally
occur in adult birds because it is a chronic process (McCrea et al. 2005; Camacho-
Escobar et al. 2014).

Diagnosis
The diagnosis is confirmed by observing the parasite under a microscope from a
smear of the damaged tissue (Proctor and Owens 2000; Taylor et al. 2016).

Control and Treatment

If bird numbers are low, an oil-based product can be applied to the entire affected
area, or by dipping the bird’s feet in a container containing petroleum jelly, 50:50
kerosene and cooking oil mix, or blue ribbon once daily for 2 weeks; hexachlorocy-
clohexane (0.1%), sulfur solution (10%), or sodium fluoride (0.5%) can also be
used. Ivermectin treatment may also be effective (McCrea et al. 2005; Taylor
et al. 2016).

16.2.2 Ticks

16.2.2.1 Argas

Soft ticks of the genus Argas are distributed in regions with a hot dry climate, and
they feed at night, and during the day, they live in crevices or nests near birds’ shel-
ters. In addition to the affectation in the host, by the presence of the parasite and the
consumption of its blood, it can also transmit bacterial diseases caused by Rickettsiae
or Spirochetes, as well as viral and parasitic diseases in poultry.

Description

They are 5-10 mm long ticks; have an oval and dorsoventrally flattened body, with-
out apparent segments; are brownish yellow to reddish brown in color; and do not
present sexual dimorphism, and mouthparts adapted for skin piercing and sucking
(chelicerae and pedipalps) are found ventrally (Taylor et al. 2016). When it reaches
its full development and is filled with blood, the female can reach a length of up to
6 x 10 mm, and the male is a little smaller (Hinkle and Hickle 2008; Tarazona and
Cordero del Campillo 1999) (Fig. 16.9).

Life Cycle

They are nocturnal, feeding on blood for short periods of only a few minutes at night
and during the day; due to their flat shape, they can penetrate deep crevices near the
flock, where the female deposits her eggs in variable quantities in groups of four to
five series one load after each feeding period (Tarazona and Cordero del Campillo
1999; Rassouli et al. 2016). In 10-15 days in hot climates or up to 3 months in cold
climates, ticks hatch (nymphs), climb onto the bird’s body, and later (in nine more
days) mature into adults. Ticks can live for long periods without food (Taylor
et al. 2016).
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Fig. 16.9 Dorsal and
ventral view of Argas
persicus

(X. Hernandez-Velasco)

Epidemiology

Argas persicus is a soft tick with a worldwide distribution, which occurs most fre-
quently in tropical and subtropical areas, mostly in birds that are reared in semi-
intensive or backyard facilities and in poor sanitation management. It is the most
important tick in domestic birds (chickens, turkeys, ducks, geese, guinea fowl,
pigeons, and quail, among others), since they are not species-specific (Hadi and
Hind 2015; Rezaei et al. 2016; Lawal et al. 2019). A. persicus can also affect
humans, mainly in rural areas and when they are in close proximity to domestic
birds (Rezaei et al. 2016). A. persicus usually visits the bird briefly to feed on blood,
usually at night (Haider Shah et al. 2004). Rodents, flies, birds, and bird-caring
personnel can carry or store these parasites and transmit them to the flock.

Pathogenesis

They cause skin irritation, anemia, extreme general weakness, emaciation, decreased
weight gain, and egg production and, in severe cases, can cause death (Permin et al.
2002). The saliva of this tick is toxic and can cause partial paralysis or paresis in
birds. In addition, it has been reported that they can transmit pathogens such as
rickettsia (Hinkle and Hickle 2008), Borrelia gallinarum (B. anserina), Aegyptianella
spp., and Pasteurella multocida (Tarazona and Cordero del Campillo 1999; Haider
Shah et al. 2004; Salifou et al. 2008; Rassouli et al. 2016).

Signs and Lesions
They are not characteristic. In cases of severe infestations, they can cause fatal flac-
cid paralysis in young birds.

Diagnosis

It is unlikely to find them on the bird during the day. The diagnosis is carried out by
locating the ticks in the cracks, crevices, or facilities that provide them with shelter
and are close to the places where the birds sleep.
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Control and Treatment

In infestations with Argas persicus, which remain for a short time in their host,
control is based on treating the facilities, walls, beds, floors, and ceilings by sprin-
kling, nebulizing, and pulverizing, ensuring that the product penetrates the cracks.
In general, pyrethrins and pyrethroids are preferred for their residual effects.
Carbaryl, malathion, pyrethroids, or coumaphos could also be used.

16.2.3 Lice

They are small insects with six legs and do not have wings, and their body is dorso-
ventrally flattened and divided into a head, which have antennae with three to five
segments, a thorax and abdomen with sclerotized plates, and numerous setae. Only
Mallophaga lice (chewing lice) infect birds. Although more than 40 species associ-
ated with domestic birds have been reported, they are less frequent than mites and
are only occasionally found in birds in intensive production. Turkeys can harbor
many species of chewing lice (Phthiraptera: Ischnocera and Amblycera) (Price
et al. 2003). Lice that affect commercial birds are 1-6 mm in length and are gener-
ally characterized by prominent rounded mandibles, making the head wider than the
thorax (Taylor et al. 2016). They feed mainly on dry skin flakes, scabs, and part of
the feathers; however, they can also feed on blood (Price and Graham 1997; Kumar
et al. 2017). They can be found both on the skin or the feathers of the bird, they are
generally very active and move quickly, and they pass easily from one bird to
another when they are in close contact as well as the hands of the workers when they
hold an infested bird.

They are obligate parasites, spending their entire cycle (about 3 weeks) on the
bird’s body. Females have a structure with projections called genitalia in the caudal
part of their body that serves to accommodate the eggs to the host’s feathers (Johnson
et al. 2004). The eggs are subcylindrical with rounded tips and a terminal cover
called the operculum. They are attached to the bird’s feathers and require an average
incubation period of 5 days. However, each genus has specific reproductive habits
and cycles.

The most common lice in chickens and turkeys are the so-called chicken body
louse or Menacanthus stramineus and the feather spine louse or Menopon gallinae
(Price and Graham 1997; Hinkle and Corrigan 2013). Although its economic impor-
tance has not been determined, infestations by lice can cause poor condition of the
skin and feathers. Infestations can be more severe in young birds that have had their
beaks trimmed, as well as in flocks that are in the season of greatest laying and dur-
ing autumn and winter (Galloway and Lamb 2021; Clayton et al. 2005). They cause
restlessness, irritation, and nervousness in birds and, in severe infestations, loss of
body weight and decreased egg production; they can also cause discomfort to work-
ers tending or handling these birds (Price and Graham 1997; Hinkle and
Corrigan 2013).
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Fig. 16.10 Ventral view
of a male Menacanthus
stramineus

(X. Hernandez- Velasco)

16.2.3.1 Menacanthus stramineus (Chicken Body Louse or Yellow
Body Louse)

It has a wide world distribution and is the most economically important genus in

commercial poultry farming, especially in hens that produce eggs for consumption,

although it has a wide range of avian hosts in the Orders Galliformes, Piciformes,

and Passeriformes. It is the most prevalent and damaging species of louse that

infests poultry.

Description

It is a 3 mm long, pale-yellow louse. The head is almost triangular, wider than it is
long, with inconspicuous antennae, with four segments. The terminal segment of
the antenna is not divided and has numerous ridges. The thorax is narrower than
head, with elongated oval body that ends narrower and with a rounded tip, and each
abdominal segment has two rows of setae in the dorsal region, unlike Menopon,
which only has one (Price and Graham 1997; Prastowo et al. 2020). Male faint chi-
tinized characteristic genitalia (Adly et al. 2022), (Fig. 16.10).

Life Cycle

The eggs are deposited by the female at the base of the feathers, especially in the
feathers that cover the lower part of the head and throat, and if there are more severe
infestations, they can be found at the base of the feathers of the abdomen, head,
neck, legs, and underwing. The eggs take 4-7 days to become nymphs with the
same habits and characteristics as the adults, and only they are smaller. Molting
from nymph to adult occurs in 6 days (Hinkle and Hickle 2008). M. stramineus eggs
are distinguished by having filaments in the anterior half of the egg, and on the
operculum, it has a thicker and longer bristle (Fig. 16.11) (Price and Graham 1997).
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Fig. 16.11 Egg of
Menacanthus stramineus
(X. Hernandez- Velasco)

Epidemiology

It is the most common louse in chickens, turkeys, guinea fowl, quail, pheasants, and
canaries. It is found mainly on the skin, especially around the vent, chest, under-
wings, and thighs (Hadi and Hind 2015; Prastowo et al. 2020).

Pathogenesis

In general, they do not produce important pathogenic pictures, but their presence in
the bird can cause irritation, inflammation, and itching on the skin due to their
movement and chewing activity (Axtell 1999), and it is the species that most affects
weight gain and infestations severe can cause anemia, dermatitis, scabbing, loss of
some feathers, and reduced posture (Rezaei et al. 2016). In general, malnourished
and immunosuppressed birds have a higher number of lice. M. stramineus can be a
vector of various pathogenic viruses and bacteria for birds, such as equine encepha-
lomyelitis virus (Taylor et al. 2016) or Pasteurella multocida (Mateo 1999; Lane
et al. 2006).

Signs and Lesions

M. stramineus can cause lethargy, sluggishness, drooping wings, nervous tension,
and broken and shed feathers. In addition to the change in skin color. The bird’s
constant scratching can cause more severe injuries. The most affected areas may
present scabs in the form of patches on the skin, where the greatest number of lice
are found (Hadi and Hind 2015).

Diagnosis

The Menacanthus egg has a distinctive operculum that appears to be sculpted and
has four to eight tufted processes attached to the tip of the operculum. Menacanthus
can also be differentiated by having two short spinelike processes on the underside
of the head and male faint chitinized characteristic genitalia (Adly et al. 2022).
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Control and Treatment

Birds must be inspected frequently, and the presence of a few lice on several birds
or eggs is sufficient to indicate treatment. Bird grooming has been reported to be
important in controlling avian lice populations, and the level of infestation has been
lower in birds with intact beaks (Brown 1972). Treatment is similar for different
species of lice. It is recommended to treat at intervals of 7-10 days until population
levels decrease. Organophosphorus (malathion, tetrachlorvinphos, and coumaphos),
trichorphan (neguvon), pfispray, pyrethroids (permethrin, cypermethrin, and delta-
methrin), dichlorvos, phosalone, and carbamates (carbaryl) have proven highly
effective in controlling lice populations; however, the use of some chlorinated
hydrocarbon insecticides (DDT, chlordane, methoxychlor, heptachlor) has been
restricted or prohibited due to their prolonged persistence, toxicity, and low speci-
ficity. The effectiveness of some products of natural origin, such as pestoban and
neem seed extract, and spores and endotoxin of Bacillus thuringiensis has also been
reported (Khan et al. 2003; Al-Quraishy et al. 2012; Alves et al. 2023).

16.2.3.2 Menopon gallinae (Feather Shaft Louse)

It is a louse with worldwide distribution, small in size, and light yellow in color.
M. gallinae is found primarily on the abdomen, chest, back, and thigh feathers of
chickens, turkeys, and other domestic and wild birds. It moves quickly. It is a com-
mon louse but a little pathogenic, except when severe infestations develop in
young birds.

Description

It is a pale-yellow louse and is 1.5-2.5 mm long (Rezaei et al. 2016). It is frequently
found near the axis of the feathers on the back, chest, and abdomen and not so much
on the skin, as in the case of Menacanthus (Price and Graham 1997). It has short
antennae hidden in the slits behind the eyes. The abdomen narrows posteriorly in
the female and ends rounded in the male (Adly et al. 2022) (Fig. 16.12).

Life Cycle

Eggs are deposited at the base of the shaft. These require 4—7 days of incubation and
10-15 days to go from nymphs to adults. An adult female can lay 50 or more eggs,
and her life cycle lasts 3 weeks.

Epidemiology

It is a louse of chickens and turkeys, including domestic and wild birds (Garcia-
Rejon et al. 2021). Like Menacanthus, Menopon feeds on sloughing skin feathers,
and adult stages may also feed on blood (Kumar et al. 2017).

Pathogenesis

In general, Menopon gallinae is less damaging than Menacanthus because it remains
longer on the root of the feathers rather than on the skin of the bird; however, in
severe infestations, it can be irritating and cause weakness of the birds (Price and
Graham 1997; Rezaei et al. 2016). M. gallinae feeds by gnawing through the
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Fig.16.12 Male
Menopon gallinae, ventral
view

(X. Hernandez- Velasco)

epidermis or puncturing the quills of young feathers. Like Menacanthus, it can also
transmit Pasteurella multocida, Salmonella gallinarum, Escherichia coli, and
Streptococcus sp. (Kumar et al. 2017).

Signs and Lesions

If the degree of infestation is low, it can go unnoticed, while in severe infestations
and mainly in young birds, it can cause restlessness, anemia, and weakness and
damage feathers and even the skin, and in laying birds, it can reduce egg production
(Camacho-Escobar et al. 2014).

Diagnosis

It basically consists of the detection of lice and eggs with the naked eye and is con-
firmed by the microscopic identification of a row of setae in each abdominal seg-
ment and distinctive genitalia in the male (Adly et al. 2022).

Control and Treatment
Treatment is similar to that used for Menacanthus stramineus.

16.2.3.3 Lipeurus caponis (Wing Lice)

It is a louse with worldwide distribution and parasitizes several species of
Galliformes birds, including turkeys. It is mainly found on the barbules of the wing
and tail feathers and generally does not cause severe infestations or serious damage
to the health of the birds.

Description

It has a long and narrow gray body (2.5 mm in length and 0.3 mm in width). The
head is longer than it is wide, rounded in the frontal region, with rounded, slightly
extended temporal lobes. The antennae present marked sexual dimorphism, in the
male the first segment is the largest and thickest, while the third segment is shorter
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Fig. 16.13 Male Lipeurus
caponis, dorsal view. Note
the first segment of the
antenna enlarged, and the
genitalia

(X. Hernandez- Velasco)

than the second and has an apical process. The front legs are very small, the middle
legs are intermediate in size, and the hind legs are larger and longer than the middle
legs. The abdomen is elongated. Male genitalia are distinctive and heavily chitinized
(Mateo 1999; Adly et al. 2022) (Fig. 16.13).

Life Cycle
It deposits its eggs between the barbules of the bird’s wing feathers, and the incuba-
tion period is 4—7 days (Adly et al. 2022).

Epidemiology

It affects gallinaceae, including domestic and wild turkeys (Canul et al. 2014;
Goémez 2019; Prastowo et al. 2020; Zarith et al. 2017). In turkeys, they are found
more often in the rachis of flight and tail feathers and less often in those of contour
feathers (Al-Waaly and Jasim 2018; Salifou et al. 2008).

Pathogenesis

It causes slight damage in healthy birds and with an adequate state of nutrition, basi-
cally causing discomfort and irritation. Severe infestations are not frequent, so they
generally do not affect the general health state of the bird (Price and Graham 1997,
Mateo 1999).

Signs and Lesions
Because it is inactive and feeds mainly on the bird’s feathers, in most cases, it
causes only mild discomfort and irritation (Al-Waaly and Jasim 2018).

Diagnosis

The diagnosis is made by observing the specimens under a stereoscopic or light
microscope, by observing the characteristics above mentioned, in the description of
the parasite and the previously reported identification keys, among which stand out
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the sexual dimorphism in the antennae and the distinctive genitalia of the male
(Mateo 1999; Adly et al. 2022).

Control and Treatment
Similar to that used for other lice.

16.2.3.4 Cuclotogaster heterographus (Chicken Head Louse)

It is a genus of chewing lice that are obligate parasites and are distributed world-
wide. They parasitize gallinaceae such as chickens, peafowl, pheasants, chukar, and
turkeys, as well as wild birds. C. heterographus is the most common species in this
genus. It is a louse with an elongated body 2-2.5 mm in length and an almost trian-
gular head. They tend to live along the base of the head and neck feathers. The
female lays her eggs singly at the base of the feathers.

Description

It is a grayish-colored louse that is 2-3 mm long. It has a large and rounded head at
the front, exposed antennae, and five segments. It has a small and broad body with
an oval abdomen (Al-Waaly and Jasim 2018; Price et al. 2003) (Fig. 16.14).

Fig. 16.14 Female
Cuclotogaster
heterographus

(X. Hernandez-Velasco)
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Life Cycle

Their life cycle from egg to adult lasts 32-36 days. Eggs are laid singly at the base
of small feathers on the bird’s head. It feeds mainly on barbules in the softest part of
the feather (Price and Graham 1997).

Epidemiology

It is a louse with worldwide distribution in most domestic birds, including turkeys
(Lozoya et al. 1986; Ali et al. 2012). In the bird, it is found mainly near the base of
the head and neck feathers, but in severe infestations, it can spread to other parts
(Al-Waaly and Jasim 2018; Price et al. 2003).

Pathogenesis

It can cause restlessness, irritation, weakness, and decreased production. In severe
infestations, it can cause further damage or even death in young birds. They can also
be vectors of pathogens that cause fowl cholera, fowl typhoid, and toxoplasmosis
(Kakarsulemankhel et al. 2010).

Signs and Lesions
In general, it causes restlessness, irritation, and weakness and can cause low pro-
duction. (Wall and Shearer 1997; Kakarsulemankhel et al. 2010).

Diagnosis
By direct observation under an optical microscope. For the identification of the
ectoparasites, previously reported keys and descriptions were used (Martin 2002).

Control and Treatment
Similar to other lice.

16.2.3.5 Goniocotes gallinae (Poultry Fluff Louse)

Goniocotes gallinae is a louse with worldwide distribution that affects domestic
birds, mainly chickens, turkeys, pheasants, and pigeons. Its presentation frequency
is much lower compared to other lice. It is present on the entire bird’s body but is
less common on the head and wings. It feeds mainly on the rest of the feathers, so
in general, it does not cause serious damage to birds.

Description

Goniocotes gallinae is the smallest louse (1-1.5 mm) that parasitizes commercial
birds, it is pale to dark yellow in color, and its body is broad. The head has a rounded
anterior edge, and the preantenal area is small. The antennae are exposed, filiform,
and without sexual dimorphism. The abdomen is oval, and in the female, it ends in
a rounded shape, while in the male, it is concave with a rounded central bulge, the
presence of simple, thick chitinized male genitalia, which is typical to the genus
(Taylor et al. 2016; Adly et al. 2022) (Fig. 16.15).
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Fig. 16.15 Dorsal view of
a female Goniocotes
gallinae

(X. Hernandez- Velasco)

Life Cycle

According to in vivo and in vitro studies, G. gallinae lives up to 35 days, and an
adult female is capable of producing about 13 eggs in her lifetime. Hatching occurs
12 days after laying (Saxena et al. 2007).

Epidemiology
It is found in low quantities mainly in the down at the base of the feathers on the
back or abdomen (Mateo 1999; Fabiyi et al. 2017).

Pathogenesis

It is an inactive louse, and it is considered less harmful than other lice, and it can
cause irritation and loss of feathers and affect egg production (Mateo 1999; Al-Waaly
and Jasim 2018).

Signs and Lesions
It causes discomfort, irritation, feather loss, and egg production in hosts (Fabiyi
et al. 2017).

Diagnosis

It is performed based on the anatomical characteristics; the head is rounded, without
expansion in the temporal region. It has a small, oval prothorax and equal size pleu-
ral ribs in all segments. The presence of simple, thick, chitinized male genitalia is a
typical character of the genus (Kakarsulemankhel et al. 2010; Shaikh et al. 2022).

Control and Treatment
Similar to other lice.
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Fig. 16.16 Goniodes

gigas
(X. Hernandez- Velasco)

16.2.3.6 Goniodes gigas (Large Chicken Louse)

Goniodes gigas is a louse with worldwide distribution, and it is distinguished by
being the largest louse that parasitizes domestic birds, mainly gallinaceous. Its fre-
quency of presentation is lower than that of other lice. In general, it does not cause
severe infestations or serious injuries since it feeds on feathers or their remains. It is
easy to diagnose by its distinctive features.

Description

Goniodes gigas is dark brown in color, measuring 3—4 mm long (Adly et al. 2022).
The head is broad, almost round at the front, and concave at the back; the antennae
are filiform; and the temporal lobes are moderately prominent and end with three
long bristles. The thorax is trapezoidal in shape. It has a wide body and an oval
abdomen, with triangular areas on the sides of the segments, the abdomen ending in
a concave shape (Adly et al. 2022; Kakarsulemankhel et al. 2010; Taylor et al. 2016)
(Fig. 16.16).

Life Cycle

A female can produce a maximum of 14 eggs in her life, and her life cycle lasts one
month (Mateo 1999). The eggs hatch 4-7 days after being laid, and the nymphs molt
three times in a period of 2-3 weeks. Nymphs and adults feed on feather remains
(Taylor et al. 2016).

Epidemiology

Goniodes gigas can affect domestic and wild turkeys (Lozoya et al. 1986; Hadi and
Hind 2015; Rassouli et al. 2016). Although it is distributed worldwide, its preva-
lence is higher in places with warm climates. In birds, it is mainly found in the
feathers of the neck, chest, or back (Adly et al. 2022).
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Pathogenesis

Goniodes gigas infestations are not usually serious, but they can affect the health
and welfare of the birds, causing irritation and inflammation of the skin (Mateo
1999; Adly et al. 2022).

Signs and Lesions
Nervousness, restlessness, wings sagging, discomfort, and damaged feathers, espe-
cially in the back area.

Diagnosis
Goniodes gigas are distinctive for their large size and head shape.

Control and Treatment
Like other lice.

16.2.3.7 Chelopistes meleagridis (Large Turkey Louse)

This louse is cosmopolitan, affecting mainly domestic and wild turkeys, although it
can occasionally parasitize other bird species. Its prevalence is higher in places with
warm climates. It is transmitted by close contact from bird to bird of the same or
different species. The economic losses caused have not been analyzed in turkeys but
may be underestimated.

Description

It is dark in color, measures 3.2-3.5 mm in length, and has a broad body, dorsoven-
trally flattened, and a rounded abdomen, with triangular areas on the sides of the
segments. The head is almost round in the anterior part and concave in the caudal
part. It is characterized by having temporal lobes extended caudally, with the tip
forming a long stylet-like process (Naz et al. 2003). Each tarsus has two nails
(Prastowo et al. 2020). The pleural plates are highly chitinized, arching superiorly
beyond the anterior segment. The last abdominal segment of the female is bifur-
cated (Mateo 1999) (Fig. 16.17).

Life Cycle

According to in vitro studies carried out by Maturano and Daemon (2014), the
development time of males and females is 30 days, and they can live up to 46 days.
A female can produce up to 32 eggs, and the population of C. meleagridis grows at
12.5 times per generation.

Epidemiology

It is a cosmopolitan parasite that can parasitize several species of domestic birds; it
is found mainly in domestic and wild turkeys (Lane et al. 2006; Fabiyi et al. 2017)
and guinea fowl that inhabit tropical regions. Meleagris gallopavo wild is reported
as the original host-parasite (Camacho-Escobar et al. 2014). In turkeys, it is found
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Fig. 16.17 Female and
male Chelopistes
meleagridis

(X. Hernandez-Velasco)

mainly on the breast and neck feathers but also on the skin in these areas, as it feeds
on both feathers and skin flaking (Johnson and Clayton 2003; Prastowo et al. 2020).

Pathogenesis

It can occur in small numbers in adult birds; in general, infestations are more severe
in young birds, where it causes weight loss, weakness, and sometimes death.
Therefore, it generally does not produce severe infestations (Mateo 1999; Taylor
et al. 2016).

Signs and Lesions

It causes nervousness and restlessness, affects the rest of the birds, and can cause
irritation with a decrease in weight gain and egg production (Camacho-Escobar
et al. 2014).

Diagnosis
The diagnosis is relatively simple due to its morphological characteristics and is
confirmed by observation under an optical or stereoscopic microscope.

Control and Treatment
Similar to other lice. It is recommended to avoid risk factors (e.g., crowding of hosts
and high humidity) (Maturano and Daemon 2014).
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Fig. 16.18 The sticktight
flea, Echidnophaga
gallinacea

(X. Hernandez- Velasco)

16.2.4 Fleas

16.2.4.1 Echidnophaga gallinacea (Sticktight or Southern
Chicken Flea)

There are various genera of fleas or Siphonaptera that can cause infestations in
birds; however, they are rare in turkeys, and when they do occur, it is mainly in birds
raised in free range in tropical areas or warm places. The most common species in
commercial birds worldwide is Echidnophaga gallinacea; however, it can also
affect mammals, including humans. Affected birds are seen with small black spots
on the skin of the head and around the eyes.

Description

It is 1-2 mm long, dark brown in color, with a laterally flattened body, a narrow
thorax, and legs adapted for jumping. The head is angular, devoid of a genal and
pronotal comb (Taylor et al. 2016) (Fig. 16.18).

Life Cycle

The female adheres to the skin of the face and head of the host at a right angle to the
ground, mainly on the skin of the head, and remains so for a period of 4-19 days.
The female produces one to four eggs per day while she is attached to the host.
Under favorable conditions, the incubation period varies from 4 to 14 days. The
larvae feed on organic matter present in the soil; after 14-30 days, they go into a
pupal phase that lasts between 9 and 16 days until an adult emerges from it. The
complete cycle can vary between 1 and 2 months, but it can remain in the environ-
ment for several months as a larva (Taylor et al. 2016; Mullens and Murillo 2018).

Epidemiology
It is more common in areas with a tropical climate, although it is a parasite of back-
yard birds; however, it can also occur in mammals, including humans, in close
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association with domestic birds. It is more prevalent in cage-free and free-grazing
production systems (Mullens and Murillo 2018).

Pathogenesis

Female fleas adhere to the bird’s skin for days, mainly on the head and around the
eyes, causing restlessness, restlessness, irritation, anemia, and blood loss. They are
not considered important vectors of other diseases (Rezaei et al. 2016).

Signs and Lesions

It causes itching and inflammation due to the constant biting. It causes severe skin
irritation at the adhesion site or ulcerations in severe cases. It can also cause
decreased growth and production, anemia, and death in young and immunocompro-
mised birds (Hinkle and Hickle 2008; Mateo 1999).

Diagnosis

Their diagnosis is relatively easy due to their color and location on the bird, in addi-
tion to the fact that they tend to be found in dense groups and because the mouth-
parts are embedded in the skin of the bird due to their continuous feeding, unlike
other fleas that they feed only intermittently (Rezaei et al. 2016). It is difficult to
separate them from the skin by brushing or scraping or even with tweezers. Its
physical characteristics facilitate its diagnosis under the microscope (Taylor
et al. 2016).

Control and Treatment

They can be removed with tweezers by holding and pulling them firmly, applying
directly to the fleas, topical insecticides, or petroleum jelly with a Q-tip. Biosecurity
measures should also be strengthened as well as treatment of facilities, removal, and
surface treatment of litter with carbaryl, coumaphos, malathion, or pyrethroids and
monitoring for reinfestations (Nair et al. 2021).
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17.1 Protein and Amino Acids

Protein is one of the major cost components in the turkeys’ feed and has major effects
on performance and the overall cost of the final product (Table 17.1). Thus, commer-
cial diets usually are formulated using a “least cost” approach to meet the protein
requirements. Generally, there is a need for ten essential amino acids (arginine, his-
tidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,
and valine). Arginine, lysine, and methionine benefit gastrointestinal function and
the gut-associated immune system. It was found that a diet with higher levels of
arginine, lysine, and methionine can positively impact turkeys’ performance and
immune system. It also enhances the specific indicators that help maintain the integ-
rity of the gut, even under challenging conditions (Konieczka et al. 2022).

Turkey poults are severely protein-depleted at hatch since the protein is preferen-
tially used as an energy source during hatching. This is because gluconeogenesis
from protein does not require oxygen, which is limited during the transition from
chorioallantois to pulmonary respiration (Uni and Ferket 2004). The transition from
the yolk sac to feed is compromised because of the immature digestive tract in
young poults, which leads to a reduced ability to digest and absorb protein (Halevy
et al. 2000; Halevy et al. 2003; Moore et al. 2005).

When used as the sole protein source in pre-starter diets, soybean meal with high
levels of anti-nutritional factors can have adverse effects (Palliyeguru et al. 2011).
Anti-nutritional factors such as protease inhibitors impair protein digestion, lectins
affect carbohydrate digestion and can damage the intestinal wall, phytic acid inter-
feres with mineral and protein absorption, and non-starch polysaccharides cause
fluid retention and poor nutrient absorption (Cowieson et al. 2004; Stein et al. 2008).
Although industrial processing reduces the levels of protease inhibitors and lectins,
high inclusion rates of soybean meal may still have adverse effects. Additionally,
high potassium levels in soybean meals have been associated with increased water
intake and excreta moisture.

It was found that combining soybean meal with canola protein concentrate, fish
meal, porcine meal, or corn gluten meal improves poult performance during the first
14 days of life in comparison to feeding SBM alone (Ross et al. 2019).

Amino acids are the building blocks of protein, the major dry matter component
of growth in poultry and their hatching eggs. Adequate intakes of dietary amino
acids are crucial for the optimum efficiency of poultry production. An excess or a
deficiency of amino acids can negatively impact the health and productivity of birds.
A study revealed that diets with a 90% arginine-to-lysine ratio and high methionine
content can help reduce oxidative stress, regulate metabolic parameters, and affect
markers of intestinal barrier integrity in turkeys with necrotic enteritis (Ognik
et al. 2020).
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Deficiencies of individual essential amino acids usually have the same effect as
when protein is deficient; however, additional symptoms may appear that character-
ize certain amino acid deficiencies. The effects of essential amino acid deficiencies
are nonspecific and may lead to decreased body weight and feed intake in adults.
The disorders associated with amino acid deficiencies are summarized as follows:
(1) A lack of methionine reduces growth performance and may predispose foot pad
dermatitis (FPD) (Abd El-Wahab et al. 2016). (2) Low contents of some essential
amino acids (lipotropic factors), such as methionine, are a potential predisposing
factor to hepatic lipidosis (Abd El-Wahab et al. 2021) (Fig. 17.1). (3) Inadequate
lysine is known to cause depigmentation of the wing feathers in Bronze turkey
poults, as well as can result in stunting and retarded development in birds
(Biesiadecki et al. 2004). (4) Muscular dystrophy is accompanied by cysteine and
methionine deficiencies. (5) Arginine, lysine, and methionine deficiency can impair
turkeys’ performance, gut integrity, and immune status (Konieczka et al. 2022).

Fig.17.1 Liver with
hepatic lipidosis. Enlarged,
mottled liver with large,
pale, scattered, well-
demarcated foci, and dark
red areas (Abd El-Wahab
et al. 2021)
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17.2 Vitamins

Vitamins are a heterogeneous group of fat-soluble (A, D, E, and K) and water-
soluble compounds essential in poultry nutrition. Generally, the vitamins are cofac-
tors for enzymes, hormones (e.g., vitamins A, D), or antioxidants (pre-vitamin A
and vitamin E). The amounts of vitamins needed in poultry diets are very low, yet
moderate deficiencies are often more debilitating than those of protein, energy, or fat.

Vitamin deficiency reduces the growth rate of young birds and affects feather
follicles, the epithelial surfaces of skin, hematopoietic tissues, and the growth plate
of bones. Common symptoms that arise from defects in these tissues are dyschon-
droplasia, chondrodystrophy, dermatitis, poor feathering, anemia, and increased
susceptibility to infectious diseases (Klasing and Korver 2020). In practice, poultry
diets should be formulated to contain a large margin of safety for all vitamins to
compensate for possible losses during feed processing, transportation, storage, vari-
ations in feed composition, and environmental conditions.

Birds with abundantly tissue stores of the fat-soluble vitamins A, D, and E can
withstand long periods of depletion before deficiency symptoms can be manifested.
Also, birds with marginal stores of vitamins can withstand feed restriction without
deficiency symptoms because tissue catabolism liberates vitamins from muscle, fat,
and other tissues.

17.2.1 Fat-Soluble Vitamins

17.2.1.1 Vitamin A

From a nutritional perspective, vitamin A is the most challenging of the vitamins
because it is deficient in many feedstuffs and is among the most likely to become
toxic upon over-supplementation. Vitamin A refers to a group of fat-soluble and
brightly pigmented molecules, including retinol, retinal, retinoic acid, and several
pro-vitamin A carotenoids converted to retinoids within the intestine and in other
tissues (Koutsos et al. 2003). Among the 700 known carotenoids, only 50 have pro-
vitamin A activity, with B-carotene, B-cryptoxanthin, and a-carotene being the major
pro-vitamin A molecules (Romanchik et al. 1995).

Carotenoids have several functions, including immune-regulatory and immune-
stimulatory functions, besides antioxidant, antimutagenic, and anticarcinogenic
properties (Mora et al. 2008). The vitamin A requirement of the fattening turkey
ranged between 8000 and 12,000 IU/kg feed.

Deficiency Signs

Vitamin A deficiency is more common in young birds. The main clinical signs are:
(1) general depression, ruffled feathers, stunted growth, poor feathering, drowsi-
ness, unsteady gait, and postural imbalance (Fig. 17.2); (2) a watery discharge from
the nostrils and eyes and eyelids with thick exudate; (3) hyperkeratosis on the
mucous membrane of the mouth and esophagus; and (4) drop in egg production in
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Fig.17.2 (a) Turkeys on a
commercial farm with
ruffled feathers, an
inability to stand, and
abnormal gait. (b) Turkeys
in the diagnostic trial were
drowsy and moved
uncoordinatedly when
agitated, with a droopy
head, ruffled feathers, and
undeveloped feather tail
(Abd El-Wahab et al.
(2017)

breeder flocks, decreased hatchability, and early embryonic mortality during the
first week of incubation.

Histopathology
Vitamin A-deficiency lesions first appear in the esophagus (Fig. 17.3) and pharynx
and are confined largely to mucous glands and their ducts. Small, white nodules
may be found in the nasal passages, mouth, esophagus, and pharynx and may extend
into the crop. The original epithelium is replaced by a keratinizing epithelium (i.e.,
squamous metaplasia) that blocks ducts of the mucous glands, causing them to
become distended with secretions and necrotic materials (Klasing and Korver 2020).
Hypovitaminosis A is characterized by thin diphtheritic membranes and nasal
plugs that are usually limited to the cleft palate and its adjacent epithelium (Klasing
and Korver 2020). Exudate also may fill sinuses and other nasal cavities, causing
swelling of one or both sides of the face. As the condition progresses, the mucous
membrane is covered with a dry, dull, fine, slightly uneven film, whereas a normal
membrane is even and moist.
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Fig. 17.3 Microscopic lesions of tissues from control (a, ¢) and experimental birds (b, d). (a)
Normal esophageal mucosa and mucus glands (arrow); (b) esophagus with hyperplastic, thickened
mucosa and submucosal squamous metaplastic mucus glands (arrow); (¢) normal renal tubules
(arrow); and (d) mild degeneration in renal tubules (arrow) (Abd El-Wahab et al. 2017)

Chronic vitamin A deficiency causes damage to the kidney tubules (Fig. 17.3),
which leads to azotemia and visceral urate deposits (e.g., “visceral gout”) in severe
cases. A severe deficiency results in a grossly abnormal cardiovascular system,
characterized by an absence of vascular networks and by a ballooned, non-
compartmentalized, randomly positioned heart without an inflow tract at the poste-
rior site of the heart.

Toxicity

Mistakes in the formulation of vitamin premixes can result in toxicity at vitamin A
levels between 35,000 and 60,000 IU/kg. Signs of toxicity include slow growth, an
unsteady gait, reluctance to walk, reduced bone mineralization, and a higher inci-
dence of tibial dyschondroplasia. Severe toxicity results in anorexia, conjunctivitis,
adhesions of the eyelids, encrustations around the mouth, and thinning of the frontal
bones of the skull with thickened osteoid seams (Degernes et al. 2011). Additionally,
hypervitaminosis A interferes with calcium absorption and vitamin E.
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Diagnosis

The diagnosis of vitamin A deficiency depends on the clinical signs and lesions, the
amount of vitamin A in the ration, and/or the vitamin A level in the liver. Respiratory
diseases should be taken into consideration for the differential diagnosis.

Treatment

Poultry severely deficient in vitamin A should be given a stabilized vitamin A prepa-
ration at approximately 10,000 IU vitamin A/kg of ration. Absorption of vitamin A
is rapid; therefore, chickens or turkeys not in advanced stages of deficiency should
respond promptly, except for blindness, which may be permanent (Klasing and
Korver 2020).

17.2.1.2 Vitamin D

Vitamin D is a fat-soluble vitamin obtained by either producing in the skin upon
exposure to sunlight or by supplementation in the feed. Dietary vitamin D is
absorbed by the small intestine, bound by vitamin D-binding protein or albumin in
the blood, and then rapidly taken up by the liver.

Two main forms of vitamin D are known: ergocalciferol (Vitamin D,) and chole-
calciferol (Vitamin Dj;). Poultry can efficiently utilize vitamin D3. Vitamin D under-
goes two enzymatic hydroxylations in the body before it becomes metabolically
active because vitamin D-binding protein cannot bind to vitamin D, effectively. The
first hydroxylation occurs in the liver resulting in 25-dihydroxy vitamin D;
(25(0OH),D5), which is followed by the second hydroxylation in the kidneys, result-
ing in 1,25(OH)2D; with the aid of 1a-hydroxylase (Christakos et al. 2016). In poul-
try, it is inadequate for biological function in chickens.

The major and conventional function of 1,25(OH),D;, also called calcitriol,
assists the formation of bone and eggshell by regulating calcium and phosphorus
homeostasis in the body by influencing intestinal and renal and renal homeostasis
absorption. The optimal dose of vitamin D; in turkey diets is 25004000 IU/kg feed
(Klasing and Korver 2020).

Deficiency Signs

Vitamin D; deficiency is associated with inadequate dietary calcium and phospho-
rus, leading to rickets (growing birds) and osteomalacia (in adults). Field rickets in
turkey poults is mostly caused by impairment of intestinal absorption of minerals
and vitamin D3 (Huff et al. 1999).

The first signs of vitamin D; deficiency in growing chicks or poults are slower
growth and an awkward gait. As the deficiency advances, rickets becomes evident
as severe fragility and bending of long bones caused by poor mineralization. Beaks
and claws become soft and pliable (Fig. 17.4), feathering is poor, and birds walk
with obvious effort and take a few unsteady steps before squatting on their hocks,
which they rest upon while swaying slightly from side to side (Klasing and Korver
2020). Enlargement of ribs at their junctions with vertebrae is also a common post-
mortem lesion (Fig. 17.5).
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Fig. 17.4 Rickets in
turkeys, Beak is soft and
pliable. (Hafez-Berlin)

Fig. 17.5 Rickets in
turkeys. Enlargement of
ribs at their junctions with
vertebrae. (Hafez-Berlin)

A moderate deficiency of vitamin D; results in an increased incidence of tibial
dyschondroplasia, especially when calcium or phosphorus levels are not optimal.
Many of the signs of a vitamin D; deficiency may be similar to calcium deficiency,
and analysis of levels of these two nutrients in the diet, or D in blood plasma, can
confirm the cause (Bowes et al. 1988).

Hatchability is reduced markedly by vitamin D; deficiency, mainly caused by
increased embryonic mortality late in incubation. Chicks and poults that do not
hatch have a high incidence of chondrodystrophy, in which the upper or lower man-
dible is shortened or deformed (Klasing and Korver 2020).

In layers and breeders, signs of deficiency begin to occur as soon as 2 weeks after
they are deprived of vitamin Dj;. The first sign is a marked increase in thin-shelled
and soft-shelled eggs, followed by a marked decrease in egg production. Biochemical
indicators include a rapid decrease in the concentrations of 25-(OH)D; in the blood,
followed by a decrease in blood calcium concentration.

Egg production and eggshell strength may vary in a cyclic manner. During peri-
ods of extreme leg weakness, hens show a characteristic posture described as a
“penguin-type squat” (Breeding et al. 1994).
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Histopathology

In turkeys receiving deficient vitamin Dj, characteristic changes observed on nec-
ropsy are confined to bones and parathyroid glands. The latter becomes enlarged
from hypertrophy and hyperplasia. Bones are soft and break easily. Well-defined
knobs are present on the inner surface of the ribs at the costochondral junction. The
most characteristic internal signs of vitamin D; deficiency poults are bending the
ribs at their juncture with the spinal column and bending them downward and pos-
teriorly (Klasing and Korver 2020).

Toxicity

Vitamin D toxicity in turkeys is not well documented. However, the toxicity is exac-
erbated by high dietary calcium or phosphorus levels, especially in the growing
chick. In broiler chicks, pathology can be detected at 30,000 IU/kg of vitamin Dj
when fed throughout the growing period. Lesions include atrophy of the parathyroid
gland and calcium deposits in renal tubular lumina. Hens are generally more resis-
tant to vitamin D toxicity than growing chicks, but toxicity can be transferred to the
egg, causing excessive mobilization of eggshell calcium. Very high levels of vitamin
D up to four million IU/kg diet rapidly induce renal damage.

Diagnosis
The diagnosis of hypovitaminosis D depends on clinical signs and lesions and the
diet’s contents of calcium, phosphorus, and vitamin Ds.

Treatment and Prevention

Feeding a single dose of 15,000 IU of vitamin D; cured the affected birds better than
when generous levels of the vitamin were added to the feed. However, it should be
remembered that excess vitamin D can be harmful. Hypovitaminosis D can be pre-
vented by providing a balanced diet with adequate calcium, phosphorus, and vita-
min D levels.

17.2.1.3 VitaminE

Vitamin E is a fat-soluble antioxidant, with four different tocopherols, alpha, beta,
gamma, and delta, as the functional forms of this vitamin. The alpha-tocopherol is
the most commonly found form in nature and is considered to be the most biologi-
cally active. In poultry production, vitamin E supplementation is essential for main-
taining fertility and hatchability in parent stocks. It also has a crucial role in
preventing nutritional encephalopathy and myopathies in chickens and turkeys
(Klasing and Korver 2020).

Supplementing poultry feed with vitamin E (or other antioxidants) is essential,
especially when oxidizable fats are included in the feed because, upon oxidation,
these fats release metabolically harmful free radicals that affect poultry health and
production (Engberg et al. 1996; Lu et al. 2014). Vitamin E supplementation in
chicken feed also prevents the oxidation of lipids in unsaturated fatty acids (Rama
Rao et al. 2011); because of this, the amount of active vitamin E that reaches the
intestine for absorption can be reduced in poultry diets high in unsaturated fat



17 Nutritional Disorders in Fattening Turkeys 225

(Villaverde et al. 2008). Under these circumstances, the antioxidant status in poultry
can be decreased due to increased lipid peroxidation (Rama Rao et al. 2011).
Generally, the dietary requirement of vitamin E for fattening turkeys ranged from 30
to 50 mg/kg feed.

In a study, supplementation of layer hen feed with 30 IU/kg of vitamin E resulted
in a significant increase in serum superoxide dismutase and glutathione peroxidase,
which are enzymes with antioxidant activities (Liu et al. 2019).

Deficiency Signs

Hypovitaminosis E is usually seen in young birds. Vitamin E is very unstable in
diets rich in oxidized products. Most cases are observed in birds fed rations high in
polyunsaturated fatty acids (cod liver oil, soya bean oil) that oxidize and
become rancid.

Exudative diathesis is an edema of subcutaneous tissues characterized by a sub-
dermal deposit of viscous green-blue-colored exudate from endothelial failures in
sections of the circulatory system caused by a deficiency in vitamin E and selenium
(Klasing and Korver 2020). This colored viscous fluid is seen easily through the
skin because it usually contains some blood components from slight hemorrhages
that appear in the breast and leg muscles. Exudative diathesis can be eliminated, and
most myopathies can be greatly relieved when increased selenium alone.

Encephalomalacia is a nervous syndrome characterized by ataxia or paresis,
backward or downward retractions of the head (sometimes with lateral twisting),
forced movements, incoordination, tremors and relaxation of the legs, and finally
death (Klasing and Korver 2020). Poults with paresis usually do not have brain
lesions but have poliomyelomalacia (Klasing and Korver 2020).

Nutritional myopathy in chickens, turkeys, waterfowl, and ostriches is attrib-
uted to vitamin E/selenium deficiency, characterized by pale foci or light-colored
streaks of breast muscles. Vitamin E and selenium deficiency, especially in turkeys,
may result in an extreme myopathy of the proventriculus and heart muscles (Klasing
and Korver 2020).

Diagnosis

Hypovitaminosis E is diagnosed based on signs, lesions, and histopathological
examination. Analysis of vitamin E and selenium levels in the ration is also
recommended.

Treatment

If not too far advanced, exudative diathesis is readily reversed by administering
proper levels of vitamin E and selenium supplementation either by injection and/or
by oral dosing or in feed. A single dose of 300 IU/bird is required for treatment. A
dose of 30—-150 mg of vitamin E/Kg feed is recommended as a preventive dose. The
150 ppm vitamin E diet did reduce the vulnerability of the liver and red blood cells
to in vitro peroxidation (Applegate and Sell 1996). Supplementing turkeys with
50 mg of vitamin E per kg significantly reduced thiobarbituric acid reactive com-
pounds in the liver, demonstrating antioxidative protection of this tissue that was not
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seen with increasing selenium levels (Mueller et al. 2009). However, when the tur-
keys were healthy (not diseased), a desirable performance with 20 mg vitamin E per
kg diet is enough (Sell et al. 1997).

17.2.1.4 VitaminK

Vitamin K is a cofactor in the liver and bone proteins to synthesize carboxygluta-
mate residues from glutamic acid. In the absence of vitamin K, an abnormal pro-
thrombin lacking a-carboxyglutamic acid is secreted in the blood by the liver since
prothrombin is an important part of the blood-clotting mechanism. Deficiency of
vitamin K results in markedly prolonged blood-clotting time (Jin and Sell 2001); an
affected poults may bleed to death from a slight bruise or other injuries.

There are three possible sources of vitamin K,-Kj in the diet: Vitamin K;, known
as phylloquinone, is found mostly in the leafy sections of plants. Vitamin K, also
known as menaquinone, is produced by bacteria, particularly those found in the
large intestine. Vitamin Kj;, or menadione, is a synthetic vitamin that does not occur
naturally. Adults usually have well-developed intestinal microflora, and vitamin K
inadequacies are unusual. Vitamin K, is not readily absorbed from the large intes-
tine, but it is digested after coprophagy of cecal excreta. A 1.8 mg menadione/kg is
necessary for turkey poults for adequate prothrombin time during the first 4 weeks
of life. These recommendations were also adopted by the NRC (1994). Generally, a
2-3 mg/kg diet is considered acceptable for fattening turkeys.

Deficiency Signs

Turkey poults with vitamin K deficiency have a prolonged prothrombin time in the
blood, and damage in the gizzard has been observed. Oral antibiotic administration
did not affect the derived vitamin K requirement. This indicates that the contribution
from intestinal microbial synthesis is relatively small in young poults (Jin and Sell
2001). According to Klasing (2008), signs of vitamin K deficiency occur most fre-
quently between second and third weeks after the birds are placed on a vitamin
K-deficient diet. Large hemorrhages appear on the breast, legs, wings muscles, and/
or abdominal cavity. Generally, 4-6 h after vitamin K is given to deficient birds,
blood clots normally, but recovery from anemia or disappearance of hemorrhages
cannot be expected.

17.2.2 Water-Soluble Vitamins

Generally, except for biotin, the scientific information related to vitamin B require-
ments for turkeys is limited (GfE 2004). For example, in very few cases, systematic
increase trials over several doses allow reliable derivation of supply recommenda-
tions (GfE 2004). The validity of some studies is also limited concerning the dura-
tion of the trials, as the experiments often do not cover an entire fattening period but
only a relatively short period.
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17.2.2.1 Thiamin (Vitamin B,)

Thiamin is a cofactor for several enzymes catalyzing decarboxylation and
transmetalation-type reactions. Based on these findings and following the sugges-
tions of the NRC (1994), a supply recommendation of a 2 mg/kg diet is established.

Deficiency Signs

Thiamin deficiency leads to ataxia, muscle weakness, and muscle degeneration.
Backward movement and bending of the head and neck are typical nervous symp-
toms. “Stargazing” in young turkey poults, thiamin deficiency also leads to changes
in amino acid levels in the liver and some brain regions (NRC 1994; Klasing and
Korver 2020). Polyneuritis is observed in adult birds approximately 3 weeks after
being placed on a thiamin-deficient diet. Turkeys suffering from thiamin deficiency
respond in a few hours to oral administration of the vitamin.

17.2.2.2 Riboflavin (Vitamin B,, Lactoflavin)
Riboflavin is a cofactor in many enzyme systems in the body, such as NAD- and
NADP-cytochrome reductases, succinic dehydrogenase, acyl dehydrogenase, etc.

Deficiency Signs

Vitamin B, deficiency in turkey poults resulted in a very slow growth rate, and birds
become weak and emaciated, with diarrhea developing between the first and second
weeks of age. Birds do not walk except when forced to walk on their hocks with the
help of their wings. Toes are curled inward, when walking and resting (curled-toe
paralysis) (Klasing and Korver 2020). Riboflavin deficiency in young turkeys is
characterized by poor growth, poor feathering, leg paralysis, and encrustations in
the corners of the mouth and eyelids (Ruiz and Harms 1989). Severe dermatitis of
the feet and shanks, marked by edematous swelling, desquamation, and deep fissure
of the feet. In severe cases of riboflavin deficiency, birds show marked swelling and
softening of sciatic and brachial nerves (Cai et al. 2006). Sometimes, the sciatic
nerves reach a diameter four to five times thicker than normal.

Histopathology

Histology examination of affected nerves shows degenerative changes in myelin
sheaths of the main peripheral nerve trunks. This may be accompanied by axis cyl-
inder swelling and fragmentation. Schwann cell proliferation, myelin changes, glio-
sis, and chromatolysis occur in the spinal cord. The sciatic nerve exhibits myelin
degeneration in one or more branches. Fine structural examination of the sciatic
nerve reveals that redundant folds and loops of myelin form symmetry or asymmet-
ric expansions of the sheath resulting in segmental demyelination (Cai et al. 2006).
In cases of curled-toe paralysis, degeneration of the neuromuscular end plate and
muscle tissues is often found. Riboflavin is probably also essential for the myelin
metabolism of the main peripheral nerve trunks.
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Treatment

Two 100-pg doses of riboflavin should be sufficient for treating riboflavin-deficient
poults, followed by adding an adequate level to the diet. However, when the curled-
toe deformity is long-standing, irreparable damage occurs; in this case, riboflavin
administration cannot cure the condition (Klasing and Korver 2020).

17.2.2.3 Pyridoxine (Vitamin B¢)

Vitamin By acts as a cofactor in amino acid decarboxylation and transamination
processes. The three active forms of vitamin B¢ are pyridoxine, pyridoxal, and
pyridoxamine.

In fattening turkey, trials by Jeroch et al. (1978) showed that 5.7 mg/kg levels in
the starter feed and 4.0-4.2 mg/kg in the individual fattening phases are sufficient.
However, according to the NRC, a dose level of 4.5 mg/kg in the starter phase and
3.5-3.0 mg/kg in the subsequent fattening phase are sufficient (NRC 1994).
However, the INRA (1984) recommends a much lower supply (2 mg/kg).

Deficiency Signs

Severely pyridoxine-deficient birds show low appetite, poor growth, chondrodystro-
phy, and characteristic nervous signs (Klasing and Korver 2020). During these con-
vulsions, poults may run aimlessly about, flapping their wings and falling to their
sides or rolling completely over on their backs, where they perform rapid jerking
motions with their feet and heads (Klasing and Korver 2020). A pyridoxine defi-
ciency causes a defect in collagen fibers in cortical bone and articular cartilage
matrix and increased solubility of proteoglycans and collagen (Massé et al. 1998).
These structural defects cause chondrodystrophy and osteoarthritis in deficient
birds. In adult birds, vitamin B¢ causes a marked reduction of egg production and
hatchability, decreased feed intake, loss of BW, and deaths.

17.2.2.4 Cobalamin (Vitamin B,,)

Vitamin By, is a cofactor for enzymes that transfer one-carbon units and catalyze
carbon skeleton rearrangements. In contrast, the interconversion of methyl malonyl
coenzyme A to succinyl coenzyme. Although plant diets are deficient in vitamin
B, it is readily available in animal products and the cecal microbiota following
coprophagy, making its deficiency rare (Watanabe et al. 2013). While the NRC
(1994) recommends a supply of 0.003 mg/kg for all life stages of fattening turkeys,
the INRA recommends 0.015 mg/kg for chicks and 0.01 mg/kg for fatteners (1984).
The committee recommends 0.01 mg/kg for the entire fattening period.

Deficiency Signs

Deficiencies in laying hens also in laying turkey have been induced by dramatically
increasing the amount of protein in their diet, increasing carbon rearrangement
enzymes’ activity (Ward et al. 1985). Klasing and Korver (2020) stated that vitamin
B, deficiency results in slow growth, decreased FCR, increased the mortality rate,
and reduced egg size and hatchability in turkey. Vitamin B, deficiency causes
myelin degeneration in birds. Chondrodystrophy may occur in vitamin B,-deficient
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chicks or poults, when their diets lack choline or methionine as sources of
methyl groups.

Treatment

Adding a 4 mg vitamin B,,/ton breeding diet is sufficient to maintain maximum
hatchability and produce poults or chicks, with sufficient vitamin stores to prevent
any deficiency during the first few weeks of life. Similar injections with the vitamin
B, under field condition of young chicks followed by diet supplementation also
will correct the deficiency. Halle et al. (2011) found that 20 pg of vitamin B ,/kg
feed meets the requirements of growing chickens and ducks for fattening. And NRC
(1994) stated that 0.003 mg/kg diet is enough for growing turkeys during the whole
fattening period.

17.2.2.5 Pantothenic Acid (Vitamin B;)

Pantothenic acid is a component of coenzyme A, which is involved in the formation
of citric acid in the citric acid cycle, synthesis and oxidation of fatty acids, oxidation
of keto acids, and acetylation of choline. In studies by Jeroch et al. (1978), the con-
tent of pantothenic acid in feed mixtures was sufficient for optimal growth in fatten-
ing turkeys. Therefore, a supply of 13 mg/kg in the first 6 weeks and 10 and 8 mg/
kg in the following fattening period is sufficient. The NRC (1994) recommends
10 mg/kg for turkey poults (up to 4 weeks of age) and 9 mg/kg for fattening turkeys.
However, the INRA (1984) recommends a supply of 10 mg/kg for turkey poults and
5 mg/kg for fattening turkeys.

Deficiency Signs

Signs of pantothenic acid deficiency are difficult to differentiate from those of biotin
deficiency. Generally, signs are dermatosis, broken feathers (retard, rough feather
growth), chondrodystrophy, poor growth, and mortality. A viscous exudate mostly
sticks eyelids together, and vision is impaired. Outer layers of skin between the toes
and on the bottoms of the feet sometimes peel off, and small cracks and fissures
appear at these points (Klasing and Korver 2020). Supplementing pantothenic acid
in the poultry diet can improve the health and performance of chickens.

A pasty substance in the mouth and an opaque gray-white exudate in the proven-
triculus could be detected at necropsy. The liver is hypertrophied and may vary in
color from a faint to dirty yellow. The spleen is slightly atrophied. Kidneys are
enlarged. Nerves and myelinated fibers of the spinal cord show myelin degenera-
tion. These degenerating fibers occur in all cord segments down to the lumbar region.

Treatment

Pantothenic acid deficiency appears to be completely reversible, if not too far
advanced, by oral treatment or injection with the vitamin followed by restoration of
an adequate level in the diet (Klasing and Korver 2020).



230 A. A.El-Wahab et al.

17.2.2.6 Niacin (Nicotinic Acid, Nicotinamide, Vitamin B;)

Niacin is a component of two important coenzymes: nicotinamide adenine dinucle-
otide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP), which are
mostly involved in carbohydrate, fat, and protein metabolism. Although tryptophan
can be converted to niacin, the efficiency is low, and it is not advised as a replace-
ment for dietary supplementation (Ruiz et al. 1990). Niacin availability in grains
and grain by-products is frequently low (Yen et al. 1977). The NRC (1994) recom-
mends 60 mg/kg in the starter feed and 40 mg/kg in the fattening phase.

Deficiency Signs

The main lesion in young birds is an enlargement of the hock joint (chondrodystro-
phy) and bowing of the legs. The main difference between this condition and the
chondrodystrophy caused by manganese or choline deficiency is that the Achilles
tendon rarely slips from its condyles in nicotinic acid deficiency. In some cases,
inflammation of the mouth, diarrhea, and poor feathering may be seen. Additionally,
a decrease in feed intake, BW, rate of egg production, and hatchability could be
noted too.

Treatment

Supplementing a deficient ration with required amounts of nicotinic acid has little
or no effect on cases that have progressed to the extent that the tendon has slipped
from its condyles (chondrodystrophy) or on advanced cases of enlarged hock disor-
der in adult tom turkeys. Excessive supplementation should be avoided because
levels above 0.75% dietary niacin cause decrease of bone thickness dimensions and
bone strength (Johnson et al. 1995).

17.2.2.7 Folic Acid

Folic acid is a part of the enzyme system involved in single-carbon metabolism. It
is involved in the synthesis of purines and the methyl of choline, methionine, and
thymine. Thus, it is necessary for nucleic acid metabolism. Froehlich (1987) sug-
gests folic acid supplements in starter feed of 1-2 mg/kg in chicks and for fattening
turkeys of 1-1.5 mg/kg. In agreement with NRC (1994), a 1.0 mg/kg folic acid
concentration is recommended during the first 8 weeks in turkeys. During the
remainder of fattening, 0.8 mg/g is adequate.

Deficiency Signs

Folic acid deficiency leads to impaired growth rate, poor feathering, anemia, pero-
sis, and reduced hatchability (Klasing and Korver 2020). Insufficient folic acid sup-
ply of the turkey breeder hens led to an impairment of the young turkey poults’ live
weight development and cervical dislocation. The most obvious symptom of inad-
equate folic acid is cervical paralysis with turkey poults (Miller and Balloun 1967).
Poults show only a slight anemia.
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Folic Acid-Choline Interrelationship

Folic acid has a central role in methyl group metabolism. Young et al. (1955)
observed that, when a diet for birds is deficient in folic acid, an increase in the
dietary level of choline reduces, but does not completely prevent the incidence and
severity of chondrodystrophy. A growth depression has been observed in chicks fed
a practical diet low in folic acid and marginally deficient in methionine and choline.
Supplementing the diet with folic acid or methionine and choline stimulated the
growth of poults under these conditions (Pesti et al. 1991).

Treatment

A single intramuscular injection (IM) of 50-100 pg pure pteroylglutamic (folic)
acid causes a peak reticulocyte response within 4 days in severely anemic folic acid-
deficient birds (Robertson et al. 1947). Adding 500 pg folic acid/100 g feed caused
recovery comparable to that obtained with vitamin injection (Klasing and
Korver 2020).

17.2.2.8 Biotin (Vitamin B,)

Biotin is a cofactor in carboxylation and decarboxylation reactions involving carbon
dioxide fixation. These reactions have important roles in anabolic processes and in
nitrogen metabolism. Biotin is concentrated in the liver, kidney, and bone, which are
the principal areas of activity for enzymes that require it.

According to the results of Jeroch et al. (1978), 0.24 mg/kg in the first 6 weeks
of life and 0.18-0.11 mg/kg in the subsequent fattening period of meat turkeys are
sufficient for optimal supply. Misir and Blair (1988), who conducted studies on the
bioavailability of biotin from various diets with young turkey poults, found a linear
increase in growth rate in pre-depleted birds up to supplements of 0.2 mg/kg.
According to INRA (1984), biotin levels can be lowered from 0.3 mg/kg in fatten-
ing turkey poults to 0.05 mg/kg. NRC (1994) supply recommendations are similar
at 0.1-0.25 mg/kg for fattening poults. Data from NRC (1994) or GfE (1999) on
biotin requirements vary in the range of 150-300 pg/kg (usual) complete feed. In
the abovementioned experimental studies, considerably higher biotin contents/addi-
tions were used (400/800/1600/2000 pg/kg), so it must be assumed that the dosages
and effects are “exceeding requirements” or “supra-nutritive.”

Biotin bioavailability for chickens and turkeys varies greatly among practical
feed ingredients (Frigg 1984; Misir and Blair 1988). Biotin is no more than 12%
available in some grains but almost completely available in others (Bryden et al.
1991). This is an important consideration in formulating diets to satisfy the biotin
requirements of poultry. Sun and Kim (2017) showed that increasing dietary biotin
(1521 pg/kg) improves the performance and well-being of broilers stocked at high
densities (16 bird/m?) in litter-independent and litter-dependent manners,
respectively.

Deficiency Signs
In turkey poults, a condition characterized by hock dysfunction, broken feathers,
dermatitis, and diarrhea was found; when biotin supplementation was significantly
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reduced, the prevalence and severity were increased (NRC 1994; GfE 2004).
Feeding with folic acid and calcium pantothenate had little effect, but when com-
bined with biotin, almost disorder-free poults could be generated.

Among the nutrients with potential importance for footpad health frequently
examined in more detail in experimental studies, biotin is probably the most impor-
tant, and publications on this topic have been published for decades (Abd El-Wahab
et al. 2013a). In turkeys, severe pododermatitis is a prevalent condition.

Foot pad lesions have been linked to the nutrition factors, and poor litter condi-
tions. Turkey poults fed a semi-purified, low-biotin diet developed severe foot pad
dermatitis. It could be linked to the skin’s physiology.

In contrast, biotin supplementation reduced the severity of foot pad dermatitis in
poults reared on dry litter. However, it did not affect the severity of the lesions in
poults reared on wet litter (Harms and Simpson 1977). Nevertheless, Abd El-Wahab
et al. (2013a) observed that high biotin supplementation (2000 pg/kg) reduced foot
pad lesions by about 18% and 30% in two repetition trials in broiler chickens
exposed experimentally to wet litter.

Treatment
Injection or oral administration of biotin was sufficient to prevent biotin deficiency
signs in chicks and turkey poults.

17.2.2.9 Choline
Choline is present in acetylcholine and phospholipids. It acts as a methyl source in
synthesis within the body of methyl-containing compounds such as methionine,
creatine, and carnitine. Choline per se does not act as a methyl donor but first must
be oxidized to betaine. Although poultry can synthesize choline, the amount pro-
duced is limited, and supplementation is required, when demand exceeds biosyn-
thetic capacity (NRC 1994; GfE 2004). Jeroch et al. (1978) suggested levels in the
starter phase of 1590 mg/kg and the fattening phase between 990 and 675 mg/kg for
an adequate supply for turkeys.

The INRA (1984) recommends an allowance of choline chloride of 800-500 mg/
kg of choline chloride for turkey poults. The NRC (1994) supply recommendations
decrease from 1600 mg/kg for chicks to 800 mg/kg by the end of fattening.

Deficiency Signs

In addition to poor growth, chondrodystrophy is the most consistent lesion of cho-
line deficiency in chicks and young poults (Klasing and Korver 2020).
Chondrodystrophy is first characterized by pinpoint hemorrhages and a slight swell-
ing about the hock joint, followed by an apparent flattening of the tibio-metatarsal
joint caused by rotation of the metatarsus (Klasing and Korver 2020).

Treatment
If choline deficiency is noted in chicks and/or poults before severe signs of chondro-
dystrophy have developed, the deficiency can be cured by supplementing the diet
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with sufficient choline to meet the requirements. If the tendon slipped, the damage
is irreparable.

17.2.2.10 Vitamin C (Ascorbic Acid)

Vitamin C, known as L-ascorbic acid, is a water-soluble vitamin synthesized from
glucose (Sahin et al. 2003). It has notable antioxidant properties, because of its abil-
ity to donate electrons, and it protects the integrity of many cells, including lympho-
cytes, against damage from free radicals generated in response to infection or toxins
(Nimse and Pal 2015). Unlike fat-soluble vitamins, vitamin C is not stored in the
body, and elevated dietary intake of vitamin C results in decreased absorption and
rapid excretion by the kidneys (Johnston et al. 2006). Poultry, unlike humans, can
synthesize vitamin C endogenously, thanks to the L-gluconolactone oxidase
enzyme, which is present in the renal tissue where it converts L-gulono-g-lactone
into ascorbic acid (Hooper et al. 2001). However, the requirements for vitamin C are
increased under stressful conditions such as beak trimming, vaccination, transporta-
tion, thermal stress, or infection.

Turkeys may be exposed to stress factors (high stocking density, temperature,
etc.) that increase vitamin C requirements, so positive effects were found after sup-
plementation (Nagorna-Stasiak et al. 1999). However, in studies by Sell et al.
(1997), ascorbic acid supplements of 300 mg/kg up to the 41st day of age of turkey
poults, did not affect gain, feed expenditure, and viability.

17.3 Minerals

Essential mineral elements are as important as amino acids and vitamins in main-
taining life, well-being, and production in poultry. The minerals essential for the
maintenance of well-being are calcium (Ca), phosphorus (P), sulfur (S), magnesium
(Mg), potassium (K), sodium (Na), and chlorine (Cl) and the trace elements such as
manganese (Mn), iron (Fe), copper (Cu), zinc (Zn), iodine (I), molybdenum (Mo),
chromium (Cr), and selenium (Se).

17.3.1 Major Elements

The elements Ca, P, Mg, Na, K, Cl, and S are understood as major elements. In the
feeds used in poultry nutrition, the content of K is so high that an insufficient supply
is not to be expected. Nevertheless, recommendations on the supply of K are given
below to provide farms with appropriate data for nutrient balancing. Since the sup-
ply of S-containing amino acids is adequate, no specific recommendations are given
for this element. Recommendations for the supply of major elements to broiler tur-
keys have been published by the World’s Poultry Science Association (WPSA)
(1985) and the NRC (1994).
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17.3.1.1 Recommendations for the Supply of Major Elements

For element P, data are given based on total P and available P. This is to consider that
the P is not all available in the complete feed. As soon as measurement data on the
usability of P from a sufficiently large number of individual components are avail-
able, a more differentiated calculation of the contents of total P will be possible
(Table 17.2).

For all elements, the contents in the feed can be significantly reduced during fat-
tening. This results from changes in the increment composition and the feed input
(feed/growth). Some experiments carried out with variation in P supply show that
with the P contents recommended here, no negative effects occur even at a high
growth level (Hocking et al. 2002a, b; Rodehutscord et al. 2003). All in all, it
becomes clear that extensive research still has to be done to validate the data on the
contents in the live weight increment, the factors influencing the unavoidable losses,
and the usability.

17.3.1.2 Calcium and Phosphorus

In general, dietary allowances for poultry and all nutrients are, for example, pro-
vided by the German Society of Nutrition Physiology (GfE) or the WPSA. These
recommendations are based on calculations of the factorial approached requirement
data (Jeroch et al. 2019). For turkey parent stock, no recommendations have been
published for Ca and P, which indicates a poor database of requirements for main-
tenance and growth for turkey breeders. Other concentration norms for minerals are
estimated based on evaluations of dose and response. This system is used by the
NRC (1994), Jeroch et al. (2019), and in trials by Leeson and Summers (2005). All
these publications focused on heavy breeds only (Table 17.3). Calcium or phospho-
rus imbalances in poultry feed can cause significant losses in production. Rickets, a
disturbance of normal ossification, is marked by distortion of the bones (Klasing
2008). Some birds mobilize large amounts of Ca from their skeleton during this
period, and the bones may become so demineralized that the birds are unable to
stand and appear paralyzed. The sternum and rib bones are frequently deformed,
and all bones are easily broken (NRC 1994).

Deficiencies of Ca and phosphorus in growing chicks cause rickets that differ in
histopathology from those of vitamin D deficiency. Tibiae from chicks fed a diet
containing 0.3% Ca from the time of hatching showed, by 2 weeks, a widening of
the proliferating pre-hypertrophic zone of epiphyseal cartilage and irregular con-
tours in the boundary between the zones of proliferating and hypertrophic cartilage.
Irregular cartilage columns and elongated epiphyseal vessels were present. By
4 weeks, the epiphyseal growth plate had widened and sometimes extended as a
cartilaginous plug into the metaphysis. Histologically, the proliferating and hyper-
trophic zones were irregular and often contained areas of nonviable cells. The
hypertrophied zone was markedly widened in some chicks by 4 weeks. Metaphyseal
blood vessels invaded along the lateral, but not the apical, region of the cartilaginous
plug; cartilage columns of the metaphysis were thickened and irregular. The inves-
tigators note that the pathology is similar to that of tibial dyschondroplasia.
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Table 17.3 Recommendations for Ca, available P for heavy turkey breeder hens

Age (weeks) Ca (g/kg) Available P (g/kg)
Leeson and Summers (2005) 0-3 1.40 0.80

4-7 1.30 0.70

8-11 1.10 0.60

12-14 1.00 0.50

15-lighting 0.90 0.45

Breeder 2.60-2.80 0.35-0.40
Jeroch et al. (2019) 0-3 1.35 0.75

4-6 1.25 0.72

7-11 1.10 0.65

12-15 1.00 0.55

16-28 0.90 0.45

29-30 2.50-3.20 0.45-0.50

Breeder 2.50-3.20 0.45-50

Calcium Toxicity

In leghorn pullets, nephrosis and visceral urate deposition (e.g., “visceral gout”)
were observed in the high Ca treatment by 16 weeks of age. Phosphorus deficiency
(0.2% available dietary P) and Ca excess (2.24% Ca and 0.45% available P)
resulted in similar abnormalities of the tibia. Several histologic abnormalities were
observed, but the most conspicuous was a marked lengthening of the cartilage
columns of the degenerating hypertrophied epiphyseal cartilage and metaphyseal
primary spongiosa. Some chicks could not stand at 4 weeks, displaying a spraddle-
legged posture. Folding fractures and bowing or rotation of the tibiotarsus were
frequently observed. However, Ca toxicity in turkeys is still not widely studied or
presented.

17.3.1.3 Magnesium

Magnesium is essential for carbohydrate metabolism and activating many enzymes,
especially those involved in phosphorylation reactions. It is essential for bone for-
mation, about two-thirds being present in bone chiefly as a carbonate. Eggshells
contain about 0.4% mg.

Deficiency and Signs

Chicks fed a magnesium-deficient diet grew slowly for approximately one week,
then ceased growing, and became lethargic. When disturbed, these birds fre-
quently passed into a brief convulsion accompanied by gasping and finally into a
comatose state, sometimes ending in death. Magnesium deficiency signs of turkey
poults are similar to those of chicks. Hypomagnesemia and hypocalcemia are
associated with severe Mg deficiency in birds (Weaver and Welsh 1993). Tibiae
exhibit abnormalities, including thickening of trabeculae, increased retention of
cartilage cores, and the occurrence of elongated and inactive osteocytes in the
metaphysis.
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17.3.1.4 Sodium and Chlorine

Sodium chloride, carbonate, or phosphate is found mainly in blood and body fluids.
Sodium is connected intimately with maintaining membrane potentials, cellular
transport processes, and regulating the hydrogen ion concentration of blood.
Chloride, the major mineral anion in extracellular fluid, plays a role in fluid, ionic,
and acid-base balance. Jankowski et al. (2012a) observed that an increase in the Na
content of diets from 0.07 to 0.22% led to an increase in the BW of 8-week-old
turkeys, whereas a further increase in dietary Na levels was ineffective (Jankowski
et al. 2012b). Generally, young turkeys (6-8 weeks of age) are more sensitive to
dietary sodium deficiency, than older birds at the end of rearing.

Deficiency Signs

Animals receiving diets deficient in Na fail to grow and develop bone softening, eye
keratinization, gonadal inactivity, adrenal hypertrophy, cellular function changes,
feed utilization impairment, and decrease in both plasma and special fluid volumes
(Klasing and Korver 2020). Poults fed a diet without salt show retarded growth with
decreased efficiency of food utilization (Klasing and Korver 2020). Also, salt depri-
vation in turkeys impairs egg production and hatchability (Harms et al. 1985).
Chloride deficiency in chickens and/or turkeys exhibited extremely poor growth
rate, high mortality, dehydration, and reduced blood chloride. In addition, deficient
chicks and turkey poults showed nervous signs characteristic of CI deficiency.

Sodium-calcium interactions also play a vital role in the pathogenesis of skeletal
muscle damage in broiler chickens and in turkeys (Sandercock and Mitchell 2004;
Klasing and Korver 2020), which may lead to locomotion problems. In turkeys, leg
problems often result from genetic selection for a rapid increase in body weight and
breast muscle yield (Crespo et al. 2000). Research suggests that the most common
reason for insufficient bone mineralization in broiler chickens and growing turkeys
is mineral metabolism disorders, in particular a deficiency of Ca and P (Kestin et al.
2001; Rao et al. 2003; Venildinen et al. 2006; Tatara et al. 2011).

Little attention has been paid to the effects of essential dietary electrolytes (Na,
K, and Cl) on bone mineralization in young birds. Murakami et al. (1997) reported
that, in broiler chickens, the ash content of bones decreased with increasing dietary
Na levels and increased in response to a higher dietary chloride intake. In a study by
Jankowski et al. (2011), broiler chickens’ lowest and highest dietary Na levels dete-
riorated tibia composition and elasticity. In the cited study of Jankowski et al.
(2011), a Na-deficient diet (0.02%) fed to broilers caused a significant decrease in
the crude ash and P content of tibia dry matter, which made the bones more brittle
and more prone to break easily.

Toxicity

Large amounts of salt in the ration are toxic to chickens and turkeys. The lethal dose
is approximately 4 g/kg BW. Young chicks and poults appear to be more susceptible
to salt’s toxic effects than older birds. Poultry is much less tolerant to salt supplied
via the water than by the diet. Signs of salt intoxication include the inability to
stand, intense thirst, pronounced muscular weakness, and convulsive movements
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preceding death (Klasing and Korver 2020). Matterson et al. (1946) fed day-old
poults graded quantities of salt for 23 days and observed 25% edema and 25% mor-
tality at 4.0% salt but none at 2.0%. However, Swayne et al. (1986) described a case
of accidental salt poisoning in 5- to 11-day-old poults in which a diet contained
1.85% salt. From another point of view, dietary Na intake is often increased to
stimulate the growth of birds, leading to excess litter wetness and excreta moisture,
as demonstrated in chicks by many authors (Murakami et al. 2001; Borges et al.
2003; Vieira et al. 2003; Mushtaq et al. 2007). Abd El-Wahab et al. (2013b) also
observed a higher incidence of foot pad dermatitis in turkeys fed diets containing
0.31% Na and 1.53% K, compared with birds that received lower dietary electro-
lytes (0.16% and 0.78%, respectively).

17.3.1.5 Potassium

Potassium is found primarily in the body’s cellular compartment; the bird’s soft tis-
sues contain over three times as much K as Na. As a major cation in intracellular
fluid, K is essential in maintaining membrane potential and cellular fluid balance.
Potassium participates directly in numerous biochemical reactions and is necessary
for normal heart activity, reducing heart muscle contractility and favoring relaxation
(Klasing and Korver 2020). Potassium contents of ingredients used in the formula-
tion of complete diets for poultry are presented in Table 17.4.

Table 17.4 Potassium contents of ingredients used in the formulation of complete diets for poul-
try according to Spark (2004); Youssef et al. (2008), and Kamphues et al. (2011)

Protein-supplying K content (g/kg Energy supplying K content (g/kg
components fresh basis) components fresh basis)
Whey protein powder | 48-55 Grain

Soy protein 23.0 Wheat fodder meal 12.0
Soybean meal 19.0-22.1 Tapioca 8.0
Rapeseed meal 13.-17.0 Rye 6.0
Broad beans 12.8-14.0 Triticale 5.0-5.50
Sunflower extraction 12.1-14.0 Wheat 5.0

meal 13.0 Corn 3.0-3.60
Rapeseed cake 11.0-13.0 Sorghum bicolor 3.0

Peas 11.0 Bread flour 2.50
Peanut meal 11.0 Corn starch 1.20
Hemoglobin powder 10.9 Corn oil 0.01
Dried distillers grains | 8.80-10.8 Other feed materials

Lupine 8.74-29.6 Yeasts 22.6-26.0
Microalgae . 8.30 Brewer’s yeast 22.5
ggf;g;?gfggn meal ggo 60 Kluyveromyces yeast 14.4-24.0
Fish meal 5 90-5.50 Molasses 13.2-35.4
Meat meal 4.80

Whole egg powder 3.20

Pea protein 1.70

Blood meal 0.87-1.23

Wheat gluten
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Deficiency Signs

The deficiency of K is very rare; however, severely affected individuals may exhibit
tetanic seizures followed by death. A low K level in the vital organs of animals may
occur during severe stress (Klasing and Korver 2020).

Toxicity

High levels of dietary electrolytes also increase fecal moisture and can cause prob-
lems with wet litter. Increasing dietary concentrations of Na, K, or P causes linear
increases in the water intake and linear increases in the moisture content of excreta.
Each 1 g/kg increase in dietary minerals increased the moisture content of the
excreta by 9.0, 12.0, and 5.6 g/kg for Na, K, and P, respectively (Smith et al. 2000).
Feeding the high electrolyte diet resulted in much higher litter moisture (37.5%
DM) compared with the normal dietary Na and K levels (64.5% DM content of lit-
ter) at day 35 of turkey poults. Feeding the high electrolyte diet resulted in signifi-
cantly higher external foot pad dermatitis scores (3.65 =+ 1.03) than birds fed normal
electrolyte levels (Abd El-Wahab et al. 2013b).

17.3.2 Trace Elements

17.3.2.1 Summary Recommendations for Supply

The essential trace elements Fe, Cu, Zn, Mn, I, and Se are important in the feed of
fattening turkeys. They must be added to the feed to a greater or lesser extent.
Table 17.5 compiles supply recommendations for the trace elements mentioned for
fattening turkeys.

The data represent supply recommendations derived from various dose-response
experiments. However, the data are partly based on older experiments with animals
whose growth potential did not reach that of today’s breeding products.

A factorial derivation of the requirement is not possible at present because the
data basis on the contents in the growth is insufficient, and there is no data on the
endogenous losses and the element utilization. It is discussed in the literature that
various stresses, such as stress or infections (e.g., coccidiosis), require a higher ele-
ment intake due to reduced absorption and/or altered metabolic behavior in turkeys
(Noy et al. 1994).

17.3.2.2 Iron

Iron is an essential component of heme, the porphyrin nucleus of hemoglobin, and
the cytochromes and is a component of several enzymes, including catalase, peroxi-
dase, phenylalanine hydroxylase, tyrosinase, and proline hydroxylase (Klasing and
Korver 2020).

Systematic studies on the Fe requirements of fattening turkeys have been largely
lacking. The INRA (1984) recommends an allowance of 40 mg/kg feed in the first
8 weeks and 30 or 20 mg/kg in subsequent fattening periods. According to the NRC
(1994), supply recommendations range from 80 to 50 mg/kg feed with 90%, depend-
ing on age. Given these data, 80 and 60 mg/kg are recommended for an adequate
supply. High Fe supplements of up to 500 mg/kg have little effect on the oxidative
stability of turkey meat during storage (Bartov and Kanner 1996).
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Fig. 17.6 Distortion of
ribs (arrows). (Photo by
Giinther et al. (2019))

Deficiency Signs

Iron deficiency results in hypochromic, microcytic anemia and reduced concentra-
tion of non-heme Fe in plasma and prevents normal feather pigmentation in breeds
having colored plumage. A deficiency in laying hens and turkey breeder hens also
causes anemia in the developing chick embryo and reduced hatchability. Chicks that
survive incubation are weak and listless; however, they recover when given supple-
mental Fe (Morck and Austic 1981; Klasing and Korver 2020).

Toxicity

In a case report by Giinther et al. (2019), unintended very high levels of Fe were
sevenfold to tenfold higher (557 mg/kg) than the recommendation (60-80 mg/kg,
according to Jeroch (2013) in diets of poults at 3 weeks age. The poults started to
show ruffled feathers and retarded growth, followed by lameness in about 2% of the
flock within a few days. Clinical examination revealed an unwillingness to walk,
wing-assisted hobbling, and sporadic, slight swelling of the hock joints. Several birds
showed distortion of the ribs (Fig. 17.6) and swollen rib heads. Applying a breaking
force test on the long bones of the hindlimb revealed a delayed breakage of long bones.

17.3.2.3 Copper

Copper is essential for the formation of hemoglobin. In the absence of Cu, dietary
Fe is absorbed and deposited in the liver and elsewhere, but hemoglobin synthesis
does not occur. Copper is a component of several enzymes that participate in redox
reactions. Lysyl oxidase is a copper-containing enzyme that catalyzes the oxidation
of lysine residues in the formation of the cross-linking structure desmosine in elas-
tin (Rucker et al. 1999).

A dose-response study of trace minerals has been reported (Richards et al. 2010),
but a specific systematic dose-response study to derive Cu requirements for broilers
and turkeys is not available in the literature. The INRA (1984) provided Cu supple-
ments of 2—4 mg/kg for different ages or fattening stages. The NRC (1994) recom-
mended Cu levels in the first 8 weeks of 8 mg/kg, reduced to 5 mg/kg in subsequent
fattening stages. According to European Commission (2013), the Cu content of ani-
mal diets should not exceed 35 mg/kg feed, including up to 20 mg Cu/kg feed from
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cupric chelate of amino acid hydrate. The Cu un-supplemented basal diet containing
11.3 mg Cu/kg is enough for turkeys, and further Cu-supplementations are unneces-
sary. Further supplementations from inorganic and/or organic sources did not signifi-
cantly improve turkeys’ performance and health. Further, Cu supplementation from
inorganic and/or organic sources increases the Cu-excretion (from 808 to 2164 mg
per animal) and may cause additional environmental problems (Mikulski et al. 2009).

Deficiency Signs

Copper deficiency has been reported to cause decrease the cross-linking in bone
collagen and to increase bone fragility of chick bone (Opsahl et al. 1982). This
weakens the elastin structure, leading to an aortic rupture in poultry (Buckingham
etal. 1981). Copper deficiency in chicks results in anemia, characterized by reduced
numbers of circulating erythrocytes and impaired feather pigmentation in colored
breeds of fowl (Grau et al. 1989). A Cu deficiency also causes prolonged prothrom-
bin time in broilers (Kaya et al. 2006).

17.3.2.4 Zinc

Traces of Zn appear to be necessary for life in all animals. It is a constituent of the
enzyme carbonic anhydrase and is an activator or a cofactor of more than 299
enzymes (Dewar and Downie 1984).

Dose-response experiments with turkey poults based on semisynthetic diets were
conducted by Dewar and Downie (1984). Depending on the criterion covered,
requirements ranged from 25 (optimal growth) to 41 mg/kg (plasma Zn concentra-
tion). However, these studies were conducted on animals with growth rates well
below those of present-day heavy-fattening turkeys. Considering the existing litera-
ture, 50 mg/kg in the first 4 weeks and 40 mg/kg during the subsequent fattening
period are determined for an adequate supply.

According to Whitehead (1990), an undersupply of Zn (<30 mg/kg complete
feed) is also supposed to be associated with disorders of skin health, especially in
the form of lesions on the pads of the feet. A special Zn supplementation in the form
of Zn-methionine, Zn-lysine, or their combination, so that in each case an additional
40 mg Zinc per kg complete feed was supplied, resulted in significantly lower alter-
ations in the form of foot pad dermatitis (FPD), but (inexplicably) only in female
broilers (Hess et al. 2001). Abd El-Wahab et al. (2013a) suggested that to combine
the maximum levels of Zn (150 mg/kg, especially of Zn-methionine) and high lev-
els of biotin (2000 pg/kg of diet) in broilers experimentally reared on litter with
critical moisture content (35% moisture).

Deficiency Signs

Deficiency of Zn results in retarded growth; poor feathering; enlarged hocks; short,
thickened long bones (chondrodystrophy); scaling of the skin and dermatosis, par-
ticularly on the feet; and an awkward arthritic gait (Klasing and Korver 2020).

17.3.2.5 Manganese

Manganese is an activator of several enzymes required for normal bones, growth,
reproduction, and prevention of chondrodystrophy. Manganese is also essential for
pyruvate carboxylase, which contains biotin and controls gluconeogenesis.
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Studies by Kealy and Sullivan (1966) on turkey poults up to 4 weeks of age indi-
cated a 37-72 mg/kg requirement for growth and preventing leg damage. According
to Noy et al. (1994), 50-60 mg/kg is usually recommended for adequate Mn supply
in fattening turkeys. However, some breeding companies recommended 100 mg/kg
concentrations (Noy et al. 1994). Manganese deficiency impairs endochondral bone
growth and the synthesis of glycosaminoglycan molecules, thus affecting the carti-
lage of the epiphyseal growth plate (Leach Jr 1986; Liu et al. 1994).

The main signs of manganese deficiency in newly hatched chicks are ataxia and
tetanic spasms. Poor growth, skeletal deformities, decreased egg production, and
reduced hatchability (may reach 50%) are the signs in adult turkeys (Klasing and
Korver 2020).

17.3.2.6 lodine ()

Traces of I are required for the normal functioning of the thyroid gland in poultry
and in other animals. Thyroxine contains approximately 65% iodine, an impor-
tant regulating agent in body metabolism. When the intake of iodine is subopti-
mal, the thyroid tissue enlarges, and goiter results. For iodine, no dose-response
studies are available in the literature to determine the requirements for turkeys.
Therefore, certain inferences must be drawn from studies on broiler chickens.
From the NRC (1994), the iodine requirement for broiler chicks is 0.35 mg/kg,
and for fattening turkeys is 0.4 mg/kg feed. Much higher supply recommenda-
tions are sometimes made by breeding companies, especially for young turkey
poults in the first 4-8 weeks of life (Noy et al. 1994). The INRA (1984) also
recommends an iodine supplementation during rearing and fattening of between
1.0 and 0.5 mg/kg. However, no experimental findings are cited for the necessity
of such high dosages.

Iodine deficiency in poultry has been largely prevented by the widespread use of
iodine in iodized salt or as part of the trace mineral premix. Some turkey breeders
feed high levels of I to enrich eggs and provide added value (Klasing and
Korver 2020).

Toxic effects of iodine on hatchability were seen when 350 ppm iodine was fed
during the entire 20-week egg production period. Toxicity was also seen in the
35 ppm iodine treatment during the egg laying period from 16 to 20 weeks of lay.
Furthermore, the 35 and 350 ppm iodine treatments depressed egg weights. Data
from the two trials of the experiment suggest that the levels of dietary iodine that
supported optimal reproduction in turkey breeder hens were in the range from O to
3.5 ppm of supplemental iodine (0.7-4.2 ppm total dietary iodine). Typical toxic-
ity symptoms observed in chickens when fed diets containing high levels of iodine
include decreased egg production, decreased egg size, depressed fertility and
hatchability, enlarged thyroids in hatching chicks, and wiry down (Perdomo et al.
1966; Wilson et al. 1968). All of these symptoms were seen in turkeys fed 350 ppm
iodine in the present study. A major difference between the present study and
previous studies involving chickens was the amount of iodine that resulted in
toxicity. Toxic levels of dietary iodine in turkeys were nearly half those levels
reported to cause problems in chickens (600 ppm) (Arrington et al. 1967) suggest-
ing that the turkey breeder hen may be more sensitive to high dietary iodine than
is the chicken.
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17.3.2.7 Selenium

Selenium is an essential mineral element for both chicks and poults. It is a constitu-
ent of the enzymes glutathione peroxidase and phospholipid hydroperoxide gluta-
thione peroxidase, which serve to protect tissues against oxidative damage, and it is
a component of iodothyronine 5’-deiodinase, an enzyme that is involved in the con-
version of thyroxine to its active form (Burk and Hill 1993).

Selenium metabolism interacts with other dietary factors in a variety of ways. The
interaction between Se and vitamin E and the sulfur-containing amino acids was
described (Underwood and Suttle 1999). Selenium prevents the development of exu-
dative diathesis in young chickens and myopathy of the ventriculus and heart in young
turkeys. Scott et al. (1967)* determined that 0.18 mg Se/kg was required to prevent
myopathies of the gizzard and heart in turkey poults that were adequately supplied
with vitamin E. Sell et al. (1997) also refer to the importance of Se supply in their
experiments to increase nutritive vitamin E intake in meat turkeys. In short-term stud-
ies by Bartov (1983) on older fattening turkeys adequately supplied with vitamin E,
supplements of Se in the range of 0.1-1.1 mg/kg did not affect live weight develop-
ment or vitamin E concentration in blood plasma. Bonomi (2001) postulates a 0.3 mg/
kg requirement. The INRA (1984) supply recommendations are 0.15 mg/kg allow-
ance during the first 8 weeks and 0.1 mg/kg during the remainder of fattening. The
NRC (1994) recommends 0.2 mg/kg selenium concentrations throughout fattening.

Deficiency Signs

Exudative diathesis, encephalomalacia, and myopathy of the ventriculus and heart
in young turkeys are associated with selenium deficiency. Poults severely deficient
in Se exhibit poor growth and feathering, impaired fat digestion, pancreatic atrophy,
fibrosis, and reduced Se-dependent glutathione peroxidase activity in the pancreas
(Whitacre et al. 1987).

Toxicity

Excess organic Se, usually as selenomethionine, is incorporated readily into pro-
teins because RNA, and does not distinguish selenomethionine from methionine,
and selenomethionine is readily incorporated into proteins in place of methionine
(Klasing and Korver 2020). Excess inorganic Se interferes with sulfur metabolism
due to the formation of sulfur-Se complexes and the substitution of Se for sulfur in
cysteine. These aberrations result in impaired protein synthesis, impaired function
of proteins, mutagenesis, hepatotoxicity, and/or feather loss. Salyi et al. (1993)
reported an incidence of acute Se toxicity in chicks that was evident by watery diar-
rhea, weakness, and cerebellar edema. A decrease in growth rate occurs with 5 mg/
kg Se in chicks (Todorovic et al. 1999).

17.4 Summary

The fat-soluble and water-soluble vitamins, their function, and effects of hypo- and
hypervitaminosis in turkeys are shown in Tables 17.6 and 17.7. Additionally,
Table 17.8 shows the pathological conditions in turkeys due to the deficiencies and
toxicities of the main elements.
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Table 17.8 Quantitative elements: Function and effect of a deficiency and toxicity (Hafez and

Jodas 1997)

Element
Calcium (Ca)

Phosphorus
®)

Magnesium
Mg)

Sodium (Na)
and Chlorine
(Ch

Potassium
(K)

Function

Component of the
skeletal system
Formation of
eggshell

Blood clotting
Nerve excitation
Muscle
contraction

Ion passage
through cell
membrane
Component of the
skeletal system
Energy transfer in
cell

Maintaining ion
balance
Component of the
skeletal system
and eggshell
Carbohydrate
metabolism
Activator for
enzyme systems
Nerve excitation
Muscle
contraction
Osmotic
regulation

pH regulation
Nerve excitation
Muscle
contraction

Nerve excitation
Muscle
contraction
Maintaining
membrane
potential and
cellular fluid
balance

Deficiency

Rickets
Osteomalacia
Osteoporosis
Decreased quality
of eggshell

Disturbance of
bone
mineralization
Bones bending
Leg weakness

Growth and
feathering
disorder

Fragility of bones
Twisting of legs
Overexcitability
Tremor

Ataxia

Cramps

Decreased
efficiency of food
utilization
Growth
retardation

Renal damage
Paralysis
Decreased Laying
performance
Decreased
hatchability

High mortality
Growth
retardation
Muscle weakness
Decreased quality
of eggshell

Toxicity

May interfere with
absorption of other
minerals and medicines
(e.g., tetracyclines)

Dyschondroplasia

Increased Calcium loss

Hydropericardium
Ascites
Hydrothorax
Intense thirst
Diarrhea

Sudden deaths

Not observed
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Abstract

Turkeys are susceptible to various health disorders and infectious diseases, which
can result in significant economic losses. Examples of the main problems in tur-
keys are respiratory manifestations, enteric disorders and diseases, locomotory
disturbances, nervous manifestations, and a drop in egg production. The causes
of these conditions can range from infectious and noninfectious causes such as
housing structure, climate, stocking density, and hygiene. Each of these factors
can impact the overall health of the flock, either positively or negatively, and
should be carefully managed. In this chapter, we will discuss the causes of the
main problem in turkey production, diagnostic approaches, and prevention and
control strategies.
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18.1 Respiratory Diseases in Turkeys

Respiratory conditions greatly affect turkeys, which can lead to significant eco-
nomic losses. These diseases can cause increased mortality rates, higher medica-
tion costs, lower egg production, reduced eggshell quality, and decreased
hatchability. The causes of respiratory diseases can be attributed to several
pathogens, alone and/or combined with other microorganisms or noninfectious
factors such as climate and management issues. The most common avian respira-
tory tract infections are shown in Tables 18.1 and 18.2. For more details, please
refer to Abdul-Aziz and Barnes (2018); Williams et al. (2018); Brugere-Picoux
et al. (2020).

The severity of clinical signs, course of the disease, and mortality after viral
infections are extremely variable and are influenced by the immune status of the
birds, virulence, and the pathogenicity of the involved agents, as well as by many
environmental factors, concurrent diseases, and the type of secondary infections.
The diagnosis of viral diseases is not a straightforward business. The diagnosis con-
sists of case history, management, and environmental investigation on the spot. In
addition, clinical investigations and postmortem examination are important steps
toward disease diagnosis. However, clinical signs and necropsies are mostly not the
final steps of the diagnosis. The final diagnosis can only be reached by laboratory
diagnosis.

Table 18.1 Possible causes Noninfectious Infectious
of respiratory diseases in

Managemental causes Viral causes
turkeys (Hafez 1990)

Litter quality Newcastle Disease
Stocking density Avian Influenza

Ventilation rate Avian pox (Visceral form)
Temperature Avian Metapneumovirus
High ammonia level® Infectious laryngotracheitis®
High dust concentration | Bacterial causes
Nutritional causes E. coli

Vitamin A deficiency Mycoplasma

P. multocida

Ornithobacterium rhinotracheitis

Chlamydia

Fungal causes

A. fumitgatus

Parasitic cause

Cryptosporidium
*Infectious laryngotracheitis is less frequent in turkeys. However,
it was reported in turkeys that displayed symptoms such as swol-
len sinuses, conjunctivitis, tracheitis, and expectoration of
bloody mucus (Gulacti et al. 2007; Portz et al. 2008)
®The maximum ammonia levels in poultry houses have been set
as 50 ppm by the Occupational Safety and Health Administration
(OSHA). High levels of ammonia cause epithelial corneal ero-
sions and loss of cilia of the respiratory epithelium
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18.2 Enteric Disorders and Diseases

Enteric disorders are a significant group of disorders and diseases that affect poultry
and continue to cause high economic losses worldwide. These disorders can result
in increased mortality rates, decreased weight gain, increased medication costs, and
negatively influenced feed conversion rates (Jindal et al. 2010). Various pathogens,
including viruses, bacteria, and parasites, are responsible for enteric disorders.
These pathogens can act alone (mono-causal), with other microorganisms (multi-
causal), or in conjunction with noninfectious factors, such as feed and management-
related issues (Table 18.3). However, determining whether the cause of enteric
disorders in poultry is infectious or noninfectious is challenging under field
conditions.

18.2.1 Noninfectious Causes
The digestive system of a bird is highly dependent on its nutrition. Any malfunc-

tion of the digestive system can lead to poor digestion, reduced gut movement,
and inadequate nutrient absorption. In the same way, low-quality feed and poor

Table 18.3 Possible causes Noninfectious Infectious

of enteric diseases in turkeys Managemental causes Viral causes
Litter quality Newcastle Disease
Stocking density Coronavirus enteritis
Ventilation rate Hemorrhagic enteritis
Temperature Rotavirus

Distribution of feeders and drinkers | Astrovirus
Avian influenza

Nutritional causes Reovirus

Vitamin A deficiency Bacterial causes
E. coli
P. multocida
Salmonella
Clostridia
Fungal causes
Candida albicans
Parasitic cause
Coccidia
Histomonas
Hexamita
Ascaridia
Heterakis gallinarum
Cestodes
Cryptosporidium
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Fig. 18.1 Enteric disorders in turkeys. (a) Diarrhea and decreased weight gain and emaciation, (b,
¢) enteritis, (d) thinning of the intestinal wall © Hafez

nutrition can increase the risk of enteric disorders or even directly cause them.
Nutritional factors such as feed palatability, feed ingredient quality, feed formula-
tion, and pellet quality play a crucial role in maintaining gut health. Incorrect
feeding techniques such as sudden changes or restrictions in feed intake, and fiber
percentages in the feed can also lead to changes in the intestinal flora and/or enzy-
matic activity, resulting in digestive disorders and diarrhea (Fig. 18.1). Excessive
levels of mycotoxins and biogenic amines in the feed can also cause enteric disor-
ders. Dust in feed can impact its palatability and reduce feed intake and poorly
stored feed can contain fungal spores and rancid fat, negatively affecting the vita-
min content in the feed and reducing feed intake. Inadequate feeder space and
false distribution can cause competition among birds, leading to variations in feed
intake within the flock. Undesirable substances such as mycotoxins in feed can
adversely affect the immune system, increase the risk of infectious diseases, and
reduce the effectiveness of vaccines.

Proper rearing management is crucial for poultry production’s well-being, pro-
ductivity, and profitability while ensuring animal welfare. Rearing management
encompasses various factors that impact the birds’ health, such as house structure,
climatic conditions (including ventilation, temperature, and litter condition), stock-
ing density, feed and water supply, hygienic conditions, and the knowledge and
expertise of the stockman. These factors are interdependent and can either promote
or hinder the flock’s health condition. To achieve optimal performance outcomes,
turkey flock managers must integrate effective environmental, husbandry, nutrition,
and disease control programs. Rearing management should prioritize meeting the
birds’ needs, promoting production, and preventing disease. Any disruptions can
cause stress, leading to reduced bird resistance, increased susceptibility to infec-
tions, and weakened immune responses to vaccines.
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18.2.2 Infectious Causes

Infectious agents like viruses, bacteria, fungi, and parasites can cause intestinal dis-
orders. These agents can enter poultry farms through different routes, both verti-
cally and/or horizontally. Vertically transmitted infections like Salmonella and
E. coli can be a problem, along with improper hatchery management. However,
these agents can also be transmitted horizontally via direct contact between infected
and noninfected birds or indirectly via contaminated feed, water, equipment, envi-
ronment, or dust through ingestion or inhalation. Table 18.4 summarizes the diag-
nostic methods of enteric viral diseases in turkeys.



265

18 Diagnosis of Turkey Diseases

VSI'Td pue LNS/VAL
KdoosoIotur UONdA[H

VSITH -«
ANSTWIAYOOISTYOUNWIT] o
dod -

KdoosoIotmu uondd[g e

VSI'Td pue “¥Dd ‘dIDV
ua9rds )
Jo saykooydwA| pue seSeydoroewr
9y} Ul SAIPOq UOISN[OUL
Iea[onuenur (A[[eoIS0[0ISTH
SNIIA SHIYOUOIq SNONOJJUL
UBIAR [)IM SOSTITABUOIO))
¢ dnoi3 se payIsse[d ST AODL
(s1ho011£12 J1qqeI pUR
31d voums sojeunni3de A0DL)
1$9) UoNIqIYUI UoNeuNN[IFeWSH
AnSTIAYO0ISIYoUNWW] o
VSI'Td Pue INS/VAL »
AKdoosoIotur UONIA[H
C-AIseL pue
[-AJSEL, ‘UMOUY 9Je SISNIIAONSE
Aoyan Jo sadAy om], :SurdAL,
uoneZIPLIGAY M)IS U] o
VSI'Td Pue LNS/VAL
KdoosoIotwr UOnIA[g e

UuonedyNUIP]

uoneor[dar 10 [enuassa st uoneande ursdAiy,

QUIT IR $OIVIN

S[[90 JOAI] OTUOKIQUID USOTYD

pue Aoupry A)In) pue uaOIYd Jo AInInd Arewtd
uone[osI

[entur 9y} Joj parrojaId sI AJnoi oes [0 YL,
S[[90 AQupDy UYOIYD ‘S[[0 JOAI] 0KIqUID UIIYD

VD uo 1o
9In01 98s Y[0A oY) BIA S339 UOIYD pajeuoAIquig

soZessed

[}INOJ pue 1sI oy} I9)Je UOTILISUITIp [[90 popunor
QI S[[99 THD U0 $10939 o1yredolAo urew ay,
SUYIIYO

AdS woy S[[20 (THD) TPAI[ 0AIqUId USYDIYD)

9JN0I dNjoTUWE AY) BIA S339 AyIn) pajeuoAiquig

AIMmno

[[99 UO PAJB[OSI 9 JOUUEBD SISNIIAOLISE AIN)
‘S[[99 JOAT] OAIqUId UYDIYD SE YoNns “DIniyno [[ad
U0 PAJB[OSI 9q ULD SISNIIAOISE UNIIYD YSnoy)|y
91N0I 98BS Y[0A Y] BIA 339 UOIYD pajeuokiquiyg

uone[os|

wnaft

pue wnunlaf ur Ajurewnid sojeoridoy
SIOPIOSIP OLIAUD YIM PIJBIOOSSY
SIIpIEdOAUT

[eN1ISINUI ‘SHIAOUASOUD)/STILIYIIE [RIIA
‘uorssaxddnsounuwrwr ‘snLIBUd Sursned
‘PIO SYeom 9T—C[ Je sAaIn) wo) A[urewt
3unoajje uonIpuod aaissaidord y
SONSST) [BIOAIS UI

U99s 99 OS[e UBd S9FeyLIOWY [BIY02104
A1eSowojeday pue AeSowouddg
SJU9IU0D

£poo[q ()M PI[[Y ‘SAUNSAUI US[[OMS
yjeap uappns pue Jurddoip Apoorg

sonssn

SNIOLIQR,] BSING PUE SJUAJUOD [BUIISIIUT
QY3 UT Pa3dajop 9q Ued pue sKoyIny

Ul SIOPIOSIP OLIAIUD YIIM PIIRIDOSSY

Ayeyow
y31y pue BoULIRIP YIIM PIIBIOOSSY

SUOIS9[ pue 21M)oId [BOTUI[O UTRIA]

SNIIABIOY

SNITAOIY

snLuug
o1eyIIoWo

SILIOJUE
SNIIARUOIO))

SNITAOTISY
SNIIA

SIOPIOSIP OLIJUD SUISNED SISNIIA UTRW YL, {°8L d]qeL



266 A. A. Shehata and H. M. Hafez

18.3 Locomotory Disturbances

Leg weakness or lameness is a significant factor leading to poor welfare among
poultry and causing considerable economic losses in meat-type poultry around the
globe. Lameness in birds can often be linked to pain, which can severely limit their
ability to move around and access food and water. These can negatively impact their
health and production and reduce the quality of animal products. In addition, poor
welfare can negatively influence all aspects of a bird’s well-being (Kieronczyk et al.
2017; Szafraniec et al. 2020). Locomotory disturbances in poultry are a complex
issue caused by various noninfectious and infectious factors (Table 18.5. For more
details, please see Chap. 1. Figures 18.2 and 18.3 show some locomotory disorders
in turkeys.

Table 18.5 Possible causes of Noninfectious Infectious
locomotory disturbances in turkeys Managemental causes Viral causes
Litter quality Reovirus
Stocking density Marek’s disease
Light program Osteopetrosis
Nutritional causes Bacterial causes
Vitamin B2 deficiency E. coli
Perosis Mpycoplasma synoviae
Rickets/osteomalacia P. multocida
Enterococci
Staphylococcus
Streptococcus
Fungal causes
Aspergillus fumigatus
Parasitic cause
Cryptosporidium

Fig. 18.2 Arthritis in
turkeys © Hafez
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Fig. 18.3 Tibial torsion in
turkeys © Hafez

18.4 Nervous Manifestations in Turkeys

Several potential causes of nervous manifestations in turkeys have been reported
(Table 18.6). Differential diagnosis is based on the age of the birds, susceptibility,
accompanied symptoms, and laboratory diagnosis.

Newcastle disease and avian influenza viruses also cause nervous manifestations
in poultry. Neurological signs are predominant in waterfowl. The presumptive and
laboratory diagnosis is described in Table 18.6.

Table 18.6 Possible causes of nervous manifestations in turkeys

Etiology | Diagnosis
Viral causes
Newcastle disease ¢ NDV causes respiratory, nervous manifestations and enteric
disorders
¢ The presumptive and laboratory diagnosis is described in
Table 18.2
Avian influenza ¢ Neurological signs are predominant in waterfowl
¢ The presumptive and laboratory diagnosis is described in
Table 18.2

(continued)
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Table 18.6 (continued)

Etiology
Marek’s disease

Avian encephalomyelitis

Israel turkey
meningoencephalitis

Bacterial causes

Fowl cholera (chronic
form)

Riemerella anatipestifer
Botulism

Staphylococcus
Spirochaetosis

Salmonella arizonae
Nutritional causes
Thiamin deficiency
Vitamin A deficiency
Vitamin B2 deficiency

A. A. Shehata and H. M. Hafez

Diagnosis

Clinically MD has four forms:

Cutaneous form (nodular enlargement of the feather follicle;
the fully productive form occurs in the feather follicles)
Neural form (transient paralysis syndrome is associated with a
brain infection. Partial or complete paralysis for 1-2 days.
Thickening of peripheral nerves)

Visceral lymphomas (including diffuse enlargement of the
bursa of Fabricius, lymphomas in myocardium and lung,
during the early phase, it causes bursal atrophy due to
multiplication in B-lymphocytes)

Ocular form (iridociliary lymphomas, loss of iris
pigmentation, and irregular eye pupil)

Histopathology: The predominant is lymphocytes,
pleomorphic cell population

Clinical signs in newly hatched chicks (vertical transmission)
Clinical signs at the second week of age (horizontal
transmission)

Clinically: Neurological signs in baby chicks and cataracts in
adults

No postmortem lesions

Histopathologically: Gliosis, lymphocytic cuffing, and central
chromatolysis of neurons

Drowsiness, incoordination, torticollis, tremors, progressive
paresis, and paralysis

Diagnosis is based on IFA, hemagglutination inhibition test,
neutralization test, and PCR

Torticollis or twisting of the neck
Diagnosis: table

A disease of young ages (Table 18.8)
No postmortem lesions

Diagnosis is based on mice bioassay
Table 18.8

Paralysis

Presence of ticks

Enlargement and mottled spleen
Paralysis, torticollis, and opisthotonus

Stargazing posture

Associated with abnormal gait in growing turkeys
Curled-toe paralysis (the toes bent inward and downward)
On necropsy: Thickening of sciatic nerves
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Table 18.6 (continued)

Etiology
Vitamin E deficiency

Parasitic cause

Baylisascaris sp.
(Cerebrospinal
nematodiasis)

Toxicological causes

Organophosphorus
toxicity

Lead poisoning

269

Diagnosis

Characterized by neurological signs including muscle
weakness, ataxia, backward retraction of the head and neck,
rapid contraction, and relaxation of the legs

Nutritional encephalomalacia (lesions in brains)

Paralysis

Cerebrospinal nematodiasis has also been reported in several
mammalian and several avian species, including chickens,
turkeys, ostriches, emus, pigeons, doves, quails, pheasants,
partridges, blue jays, robins, and psittacines (Diab et al. 2012).
Raccoon is the natural host

Characterized by paralysis, profuse salivation

Degenerative changes in peripheral nerves and spinal cord
The diagnosis is based on the determination of
acetylcholinesterase in the brain and plasma

Demyelination in peripheral nerves and the presence of INIB
in tubular cells of the kidney

Table 18.7 Disease complex and/or lesion and some possible involved causes

Omphalitis
Salpingitis

Spondylitis (Vertebral
osteoarthritis)

Orchitis

Neonatal septicemia
Viruses causing a drop in
egg drop

Viruses of public health
concerns

Viruses causing high
mortality

E. coli, Pseudomonas aeruginosa, Enterococcus, Proteus

E. coli, Riemerella anatipestifer, Gallibacterium anatis (less
frequent)

Staphylococcus aureus, E. coli, E. cecorum

E. coli, Chlamydia, Staphylococcus (less frequent), Salmonella
(less frequent), Pasteurella (less frequent)

E. coli, Pseudomonas aeruginosa, Enterococcus, Salmonella
Avian influenza, Newcastle disease, Paramyxovirus 3, avian
metapneumovirus

Avian influenza, Newcastle disease

Avian influenza, Newcastle disease, avian metapneumovirus,
avian encephalomyelitis

18.5 Other Health Problems in Turkeys

The main disease complex and/or lesion and some possible involved causes are

shown in Table 18.7.
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18.6 Diagnosis of Bacteria in Turkeys

Establishing a strategy to control and prevent diseases begins with diagnosis, which
can be a complex process for disease complexes. This involves gathering case his-
tory, conducting on-site management and environmental investigations, as well as
clinical investigations and postmortem examinations. Clinical signs and lesions are
rarely sufficient to make a definite diagnosis. As a result, laboratory diagnosis
becomes necessary. The final diagnosis of infectious diseases can only be made
through laboratory diagnosis, which involves isolating and identifying the causative
agent and possibly detecting DNA or RNA using PCR, followed by typing.
Serological examinations to detect antibodies can also be conducted. It’s important
to note that an accurate diagnosis is essential for effective disease control and pre-
vention. In general, however, many factors such as governmental regulations, the
goal of examinations, cost-benefit analysis, equipment facilities, availability of
reagents, and experiences of the staff are influenced and, in some instances, limit the
choice of the laboratory methods (Hafez and Hess 1999). Nowadays, ELISA is the
preferred method for detecting antibodies due to its quick and dependable results.

The laboratory diagnosis of bacterial diseases in turkeys is shown in Figs. 18.4
and 18.5 and Tables 18.8, 18.9, 18.10, and 18.11. Gram-negative bacteria, such as
E. coli, Salmonella, Bordetella, Pasteurella, and Pseudomonas aeruginosa, cause
turkeys’ problems (Fig. 18.4 and Table 18.8). Several factors should be considered
for the isolation of bacteria, including the selection of media, incubation conditions,
and incubation time.

MacConkey agar, which contains bile salts and crystal violet to prevent the
growth of most gram-positive bacteria, is a widely recognized medium for isolating
gram-negative Enterobacteriaceae and other gram-negative bacteria (Jung and
Hoilat 2022). To isolate Salmonella spp. and Campylobacter spp., specific media
are utilized. For instance, modified semisolid Rappaport Vassiliadis agar (MSRV)
and modified charcoal-cefoperazone-deoxycholate agar (mCCDA), respectively.
The incubation condition is also a determinant factor for bacterial isolation. Both
Brachyspira and Clostridium spp. require strict anaerobic conditions for growth
(Mappley et al. 2014; Xu et al. 2021). However, Avibacterium paragallinarum is
cultivated under strict microaerobic conditions (Blackall and Soriano-Vargas 2020).
Certain types of bacteria, such as Mycoplasma spp. and Mycobacterium avium,
require longer incubation time.

Various biochemical reactions are used in phenotypic identification tests, which
can be carried out using commercial systems like analytical profile index (API)
systems. These tests can even help differentiate between different subspecies. For
instance, in Pasteurella multocida, the classification of the three subspecies, subsp.
multocida, septica, or gallicida, is based on their ability to ferment sorbitol and
dulcitol (Hunt Gerardo et al. 2001).

Biochemical methods for testing bacterial species can be both time-consuming
and resource-intensive. Additionally, differences in characteristics among members
of the same species or the inability of some bacteria to ferment certain carbohydrates
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Gram-negative

Acinetobacter
Neisseria Oxidase positive

Oxidase negative

Moraxella

Enterobacteriaceae

Pasteurella
ORT
Haemophillus Aeromonas

Bordetella*

Brucella** Pseudomonas

Fig. 18.4 Laboratory diagnosis of gram-negative bacteria in turkeys. The oxidase test is the key
test for gram-negative bacteria. * = Bordetella pertussis and B. para-pertussis are non-motile.
** = Brucella cannot produce acids from glucose

Gram-positive

Catalase Catalase Catalase Catalase
positive negative negative positive
N

. H2S (+) H2S () Esculin hydrolysis (+) Esculin hydrolysis (-)
o Erysipelothri L Listeria Corynebacterium
Micrococcus Enterococci

Fig. 18.5 Laboratory diagnosis of Gram-positive in turkeys. The oxidase test is the key test for
Gram-negative bacteria. * = Bordetella pertussis and B. para-pertussis are non-motile. ** = Brucella
cannot produce acids from glucose
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can lead to unreliable or inconsistent testing results, as seen in the cases of
Gallibacterium anatis and Riemerella anatipestifer (Christensen and Bisgaard 2010).

It is worth noting that even commercially available databases for bacterial iden-
tification may not always have up-to-date classification data, which can hinder
accurate and dependable identification, as demonstrated with Ornithobacterium
rhinotracheale (van Empel and Hafez 1999).

Biochemical methods for testing bacterial species can be both time-consuming
and resource-intensive. Additionally, differences in characteristics among members
of the same species and/or the inability of some bacteria to ferment certain carbohy-
drates can lead to unreliable or inconsistent results, as seen in the cases of
Gallibacterium anatis and Riemerella anatipestifer. It is worth noting that even
commercially available databases for bacterial identification may not always have
up-to-date classification data, which can hinder accurate and dependable identifica-
tion, as demonstrated with Ornithobacterium rhinotracheale, reviewed by (Liebhart
et al. 2023).
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19.1 Introduction

Vaccination is one of the most effective ways to protect farmers, employers, and
poultry against infectious diseases. For several years, poultry vaccines have played
a crucial role in promoting the health and welfare of fowls while also boosting pro-
duction. Vaccination is a cost-effective and essential tool to protect poultry from
infectious diseases, minimize losses, and limit the need for antibiotics treatment in
poultry farms.

Vaccines work by stimulating the immune system. However, several factors must
be considered before using the vaccines, including government regulations, the epi-
demiological situation in your area, the purpose of vaccination, vaccine availability,
and cost-benefit analysis. With huge advancements in vaccine production technol-
ogy over the years, several types of vaccines were developed, such as recombinant,
subunit, reverse genetic, and nucleic acid vaccines. The cost of vaccines can be
significantly reduced while ensuring better efficacy. These technologies also allow
for quick intervention to combat the constant mutation of microorganisms.
Additionally, efficient vaccines against bacterial infections can help reduce the use
of antibiotics and prevent the development of resistant bacteria. Elements of vacci-
nation are shown in Fig. 19.1.
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Fig. 19.1 Elements of vaccination
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19.2 Types of Vaccines

Several types of vaccines as inactivated, live attenuated, or recombinant are known.

19.2.1 Inactivated Vaccines

Inactivated or killed vaccines contain viruses whose pathogenicity has been inacti-
vated via physical and chemical means, but their protein coat structure remains
immunogenic. Ultraviolet radiation and heat inactivate the viruses physically, while
formalin is used chemically (Furuya et al. 2010). Killed vaccines provide long-term
immunity to flocks against infectious diseases such as Newcastle disease and avian
influenza, as well as bacteria such as Salmonella and fowl cholera. A schematic
diagram of inactivated vaccine development is shown in Fig. 19.2.
Several success factors for inactivated vaccines have been described.:

(i) Antigenic matching and antigenic load. Antigenic matching between the
vaccine and circulated field virus/bacteria is critical in achieving optimal vac-
cine efficacy. Therefore, selecting a seed master with a good antigenic match
to the field virus is crucial; the closer the antigenic match between vaccines
and the circulated field microorganisms, the better efficacy of the vaccine
(Wood et al. 1985). Accordingly, seed updating is a prerequisite for obtaining
efficient vaccines, particularly influenza vaccines. A rapid and high-level
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immune response against avian influenza could be achieved using higher
amounts of antigen (Sasaki et al. 2009).

Sterility. In manufacturing inactivated vaccines, the harvested allantoic fluid is
inactivated with formaldehyde. The time required must be sufficient to ensure
freedom from a live virus and microorganisms. The active ingredient is usually
emulsified with mineral or vegetable oil. The exact formulations are generally
commercial secrets. Inactivated antigens must be tested for completion of inac-
tivation in SPF eggs and/or birds. Also, formalin residues must be determined
in the final product.

Adjuvant. A potent adjuvant to enhance the immunogenicity of the inactivated
vaccines is important (Aucouturier et al. 2001). A perfect oil adjuvant enhances
the immune response. The Montanide ISA71 adjuvant has been shown to stim-
ulate both humoral and cell-mediated immune responses in different animal
species, including chickens (Jang et al. 2010, 2011).

Stability. Stability is defined as the ability of a vaccine to retain its chemical,
physical, microbiological, and biological properties within specified limits
throughout its shelf-life. Depending on the nature of the antigen and the manu-
facturing process, stability-indicating parameters should be selected on a case-
by-case basis.

Efficacy. The efficacy of each component of multivalent or combined vaccines
must be demonstrated. It must be shown that there is no interference between
the components, that is, one component does not cause a significant decrease
in another component’s immunological response or viability.

19.2.2 Live Vaccines

Live vaccines contain attenuated or avirulent viruses that maintain their immuno-
genic antigenicity for stimulating the body’s immune response. Generally, live vac-
cines stimulate both cellular and humoral immune responses. Examples of live
vaccines are HBI1, clone 30, and Lasota against the Newcastle disease virus
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(Wambura and Kataga 2011). Several live bacterial vaccines exist, for example,
Salmonella, E. coli, and Mycoplasma.

19.2.3 Recombinant Vaccines

Genetically engineered vectors can be used as vaccines. One advantage of viral vec-
tor vaccines is that they can trigger both antibody- and cell-mediated immune
responses without requiring an adjuvant. This makes them safe, as arthropods can-
not transmit them and are not excreted in body fluids. Additionally, they can pro-
duce antigens in the appropriate configuration and deliver multiple antigens
simultaneously.

19.2.4 Autogenous Vaccines

Autogenous vaccines are defined as “inactivated immunological veterinary medici-
nal products which are manufactured from pathogens and antigens obtained from
an animal or animals in an epidemiological unit and used for the treatment of that
animal or those animals in the same epidemiological unit or for the treatment of an
animal or animals in a unit having a confirmed epidemiological link” (EU 2019/6).
These vaccines are recommended in case of the following conditions: (1)
Commercial vaccines are unavailable. (2) Commercially licensed vaccines do not
have the required antigenic variants for the circulated pathogen and cannot provide
cross-protection. (3) Commercial vaccines fail to provide the expected protection
and have been proven ineffective.

19.3 Commonly Used Routes of Administration of Vaccines
19.3.1 Oral/Drinking Water

Drinking water is the most commonly used method for administering live vaccines
to birds. While this method is convenient, there are some drawbacks. Improper and
unequal distribution of vaccines can occur, as well as inconsistency and variability
in water quality. Impurities or residues in the water can cause the vaccine to become
inactive, and if water is withdrawn before vaccination, the birds may suffer from
water starvation. Several precautions should be considered: (1) Stopping any water
treatment for 48 h before vaccination; (2) using clean systems with cold, chlorine-
free water only; (3) using the amount of water to be consumed within 2 h; (4)
encouraging the birds to drink by keeping them thirsty before vaccination; (5) using
stabilizers such as skim milk, 3—4 g/L; (6) lowering the water lines to ensure uni-
form water consumption; and (7) opening the freshwater source only when all the
water has been consumed.
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19.3.2 Spray Method

Administering live vaccines via spray is a practical method that reduces the need for
handling, provides effective mucosal immunity, and is cost-effective. However,
there is a chance of respiratory reactions occurring due to small particle size, and the
deposition of particles is influenced by factors such as relative humidity, tempera-
ture, and hygiene. To ensure proper vaccine application, the following precautions
are recommended: (1) cleaning the equipment thoroughly and free from disinfec-
tants; (2) calibrating the droplet size to 150-200 microns and test the sprayer with
water before use; (3) keeping the sprayer 50-100 cm over the birds; (4) spraying
during cooler hours with the ventilation turned off and lights on, and all openings in
the house should be closed; and (5) After spraying, wait 15-20 min before resuming
ventilation.

19.3.3 Eye Drop Method

This method is very efficient. However, it is highly labor intensive. It can be used
for some vaccines against NDV. Precautions of the eye drop vaccination method
include: (1) make sure to use bottles and droppers that have been approved for use,
(2) calibrate the dropper and ensure the volume is diluted properly, (3) use colored
diluent for monitoring vaccinations, and (4) be sure to vaccinate at a moderate speed
to ensure high-quality work.

19.3.4 Injection

The intramuscular or subcutaneous is also a very efficient vaccination method; how-
ever, it requires high labor. The injection can be used for inactivated vaccines against
ND, fowl cholera, NDV, etc. The following precautions are also recommended for
the injection method: (1) follow the guidelines of the vaccine manufacturer; (2)
check the storage condition, vaccine type, and lot number; (3) warm vaccines for
1-2 h at 35-37 °C to make injection easier and less stressful for the birds; (4) cali-
brate injectors; (5) use full ventilation to avoid stressing the birds; (6) deposit the
vaccine after the needle has penetrated to its full length; (7) change needles every
few hundred birds to prevent contamination; (8) ensure the needle is directed into
the muscle and avoid blood vessels and internal organs; and (9) avoid self-injection
(Fig. 19.3).

19.3.5 Thigh-Stick Method or Wing-Web

This method is efficient and can provide 95-100% protection. It is commonly used
for avian pox and fowl cholera. The thigh-stick method is used frequently in
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turkeys. This method is highly labor-intensive as it needs individual handling. Birds
should be examined for “vaccinal takes” in case of pox vaccination 7-10 days
post-vaccination.

19.3.6 In Ovo Vaccination

The in ovo vaccination method is utilized in hatcheries for administering live and
live cell-mediated vaccines to provide the hatched birds early protection, particu-
larly against Marek’s disease. The amniotic sac route is commonly used for the in
ovo vaccination. This method stimulates both innate and adaptive immune responses.
However, this method comes with challenges, such as using costly equipment,
requiring training for vaccinators, and a risk of embryo death due to potential fungal
or bacterial contamination through the egg holes.

19.4 Suggested Vaccination Program for Turkeys
Vaccination programs for individual farms will vary depending on the area’s local

conditions, disease status, and individual preferences. Examples of different vacci-
nation programs are shown in Tables 19.1 and 19.2.
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Table 19.1 Suggested vaccination program against TRT and ND in meat turkeys

Age/week Vaccine Type of vaccine Application method
01 1. TRT Live DW/spray

03 2. TRT Live DW

04 1.ND Live DW

08 3. TRT Live DW

09 2.ND Live DW

14 4. TRT* Live DW

16 3. ND* Live DW

30nly in cocks. TRT Turkey rhinotracheitis, ND Newcastle, DW Drinking water (Hafez and
Jodas 1997)

Table 19.2 Suggested vaccination program for turkey breeder (Hafez and Jodas 1997)

Application

Vaccine Age of vaccination Type route
Pasteurella. multicide 7th, 12th, and 26th weeks Inactivated | S/C or I/m
(Cholera)
Erysipelas 12th and 16th Inactivated | S/C or I/m
Newcastle (ND) Sth, seventh, 11th, 16th day Live Drinking water

26th week Inactivated | S/C or I/m
Paramyxovirus-3 26th of age Inactivated | S/C or I/m
Turkey Rhinotracheitis (TRT) | Ist, third, 8th,14th, 16th weeks | Live Drinking water
Turkey Rhinotracheitis (TRT) | 26th week Inactivated | S/C or I/m
Avian encephalomyelitis 23rd week Live Drinking water
(AE)

19.5 Preventive Measures to Avoid Vaccination Failure

When designing a vaccination program for turkeys, it’s crucial to take into account
the following to prevent vaccination failure.

19.5.1 Vaccinal Seed and Vaccine Formulation

The vaccinal seed should exhibit a high homology with the circulated pathogen.
Records of all batches of vaccines and their standard tests of vaccine potency should
be maintained. Moreover, the antigen titer should be optimal so that the vaccine
may provide the proper immunity level. Before vaccine usage, it’s important to
check the expiration date mentioned on it. It’s important to avoid using expired
vaccines.
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19.5.2 Proper Storage of Vaccines

Storage conditions directly impact the effectiveness of vaccines (Siddique et al.
2016). To maintain their stability and viability for extended periods, vaccines need
to be kept at proper cold temperatures because they lose their potency over time. It
is critical to store vaccines at temperatures below 4 °C to ensure proper storage and
cold chain temperature (Evans and Pope 1995). Developing countries face chal-
lenges maintaining cold chain systems during transportation due to several factors,
such as loss of electric power, substandard refrigeration systems, overchilling, etc.
Additionally, extra chilling of oil-based vaccines leads to the crystallization of adju-
vant materials such as aluminum hydroxide salts, resulting in decreased vaccine
potency.

When vaccines are exposed to direct sunlight, the antigens in the vial can be
destroyed, which may cause the vaccine to become ineffective. Therefore, it is
important to avoid exposing vaccines to sunlight during the formulation process
for oral or parental vaccines. When administering oral vaccines, opening the cap
of the vaccine vial inside water is recommended. Mixing vaccines in drinking
water should be done in a room or a shaded area. To prevent sunlight from affect-
ing the vaccine during transportation, it is best to use black or colored bags and
cartons.

On the other hand, freeze-dried vaccines need to be kept at low temperatures,
preferably in a refrigerator at 4 °C, and during transportation, cooling or ice blocks
should be used to maintain low temperatures. Freezing and thawing must be avoided.
These vaccines should be removed from the refrigerator/freezer only when needed
and used immediately. Live vaccines for poultry flocks should be used within 2 h of
reconstitution. Once reconstituted, their potency decreases rapidly. Reconstituted
vaccines should be used as soon as possible, and unused vaccines can be stored in
the refrigerator for 6 h. After 6 h, they should be discarded.

Thermostable vaccines can withstand temperatures between 2 and 8 °C and are
more useful when maintaining a cold chain is difficult and cost-effective. These vac-
cines have some resistance to both cold and hot environments. Thermostable vac-
cines may solve the challenges associated with cold chain and storage temperatures
(Alders and Spradbrow 2001). These vaccines can preserve their effectiveness and
immunizing properties for up to a year at temperatures between 2 and 8 °C and up
to 3 months in dried form at temperatures up to 28 °C (Ideris et al. 1987).
Thermostable vaccines may be administered through various routes, including
intraocular, intranasal, injection, and oral (through drinking water or feed) methods
(Tu et al. 1998; Wambura et al. 2000).

19.5.3 Use of Stabilizers

Stabilizers are substances that are added to a vaccine to increase the shelf life of the
vaccine. The skim milk at the rate of 3—4 g/L can also be added as a suitable alterna-
tive stabilizer (Nwanta et al. 2005).
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19.5.4 Use of Immune Stimulants

Various substances have been utilized for immune stimulation in poultry, including
vitamin E, selenium, and levamisole (Koller 1982; Bashir 1994). Selenium supple-
mentation has been found to enhance the humoral immune response in chicks
(Droke and Loerch 1989; Arshad et al. 2005) and increase natural resistance to
antigenic stimuli (Colnago et al. 1984; Madron and Vrzgulova 1988). Additionally,
using selenium in feed increases humoral antibody titers (Schrauzer 2000).

19.5.5 Booster Dose

To achieve successful immunization, some vaccines need a booster dose (Bosha and
Nongo 2012). This booster dose should be given at least 10-20 days after the initial
dose. The initial dose is necessary to prepare the body for the vaccine, while the
booster is essential for maximum protection against the used antigen. If a booster
dose is not given, the antibody titers may be low, leading to vaccine failure. Studies
have shown that priming with a live attenuated vaccine, followed by a booster of a
killed vaccine and a second booster with a live vaccine, provides the best protection
against Newcastle disease (Afzal et al. 2015). However, regular subsequent inocula-
tions are also necessary.

19.5.6 Avoiding Stress and Use of Immunostimulants

The birds must be healthy to achieve an effective vaccine response in poultry. Any
stress should be avoided before administering the vaccine. The environment and
sheds should have normal temperatures before vaccination, and the birds should be
in good physical condition. Stress can negatively affect the immune response, so it
is not recommended to vaccinate birds during stressful conditions. To minimize
stress, they should add vitamins and minerals to their drinking water before, during,
and after vaccination.

To ensure the health of poultry, it is important to regularly analyze the commer-
cial feed provided to them and check for toxins. During humid conditions, fungi can
grow on feed ingredients, and their metabolites can enter the poultry’s body, leading
to immune suppression, reduced growth, hypersensitivity, and decreased feed
intake. Regular checks can help prevent these issues.

Taking vitamin and mineral supplements can help improve the body’s immune
response by affecting immune cells or changing metabolic and endocrine functions.
This leads to faster production of antibodies and achieving a protective level of
antibodies in less time. Vitamin E and selenium have been shown to modulate the
immune response and prevent vaccine failure. Research has found that vitamin E
may enhance the immune response to antigens in cockerels, but too much of it may
depress specific immune responses. Giving excess vitamins, amino acids, minerals,
and their combinations can enhance disease resistance by stimulating humoral and
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cellular immunity and phagocytosis. Birds need optimal vitamin nutrition to ensure
optimal immune response and disease resistance. Adding higher levels of vitamins
A, C, E, and selenium can improve the immune response of birds to vaccination and
reduce the chances of vaccination failure in broiler poultry flocks.

19.5.7 Deworming Before Vaccination

It is recommended to deworm adult birds at least 15 days before vaccination. Sick
birds should receive proper treatment and only be vaccinated after fully recovering.
Vaccinations should only be given to healthy flocks.

19.5.8 Monitoring of Subclinical Infections

Regarding poultry, diseases like coccidiosis can lead to subclinical infections. The
birds may seem healthy, but the infection can last long. It is important to regularly
monitor the birds’ appearance, the color and consistency of their droppings, any
unusual sounds they make, and signs of respiratory distress. Only after the staff in
charge has determined that the birds are in good health should they be vaccinated.

19.5.9 Consideration of Maternal Antibodies

When breeding or raising poultry, the adult flocks are vaccinated against viruses
common in the area. As a result, newly hatched chicks have maternal antibodies
from their mothers in their blood. For the best results, it is recommended to admin-
ister the ND vaccine to birds at least 7 days old (Nwanta et al. 2005).

19.5.10 Continuous Surveillance

It is important to regularly monitor the spread of diseases and collect data on their
patterns. Blood/serum and fecal samples can be collected and sent to a laboratory
for disease diagnosis. Tracheal and cloacal swabs can also be taken and sent to a
laboratory to isolate pathogens. Checking antibody titters against applied vaccines
on a routine basis can help maintain an optimum level of protection against the
disease.

19.6 Treatment of Bacterial Diseases in Turkeys
Knowing which bacteria are involved before using antimicrobials can contribute to

developing antibiotic resistance in bacteria is important. However, in cases where
preventative measures are unsuccessful in preventing the spread of infection,
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Table 19.3 Treatment of bacterial infections using antimicrobials

Avian pathogen Potential effective antibiotics
Bordetella avium * Tetracyclines can be used; however, it is difficult to be
treated via drinking water
Clostridium perfringens * Bacitracin, penicillin, lincomycin, erythromycin
¢ Polyether ionophores suppress C. perfringens
E. coli ¢ Treatment should be based on a susceptibility test

* Streptomycin, neomycin, tetracyclines, oxytetracycline,
chlortetracycline, and sulfonamides
Erysipelas ¢ Penicillin is the antibiotic of choice
* Inherently resistant to sulfonamides
Mycoplasma * Tylosin, tetracyclines, erythromycin
e Tiamulin is effective but neurotoxic when combined with
sulfonamides and or ionophores
¢ Inherently resistant (intrinsic) to penicillin and
sulfonamides
Pasteurella multocida * Tetracyclines, sulfonamides, sulfaquinoxaline,
sulfadimethoxine, and erythromycin
¢ Inherently resistant (intrinsic) to lincomycin
Salmonella * Lincomycin, lincomycin/lincospectin, neomycin, and
tetracyclines
* Treatment of salmonellosis is prohibited in the EU
¢ Resistant to erythromycin
Staphylococcus and * Benzylpenicillin, penicillin, lincomycin, and erythromycin
Streptococcus infections

treatment in several cases is necessary to control bacterial infectious diseases, main-
tain the health and welfare of the flock, and minimize economic losses. Ensuring an
accurate diagnosis, proper product selection, appropriate dosage, adequate duration,
and ongoing effectiveness monitoring is crucial. Concurrent sensitivity testing
should also be conducted, as the resistance tests of microorganisms can vary by
region and over time. In the event of treatment failure, corrective action should
be taken.

A potential cause of treatment failure is the pH of water. Mixing acidic (low pH)
products with basic (high pH) products in water may produce precipitants that will
plug the drinking water.

Examples of acidic antibiotics include tetracyclines, oxytetracycline, lincomy-
cin, chlortetracycline, and amprolium (Table 19.3). However, tylosin, sulfonamides,
and bacitracin are basic products. Neomycin and penicillin are neutral. It’s impor-
tant to consider the hardness and pH level of drinking water used for oral medica-
tion as it may cause incompatibilities (Brugere-Picoux et al., 2020).
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20.1 Introduction

A “natural” food is defined as follows: “a product containing no artificial ingredient
or added color and is only minimally processed” (Gernat et al. 2021). The main
requirement to produce “organic” is the production of food animals, without the use
of antimicrobials. Once birds are given any antimicrobials, they become automati-
cally ineligible to be sold as organic, which is challenging for some producers.
Additionally, the ban on antimicrobials as growth promotors in conventional farms
force the poultry industry to change to meet the ongoing changes in the market and
market preferences and “keep up” with consumer demands (Gernat et al. 2021;
Hafez and Shehata 2021).

The rearing and production of antibiotics-free turkeys is not much different from
conventional production but requires more attention to detail. Taking proactive mea-
sures to prevent diseases and establishing ethical, profitable, and appropriate pro-
grams and protocols are required to stop the use of antibiotics. No single program
can guarantee positive outcomes. Antibiotics may be necessary due to unfavorable
conditions or disease outbreaks, therefore educating producers on animal care prac-
tices and implementing good environmental programs to stop the use of antibiotics.

To successfully raise turkeys without antibiotics, reducing or eliminating expo-
sure to disease-causing agents and stressful conditions is urgent. The process of
hatching, processing, and delivery of poults is particularly challenging for young
turkeys, as they are susceptible to growth, disease, environment, management, and
nutritional factors. Proper management can help to reduce the use of antibiotics.
The main key factors in reducing antibiotics in poultry farms are the implementa-
tion of biosecurity, water sanitation, creating the right microenvironment, restoring
healthy gut, and avoiding chronic stressors. In poultry production without the use of
antimicrobials, animal welfare becomes a challenge when birds get sick and require
antimicrobial treatment. Since oxidative stress and chronic inflammation are medi-
ated by chronic inflammation, supplementing poultry with antioxidants and anti-
inflammatory might mitigate the chronic stress in animals.

20.2 Quality of Baby Chicks (Poults)

The quality of day-old chicks (poults) plays a crucial role in achieving optimum
production outcomes. To ensure good quality of poults, starting with a healthy
breeder flock is essential. The egg quality, as well as the health and nutritional well-
being of the breeders, significantly impact the quality of the day-old poults. Usually,
young breeders produce poults that are more susceptible to brooding conditions and
are more likely to die within the first week of life (Brugere-Picoux et al. 2020).
Turkey breeders should be vaccinated against several diseases to protect the poults
based on maternal antibodies. For example, vaccination of the breeder against viral
arthritis and avian encephalomyelitis. IgG antibodies usually descend in the egg
yolk, while the IgM and IgA descend in the egg albumin. The egg size and quality
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are also determinants of poult quality. The day-old chick will generally be 2/3 of the
original egg weight, which is, in turn, positively associated with slaughter weight.

The residual yolk (8—10% of the total poult weight) is proportional to the egg’s
size. However, bigger eggs tend to have poorer shell quality, negatively influencing
hatchability and poult quality. Also, bigger eggs are more likely to overheat during
incubation, producing poor poult quality.

The major strategy to control vertically transmitted diseases such as Salmonella
should now be directed to clean the production chain from the top. It is important to
collect all eggs at least three times per day and immediately disinfect them on the
farm to prevent rapid penetration of microorganisms. Two common methods are
used to disinfect turkey-hatching eggs under field conditions: fumigation and dip-
ping in a detergent or disinfectant solution.

Fumigation involves using formaldehyde gas for at least 20 min with a concen-
tration of 35 mL formalin mixed with 17.5 g potassium permanganate and 20 mL
water per m?® space. The temperature during fumigation should be maintained at a
minimum of 20-24 °C and relative humidity at 70%. The eggs should be placed in
trays that allow the fumigant to contact as much of the shell surface as possible.
After fumigation, hygienic measures should be taken to prevent recontamination.
However, formaldehyde gas can be unpleasant and pose health hazards to the opera-
tor, so some owners prefer to use wet treatments. Different sanitizing solutions,
such as chlorine, glutaraldehyde, and quaternary ammonium compounds, are
available.

Egg dipping in detergents or disinfectants is highly effective in greatly reducing
or eliminating the bacteria from the shell when performed correctly. However, there
is little or no effect on those bacteria that have already penetrated the shell. Attention
also must be directed to the temperature of the detergent, which must be higher than
the egg temperature. Dipping turkey-hatching eggs in disinfectant and/or antibiotics
using differential temperature dipping (TDD) or pressure differential dipping (PDD)
to control egg-transmitted Salmonella and other bacterial pathogens has been widely
investigated and is of great value.

Hatchery hygiene, including the right temperature, relative humidity, and venti-
lation, also determines chick quality. Hatcheries must be designed to permit only a
one-way traffic flow from the egg entry room through egg trays, incubation, hatch-
ing, and holding rooms to the van loading area. The ventilation system must prevent
the recirculation of contaminated air. Trays used for hatchery should be thoroughly
cleaned and disinfected before eggs are placed on them. Fumigation and disinfec-
tion programs should not be used to replace cleanliness but to support it. All eggs
should be sanitized on arrival at the hatchery (presetting treatment) using fumigation.

Additionally, fumigation can be carried out after setting. This provides final dis-
infection following handling, transport, and various environmental contaminations
during the storage of hatching eggs. Further fumigations are mostly carried out
immediately after the transfer of hatching eggs from the setter to the hatch.

Some turkey hatcheries in Germany wash the hatching eggs after delivery with
disinfectants and water, then dry them with hot air, then dipping in 1000 ppm
Gentamicin and/or 500 ppm Enrofloxacin under reduced pressure of 500 mbar for



298 S. Basiouni et al.

5 min. The partial vacuum is then released, and the eggs are allowed to soak the
antibiotics at atmospheric pressure for 10 min. After removal from the dip, eggs are
allowed to drain and dry before setting in the incubator.

Precautions should be followed since dipping solutions can become excessively
contaminated with resistant microorganisms such as Pseudomonads and organic
material. Thorough and continuous bacteriological monitoring of the dip solution is
also required. The concentration of the antibiotics must be examined regularly and
renewed routinely. By using enrofloxacin, the pH value of the dipping solution can
be corrected during storage. The use of egg dipping in antimicrobials should be
critically evaluated because of the irregular uptake of dip solution, uneven distribu-
tion of the active substance in the egg compartments, and lack of standardization in
the dipping technique.

20.2.1 Keeping Optimal Microenvironment

During the period between the end of the 19th day of incubation and 4-5 days after
hatching, the embryo that was once poikilothermic transforms into homeothermic
chicks (Brugere-Picoux et al. 2020). When raising turkey poults, they need to be
kept in an environment with additional heat for about 4-6 weeks. The stocking den-
sity and live weight per m? are shown in Table 20.1. Implementing a high manage-
ment level is crucial to encourage the poults to eat and drink. Creating an environment
that encourages healthy water and feed intake is crucial. Suppose day-old poults are
exposed to extreme temperature changes (either too cold or too hot). In that case, it
can hinder early consumption and ultimately delay the development of their intesti-
nal tract and immune system. Studies have shown that maintaining a poult body
temperature between 39.6 and 40.0 °C (103104 °F) results in the best outcomes for
consistent starts. Brooding young turkey poults is the most important phase of rais-
ing turkeys.

High levels of ammonia in poultry houses can negatively affect the health and
safety of birds. It can cause respiratory diseases and even blindness, impacting bird
production and increasing costs. Additionally, ammonia concentrations above
20 ppm can contribute to the spread of viruses, such as Newcastle and TRT. Poultry
houses also emit greenhouse gases such as carbon dioxide, nitrous oxide, methane,
and hydrogen sulfide. The maximum ammonia levels in turkey houses have been set
as 50 ppm by the Occupational Safety and Health Administration (OSHA). High

Table 20.1 Stocking density Agelweek Hens/m? | Tom/m?
and live weight per m? 0-6 11 11
7-12 5.5 4-4.5
13-16 5 3-35
>17 4.5 2.5-3
Maximum kg/m? at slaughter 56 64

age
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levels of ammonia cause epithelial corneal erosions and loss of cilia of the respira-
tory epithelium. It’s important to keep carbon dioxide (CO,) and carbon monoxide
(CO) levels in turkey barns, as they can greatly affect bird health and performance
(Mohammad Al-Kerwi et al. 2022). Monitoring and keeping CO levels below
25 ppm and CO, below 2500 ppm is crucial to avoid these negative effects.

20.2.2 Biosecurity

The first preparation should ensure the bird’s rearing space and all-in-all-out and
cleaned between flocks for the best possible results. Biosecurity is the first line of
defense in securing a clean environment and the health of the young flock. A pro-
gram that limits and controls exposure to beetles, flies, rodents, wild birds, and
human traffic is essential. These programs and plans should be reviewed regularly
and revised when needed.

Preventing and controlling infectious diseases requires careful planning and
effective management practices. These measures aim to prevent the introduction
and spread of infectious diseases by implementing surveillance programs and pre-
ventive vaccinations. Environmental management, including biosecurity measures,
cleaning, and disinfection, is crucial in limiting exposure to infectious agents. In
cases where there is a suspected or confirmed outbreak with significant public health
concern and economic impacts, such as with highly pathogenic avian influenza
(HPAI) and Newcastle diseases (ND) in the EU, eradication policies involving the
culling of infected and contact flocks are enforced by legislation. The same applies
to breeder flocks with Salmonella enteritidis or Salmonella typhimurium infections.
In some cases, such as Mycoplasma in breeder flocks, the industry is responsible for
preventing the spread of vertically transmitted infections.

Biosecurity is a set of management practices to prevent and/or reduce the poten-
tial for introducing and spreading infectious agents onto and between farms.

Farm owners, managers, and workers should be involved in designing and imple-
menting the biosecurity plan. Controlling the movement of people, animals, equip-
ment, and vehicles in and out of the farm and within the farm area is essential.
Cleaning, disinfection, and vector control must be integrated into a comprehensive
disease control program. They should include houses, equipment, and surroundings.
The procedure should be tailored to meet the particular needs. Knowledge about
microorganisms, physical and chemical agent sensitivity, and transmission mode
are essential.

Ensuring that no other animal species besides the intended livestock are present
at the farm is important. Employees should also refrain from keeping or working
with other domestic animals at home to prevent potential hazards, such as
Salmonella. For safety reasons, dogs, cats, and any other type of poultry should not
be allowed in the barns. It is recommended to keep the turkey houses locked and
prevent any unwanted visitors from entering the poultry buildings. Only necessary
vehicles like feed trucks should be permitted on-site and sprayed with disinfectant
on their wheels and underside. To prevent transmission and cross-contamination, it
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is crucial to conduct regular staff examinations and identify any carriers. These
precautions will help maintain a safe and healthy environment for all on the farm.

When creating a program for cleaning and disinfecting a barn, it’s important to
include a schedule, the type and concentration of disinfectant, the desired level of
cleanliness, and regular microbiological monitoring. It’s crucial to disinfect both
water and feed lines to ensure a thorough cleaning. Overnight sanitation with
2000 ppm of sodium hypochlorite is effective for water lines, while a special feed
flush with 2% propionic acid can disinfect feed lines. Rodents, especially rats and
mice, can contaminate poultry houses, so it’s essential to implement a well-planned
and routine rodent control program inside and outside the barn. Utilizing bait sta-
tions with single-dose anticoagulants is the most effective method of killing rodents.
Traps placed at the entrance and in feed rooms are also helpful, and monitoring
rodent activity and bait consumption is necessary for a successful program
(Gazdzinski 2004).

Darkling beetles are also important carriers of some pathogens and have become
a major pest in turkey barns, especially in brooding facilities. An insecticide should
be applied when the birds are moved out of the barn to control them. After cleaning
and disinfection, the house should be left empty for 2—4 weeks before a new flock
is placed. Litter for new flocks should be of good quality and stored in barns with
good control over rodents, wild birds, and other animals. Litter contamination dur-
ing storage can be a major source of several microbes in the turkey industry.
Precautions should be taken during storage, especially with straw, which can con-
taminate the field. Therefore, it is recommended to quarantine straw for at least
3 months instead of using fresh straw. It is important to note that litter moisture is
directly related to several health disorders in turkeys.

20.2.3 Water Sanitation Is One of the Cornerstones of Success

The importance of on-farm water sanitation cannot be overstated. Even farms that
rely on public water systems, minerals, and differing pH levels can lead to high
levels of harmful bacteria. Additionally, using certain products such as probiotics,
citric acid, organic acid, vaccines, and milk replacers, as well as naturally occurring
substances like iron, manganese, and sulfur, can all contribute to developing a bio-
film in the water system. This biofilm can provide a protective environment for
bacteria and molds, rendering some water sanitation programs ineffective. Therefore,
starting with clean water lines and maintaining a consistent water sanitation pro-
gram is critical to prevent undesired growth and exposure. While there may be times
when products are necessary that cannot be treated with water, such as on-farm
vaccinations, minimizing exposure is essential to reducing waterline
contamination.

The first step toward establishing a good water sanitation program is to clean the
water lines between flocks. This is best done using a commercial peroxide sanitizer
when the birds are moved out and again 24-48 h before placing the new flock. This
process removes unwanted biofilm that harbors unwanted bacteria. Ensure all the
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cleaner is removed from the lines and replaced with the daily water sanitizer before
poult placement. This will keep the source from repopulating. If this process has
never been done before, multiple applications may be needed to clean the lines
properly the first time.

To ensure proper sanitation, it is important to use an approved daily water sani-
tizer and regularly monitor it. A consistent monitoring program should be in place
to maintain proper sanitation. Chlorine is a common sanitation method, but its
effectiveness depends on the pH level, which should be between 5.5 and 6.5. If the
pH level exceeds this range, an acid should be introduced to lower it to the desired
level. This is important because a pH level of 7 or higher will produce hypochlorite
ions, which are ineffective at sanitizing water. Acidification to a pH of 6.5 or lower
will produce hypochlorous acid, which is 80 times more effective as a sanitizer. It is
important to inject the acid and chlorine separately into the water lines and never
mix them in the same container to avoid producing chlorine gas. To measure the
effectiveness of water sanitation, the oxidative reductive potential (ORP) levels of
the treated water should be >750 mV in all waterlines if an oxidizing sanitizer like
chlorine is used. ORP levels and pH measurements can be analyzed on the spot with
an electronic device that can analyze the water sample at the farm.

Another effective water sanitizer option is chlorine dioxide, which is pricier but
less corrosive than chlorine. To measure its levels, test strips are required as ORP
does not apply to this material. Collecting water samples and sending them to a lab
to fully comprehend water quality concerns related to all water sources is advisable.
Certain water problems may require professional assistance beyond the scope of a
water sanitizer.

20.2.4 Litter Management

Maintaining dry and cake-free litter conditions during the growing cycle can be
challenging without regular mechanical tilling or adding fresh bedding. It’s crucial
to manage drinkers to keep the litter dry, especially during brooding. Whether using
bell or nipple line drinkers, correctly adjusting system heights and pressure is essen-
tial. If the system height is too low or the flow rate is too high, birds may wastewa-
ter, resulting in wet litter on the floor.

20.2.5 Prevention of Chronic Stress on Poultry

Particular attention should be taken to chronic stress that reduces animal perfor-
mance and increases the animal’s susceptibility to infections. Some factors have
been reported: dysbiosis, leaky gut, heat stress, mycotoxins, endotoxins, and oxi-
dized diet, Fig. 20.1 (Shehata et al. 2022a).
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Fig. 20.1 Chronic stress in poultry and the link with antimicrobial resistance acquisition. Upon
antibiotic application, the resistant gene reservoir will be developed due to the eradication of sus-
ceptible strains from the gastrointestinal tract (Shehata et al. 2022a)

20.2.5.1 Dysbiosis and Leaky Gut Syndrome

Interactions between the host (poultry species) and intrinsic or extrinsic factors that
influence gut health are shown in Fig. 20.2. The gut microbiota is considered a hid-
den metabolic “organ,” due to its significant impact on the host’s metabolism, physi-
ology, nutrition, and immune function. The relationship between the intestinal
microbiota and their respective host animals is dynamic and mutually beneficial
(synbiosis). This complex interaction is crucial for maintaining good health, and
any imbalance in the gut microbiota can lead to several metabolic disorders. In
poultry production, intestinal health and proper functioning are essential for optimal
nutrient absorption and growth, directly affecting animal performance. The gut
microbiota is composed mainly of bacteria, fungi, and protozoa, and during dysbio-
sis, microbial metabolites can cause oxidative stress and inflammation (Shehata
et al. 2022b).

Also, during dysbiosis (a disturbance in the gut microbiota due to an imbalance
between beneficial and opportunistic microbiota), lipopolysaccharide (LPS) pro-
duction by gram-negative bacteria increases and induces local and systematic
inflammation by stimulating the intestinal epithelial cells and macrophages and
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Fig. 20.2 Interactions between the host (poultry species) and intrinsic or extrinsic factors that
influence gut health (created with BioRender.com) (Tellez-Isaias et al. 2023)

causing disruption of the tight junction or even leaky gut syndrome. The impaired
intestinal barrier function, commonly known as “leaky gut,” is a condition in which
the small intestine lining becomes damaged, leading to infiltration of luminal con-
tents such as bacteria and their associated components, including toxins, to pass
between epithelial cells. These conditions subsequently lead to cell damage and/or
inflammation of the intestine, characterized by increased levels of bacteria-derived
endotoxins in the blood. This inflammatory process consumes significant nutrients
and negatively affects metabolic responses, particularly immune-metabolic and
endocrine responses (Basiouni et al. 2022). As a result, animal performance is
severely reduced.

20.2.5.2 Mycotoxins and Endotoxins

Fungi and molds can grow and produce mycotoxins on food, grains, and animal
diets as suitable substrates. These mycotoxins are strain-specific and produced by
various fungi, particularly molds, making them a global issue due to massive eco-
nomic losses. Negative health impacts of mycotoxins include reduced feed intake,
weight gain, feed efficiency, growth performance, immunity, hatchability, increased
mortality, organ damage, carcinogenicity, teratogenicity, and decreased egg output.
Mycotoxins also induce lipid peroxidation and alter cellular redox signaling,
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antioxidant status, and membrane integrity through ROS generation. In addition,
mycotoxins suppress intracellular antioxidants and reduce glutathione levels. On
the other hand, ROS production can activate pro-inflammatory mediators such as
TNF-a, IL-1a, IL-1p, and IL-6 and NO expression, which can modulate the inflam-
matory response (Tellez-Isaias et al. 2023).

20.2.5.3 Oxidized Diet

Many poultry diets are supplemented with oils rich in polyunsaturated fatty acids
(PUFA) because they are a great energy source and can improve the taste and qual-
ity of pellets. However, PUFAs have a higher oxidation rate than saturated fats,
meaning they can go bad faster. The unstable double bonds in PUFAs allow more
oxygen to react at those points, which factors like light, transition metals, and tem-
perature during feed production and storage can cause. This reaction produces reac-
tive substances that can be harmful and cause an undesirable odor. The process of
lipid peroxidation can also produce harmful degradation products like peroxides,
aldehydes, and polar compounds, which can cause oxidative stress (Saracila et al.
2021; Tellez-Isaias et al. 2023).

20.2.5.4 Heat Stress

Heat stress is one of the most challenging stressors associated with poultry produc-
tion in tropical and subtropical regions and central and eastern Europe. Poultry
farms are susceptible to high ambient temperatures due to their feathers, lack of
sweat glands, and high production. Heat stress causes several adverse effects on the
intestinal mucus layer, tight junction, enteric immune system, and antioxidant sys-
tem. Heat stress is a key contributor to systemic oxidative stress by causing a redox
imbalance between the pro- and antioxidants in favor of prooxidants. Oxidative
stress disrupts the intestinal barrier, alters the cellular processes, and subsequently
increases intestinal permeability, facilitating bacteria’s translocation from the gut.
Other pathological problems associated with heat stress include (i) hepatic inflam-
mation due to activation of nuclear factor-kappa B (NF-x B) by bacteria and LPS;
(i) systemic inflammation due to the increase of pro-inflammatory mediators such
as interleukin (IL-1p), IL-6, and tumor necrosis factor a (TNFa); (iii) decreased
feed intake due to hypothalamic inflammation and inhibition; and (iv) growth retar-
dation due to muscle proteolysis stimulation, muscle protein synthesis inhibition,
and decreased feed intake (Saracila et al. 2021).

20.2.6 Nutraceuticals Supplementation to Reduce Antibiotics

Complementary (along with) and alternative (in place of) medicine (CAM) is the
term for medical products and practices that are not part of standard medical care.
In poultry, essential oils, plant extracts, probiotics, prebiotics, and fermentation
products have been claimed to stimulate digestive enzymes, improve gut histology,
modulate the immune system, and have antibacterial, anticoccidial, antifungal, or
antiviral activity (Shehata et al. 2022b). Several alternative feed additives to
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antimicrobial growth promoters (AGP) to improve intestinal health have been
described. Interestingly, several phytogenic substances having antioxidant and/or
anti-inflammatory effects in poultry have been described (Shehata et al. 2022a).
Polyphenols can suppress oxidative stress through two mechanisms: (i) reactive
oxygen species (ROS) scavenger by several mechanisms, such as electron donation,
hydrogen donation, and transition metal chelators, and (ii) upregulation of ROS
removing enzyme synthesis, which in turn stimulates the expression of antioxidant
enzymes. Polyphenols exhibiting antioxidant effects in poultry are curcumin,
epigallocatechin-3-gallate, quercetin, resveratrol, cinnamon oil, turmeric rhizome,
and pro-anthocyanidins. Several phytogenic substances have been used in poultry
and exhibited an anti-inflammatory effect. Examples of phytogenic substances that
are used in poultry are Salix spp. (Salicaceae), Boswellia spp. (Burseraceae),
Cinnamaldehyde, Zingiber officinale (Zingiberaceae), capsaicin, curcumin, piper-
amides, and thymol. These phytogenic substances act by one or more of the follow-
ing mechanisms: (i) inhibition of the release of inflammatory mediators such as
IL-1, IL-6, and TNF alpha; (ii) inhibition of leukotrienes; (iii) inhibition of cyclo-
oxygenase (COX) and lipoxygenase (LOX); and (iv) inhibition of arachidonic acid.

20.3 Conclusions

In conclusion, infectious diseases in turkeys are mostly associated with severe eco-
nomic losses; early recognition and monitoring programs are essential in managing
infectious diseases. However, a universal solution for preventing and controlling
infectious diseases does not exist. Generally, the measures mentioned above alone
is of little value unless improvements in all aspects of management and biosecurity
accompany them. In addition, effective education programs must be implemented to
increase public awareness of the necessary measures to protect against food-borne
infections like Salmonella and or Campylobacter in food products from turkeys.
Finally, research must continue to find additional control and preventive measures.

The interest in digestive physiology and the role of microorganisms has gener-
ated data whereby human and animal well-being can be enhanced and the risk of
disease reduced. New molecular techniques allow an accurate assessment of the
flora composition, resulting in improved strategies for elucidating mechanisms,
given the recent international legislation and domestic consumer pressures to with-
draw growth-promoting antibiotics and limit antibiotics available for treating bacte-
rial infections. Probiotics, postbiotics, and phytogenic substances can offer a good
alternative option.
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