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Preface

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. 
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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   

Preface



vii

	1	 ��General Overview on Turkey Production�������������������������������������������������     1
Awad A. Shehata and Hafez M. Hafez

Part I � Bacterial Diseases

	2	 ��Colibacillosis �����������������������������������������������������������������������������������������������   29
Awad A. Shehata and Hafez M. Hafez

	3	 ��Mycoplasmosis���������������������������������������������������������������������������������������������   47
Awad A. Shehata and Hafez M. Hafez

	4	 ��Fowl Cholera�����������������������������������������������������������������������������������������������   65
Awad A. Shehata and Hafez M. Hafez

	5	 ��Riemerella anatipestifer Infection���������������������������������������������������������������   77
Awad A. Shehata and Hafez M. Hafez

	6	 ��Salmonella Infections in Turkeys���������������������������������������������������������������   85
Hafez M. Hafez and Awad A. Shehata

	7	 ��Erysipelas����������������������������������������������������������������������������������������������������� 105
Awad A. Shehata and Hafez M. Hafez

	8	 ��Necrotic Enteritis ��������������������������������������������������������������������������������������� 115
Awad A. Shehata and Hafez M. Hafez

	9	 ��Botulism������������������������������������������������������������������������������������������������������� 125
Awad A. Shehata and Hafez M. Hafez

	10	 ��Clostridial Dermatitis in Turkeys ������������������������������������������������������������� 131
Guillermo Tellez-Isaias, Britany D. Graham, Aaron Forga,  
Xochitl Hernandez-Velasco, Daniel Hernandez-Patlan,  
Bruno Solis-Cruz, Víctor M. Petrone-García, Inkar Castellanos-Huerta, 
Jesús A. Maguey-González, Juan D. Latorre, Saeed El-Ashram, 
Wolfgang Eisenreich, Hafez M. Hafez, and Awad A. Shehata

	11	 ��Bordetella avium����������������������������������������������������������������������������������������� 143
Awad A. Shehata and Hafez M. Hafez

Contents



viii

	12	 ��Ornithobacterium rhinotracheale (ORT)��������������������������������������������������� 149
Awad A. Shehata and Hafez M. Hafez

	13	 ��Avian Chlamydiosis������������������������������������������������������������������������������������� 157
Awad A. Shehata and Hafez M. Hafez

	14	 ��Campylobacter ������������������������������������������������������������������������������������������� 163
Hosny El-Adawy and Hafez M. Hafez

	15	 ��Avian Tuberculosis ������������������������������������������������������������������������������������� 169
Awad A. Shehata and Hafez M. Hafez

	16	 ��Brachyspira������������������������������������������������������������������������������������������������� 175
Awad A. Shehata and Hafez M. Hafez

	17	 ��Staphylococcosis ����������������������������������������������������������������������������������������� 179
Awad A. Shehata and Hafez M. Hafez

	18	 ��Streptococcosis ������������������������������������������������������������������������������������������� 185
Awad A. Shehata and Hafez M. Hafez

	19	 ��Enterococcosis��������������������������������������������������������������������������������������������� 189
Awad A. Shehata and Hafez M. Hafez

	20	 ��Pseudomonas Infection in Turkeys ����������������������������������������������������������� 195
Awad A. Shehata and Hafez M. Hafez

	21	 ��Other Bacterial Diseases����������������������������������������������������������������������������� 199
Awad A. Shehata and Hafez M. Hafez

Part II � Fungal Disease

	22	 ��Fungal Diseases������������������������������������������������������������������������������������������� 205
Rüdiger Hauck

Contents



ix

Editors and Contributors

About the Editors

Awad  A.  Shehata  gained his Bachelor’s degree in 
Veterinary Medicine from the Faculty of Veterinary 
Medicine, Alexandria University, Egypt, and his license as 
veterinarian from Ludwig-Maximilians-University, Munich, 
Germany. In 2005, he obtained a Master’s degree in avian 
diseases at the Faculty of Veterinary Medicine, Sadat City 
University, Egypt. In 2011, he completed his Ph.D. (Dr. med. 
vet.) in “Virology” at the Faculty of Medicine, Leipzig 
University, Germany. In 2015, he obtained his Dr. habilitatus 
(Dr. med. vet. habil.) in “Bacteriology and Poultry Diseases” 
at Leipzig University, Germany. In 2022, he was honored 
with a Professor of “Avian Diseases” title from Sadat City 
University, Egypt. Besides his academic work at several uni-
versities, Dr. Shehata has 6 years of industrial experience in 
vaccine production and the development of alternatives to 
antimicrobials. He is a certified Quality manager, Auditor, 
Project manager, European Business Competence License 
level (EBCL), Good Manufacturing Practice (GMP), 
FELASA-B and -C, and Phytotherapist. Dr. Shehata’s 
research interests lie mainly in developing alternatives or 
complementary to antimicrobials and diagnostic strategies 
and studying avian pathogens’ epidemiology and molecular 
epidemiology. Alternatives include developing and evaluat-
ing recombinant vaccines, live attenuated bacterial vaccines, 
inactivated vaccines, probiotics, and prebiotics. Dr. Shehata 
teaches Avian Diseases and Microbiology courses in English 
and German at several universities worldwide. He is cur-
rently a project leader at the Structural Membrane 
Biochemistry, Technical University of Munich, Garching, 
Germany, who studies the analysis and mechanism of actions 
of natural products, metabolic pathways, and fluxes in vari-
ous organisms by 13C-labeling experiments and profiling.



x

Hafez  M.  Hafez  was Head of the Institute of Poultry 
Diseases of the Free University in Berlin from 1997 until 
2016. He is currently a Guest “Senior” Professor at the same 
Institute. Hafez gained his Master of Veterinary Science 
(MVSc) at the Department of Poultry Diseases from Cairo 
University, Egypt, in 1975. In 1981, he completed his 
Doctorate Degree (Dr. med. vet) at the Department of Poultry 
Diseases, Giessen University, Germany. In 1994, he finished 
the Habilitation (Dr. med. vet. habil.) thesis at the Department 
of Poultry Diseases, Munich University, Germany. Dr. Hafez 
has been recognized as a Veterinary Poultry Specialist since 
1982, Veterinary Microbiology Specialist since 1989, and 
Veterinary Animal Hygiene Specialist since 1996. He 
became the Diplomat of the European College of Veterinary 
Public Health (Dipl. ECVPH) in 2005 and the European 
College of Poultry Veterinary Science (Dipl. ECPVS) in 
2009. He is currently the Honorary Life President of the 
World Veterinary Poultry Association (WVPA). He was the 
Past-President of the ECPVS, the Chairman of the Poultry 
Scientific Committee of the German Veterinary Chamber, 
the Chairman of the German Branch of the WVPA, the 
Chairman of Working Group 10 (Turkey), and European 
Branch of World Poultry Science Association (WPSA). 
Besides, he has been an Honorary Professor at the University 
of Hohenheim, Germany, since 1996 and an Honorary 
Professor at Alexandria University, Egypt, since 2009. Since 
2015, he has been an advisor to the Arab Federation for Food 
Industries (AFFI). Dr. Hafez’ research interest focused on 
poultry disease diagnosis and control in general and food-
borne diseases, management, animal welfare, and hygiene.

Contributors

Shereen Basiouni  Cilia Cell Biology, Institute of Molecular Physiology, Johannes-
Gutenberg University, Mainz, Germany

Inkar Castellanos-Huerta  Department of Poultry Science, University of Arkan-
sas, Fayetteville, AR, USA

Bussarakam Chuppava  Institute for Animal Nutrition, University of Veterinary 
Medicine Hannover, Foundation, Hannover, Germany

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

Editors and Contributors



xi

Wolfgang Eisenreich  Bavarian NMR Center, Structural Membrane Biochemistry, 
Department of Chemistry, Technische Universität München, Garching, Germany

Hosny El-Adawy  Institute of Bacterial Infections and Zoonoses, Friedrich Loef-
fler Institut, Jena, Germany

Saeed El-Ashram  College of Life Science and Engineering, Foshan University, 
Foshan, Guangdong Province, China

Amr Abd El-Wahab  Institute for Animal Nutrition, University of Veterinary Med-
icine Hannover, Foundation, Hannover, Germany

Hafez  M.  Hafez  Institute of Poultry Diseases, Faculty of Veterinary Medicine, 
Free University of Berlin, Berlin, Germany

Rüdiger  Hauck  School of Veterinary Medicine, University of California, 
Davis, CA, USA

Daniel  Hernandez-Patlan  Multidisciplinary Research Unit, National Autono-
mous University of Mexico-Superior Studies Faculty at Cuautitlan (UNAM-FESC), 
Cuautitlan Izcalli, Mexico State, Mexico

Xochitl  Hernandez-Velasco  Departamento de Medicina y Zootecnia de Aves, 
Facultad de Medicina Veterinaria y Zootecnia, UNAM, Mexico City, Mexico

Juan D. Latorre  Department of Poultry Science, University of Arkansas, Fayette-
ville, AR, USA

Dörte  Lüschow  Institute of Poultry Diseases, Faculty of Veterinary Medicine, 
Free University of Berlin, Berlin, Germany

Jesús A. Maguey-González  Department of Poultry Science, University of Arkan-
sas, Fayetteville, AR, USA

Víctor M. Petrone-García  Departamento de Ciencias Pecuarias, FESC, UNAM, 
Cuautitlán, Estado de Mexico, Mexico

Awad A. Shehata  Structural Membrane Biochemistry at the Department of Chem-
istry, Technische Universität München, Garching, Germany

Bruno  Solis-Cruz  Multidisciplinary Research Unit, National Autonomous Uni-
versity of Mexico-Superior Studies, Faculty at Cuautitlan (UNAM-FESC), Cuautit-
lan Izcalli, Mexico State, Mexico

Guillermo Tellez-Isaias  Department of Poultry Science, University of Arkansas, 
Fayetteville, AR, USA

Editors and Contributors





2

imbalance causes problems such as sudden death syndrome, deep pectoral 
myopathy, and aortic rupture. Furthermore, genetic selection is a cause of mus-
culoskeletal system problems related to fast growth, such as dyschondroplasia 
and footpad dermatitis. In this chapter, we shed light on the domestication and 
dissemination of turkeys. Also, we will discuss the most common public health 
issues related to turkey and turkey products. Finally, the impacts of genetic selec-
tion in turkeys on health conditions will be discussed.

Keywords

Turkey classi�cation · Domestication · Turkey industry structure · Public health  
Genetic selection · Animal welfare

1.1	� History and Turkey Domestication and Structure 
of the Turkey Industry

1.1.1	� Classification of Wild Turkeys

Turkeys are classi�ed as members of the family Phasianidae, subfamily 
Meleagridinae (order Galliformes) (Fig. 1.1). Seven subspecies of wild turkeys are 
known, namely, M.g. sylvestris (Eastern wild turkey), M.g. aneusta (Moore’s), M.g. 
merriami (Merriam’s), M.g. mexicana (Gould’s), M.g. gallopavo (Mexican), M.g. 
intermedia (Rio Grande), and M.g. asceola (Florida). (Florida) (Howard and Moore 
1980; Mock et al. 2002; Porter and Kirwan 2017; Stangel et al. 1992).

Fig. 1.1  Classi�cation of 
turkeys

A. A. Shehata and H. M. Hafez
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1.1.2	� History of Turkey’s Domestication

The Mexican subspecies M.g. gallopavo is the �rst ancestor of domestic turkeys 
(Leopold 1972). The M.g. sylvestris subspecies was later hybridized with the M.g. 
gallopavo to form the modern commercial turkeys. Although M.g. merriami was 
domesticated in the USA, but it has not persisted (Crawford 1992).

At the time of the discovery of America, domestic turkeys were widely spread in 
Mexico and Central America (Schorger 1966). It was suggested that the aboriginal 
peoples of North America domesticated the turkey before its initial export to Europe. 
However, dates for the incipient domestication of the turkeys vary widely, but there 
appears to be a general consensus that the bird was domesticated before AD 500. 
After Columbus discovered America in 1492 and the Spanish occupied the sur-
rounding islands and coastal countries in the following years, they found domesti-
cated unknown feathered fowl with “drooping chins” among the Indians in Mexico 
and Central America. Since the Spanish thought they had discovered the West 
Indies, they called these fowl “Indian chickens.” Today, they are known as turkeys. 
The turkeys found by the Spaniards were only half the size of the original wild tur-
keys and exhibited a wide variety of color variations (Hesse and Scholtyssek 1978).

In 1511, the turkey was introduced into Spain based upon an order from the 
Bishop of Valencia that each ship returning from the West Indies bring back male 
and female turkeys in equal proportions. However, before 1520, there was no evi-
dence of raising turkeys in the West Indies. It highly suggested that turkeys were 
introduced into Spain in 1518 when Columbus landed at Point Caxinas (Cabo de 
Honduras) (Smith 2006). The Spanish brought M.g. gallopavo and M. ocellata, 
which were never domesticated, from Mexico. Subsequently, it was exported to 
almost all Western European countries. The �rst arrivals of turkeys to Italy, Germany, 
France, England, Denmark, Norway, and Sweden were in 1520, 1530, 1538, 1541, 
1550, 1550, and 1556, respectively (Schorger 1966). Its introduction of turkeys in 
western, central, and northern Europe in the sixteenth century was also con�rmed 
by archaeological osteological �ndings (Albarella and Thomas 2002; Poole 2010).

The Mexican domestic turkeys were also introduced into eastern North America 
by French, English, and Dutch colonies (Crawford 1984). They were hybridized 
with the wild eastern subspecies (M.g. sylvestris), which were never domesticated. 
The progeny was much larger than the Mexican parents. The hybrid stock soon 
became known as “American Bronze.” Because of its larger size, it rapidly replaced 
the original Mexican domestic turkeys in North America and Europe. It became the 
modern commercial turkey. In 1950, further crossbreeding and selection resulted in 
“white-feathered turkeys,” which spread rapidly in the 1960s.

1.1.3	� Structure of the Turkey Industry

The most signi�cant structural change in turkey production was set in motion in the 
USA, England, and France. In America, until the end of the second World War, 
turkeys were raised traditionally, i.e., free range with seasonal reproduction and 
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both natural and arti�cial brooding. Arti�cial brooding, hybrid breeding, and arti�-
cial insemination enabled targeted selection to improve animal performance and 
quality.

The intensive crossbreeding programs are fast-growing (medium to heavy) and 
are primarily marketed or processed in cut-up form (Olschewsky 2019). Today, the 
global specialized breeding companies of the turkey industry are Erich Wesjohann 
Group based in Germany (Aviagen Turkeys) with the B.U.T. and Nicholas Lines 
and Hendrix Genetics based in the Netherlands (Hybrid Turkeys) with the Converter 
and Grade maker lines (Hendrix Genetics). These companies also provide less fast-
growing turkey lines, such as various lines from Aviagen Turkeys (Hockenhull 
Turkeys). Hendrix Genetics and the smaller breeding company Kelly Turkeys in the 
United Kingdom also offer different slow-growing hybrids suitable for free-range 
production (Kelly Turkey Farms).

The Grandparent �ocks �rst produced the parent stocks (multipliers), each con-
nected to hatcheries and forming the multiplication stage. Breeding companies 
carry out the actual breeding with their own stocks and hatcheries. At the hatcheries, 
the day-old poults are sorted by sex. The female birds are given to rearing farms and 
remain there until they are ready to lay eggs (approx. 20 weeks) and are then deliv-
ered to egg-producing companies.

Breeding female turkeys (hens) and male turkeys (toms) are raised in separate 
barns until they are around 28 weeks old. Breeding turkey hens lay for 6 to 7 months, 
roughly 100 to 130 hatching eggs, until their productivity declines.

Since most modern turkey breeds can no longer mate due to their weight, hatch-
lings’ poults are conceived through arti�cial insemination. Workers manually stim-
ulate turkey toms to collect their semen, which is then used to inseminate turkey 
hens. Hens are held upside down and restrained manually during arti�cial insemina-
tion or by so-called insemination benches that protect workers and minimize 
bird injury.

The hens lay eggs in nest boxes that automatically force out the hens several 
times and move the eggs to a conveyor belt. The �oor eggs were then collected 
manually and transported to commercial hatcheries. Turkey eggs hatch within 
28 days.

After hatching, female and male poults are separated and transported to pre-
heated and lighted rearing houses to ensure that the poults can �nd feed and water. 
They are kept in rings for the fourth to sixth week of age and stay in the barns until 
they are sent to slaughter. The hens are slaughtered between the 14th and 16th 
weeks of age and the toms between the 19th and 22nd weeks.

1.1.4	� Turkey Farming Statistics

Globally, around 655 million turkeys are slaughtered every year. In the USA, 
hatcheries incubated 336 million turkey eggs and hatched 281 million poults in 
2019. In the same year, 229 million turkeys raised on around 2,500 farms were 
slaughtered and processed for food. The organization of the turkey industry is 
shown in Fig. 1.2.

A. A. Shehata and H. M. Hafez
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Fig. 1.2  Organization of 
the turkeys industry (Hafez 
2019)

Table 1.1  World’s top ten 
countries of turkey meat 
production in 2019 (Hafez 
and Shehata 2021)

Rank Country Metric tons
1 USA 2,692,241
2 Brazil 588,051
3 Germany 475,553
4 France 363,828
5 Italy 304,253
6 Spain 219,025
7 Poland 191,162
8 Canada 171,469
9 United Kingdom 152,005
10 Israel 99,969

Several turkey breeds recognized by the American Poultry Association are 
known, such as Auburn, Buff, Black, Bourbon Red, Narragansett, Royal Palm, 
Slate, Standard Bronze, and Midget White. Most turkey breeds with high-
performance potential are also used in organic farming. The top ten countries of 
turkey meat production in 2019 are shown in Table 1.1.

1  General Overview on Turkey Production
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1.2	� Public Health Issues Related to Turkey and Turkey 
Products: Current Challenges

The turkey industry worldwide strives to ensure the production of safe food prod-
ucts by implementing ef�cient and goal-oriented healthcare practices that prevent 
the development of diseases in birds. However, the industry is currently facing vari-
ous challenges, including strong global competition among producing countries, the 
migration of large poultry producers to countries with lower production costs, and 
steady increases in feed costs. This last issue is a major disadvantage for countries 
that rely on imported feed ingredients, such as soya, as a protein source. The increase 
in biofuel and biogas production will also reduce the available land for food grains 
and feed production. Climate change and limited water resources also need to be 
seriously considered, as they can signi�cantly impact the cost of production. 
Furthermore, changes in social, political, and consumer perceptions and demands, 
as well as varying legislations related to food safety among producing countries and 
the emergence and re-emergence of some diseases, pose additional challenges for 
the poultry industry.

1.2.1	� Food Safety

Salmonellosis and campylobacteriosis are the two most important foodborne dis-
eases transmitted from poultry to humans. Although infecting poultry rarely shows 
clinical signs, it frequently causes diarrhea in humans. Salmonella enterica serovars 
can cause intestinal in�ammation in humans, resulting in mucopurulent or bloody 
diarrhea, fever, vomiting, and abdominal cramps for several days. The incubation 
period ranges from less than a day to 3 days. In countries with intensive poultry 
production, it is challenging to eliminate Salmonella contamination in poultry pro-
duction under current conditions. However, it is possible to eliminate host-speci�c 
serovars and reduce non-host-speci�c invasive serovars (Hafez 2009).

The European Parliament Council Regulation 2160/2003/EC was passed in 
November 2003 to control foodborne zoonotic agents like Salmonella. The �ocks 
should be tested by the competent authority. In June 2008, commission regulation 
(EC) no. 584/2008 was put into force, implementing regulation (EC) no. 2160/2003 
of the European Parliament and the council. It aimed to reduce the prevalence of 
S. enteritidis and S. typhimurium to 1% or less by December 31, 2012.

Campylobacter is the leading cause of zoonotic enteric infections worldwide. 
Contaminated food is the primary transmission mode for humans. In most coun-
tries, the prevalence of broiler, layer, and turkey �ocks is higher than 50%. Poultry 
mainly carries C. jejuni, while C. coli are less common, and C. lari is rare. Infection 
rates are higher in spring and fall than in winter and summer, and �ocks younger 
than 3 weeks are rarely affected. There is no evidence of vertical and/or horizontal 
transmission from one �ock to another via persistent in contaminated houses. 
However, horizontal transmission from the environment is the primary route for 
Campylobacter contamination in poultry. Campylobacteriosis cases in humans 

A. A. Shehata and H. M. Hafez
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steadily increase and have exceeded salmonellosis cases in some EU countries 
(EFSA 2015).

Avian in�uenza (AI) can cause severe illness in both poultry and humans. 
However, transmission from birds to humans only occurs through close contact. If a 
human is infected with AI, they may experience lower respiratory manifestations, 
leading to cough, sore throat, breathing dif�culties, and pneumonia. Other �u-like 
symptoms, such as fever and muscle aches, may also occur. Respiratory symptoms 
may be absent in some atypical cases, and infected humans may experience diarrhea 
and/or neurologic signs. Most cases of in�uenza A subtypes H5N1 and H7N9 in 
humans have been linked to direct or indirect contact with infected live and/or dead 
poultry. It is essential to maintain quality surveillance in both animal and human 
populations, thoroughly investigate every human infection, and plan for pandemics 
based on risks (WHO 2018).

1.2.2	� Antibiotic Resistance and Associated Problems

The emergence of antibiotic-resistant bacteria in animals and humans poses a con-
tinuous public health threat. Only a few authorized pharmaceutical veterinary prod-
ucts are available for treating poultry used for food production. A broader 
understanding of their entry and movement through the food chain and the condi-
tions that promote or inhibit their growth is necessary to control these foodborne 
pathogens effectively. Typically, poultry feed supplementation with antibiotic 
growth promoters (AGPs) enhances livestock performance by improving digestion, 
nutrient absorption, and microbial population balance. This leads to a reduction in 
the prevalence and severity of intestinal disorders. However, AGPs may also increase 
the prevalence of drug-resistant bacteria. In line with the “precautionary principle” 
and lessons learned from some European countries, the EU banned the use of 
growth-promoting antibiotics in the feed of food-producing animals by January 
2006. Based on �eld observations in Europe, it has become apparent that the poultry 
industry has encountered various challenges following the prohibition of AGPs. The 
ban has resulted in reduced performance (lower body weight and less ef�cient feed 
conversion), as well as issues with rearing (wet litter and elevated ammonia levels), 
animal welfare (footpad dermatitis), and overall bird health (enteric disorders 
caused by dysbacteriosis and clostridial infections). However, research suggests 
that competitive exclusion, prebiotics, probiotics, enzymes, and acids may help 
mitigate the incidence and severity of clostridial infections in poultry. There is a 
growing trend toward �nding alternatives to antibiotics for turkey production 
through developing, testing, evaluating, and using various options. These alterna-
tives include, but are not limited to, probiotics (also known as direct-fed microbial), 
prebiotics, organic acids, essential oils, spices, and plant and yeast extracts (Gernat 
et al. 2021).

El-Adway and others examined 76 Campylobacter jejuni isolates from 67 meat 
turkey �ocks in various regions of Germany between 2010 and 2011. Shockingly, 
only one isolate was susceptible to all antibiotics tested. The majority of isolates 

1  General Overview on Turkey Production
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showed resistance to sulfamethoxazole/trimethoprim (76.3%), metronidazole 
(76.3%), cipro�oxacin (69.7%), nalidixic acid (67.1%), and tetracycline (55.3%). 
Multidrug resistance, de�ned as resistance to three or more classes of antimicrobial 
agents, was found in a range of 3.9% to 40.8%. Similar results were discovered in a 
study examining isolates from free-range turkey �ocks in Germany conducted by 
the same group in 2012 (El-Adawy et al. 2012).

Richter et al. (2012) found that vancomycin-resistant enterococci were present in 
75% of the investigated turkey �ocks in South Germany. The study detected entero-
cocci-bearing van genes in 68 cultivated isolates from birds and dust samples. The 
prevalence of methicillin-resistant Staphylococcus (MRSA) was also investigated in 
20 fattening turkeys and people living on farms. The study found that 18 out of 20 
�ocks were positive for MRSA, with female �ocks being positive in all cases and 
eight male �ocks. In 12 farms, 37.3% of the 59 persons sampled were positive for 
MRSA, with those with frequent access to the stables being more likely to test posi-
tive. However, no clinical symptoms of an MRSA infection were observed in any 
individuals tested. Similar results were reported by El-Adawy et al. regarding 
MRSA in turkeys. Moawad et al. (2018) reported the isolation of colistin-tolerant 
and extended-spectrum �-lactamase (ESBL)-producing Escherichia coli from 
healthy broilers in Egypt, as well as other methicillin-resistant Staphylococcus spp. 
being detected on 11 farms and in 8 people working on the farms (Moawad et al. 
2018). CTX-M-type ESBL-producing Salmonella typhimurium was recently 
detected in commercial poultry farms (Kaonga et al. 2021; Tellez-Isaias et al. 2021).

1.2.3	� Welfare of Poultry

There is growing concern about the welfare of animals and the impact of genetic pres-
sure on their health, hygiene, and disease control. While genetic selection can improve 
productivity, it also negatively affects animals’ natural immunity and overall well-
being. However, when genetic selection is combined with proper husbandry practices, 
disease control, and nutrition management, improvements such as a decrease in mar-
ket age, better growth rates, increased breast yield, and higher laying rates in breeder 
hens can be achieved. Despite these bene�ts, there is still concern that selection pres-
sures may negatively impact animal welfare and increase disease problems. 
Furthermore, such pressures can also limit animals’ freedom (Hafez and Shehata 2021).

1.2.4	� Changes in Consumer Perceptions

Consumers are more interested in organic poultry products, and there is a great 
demand for natural and healthier products. The loss of consumer trust and con�-
dence in turkey meat quality and safety is a signi�cant challenge. Turkey meat can 
harbor different foodborne pathogens, such as Salmonella serovars and 
Campylobacter spp., the most common causes of human foodborne infections 
linked to poultry (Hafez and Shehata 2021).

A. A. Shehata and H. M. Hafez
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1.3	� Genetic Selection in Turkeys and Its Impact 
on Health Conditions

Animals in the wild undergo genetic selection for various traits that are crucial for 
their survival and reproduction. On the other hand, domesticated birds are subjected 
to a different form of selection. They need to adapt to living under human care and 
are speci�cally bred to meet our needs, such as fast growth, high reproductive rates, 
and desirable behavioral traits like those found in dogs and sheep. The poultry 
industry is the largest and most advanced animal production sector, with highly 
automated and vertically integrated facilities. Over the last century, livestock and 
poultry production has tripled due to improved genetic selection, feeding, and rear-
ing. Modern turkeys and broilers have undergone signi�cant changes compared to 
their ancestors, including rapid growth, increased body weight, and a higher propor-
tion of breast muscle.

Along with genetic selection, advances in nutrition, husbandry, and disease con-
trol have contributed to the increased growth rate of meat-type poultry and reduced 
mortality. However, genetic selection toward rapid growth and high meat produc-
tion has resulted in severe animal welfare problems (Hafez and Jodas 1997). The 
citizens of Europe are showing a growing concern for the well-being of chickens 
and turkeys raised for meat production. Several animal welfare organizations have 
launched campaigns to improve animal welfare standards.

It has been observed that broiler chickens and turkeys tend to grow muscle mass 
at a rapid pace. However, their skeletal and internal organ growth has not kept up. 
Studies have revealed that their cardiopulmonary capacity is lower in proportion to 
their muscle mass, making them less capable of physical exertion (Broom 1987; 
Broom 1993; Havenstein et  al. 2004; Julian 1993; Julian et  al. 1987; Norci and 
Montella 2003). The selection for increasing muscle mass also leads to an increase 
in appetite drive. Interestingly, research has shown that while egg-producing chick-
ens stop eating once their metabolic needs are met, broiler chickens selected for 
meat production continue eating until their gut is entirely full (Nir et al. 1978). The 
lack of synchronous growth among body components, including the heart and lungs, 
in broilers can result in pulmonary hypertension, leading to excess �uids in the body 
(ascites). Moreover, a related issue is “sudden death syndrome,” which baf�es 
researchers. Furthermore, when turkeys are selected for increased body weight and 
broader breasts, they tend to develop deep muscle myopathy, which is the atrophy 
of the inferior pectoralis muscle due to inadequate blood supply to the tissues. 
Reference required.

Skeletal disorders are a common issue in meat chickens and turkeys, particularly 
affecting the bones of their pelvic limbs and associated tendons. Interestingly, these 
disorders are not necessarily related to body weight or conformation but rather to 
the uneven growth of body parts, especially when muscle growth outpaces skeletal 
development. A study comparing modern broilers with a control group from 1957 
revealed that the older strain had only half the mortality rate. Meanwhile, most mor-
tality in the modern line was due to leg-related problems (Havenstein et al. 2003). A 
summary of locomotory disturbances in turkeys is shown in Table 1.2.

1  General Overview on Turkey Production
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1.3.1	� Cardiovascular System Diseases in Turkeys

1.3.1.1	� Aortic Rupture
Aortic rupture, a condition characterized by sudden death in growing turkeys due to 
internal hemorrhage, was �rst identi�ed in 1945 (McSHERRY et al. 1954). Although 
mortality rates have reached up to 50% in the past, losses in affected �ocks usually 
remain between 1% and 2%. The condition mainly affects male turkeys between the 
ages of 12 and 16 weeks, and birds die suddenly due to a longitudinal slit in the 
abdominal aorta (Fig. 1.3). Blood clots are present in the body cavity, and the birds 
may bleed from their mouth. Several factors are believed to contribute to aortic 
rupture, including (i) genetics (rapid growth, high blood pressure of some birds), (ii) 
nutritional (high protein contents, high fats, and copper de�ciency, and (iii) man-
agement (stress and stocking density).

Wild turkeys have half systemic blood pressure levels compared to domestic 
counterparts, which could predispose them to aortic rupture. Copper de�ciency is 
also a contributing factor, although diethyl-stilbestrol administration paradoxically 
increases the incidence of aortic rupture despite decreasing blood pressure. Diets 
containing high protein and fat levels may also increase the incidence of aortic rup-
ture (Crespo and Shivaprasad 2003). Optimizing feed protein, fat contents, and 

Fig. 1.3  Lesions of aortic 
rupture, one of the most 
relevant health problems 
that might be related to 
genetic selection (Hafez 
and Shehata 2021)
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copper supplementation can help improve the situation. Other options are also con-
sidered, such as improvement of management procedures to avoid stress and genetic 
selection for low blood pressure lines.

1.3.1.2	� Sudden Death in Turkeys Associated 
with Perirenal Hemorrhage

Sudden death in turkeys associated with perirenal hemorrhage (SDPH) is a signi�-
cant cause of mortality in male turkeys aged between eighth and 14th weeks old. 
The affected turkeys appear in good health, with food in their crops and the rest of 
the gastrointestinal tract. However, they have congested and edematous lungs, sple-
nomegaly, congested livers and digestive tracts, and clotted blood surrounding a 
portion of the kidneys (Crespo and Shivaprasad 2003).

The main lesions are (i) thickening of the wall of the left ventricle of the heart, 
(ii) thickening of the interventricular wall of the heart, (iii) enlargement and hemor-
rhagic appearance of the spleen, and (iv) congestion and edema of the lungs 
(Fig. 1.4).

Perirenal hemorrhage and hypertrophic cardiomyopathy affecting the left ven-
tricle and the interventricular septum are often associated with SDPH (Larochelle 
et al. 1992). The renal hemorrhage may result from severe passive congestion, com-
pounded by the closure of the renal valve in the renal portal circulation. Several 

a b

Fig. 1.4  (a, b) Lesions of sudden death in turkeys associated with perirenal hemorrhage, one of 
the most relevant health problems that might be related to genetic selection (Hafez and 
Shehata 2021)
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factors, including fast weight gain, continuous lighting programs, crowding, and 
hyperactivity, have been suggested to in�uence the incidence of SDPH (Mutalib and 
Hanson 1990). However, increased room temperature, toe clipping, step-up/step-
down lighting, and dietary reserpine may reduce its incidence.

1.3.1.3	� Round Heart Disease (RHD)
Round heart disease (RHD), or “dilated cardiomyopathy (DCM),” was �rst reported 
by Magwood and Bray in 1962. The highest mortality rate occurs in young poults, 
commonly at 2 weeks old and normally disappearing at 3 weeks old, but spontane-
ous. It may occasionally be seen in turkeys up to 10–12 weeks of age.

The main signs are sudden death or ruf�ed feathers, drooping wings, and labored 
breathing before death. The characteristic postmortem lesions are characterized by 
heart enlargement due to dilation/hypertrophy of the right and left ventricles, often 
the right ventricle, hydropericardium and ascites, congestion and edema of the 
lungs, and slight hepatomegaly with rounded edges.

The pathogenesis of RHD is not well understood. However, it is associated with 
genetic and some environmental risk factors, such as (i) poor ventilation, especially 
when incubating eggs. (ii) Furazolidone supplementation has been found to induce 
RHD. (iii) High sodium diet contents might also be associated with RHD. Providing 
a diet containing low sodium (0.10%–0.12%) and 0.38%–0.40% chloride reduced 
the incidence of RHD. (iv) Genetically, it was found that troponin T and phosphol-
amban are associated with RHD. Troponin T is involved in the Ca2+ regulation of 
striated muscle during contraction, whereas phospholamban regulates muscle Ca2+ 
during diastole (Crespo 2020; Stenzel et al. 2008). RHD can be diagnosed based on 
the characteristic pathological lesions, with no speci�c treatment.

1.3.2	� Diseases of the Musculoskeletal System and Leg Disorders

The rising prevalence of leg disorders and musculoskeletal diseases threatens the 
welfare of animals and the pro�tability of turkey meat producers (Fig. 1.5). These 
problems can lead to economic losses, including increased mortality rates, cannibal-
ism, growth retardation, high condemnation rates, and downgrading at processing 
plants. The most concerning issue is leg weakness, which can severely impact the 
birds’ well-being, causing pain and discomfort and hindering their mobility. Such 
conditions can also result in bone weakness and deformities, leading to fractures 
during catching and slaughter.

Leg disorders are caused by infectious and noninfectious factors, such as genet-
ics, management, and environmental conditions. Poor ventilation, inadequate litter, 
high dust concentrations, and improper feeder and drinker adjustments contribute 
signi�cantly to the risk of leg problems. Other environmental factors, including 
light intensity and duration, feed restriction, �oor and/or litter type, lack of exercise, 
high brooding temperature, poor sanitation, and stress, also contribute to leg disor-
ders in meat turkeys.

1  General Overview on Turkey Production
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a b

Fig. 1.5  (a, b) Locomotory disturbances in turkeys (Hafez and Shehata 2021)

Dealing with leg weakness can be challenging. To ensure animal welfare, affected 
birds should be separated from healthy ones. However, there are ways to improve 
their condition, such as adding vitamin D3 to their drinking water and/or incorporat-
ing calcium-phosphorus preparation into their feed. Providing suitable litter and 
�ooring, adequate exercise, and good husbandry techniques can also decrease the 
incidence of skeletal disease. Genetic selection is also important to achieve stable 
skeletal and body balance. Several issues related to fast growth can affect the mus-
culoskeletal system, including tibial dyschondroplasia, footpad dermatitis, and deep 
pectoral myopathy.

1.3.2.1	� Dyschondroplasia
Tibial dyschondroplasia (TD) is a common defect found in the growth plates of the 
tibia in meat-type poultry. It is characterized by an abnormal cartilage mass that 
forms in the growth plate of long bones, particularly in the proximal tibiotarsus 
(Fig. 1.6). Although TD can be in�uenced by nutrition and genetic selection, it is a 
speci�c form of growth plate abnormality, only visible postmortem. Lameness may 
occur if the abnormal cartilage mass causes deformity, enlargement, loss of bone 
strength, weakness, fracture, or necrosis (Farquharson and Jefferies 2000; 
Poulos 1978).

Some studies have shown that TD is partially hereditary, as strains of broilers 
with different incidences of the defect have been identi�ed. However, other 

A. A. Shehata and H. M. Hafez
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Fig. 1.6  Tibial dyschondroplasia (TD)

investigations have indicated no direct correlation between individual bird growth 
rates and the incidence of TD (Hafez et  al. 2004; Kuhlers and McDaniel 1996; 
Riddell 1981).

1.3.2.2	� Footpad Dermatitis
Poultry can develop footpad dermatitis, also known as plantar pododermatitis, char-
acterized by ventral footpad lesions. These lesions can range from hyperkeratosis to 
severe erosions and ulceration, primarily affecting the plantar area of the foot and 
the weight-bearing metatarsal pads (Figs. 1.7 and 1.8). Various predisposing factors 
include genetic line, rapid growth, feed, stocking density, and litter quality. Poor 
litter conditions, high stocking density, and increased age can cause �eld outbreaks 
of contact dermatitis. Thickening of the foot-pad epidermis due to irritation from 
feces or litter is a common cause of the condition. Biotin de�ciency has also been 
suggested as a possible cause of pododermatitis in experimental birds (Harms and 
Simpson 1975).

Research has found that adding biotin to turkey feed can reduce pododermatitis 
in dry litter but not wet litter (Harms et al. 1977). Another study by Hafez et al. 
(2004) examined �ve different commercial meat turkey lines  – Kelly Bronze, 
Nicholas 300, BUT 9, Nicholas 700, and BUT-Big 6 – and their susceptibility to leg 
disorders. These turkey lines varied in their body weight development under com-
mercial rearing and feeding conditions. The results showed that the severity of foot-
pad dermatitis correlated with body weight development. Turkey line BUT-Big 6 
had a signi�cantly higher incidence of grade 3 lesions (37%) than the other lines. 
However, risk factors such as feed composition, litter condition, and stocking 

1  General Overview on Turkey Production
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Fig. 1.7  Lesions of leg 
disorders that might be 
related to genetic selection. 
Pododermatitis (Hafez and 
Shehata 2021)

Fig. 1.8  Breast blister (Hafez and Shehata 2021)

A. A. Shehata and H. M. Hafez
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density were similar across all groups in the study. A preliminary investigation sug-
gests that increasing energy content in the feed and supplementing with biotin may 
positively affect foot-pad health.

1.3.2.3	� Breast Blisters
Breast blisters are an encapsulated in�ammation of the bursa praesternalis (Fig. 1.8). 
The course of the disease can vary and is impacted by a range of factors, including 
management practices, poor litter quality, high stocking density, inadequate feather-
ing of the breast, leg disorders causing birds to lay down more, and microorganisms 
involved (Bergmann and Scheer 1977). The condition can be caused by infectious 
or noninfectious factors, with septic sternal bursitis being a common culprit. Some 
possible causes of breast blisters are (i) genetics (rapid growth, slow feather devel-
opment), (ii) managemental causes (litter quality, stocking density, mechanical-
traumatic injuries, exercise), and (iii) infections (Mycoplasma synoviae, 
Staphylococcus aureus). Optimizing litter quality and promoting the birds’ activity 
through exercise are vital to prevent this condition. Additionally, selecting a genetic 
predisposition for fast feather development may help improve the situation.

1.3.2.4	� Crooked Toes
Crooked toes (CT) or bent toes is a skeletal condition characterized by lateral or 
medial deviation of either the second, third, or fourth digit (Fig. 1.9). It can affect 

Fig. 1.9  Crooked toes in 
turkeys, lateral or medial 
deviation of toes
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Fig. 1.10  Deep pectoral 
myopathy (Hafez and 
Shehata 2021)

one or both feet, and the severity varies from mild to severe. Depending on the 
severity, turkeys with crooked toes may have a higher risk of developing bumblefoot.

1.3.3	� Deep Pectoral Myopathy

Deep pectoral myopathy can only be detected after death and/or slaughter and 
shows no clinical signs during the animal’s lifetime. However, it causes the affected 
muscles to be condemned during slaughter. The muscles appear swollen and ini-
tially pale (Fig. 1.10) but later become greenish. This condition is caused by inad-
equate blood �ow to the supracoracoid muscle, which occurs when the lactic acid 
buildup is not removed effectively after exercise (Harper et al. 1975). Meat-type 
turkeys and chickens with well-developed muscles are more susceptible. Some evi-
dence suggests that there may be a genetic predisposition to deep pectoral myopa-
thy, possibly due to insuf�cient blood vessels in the muscles of these birds (Wight 
and Siller 1979). No known nutritional factors can in�uence this condition (Grunder 
et al. 1979; Harper and Helfer 1972), but reducing food intake may help to reduce 
the incidence (Wight and Siller 1979).
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1.4	� Susceptibility to Infectious Diseases

There is limited knowledge about hereditary diseases that are unrelated to body 
weight. Nevertheless, research indicates that turkey lines bred for high body weight 
are more vulnerable to various illnesses. These selected turkey lines have displayed 
higher mortality rates and lower antibody titers after being infected with Pasteurella 
multocida (Nestor et  al. 1996; Sharaf et  al. 1988), Erysipelothrix rhusiopathiae 
(Saif et al. 1984), and Newcastle disease virus (Tsai et al. 1992).

Studies have shown that broilers have a decreased relative weight of various 
organs, such as the bursa, spleen, and cecal tonsils. This could imply that modern 
broilers may have a diminished adaptive immune response but an increase in cell-
mediated and in�ammatory responses (Cheema et al. 2003). However, it is unclear 
if this impacts the effectiveness of the immune response against infectious agents.

Although genetic progress can bring economic bene�ts, it can also lead to health 
and welfare-related issues. These problems cannot be solely resolved through 
improved management techniques, such as optimal litter, a well-optimized diet, or 
vaccines for preventing infectious diseases. From an animal-welfare perspective, 
selecting economic factors and improving the birds’ health conditions are essential.

1.5	� Summary and Future Expectations

Advancements in laboratory diagnosis, such as diagnostic microarray and other 
technologies, will enable faster, more sensitive, and more accurate diagnosis of 
infectious diseases, leading to early interventions becoming a reality. However, only 
a limited number of authorized pharmaceutical veterinary products will be available 
to treat poultry as food-producing animals. Future scienti�c discoveries regarding 
the pathogenic mechanisms of infectious agents will improve the treatment of bac-
terial infections and/or control further infectious agents. New drugs will be devel-
oped to target the signaling mechanisms that disrupt the bacteria’s pathogenic 
effects instead of using nonspeci�c antibiotic therapy. The industry has long aimed 
to genetically enhance breeding strategies and production traits while improving 
bird health. Molecular techniques such as genetic linkage maps will characterize 
genome structure and genes associated with production traits and disease suscepti-
bility and resistance. This will help select bird lines genetically resistant to several 
pathogens.

Rearing technology, management, and nutrition advancements will help main-
tain bird comfort. The growth of the animal feed industry and consumers’ purchas-
ing power may be negatively affected by rising feeding costs, raw ingredient prices, 
and availability, especially after the coronavirus diseases-19 (COVID-19) pandemic 
and the current situation in Ukraine and the Soviet Union. Additionally, biogas and 
biofuel production may reduce the land available for grain production and feed for 
animal production, hindering some countries’ strategic vision to achieve future 
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goals. This may result in increased feeding costs for animal production and higher 
product prices. In the future, the feed industry must ensure feedstuffs’ quality, 
including that they are ecologically friendly and pathogen-free.

Furthermore, limited water resources and climate changes may also adversely 
affect poultry production costs and strategic planning to meet per capita consump-
tion in some countries. The movement of poultry and poultry products, along with 
strong production competition and cost differences worldwide, may impact the cost 
and global movement of poultry and its products, increasing the possibility of dis-
ease transmission into disease-free areas. Vaccination is considered one of the most 
effective pharmaceutical interventions, as it activates the immune system to protect 
against infectious diseases. Many new vaccines are valuable in combating these 
challenges.
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antibiotic-resistant, so an antibiogram is recommended before antibiotic treat-
ment. In addition to proper management, prevention depends on the vaccination, 
with live attenuated or inactivated vaccines against the most common pathogenic 
serotypes.

Keywords

APEC • Hjärre�s disease • Enteritis • Omphalitis • Salpingitis • Swollen head  
syndrome • Coliform cellulitis • Orchitis • Osteomyelitis/synovitis

2.1	� Aetiology

E. coli, belonging to the family Enterobacteriaceae, is named after Theodor 
Escherich who �rst identi�ed and described the organism. It grows and utilises sim-
ple carbon and nitrogen sources on ordinary nutrient media aerobically at 37�°C.�It 
is a facultative anaerobe Gram-negative, non-spore-forming, �agellated, straight 
rod-shaped (1.1�1.5.5��m�×�2.0�6.0��m) bacterium (Fig.�2.1). Most of the strains 
are non-haemolytic on blood agar.

The colonies (1�3�mm) of E. coli are pink on MacConkey�s agar, green-black on 
EMB agar and yellow on tergitol-7 agar. E. coli cannot grow in the presence of 
potassium cyanide, hydrolyse urea, liquefy gelatin or grow in a citrate medium.

E. coli is lactose-positive, and most isolates are motile. APEC is lactose-positive. 
However, negative strains that must be differentiated from Salmonella are occasion-
ally isolated. E. coli ferments glucose, maltose, mannitol, xylose, glycerol, rham-
nose, sorbitol and arabinose, but not dextrin, starch or inositol, and produces acid 
and gas. Some biotype characteristics of E. coli, such as sugar fermentation, may be 
plasmid-determined and subsequently lost. Atypical biochemical reactions in E. coli 
identi�cation highlighted the signi�cance of the overall biotype rather than speci�c 
key reactions (Holt et�al. 1994).

Colibacillosis mainly affects poultry as a primary and/or secondary pathogen in 
which isolates that are capable of acting as primary pathogens are designated as 

a b

Fig. 2.1  Colony morphology of E. coli on Gassner agar (a) and Gram stain (b). ' Hafez M.�Hafez
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Fig. 2.2  Schematic representation of E. coli groups and pathotypes

avian pathogenic E. coli (APEC), a subset of extraintestinal pathogenic E. coli 
(ExPEC) that causes disease outside of the gastrointestinal tract (Vandekerchove 
et�al. 2004) (Fig.�2.2).

2.1.1	� Serotyping

The serotyping of E. coli is based on somatic (O), capsular (K) and �agellar (H) 
antigens. These antigens are stable elements; hence, they are encoded by chromo-
somal genes. Generally, serotyping is highly complicated in E. coli, since currently, 
around 186 O, 60 H and 80�K subtypes are known. A bacterial serotype is described 
using number designations of O, K and H antigens (e.g. O157:K85:H19). Although 
both O and H antigens are used in serotyping E. coli, K antigens are currently not 
used. The most common serotypes in poultry are O1, O2, O18, O35, O36, O78 and 
O111 (Barbieri et�al. 2015), which vary according to geographical region. However, 
some untypeable APECs were isolated.

2.1.2	� Virulence Genes

Several virulence factors play a role in the pathogenesis of APEC to permit adhe-
sion, invasion, immune evasion, colonisation, proliferation and systemic dissemina-
tion (Dziva and Stevens 2008). Currently, the identi�cation of APEC is based on 
detecting several virulence genes: adhesins (pili), serum resistance, antiphagocytic 
capsules and siderophores. However, haemolysin production is not characteristic of 
APEC isolated from poultry (Gross 1994; Gyles and Thoen 1993). Virulence factors 
of avian pathogenic E. coli (APEC) are shown in Table�2.1. The putative APEC 
virulence and virulence-associated genes are iron-related genes (feoB, ireA, irp2, 
fyuA, sitA, iutA, iucC, iroN, eitA), toxin/bacteriocin-related genes (stx1, stx2, hlyD, 
hlyF, cdtB, vat, cnf, usp, cvaC, cbi, cma), adhesins (�mH, papC, papA, papG, sfaS, 
focG, focA, facA, crl, iha, afa, gafD, bmaE, stgA, tsh, bfp, eae), protectins (iss, 
traT, bor, ompA, kps cluster), invasins (ibeA, ipa, tia) and miscellaneous (ompT, 
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Table 2.1  Virulence factors of avian pathogenic E. coli (APEC)

Virulence-associated 
markers Function APEC (%)
Thermosensitive 
hemagglutinin (tsh)

Colonisation of respiratory epithelium 95

Surface antigens
O1, O2, O78 K1

Endotoxin production and help APEC defend 
themselves against birds� defence cells

80

Increased serum 
survival gene (iss)

Contribute to virulence, complement and antibiotic 
resistance

78

Siderophores (SP)
� aerobactin (iuc)

Iron is essential to both the birds and the APEC.�A 
battle between the birds� SP and the APEC�s SP to bind 
iron

74

Colicin (not V)
Colicin V (cvi)

Bacteriocins (proteinaceous toxins) that inhibit or kill 
similar or closely related bacterial strains

61
42

P and F1 �mbriae Colonisation of the respiratory tract 25
Haemolysins Rupture the red blood cells causing the release of iron 

from haemoglobin
<5

maIX, �iC, etsA) (Nolan et�al. 2018). None of these genes de�nes APECs on its 
own, but usually, the genes of several virulence factors cluster together and form 
pathogenicity islands, which can be considered a de�ning trait of APECs (Nolan 
et�al. 2013).

Generally, APEC�s virulence is hard to determine due to the following causes: 
(1) Clinical diseases often result from opportunistic infections. (2) Both APEC iso-
lates and opportunistic bacteria exhibit variable virulence traits on plasmids 
(Doetkott et�al. 1996). (3) Certain virulence factors are shared between APEC and 
ExPEC, enabling them to cause extra-intestinal disease (Rodriguez-Siek et�al. 2005; 
Skyberg et�al. 2006). (4) No distinct virulence factor distinguishes APEC from other 
E. coli (Mokady et�al. 2005). Indeed, the virulence genes iutA, hlyF, iss, iroN, and 
ompT are common in APEC and can be used to distinguish between APEC and 
E. coli (Johnson et�al. 2008).

2.1.3	� Epidemiology

Colibacillosis is considered one of the leading bacterial infections in poultry and 
causes of high economic loss in the turkey industry worldwide. E. coli is a part of 
the gut microbiota of birds and mammals, bene�cial for birds� growth and develop-
ment. Most E. coli isolates are non-pathogenic saprophytes to the avian species. 
However, 10�15% of E. coli isolated from the gastrointestinal tract of poultry may 
be opportunistic bacteria. Infection with E. coli is the most prevalent cause of 
increased morbidity and mortality in turkeys, resulting in considerable economic 
losses in the turkey industry (Hafez 2005).

APEC in association with Clostridium spp. infection leading to cellulitis (clos-
tridial dermatitis) causes a locally extensive in�ammation of subcutaneous tissues 
(De Oliveira et�al. 2020).
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2.1.4	� Public Health Importance

Most APECs share virulence with extraintestinal pathogenic E. coli (ExPEC), 
including E. coli, which are pathogenic for humans. The possible exchange of viru-
lence genes between APEC and E. coli pathogenic for humans has raised concerns 
that poultry is a reservoir of virulence genes that can make E. coli more pathogenic 
for humans or directly of E. coli strains that are pathogenic (Markland et�al. 2015).

Poultry is a source of shiga toxin-producing E. coli (STEC) that has a public 
health concern. Also there is a potential risk of APEC-contaminated poultry and 
eggs acting as a foodborne reservoir of ExPEC that can cause urinary tract infec-
tions, meningitis and other extraintestinal illnesses in humans. APEC, particularly 
O157:H7, causes human diseases in in� vivo (Tivendale et� al. 2010) and in� vitro 
(Rodriguez-Siek et�al. 2005) models. It was also found that both APEC and human 
ExPEC strains are similar in genotype, serogroups, virulence genes and antimicro-
bial resistance patterns (Johnson et�al. 2010). Recently, the APEC O1, O2 and O18 
exhibited genetic and virulence genes similarities with human uro-pathogenic 
E. coli (UPEC) and neonatal meningitis E. coli (NMEC).

There is evidence that poultry may serve as a reservoir of ExPEC strains and/or 
plasmid-linked virulence and resistance genes.

Poultry contributes also to the emergence of antibiotic-resistant organisms and 
plasmids. Salmonella var. enterica Kentucky has been found to contain APEC-like 
plasmids that have islands coding for multidrug resistance (MDR) or that can trans-
fer with large MDR-encoding R plasmids. This could lead to the transfer of resis-
tance genes from APEC to human pathogens, subsequently affecting the pathogenesis 
of other pathogens or ExPEC.

2.1.5	� Pathogenesis and Transmission

E. coli is transmitted vertically as well as horizontally. APEC spreads directly via 
contaminated faeces, dust, water and fomites. The bacteria multiply in the respira-
tory tract and can cause in�ammation in the trachea, lungs or air sacs. There, they 
enter the blood and spread to other organs, where they also cause in�ammation. An 
alternate route to spread to other organs is within the abdominal air sacs. E. coli can 
also be readily isolated from the skin and the feathers. In the skin, E. coli can cause 
cellulitis after penetrating through small injuries like scratches. The bacteria can 
enter the body in 1-day-old chicks through in�amed and insuf�ciently healed navels 
(Dho-Moulin and Fairbrother 1999). E. coli strains are frequently transmitted verti-
cally from parent �ocks to their progeny, where they can cause omphalitis and yolk 
sac in�ammation. E. coli may spread between the poults during the hatch and is 
mostly associated with a high mortality rate or any in�ammation of the yolk sacs. 
Mostly, this is due to contamination of the eggshell rather than true vertical trans-
mission inside the egg (Ardrey et�al. 1968).

There are three categories of predisposing factors for colibacillosis, namely, sus-
ceptibility, environment and the agent involved in the interaction between these 
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factors determine the pathogenicity of APEC in poultry. The pathogenicity of APEC 
in poultry depends on several factors: (1) Young and immunocompromised birds are 
more susceptible than healthy older birds (Nolan et�al. 2013). Infections with immu-
nosuppressive pathogens, especially infectious bursal disease virus (IBDV), can 
also contribute to a more severe course of E. coli infections. (2) Primary pathogens 
such as Newcastle disease (NDV), Mycoplasma gallisepticum, Pasteurella multo-
cida and Ornithobacterium rhinotracheale (ORT) increase the pathogenicity of 
AEPC.�Experimentally, live vaccination with attenuated IBV and NDV can trigger 
colisepticaemia if the birds were M. gallisepticum-positive (Nakamura et�al. 1994). 
Similarly, infections with enteric parasites like Ascaridia spp., coccidia or 
Histomonas meleagridis damage the enteric epithelium and predispose it to system-
atic E. coli infection. (3) Stress factors and environmental pressures such as high 
�ock density, inadequate ventilation, poor litter quality increase, previous respira-
tory infections, excessive ammonia levels, contaminated dust and impaired biosecu-
rity increase the susceptibility of the birds to colibacillosis. The stress impairs the 
immune system and thus increases the likelihood of infections with E. coli, while 
cannibalism, which may be caused by the high stocking density of the cloaca, leads 
to ascending infections of the reproductive tract. (4) Insuf�cient hygiene, close dis-
tances between houses, multiple age �ocks on the farm and short service periods 
between �ocks increase the infection pressure and thus the prevalence and severity 
of E. coli infections. Contact birds with wild birds, rodents and insects are potential 
risk factors for APEC infections. Omphalitis and yolk sac in�ammation are also 
linked to faecal contaminations of the eggshell, delayed collection of eggs and gen-
erally insuf�cient hygiene of the laying nests at the hatchery and during the trans-
port of eggs and 1-day-old chicks (Dho-Moulin and Fairbrother 1999).

The severity of the APEC depends on the presence of predisposing factors such 
as immunity, bird age, the virulence of the E. coli strain and the duration of exposure 
(Dziva and Stevens 2008). Various disease conditions caused by E. coli can simul-
taneously be present in the same �ock and caused by identical strains. The patho-
logical lesions de�ne these conditions, but clinical signs differ (Nolan et�al. 2013). 
Clinical signs are non-speci�c, including reduced feed intake and feed conversion. 
Birds are apathetic and have scrubby feathers. They might retreat from other birds 
and show laboured breathing without respiratory sounds or coughing. When inter-
vertebral joints are infected, the birds show progressive paralysis. Morbidity and 
mortality vary. While morbidity often exceeds 50%, mortality is usually less 
than 5%.

Symptoms of coligranulomatosis are non-speci�c. Birds die per-acutely or after 
some time with reduced general condition and weight loss. APEC accounts for 
2�3% decreases in egg production and signi�cant expenses for prevention, manage-
ment, immunisation and treatment (Nolan et�al. 2013).

2.2	� Diseases Caused by E. coli in Turkeys

The diseases caused by E. coli in turkeys are shown in Fig.�2.3.
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Fig. 2.3  Diseases caused by E. coli in turkeys

2.2.1	� Omphalitis

Omphalitis, an in�ammation of the navel (umbilicus) due to E. coli, is among the 
most frequent causes of mortality in turkey poults� �rst days of life (Fig.�2.4). The 
yolk sac and umbilicus have a close anatomical relationship, making it often 
involved. Faecal contamination of the eggshell and unsanitary hatchery conditions 
are signi�cant sources of infection. The translocation of bacteria from the intestine 
or bloodstream can cause omphalitis. In acute cases, mortality may reach 10% 
within a few days. The yolk sac is also usually involved in birds due to its close 
anatomical relationship to the umbilicus.

Although E. coli is the main cause of omphalitis, Bacillus cereus, Staphylococcus 
aureus, Pseudomonas aeruginosa and Enterococcus spp. can cause this condition.

Poults can die suddenly without clinical signs or show non-speci�c signs, such 
as apathy, decreased feed and water intake and huddling together under heat sources. 
They can also show central nervous manifestations like torticollis, diarrhoea stick-
ing around the cloaca and laboured breathing. The most speci�c sign is a reddened, 
in�amed, blackish, necrotic and swollen navel. Surviving birds will show 
stunted growth.

Yolk sac in�ammation is characterised by greenish to brownish contents, 
which are either more �uid than normal or pasty and often have a foul smell. The 
blood vessels surrounding the yolk sac are prominently hyperaemic. In severe 
cases, the body wall and underlying skin undergo lysis, resulting in wet and dirty 
chicks, or �mushy chicks.� The incidence of yolk sacs increases after hatching, 
peaks after 6 days and decreases afterward, with occasional losses continuing for 
up to 3�weeks.

The yolk sac infection can lead to serious consequences such as deprivation of 
nutrients and maternal antibodies, absorption of toxins and invasion of E. coli into 
the body cavity, causing peritonitis or colisepticaemia, polyserositis and arthritis. 
Surviving birds are often stunted and experience poor health conditions.
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c

Fig. 2.4  Postmortem 
lesions of E. coli infections 
showing omphalitis (a, b) 
and cellulitis (c). ' Hafez 
M.�Hafez
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2.2.2	� Cellulitis

Coliform cellulitis, or gangrenous dermatitis (GD), is a multifactorial per-acute 
fatal bacterial disease caused by E. coli, Clostridium perfringens (types A and C), 
C. sordellii and Staphylococcus aureus in turkeys. Although E. coli may be present 
in over 90% of cases, E. coli strains causing coliform cellulitis are the same sero-
groups found in other forms of colibacillosis and usually produce colicin and aero-
bactin. However, isolates from cellulitis lesions can produce cellulitis in 
experimentally exposed birds more than E. coli isolates from airsacculitis lesions or 
the faeces of healthy chickens.

Skin scratches in turkeys could be the main predisposing factor. The visible 
plaques in coliform cellulitis cover large areas of serosanguineous or �brinous 
exudate in the subcutis, mostly close to the cloacae or the thigh. Treatment of GD 
is not possible; however, any risk factors that cause skin scratches must be 
avoided.

2.2.3	� Swollen Head Syndrome

The swelling head syndrome (SHS) is caused by avian metapneumovirus (aMPV) 
and secondary infection by E. coli and leads to subcutaneous oedema in the head 
region and infraorbital sinuses, leading to oedema and swollen head appearance. 
High ammonia levels worsen this condition. Rhinitis, conjunctivitis and sinusitis are 
present in some cases. In addition, central nervous signs, such as opisthotonus and 
torticollis, are due to in�ammation of pneumatic skull bones. In addition, �brinous 
exudate in the middle ear can be observed (Fig.�2.5).

2.2.4	� Enteric Disorders: Poult Enteritis Mortality 
Syndrome (PEMS)

Enteropathogenic E. coli (EPEC) previously were identi�ed in cases of poult 
enteritis mortality syndrome (PEMS) (Pakpinyo et�al. 2002; Shehata et�al. 2021). 
EPEC isolates were examined for pathogenicity and ability to induce encephalo-
myelitis lesions in experimentally inoculated young turkeys. Encephalitis lesions 
were identi�ed by light microscopy in Giemsa-stained intestines from 7 of 12 
PEMS-affected turkey �ocks. Lesions consisted of bacterial microcolonies 
attached to epithelial surfaces, with epithelial degeneration at attachment sites and 
in�ammatory in�ltration of the lamina propria.

EPEC was identi�ed in 4 of 12 �ocks based on the presence of EAE genes and 
the absence of SLT I and SLT II genes; all isolates lacked BFP genes. EPEC isolates 
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Fig. 2.5  Swollen head syndrome. ' Hafez M.�Hafez

produced AE lesions and variable mortality in turkeys coinfected with turkey coro-
navirus. EPEC was associated with 10 of 12 (83%) naturally occurring PEMS cases 
based on identifying AE lesions and/or EPEC isolates. These �ndings provide addi-
tional evidence suggesting a possible role for EPEC in the pathogenesis of PEMS 
(Pakpinyo et�al. 2002).

E. coli (AEEC) can colonise the intestinal epithelium, causing enteric diseases. The 
AEEC strains are further classi�ed into enterotoxin (ETEC), enterohaemorrhagic 
(EHEC), enteropathogenic (EPEC) or entero-invasive (EIEC) according to the virulence 
factors. Co-infections with enteric viruses or other pathogens worsen the condition.

2.2.5	� Venereal Colibacillosis

Venereal colibacillosis is a disease caused by E. coli and is usually associated with 
the �rst insemination of breeders. Acute vaginitis is usually followed by cloacal and 
intestinal prolapse, peritonitis and abdominal laying (Gazdzinski and Barnes 2004), 
causing losses of up to 8% due to increased mortality and culling.
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2.2.6	� Coliform Salpingitis, Peritonitis and Salpingoperitonitis

In�amed oviducts are thin-walled, dilated and �lled with �brinous material, which 
might resemble scrambled eggs. In cases of peritonitis, the same material or milky 
�uid is present in the body cavity between the internal organs. Usually, the ovaries 
are in�amed as well. The mesenteric vessels are injected.

2.2.7	� Colisepticaemia

Several forms of colisepticaemia are known: (1) respiratory-origin colisepticaemia; 
(2) enteric-origin colisepticaemia; (3) haemorrhagic colisepticaemia, which is usu-
ally seen in turkeys and is characterised by pulmonary oedema, haemorrhage, kid-
ney swelling, hepatomegaly and splenomegaly with the presence of necrotic tissue; 
and (4) neonatal colisepticaemia at 2 days old. The main postmortem lesions of 
E. coli infection in turkeys are shown in Fig.�2.6.

The most prominent gross lesions are �brinous, pericarditis, perihepatitis, peri-
tonitis, tracheitis, pneumonia and airsacculitis. The air sacs are thickened and �lled 
with cheesy exudate, and salpingitis can be observed. The spleen, kidneys and liver 
can also be enlarged. The bacteria can also settle in several organs, causing panoph-
thalmitis, arthritis and osteomyelitis (Fig.�2.6). Birds with coligranulomatosis have 
typical compact, yellowish granulomas in the mesentery or the intestinal wall, 
mostly in the caecum. Rarely there are granulomas in the liver. Microscopically, 
granulomas consist of central coagulation necrosis surrounded by a few heterophils 
and giant cells, which develop into typical heterophilic granulomas.

2.2.8	� Turkey Osteomyelitis Complex (TOC)

TOC is characterised by osteomyelitis arthritis, spondylitis and enlarged greenish 
livers. The US Food Safety Inspection Service uses green discoloration of the liver 
during processing as an indicator for carcasses that may have toxic residues. Any 
abnormal tissue is removed from the food chains. Exposure of turkeys to low levels 
of E. coli via air sac inoculation increases the occurrence of TOC.�It is proposed that 
TOC is related to the immune status of male turkeys more than to the virulence of 
the bacteria.

2.2.9	� Coligranuloma (Hjarre’s Disease)

Coligranuloma is a rare type of systemic colibacillosis that can cause up to 75% 
mortality rates. Multiple granulomas in the liver, caeca, duodenum and mesentery 
characterise it. Lesions are similar to leukosis tumours; in the early stages of the 
disease, up to half of the liver can be affected by con�uent coagulation necrosis. 
Later on, typical heterophilic granulomas can be found in the affected tissues. 
Turkeys with caecal cores and ruptured caeca can suffer from pyogranulomatous 

2  Colibacillosis



40

a b

c d
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Fig. 2.6  E. coli infection in turkeys showing panophthalmitis (a), pericarditis and perihepatitis 
(b), airsacculitis (c), arthritis (d), osteomyelitis (e) and (f) haemorrhagic ovary. ' Hafez M.�Hafez
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typhlitis and hepatitis. However, recent attempts to recreate the disease using E. coli 
have failed to meet Koch�s postulates. In turkeys, �pyogranulomatous typhlitis,� 
characterised by caecal cores and ruptured ceca, and hepatitis have been reported.

2.2.10	� Diagnosis

Clinical and pathological lesions are not speci�c and have to be con�rmed by isola-
tion and identi�cation of the bacterium. Generally, isolation of E. coli from faeces, 
organs and swabs does not pose a problem. The bacterium grows on several media. 
On blood agar, colonies are round, convex, greyish and smooth. Some E. coli strains 
cause haemolysis. On blood agar, haemolysis is not a common characteristic of 
APEC (Rodriguez-Siek et� al. 2005). The bacteria stain gram-negative and are 
straight rods. The �rst step in identi�cation can be to check for lactose fermentation 
on selective media like Endo, Gassner or MacConkey agar. De�nite identi�cation 
requires a full biochemical characterisation (Lee and Nolan 2008), Table�2.2.

PCRs can replace the serological determination of the O antigen that has been 
described (DebRoy et�al. 2011). Serotyping based on O, H and K antigens can be 
done using commercial antisera in the slide agglutination test. Several multiplex 
PCR assays have been described, and microarrays capable of identifying many viru-
lence genes on one chip are available (Janben et�al. 2001; Mendonça et�al. 2016). 
However, detecting virulence genes is more relevant than serotyping, as dis-
cussed above.

Table 2.2  Colony morphology of APEC on different media

Colonies morphology on different media
MacConkey�s agar � � Bright pink colonies (ferments lactose).

� � Coliform (faecal) smell.
Eosin-methylene blue (EMB) � � Dark green-black metallic sheen.
Blood agar � � Shiny, smooth, round, grey, rarely mucoid

� � 2�3-mm diameter
� � Fast growing (24�h)
� � Haemolysis is not common; however, some strains are 

haemolytic
Biochemical tests
Indole Positive
Catalase Positive
Methyl red Positive
Nitrate Positive
H2S Negative
Voges-Proskauer Negative
Oxidase Negative
Lactose Positive
Sorbitol Positive1

E. coli O157:H7 O157:H7 are not able to ferment sorbitol.
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Whenever E. coli is isolated, it is important to determine if E. coli isolate is the 
primary pathogen or if other bacteria or viruses underlying the causes are present. 
Mixed cultures of different E. coli strains are frequent, so, if possible, several colo-
nies should be characterised with the chosen methods. This is especially important 
if an isolate is used to produce an autogenous vaccine.

Further measures against E. coli overgrowing with other bacteria, in the case of 
mixed infections, transporting the samples (quickly and cooled) using transport 
media, with a low content of nutrients that support survival, but only to a low extent 
growth of bacteria. It should be considered that when the epithelial barrier in the 
intestinal tract is breaking down at the time of death, E. coli can translocate via the 
bloodstream to other organs. In these cases, isolation of E. coli from internal organs 
would be irrelevant for diagnosis.

The detection of antibodies against E. coli using various tests, including ELISA, 
is possible. However, due to the ubiquity of the bacterium, results are of limited 
usefulness.

Differential diagnosis from pathogens causing septicaemic diseases (such as sal-
monellae and streptococci), pericarditis, perihepatitis, airsacculitis and yolk sac 
infection should be considered. E. coli liver granulomas should also be differenti-
ated from Eubacterium and Bacteroides.

2.2.11	� Treatment

In clinical outbreaks, the application of antibiotics that will reduce morbidity and 
mortality is indicated. Resistances against the most commonly used antibiotics, tet-
racyclines, sulphonamides and amino-penicillins are frequent, but procedures for 
antibiotic sensitivity testing are well established and should be done (Piccirillo et�al. 
2014; van den Bogaard et�al. 2001).

2.2.12	� Control

The APEC infections in poultry can be controlled based on (1) vaccination, (2) 
avoidance of environmental stressors, (3) biosecurity measures and (4) alternative 
antimicrobials such as probiotics and bacteriophages. Several properties of the ideal 
APEC vaccines should be considered: (1) provide cross-protection against multiple 
APEC serotypes and (2) deliverable by mass-immunisation methods, such as oral or 
spray routes (Ghunaim et�al. 2014).

Several vaccines are commercially available:

	1.	 Live-attenuated APEC O78 �aroA Poulvacfi E. coli vaccine. It is a deletion 
mutant that cannot persistently colonise birds or survive in the environment. The 
vaccine is protected against homologous experimental challenges and has been 
shown to reduce colibacillosis-like lesions and total mortality and improve other 
parameters under �eld conditions (Mombarg et�al. 2014).
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	2.	 Inactivated Nobilisfi E. coli vaccine. The major problem of these vaccines is the 
lack of protection against heterogenous APEC infections (Ghunaim et�al. 2014).

	3.	 Autogenous inactivated vaccines against E. coli are currently widely used, pro-
tecting against homologous serotypes. When breeders are vaccinated, their prog-
eny is protected for their �rst weeks of life.

	4.	 A subunit vaccine containing �mbria antigen and �agellar toxin antigen is com-
mercially available in some countries (Gregersen et�al. 2010). It protects against 
most, but not all, E. coli strains.

Several probiotics, such as Lactobacillus spp., Enterococcus faecalis, Bacillus sub-
tilis, Pediococcus and Saccharomyces pastorianus, have been tested to control 
APEC infections in poultry. These probiotics can reduce the incidence of APEC 
infections in poultry farms due to their broad-spectrum effect against enteric patho-
gens (Ding et�al. 2019; Redweik et�al. 2020; Tarabees et�al. 2019; Wang et�al. 2017). 
However, early administration of probiotics is essential.

Management and biosecurity measures include hygienic and management mea-
sures to prevent the introduction and the spread of infection: (1) avoiding environ-
mental stressors such as ammonia and dust in poultry houses; (2) proper ventilation 
and maintaining optimum temperature, humidity and bird density help mitigate 
environmental stress in chickens; (3) elimination of predisposing factors by vacci-
nating chickens against MG, IBV, NDV and IBD reduces the incidence of APEC 
infections; (4) good nutrition and birds with enhanced immune systems are also 
likely contributors to reducing the incidence of colibacillosis; and (5) preventing 
access to vectors such as house�ies, wild birds and rodents.
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3.1	� Etiology

Mycoplasmas are among the smallest self-replicating bacteria and the smallest bac-
teria that are not obligatory intracellular. They are coccoid to pleomorphic cells that 
measure about 0.2�0.5��m in diameter, with a genome of 600�kbp, only double the 
size of the largest viruses. Mycoplasmas lack a cell wall and are surrounded only by 
a cell membrane, resulting in weak staining with gram-negative, but they stain well 
with Giemsa. The fragility of mycoplasma and their insensitivity to antibiotics 
degrading or inhibiting bacterial cell wall synthesis, such as ß-lactamases or cepha-
losporins, are attributed to the absence of the cell wall. Mycoplasmas survive for 
less than 1� week in the environment and are easily inactivated by common 
disinfectants.

The genus Mycoplasma has been grouped into the class Mollicutes. The genus 
comprises far more than 100 species and several candidate species. Mycoplasmas 
have been found in most mammals and birds, and frequently yet undescribed 
Mycoplasma spp. are isolated from various hosts, or their DNA is detected using 
PCR.�In general, mycoplasmas seem to be host-speci�c, but they can cross species 
barriers. More than 20 species that can infect avian hosts are of�cially acknowl-
edged, and more have been described (Table�3.1). Other species, such as Mycoplasma 
imitans, can cause diseases in ducks and geese, while M. imitans causes disease in 
ducks, geese, red-legged partridges (Alectoris rufa), chickens, and turkeys.

3.1.1	� Pathogenesis and Transmission

Birds can be infected with mycoplasmas vertically and/or horizontally via the respi-
ratory route (Fig.�3.1). MG, MM, and MI can be transmitted vertically, while MI 
and MM can cause venereal infections. Horizontal spread of MG and MS occurs 
very ef�ciently by direct contact with aerosols or droplets, and despite the low 
tenacity, fomites play an important role. The infected birds remain carriers for life 
and continue to shed the bacteria. Consequently, infected birds, including wild 
birds, are the main reservoir. In a noteworthy experiment, Christensen et�al. (1994) 
showed that at least some MG isolates can survive inside the human nose for up to 
1 day and on human hair for up to 3 days. On feathers, MG stayed infected for up to 
4 days and on inorganic material for up to 2 days. MM can spread similarly, but 
infection via the respiratory route is of limited importance since it will not cause 
disease. The horizontal spread of MI is very slow and not considered relevant. 
M. gallisepticum, M. synoviae, and M. iowae survived on several objects, such as 
food, feathers, human hair, and skin (Christensen et�al. 1994).
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Fig. 3.1  Vertical and horizontal transmission of mycoplasma. The vertical transmission of 
Mycoplasma is intermittent. The shedding rate is variable (1�25%)

The host spectrum of MS comprises ducks, geese, pigeons, budgerigars, spar-
rows, and various gallinaceous birds. MI infects chickens, turkeys, and geese and 
has also been isolated from wild and exotic birds. MM has been detected in quail, 
peafowl, pigeons, and falcons, while chickens are refractory to infection.

After respiratory infection, MG and MS colonize the surface of the respiratory 
mucosa and spread along those to the lower respiratory tract and within the air sacs 
throughout the body. Ovaries are thought to get infected due to their proximity to 
the air sacs. In contrast, MM is rarely and only in younger birds spread to the ovaries 
and/or other organs after respiratory infection (Raviv and Ley 2013).

MG can enter cells and cause bacteremia in some cases, and encephalitis due to 
MG, probably following bacteremia, has been reported (Roberts and McDaniel 1967).

It is unclear how MS reaches synovial structures. Under experimental conditions, 
parenteral infections like footpad inoculation or ovo infection will result more often 
in synovitis than in respiratory infections, showing that the route of infection is 
important. On the other hand, some MS strains are more likely to cause either respi-
ratory disease or tendosynovitis, indicating that virulence factors present in some 
strains contribute to the development of systemic infections (Kleven et�al. 1975).

Vertical transmission of mycoplasmas can occur at high rates. During the peak 
shedding phase, approximately 3 to 6�weeks postinfection with MG or MS and up 
to 50% of all hatching eggs in a breeder �ock can be contaminated and then after the 
transmission rate decreases to 5% or below (Roberts and McDaniel 1967; 
Sasipreeyajan et� al. 1987). However, even if only very few birds are vertically 
infected at hatch, these will quickly horizontally spread to the other birds of the 
same hatch and/or the �ock during rearing.
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Infections with MG and/or MS alone will usually not cause clinical disease, 
which might be triggered only by infection with other pathogens. MG and MS 
aggravate the course of disease caused by these pathogens. The most important 
synergistic pathogens are E. coli, Newcastle disease virus (NDV), and avian meta-
pneumovirus (AMPV). Mycoplasmas are well known for their interactions with 
other infectious agents and environmental factors in producing clinical disease.

The dynamic is different for MM and MI.�Vertically infected turkey breeder hens 
will start laying infected eggs soon after the onset of lay with increasing rates of up 
to 60% at the peak of egg production; after that, the rates will decline again. In fact, 
few virulence factors have been identi�ed relative to the importance of mycoplasma 
infections (Ron et�al. 2015). Those found include the usual suspects, like proteins 
involved in adhesion and the ability to invade cells (Raviv and Ley 2013). One very 
important aspect of infections with mycoplasmas, which is also important for infect-
ing hosts persistently, is immune evasion and modulation. Mycoplasmas can evade 
the immune response by rapidly changing the expression of major antigens and thus 
their antigenic makeup, a process known as antigenic switching (Noormohammadi 
2007). Mycoplasmas also can modulate the immune system by suppressing or stim-
ulating lymphocytes or inducing cytokines. The importance of those mechanisms 
for mycoplasmas is illustrated by the fact that in MG, at least 10% of the genome 
seems to be dedicated to gene families involved in immune invasion (Markham 
et�al. 1993).

Some MG, MS, and MM strains agglutinate chicken and turkey erythrocytes. 
The haemagglutinins are important antigens involved in antigenic switching and 
can be lost during cultivation in�vitro. The damage caused by MM in the skeletal 
system might be caused by the consumption of biotin by the bacteria and a resulting 
lack of biotin for the embryo (Bigland and Warenycia 1978). A similar hypothesis 
regarding arginine could not be proved.

3.2	� Clinical Signs and Postmortem Lesions

The outcome of infection with mycoplasmas depends mainly on the route of infec-
tion, the involved strain, the birds� age and health status, and the respiratory co-
infections with other pathogens. In addition, environmental conditions like 
temperature, air quality, and dust concentration may also play a role. Colder tem-
perature aggravates the course of the disease, and younger birds usually exhibit 
more severe symptoms. Generally, turkeys are more susceptible to mycoplasma 
infections than chickens. Synergism between MM, MI, and MS has been described.

3.2.1	� Mycoplasma gallisepticum

Clinical signs are typical for infections of the upper respiratory tract. MM is the 
cause of chronic respiratory disease (CRD). Under �eld conditions, birds can be 
infected without showing clinical signs until stress, particularly at the onset of lay, 
or infection with other respiratory pathogens triggers the disease. Signs develop 
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Fig. 3.2  Mycoplasma meleagridis infection in turkeys showing ocular discharge and conjunctivi-
tis. ' Hafez M.�Hafez

slowly, and even after experimental infection with high doses of virulent strains, the 
incubation time can be as long as 3�weeks. Once they have begun, the symptoms 
will also take time to resolve and, as indicated by the name CRD, may stay for 
months if the birds are not treated.

Clinical signs include respiratory manifestations such as coughing and sneezing, 
dyspnea, nasal and ocular discharge, tracheal rales, and conjunctivitis (Fig.�3.2). 
Unilateral or bilateral infraorbital sinusitis is common. Feed consumption can 
decrease, which consequently leads to weight loss. MM also causes a drop in egg 
production and deterioration of the eggshell quality in the breeder �ock. Morbidity 
may reach 100%, while mortality varies up to 30%.

Postmortem lesions. Catarrhal exudate is present throughout the respiratory 
tract, from the nasal cavity and sinus through the trachea and lungs down to the air 
sacs. In addition to conjunctivitis and keratitis, they are recognizable by an opaque 
cornea and may be visible in some cases. Facial edema has also been described. 
Pneumonia may be present. In more severe cases, the exudate in the air sacs is 
�brinous, and the birds exhibit polyserositis characterized by perihepatitis and peri-
carditis. If the infection spreads to other organs, it can also cause in�ammation. MG 
has been associated with salpingitis (Fig.� 3.3) and encephalitis (Wyrzykowski 
et�al. 2013).

Characteristic histopathological lesions are thickening of the mucosal mem-
branes of the affected organs caused by hyperplasia of the mucous glands and in�l-
tration by mononuclear in�ammatory cells. Germinal centers are typically 
hyperplastic. The tracheal epithelium is deciliated. In the lungs, granulomatous 
lesions can be present.

A. A. Shehata and H. M. Hafez



53
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Fig. 3.3  Mycoplasma infection in turkeys, showing pericarditis and perihepatitis (a), and airsac-
culitis (b). ' Hafez M.�Hafez

3.2.2	� Mycoplasma synoviae

Infections with MS primarily affect turkeys between 10 and 20�weeks of age. The 
incubation period after a horizontal infection can be up to 3�weeks. Clinical signs of 
respiratory infection are minor or inapparent. The �rst signs of infection with MS 
are paleness of the comb, stunting, and swollen joints (infectious synovitis). Clinical 
signs of tendosynovitis include general depression with ruf�ed feathers and reluc-
tance to move; joints are swollen, followed by lameness. Hocks, footpads, wing 
joints, and the sternal bursa are most frequently involved. The snood is pale. Birds 
will grow slower and become emaciated and dehydrated when unable to reach food 
and water. In laying turkey hens, egg production may drop by up to 20%, and the 
eggshell is up to 25% thinner and more translucent and have cracks and breaks in 
the apex. Birds are slow to recover, and synovitis can become chronic. Morbidity is 
low, usually not exceeding 15%. Mortality is typically below 1%.

Postmortem lesions. The respiratory form is characterized by a lack of lesions in 
the upper respiratory tract, but birds can have severe airsacculitis. In the case of 
tendosynovitis (Fig.�3.4), viscous exudate is present in the joints, around the ten-
dons, or in the bursa sternalis. In earlier stages of the infection, the exudate appears 
grey and has a creamy consistency; later, it becomes creamy, cheesy, or �brino-
purulent. The liver and spleen may be swollen.
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Fig. 3.4  Mycoplasma synoviae infection in turkeys showing swelling of joint arthritis, in�amma-
tion of bursa sternalis, and leg disorders. ' Hafez M.�Hafez

Histopathological lesions in the air sac are an accumulation of in�ammatory 
cells depending on the stage of the disease, edema in the air sacs, and necrosis. 
Within the joints and along the tendons, in�ltrates of heterophils and �brin are vis-
ible. The synovial membranes are hyperplastic and in�ltrate the mononuclear cells.

3.2.3	� Mycoplasma meleagridis

Turkeys are the only natural host for MM.�Infected birds do not show clinical signs. 
However, up to 25% of turkey poults develop airsacculitis due to congenital infec-
tion; it causes airsacculitis and spondylitis of cervical vertebrae. Histopathologically, 
the in�ammation is dominated by heterophile in�ltration and �brin accumulation. 
In uncomplicated cases, the lesions will disappear by the age of 16�weeks. In addi-
tion, up to 10% of vertically infected birds can have deformed tarsometatarsal bones 
and vertebrae, swollen hocks, and abnormal feathering. This condition is also 
known as turkey syndrome-65. Late embryo mortality due to infection with MM 
decreases hatchability by up to 6%. Lesions in the bones are characterized by a 
lower cell density in the proliferative zone and abnormal-appearing chondrocytes. 
Between 6 and 8�weeks of age, lesions in the growth plate regress, but the bone can 
remain deformed.
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Table 3.2  The most clinical differences between Mycoplasma spp.

MG MI MS MM
Massive accumulation of mucous in the infraorbital sinuses x
Drop in egg production x
Late embryonic mortality x x
The predilection to the intestinal epithelium of turkey x
Skeletal abnormalities, including chondrodystrophy x x
Eggshell apex abnormalities x
Breast blister x
Swelling of foot pads x
Infectious synovitis and subclinical respiratory manifestations x
Caseated �brinolytic airsacculitis at the time of hatch x
Airsacculitis/spondylitis x

3.2.4	� Mycoplasma iowae

Turkeys are the primary host for MI.�MI has a tropism for the gastrointestinal tract 
and is associated with reduced hatchability by 5�20% due to embryonic mortalities 
at 18�24�days of incubation in turkeys. Under �eld conditions, no other clinical 
signs have been observed, but experimental infection of 1-day-old poults and chicks 
may result in impaired growth, airsacculitis, feather abnormalities, and leg deformi-
ties (chondrodystrophy, curvature of bones, rupture of the �exor tendons of the 
feet). The humoral response in turkeys and chickens is poor; therefore, the use of 
serological tests for its diagnosis is unreliable. The most clinical differences 
between Mycoplasma spp. are shown in Table�3.2.

3.3	� Diagnosis

3.3.1	� Isolation and Identification

Laboratory diagnosis of mycoplasmas depends on direct detection (isolation and 
identi�cation and antigen detection) and indirect detection (serology), Fig.�3.5.

3.3.2	� Sampling

Suitable samples for isolation and/or detection of mycoplasmas are exudates of any 
in�amed organ. Additionally, mycoplasmas can be isolated from hatching eggs� 
vitelline membranes or infected embryos. For monitoring, oropharyngeal and/or 
tracheal swabs are the sample of choice for MG and MS.�For MM and MI monitor-
ing, cloacal or vaginal swabs from hens and phallic swabs or semen from toms 
should be investigated. During the acute stages of infection, the population of 
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Fig. 3.5  Laboratory diagnosis of mycoplasmosis. ' Hafez M.�Hafez

Mycoplasma in the respiratory tract is very high. In such cases, 5�10 tracheal or 
choanal cleft swabs are suf�cient for mycoplasma isolation. Due to the low preva-
lence of infection during persistent infection, it has been recommended to sample 
between 30 and 100 birds for monitoring in the chronic stage. Even if that is done, 
infection within a �ock might remain undetected (Raviv and Ley 2013).

For isolation, mycoplasma broth should be inoculated with freshly collected 
samples. If samples must be sent to a laboratory, they should be sent using broth as 
a transport medium and kept at 4�°C for 24�h. Shipment on dry ice is also possible 
if the cold chain is not broken.

3.3.3	� Isolation and Identification

Frey�s medium (Frey et�al. 1968) is the most commonly used. The basic version 
contains casein peptone, soy peptone, yeast extract with 10% horse or swine serum, 
electrolytes, and buffers. Other media that are rich in protein and contain 10�15% 
serum can also be suitable. Yeast extract is unnecessary, but its addition will usually 
give better results. Penicillin and thallium acetate are used in the culture media to 
inhibit the growth of other bacteria and fungi.

For the isolation of MS, the medium has to be substituted with nicotinamide 
adenine dinucleotide (NAD) and cysteine. Adding phenol red as an indicator and 
glucose will help determine the right passage time if the isolated species metabo-
lizes glucose to acid. MG, MS, and MI ferment glucose, while MM does not.
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Mycoplasmas grow slowly, so other bacteria or fungi easily overgrow them. To 
prevent other bacterial/fungal growth, the medium should also contain thallium 
acetate diluted 1:4000 to inhibit the growth of gram-negative bacteria and 1000�units/
ml penicillin to inhibit the growth of gram-positive bacteria. An antimycotic can 
also be added, e.g., 50�units/ml of mycostatin. Because of the considerable toxicity 
of thallium acetate for humans, its lack of biodegradability, and its subsequent accu-
mulation in the environment, it has been suggested to use colistin to prevent the 
growth of gram-negative bacteria instead (Angulo et�al. 2003).

The cultures should be incubated at 37�°C aerobically or with increased CO2 until 
the phenol red turns yellow, indicating the medium�s acidity. If that does not happen 
after 4 or 5 days, two to three blind passages should be carried out. Then agar plates 
should be streaked with the broth. Plates have to be incubated in sealed containers 
or under a moist atmosphere to prevent the plates from drying out. Colonies become 
visible after 1 to 10 days, depending on the species. Colonies are less than 1�mm in 
diameter, smooth, and round. Their center is dense and elevated, giving them the 
typical �fried egg appearance� when viewed under a dissecting microscope 
(Fig.�3.6).

Species identi�cation is usually done by testing the colonies themselves or col-
ony imprints by immuno�uorescence, immunoperoxidase reaction, or reactions 
with gene probes. Other traditional methods are immunodiffusion or growth inhibi-
tion by speci�c antisera. The latter technique can also be used to obtain pure cul-
tures for mixed infections. Differentiation based on biochemical characterization is 
possible but due to the slow growth cumbersome (Kleven 2008).

Isolation of mycoplasmas in embryonated chicken eggs after inoculation via the 
yolk sac route is possible. Inoculation will result in the death of the embryo after 
5�8 days. Differences in virulence for the embryo exist between strains within one 

a b

Fig. 3.6  Characteristic colony morphology of Mycoplasma spp. showing fried egg appearance of 
colonies. (a) 4× magni�cation and (b) 10× magni�cation (Abdelrahman et� al. 2021). ' Hafez 
M.�Hafez
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species, but they are not correlated to the virulence of the strain in birds (Glisson 
and Kleven 1985; Lockaby et�al. 1999).

Today, the standard method for the detection of mycoplasma DNA is PCR.�Kits 
are commercially available, and some PCRs are designed to differentiate �eld 
strains from vaccine strains (Raviv et�al. 2008). A plethora of assays speci�c to the 
various avian mycoplasma species have been published, e.g., by Lierz et�al. (2008).

Different serological strains within MG, MM, and especially MI exist, such as 
hemagglutination inhibition (HI) assay or monoclonal antibodies, but coherent sys-
tems for serotyping are missing. Serological differences between MS strains 
are minor.

Various methods can be used for strain differentiation; however, no universally 
applied standard method exists. The methods include restriction fragment length 
polymorphism of whole genomes or individual PCR products, protein banding pat-
terns detected by SDS-PAGE random ampli�cation of polymorphic DNA, or multi-
locus sequence typing.

3.3.4	� Serology

Detection of antibodies can be used not only for monitoring but also for diagnosis 
(Fig.�3.7) since, in some cases, antibodies are detectable before the onset of clinical 
signs. The most common serological tests for mycoplasmosis are rapid serum plate 
agglutination, ELISA, and hemagglutination inhibition.

Fig. 3.7  Serological diagnosis of mycoplasma
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Table 3.3  Cross-reactivity 
between mycoplasmas as a 
limitation of the use of the 
rapid serum agglutination

Antigen
Antiserum
MG MS

MG + +
MS � +

Limitations of serological tests are that the application of antibiotics can inter-
fere with antibody formation and that respiratory infection of turkeys with MS 
induces only low antibody titers. To note, there are no international standards for 
interpreting these tests, but a high proportion of positive sera in a �ock (10% or 
more) indicates infection, especially if con�rmed by other tests. Furthermore, the 
cross-reactions with other mycoplasmas is an additional limitation of the use of the 
rapid serum agglutination. The cross-reactivity between mycoplasmas as a limita-
tion of the use of the rapid serum agglutination is shown in Table�3.3.

Historically, tube and plate agglutination tests and HI have been used as serologi-
cal tests. The plate agglutination test is prone to unspeci�c results and sometimes 
shows cross-reaction between MG and MS.�However, the test is quick, inexpensive, 
and highly sensitive, but there are also variations between batches in sensitivity and 
speci�city (Kleven and Levisohn 1996).

Several factors associated with false-positive plate agglutination reactions 
include 

	1.	 Birds vaccinated with inactivated oil emulsion vaccines against viruses or bacte-
ria, i.e., inactivated Gumboro and Coryza vaccines. Such false-positive reactions 
start 2�weeks after vaccination and last for several weeks.

	2.	 Turbid, contaminated serum.
	3.	 Sera that has been frozen and thawed before testing.
	4.	 Cross-reaction of MS-infected birds with the MG antigen. 

It is still unknown if infection with nonpathogenic mycoplasmas can cause cross-
reactions. Sera showing a positive reaction should be diluted 1:5 and 1:10 with buf-
fer and retested. A titer of 1:5 may be considered suspicious, and titers of 1:10 or 
above are regarded as positive.

Sera that produce suspicious results by plate agglutination must be tested by an 
alternative method, such as a hemagglutination inhibition (HI) test. The sensitivity 
of HI depends on the homology degree between the infecting strain and the antigen 
strain. Currently, the most employed tests are ELISAs, which are sensitive and spe-
ci�c. Various ELISA kits for detecting antibodies against MG, MS, and MM are on 
the market.

3.3.5	� Treatment

In the case of clinical respiratory disease, birds should be treated with antibiotics. 
Treatment will improve clinical signs, lesions, and production parameters. It will 
further decrease the shedding rates, but it will not achieve total elimination of the 
mycoplasmas.
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Suitable antibiotics include tetracyclines, macrolides, tiamulin, and �uoroquino-
lones. Obviously, all antibiotics affecting cell wall synthesis like beta-lactams or 
colistin will not be effective against Mycoplasma. Resistances of Mycoplasma 
against antibiotics can occur, and methods for antimicrobial susceptibility testing 
have been described. However, they take time due to the slow growth of the bacteria 
(Hannan 2000).

3.3.6	� Control

Due to the low tenacity of mycoplasmas, routine biosecurity and cleaning and dis-
infection measures usually are suf�cient to prevent horizontal transmission of the 
bacteria. On the other hand, mycoplasmas easily exploit breaches in biosecurity. 
Multiple-age �ocks and �ocks located in areas with high poultry densities are espe-
cially at risk.

To prevent vertical introduction into a �ock, its parents must be mycoplasma-
free; thus, the production pyramid must be cleaned from the top. To prevent the 
vertical transmission cycle, a suf�cient number of mycoplasma-negative birds 
should be obtained to start building mycoplasma-free �ocks. Therefore, extensive 
eradication programs, including serological testing of birds at the top of the produc-
tion pyramid, prevent mycoplasma introduction through primary and commercial 
breeder �ocks. The treatment of hatching eggs complemented these programs.

Antibiotics were applied by egg injection or dipping the eggs into antibiotic solu-
tions, taking advantage of differences in temperature or pressure to deliver the anti-
biotic inside the hatching eggs. Alternatively, eggs were heated to a temperature-time 
combination, for example, 46.1�°C over 12�14�h, which killed Mycoplasma. While 
these programs have succeeded, close monitoring by PCR and/or ELISA of breeder 
�ocks is necessary because an unnoticed infection in those �ocks would affect many 
progeny �ocks. Suggested monitoring intervals are every 2�weeks for chickens and 
every 3�weeks for turkeys (Raviv and Ley 2013).

A variety of vaccines against mycoplasmas are commercially available (Tables 
3.4, 3.5, and 3.6). Similar to antibiotic treatment, vaccination will prevent and/or 
reduce clinical signs and lesions, improve production parameters, and decrease the 

Table 3.4  Mycoplasma vaccines

Parameter
F strain 6/85 Ts-11
Chicken Turkey Chicken Turkey Chicken Turkey

Virulence Moderate Virulent None None None None
Persistence Excellent Excellent Poor? Good Good None
Antibody Moderate Yes None None Slow None
Transmission Moderate Good Poor Unknown Poor Poor
Displacement Excellent Unknown Unknown Unknown Good Unknown
Route Various Spray Eye drop
Form Lyophilized Lyophilized Frozen
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Table 3.5  Comparison of live MG vaccine strains

Characterization Ts-11 strain 6/85 strain F-strain
Spreading from �ock to 
�ock

Poor None to poor Relatively slow

Serological responses Week to 
moderate

Not detectable Strong

+ + +/� + + +
MG isolation after 
vaccination

+ + + + + + +

Persistence in the upper 
respiratory tract

Good Does not persist 
(poor)

Excellent

Postvaccination reactions None None Mild
Available forms Frozen 

(�70�°C)
Lyophilized Lyophilized

Field administrations Eye drops Fine aerosol 
spray

Drinking water, eye drops, 
intranasally or aerosol spray

Table 3.6  Commercially available live bacterial vaccines against Mycoplasma gallisepticum

Vaccine Producer Strain
MG TS-11 Merial select TS-11 strain
MYCOVAC-Lfi Merck 6/85 strain
Poulvacfi MycoF Zoetis F strain
AviProfi MG-F Elanco F strain
M. gallisepticum vaccines Shandong Lvdu Biosciences and Technology 

Co., Ltd.
Strains R and 
F-36

VAXSAFE MG VACCINE Bioproperties Pty LTD Australia Strain ts-11
M. gallisepticum vaccine Boehringer Ingelheim Animal Health Strain ts-11
Nobilis MG 6/85 MSD Animal Health Philippines, Inc. Strain 6/85
CEVAC MG F Ceva Sante Animale, United Kingdom CEVAC MG F
M. gallisepticum vaccine 
(TS-11)

BIOLOGICS Strain ts-11

Vaxsafe MG (strain TS-11) Rhone Ma Malaysia Sdn Bhd Strain ts-116

shedding rate in the case of infection. Vaccination will not prevent infection or shed-
ding, including vertical transmission. Additionally, it will interfere with serological 
monitoring.

For MG, killed and live vaccines are available. The bene�ts of killed MG vac-
cines have been questioned, especially regarding the need for individual application 
and booster vaccines (Raviv and Ley 2013). However, vaccination with bacterins 
provides good protection against egg production losses. Under �eld conditions, an 
increase of up to 19 eggs per hen has been observed in vaccinated �ocks. Other 
potential bene�ts include improved feed conversion and reductions in medica-
tion costs.

Live MG vaccines for chickens contain one of three strains, namely, F-strain, 
6/85, or temperature-sensitive ts-11. These strains differ regarding their residual 
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virulence, the quality of the protection they offer, and, importantly, their potential 
for transmission, including vertical transmission. Their advantages and disadvan-
tages have been discussed in detail by Raviv and Ley (Raviv and Ley 2013). Their 
use in turkeys is not recommended in the case of F-strain because it is too virulent 
in turkeys, while the other two strains do not induce signi�cant protection. The 
6/85 strain does not induce seroconversion in vaccinated birds.

A recombinant fowlpox vaccine expressing MG antigen is also available (Zhang 
et� al. 2010). Other vaccine strains have been tested but seem not commercially 
available (Ferguson et�al. 2004; Papazisi et�al. 2002).

For MS, strain MS 1, temperature-sensitive strain MS-H, and a killed vaccine are 
commercially available in some markets. These vaccines are for chickens only. 
There are no vaccines against MM and MI.

References

Abdelrahman AA, Shany SAS, Dardeer MAA, Hassan KE, Ali A, El-Kady MF (2021) Avian 
Mycoplasma gallisepticum and Mycoplasma synoviae: Advances in diagnosis and control. Ger 
J Vet Res 1(2):46�55. https://doi.org/10.51585/gjvr.2021.2.0019

Angulo AF, Jacobs MV, van Damme EHA, Akkermans AM, de Kruijff-Kroesen I, Brugman J 
(2003) Colistin sulfate as a suitable substitute of thallium acetate in culture media intended 
for mycoplasma detection and culture. Biol J Int Assoc Biol Stand 31(3):161�163. https://doi.
org/10.1016/s1045-1056(03)00031-9

Bigland CH, Warenycia MW (1978) Effects of biotin, folic acid, and pantothenic acid on the 
growth of Mycoplasma meleagridis, a Turkey pathogen. Poult Sci 57(3):611�618. https://doi.
org/10.3382/ps.0570611

Christensen NH, Yavari CA, McBain AJ, Bradbury JM (1994) Investigations into the survival 
of Mycoplasma gallisepticum, Mycoplasma synoviae and Mycoplasma iowae on mate-
rials found in the poultry house environment. Avian Pathol 23(1):127�143. https://doi.
org/10.1080/03079459408418980

Ferguson NM, Leiting VA, Klevena SH (2004) Safety and ef�cacy of the avirulent Mycoplasma 
gallisepticum strain K5054 as a live vaccine in poultry. Avian Dis 48(1):91�99. https://doi.
org/10.1637/7069

Frey ML, Hanson RP, Andrson DP (1968) A medium for the isolation of avian mycoplasmas. Am 
J Vet Res 29(11):2163�2171

Glisson JR, Kleven SH (1985) Mycoplasma gallisepticum vaccination: further studies on egg 
transmission and egg production. Avian Dis 29(2):408�415

Hannan PC (2000) Guidelines and recommendations for antimicrobial minimum inhibitory 
concentration (MIC) testing against veterinary mycoplasma species. International Research 
Programme on Comparative Mycoplasmology. Vet Res 31(4):373�395. https://doi.org/10.1051/
vetres:2000100

Kleven SH (2008) Mycoplasmosis. In: Duforu-Zavala L, Swayne DE, Glisson JR, Pearson JE, Reed 
WM, Jackwood MW, Woolcock PR (eds) A laboratory manual for the isolation, identi�cation 
and characterization of avian pathogens. Jacksonville, FA, The American Association of Avian 
Pathologists, pp�59�64

Kleven SH, Levisohn S (1996) Mycoplasma infections of poultry. In: Tully JG, Razin S (eds) 
Molecular and diagnostic procedures in mycoplasmology, vol II.�Academic Press, New�York, 
pp�283�292

Kleven SH, Fletcher OJ, Davis RB (1975) In�uence of strain of Mycoplasma synoviae and route 
of infection on development of synovitis or airsacculitis in broilers. Avian Dis 19(1):126�135

A. A. Shehata and H. M. Hafez



63

Lierz M, Hagen N, Lueschow D, Hafez HM (2008) Use of polymerase chain reactions to detect 
Mycoplasma gallisepticum, Mycoplasma imitans, Mycoplasma iowae, Mycoplasma melea-
gridis and Mycoplasma synoviae in birds of prey. Avian Pathol 37(5):471�476. https://doi.
org/10.1080/03079450802272952

Lockaby SB, Hoerr FJ, Kleven SH, Lauerman LH (1999) Pathogenicity of Mycoplasma synoviae 
in chicken embryos. Avian Dis 43(2):331�337

Markham PF, Glew MD, Whithear KG, Walker ID (1993) Molecular cloning of a member of the 
gene family that encodes pMGA, a hemagglutinin of Mycoplasma gallisepticum. Infect Immun 
61(3):903�909. https://doi.org/10.1128/iai.61.3.903-909.1993

Noormohammadi AH (2007) Role of phenotypic diversity in pathogenesis of avian mycoplasmo-
sis. Avian Pathol 36(6):439�444. https://doi.org/10.1080/03079450701687078

Papazisi L, Silbart LK, Frasca S, Rood D, Liao X, Gladd M, Javed MA, Geary SJ (2002) A 
modi�ed live Mycoplasma gallisepticum vaccine to protect chickens from respiratory disease. 
Vaccine 20(31�32):3709�3719. https://doi.org/10.1016/s0264-410x(02)00372-9

Raviv Z, Ley DH (2013) Mycoplasma gallisepticum infection. In: Swayne DE, Glisson JR, 
McDougald LR, Nolan LK, Suarez DL, Nair V (eds) Diseases of poultry. Ames, IA, Iowa State 
Press, pp�877�893

Raviv Z, Callison SA, Ferguson-Noel N, Kleven SH (2008) Strain differentiating real-time PCR for 
Mycoplasma gallisepticum live vaccine evaluation studies. Vet Microbiol 129(1�2):179�187. 
https://doi.org/10.1016/j.vetmic.2007.11.017

Roberts DH, McDaniel JW (1967) Mechanism of egg transmission of Mycoplasma gallisepticum. 
J Comp Pathol 77(4):439�442. https://doi.org/10.1016/0021-9975(67)90030-8

Ron M, Gorelick-Ashkenazi A, Levisohn S, Nir-Paz R, Geary SJ, Tulman E, Lysnyansky I, Yogev 
D (2015) Mycoplasma gallisepticum in�vivo induced antigens expressed during infection in 
chickens. Vet Microbiol 175(2�4):265�274. https://doi.org/10.1016/j.vetmic.2014.12.007

Sasipreeyajan J, Halvorson DA, Newman JA (1987) Effect of Mycoplasma gallisepticum bacterin 
on egg-transmission and egg production. Avian Dis 31(4):776�781

Wyrzykowski B, Albaric O, Moreau S, Nguyen F, Fleurance R, Belluco S, Wyers M, Colle 
M-A (2013) Retrospective study of Mycoplasma gallisepticum meningoencephalitis in six 
Turkey �ocks in western France. J Comp Pathol 148(2�3):173�177. https://doi.org/10.1016/j.
jcpa.2012.06.006

Zhang GZ, Zhang R, Zhao HL, Wang XT, Zhang SP, Li XJ, Qin CZ, Lv CM, Zhao JX, Zhou JF 
(2010) A safety assessment of a fowlpox-vectored Mycoplasma gallisepticum vaccine in chick-
ens. Poult Sci 89(6):1301�1306. https://doi.org/10.3382/ps.2009-00447

3  Mycoplasmosis





66

bone marrow or choanal swabs from chronically infected carriers. The disease 
can be treated using sulphonamides, tetracyclines, erythromycin, �uoroquino-
lones, semi-synthetic penicillins and streptomycin; however, some strains are 
resistant to antibiotics, which makes the diagnosis dif�cult. Both live attenuated 
and inactivated vaccines against fowl cholera are available.

Keywords

Pasteurella multocida · Gram-negative · Sudden death · Chronic form · Diagnosis  
Treatment

4.1	� Aetiology

P. multocida, a member of the family Pasteurellaceae, is a gram-negative staining, 
rod-shaped bacterium, about 0.2–0.4 by 0.6–2.5�� m in size. Several bacterial spe-
cies belonging to the family Pasteurellaceae have been reported in poultry 
(Table�4.1). Although P. multocida ssp. multocida is the most common cause of fowl 
cholera. Further, P. multocida subspecies gallicida and P. multocida septica are also 
opportunistic pathogens. Additionally, P. multocida ssp. gallicida is mostly associ-
ated with infection in waterfowl (Christensen et�al. 2014).

P. multocida is a cytochrome-C oxidase-positive, non-motile and non-spore-
forming bacteria. The presence or absence of a capsule has consequences for viru-
lence and colony morphology, as discussed in connection with pathogenesis and 
diagnosis. P. multocida is susceptible to acidity, dryness and warmer temperatures. 
It can be destroyed easily by ordinary disinfectants, sunlight, drying and heat. 
According to the environmental conditions, it can survive in the soil for less than 1 
week to 4 months.

Table 4.1  Pasteurellaceae in poultry

Genus Subspeciesa Pathogenicity Disease
Genus I 
Pasteurella

P. multocida ssp. 
multocida

Opportunistic Fowl cholera, haemorrhagic 
septicaemia, pneumonia, atrophic 
rhinitis

P. multocida ssp. 
gallicida

Opportunistic Fowl cholera, pneumonia

P. multocida ssp. 
septica

Opportunistic Septicaemia, bite wounds

Genus X 
Avibacterium

Avi. gallinarum Opportunistic Chronic fowl cholera-like lesions
Avi. paragallinarum Primary 

pathogen
Infectious coryza

Avi. endocarditidis Opportunistic Valvular endocarditis
Genus VII 
Gallibacterium

Gallibacterium 
anatis

Opportunistic Salpingitis, peritonitis
septicaemia

a Subspecies have been de�ned based on DNA homology but also differ in their ability to utilise 
various sugars (Mutters et�al. 1985)
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P. multocida is classi�ed according to the capsular and somatic antigens:

•	 According to the capsular antigen, P. multocida is classi�ed into �ve types: A, B, 
D, E and F.�Type A and F have been associated with fowl cholera outbreaks; 
however, types B and D have also been isolated.

•	 According to the somatic antigen, P. multocida is classi�ed into 16 somatic sero-
types, in which serotypes 1, 3 and 4 are important. However, all somatic sero-
types were isolated from birds except serotypes 8 and 13 (Christensen et� al. 
2009). P. multocida serotypes are not correlating with the subspecies or pheno-
type. Additionally, the prevalence of a certain serotype seems more correlated to 
the geographical region.

4.2	� Epidemiology

P. multocida strains have been reported in several host species; however, the viru-
lence for one species is not linked with virulence for another, even though some 
virulence genes are not host-speci�c (Furian et� al. 2016): Birds, pigs, cats and 
rodents are the main vectors of P. multocida.

4.2.1	� Vectors and�Source of�Infection

Mammals, including humans, can harbour isolates of P. multocida and can play an 
important role in the transmission of fowl cholera. The virulent strains from cattle, 
sheep and pigs, like haemorrhagic septicaemia, bronchopneumonia or atrophic rhi-
nitis, are apathogenic to poultry. Some isolates from cats, mice and sparrows are 
pathogenic to poultry and considered a potential source of infection in poultry 
�ocks. (iii) Latent infected carriers such as domestic and wild birds are the most 
important vectors for P. multocida. In addition, insects might play a role in the trans-
mission too. Under experimental conditions, �ies, in contrast to the red fowl mite, 
transmitted the disease. P multocida spreads by contaminated crates, feed bags, 
shoes and other equipment.

4.2.2	� Transmission

P. multocida spreads within a �ock via direct contact with infected birds, vectors, 
contaminated drinking water and feed. The entry sites of the pathogen are the mucous 
membranes of the nostrils and the pharynx. Given the diversity, however, under �eld 
conditions, the infection source of P. multocida usually remains unknown.

The main routes of entry of P. multocida are the mucous membranes of the upper 
respiratory system and conjunctiva. The pathogen reaches the lungs and air sacs as 
well as the air spaces of the cranial bone, the middle ear and the brain. Other mucous 
membranes may act as a portal of entry, as evidenced by the isolation of P. 
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multocida from the peritoneum, oviduct and cloaca (Christensen et�al. 2009). Skin 
wounds are also a portal of pathogen entry, especially after bites by carnivores like 
dogs, cats or raccoons. While endotoxins and protein toxins can contribute to viru-
lence and various virulence genes have been described, granulocytes battling the 
infection might cause much of the damage in fowl cholera (Wilkie et�al. 2012). 
Vertical transmission of P. multocida is not reported. Infected birds shed P. multo-
cida from the beak, nose and conjunctiva but rarely in the faeces.

4.2.3	� Clinical Signs

The severity of P. multocida depends on the virulence of P. multocida, the animals’ 
age, immune status and stress factors. Turkeys, ducks and geese are more suscepti-
ble than chickens, and older birds are more susceptible than younger ones. The 
incubation period ranges from a few hours to 9�days. Mortality varies between 3.5% 
and 90%. The per-acute form is characterised by the sudden deaths without clear 
clinical signs. Clinical manifestations are observed only in acute or chronic forms 
are characterised by disturbance of the general condition, greenish diarrhoea, cya-
nosis of the snood and head and a high degree of respiratory distress (Figs.�4.1, 4.2, 
and 4.3). Sporadically, mucopurulent to bloody discharge occurs from the nostrils. 

Fig. 4.1  Sudden death in 
a poultry �ock suffering 
from fowl cholera. ©Hafez 
M. Hafez

Fig. 4.2  Clinical signs of fowl cholera in turkeys: severe diarrhoea and cyanosis of the head. 
©Hafez M. Hafez
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Fig. 4.3  Septicaemic form 
of Pasteurella multocida in 
turkeys. ©Hafez M. Hafez

Fig. 4.4  Swollen with necrotic foci of the liver of turkey infected with P. multocida. ©Hafez 
M. Hafez

In chronic cases, localised signs such as hock swelling, in�ammation of bursa ster-
nalis, sinusitis, paralysis and torticollis are observed. In�ammatory changes in the 
eyes can also occur in turkeys after P. multocida infection.

4.2.4	� Postmortem Lesions

Postmortem lesions of P. multocida in turkeys are shown in Figs.�4.4, 4.5, 4.6, 4.7, 
and 4.8. The main postmortem lesions in the acute and/or per-acute form are 
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Fig. 4.5  Severe 
congestion of the trachea 
from turkeys infected with 
P. multocida. ©Hafez 
M. Hafez

Fig. 4.6  Haemorrhages on 
the coronary fats. © Hafez 
M. Hafez

hyperaemia, including congestion of blood vessels and haemorrhages in and on 
various organs like heart coronary fat and abdominal fat. In some cases, the liver is 
swollen with visible necrotic foci. The crop and intestines may be �lled with mucus. 
In active laying hens, the ovary is in�amed, hyperaemic and with �accid or ruptured 
follicles. Microscopic lesions are intravascular coagulation, bacteria in the blood 
vessels and heterophilic in�ltrations in the liver, lungs and other parenchyma-
tous organs.
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Fig. 4.7  Consolidation of the lung. ©Hafez M. Hafez

Fig. 4.8  Chronic form of 
P. multocida showing 
arthritis. © Hafez M. Hafez

Chronic cases are characterised by �brinous in�ammation easily recognisable by 
the �rm, caseous exudate. Since most infections occur via the respiratory tract, con-
sequently affected organs include the trachea, air sacs, lungs, sinuses, pneumatic 
bones, cranial bones, meninges and the middle ear. In turkeys, lesions generally are 
localised in the lungs and include oedema and uni- or bilateral consolidation of the 
lungs with �brinopurulent exudate.

Other affected organs may include joints, the liver, the oviduct and the body cav-
ity; in breeder turkey hens, egg peritonitis can be observed after the rupture of 
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follicles. Microscopically, the lesions consist of necrosis, accumulation of �brin and 
heterophilic in�ltrations. Multinucleated giant cells can also be present.

4.2.5	� Diagnosis

A presumptive diagnosis is based on the clinical signs and the postmortem lesions. 
As a rapid diagnostic procedure, blood smears and/or imprint smear of in�amed 
lungs can be stained with methylene blue or Wright’s stain to demonstrate the bipo-
lar characteristics of P. multocida. The bipolar characteristics can be demonstrated 
in direct smears or fresh isolates; however, it cannot be seen in P. multocida sub-
jected to several subculture passages.

In acute cases, bacterial isolation can be done from all infected organs, including 
the heart, blood and bone marrow. However, in chronic forms, choanal swabs are 
recommended. P. multocida can be cultivated on the dextrose starch agar containing 
5% chicken serum and/or blood agar (Fig.�4.9). However, serum from some ani-
mals, particularly horse and sheep serum, can inhibit the growth of P. multocida on 
dextrose starch agar.

The optimal culturing condition of P. multocida is at 37�°C for 18–24�h under 
aerobic or anaerobic conditions (Glisson et�al. 2013). The colony morphology of 
P. multocida is variable and somewhat dependent on the host. Colonies of chicken 
isolates are circular with a diameter of up to 3�mm, smooth, convex and without 
haemolysis. Identi�cation of P. multocida can be done by routine biochemical char-
acterisation. PCR can also be used for detecting P. multocida directly in clinical 
samples (Corney et�al. 2007).

Serotyping can be carried out using a passive haemagglutination assay. For the 
capsular antigen using a tube agglutination test and/or agar gel diffusion test for the 
somatic antigen (Heddleston et�al. 1972). These assays have several disadvantages, 
such as the lack of need for speci�c antisera, and some isolates can lose their cap-
sule during passages. Therefore, PCR is recommended for capsular and somatic 
typing (Harper et�al. 2015; Townsend et�al. 2001).

Fig. 4.9  Pasteurella 
multocida on blood agar. 
©Hafez M. Hafez
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In addition, several methods, such as electrophoretic separation of outer mem-
brane proteins, restriction enzyme analysis in combination with pulsed-�eld gel 
electrophoresis, random ampli�cation of polymorphic DNA and multi-locus 
sequence typing, have been described for epidemiological purposes (Dziva et�al. 
2008). Additionally, commercial ELISA is available for the serological investiga-
tion of P. multocida. Although ELISA is useful in surveillance, it is useless in diag-
nosing ongoing outbreaks.

4.2.6	� Treatment

Several factors should be considered in treating infected �ock, such as the course of 
the disease (mortality and morbidity), the type of the infected �ock (breeder, fatten-
ing �ock) and the withdrawal time of the drug to be used. Generally, treating P. mul-
tocida infections is dif�cult because different strains have variable susceptibilities 
to antibiotic drugs. So for successful treatment, antibiotic sensitivity is necessary. 
P. multocida has lower resistance rates than related bacteria, but antimicrobial resis-
tance testing is still advisable (Jones et�al. 2013). Another problem related to FC 
treatment is the route of medication application; if the �ocks are recumbent and 
cannot drink the medicated water, a single bird injection with antibiotics should be 
used (Hafez et�al. 1992).

Several antimicrobials, such as sulphonamides, tetracyclines, erythromycin, �u-
oroquinolones and streptomycin, can successfully treat fowl cholera. Although 
P. multocida is a gram-negative bacterium, treatment with penicillin is also effective.

The success of treatment with antibiotics depends on an early diagnosis and the 
start of treatment. Immediate treatment with the optimal dose is recommended and 
the withdrawal should be considered. However, the medication should be strictly 
followed since the mortality generally returns when the medication is stopped. 
Treatment of chronic cases is usually unsatisfactory, probably because the antibiot-
ics do not reach localised lesions.

4.2.7	� Control

Flocks should be strictly separated from other farm animals and protected from wild 
birds and rodents to prevent the transmission of P. multocida. In multiple-aged 
farms, infected �ocks should be considered as carriers; older birds are likely to be 
subclinical infected carriers and can infect younger �ocks.

If fowl cholera is endemic, live attenuated and inactivated vaccines against 
P. multocida are licensed in some countries.

4.2.8	� Live Attenuated Vaccines

The earliest live bacterial avian P. multocida vaccine was developed by Louis 
Pasteur in the 1880s (Glisson et� al. 2008). Several vaccinal strains such as P. 
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multocida, type 3�×�4, Clemson University (CU), avirulent M-9 strain, Heddleston 
type 3�×�4, PMP-1 (Heddleston type 1, aroA deleted) and PM-1 strain, Heddleston 
type 3�×�4, CU/T-sensitive mutant, have been described.

Currently, commercial live attenuated vaccines such as M-NINEVAX®-C (M-9 
vaccine strain) and PM-ONEVAX®-C, a PM-1 strain, are used in commercial turkey 
�ocks against P. multocida and in combination with other live vaccines. However, 
live attenuated P. multocida vaccines have retained a relatively high virulence and 
can colonise the upper respiratory tract and become an opportunistic pathogen 
(Redweik et� al. 2020), causing chronic fowl cholera and signi�cant mortality. 
Therefore, chickens should be vaccinated by wing-web or subcutaneously, while 
turkeys can be vaccinated orally. Sometimes such post vaccinal reactions need to be 
treated with antibiotics. However, antibiotics should be avoided until at least 4 days 
post-vaccination when the vaccine induces partial immunity (Olson and 
Schlink 1986).

Live vaccines have the advantage of protecting against heterologous serotypes, 
partly because P. multocida seems to produce more immunogenic proteins in�vivo 
than in�vitro.

4.2.9	� Inactivated Vaccines

Inactivated vaccines are also available; however, they protect only against homolo-
gous serotypes. Therefore, most inactivated vaccines contain several somatic sero-
types, mainly 1, 3 and 4. (Glisson et�al. 2013). Examples of inactivated vaccines are 
Pabac® (serotypes 1, 3 and 4, Salsbury Laboratories, USA) and Nobi-Vac FC (sero-
types 1, 3, 4 and 5, Intervet Holland). Autogenous vaccines can also be used. 
Turkeys should be vaccinated at least twice. To enable a repeat vaccination in turkey 
hens and still comply with the 6-week waiting period for the injection site, the �rst 
vaccination should be carried out as early as the 6-week-old, followed by a booster 
dose at 4–5�weeks.

References

Christensen JP, Bojesen AM, Bisgaard M (2009) Fowl cholera. In: Pattison M, McMullin PF, 
Bradbury JM, Alexander DJ (eds) Poultry diseases. Elsevier, Noida, pp�149–154

Christensen H, Kuhnert P, Nørskov-Lauritsen N, Planet PJ, Bisgaard M (2014) Family 
Pasteurellaceae. In: Stackebrandt E, Rosenberg E, Delong E, Steven L, Thompson F (eds) The 
prokaryotes: Gammaproteobacteria. Springer, New�York, pp�535–564

Corney BG, Diallo IS, Wright LL, Hewitson GR, De Jong AJ, Burrell PC, Duffy PF, Stephens CP, 
Rodwell BJ, Boyle DB, Blackall PJ (2007) Pasteurella multocida detection by 5’ Taq nuclease 
assay: a new tool for use in diagnosing fowl cholera. J Microbiol Methods 69(2):376–380. 
https://doi.org/10.1016/j.mimet.2007.01.014

Dziva F, Muhairwa AP, Bisgaard M, Christensen H (2008) Diagnostic and typing options for inves-
tigating diseases associated with Pasteurella multocida. Vet Microbiol 128(1–2):1–22. https://
doi.org/10.1016/j.vetmic.2007.10.018

A. A. Shehata and H. M. Hafez



75

Furian TQ, Borges KA, Laviniki V, da Rocha SLS, de Almeida CN, do Nascimento VP et�al (2016) 
Virulence genes and antimicrobial resistance of Pasteurella multocida isolated from poultry 
and swine. Braz J Microbiol 47(1):210–216. https://doi.org/10.1016/j.bjm.2015.11.014

Glisson JR, Hofacre CL, Christensen JP (2008) Fowl cholera. In: Saif YM, Fadly AM (eds) 
Diseases of poultry, 12th edn. Blackwell Publishing, Ames, IA, pp�739–758

Glisson JR, Hofacre C, Christensen JP (2013) Fowl cholera. In: Swayne DE, Glisson JR, 
McDougald LR, Nolan LK, Suarez DL, Nair V (eds) Diseases of poultry. Wiley-Blackwell, 
Ames, Iowa, pp�807–823

Hafez HM, Emele J, Kruse W (1992) Pasteurella-multocida infection in Turkey�- review and expe-
rience in Turkey farms. Arch Ge�ugelkunde 56:45–52

Harper M, John M, Turni C, Edmunds M, St Michael F, Adler B, Blackall PJ et� al (2015) 
Development of a rapid multiplex PCR assay to genotype Pasteurella multocida strains by 
use of the lipopolysaccharide outer core biosynthesis locus. J Clin Microbiol 53(2):477–485. 
https://doi.org/10.1128/JCM.02824-14

Heddleston KL, Gallagher JE, Rebers PA (1972) Fowl cholera: gel diffusion precipitin test for 
serotyping Pasteurella multocida from avian species. Avian Dis 16(4):925–936

Jones KH, Thornton JK, Zhang Y, Mauel MJ (2013) A 5-year retrospective report of 
Gallibacterium anatis and Pasteurella multocida isolates from chickens in Mississippi. Poult 
Sci 92(12):3166–3171. https://doi.org/10.3382/ps.2013-03321

Mutters R, Ihm P, Pohl S, Frederiksen W, Mannheim W (1985) Reclassi�cation of the genus 
Pasteurella trevisan 1887 on the basis of deoxyribonucleic Acid homology, with proposals 
for the new species Pasteurella dagmatis, Pasteurella canis, Pasteurella stomatis, Pasteurella 
anatis, and Pasteurella langaa. Int J Syst Bacteriol 35(3):309–322. https://doi.org/10.109
9/00207713-35-3-309

Olson LD, Schlink GT (1986) Onset and duration of immunity and minimum dosage with CU 
cholera vaccine in turkeys via drinking water. Avian Dis 30(1):87–92

Redweik GAJ, Jochum J, Mellata M (2020) Live bacterial prophylactics in modern poultry. Front 
Vet Sci 7:592312. https://doi.org/10.3389/fvets.2020.592312

Townsend KM, Boyce JD, Chung JY, Frost AJ, Adler B (2001) Genetic organization of Pasteurella 
multocida cap Loci and development of a multiplex capsular PCR typing system. J Clin 
Microbiol 39(3):924–929. https://doi.org/10.1128/JCM.39.3.924-929.2001

Wilkie IW, Harper M, Boyce JD, Adler B (2012) Pasteurella multocida: Diseases and pathogen-
esis. In: Aktories K, Orth JHC, Adler B (eds) Pasteurella multocida. Springer, Berlin, pp�1–22

4  Fowl Cholera



77© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2024
H. M. Hafez, A. A. Shehata (eds.), Turkey Diseases and Disorders Volume 1, 
https://doi.org/10.1007/978-3-031-63318-8_5

5Riemerella anatipestifer Infection

Awad�A.�Shehata and�Hafez�M.�Hafez

Abstract

Riemerella anatipestifer or Moraxella anatipestifer, family Flavobacteriaceae of 
the genus Riemerella, causes septicaemic and exudative diseases in ducks, geese, 
turkeys and other birds. Riemerella can cause acute or chronic disease in birds, 
leading to respiratory signs, lameness and nervous symptoms. Young birds are 
most susceptible to acute illness with high mortality and morbidity, but RA can 
also occur in adult birds, causing only subclinical or asymptomatic disease. The 
infection in turkeys is associated with clinical disease and increased mortality. The 
disease has economic importance due to increased mortality, reduced growth rates 
and raised condemnation rates of carcasses at slaughter. The diagnosis depends on 
the clinical signs and bacteriological and serological examination. Because there is 
no cross-protection among R. anatipestifer serotypes, vaccines based on inacti-
vated bacteria confer some protection only against homologous strains. Autogenous 
inactivated vaccines can be used to prevent the disease in turkeys.
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5.1	� Aetiology

Riemerella anatipestifer, family Flavobacteriaceae, was �rst described by Riemer 
in 1904. This family also contains R. columbipharyngis and R. columbina, which 
infect pigeons. R. anatipestifer is a Gram-negative, non-motile, non-performing, 
microaerophilic, capsulated, rod-shaped and slightly curved bacterium. Its size 
ranged from 0.2 to 0.4�×�1 to 2.5�� m (Fig.�5.1). Although R. anatipestifer has a low 
tenacity, it can survive up to 4 weeks in the litter. R. anatipestifer prefers high con-
centrations of CO2 in the atmosphere.

Exact data on the virulence factors are not yet available, but different virulence 
factors, such as proteases, adhesion and collagenases, are known. The outer mem-
brane protein A (ompA protein) is an adhesion factor for developing clinically 
apparent infections. The ompA is a conserved and strong antigenic determinant of 
R. anatipestifer, suggesting its application in the sero-detection of R. anatipestifer 
infections regardless of their serotype (Subramaniam et�al. 2000).

5.1.1	� Serotypes

Based on the slide and tube agglutination tests with antisera, 21 serotypes of 
R. anatipestifer have been recognized. There is no cross-protection between distinct 
serotypes, making its control a challenge. Strong variations of virulence, as assessed 
by mortality and morbidity rates in outbreaks, have been reported for the different 
serotypes of R. anatipestifer. Differences in virulence were also observed within a 
given serotype (Brogden 1989).

Fig. 5.1  Clinical signs of Riemerella anatipestifer in turkeys showing arthritis and nervous mani-
festations. © Hafez M.�Hafez
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5.2	� Epidemiology

R. anatipestifer is distributed worldwide and of high economic importance. The 
disease occurs mainly in waterfowl, although infections in other poultry species are 
also detected in poultry-dense regions.

R. anatipestifer can be transmitted horizontally via inhalation and/or skin 
wounds. In addition, the vertical transmission of RA is also possible. Experimentally, 
it was also found that R. anatipestifer is pathogenic for turkeys after experimental 
inoculation in abdominal air sac routes (Rubbenstroth et�al. 2009). Turkeys may be 
infected by injuries or by the respiratory route. Under �eld conditions, coinfection 
with further respiratory viruses such as avian metapneumovirus (aMPV) might be 
necessary to develop the diseases in turkeys (Rubbenstroth et�al. 2009). It is also 
suggested that mosquitoes can act as vectors for R. anatipestifer based on the sea-
sonal occurrence of the disease (Ruiz and Sandhu 2013).

Once the infection is established on a farm, it frequently becomes endemic. It is 
common for multiple serotypes to be present in a single facility, with coinfections 
possible.

5.2.1	� Clinical Signs

Clinical signs of Riemerellosis usually develop after an incubation period of 
2–5�days. The disease in turkeys usually appears at the age of 5–15�weeks. It is 
characterized by respiratory and nervous manifestations, mainly dyspnoea, droopi-
ness, hunched back, lameness and torticollis (twisted neck), Fig.�5.1. The mortality 
ranges from 5% to 60%, depending on the serotype and virulence of the strain.

5.2.2	� Postmortem Lesions and�Histopathology

The most prominent postmortem lesions are septicaemia, �brinous perihepatitis, 
pericarditis and airsacculitis (Fig.�5.2). Other localized lesions, such as osteomyeli-
tis, meningitis and focal pneumonia, can be seen. Mottled splenomegaly may also 
be seen. Microscopically, in�ammatory lesions include �brinous exudate contain-
ing mononuclear in�ammatory cells and heterophils. Swelling and hydropic degen-
eration of hepatocytes have also been reported.

5.2.3	� Diagnosis

The diagnosis of R. anatipestifer infection depends on the clinical signs and post-
mortem lesions. The bacteria can be isolated from the heart, liver, brain and blood 
on blood agar. R. anatipestifer is positive for oxidase, catalase and phosphatase. 
Blood- or serum-containing culture media are best suited for cultivation (Fig.�5.3). 
R. anatipestifer can grow on several media, such as brain-heart glucose infusion 
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Fig. 5.2  Post-mortem 
lesions of Riemerella 
anatipestifer in turkeys 
showing �brinous 
perihepatitis, pericarditis 
and airsacculitis. © Hafez 
M.�Hafez

(BHI) and Mueller-Hinton broth II with 2% lysed horse blood, chocolate agar and 
trypticase soy agar. No growth is recorded on MacConkey agar, litmus lactose agar 
and Brolac agar. It does not cause haemolysis; however, Priya et�al. (2008) describe 
the partial occurrence of slight haemolysis (Priya et�al. 2008). Incubation of the 
plates at a temperature between 35�°C and 38�°C for 24 to 48�h (h) is recommended 
(Fulton and Rimler 2010). The incubation under 5–10% carbon dioxide (CO2) volt-
age optimizes bacterial growth. Colonies are smooth, non-pigmented or greyish-
white to beige. They are usually transparent and 1–2�� m in diameter, but some 
strains show slimy growth.

Based on biochemical tests, R. anatipestifer is not easily identi�ed; many bio-
chemical reactions are negative and/or strain-dependent. It produces oxidase, cata-
lase and phosphatase. The reaction for urease and gelatinase is variable, and Indol 
is negative.
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Fig. 5.3  R. anatipestifer 
on blood agar

Piechulla et�al. (1986) showed that European isolates are mostly urease negative 
and American isolates are urease variables (Piechulla et�al. 1986). Depending on the 
micro-test kit, some enzyme reactions give variable results: ß-glucosidase, 
� -galactosidase and lipase activity are positive in the API ID32E and negative in the 
API ZYM system, while N-acetyl-ß-glucosaminidase is negative in API ZYM and 
API ID32E but positive in LRA-ZYM-oxidase (Hinz et�al. 1998).

De�nitive diagnosis should include PCR array ampli�cation of a partial region 
of the ompA gene, 16S rRNA, rpoB gene and an ERIC fragment. However, a high 
rate of false-positive results can be obtained. Therefore, it is recommended to per-
form PCR targeting the rpoB or the 16S rRNA gene with subsequent sequencing.

Impression smears from the liver and/or brain stained with �uorescent antibodies 
can be used for rapid diagnosis. The matrix-assisted laser desorption ionization 
time-of-�ight mass spectrometry (MALDI-TOF MS) has been used successfully to 
identify R. anatipestifer.

Serotyping can be done using immunodiffusion, agar gel precipitation or agglu-
tination tests. Molecular biological methods for typing, such as the sequencing of 
16s rRNA, whole genome restriction enzyme analysis followed by pulsed-�eld gel 
electrophoresis (PFGE) or repetitive sequence PCR, can be used for epidemiologi-
cal studies. Serological diagnosis can be done using plate agglutination and 
ELISA.�However, there are no commercial ELISA kits, limiting their application in 
routine diagnostics.

5.2.4	� Treatment

Several antimicrobials, including sulphonamides, pyrimidine potentiator, aminope-
nicillins and other beta-lactams, macrolides, lincomycin, lincomycin-spectinomycin 
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and enro�oxacin, for 3 consecutive days are effective against R. anatipestifer. 
Antimicrobial susceptibility testing should be performed due to the emergence of 
multidrug resistance (Chen et�al. 2012; Song et�al. 2016). Determining the antibiotic 
sensitivity of R. anatipestifer is dif�cult because of the complex cultivation require-
ments. Generally, R. anatipestifer is resistant to polypeptide antibiotics (polymyxin 
B and colistin) and aminoglycosides (kanamycin and gentamicin). The develop-
ment of resistance against tetracyclines is common. Additionally, R. anatipestifer 
showed different susceptibilities to doxycycline (Teich et�al. 2010).

5.2.5	� Prevention and�Control

A high level of biosecurity and implementation of the all-in/all-out management 
systems are essential in controlling R. anatipestifer. Thorough cleaning and disin-
fection of houses between �ocks will decrease the infection pressure. Other predis-
posing factors should be avoided, such as poor ventilation, high stocking densities 
and/ or extremely high temperatures.

Prevention of R. anatipestifer can be achieved by vaccination; however, to date, 
no commercial vaccine against R. anatipestifer is available. Therefore, autogenous 
vaccines can be used. Live attenuated vaccines and bacterins containing the three 
most common serotypes, 1, 2 and 5, are available for use in ducks. Autogenous 
bacterins for other serotypes are available from multiple vaccine makers. An autog-
enous oil-emulsion bacterin can be used in turkeys; however, there is a lack of infor-
mation about the ef�cacy of these vaccines (Hafez and Hauck 2016).
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6Salmonella Infections in�Turkeys

Hafez�M.�Hafez and�Awad�A.�Shehata

Abstract

Salmonella infections in turkeys are common globally, causing signi�cant eco-
nomic losses due to high mortality rates in the �rst few weeks of age, drop in egg 
production, poor quality of the poults, high medical costs and high expenses for 
eradication and control. However, the most crucial factor is the ongoing impact 
of turkey meat and other meat products contaminated with Salmonella spp. on 
public health. Salmonella infections in poultry can be classi�ed into three groups: 
(1) highly host-adapted and invasive (S. Gallinarum and S. Pullorum), (2) non-
host-adapted and invasive serovars (S. Enteritidis, S. Typhimurium, S. Hadar, 
S.� Heidelberg, S.� Saintpaul, S.� Infantis, and S. Diarizonae) and (3) non-host-
adapted and non-invasive serovars (may cause disease in man and other animals). 
Pullorum disease and fowl typhoid, caused by S. Pullorum and S. Gallinarum, 
respectively, are septicaemic bacterial diseases primarily of chickens, but other 
birds, including turkeys, are susceptible. Moreover, infections with motile 
Salmonellae, except for S. Arizonae, are designated as paratyphoid infections, 
and generally, such infections are more prevalent in turkeys than in any other 
avian species. Arizonosis caused by serovars O18:Z4:Z32 and O18:Z4:Z23 is a 
serious problem in turkeys due to high mortality and reduced production and 
hatchability. It can cause septicaemia, neurological signs and blindness in young 
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turkeys. The de�nitive diagnosis of salmonellosis in turkeys is based on isola-
tion, biochemical identi�cation and serotyping. Several vaccines are available; 
however, Salmonella cannot be entirely eradicated. Applying all or even part of 
the measurements could reduce the prevalence to an acceptable level. Maintaining 
strict hygiene practices such as cleaning, disinfection and rodent control is 
important to reduce the risk of spreading infections vertically. However, legisla-
tion alone is not enough to ensure the safety of food production. Everyone in the 
industry, from producers to retailers, must take responsibility for ensuring the 
safety of their products.

Keywords

Salmonella · S. Pullorum and S. Gallinarum · S. Arizonae · Diagnosis · Prevention 
and control

6.1	� Aetiology

Salmonella belongs to the Enterobacteriaceae family, gram-negative, non-sporing 
rods and non-capsulated. Several Salmonella serovars have been isolated from tur-
keys; their exact number is dif�cult to estimate. Some serovars may be predominant 
in a region or country for several years and then disappear to be replaced by other 
serovars. The genus Salmonella can be roughly classi�ed into three categories or 
groups (Hafez 2013):

	1.	 Group 1: Highly host-adapted and invasive serovars. This group includes inva-
sive Salmonella such as S. Pullorum, S. Gallinarum in poultry and S. Typhi 
in humans.

	2.	 Group 2: Non-host-adapted and invasive serovars: This group consists of 
approximately 10–20 serovars, which can cause an invasive infection in poultry 
and may be capable of infecting humans. Currently, the most important serovars 
are S. Enteritidis, S. Typhimurium, S. Hadar, S.� Heidelberg, S.� Saintpaul, 
S. Infantis, and S. Diarizonae.

	3.	 Group 3: Non-host-adapted and non-invasive serovars. Most serovars of the genus 
Salmonella belong to this group and may cause disease in man and other animals.

6.2	� Pathogenesis and�Transmission

6.2.1	� Vertical Transmission

True-vertical transmission mainly occurs through ovarian transmission, oviduct passage 
or contact with infected peritoneum or air sacs. S. Gallinarum, S. Pullorum, S. Arizonae, 
S. Senftenberg, S. Typhimurium, S. Enteritis and S. Hadar are transmitted through true-
vertical transmission. However, pseudo-vertical transmission via faecal contamination 
of the eggshell from the cloaca and/or contaminated nests, �oors or incubators, with 
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subsequent penetration into the eggs, is a similar outcome to true vertical transmission 
(Hafez and Jodas 2000). It was found that S. Typhimurium more frequently penetrated 
unpigmented turkey eggs than normal pigmented eggs. Such unpigmented eggs have 
thinner shells and larger pores (Williams and Dillard 1968). Furthermore, turkey semen 
could be a source of Salmonella infection (Donoghue et�al. 2004).

6.2.2	� Horizontal Transmission

Hatcheries are one of the major sources of early horizontal transmission. Hatched 
poults can be infected via aerosols containing Salmonella, belt slots or door seals 
within hatchers, but may also result from infection and contamination that continu-
ously recycles between hatchers, hatched birds, dust and crate washing equipment. 
During rearing, Salmonella is transmitted horizontally (laterally) by direct contact 
between infected and uninfected turkeys and by indirect contact with contaminated 
environments through ingestion or inhalation of Salmonella. Subsequently, there 
are many possibilities for the lateral spread of the organisms via live and dead vec-
tors. Dead vectors such as contaminated drinkers, feeders, litter and air are critical 
sources of horizontal transmission within and between pens (Hoover et�al. 1997). 
Salmonella can survive in turkey litter for up to 9�months after removing the infected 
�ock. Failure to clean and disinfect properly after an infected �ock can result in the 
infection of the next batch of birds.

6.2.3	� Reservoirs for�Salmonella

Signi�cant reservoirs for Salmonella are man, farm animals, pigeons, waterfowl 
and wild birds (Fig.�6.1). Rodents, pet insects and beetles are potential reservoirs 
that transmit infection to birds and between houses. Rodents constitute a persistent 

Fig. 6.1  The natural 
reservoir of Salmonella. 
*Causing chain infections 
from �ock to �ock by 
surviving in the 
environment
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Fig. 6.2  Interspecies transmission of Salmonella spp. (Tellez-Isaias et�al. 2021)

reservoir of Salmonella infection from which poultry houses and stored feeding 
stuff should be protected as far as possible. Feed is probably one of the most com-
mon sources for the lateral spread of Salmonella. Nearly every ingredient used in 
the manufacture of poultry feedstuffs has been shown at one time or another to be 
contaminated with Salmonella. The organism occurs most frequently in protein 
from animal products such as meat and bone meal, blood meal, poultry offal, feather 
meal and �shmeal. Protein of vegetable origin has also been shown to be contami-
nated with Salmonella (Dutta et� al. 2010; Hafez et� al. 1997; Irwin et� al. 1994), 
Figs.�6.1 and 6.2.

6.2.4	� Factors Affecting the�Course of�Infection

The course of the infection and the prevalence of salmonellosis in turkeys depend 
on different factors such as the Salmonella serovar, age of birds, infectious dose 
and route of infection. Furthermore, stress-producing factors such as bad manage-
ment, poor ventilation, high stocking density or concurrent diseases may also 
contribute to developing a systemic infection with possible heavy losses among 
young poults.
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6.3	� Pullorum Disease and�Fowl Typhoid

6.3.1	� Definition and�Aetiology

Pullorum disease is an acute systemic disease of young poults, characterised by sud-
den death and high mortality. The disease is often localised in adult turkeys and can 
cause lifelong latent infection and decrease egg production, fertility and hatchabil-
ity. The disease is mostly vertically transmitted. Pullorum disease is caused by 
S. Pullorum, while fowl typhoid is caused by S. Gallinarum. They can be distin-
guished based on biochemical tests. S. Pullorum produces rapid decarboxylation of 
ornithine, whereas S. Gallinarum does not.

6.3.2	� Clinical Signs

The incubation period is 3 to 5 days. Morbidity and mortality vary from less than 
10% to as high as 100%. The �rst indication of disease by vertical transmission is 
usually an increase in dead-in-shell embryos. Infected hatched poults appear mori-
bund and sudden death without clinical symptoms may occur. Mortality increases 
around the fourth or �fth day of age, peaking mostly between the second and third 
week. The symptoms are not characteristic (Fig.�6.3). Poults can show white diar-
rhoea with a pasting of feathers around the vent, ‘pasty vent’, and laboured breath-
ing, conjunctivitis, swelling of joints and lameness may also be seen. In rare cases, 
nervous symptoms can be observed. Survivors are often stunted or poorly feathered; 
many remain carriers and disseminate the causative agent. Adult turkeys usually 
show no clinical signs; some appear unthrifty. Variable degrees of decreased egg 
production, fertility and hatchability have been observed.

6.3.3	� Gross Lesions

Lesions are limited in young poults, and the following changes can be found: 
omphalitis, the liver may be enlarged, congested or discoloured and streaked with 
haemorrhages. Pericarditis, necrotic foci or greyish-white nodules are also seen in 
the liver, heart, lungs, gizzard muscle and caeca. The intestine contains an excessive 
mucous discharge. Caeca may contain a caseous core and sometimes are �lled with 
blood, frequently manifested with peritonitis. The spleen may be enlarged, the kid-
neys may be congested, and the ureters may be distended with urates. The yolk sac 
and its contents reveal slight or no alteration. The absorption of the yolk sac may be 
poor, and the contents may be of a creamy or pasty consistency.
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Fig. 6.3  Salmonella infection in turkeys, showing weakness, drooping wings, ruf�ed feathers and 
diarrhoea. © Hafez M. Hafez

The lesions most frequently found in adult birds in the chronic carrier hen are 
misshapen, pedunculated, discoloured cystic ovaries. The ovary may show haemor-
rhages with atrophic discoloured follicles. Ovarian and oviduct dysfunction may 
lead to abdominal ovulation or impassable oviduct, leading to extensive peritonitis 
and adhesions of the abdominal viscera. In male birds, the testes may be atrophied 
with the thickening of tunica albuginea and multiple abscesses. Occasional myocar-
ditis with pericarditis and ascites may also occur in both sexes.
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6.4	� Paratyphoid Infection

6.4.1	� Definition and�Aetiology

Infections of avian species with motile Salmonella, except for S. Arizonae, are des-
ignated as paratyphoid infections, and generally, such infections are more prevalent 
in turkeys than in any other avian species. This group of infections is one of the most 
important bacterial diseases in the turkey breeder sector and results in high losses 
among turkey poults during the �rst month after hatching, with the maximum occur-
ring in the �rst 10 days. The infection often seriously impairs fertility, hatchability 
and egg production. Among valuable breeder �ocks, infections are generally accom-
panied by severe economic losses because of their chronic nature and the dif�culty 
of eradication.

6.4.2	� Clinical Signs

Incubation periods range from 2 to 5 days. Mortality in young poults varies from 
negligible to 10–20%, and severe outbreaks may reach 80% or more. The severity 
of an outbreak in young poults depends on the serovar involved, the virulence of the 
involved strain, the degree of exposure, the age of birds, environmental conditions, 
hygiene and the presence of concurrent infections. The age at which the disease is 
�rst observed in poults will depend on whether the poults are infected in the hatch-
ery or after being placed in the brooder. Clinical signs may be absent, even if infec-
tion occurs in the incubator or a few days post-hatching.

If the infection is vertically transmitted or occurs in the incubator, many un-
pipped and pipped eggs with dead embryos exist. Symptoms usually seen in young 
poults are somnolence, weakness, drooping wings, ruf�ed feathers and huddling 
together near heat sources. Many poults that survive several days will become ema-
ciated and pasty vents with faecal material. However, in young poults, diarrhoea is 
not a constant symptom. Lameness caused by arthritis may also be present. Adult 
birds usually show little or no evidence of the infection and serve mostly as intesti-
nal or internal organ carriers over longer periods. Leg weakness in mature birds is 
not uncommon; however, Higgins and others investigated a 24-week-old turkey 
�ock infected with paratyphoid infections in which 10% of the birds were severely 
affected with arthritis (Higgins et�al. 1944).

6.4.3	� Gross Lesions

Congestion of the liver and kidney is the most constant post-mortem �nding. Chicks 
that died in the acute phase show omphalitis, persistent yolk sac (Fig.�6.4), catarrhal 
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Fig. 6.4  Salmonellosis in young poults showing omphalitis and persistent yolk sac. © Hafez 
M. Hafez

Fig. 6.5  Salmonellosis in young poults showing necrotic foci in the liver. © Hafez M. Hafez. © 
Hafez M. Hafez

and haemorrhagic enteritis and necrotic foci in the liver (Fig.�6.5), spleen and heart 
muscle. The pericardial sac is often �lled with straw-coloured �uid. Another com-
mon �nding is a caseous caecal core, sometimes �lled with blood (Fig.�6.6). Lesions 
may be absent in extremely severe outbreaks.

Furthermore, liver, kidney, gallbladder and heart muscle congestion are the most 
constant post-mortem �ndings (Gast 2008). Lung and heart lesions are rare, but 
in�ammation of the air sac is common (Hinshaw 1959). In adult turkeys, marked 
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Fig. 6.6  Salmonellosis in young poults showing a caseous caecal core. © Hafez M. Hafez

Fig. 6.7  Ovary presents multiple degenerative follicles with numerous misshaped nodules. © 
Hafez M. Hafez

intestine in�ammation with occasional necrotic ulcers has been observed; in these 
cases, the liver and spleen are usually swollen and congested. Ovary may show 
multiple degenerative follicles with numerous misshaped nodules (Fig.�6.7).

6.5	� Arizonosis

S. Arizonae falls under the de�nition of paratyphoid salmonella. However, it can 
cause high mortality, reduced production in infected turkeys and reduced hatchabil-
ity. Arizonosis is regarded as a serious problem in the turkey industry. There are few 
reports about Arizonosis in chickens. S. Arizonae infects a wide range of hosts, 
including humans. Usually, reptiles are the source of infections.
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6.5.1	� Aetiology

Arizonosis caused by serovars O18:Z4:Z32 and O18:Z4:Z23 (formerly 7, 1, 7, 8) is a seri-
ous problem in the turkey industry due to high mortality and reduced production and 
hatchability. The infection is egg-transmitted, and most outbreaks occur in young 
turkeys during the �rst 3 weeks of age. The turkeys may be the primary host for these 
particular serovars, although the host range for other serovars of S. Arizonae is 
unlimited (Shivaprasad 2013). Horizontal transmission seems less important.

6.5.2	� Clinical Signs

The incubation period ranges from 5 to 10�days. The mortalities varied greatly and 
ranged between 3.5% and 15%. However, losses of up to 90% have been reported. 
The mortality is generally highest during the �rst 3 weeks after hatching and may 
continue through 5 weeks after hatching (Green�eld et�al. 1971).

Young poults appear in poor condition, listless, shivering, huddling near heat 
sources and sitting on their hocks. In addition, diarrhoea with pasting in the vent 
area, uni- or bilateral blindness and nervous disorders like uncoordinated gaits, con-
vulsions, twisted neck and torticollis have been observed in birds with brain lesions 
(Kowalski and Stephans 1968). Poor growth and moderate to marked uneven growth 
in the �ock are often seen after the clinical disease has ended and was diagnosed. 
Otitis interna in turkey poults showed clinical signs of paralysis, opisthotonos, tor-
ticollis, blindness and increased mortality (Shivaprasad 2013). Clinical signs and 
mortality are rarely found in mature turkeys, and they seldom die from the infection 
(Sato and Adler 1966). They remain, however, latent carriers and shed the organ-
isms. Infected parent stocks may show decreased egg production, fertility and 
hatchability (Shivaprasad 2013).

6.5.3	� Gross Lesions

In poults that suddenly die of septicaemia, lesions may be absent. Frequently, how-
ever, there is an enlarged, congested, mottled, yellow liver with pinpoint necrotic 
foci, distended gallbladder and retained yolk sac. Common �ndings include marked 
congestion and erosion of the gastrointestinal tract and caseous casts �lling the cae-
cal lumen. Other lesions include the accumulation of caseous exudate in air sacs and 
the abdominal or thoracic cavities. A small but signi�cant number of poults have 
eye lesions. The eye usually has a normal cornea, but an opaque lens and a cheesy 
exudate cover the retina. This lesion is not pathognomonic because it also occurs 
with paratyphoid, aspergillosis or colibacillosis, although it occurs more frequently 
with arizonosis. Purulent exudate in the meninges, lateral ventricles of the brain or 
the middle and inner ear is seen in birds with central nervous system signs. In adult 
birds, small caseous mesenteric lesions and cystic ovules have been observed 
(Shivaprasad 2013).
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6.6	� Laboratory Diagnosis of�Salmonellosis

Accurate diagnosis should be carried out by detecting and isolating the causative 
agent and/or detecting antibodies using serological examination. In general, how-
ever, factors such as governmental regulation, the goal of examinations, cost-bene�t 
analysis, equipment facilities, availability of reagents and staff experiences are 
in�uenced and sometimes limit the choice of laboratory methods (Hafez 2001). 
Currently, isolation of the organism in the EU is mostly laid down in legislation. 
However, use serology or other techniques to detect infected �ocks can be used.

6.6.1	� Sampling

Several samples such as in-hatching eggs, dead-in-shell embryos, unabsorbed yolk, 
heart blood, liver, spleen, kidney, crop, intestinal content, faeces and environmental 
samples such as drag swabs, �oor litter, nest litter and dust can be used for isolation 
of Salmonella spp. Furthermore, culturing caseous material covering the retina is 
useful for detecting S. Arizonae in infected birds.

The type, amount of sample and culture techniques (media, amount of inoculum, 
temperature and time of incubation) can in�uence the isolation. The type of sample 
re�ects the degree of contamination with other competing microbes and may indi-
rectly provide some knowledge about the type and number of salmonellas in a sam-
ple (Hafez 2001): (1) faeces, highly contaminated with other competing 
microorganisms; (2) eggs, generally, very few Salmonellae are expected; (3) fresh 
poultry meat and egg products, the degree of contamination varies widely; (4) fro-
zen products, contain sublethally injured salmonellas; (5) poultry feed, contains a 
small number of salmonellas and is unevenly distributed in the sample; and (6) 
environmental samples, usually contain a low number of salmonella.

6.6.2	� Isolation and�Identification

Accurate diagnosis of salmonellosis must be con�rmed by bacterial isolation and 
identi�cation. In general, governmental regulations by diagnosis should be fol-
lowed. Since 2008 samples taken to monitor turkey �ocks in the EC should be pre-
pared and tested following the Annex in Commission Regulation (EC) No. 584/2008 
(EC 2008) requirements using the method recommended by the Community 
Reference Laboratory for Salmonella in Bilthoven, Netherlands. This includes a 
non-selective pre-enrichment stage to revitalise Salmonella (Fig.�6.8) that may be in 
a stressed condition and to increase the number of organisms before the transfer of 
an inoculum (0.1� ml after 16–20� h incubation at 37� °C) to modi�ed semi-solid 
Rappaport-Vassiliadis medium (MSRV), supplemented by novobiocin to reduce 
gram-positive competing organisms, which was incubated at 41.5�°C for 48�h. Then 
after, a loop of this growth is plated onto two selective indicator agars, Xylose 
Lysine Decarboxylase agar (XLD) and a second media of choice, although the value 
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Fig. 6.8  Diagnosis of Salmonella

of the second media is often debatable. Suspect colonies are con�rmed biochemi-
cally and/or by slide agglutination tests, and isolates can be submitted for serotyp-
ing and further characterisation.

In addition, bismuth sulphite (BS) agar is an excellent (nutrient broth) and plat-
ing medium for the isolation of S. Arizonae (Mallinson and Snoeyenbos 1989). 
Conventional cultural procedures for hatching eggs using egg yolk, albumen or 
shell samples have generally resulted in low isolation rates.

Hafez et�al. (1986) described a further modi�cation using enrichment media in 
empty eggshells. The re-isolation rate of S. Senftenberg using this method was 
always higher than the examination of yolk and/or albumen alone from arti�cially 
contaminated broiler chicken, turkey and quail-hatching eggs. Investigation on the 
isolation of S. Enteritidis from experimentally contaminated chicken hatching eggs 
(layer type) using pre-enrichment of empty eggshell samples led to signi�cantly 
higher detection rates compared to the same samples cultured without pre-
enrichment after contamination with 102� cfu per ml S. Enteritidis (Hafez and 
Jodas 1992).

6.6.3	� Serological Examination

Several serological tests have been used to diagnose salmonella infections in tur-
keys indirectly. The rapid whole blood test (WBT), the serum agglutination test 
(SAT), the standard tube agglutination test and micro-agglutination/micro-
antiglobulin have been used with varying degrees of success. In addition, enzyme-
linked immunosorbent assay (ELISA) using various antigens, including somatic 
lipopolysaccharide, �agella, SEF14 �mbriae, outer membrane proteins and crude 
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antigen preparations have been used especially for the detection of S. Enteritidis and 
S. Typhimurium carriers in chicken. There is no available literature on using these 
methods in turkey �ocks.

In general, the ELISA test provided a satisfactory tool for the serological exami-
nation of serum and egg yolk for antibodies to S. Typhimurium, S. Enteritidis, 
S. Gallinarum, and S. Pullorum (Barrow et�al. 1996; Nagaraja et�al. 1984) success-
fully using the outer membrane protein as ELISA antigen to detect antibodies against 
S. Arizonae infection in turkey breeders’ �ocks. However, antibiotic therapy and the 
vaccine may also affect salmonella excretion and antibody response. It was found 
that in experimentally infected chickens with S. Enteritidis, enro�oxacin treatment 
with or without the addition of competitive exclusion (Broilact) 3 post inoculation 
resulted in low antibody titres (Desmidt et�al. 1992). In addition, salmonella vaccines 
can interfere with serology, and it will be necessary to differentiate between the anti-
bodies induced from vaccination and those raised after �eld infection. Antibody 
detection is not legally recognised for monitoring for food safety reasons.

6.6.4	� Differential Diagnosis

Young birds with generalised salmonellosis and arizonosis infections may show 
signs and lesions identical to any acute septicaemia caused by various bacteria. 
Lesions in the caecum may be similar to those caused by Histomonas meleagridis. 
Nervous symptoms may resemble Newcastle disease, avian in�uenza, 
Ornithobacterium rhinotracheale, aspergillosis or other diseases affecting the cen-
tral nervous system.

6.7	� Treatment

Generally, according to Commission Regulation (EC) No. 1177/2006, antimicrobi-
als shall not be used as a speci�c method to control salmonella in poultry (EC 
2006). Treatment will not eliminate the infection but will also interfere with detect-
ing sub-clinically infected birds. In some cases, however, antimicrobials can be per-
mitted, for example, in the interest of animal welfare. Sensitivity testing of the 
involved salmonella isolates should be done concurrently with the commencement 
of medication because the results of resistance tests in different regions are not 
comparable, and the sensitivity of salmonella varies from time to time.

Treatment of salmonellosis in turkeys with antimicrobial drugs effectively 
reduces mortality and clinical signs but does not eliminate the infection. 
Administration of tetracyclines, neomycin, amoxicillin, trimethoprim/sulphon-
amide, polymyxin B, �uoroquinolones and gentamicin in drinking water, in feed 
or by injection is very effective. However, the majority of survivors become 
carriers.
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So far, no drug or combination of drugs can eliminate the infection and symp-
tomless carriers from treated �ocks. Hafez et�al. found that treating turkey �ocks 
with different antimicrobials to combat respiratory disease conditions or coccidiosis 
did not reduce the shedding of salmonella in the faeces of naturally infected �ocks 
(Hafez et�al. 1997). On the other hand, Guillot and Milleman reported that using 
enro�oxacin effectively reduces the intestinal carrier of S. Typhimurium after 
experimental infection (Guillot and Milleman 1990).

6.8	� Salmonella: Prevention and�Control

The emphasis of any salmonella control programme has to be designed to prevent 
the introduction of the bacteria into the �ock. To prevent vertical transmission, the 
production pyramid has to be cleaned from the top by applying strict biosecurity 
measures in grandparents and parent �ocks, followed by close monitoring. In coun-
tries with intensive poultry production, it has been determined that it would be very 
dif�cult to eliminate salmonella contamination in poultry production under current 
conditions. However, the possibility of eliminating host-speci�c serovars and reduc-
ing non-host-speci�c invasive serovars (paratyphoid) is realistic (Hafez 2005). Fowl 
typhoid and pullorum disease are reportable diseases in several countries, and both 
diseases are listed as noti�able diseases in the OIE.

6.8.1	� Clean Production Chain from�the�Top

To control Salmonella in poultry, it is important to focus on cleaning the production 
chain from the top to prevent vertical transmission. The success or failure of any 
salmonella reduction programme begins with the primary breeder level, which pro-
vides seed stock to the global turkey industry. Through consistent testing and eradi-
cation of infected breeding �ocks, pullorum disease and fowl typhoid have been 
nearly eradicated in most countries with modern turkey industries. Similarly, prog-
ress has been made in achieving similar results with S. Arizonae, S. Typhimurium 
and S. Enteritidis in turkey breeding stocks. It is important to focus on maintaining 
high standards of animal management and regularly monitoring breeding birds for 
bacterial and serological issues. Further details on clean egg production, disinfec-
tion and hatchery management are discussed in Chap. 7.

6.8.2	� Hygienic Measures

The level of biosecurity should be high, but generally, it is dif�cult and expensive to 
maintain at all times and at all production levels. The all-in, all-out principle should 
be adopted wherever possible. Multiple ages of birds on a farm constitute a serious 
disease risk. Further hygienic practices to control rodents and wild birds are dis-
cussed in Chap. 7.
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6.8.3	� Feed Hygiene

Contaminated feed ingredients are an important source of salmonella, and the pel-
leting process can effectively decontaminate them. However, dust accumulation 
around the pellet mill can negatively in�uence this process. Usually, the pellet 
cooler is a major area for recontamination (Gazdzinski 2004). Therefore, dust con-
trol in feed mills is a very critical control point. Preventing recontamination of feed 
with salmonella is currently the biggest challenge in feed mills. Control of salmo-
nella in the feed using organic acid, formaldehyde or a combination can address the 
recontamination problem.

6.8.4	� Feed Additives

Short-chain organic acids (formic and propionic) have been used as feed additives. 
The acids do not eliminate Salmonella from dry feed, but they kill the organisms in 
the crop of the birds when the feed has been moistened after consumption by the 
combined effects of the acids, higher water activity and temperature. Feed treatment 
with organic acids must be considered an important support to good hygiene and 
husbandry in all production chains.

Other feed additives such as carbohydrates (lactose, mannose, galactose, saccha-
rose), which can in�uence the caecal environment by increasing the amount of acid 
produced by bacterial fermentation, thus decreasing the pH, have been found to 
reduce Salmonella colonisation. Corrier et al. found that the addition of lactose to the 
diet of turkey poults decreased the caecal pH and when it was combined with volatile 
fatty acids (VFA), producing anaerobic caecal micro�ora that markedly increased 
the concentration of undissociated VFA, thus preventing Salmonella colonisation. 
Other sugars within more complex carbohydrates have been successfully used.

In turkeys, the in -ovo inoculation at the time of transfer of embryonated eggs from 
the setter to the hatcher or spray application of Lactobacillus reuteri has bene�cial 
effects in promoting greater viability associated with enhanced colonisation of the 
caecum with L. reuteri and more rapid shedding of Salmonella when the birds were 
challenged with either S. Typhimurium or S. Senftenberg at hatch or day after hatch. 
In addition, Casas et al. reported using the Lactobacillus reuteri in turkeys under �eld 
conditions. Three applications using spray formulation in the hatchery, the �rst at 15% 
pipping (26�days on incubation), the second at 40–60% pipping and the third at 12�h 
before taking the poults out of the hatcher, resulted in good protection against in-
hatcher contamination with S. Typhimurium. Wolfenden et al. evaluate the affectivity 
of two Bacillus isolates as probiotics, namely, PHL-MM65 (a Bacillus laterosporus) 
and PHL-NP122 (a Bacillus subtilis), using turkey poults raised under commercial 
conditions. These isolates were shown to signi�cantly increase body weight gain and 
decrease Salmonella’s colonisation level in commercial turkeys.

Competitive exclusion (CE), also named ‘Nurmi concept’ or exclusion �ora 
(EF), in combination with conventional hygienic measures, has been shown to be 
very effective as a preventive measure against Salmonella infection in poultry. 

6  Salmonella Infections in�Turkeys



100

Competitive exclusion is a culture from an unde�ned mixture of microorganisms 
from adult birds’ crop and intestinal tract contents. Competitive exclusion should be 
applied to newly hatched chicks or turkey poults at the hatchery or farm as soon as 
possible. Administration can be carried out by spraying in the hatchery. Many 
authors reported that treatment must precede exposure to Salmonella to be protec-
tive. However, evidence exists that CE treatment given after the Salmonella chal-
lenge reduces the number of Salmonella in the chicken caeca and the number of 
infected birds in a �ock.

6.8.5	� Vaccination

Both live and inactivated vaccines may be useful in controlling clinical salmonel-
losis caused by host-adapted or invasive serovars. However, the application of vac-
cines to control colonisation with non-invasive Salmonella is unlikely to be effective 
since humoral or cell-mediated immunity will have little in�uence on events in the 
lumen of the gastrointestinal tract (Barrow 1991). In addition, there is evidence that 
highly invasive strains are likely to stimulate a stronger immune response and be 
eliminated earlier than would occur with less invasive strains (Barrow et�al. 1988).

Live Salmonella vaccines are used for several purposes, e.g., (1) reduce 
Salmonella load in poultry; (2) improve food safety by reducing salmonella con-
tamination of meat and eggs and (3) produce recombinant vaccines, enabling pro-
tection against additional pathogens. Examples of available vaccines are AviPro® 
Megan® Vac 1 (Eanco), Gallivac® SE (Merial) and Poulvac® ST+ (Zoetis). Vaccines, 
including aroA mutants and strains with mutations in the genes encoding adenylate 
cyclase and the cyclic adenosine monophosphate receptor protein, have been devel-
oped based on molecular biological gene-deletion techniques and used as live vac-
cines against salmonellosis (Cooper et�al. 1994).

Additionally, attenuated vaccines including auxotrophic mutants or metabolic 
drift mutant (MD) vaccines against S. Enteritidis have also been developed and used 
in Germany and the United Kingdom (OIE 2004). The MD is a function-related 
mutation or spontaneous mutation of ribosomal RNA that occurs in all microorgan-
isms (viruses, bacteria, yeast and fungi) as an evolution principle. Three methods 
have been described for the development of MD mutants: (1) spontaneous MD anti-
biotic resistance (MD ‘res’) (the rate of these MD mutants colonies can be isolated 
with a frequency of 1% related to the virulent resistant colonies), (2) increased envi-
ronmental stress tolerance mutants which are indirectly accumulated in the ‘dying 
off’ culture and (3) streptomycin-independent (Sm-id) suppressor mutants derived 
from streptomycin-dependent (Smd) colonies (Linde and Grosse-Herrenthey 2015; 
Shehata et�al. 2013; Shehata et�al. 2020). At least two attenuating markers have been 
induced. Thus, the incidence of back mutation of one attenuating marker may reach 
10� 8. Different attenuation markers that increase the stability of vaccines are required 
to exclude the probability of a reversion to virulence. However, hyper-attenuated 
mutants could lose their immunogenicity, and this is a limitation of MD ‘res’ con-
taining multiple attenuating markers. The incidence of back mutation of a vaccine 
containing two attenuating markers is one chance every 1016 chances.
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6.8.6	� Inactivated Vaccines

For many years Salmonella bacterins were used as inactivated vaccines to combat 
salmonella in turkeys. According to Thain et al., administering an inactivated 
S. Hadar vaccine to turkey breeding stock may be of value in limiting the spread of 
this serotype in young poults. Ghazikhanian et�al. (1984) showed that using autog-
enous oil emulsion S. Arizonae bacterin signi�cantly reduced the overall egg trans-
mission rate in vaccinated challenged hens compared with non-vaccinated 
challenged turkeys (Ghazikhanian et�al. 1984). Similar results were observed after 
the vaccination of turkey breeders with autogenous mineral oil adjuvant vaccines 
prepared from the serovar S. Sandiego and S. Arizonae (Nagaraja et�al. 1988). Tenk 
et�al. (2000) studied the ef�cacy of using inactivated S. Enteritidis commercial vac-
cine (Salenvac� ) on Salmonella shedding in two breeding turkey �ocks. Flock ‘A’ 
was vaccinated two times intramuscularly using 1�ml/bird on weeks 20 and 27, 
whereas �ock ‘B’ received the vaccine three times on weeks 8, 20 and 27 using 
0.5�ml/bird (Tenk et�al. 2000). Following the vaccination procedures, Salmonella-
associated losses and condemnations were reduced to one-third of the level observed 
before vaccination. After vaccination, the hatching performance improved, the qual-
ity of the day-old poults was better, and performance �gures were higher. 
Recurrences of salmonella excretion and egg contamination may occur during peri-
ods of stress, such as the onset of lay, overheating or the �nal stages of lay.

6.8.7	� Public Health Aspects

Despite technological advancements and improved hygienic practices throughout 
food production, Salmonella infections continue to threaten human and animal 
health. Turkey products are particularly susceptible to Salmonella contamination, 
making them a common source of infection in humans. Turkey carcasses are often 
further processed into portions, sausage, burgers and other products, which have 
become more prevalent in the industry. However, contaminated turkey meat is still 
used in the catering industry, leading to foodborne illnesses caused by improper 
cooking or cross-contamination in the kitchen. Outbreaks are often associated with 
food service establishments like hotels, restaurants, institutions and catered foods.

6.8.8	� Education Programmes

Since the success of any disease control programme depends on the farm and per-
sonal sanitation, it is essential to incorporate education programmes about microor-
ganisms, modes of transmission and awareness of the reasons behind such control 
programmes by people involved in poultry production. In addition, effective educa-
tion programmes must be implemented to increase public awareness of the neces-
sary measures to protect against Salmonella in food products. Finally, research must 
continue to �nd additional control and preventive means.
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7Erysipelas

Awad�A.�Shehata and�Hafez�M.�Hafez

Abstract

Erysipelas, caused by Erysipelothrix rhusiopathiae, is an acute, sub-acute and/or 
chronic bacterial disease affecting mammals, birds, reptiles, amphibians and 
�sh. In meat turkeys, E. rhusiopathiae causes economic losses due to mortality, 
as well as a drop in egg production in turkey breeder �ocks and an increase in the 
condemnation rate at slaughtering due to septicaemia. E. rhusiopathiae is trans-
mitted through the faecal-oral route and can enter through skin abrasions. A sep-
ticaemic form is common. The chronic form is characterised by localised 
in�ammations in the snood, joints and cardiac valves. In humans, E. rhusiopath-
iae causes erysipeloid, an occupational disease characterised by mild and self-
limiting skin in�ammation and occasionally septicaemia. The diagnosis of 
erysipelas in turkeys is based on clinical signs, lesions (generalised condition) 
and isolation of the causative agent on blood agar and/or sodium azide crystal 
violet selective media, followed by identi�cation based on the biochemical pro-
�le. A direct impression smear from the liver, spleen, blood or bone marrow to 
demonstrate the Gram-positive, slender, pleomorphic rods can be used for rapid 
diagnosis. Penicillin is highly effective against erysipelas; however, other antibi-
otics can also be used, including cephalosporins, tetracyclines, quinolones, 
clindamycin, erythromycin and piperacillin. Once the treatment is stopped, the 
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disease may reoccur in treated �ocks. Inactivated and live vaccines are available 
and used to control erysipelas in turkeys.

Keywords

Erysipelothrix rhusiopathiae · Gram-positive septicaemic · Erysipeloid · Snood  
Diagnosis · Treatment

7.1	� Aetiology

Erysipelothrix rhusiopathiae, the cause of erysipelas, belongs to the 
Erysipelotrichaceae family (phylum Firmicutes; class Erysipelotrichia; order 
Reysipelotrichales). Colonies on blood agar appear dewdrop-like, small and trans-
lucent (Fig.�7.1). These bacteria are Gram-positive but are Gram-labile, slender rods 
of 0.2–0.4�×�0.8–2.5�� m, non-sporulated, anaerobic and catalase-negative bacteria 
(Fig.� 7.2). Following several passages, the bacteria become more �lamentous 
(Fig.�7.1). The main biochemical tests are shown in Table�7.1. E. rhusiopathiae 
should be differentiated from apathogenic E. tonsillarum since they share the same 
serotypes (Kucsera 1973). E. tonsillarum can produce acid from saccharose 
(Takahashi et�al. 1992).

Fig. 7.1  Dewdrop-like, 
small, translucent colonies 
of Erysipelothrix 
rhusiopathiae on blood 
agar. © Hafez M.�Hafez
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Table 7.1  Biochemical test 
of E. rhusiopathiae

Oxidase Negative
Catalase Negative
H2S/TSI Positive
Motility Negative
Glucose Positive
Ribose Positive
Lactose Positive

Fig. 7.2  Gram stain of Erysipelothrix rhusiopathiae showing Gram-positive bacilli. © Hafez 
M.�Hafez

7.1.1	� Serotyping

To date, 26 serotypes have been described and designated as 1a, 1b, 2a, 2b, 3–23 or 
N, whereas N designates isolates lacking the type-speci�c antigen. Seven serotypes 
(3, 7, 10, 14, 20, 22 and 23) are E. tonsillarum, the others E. rhusiopathiae. There is 
a lack of information about the prevalent serotypes in poultry. However, isolates 
from laying hens mainly belonged to serovars 1a, 1b, 2b, 4, 5, 6 or 11, while isolates 
from turkeys belonged to serovars 1b, 2 or 5 (Hafez and Hauck 2016).

7.1.2	� Virulence Factors

The virulence of E. rhusiopathiae depends on several virulence factors, such as 
coagulase, hyaluronidase, neuraminidase, antioxidant factors, stress proteins and 
phospholipases, regardless of the serotype (Shimoji 2000). E. rhusiopathiae pro-
duces no known toxins. It is suggested that E. tonsillarum is not pathogenic due to 
the inability to produce neuraminidase, responsible for the decomposition of sialic 
acid, which is subsequently associated with cell damage.
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7.1.3	� Resistance to�Environmental Conditions and�Disinfection

E. rhusiopathiae may survive in litter or soil for a long time. Under experimental 
conditions with optimal cooling, moist conditions and low organic matter, it can 
remain infective for up to 5 weeks in soil (Wood 1973). The bacteria are very resis-
tant in meat or other tissues and can survive smoking, pickling, freezing and decay. 
However, it is susceptible to common disinfectants. E. rhusiopathiae is inactivated 
by a 1:1000 concentration of mercury dichloride, 0.5% sodium hydroxide solution, 
3.5% liquid cresol and/or 5% phenol solution.

7.1.4	� Zoonotic Importance

E. rhusiopathiae is a zoonotic pathogen causing erysipeloid in humans, character-
ised by mild and self-limiting skin lesions, including slightly elevated purple areas. 
In severe cases, it can spread to other skin sites, adjacent joints and other organs, 
causing systemic disease with septicaemia. Erysipeloid is an occupational disease 
transmitted through skin wounds during handling infected animals, most impor-
tantly �sh. Man-to-man transmission is not reported.

7.1.5	� Transmission and�Pathogenesis

E. rhusiopathiae is transmitted via direct and/or indirect contact with infected ani-
mals. Rodents are the most relevant vectors for the spread of infections. The disease 
is usually subclinical in pigs and sheep, which are considered a source of infection 
for other species and poultry if they come into contact with poultry. Using pens 
previously occupied by infected pigs or sheep or by indirect contact via fomites is a 
source of infection for poultry. Improperly prepared �shmeal can be a source of 
E. rhusiopathiae; thus, �sh, molluscs and crustaceans are also vectors for E. rhusio-
pathiae. The red mite (Dermanyssus gallinae) and insects can act as mechanical 
vectors. Additionally, inadequate cleaning and disinfection of turkey houses from 
the infected �ock can transmit the infection to the next �ock.

Skin wounds are the main route of E. rhusiopathiae infection. In turkeys, skin 
injuries arising during the arti�cial insemination of turkey hens, cannibalism and 
toe and beak trimming of young poults are potential risk factors. Experimentally, 
oral infection has also been reported; however, it is assumed that mucosal abrasions 
are the actual portals of entry. The possibility of vertical transmission has been 
excluded (Mazaheri et�al. 2005).

E. rhusiopathiae reaches the blood, causing septicaemia. It is facultatively intra-
cellular in macrophages. The bacteria are shed in the faeces. Persistent infection and 
carrier status can occur in turkeys and seem more frequent in chickens (Nakazawa 
et�al. 1998).
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7.1.6	� Clinical Signs

The incubation period varies between 1 and 5 days. The morbidity and mortality 
depend on the virulence of the strain and the host; turkeys are more susceptible than 
chickens. The mortality rate is low, but the cumulative mortality may reach up to 
50% in chickens and turkeys. Although older-laying chicken hens are more suscep-
tible to erysipelas than broilers or young ages (Mazaheri et�al. 2005), age and sex 
are not determinant factors in turkeys. Due to severe septicaemia, sudden death can 
be seen without displaying clinical signs (per-acute). Unspeci�c symptoms include 
general weakness with unsteady gait, ruf�ed feathers and a drop in egg production 
up to 70% in turkey breeder hens. Turkeys usually show more speci�c signs, such 
as swollen snood of the tom (Fig.�7.3). Infected birds usually die if the birds are not 
treated. Therefore, both mortality and morbidity are usually identical (Hafez and 
Hauck 2016).

7.1.7	� Post-Mortem Lesions

The main post-mortem lesions are shown in Figs.�7.4, 7.5, and 7.6. Septicaemic 
lesions, including congested internal organs, dark muscles, petechial haemorrhages 
on the heart muscle and pericardium and abdominal fat, are the more characteristic 
lesions of erysipelas. Catarrhal enteritis and small yellow nodules in the caeca are 
usually common. Congestion and enlargement of the liver and friable and mottled 
spleen due to necrotic areas. Peritonitis and pericarditis may be present. In�ammation 
of the oviduct is usually common, particularly after infection during arti�cial 
insemination from breeder turkey hens. Additionally, arthritis and endocarditis, as 
well as regressed and discoloured ovary, have been reported. The more speci�c 
post-mortem lesions are pale oedematous (swelling) snood, along with dark, rough 

Fig. 7.3  E. rhusiopathiae 
in tom turkeys showing 
swollen snood. © Hafez 
M.�Hafez
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Fig. 7.4  Haemorrhages on 
proventriculus. © Hafez 
M.�Hafez

Fig. 7.5  In�ammation of 
the oviduct. © Hafez 
M.�Hafez

patches on the heads of turkeys. Cellulitis is a cause of the increase in the condem-
nation rate at slaughtering. The chronic form is characterised by arthritis, endocar-
ditis and emaciation (Eriksson 2020).

7.1.8	� Histopathological Lesions

The main histopathological lesions are intravascular coagulation with bacterial 
nests and hyalinised walls. Degenerative changes and necrosis of parenchymatous 
organs, including the liver, spleen, kidney and sometimes lung, heart and intestinal 
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Fig. 7.6  Haemorrhages and degeneration of heart muscles. ©Hafez M.�Hafez

tract. The liver shows degenerative changes in hepatocytes and areas of necrosis. 
In�ammation in affected organs is characterised by �brin deposition; in�ltration of 
in�ammatory cells may be almost lacking in acute cases but may be present if the 
disease takes a protracted course.

7.1.9	� Diagnosis

The presumptive diagnosis of E. rhusiopathiae is based on clinical signs and gross 
lesions. In addition, direct blood or organ smears of the liver, spleen or bone marrow 
to demonstrate the presence of the slender Gram-positive bacteria. The recom-
mended samples, such as liver, spleen and bone marrow, should be taken from 
freshly dead birds for bacterial isolation.

The optimal cultivation condition of E. rhusiopathiae is microaerophilic (5–10% 
CO2) at 37�°C.�It can be cultivated on blood agar and/or media containing sodium 
azide crystal violet and/or a combination of antibiotics. However, selective media 
containing antibiotics might have some inhibitory effects on E. rhusiopathiae 
strains; therefore, it is preferable to also cultivate blood agar.

E. rhusiopathiae colonies have two forms: (1) smooth colonies (S), which are 
small (0.3–1.5�mm), round with a slightly convex surface with alpha haemolysis. 
These colonies are usually obtained from the septicaemic form. Stained bacteria are 
short, slightly bent bacilli. (2) The rough colonies (R) are about 1–2�mm in size, 
have irregular edges and are �at and dry, usually isolated from the chronic form of 
the disease. Stained bacteria are arranged in small chains that form long threads. 
Such cell morphology also occurs in the older colonies of the smooth form 
(Eriksson 2020).
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Identi�cation of E. rhusiopathiae is based on biochemical pro�les, such as gela-
tinase activity and H2S production. Serotyping can be done using heat-stable anti-
gen extracts by tube agglutination of agar gel precipitation test (Wellmann et�al. 
1983). PCR can be used for differentiation between E. rhusiopathiae and E. tonsil-
larum (Yamazaki 2006). Other molecular techniques such as randomly ampli�ed 
polymorphic DNA methods (RAPD), macrorestriction enzyme analysis followed 
by pulsed-�eld gel electrophoresis (PFGE), multilocus sequence typing (MLST) 
and sequencing of the SpaA gene can be used (Janßen et�al. 2015).

Serological tests such as ELISA do not help diagnose in the acute form of ery-
sipelas. However, it can be used for screening �ocks (Kurian et�al. 2012).

7.1.10	� Treatment

Penicillin is the universally recommended antibiotic to reduce morbidity and mor-
tality in case of an outbreak. It should be injected intramuscularly (im) as soon as 
possible since diseased birds are not able to eat or drink. Further antibiotics, includ-
ing cephalosporins, tetracyclines, quinolines, clindamycin, erythromycin and piper-
acillin, can be used for the treatment of the infected �ocks. However, since the usual 
success of treatment with penicillin, investigations about antimicrobial susceptibil-
ity tests of E. rhusiopathiae are rarely performed. In vitro, E. rhusiopathiae isolates 
are also susceptible to various antibiotics, except tetracyclines. However, penicillin 
exhibited the lowest minimal inhibitory concentrations (Fidalgo et� al. 2002). 
Sulphonamides and oral oxytetracycline are not effective. On the other hand, broad-
spectrum antibiotics, such as erythromycin, are effective.

When a presumptive diagnosis is made, penicillin should be administered intra-
muscularly at 10,000 u/lb. body weight. In situations where it is impractical to han-
dle every bird, administering penicillin in the drinking water at a dose level of 
10,000,000 u/gal for 4–5�days, greatly reduces the losses. Antibiotics in feed or 
water treats only birds that are still eating and drinking normally.

Generally, antibiotic therapy or vaccination does not eliminate the carrier state. 
Once the treatment is stopped, the disease may re-occur in treated �ocks, due to 
persistent environmental contamination and carriers. Therefore, vaccination of the 
diseased �ocks with bacterins is recommended (Eriksson 2020).

7.1.11	� Control

Erysipelas is controlled by vaccination and preventing the entry of E. rhusiopathiae 
into �ocks. Due to the wide host range, it is not easy to prevent the introduction of 
E. rhusiopathiae. However, hygiene measures like cleaning, disinfection of the 
equipment and pest control can minimise the incidence of outbreaks. In case of 
outbreaks, it is important to remove dead birds as soon as possible, since they are an 
important source of infection of the birds in the �ock.
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Inactivated E. rhusiopathiae-approved vaccines are commercially available. 
Vaccination of turkeys occurs at the seventh and 11th weeks for fattening turkeys 
and at the 12th and 16th weeks for breeding turkeys. An example of available inac-
tivated vaccines is Nobilis® Erysipelas (MSD Animal Health). In Germany, only 
one approved formalin-inactivated, aluminium hydroxide-adsorbed vaccine 
(Erysorb®, Intervet) is available, which contains serotypes 1 and 2.

Autogenous vaccines should be used in countries without registered vaccines 
against E. rhusiopathiae. Generally, inactivated vaccines are recommended for 
infected �ocks following treatments and neighbouring �ocks. Inactivated vaccines 
have some limitations, such as their serotype-speci�c protection and labour 
intensive.

Live attenuated vaccines against erysipelas can also be used. The ERY VAC FD 
containing serotype 1a is commercially available in the USA (ARKO Laboratories, 
Ltd., USA). Live vaccines always require a booster dose after 4 weeks. Vaccines for 
pigs should not be off-label since they are not always protective of turkeys, even if 
they contain the right serotypes. Furthermore, some jurisdictions might have legal 
obstacles (Hafez and Hauck 2016).
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8Necrotic Enteritis

Awad�A.�Shehata and�Hafez�M.�Hafez

Abstract

Necrotic enteritis (NE) is a multifactorial epizootiology acute or subacute dis-
ease caused primarily by Clostridium perfringens, mainly type A and C.�NE is a 
worldwide distributed disease, and its importance is rising everywhere, where 
antimicrobial growth promoters have been banned or voluntarily ceased. C. per-
fringens overgrowth in the intestines occurs due to several predisposing factors, 
such as intestinal mucosa damage, low intestine pH level and co-infection with 
coccidia. Infections with Clostridium perfringens in poultry can cause several 
clinical manifestations and lesions, including necrotic enteritis, necrotic derma-
titis, cholangiohepatitis and gizzard erosion. However, a subclinical infection has 
been reported. Gross lesions of NE are primarily con�ned to the jejunum and 
ileum. The disease is characterised by severe �brinonecrotic enteritis and the 
formation of a diphtheritic pseudomembrane. The diagnosis of NE depends on 
post-mortem lesions and bacteriological examination. NE can be treated with 
antibiotics such as penicillin, bacitracin and lincomycin.; however, its control 
relies on restoring the normal micro�ora using probiotics, prebiotics and phyto-
genic substances and controlling pathogens involved in intestinal damage. Strict 
hygienic management practices and carefully selecting feed ingredients for 
ration formulation are also paramount.
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8.1	� Aetiology

Necrotic enteritis (NE), caused by C. perfringens in poultry, was �rst identi�ed in 
the 1960s. However, other Clostridia species, including C. colinum, C. sordellii and 
C. dif�cile, have occasionally been linked to NE-like illness (Uzal et� al. 2016). 
C. perfringens is a gram-positive, rod-shaped bacterium that measures 
0.6–2.4�×�1.3–19.0�� m (Fig.�8.1). C. perfringens is a strict anaerobe that can occa-
sionally form spores in�vitro. Spores are oval and located centrally or subterminally. 
Most strains have a capsule. In optimal conditions, C. perfringens has a very short 
generation time of 6.3�min (Labbe and Huang 1995).

Based on the ability to produce one or several toxins, seven types designated 
A–G are differentiated based on synthesising the lethal toxins such as alpha, beta, 
epsilon, iota and NE B-like toxin (netB) (Table�8.1).

C. perfringens types A, C and G cause necrotic enteritis in poultry (Opengart 
2020). C. perfringens type A can cause intestinal diseases in humans and animals. 
However, C. perfringens type C can cause mucosal necrosis of the small intestine in 

Fig. 8.1  Colony morphology of C. perfringens on blood agar showing alpha and beta haemolysis. 
© Hafez M.�Hafez

Table 8.1  Production of 
major toxins by 
C. perfringens types A–G

Type Toxins produced
C. perfringens A Alpha
C. perfringens B Alpha, beta and epsilon
C. perfringens C Alpha, beta, CPE
C. perfringens D Alpha, epsilon, CPE
C. perfringens E Alpha, iota and CPE
C. perfringens F Alpha and CPE
C. perfringens G Alpha and netB

NetB NE B-like toxin, CPE C. perfringens enterotoxin
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domestic animals and humans (Petit et�al. 1999). In addition to those speci�c dis-
eases, C. perfringens frequently causes wound infections in all hosts. It is one major 
causative agent in poultry in gangrenous dermatitis, considered as a result of 
immunosuppression.

8.1.1	� Pathogenesis and�Transmission

C. perfringens has been isolated from the intestines “of virtually every animal that 
has been investigated” (Rainey et�al. 2015) and can be considered part of the normal 
intestinal �ora of the lower intestine, not considered a contagious pathogen per se. 
The small intestines harbour only a low number of C. perfringens; however, NE is 
usually associated with 106 to 108 colony-forming units/g ingesta (Timbermont 
et�al. 2011). Therefore, counting of C. perfringens in the intestine should be consid-
ered for the bacteriological examination of NE.

C. perfringens are shed in the faeces and can subsequently be found in litter, soil 
or contaminated feed. Infection takes place by the oral route, and highly contami-
nated feed or litter may cause outbreaks. Some strains grow at 6�°C and thus might 
be able to replicate in the environment.

8.1.2	� Predisposing Factors

Several predisposing factors favour the proliferation of C. perfringens and the 
development of NE, such as intestinal damage, variety of diet, toxin production and 
interaction with other pathogens (Abd El-Hack et�al. 2022) (Figs.�8.2 and 8.3).

Intestinal damage. Coccidial infestation provides a suitable environment for 
C. perfringens since they cannot produce enzymes required for essential amino acid 
biosynthesis (Shimizu et� al. 2002): (1) Intestinal damage leads to bleeding; the 
leaked plasma proteins become a source of growth substrate for C. perfringens. (2) 
Induction of mucus production enables C. perfringens growth (Collier et�al. 2008; 
Kaldhusdal et�al. 2021). Attenuated Eimeria vaccine strains and Ascaridia can also 
favour the proliferation of C. perfringens. Additionally, haemorrhagic enteritis is 
also associated with NE in turkeys (Shimizu et�al. 2002; Opengart and Songer 2013).

Dietary predisposing factors. The severity of NE in chickens might be in�u-
enced by dietary content, including high levels of �sh meal and viscous cereals such 
as rey, barely, oats, wheat and triticale (Prescott et�al. 2016). High protein promotes 
clostridial proliferation, and high �bre makes the ingesta more viscous, slowing 
intestinal passage and promoting clostridial proliferation.

Virulence factors. C. perfringens causes NE by adhering to the small intestine’s 
villi, followed by replication and production of toxins that result in necrosis 
(Shimizu et�al. 2002). All strains of C. perfringens release an alpha toxin, a phos-
pholipase that can lyse cell membranes. Oral administration of pure alpha toxin was 
shown to be toxic for hens; however, research on �eld strains revealed no connec-
tion between NE and alpha-toxin production. Genetically modi�ed C. perfringens 
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Fig. 8.2  C. perfringens types A, C and G release (a) enzymes that break down host tissue, causing 
(b) in�ammation and disruption of the intestinal ecology, resulting in dysbiosis. NetB toxin, which 
has been established as a signi�cant contributor in NE in broilers, is present in these lethal C. per-
fringens strains. Additionally, some C. perfringens strains have been shown to produce collageno-
lytic enzymes that induce an initial pathological change in the enterocytes, contributing to the 
development of NE. (c) Lesions caused by C. perfringens proliferation and toxin production can 
be observed macroscopically (Coles et�al. 2023)

Fig. 8.3  Predisposing factors of necrotic enteritis
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that do not produce alpha toxins could also result in NE. The beta toxin produced by 
types B and C is poorly characterised but seems to increase capillary permeability 
(Rainey et�al. 2015). The epsilon and iota toxins produced by type D are irrelevant 
to the pathogenesis of NE. The pore-forming and cytolytic netB toxin seems the 
most important. Experimentally, netB-negative C. perfringens failed to induce NE 
(Timbermont et�al. 2011). Finally, bacteriocins produced by a strain that produces 
more toxins will allow this strain to replace competing C. perfringens strains pro-
ducing fewer and fewer toxins (Timbermont et�al. 2011).

8.1.3	� Clinical Signs and�Lesions

NE is a disease of young birds; however, it has been reported in adults. In turkey, NE 
has also been reported in fattening turkeys under 9 weeks old (Giovanardi et�al. 
2016). Clinically, birds with NE frequently die without exhibiting any clinical 
symptoms (per-acute). Mortality increases suddenly and can vary between 1% and 
50% (Hafez 2011). Severe depression, decreased feed consumption and diarrhoea 
are the main signs that appear a few hours before death. There is also a subclinical 
form of NE without mortality and symptoms; however, it is characterised by reduced 
weight gain and impaired feed conversion. Despite the lack of mortality, this causes 
a higher economic loss due to delayed diagnosis and treatment (Timbermont 
et�al. 2011).

Gross lesions in dead birds to acute NE occur mainly in the jejunum or ileum, 
rarely in the caeca. The intestines are distended, friable and �lled with gas and foul, 
dark reddish-brown, �occulent �uid. The intestinal contents usually are watery and/
or mucous. The presence of the �brinonecrotic pseudomembrane that gives the typi-
cal “Turkish towel” appearance is a pathognomonic lesion for NE.�The pseudo-
membrane varies in colour from tan to grey, yellow or green. Ascending infections 
with C. perfringens can cause liver lesions. Livers are swollen, paler than usual and 
�rm and show red or white necrotic foci with a thickening of the gall bladder 
(Fig.�8.4).

In subclinical cases, lesions are restricted to focal ulcers of the mucosa, sur-
rounded by a hyperaemic periphery and covered with yellow necrotic materials.

8.1.4	� Histopathology

Microscopically, the lesions are characterised by sloughed-off epithelium and coag-
ulative necrosis of the mucosa, which might extend into the lower layers of the 
intestinal wall and is demarked from the healthy tissue. The villi are shortened, and 
blood vessels are congested and sometimes contain hyaline thrombi. Many C. per-
fringens colonise but do not invade the mucosal surface, forming a �brinous mem-
brane with cellular debris attached. Histopathological examination also reveals 
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Fig. 8.4  Post-mortem lesions of necrotic enteritis, showing �brinonecrotic pseudomembrane 
(left) and C. perfringens–associated hepatitis (CPAH) cholangiohepatitis (right)

cholangiohepatitis. In subclinical cases, microscopic lesions are similar to the acute 
form, but more in�ammatory cells, especially heterophilic granulocytes, are present.

8.1.5	� Diagnosis

The diagnosis of NE depends on the characteristic gross lesions. A quick presump-
tive diagnosis can be made by detecting the abundant number of gram-positive, 
large rods in smears of the necrotic intestinal wall. C. perfringens can be isolated 
from the lesions on blood agar under anaerobic conditions. The morphology of the 
colonies can vary, but usually, colonies are smooth, glossy and round with a diam-
eter of 2–5�mm. Their colour is grey to yellow. Two zones of haemolysis surround 
colonies, an inner smaller with complete haemolysis and an outer wider with incom-
plete haemolysis, but the extent and type of haemolysis depend on the production of 
various haemolysins (Rainey et�al. 2015).

Other suitable media are reinforced clostridial medium and egg yolk agar. The 
reinforced clostridial medium is a nonselective enrichment medium containing pep-
tone, beef and yeast extracts. Egg yolk agar allows the detection of the lecithinase 
activity of alpha toxin, which distinguishes C. perfringens from most other clos-
tridia. Trypticase sulphite neomycin (TSN) or trypticase sulphite cycloserine (TSC) 
agar is probably the most frequently used agar for this purpose. Neomycin or cyclo-
serine inhibits other gram-negative bacteria and some Clostridium spp., while 
C. perfringens reduces the sulphite to black ferric sulphide when the plates are incu-
bated at 46°C (Dafwang et�al. 1987).

C. perfringens is non-motile, indole and catalase-negative (Rainey et�al. 2015). 
Most isolates ferment lactose, glucose and maltose, hydrolyse gelatin and reduce 
nitrate.
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Because C. perfringens can be present in the intestinal �ora of healthy chickens, 
isolation of C. perfringens is only diagnostic if it is associated with lesions and high 
colony-forming unit (CFU), more than 105�CFU/g ingesta. Thus, the determination 
of the bacterial count might be helpful.

C. perfringens isolates can be typed using PCRs to detect the virulence genes 
(Baums et�al. 2004). However, the presence of genes is not necessarily correlated 
with virulence.

Due to the per-acute or acute course of NE and the frequent presence of C. per-
fringens in healthy birds, the detection of antibodies against C. perfringens has no 
diagnostic value. However, ELISAs for direct detection of C. perfringens toxins are 
commercially available.

8.1.6	� Treatment

Antibiotics such as lincomycin, penicillin, beta-lactamases, tetracyclines, macro-
lides, bacitracin and virginiamycin can be used to treat acute NE.�Since resistances 
of C. perfringens against those antibiotics occur, antibacterial susceptibility testing 
should be done. C. perfringens is generally resistant to aminoglycosides (Opengart 
and Songer 2013; Gad et�al. 2011, 2012). The antibiotics can be given in feed or 
water. Control measures should be applied to prevent the recurrence of the disease 
after the stop of treatment and in cases of subclinical NE.

8.1.7	� Control

Subtherapeutic doses of several antibiotics can prevent NE and for a long time. The 
prevention of NE is based on the use of antimicrobial growth promoters in the feed, 
which suppressed the growth of the clostridia and preserved dysbiosis. However, 
after the ban of their use in the European Union and the trend towards antibiotic-free 
production in other parts of the world, alternatives are needed. Most important is 
optimising the ration to avoid predisposing factors such as high protein or �bre 
content. C. perfringens challenge-induced circulated arginine de�ciency normalised 
intestinal arginine transport and catabolism, down-regulated JAK-STAT signalling 
pathway and attenuated the in�ammatory response, which exerted protective effects 
on the intestine of broiler chickens (Zhang et�al. 2019).

Various herbal compounds or organic acids can act directly against C. perfrin-
gens, reducing their numbers in the intestines. Additionally, many prebiotics and 
probiotics have been tested for their ability to prevent NE (Caly et� al. 2015) 
(Fig.�8.5). The use of vaccines or bacteriophages against C. perfringens has repeat-
edly been tested; however, no products are commercially available yet.
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Fig. 8.5  Control of necrotic enteritis
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9Botulism
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Abstract

Botulism is caused by the exotoxins of Clostridium botulinum. The disease has 
also been called “limberneck,” describing one of its clinical symptoms. It occurs 
worldwide and often affects wild waterfowl, especially in warmer weather, when 
C. botulinum thrives in stagnant water, but all types of poultry with or without 
outdoor access have been affected. With rare exceptions, botulism in humans and 
poultry is caused by different toxin types. However, these exceptions cause con-
cerns about the risk outbreaks in poultry may pose for public health. Flocks with 
a history of botulism might be slaughtered if they are free of symptoms for sev-
eral weeks. Meat from �ocks exhibiting clinical signs is not suitable for human 
consumption. The decision to slaughter or euthanize a �ock should be made after 
consulting the relevant authorities.
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9.1	� Aetiology

The name C. botulinum is derived from ‘botulus’, Latin for little sausage, because 
canned sausages were a frequent source of botulism. C. botulinum is a strict anaer-
obe, gram-positive bacterium; its cells are slender, about 4–6�� m long and 1.0�� m 
wide. Cells from older cultures undergoing autolysis are gram-variable and can con-
tain oval subterminal or terminal endospores. C. botulinum has peritrichous �agella 
and is motile. C. argentinense can also produce botulinum neurotoxins (BoNT) and 
cause botulism.

C. botulinum spp. are typed based on cultural properties into four groups, com-
prising closely related C. sporogenes, C. novyi and C. subterminale. However, 
Clostridium spp. do not produce BoNT, while all C. botulinum isolates do. Another 
typing scheme is based on the BoNT produced. Eight BoNT designated A–H can be 
distinguished serologically. Almost all cases of botulism in poultry are caused by 
type C, rarely type D.�Types C and D constitute a cultivar group (Rainey et�al. 2015). 
In recent years, there have been several reports of cases caused by chimeric or 
mosaic toxin type C/D, parts of which are similar to either type C or type D toxins 
in Asia and Europe (Jang et�al. 2014; Skarin et�al. 2010). Besides outbreaks in poul-
try, toxin type C has caused disease in various mammals like pigs, dogs, horses and 
cattle. Type C botulism in cattle was caused by feeding chicken manure. Type C 
toxin is encoded by phages, which can be lost, turning C. botulinum into C. novyi 
(Sakaguchi et�al. 2005).

9.1.1	� Pathogenesis and�Transmission

The symptoms of botulism are caused by BoNT.�The toxin is either taken up orally 
with contaminated feed or produced by C. botulinum colonizing the intestines, 
especially the caeca. The latter condition is called toxico-infection.

C. botulinum may be spread by subclinically infected birds shedding the bacte-
rium and its spores in their faeces. Carcasses in which C. botulinum grows and 
produces its toxin after the host’s death are the environment’s most important source 
of the toxin. This is regardless if the host has died due to botulism or an unrelated 
condition. Another source may be invertebrates like maggots feeding on contami-
nated carcasses or crustaceans in ponds that have died due to a lack of oxygen in 
warm weather.

BoNTs are considered one of the deadliest poisons with minimal lethal doses, so 
minute amounts of contaminated feed may be suf�cient to kill many animals. A 
single maggot or 1�g of a contaminated carcass may contain several thousand mini-
mum lethal doses.

When, as in most cases, no source of the environment can be found in the envi-
ronment, toxico-infections are assumed. The concept was proven in some by 
reproducing botulism after feeding C. botulinum spores, but not in all investiga-
tions. In cases where experimental toxico-infection failed, only a low level of 
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BoNT production in the caeca was found. Immunosuppression might facilitate the 
development of clinical signs after toxico-infection. The concept of toxico-infec-
tion is further supported by the fact that C. botulinum produces more toxins at 
warmer temperatures encountered inside hosts and at ambient temperatures 
(Skarin et�al. 2013).

BoNT C is produced as an inactive precursor protein, cleaved into its active 
form under slightly alkaline conditions. Compared to other BoNTs, BoNT C is 
more ef�ciently absorbed from the intestines. It binds to the presynaptic membrane 
of neurons, followed by uptake in endocytic vesicles and translocation into the 
cytosol, where it cleaves speci�c proteins necessary for releasing acetylcholine. 
The inhibition of the release of acetylcholine results in paralysis of the affected 
muscles.

9.1.2	� Clinical Signs and�Post-Mortem Lesions

The time until clinical signs appear after uptake of the toxin as well as the severity 
of clinical signs are mostly dependent on the dose. Under experimental conditions, 
the age of the birds was a factor, with older birds being more resistant. Under �eld 
conditions, age does not seem to play a role (Dohms et� al. 1982; Dohms and 
Cloud 1982).

In the early stages of intoxication, birds are reluctant to move and appear lame. 
From the legs, �accid paralysis of the skeletal muscles progresses cranially, affect-
ing the wings, which droop, the neck (Fig.�9.1) and the eyelids. In the �nal stage, 
birds lie motionless and seemingly dead. Additional signs are feathers that fall out 
when the birds are handled and diarrhoea with large amounts of urates. Death is due 
to respiratory failure. Cumulative mortalities of up to 40% in broilers and up to 50% 
in turkeys have been reported. Birds can also recover, and within 3 to 4 days paraly-
sis disappears in the reverse order in which it appeared. There are no gross or histo-
pathological lesions in birds with botulism.

Fig. 9.1  Botulism in 
turkeys showing leg 
paralysis and drop neck. 
©�Hafez M. Hafez
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9.1.3	� Diagnostic Procedures

The described clinical symptoms, in combination with the lack of lesions, are very 
suggestive of botulism and allow a substantiated presumptive diagnosis, but the 
gold standard of laboratory diagnosis is the detection of BoNT.�Suitable samples are 
serum, liver and, to a lesser extent, crop or gastrointestinal content. Samples should 
be taken from euthanized birds showing clinical signs.

The mouse bioassay is still the most widely used method for detecting BoNTs. 
For it, mice are injected intraperitoneally with �ltered samples. If the samples con-
tain the toxin, the inoculated mice will die, showing typical symptoms within a few 
days. For veri�cation and typing, other mice are inoculated with type-speci�c anti-
serum before being given the toxin-containing sample, which will protect them if 
BoNT and antiserum match. Biological alternatives to using mice are cell-based 
assays testing receptor binding or function (Basavanna et�al. 2013; Eubanks et�al. 
2007). However, so far, these tests have not evaluated BoNT C.

Various antigen-capture ELISAs and other immunological methods to detect 
BoNTs have been described, but most of them are not as sensitive as the mouse 
bioassay (Grenda et� al. 2014). A promising alternative is a matrix-assisted laser 
desorption ionization-time of �ight mass spectrometry (MALDI-TOF MS) assay 
that detects cleavage of BoNT peptide substrates. Because each BoNT type cleaves 
a speci�c substrate, this assay can type the BoNT.�The detection limit was lower 
than in the mouse bioassay (Boyer et�al. 2005).

Isolation of C. botulinum from birds or the environment is of dubious diagnostic 
value because the bacterium can be present in birds and �ocks without causing dis-
ease. However, with speci�c clinical signs, the isolation will strengthen the pre-
sumptive diagnosis. The most suitable media and temperature depend on the biovar; 
generally, protein-rich media should be used (Rainey et�al. 2015). Enrichment is 
done in deoxygenated broth medium under anaerobic conditions. Vegetative cells of 
other bacteria can be inactivated by pasteurizing the broth after adding the sample, 
but a non-pasteurized sample should also be included (Grenda et�al. 2014). After 
incubation for 3 to 5 days, the supernatant can be tested for BoNT.

On blood agar plates, colonies are grey-white, roundish and 1–5�mm in diameter. 
A zone of beta-haemolysis surrounds them. The biochemical characteristics of each 
biovar have been described by Rainy et�al. (2015), and molecular methods for geno-
type C. botulinum for epidemiological studies have been reviewed (Grenda 
et�al. 2014).

9.1.4	� Treatment

The only aetiological therapy is the parenteral application of type-speci�c antise-
rum. This is not a feasible measure in poultry �ocks but has been done with success 
in individual and valuable birds.
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Dead birds have to be collected as often as possible because they are a source of 
the rapid spread of the infection to other birds feeding on them. In �ocks diagnosed 
with botulism, the birds should be given the easiest possible access to feed and water.

On the other hand, reducing the energy content of the feed might have a bene�-
cial effect in cases caused by toxico-infections.

Anecdotal evidence suggests sodium selenite and vitamins A, D3 and E might 
reduce mortality. Furthermore, treatment with antibiotics seemed to be effective in 
some but not all cases (Skarin et�al. 2013). C. botulinum is generally susceptible to 
macrolides, beta-lactamases and tetracyclines; it is resistant to gentamicin (Rainey 
et�al. 2015).

9.1.5	� Control

Prompt removal of organic matter, especially dead animals that might harbour 
C. botulinum, can help prevent outbreaks. Calcium hypochlorite, iodophors and 
formalin have been recommended (Skarin et�al. 2013). However, the spores are dif-
�cult to disinfect.

A different approach is to inhibit the growth of C. botulinum in the intestinal 
tract, for example, by adding citric acid to drinking water or avoiding excessively 
high iron content. It is unknown if other measures to establish and maintain a healthy 
intestinal �ora might in�uence toxico-infections.

Toxoid vaccines against BoNT C are available in some countries, but they are 
only licensed for other animals like cattle or mink and not for poultry. Under experi-
mental conditions and in broilers on farms with a history of botulism were effective. 
A booster vaccine is recommended 2 weeks after the �rst application (Anniballi 
et�al. 2013).
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Abstract

Clostridial dermatitis (CD) or cellulitis is a per-acute fatal clostridial disease 
affecting turkeys primarily as they approach market age. C. septicum is primarily 
associated with CD in commercial turkeys. In 2010, the US Animal Health 
Association ranked CD among the top 10 infectious diseases affecting turkeys. 
Like gangrenous dermatitis (GD) in broilers, it is expected that skin scratches in 
turkeys could be the main predisposing factor. However, the exact pathogenesis 
of CD is unknown. Two theories have been reported to describe the pathogenesis 
of CD: (i) the inside-out theory that suggests translocation of C. septicum from 
the gastrointestinal tract due to increased intestinal permeability and (ii) the out-
side-in theory that suggests contamination of the wounds or abrasions with 
C. septicum spores present in the litter. Several attempts have been made to con-
trol the diseases using vaccination. Immunization with the inactivated vaccine 
against C. septicum requires multiple doses, which is not economically feasible. 
However, vaccination with a live attenuated C. septicum vaccine followed by 
administration of a C. septicum bacterin toxoid oil emulsion vaccine could miti-
gate the incidence of dermatitis on farms that have a history of CD outbreaks. 
Further research is needed to understand CD’s pathogenesis and identify effec-
tive antibiotic alternatives to control dermatitis in commercial turkeys.

Keywords

Clostridial dermatitis · C. septicum · Cellulitis · Pathogenesis · Immunization  
Antibiotic alternatives

10.1	� Biology and�Pathogenicity of� Clostridium septicum

Clostridium septicum is a motile, anaerobic bacterium ubiquitous in nature, found 
in soil, and part of the normal gut �ora in humans and animals. Its pathogenic poten-
tial lies in its ability to produce potent exotoxins, primarily the alpha toxin, which 
has hemolytic and necrotizing properties. These toxins contribute to the destructive 
nature of the infections caused by C. septicum, leading to rapid tissue damage and 
severe clinical consequences (Helmink et�al. 2023). In humans and domestic ani-
mals, C. septicum infections are relatively rare but often present with severe and 
life-threatening conditions, such as gas gangrene (myonecrosis), septicemia, and 
spontaneous bacterial peritonitis. In some cases, it can also cause soft tissue infec-
tions and abdominal wall infections. Infections predominantly occur in immuno-
compromised individuals, particularly those with malignancies, diabetes, and 
chronic kidney disease. A unique aspect of C. septicum is its strong association with 
gastrointestinal malignancies, especially colon cancer. It can serve as a marker for 
an undiagnosed malignancy, as it can in�ltrate the compromised intestinal mucosa 
and spread hematogenously (Jessula et�al. 2023; Ortiz Flores et�al. 2023).

Gangrenous dermatitis (GD) is a clostridial infection characterized by acute 
skin necrosis and in�ammation. It is primarily caused by Clostridium septicum 
(Gornatti-Churria et�al. 2018). Turkeys affected by GD may exhibit sudden death, 
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depression, anorexia, ruf�ed feathers, skin discoloration, and necrotic lesions on the 
skin. GD can be triggered by skin injuries, immunosuppression, and other concur-
rent diseases (Thachil et�al. 2010). Poor sanitation and high stocking density can 
also contribute to the occurrence of GD.�Maintaining good �ock health, proper sani-
tation, and appropriate stocking density are crucial in preventing GD.

Treatment may involve antimicrobial therapy, but the prognosis is often poor. 
Although it has been considered a sporadic disease, its prevalence and severity have 
increased over the past two decades in the United States and other parts of the world 
(Criollo et� al. 2023). This is because several factors, including the limitation of 
antibiotic use and lower control of the bacteria in the farms, lead to a higher pres-
ence of these opportunistic microorganisms. Reducing the use of antimicrobials 
against coccidiosis and necrotic enteritis, two diseases tightly related to GD, also 
increases the prevalence (Eid et�al. 2023).

In opportunistic diseases such as GD, predisposing factors are important to pre-
vent it. In this case, multiple factors are closely related to the disease:

•	 Presence of diseases and/or conditions that produce immunosuppression.
•	 Poor litter condition. Any factor causing diarrhea or environmental conditions 

that increase litter moisture will lead to an increase in the prevalence of the caus-
ative bacteria in the environment and the intestines.

•	 Management practices and rearing conditions that promote scratching (over-
crowding, feed outage, time for feeding, stress, etc.). The disease often starts as 
a wound to the skin that is secondarily contaminated with bacteria.

•	 A high charge of microbes in the environment, particularly if dead birds remain 
in the farm, commonly affects birds that are close to market age (more than 
35�days for broilers, more than 13�weeks for turkeys). It causes necrosis of the 
skin and acute mortality. Necrosis can also affect the subcutaneous tissue and, 
sometimes, the muscle.

Turkeys show small pimples on the skin that turn to spots in the wings, breasts, 
abdomen, and thighs. These lesions are easily observed on top of the wings when 
walking between birds and appear together with rapidly increasing mortality, from 
a few birds to 3% in a few days. Strong immunocompetent birds will not be affected. 
Dead birds decompose faster than usual because of the high presence of bacteria, 
and they are �lled with gas, which changes the consistency of the tissues (Gohari 
and Prescott 2022).

10.1.1	� Turkey Cellulitis in�Turkeys

Turkey cellulitis is an acute diffuse infection of the dermis and subcutaneous tissue 
with edema and hemorrhages with signi�cant economic loss to turkey producers. 
The disease is caused by Clostridium septicum and is characterized by acute, rap-
idly spreading infection in the �ock (Evans et�al. 2022).

Clostridium septicum is ubiquitous in the environment, particularly in soil, and 
can enter the turkey population via ingestion or contaminated wounds. Although 
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infections are sporadic, they can lead to signi�cant losses in turkey �ocks due to 
high morbidity and mortality rates. As in mammals, the alpha toxin of Clostridium 
septicum is responsible for the necrotizing and hemolytic effects observed in 
infected birds. The bacterium can cause systemic infections, leading to septicemia. 
Factors contributing to infection in turkeys include stress, immunosuppression, and 
co-infections with other pathogens (Criollo et�al. 2023).

Clostridium septicum infection in turkeys presents various clinical signs, includ-
ing sudden death, lethargy, anorexia, and depression. Affected birds may also 
exhibit signs of lameness, swelling, and necrosis in the affected limbs and severe 
cases develop gangrene. Necropsy �ndings include widespread petechial hemor-
rhages, enlarged liver and spleen, and gas under the skin (Thachil et� al. 2010). 
De�nitive diagnosis of Clostridium septicum infection in turkeys requires isolation 
and identi�cation of the bacterium from affected tissues or blood samples. Gram 
staining, anaerobic culture, and biochemical tests can aid in the identi�cation pro-
cess. Molecular techniques such as polymerase chain reaction (PCR) can be 
employed for rapid and accurate diagnosis (Boulianne et�al. 2020).

Due to the rapid progression and severity of the disease, early intervention is 
critical in managing Clostridium septicum infections in turkeys. Treatment primar-
ily involves the use of appropriate antibiotics such as penicillin, tetracycline, or 
metronidazole, which should be administered as soon as possible. Supportive care, 
including �uid therapy and pain management, may also be necessary (Gornatti-
Churria et�al. 2018).

Preventive measures are key in controlling Clostridium septicum infections in 
turkeys. These include strict biosecurity measures, appropriate sanitation, and dis-
infection protocols. Vaccination may also be bene�cial in reducing the incidence of 
infection, although no speci�c vaccine is currently available for turkeys. Additionally, 
maintaining good �ock health through proper nutrition and management practices 
can help reduce the risk of infection (Abd El-Ghany 2023).

10.1.2	� Outside-In Theory Infection of�Clostridium septicum

The outside-in theory has been proposed as a primary mode of C. septicum infec-
tion, which suggests that the pathogen invades the body from external sources. 
Several risk factors have been identi�ed that predispose an individual to C. septicum 
infections, such as diabetes mellitus, immunosuppression, malignancy, and trau-
matic injuries (Mahjoubi et�al. 2023).

The outside-in theory posits that these risk factors create an environment con-
ducive to the entry of C. septicum, either through direct inoculation or contamina-
tion of a wound (Zhao et� al. 2023), Fig.� 10.1. Furthermore, gastrointestinal 
malignancies and other infections have also been shown to be strongly associated 
with C. septicum infection, reinforcing the importance of understanding the inter-
play between the host’s health status and the bacterium’s ability to invade the body 
(Shao et�al. 2023). The theory also emphasizes the bacterium’s ability to penetrate 
tissues and establish an infection from an external source. C. septicum exhibits a 
unique set of virulence factors, such as the production of alpha toxin, hyaluronidase, 
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Fig. 10.1  Clostridium septicum is a motile, anaerobic bacterium that is ubiquitous in nature, 
found in soil, and is part of the normal gut �ora in humans and animals. Its pathogenic potential 
lies in its ability to produce potent exotoxins, primarily the alpha toxin, which has hemolytic and 
necrotizing properties. These toxins contribute to the destructive nature of the infections caused by 
C. septicum, leading to rapid tissue damage and severe clinical consequences. Factors that contrib-
ute to the development of infection in turkeys include stress, immunosuppression, and co-infections 
with other pathogens. The outside-in theory says C. septicum enters the body from outside. Stress 
and environmental conditions and trauma are risk factors for C. septicum infections. The outside-in 
theory highlights the bacterium’s capacity to infect tissues externally. C. septicum produces alpha 
toxin, hyaluronidase, and sialidase, which allow it to penetrate tissues quickly and in�ict broad 
devastation. The inside-out approach implies that C. septicum in the gut translocates due to immu-
nosuppression or other factors that induce dysbacteriosis. Spores migrate to tissue where they 
remain quiescent until tissue circumstances promote germination and replication. Research has 
failed to replicate turkeys’ inside-out clostridial dermatitis. C. septicum translocation may need 
intestinal barrier damage (created with BioRender.com)

and sialidase, which enable it to invade tissues rapidly and cause widespread 
destruction (Kirchweger et�al. 2022). The alpha toxin, in particular, is responsible 
for the production of gas in the infected tissues, leading to the characteristic gas 
gangrene associated with C. septicum infections. The bacterium also possesses an 
ability to survive in low-oxygen environments, which allows it to thrive in ischemic 
tissues and cause further tissue destruction (Heino et�al. 2023).

Understanding the outside-in theory of C. septicum infection has signi�cant 
clinical implications. Early diagnosis and prompt treatment are essential to increase 
the chances of survival in patients with C. septicum infections. Clinicians should 
maintain a high index of suspicion for C. septicum infections in patients with pre-
disposing risk factors and be aware of the potential for the bacterium to invade from 
external sources (Helmink et� al. 2023). Treatment typically involves aggressive 
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surgical debridement, broad-spectrum antibiotic therapy, and supportive care, 
including hyperbaric oxygen therapy in some cases (Jing et�al. 2022).

C. septicum spores can survive the turkey barn environment for long periods. 
Gangrenous dermatitis in broiler chickens may be caused by an endogenous infec-
tion, although it is more likely caused by dermis trauma that allows bacteria to 
invade the skin (Opengart 2013). Commercial turkey production takes longer than 
broiler chicken production. Thus, C. septicum wound contamination in commercial 
turkey �ocks is likely due to the long production period (Clark et�al. 2010). After 
abraded skin introduces the pathogen, bruising can create a hypoxic tissue environ-
ment that promotes C. septicum germination and rapid vegetative cell proliferation. 
C. septicum toxins cause tissue necrosis and death during replication. Thachil et�al. 
(2010) (10) con�rmed the results from (Tellez et�al. 2009) that C. septicum caused 
commercial turkey dermatitis. C. septicum supernatant, pure culture, or select ratios 
of supernatant and convalescent antiserum from C. septicum-affected turkeys were 
subcutaneously administered to neonatal turkey poults at day of hatch to assess its 
effects on morbidity and mortality. Live cultures of C. septicum (108�CFU/bird) 
injected intravenously produced cellulitis and death within 36� h. Subcutaneous 
injection of formalin-inactivated (0.25% formaldehyde v/v) culture and cell-free 
supernatant treated with convalescent serum (22�°C for 1�h) did not cause mortality, 
but supernatant without serum did cause clinical signs of ataxia and incoordination 
2�h after inoculation (Tellez et�al. 2009). Due to excessive septicemia, C. septicum 
reproduction and toxin buildup may cause substantial mortality. Thachil et� al. 
(2010) examined C. septicum subcutaneous challenge mortality in 3- and 7-week-
old turkeys. Since 7-week-old turkeys had higher mortality than 3-week-olds, sus-
ceptibility increased with age. Live cell culture subcutaneous injections are fatal, 
suggesting C. septicum may enter from the outside.

10.1.3	� Inside-Out Theory Infection of�Clostridium septicum

The inside-out approach implies that C. septicum in the gut translocates to the tissue 
where the spores remain quiescent until tissue circumstances promote germination 
and replication. C. septicum has been found in healthy, asymptomatic turkeys, and 
heavier hens and toms may spontaneously develop clostridial dermatitis as they 
approach market age (Lighty 2015). Research has failed to replicate turkeys’ inside-
out clostridial dermatitis. In day-of-hatch turkey poults, intravenous C. septicum 
spore culture induces cellulitis (Tellez et�al. 2009). Healthy 9-week-old turkeys were 
unaffected by oral C. septicum spore culture (Thachil et�al. 2014). C. septicum trans-
location may need intestinal barrier damage. In another study, dexamethasone, a syn-
thetic corticosteroid used to experimentally immunosuppress and increase intestinal 
permeability (Vicuna et�al. 2015), increased dermatitis mortality in commercial tur-
keys (Huff et�al. 2013, 2014) but oral C. septicum spore culture had no effect.

Many stressors and enteric microbes impair gut barrier function in commercially 
raised turkeys. C. septicum spores in the intestinal lumen may spread hematoge-
nously and become dormant. Tissue damage and bruising generate a hypoxic 
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environment for C. septicum spore germination, replication, and toxin generation. 
Oral C. septicum did not cause cellulitis in healthy turkeys (Thachil et�al. 2014). 
This study did not attempt to detect or recover C. septicum from tissue. The US 
Department of Agriculture’s National Animal Health Monitoring System examined 
intestinal pathology and Clostridium spp. recovery from commercial turkeys’ gas-
trointestinal tracts by clostridial dermatitis outbreak status in 2010 (USDA 2012). 
This study found consistent intestinal pathology in all �ocks (non-affected; out-
break farm/not now breaking; outbreak farm/currently breaking), suggesting that 
commercial �ocks have higher intestinal permeability. C. septicum recovery from 
the liver and spleen enhances hematogenous spread. C. septicum was found in clini-
cally affected turkey lesions or mortalities but not in healthy turkey gastrointestinal 
tracts. The skeletal muscle of asymptomatic commercial turkeys contained C. septi-
cum DNA but not alpha-toxin mRNA (Lighty 2015), Fig.�10.2. C. septicum alpha 
toxin can cause nontraumatic spontaneous gas gangrene in humans due to hematog-
enous dissemination from the stomach. Toxigenic C. septicum, gastrointestinal 

a b

c d

Fig. 10.2  Clostridium dermatitis is a disease of turkeys and chickens caused by Clostridium sep-
ticum. The incubation period is relatively short (12–24�h), with death occurring in well-�eshed 
birds. Other clinical �ndings are general in nature and include depression, incoordination, inap-
petence, leg weakness, ataxia, and high fever (a). Gross lesions consist of dark reddish purple to 
green, weepy areas of the skin. Affected areas usually include the abdomen, breast, wings, or legs. 
Areas of affected dermis and subcutis are characterized by extensive blood-tinged edema, with or 
without gas (crepitus). Infection may extend into underlying musculature, which may be discol-
ored and contain edema and gas (b and d). The dead birds decompose very quickly and extensive 
necrosis in the underlying skeletal muscles, showed by arrows (c)
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insults, and commercial turkey production stresses may cause turkeys to develop 
clostridial dermatitis. This shows how complex C. septicum-associated illnesses in 
humans and livestock are.

10.1.4	� Treatment

Gad et�al. (2011) determined the minimal inhibitory concentrations (MICs) of some 
commonly used antimicrobials using 100 C. perfringens isolates collected from 
German turkey �ocks between 2008 and 2009 after the ban of AGPs using a com-
mercially available broth microdilution test kit. No isolates were resistant against 
� -lactam antibiotics (amoxicillin, oxacillin, and penicillin), lincospectin, tylosin, 
doxycycline, tetracycline, enro�oxacin, trimethoprim/sulfamethoxazole, lincomy-
cin, and tilmicosin. A low frequency of resistance was detected against erythromy-
cin and tiamulin at 5% and 20%, respectively. Spectinomycin, neomycin, and 
colistin showed the highest incidence of resistance, with 74%, 94%, and 100%, 
respectively.

According to (Hafez 2011) implementation of several approaches such as 
improvement of management, feed formulation, and use of alternative products to 
modulate the intestinal �ora led to an improvement in the situation. Limiting expo-
sure to infectious agents through biosecurity, vaccination, supportive therapy, clean-
ing, and disinfection is essential. In addition, early recognition in managing enteric 
disorders is very important. Finally, using an effective anticoccidial drug in the 
ration is helpful in minimizing the effect of enteritis. Recent investigations showed 
that the use of some alternative products might be able to reduce intestinal coloniza-
tion with pathogenic bacterial agents. This could be an additional tool to reduce 
enteric disorders in the future.

10.1.5	� Immunoprophylaxis

Clostridial dermatitis vaccinations for commercial turkey �ocks are not yet avail-
able. Antibiotics are often needed to control dermatitis outbreaks in commercial 
turkeys (Clark et�al. 2010). At the onset of the disease, penicillin or lincomycin is 
given in the drinking water (Lighty et�al. 2016) and continued until there are no 
more C. septicum-related deaths or lesions (Clark et�al. 2010). Nevertheless, the 
authors are currently investigating the etiology and methods of immunoprophylaxis 
against common �eld cellulitis in commercial turkeys. There is evidence that 
Clostridium septicum is the primary cause of cellulitis in commercial turkeys (Tellez 
et�al. 2009). In addition, an indirect enzyme-linked immunosorbent assay (ELISA) 
has been developed for measuring relative antibody levels against the potential CS 
etiology. This assay was used to predict susceptibility to infection and was also used 
to show that vaccinated birds had increased levels of antibodies to CS or that birds 
with higher levels of antibodies were less likely to contract cellulitis. In the same 
study, an experimental bacterin was produced from the CS isolate that could cause 
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lesions consistent with turkey cellulitis and was recovered from induced lesions, 
ful�lling Koch’s postulates, and the effectiveness of vaccination in commercial tur-
key farms was con�rmed (Tellez et�al. 2009).

More recently, our laboratory evaluated the ability of a Clostridium septicum 
bacterin toxoid, in conjunction with adjuvants such as aluminum hydroxide, man-
nosylated chitosan, or a water-in-oil emulsion Seppic Montanide 71 R VG adjuvant 
(OE) to induce immunity in a 7-week study (Forga 2022; Graham et� al. 2019). 
Poults were vaccinated on the day of hatch, boosted at 5�weeks of age, and com-
pared to unvaccinated controls. Initial vaccination with OE resulted in signi�cantly 
higher antibody levels at 5�weeks of age and at 7�weeks of age OE resulted in 
numerically increased antibody levels compared to all vaccinated groups. The OE 
vaccine ef�cacy was evaluated in 2 �eld trials with treatments including a non-
vaccinated control group and a vaccinated group. Trial 1 consisted of 3 houses. 
Blood samples were obtained at time of �eld vaccination, 4-week postvaccination, 
and processing. Antibody levels (S/P ratio) in vaccinated groups for weeks 12 and 
16 were signi�cantly higher than control groups for all houses. Trial 2 consisted of 
6 farms with 1–4 houses/farm. Vaccination signi�cantly reduced CS-related mor-
talities as compared to controls in 5 of 6 farms and antibody titers were signi�cantly 
higher in vaccinated turkeys from 4-week postvaccination through processing, for 
all 6 farms. Based on these results, OE vaccines can increase antibody titers and 
reduce CS-related mortalities in the �eld (Forga 2022; Graham et�al. 2019).

These results indicate that vaccination with a CS bacterin toxoid oil emulsion 
vaccine induces robust immunity compared to non-vaccinated controls, as con-
�rmed by other investigators (Du et�al. 2023; Samad et�al. 2022).

A recombinant, noncytolytic C. septicum alpha toxin was created in an attempt to 
reduce C. septicum-associated dermatitis in turkeys (Lancto et�al. 2014). Although the 
recombinant vaccine demonstrated ef�cacy in a challenging study, no further attempts 
to evaluate this vaccine in a commercial setting have been made to our knowledge. 
According to the �ndings given here, the industry’s current single injection of a 
C. septicum bacterin toxoid does not elicit a fully protective immune response in com-
mercial turkeys. A recombinant vaccine delivered in drinking water at different time 
intervals could provide a cost-effective technique for maintaining increased serum 
antibody levels to C. septicum alpha toxin in commercial turkey �ocks.

Vaccination against C. septicum, in conjunction with antibiotic treatment, may 
reduce the incidence of cellulitis-associated mortality in turkeys (Alves et� al. 
2021, 2022).
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Abstract

Turkey coryza, caused by Bordetella avium, is a highly contagious disease of the 
upper respiratory tract, characterised by high morbidity rates (80–100% in 
1–2�days) and mortality rates of 10–60%. The disease is common in young tur-
keys, mainly 2–6�weeks old, especially heavy line turkeys. However, the patho-
gen is also isolated from Muscovy ducklings, quail and cockatiel chicks. 
Bordetella avium is also a predisposing factor for other respiratory pathogens. 
The diagnosis of turkey coryza is based on clinical signs (sudden appearance and 
rapid spread in young turkeys), bacterial isolation and serological examination. 
Treating turkey coryza is dif�cult; sulphonamides/trimethoprim can be effective; 
however, relapse can occur. In humans, B. avium can cause acute purulent endo-
phthalmitis. The control of turkey coryza is based on implementing hygienic 
measures and vaccination with inactivated and live attenuated commercial vac-
cines and autogenous vaccines.

Keywords

Bordetella avium · Respiratory signs · Purulent endophthalmitis · Hygienic  
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11.1	� Aetiology

Bordetella avium, a member of the family Alcaligenaceae within the class of 
Betaproteobacteria, is the cause of turkey coryza. It is a strictly aerobic, capsulated, 
motile, Gram-negative rod-shaped bacterium. B. avium is positive for catalase and 
oxidase. This family contains B. pertussis, B. parapertussis, B. bronchiseptica, 
B. hinzii, B. holmesii, B. petrii, B. ansorpii and B. trematum species (Linz et�al. 
2019). B. hinzii is the pathogenic species for turkeys and can be differentiated from 
B. avium using a haemagglutination test. B. avium agglutinates guinea pig 
erythrocytes.

Several virulence factors have been identi�ed in B. avium, including Bordetella 
virulence gene locus (BvgAS), �lamentous haemagglutinin (FHA), dermonecrotic 
toxin (DNT), �mbrial operon (�mA–D), type 2 secretion system, type 6 secretion 
system, O-antigen B, capsule B, �agella, haeme receptor and enterobactin receptor 
(Linz et�al. 2016).

Three different colony types have been described: (1) translucent colonies with 
smooth edges and a diameter of 0.2–1�mm after 24�h and 1–2�mm after 48�h of 
incubation, (2) some strains that are characterised by larger colonies and (3) rough 
colony type with a dry appearing surface and irregular edges, hypothesised to be 
non-pathogenic.

11.2	� Epidemiology

The Bordetella-related disease was �rst reported in a Canadian turkey �ock (Filion 
et�al. 1967; Hinz et�al. 1978).

B. avium is a pathogen of turkeys, Muscovy ducklings, quail chicks and cockatiel 
chicks (Nymphicus hollandicus), causing locked jaw syndrome (Grespan et� al. 
2012). There is evidence that heavy breeds are more susceptible. Bordetellosis is 
common at the age of 2–6-week-old poults.

There is evidence that wildlife birds might be a source of B. avium infections in 
wildlife birds (Raffel et�al. 2002). B. avium was also detected in common pheasants, 
Eurasian coots, black-headed gulls and mallard ducks (Stenzel et�al. 2017). Infected 
birds or healthy carriers are sources of infection by direct contact and/or contami-
nating the litter and drinking water.

Although B. avium is susceptible to several disinfectants and dry environmental 
conditions, it is resistant to the environment at low temperatures, low humidity and 
neutral pH.�It can survive for 25–30�days in droppings and dust at 10�°C and a rela-
tive humidity of 32–58%.

B. avium is an opportunistic pathogen in humans and can cause pneumonia in 
immunocompromised patients (Harrington et�al. 2009). Recently, acute infectious 
endophthalmitis associated with infection by B. avium was reported in humans 
(Zhang et�al. 2021).
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11.2.1	� Clinical Signs

Clinical signs of bordetellosis appear after an incubation period of 4–10� days. 
Sudden onset and rapid spread characterise the disease. The morbidity rate reached 
10% within 1 to 2�days.

Generally, the mortality rate of B. avium is low; however, the mortality rate can 
reach 10% to 60%, depending on concurrent infections with other pathogens such 
as E. coli, Ornithobacterium rhinotracheale (ORT) and pneumovirus. The main 
clinical signs are respiratory manifestations such as sneezing, coughing, nasal dis-
charge, moist tracheal rales (persist for several weeks after recovery), foamy con-
junctivitis, sinusitis (Fig.�11.1) and submandibular oedema. During the second week 
of infection, the nasal discharge becomes thicker and crusted, brown, soiling the 
nostrils and the feathers of the head and shoulders. Reduction of feed and water 
consumption and general depression are also common. In adult turkeys, dry cough-
ing may be the only seen clinical sign (Kelly et�al. 1986).

11.2.2	� Post-Mortem Lesions

The lesions of turkey coryza in the early stage are limited to mucopurulent nasal 
discharge. Later on, tracheal lesions, such as the presence of mucopurulent plugs, 
can be seen. Malformation of tracheal rings can lead to tracheal collapse and suf-
focation (Jackwood and Saif 2008), Fig.�11.2.

Fig. 11.1  Sinusitis in 
turkeys. ©Hafez M. Hafez
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Fig. 11.2  Tracheitis with 
the presence of 
mucopurulent plugs and 
malformation of tracheal 
rings. © Hefez M Hafez

Fig. 11.3  B. avium on 
blood agar, © Hefez M 
Hafez

Histopathological examination of the tracheas reveals loss of cilia, dilated 
mucous glands and in�ltration with in�ammatory cells such as plasma cells and 
lymphocytes.

11.2.3	� Diagnosis

The diagnosis of turkey coryza is based on the characteristic sudden and rapid onset 
of the disease and bacteriological and serological examination.

B. avium can be cultivated on MacConkey agar, Bordet-Gengou agar, blood agar 
(Fig.�11.3), trypticase soy broth and brain-heart infusion broth. When B. avium is 
grown in broth media high in nutrients, �lamentous forms may arise. Using 
MacConkey agar for primary culture is recommended to differentiate between 
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non-fermentative Bordetella and fermentative opportunists. Colonies of B. avium 
appear after 24–36�h of incubation at 37�°C, and they are translucent, glistening, 
pearl-like colonies with smooth edges, ~0.2–1�mm in diameter. After serial passage, 
a rough colony type with a dry appearance and serrated, irregular edges can be 
observed for some isolates.

Frequently used biochemical identi�cation methods are the API®20NE test kit 
for non-enteric Gram-negative rods (bioMérieux SA France, Marcy-L’étoile, 
France) and the matrix-assisted laser desorption ionisation-time of �ight mass spec-
trometry (MALDI-TOF MS). An ELISA kit is commercially available for routine 
diagnostics (Bordetella Avium Antibody Test Kit Turkey ProFlock®, Zoetis, NJ). 
Microagglutination assay (Jackwood and Saif 2013) and molecular assays, such as 
PvuII ribotyping (Sacco et�al. 2000), restriction endonuclease analysis using either 
HinfI or DdeI (Sacco et�al. 2000) and polymerase chain reaction (PCR) (Savelkoul 
et�al. 1993) can be used for the diagnosis of B. avium.

11.2.4	� Treatment

Antibiotic treatment can reduce clinical symptoms, but usually, it does not eliminate 
the pathogen from an infected �ock (Jackwood and Saif 2013). Treating turkey 
coryza is dif�cult; sulphonamides/trimethoprim can be effective; however, relapse 
can occur. Treatment of secondary bacterial infections should also be taken into 
consideration.

Recently, B. avium was found to be sensitive to streptomycin, �orfenicol, tetra-
cyclines and trimethoprim/sulfamethoxazole (Gütgemann et� al. 2022). However, 
B. avium strains can develop multidrug resistance. In a recent study, it was shown 
that B. avium isolates were resistant to penicillin (92.82%), ceftiofur (85.68%), nali-
dixic acid (78.54%) and lincomycin (71.40%) (Eldin et�al. 2020).

11.2.5	� Prevention and�Control

The control of turkey coryza is based on implementing good hygienic measures, 
including cleaning and disinfection of premises and equipment, good ventilation 
system and preventing contact with carriers such as adult birds and wild birds.

11.2.6	� Vaccination

Both inactivated and live attenuated vaccines are available. Live vaccines can be 
used in hatcheries by spray method, and a booster dose can be used in the drinking 
water at 2–3�weeks old. Autogenous vaccines and inactivated vaccines are recom-
mended for the breeder hens to provide maternal antibodies that protect the progeny 
for the �rst 2–3�weeks of life.
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Abstract

Ornithobacterium rhinotracheale (ORT) infection is an acute, highly contagious 
disease of chickens and turkeys, characterized by respiratory manifestations, 
high economic losses due to increased mortality rates, medication costs, and 
condemnation rates, as well as drop-in egg production. The infection has been 
recognized in many countries worldwide. In turkeys, ORT is common in birds 
over 14�weeks old; however, young poults at 2–8-week-old are also susceptible. 
The main clinical signs are respiratory manifestations, including coughing, 
sneezing, nasal discharges, dyspnea, and sinusitis. Additionally, a drop in egg 
production is also reported in turkey breeders. The main postmortem lesions are 
edema and uni- or bilateral consolidation of lungs with pleuritis, airsacculitis, 
pericarditis, and peritonitis. Diagnosis is based on the isolation of ORT on blood 
agar. The identi�cation can be done using biochemical test kits such as API 20 
NE (bioMerieux, France) or the RapID NF Plus System (Innovative Diagnostics, 
USA). Serological diagnosis can be done using agar gel precipitation, commer-
cial ELISA, and rapid agglutination tests. Sequencing of 16S rRNA or the Or01 
gene does not seem suitable to replace the AGP for serotyping. It is not easy to 
determine the pathogenicity. The pathogenicity is strain origin and strain sero-
type independent. In addition, there is no standard model for studying the patho-
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genicity of ORT.�The treatment of ORT is a challenge due to the inconsistency of 
the sensitivity of circulated strains to antibiotics. Under �eld conditions, amoxi-
cillin and chlortetracycline are used in drinking water at doses of 250�ppm and 
500� ppm, respectively. Inactivated ORT vaccines and temperature-sensitive-
based live vaccines can reduce mortality and condemnation rates.

Keywords

Ornithobacterium rhinotracheale · Respiratory manifestations · Pleuritis · Airsacculitis 
· Pericarditis · Peritonitis · Diagnosis

12.1	� Etiology

ORT, a member of the family Flavobacteriaceae of the rRNA superfamily V within 
the Cytophaga-Flavobacterium-Bacteroides phylum, is a Gram-negative, rod-
shaped to a pleomorphic of 0.2–0.9�×�1.0–3.0�� m, a fastidious, slow-growing, non-
motile, non-spore-forming bacterium (Fig.�12.1). Very long rods measuring up to 
15�� m can be observed from liquid media. ORT lacks pili, �mbriae, and plasmids. 
Most strains (90–95%) resist gentamicin and polymyxin. ORT can grow on blood 
agar containing 5–10 sheep blood, aerobically, microaerobically, and anaerobically; 
however, it cannot grow on MacConkey agar, Gassner agar, Simmons citrate media, 
or Drigalski agar. The optimal growth temperature is 37�°C; however, growth can 
occur at 30–42�°C.�Some strains of ORT can grow in brain heart infusion broth, 
Pasteurella broth, or Todd Hewitt broth, strain-dependent (Hafez and Chin 2020; 
Hafez and Hauck 2016).

The colonies of ORT on blood agar are very small, non-hemolytic circular, gray 
to gray-white, sometimes with a reddish glow, and convex with an entire edge. On 
primary isolation, the colonies of most ORT cultures show great differences in size 
(1–3�mm after 48-h incubation), but when subcultured, the colony size becomes 
more uniform. Prolonged incubation can give hemolytic activity on sheep blood 
agar (Tabatabai et�al. 2010) (Fig.�12.1).

a b c

Fig. 12.1  Colony morphology and Gram stain of Ornithobacterium rhinotracheale on blood agar 
(a). � -Hemolytic colonies could be found in �eld isolates (b); however, non-hemolytic �eld iso-
lates are more virulent than hemolytic ones. ORT is a Gram-negative, rod-shaped pleomorphic 
bacterium (c). © Hafez M.�Hafez
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Fig. 12.2  Serotypes of 
Ornithobacterium 
rhinotracheale. To date, 18 
serotypes are known. 
Although they possess 
cross-reactions, there is no 
cross-protection

All isolates are positive to oxidase, � -galactosidase (ONPG), and indole. 
However, ORT is catalase-negative, and some isolates are cytochrome-oxidase-
negative. The urease, gelatinase, and p-nitrophenyl-beta-D-glucoside (PNPG) are 
variables (Ryll et�al. 2002; Waldow and Hafez 2007).

ORT strains were completely inactivated by a 0.5% solution containing formic 
and glyoxyl acid and a 0.5% solution of an aldehyde-based (20% glutaraldehyde) 
product after 15�min of exposure time (25). These preparations could inactivate 
ORT in�vitro at concentrations of 0.5% within 15�min (Hafez and Schulze 2003).

To date, 18 serotypes, designated A to R, are known (Fig.�12.2). However, there 
is no indication of any host speci�city of the serotypes. Most chicken isolates belong 
to serotype A; however, turkeys’ isolates are more heterogeneous and belong to 
serotypes A, B, C, E, and D (Van Empel et�al. 1997). Neither the origin nor the ORT 
strains’ serotype affects the pathogenicity. Serotyping can be done using agar gel 
precipitation (AGP) and ELISA tests. AGP test with heat-stable or proteinase 
K-stable antigen extractions was found to be a suitable method for serotyping; how-
ever, ELISA may be an unreliable test for serotyping due to cross-reactions (Hafez 
and Sting 1999). Additionally, sequencing of 16S rRNA or the Or01 gene does not 
seem suitable to replace the AGP for serotyping.

12.1.1	� Epidemiology

ORT has been isolated from different gallinaceous bird species like chicken, tur-
keys, guinea fowl, pheasant, partridge, quail, chukar, duck, goose, pigeon, gull, 
ostrich, rook, and prey birds. It can be transmitted horizontally by direct and indirect 
contact through aerosols or contaminated drinking water. Vertical transmission is 
also suggested since ORT was isolated from reproductive organs, hatching eggs, 
infertile eggs, and dead embryos (Tanyi et� al. 1995). However, whether vertical 
transmission is caused by ovarian or cloacal contamination is not con�rmed.

The pathogenesis of ORT is also still unclear; the bacterium has been detected in 
various organs, but infection is mostly restricted to the respiratory tract. No data is 
available about the virulence factors of ORT.
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12.1.2	� Clinical Signs

The severity of clinical signs, disease duration, and mortality are extremely variable 
and depend on several predisposing factors, such as poor management, inadequate 
ventilation, high stocking density, poor litter conditions, poor hygiene, high ammo-
nia level, concurrent diseases, and secondary infection. Generally, ORT infection is 
complicated with other respiratory pathogens, such as Bordetella avium (Ergani�ú 
et�al. 2010), Newcastle disease virus (van Veen et�al. 2000), avian metapneumovirus 
(Jirjis et� al. 2004; Marien et� al. 2005), low pathogenic avian in�uenza H9N2 
Streptococcus zooepidemicus (Bano et� al. 2003; Pan et� al. 2012), Avibacterium 
paragallinarum (Morales-Erasto et�al. 2016), Mycoplasma synoviae (Zorman-Rojs 
et�al. 2000), and Chlamydophila psittaci (De Boeck et�al. 2015; Van Loock et�al. 
2005). In turkeys, ORT outbreaks are usually seen in male birds over 14�weeks old. 
However, young poults between 2 and 8�weeks old are also susceptible. Mortality 
rates of 1–15% during the acute phase, approximately 8 days, have been reported. 
The main signs are respiratory manifestations, including coughing, sneezing, and 
nasal discharge, followed in some cases by severe respiratory distress, dyspnea, 
prostration, sinusitis (Fig.�12.3), and arthritis. A reduction in feed consumption and 
water intake has also been reported. ORT can cause a drop in egg production (2–5%) 
in turkey breeder �ocks and an increase in the number of un-settable hatching eggs.

12.1.3	� Postmortem Lesions

The postmortem lesions are more severe in co-infection with other respiratory 
pathogens, and the lesions are more common in turkeys than chickens. Lesions are 
localized in the trachea and lungs, including edema and uni- or bilateral consolida-
tion of the lungs (Fig.�12.4) with �bro-purulent exudate and caseous or �brinous 
exudate in the air sacs; airsacculitis, peritonitis, and enteritis could be detected. In 

a

c

b

d

Fig. 12.3  Clinical signs of Ornithobacterium rhinotracheale in turkeys, showing respiratory dis-
tress, dyspnea, prostration (a, b), conjunctivitis (c), and sinusitis (d). © Hafez M.�Hafez
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a b c d

Fig. 12.4  Postmortem lesions of ORT showing pericarditis, perihepatitis, peritonitis (a), consoli-
dation of the ling (b), tracheitis (c), and arthritis (d). © Hafez M.�Hafez

rare cases, conjunctivitis, arthritis, meningitis, and in�ammation of the cranial 
bones associated with ORT have been described.

The most common histopathological lesions in the infraorbital sinus and trachea 
are heterophilic or mononuclear in�ammatory cell in�ltration. In the lungs and air 
sacs, in�ammation was characterized by heterophilic in�ltration and/or �brin 
accumulation.

12.1.4	� Diagnosis

Clinical signs and lesions are of little value in diagnosis since many other conditions 
produce similar clinical signs and postmortem lesions. For bacterial isolation, sam-
ples, including trachea, lungs, air sacs, and sinus, should be collected during the 
disease’s early stage and shipped cooled and in a transport medium. ORT can be 
isolated on blood agar containing 5–10% sheep blood, tryptose soy agar, and choco-
late agar. A selective ORT medium is unavailable; however, adding 0.5�� m/ml gen-
tamicin and 0.5�� m/ml polymyxin to the sheep blood media may suppress 
contaminating bacteria and the growth of some ORT strains. ORT is recommended 
to be incubated at 37�°C for 48�h under anaerobic or microaerobic conditions; how-
ever, it may grow under aerobic conditions. On blood agar, ORT colonies are very 
small, gray to gray-white, and non-hemolytic on blood agar. The identi�cation can 
be done using biochemical test kits (API 20 NE, bioMerieux, France) or the RapID 
NF Plus System (Innovative Diagnostics, USA).

A sensitive immunohistochemical staining or a speci�c PCR can be performed 
to detect the bacteria. Serological diagnosis can be done using agar gel precipita-
tion, commercial ELISA, and rapid agglutination tests. Serotyping can be done 
using heat-extracted antigens and reference hyperimmune sera by agar gel precipi-
tation test (AGP) or ELISA.�However, AGP is the method of choice for serotyping 
(Hafez and Sting 1999).

12  Ornithobacterium rhinotracheale (ORT)



154

Indirect diagnosis for detection of antibodies can be carried out using serological 
examination as slide agglutination test using antigens prepared from different sero-
types or enzyme-linked immunosorbent assay (ELISA). The method of choice for 
the detection of antibodies against ORT is ELISA.�Commercially available ELISA 
kits can detect antibodies against all tested ORT serotypes.

12.1.5	� Treatment

The treatment of infections with antibiotics is very dif�cult because of the incon-
stant and regional sensitivity of ORT strains to antibiotics. For example, most of the 
turkey isolates from Germany and the Netherlands are resistant to enro�oxacin, 
while isolates from other countries are sensitive to enro�oxacin. It is recommended 
to perform the sensitivity test of every isolate. Under �eld conditions, water medica-
tion, using amoxicillin at a dose level of 250�ppm for 3–7�days, has given satisfac-
tory results. Also, applying chlortetracycline at a dose level of 500�ppm in drinking 
water for 4–5�days appeared to be very effective. It was also found that small colony 
variants (SCVs) of ORT isolates had higher MIC values compared with wild-type 
isolates, considering the resistance patterns of ORT SCVs during treatment (Zahra 
et�al. 2013).

12.1.6	� Control

ORT infections appear to have become endemic and can affect every newly 
restocked �ock, even in previously cleaned and disinfected houses. This is espe-
cially true in areas with intensive poultry production and in multiple-age farms. 
There also seems to be a high prevalence in backyard �ocks. Failure to clean and 
disinfect properly after an infected �ock has left can cause infection of neighboring 
�ocks, and the causative agent can cycle continuously from house to house.

Thus, proper cleaning and disinfection of the houses between �ocks are impor-
tant to minimize the infection pressure. ORT has been shown to be highly sensitive 
to different chemical disinfectants. The most used disinfectants are based on the 
antibacterial effects of different organic acids, such as formic and glyoxyl acids, and 
on aldehydes that readily inactivate ORT in�vitro. ORT was completely inactivated 
by a 0.5% solution containing formic and glyoxyl acid and a 0.5% solution of an 
aldehyde-based product (20% glutaraldehyde) after 15�min of exposure time.

Minimal information is available regarding immunity to O. rhinotracheale. The 
active immunity induced by inactivated vaccines was found to be serotype-speci�c, 
but live vaccination can induce a degree of cross-protection between some sero-
types. Passive immunity can be induced for up to 3–4�weeks by maternally derived 
antibodies (Soriano et�al. 2002).

Several attempts to combat the infection using vaccines were conducted with 
different results. Vaccination trials were conducted with an inactivated vaccine in 
broilers, broiler breeders, and turkey �ocks. The results showed that applying 
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inactivated vaccine on mineral-oil-adjuvant base on the �rst day of age gives good 
protection and moderate serological response in broilers. Vaccination of broiler 
breeders with an inactivated vaccine at the 12th and 18th week of age also induces 
high antibody titers, which are passed to progenies and supply the offspring with 
good protection against an ORT challenge for 14–30�days. The protection, however, 
decreases with the increasing age of the progenies. On the other hand, investigating 
the effect of ORT vaccination of broiler breeders on antibody titers and the perfor-
mance of breeders and broilers revealed no differences in performance between 
vaccinated and unvaccinated breeders. However, a signi�cantly lower mean mortal-
ity rate and higher mean production index in the broilers derived from vaccinated 
breeders could be observed.

In the �eld, vaccinations with autogenic inactivated oil-adjuvant vaccines were 
proven to reduce the outbreaks of ORT in turkeys successfully and are widely used 
in some countries. The importance of the serotype for vaccination is not well under-
stood. It is generally assumed that protection after vaccination with inactivated vac-
cines is serotype-speci�c, but it was shown that cross-protective immunity against 
different ORT serotypes could be induced by live vaccination.

A temperature-sensitive ORT vaccine was used as a live vaccine in turkeys 
(Lopes et�al. 2002a, b). Vaccination of turkey poults with this vaccine at 5�days old 
via drinking water exhibited a lower mean score for gross lesions and a lower rate 
of bacterial re-isolation from the lung tissues when challenged at 7�weeks old, com-
pared with unvaccinated birds. Additionally, 6-week-old turkeys vaccinated orally 
with the autogenous live attenuated vaccine showed decreased pathologic lesions 
and mortality when the birds were older (Chin et�al. 2013).
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13Avian Chlamydiosis
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Abstract

Avian chlamydiosis, caused by Chlamydia psittaci, is a systemic disease of tur-
keys, ducks, and chickens. It was also detected in most animal species and 
humans. The disease in turkeys is associated with severe respiratory manifesta-
tions and digestive disorders with high morbidity rates of 20% to 80% and mor-
tality rates of 5% and 30%. A drop in egg production in turkey hens may reach 
up to 20%. Clinical signs such as swelling above the eyes due to nasal gland 
adenitis, characteristic of chlamydiosis in turkeys, could be the sole sign of the 
disease. Latent infections are common, and infected birds are potential reservoirs 
for C. psittaci for further birds and humans. Co-infection of C. psittaci and other 
avian pathogens, such as avian metapneumovirus and Ornithobacterium rhino-
tracheale, is common. Avian chlamydiosis is an occupational zoonotic disease 
characterized by serious pneumonia in veterinarians, workers, and pet shop own-
ers. Diagnosis is based on using serology, culture, and/or PCR.�Chlamydiosis can 
be treated with tetracyclines; however, the control is based on sound biosecurity 
to prevent the introduction and spread of the infection.
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13.1	� Etiology

Chlamydia psittaci, a member of the family Chlamydiaceae, is a Gram-negative, 
nonmotile, non-capsulated, non-spore-forming coccoid. This family also contains 
C. abortus, C. avium, C. caviae, C. felis, C. gallinacea, C. muridarum, C. pecorum, 
C. pneumonia, C. suis, and C. trachomatis. However, only C. abortus and C. psittaci 
are important zoonotic pathogens of livestock and avian species (Longbottom et�al. 
2021; Sachse et�al. 2015). They are obligate intracellular and take one of three mor-
phological forms during the life cycle stages. C. psittaci cannot grow on bacterio-
logical media but can be isolated on embryonated chicken eggs and cell culture.

Based on the outer membrane protein A (OmpA) gene, C. psittaci strains are 
classi�ed into 8 serotypes and nine genotypes: A–F, E/B, M56, and WC 
(Ravichandran et�al. 2021). Genotype A is most common in psittacine birds; B in 
pigeons; C in ducks and geese; D in turkeys; E in pigeons, turkeys, ducks, and oth-
ers; E/B in ducks; and F in parakeets (Vanrompay et�al. 1997), psittacines, and tur-
keys. The WC and M56 genotypes were detected in Wolfsen cattle and muskrats, 
respectively (Balsamo et�al. 2017; Ruiz-Laiton et�al. 2022). All genotypes can cause 
disease in humans.

Chlamydia has a biphasic developmental cycle of 48–72� h with four distinct 
morphological forms designated elementary body (EB), reticulate body (RB), inter-
mediate body (IB), and persistent aberrant body (AB) (Ravichandran et�al. 2021). 
The cycle of Chlamydia begins with the intake of the extracellular EB; it is meta-
bolically inert, “spore-like,” non-replicating, small electron-dense spherical body of 
0.2–0.3�� m in diameter. EB is the infectious form of Chlamydia, and EB can survive 
in the environment for months due to its ability to resist drying. Once it enters the 
cells, it converts into RB, an intracellular metabolically active form of 0.5–2.0�� m 
in diameter. It is a fragile, noninfectious, intracellular form known as the initial 
body. RB multiplies by binary �ssion to develop IB, which is released from the cell. 
It can be detected in the host cells by light or electron microscopy. The RB form 
undergoes AB in stressed environmental conditions, a viable but noninfectious form.

13.2	� Epidemiology

All C. psittaci genotypes are zoonotic to humans and can cause severe pneumonia 
and even death. Although several outbreaks have been reported in turkey farms in 
several countries, the infection is not always associated with clinical signs. C. psit-
taci antigen and antibodies could be detected in apparently healthy turkeys (Hafez 
and Sting 1997; Hafez and Sting 1993; Vanrompay et�al. 1993).
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Chlamydia can be transmitted horizontally via inhalation or the fecal-oral route. 
It is suggested that mites and �ies might serve as vectors. Chlamydia was also iso-
lated from hatching turkey eggs, suggesting potential vertical transmission. High 
embryonic mortality of turkey eggs was reported in which C. psittaci was isolated 
as a sole pathogen. Chlamydia was also isolated from fertile eggs and 1-day-old 
poults, indicating potential vertical transmission (Lublin et�al. 1996). Ducks, para-
keets, seagulls, snow geese, and chickens are considered to be vertical shedders of 
C. psittaci (Wittenbrink et�al. 1993).

The course of disease is mostly determined by the combination of host species 
and infecting Chlamydia strain. The incubation period is 5–10�days to 8�weeks, 
depending on the virulence of the strain. There is also evidence that younger birds 
are more susceptible.

13.3	� Clinical Signs

Chlamydia infections in turkeys are systemic and characterized by respiratory man-
ifestations and digestive tract disorders. The clinical signs include general depres-
sion and reduced feed consumption.

Respiratory signs are characterized by conjunctivitis, nasal and ocular discharge, 
and dif�culty breathing. The lateral nasal gland (salt), present in the dorsolateral 
aspect of the extra-orbital region of the nasal cavity, can be swollen due to �brino-
heterophilic in�ammation and form a noticeable bump over the eye, which might be 
the only clinical sign in turkeys. Yellow-green, gelatinous diarrhea shows the 
involvement of the digestive tract. Morbidity after infection with virulent strains can 
go up to 80%, with less virulent strains only up to 20%. Mortality can be up to 30% 
and 5%, respectively.

Egg production in turkey hens can drop up to 20%. Latent infections are also 
common and infected birds, regardless of clinical history, can shed Chlamydia in 
high concentration and constitute potential reservoirs of infection for further birds 
and humans.

13.4	� Postmortem Lesions

The main postmortem lesions of chlamydiosis in turkeys are polyserositis, charac-
terized by the presence of a �brinous exudate in the air sacs, pleura, pericardium, 
and capsule of the liver. The presence of �brinoheterophilic in�ammation of the 
lateral nasal (salt glands) is a unique lesion in turkeys.

The liver and spleen may also be enlarged and congested. The spleen may be soft 
and mottled, while the liver is friable and greenish-discolored with necrotic foci. 
The lungs are dark red and congested. Catarrhal enteritis may be seen in the acute 
stage (Hafez and Hauck 2016). The interaction between C. psittaci and other patho-
gens, especially avian metapneumovirus and Ornithobacterium rhinotracheale, in 
the respiratory diseases complex in turkeys is common.
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13.5	� Diagnosis

Clinical signs such as swelling above the eyes due to nasal gland adenitis are char-
acteristic of chlamydiosis in turkeys. However, several methods can be used for 
con�rmation of the diagnosis.

Impression smears from livers, spleens, or exudate and staining with Giemsa 
stain can quickly substantiate a presumptive diagnosis. In live birds, conjunctival, 
choanal, and cloacal swabs are suitable for dead birds; all organs with lesions can 
be sampled for isolation and/or detection by PCR (Sting et�al. 2006; Verminnen 
et�al. 2006). PCR and real-time PCR are widely used as they are rapid and inexpen-
sive. Also, immunohistochemistry for detecting the antigen in the cytoplasm of cells 
is an accurate, rapid, and inexpensive method for diagnosing chlamydiosis.

Isolation of Chlamydia can be carried out using cell culture and egg inoculation. 
Several cell lines, such as buffalo green monkey kidney (BGM) cells, monkey kid-
ney epithelial cells (Vero), human cervical epithelial cells (HeLa), and chicken 
embryo �broblast, can be used. Chlamydia can also be isolated in 6-day-old embry-
onated chicken eggs via the yolk sac route.

Molecular identi�cation based on full-light 16S and 23S rDNAs, multi-locus 
sequence typing (MLST), DNA microarrays, multi-locus variable-number tandem 
repeat analysis (MLVA), and sequence analysis of OmpA.

13.6	� Prevention and�Control

When avian chlamydiosis is suspected, rigorous safety precautions following local 
regulations must be taken to avoid infection of pathologists and laboratory staff. 
Prevention of the contact of turkeys with other reservoirs, such as feral and wild 
birds, pigeons, rodents, insects, and visitors, is important to prevent the transmis-
sion of the bacteria to the farm. Flocks with outdoor access are at special risk 
(Shivaprasad et�al. 2015).

Biosecurity and governmental regulations must be implemented in case of chla-
mydiosis. Chlortetracycline can be used to treat chlamydiosis in turkeys at a con-
centration of 400�g/ton of feed for 2�weeks. Doxycycline and enro�oxacin can be 
used in drinking water for 3–10�days.

No commercial vaccines against avian chlamydiosis are available. A recombi-
nant herpesvirus of turkeys (HVT) vector vaccine provided partial protection against 
chlamydiosis in chickens (Liu et�al. 2015).
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14Campylobacter
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Abstract

Campylobacteriosis in humans is the most commonly reported gastrointestinal 
disease in the EU.�In 2017, 29 EU/EEA countries reported 250,161 con�rmed 
cases. Infections with thermophilic campylobacter in humans can cause diar-
rhoea, abdominal pain, vomiting and fever. Campylobacteriosis shows clear sea-
sonality, with a sharp peak of cases in the summer months and a smaller peak at 
the beginning of 2019 (ECDC EC for DP and C.�Campylobacteriosis. In: Annual 
epidemiological report for 2017. Stockholm, Sweden; 2019). Infections in 
humans are mainly transmitted via contaminated food. C. jejuni and C. coli are 
most frequently encountered in poultry �ocks. However, in chickens and turkeys, 
Campylobacter spp. are considered a part of the normal intestinal �ora, and 
infections in chickens and turkeys are mostly inapparent.

Keywords

Campylobacteriosis · C. jejuni · C. coli · Diarrhea · Public health

H. El-Adawy 
Institute of Bacterial Infections and Zoonoses, Friedrich Loef�er Institut, Jena, Germany
e-mail: hosny.eladawy@�i.de 

H. M. Hafez (�
 ) 
Institute of Poultry Diseases, Faculty of Veterinary Medicine, Free University of Berlin, 
Berlin, Germany
e-mail: hafez.mohamed@fu-berlin.de



164

14.1	� Aetiology

Campylobacter species belong to phylum Proteobacteria, class Epsilonproteobacteria, 
order Campylobacterales, family Campylobacteraceae and genus Campylobacter. 
The name of the genus is derived from the Greek words ‘campylos’, which means 
‘curved’ and ‘baktron’, which means ‘rod’. The genus Campylobacter contains 17 
species; four of them have been further divided into eight subspecies. C. jejuni and 
C. coli are most frequently encountered in poultry �ocks. C. jejuni is responsible for 
more than 90% of cases of campylobacteriosis in humans, followed by C. coli. 
(Vandamme 2000; Vandamme and On 2001).

Campylobacters are gram-negative, non-spore-forming and slender spirally 
curved rods. They are microaerophilic, relatively slow-growing, fastidious bacteria 
(Debruyne et� al. 2008). The thermophilic species C. jejuni, C. coli, C. lari and 
C. upsaliensis are characterised by their ability to grow between 37°C and 42�°C 
with an optimum temperature of 41.5�°C (Levin 2007) and their inability to grow at 
25�°C.�Campylobacter survives for more than 4�h at 27�°C and 60–62% relative 
humidity on some common clean or soiled food contact surfaces. Thermophilic 
campylobacter bacteria are fastidious and susceptible to oxidative stress, especially 
at higher temperatures and low pH.�Protected by intestinal content, they can survive 
outside the host for up to 4 days at 25�°C.

Since they are virtually avirulent for chickens and turkeys, nothing is known 
about virulence factors for poultry, but several putative virulence and toxin genes 
that may contribute to the pathogenicity in human campylobacter infection have 
been identi�ed (Bolton 2015). C. jejuni is associated with Guillain-Barre syndrome 
in humans.

14.1.1	� Transmission

The route of infection with Campylobacter jejuni/coli in poultry is not fully known. 
Generally, no evidence has been found either for transmission from one �ock to the 
next via persistent house contamination. However, because the organism is found in 
the intestines of most slaughtered poultry, campylobacter contamination of poultry 
appears to be the horizontal transmission from the environment. Speci�c �ocks that 
become infected show a rapid rate of intra-house transmission and a high isolation 
rate from caecal swabs, water and litter. Drinking water plays a central role in the 
spread of bacteria within an infected �ock. Protected by bio�lms in water pipes and 
even unprotected in cool water, campylobacter can survive for several weeks. 
Vertical transmission is suspected (Pearson et�al. 1996). However, Campylobacter 
spp. are rarely isolated from turkey �ocks younger than 2 weeks of age (Hafez 
et�al. 2001).

After oral infection, Campylobacter spp. colonise the intestines, most impor-
tantly the caeca and colon. Usually, shedding in the faeces, where their concentra-
tion can reach up to 109�CFU/g, is limited in time, but just as whole �ocks, the 
individual bird can quickly become infected with another genotype. In tendency, 
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younger birds are more often infected with C. jejuni, which can spread more quickly 
within a �ock, while older birds are more often infected with C. coli, which colo-
nises the birds for a longer time (El-Adawy et�al. 2013; Sibanda et�al. 2018).

14.1.2	� Clinical Signs and�Gross Lesions

Commercial turkey �ocks are frequently colonised with Campylobacter spp. with-
out showing any signs of clinical disease. In rare cases, if young birds not protected 
by maternal antibodies are infected with campylobacter, they can develop diarrhoea, 
show slower growth and even increase mortality.

14.1.2.1	� Gross and�Histopathological Lesions
Not all Campylobacter strains seem capable of inducing disease, even in suscepti-
ble birds (Van Deun et�al. 2008). Lesions are mild and may include watery intestinal 
contents or hyperaemia of the caecal wall. Histologically, diffuse lymphoplasma 
cellular mucosal in�ltration of the mucosa with in�ammatory cells and thickening, 
shortening and fusion of villi in the ileum have been observed.

Avian vibrionic hepatitis is, as the name suggests, a liver disease caused by vib-
rionic bacteria, i.e. bacteria morphologically similar to campylobacter. The disease 
caused necrosis and in�ammation in the liver and was prevalent in layer �ocks in 
the 1960s. Since then, for unknown reasons, the disease has been rarely observed, 
and characterisation of the isolated gram-negative, curved, rod-shaped bacteria is 
lacking (Jennings et�al. 2011).

14.1.3	� Diagnosis

14.1.3.1	� Isolation of�Campylobacter
Isolation of Campylobacter generally requires 4 days to give a negative result and 
6–7�days to make a �nal identi�cation. Pre-enrichment media commonly used are 
Exeter, Bolton and Preston broth. Commonly used selective media with blood com-
ponents for Campylobacter include Skirrow agar and Preston agar, while selective 
media with charcoal supplemented with cefoperazone amphotericin teicoplanin 
(CAT) agar, modi�ed charcoal with cefoperazone deoxycholate agar (mCCDA) and 
Karmali agar or charcoal selective medium (CSM). In addition, Brilliance 
CampyCount agar is a novel, highly selective and chromogenic medium designed 
for accurate, speci�c identi�cation and enumeration of C. jejuni and C. coli and is 
easy to read. Selective media containing antibiotics can be used. Cephalosporins are 
often used in combination with other antibiotics, such as trimethoprim, vancomy-
cin, amphotericin and rifampicin. The fungistatic agent cycloheximide or ampho-
tericin is also added (El-Adawy et�al. 2013).

Campylobacter colonies are greyish and slightly pink with a metallic sheen on 
blood-based Preston agar (Fig.�14.1a), while on charcoal-based media, the colonies 
are greyish to white with a metallic sheen (Fig.�14.1b) and on Brilliance CampyCount 
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a b c

Fig. 14.1  Campylobacter jejuni colonies on blood-based Preston agar (a) and mCCDA (b) and 
Brilliance CampyCount Agar (c)

Agar, Campylobacter grow as distinct dark red colonies on a transparent medium 
(Fig.�14.1c).

For biochemical identi�cation, suspect colonies need to be subcultured on blood 
agar. Reactions that vary between the species and have been used for species iden-
ti�cation include catalase reaction, hippurate hydrolysis and indoxyl acetate test. 
Since the resistance of C. coli and C. jejuni against �uoroquinolones is increasing, 
resistance against nalidixic acid should not be relied on anymore to differentiate 
these two species from C. lari and C. upsaliensis.

In addition, several methods have been developed for con�rmation and/or detec-
tion of Campylobacter spp., e.g. those that include �uorescence in situ hybridisation, 
enzyme immunoassay (Sahin et�al. 2003) and CR-based methods of PCR perfor-
mance on direct testing of �eld samples seem to be reduced drastically due to PCR 
inhibitors that may be present in faecal material. Another drawback of PCR methods 
is that they cannot discriminate between viable and non-viable Campylobacter cells, 
which may be essential for some epidemiological studies (El-Adawy et�al. 2013).

Further methods can be used, such as genotyping of Campylobacter and �agellin 
typing using restriction fragment length polymorphism (�a -RFLP). The �a A and 
�a B genes are suitable for RFLP analysis of PCR products.

Pulsed-�eld gel electrophoresis (PFGE) can also be used. Although the complex 
data and super discriminatory power make interpretation highly dependent on com-
puterised comparison programmes and the parameters set by the software packages 
used, it is still a highly reproducible tool (Wassenaar and Newell 2000). Direct DNA 
sequencing, either one gene or whole genome (with or without PCR ampli�cation), 
is becoming increasingly automated and consequently is a reasonable alternative 
typing method. Also, multilocus sequence typing (MLST) has been developed to 
overcome the problems of comparing the results of typing schemes between labora-
tories (Dingle et�al. 2001). In addition, microarrays were found to be a powerful 
diagnostic tool for monitoring emerging Campylobacter pathotypes and for epide-
miological, environmental and phylogenetic studies, including the evaluation of 
genome plasticity. The ArrayTube™ (AT™) system is a less expensive platform and 
characterises C. jejuni isolates by speci�c hybridisation patterns based on a limited 
number of gene loci. A further advantage of the AT™ system is the use of enzyme-
catalysed precipitation staining rather than �uorescence detection which allows a 
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measurement by a simple transmission technique. However, DNA microarray-based 
assays had the highest discriminatory power when compared with other genotyping 
tools (El-Adawy et�al. 2013).

14.1.4	� Treatment

Treatment of thermophilic campylobacter infections in poultry is not indicated due 
to their lack of virulence in chickens and turkeys.

14.1.5	� Control

Farmers are the major risk factors for introducing Campylobacter to a farm. 
Prevention by improving biosecurity should put all the time into consideration. Fly 
screens were highly effective in decreasing the prevalence of campylobacter-
positive �ocks. Water pipes and drinkers need to be kept clean. Chlorinating the 
drinking water or adding organic acids and organic acids in the feed can reduce the 
colonisation of the birds by campylobacter (Chaveerach et�al. 2003; Heres et�al. 
2004). Using competitive exclusion or probiotics has yielded inconsistent results 
(Sahin et�al. 2015). Dry bedding in poultry houses will help limit bacteria spread 
within a �ock. Under experimental conditions acidifying the litter with aluminium 
sulphate or sodium bisulphate reduced campylobacter colonisation frequency and 
populations in the caeca (Fischer et�al. 2013).

Currently, there are no commercial vaccines available. Experimentally, attenu-
ated C. jejuni strains used as vaccines did not colonise the birds long enough to 
induce protection. Vaccination with recombinant salmonella expressing campylo-
bacter antigen, on the other hand, can reduce colonisation (Sahin et�al. 2015).

Finally, treating birds with bacteriophages against campylobacter can reduce 
campylobacter counts in the intestines. However, even if mixtures containing sev-
eral phages are used, resistance rates of the bacteria are high and resistances quickly 
develop (Hafez and Hauck 2016; Line and Bailey 2006).
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15Avian Tuberculosis
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Abstract

Avian tuberculosis is a long-lasting, debilitating disease that impacts a wide 
range of wild and domestic birds. Turkeys are less susceptible to infection than 
chickens, pheasants and partridges. The primary cause of avian tuberculosis is 
M. avium subsp. avium serotypes 1, 2 and 3 and genotype IS901 segment and 
non-speci�c segment IS1245). Indeed, M. avium is known to cause diseases in 
swine and other mammals. While humans may contract this disease, the strains 
found in birds and humans are typically different. Transmission of M. avium 
occurs through the oral route, resulting in its multiplication in macrophages and 
the formation of submucosal and serosal granulomas in the intestines. When 
granulomas become ulcerated, bacteria are released into the intestinal lumen and 
eventually pass through faeces. Additionally, the bacteria can enter the blood-
stream and cause granulomas in visceral organs. Diagnosis is based on the post-
mortem lesions and demonstration of the acid-fast bacilli in tissue samples. 
Treatment is not recommended because of the risk of the emergence of drug-
resistant strains.
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15.1	� Aetiology

Avian tuberculosis is caused mainly by M. avium subsp. avium serotypes 1, 2 and 3 
and genotype IS901 segment and non-speci�c segment IS1245. These bacteria are 
Gram-positive, aerobic, non-sporulated, non-motile, acid-fast bacilli. Based on the 
molecular methods, M. avium subsp. avium is subdivided into M. avium subsp. 
avium and M. avium subsp. hominissuis.

The cell wall of M. avium is rich in lipids (60–80%). The most common disinfec-
tants are not effective against M. avium subsp. avium. It can also grow in unfavour-
able environmental circumstances such as low pH, low oxygen levels and severe 
temperatures (Dhama et�al. 2011; Leite et�al. 1998). M. avium is more resistant to 
commonly used antituberculosis drugs than M. tuberculosis and M. bovis. The rea-
son for this is the lipid-rich cell wall of M. avium, which causes a widespread 
increase in resistance (Philalay et�al. 2004). M. avium bacteria can remain in the soil 
for up to 4 years (Schalk et�al. 1935). These bacteria can survive in carcasses buried 
three feet deep for 27�months. Additionally, certain virulent strains of M. avium 
have been found to remain viable in sawdust for 168�days at a temperature of 20�°C 
and 244� days at 37� °C.� Although M. avium has been identi�ed in eggs, chicks 
hatched from these eggs did not develop tuberculosis. Boiling of eggs beyond 6�min 
inactivates these bacteria.

15.2	� Susceptibility

Birds, pet animals, pigs and humans, particularly immunocompromised people, are 
susceptible to M. avium subsp. avium. Different bird species have varying levels of 
susceptibility to avian tuberculosis. Highly susceptible birds include chickens, spar-
rows, ring-necked pheasants, grey partridges and laughing gulls. Guinea fowl and 
domestic turkeys are less susceptible. Domestic geese and ducks have moderate 
resistance, whereas domestic pigeons, collared turtle doves and rooks are highly 
resistant to infection.

M. avium causes diseases in swine and other mammals. M. avium is classi�ed as 
Risk Group 2 for human infection, common in patients with acquired immune de�-
ciency syndrome (Mijs et�al. 2002; Nightingale et�al. 1992). The strains found in 
birds and humans are typically different (Rindi and Garzelli 2014; Turenne et�al. 
2007). Thus, it would appear that most human M. avium infections in people would 
more likely be due to human-to-human or human-to-environment contact rather 
than bird-to-human contact.

Strains of M. avium found in birds and humans are usually distinct (Mijs et�al. 
2002; Rindi and Garzelli 2014; Turenne et�al. 2007), and M. avium infections in 
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humans are more likely to be caused by contact with other humans or the environ-
ment rather than transmission from birds to humans.

The transmission of M. avium subsp. avium occurs through ingesting contami-
nated food and water and inhaling contaminated droplets and from the adult birds to 
their young during mouth feeding. The infected birds remain carriers and shed the 
pathogen in their dropping. Avian tuberculosis can result in signi�cant economic 
losses in the poultry industry due to high condemnation rates in poultry slaughter-
houses, a decrease in egg production, poor growth, emaciation of infected birds and 
high mortality rates (Leite et�al. 1998; Tell et�al. 2001, 2003).

Avian tuberculosis appears to be less prevalent in young fowl, not because the 
younger birds are more resistant to infection but because in older birds, the disease 
has had a greater opportunity to become established through a longer period of 
exposure. Although tuberculosis lesions are usually less severe in young chickens 
than adult birds, extensive or generalized avian tuberculosis in young chickens has 
been observed. Such birds are an important source of dissemination of virulent 
tubercle bacilli and must be considered a source to other fowl and susceptible 
mammals.

15.3	� Clinical Signs

Clinical signs of avian tuberculosis are mostly seen in the last stage of the disease. 
Birds may exhibit weight loss, emaciation, prominent bone protrusions, diarrhoea 
and decreased muscle mass. A decrease in egg production or weight gain may be 
observed.

15.4	� Post-Mortem Lesions

The primary lesions of avian tuberculosis are mainly in the intestinal tract (OIE 
2018). Lesions are common in the liver and spleen of turkeys, ducks and pigeons but 
can also appear in other organs. These lesions may also present as solid white 
masses of varying sizes in the liver, spleen and bone marrow. The intestinal wall 
may become thickened and pale, with possible masses on the surface. Before the 
intestine is opened, the lesions appear and tumour-like masses attach to the intesti-
nal wall. Additionally, birds may develop small yellowish nodules or a soft yellow-
ish centre surrounded by a �brous capsule in internal organs such as the liver, spleen 
and lungs (Bull et�al. 2000). Granulomas may also be found in the bone marrow.

Microscopic examination is characterised by multifocal to coalescing granulo-
mas characterised by necrotic centres surrounded by moderate to marked numbers 
of macrophages with fewer lymphocytes, heterophils and multinucleated giant cells 
(Gerhold and Fischer 2005). Calci�cation of the tubercle rarely occurs in fowl. 
Amyloid deposition in the surrounding parenchymal elements has been reported in 
the liver, spleen and kidney.
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15.5	� Diagnosis

Detecting acid-fast bacilli in smears or sections, stained by the Ziehl-Neelsen 
method, from affected organs is normally suf�cient to establish the diagnosis. DNA 
probes and PCR techniques can also be used for bacterial identi�cation. If faecal 
samples are used for the bacterial diagnosis, the intermittent shedding of M. avium 
in faeces should be considered. Con�rming the diagnosis through culture using spe-
ci�c media can take much longer than with other bacteria. M. avium can grow on 
several media, such as Lowenstein-Jensen, Herrold’s medium, Middlebrook 7H10 
and 7H11, or Coletsos containing 1% sodium pyruvate. Mycobactin may be required 
to be added for the isolation of M. avium. Colonies may appear within 2–4�weeks. 
Tuberculin test can be used in domestic fowl by injecting the standard protein deriv-
atives into one wattle. After 48�h, a positive reaction is characterised by swelling and 
oedema. However, tuberculin testing of the wattle in turkeys is much less reliable 
than in other domestic birds (OIE 2018). In waterfowl, the whole stained-antigen 
agglutination test can be used for waterfowl, a more reliable test that takes a few 
minutes.

Differential diagnosis should consider other diseases causing white masses in the 
liver and spleen, including Salmonella, Staphylococcus, Escherichia coli, Marek 
disease, lymphoid leukosis and reticuloendotheliosis viruses. Of those, only 
M. avium is known to produce bone marrow granulomas.

15.6	� Vaccination and�Treatment

There are no available vaccines for use in birds. Treatment is impractical for avian 
tuberculosis in turkeys.
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16Brachyspira
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Abstract

Avian intestinal spirochetosis, caused by Brachyspira spp., a Gram-negative bac-
terium of the order Spirochaetes, is a disease that affects adult chickens and other 
poultry species. The illness is usually linked to decreased or delayed egg produc-
tion and diarrhoea. The main pathogenic species in birds are B. intermedia, 
B. pilosicoli, B. alvinipulli and B. hyodysenteriae. B. intermedia is the most 
pathogenic species in poultry, while B. hyodysenteriae is reported less frequently. 
Brachyspira spp. colonise the caecum and/or rectum, causing typhlitis and diar-
rhoea. Tiamulin, lincomycin and oxytetracycline are effective against Brachyspira 
spp. Implementations of biosecurity prevent the entry and spread of Brachyspira 
spp. in and between �ocks.

Keywords

Spirochetosis · B. intermedia · B. pilosicoli · B. alvinipulli · B. hyodysenteriae  
B. intermedia · Gram-negative · Diarrhea · Tiamulin

A. A. Shehata (�
 ) 
TUM School of Natural Sciences, Bavarian NMR Center (BNMRZ), Structural Membrane 
Biochemistry, Technical University of Munich, Garching, Germany
e-mail: awad.shehata@tum.de 

H. M. Hafez 
Institute of Poultry Diseases, Faculty of Veterinary Medicine, Free University of Berlin, 
Berlin, Germany
e-mail: hafez.mohamed@fu-berlin.de



176

16.1	� Aetiology

B. intermedia, B. pilosicoli, B. alvinipulli and B. hyodysenteriae, family 
Brachyspiraceae of the genus Brachyspira, are considered to be potential pathogens 
that cause avian intestinal spirochetosis. These bacteria are helical-shaped Gram-
negative, with diameters of 0.25 to 0.6�� m and lengths ranging from 3 to 19�� m. 
Because spirochaetes are very �ne, they can be visualised through wet mounts using 
dark-�eld or phase contrast microscopy. Alternatively, they can be seen in histologic 
sections stained with silver stain. Spirochaetes possess varying numbers of �exible 
outer-membrane and intermembrane polar �agella (8–10 depending on species), 
resulting in their characteristic corkscrew-like movement.

16.2	� Susceptibility

Brachyspira species have been identi�ed in chickens, rheas, pheasants, partridges, 
geese, aquatic birds and wild birds. Brachyspira has been reported in turkeys at 
7.5–18�weeks old in 2005 (Shivaprasad and Duhamel 2005).

16.3	� Transmission

Brachyspira spp. can be transmitted through the faecal-oral route, either directly or 
indirectly. The contamination of water is a signi�cant potential source of transmis-
sion. In birds kept in cramped conditions, aerosol transmission may also occur. 
Personnel movement, wild birds, rats and mice may contribute to the spread of the 
disease between different �ocks in various houses. Additionally, insects, dogs or 
feral animals may act as mechanical carriers (Hampson 2020).

16.4	� Incubation Period

In experiments, it has been found that the incubation period of Brachyspira is 
5�days. However, in cases of natural infection, it may take several weeks for signi�-
cant levels of colonisation to occur and for clinical signs to develop (Hampson 2020).

16.5	� Age Susceptibility

Old ages are more susceptible to avian intestinal spirochetes, and the young birds do 
not naturally contract the infection, probably due to increased exposure rather than 
differences in age susceptibility. B. pilosicoli was identi�ed in the ceca of 7.5- to 
18-week-old turkeys (Shivaprasad and Duhamel 2005; Hampson 2020).
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16.6	� Predisposing Factors

Intestinal colonisation of Brachyspira is based on several factors such as diet com-
position, intestinal microbiota and Brachyspira spp., highlighting the variability in 
the severity of the disease. Diets based on wheat seem to promote colonisation with 
B. intermedia compared with diets based on barley or barley and sorghum (Phillips 
et�al. 2004). The action of zinc bacitracin primarily targets Gram-positive bacteria 
instead of the spirochetes. However, the divergent results suggest that intricate posi-
tive and negative interactions among various components of the caecal microbiota 
and different Brachyspira species may exist (Hampson 2020).

16.7	� Clinical Signs and�Post-Mortem Lesions

Severe intermittent diarrhoea and weight loss are the main clinical signs. Not treat-
ing birds can exhibit delayed egg production, higher mortality rates, drop in egg 
production, dirty eggs and lower-quality eggs, such as smaller, lighter, poorer shell 
quality eggs. Chicks hatched from affected breeders tend to be weak and grow 
slower. There are no speci�c post-mortem lesions. Dilated caeca with foamy and 
watery contents may be the only post-mortem lesions. Histopathologically, moder-
ate typhlitis has been reported (Ronineau 2020).

16.8	� Diagnosis

The diagnosis of Brachyspira spp. is based on direct microscopical examination of 
caecal contents within 48�h of the onset of clinical signs. Although the isolation is 
dif�cult, Brachyspira might be isolated on blood agar under anaerobic conditions. 
Species identi�cation is based on PCR, in situ diagnostic assays (Hampson 2020; 
Ronineau 2020; Matos et�al. 2021).

16.9	� Treatment and�Control

Implementations of biosecurity to avoid the entry of pathogens in a �ock. 
Antimicrobials such as tiamulin, lincomycin and oxytetracycline are effective 
against Brachyspira spp. (Karlsson et�al. 2003; Le Roy et�al. 2015). However, tiam-
ulin increases the toxicity of ionophores (Ronineau 2020). Probiotics containing 
Lactobacillus spp. can be used against Brachyspira spp. (Mappley et�al. 2013).
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Abstract

Staphylococcosis is a prevalent issue in the poultry industry, affecting bones, 
joints and tendons in turkeys. Several Gram-positive Staphylococcus spp. can 
cause septicaemic disease in turkeys. Staphylococcus aureus is the most com-
mon pathogen; however, other species, such as S. epidermidis, S. intermedius, 
S. hyicus and S. xylosus, have also been associated with disease in poultry. The 
most frequent illnesses caused by Staphylococcus include green liver, osteomy-
elitis, arthritis/synovitis, omphalitis, gangrenous dermatitis and bumblefoot. 
Additionally, the infection is associated with economic losses resulting from 
high condemnation rates of carcasses at processing plants.
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17.1	� Aetiology

The genus Staphylococcus belongs to the family Micrococcaceae. They are faculta-
tive anaerobic, Gram-positive, coccoid, non-motile bacteria usually found in stained 
smears and clustered together in a ‘grape-like’ manner. In liquid media, they may 
occur in short chains. Older cultures (more than 24�h) may stain Gram-negative.

Staphylococci grow well on 5% blood agar, with growth evident within 24�h at 
37�°C.�Colonies of S. aureus are circular, smooth, ß-haemolytic colonies, 1–3�mm 
in diameter, mostly pigmented white to orange. Colonies are coagulase-negative but 
are often grey to cream non-haemolytic or white.

Staphylococci are oxidase-positive. On nutrient agar, colonies may be yellow 
due to endopigments. The pathogenic strains are mostly coagulase-positive. Based 
on the coagulase test, staphylococci are classi�ed into (i) coagulase-positive 
(S. aureus) and coagulase-negative (i.e. S. epidermidis and S. saprophyticus).

By using biotyping, it is possible to identify the origin and epidemiological rela-
tionships of S. aureus isolates, distinguishing between host-speci�c ecovars (human 
or domestic animal) and non-host-speci�c biotypes (Shimizu et�al. 1997). Phage 
typing is used to identify human and poultry S. aureus (Fig.�17.1).

17.1.1	� Epidemiology

Staphylococcus spp. are ubiquitous in the environment, and infections are common 
in poultry. They have been detected in healthy animals as commensals on the skin, 
mucous membrane and feathers.

Several disease conditions have been associated with different species: S. aureus, 
S. epidermidis, S. intermedius, S. hyicus and S. xylosus. Turkeys of all ages are sus-
ceptible to infection. However, several predisposing factors, such as immunosup-
pression, skin injury, beak trimming and toe trimming, enable the bacterial entrance. 
S. aureus strains that produce one or more extracellular, heat-stable enterotoxins are 
repeatedly blamed for human food poisoning. Turkey meat from infected birds can 
be contaminated.

Fig. 17.1  Coagulase-positive and coagulase-negative staphylococci
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Staphylococci are highly resistant to heat, sunlight and desiccation and are often 
resistant to chemotherapeutic agents. Some host speci�city has been demonstrated 
by classifying staphylococci into biotypes. In turkeys, S. aureus is most isolated.

17.1.2	� Transmission

Transmission is mainly horizontal by direct and indirect contact via vectors, with 
skin lesions or mucous membranes usually serving as the port of entry. Vertical 
transmission has also been described.

17.1.3	� Pathogenesis

Colonizing the skin and/or mucous membranes does not necessarily lead to clinical 
manifestation. Studies showed that additional cofactors are usually required to 
cause clinical disease. Infections can occur from endogenous (originating from 
colonised mucosa) or exogenous (resulting from omphalitis, respiratory or skin 
injuries). In endogenous infections, the pathogen initially multiplies locally and 
then spreads via the bloodstream. This can cause bacteraemia and/or non-fatal sep-
ticaemia. The infection is mostly accompanied by secondary localised in�amma-
tion. On the other hand, exogenous infections cause localised skin in�ammation 
that can spread and potentially lead to animal death during the septicaemic stage. 
Additionally, staphylococci tend to attach the tissues that are rich in collagen, like 
the articular surface of joints and the synovial sheaths around tendons and joints 
(Fig.�17.2). Additionally, they tend to multiply in the growth plate of actively 

Fig. 17.2  Pathogenesis of 
Staphylococcus spp.
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growing bones. This is why there is a higher occurrence of femoral head necrosis 
and osteomyelitis in younger birds compared to more mature ones (Eric and 
Carolyn 2001).

In the case of immunosuppression, the birds have a higher risk of getting dis-
eases caused by staphylococci, such as bacterial chondronecrosis and gangrenous 
dermatitis. Staphylococcal infections can also be predisposed by various factors 
such as overcrowding and insuf�cient cleaning and biosecurity.

17.1.4	� Clinical Signs and�Lesions

The incubation period is very short, ranging from 2 to 3�days. It is characterised by 
septicaemia, osteomyelitis, arthritis, tenosynovitis, omphalitis, generalised necro-
sis, gangrenous dermatitis and bumblefoot (Eric and Carolyn 2001; Andreasen 
2020; Rautenschlein and Ryll 2014). The various pathological-anatomical changes 
are summarised in Table�17.1.

Table 17.1  The main pathological conditions caused by staphylococci in turkeys

Disease form Pathology
Septicaemia • � Accompanied by a per-acute or acute course.

• � Sudden death of chicks without characteristic lesions.
• � In older animals, haemorrhages in the subcutis and serous skins, 

hydropericardium, swelling and infarct necrosis.
Osteomyelitis/
arthritis/tenosynovitis

• � It is most common lesion caused by staphylococci.
• � The symptoms can vary between lameness or paralysis, depending 

on whether the affected area is a long bone or the spine.
• � The commonly affected bones are the proximal head of the 

tibiotarsus, the proximal femur and the thoracic vertebrae (T3–T5).
• � In the case of thoracolumbar vertebrae, impingement on the spinal 

cord is common.
• � If the femur is infected, the proximal head of the femur will separate 

from the shaft when disarticulated from the hip joint, known as 
femoral head necrosis.

• � Rupture of the gastrocnemius tendon (located above the hock), 
reddish-purple from haemorrhage and then green.

• � Green-discoloured livers (green-liver osteomyelitis complex)
Omphalitis • � Staphylococcus is not a common cause of omphalitis.

• � Unabsorbed yolk sac, sero-�brinous, peritonitis.
Generalised necrosis • � Skin lesions.
Gangrenous 
dermatitis

• � Skin lesions.
• � Vesicular dermatitis with circumscribed vesicles.
• � Gangrenous dermatitis with in�ammatory oedema and bleeding in 

the subcutis with subsequent moist necrosis.
Bumblefoot • � Massive swelling of the foot and lameness (Fig.�17.3).

• � Common in adult.
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Fig. 17.3  Bumblefoot in 
turkeys, © Hafez

17.1.5	� Diagnosis and�Differential Diagnosis

Diagnosis is based on isolating the pathogen on blood agar or other special culture 
media. To differentiate pathogenic S. aureus from non-pathogenic S. epidermidis, 
the detection of pigmentation, haemolysis, coagulase and mannitol fermentation are 
suitable. In S. aureus, all four reactions are positive, in contrast to S. epidermidis. 
The biochemical differentiation can be performed with commercially available test 
systems. Differential diagnosis includes E. coli, Pasteurella multocida, Salmonella 
Gallinarum-Pullorum, mycoplasma, reovirus infections and other infectious and 
non-infectious causes.

17.1.6	� Treatment and�Prophylaxis

Staphylococcal infections can be treated using penicillins, streptomycin, tetracy-
clines, erythromycin, novobiocin, sulphonamides, lincomycin and spectinomycin. 
However, some strains develop antimicrobial resistance. MRSA has been reported 
in clinical cases (Argudín et�al. 2013). Strict hygiene measures help to prevent the 
disease. Additionally, administering a suspension with avirulent Staphylococcus 
epidermidis strains at 1–10�days and 4–6�weeks of life can reduce disease incidence 
(Andreasen 2020). Lactobacillus acidophilus can be used against S. aureus, affected 
by competitive exclusion.
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Abstract

Streptococcosis in poultry is caused by ubiquitous Gram-positive Streptococcus 
gallolyticus and S. zooepidemicus. Numerous bird species worldwide have been 
reported to be affected by streptococci. There are two forms of the disease: an 
acute septicaemic form and a chronic form. Septicaemia caused by S. gallolyti-
cus subsp. gallolyticus is characterised by an enlarged and mottled spleen, pri-
marily observed in pigeons and turkey poults. S. gallolyticus causes meningitis, 
sepsis and endocarditis in turkeys, goslings and ducks. Diagnosis is based on the 
isolation of the organism via culture on blood agar and/or identi�cation using 
PCR.� Early acute infections have been successfully treated with penicillins, 
cephalosporins, chloramphenicol, imipenem and tylosin. Unfortunately, certain 
strains may become resistant to these antimicrobial treatments. Therefore, an 
antimicrobial sensitivity test is recommended before starting the treatment.
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18.1	� Aetiology

The main pathogenic streptococci in poultry are Streptococcus gallolyticus and 
S. zooepidemicus. There are two subspecies of S. gallolyticus causing problems in 
poultry: S. gallolyticus subsp. gallolyticus (previously known as S. bovis biotype I) 
and S. gallolyticus subsp. pasteurianus (previously known as S. bovis biotype II/2). 
Additionally, S. zooepidemicus, a � -haemolytic streptococcus that typically affects 
laying hens, has recently become more prevalent due to the practice of free-range 
rearing of chickens. S. dysgalactiae, S. pleomorphus and S. mutans are rare causes 
of disease in poultry (Cheville et�al. 1988). Enterococci grow well on blood agar 
incubated in an atmosphere enriched with 5% CO2. Streptococci often display par-
tial (� -haemolysis, which appears dark green) or complete (� -haemolysis, which is 
surrounded by a clear zone) haemolysis on blood agar. These bacteria are catalase-
positive and ferment a variety of sugars.

18.1.1	� Transmission

Streptococci are typically transmitted through oral and aerosol routes but can also 
occur in caged layers through skin lesions. When S. zooepidemicus is transmitted 
through the air, it can result in sudden blood poisoning in chickens. Pseudovertical 
transmission by soiling of the eggshell has been reported. It is suggested that eggs 
can be contaminated with streptococci during cleaning through shell pores, particu-
larly through scrapping of shells rather than washing.

18.1.2	� Incubation Period

The incubation time can range from 1�day to several weeks, in most cases falling 
between 5 and 21�days. If septicaemia progresses to subacute and chronic stages, it 
may cause localised infections like endocarditis.

18.1.3	� Disease Conditions Caused by Streptococcus 
gallolyticus Spp.

Streptococcal infections can manifest in either a localised or septicaemic form. 
Endocarditis and lameness may develop during the subacute or chronic stage of 
infection.

S. gallolyticus subsp. gallolyticus causes septicaemia characterised by an 
enlarged and mottled spleen, mainly in pigeons and turkey poults. However, layers 
and broilers are also susceptible (Crispo et� al. 2018). In pigeons, S gallolyticus 
infection produces acute mortality with lameness, inappetence, diarrhoea and the 
inability to �y. Acute �brinopurulent conjunctivitis has been noted in infections 
caused by other Streptococcus spp.
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S. gallolyticus subsp. asteurian is a type of bacteria that can cause meningitis, 
sepsis and endocarditis in turkeys, goslings and ducks (Hess et�al. 2021; Li et�al. 
2013; Oliveira et�al. 2022; Saumya et�al. 2014). Increased mortality was observed in 
a group of 10-day-old ducklings in China in 2010. Necropsy revealed gross lesions, 
including brain congestion, as well as markedly enlarged and mottled spleen.

It was isolated in 2–3-week-old young geese suffering from severe nervous 
signs, such as leg paddling and torticollis. Post-mortem lesions revealed hepatitis 
and splenitis. The livers and spleens had a fragile texture with white necrotic areas. 
No visible lesions were observed in the brains. However, a build-up of coccoid bac-
teria was found in the brain samples of one gosling. No other histopathologic 
changes were detected in the brain samples (Hess et�al. 2021). S. zooepidemicus 
causes septicaemia, perihepatitis and peritonitis in mature laying chickens and 
causes mortality in wild birds (Roy et�al. 2013).

18.1.4	� Diagnosis

Bacterial isolation, identi�cation and antimicrobial sensitivity tests are necessary to 
diagnose and choose the right antimicrobial treatment. Streptococci can be easily 
isolated from the liver, spleen, blood or pericardial swab on blood agar incubated in 
5% CO2. De�nitive identi�cation of the streptococci species can be done using bio-
chemical tests and/or PCR as well as sequencing of the 16S ribosomal RNA gene 
for de�nitive identi�cation of the streptococci species. Multiplex PCR assay can be 
used for epidemiological investigations (Ma et�al. 2023). For the differential diag-
nosis, it is important to consider other bacterial septicaemic diseases such as staphy-
lococcosis, colibacillosis, pasteurellosis and erysipelas.

18.1.5	� Treatment

Several antimicrobials, such as penicillins, macrolides, lincomycin, tetracyclines, 
chloramphenicol and nitrofurans, are effective against enterococci. However, some 
strains can develop antimicrobial resistance. Therefore, conducting a sensitivity test 
is important to determine the drug of choice. Recently, it was found that Streptococcus 
gallolyticus subsp. pasteurianus in young geese strains were susceptible to penicil-
lins, cephalosporins, chloramphenicol, imipenem and tylosin. However, they were 
resistant to quinolones, aminoglycosides, tetracycline and trimethoprim-
sulfamethoxazole (Hess et�al. 2021).
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Abstract

Enterococci are commensal intestinal bacterial �ora in humans and animals but 
can also cause infections when they opportunistically invade the host. Currently, 
there is a growing problem with Enterococcus-related diseases in poultry. The 
primary Enterococcus species that cause diseases in poultry are E. faecalis, 
E. faecium and E. cecorum, which emerged as a poultry pathogen in 2002 and is 
associated with locomotory disturbances such as myositis, arthritis, osteomyeli-
tis, tenosynovitis, spondylitis, femoral head necrosis and tendinitis. E. faecalis 
and E. faecium can cause omphalitis, endocarditis and amyloidosis. Furthermore, 
E. faecalis has been connected to hepatic granuloma lesions in turkeys. E. hirae 
and E. durans were also isolated from young birds suffering from encephaloma-
lacia. The rise in the prevalence of enterococci as secondary or primary patho-
gens led to severe economic losses due to higher mortality rates, decreased 
productivity and more condemnations.
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Fig. 19.1  Enterococci on 
citrate azide Tween 
carbonate (CATC) agar. 
©�Awad A.�Shehata

19.1	� Aetiology

Enterococci, belonging to the order Lactobacillales, are Gram-positive coccoid bac-
teria. These bacteria are catalase-negative and produce acid during sugar fermenta-
tion. They grow on blood agar incubated with increased CO2. However, enterococci 
can grow in/on high sodium chloride-containing media and the presence of bile. 
Several selective media, such as citrate azide Tween carbonate (CATC) agar 
(Fig.�19.1), kanamycin aesculin azide (KAA) agar and aesculin bile azide (ABA) 
agar, can be used for the isolation of enterococci.

19.1.1	� Epidemiology

These bacteria are found everywhere and are often part of the natural bacteria in the 
digestive systems of humans, animals, birds and poultry. It is worth noting that 
some types of Enterococcus bacteria can promote growth and improve food ef�-
ciency (Tarabees et�al. 2020). These strains may have the potential as probiotics. 
Additionally, E. faecalis and E. faecium signi�cantly restrained the growth of 
C. botulinum types A, B, D and E (Shehata et�al. 2017). E. faecalis, E. faecium and 
B. badius inhibited botulinum neurotoxin (BoNT) types A, B, C, D and E expres-
sion and reduced C. botulinum growth (Shehata et�al. 2013). The exact effect of 
enterococci on the intestinal microbiota and its impact on Clostridium spp. is not 
fully understood. Recently, it has been suggested that enterococci enhance 
Clostridioides dif�cile pathogenesis.

Enterococci are opportunistic bacteria and can cause disease in humans and ani-
mals. In humans, E. faecalis and E. faecium are commonly found in hospital- and 
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community-acquired infections, causing fatal diseases such as endocarditis, urinary 
tract infections or septicaemia. Additionally, the emergence of vancomycin-resistant 
enterococci (VRE) threatens public health (Cairns et�al. 2023; Said et�al. 2023). 
Sting et�al. (2013) detected VRE in enterococci isolated from turkeys. The authors 
highlighted the need to investigate the VRE in enterococci isolated from poultry. 
Speci�cally, PCR testing should be done on the vanA gene for high-level resistance 
and on the vanC1 gene for low-level resistance (Sting et�al. 2013).

Several species of enterococci such as E. faecalis, E. faecium, E. cecorum, 
E. hirae and E. durans are signi�cant. E. faecalis and E. faecium are the dominant 
enterococci gut microbiota of 1-day-old chicks; however, E. cecorum is more fre-
quent in adult layers and broilers (Devriese et�al. 1991).

19.1.2	� Transmission

Transmission of enterococci occurs via the oral and/or aerosol routes as well as 
through skin abrasions; however, the transmission of E. cecorum is not fully under-
stood, but it is believed to be spread through oral or aerosol routes, similar to other 
types of enterococcal species.

19.1.3	� Disease in�Poultry

In recent years, clinical infections caused by E. cecorum have become more com-
mon and can lead to serious in�ammation in the bones, joints and internal organs of 
various poultry species, including turkeys. Enterococci can cause septicaemia and 
endocarditis, usually a progression of subacute/chronic stages. Brain necrosis and 
encephalomalacia in young chickens have been reported in enterococci.

•	 E. cecorum is associated with several locomotory diseases, including myositis, 
arthritis, osteomyelitis, tenosynovitis, spondylitis, femoral head necrosis and 
tendinitis (Braga et�al. 2018; Jung et�al. 2018). It causes paralysis, lameness and 
a high mortality rate resulting in economic losses.

•	 E. faecalis and E. faecium are associated with omphalitis in young chicks, endo-
carditis and amyloidosis. Furthermore, it has been found that E. faecalis is linked 
to hepatic granuloma lesions in turkeys. Similarly, E. faecium has been associ-
ated with mortality and septicaemia in Pekin ducklings (Souillard et�al. 2022).

•	 E. hirae is commonly linked to cases of septicaemia and endocarditis, as well as 
osteomyelitis or brain necrosis in broilers. It may also be responsible for infec-
tions in psittacine birds. E. durans have been found in various poultry organs, 
especially in young chickens’ brains exhibiting neurological symptoms. 
Additionally, E. gallinarum, E. casseli�avus and E. avium have been identi�ed 
in some pathological cases (Cardona et�al. 1993; Chad�eld et�al. 2005; Dolka 
et�al. 2017; Kolbjørnsen et�al. 2011).
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19.1.4	� Diagnosis

The diagnosis is based on isolating and identifying the pathogen from the spleen, 
blood, yolk sac and the centre of osseous lesions. These bacteria can be grown on 
blood agar incubated under 5% CO2 or on selective colistin and nalidixic acid 
media. Enterococci may produce variable � -haemolysis or no haemolysis 
(� -haemolysis). The bacteria can be identi�ed based on biochemical tests (mannitol, 
sorbitol, arabinose, sucrose or raf�nose), MALDI-TOF, multiplex PCR or PCR and 
sequencing the 16S RNA gene.

In the differential diagnosis, it is important to consider other bacterial septicae-
mic diseases like staphylococcosis, colibacillosis, pasteurellosis and erysipelas.

19.1.5	� Prevention and�Control

Implementation of biosecurity measures include administration of penicillin, eryth-
romycin, novobiocin, oxytetracycline, chlortetracycline or tetracycline to treat acute 
and subacute infections. Some strains can develop resistance to antibiotics such as 
macrolide and aminoglycoside antibiotics.
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20Pseudomonas Infection in�Turkeys
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Abstract

Pseudomonas is a Gram-negative, motile, non-spore-forming and non-capsulated 
aerobic bacilli. It causes several pathological conditions in poultry, including 
respiratory manifestations, embryonic death, omphalitis, keratitis and osteomyeli-
tis. Additionally, Pseudomonas spp. was isolated from other localised infections 
such as salpingitis, oophoritis, cellulitis and arthritis. In this chapter, we will shed 
light on the main Pseudomonas species isolated from poultry. Additionally, we 
will highlight the main pathological conditions and the control measures.

Keywords

Pseudomonas spp. · Respiratory manifestations · Embryonic death · Omphalitis  
Keratitis · Osteomyelitis

20.1	� Aetiology

Pseudomonas is a Gram-negative, motile, non-spore-forming and non-capsulated 
aerobic bacilli. P. aeruginosa produces � -zone haemolysis on blood agar and non-
lactose-fermenting colonies on MacConkey agar. Serologically, the most 
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predominant serotypes of P. aeruginosa are A, B, D, F, H, K, L and M (El-Gohary 
et�al. 2012). Pseudomonas spp. harbour virulence genes such as toxA, psIA and �iC 
responsible for the pathogenicity (Eraky et�al. 2020). They cause localised or sys-
temic infections in chickens, turkeys, ducks, pheasants, ostriches and geese, particu-
larly young birds. The clinical signs vary depending on whether infections are 
localised or systemic, as well as the presence of concurrent infections. The morbid-
ity and mortality may reach 2–10% but can be much higher, approaching 100%.

20.1.1	� Pathogenic Conditions in�Poultry

	1.	 Respiratory manifestations. Pseudomonas spp. can cause airsacculitis, sinusitis, 
keratitis, keratoconjunctivitis and septicaemia. P. stutzeri was isolated from 
chickens with respiratory manifestations (Lin et�al. 1993).

	2.	 Embryonic death. Pseudomonas can digest eggshell cuticles, particularly if the 
humidity is high (Board et�al. 1979), and invades fertile eggs, causing embryonic 
mortalities. Pseudomonas is commonly isolated from dead embryos and dis-
eased newly hatched chickens, turkeys, pheasants, ducks and ostriches. P. �uore-
scens causes the death of turkey embryos and has been associated with the 
respiratory disease complex in chickens and turkeys (Hinz et�al. 1992).

	3.	 Omphalitis. P. aeruginosa is the most common species causing infections, espe-
cially yolk sac infections and septicaemia in young chicks, causing mortality of 
0% to 90% (Walker et�al. 2002).

	4.	 P. aeruginosa causes keratitis with perforation of the cornea of chickens and 
turkeys. It causes unilateral panophthalmitis characterised by corneal perfora-
tion in young turkeys. The rapidly progressive destruction of the eye may be due 
to the proteases produced by the bacteria.

	5.	 Osteomyelitis. P. putida has been isolated from osteomyelitis lesions in pro-
cessed tom turkeys.

	6.	 Pseudomonas was isolated from other localised infections such as salpingitis, 
oophoritis, cellulitis and arthritis.

20.1.2	� Control Measures

Implementing hygienic measures such as cleaning and disinfection of equipment 
and using sterile techniques to prevent Pseudomonas infections is recommended 
(Castro et�al. 1989). P. aeruginosa is resistant to disinfectants such as quaternary 
ammonium. Potentiation of the disinfectant with ethylenediaminetetraacetic acid 
(EDTA) substantially improved its ef�cacy (Walker et� al. 2002). Additionally, 
before treatment, antimicrobial susceptibility testing is essential; thus, Pseudomonas 
spp. develop resistance to antibiotics due to the low permeability of the outer mem-
brane to chemicals and ef�ux mechanisms that remove many antimicrobial agents 
(Loughlin et�al. 2002).
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21Other Bacterial Diseases
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Abstract

Acinetobacter, Aegyptianella, Aeromonas, Arcanobacterium, Listeria monocyto-
genes and Borrelia have been isolated from poultry. A. baumannii was isolated 
from geese, falcons and other birds. However, in general, birds are not considered 
as a primary host for A. baumannii. Aegyptianella pullorum causes severe anae-
mia in chickens, turkeys, guineafowl, quail, pigeons, crows, waterfowl, ratites, 
falcons, passerines and psittacines, which increases their risk of developing asci-
tes and failure in the right ventricular heart. In turkeys, Aeromonas causes severe 
diarrhoea, haemorrhagic enteritis and cellulitis. Arcanobacterium is associated 
with osteomyelitis involving turkeys’ proximal tibiotarsus and/or thoracic verte-
bra. Listeria monocytogenes causes septicaemia and encephalitis in birds, particu-
larly young birds, and is characterised by myocarditis. Borrelia causes sporadic 
outbreaks in chickens, turkeys, pheasants, geese and ducks. In this chapter, we 
will shed light on these bacteria that cause sporadic infections in poultry.
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21.1	� Acinetobacter

Acinetobacter, family Moraxellaceae, is Gram-negative, oxidase-negative, strictly 
aerobic coccobacilli. Acinetobacter has occasionally been isolated from dead-in-
shell embryos, respiratory disease, septicaemia and arthritis (Fales et�al. 1978). It 
causes necrosis and green discoloration of the liver. It also causes arthritis, septicae-
mia or airsacculitis in pigeons and ducks (Duchatel et�al. 2000).

21.2	� Aegyptianella

Aegyptianellosis is a feverish disease caused by Aegyptianella pullorum, a type of 
rickettsia belonging to the family Anaplasmataceae. It is spread through ticks and 
affects various birds such as chickens, turkeys, guineafowl, quail, pigeons, crows, 
waterfowl, ratites, falcons, passerines and psittacines in tropical and subtropical 
regions of Europe, Asia and Africa. The disease is known for causing severe anae-
mia in infected birds, which increases their risk of developing ascites and failure in 
the right ventricular heart (Huchzermeyer et�al. 1987). Diagnosis is made by identi-
fying the organism in the red blood cells of the affected birds. The organism appears 
as single or multiple, round, ‘signet-ring’ (0.3–4 mcm) or intracytoplasmic inclu-
sions in RBCs, often located next to the nucleus. Romanowsky stains can be used to 
stain the organism purple. Treatment usually involves tetracyclines and supportive 
care, both of which are generally effective (Gothe 1992).

21.3	� Aeromonas

Aeromonas is Gram-negative bacilli, which are commonly found in aquatic environ-
ments. It frequently colonises the intestines of animals and can contaminate poultry 
carcasses during processing. Aeromonas is a zoonotic pathogen causing gastroen-
teritis, septicaemia, necrotising fasciitis and myonecrosis in humans (Janda and 
Abbott 2010). In turkeys, it causes severe diarrhoea, haemorrhagic enteritis and 
cellulitis (Olkowski et�al. 1999). It is suggested that both Aeromonas and E. coli 
cause necrotic in�ammation of the phallus in geese (Marjankova et�al. 1978).

21.4	� Arcanobacterium (Actinomyces)

Arcanobacterium pyogenes, or Trueperella pyogenes of the family Actinomycetaceae, 
are a pleomorphic, non-spore-forming, Gram-positive, facultative anaerobic bacte-
rium. It colonises the skin and mucous membranes (Versalovic et�al. 2011). It can 
also cause osteomyelitis involving turkeys’ proximal tibiotarsus and/or thoracic 
vertebra. The portal of entry is thought to be through skin lesions caused by poor 
caging (Corrales et�al. 1988). Osteomyelitis was reproduced in 15-week-old turkey 
toms under experimental conditions when inoculated intravenously. The diagnosis 
is based on directly detecting the Gram-positive bacilli in smears of lesions (Brinton 
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et�al. 1993), septicaemia in visceral lesions and cutaneous abscesses. A mortality 
rate of nearly 14% and a decrease in egg production of more than 27% occurred in 
caged layers infected with A. pyogenes.

21.5	� Listeria monocytogenes

Listeria monocytogenes is a Gram-positive, motile facultative anaerobic bacterium. 
It grows well on blood agar and produces ß-haemolysis. Listeria monocytogenes is 
ubiquitous and found in soil, silage, rotting vegetation, surface water and intestines 
of diseases and apparently healthy birds. Listeria monocytogenes is a zoonotic 
pathogen, and poultry litter could be a source of infection for other animals, such as 
cattle. Infection occurs through inhalation, ingestion or skin injuries. It causes sep-
ticaemia and encephalitis in birds, particularly young birds. Incoordination, ataxia 
and paralysis can also be seen as a result of encephalitis. Lesions are mainly septi-
caemia, including myocarditis with necrotic foci, hydropericardium, hepatic necro-
sis, airsacculitis, salpingitis, enteritis, conjunctivitis and small necrotic foci in the 
cerebellum. Signs and lesions are non-speci�c, and the diagnosis depends on the 
isolation and identi�cation of the pathogen (Kariyawasam 2018).

21.6	� Borrelia

Borrelia, a highly motile, helical spirochetes, is a tick-borne bacterium that causes 
spirochaetosis in poultry, particularly at young ages. Borrelia does not grow on 
routine bacteriological media but can grow in embryonated chicken eggs via yolk 
sac inoculation or in susceptible young chicks or poults. It can be grown in a liquid 
medium but loses virulence.

B. anserina causes sporadic outbreaks in chickens, turkeys, pheasants, geese 
and ducks (Cooper and Bickford 1993). Infection of poultry can occur via ticks and 
other biting arthropods (mosquitoes, mites). It is also suggested that cannibalism, 
multiple uses of syringes and needles and ingestion of infective blood, droppings 
or infected ticks play a role in introducing and spreading infection. B. anserina is 
not resistant outside of the host, and recovered birds are not carriers. The disease 
in poultry is characterised by anorexia, fever, depression, cyanosis of the head and 
anaemia. Splenomegaly, hepatitis, nephritis and pericarditis are the main lesions. 
No clinical disease has been recognised in birds infected with other Borrelia 
species.

B. burgdorferi, the cause of Lyme disease in people, causes an asymptomatic 
infection with poultry (Scott et�al. 2012). Wild turkeys also are the host for B. lones-
tari and B. miyamotoi.

Diagnosis. The presence of larval ticks on the birds is evidence of tick bites. The 
diagnosis can be con�rmed by demonstrating B. anserina in blood or tissue sections 
using dark-�eld or phase microscopy. Borrelia can be stained using Giemsa stain, 
methylene blue or Wright’s stain. Several serologic methods have been used to 
detect antibodies in immune birds (Collins et�al. 1999).
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21.6.1	� Prevention and�Control

Immunity against spirochaetosis is serotype-speci�c; therefore, autogenous or poly-
valent vaccines containing multiple serotypes of B. anserina provide complete pro-
tection. Treatment can be done using arsenicals and antibiotics, including penicillin, 
chloramphenicol, kanamycin, streptomycin, tylosin and tetracyclines. Penicillin can 
be injected intramuscularly at a dose of 20,000� IU/bird thrice in 24�h. However, 
oxytetracycline is used at 20�mg daily for 2 days. Hygienic measures, particularly 
preventing tick infestation, are recommended as preventive measures.
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Abstract

Fungi are eukaryotic organisms with chitin in their cell walls. They can be uni-
cellular or multicellular and reproduce sexually and/or asexually. Fungi are sap-
rophytes and absorb their nutrients from the environment. Their importance for 
veterinary and, more speci�cally, poultry medicine is twofold: (a) they can 
directly infect hosts, and (b) they can produce toxic metabolites, mycotoxins. 
While fungi are ubiquitous in the environment, and infections are common, they 
cause clinical disease infrequently and only under speci�c conditions. Favorable 
conditions include immunocompromised hosts or microbiota of the host that has 
been damaged by antibiotic treatment. The two most important fungal infections 
are aspergillosis and candidiasis. Damage to the host after fungal infections 
occurs due to physical destruction of tissue by the fungi and by the immune 
answer of the host. Molds growing on feedstuffs produce mycotoxins, which are 
then taken up with the feed. There are several hundred mycotoxins produced by 
different fungi, acting by various mechanisms and thus causing a variety of clini-
cal symptoms and lesions.
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22.1	� Aspergillosis (Brooder Pneumonia)

Aspergillosis is caused by infections with Aspergillus spp. and is mostly associated 
with the respiratory system in poultry; however, other organs can also be involved. 
Most frequently, aspergillosis affects the lungs and air sacs, where the disease typi-
cally manifests as whitish nodules. Sometimes, the fungi spread to other organs, 
including the brain and joints. Manifestation in the lungs after infection of young 
poults is known as brooder pneumonia. Aspergillosis is non-transmissible, and 
while Aspergillus spp. can infect humans and cause allergic reactions, aspergillosis 
is not a zoonotic disease. Aspergillosis is readily diagnosed by isolation of the caus-
ative fungus or by demonstration of fungal hyphae in direct smears or histological 
sections. To date, no antimycotics have been registered for use in food-producing 
animals. Prevention depends on avoiding immunosuppression and reducing the 
infection pressure by hygiene.

22.1.1	� Etiology and�Pathogenesis

There are several hundred Aspergillus spp. (Geiser 2009), but most cases of asper-
gillosis in turkey are caused by A. fumigatus and/or A. �avus (Dykstra et�al. 2013). 
A. niger, together with A. fumigatus, was isolated from the brain of turkey poults 
(Jungherr and Gifford 1944). Further, Aspergillus spp. have been isolated from 
chickens and game fowl and probably can cause disease in turkeys as well (Dykstra 
et�al. 2013). Diagnosticians frequently do not determine the species in routine cases.

A. fumigatus and A. �avus replicate only asexually. They grow into hyphae, 
which extend by the formation of septa behind the growing tip and form spores, 
called conidia, by mitosis. Growth and spore formation can occur on a variety of 
organic substrates in the environment, like hay, compost, litter or hatchery debris. 
Aspergillus spp. are ubiquitous and consistently among the most common fungi 
found in litter (Lovett et�al. 1971; Pinello et�al. 1977; So et�al. 1978).

When the material is disturbed, large amounts of conidia are released into the air 
and inhaled by the hosts. The infection causes clinical symptoms in a larger number 
of poults when the infection pressure is high. One outbreak of aspergillosis occurred 
in 3-week-old turkeys raised on wood shaving litter contaminated with a mold 
2.5�×�106 organisms per gram. A mold count of 1.0�×�105 organisms per gram in the 
old litter was apparently not enough to cause disease (Dyar et�al. 1984).

Since the conidia are only 2–6�� m in diameter, they reach the lower respiratory 
tract, adhere there to the epithelium and produce germ tubes, which develop into 
hyphae within 1�day. Conidia can also be translocated to the interior surface of the 
air sac membrane or be taken up by phagocytic cells, in which the conidia can grow 
into hyphae (Kunkle and Rimler 1996, 1998). Within macrophages, the conidia can 
spread from the respiratory tract to other organs by the hematogenous route (Richard 
and Thurston 1983). It was demonstrated by experimental contamination of embry-
onated chicken eggs that conidia can penetrate the eggshell and infect embryos 
(Wright et� al. 1960, 1961). It can be assumed that the same is true for turkey 
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embryos. A case of yolk sac aspergillosis in 4–5-day-old turkey poults indicated an 
in ovo infection (Cortes et�al. 2005).

Immunosuppression caused by virus infections, inadequate nutrition, or stress 
will predispose to the establishment of the infection and manifestation of clinical 
signs. Notably, the stress hormone hydrocortisone enhances the growth of A. fumig-
atus in�vitro (Ng et�al. 1994). Young birds seem to be more susceptible, probably 
due to their not fully developed immune system.

In vivo tests of 16 A. fumigatus isolates from the environmental, mammalian, and 
avian origin, as well as comparison of A. fumigatus from an environmental origin and 
from a diseased parrot, showed some differences in virulence for turkeys. However, 
the differences were not correlated with the origin of the fungi (Peden and Rhoades 
1992; Richard et�al. 1981). Genotyping A. fumigatus isolates from different regions 
and hosts showed that isolates from one region clustered together rather than isolates 
from one host species (Thierry et�al. 2010). This indicates that there are strains that are 
more or less virulent. However, Aspergillus strains do not seem to be host-speci�c.

No essential virulence factors produced by Aspergillus spp. are known. As sap-
rophytes, Aspergillus spp. produce a variety of proteases that damage the host tissue 
(Iadarola et�al. 1998; Latgé 1999). This causes a fulminant in�ammatory response 
that further destroys the surrounding tissue. The role of mycotoxins produced dur-
ing infection in pathogenesis is controversial. The ability of A. �avus to produce 
a�atoxin did not in�uence virulence, and A. �avus did not seem to produce a�atoxin 
production in infected turkey poults (Richard et�al. 1981). The immunosuppressive 
gliotoxin is produced during infection and found in increased concentrations in tur-
key poults experimentally and naturally infected with A. fumigatus (Richard and 
DeBey 1995; Richard et�al. 1996). A. fumigatus strains producing gliotoxin were 
more virulent in mice (Sutton et�al. 1996).

22.1.2	� Clinical Signs

Clinical signs become apparent 2�days postinfection (Richard et�al. 1984). Generally, 
turkeys are more susceptible than chickens but less susceptible than some other bird 
species (Ghori and Edgar 1973). Morbidity and mortality can vary widely. In acute 
cases, which are more common in young poults, morbidity and mortality are higher 
than in chronic cases, which are more common in mature breeder turkeys. The 
course and the severity of the disease also depend on the predisposing factors.

After experimental infections by aerosol with high doses of conidia of A. fumiga-
tus, all birds may die (Dykstra et�al. 2013). Under �eld conditions, cumulative mor-
talities of 75% over the course of 2 to 3�weeks have been reported (Durant and 
Tucker 1935; Witter and Chute 1952). In other cases, mortality rates were about 
one-third (Dyar et�al. 1984; Ghazikhanian 1989). Morbidity is dif�cult to estimate 
since clinical signs can be subtle (Dykstra et�al. 2013).

Unspeci�c clinical signs of aspergillosis include somnolence, inappetence, ema-
ciation, and polydipsia. Other observed signs depend on the infected organs. 
Aspergillosis of the lower respiratory tract usually does not cause severe symptoms, 
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but respiratory distress, with gasping and accelerated breathing, may be observed 
(Ghazikhanian 1989; Witter and Chute 1952). When the brain is involved, torticollis 
and incoordination are prominent signs (Raines et�al. 1956). Ophthalmitis can be 
recognized by the cloudiness of the eye. After natural infection, A. fumigatus grew 
in the vitreous humor, and in�ammation spread from there without the involvement 
of the cornea, causing only very mild conjunctivitis. These signs were only observed 
in turkeys with lung involvement, indicating a hematogenous spread to the eye 
(Moore 1953). Similar symptoms were observed after experimental infection with 
A. fumigatus (Richard et�al. 1984). Ophthalmitis, keratitis, and conjunctivitis, indi-
cating an airborne infection of the eye, are frequently described in chickens (Dykstra 
et�al. 2013). It is unclear if the described differences between chickens and turkeys 
are indicative of a systematic difference in pathogenesis and frequency of ophthal-
mitis in the two species.

Dermatitis associated with Aspergillus spp. has been described in other avian 
species but not in turkeys (Dykstra et�al. 2013). Lameness due to aspergillosis has 
been observed as a consequence of in�ammation of hip joints and compression of 
the spinal cord due to compression by in�amed vertebrae (Bergmann et�al. 1980).

22.1.3	� Gross Lesions

Typical signs of aspergillosis are whitish to yellowish nodules approximately 1�mm 
in diameter. They are frequently observed in the lungs (Fig.�22.1), air sacs, and 
pleura. In the air sacs, they can become visible as early as 24�h after the infection 
(Kunkle and Rimler 1996). Lesions will resolve within 6–10�weeks (Kunkle and 
Sacco 1998). In addition to the nodules, the air sac membranes are diffusely swollen 

Fig. 22.1  Postmortem lesions of Aspergillus fumigatus in turkeys showing pneumonia and con-
solidation of the lung. © Hefez M Hafez
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and opaque. If the disease progresses, the nodules can evolve into greenish-gray 
mold growth, indicating the formation of conidia (Richard et�al. 1984). Aspergillosis 
lesions in the trachea of chickens are caseous plaques that may obstruct the lumen, 
but there are no reports about tracheal aspergillosis in turkeys (Barton et�al. 1992). 
In cases of systematic aspergillosis, nodules as described above or thicker plaques 
have been observed in the intestine, liver, adrenal gland, kidney, sternal bone, verte-
brae, and gizzard (Ghazikhanian 1989; Raines et�al. 1956; Bergmann et�al. 1980). 
Brain lesions are necrotic, white to yellow, demarcated areas (Richard et�al. 1984; 
Raines et�al. 1956). Infection of the hip joint caused diffuse in�ammation and femur 
head necrosis (Olias et� al. 2010). Lesions due to mycotic omphalitis varied and 
consisted of pasty or watery, greenish to yellow-brown yolk contents of the yolk sac 
and prominent and red navels (Cortes et�al. 2005).

22.1.4	� Histopathology

Direct comparison of infection with A. fumigatus and A. �avus did not show differ-
ences in the lesions caused by the two Aspergillus species (Richard et�al. 1981). 
Kunkle and Rimler (1996), as well as Femenia et�al. (2007), have described the 
development of histopathological lesions in air sacs and lungs up to 4�days after 
infection with A. fumigatus in detail.

Early diffuse lesions are moderately to severely thickened air sac membranes 
with edema and an in�ux of in�ammatory cells, mostly phagocytic heterophils and 
macrophages. The epithelium can be necrotic and lost; in this case, the erosions are 
covered by exudate. Blood vessels are congested and cuffed by lymphocytes and 
macrophages. Focal lesions are aggregates of epithelioid macrophages and multi-
nucleated giant cells and granulomas, some of them with central necrosis. Lesions 
in the lung are mostly concentrated in the pleura and subjacent tissue and are similar 
to the lesions in the air sacs. In addition, the airways can be obstructed by in�am-
matory cells and �brin. In later stages, the severity of the lesions increases, and 
pyogranulomas with a necrotic core surrounded by intact heterophils and demar-
cated by epithelioid macrophages and �brous tissue develop (Kunkle and Rimler 
1996; Richard et�al. 1981).

Gomori’s methenamine silver stain, periodic acid-Schiff stain, or Kluver-Barrera 
stain can be used to visualize the fungi. The latter stain was found to provide the 
best information about the interactions of tissue, the in�ammatory response, and the 
fungus (Ozmen and Dorrestein 2004). Germinating conidia and later hyphae can be 
found in the interstitium and in necrotic centers of granulomas as well as intracel-
lularly in epithelioid macrophages and multinucleated giant cells. In the airways, 
the fungi can sporulate (Richard et� al. 1981). After experimental infection with 
5�×�107 A. fumigatus conidia into the air sac of non-immunosuppressed turkeys, the 
number of fungi observed in air sacs and lungs started to decline 4�days after the 
infection (Kunkle and Rimler 1996). One week after experimental infection with 
A. fumigatus, the fungus could not be re-isolated from lungs and air sacs, even 
though lesions persisted (Femenia et�al. 2007).
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Lesions in other organs were abscesses in the brain, characterized by necrotic 
centers and surrounded by giant cells (Richard et�al. 1981); in�ltration of eye struc-
tures by heterophils, macrophages, and mononuclear cells with rare granulomas 
(Richard et�al. 1984); granulomas in the spongiosa of vertebrae (Bergmann et�al. 
1980); and granulomatous osteoarthritis of the hip joints (Olias et�al. 2010). Tracheal 
lesions have only been described in chickens and consisted of pyogranulomatous 
exudate together with necrosis of the mucosa and �broplasia of the tracheal wall 
(Barton et�al. 1992).

22.1.5	� Detection and�Isolation

For direct detection, samples taken from nodules are cut into small pieces and mixed 
with 20% KOH on a microscope slide, covered with a coverslip and gently heated 
over a �ame. This will allow the detection of septate hyphae within the exudate. 
Hyphae of Aspergillus spp. are 2–8�� m in diameter and branch dichotomously 
(Dykstra et�al. 2013).

Because Aspergillus spp. are ubiquitous, great care must be taken to obtain sam-
ples for isolation aseptically. Aspergillus spp. have very low growth requirements 
and can grow in virtually all laboratory media. Sabouraud dextrose agar is the most 
commonly used medium. Alternatives are Czapek’s solution or potato dextrose agar 
(Wyatt 2008). Plates can be incubated at 25–40�°C with higher temperatures, allow-
ing more rapid growth, and incubation of two plates, one at 27�°C and the other at 
37�°C, has been recommended (Latgé 1999). Colonies will grow to a diameter of 
several centimeters. A. �avus colonies are bigger than A. fumigatus colonies. Young 
colonies are white; older colonies have a colored center that is grey-green or blue-
green in A. fumigatus (Fig.�22.2) and yellow-green to olive green with brown in 

Fig. 22.2  Colonies of 
A. fumigatus with typical 
blue-green surface 
pigmentation on 
Sabouraud dextrose agar. 
© Hefez M Hafez
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Fig. 22.3  Morphology of 
Aspergillus hyphae. 
©�Hefez M Hafez

A. �avus (Dykstra et�al. 2013). The surface of A. fumigatus colony can vary between 
smooth, �eece-like, and folded (Leslie et�al. 1988). Aspergillus spp. can be diag-
nosed by demonstration of fungal hyphae in direct smears or histological section 
(Fig.�22.3).

Aspergillus spp. can be differentiated by the morphology of their conidiophores. 
To prepare wet mounts for microscopy, colony material with reproductive structures 
is mixed with a drop of methylene blue or lactophenol cotton blue on a slide and 
covered with a coverslip. Conidiophores of A. fumigatus are up to 300�� m long and 
5–8�� m thick. Distally, they form a �ask-shaped vesicle with a diameter of 20–30�� m 
from which conidial chains, up to 400�� m long and parallel to the axis of the conid-
iophore, arise. Conidiophores of A. �avus are shorter, up to 100�� m, but thicker with 
a diameter of 10–65�� m. The vesicle from which the conidial chains radiate is glo-
bose (Dykstra et�al. 2013).

22.1.6	� Molecular Diagnosis

Universal primers to amplify the internal transcribed spacer (ITS) region 1, 5.8S 
rRNA gene, and ITS-2 region or a segment of the large subunit rRNA gene of fungi 
have been described (Uzal et�al. 2007; White et�al. 1990). PCR using these primer 
pairs followed by sequencing of the obtained products has been used to identify 
Aspergillus spp. PCRs were done with DNA extracted from isolated fungi as well as 
from paraf�n-embedded tissue (Olias et�al. 2010; Stoute et�al. 2009). A real-time 
PCR (qPCR) was used to quantify fungal burden in the lung after intratracheal 
experimental infection of turkeys with various doses of A. fumigatus several days 
after infection. The results indicated a higher sensitivity of the qPCR (Melloul et�al. 
2014). The capability to detect A. fumigatus DNA was included in a nano�uidic 
PCR platform to detect a panel of avian respiratory pathogens. The system detected 
A. fumigatus PCR in all investigated samples taken from commercial turkeys show-
ing respiratory signs (Croville et�al. 2018).

Multiple-locus variable-number tandem repeat analysis and microsatellite typing 
have been used for epidemiological investigations (Thierry et� al. 2010; Lair-
Fulleringer et�al. 2003).
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22.1.7	� Serology

Detection of antibodies against Aspergillus spp. is not used in routine diagnostics 
and very rarely in research. All results show that this is not a reliable method of 
diagnosis of aspergillosis in turkeys. An agar gel precipitation test (AGPT) using 
homologous antigen detected antibodies against A. fumigatus after experimental 
infection in sera taken 2–4�weeks after the infection. Ninety percent of infected 
birds were seroconverted. In contrast, experimental infection with A. �avus failed to 
induce precipitating antibodies against homologous antigens between 2 and 8 weeks 
after the infection (Richard et�al. 1981).

However, A. fumigatus isolates can vary considerably in their ability to induce 
antibodies against a standardized, heterologous antigen using AGPT and enzyme-
linked immunosorbent assay (ELISA) (Peden and Rhoades 1992). The results of 
antibody testing were described as “erratic,” and the differences between isolates 
were attributed to different virulence or antigenic differences. However, the 
results of AGPT and ELISA correlated well (Peden and Rhoades 1992). 
Investigation of �eld samples by AGPT and passive hemagglutination test for 
antibodies against A. fumigatus and correlation with the presence of the fungus 
in the environment and lungs of birds indicated a low speci�city of positive 
results (Pinello et�al. 1977).

A more recent investigation using ELISA systems with commercially available 
unfractionated Aspergillus antigen showed increased antibody titers only in two out 
of seven commercial turkey �ocks with aspergillosis. This result was in contrast to 
the investigation of chicken sera using the same ELISA, which showed increased 
antibody titers in six out of nine broiler �ocks with aspergillosis (França et�al. 2012).

Detection of Aspergillus galactomannan antigen circulating in the blood by 
antigen-capture ELISA showed increased amounts of the antigen in sera of four out 
of seven turkey �ocks with aspergillosis (França et�al. 2012). After experimental 
intratracheal infection with A. fumigatus, the amount of Aspergillus galactomannan 
antigen in lung tissue correlated with the infection doses between 105 and 108 
conidia (Melloul et�al. 2014). These results indicate that antigen detection is poten-
tially more useful than the detection of antibodies, even though antigen detection 
does not give species-speci�c results.

22.1.8	� Treatment

Several azole compounds, especially itraconazole, were effective against experi-
mental infection of turkeys with A. �avus (Perelman et�al. 1992). In vitro, results 
also indicated that most A. fumigatus isolates from turkeys are susceptible to itra-
conazole and other azoles (Nawrot et�al. 2019). However, no antimycotic drugs are 
registered for use in food-producing animals, and therapy is limited to stopping 
predisposing factors and providing the best possible care.
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22.1.9	� Control

Control and prevention of aspergillosis rely on good management to prevent immu-
nosuppression of poults and keep infection pressure low. Improved ventilation will 
decrease the amount of fungi in the air (Pinello et�al. 1977), and anecdotal evidence 
from quails and chickens shows that adjustment of ventilation to reduce dust as well 
as elimination of moldy feed and better litter can dramatically decrease the preva-
lence of aspergillosis (Beckman et�al. 1994; Reece et�al. 1986).

Thoroughly cleaning of turkey houses, drinkers, and feeders, as well as hatcher-
ies, will physically remove fertile ground for molds and fungi. On the other hand, 
Aspergillus spp. are resistant to several chemical agents. Phenolic compounds are 
the disinfectants of choice (Dykstra et�al. 2013). Litter treatments with nystatin, 
copper sulfate, or thiabendazole successfully reduced mortalities or pulmonary 
lesions due to aspergillosis in turkeys (Dyar et�al. 1984; Fate et�al. 1987). Some 
essential oils have shown antimycotic activities against A. fumigatus and might be 
suitable for the treatment of the environment (Ebani et�al. 2018).

Vaccines against aspergillosis are not commercially available, and testing experi-
mental vaccines did not give encouraging results. Infected poults do not seem to 
develop lasting immunity after the infection is cleared (Kunkle and Sacco 1998). 
Poults that had recovered from experimental infection with A. fumigatus into the air 
sac of one side were as susceptible to infection into the air sac of the other side as 
naïve birds (Kunkle and Sacco 1998). Passive immunization with splenocytes from 
birds infected with A. fumigatus failed, too, and the lymphocytes did not respond to 
conidial antigen of A. fumigatus (Kunkle et�al. 1999).

Comparison of culture �ltrate, spores, mycelium, and germinated conidia as 
inactivated vaccines applied subcutaneously showed that only the vaccines prepared 
from germinated conidia and, to some extent, from mycelium conferred partial pro-
tection as shown by reduced mortality (Richard et� al. 1982). Vaccination also 
reduced, but not prevented, lung lesions and the number of fungi per gram of lung 
tissue (Richard et�al. 1991).

22.2	� Candidiasis

Candidiasis is caused by infections with Candida spp. Most frequently, candidiasis 
affects the oral cavity and the crop, where it manifests as diphtheric plaques. In rare 
cases, proventriculus or gizzard can be affected. The disease resembles thrush in 
humans and is sometimes called by this name; crop mycosis is another commonly used 
term for the condition. Older literature sometimes uses the term “moniliasis” based on 
a former name of the genus Candida (Blaxland and Fincham 1950).

Candidiasis is non-transmissible and not a zoonotic disease. Candidiasis is read-
ily diagnosed by isolation of the causative fungus or by demonstration of yeast cells 
or pseudohyphae in histological sections or direct smears. No antimycotics are 
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registered for use in food-producing animals. Prevention depends on avoiding 
immunosuppression and disturbances of a protective physiological microbiota and 
on reducing the infection pressure by hygiene.

22.2.1	� Etiology and�Pathogenesis

Candida is a polyphyletic genus of yeasts. Candida spp. are single-celled and repro-
duce asexually by budding. When mother and daughter cell remain attached to each 
other, they can form pseudohyphae with prominent constrictions separating cells or 
hyphae in which cells are separated by septa. Under unfavorable conditions, 
Candida spp. can also form chlamydospores, which are spherical and thick-walled 
and more resistant to dryness or high temperatures.

Candida spp. are by far the most frequent yeasts isolated from the digestive tract 
of turkeys, and C. albicans is one of the most frequently isolated Candida spp. 
(Sokó�á et�al. 2018a). C. sake was detected in day-old poults with circumstantial 
evidence that they were derived from the breeder �ock, either by vertical or pseudo-
vertical transmission (Smith and Rehberger 2018). Other Candida spp. isolated 
from the crop of turkeys include C. catenulata, C. rugosa, C. famata, C. tropicalis, 
and C. guilliermondii (Dykstra et� al. 2013; Sokó�á et� al. 2018a). Of these, only 
C. rugosa was found to be associated with lesions (Moretti et�al. 2000). C. parapsi-
losis was associated with candidiasis in broilers (Wyatt and Hamilton 1975). 
Diagnosticians frequently do not determine the species in routine cases.

Candida spp., including C. albicans, are commensal and part of a healthy micro-
biota of the digestive tract of turkeys, as well as other avian species and mammals 
including humans. They only cause lesions when the immune system of the host is 
weakened or when the equilibrium of the microbiota is disturbed. In humans, pro-
tracted antimicrobial therapy is regarded as the main predisposing factor; this seems 
to be a likely mechanism in turkeys as well (Mayeda 1961). Especially treatment 
with beta-lactam antibiotics early in life seemed to increase colonization of the 
digestive tract of turkeys with yeasts (Sokó�á et�al. 2017). Treatment with antibiotics 
has been suggested as a predisposing factor (Dykstra et�al. 2013), and one severe 
outbreak in turkeys occurred 10�days after the end of a therapeutic treatment sul-
fadimethoxine and monensin for coccidiosis (Moretti et�al. 2000). Unsanitary con-
ditions like dirty drinkers have been found to be related with crop mycosis (Dykstra 
et�al. 2013; Mayeda 1961). The disease has also been associated with dry and warm 
conditions (Mayeda 1961; Gierke 1932; Hart 1947). The reasons for this are not 
clear, but the involvement of dust in the transmission was suggested (Mayeda 1961).

Known virulence factors of yeasts are adhesins and lytic enzymes. C. albicans 
isolated from healthy turkeys possessed hemolysin, proteinase, and phospholipase 
activity (Sokó�á et�al. 2018b). Testing yeast isolates from chickens, including non-
Candida species, for a larger number of potential virulence factors showed a wide 
variability in their occurrence (Subramanya et�al. 2017). There are no systematic 
studies comparing Candida isolates from healthy and diseased turkeys for their 
virulence factors, which might give insight into their relative importance for the 
pathogenesis of crop mycosis.
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22.2.2	� Clinical Signs

Crop mycosis is a frequent secondary �nding in turkeys. However, for this reason, 
candidiasis is underreported in scienti�c literature. The majority of reported cases 
are old and mortality rates in these reports were between 20% and 50% (Mayeda 
1961; Gierke 1932; Hart 1947; Blaxland and Fincham 1950). The rareness of con-
temporary case reports indicates that outbreaks with this severity are rare in modern 
turkey production, even though one recent case with a mortality of 40% has been 
described (Moretti et�al. 2000). If clinical symptoms beyond mortality are described, 
they are usually unspeci�c, like reduced weight gain, listlessness, or ruf�ed feath-
ers. Ataxia in infected turkeys has been described, but the underlying mechanisms 
are unclear (Moretti et�al. 2000; Hart 1947).

22.2.3	� Gross Lesions

Candidiasis usually localizes in the crop. Lesions can be caseous material and white 
nodules in the mucosa and severe cases, thick, yellowish-white exudate that can 
form pseudomembranes with a “Turkish towel” appearance. The pseudomembranes 
can be easily removed or are already partially detached (Moretti et�al. 2000; Mayeda 
1961; Hart 1947). Similar lesions have been found in the beak cavity, esophagus, 
and proventriculus (Moretti et�al. 2000; Mayeda 1961). The underlying organ can be 
swollen with an ulcerated mucosa. Candida spp. have also been isolated from whit-
ish nodules in the air sac (Moretti et�al. 2000). Cutaneous lesions, with feather loss 
caused by C. albicans, have been described in chickens (Kuttin et�al. 1976).

22.2.4	� Histopathology

Lesions are super�cial, limited to the stratum corneum, and sometimes extending 
into the stratum spinosum. Spreading the submucosa is rare. The pseudomembrane 
is a mix of necrotic debris, in�ammatory cells interspersed with bacterial colonies, 
and fungi. Other lesions are hyperkeratosis as well as edema and in�ltration of the 
underlying tissue by in�ammatory cells (Dykstra et� al. 2013). Granulomatous 
lesions have been described (Moretti et�al. 2000; Mayeda 1961). The yeasts can best 
be visualized with PAS and Gomori’s methenamine silver stains (Dykstra et�al. 2013).

22.2.5	� Detection and�Isolation

Candida cells and pseudohyphae can be demonstrated in Gram-stained direct smears 
of the pseudomembranes. Single cells are oval with a diameter of 3–6�� m, while 
pseudohyphae are 3–5�� m wide. They stain Gram-positive (Dykstra et�al. 2013).

Candida spp. can be isolated on Sabouraud dextrose agar. Antibiotics and cyclo-
heximide can be added to suppress the growth of bacteria and molds. However, 
cycloheximide might inhibit the growth of some Candida isolates. 
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Triphenyltetrazolium chloride (TTC) or bromocresol green can be added as indica-
tors. Plates are incubated for at least 72� h at temperatures between 27� °C and 
37�°C. Candida colonies are large, creamy, and whitish on Sabouraud agar without 
indicators and pink to red on agar with TTC as an indicator (Wyatt 2008). On agar 
with bromocresol green as an indicator, medium-around colonies will turn yellow. 
Because Candida spp. are part of the normal microbiota, only heavy growth should 
be considered diagnostic (Dykstra et�al. 2013).

Gram-stained preparations from fresh cultures show budding cells, while in 
older cultures hyphae and sometimes chlamydospores are visible. The morphology 
of the chlamydospores helps in determining the species and formation of chlamydo-
spores can be induced by growth on special media (Wyatt 2008). Species can also 
be determined by using commercial systems testing carbohydrate fermentation 
(Dykstra et�al. 2013).

22.2.6	� Molecular Diagnosis

PCR using universal primers to amplify the ITS-1, 5.8S rRNA gene, and ITS-2 
region of fungi has been used to determine the species of yeasts isolated from tur-
keys (Sokó�á et�al. 2018a). Fungal ITS region primers have been used to investigate 
the fungal components of the microbiome of turkeys using next-generation sequenc-
ing (Smith and Rehberger 2018; Toju et�al. 2012). Random ampli�ed polymorphic 
DNA analysis detected four different C. albicans genotypes in isolates from healthy 
turkeys. The genotypes were correlated to different pro�les of potential virulence 
factors (Sokó�á et�al. 2018b).

22.2.7	� Serology

There is no information about the detection of antibodies against Candida spp. or 
other yeasts in turkeys, while the detection of antibodies against Candida spp. in 
humans has been investigated but not validated as a diagnostic test (Alves et�al. 2022).

22.2.8	� Treatment

Nystatin is the antimycotic drug that has most frequently been recommended to 
treat crop mycosis in turkeys (Kahn and Weisblatt 1963; Yacowitz et�al. 1959), and 
several other antimycotic drugs were active in�vitro against Candida isolates from 
poultry (Lin et�al. 1989).

Copper sulfate in drinking water was once recommended as a treatment based on 
�eld experience (Hart 1947) but was not found to be very effective in controlled 
experiments (Kahn and Weisblatt 1963; Underwood et�al. 1956).
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22.2.9	� Control

Control of candidiasis can only be achieved by prevention of predisposing factors, 
i.e., preservation of an active immune system and an intact microbiota. Following 
AAAP-AVMA Guidelines for Judicious Therapeutic Use of Antimicrobials in 
Poultry (AAAP-AVMA 2019) or similar guidelines of national or international 
organizations when treating birds with antibiotics makes it less likely that the pro-
tective microbiota are disrupted. General hygiene with thorough cleaning and disin-
fection will also help to prevent crop mycosis. A recent review summarizing 
knowledge about C. auris in hospital settings concluded that chlorine-based disin-
fectants seem to be the most effective (Ku et�al. 2018). The same is probably true for 
C. albicans in turkey houses.

Currently, no publications are available for vaccination of turkeys against 
Candida spp.

22.3	� Mycotoxicosis

Mycotoxins are fungal metabolites that are detrimental to the health after ingestion. 
Hundreds of mycotoxins have been found. Mycotoxins differ in the fungi producing 
them, their chemical structure, their toxicity, their mode of action, and consequently the 
symptoms and lesions they cause. Their occurrence and contamination levels in the 
feed vary widely between geographical regions, years, climate conditions and crops 
that favor the growth of different fungi. Mycotoxins are not proteins and are not easily 
inactivated by heat and pressure during feed production.

Clinical symptoms and/or gross lesions caused by mycotoxins are very rare. 
Most damage is done by impairing zootechnical parameters and causing immuno-
suppression. The carcinogenic properties of some mycotoxins are less relevant in 
poultry due to their short life span. Often it is unclear which of several mycotoxins 
produced by a given fungus are responsible for observed signs and lesions. 
Reproduction of the disease in animal studies using pure toxins can be dif�cult.

Diagnosis is dif�cult and relies mostly on detection of the toxin in feed. Raw 
materials used for feed production are routinely monitored to prevent exposure to 
high levels of contamination. Mycotoxin adsorbents are used as feed additives to 
prevent ingested mycotoxins from being absorbed into the blood.

22.3.1	� Types of�Mycotoxins

The most common mycotoxins are shown in Fig.�22.4. They can be classi�ed 
according to the pathogenicity into:

	1.	 Nephrotoxic: ochratoxins, oosporein, and citrinin
	2.	 Hepatotoxic: a�atoxin and ochratoxin
	3.	 Cytotoxins: trichothecenes (ulcerative and exudative lesions in the oral mucosa), 

T-2 toxin (alimentary tract toxin)
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Fig. 22.4  The most common mycotoxins that affect poultry. A�atoxin B1 (AFB1) and fumonisin 
B1 (FB1) are polar mycotoxins, while ochratoxin A, T-2 toxin, deoxynivalenol (DON), and zeara-
lenone (ZEN) are nonpolar. ©(Basiouni et�al. 2023)

22.3.1.1	� Aflatoxins
There are four a�atoxins that are produced by some strains of A. �avus, A. parasiti-
cus, and other Aspergillus spp. (Sohrabi and Taghizadeh 2018). They are designated 
as B1, B2, G1, and G2. In addition, toxic metabolites are produced in the liver of 
animals (Rawal et�al. 2010; Rushing and Selim 2019). Of these, a�atoxin B1 is the 
most important. European maximum levels of a�atoxin in complete poultry feed 
range between 10�� g/kg for young poultry and 20�� g/kg for other older poultry. The 
American Food and Drug Agency (FDA) has set action levels for various animal 
feed ingredients between 20�� g/kg and 300�� g/kg (Guerre 2016). Experiments 
in�vitro as well as in�vivo showed that turkeys are more susceptible to a�atoxins than 
chickens and other poultry species (Arafa et�al. 1981; Colwell et�al. 1973; Muller 
et�al. 1970; Williams et�al. 2011), which is possibly related to a different metabolism 
of a�atoxin B1 (Lozano and Diaz 2006). Interestingly, wild turkeys are less suscep-
tible than domesticated turkeys, and clear differences in the metabolism of a�atoxin 
between the two varieties could be shown (Monson et�al. 2016; Reed et�al. 2018; 
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Reed et�al. 2019). Of special importance is that hepatic glutathione S-transferases 
(GSTs) of domesticated turkeys are unable to detoxify certain metabolites of a�a-
toxin B1, while GSTs of wild turkeys have that capability (Kim et�al. 2013).

The composition of the feed can in�uence the potency of a�atoxins (Hoerr 
2013). In turkeys, higher fat content in the feed can ameliorate some negative effects 
of a�atoxins (Hamilton et�al. 1972).

A�atoxins bind to nuclear and mitochondrial DNA, especially in the liver 
(Williams et�al. 2011), and are important carcinogens after chronic exposure. In the 
1960s, contamination of a shipment of peanut meal from Brazil to the United 
Kingdom that was fed to turkeys and caused mortality up to 100% led to the discov-
ery of a�atoxin (Allcroft et�al. 1961; Wannop 1961). However, these original reports 
do not give an accurate picture of a�atoxicosis in turkeys. Today, it is assumed that 
the symptoms were partially caused by cyclopiazonic acid, another mycotoxin fre-
quently produced by A. �avus (Cole 1986).

A�atoxin concentrations of 200�� g/kg in turkey feed decrease weight gain and 
increase feed conversion (Rauber et�al. 2007). Higher a�atoxin doses can also cause 
mortality. Gross lesions include swollen liver, spleen, and kidneys (Giambrone et�al. 
1985). Histopathological lesions induced by a�atoxin concentrations of 200�� g/kg 
or more include proliferation of bile ducts, nodular hyperplasia of hepatocytes, and 
mild vacuolar changes and portal �brosis (Giambrone et�al. 1985). Affected livers 
have an increased fat content (Hamilton et�al. 1972). The liver damage will also 
result in impaired coagulation due to decreased �brinogen in the blood and depressed 
activity of coagulation factor II as well as decreased plasma protein even at concen-
trations that do not impair weight gain (Pier and Heddleston 1970; Witlock and 
Wyatt 1981; Witlock et�al. 1982). Further changes in hematological values and clin-
ical chemistry were also observed (Kubena et�al. 1995a).

A�atoxin decreases the relative weight of the thymus of turkeys (Pier et� al. 
1972). Histopathological lesions in the thymus include decreased numbers of lym-
phocytes in the cortex and an increase of reticular cells in a prominent medulla (Pier 
et�al. 1972). The damage of the thymus leads to a reduction of the cell-mediated 
immune response, as shown by a delayed hypersensitive skin reaction against tuber-
culin and phytohemagglutinin as well as decreased lymphocyte blastogenesis index 
in�vitro (Giambrone et�al. 1985). A�atoxin in the feed also decreased IFN�  mRNA 
expression in blood leukocytes and in�uenced the expression of more than 200 
genes with known immune function in the spleen (Monson et� al. 2015; Umar 
et�al. 2015).

The practical relevance of these effects on the immune system is controversial. 
Some studies did not �nd a negative effect of a�atoxins on immunity after vaccina-
tion against Newcastle disease (ND) or Pasteurella multocida (Giambrone et�al. 
1985; Dziuk et�al. 1978). Other authors showed that a�atoxins at comparable doses 
could impair immune response after vaccinations against P. multocida (Pier and 
Heddleston 1970; Pier et�al. 1972). There is also a synergism between a�atoxicosis 
and infection with Eimeria adenoides, but the mechanism is not clear (Witlock 
et�al. 1982).

22  Fungal Diseases



220

In chickens, the negative effects of a�atoxin on egg production and especially 
hatchability are well known, and it is likely that they have the same effects in tur-
keys (Hoerr 2013).

A�atoxins accumulated in the liver, kidney, gizzard, and muscles are lower. 
A�atoxins are excreted from the body within 1�week; the half-life in the liver is 
1.4�days (Gregory et�al. 1983; Richard et�al. 1986). Higher selenium levels in the 
feed will help detoxi�cation (Gregory and Edds 1984).

22.3.1.2	� Trichothecenes
Trichothecenes are a family of more than 150 chemically related mycotoxins. They 
are produced by species of the various genera, including Fusarium. The most 
important trichothecenes are T-2 toxin and deoxynivalenol (DON, vomitoxin). 
Their main mode of action is inhibition of protein synthesis (Munkvold 2017). 
European guidelines recommend maximum levels of between 5000 and 12,000�� g/
kg feed for DON in various feedstuffs and raw materials. The FDA has set the action 
level for DON at 5000�� g/kg in the complete diet (Guerre 2016). A concentration of 
4400�� g/kg DON in the feed had no adverse effect on turkeys (Manley et�al. 1988).

Turkeys seem to be not very susceptible to trichothecenes. At concentrations of 
more than 5000�� g/kg in the feed, T-2 interfered with growth and feed conversion of 
poults, as did deoxynivalenol (DON) at a concentration of 20,000�� g/k and diace-
toxyscirpenol, another trichothecene, at 3000�� g/kg (Kubena et�al. 1997; Kubena 
et� al. 1995b; Morris et� al. 1999; Richard et� al. 1978; Xu et� al. 2011). T-2 also 
decreased egg production of turkey hens, however, without affecting fertility and 
hatchability (Allen et�al. 1983). The inclusion of corn contaminated with Fusarium 
tricinctum caused high mortality rates exceeding 50%, but it is unclear if T-2 was 
the only toxin present in the feed (Christensen et�al. 1972). Gross lesions are necrotic 
erosions covered by yellow-gray exudate of the beak mucosa, especially around 
angles of the beak (Kubena et�al. 1995b; Allen et�al. 1983; Christensen et�al. 1972; 
Sklan et�al. 2003). Trichothecenes also caused shortening and thinning of villi in the 
jejunum and higher proliferation and migration rates (Sklan et�al. 2003; Devreese 
et�al. 2014). All signs regress quickly once feed without T-2 is consumed (Allen 
et�al. 1983). Further lesions and symptoms associated with trichothecenes in chick-
ens are discolored and friable livers, kidney gout, rickets, nervous disorders, abnor-
mal feathering, pigmentation defects, and hemorrhages (Hoerr 2013).

High levels of T-2 can also interfere with the development of the thymus, and 
trichothecenes interfere in�vitro with the viability, adherence, and phagocytic poten-
tial of turkey macrophages (Richard et�al. 1978; Kidd et�al. 1995). However, an 
immunosuppressive effect of T-2�in terms of decreased antibody production against 
ND or P. multocida could not be shown (Richard et�al. 1978; Allen et�al. 1983; Sklan 
et�al. 2003). Phagocytosis in�vivo was also not affected by deoxynivalenol DON (Xu 
et�al. 2011).

DON in feed at a concentration of 5400�� g/kg over seven weeks did not accumu-
late to detectable concentrations of DON or its metabolites in the liver and muscle 
(Dänicke et�al. 2007).
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22.3.1.3	� Fumonisins
Fumonisins are a group of mycotoxins produced by various Fusarium spp. Of the 
different fumonisins, fumonisin B1 is the most common. Fumonisins interfere with 
sphingolipid synthesis (Broomhead et�al. 2002a; Benlashehr et�al. 2011; Tardieu 
et� al. 2007). European guidelines recommend maximum levels of between 
20,000�� g/kg in poultry feed. The FDA has set the action level at 50,000�� g/kg in 
the complete diet (Guerre 2016). Turkeys are not as susceptible to fumonisins as 
ducks but more susceptible than chickens (Broomhead et� al. 2002a; Benlashehr 
et�al. 2011). Exposure of turkeys to feed contaminated with this level of fumonisin 
had no effect on growth as well as feed consumption (Tardieu et�al. 2007).

Feed contaminated with 50,000�� g/kg fumonisin caused minor body weight 
depression. However, higher concentrations increased white blood cell counts. 
Relative weights of liver and pancreas were increased, and few birds had rounded 
and �abby hearts (Kubena et�al. 1995a; Bermudez et�al. 1997; Bermudez et�al. 1996; 
Broomhead et�al. 2002a). A higher concentration of fumonisin in the feed increased 
the relative weights of the liver, gizzard, and pancreas (Kubena et� al. 1995b; 
Weibking et�al. 1993). Histopathological lesions are biliary hyperplasia and hyper-
trophy of Kupffer’s cells in the liver and widening of the tibial physis (Bermudez 
et�al. 1997; Weibking et�al. 1993). In addition, some changes in the blood chemistry 
were observed (Kubena et�al. 1997; Bermudez et�al. 1997; Weibking et�al. 1993).

Lower relative thymus weights and cortical atrophy in the thymus indicate 
immunosuppression and poults receiving feed containing fumonisin B1 had a lower 
antibody response after ND vaccination and a lower proliferative response of 
peripheral lymphocytes to mitogens (Weibking et�al. 1993; Li et�al. 2000). In vitro, 
fumonisin induced apoptosis of turkey peripheral blood lymphocytes (Dombrink-
Kurtzman 2003).

Fumonisin has a low bioavailability after oral administration and is quickly elim-
inated from tissues. The highest levels of fumonisin are found mostly in the liver 
and kidney; concentrations in muscles are often below the detection limit (Benlashehr 
et�al. 2011; Tardieu et�al. 2008).

22.3.1.4	� Moniliformin
Moniliformin is produced by various Fusarium spp. including F. moniliforme. 
There are no of�cial guidelines about the levels in feed and feed ingredients.

Concentrations of 100,000�� g/kg feed or greater can lead to a reduction of growth 
rate, while 50,000�� g/kg did not have a negative impact on zootechnical parameters 
(Bermudez et�al. 1997); Broomhead et�al. 2002b). However, 50,000�� g/kg monili-
formin caused cardiomegaly and loss of cardiomyocyte cross striation (Bermudez 
et�al. 1997; Broomhead et�al. 2002a, b). Regarding the immune system, monilifor-
min decreased the relative weights of the thymus, bursa of Fabricius, and spleen and 
impaired the antibody response against ND vaccines and immune reaction against 
infection with Escherichia coli (Li et�al. 2000). In chickens, reduced egg produc-
tion, intestinal disease, nephrosis, and liver lesions due to moniliformin have been 
reported (Hoerr 2013).
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22.3.1.5	� Ochratoxins
Ochratoxins are nephrotoxic mycotoxins produced by various Aspergillus spp. and 
Penicillium spp. Ochratoxin A is the most common one. European guidelines rec-
ommend a maximum level of 100�� g/kg in poultry feed. The FDA has set no action 
level (Guerre 2016).

Concentrations as low as 4�� g/kg feed can negatively affect weight gain and feed 
conversion rate and will increase water consumption; 8�� g/kg feed caused increased 
mortality (Kubena et�al. 1997; Chang et�al. 1981). At these low concentrations, kid-
neys were not enlarged, but some kidney gout was visible (Chang et�al. 1981). At 
higher concentrations, kidneys were severely swollen and tan-colored; histopathol-
ogy showed edema and necrosis of the proximal tubules of the kidneys (Hamilton 
et�al. 1982). Further described lesions in the kidney of chickens were hyperplasia of 
tubular epithelium, thickening of glomerular basement membranes, and interstitial 
in�ammation. In addition, liver lesions in chickens are described, which were not 
observed in turkeys (Hoerr 2013). Low levels of ochratoxin were associated with 
disturbed bone formation, resulting in decreased breaking strength (Duff et� al. 
1987). Due to the kidney damage, uric acid levels in the blood are increased; leuko-
cytopenia has also been observed (Chang et� al. 1981; Hamilton et� al. 1982). In 
chickens, impaired blood coagulation was reported (Hoerr 2013). Furthermore, 
ochratoxin can delay and even block sexual maturity in chickens and decrease 
reproductive parameters (Hoerr 2013).

The immunosuppressive effects of ochratoxin are well-established in chickens 
(Hoerr 2013). In turkeys, ochratoxin decreased the relative weight of the thymus 
and bursa of Fabricius and caused lymphoid depletion of these organs (Chang et�al. 
1981; Dwivedi and Burns 1985). Leukocyte counts, especially lymphocyte counts, 
in the blood were decreased (Chang et�al. 1981). Cell-mediated immunity was sup-
pressed, as shown by a delayed hypersensitive skin reaction against tuberculin and 
bovine serum albumin (Dwivedi and Burns 1985).

Toxicokinetics of ochratoxin in turkeys and chickens are similar (Devreese et�al. 
2018). In chickens, the highest toxin levels are found in the liver and kidney, but 
ochratoxin can also be detected in muscles (Hoerr 2013). It was found in �ve out of 
13 tested turkey meat samples purchased in supermarkets. Ochratoxin concentra-
tions in the samples were between 0.04�� g/kg and 0.01�� g/kg (Guillamont 
et�al. 2005).

22.3.1.6	� Zearalenone and�Zearalenol
Zearalenone and zearalenol are produced by some Fusarium spp. and Gibberella 
spp. They have estrogenic activity. European guidelines recommend maximum lev-
els of between 2000�� g/kg in cereals and 3000�� g/kg in corn byproducts. The FDA 
has set no action levels (Guerre 2016). Poultry is considered to be relatively resis-
tant, but turkeys are considered the most susceptible poultry species (Hoerr 2013). 
However, concentrations of 400,000 and 800,000�� g/kg zearalenone in the feed 
caused only increased development of dewlaps and caruncles, a swollen vent, and 
behavioral changes in male turkeys. Lower doses had no effect (Allen et�al. 1981; 
Olson and Schlink 1986). Zearalenone at a concentration of 100,000�� g/kg in the 
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feed did not affect egg production by turkey hens (Allen et�al. 1983). In chickens, 
zearalenone and zearalenol can negatively affect fertility and hatchability 
(Hoerr 2013).

Zearalenone has a low bioavailability and is rapidly eliminated (Devreese et�al. 
2015). Given in feed at a very low concentration of 40�� g/kg over 7�weeks, it did not 
accumulate to detectable concentrations in the liver and muscle (Dänicke et�al. 2007).

22.3.1.7	� Other Mycotoxicoses
Citrinin, which is produced by Penicillium spp. and Aspergillus spp., is a nephro-
toxic mycotoxin. Gross lesions due to acute citrinin toxicity in turkeys are pale yel-
low to gray and swollen kidneys. Histopathology shows degeneration and necrosis 
of renal tubular epithelium. In addition, hepatic cell necrosis and biliary hyperplasia 
are present in the liver and necrosis with lymphocyte depletion in the thymus and 
bursa cloacalis (Mehdi et�al. 1983). Multiple lower doses depress growth but do not 
cause lesions (Mehdi et�al. 1984).

Oosporein is produced by Chaetomium spp. Levels of 1000�� g/kg in the feed or 
higher resulted in considerable mortality of turkeys. The dead birds had swollen 
pale kidneys, hemorrhagic proventriculitis, focal necrosis in the livers, and severe 
visceral and articular gout. Several changes in the blood chemistry, like increased 
uric acid and decreased phosphorus and calcium, were observed (Pegram et�al. 1982).

22.3.1.8	� Diagnosis
Lesions and symptoms are nonspeci�c; often, only zootechnical parameters are 
impaired, or the immune system is suppressed, resulting in vaccination failure or 
outbreaks of other diseases. Consequently, diagnosis depends on the demonstration 
and quanti�cation of mycotoxins in the feed. On the farm, feed bins and feeder pans 
should be sampled. It has to be taken into account that mycotoxin concentrations are 
not necessarily uniform throughout one batch. For this reason, multiple samples 
should be taken from different sites. Samples should be 500�g each and stored fro-
zen in paper bags (Wyatt 2008).

Identifying �uorescing blue or green mold using UV light allows a presumptive 
diagnosis of the presence of a�atoxin. Rapid, lateral �ow tests using monoclonal 
antibodies are commercially available for the most relevant mycotoxins. Other 
methods that require specialized equipment are various chromatography techniques, 
mass spectrometry, or a combination of both (Krska et�al. 2008).

Detection of mycotoxins in organs is technically possible but not routinely done 
(De Baere et�al. 2011). Often, mycotoxins are already metabolized and excreted 
once samples are taken (Wyatt 2008).

22.3.2	� Treatment

Contaminated feed should be immediately withdrawn. Most mycotoxins are quickly 
metabolized and excreted, and the birds will recover soon. Higher selenium levels 
in the feed will help detoxi�cation of a�atoxin by turkeys (Gregory and Edds 1984).
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Various antioxidants have been shown to counteract mycotoxicosis in poultry: 
vitamins E and C had a partially protective effect against toxicity of T-2 toxin and 
ochratoxin A in chicks, while turmeric and curcumin reversed liver damage in ducks 
given a�atoxin-containing feed (Hoehler and Marquardt 1996; Soni et�al. 1992). 
N-Acetylcysteine reduced the effects of a�atoxin B1 intoxication in broiler chick-
ens (Valdivia et�al. 2001). Butylated hydroxytoluene protected turkeys against many 
of the deleterious effects caused by a�atoxin, partially by modifying the metabolism 
of a�atoxins (Guarisco et�al. 2008; Klein et�al. 2002).

22.3.3	� Prevention

To prevent the growth of molds and the production of mycotoxins, feed and feed 
ingredients have to be stored under dry conditions; feed moisture below 12% will 
not allow the growth of fungi. In addition, bins and other equipment coming into 
contact with feed have to be kept clean to prevent the buildup of crusts of old feed 
that are ideal breeding grounds for molds (Kabak et�al. 2006). Pelleting will destroy 
fungi and fungal spores but not mycotoxins (Hoerr 2013). Antifungal feed additives 
prevent the growth of molds. These include organic acids, phosphates, and various 
plant extracts (Galvano et�al. 2001).

At most feed mills, all feedstuffs are tested using rapid tests, and only if the test 
result is satisfactory, the batch can be released and used for production. Taking 
samples and retaining them in case a batch of feed is suspected of causing myco-
toxicosis is good practice (Wyatt 2008).

Inorganic as well as organic feed additives can bind mycotoxins and prevent 
adsorption. These include zeolites, bentonites, hydrated sodium calcium alumino-
silicate, lactobacilli, yeast, and yeast cell wall (Devreese et�al. 2015; Kabak et�al. 
2006; Diaz et�al. 2009; Girish et�al. 2010; Lala et�al. 2016; Rawal et�al. 2014). Many 
commercial products for this purpose are on the market and should be used when 
and where obtaining feed with low levels of mycotoxin contamination is not realis-
tic (Tilley et�al. 2017).

A related approach is the destruction of mycotoxins in feed. Carboxylesterase 
FumD degrades fumonisin in the gastrointestinal tract of turkeys, preventing 
changes in the sphingolipid metabolism (Masching et�al. 2016). Treatment of feed 
with ozone for 92�h reduced the a�atoxin content in turkey feed by 95% (McKenzie 
et�al. 1998).
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