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Fig.1.2: Poultry meat production by region of the world over time.
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1. POULTRY PRODUCTION IN THE WORLD

INTRODUCTION

It is believed that poultry production started in Asia
over 3000 years ago. Although some records sug-
gest that chickens were raised around 3200 BC,
archaeological evidence only goes back to about
2000 BC. It is considered that chickens originate
from India, and that the red jungle fowl is an ances-
tor to today’s modern chicken. The breeding of
chickens in captivity dates back to at least 1400 BC
in Egypt. But intensive poultry production only
began in the 20th century. Indeed, the past 100
years have seen an impressive growth, chiefly in
the production of chickens and eggs, turkeys,
ducks, and geese. It is the advent of vaccination for
conditions such as Marek’s disease, in addition to
remarkable improvements in nutrition, genetics,
and management, that has allowed the poultry
industry to quickly develop since the late 1960s.

By the early 1980s, breeding increased greatly in
complexity because of carcass and meat yield
requirements and continuing improvement in feed
conversion and livability. Selection practices have
had to factor in numerous variables, such as bree-
ding value estimation, feed conversion, meat yield
and disease resistance. Moreover, unique selection
indices or markers have been created, considering
production, health and well-being traits. Concerns

over the welfare of birds in developed countries
have also resulted in new production standards.

About 75% of poultry production in the world is
done in intensive operations using confinement
systems. Difficulties in maintaining a cold chain, a
traditional consumer preference for live poultry,
and the lack of organization of industries are limi-
ting efficiency and profitability in many develo-
ping countries.

POULTRY MEAT PRODUCTION

About 281.5 million metric tons of all meats were
produced worldwide in 2009. Estimates for poultry
production vary between 92 and 95 million tons.
This makes poultry the second most important
meat after pork (103.6 million tons) and ahead of
beef (64.7 million tons).

Although global poultry production and consump-
tion have grown about 4% a year over the past 10
years, European poultry production and consump-
tion have increased at a slower rate. Asia and the
Americas are the main poultry meat producing
regions in the world. Recent growth is also the lar-
gest in these two regions. Indeed, about 55% of the
growth between 2000 and 2010 came from Brazil
(21%), China (19%) and the USA (14%).
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Fig.1.3: Recent evolution of chicken meat production by region and year of production.
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Chicken production

Chicken production is, by far, the largest source of
poultry meat in the world. It is mainly concentra-
ted in North America, Latin America, and Asia. In
the Americas, the fastest growth over the past two
decades has come from Brazil. Other Latin coun-
tries, such as Peru, are also expending quickly.
Brazil and the United States are the two main
exporting countries. Equally impressive is the
recent growth of the poultry industry in Asia, inde-
pendently of the fact that highly pathogenic avian
influenza H5N1 has been an issue in this region
since the 1990s. Progression in Europe is slower.
Although production in Africa is increasing, the

size of the industry and its growth are in no rela-
tion with the size and growth of its human popula-
tion.

Turkey production

Overall, turkey meat production is about 15 times
smaller than chicken production. Well over 90% of
it is concentrated in the Americas and Europe. The
Unites States of America is by far the largest pro-
ducer. Although US producers have been plagued
by serious enteric conditions, such as the poult
enteritis complex (PEC), production has signifi-
cantly increased since 2000. For the past few
years, gangrenous dermatitis caused by clostridia
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Fig.1.4: Recent evolution of turkey meat production by region and year of production.

@ 3500
e
2 3000
@
E 2500
o
3
§ 2000 H 2000
E 1500 W 2004
p |
£ 1000 200
Q
S 500
©
Q
o T —T— —T
Africa Americas Asia-Pacific Europe

Fig.1.5: Recent evolution of duck meat production by region and year of production.
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has been one of the most significant challenges for
this industry. In Europe, production has decreased
since 2004. The French industry, in particular, has
been affected by enteric diseases, including PEC
and histomoniasis, and clostridial conditions, such
as botulism.

Duck and Goose productions

The duck and goose industries represent about
7.5% of the world poultry meat production. Asia is
by far the largest duck producing region of the
world. It is also where the growth has been most
important. France, Thailand, Taiwan, the Ukraine
and Vietnam are the main duck producing coun-
tries after China. Although all regions of the world
have recorded growth over the past few years, it is
clear that this industry is dominated by Asia, which
has increased its share of the world market from
80.3% 1n 2000 to 83.5% in 2009. An average
growth of 3.8% per year has been recorded during
this period.

The production of ducks and geese can contribute
to improving human nutrition standards, particu-
larly in Asia, since feed ingredients for these birds
are not commonly used for human consumption.
Waterfowls are also a source of downs and fea-
thers. Although it is a relatively marginal industry,
countries like China (22,500 tons), Taiwan (9,000
tons), Thailand (3,000 tons) and Hungary (3,000
tons) are key players in the 55,000 ton world fea-
ther and downs trade.
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The importance and recent growth of goose pro-
duction in Asia is noteworthy. China is the top
goose producer, followed by the Ukraine, Hungary,
Egypt and Taiwan. In Europe, Poland has a long
tradition of goose meat production. In China,
Taiwan, and Hungary, duck and goose meat pro-
ductions occur in large-scale farms as well as in
small-scale rural farms. In Taiwan, duck meat pro-
duction is based on Mule ducks. Thailand and
Malaysia are also intensive duck meat producing
countries. In other Asian countries, local breeds
dominate and are used for egg production, with
meat being a by-product. In the USA, totally confi-
ned duck operations have been introduced mainly
in the Midwest in order to achieve year-round pro-
duction. Goose meat production remains a more
extensive, pasture based production. Indeed, with
less than 2,000 metric tons, goose production in the
Americas is not important.

The leading European duck producing country,

France, has changed over the past 30 years from

about 80-90% of Peking ducks to mainly Muscovy

and Mule ducks. Geese for production of “foie

gras” (fatty liver) are also partly replaced by male

II;{IL(lile ducks, geese, psittacines, passerines and wild
irds.

EGG PRODUCTION

The highly intensive practice of cage operations
dates back to the 1950s. It was first saluted as the
best approach to protect hens from unfavorable
environmental conditions, predation, external and
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Fig.1.6: Recent evolution of goose and guinea fowl meat productions by region and year of production. Data for
only goose production was not available, but the guinea fowl component of this graph is very small.
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internal parasites, and disease. Although most eggs
are still produced in cages, there is significant pres-
sure to enrich them with features to improve the
birds’ welfare (more space per hen than a conven-
tional battery cage and resources that enable hens
to perform natural behaviors, such as nesting and
perching) and to consider producing in aviaries,
1.e., without cages.

Between 1999 and 2009, the world’s production of
table eggs grew from around 49.8 million tons to
more than 62 million tons, with a projected 16.5%
increase by 2015 to 71 million tons. In 2010, the
world produced approximately 63 million metric
tons of eggs. Most egg layers are in Asia, with the

most spectacular growth occurring in China. By
contrast, the USA, the second major egg producing
country, has only seen a modest increase in pro-
duction between 2000 and 2009.

In China, eggs of waterfowl are processed to pro-
duce salted eggs and alkalised duck eggs (thou-
sand year eggs). About 15% of the total egg pro-
duction in this country is duck eggs. In Thailand,
around 35% of total egg production comes from
ducks. In China, Taiwan and Thailand this produc-
tion is based on breeds with high productivity in
intensive systems, like Jinding and Shao ducks in
China and Tsaiya duck in Taiwan with 260-300

eggs per year.
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Fig.1.7: Number of egg layers by region of the world.
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Fig.1.8: Evolution of egg production over time in the top 5 producing countries.
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THE FUTURE OF POULTRY PRODUCTION

Public policies and international trade regulations
will continue to have a significant impact on the
poultry sector. Foodborne infections, in particular
salmonellosis, campylobacteriosis and listeriosis,
are a continuing concern that will continue to
impact poultry production and trade.

The trend will persist towards better meat quality
in a production context where bird physiology,
health and well-being will occupy center stage.
Technologies such as blood oximetry X-rays, and
genetic markers, will contribute to the develop-
ment of new genetic lines. The sequencing of the
chicken genome has made it possible to identify
genes associated with specific diseases. Hence,
chicken lines with enhanced disease resistance and
with better response to vaccines and medications
will be developed. An incorporation of gene-rela-
ted technologies to turkey and waterfowl breeding
programs is also occurring. Resulting improve-
ments will require ongoing efforts to offer the best
adapted environment to these new lines of birds.

When times are difficult economically, consumers
tend to prefer cheaper non processed products.
However, when the economy is thriving, other pur-
chasing criteria emerge such as the impact on the
environment, animal welfare, local preference, etc.
This may favor domestic products and may lead to
new niche markets.

If about 95 million tons of poultry meat production
were recorded in 2010, current estimates indicate
that it could reach close to 118 million tons by
2019, a 24% increase. A FAO report suggests that
meat production could increase as much as 30%,
and most of the growth would be in developing
countries, most notably in Asia, Eastern Europe,
the Middle East, and Latin America. Globally, this
would be an annual growth of 2.4%, less than in
previous years. World consumption is expected to
rise from 13.64 kg per person per year in 2010 to
15.3 in 2019. It is worthwhile to note that the
continuing increased demand for poultry meat will
challenge the agronomic sector and the environ-
ment, resulting in deforestation and conversion of
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grasslands to crop production. More water will
also be needed for irrigation and the end result will
be an increase in nitrogen and phosphorus in agri-
cultural run-off and plant effluent.

Many current health issues will still play a signifi-
cant role in poultry production. There will be
increasing restrictions placed on the use of growth-
promoting antibiotics as feed additives. The with-
drawal of growth promoters with activity against
Gram-positive intestinal flora has resulted in an
increase in necrotic enteritis. So, emphasis now
and in coming years will be on improving the envi-
ronment, sanitation, effective control of coccidio-
sis, and using prebiotics, probiotics and fermenta-
tion products. For the past few decades, myco-
toxins have also impacted reproductive efficiency,
growth rate and meat quality. This will remain a
worldwide issue in the future.

The emergence of highly pathogenic avian
influenza in Asia and Africa, with occasional out-
breaks in Europe and the Americas has raised the
issue of increased risks of disease transmission in
commercial operations located in high poultry
density areas. This will require enhanced on-farm
and regional biosecurity programs. New commu-
nication and traffic control technologies may play
an important role to facilitate compliance, which
will remain an important issue for years to come.
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2. CHICKEN PRODUCTION

INTRODUCTION

Commercial meat chicken production originated in
the United States in the early 20th century as
demand for poultry meat was rising. This demand
led to the rise of larger flocks of chickens with the
primary intention of selling the birds for meat.
Chickens grown primarily for the purpose of meat
production, or broilers, can be found throughout
the world raised in a diversity of management sys-
tems. Many commercial broiler producers are ver-
tically integrated (Fig.2.1) where multiple seg-
ments of production are controlled by the same
company. Proponents of this type of production
assert that it provides better control and continuity
of production, better understanding of the value of
each segment, and improved ability to plan product
supply to meet future market demands. Depending
on the size and goals of a specific broiler company,
they may have variability in the integrated seg-
ments that are internally owned.

Many broiler integrators have most or all chicken
farms privately owned and under contract by the
integrated company. Within this model, family run
farms are paid and given bonuses based on various
predetermined productivity parameters. The
cooperative model also shares similar elements of
the integrated model, but with growers as part
owners of the company. There are many more pro-
duction models, but the objective of this chapter is
to present the basic components required to pro-
duce chickens at a commercial level.

As chicken flocks started being raised solely for
mass meat production, genetic selection became an
important aspect of broiler production and still is
today. Established chicken breeds throughout the
world that had good meat characteristics were
often used as the starting point for genetic selec-
tion where an emphasis was placed on growth rate,
feed conversion, and muscle yield amongst other
production parameters. Some selection emphasis is
on egg production parameters to improve breeder
efficiency.

Disease resistance has also been an important part
of genetic selection over the years providing resis-
tance to specific diseases such as Marek’s disease
and avian leucosis or improving general hardiness
of the birds so that they are productive across a
diversity of environments. Often this selection is

done by a separate primary breeder company that
then sells parent stock or broiler breeders to a com-
mercial integrator or breeding company. There are
some commercial integrators that have their own
primary breeder stock that is maintained internally.

ANIMAL PRODUCTION SEGMENTS

There is wide variability of management and hou-
sing methods in raising broilers that are implemen-
ted based on several factors including but not limi-
ted to potential disease challenges, company goals,
personal experience, breed of birds raised, market
demand, economic factors, and geographic region
where birds are raised. Included in this chapter are
some common ways these segments are operated,
but they are not intended to be all inclusive of the
wide range of broiler management styles and
methods.

Broiler breeders

Most broiler breeders are housed to allow for natu-
ral breeding. Young male and female chickens may
be raised separately or together prior to breeding
age. Because broiler chicken strains have the
potential for very rapid growth, breeder chickens
are often feed restricted. Weight management by
feed restriction prevents disease issues such as
obesity related disorders, lameness, and reproduc-
tive disorders. Feed restriction programs may
include restriction of volume of feed, frequency of
feeding, and/or energy levels in the feed.

During the growing stages, breeders are often hou-
sed in an environment where light duration is res-
tricted so the birds are exposed to a short day
length. The basic goal of a lighting program for
broiler breeders is to have birds become reproduc-
tively active at approximately the same age by uni-
formly increasing the day length prior to reproduc-
tive maturity. Breeders are often moved just before
breeding (approximately 19-23 weeks of age) into
a breeding house specifically designed to facilitate
reproductive activity and egg collection. This may
include designated areas where the males and
female preferentially eat and spend most of their
time and nest boxes that facilitate egg collection
(Fig.2.2).

Slats may be provided in hen areas to minimize
bird contact with fecal material, which can
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Fig.2.6: Birds behavior avoiding the brooder pan demonstrates Fig.2.7: Partition within a éoercial broiler house to reduce the
that the temperature is set too high. risk of piling of birds.
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Fig.2.8: Representative daily and cumulative feed intake per bird (kg). Feed intake is breed specific. The primary breeder supplier
should be contacted with the most accurate information for the bird being used. The following chart is derived from the Ross 708
Broiler Performance Objectives, 2012.
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specific. The primary breeder supplier should be contacted with the most accurate information for the bird being used. The following
chart is derived from the Ross 708 Broiler Performance Objectives, 2012.
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decrease the incidence of disease and keep eggs
cleaner. For natural breeding the ratio of females
to males is approximately 10:1 but may vary with
management system and breed. Mortality, flock
behavior, and egg fertility may be monitored to
adjust male to female ratio. Farms can have auto-
mated egg collection or hand collection. Eggs
should be collected frequently to decrease shell
contamination, consumption of the eggs by the
breeder chickens, and risk of partial incubation on
farm.

Eggs are stored on site until they are able to be
brought to the hatchery. Egg storage on farm is
optimally in a controlled temperature environment
[approximately 55-65°F (12.8-18.3°C) and 70-
75% relative humidity] where eggs are not too
warm so that incubation begins not too cold for
embryo viability. Many breeder facilities have fee-
ding systems that allow feeding different rations to
the males and females based on their separate
nutritional requirements. Broiler breeders may be
molted to improve egg production parameters
when the flock is older. However, it is common to
only have one reproductive cycle for broiler bree-
ders and then start with a new flock of breeders
after egg production parameters decline.

Broiler hatchery

Chicken eggs are often stored prior to incubation
to improve hatchability. Although optional storage
time at ideal storage temperatures is approxima-
tely 7 days, eggs may be stored for significantly
more or less time based on supply and demand,
availability of eggs, and needs for placement of
chicks on open farms (Fig. 3). Eggs may be pre-
warmed prior to incubation for several hours. Only
clean eggs should be set to minimize the risk of
disease causing hatchability issues and poor chick
quality and uniformity. Broiler eggs are typically
incubated for approximately 21 days with 18 days
of the total incubation time in the incubator and 3
days in the hatcher. The length of incubation can
change based on individual hatcheries, equipment
used, breed of chicken, and other variables.
Although incubation temperatures are approxima-
tely 99.5°F (37.5°C) at the start of incubation and
may decrease slightly during hatching and relative
humidity is approximately 55% and may increase
during hatching, there are many variables that can
affect optimal hatchability. As such, incubation
programs are best designed to meet individual hat-
chery needs and challenges.

As eggs are transferred between incubation and
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hatching systems, they may be given an in ovo ino-
culation (Fig.2.4). In ovo inoculations may contain
labeled vaccines or antibiotics or other products
labeled for in ovo use. The most common products
given in ovo are Marek’s disease vaccines, which
provide a uniform delivery of the vaccination, cost
savings in decreased labor in larger hatcheries, and
reduction of clinical disease. Hatched chicks may
have some handling depending on the manage-
ment system, but often in large hatcheries automa-
tion separates the chicks from the shells, counts
chicks into transport trays, provides any necessary
vaccinations via spray, and stacks trays in prepara-
tion of being moved to farms.

Most commercial broiler chickens do not require
separate sex rearing so they are not sexed at the
hatchery. If sexing is required, many of the com-
mon commercial breeds have a feather sexing gene
that allows for easy identification of males and
females with minimal handling (most often by
observing differences in wing feathers between
males and females). Birds are moved to the farm as
needed, usually the same day as hatch and during
cooler temperatures to minimize stress.

Commercial broilers

Prior to placement, commercial broiler farms
should be prepared to receive new chicks. If litter
has been recycled, it may be turned, treated, and/or
otherwise managed to reduce ammonia, pathogen,
and insect load. Houses will be heated to provide
adequate temperature for the chicks and feed and
water lines may be primed so that they are at room
temperature prior to placement. Temperature may
be uniform within houses or a temperature gra-
dient may be provided to allow chicks to better
adjust their individual temperatures. If a tempera-
ture gradient is provided, feeders and waterers
should be placed so that birds can adjust their tem-
perature and still have easily access to feed and
water.

In general, chicks are placed at a ground tempera-
ture of approximately 90-95°F (32.2-35°C) and
temperature is decreased as the birds age at
approximately 5°F (2.8°C)/week until the tempe-
rature is around 70°F (21°C). However, this
greatly varies based on the management system
and breed of bird so temperature should be adjus-
ted based on flock behavior (Fig.2.5 & 2.6). Many
commercial broiler houses have some or extensive
environmental control and the ability to implement
standard program flock profiles for temperature
and ventilation. Chickens in these environments
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Age Liters per Gallons per
(Weeks) 1000 birds 1000 birds
1 61 16.1
2 106 28.0
3 171 45.2
4 237 62.6
5 293 77.4
6 336 88.8
7 363 95.9
8 374 98.8

Tabl.2.1: Representative water consumption chart for broilers.
Water consumption charts can be breed specific. The primary
breeder supplier should be contacted with the most accurate
water consumption chart for the bird being used. The following
chart is derived from the Ross Broiler Management Manual,
2009. Consumption assumes 21°C uniform house temperature.

MP Martin

T

Fig.2.10: Good access to feed. There is no overcrowding and the
equipment is well maintained.

Age Week 1 Week 2 - pre-processing * | Week 2 - pre-processing *
(Processing Weight) (Any) (x <2.5kg) (x > 2.5kg)
Intensity (lux) 30-40 5-10 5-10
Day Length (hours) 23 20 18

Tabl.2.2: Representative lighting requirements chart. Basic light intensity and photoperiod recommendations can be breed specific.
The primary breeder supplier should be contacted with the most accurate information for the bird being used. The following chart is
derived from the Ross Broiler Management Manual, 2009.
* Pre-processing is 3 days prior to scheduled processing
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Fig.2.11: Good access to water. There is no overcrowding and

the height is appropriate to allow birds easy access with minimal
water leaking to the litter.
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should always be monitored visually on a regular
basis as individual flocks may vary and equipment
failures may occur.

Partitions may be present in larger broiler houses
to reduce the risk of piling of birds but do not need
to completely restrict bird movement between sec-
tions of the house (Fig.2.7). Commercial broilers
are typically given ad libitum feed and water
throughout the growing period but adjustments
may be made based on past performance, breed,
and company goals.

Breed standards often exist for feed and water
consumption (Fig.2.8 & Tabl.2.1) as well as
weight gain and feed conversion (Fig.2.9) to guide
growers and help them identify problems. Many
commercial broiler operations have reduced ligh-
ting intensity throughout the growing period to
decrease the risk of traumatic injury that may
cause mortality and processing condemnations, but
long day lengths facilitate feed intake and rapid
growth (Tabl.2.2).

Broiler processing

Based on market needs, broilers will be processed
at a target weight or age determined by the indivi-
dual company. Loading chickens into transport
vehicles to move to processing may be done at
night or early morning to decrease physical and
heat stress during loading.

At the processing plant, misting or fans may help
keep birds cool and reduce mortality while birds
are waiting to be processed. In colder regions, hea-
ting systems may be needed. Handling of birds at
processing, including unloading and shackling,
should be done in a way to minimize trauma to the
birds, which would not only be a welfare concern
but would lead to increased condemnations. Birds
should be rendered unconscious and/or euthanized
in a manner that does not cause undue stress,
increase condemnations, or adversely affect food
safety.

BASIC HUSBANDRY

Feed & Water

Clean feed and water should be provided to broiler
chickens with adequate space and sufficient access
per bird (Fig.2.10 & 2.11). Feed formulations may
change throughout the life of a flock based on the
nutritional needs throughout growth and reproduc-
tive development. This feeding strategy is called
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phase feeding. Maintenance of feed and water
equipment can minimize the risk of leaking/spil-
ling into the environment.

Poorly maintained equipment may increase litter
moisture, adversely affect birds health by expo-
sure, increase the risk of enteric pathogens, and
attract wild animals including rodents.

Temperature & ventilation

Uniformity of ventilation is ideal to improve flock
performance (Fig.2.12). Poor ventilation may pro-
mote excessive litter moisture and increase the
exposure of the chickens to enteric pathogens.
Poor ventilation may cause excessive ammonia
levels, which could be detrimental to the health
and welfare of animals and employees (Fig.2.13).
Excessive ammonia at the level of the chicks may
be less detectable to a standing human and high
levels can cause health problems such as corneal
ulceration, conjunctivitis, and inflammation/decil-
liation of the trachea thereby predisposing birds to
respiratory pathogens.

Poor temperature control may cause birds to be
less productive, decrease consumption of feed and
water, and predispose birds to secondary infec-
tions. Continual monitoring of birds behavior can
minimize the risk of excessive temperature stress
(Fig.2.14). Care should be given to provide ade-
quate ventilation during times of inclement envi-
ronmental temperatures.

Litter

Excessive litter moisture can increase environmen-
tal load of enteric pathogens, predisposing the
flock to disease. Wet litter can also lead to expo-
sure where birds become wet and are unable to
thermoregulate, leading to morbidity and mortality
problems. Wet and caked litter can trap ammonia
and potentially cause scalding of the foot pads and
lameness. Excessively dry litter can lead to high
levels of dust in the environment, which can
damage the respiratory tract and predispose
chickens to respiratory pathogens.

Type and quality of litter can affect moisture
absorption and litter longevity. Litter is commonly
recycled between flocks in the United States. In
some other countries, it is replaced after each
flock. Litter should be changed out between flocks
when there is evidence of increased morbidity,
mortality or condemnations that could be attributa-
ble to poor litter conditions or enteric pathogens.
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Fig.2.15: Data record chart for broiler breeders. Chart helps track
% egg production, hatchability, hen weight, and rooster weight
compared to breed standard.
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Fig.2.16: Data record chart for broiler breeders. Chart helps
track egg production, feed consumption, and separate sex
mortality.
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Fig.2.17: Example of weekly broiler mortality curve by house.
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DISEASE PREVENTION

Many strategies are used in commercial broiler
production to mitigate the risk of disease.
Genetic selection, as previously mentioned, can
be done to improve the general hardiness of the
bird and increase resistance to specific disease
agents. Vaccination programs are critical in broi-
ler production (see chap.V.82). Vaccination pro-
grams should be focused on pathogens which
commonly affect broilers and strains which are
geographically relevant and/or are historical
threats within the company. Vaccination pro-
grams should be monitored through routine
flock surveillance and/or serology.

Biosecurity is critical to disease prevention in
broiler flocks (see Chap.V.80). In general, biose-
curity programs should mitigate the risk of
infectious disease transmission by controlling
insects, rodents, wild animals, pets, employees,
human visitors, and vehicles that may poten-
tially carry disease. It is not cost effective to
mitigate all risk and depending on bird value (i.e
breeders vs. commercial broilers) there may be a
greater investment of resources for biosecurity.
General management can greatly affect disease.
Any deficiency in feed, water, litter, ventilation,
or temperature management may lead to exces-
sive stress in the flock and predispose the birds
to disease associated with infectious agents.
Care should be given to provide broiler chickens
with good environmental conditions and moni-
tor flocks for disease.

CHICKEN PRODUCTION @ 15

Monitoring is essential to disease prevention
programs including diagnostics for specific
infectious agents, monitoring vaccination pro-
grams, and general flock/mortality assessments to
look at patterns of morbidity and mortality.
Routine assessment of average weights and
feed/water intake can also help identify disease
problems before they become severe.

Good record keeping of production parameters
(Fig.2.15 & 2.16), mortality charts (Fig.2.17),
biosecurity procedures, and flock assessments are
beneficial and facilitate monitoring broiler and
broiler breeder flocks for disease also occurring.
Resulting improvements will require ongoing
efforts to offer the best adapted environment to
these new lines of birds.
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Fig.3.1, 3.2 & 3.3: Early embryonic death can be seen with vitamin E deficiency (vascular lesions). Encephalomalacia in chick is
usually observed at the age of 15-30 days but can also be present as early as the 7th day (Fig.3.1: 10 day-old chicks with nervous

signs). At necropsy, vascular lesions lead to edema and petechia or larger hemorrhages in the cerebellum, with ensuing neuron
degeneration.
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Fig.3.4: Breeder (4 days). Subclinical Fig.3.5: Vitamin B4 (thiamine) Fig.3.6: Vitamin B, (riboflavin) deficiency. Dystrophic
edema, caused by vitamin E defi- deficiency (nervous signs). The changes in peripheral nerves leads to toes flexion.
ciency or hypoproteinemia. chickens acquire a specific pos-

ture with flexed legs and head

drawn backwards (stargazing).
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Fig.3.8: Congenital anomalies. Embryo:

Fig.3.7: Biotin defiiency. The occurrence Fig.3.9: Congenital anomalies.
and age incidence of lesions in young birds  craniofacial malformation. Anophtalmia and crossed beak deformity
may be influenced by the biotin level in the (one day-old chick).
egg. Affected feet of 4 day-old chicks.
| —
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| Dinev - Ceva Santé animale

HJ Barnes
HJ Barnes

1A T N
Fig.3.10: Congenital anomalies. Fig.3.11: Congenital anomalies. Dipygus Fig.3.12: Improper incubation. Myopathy of

Open body cavities. An additional with supernumerary limbs. Such birds fre- pipping muscle is associated with nutritional
skin formation (pouch) to the left quently survive up to the end of the growing deficiencies in breeder hens. The Muscle com-

lateral abdominal wall, with part of period. plexus (pipping muscle) is the primary muscle
the abdominal organs found responsible for the embryo’s pipping action at
within. hatching.
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3. CHICK QUALITY

INTRODUCTION

Day-old chick quality is an important factor in
obtaining maximum production results, both in
meat producing birds and in egg laying birds. The
modern breeds available to the industry have an
enormous production potential, but this potential
can only be fully expressed if all factors involved
in producing high quality hatching eggs and chicks
are optimized. During incubation and immediately
after hatch the bird is still developing its skeleton,
organs, immune system, thermoregulation, efc. A
poor chick quality and poor start at the farm will
negatively influence production performances later
in the life of the bird.

Producing good quality day-old chicks starts with
the breeder flock. Not only is the quality of the egg
important, but also the health and nutritional status
of the breeders are having an impact on day-old
chicks; so do several other factors. Although much
is known about the influence of the breeder flock
on the quality of day-old chicks, not all factors are
fully understood yet.

In the field, differences in chick quality can be
observed between eggs coming from different
breeder flocks and associated with differences in
genetic background, nutrition, health status, efc.
However, it is not always possible to quantitatively
explain these differences. Furthermore, these diffe-
rences between breeder flocks may also impact fer-
tility and hatchability rates, as well as other para-
meters. Subclinical factors and other health consi-
derations likely play a significant role, but we have
yet to determine how to identify and measure
them.

In general we can divide the factors associated
with chick quality in two categories: breeder flock
related factors (egg related factors) and hatchery
and brooding management factors (egg handling,
incubation, chick processing and placement).

EGG RELATED FACTORS

As the quality of the egg is a separate subject
(Chap.L.5), this section will be limited to some
general remarks.

Nutrition

For an optimal development of the embryo, a cor-
rect balance of the different nutrients is essential.
This balance is delicate, since embryo develop-
ment is an incredibly complex process, requiring
adequate quantities of energy, protein, essential
fatty acids, vitamins (especially vitamin B com-
plex), minerals, etc. Likewise, the egg develop-
ment and its nutritional composition are the result
of a very demanding process for the hen, and any
changes or deficiencies may make it 1mp0s51ble for
the chick to hatch. Some of these changes may not
impede hatching but may result in noticeable diffe-
rences in chick quality. Especially suboptimal
levels of several B-vitamins can cause substantial
problems leading to poor chick quality, malforma-
tions, efc. Often the problem is not so much the
lack of vitamins per se, but rather factors that
influence their availability or absorption, as for
instance when mycotoxins are present in the feed.

Nutritionists may occasionally recommend higher
dosage of vitamins, minerals, efc., based on publi-
shed research. Formulating higher levels of some
microelements than necessary is a relatively affor-
dable way of minimizing risks of poor hatchability
and chick quality, especially when taking into
account that substantial differences can sometimes
be observed between calculated feed formulations
and actual nutritional levels in the finished feed,
due to raw material variation, storage time, mixing
problems, etc. But we also must keep in mind that
scientific results are often obtained under well
controlled conditions, where all breeder hens
receive the appropriate amount of nutrients. In the
field, problems resulting from marginal nutritional
intake are often observed only in breeders that are
already more fragile than most. If this small per-
centage of breeders produces eggs giving weak
day-old chicks, it is often considered a flock pro-
blem when in reality only a few breeders may be
affected. This type of problem is usually resolved
by formulating higher nutritional levels.

Although breeders are not extremely sensitive to
feed formulation factors, embryo development is a
very delicate process that can easily be disturbed.
Some chemicals can very easily have a toxic
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Fig.3.13: If eggs are too big, the risk of Fig.3.14 & 3.15: Pullorosis is transmitted by the egg and is commonly characterized by
damage while placing and turning them a white diarrhea and high death rate. The feathers around the vent are stained with
increases, resulting in more hair cracks diarrheic feces or pasted with dry feces.

and reduced hatchability.
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Fig.3.16 & 3.17: Pullorosis. Greyish-whitish nodes are seen in gizzard walls (Fig.3.16), Fig.3.18: Pullorosis. Edema of tibiotarsal
heart, lungs, liver, peritoneum and intestines. In Fig 3.17, the liver presents greyish-whi- joints is a frequent lesion.

tish miliary necrosis

e
Fig.3.19: Pullorosis. Fig.3.20: Avian encephalomyelitis. Vaccination
Ureters are often filled of breeders prevents subsequent egg transmis-
with urates. sion of the virus and provides protective mater-
nal immunity lasting through a highly sensitive
period in the chick’s life.
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Fig.3.22 & 3.23: Outbreaks of baby chick nephropathy can be due to inappropriate Fig.3.24: Egg tooth is a protuberance on the
egg storage conditions with excessive water loss during incubation or during chick beak used to break the shell of the egg
holding/transport, or inadequate water intake during the first few days of life. Left, vis- upon hatching.
ceral gout on heart of a four day-old broiler. Right, kidney, visceral and articular gout
in one week-old broiler chick.
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influence on the embryo, often resulting in early
mortality. Several chemicals used for chicken or
turkey broilers are known to have a severe effect
on embryo survival. A well-known example is feed
contamination with Nicarbazin, used for coccidio-
sis control. Even minor traces of Nicarbazin in the
feed of breeders can be detrimental and result in
early embryo mortality.

Breeder health status

Day-old chicks need maternal antibodies against
several diseases. This is achieved by applying a
strict breeder vaccination program based on regio-
nal risks and legal requirements. Although protec-
tion provided by vaccination is very significant,
day-old chicks remain susceptible to diseases not
cover in the program and that may affect the paren-
tal flock. Often these infections have a negligible
impact on the parents but a significant effect on
progeny. This is why strict disease prevention mea-
sures must be in place on breeder farms. When
disease occurs in a breeder flock, in addition to the
potential impact on egg and chick quality, the
condition may also influence behavior (which
could lead to lower fertility) and the consistency of
droppings (having a detrimental impact on egg
sanitation).

Therefore, it is of the upmost importance not only
to properly vaccinate a breeder flock to ensure ade-
quate maternal immunity, but to manage the flock
in such a way as to optimize its health so that, in
turn, these breeders lay top quality eggs. For exam-
ple, a subclinical infectious bronchitis infection
will negatively impact production parameters
(egg-laying, fertility, hatchability rates) and lower
both egg quality and chick quality. In other words,
a breeder hen with problems will produce progeny
with problems.

Breeder age

One of the most significant but least understood
factors that influence day-old chick quality is the
age of the breeder flock. Young breeders produce
chicks that are more susceptible to brooding condi-
tions and that are more likely to die within the first
week of life. Research has shown that the develop-
ment of their thermoregulation capacity is delayed.
From the end of day 19 of incubation until day 4-5
post-hatch, the poikilothermic embryo changes to a
homeothermic chick. Chicks from young breeder
flocks take longer to develop their homeothermic
responses, which makes them more sensitive to
suboptimal temperatures. This effect is compoun-
ded by the fact that they have less body mass to

CHICK QUALITY @ 19

produce heat and they also produce less heat per
gram of body mass. The role that the lack of matu-
rity of a young breeder flock may have on the ther-
moregulation of their progeny is not well unders-
tood. The problem seems to disappear when broi-
ler breeders reach the age of physical maturity at
approximately 32-35 weeks. Layer breeders reach
maturity a few weeks earlier. Experiments with
different diets, especially diets designed to modify
the fatty acid composition of the yolk, has not
resulted in any consistent improvement.

Egg size

Chick size is almost completely dependent on egg
size. In general, the weight of the day-old chick
will be 2/3 of the original egg weight. As weight of
the day-old chick is positively associated with
slaughter weight, farmers aim at achieving a higher
egg weight. However, there is an upper limit for
optimal egg weight. If eggs are too big, several
problems can occur.

* As hens can only deposit a limited amount of
shell material in a given time frame, bigger eggs
tend to have poorer shell quality, which has a nega-
tive influence on hatchability and chick quality.

* Not all egg trays are capable of holding bigger
eggs. If eggs are becoming too big, the risk of
damage while placing and turning the egg
increases, resulting in more hair cracks and redu-
ced hatchability.

* Bigger eggs are more likely to overheat during
incubation, resulting in poor chick development
and poor chick quality. The reason for this over-
heating is the higher embryo mass in the egg,
resulting in more heat production. Air also does not
travel as well in the incubator and, finally, bigger
eggs have a reduced shell surface per gram of egg,
resulting in lower heat transfer from egg to air.

Egg quality

Chap.L5 covers egg quality. A very important fac-
tor in egg and chick quality is egg sanitation, as
embryos are very sensitive to bacterial contamina-
tion. Eggs containing gas-forming bacteria tend to
explode during the incubation process, spreading
out a massive amount of bacteria. Therefore, egg
sanitation is a crucial incubation factor. For exam-
ple, introduction into an egg of bacteria found in
the intestinal tract of healthy birds at day 18 of
incubation will reduce hatchability to almost zero.
When bacteria are introduced into the air cell of an
egg, not only is hatchability reduced by 10%, but
first-week mortality rate increases dramatically
due to navel/yolk sac infection.
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Flg 3.25 & 3.26: Turkey poults. Burns caused by standing on Fig.3.27: Evaluation of poor development or poor ChICk quality can
brooder. be measured: length of the tibia, length of the spine, or length of
the total chick from beak to tip of toe, and amount of residual yolk.
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Fig.3.28: Four day-old breeder. Severe Fig.3.29: Pseudomonas aerug/nosa conta- Fig.3.30: Retained yolk sa.
beak trim. Swollen eye. mination of Marek’s vaccine will lead to mas-

sive mortalities in young chicks.

mt- g .

F|g 3.31: Delayed absorptlon of the yolk Fig.3.32 & 3.33: Turkey poult W|th ruptured yolk sac. Yolk sac can be ruptured durlng
sac may lead to omphalitis and septice-
mia.

sexing. Body cavity can be filled with turbid and yellow fluid.
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Fig.3.34 & 3.35: Rarely the elongated stalk ofthe onk sac W||| Fig.3.36 & 3.37: Omphalltls (one day-old broiler). Fecal contamina-

wind around the intestine and cause strangulation (three day- tion of eggs is considered to be the most important source of

old chicken). omphalitis. Several types of bacteria can cause omphalitis, but
Escherichia coli is most common. The incidence of omphalitis
increases after hatching and declines after about 6 days. Swelling,
edema, redness, and possibly small abscesses characterize acute
inflammation of the navel.
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It has been shown that the explosion of a
Salmonella positive egg into a hatcher containing
Salmonella free eggs may result in the infection of
all hatched chicks. As day-old chicks have hardly
any bacteria in their intestines, any colonizing bac-
teria introduced at a very early stage can multiply
very rapidly. This again stretches the point of egg
sanitation, which starts at the breeder farm but
needs attention at every stage of the incubation
process.

FACTORS RELATED TO THE INCUBATION
PROCESS

Incubation is a very delicate process that requires
tight control. Many factors influence the transfor-
mation of an egg into a day-old chick. During incu-
bation, the environment must be set to favor the
optimal development of the embryo. The main fac-
tors that can be controlled during incubation are
temperature, relative humidity, ventilation and egg
turning.

Temperature

The internal temperature of the egg is crucial as it
is the driving force of the embryo’s metabolism.
The internal temperature of the egg is the result of
a balance between heat production and heat loss.

Heat production varies throughout the incubation
period. At the start of incubation, heat production
is practically nil. After approximately four days, a
noticeable production of heat occurs. Although the
nine to ten day-old embryo is only 3 grams in
weight, its heat production becomes significant
enough that air temperature adjustment is needed
to maintain the egg/embryo internal temperature at
the desired level of 100-100.5°F (38°C). In the
second half of the incubation period, heat produc-
tion and embryo weight increase very rapidly, and
a constant reduction of air temperature is needed.

The amount of embryo heat production varies
according to the genetic line. Modern, high yield,
fast growing broiler lines produce more heat
during incubation than more rustic lines, although
reliable scientific data is lacking. Also, bigger eggs
produced by older breeder flocks tend to produce
more heat than eggs from younger flocks. Eggs
from layer breeders seem to produce less heat.

Heat loss of eggs is influenced by air temperature,
but also by air velocity over the eggs, as well as by
water evaporation. The evaporation comes from
the natural moisture loss by the eggs and is partly
regulated by the system controlling the relative
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humidity in the incubator. Although air tempera-
ture in commercial machines is fairly well distribu-
ted, air velocity and water evaporation are not.
This can lead to significant differences in embryo
temperature throughout the machine.

Relative humidity

During incubation, metabolic water formed in the
egg is lost through the pores in the shell. This loss
in moisture leads to the formation of the air cell,
which is opened by the embryo just prior to hat-
ching. During this internal pipping stage, the air is
absorbed by the lungs of the embryo, which helps
in the process of escaping from the egg shell. It is
important that enough moisture is lost to create a
sufficient air cell. Ideally, the moisture loss of an
egg is approximately 12 to 14% of the initial egg
weight. As weight loss of the egg is completely due
to loss in moisture, this weight loss can be used to
assess moisture loss.

Moisture loss is dependent on the conductance of
the shell, and the water vapor pressure inside and
outside of the egg. Conductance of the egg is deter-
mined during the process of shell formation, and is
dependent on genetic line, age of the flock, nutri-
tion and health status of the breeder hen, but it can
be altered if, for example, the bird is kept at a dif-
ferent altitude. Water vapor pressure inside the
shell varies according to temperature, while out-
side the shell it varies according to temperature and
relative humidity. As temperature during incuba-
tion is fixed according to the embryo’s needs, rela-
tive humidity is the key factor that can be used to
alter the loss in moisture of the egg. For optimal
incubation results, it is advisable to measure the
weight loss of the eggs regularly, and adjust the
relative humidity of the air in the incubator accor-
dingly. It is important to realize that changing the
relative humidity of the incubator often requires an
adjustment of the amount of water sprayed in the
incubator. As spraying and evaporation of water
has a strong cooling effect, changing the relative
humidity can have a significant effect on the tem-
perature and its distribution in the incubator.

Ventilation

Incubators need to be ventilated to allow sufficient
elimination of metabolic carbon dioxide and to
allow oxygen in the machine. Also, ventilation is
used to remove metabolic heat from the incubators,
as well as moisture produced by the embryos. In
practice, ventilation is more often determined by
the need to control heat loss and humidity, than by
the requirements in O, and CO, levels.
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nish green and thickened or watery.
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Fig.3.42, 3.43, 3.44 &

Fig.3.38, 3.39 & 3.40: String omphalitis (two day-old poult). Affected carcasses may
show a distinctive, putrid smell. The yolk, often with a foul odor, may be yellow or brow-
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Omphalitis. Chicks or poults living more than four days with infected yolk sacs may also have pericardi-
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Fig.3.41: Omphalitis and visceral gout on
heart, intestines and kidneys (four day-old
broiler).
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tis, splenomegaly, perihepatitis and peritonitis, indicating systemic spread of the pathogen from the yolk sac (Fig.3.42: five day-old
chicken; Fig.3.43: four day-old chick with septicemia; Fig.3.44: splenomegaly and septicemia; Fig.3.45: 10 day-old poult with perito-

nitis).

HJ'Bameé

Fig.3.46: Omphaliti and yolk sacculitis hepatitis.
Spread of E. coli into the body cavity or colisep-
ticemia.

Hatching & processing

During the last three days of incubation, eggs are
moved to the hatchers for the final incubation
phase. During this period, the embryo needs to pre-
pare to come out of the egg shell. As this process
varies depending on the chick, hatching time
varies. Often the time difference between the first
and the last chick hatching is more than 36 hours.
The biggest risk in this process is overheating the
hatched chicks, which will try to expel heat by
panting. This can dehydrate and weakened these
birds.

After hatching, chicks are taken from the hatcher
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Fig.3.47, 3.48 & 3.49: «Mushy» chick (four days old). In severe cases of ompha-
litis, the body wall and overlying skin undergo lysis and are wet and dirty.
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baskets, selected, eventually sexed and vaccinated,
counted, placed in boxes, put in a holding section
of the hatchery and finally transported to the farm.
The total time between exiting the hatcher and pla-
cement on the farm can vary substantially, but is
usually several hours. During this time, it is impor-
tant to avoid any cold stress but conversely to
avoid overheating the chicks, as this will influence
their survival rate early in life.

Determination of incubation results

Quality of the incubation process is often estima-
ted by determining the number of chicks hatched
from the number of eggs set. Of course, this is a
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very rough estimation, as fertility of the eggs has a
significant influence on hatching results. In a good
quality control program, a regular investigation of
the actual fertility rate is necessary. This can be
done by candling the eggs during transfer to the
hatchers at day 18. However, very early mortality
cannot be detected at that stage, especially if the
eggs are not opened and the blastoderms exami-
ned. Candling at seven to nine days provides a
more accurate measurement, especially if a num-
ber of eggs are opened to assess the true fertility
rate.

Regular assessment of eggs that did not hatched,
known as a breakout, is advisable. It provides
valuable information about the number and causes
of deaths for the different stages of development of
the embryos, and can be used for further optimiza-
tion of the incubation process.

Hatching numbers and mortality parameters are
not the only indicators of the quality of the incuba-
tion process. Chick development and quality para-
meters can also provide important information
about the quality of this process.

CHICK WEIGHT & RESIDUAL YOLK

As mentioned before, chick weight is directly rela-
ted to egg weight, and since chick weight is related
to slaughter weight, higher day old chick weights
are considered desirable. However, we have to take
into account that the weight of a day old chick is a
combination of its real body weight and the weight
of the residual yolk. The residual yolk serves as a
source of nutrients for the first few days after hat-
ching, but is not an integral part of the chick’s
body. Residual yolks can vary substantially in size.
A target residual yolk of 8-10% of the total chick
weight is considered optimal, which in most cases
would mean approximately 4 grams. In the field,
larger residual yolks, up to 10 to 12 grams, can
often be observed, especially with eggs from older
breeders. As the residual yolk is not part of a func-
tional organ, a difference of 8 grams in residual
yolk between two chicks of equal body weight
means a true body weight difference of 8§ grams. As
the weight of a yolk in a fresh egg is approximately
20 grams, a difference of 8 grams in residual yolk
means that a significant part of the yolk was not
used for embryo development.
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CHICK DEVELOPMENT & QUALITY

Temperature is a key element favoring a chick’s
development. So, technically, higher temperatures
should favor a better development. But as energy
sources in eggs are limited, and since the oxygen
needed for development of the embryo cannot
quickly go thru the eggshell, higher temperatures
may result in poor embryo development and qua-
lity, because the embryo’s demands are not met by
the available supply of nutrients. When this hap-
pens, the embryo has to find other sources of
energy, starting with proteins as source for the
energy metabolism, instead of using the yolk fat.
This results in a degradation of body tissues, as
well as lower development and consequently poo-
rer chick quality. This can be measured: length of
the tibia, spine, total chick length from beak to tip
of toe, amount of residual yolk. In general, a posi-
tive correlation between development and quality
can be expected.

The quality of the navel is also a very important
determinant of chick quality. In the last days of
incubation, the navel is where the residual yolk is
drawn into the body cavity. If the navel is not pro-
perly closed at the end of this process, bacteria can
enter the body cavity and infect the chick. This
results in an increase in mortality after approxima-
tely three to four days post-hatch. So, a properly
healed navel is crucial for obtaining low mortality
rates during the first week of life.

Other methods of determining chick quality are
based on several parameters such as the evaluation
of the navel, mobility of the chick, feather length,
color, yolk residue, efc. Several methods are avai-
lable, all having advantages and disadvantages.
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Fig.4.5: Stacked tier, manure belt layer house for
350,000 birds.
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4. COMMERCIAL TABLE EGG PRODUCTION

INTRODUCTION

Shell and egg products are a very important part of
the diets of people worldwide, supplying complete
protein and energy nutrition plus essential vitamins
and trace minerals. In many countries, commercial
operations supply a majority of the needs of the
consumer. Operation size varies greatly from small
farms of 100 to 1 000 birds with a single caretaker
to as many as 6 million birds in several houses in a
multi-age complex with a hundred or more wor-
kers caring for the birds and processing the eggs.

SOURCES OF CHICKENS

Primary breeding companies supply the breeder
stock chickens for various breeder/hatchery com-
panies who then supply the day-old pullet chicks to
be grown into laying hens. The major breeding
companies at this time are the EW Group (Hy-
Line, H&N, and Lohmann lines), Hendrix
Genetics (Bovans and ISA lines), and Tetra. They
supply both white and brown egg commercial lines
for breeder/hatchery companies to choose.

These white hybrid layers are capable of laying
324 eggs per hen housed at 72 weeks of age with a
feed conversion of 3.04 pounds of feed per dozen
or 1.91 kg feed per kg of egg. Brown egg layers are
very close in performance with expected 323 eggs
per hen housed at 72 weeks of age with a feed
conversion of 3.39 pounds of feed per dozen or
2.07 kg feed per kg of egg.

INDUSTRY STRUCTURE

The majority of egg producers purchase day-old
pullet chicks from a breeder/hatchery organization.
This organization purchases day-old pullet breeder
females and males from the primary breeder,
grows them in a grower house until point-of-lay,
then moves them to a layer house for hatching egg
production. This breeder/hatchery company also
owns the hatchery from which they ship the day-
old chicks. Most operations then grow the day-old
pullets in company-owned or contract grow-out
housing to point-of-lay, usually about 17 weeks of
age. At point-of-lay, the pullets are moved to com-
pany-owned or contract layer housing for the egg
production cycle. The company normally owns the
feed mill for both pullets and layers although some
purchase feed from feed mills that use their feed

formulations. The production company usually
owns the processing plant as well. For multi-age
complexes, the processing plant is normally on site
and the eggs go directly into the processing plant
and called in-line processing. For eggs produced
on farms off site away from the processing plant,
the eggs are “farm-packed” meaning they are pla-
ced on flats and pallets then shipped to the plant for
processing.

Fully integrated companies exist as well and own
the breeders, growout houses for breeders, lay
houses for breeders, hatchery, feed mill for breeder
and layer feeds, grow houses for commercial pul-
lets, lay houses, and processing equipment.

Very few operations are stand-alone independent
egg or pullet producers where they sell pullets or
eggs on the open market.

BREEDER HOUSING

The grower house is normally all litter with
perches and the lay house is either an all-slat high
rise house, partial litter partial slat, or all litter floor
house. Most modern layer breeder houses now
have automatic nests for the birds to lay their eggs
and gathering is done by conveyer belt after the
eggs rollout from the nesting area. Only nest clean
eggs are used for hatching and placed on flats that
are placed in a cooler at 55 to 62°F (13 to 17°C).
Some operations apply a disinfectant by spray or
fogging prior to placement of the eggs into the
cooler. Hatch eggs are normally stored for no more
than 3 days before shipment to the hatchery. Cull
eggs not suitable for hatching, go to a breaker for
pasteurization, are sent to the landfill, or are com-
posted.

HATCHERY OPERATION

Hatch eggs are normally set within 1 to 7 days after
laying. After incubation at 99.7°F (37.6°C) and
55% relative humidity (RH) for 18 days, they are
transferred to a hatcher with flat trays. The egg
industry does not utilize in ovo Marek’s vaccina-
tion, as the injection of eggs containing males is
cost prohibitive. The eggs remain in the hatcher for
3 days with 99°F (37.2°C) and 55% RH conditions
(the RH is raised to 75% after a third of eggs have
hatched). The chicks are harvested by separating
them from the egg shells and unhatched eggs.

Manual of poultry diseases



26 ® GENERALITIES

Fig.4.9: Spray v ator for cage pullet
houses.

Fig.4.7: Routine bird health examination.
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Fig.4.8: Routine necropsies for health surveillance.
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Fig.4.10: Pullet target growth graph from Bovans White 2012 Management Guide.
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Fig.4.11: Example lighting program from the Bovans White 2012 management guide.
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Chicks are then sexed. The white egg layers are
feather-sexed (females are fast-feathered and
males slow-feathered) and the brown egg layers
are color sexed (females have a brown spot on the
top of the head and males do not). Only pullets are
then vaccinated for Marek’s disease and other
optional recombinant HVT wvectored vaccines,
counted into boxes (usually 100 per box), possibly
vaccinated with live Salmonella and/or coccidiosis
vaccines, and moved to the chick holding room. In
some hatcheries, an infrared system is used to treat
the beaks of chicks to kill the tissue at the end of
the beak in place of the standard 7 to 10 day beak
trimming done by a hot blade. This device can also
be set up to vaccinate for Marek’s disease by injec-
tion.

Chicks are normally held overnight and delivered
to the pullet grow house the next morning in chick
trucks that have regulated temperature and humi-
dity condition during transport.

HOUSING SYSTEMS

Growing houses are typically cages (90% +) or lit-
ter floor (10%). In cage units, chicks are brooded
in one or two tiers of multi-tiered systems with
newspaper placed on the cage floor to facilitate
movement to feed and water. These papers are
removed after 10 days. Each cage has two wate-
ring devices, typically nipple drinkers, and feed is
mounded in the automatic feeding system and a
small amount is placed on the papers. A vitamin-
electrolyte mix is often added to the water for the
first 3 to 5 days to aid the chicks in getting started.
Temperature and humidity levels are critical in
getting the chicks started properly. Normally 90 to
92°F (32 to 33°C) in the cage and 40 to 60% rela-
tive humidity are desired. In floor houses with lit-
ter, brooder stoves provide heat to give 90°F
(32°C) underneath the brooder.

The pullets are grown in the growing unit until
point-of-lay, usually at 17 weeks of age. In cage
rearing, the pullets are spread to all tiers of cages
at 3 to 6 weeks of age to give them the proper
space, which is normally 44 square inches (284
square centimeters) per bird. Body weights are
monitored once a week by weighing at least 100
birds from different cages in a cage house or area
of a floor house. These weights are compared to
the target weights supplied by the primary breeder
for each strain of egg layer. Significant overages
or deficits of body weight are addressed by using
management practice interventions to correct the
situation.
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The move to lay unit takes place at around 17
weeks of age using cleaned and disinfected racks
and trailers. Crew members also wear cleaned and
sanitized clothing, footwear, gloves, headgear, etc.
Their vehicles are cleaned and disinfected between
jobs as well. As with pullet units, in the United
States of America (USA), about 90% + of layers
are housed in cages with the rest in cage-free units.
Approximately 40% of layers are in high-rise cage
units, 50% in stacked tier manure belt housing, and
10% cage-free. There is a split between litter floor
and partial or completely slatted floor houses.

FEEDING

Most pullet and layer feeds are fed in the form of
mash. Professional nutritionists formulate these
rations using a mix of ingredients to supply energy
(grains, vegetable fat, and/or animal fat), amino
acids (soy meal, meat meal, or synthetic amino
acids), calcium (calcium carbonate), phosphorus
(inorganic phosphorus products, meat meals), trace
minerals, and vitamins.

Pullets are typically fed starter, grower, developer,
and prelay rations during the grow period. Each
phase has a different level of nutrients to meet the
needs of the pullet at the different stages. The star-
ter has relatively high amino acid and energy levels
for stimulation of early growth at low feed intakes.
The grower and developer have lower energy and
amino acid levels due to higher feed intakes at
older ages. The prelay is a step-up in amino acids
and calcium to transition between grow and lay.
Prelay is normally fed for one week and initiated
when the birds reach their target body weight for
stimulation.

The prelay contains about half of the added cal-
cium as large particles (2 to 5 mm) to aid in reten-
tion of calcium in the gizzard to serve as a source
of calcium over the night time hours when the egg
shell is deposited. The same or higher percent of
large particle calcium is continued throughout lay.

Layer rations are most often formulated based on
daily feed intake in order to meet the daily nutrient
intake requirements. The daily nutrient intake
requirements start out relatively higher due to the
high rate of egg production, increases in egg
weight, and increases in body weight. As the birds
age, the nutrient requirements decline due to decli-
ning egg production and because of the need to
control egg weight.
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Fig.4.12: Bovans White performance goals from the Bovans White 2012 management guide (USA Standards). Case Wt: 360 eggs
weight; Lbs Feed/100: Feed consumption (Lbs)/100 birds daily; HD: per hen per day; HH: per hen housed cumulative.
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LIGHTING

Lighting programs are utilized to control the onset
of sexual maturity and growth pattern of growing
pullets. These programs are spelled out in detail in
the primary breeder management guides for each
bird strain and for different types of housing in
regard to outside daylight exposure. In essence, a
step-down schedule is used during the first several
weeks to start pullets off with a relatively long day
to stimulate growth. A constant day length is then
given from that point until point-of-lay when wee-
kly increases in day length are given to stimulate
the flock into production. The timing of the initia-
tion of this increase is normally triggered by attain-
ment of a target body weight set by the primary
breeder rather than by age.

Light intensity is also adjusted to modify bird
maturity and/or behavior. Relatively high light
intensity (2-3 foot candles = 20-30 lux) is used
when chicks are started then lowered (0.25 to 0.5
foot candles = 2.5-5 lux) to aid in maintaining a
non-stimulating environment during growing.
When moved to the lay unit, the light intensity is
normally increased somewhat to a minimum of 0.5
foot candles (5 lux).

Most artificial lighting sources are fluorescent
although the newly developed LED (light emitting
diode) lights are now coming into use as well. In
cases with natural ventilation (curtains) or fans
without light traps, light intensity can be very high
and result in behavior modification with some
strains of layers, i.e. cannibalism, feather pecking,
and nervousness. Various light traps or screens are
available as solutions to correct problems due to
this high light intensity.

VENTILATION

Most modern pullet and layer housing, caged or
cage-free, is completely fan ventilated with appro-
priately placed and sized air inlets to properly
direct air flow for dilution of pathogens, control
temperature, reduce ammonia, and remove mois-
ture. Circulation fans are also available and appro-
priately placed to aid in circulating air to avoid
temperature stratification especially in the new
large multi-tier cage systems.

WATER

Water is a very important nutrient and should be
given attention to maintaining high quality. The
water source should be free of coliform bacteria,
have a pH of 6 to 8, and have relatively low levels
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of nitrates (<10 ppm), sulfates (<250 ppm), sodium
(<50 ppm), and magnesium (<50 ppm).
Continuous sanitation of water to maintain coli-
form free water at the end of the lines is advised.
Water line cleaning to remove biofilms is also
advised between flocks using oxidizing products
such as peroxide. For more details, see the chapter
V.81 on water quality.

EGG PROCESSING

There are two means of processing eggs, 1) shell
egg processing and 2) egg breaking for liquid.

U.S. shell egg processing is done either on the
same farm as the eggs are produced (in-line pro-
cessing) or eggs are packed onto flats and pallets
(farm-packed), transported to an offsite processing
facility (off-line processing). The eggs are proces-
sed by first being washed with water that is at least
20°F (11°C) higher than egg temperature and is
usually 105 to 110°F (41-43°C). It contains an
alkaline egg detergent producing 10+ pH water and
the equipment has brushes that aid cleaning by
oscillating back and forth while the eggs are rota-
ted on the rolling conveyer. This wash water must
be completely changed after 4 hours use. After
washing, the eggs are rinsed with water that is 5 to
10°F (3-6°C) higher than the wash water and
contains 50 to 200 ppm chlorine. Driers then dry
the eggs for proper operation of the dirt and
checked egg detection equipment to work.

The eggs are then examined for cracks either by
candling or using computer controlled equipment
using sonic waves to detect eggs that have cracked
shells. The computer will tag cracked eggs by iden-
tifying their location on the conveyer and have
those eggs placed into flats in the cracked egg lane.
Computer controlled equipment is also used to
detect dirty eggs. Enclosed boxes containing came-
ras that take multiple images of the eggs from dif-
ferent angles as they rotate on the conveyer detect
specks of feces or dirt on the eggshell surface. The
defective eggs are identified by their location on
the conveyer by the computer and then either
directed to be deposited onto flats in a dirty egg
lane or directed to a recycling conveyer that
conveys the dirty eggs back to the start of the pro-
cess to be rewashed. Blood and meat spot eggs are
identified in a similar way and sent to the inedible
bin.

The eggs are then weighed and deposited into dif-
ferent egg size lanes for packing in flats or cartons.
The flats or cartons are then placed in cardboard
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cases, taped shut, and labeled with the contents
before placement on pallets. The pallets of cased
eggs are then placed into the cooler at 45°F
(7.2°C). The cased eggs are to be kept at that tem-
perature throughout the trip to and during storage
at the retail outlet or food service establishment.

Eggs for breaking and pasteurization generally are
sold to food service companies or further proces-
sors in bulk but more products for home use are
starting to become available. The eggs for breaking
are washed and examined for defects just as shell
eggs. They then enter a clean room for breaking by
a machine that cracks the shell and separates the
yolk and albumen into separate systems. The pas-
teurization process takes place after filtration and
homogenization. Combining the albumen and yolk
or adding ingredients to the combination or yolk
and albumen separately are then options. The tem-
perature and time of pasteurization is different for
the different products to be pasteurized. For exam-
ple, whole egg is pasteurized at 140°F (60°C) for
3.5 minutes while sugared whole egg is treated for
3.5 minutes at 142°F (61.1°C).

LAYER HEALTH MANAGEMENT
Introduction

A team effort characterizes the layer health mana-
gement program. Veterinarians from various parts
of the industry (diagnostic laboratories, vaccine
companies, feed additive companies, primary
breeder companies, consultants, or company
employed) will assist the production management
team in all aspects of layer health.

Biosecurity

Biosecurity is the backbone of layer health mana-
gement. Programs are set up to prevent the intro-
duction of potential pathogens carried in by
various sources: equipment (moving of birds, egg
trucks, flats and pallets, feed delivery, manure
removal etc.), people (workers, veterinarians,
repair people egg truck drivers, crew members to
move or place birds, vaccination, beak trimmers,
etc.), wild animals, rodents, free-ﬂying birds, etc.
Veterinarians and/or live production managers are
responsible for writing SOP’s (standard operating
procedures) and training on-farm personnel to
assure compliance with the programs.

Age Disease Vaccine Route
Hatchery Marek + IBD HVT-IBD recombinant + Rispens Subcutaneous
Salmonella Live Salmonella Typhimurium VC Spray!
18 days ND-IB B1+ Reg Mass + Conn.+ Ark VC Spray!
Escherichia coli Live E. coli VC Spray!
Salmonella Live Salmonella Typhimurium VC Spray!
35 days ND-IB B1+ Reg Mass + Conn.+ Ark C Sprayll
Escherichia coli Live E. coli C Sprayl
7 weeks ILT CEO Eye
Pox + AE Fowl + Pigeon + AE Wingweb
Mycoplasma gallisepticum F strain Eye
9 weeks ND-IB Cloned Lasota + Mass-Connaught + Conn./ Mass Holland (52-72) F Sprayli
13 weeks ND-IB-SE Trivalent inactivated vaccine Injection
15 weeks ND-IB B1 + Mass + Conn F Sprayili
Escherichia coli Live E. coli F Spraylii

i. VC Spray = Very coarse spray of droplets > 100 microns
ii. C Spray = Coarse spray of 50 micron droplets
iii. F Spray = Fine spray of 5 to 10 micron droplets

Tabl.4.1. Example egg-type pullet vaccination program, USA. HVT: Turkey herpesvirus; IBD: Gumboro disease; ST: Salmonella
Typhimurium; ND: Newcastle disease; IB: infectious bronchitis; ILT: infectious laryngotracheitis; AE: avian encephalomyelitis; SE:

Salmonella Enteritidis.
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Vaccinations

Vaccines are an essential part of layer health mana-
gement. The vaccine industry has done a remarka-
ble job in providing high quality, effective vac-
cines to aid the industry in immunizing growing
pullets to withstand the challenges to which they
may be exposed during the grow or lay period.
Veterinarians and vaccine company technical ser-
vices people assist in planning the vaccine admi-
nistration schedule, training of people to properly
handle and administer vaccines, and evaluate the
results of immunization of the birds.

Cleaning & disinfection of housing

Most all pullet houses are completely dry cleaned,
wet washed, preferably with hot water (180°F+ =
82°C+), detergent, and high pressure (180 psi =
12.7 kg force per square centimeter), then disinfec-
ted. Standard chemical disinfects are applied by
spray to the point of runoff. In some cases, formal-
dehyde is applied by thermal fogging. This is
mainly due to the presence of pathogenic Marek’s
virus that has been shed by the previous flock.

If no significant disease issues such as Sa/monella
Enteritidis (SE), influenza, etc. have occurred in
layer houses, the equipment and houses are nor-
mally just dry cleaned. In some cases in high-rise
housing, some or all of the manure is left in the pit
to allow predator insects to remain to serve as a
seed source of predators for improved fly control
for the next flock. If a significant disease has
occurred during the lay period, the same process as
used in pullet grow housing is used.

Routine medications & feed additives
Layers in general do not require many routine

medications. Birds on litter will require a cocci-
diostat unless a coccidia vaccine is used during the
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growing period. In the USA, a preventative anti-
biotic such as bacitracin to prevent clostridial
enteritis is usually used until 12 to 16 weeks in
litter raised birds. Cage reared birds do not
require medication normally. Some layer flocks
are fed tylosin starting at the point-of-lay through
peak to control mycoplasmosis.

Disease surveillance

Flock supervisors are in charge of monitoring
flocks for signs of disease. They do this by exa-
mining records of growth rates, egg production,
egg weights, feed consumption, water consump-
tion, and mortality rates plus physical examina-
tion. Physical examination of flocks may be daily
as in the case for a multi-age complex or weekly
in the case of smaller units that are in outlying
areas from the processing plant. Routine serolo-
gic surveillance for diseases like Mycoplasma
gallisepticum, M. synoviae, infectious bronchitis,
Newcastle Disease, and avian influenza is done
with the frequency depending on the location
within a region and state and federal require-
ments.
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Fig.5.1: The egg is formed gradually over a period of about
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Fig.5.2 & 5.3: Fig.5.2 & 5.3: Visible cracks usually result in a broken

24 hours (see Chap.l.10, Fig.10.13). shell membrane. This reduced shell strength may be due to older
breeders, poor nutrition (particularly calcium and vitamin D), saline
water, diseases such as infectious bronchitis, high barn temperature,
mechanical damage caused by birds (beak and toenails), infrequent
egg collection, rough handling.
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Fig.5.4, 5.5, 5.6, 5.7, 5.8 & 5.9: Hairline cracks are very fine cracks usually running along the length of the egg. The etiology of
the problem is the same as for fig.5.2 & 5.3.; one may also consider collisions between eggs or pressure on the egg due to a des-
ign problem with the floor of the cage. For fig. 5.7 and 5.8, the egg is placed over a bright light for candling.
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Fig.5.10, 5.11 & 5.12: Star cracks are fine cracks radiating outwards from a central point of impact. The etiology of the problem is

the same as for fig.5.2 and 5.3.
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5. EGG QUALITY

INTRODUCTION

A good quality hatching egg is crucial for producing
good quality chicks. To obtain these quality eggs,
attention must be paid to many details, as egg qua-
lity cannot improve once the egg is laid. The trend
in modern poultry production is towards bigger
farms with more automated processes, including
egg collection and packing. The same holds for hat-
cheries. This means that less attention is given to
individual egg selection, which increases the impor-
tance of having the right conditions at each step of
the process in order to obtain predictable results.

Many factors influence the process of egg forma-
tion and with it the quality of the egg. Health status
and nutrition are without a doubt the most impor-
tant factors, next to the genetic attributes of the
breeder hens. Another determinant of quality is the
temperature the eggs are subjected to once they are
laid. Indeed, the blastoderm of a freshly laid egg
contains approximately 40,000 to 60,000 cells, and
needs to be in a specific stage of development for
optimal storage conditions. If the temperature of the
eggs is above the so-called physiological zero, the
temperature at which no development occurs
(approximately 26-27°C), development of the blas-
toderm will continue and can result in an increase
in embryonic mortality during and after storage.

One of the biggest risks for egg and chick quality is
the contamination of eggs by bacteria. Chicks are
very sensitive to bacterial contamination, and a
reduction in hatchability and increase in first week
mortality will be observed if contamination levels
increase. Eggs have a wide range of defense mecha-
nisms against bacterial penetration. A rigid shell
structure is a very obvious one. Another important
mechanism is the increase in albumen pH occurring
within a few days after lay. Due to the release of car-
bon dioxide, albumen pH rises from 7 to 9.3, which
constitutes an effective protection against microor-
ganisms. However, this increase in pH takes two to
three days, which means that immediately after lay
this defense mechanism is not so effective.
Furthermore, immediately after lay, the egg tempe-
rature drops and an air cell is formed with air ente-
ring the egg. This is why it is very important to pro-
duce eggs in a clean environment. Once the egg is
older and stored at a low temperature, the risk of
micro-organisms penetrating is reduced.

A thick and rigid eggshell is always a plus for table
eggs. This is not the case for hatching eggs. In fact,
a very thick eggshell lowers conductance resulting
in a reduction in gas exchanges and in moisture
loss during embryonic development. This means
that one should not increase calcium levels or
apply any other method to increase shell thickness
in breeders as it may be done for table egg produc-
tion, unless shell quality does need improvement.
Indeed, thin shells are a problem because eggs are
more fragile and gas exchange/moisture control is
as well affected.

EGG LAYING

In modern poultry production, eggs are produced
in laying nests. Traditionally these nests are small
wooden boxes with a thick layer of litter material
(oat hulls, rice hulls, straw, wood shavings, etc.), in
which the eggs are protected until they are collec-
ted by hand. More recently, a shift towards roll-
away nests has occurred, in which the eggs roll
away to a central belt after being laid. This auto-
mates the process, providing optimal egg collec-
ting conditions and reducing labor costs. Egg coo-
ling is also improved, which has a positive effect
on hatchability, especially in older breeder flocks.
By contrast, eggs laid in traditional nests rest on
isolating litter material keeping them warmer,
especially when another hen comes into the nest to
lay an egg. To avoid this problem, eggs in these
nests must be collected at least four times a day,
especially during warm periods.

Eggs that are not produced in the laying nests or
eggs laid in nests that do not contain a sufficient
amount of clean nesting material have an increased
risk of contamination. As the egg temperature
drops immediately after being laid, going from the
hen’s body temperature to ambient temperature,
the egg content shrinks, creating a vacuum in the
egg. This produces an air flow through the pores of
the egg, creating a potential risk of contamination
if bacteria, molds or droppings are on the eggshell.
Any cleaning or disinfection after the eggs have
reached ambient temperature will reduce the risk
(if done correctly) because it is difficult to totally
eliminate all contaminations. Therefore floor eggs
should be considered second-grade eggs, even
when visually clean, and should be labelled as
potentially dirty eggs for the hatchery.
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Fig.5.13: Pinholes, or very small holes in Fig.5.14 & 5.15: Flat-sided eggs where part of the shell is flattened or indented. Often
the eggshell, may result from a flaw in the the adjoining part of the shell is wrinkled. The cause is traditionally linked to infectious
egg shell formation or from pimples being bronchitis but it can also be due to stressors, e.g., frights and disturbances, crowding,
knocked off the shell. Both problems can incorrect (or important changes) in the lighting program.

be associated with older breeders, poor

nutrition, strain of bird, damage from toe-

nails or other small sharp projections.
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Fig.5.16, 5.17 & 5.18: Thin shelled eggs and shell-less eggs. The
by birds that have matured early. The causes are immature shell g
e.g., infectious bronchitis and egg-drop syndrome.
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Y are commonly produced by pullets coming into lay, particularly
and, defective shell gland, poor nutrition, saline water, diseases,
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Fig.5.19, 5.20 & 5.21: Calcified material on eggshells. Pimples are small lumps of calcified material on the eggshell. Some can be
easily removed without damage to the shell while others may leave a small hole. This could be caused by foreign material in the
oviduct, which may be associated with age (older breeders), poor nutrition and strain of bird.
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Fig.5.22, 5.23 & 5.24: Misshapen eggs are those with shells obviously different from the expected smooth, normal shape. This may
occur in hens with an immature or defective shell gland; with diseases, e.g., infectious bronchitis; stresses, e.g., frights and distur-
bances, overcrowding.
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HATCHING EGG SELECTION

Eggshell quality is an important aspect of hatching
egg selection, as eggs with poor shell conditions do
not hatch as well as eggs with good quality shell.
Eggs with moderate or severe shell defects and
unclean eggs should be culled during collection
rather than be sent to the hatchery for setting.
Setting those results in a decrease in chick quality
because as they often are more easily penetrated by
bacteria, they have an increased risk of contamina-
tion and this increases the number of exploders
(contaminated eggs that contain gas forming bacte-
ria). As exploders can contaminate hundreds of
other eggs and increase dramatically the bacterial
load in the hatcher, they should be avoided as
much as possible.

Eggs with minor defects or small stains can be
used. It is up to the person that does the collecting
to decide which eggs are acceptable for setting. As
there is often a conflict of interest between the hat-
chery (wanting to have eggs as clean as possible)
and the breeder farm (wanting to deliver as many
eggs as possible) good communication between
the hatchery and the breeder farm is essential to
determine what is acceptable in terms of egg qua-
lity. In this context, routine reporting of chick and
egg quality from the hatchery to the breeder flock
manager is essential. If reporting only occurs when
there is a problem, this will not favor constructive
discussions between the two parties.

There are many types of egg defects that justify a
culling decision. One group of defects has a
mechanical origin and obviously occurs after the
egg has been laid. The occurrence of cracked, stai-
ned, dirty, punctured or in any other way damaged
eggs should be prevented by good management
practices in the breeder house; other factors should
also be considered, namely the health status of the
flock and its nutrition.

Biological factors can influence egg quality.
Stressors and certain diseases can affect the ovi-
duct and ovaries, and will result in thin or wrinkled
egg shells. Infectious bronchitis and the egg-drop
syndrome are good examples. Especially in broiler
breeders, feeding and lighting programs just prior
to the start of the laying period and during early
production will influence the maturation of the
birds, which can influence egg quality as well.
Early maturation and over-stimulation of birds will
cause erratic ovulations, which is a major cause of
defective eggs. Erratic ovulation results in more
than one yolk present in the reproductive tract at
the same time, as the frequency of releasing yolks
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from the ovary is too high. This means more
chance of double and triple yolks, more distur-
bance during the 20 hour period that is needed for
shell deposition in the shell gland, slab sided eggs,
wrinkled eggs and in extreme situations internal
laying, resulting in a yolk mass in the body cavity.
A stressing event may also abruptly stop the egg
formation, resulting in breaks during shell forma-
tion followed by repair with the deposit of additio-
nal shell material. This often happens when the
flock is disturbed late in the afternoon.

Nutrition has a big influence on egg shell quality.
Not only will an inadequate balance of minerals
such as calcium and phosphorus result in poor shell
quality, but the diet can also influence feces pro-
duction, which can result in an increased number
of dirty eggs.

The ambient temperature influences shell quality.
Low temperatures will increase feed intake and
with it the intake of minerals, but high temperatures
will result in panting. This will influence the acid-
base balance in the blood, which will negatively
influence calcium deposition and shell quality.

EGG WASHING & DISINFECTION

Good washing procedures are available for wash-
ing dirty eggs, but one should be aware of the limi-
tations of these procedures. They will help remo-
ving dirt and may prevent further contamination.
However, they cannot completely take away conta-
mination that occurred immediately after lay. In
other words, egg washing cannot replace good hat-
ching egg management; it can only be in support of
good management.

Washing can potentially cause cross contamination
when water and detergent are re-used and not
replaced frequently enough. Poor washing proce-
dures may actually increase contamination instead
of diminishing it. Good washing procedures
require controlled temperature and processing
time, detergent and a water replacement protocol.
One consequence of egg washing is the removal of
the cuticle, the wax-like cover of the egg shell.
This cuticle acts as a barrier against microorga-
nisms, especially immediately after lay when the
pH of the albumen has not yet increased suffi-
ciently, but it also can limit the conductance of the
eggs. If egg conductance is low, for instance when
eggshell is very thick or the cuticle is very rigid,
removing the cuticle can sometimes have a small
beneficial effect. Especially duck eggs and turkey
eggs can benefit from washing or rinsing with
solutions that take the cuticle off.
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Fig.5.25, 5.26 & 5.27: Rough or sand paper shells are seen in eggs with rough-texture areas, often unevenly distributed over the
shell. The cause can be infectious (Infectious bronchitis, infectious laryngotracheitis or avian encephalomyelitis) or management
related: disturbances at the time a hen is due to lay cause the egg to be held over for another day; incorrect (or important changes)
in the lighting program; water shortages.
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Fig.5.28, 5.29 & 5.30: Eggshell apex abnormalities (EAA) Il sur-
face, thinning, increased translucency, cracks and breaks in the apex of the egg; it is associated with Mycoplasma synoviae infec-
tion.
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Fig.5.31 & 5.32: Dirty eggs. The eggs must be clean to be marketed. Fig.5.33: Egg with scratches. Egg cleaning
should avoid scratching which can elimi-
nate the cuticle serving as a barrier
against microorganisms.
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i:ig.5.34 & 5.35: Blood spots. The cause is the rupture of blood vesels in the ova r oviduct. The cause for the case shown here

is fungal toxins. Other causes are vitamin K antagonists (e.g., sulfaquinoxaline), avian encephalomyelitis, wrong lighting program
efc.

DA 22
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Egg disinfection as soon as possible after collection
is recommended to prevent the spreading of any
pathogens on the eggs, and to prevent cross-conta-
mination between farms and from farm to hatchery.
Disinfection with formaldehyde is the preferred
method, but is nowadays recognized as being a
health and environmental hazard. Alternative
methods of disinfection are often based on spraying
a liquid (hydrogen peroxide or quaternary ammo-
nium solutions) which are also effective but requi-
ring more care in their application. The use of liquid
methods of disinfection at the farm has not been
very successful in commercial broiler operations,
although the system by itself can function well.

Farm disinfection should not replace hatchery
disinfection, as it is crucial to disinfect at the hat-
chery as this is a critical control point in terms of
biosecurity. There is a potential risk if disinfection
is applied both at the farm and at the hatchery, if
the time lap between the two disinfections is too
short. It is advisable to allow at least 24 hours bet-
ween two disinfectant applications.

EGG STORAGE

Egg storage reduces hatchability and chick quality,
especially when breeder flocks are getting older
and egg storage time exceeds 5 to 7 days. Although
there are substantial genetic differences between
lines and breeds, normally it can be expected that
hatchability will go down after 5 to 7 days by
approximately 0.5% per extra day. The longer the
storage time after 7 days, the greater the impact.
Egg storage also adds time needed for the eggs to
hatch. The general assumption is that one day of
storage adds one hour to the incubation process,
probably due to a weaker embryo that needs more
time for its development.

Setting the eggs immediately after lay reduces hat-
chability as well. Although the negative effect on
hatchability of a very short storage time is limited
to a maximum reduction of 1-2%, it is advisable to
store eggs for at least 24 hours but preferably 48
hours before setting. This is probably related to the
increase in pH of the albumen needed for optimal
embryo development. A rapid increase in the pH of
the albumen by exposing the eggs for a short
period to ammonium gas reduces the negative
influence of a very short egg storage time.

To limit the negative effects of storage, it is advi-
sable to reduce the storage temperature if eggs are
to be stored for a long period. If eggs are stored for
a maximum of 4-5 days, a storage temperature of
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20-22°C is recommended. From 4-5 days up to 8-
10 days, eggs should be kept at 18°C; and storage
temperature should be reduced to 16 degrees if
eggs are stored up to 14 days. If egg storage
exceeds 14 days, it is advisable to reduce the tem-
perature even further to 14°C. Keeping eggs at a
low temperature during short storage periods is not
so much a problem for the egg itself, but it makes
it more difficult for the incubators to uniformly
warm up the eggs in an adequate period of time.
Although this factor seems to be marginal, one
should realize that a modern incubator can contain
over 100,000 eggs, which means that often the egg
load in the machine exceeds 6000 kg. As eggs have
thermal properties that can be compared with
water, it means that the equivalent of 6000 liters of
water have to be uniformly and quickly warmed up
by air. Reducing the temperature of the eggs more
than needed makes this process more complicated.
Another negative effect of reducing the tempera-
ture of the eggs more than necessary is the risk of
condensation (“sweating”) on the eggs. When egg
temperature is below the dewpoint of the room in
which they are brought, condensation will occur
which will lead to an increase in the level of bacte-
rial contamination. This should always be avoided.

Eggs should be stored under the physiological
zero. If eggs are not cooled fast enough, or for ins-
tance are kept in the sun for a few hours, embryo
development will start. If afterwards the embryo is
cooled down again, the early mortality rate of these
embryos will increase. It is therefore very impor-
tant to continuously control the temperature during
storage, but also to uniformly cool the eggs to
reach air temperature. This can be done by creating
air velocity in the egg storage room, which will
increase heat transfer. Once all eggs are at the
desired temperature, no additional air velocity is
needed, other than to keep the air temperature uni-
formly distributed.

Eggs that are stored for periods exceeding 10 days
will benefit if they are turned once or twice a day
over a 90 degree angle, of if they are stored with
the pointed end of the egg facing up. Storing the
eggs in this position or turning them daily will pre-
vent that the blastoderm sticks to the shell mem-
brane.

Embryos have an optimal stage of development for
storage. If breeder flocks are very young, some-
times this stage of development is not yet achie-
ved. In this case, temporarily warming the eggs is
reported to have beneficial effects. However, it is
risky as eggs that develop beyond the optimal stage
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Fig.5.36: Typhosis. Heterogenicity of egg Fig.5.37 & 5.38: Infectious bronchitis affecting eggs. Thin-shelled, rough, and miss-
size, small eggs, smaller eggs without vitel- hapen eggs laid by infected hens.

lus, altered eggshell (soft and easily broken),

deformed eggs.
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Fig.5.39: Infectious bronchitis. Eggs are Fig.5.41: Infectious bronchitis. From top to
more or less discolored, dirty and bloodstai- discolored, small, deformed and “rin- bottom: control eggs, bloodstained eggs,
ned. ged’; altered eggshell tend to break smaller eggs, altered eggshell (soft and
easily. easily broken), deformed eggs.
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Fig.5.42 & 5.43: Infectious bronchitis (onTeft). The internal quality of eggs may also suf- = Fig.5.44: Osteoporosis (soft eggshell).
fer. In this photograph the light is being reflected from the outer ring of a watery egg

white and there is no internal ring of albumen like in normal egg (on right).
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will have reduced hatchability, and it is difficult to
predict the correct stage of development without
extensive examination of the eggs.

MOISTURE LOSS

Often relative humidity levels in storage rooms are
increased to prevent the loss of moisture. Excessive
moisture loss will decrease egg weight, especially if
storage times are extended; it is sometimes assu-
med to reduce hatchability, although this effect is
not clear. However, increasing the relative humidity
in a storage room is not without risk, as it requires
spraying water in the room, which represents a risk
of egg contamination equal to condensation. As sto-
rage temperatures are normally reduced when sto-
rage times are extended, the level of moisture loss
will be reduced as well, due to a reduction in the
water vapor pressure deficit, the difference in water
vapor pressure between the eggshell and air that is
the driving force for the loss of moisture.

To prevent moisture loss, it is advisable to keep the
egg storage room closed (no ventilation). This
means that the egg storage room should be separa-
ted from the egg handling room, and should only
be opened when eggs need to be taken in or out. In

Maeder - LDA 22
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Fig.5.45 & 5.46: The shell of each egg should be smooth, clean and free of cracks. The egg of chickens should be uniform in color,

size and shape.
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this way, the evaporated moisture from the eggs
will be kept in the storage room, and no additional
spraying is needed to prevent the eggs from losing
excessive moisture. Furthermore, it decreases
energy costs, as there is less of a need for cooling
and heating. Air velocity does not influence mois-
ture loss, as the role of the eggshell in restricting
this loss is much larger than the “drying” effect of
air velocity.
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Fig.6.1: Vertical integration.
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Fig.6.4: Poult distribution by brooder temperature.

Daily Water Consumption (1 000 turkeys) Age Target Target
(750F to 90°F or 24°C to 3zoc) (Weeks) temperatures temperatures
Age 1n weeks Gallons Liters (°F) O
1 11 42 1 84 (77-90) 29 (25-32)
2 28 107
3 39 147 2 81 (75-88) 27 (24-31)
4 57 215
5 67 254 3 78 (73-86) 25 (23-30)
6 89 338
I ——————————————————————... 4 75 (71-84) 24 (22-29)
T
19 275 1041 5 72 (69-82) 22 (21-28)
20 277 1049
21 280 1061 6 70 (67-80) 21 (19-27)

Tab.6.1. Water consumption.
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TURKEY PRODUCTION @ #1

6. TURKEY PRODUCTION

INTRODUCTION

Turkey meat is valued as a healthy protein source
for humans. It is produced in areas of the world
where environmental conditions are conducive to
profitability, where a source of feed is readily avai-
lable, and where a sufficient supply of good quality
water is available for growing and processing tur-
keys.

Turkey production is dependent on growing facili-
ties being in close proximity to feed mills and pro-
cessing plants. Many turkey companies are verti-
cally integrated, which means that nearly all areas
of production are controlled by the company.
While growing turkeys is not difticult, there are a
number of guidelines that if followed generally
result in a more profitable operation.

FEEDING

Modern turkeys have been genetically selected for
rapid growth with muscle development primarily
on the breast and legs. This efficient protein pro-
duction depends on a constant supply of high qua-
lity feed that is balanced in nutrients, amino acids,
and minerals. Modern feed mills produce feed for-
mulated for the growth needs of turkeys during
each phase of production. Some turkey flocks will
eat 6-7 different diets during the production cycle
of 20 weeks or less. The specific feed demands of
turkey flocks must be met in order to reach the
genetical potential of the birds. Even short periods
of decreased feed consumption due to disease or
mechanical problems can result in decreased
weight gain and increased growing times.

WATER

Clean, good quality water is essential for turkeys.
Though surface water and water from shallow
wells can be used for turkey production, deep well
and municipal water sources are best for turkey
production. Turkeys drink large volumes of water
each day and even small amounts of bacteria or
other contaminants can adversely affect weight
gains or in some instances cause death. The drinker
type is not as important as the proper adjustment of
the drinkers, the sanitation of the drinkers, and the
quality of the water flowing through them. Water
administration of vaccines and antibiotics is the
method of choice for large populations of birds and
its effectiveness is dependent on good water qua-
lity. Good water quality and availability are essen-
tial for efficiency in turkey productions.

POULT PRODUCTION

Turkey production relies on a constant source of
poults. Providing poults to turkey meat growers is
a complex process of growing turkey breeders
which are not grown for meat but for the produc-
tion of fertile eggs. These breeders are selected as
breeding stock and are maintained for as long as
they are productive. Fertile eggs are the foundation
of turkey production and are transported from
breeder farms to hatcheries where they are incuba-
ted for 28 days. Once eggs hatch, the poults are
sexed (hens and toms are grown on separate farms)
and vaccinated before being shipped to the grow-
out facilities. Some poults are shipped for long dis-
tances in trucks with controlled temperature and
humidity. Most poults are placed on farms within a
few hours distance from the hatchery.

BROODING

Poults like most birds are unable to maintain their
required body temperature for the first few weeks
of life. A warm environment must be provided for
poults during this period. This is referred to as the
brooding period. Poults are placed in a house on
new softwood shavings and provided supplemental
heat which is lowered by a few degrees weekly.
Cardboard rings are set up to keep the poults near
the heat source. The goal of the brooding period is
to stimulate activity, eating and drinking.
Supplemental drinkers and feeders are generally
used during the first few weeks in order to assure
that poults readily find these resources. Poult beha-
vior is a good indicator of their comfort levels and
should be monitored frequently. Chilled poults
tend to huddle together underneath the heat source
and over-heated poults tend to move away from the
heat source. Recommended brooding temperatures
are provided to growers so that they can maintain
temperatures for optimal growth. Turkey poults are
generally brooded for 5-6 weeks.

GROWING

Once the brooding period is complete, turkeys
continue to eat and grow until they reach the des-
ired weight for processing. Turkeys that are pro-
cessed as whole birds are targeted to be processed
between 13-15 weeks (depending on rate of gain).

Birds grown for further processing are generally
scheduled to be processed at or after 20 weeks of
age. As the birds grow they become more crowded
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gall bladder and dehydration.
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Fig.6.10 & 6.11: Omphalitis with typical distended abdomen and mflamed navel (red dISC)

which can result in the development of behavior
problems in some birds. Maintaining good animal
welfare is important throughout the life of the
flock, but can become more difficult to manage as
the birds approach processing.

PROCESSING

Processing is the ultimate goal of the turkey pro-
duction cycle. Birds are scheduled to go to the
processing plant when they are within a few
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pounds of their target weight. All medications
and coccidiostats must be withdrawn from the
flocks in order to adhere to all withdrawal times
dictated by regulations.

Feed is removed from the flock for a number of
hours before processing in order to clear the intes-
tines of feed and feces. Birds are provided water
until they are placed on trucks for hauling to the
processing plant. Hauling distances and times vary,
but are generally no more than an hour or two to
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prevent dehydration and subsequent shrinkage of
the carcass. Once inside the plant birds are inspec-
ted and can be condemned for specific diseases or
for fecal contamination. Birds arriving with empty
intestines are less likely to be condemned for fecal
contamination.

DISEASE

Disease prevention is important throughout the
production cycle. Sick birds do not convert feed to
muscle very efficiently. Those with disease when
processed are at risk of condemnation. Two major
management factors related to disease are ventila-
tion and litter management. Maintaining good ven-
tilation while brooding is a challenge because
brooding temperatures must be maintained and
draftiness minimized. Ventilation benchmarks are
dependent on age of birds and ambient environ-
mental conditions. Ventilation equipment should
be calibrated often and adjustments made as nee-
ded. Litter should be managed to reduce moisture
as microorganisms enjoy a moist environment.
Keeping litter dry discourages bacteria and survival
of parasite eggs. Daily removal of wet litter com-
plemented by raking especially around feeders and
drinkers reduces pathogens and maintains litter
quality for the well-being of the birds’ feet and legs.

While biosecurity plays a major role in disease pre-
vention, vaccines are used extensively to minimize
the effects of diseases. Vaccines should be used to
prevent or reduce untoward effects of diseases
known to occur in areas near turkey farms.

Minimizing risk is the objective of vaccinating so
diseases with an already low risk of infecting a
given flock should not be the focus of a vaccine
program. Diseases known to be high risk for bird
exposure should be considered first when establi-
shing a vaccine program. The benefits of a vaccine
regimen should outweigh the cost of administering
vaccines. Regional variation in vaccine programs
reflects this concept of local risk.

Antibiotics are also utilized to minimize disease
both prophylactically and therapeutically. While
this has been an important tool in reducing produc-
tion losses in turkey flocks, judicious use of these
products is heavily scrutinized in some countries.
A number of antimicrobials have been banned or
allowed on a limited basis. As antimicrobials are
prohibited, diseases once considered rare are re-
emerging.
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Mortality in poults is largely due to management
factors both from the hatchery and on the farm.
Poults often die due to a failure to eat and drink
which results in dehydration and starvation. This
can be due to hatching conditions that result in
poults placed with little reserves for exploring
their environments. Temperature and humidity in
the hatchery can also contribute to poult mortality
in the form of omphalitis or infections resulting
from poult processing. Poult mortality can also be
attributed to management practices such an infe-
rior ventilation and temperatures. While infectious
diseases are a cause of poult mortality, most early
deaths are related to a difficult transition from the
egg to the farm.

CHALLENGES FOR FUTURE TURKEY PRO-
DUCERS

Turkey meat will continue to gain in popularity as
consumers demand a healthy source of protein.
The challenge will be to maintain the healthy per-
ception of turkey meat through vigilant adherence
to production practices that minimize contamina-
tion from microbiological and pharmaceutical
threats. As antimicrobials become less available or
less effective, turkey producers will by necessity
develop a more creative approach to disease pre-
vention and treatment.
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Fig.7.1, 7.2, 7.3 & 7.4: Phases of thermal stress. In the context of a comfortable environment, temperature maintenance is carried
out essentially by passive heat loss. When the ambient temperature increases, birds fight against an elevation in body tempera-
ture by increasing their heart rate and respiration. If their body temperature is too high, birds lie down with high heart and respira-
tory rates associated with blood alkalosis and dehydration. Finally, excessive heat causes vital distress with eventually a reduc-
tion in the respiratory rate. Evaporation is insufficient if the relative humidity is too high. The increased body temperature causes

death.
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Fig.7.5: Disturbances during heat stress. CRH : corticotropin-releasing hormone ; ACTH: adrenocorticotrophic hormone ; HSP: heat
shock proteins.
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7. BREEDING IN HOT CLIMATE

INTRODUCTION

Heat can be very costly for the poultry industry.
We must distinguish production regions in coun-
tries where it is normally warm from regions where
heat spikes may occasionally be recorded. In warm
countries, measures must be taken to continue to
produce and avoid poor flock performances asso-
ciated with heat, whereas in areas where tempera-
ture increases are only occasional, not all mitiga-
ting measures can be economically justified.

PHYSIOLOGICAL ASPECTS IN POULTRY
Thermoregulation

Birds are homeotherms. They are able to adapt
their metabolism and behavior to maintain
constant internal temperature. This adaptation
effort is essentially nil when birds are within the
thermal neutral zone. Indeed, they do not have to
use large amounts of energy to control their tempe-
rature within the thermal neutral zone. Birds will
respond to excess heat by decreasing thermogene-
sis and increasing thermolysis.

Reduction of thermogenesis

In a hot environment, the metabolism of birds is
very low, movements are very limited and feed
consumption decreases.

Increase in thermolysis

Increase in thermolysis comprises sensible heat
and latent heat.

Sensible heat is lost in droppings and eggs, but mostly
at the surface of the body by three mechanisms:

1) Radiation: If the surface body temperature is
higher than ambient air, heat is lost by radiation;

2) Conduction: Heat loss by conduction is possible
only when the body is in contact with a conductive
medium such as a wet building wall or floor of the
house;

3) Convection: The air warming on contact with
the body of a bird expands and rises, bringing
calories with it; this movement is facilitated by
ventilation and heat losses augment as air speed
increases.

Heat removal by these three mechanisms is facili-
tated by the intervention of a set of vegetative and
behavioral reactions:

- Vegetative reactions. Such reactions can be sum-
marized as an increase in heart rate and vasodila-
tion at the level of the epithelia of the respiratory
tract, legs, comb and wattles.

- Behavioral responses. The birds avoid their
flockmates, seek contact with cold objects, look for
ventilated or shaded areas, spread out their wings
and lie down on the litter. These behavioral res-
ponses are very effective on free-range farms, but
less effective in intensive poultry production and
are even completely impossible in cages.

Latent heat is expressed as the amount of water
evaporated from the bird. Since birds do not have
sweat glands, the respiratory tract is the main route
of elimination of water vapor. The inhaled air is
drawn into the respiratory tract and becomes pro-
gressively loaded with water vapor up to satura-
tion. Heat is released with the water vapor. The
amount of heat loss will depend on the ambient
temperature and relative humidity.

The increase in respiratory rate increases the
amount of heat removed. The frequency goes from
30 cycles/min when the body temperature is 41°C
to 160 cycles/min at a body temperature of 44°C.
This phenomenon, called «panting» or thermal
hyperventilation, begins when the ambient tempe-
rature is 29°C with normal humidity, or at 27°C
with high humidity.

Heat shock proteins

When chickens are exposed to a temperature of
41°C, there is an increase in the synthesis of heat
shock proteins (Hot stress protein: HSP) which are
of different types. Among them, we find:

- The HSP70 synthesized by hepatocytes which
improve the resistance of chickens to heat by acce-
lerating the recovery of nucleolar morphology
after heat shock.

- The HSP20 are abundantly expressed in smooth
muscles. They serve a significant role in preven-
ting platelet aggregation and in regulating activi-
ties of vasodilation.
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Feed intake

Environment Consumption (g/hen/day)

Temperate/tropical (24-44 weeks)

20°C 65% RH 121

30°C 90% RH 94

Variation in % -22%
Hot dry/hot humid (21-49 weeks)

20°C 65% RH 973

20°C 65% RH 86.6

Variation in % -11%

Cyclic temperature/constant (23-40 weeks)

25°C 30% HR 99.4
30°C 65% HR 92.4
Variation in % -7%

Tabl.7.1: Effects of varying the temperature and relative humidity (RH) on feed intake (according to Uzu, 1989).

S Ch teristi Value of e
core aracteristics White Strain Redhead strain
2 Almost complete 735 650
3 Areas partially uncovered 785 700
4 Several areas completely uncovered 875 790

Tabl.7.2: Energy requirement (e) for bird temperature maintenance depending on feathering score.
e = Energy requirement for maintenance depending on feathering

Laying performances
Environment o . Mean egg weight Production
% layin
P e (g/ege) (¢/hen)
Temperate/tropical

(24-44 weeks) 93.9 59.4 55.8
20°C 65% RH
30°C 90% RH 81.2 55.2 44.9

_ 0 _7o _ 0
Variation in % 14% % 20%

Hot dry/hot humid (21-49 weeks) 479
20°C 65% RH 79.3 60.4 45'1
20°C 65% RH 76.7 58.9 _4(;/
Variation in % 3% 2% °
Cyclic temperature/constant (23-40 weeks)

25°C 30% RH 79.3 58.8 46.6
30°C 65% RH 72.9 58.7 42.8
Variation in % -8 0 -8%

Tabl.7.3: Effects of varying temperature and relative humidity (RH) on egg production (according to Uzu, 1989).
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EFFECTS CAUSED BY HEAT

Effects of heat on feed consumption
Feed intake

The reduction in feed intake can be estimated to
be:

- 1.5 g per °C of temperature increase between 26
and 32°C

- 4.2 g per °C of temperature increase between 32
and 36°C

This decrease in feed intake is more important if
the temperature increase is accompanied by an
increase in relative humidity.

Energy

In light poultry strains, the regulation of feed
intake may be a function of the energy content of
the diet, as long as the ambient temperature does
not exceed much over 30°C. The change in energy
intake depends also on feathering and air velocity
as expressed by Emmans’ formula that calculates
energy intake:

(E.M./j) = WO75 (e-10.5 T) + 8,4 E + 21 dW

e = Energy requirement for maintenance depen-
ding on feathering

T = Temperature

E = egg production in g/d

dW = body weight gain in g/d

Proteins

Protein requirements remain constant even at high
temperatures. Nitrogen retention is highest bet-
ween 16 and 22°C and decreases on both sides of
these two values. Due to the decrease in feed
intake and lower nitrogen retention in hot climates,
it is necessary to increase dietary protein concen-
tration.

Effects of heat on water consumption

An increase in ambient temperature results in noti-
ceable increase in water consumption once
ambient temperature reaches at least 20°C: it is
multiplied by two when the temperature rises from
21 to 32°C and it is multiplied by three when it
goes from 21 to 37°C. The Water/Feed ratio
increases rapidly as the temperature increases, rea-
ching values close to eight at around 37°C.
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Effects of heat on growth

In broilers, the decrease in daily weight gain can
be explained by the decrease in bird metabolism
and intestinal nutrient absorption.

Effects of heat on viability

Mortality from heat stroke is mainly due to heart
failure associated with nervous disorders resulting
from alkalosis and chronic hypoxia.

Effects of heat on egg laying

High temperatures affect the quality and quantity
of egg production. This impact is due to a decrease
in energy intake and in various nutrients, and to a
disruption of homeostasis and reduction of blood
flow in internal organs, including the ovary, in
favor of peripheral tissues.

The resulting drop in egg production is more
important when the temperature increases in
conjunction with an increase in relative humidity.
Egg weight reduction comes with greater shell fra-
gility due to alkalosis and calcium leakage.

Effects of temperature cycles

Even in warm countries it is rare that environ-
mental temperatures remain constant during a 24-
hour cycle, and temperatures of 35°C can be very
well tolerated on the condition that the time of
exposure is limited to a few hours, the humidity
is low, and each day birds have a period during
which the temperature drops to about 25°C. Also,
the acclimatization of birds can improve their
resistance to heat.

One study compared the effect of exposure of two
broiler lots older than 59 days at a temperature of
40.6°C. In the first lot, reared for 56 days at 21°C
and then exposed to temperatures of 24, 35 and
24°C during the three days preceding the test, no
mortality was recorded, while in the second lot rai-
sed for 59 days at a temperature of 21°C (and then
exposed to 40.6°C), a 33% mortality was recorded.

Another study compared the behavior of two layer
lots in the Sudan and in Britain at different
ambient temperatures. The tolerance to heat was
evaluated by rectal temperature variation expres-
sed as °C/hour. Poor tolerance corresponded to an
increase in rectal temperature of 2°C/hour, while
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Fig.7.6: Roof edge overhanging to protect the
walls. A wall in the shade receives 30% less

radiant heat than a wall in the sun.

Fig.7.7: Importance of ventilation under the roof. An open ridge-vent placed as
high as possible and with a 35 to 40 degree pitch (which increases the draft).
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Fig.7.8: Ventilation objectives: except in very young birds and/or very cold time periods, temperature control is one of the main
ventilation objectives. At each stage of development, there is an optimum temperature at which birds make better use of the feed
energy for growth. Ventilation prevents overheating, maintains birds in this area of optimum performance, and evacuates warm air
from the barn. Ventilation is also the only practical way of reducing humidity and the accumulation of ammonia (according to

Campbell et al, 2011).

Te = temperature
outside the building
(°C)

~—
sosuizee | 77 omamal N\ “
a;?rair?letse / temperature of /
building (°C
(m2) \ 9(©) ; \
T ~
S — — Living area to ventilate —~— —

H = height difference
between air inlets
and outlets (m)

<=

Fig.7.9: Natural ventilation. The flow rates achieved vary depending on the air velocity, the temperature gradient between inside and
outside the building, and the height of the surface of the air outlets. They may be calculated using the following equation:

H(Ti-Te)
Te+273

Va =8700s

Va = air flow rate in m3/h, s = surface area of the air inlets in m2; H = height difference between air inlets and outlets in m; Ti = inter-
nal temperature of building in °C; Te = temperature outside the building in °C.
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rectal temperature of acclimated birds rose only
0.5°C/hour. The ambient temperatures investigated
in this study were 38°C, 40°C and 42°C. Poultry
reared in the Sudan showed an adaptation to heat
which was manifested by an increase in heat tole-
rance of 4°C compared to birds that were not accli-
mated.

LIMITING THE IMPACT OF HEAT ON POUL-
TRY PRODUCTION

The following information includes interventions
related to facilities, flock management and a cer-
tain number of therapeutic measures.

Building

Selection of production site: poultry buildings
must be open with a possible protection against
dominant winds (with bushes for example), espe-
cially against hot winds. Planting vegetation
around the building can lower the temperature in
the immediate environment by solar radiation
absorption.

The orientation of the building will be determined
by the characteristics of the field chosen for the
location, and the direction of dominant winds
which should be at an angle of about 45° to the axis
of the building. Finally, and especially in warm
countries, buildings should have an east-west orien-
tation. In this case the sun heats only the gables of
the building at sunrise and sunset. At mid-day, a
projecting ledge of the roof protects the south side
wall, the north wall always remaining in the shade.

It is important to take into account the ease of
access and proximity to market centers to avoid the
transportation of poultry over long distances under
hot weather conditions. For biosecurity reasons, it
is best to avoid major roads. If several buildings
are located on the same farm, these buildings must
not be downwind from one another.

The immediate environment of the building should
prevent the reflection of sunlight on the ground by
the maintenance of a vegetation cover. For exam-
ple, with an air temperature of 32°C, poultry
houses with clover as a cover crop around them
maintain the air temperature at 32°C, while other
poultry houses surrounded by gravel or concrete
may see their air temperature rising to 50°C and
even 60°C when houses are surrounded by clay.

Building design must help fight against the heat.
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In order to prevent heat from entering the building,
the roof and walls should be isolated, but not the
floor. The roof must be covered with reflective
materials and an overhang to offer shadow on the
walls. For the same reasons, if a ceiling exists there
must be ventilation under the roof to prevent heat
accumulation in the attic.

To remove heat from the building, large openings
(fans) and open ridges placed as high as possible
are needed. The width of the building (optimum 12
m) must not exceed 15 m and the height of the side
walls must be between 2.50 m to 2.70 m.

Ventilation plays a very important role in warm
regions. In addition to its role in supplying birds
with oxygen, it removes harmful gases (NH;, H,S,
CO,, etc.), dust and humidity. It also helps elimina-
ting excess calories.

Natural ventilation does not use any mechanical
device. Air movement is due to high and low pres-
sures caused by wind acting on the building and
the natural thermal convection of gaseous masses
at different temperatures. The air entering the
lower part of the building heats up, its density
decreases and it rises into the building to escape
through openings located on the roof (ridges or
chimney). The rates obtained vary depending on
air velocity, the temperature gradient between
inside and outside the building, the height and the
surface of the air outlets.

Despite its economic benefits, natural ventilation
has many disadvantages:

* it only works if there is a difference in tempera-
ture or air pressure;

* it does not allow airflow monitoring;

« it does not allow full darkness in buildings;

« it is often insufficient in hot weather, despite the
development of automatic control systems that
improve efficiency and performance.

With mechanical ventilation, air is drawn or forced
into the building by fans which have known speeds,
are usually adjustable and controlled either manually
or automatically. The total power of fans installed in
a building (m3/hour/kg) should be calculated taking
into account the maximum stocking density and
highest temperatures recorded in the region.

Different types of additional ventilation may be
useful to promote air circulation, increase heat
loss, improving bird comfort and thus production.
The created air movement increases convection,
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Air speed (m/s) 0.10 0.25 0.50 1.25
Cooling effect (°C) 0 0.55 1.60 3.30

Tabl.7.4: Lowering the temperature perceived by the birds as a function of air velocity (according to Sauveur, 1988)
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Fig.7.13: Closed building with lateral mecha-
nical ventilation.
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Fig.7.16: High pressure nebulization system. Fig.7.17 & 7.18: Cooling pad. Exterior appearance with partial recovery of water and
interior view.
Profile Pump Face
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the pump
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Water flow
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Fig.7.19: Cooling pad flow diagram. Obtaining lower temperature Fig.7.20: Different layout of cooling Pad. Cooling pad layout
in the barn depends on the temperature and humidity of the air on depends on the size of the poultry house, the desired coo-
both sides of the exchanger. The non-evaporated water can be ling effect and therefore the total exchanger surface to be
recycled but only partially in order to avoid excessive mineral installed.

deposits.
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losses in birds, giving them the impression of a
lower ambient temperature.

1) Fans are placed vertically in the building and
produce a horizontal airflow. This type of installa-
tion has many drawbacks (at least 75% of the air
flow passes over the area where birds are located
and thus have little effect).

2) Tubes with holes provide a rapid air stream
which attenuates quickly, thus having no effect on
the stratification of air and on the litter.

3) Circulating fans are placed horizontally and pro-
vide a vertical air flow which spreads on the floor
with the advantages of eliminating heavy toxic
gases (NH;, CO,, CO, SH,) accumulated at the
level of the litter as it dries (thus decreasing the fer-
mentation and production of gas and heat) and eli-
minating air stratification.

The principle of complementary cooling systems is
based on the humidification of the air entering the
building. The air is cooled when sensible heat is
taken out of the air and converted to latent heat via
water evaporation leading to air humidity. This
approach is less effective in climates (or seasons)
with high humidity. To promote evaporation of
water the latter must be provided either as a very
fine mist or on a very large area. This can be achie-
ved in different ways:

1) Fogging (or nebulizing) either at low pressure
(2-13 bars) giving a droplet diameter of about one
millimeter (fine rain) and a cooling efficiency of 5
to 15%, or high pressure (33 to 45 bars), where the
droplets have a diameter of about one micron (fog)
and a cooling efficiency of 50%. The frequency of
nebulization is controlled by a thermostat or by a
clock adjusted to ensure a spray cycle that takes
into account the warmest hours of the day.

2) The hydrophilic disk includes metal disks rota-
ting at high speed and generating fine water dro-
plets.

3) Cooling pads are made of a hygroscopic mate-
rial, wetted by a ramp and placed in front of the air
inlets.

4) Refrigeration units are expensive to acquire and
operate. Their installation is justified only in some
countries where energy is cheap and particularly
during periods of the year when this equipment is
considered necessary to save the flock.
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Flock management

Nests should be placed in a ventilated area. A nest
should be provided for every four hens; egg harves-
ting should be performed at least five times per day.
Eggs left at high temperatures lose CO, through
their pores, which leads to an increase in pH and fas-
ter bacterial multiplication. Stored eggs should be
refrigerated in an area between 13 and 15°C.

Limiting stress

Avoid any source of stress: visits, manipulations,
etc.

Bird density

Bird density must be reduced at least 20% during
very warm periods. This density reduction lowers
heat production by birds and the litter, and ensures
a better flow of birds to the most ventilated areas
and better access to drinkers.

- Broiler breeders: 3.5 to 4.5/m?

- Egg-laying breeders: 4.5 to 5/m?
- Pullets and layers: 4.5 to 5.5/m?
- Broilers: 8 to 11/m?

Drinking water

Water represents 70% of a chicken’s body weight.
So, water is essential for the bird’s metabolism and
is an important element for thermoregulation.
Access to clean water should be easy, germ-free,
and at a temperature lower than the core body tem-
perature. There should be a sufficient number of
drinkers:

- Cage: 1 nipple for 1-3 hens and 10 cm linear drin-
ker space per hen.

- On the ground: 14 m linear drinker per 1,000 hens
and 12 round drinkers per 1,000 hens.

Feed
Formulation

To offset the reduction in feed intake in broilers, a
high energy ration of 3,200 kcal metabolizable
energy (ME)/kg should be available with a higher
fat content; since digesting fat produces less meta-
bolic heat than carbohydrates. To maintain produc-
tion performance without increasing protein levels
in layers, the diet must be supplemented in amino
acids, especially lysine and methionine.
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Fig.7.22: When high mortality suddenly occurs in a flock, it is
important to differentiate heat stroke from poisoning, power
outage or hyperacute infection.
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Fig.7.21: Excess heat ma cause feather loss.
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Fig.7.23: Actions to correct disturbances induced by heat stress.
Feed distribution schedule Storage

Digestion is accompanied by secretion of
hydrochloric acid in the proventriculus that can
exacerbate alkalosis, as well as increasing intes-

Feed must be ordered in small quantities in order
to continually provide fresh feed and limit the pro-

liferation of molds and mycotoxins.

tinal motility, which leads to thermogenesis. It
is also established that fasting 3-8 hours before
a period of high heat is preferable in terms of
maintaining feed intake, production perfor-
mance and viability. Feed distribution must be
done very early in the morning. If necessary, the
lighting program can be modified to ensure that
feed is distributed before daybreak.

What to do in case of heat stroke

In case of heat stroke, the following measures
should be considered:

1) Open wide the building by placing awnings over
the doors to prevent direct sunlight from entering.
2) Favor some bird movement, which encourages
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them to drink and facilitates air movement.

3) If ventilation and cooling are inadequate to help
birds endure a heat stroke, it may be worth wate-
ring them and even immersing them (small flocks)
for about two hours.

Therapeutic measures

Some precautions must be taken if medication is
needed during a heat stroke. For drugs incorpora-
ted in the feed, one should take into account the
decrease in feed intake. Whereas when drugs are
administered in drinking water, one should be
cognisant of increased consumption but also of the
evaporation of treated water which may increase
drug concentration.

Correcting the acid-base balance

Sodium bicarbonate (NaHCO3) is administered in
drinking water at a concentration of 0.5% or incor-
porated into the feed at a concentration of 4 kg/ton.
Ammonium chloride (NH4Cl) is administered in
drinking water at a concentration of 0.3 to 0.5%,
with a risk of acidosis beyond 0.6%. The combina-
tion of NaHCO; and NH,Cl at recommended doses
gives better results than by administering them
separately. Sodium chloride (NaCl) at a dose of 3 to
5 g/l does not generate alkalosis, but increases the
ingestion of water as long as its temperature is rela-
tively low. Potassium chloride (KCl) at a concen-
tration of 0.1 to 0.2% may also be used.

Energetic substances

Carbohydrates compensate for energy losses and
increase watering. The protection of hepatocytes is
provided by sorbitol and choline particularly when
using fat (vegetable oils) to increase the feed
energy intake.

Carnitine

The consumption of carnitine can increase water
consumption and eliminate excess free fatty acids.
This treatment can also be recommended as a pre-
ventive measure.

Vitamins

Vitamin C (ascorbic acid) and E can be recommended.
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Nonsteroidal anti-inflammatory drugs (NSAIDs)

NSAIDs interfere with prostaglandin synthesis
acting on the thermoregulatory centers. Two subs-
tances may be used:

- Flunixin at a dose of 5 mg/liter of water for three
days.

- Acetyl salicylic acid (aspirin), long recommen-
ded in the treatment of heat stroke, alone or
combined with vitamin C at a dose of 300
mg/liter of water for 1-3 days.

Other substances

Phenothiazine may be incorporated in broiler feed
at the dose of 2.5 to 5 g/kg of body weight.

Antibiotics

Erythromycin and oxytetracycline stimulate
growth performance and reduce mortality.
Bacitracin zinc stimulates the immune response
and increases feed consumption at a dose of 55 g/t
of feed (continuous feeding during hot season, and
at 110 g/t during very hot periods).
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Layers Broiler Parameters/season Summer Winter
Fresh droppings| 78% 74% Daily production 7 -8 m3 5-6m3
Manure 25% 37% Annual production 2,400 - 4,000 m3 | 1,800 - 3,000 m3
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Fig.8.2 & 8.3: Poultry manure storage facility in Canada (inside
and outside).
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LF.ig.8.11: Plant for the liming of laying hen drop-
pings.

Fig.8.10: Granulation plant processing laying hen droppings.
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POULTRY DROPPINGS & MANURE @55

8. POULTRY DROPPINGS & MANURE

INTRODUCTION

The industrialization of poultry production has
contributed to the creation of regions of high poul-
try density in the world. High animal density
creates environmental challenges. When not mana-
ged properly, it causes different types of pollution
(e.g., visual, with drastic changes in landscape;
olfactory, noise). It can also contribute to water and
soil contamination.

In some regions, waste produced by commercial
poultry operations can be very important. Given
today’s interest in the environment, people living
in these regions are more sensitized to potential
consequences and poultry managers must not
neglect this new reality.

In response to these concerns, different storage
solutions, treatments and uses of poultry manure
have been developed, among other reasons, to help
preserve natural resources. The implementation of
these strategies meets several objectives. At the
farm level, the main objectives are to preserve
water resources and the farmer’s quality of life; at
the regional level, the goals are to prevent or limit
damage to the environment and prevent obstacles
to the poultry industry’s development while pro-
tecting its image.

Definitions

In this chapter, we are referring to manure, slurry
and droppings. It is important to understand the
meaning of these words. Droppings refer to the
waste produced by the birds. Manure, in the
context of this chapter, refers to the mix of drop-
pings and litter used for raising flocks. The expres-
sion “used litter” is synonymous to manure. Slurry
is poultry droppings with added liquid, giving
droppings a more liquid consistency.

MANURE PRODUCTION
Quantity

The amount of waste produced varies according to
the species, market conditions, feed consumption,
bird weight, and length of production cycles. The
moisture content and the litter depth at the time the
house is cleaned out are the primary factors that
affect the amount of litter produced in broiler and
turkey houses.

Here are quantities generated according to the
main types of poultry production:

- In broilers, after 6 weeks, about 1 kg of dry
manure has been produced per bird;

- In pullets, 12 kg of droppings is produced by 20
weeks of age;

- In laying hens and breeders, 150 to 200 grams of
droppings per bird per day, with an average annual
production of 65 kg;

- In turkeys, from 11 to 15 kg of manure on ave-
rage by 12 to 15 weeks of age.

Quality

The composition of manure depends on several
factors. The water content varies with the ambient
temperature, the health status of the flock, storage
conditions, efc. But, the more manure is humid, the
more it will tend to lose gaseous nitrogen (mainly
ammonia). Poultry manure is characterized by
high concentrations in nutrients (nitrogen, phos-
phorus, potassium, calcium, trace elements),
which makes it valuable for agricultural use.

STORAGE OF MANURE & SLURRY

Manure can be stored either directly on the ground
or on a specially designed platform, covered or
not. Slurry can be stored in deep pits or under slat-
ted floors; storage outside the barn will be in pits,
covered or not, made of concrete, geomembrane or
vitrified cobalt steel plate sealed with a special
sealant to prevent corrosion.

TREATMENT OF MANURE

Odor control

It would be ideal to completely block odors gene-
rated by poultry manure. In practice, we can only
minimize odors, which may be assessed using the
following methods:

- The olfactory analysis assesses the concentration
and intensity of the odor. The concentration of an
odorant mixture is defined as the dilution factor
required to reducing the odor to a point that at least
50% of participants representing the general popu-
lation can no longer smell the substance (K50).
The K50 is determined by presenting to each
member of a jury (4 to 16 people) the sample taken
with different degrees of dilutions, which requires
an olfactometer. This device allows diluting a gas
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sample with odorless air and the diluted manure
samples. The odor intensity is obtained by compa-
ring each sample to reference samples representing
a range of odor intensities. The precise measure-
ment method is described in the norm NF X 43-
103.

- The physico-chemical analysis helps identify the
composition of the sample. It is based on deman-
ding techniques using gas chromatography and
spectrophotometry. In the field, simple techniques
are usually based on colorimetric tubes (Draeger,
Gastec, etc.) to assess the concentration of certain
gases (NH5, H,S, etc.).

Several techniques are available to reduce
unpleasant odors:

- Building ventilation can partly prevent the pro-
duction and accumulation of odors.

- Phase separation of manure is a process often
used for the treatment of cattle and pig manure, but
it is more difficult to use for poultry manure
because of its pasty consistency. This technique
consists in sifting the product to separate it into
two phases, a liquid phase and a solid phase consis-
ting of organic material that can then be used as
fertilizer.

- Oxygenation is a process designed for the treat-
ment of slurry and therefore is applicable only to
poultry manure collected in this form. The method
consists in blowing air with oxygen promoting
aerobic microbial growth and thus stabilizing the
organic matter, resulting in a relative deodoriza-
tion. A trickling filter is used to run off the slurry
on porous material, to subject it to aeration. The
advantage of this technique is its low demand in
energy. A daily aeration easily allows the oxidation
of organic matter and prevents fermentation. The
equipment used includes either surface aerators, or
air-blowers.

- Additives are more or less specific and act either
immediately or in the long run. Some are masking
products (bad odors are masked by a very strong
pleasant smell), others are oxidants. Essential oils
are also used. Additives can only be used with pre-
caution and in a punctual way and for a limited
period of time. They are used in poultry buildings
and their application depends on whether they are
in liquid or solid form. Solid forms are applied to
the entire surface of the building. The liquid forms
are often disseminated by spraying or misting.
Some of these products can also be put in storage
pits or slurry tankers at the time of application. The
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effect of these products on the soil and plants is
nil, due to the low concentration used and the bio-
degradability of their components.

From a purely technical point of view, controlling
odors remains difficult and all available tech-
niques do not have the same level of effectiveness.
Moreover, it is a non-productive expenditure,
with no real economic value unlike techniques
designed to market manure as fertilizer.

Dehydration & pasteurization

The water content of droppings of caged hens is
often between 70 and 80%. Dehydration is a tech-
nique designed to reduce the water content and
thus the volume of manure to reduce odors and
turn droppings into a marketable product.

Methods

Natural dehydration is based on applying negative
pressure ventilation into the building, with an air
extraction from the pits, which depth is limited to
0.6 m for six-month storage and 1.2 m for 12-
month storage. This system has the advantage of
requiring no energy other than that required for
ventilating the building.

Battery cages with an integrated manure drying
system that operates according to the season and
the needs to renew air in the building. The air is
drawn either from within the building or from out-
side. Air is forced through polyethylene ducts and
is distributed directly on the carpet where drop-
pings are being dehydrated. Substantial energy
savings can be achieved by the installation of heat
exchangers that can heat the outside air in contact
with the ambient air of the building during cold
periods of the year.

Dehydration using solar energy is an American
technique. Manure from barns is moved to a
greenhouse. The manure deposited daily in the
greenhouse is raked at an adjustable height to ini-
tially spread the humid manure pile; in a second
phase of the operation, the dry layer on top of the
pile is then removed.

Mechanical dehydration requires the use of a spe-
cific machine, called “dehydrator”. The principle
of this machine is the use of a flow of hot air in
order to lower water content from 75% to 15%.
This decrease is considered sufficient for the stabi-
lity of the dehydrated product. There are two types
of dehydrators. One is essentially a rotating oven
where droppings are heated to about 900-1,200°C,
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which produces a dry product. The second
involves the use of an enclosed space for stirring
and heating the waste until the water content is
completely removed. These fixed dehydrators are
simple machines that are not likely to catch on fire.
Thermal efficiency and odor reduction are satisfac-
tory and the resulting product is very homoge-
neous.

Dehydration may also have a negative side,
depending on the system: persistence of an unplea-
sant odor, high energy consumption, cost of equip-
ment and the necessity to have enough manure
(production site with at least 50,000 hens) to offer
an adequate return on investment, the need to have
a special location and ancillary equipment (eleva-
tor, screw conveyor, bagging), extra labor, energy
cost, efc. Furthermore, various studies have shown
that dehydration does not sterilize droppings. To
solve this problem, a pasteurization process may
be added. The idea is to bring the dehydrated pro-
duct to a temperature of 100-105°C for 30 minutes,
followed by a cooling phase. Samples should be
taken daily for analysis.

Incineration

At the farm level, in countries where it is authori-
zed, the incinerator is used to burn droppings, as
well as dead farm animals and household waste.
The combustion chamber comprises a smoke
chamber where the smoke is processed in order to
avoid spreading residues and odors in the atmos-
phere. The incinerator is topped by a heat air
exchanger, although most function with water. The
hot water produced goes to poultry buildings
where it will supply heaters or a network of pipes
present in the concrete floor.

This type of incinerator is considered useful
because it produces heat that may be used to start
a new flock as it gets rid of the manure.

At the industrial level, incineration can be used to
generate electricity. The first power plant using
poultry manure had a capacity of 12.5 megawatts
and was installed in Great Britain. Manure is bur-
ned at 850°C to produce steam that spins turbines
producing electricity. Ash, representing only 10%
of the burned manure, and dust produced with this
process are marketed as fertilizer.

The disadvantages of incineration: this approach
requires major investments. Due to corrosion pro-
blems, the life expectancy of the equipment may
be limited; finally, the burning process reduces the
fertilizing value of the final product.
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Methanization

This process is inexpensive and easy to apply, even
on a farm. It consists in storing manure in sealed
tanks to induce, by anaerobic fermentation, the
emission of gases primarily rich in methane (45-
55%) and carbon dioxide (40-50%). Other gases
can be emitted in negligible amounts (hydrogen,
oxygen, etc.).

The principle of methanization is a breakdown of
cellulose in the presence of water. Manure fermen-
tation is preceded for a short duration by a highly
exothermic pre-aerobic fermentation. The level of
heat produced will keep the reaction at the opti-
mum temperature of 35°C. Indeed, methane pro-
duction starts only when the temperature is at least
20°C. Then, it increases rapidly and proportionally
with higher temperatures until 35-37°C. At more
elevated temperatures production stops. Maximum
production is reached within days and will even-
tually weaken after four to six weeks. Under these
conditions, it will be possible to collect 60-80 m3
of methane from a ton of manure, and 200-250 m3
from one ton of straw. The difference in gas pro-
duction is due to the proportion of cellulose in each
product. Anaerobic digestion improves the fertili-
zing value of manure, with only a 10-15% reduc-
tion in weight. Methanization also improves the
phosphorus and potassium content of the final pro-
duct.

A methanization unit includes a cylindrical tank,
also called digester, connected through a pipe to a
gas recovery bell called gasometer. The amount of
methane produced by an eight cubic meter tank
varies according to the season.

The average annual production of a tank is 2,000-
3,000 m3 of methane. Since the calorific Value of
methane is about 5,500 to 6,000 kcal/m3, the
annual energy production is estimated to be 12 to
16 million kcal, equivalent to 2,000 liters of fuel.

Limitations of methanization. Like for any orga-
nic material, manure is suitable for anaerobic
digestion if in a liquid state (slurry) for easy hand-
ling and dilution of other substrates. Despite its
low methanogenic potential, it has the advantage
of providing a fresh supply of bacteria and of
having a strong buffering capacity ensuring envi-
ronmental stability. Manure is also interesting
because it has a high solid content, which is useful
to support the bacteria inside the digester.
However, this also makes it more difficult to
handle and more expensive to use (injection into
the digester and energy required for the mixing
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Fig.8.12: Spreading of poultry manure. X
spreading table.

process). Therefore, manure must either be mixed
with slurry in a pre-pit and pumped into the diges-
ter or introduced by means of a hopper. Manure
can be used in a dry methanization process, but
very few data are available on this. Finally, unlike
other animal waste, poultry manure and droppings
are very rich in nitrogen, which inhibits the pro-
duction of biogas. Similarly, if the slurry is too
diluted it will have a low methanogenicity. That is
why these products are only allowed in small
quantities in digesters.

Composting

Spreading poultry manure on cropland can pollute
ground waters, the environment, and produce noti-
ceable odors where it is spread. Composting can
reduce these problems by transforming the manure
into a stable, smaller product rich in organic mat-
ter. Poultry manure compost contains 80 % solids,
reducing moisture content by about 50%.

Composting is an exothermic oxidation of organic
matter by aerobic microorganisms, which requires
the right combination of moisture, pH, temperature,
oxygenation and aeration of the composting pile.
The composting process consists of four phases:

1) The mesophilic phase that allows the bacterial
decomposition of easily degradable organic mat-
ter. With this process, the temperature rises from
15°C to 45°C.

2) The thermophilic phase that provides the
decomposition of the more complex organic mat-
ter (fat, cellulose...) by actinomycetes and fungi.
The temperature rises from 45°C to 70°C.

3) The cooling phase which is characterized by a
decrease in fermentation and the development of
humification (humus production).

4) The maturation phase, which completes the
humification process and results in a stable dry
product with high fertilizing value.
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Fig.8.14: Spreading poultry manure with a
drip hose system.

Granulation

Associated with grinding and dehydration, the gra-
nulation of poultry manure and droppings provides
a homogeneous stabilized and sanitized product
generating little nuisance and easier to measure
out, sell or use. The system consists of a mill and a
press from which the product leaves at a tempera-
ture of 70°C. A cooler can return the product to
room temperature and a cyclone technology is
used to retrieve dust back into the system.

Liming

Liming is a method developed to convert manure
into organic-mineral fertilizer by adding calcium
oxide. The resulting chemical reaction is exother-
mic and leads to the destruction of pathogens that
could be present in the manure, as well as flies and
their larvae, which has the added benefit of saving
on larvicides and muscicides. Lime treatment pro-
duces a stable odorless product capable of being
marketed. However, this treatment occasionally
generates strong ammonia emissions.

Biological treatment (adding bacteria to the litter)

The use of a biological treatment in poultry litter is
justified by the microbiological transformations of
litters throughout the growing period, leading to
the proliferation of harmful flora consisting mainly
of facultative aero-anaerobic bacteria. This flora is
dominated by enterobacteria and coliforms which,
even if not primary pathogens, pose a risk to wea-
ker birds when concentrations exceed 105 orga-
nisms per gram of litter. These colonies can also be
formed by pathogens such as Escherichia coli,
Salmonella spp. or Staphylococcus spp..

The regular input of a specific flora on litter directs
the microbial growth and modifies the degradation

C Aubert - ITAVI
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of organic matter, leading to a beneficial matura-
tion. Bacterial competition fostered by these inputs
results in a drastic reduction of pathogens in the lit-
ter. Indeed, the use of a bacterial inoculum contai-
ning different strains of Bacillus subtilis (or other
strains of B. sphaericus and B. thuringiensis sero-
var israelensis) can be beneficial via competitive
exclusion reducing pathogens in the litter.

USE OF POULTRY MANURE & DROPPINGS
Agricultural use

The composition of poultry droppings and manure
justifies their use as fertilizers. Their nitrogen
content limits their use on some sensitive crops.
Forage plants and corn support higher intakes. The
loss of nitrogen by the release of ammonia is impor-
tant during storage and spreading of poultry manure.
Phosphorus is used by plants after transformation by
the microbial flora of the soil. It is retained by the
clay-humus complex of the soil. It can be lost by sur-
face water runoff. Potassium is used by roots as
potassium salts. It is lost by soil leaching.

The agricultural use of poultry manure and drop-
pings is economically interesting and it is a natural
way of recycling waste. It offers a balanced product
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containing all the elements necessary for the growth
of many plants; it reduces the need for mineral ferti-
lizers; and it provides organic matter. However, any
excess in application risks causing toxicity, pollu-
tion, water saturation of the soil and odors.

Spreading & burying

In order to use the right quantity at the right time,
it is useful to rely on suitable equipment to pro-
perly apply manure. For solid manure, spreaders
with horizontal drums and possibly a spreading
table are preferred. For slurry, the most common
system is the nozzle/flapper, but drip hose or incor-
porators are also used.

Burial/slurry injection currently remains the most
effective solution in terms of solving volatilization
and odor problems. However, it requires greater
pulling power. This can be done on bare soil or
stubble fields. There are three types of distinct
stone buriers/injector: stoneburiers for cultivated
soils, stoneburiers for grasslands and polyvalent
mixed or all-terrain stoneburiers. However, if this
type of equipment is not available, it is always pos-
sible to bury slurry or manure immediately after
application with a tractor with a plow or a disc
stone burier.
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What is animal welfare?

Physical attributes of animal Culling/Euthanasia

Daily care
Nutrition Handling
Animal health Animal well-being
(physical) (behavior)
Equipment (set-up Genetics
Health status and maintenance)
(vaccination and Transportation

disease freedom)

Robustness Environment Sustainability

Fig.9.1: What is animal welfare?
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newly hatched poultry should be used to verify health, comfort the potential for injury. Example of a leg string amputation in a
and the robustness of the birds. In this example, the posture and broiler chicken.

behavior of the chick on the left highlights a concern with the

chick’s well-being and quality.
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Fig.9.4 & 9.5: Temperature, humidit
dration in 3 day-old chicks.
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y and air quality are important factors of welfare during incubation period. Examples of dehy-
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9. POULTRY WELFARE

INTRODUCTION

Animal welfare incorporates the physical health and
the mental (behavioral) well-being of the animal.
These two major components, physical and beha-
vioral, are interlinked with each other and encom-
pass all of the people, actions, equipment and pro-
cedures that are included in the supply chain for the
poultry industry. For example, if a bird is injured,
the negative impact that the injury has on the bird’s
physical well-being is often reflected in the bird’s
behavior as evidenced by changes in posture, social
interaction, or activity level, etc. Similarly, when a
poultry flock has good health, receives quality nutri-
tion and has an appropriate environment, the physi-
cal and behavioral well-being of the flock will be
reflected positively as supported by good growth,
development, good activity level and the expected
production outcomes.

In this chapter, various aspects of poultry welfare
will be highlighted with the objective of optimizing
animal health and well-being during all phases of
the poultry supply chain from the breeder farm to
the hatchery to the grow-out facility to the slaugh-
ter plant. For all of these phases, areas of poultry
welfare will be emphasized that can help limit the
potential for pain or injury to poultry, limit the intro-
duction of disease that can negatively impact ani-
mal health, and optimize the conditions for the
growth, performance and well-being of the animal.

In general, to verify optimal conditions for poultry
welfare the following items should be included in
daily checks and frequent quality assessments: pro-
vision of a secure environment to limit the potential
for injury, escape or entrapment of birds; use of bio-
security methods and procedures to limit the expo-
sure to or introduction of disease; appropriate hand-
ling methods and use of equipment to minimize
stress and the potential for injury; programs to eva-
luate sick or injured birds for culling or recovery,
and use of appropriate methods of euthanasia to limit
suffering of culled birds.

HATCHERY PRACTICES TO OPTIMIZE POUL-
TRY WELFARE

For all poultry, regardless of species, breed or type,
life begins in the hatchery. Therefore, it is critically
important that hatchery practices and equipment are
optimal to promote good poultry health and welfare.
The primary areas that can have the greatest impact
on poultry welfare are hygiene, mechanical factors
and people. If poultry are compromised in quality,
health or well-being by any of these factors, their
performance and survivability may be negatively
impacted. To incorporate all aspects of the hatchery,
consider the following areas and the actions or pro-
cedures that can have a direct impact on poultry wel-
fare: incubation period, hatchery hygiene, hatchery
equipment and interventions for day-old poultry.

Incubation period

Temperature, humidity, air quality, and manipula-
tion of the eggs are the primary factors in this period
to ensure that poultry will hatch and that quality will
be optimal for the species. If any one factor, or a
combination, is compromised the appearance and
characteristics of the new hatchling can be negati-
vely impacted. Examples of this include: embryo-
nic mortality; poor uniformity of hatch within expec-
ted time frame; poorly healed navels; anatomical
abnormalities; inadequate moisture loss during the
incubation procedure; dehydrated and/or weak
chicks.

Hatchery hygiene

Hatchery hygiene (eggs, equipment, facility, person-
nel, efc.) is one of the most critical aspects of pro-
ducing healthy poultry and limiting contamination.
Items to include are: egg quality (quality and clean-
liness standards of hatching eggs and health status
of flocks providing eggs for the facility); use of
disinfectants (use and application of approved pro-
ducts to limit bacterial and fungal challenges in the
facility and on equipment); cleaning protocols for

Manual of poultry diseases



62 ® GENERALITIES

Fig.9.6: Equipment must be maintained and procedures in the Fig.9.7: Minimizing drop distances and providing anti-slip sur-

hatchery must be carefully monitored to reduce the risk of faces are important to prevent tumbling and injuries that can

damage as seen with this pinch-point injury. have negative consequences for the chick’s development and
survivability upon arrival at the farm.

Barger
K Barger

e
Fig.9.8 & 9.9: Hatchery interventions (toe-nail trimming for males and vaccination for day-old poultry) provide a net welfare bene-
fit for the bird and the flock but procedures must be conducted to limit chick injury and to guarantee quality and accuracy.

HJ- Barnes

HJ Barnes
HJ Barnes
LDA 22

Fig.9.11: Severe toe trimming (2 day-

Fig.9.12 & 9.13: Severe beak trimming in a
old turkey). Normal (top) vs affected old turkey). one day-old poult (top) and in a 18 week-old
(bottom) feet. hen (bottom).

Fig.9.10: Severe toe trimming (8 day-
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equipment (incubators, hatchers, and all chick and
egg processing equipment must be thoroughly clea-
ned to remove organic matter before disinfectant can
be used); biosecurity procedures for entry of per-
sonnel and equipment must be adequate to limit the
introduction of disease (for example, the use of sho-
wers and/or required clothing/shoe change, limiting
entry of personal items that may be contaminated,
limiting introduction of equipment or tools used with
other live poultry).

Hatchery equipment & procedures

Once the poultry have hatched, they must be pro-
cessed to separate the chick from the egg remnants
and to evaluate the chick for quality characteristics.
Depending on the species and type of poultry [bree-
ding purpose or commercial (egg/meat) purpose],
further processing requirements may be needed. For
all of these procedures, the set-up and the mainte-
nance of the equipment and chick handling must be
applied in such a manner to minimize injury, to
reduce stress, and to optimize bird comfort and well-
being. Specifically, the following should be moni-
tored each day when poultry are hatching: handling
method(s), surface or flooring, equipment set-up and
maintenance, hatchery interventions, ventilation,
holding time and dispatch for transport.

Handling method(s)

Newly-hatched poultry should be handled carefully
while supporting the body. To prevent injury, they
should not be handled by the head, neck or legs (only
during feather-sexing should chicks be handled by
the wing). When chicks are placed into box or fun-
nel, the drop-distance should be reduced as much as
possible to minimize the risk of injury. In many hat-
cheries, this drop distance is maintained at 6 inches
(15 cm), and should not exceed 12 inches (30 cm)
to avoid injury to the neonate poultry.

Surface or flooring

The flooring of boxes, ramps, conveyors, etc. must
be satisfactory for newly hatched poultry to reduce
the chance of slipping, tumbling and toe/foot/leg
injury as this can result in a negative consequence
for the early survivability of the poultry and their
capacity to thrive upon arrival at the farm. In many
hatcheries, a texturized paper or pad is used in trans-
port boxes to help absorb any moisture or fecal mat-
ter from the birds while also providing a stable, non-
slip surface.
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Equipment set-up & maintenance

While newly-hatched poultry are very resilient, the
set-up and the maintenance of equipment are criti-
cal to limit injury, stress and disease exposure during
the hatching and processing periods. Examples of
items to check include: hygiene of equipment before
use; elimination of possible pinch-points and areas
where chicks can be trapped, fall, escape, or become
injured; equipment set-up to limit drop distances,
rough movements or possible areas where too many
chicks may accumulate leading to suffocation.

Hatchery interventions

An intervention is defined as a modification or mea-
sure whose purpose is to improve health. The inter-
vention applied will be directly linked to the type of
poultry (species, breed, gender), the end purpose of
the bird (breeding, egg-laying, meat), the farm envi-
ronment where the birds will be raised (housing and
equipment type), and the requirements (or limita-
tions) set by the farmer, company or government
where the birds will be raised. For poultry in the hat-
chery, these interventions may include: vaccination,
beak-trimming, toe-nail trimming, dubbing, or
removal of the spur on a male chick. It is important
to realize that each of these interventions can have
a net welfare benefit for the future health and phy-
sical and mental well-being of the bird and the flock.

Vaccination. This procedure involves the applica-
tion of a specific vaccine with the goal of stimula-
ting the immune response and preventing disease in
the flock. Vaccines may be applied in a variety of
methods (in ovo, neck injection, leg injection, spray)
and care must be taken to optimize handling and vac-
cination accuracy when the procedure is carried out
in the hatchery. For day-old vaccination, quality
assessments should be conducted in the hatchery to
verify the method of application (amount of vaccine
administered, hygiene involved in the preparation
of vaccine and application of the vaccination, and
the accuracy of equipment utilized) and the welfare
results for the bird (lack of injury and limited stress
from application).

Beak trimming. This procedure involves the remo-
val of the tip of the beak with precision equipment
in the hatchery. The goal of this intervention is to
produce an ideal beak length and shape for the bird’s
longevity. Benefits include avoidance of an uneven
or overgrown beak that may inhibit the bird’s capa-
bility to eat, drink, or mate, and to prevent problems
with cannibalism.

Manual of poultry diseases



64 ® GENERALITIES

Fig.9.14: Newly hatched poultry depend on
people and equipment for optimal tempera-
ture and ventilation in the hatchery.
Evaluation of equipment settings and verifi-
cation of bird behavior (cold-stress in this

example) are both important. chick.

Toe (nail) trimming. This procedure involves the
removal of the toe-nail of the bird, with the goal of
having a healed toe without the presence of the nail.
For breeding poultry, it is normally applied to the
back toes of the male bird, but may be applied to
other toes depending on the species and the purpose
of the bird. Benefits of this intervention include the
prevention of problems with the male damaging the
females during mating, and reduction of scratches
for birds within the flock.

Despurring. This procedure involves the removal of
the spur on a male chick with the goal and long-term
benefit of preventing injuries to hens and other males
if older birds fight while in the production house.

Dubbing. This procedure involves the removal of a
portion of the comb on a chick with the goal and
long-term benefit of preventing injury if older birds
fight while in the production house, and preventing
the possibility of males becoming hung or caught
on feeding equipment when mature.

Ventilation

Newly-hatched poultry are poikilothermic, meaning
that their internal temperature can vary with the tem-
perature of the environment. For this reason, the
temperature and the ventilation of the processing
room and holding area of the hatchery are very

Manual of poultry diseases

sk 1 ad
Fig.9.15: If newly-hatched poultry are
too hot or too cold, there is a chance
of having increased stress that can
result in reduced absorption of the
yolk sac and the possible death of the
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R, L
Fig.9.16: It is important to maintain dry bed-
ding for poultry and therefore to minimize
pododermatitis due to exposure to moist
flooring and high ammonia.

important to limit stress due to temperature
(hot/cold). Adequate ventilation should be provided
to maintain the correct temperature for the comfort
of the chick at all times. In addition to verifying
equipment settings for temperature and ventilation
within the hatchery, staff members should also be
trained to evaluate bird behavior for signs of ther-
mal stress. For example, if the chicks are cold, they
will clump together in a group to avoid the draught
or cold air. If they are too hot, open-beak breathing
or panting can be observed. In both situations of ther-
mal stress, chicks will be noisy and their behavior
will demonstrate their physical discomfort.

Holding time & dispatch for transport

Newly-hatched poultry can survive for 1 to 3 days
without feed and water due to the highly nutritious
yolk sac present in their abdomen. Nonetheless, time
is a serious component and waiting periods must be
minimized so that chicks can be quickly and safely
dispatched when ready. Both the holding room and
the transport vehicle must have adequate ventilation
and must maintain the correct temperature to
enhance bird comfort and well-being until the birds
reach the farm and have ready access to feed and
water. If newly-hatched poultry are too hot or too
cold, there is a chance of having increased stress that
can result in poor uniformity, reduced absorption of
the yolk sac, and the possible death of the chick.

J Bertin
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FARM PRACTICES TO OPTIMIZE POULTRY
WELFARE

Upon arrival at the farm and until the point of depar-
ture from the farm, the physical and mental needs
of the bird and flock are the responsibility of the far-
mer or farm caretaker. Specifically for the farm, it
1s important to realize that welfare requirements may
vary according to species, type of operation, pur-
pose or type of flock [breeding or commercial
(meat/egg)], and the legislative or customer requi-
rements for poultry in the country where they are
being raised. The following general items should be
considered to optimize poultry health and well-being
on the farm:

Housing or shelter should be secure and provide
an environment for poultry that limits exposure to
disease, rodents, extremes in temperature and wea-
ther. Flock density should be managed in such a way
to allow birds to express normal behavior and to
minimize the possibility of over-crowding, piling
and scratching. The house or shelter must be main-
tained and in good quality to prevent bird entrap-
ment, escape and injury.

Feeding and drinking equipment should be well-
maintained to provide feed/water to the entire flock
with minimal stress. Consideration should be given
to the distribution, height, location, hygiene, type
and maintenance of the feeder and drinker systems
so that all birds can freely access feed and water
without risk of injury or stress.

Temperature/ventilation should be appropriate for
the age and type of poultry to provide optimal com-
fort (ambient temperature and humidity within hou-
sing), introduce fresh air, and to remove noxious
gases [ammonia (<25ppm), carbon dioxide
(<3000ppm)]. Ventilation and temperature control
are also important to maintain dry bedding (litter
moisture content should be <30%) for poultry and
therefore to minimize pododermatitis and hock burn
due to exposure to moist flooring and high ammo-
nia.

Handling & procedures by farm staff

Farm staff or personnel working in the house or envi-
ronment need to be trained in handling and move-
ment techniques so that stressful procedures can be
minimized within the flock. Personnel should avoid
loud, sudden or drastic movements that may cause
flightiness and nervousness within the flock. Equip-
ment used for procedures (vaccination, selection,
movement, sorting, catching, etc.) should be well-
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maintained and used in a manner that limits the
potential for injury, entrapment, stress, disease expo-
sure, and death. When lifting or carrying a bird, the
wings or legs can be used and this may vary based
on the size, age, type and weight of the bird. Birds
should always be kept calm to limit the potential for
stress, scratching, bruising, and bone breakage.

Biosecurity & health status

Biosecurity requirements must be enforced for all
farm staft and visitors. The reason for the biosecu-
rity measures is to prevent the initial introduction of
disease in the flock and to prevent spread of the
disease within the farm if present. Specific biosecu-
rity requirements for entry and for movement within
the farm will vary based on the type of bird, the
disease risk in the immediate and regional area, and
the company or farm’s requirements. Monitoring the
flock’s health status via physical observation, col-
lection of samples and diagnostic testing is impor-
tant to quantify the health and disease status for the
birds. Early disease detection and preventing disease
spread are important for the well-being of all of the
birds in the flock.

SAMPLING PRACTICES TO OPTIMIZE POUL-
TRY WELFARE & HEALTH

The accuracy and the frequency of collection of sam-
ples from the flock are important for disease diag-
nosis. As mentioned previously, early disease detec-
tion and preventing disease spread are important for
the well-being of all of the birds in the flock. From
an animal welfare viewpoint, sampling practices
should incorporate the following aspects to enhance
bird health: method for sampling birds within the
flock and handling of birds for sample collection.

Method for sampling birds within the flock

In the majority of poultry flocks, a set number of
samples will be collected from various birds and the
result of these samples will indicate the status of the
entire population within the flock or farm. For this
reason, it is important to obtain samples from a
variety of birds (distinct location, distinct status,
male and females of the species, different houses or
pens within the farm) to ensure that the result is
representative of the population sampled. If samples
are not taken from a variety of animals, it may be
more difficult to detect disease in its early stages.

Handling of birds for sample collection

Various samples can be collected for health
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Fig.9.17: Sample collection is needed for monitoring flock
health. Personnel should be trained to understand the method
required for sampling birds, and should use procedures that
minimize bird stress and injury during live bird handling and
sample collection. Handling methods should keep the bird calm
and secure and result in a good quality sample.

Fig.9.19: All euthanasia methods should be irreversible,
humane, efficient and be performed on a timely basis. As shown
in this example, cervical dislocation is a commonly used method
of euthanasia for individual poultry.

monitoring that requires individual bird handling.
From live birds, these samples include blood, cleft
palate or tracheal swab, fecal or litter swab, cloa-
cal or rectal swab, and feather samples. Some-
times, it is necessary to collect organs or tissue
samples from dead birds (recently euthanized
birds or fresh mortality). Depending on the age
and species of the bird, the type of test and the
disease of concern, the responsible veterinarian
should determine the type of sample needed
(blood, swab, etc.), the amount needed (volume
per bird or flock), and the frequency of sampling.
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Fig.9.18: Culling should include all birds that have a physical
defect or severe injury that prohibits normal movement, cannot
access feed and water, are severely debilitated or those that will
not likely recover. These birds should be culled and euthanized
to limit further pain, distress or suffering.

K Bérger

Fig.9.20: The basics for optimal conditions and poultry welfare
on the farm include: feed, water, lighting, temperature, air quality
and a safe, secure environment. From the day of bird placement
to the day that the birds are removed from the farm, the farmer
must verify and adjust for these 6 items on a daily basis as the
birds grow and develop. By doing this, the poultry should
achieve the 5 Freedoms for Animal Welfare (freedom from hun-
ger/thirst; freedom to express normal behavior; freedom from
pain, injury and disease; freedom from fear/distress; freedom
from discomfort).

For the live bird sample collection, it is necessary
to limit the potential for stress and injury when
the bird is selected and handled. Handling should
ensure that the bird is kept calm, the body weight
is supported, and that minimal stress and injury
occurs during the sample collection. Personnel
responsible for sample collection must be fully
trained in bird handling, sample collection, and
sample preservation methods and must dispose of
all rubbish in an approved location so that the
flock is not exposed to trash that may be ingested
or stepped on.
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CULLING & EUTHANASIA METHODS
Culling

Culling is defined as the process of removing an ani-
mal based on specific criteria. Examples of culling
reasons include: birds with abnormal development,
birds that cannot get to food/water due to a gait or
anatomical defect, birds that are the wrong sex for
mating, birds with a severe injury or physical defect,
severely debilitated birds (weak, diseased, efc.), or
birds that do not meet the expected standards (seve-
rely underweight, etc.). For these culled birds, eutha-
nasia is the most humane outcome as it will end the
bird’s suffering.

Euthanasia

Euthanasia is defined as the act or practice of kil-
ling or permitting the death of animals in a relati-
vely painless way that is not cruel to the animal. It
is important to recognize that no method of eutha-
nasia is “pleasant”. All staff working with live ani-
mals should be trained in the identification of birds
for culling and in the approved methods or tech-
niques for euthanasia. Regardless of the technique
used, all euthanasia methods should ensure: mini-
mal pain and distress to the bird and the flock, a rapid
loss of consciousness, and death should be achieved
quickly and consistently. The method should result
in a humane, irreversible and efficient death for the
bird and be performed on a timely basis with res-
pect to bird(s).

The following is a general list of euthanasia methods
that are accepted in many countries with modern
poultry industries. However, the method used on a
farm or in a hatchery will depend on the species and
type of poultry, the age or weight of the bird, the
availability of equipment at the facility, and any spe-
cific guidelines or regulations that may be enforced
by the facility manager, company, or government.
Hatchery euthanasia: cervical dislocation (indivi-
dual birds), maceration, gas euthanasia.

Farm euthanasia (individual birds): cervical dislo-
cation (manual or mechanical method), gas eutha-
nasia, electrical euthanasia, captive bolt application,
blunt force trauma, injection of approved barbitu-
rates.

Farm euthanasia (whole house or farm): gas eutha-
nasia, foam euthanasia, or other mechanical method
(described above for individual birds).
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HANDLING & TRANSPORT PRACTICES TO
OPTIMIZE POULTRY WELFARE

Poultry need to be handled and transported alive for
various reasons including: transfer of birds at the
rearing facility to the production facility; transport
of birds for slaughter; transport of birds at the end
of production period (egg-laying flock); transport of
additional male birds for spiking into an existing
breeder flock; transport of birds to a laboratory for
additional diagnostic testing. In all of these situa-
tions, handling and transport practices must be care-
fully performed to reduce the possibility of broken
bones, scratches, bruises, thermal stress and death
ofthe bird(s). Catching and loading may be conduc-
ted manually (legs or wings), by machine, or a com-
bination of the two depending on the location and
the type of bird. In general, birds raised inside envi-
ronmentally controlled, enclosed houses are not
accustomed to a great deal of external stimulation;
therefore the introduction of the various catching
crew personnel and equipment will likely be a stres-
sor for the flock, but this stress can be minimized
with trained personnel and the use of welfare-orien-
ted techniques. Examples of these techniques that
can be incorporated into the handling, catching and
transportation practices include lighting reduction,
withdrawal of feed and water, maintenance of equip-
ment and transport vehicle, loading and unloading,
culling and euthanasia.

Lighting reduction

By reducing the hours of darkness in the days just
prior to catch, the birds can be acclimated to a higher
level of activity and will be less stressed on the actual
day of catching. When the catching crew and
employees enter the house or pen, they should walk
slowly and continue to use low-level lighting that
will avoid piling and flightiness of the flock which
can result in bruises or scratches on the birds. Some
companies have also found the use of head-lamps
and red-lights on mobile equipment to be helpful
during the catching process to further reduce stress
for the flock.

Withdrawal of feed & water
To minimize injury with equipment, most catching
crews and farmers will raise equipment to have it

out of the way as this gives the birds and the people
more room to move about freely. For birds going to
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slaughter, the withdrawal of feed and water is nee-
ded to reduce the likelihood of carcass contamina-
tion during the slaughter process. For breeding birds
being transferred to a separate farm, the withdrawal
of feed can also help reduce the chance of crop
impaction or choking when birds are handled for the
moving process. Depending on the climate, tempe-
rature, age and type of the bird being transported,
birds should be kept hydrated as long as possible
and allowed to rehydrate if there are any serious
delays in the catching process.

Maintenance of equipment & transport vehicle

As discussed in the farm and hatchery sections,
maintenance is a key aspect of preventing bird
injury, entrapment and death. For catching, loading,
transportation and unloading procedures, equipment
must be well-maintained and cleaned to enhance
bird health and well-being, and to limit injury that
will result in euthanasia for the bird after transfer.
For equipment that is used very intensively (coops,
modules, etc.), a person should be directly respon-
sible for the evaluation of the equipment before and
after use to ensure that no holes or sharp edges are
present that can cause injury to the birds, or permit
escape. Ideally, this evaluation should be part of a
routine quality assurance audit and a maintenance
program should be implemented to repair or replace
any damaged equipment so that bird well-being will
not be negatively impacted.

Transportation

The type of vehicle, distance for transport, and route
of transport are important factors to consider when
planning the movement of poultry. The transport
supervisor and the driver should know the expected
stocking rate for the transport vehicle and must take
precautions to avoid exceeding the maximum
stocking density of their vehicle as this can result in
excessive thermal stress and suffocation due to over-
crowding in the coop or module. Drivers should try
to keep transport times to a minimum and choose a
driving route that will limit exposure to disease for
the birds. During cold weather, additional protec-
tion (boards or tarps) is needed for open vehicles to
keep birds from getting too cold due to low tempe-
ratures and wind speed when the vehicle is moving.
During hot weather, additional measures (use of
water or cooling fans) may be used during the loa-
ding procedure or during the waiting period at the
final destination to limit heat stress and mortality of
the birds.
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Loading & unloading

Manual or mechanical handling methods may be
used to load and to unload birds from the coops or
modules during the transfer procedure. For all pro-
cedures, it is important to keep the birds calm to
reduce the risk of scratches, bruises and broken
bones. Equipment and the loading/unloading proce-
dures should be operated to avoid areas where the
birds can be caught or hung, and to minimize pinch
points. If mechanical methods are used, the belt
speeds should be carefully monitored to prevent
birds falling on each other and piling that can lead
to suffocation if birds are over-crowded.

Culling & euthanasia during catching

While culling is the primary responsibility of the
farmer or caretaker, the catching crew should not
load or transport any sick or injured birds. If trans-
ported, birds that are debilitated (sick, injured, etc.)
are more likely to suffer and be less able to cope
with their environment during the transportation pro-
cess. Thus, cull birds should be humanely euthani-
zed on the farm and disposed of in accordance with
the farm’s mortality method.

SLAUGHTER FACILITY PRACTICES TO OPTI-
MIZE POULTRY WELFARE

For poultry, slaughter is a viable option for econo-
mic and sustainability features of the industry and
is also a humane method to end the life of the bird.
Depending on the country, culture and the type of
the bird, the method used for slaughter may vary.
For all methods, birds should be handled calmly and
safely during the unloading and shackling proce-
dures to minimize scratches, bruises, stress, and bro-
ken bones. All personnel should be fully trained in
bird handling and euthanasia methods so that they
can act quickly and appropriately when evaluating
and handling the birds. For all methods (gas stun-
ning, electrical stunning, controlled atmosphere
stunning, and religious slaughter), it is also impor-
tant for the personnel involved to understand and to
recognize normal bird behavior and attributes of
good health within the flock. With this knowledge,
if there are any abnormal characteristics noted,
slaughter personnel should immediately inform their
manager and/or veterinarian so that a decision can
be made for optimizing the well-being and health of
the flock. Equipment should also be maintained and
set-up in a manner to promote a calm environment
for the birds and to ensure that death is achieved
quickly and efficiently.
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Examples of items to monitor in a slaughter facility
that can enhance bird well-being include lairage
area, unloading and shackling area, shackling
methods, method and consistency of stunning
method, technique and consistency of slaughter
methods and monitoring for bird welfare.

Lairage area

The holding or lairage area is a critical area at all
slaughter facilities as it can have an important
impact on the yield (shrinkage of carcass) of the
bird as well as the overall well-being and livabi-
lity of the flock. Time spent in the lairage area
should be kept to a minimum and provisions
should be made to keep the birds within the
thermo-neutral temperature zone so that heat/cold
stress do not negatively influence the outcome of
the flock. Provisions may include the use of a
covered area, use of fans and/or misters, and a
vehicle rotation system to guarantee that loads are
processed in order to reduce waiting times.

Unloading & shackling area

The manual or mechanical methods used to
unload the birds should be carried out to limit
over-crowding and injury. Lighting in shackling
area should be kept to a minimum so that live
birds will remain calm. Some facilities may use a
‘black light’ in an enclosed room or a curtain to
limit the exposure to natural light as bright light
can increase the activity level of birds. Adequate
ventilation is important for shackling personnel
and for birds to optimize comfort within this busy
and dusty environment.

Shackling methods

For shackling of live birds and previously stunned
(stunned due to exposure to gas or controlled atmos-
phere) birds, the handling of the bird and the accu-
racy of shackling is important to reduce bone brea-
kage and bruising before slaughter. All birds should
be shackled by both legs and conducted in a man-
ner that does not cause increased stress or physical
damage to the thigh, hock, foot or hip of the bird.
The use of a breast (rub) bar is ideal in this area to
keep the birds calm after shacking and to prevent
excessive wing flapping and physical damage.
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Method & consistency of stunning method

The protocol and technique(s) used for stunning will
vary depending on the species of bird, the size of the
bird and the mechanical system utilized by the
slaughter facility. However, the method should pro-
vide accurate and consistent stunning for all poul-
try and be regularly monitored for efficiency and
precision.

Technique & consistency of slaughter methods

The equipment and protocol used for the primary
and secondary (backup) slaughter method are
directly linked to the type of slaughter and the spe-
cies involved. All methods should result in the com-
plete and irreversible death of the bird with an accu-
rate and quick method that limits the potential for
missed birds and bird suffering. Regardless of the
primary method used, a secondary or back-up
method should be incorporated to guarantee that
100% of the birds have been killed before the line
moves the bird to the next area in the slaughter plant.
For meat quality and for animal welfare require-
ments, it is necessary that the carcass had an ade-
quate time for bleeding before the carcass enters the
scalder.

Monitoring for bird welfare

Audits or monitoring procedures are most frequently
applied at the slaughter facility as a measure of bird
care and handling (farm and transport) and methods
used at the plant to optimize bird well-being and
health. Items to evaluate at the slaughter plant
include: skin integrity (hock burn and pododerma-
titis), bone integrity (broken wings, keel, legs), gene-
ral body appearance (scratches, bruises, cleanliness
of feathers), removal and appropriate method of
euthanasia for injured, debilitated or sick birds that
should not enter the slaughter facility. In addition to
monitoring the physical attributes of the bird, a
monitoring system should also be in place to fre-
quently verify correct handling techniques by all
staff involved in the process and to authenticate the
function and maintenance of equipment and vehi-
cles used for the process. Daily results and trends
should be used to substantiate the welfare outcome
for the system and to identify any areas (training,
equipment, efc.) that require improvement to
improve the care and handling of the birds.
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10. PECULIARITIES OF AVIAN PHYSIOLOGY

The brief notions of avian physiology presented in
this chapter are devoted essentially to the functions
most directly related to poultry rearing conditions
and to pathology.

Galliformes are the best known group of birds, and
even if data are not generalizable to all birds, they
form the basis for understanding all of this Order.

DIGESTION

The digestive system of birds has unique features:
- A toothless mouth;

- Esophagus with a diverticulum, the crop, with
some functions normally found in a stomach;

- A stomach where the two main functions, mecha-
nical and secretory, are allocated in two separate
pockets, the proventriculus and the gizzard;

- A very short intestine, reaching the cloaca where
the genital and urinary systems also converge.

Oral cavity, esophagus, crop

Grasping feed is performed by the beak. Its mor-
phology varies between species depending on the
nature of the diet (granivorous species, raptors, pis-
civorous, efc.).

Following ingestion, the feed is gathered to form a
bolus under the influence of hyobranchio-lingual
muscles and is moistened with saliva (7-30
ml/24h). However, there is no in-depth insaliva-
tion, but only surface lubrication. In addition to the
muscles of the mouth, birds use upward and for-
ward head movements to facilitate the progression
of the feed to the back of the mouth and into the
pharynx, which marks the beginning of the esopha-
geal transit.

The esophagus is very extensible. It has many
mucous glands that complement the lubricant role
of saliva. Feed transit involves a peristalsis much
slower than in mammals. At the entrance of the
thorax, the feed can either continue its transit to the
proventriculus or first go to the crop. This depends
on the state of repletion of the proventriculus and
gizzard, which determines the tone of the lower
esophagus and the degree of opening of the orifice
of the crop. When the gizzard is empty, feed passes
into the proventriculus. If it is full, it gathers in the
crop.

The crop, which is essentially a pouch derived
from the esophagus, provides the following func-
tions:

- Setting aside feed, it allows the ingestion of large
meals, whereas the capacity of the proventriculus
and gizzard is limited. Storage in the crop «covers»
the absence of feed intake during the dark period of
the day (NB: external palpation of the crop allows
determining whether the bird has just been fed or
whether it is fasting).

- Soaking feed in water and fragmenting its most
brittle components.

- Microbial digestion of a portion of the starch with
lactic acid formation. The responsible bacterial
flora (lactobacilli) is absent from the feed. Besides
lactic acid, acetic acid and ethanol are the usual
constituents of the crop content. The presence of
pepsin is due to a reflux from the proventriculus.

Stomach: proventriculus and gizzard

The proventriculus is the secretory pouch produ-
cing gastric juice responsible for «chemical»
digestion. Because of rapid transit and low capa-
city of this reservoir, the effect of the gastric secre-
tion occurs primarily in the subsequent two seg-
ments of the digestive tract, the gizzard and duode-
num, with the assistance of back and forth move-
ments of digesta between the three segments.

Secretion, as in mammals, contains hydrochloric
acid and pepsin, but these components are present
in greater quantity in birds. The flow is almost
continuous in the case of ad libitum feeding.
Stimulating factors are both nervous (influence of
the vagus nerve) and humoral (gastrin). Gastric
secretion (proventriculus) may cause erosions
(from weak erosions to ulcers) in the gizzard rather
than in the proventriculus. Similarly, hypersecre-
tion can be induced by histamine, some of which is
found in the feed.

The gizzard is designed to grind feed. In fact, it
combines the functions of mastication absent in
birds and mixing of ingesta with gastric juice.
From a histological point of view, it is a huge
smooth muscle. Its color is dark red due to myoglo-
bin, which characterizes the strong and sustained
muscle contractions. The nature of the diet is the
main determinant of this motor activity: switching
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from a flour diet to unmilled cereals produces an
85% increase in electromyography burst activity.
Over time, this difference in activity affects the
development of the organ. It is not as developed in
chickens raised under conventional commercial
conditions compared to organic production.

The mechanical action produced by the grinding
gizzard is a trituration that splits cereal grains. In
birds raised on the ground and having access to
gravel, their gizzard contains gravel to support the
milling process, although it is not indispensable.
Instinctively, chickens will ingest gravel, and this
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behavior is strongly stimulated if they are deprived
of gravel for a period of time. Calcareous gravel
dissolves under the combined action of friction and
hydrochloric acid, which contributes to calcium
absorption.

Proventriculus and gizzard motility is inhibited by
various stimuli from duodenal origin, such as dis-
tention, the presence of acid, oil or saline solution,
which are factors similar to those identified in
mammals. Note that there are refluxes from the
duodenum in the gizzard during normal duodenal
motility.



H Brugére

Intestine

Digestion begins in the small intestine under the
influence of gastric juice: in chickens, the junction
of the pancreatic and bile ducts is located at the end
of the duodenum, leaving the entire duodenal loop
to prolong the action of gastric juice.

Pancreatic and biliary secretions provide the same
components as in mammals: bicarbonates,
enzymes, bile salts. The enzymatic components of
the pancreatic juice contain amylase, lipase and
proteolytic enzymes.

During fetal development, the intestine is at the
end of its ontogeny at day 16. The enzymatic acti-
vities of digestion are low in the newborn chick,
but the ability to digest carbohydrates (maltase and
sucrase), present at birth, develops during the first
few days and peaks at 8 days of age. Lactase is not
present at any time in the gastrointestinal tract. The
digestibility of fat is low at birth, and in the first
few weeks (4-8 weeks) only unsaturated fats are
used. Thereafter, the digestion of highly saturated
fat becomes possible. Finally, the development of
enzyme activities is very rapid compared to mam-
mals that have two critical periods (birth and wea-
ning). In birds, the adaptation of enzymatic activity
is almost immediate.

The characteristics of the large intestine are the
relative simplicity of the colon, slightly different
from the small intestine, and the existence of two
ceca. These two ceca are highly variable depen-
ding on the species: absent in the pigeon, they are
usually well developed in granivores and atrophied
in raptors. The filling of the ceca does not come
from the small intestine (a barium test meal does
not enter the ceca), but from the colon (a radiolo-
gical opacifier of the urinary tract injected intrave-
nously reaches the cloaca after passing through the
kidneys and ureters and finally opacifying the
ceca, indicating that they are filled in a retrograde
way from the colon and cloaca). The ceca do not
empty frequently (1-2 times per 24 hours). It does
not occur during the dark period, but rather at the
end of the lighting period.

The digestive functions of the ceca are: digestion
by microorganisms of the part of the meal remai-
ning after chemical digestion (including a fraction
of the cellulose), the synthesis of B vitamins, the
absorption of water from the digesta and urine.
Water reabsorption is enhanced when the fluid
balance is difficult to adjust, for example in case of
heat exposure.
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BREATHING

Mechanics of respiratory exchange

The main peculiarities of the respiratory function
are the structure and mechanisms of gas exchange.
Indeed, in mammals, the lungs have a cul-de-sac
structure which involves a tidal air movement (air
flowing in and out of the lungs) and mechanical
properties ensuring the necessary volume changes
required during inspiration and expiration. By
contrast, birds have a rigid thoracic cage and lung
parenchyma. The diaphragm, which limits the tho-
rax caudally and plays a significant role during ins-
piration in mammals, is absent in birds. It is repla-
ced by a thin bronchopleural membrane attached to
the ribs by fascicles of muscle fibers (costopulmo-
nary muscles) that actually contract during expira-
tion. The lungs, which occupy only the upper part
of the thorax, are permanently deployed and their
volume does not vary during respiration. The gas
exchange areas and air capillaries are permanently
maintained in an open state. The flow of the gas
stream is only possible thanks to auxiliary devices,
air sacs, which store and distribute the air during
the respiratory cycle.

Exchanges between air capillaries and blood ves-
sels that surround them are continuous and their
efficiency benefits from their cross-current flow.
The gas exchange performance in birds is superior
to the one in mammals: for the same body size, with
smaller lungs, birds have a lower respiratory rate.

The trachea extends within each lung by an axial
channel, the mesobronchus. It dispatches a first set
of branches, the four ventrobronchi and later a
group of seven to ten dorsobronchi. The ramifica-
tions between dorso- and ventrobronchi are the
parabronchi of the paleopulmo, a set of ducts
parallel to each other and also parallel to the meso-
bronchus. Towards the back, a network of para-
bronchi in series with the mesobronchus comes
between the latter and the caudal air sacs (abdomi-
nal sac and caudal thoracic sac). This second net-
work of parabronchi constitutes the neopulmo.

Breathing and thermolysis

Birds have no sweat glands, so the only possible
thermolysis mechanism is the evaporation of
water via the airways by temperature induced
polypnea (panting). As in mammals that use this
mechanism, evaporation occurs in the upper res-
piratory tract (oral and/or pituitary mucosa) and
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in the tracheobronchial airways. The air sacs pro-
vide an additional outlet to remove excess heat.
Their value stems from the fact that they surround
all the thoracic and abdominal organs, collecting
heat from them and serving as areas of evaporation.

When panting occurs, ventilation is significantly
increased, because in parallel with the increase in
respiratory rate, the tidal volume is not proportio-
nally reduced, especially at lower frequencies.
Panting increases the release of CO, and tends to
produce respiratory alkalosis: in chickens, the pH
can rise up to 7.7, while PCO, (carbon dioxide
partial pressure) can drop well below 10 mmHg.
In some species (pigeon, owl, duck, pelican, etc.),
panting comes along with a throat tremor referred
to as gular flutter. It is a vibration of the floor of
the buccal cavity with the beak remaining open,
which promotes water evaporation. This vibration
may occur at a frequency identical to that of the
polypnea (680/mn in pigeons) or at a different rate
(230 to 290/mn in pelicans, while their respiratory
rate is only 135/mn).

o T

R

Fig.10.7: Bird electrocardiogram.

CIRCULATION

The heart of birds, like that of mammals, has four
chambers. There are still some physiological
aspects of heart contractions that are poorly
understood in birds. There is an excitatory and
conductive system similar to that of mammals
(sinoatrial node, atrioventricular node, bundle of
His) but this nodal system has additional elements
such as rings around the right atrioventricular ori-
fice and the opening of the aorta. The electric acti-
vation occurs first in the subepicardial region and
then reaches the subendocardial region. Initially
explained by the existence of pathways (Purkinje’s
network) following the direction of coronary arte-
rial distribution, this fact is hardly compatible with
the image of a Purkinje’s network being distribu-
ted exclusively from the subendocardial region.

In general, the heart rate in birds is much higher
than in mammals of similar size. In all species,
however, the principle holds that for a smaller
body size, the heart rate is more elevated (200/min
in ducks, 1000/min in canaries). Also, species with
a significant capacity for physical exercise have a
lower heart rate (250-450/min in chickens,
200/min in pigeons).

The electrocardiogram shows a P wave (sometimes
not easily visible when the heart rate is elevated,
e.g., above 200/min) and two waves of depolariza-
tion (R) and repolarization (T) in alternate positions.

Aorta
Cranial renal artery

Internal iliac
vein

Caudal nfesenteric

Fig.10.8: Vascularization of the kidney and renal portal system.
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The blood pressure of birds is significantly higher
than in mammals. There are also significant diffe-
rences depending on species, age and sex. In
chickens, the systolic pressure approaches or even
exceeds 200 mm Hg. In turkeys, it is the same
order of magnitude and it may reach or even
exceed 250 mm Hg. In Gallus gallus, the blood
pressure is more elevated in males than in females
(20 to 30 mm Hg) and a similar difference is also
often found in turkeys.

Although it has not been decidedly proven, this
high blood pressure may be related to the blood
perfusion of the brain, which occurs under difficult
conditions (because of the length of the neck and
of the small diameter of the carotids) and the struc-
ture of the kidney (particular renal portal system).

URINARY SYSTEM

Morphologically, the kidney presents features that
raise issues regarding the mechanisms of urine for-
mation.

These features are:

- The preservation of a marked lobulation, such
that each lobule is a sub-unit showing a cortex and
a medulla completed by the "medullary cones"
counterparts of the renal pyramids found in mam-
mals. Within each medullary cone, the arrange-
ment of the nephrons is typical: most nephrons are
located in the cortex where they originate from a
glomerulus rather remote from the surface.
Tubules whose convolutions remain in the cortex
do not have loops of Henle. These nephrons are
called «reptilians». A portion of the nephrons loca-
ted in a deeper region produces loops of Henle.
They are called «mammalian». Some referred to as
«long loop», sink deeply into the medulla. They
are a numerical minority (15 to 30% of all
nephrons). Only nephrons with long loops are
involved in the creation of an osmotic pressure
gradient. Their low numbers, the poor develop-
ment of the renal papilla and the low availability of
urea explain why most birds have a limited capa-
city to concentrate urine. The maximum capacity
to concentrate urine is usually by a factor of 2. It is
sometimes superior in birds living in specific habi-
tats, such as quails in the desert (x 2.5) and swamp
sparrows found in brackish marshes (x 5).

- The existence of a particular portal system, as
the veins draining the hind limbs, pelvis, the ter-
minal portion of the intestine and the rump join
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the ipsilateral kidney. The iliac veins are divided as
they approach the kidney and form a portal network
at its surface. These veins join the peritubular capil-
laries of the cortex, that is to say, those surrounding
the reptilian nephrons. The system diverts into the
kidney a variable portion of the blood from the hind
limbs, pelvis and rump region and from the posterior
part of the intestine. A valve, which when opened
allows a direct passage to the posterior vena cava,
adjusts the flow that will be directed to the kidney.

- Channels collecting urine are distributed in two
areas, perilobular or medullary, before joining the
renal pelvises.

Birds do not metabolize uric acid and nitrogenous
wastes into urea and so they have a significant
amount of this acid to eliminate (urea accounts for
only 1-10% of nitrogen removal). Circulating uric
acid is removed by a complex renal process that
includes:

- glomerular filtration (quantitatively 10% of the
elimination rate),

- tubular secretion (a concurrent reabsorption pro-
cess exists).

The portal system is the main conveyor of circula-
ting urates, since under normal conditions it contri-
butes to nearly 60% of total urate elimination.

Urate concentration in urine is between 0.1 and 1
mol/L, which exceeds the solubility limit. In urine,
urates are not in the form of solutes, but rather in
colloidal suspension visible as white threads. This
particular form allows increasing the amount of
urates without augmenting the osmotic pressure, as
only the dissolved form is responsible for the
osmotic pressure. This mechanism makes possible
the elimination of these salts by a kidney unsuita-
ble for the production of hyperosmotic urine.
Below 25 mmol/L, only 10 to 20% of uric acid is
in a precipitated form; this proportion rises to 95%
when the concentration exceeds 200 mmol/L.

- The urine produced by the kidney reaches the
cloaca where it can flow back into the colon and
ceca. Additional water reabsorption may take
place, depending on physiological conditions.
Only about 2-3% of available water may be reco-
vered. This proportion is greater in cases of hydro-
penia or when there is a loss of salt. Reabsorption
of water in the cloaca or rectum is very minimal.

The water balance is thus more precarious than in
most mammals.
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Fig.10.10, 10.11 & 10.12: The formation of the egg lasts 25
hours 30 minutes.
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REPRODUCTION

Formation of the egg

The female reproductive tract of birds is asymme-
tric: only the left ovary and oviduct are developed
and functional. In pullets, the ovary presents the
appearance of a grape, where each sphere is a fol-
licle containing an oocyte which has accumulated
white vitellus during the prepubertal period. At
onset of lay, some of these oocytes begin a growth
phase which, in 8-10 days, enables the storage of
large quantities of vitellus in concentric layers: this
is the formation of the yolk, which has, on its sur-
face, the germ cells. Each day brings a new layer of
vitellus, where white vitellus (thin film formed at
night) alternates with yellow vitellus (thick layer
formed during the day).

The growth of the follicle is accompanied by struc-
tural changes: the growth pushes the germinal disc
to the periphery, leaving a trace in the center: the
latebra. The intermediate portion located beneath
the germinal disc and having the appearance of a
pad is called «nucleus of Pander». A group of 8 fol-
licles undergoes this phase of rapid growth at the
same time. There is a 24-hour gap between each
yolk. During this phase, the weight of each one of
them increases from 200 mg to 15-18 g.

When ovulation occurs, the infundibulum actively
approaches the ovarian grape and tightly fits on the
oocyte. If this movement is disrupted for patholo-
gical reasons, the result is an «abdominal layingy.
The oocyte enters the oviduct and if it encounters
spermatozoa, fertilization occurs.

The passage in each segment of the oviduct contri-
butes to the formation of the egg. In the magnum,
the albumen, or egg white, is formed. This begins
with the deposition of viscous proteins which, as
the egg descents due to rotation movements, will
produce a spiral arrangement: the chalazae (two
spiral bands of tissue that suspend the yolk in the
center of the albumen). Following this process,
several layers of not very hydrated albumen are
added. In the next portion, the isthmus, which has
a small diameter, shell membranes consisting of
keratin are added and attached over their entire sur-
face with the exception of the air chamber. At the
end of the isthmus, these membranes are still fol-
ded. In the uterus, successive changes occur: first,
a saline solution is supplied to hydrate the albu-
men, giving it its final volume, followed by the for-
mation of the shell which proceeds from three dif-
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ferent layers: mammillary, spongy, and cuticular.
The latter can eventually fix pigments.

The completed egg leaves the uterus and passes
through the vagina which provides the outward
transit during egg laying. The evagination of the
latter portion of the vagina avoids direct contact
between the egg and the walls of the cloaca and
any fecal matter.

The shell formation requires calcium carbonate.
The carbonate ion is formed from blood CO, under
the influence of carbonic anhydrase. If CO, is not
much available, for example during panting, the
contribution of carbonate is insufficient, resulting
in the formation of a more fragile shell. The polyp-
nea that occurs under hot conditions may be res-
ponsible for a lack of carbonate formation, but this
is usually limited because the shell is formed at
night when the temperature is lower than during
the day. Calcium is another indispensable element.
The amount exported by the shell exceeds the
amount provided by the feed. The 10-30% missing
is obtained from the bone marrow. The latter is
constituted before the coming into lay. It is mobili-
zed by estrogen.

Oviposition = egg laying

Oviposition is the act by which the hen expels the
completed egg. This term is used to distinguish this
action from ovulation (release from the ovary of
the ovum: an oocyte surrounded by Vitems).
Oviposition follows a determinism which ensures
that it occurs only during the illuminated phase of
the nycthemeron and within a limited window of
time. This determinism is also closely coordinated
with ovulation.

Chronology of oviposition

In hens exposed to light from 6:00 a.m. to 9:00
p.m., most eggs are laid between 7:30 a.m. and
4:00 p.m. The largest number is laid around 11:00
in the morning.

The time of oviposition depends essentially on the
time of ovulation and on the time taken for the
ovum to pass through the female genital tract.

A new ovulation takes place only after oviposition
and it normally occurs around 20 to 30 minutes
later. Therefore, there are never two eggs at diffe-
rent stages of formation at the same time in the
enital tract. The transfer time of the egg in the
emale genital tract being a bit over 24 hours (25 to
26 hrs), there is a daily variation of about 0.5 to 2
hours between two successive ovipositions.
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Fig.10.15: Oviposition timetable and egg-laying sequence.

Hence, a series or sequence of egg laying, lasting
three to five days, ang during which an egg is laid
every day is followed by a pause (a day without
egg laying) with resumption of another sequence
starting with the next oviposition early in the mor-
ning and so on. Thus, the element determining the
interval between two ovipositions is essentially the
duration of egg transfer in the female tract. The
shorter it is (closer to 24 hours), the shorter the gap
between two successive ovipositions and the lon-
ger the egg laying sequence will be (at the begin-
ning of the laying period for egg layer strains, one
can observe sequences of 20 to 30 consecutive
days with an egg laid each day).

Determinism
This concerns the determinism of both phenomena,

ovulation and oviposition, and the setting of their
respective timelines.

Manual of poultry diseases

o Eggshell formation
_|[ca*h

1 )

| Day - Night! Day |

14 16 18 20 22 24 02 04 06 08 10 12 Hour

Fig.10.16: Chronology of the formation of the eggshell and
corollaries.

Role of the luteinizing hormone (LH)

One can validate that LH is the ovulation trigger,
as in mammals. The injection of LH in hypophy-
sectomized hens causes ovulation within 5 to 6
hours, similar to the observed delay between the
spontaneous LH peak and ovulation. The LH surge
dlépends on the hypothalamo-pituitary system and
on the gonadotropin-releasing hormone (GnRH).
The main issue is the nature of the signal activating
the system and how it may vary according to the
nycthemeron.

Role of progesterone

Actually, the triggering event is a release of pro-
gesterone. In birds, there is a positive feedback
produced by progesterone on the release of LH. In
the ovary (};ovarian grape), the follicles undergo
their maturation, hierarchically delayed by one day
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between each one of them. Their endocrine cells
secrete estrogen and testosterone. The most advan-
ced follicle secretes progesterone. The ability to
secrete progesterone aﬁpears only on the last day
of maturation. So it is the matured follicle that trig-
gers its own release. There cannot be more than
one egg per day. If two follicles reach maturity at
the same time, giving an egg with double yolk,
progesterone secretion is doubled.

During the laying cycle, the sequence of events is
as fol%ows: a small LH peak depending on the
light-dark rhythm (micro-discharge) constitutes
the initial event. This LH micro-peak stimulates
the secretion of progesterone, which, by positive
feedback, causes the release of LH which in turn
triggers ovulation. A micro-LH surge occurs syste-
matically during the dark period. If oviposition
occurs late in the day, follicular maturation is not
completed when the peak occurs and there is no
progesterone response. The LH microdischarge
occurs at nearly the same time for all the hens in
the flock, which explains the synchronizing effect
of LH on ovipositions.

REFERENCES

Akester AR et al. A radiographic study of urine
flow in the domestic fowl. Brit Poult Sci,1967,8:
209-215.

Dantzler WH. Significance of comparative studies
for renal physiology. Am. J. Physiol.,1980,23g:
F437-F444.

Duke GE. Gastrointestinal motility and its regula-
tion. Poultry Science, 1982,61:1245-1256

Fedde MR. Structure and gas-flow pattern in the

PECULIARITIES OF AVIAN PHYSIOLOGY @ 79

avian respiratory system. Poultry Science,1979,59:
2642-2653.

Hill KJ. Physiology of the digestive tract, in
Freeman BM. Physiology and biochemistry of the
domestic fowl, vol. 4, p. 31-49. Academic Press,
New York,1983.

Le Bars H. Digestion chez les oiseaux, in Jacquot R
et al, Nutrition Animale, vol 1, p.353-363. Bailliére,
Paris, 1958.

Mather FB et al. The influence of alkalosis on pan-
ting. Comp Bioch Physiol A, 1980,67:265-68.
McNab JM. The avian caeca: a review. World's
Poultry Sci J, 1973,29:251-263.

Mongin P. Role of acid-base balance in the physio-
logy of egg shell formation World Poultry Sci J,
1968, 24:200-230.

Moran E. Digestion and absorption of carbohy-
drates in fowl and events through perinatal deve-
lopment. J Nutr, 1985,115:665-674.

Richards SA. Physiology of thermal panting in
birds. Ann Biol Anim Biochem Biophys,1970,10
(suppl. n°2):151-168.

Roche M & Ruckebusch Y. A basic relationship
between gastric and duodenal motilities in
chickens. Am J Physiol, 1978, 2,5 (6): E670-E677
Sauveur B. Reproduction des volailles et produc-
tion d'ceufs. 1 vol 449p, INRA Paris 1988.

Sturkie PD. Avian Physiology, 2éme ed., Comstock
Cornell University, Ithaca New York, 1965.

Smith Wst Jones in Sturkie's Avian Physiology
Academic Press 2000.

Wideman RF. Avian renal plasma flow autoregula-
tion: contribution of the renal portal system. J
Comp Physiol B (1991),160:663-669.

Manual of poultry diseases



80 ® GENERALITIES

CLINICIAN

ANIMAL

Race

Age

Sex

Individual
Management

Time of the day
History of the disease
Clinical examination
Response to treatment
Differential diagnosis

Sampling
Selection
Vacuum tube
Anticoagulant
Transportation

LABORATORY

RESULTS

Technical error
Units
Reference intervals

Storage

Stability
Analysis method
Instrumentation
Staff

Quality control

Fig.11.1: Interpretation of laboratory results and factors of variation.

Number of individuals

\
120 _
100 __
80 _|
60 Individuals with Individuals with
= lower values and greater values and
40 _| clinical signs Normal clinical signs
20 _ individuals
1 2 3 4 5 6 7 8 9 10 11 12 14 15
Arbitrary units
Impossible DISEASE D.ifﬁcult NORMAL Pifﬁcult DISEASE Impossible
results to interpret to interpret results

Fig.11.2: Graphical representation of the distribution of the results of a blood parameter.

Manual of poultry diseases




Y Chorfi & D Venne

BLOOD BIOCHEMISTRY IN BIRDS @ 81

11. BLOOD BIOCHEMISTRY IN BIRDS

INTRODUCTION

In avian medicine, blood biochemistry is fre-
quently used to define the bird’s metabolic status
or to diagnose metabolic diseases. Blood samples
should be sent to a veterinary clinical pathology
laboratory. Interpretation of the results requires the
use of reference values. The fundamental principle
underlying veterinary clinical biochemistry is that
any pathological disorder begins with variations in
the blood biochemical parameters. These varia-
tions in reference values can be used as indicator of
metabolic equilibrium, cellular integrity or nutri-
tional status.

CHANGES IN BIOCHEMICAL BLOOD PARA-
METERS

Biochemical blood results may be influenced by
how samples are collected. It is important to mini-
mize this by using adequate and consistent blood
sampling procedures with the appropriate anticoa-
gulant (e.g., lithium heparin is preferred for elec-
trolyte analysis). Samples should be transported
quickly (within two hours) to the laboratory and
stored at 4°C or centrifuged to collect serum or
plasma. For example, potassium has been shown to
vary significantly after blood collection within 40
minutes in chickens and 20 minutes in pigeons.
Analytical variations can be controlled by referring
samples systematically to the same laboratory
(state run laboratory or, when tests can be perfor-
med by the veterinary practitioner, in the clinic’s
laboratory). Today, veterinary practitioners may
also use portable biochemistry analyzers that
reduce variations due to sampling and transporta-
tion, and offer the advantage of generating imme-
diate on-farm results.

Biological variations are very difficult to assess for
a given individual. This is why it is difficult to
define normal values. However, reference values
can be defined for a specific population. The inter-
pretation of blood parameter values implies kno-
wing about how samples were collected and analy-
zed. It also implies having reference values to
determine the range of normality for each parame-
ter. Figure 11.1 shows various elements that need
to be considered for the correct interpretation of
laboratory results. In general, meat type birds will
have higher normal values for enzymes associated
with muscle cells such as creatinine kinase (CK),

aspartate aminotransaminase (AST) and alanine
aminotransferase (ALT). Age differences are also
important to consider especially as birds get older
and their lung volume in relation to body weight
decreases. This contributes to higher PCO, values,
and increases in total protein and globulin levels as
the immune system matures.

Several measures exist to identify and control or
reduce the risk of errors during the sample testing
process. A control serum or standard solution is
used as part of several tests in order to assess the
precision and accuracy of measurements.

SAMPLING & ANALYSIS OF BLOOD PARAME-
TERS

A 32 day-old chicken weighting 1800 g has a
blood volume of about 120 mL. An adult
chicken has 65 mL of blood per kg of body
weight (BW) and an adult turkey has a blood
volume of 70 mL/kg of BW.

Samples are taken by intracardiac puncture in
growing chickens before euthanasia, with needle
20G X 50 mm. Blood sample (5 mL) are drawn
in a tube without anticoagulant for biochemistry.
In laying hens, sampling is done by wing vein
puncture using needle 21G X 37.5 mm. Samples
should be centrifuged at 3000 rpm for 10
minutes, one hour after blood collection and
kept at 4°C until laboratory analysis.

For most blood test results obtained using labora-
tory analyzers, the procedure is essentially the
same: for a given parameter, the biological sample
is mixed with a specific reagent. This “sample-rea-
gent” interaction directly or indirectly produces an
absorbent compound that is measured by photome-
try. This specific absorption is proportional to the
concentration of the parameter in the blood sam-
ple. Total protein measurement with Biuret reagent
can be used to illustrate how it works. Under alka-
line conditions, substances containing two or more
peptide bonds form a purple complex with copper
salts in the reagent. This approach is used to assess
all parameters except electrolytes. A biochemical
automated analyzer may be used to measure most
serum parameters: glucose, total cholesterol, tri-
glycerides, albumin, total protein, calcium, inorga-
nic phosphorus, serum enzymes [AST, alkaline
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Fig.11.3: Blood pH represents the amount of H+ in the blood and Fig.11.4: Distribution of PvCO, in chickens.
is controlled by pCO, and HCOs. It has a very narrow range for

normal cell function 7.35 to 7.45 for humans. We use 7.28 to

7.45 in broiler type chickens.
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Tabl.11.1: Acid-Base Disorders. Correlation between pCO, and HCOj for birds in acidosis in blue (pH<7.29) and birds in alkalosis
in red (pH>7.45) and birds with a normal pH in green (pH between 7.29 and 7.45).
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phosphatase (ALP), CK, gamma glutamyltransfe-
rase (GGT), glutamate dehydrogenase (GLDH)
and lactate deshydrogenase (LDH)], creatinine and
uric acid. Other blood parameters are calculated
from those previously measured, such as Ca/P
ratio, total globulin, albumin/globulin ratio
(alb/glob) and anion gap.

Electrolyte concentrations are determined using a
potentiometric method. The activity of any ion in
an unknown solution can be determined using spe-
cific electrodes. The electrolyte analyzer measures
sodium (Na), potassium (K), chloride (Cl) and car-
bon dioxide (bicarbonate or total carbon dioxide)
in the sera.

REFERENCE VALUES

Obtaining reference values requires a rigorous pro-
cess; reference individuals must be carefully selec-
ted. These individuals must meet specific criteria
(such as age and type of production) and must look
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healthy. Assuming that serum parameter values
have a statistically normal distribution, about 95%
of these values lie within two standard deviations
of the mean. This provides the range of normal
reference values. The interpretation of laboratory
results is based on a comparison between these
results and the reference values available for a
defined population.

METABOLIC CHANGES

Until recently, blood biochemistry was mostly car-
ried out in order to better understand the pathophy-
siology of poultry diseases. This was especially the
case for disorders of lipid metabolism (fatty liver
of chickens, layers, or geese; hyperlipidemia;
hypercholesterolemia and atherosclerosis in
layers). Now, biochemical blood parameters are
also used to evaluate the metabolic state of a group
of birds (hydration, electrolyte balance, renal func-
tion, nutritional status, liver function, immune sys-
tem function) in relation to flock performances.

Parameters Unit Reference interval Parameters Unit Reference interval
Glucose mmol/L I1.1-20.5 Glucose mmol/L 10.6 - 19.0
Total protein g/L 26.0 - 46.0 Total protein g/L 43.8 - 68.6
Albumin g/L 10.8 - 20.0 Albumin g/L 22.3-28.0
Total globulins g/L 14.0 - 31.0 Total globulin g/L 21.5-42.0
Alb/Glo 0.60 - 1.00 Alb/Glo 0.64-1.1
Calcium mmol/L 1.80 - 3.00 Calcium mmol/L 3.30-9.0
Phosphorus mmol/L 1.50 - 2.90 Phosphorus mmol/L 1.50 - 2.80
Ca/P 0.70 - 1.80 Ca/P 1.60 - 4.90
Cholesterol mmol/L 2.90 -4.50 Cholesterol mmol/L 2.80 - 7.60
Triglycerides mmol/L 0.35-1.85 Triglycerides mmol/L 3.6-364
Sodium mmol/L 137.8 - 157 Sodium mmol/L 141 - 160
Chlorides mmol/L 98.5-120 Chlorides mmol/L 110 - 122
Potassium mmol/L 4.20 -9.00 Potassium mmol/L 3.9-8.10
Bicarbonates mmol/L 15.0 - 30.8 Bicarbonates mmol/L 14.5-27.5
Anion gap mmol/L 14.0 - 30.5 Anion gap mmol/L 10.5-31.0
Creatinine mmol/L 15-37 Creatinine mmol/L 19 - 37
Uric acid pmol/L 180 - 650 Uric acid pumol/L 180 — 650
Total bilirubin pmol/L 0.1-2.2 Total bilirubin pumol/L 0.6 - 31.0
AST U/L 70 - 315 AST U/L 130 - 270
GGT U/L 8.0-25.0 GGT U/L 5-25
LDH U/L 200 - 600 LDH U/L 150 - 600
ALP U/L 600 - 15000 ALP U/L 155-990
CK U/L 650 - 7300 CK U/L 35-1100

Tabl.11.2: Database of serum parameters obtained from blood
samples performed in a group of 99 broiler chickens, aged 35
to 45 days. Reference intervals correspond to 2.5% and 97.5%
percentiles. (Laboratory of Biochemistry, Faculty of Veterinary
Medicine, University of Montreal).

Tabl.11.3: Database of serum parameters obtained from blood
samples performed in a group of 41 laying hens. Percentiles
2.5% and 97.5% correspond to the reference values of each
group (Laboratory of Biochemistry, Faculty of Veterinary
Medicine, University of Montreal).
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Parameters Normal values Interpretation of a decrease | Interpretation of an increase
Malnutrition, fasting Stress, diabetes mellitus
Glucose 11-16 mmol/L High protein diet Hyperthermia
Hepatic disease, spiking mortality| Corticotherapy

Total protein 30-60 g/L Decreased albumin Dehydration, chronic infection
Albumin 23-33 g/L Protein deficiency (malnutrition,
parasitism)
Chronic infection, nephritis,
hemorrhagic syndrome
Globulins 6-30 g/L. Malnutrition Chronic or acute inflammatory reaction
Calcium 2.25-5.93 mmol/L. | Ca or vitamin D deficiency Hypervitaminosis D
’ Calcium tetany Osteomyelitis
4-6 mmol/L (layers) . S
. Severe renal deficiency Acidosis
Ionized Ca 1.35-1.55 mmol/L Hypoalbuminemia, apathy High Ca layer feed
Inorganic . . - Renal disease, hypervitaminosis D,
phosphorus 2.00-3.49 mmol/L. | Rickets, anorexia, enteritis hemoconcentration
Obesity with hepatic steatosis
Cholesterol 2.2-3.4 mmol/L Excess of lipids in the diet
Fasting
Sodium 146-169 mmol/L fl*:agtmg, diarrhea, adrenal insuf- Excess salt in the diet
iciency
Chlorides 105-118 mmol/L. | Ataxia Dehydration
Potassium 4.6-6.5 mmol/L. | Diuretic therapy (Duck) Kidney disease, adrenal insufficiency,
dehydration
Anion gap 6-16 mmol/L Chloride responsive Metabolic acidosis
Base excess -6 to +6 Metabolic alcalosis Metabolic acidosis

Kidney infection

Creatinine 80-164 umol/L High protein diet
Fasting, gouty arthritis, visceral gout,
Uric acid 200-650 umol/L kidney disease (nephrocalcinosis, amy-|

loidosis, nephritis), high protein diet

Total bilirubin*

0-3.42 pmol/L

Severe hemolytic syndrome

88-208 U/L, Liver damage (non-specific), muscle
AST 37)(7):%% 8%‘2 damage (myopathy, intramuscular
68 U/LC injection, trauma), sepsis
9-22 U/L3 Liver di holestasis, hepatiti
o e et bt
14,4 U/LC ’
LDH 7, 699%%;3% SUIGIfLﬁ Alcu_tq liver disease, hemolysis, mus-
729-2,047 U/L cle mjury
24.5-44 .4 Increased activity of osteoblasts and
ALP 200-1,060 U/L2 | Zinc deficiency osteoclasts (bone growth, spawning,
353-813 U/L rickets or osteomalacia), liver disease
240-810 U/L
CK 101-253 U/L b Myopathy, lead poisoning, neuropa-
1,000-4,000 U/L thy, ionophore intoxication
4,5 U/LC
ALT* 353-813 U/Lb Liver or muscle damage
0-6.6 U/LD : ~
GLDH 45 U/LS Acute hepatic necrosis
296-638 U/ .
a-amylase 196-638 U/L Pancreatitis

Tabl.11.4: Clinical biochemistry in poultry. Literature review of normal values and interpretation of variations. * Limited interest for
diagnostic. a) Laying hens (bibliographic data); b) values in 20 hens (test at 30°C); c) Results in 3 flocks of laying hens (119 sera)
(adapted from J Brugére-Picoux et al, 1987).
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State of hydration, electrolyte & acid-base
balance

Total proteins, hemoglobin and hematocrit values
are useful to assess the degree of hydration. Mean
values for sodium, potassium, chloride, bicarbo-
nate and anion gap are used to evaluate electrolytes
and the acid-base balance.

Renal function

The mean values of creatinine, uric acid, phospho-
rus and potassium provide an assessment of the
rate of blood perfusion in the kidneys and the inte-
grity of the nephrons.

Nutritional status

The nutritional status is evaluated based on the ave-
rage values for glucose, cholesterol, triglycerides,
albumin, hemoglobin, calcium, inorganic phospho-
rus, the Ca/P ratio and alkaline phosphatase.

Glycemia is very high in birds compared to mam-
mals. Serum glucose reflects dietary carbohydrates
and hepatic gluconeogenesis from amino acids.

Serum cholesterol and triglycerides values are clo-
sely related to dietary fat in growing birds and cli-
nically healthy laying hens. However, moderate
hypercholesterolemia can be physiological (up to
10.5 mmol/L) in hens in the early and late produc-
tion periods.

The values for serum calcium, phosphorus and
ALP are associated with mineral balance and bone
mineral metabolism and blood pH.

Variations in the albumin and uric acid values are
associated with the availability of amino acids in
the diet. Purines and mycotoxins may also affect
uric acid levels.

CK values are indicative of the integrity of muscle
cells. A degenerative process in muscle tissues
(myopathy) causes an increase in CK serum acti-
vity. Deficiencies in vitamin E or selenium, toxe-
mia, or exposure to certain drugs are possible
causes of myopathy.

Changes in serum ALT, GLDH and o-amylase
have limited diagnostic value.

BLOOD BIOCHEMISTRY IN BIRDS @ 85
Liver function

Three aspects of the liver function are determined
by assessing ALP for biliary excretion; the level of
albumin as indicator of hepatocellular enzyme
activities; and serum AST, LDH and GGT for the
integrity of hepatocytes and their membranes.

Assessing bilirubin levels has a limited diagnostic
value since birds are deficient in bilirubin reduc-
tase: bilirubin, greenish in color, is the main bile
pigment. Measurement of bile acids is preferred in
birds.

Hepatic steatosis reflects the accumulation of fat in
the liver. In birds, this accumulation is a physiolo-
gical adaptation to preserve energy but it could
also be pathological.

Immune function

Immune function is assessed using average values
for total globulins and albumin/globulins
(Alb/Glo) ratio. Globulin values are lower in
young birds than adults. There is a relationship bet-
ween total globulin levels and immune system
activities.
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ML Charles Noriega

o
Fig.12.1: Microcytosis. Erythrocytes are
small. This may be associated with Fet*,
Cu, Co and pyridoxine deficiencies.
Microcytosis may also be found due to
severe chronic conditions.
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Fig.12.4: Trombocytes.

Eosinophil

ML Charles Noriega

Fig.12.7: Eosinophils are often observed
in cases of toxic and parasitic processes.
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Fig.12.5: Thrbmbocytosis is observed with
acute severe inflammatory processes.
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Fig.12.8: Basophilia. An increase in baso-
phils is observed when birds are experien-
cing a stressful situation.
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Fig.12.2: Leukocytcgi.é is characteristic of Fig.12.3: Leukopenia is associated with
inflammatory diseases.

viral or severe chronic diseases, and in
cases of immunodeficiency.
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Fig.12.6: Leukocytosis with left shift (when
the immature leukocytes proportion is
greater than the mature leukocytes) is
characteristic of a severe acute bacterial
process such as peritonitis or septicemia.
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Fig.12.9: Leukocytes showing toxic
changes: basophilia, vacuolization and
toxic granulation. These changes are cha-
racteristic of severe chronic septic
diseases.
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12. AVIAN HEMATOLOGY

INTRODUCTION

Avian hematology is an important discipline for
the diagnosis of avian diseases.

In some cases, subclinical diseases are not easy to
diagnose by veterinarians. Avian hematology
offers important tools for a complete diagnostic
approach of certain pathological processes. Indeed,
it may prevent reaching empirical conclusions that
could lead to incorrect treatments.

Clinical laboratory tests, as for mammalians, can
be applied to birds, keeping in mind that there are
several differences to be considered, such as cell
morphology.

Avian erythrocytes and thrombocytes are nucleated
and the interpretation of hematology results must
take into account the species and age of the indivi-
duals under investigation. Fortunately, reference
parameters are readily available in the scientific
literature to assist poultry specialists and diagnos-
ticians.

Hematological findings must be viewed as part of
an integral diagnostic approach, because they are
often a very useful complement, but rarely a defi-
nitive diagnostic result. They assist veterinarians in
recognizing the presence of several conditions,
may they be inflammatory, viral, toxic, or myelo-
proliferative. They are also useful when investiga-
ting nutritional deficiencies and stress related
conditions. They allow assessing the severity of
these conditions via the observation of cell mor-
phology and the measurement of parameters such
as plasma protein concentration, hematocrit, and
cell count. If necessary, these findings can be com-
pleted with coagulation and biochemical tests.

Hematological tests must be performed in a serial
fashion. Indeed, the results obtained from a single
sampling are not as useful as when these are col-
lected over time for a given clinical case.
Therefore, it is best to sample at two or three diffe-
rent times in order to facilitate data interpretation.

SAMPLING

To obtain optimal results and facilitate interpreta-
tion, it is very important to follow proper proce-
dures for blood sampling. Usually, blood samples
are obtained from the jugular or the brachial (wing)

vein. Cardiac puncture may be the method of
choice when larger volumes of blood are required.
When a single individual is studied, only one sam-
ple is collected. When a flock is investigated, it is
best to bleed a representative sample of about 10
birds per poultry house. Sampling should normally
be random, unless there is interest in targeting a
specific sub-group, such as birds showing clinical
signs.

Two cubic centimeters (cm3) of blood are usually
enough. The blood has to be mixed with EDTA
(ethylene djamine tetra-acetic acid) in a proportion
of one cm- of blood and 0.1 cm3 of anticoagulant.

The next step is to make a thin smear of blood. A
glass slide is needed to obtain a good smear which
should be stained with Wright or Giemsa dye. The
smear is then covered with a coverslip glass. This
will ensure that the smear lasts for a long time.
However, it is best to examine the smear within the
first two hours, avoiding heat, because cells will
suffer damage and their morphology will change.

HEMOGRAM
An hemogram includes the following tests:

. Hematocrit - Packed cell volume (PCV)
. Plasma protein concentration

. Hemoglobin concentration

. Erythrocyte count

. Total leukocyte count

. Thrombocyte count

. Differential leukocyte count

. Leukocyte morphology

0NN KW~

Hematocrit - Packed cell volume (PCV)

The hematocrit (PCV) is the way of measuring the
proportion of blood composed of red blood cells. It
is the measurement of the percentage of erythro-
cytes in a blood sample. A normal avian hemato-
crit/PCV ranges from 35 to 55%, with the percen-
tage varying depending on the species of bird. This
1S an important measure to detect anemia. For
example, values below 27% have been seen with
infectious anemia. It is very useful to show dehy-
dration or the presence of leukocytosis (excessive
amount of leukocytes) occurring with inflamma-
tion associated with septicemia.
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The hematocrit is normally obtained from automa-
ted hematology analyzers. It can also be ascertai-
ned by calculating the PCV. To achieve this, the
blood sample is placed in a capillary tube and cen-
trifugated at 10,000 rpm during 3 minutes to obtain
the volume occupied by the packed cells and the
one occupied by the plasma.

Plasma protein concentration

This test is important to detect nutritional defi-
ciencies, chronic diseases, gut disorders or dehy-
dration.

To obtain the plasma protein concentration, a
Goldberg refractometer is needed.

After centrifugating the sample, a drop of plasma
is placed on the glass slide of the refractometer. It
is possible to directly read the plasma protein
concentration from the refractometer’s scale. A
value between 3.0-6.0 g/dl is considered within
reference values.

Hypoproteinemia may indicate a severe chronic
disease, a gut disease or a nutritional deficiency.
When the concentration is over 70 g/dl, dehydra-
tion is present.

Hemoglobin concentration

The hemoglobin concentration can be obtained by
using a Spencer hemoglobinometer. Hemolysis of
the blood is needed to liberate the hemoglobin
contained in the erythrocytes. A concentration of
11-13 g/dl is considered normal.

The hemoglobin concentration is useful to classify
anemia. Depending on the content of hemoglobin
in erythrocytes, an anemia can be classified as
normochromic or hypochromic. An assessment of
erythrocyte morphology can also allow one to
classify an anemia as normocytic, microcytic and
macrocytic.

The most common situation is a microcytic hypo-
chromic anemia. It is present in most chronic and
severe diseases in which birds loose or cannot syn-
thesize hemoglobin.
Erythrocyte count

The erythrocyte count is important to detect ane-
mia. It is a complement to the PCV assessment. It
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is obtained with a Neubauer chamber cell coun-
ting, a Hayer diluent and a Thoma pipette. Birds
have 2-3 million erythrocytes per microliter (ul).

Total leukocyte count

Counting leukocytes is very important to detect
leukopenia or leukocytosis.

The normal amount of leukocytes in birds varies
depending on the bird species. Poultry has around
20,000-30,000 leukocytes/ul. The Neubauer cham-
ber is also used to count leukocytes.

Leukocytosis is observed with inflammatory pro-
cesses. Because of this, a heterophilia (increase in
heterophils) is usually present as well. During
stressful situations, it is common to find a mild
increase in the leukocyte count. By contrast, leuko-
penia may occur in cases of severe chronic
diseases.

Thrombocyte count

Thrombocytes in birds are small cells with a round
nucleus, very condensed chromatin, and a tiny rim
of cytoplasm. They play an important role in the
coagulation process. Thrombocytes in chickens
have been shown to phagocytose bacteria, but are
less phagocytic than heterophils. Therefore, when
an inflammatory or septicemic process is present,
the amount of thrombocytes increases. Under
stressful situations, a mild rise in the number of
these cells can also be observed.

Differential leukocyte count

This is the most important part of the hemogram
because leukocytes are key cells of the immune
system. They include: heterophils, lymphocytes,
eosinophils, monocytes and basophils.

Heterophilia

This is characteristic of inflammatory and septice-
mic processes. Indeed, heterophils are the predomi-
nant leukocytes in the acute inflammatory response
in poultry. They are highly phagocytic and are
capable of a wide range of antimicrobial activities.

Lymphocytosis & lymphopenia

These conditions are usually present with viral
diseases.
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Lymphocytes provide humoral and cellular immu-
nity. Therefore, with an acute viral disease, it is
common to first find lymphocytosis followed,
during the chronic stage of the disease, by a lym-
phopenia.

Eosinophilia

Eosinophils are mediators of the inflammatory res-
ponse. An eosinophilia is often a relative change
that is an increase in the proportion but not neces-
sarily in the absolute number of eosinophils pre-
sent in the blood. Eosinophilia occurs in cases of
toxic diseases and in some birds affected by para-
sites, such as in cases of alimentary tract parasitism
including giardiasis, ascaridiasis, and cestodiasis.

Monocytosis

This is detected in chronic processes with tissue
destruction, like septicemic and inflammatory
conditions.

Basophilia

Basophils are uncommon in avian peripheral
blood. Basophilia is observed with avian respira-
tory infections, toxic diseases, stressful situations,
and resolving tissue damage.

Leukocytes & erythrocytes morphology

Leukocytes and erythrocyte morphology can
change depending on several factors. For example,
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in cases of anemia, erythrocytes can be seen as
small well stained red cells or as pink unstained
ones. The former indicates microcytic normochro-
mic anemia and the latter, a hypochromic anemia.
Microcytosis and hypochromia are found in Fe++,
Cu, Co and pyridoxine deficiencies.

During toxic processes, leukocytes and thrombo-
cytes can show cytoplasm basophilia, karyolysis
(complete dissolution of the chromatin of a dying
cell), karyorrhexis (fragmentation of the nucleus
of a dying cell whereby its chromatin is distribu-
ted irregularly throughout the cytoplasm) and
vacuolization.
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Disease transmission
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Dlrect contact From one bird to anotlher From parent to progleny —
' independent of parental reproduction (e.g., Mycoplasma
relationship meleagridis in turkeys)
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disease yet disease (i.e., a long period Vehlcles tiply like in carriers
stays healthy) of time

Wild birds

Growers,
visitors

Rodents

Equipment -ﬁ\ n

Insects
\ \
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Fig.13.1: Disease transmission.
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Fig.13.2: The different phases of a disease (adapted from Le Glossaire d’Epidémiologie Animale, 1999).
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13. EPIDEMIOLOGIC CONCEPTS &
ANALYSIS OF FIELD STUDIES IN POULTRY

INTRODUCTION

A good understanding of possible interactions
between pathogenic agents, the environment and
management, and their impact on flock productivity
is a prerequisite to developing effective disease con-
trol strategies. Epidemiological investigations for the
identification and quantification of risk factors
related to a disease or health condition often requires
relatively sophisticated biostatistical procedures for
data analysis. Many times, however, simple study
designs and analyses can provide precious informa-
tion. Nonetheless, existing statistical techniques
cannot accommodate for faulty experimental design,
insufficient observations or poor data quality.

The aim of this chapter is to present epidemio-
logic concepts and the necessary conditions for
obtaining valid and meaningful data. Information
is presented on observational studies and, more
specifically, field trials. Also included is pertinent
information on data analysis that may be of value
to field veterinarians.

EPIDEMIOLOGIC CONCEPTS

Disease transmission

Infectious agents, or microbes, need to go from one
susceptible bird to another in order to survive. For this
to occur in a flock, a sufficient number of the disease

Fig.13.3: Schematic representation of the chain of infection.
The arrows indicate the sequence of events required to achieve
infection.

causing microbes must be able to gain access to sus-
ceptible birds. This is called the chain of infection.

Susceptible birds are those that have no immune
protection against the microbes or whose defense
mechanisms are compromised or overwhelmed at
the time of infection.

To infect the birds, the microbes must have ade-
quate contact with them. Adequacy is dependent
on the type of microorganism. For example, an
agent causing respiratory problems must get by all
of the bird’s defense mechanisms to reach the site
of infection (for example: airsacs for aspergillo-
sis). To enter the bird, the microbes must first be
transmitted. This can occur via direct (bird-to-bird)
contact, indirect contact (via contaminated equipment,
people, the environment, efc.) or by vectors (flies,
darkling beetles, etc.). Finally, to persist in a
region, microbes need a «home base». This is the
reservoir. It could be rodents, other birds or ani-
mals, or any organic material acting as life support
for these microbes. We can divide reservoirs in 4
categories: living animals, dead animals, animal
by-products (e.g., animal protein [blood, plasma,
viscera], meat and bone meal), and the environment
(e.g., soil, equipment, and buildings).

Microbes can be transmitted in two broad direc-
tions: vertically and horizontally. Vertical trans-
mission occurs when the pathogen is passed on
from parent to progeny through reproduction (e.g.,
mycoplasmosis due to Mycoplasma meleagridis).
All other forms of transmission are said to be hori-
zontal because they go from one individual to the
next independently of parental relationship. This
includes transmission via direct and indirect contact.

Direct contact occurs when one bird touches another
or when both birds are in so close proximity that the
infected bird can transmit the microbe, for example,
via droplets after coughing. In commercial poultry,
this is the usual form of transmission within a poultry
house for a respiratory disease. Between poultry
houses and between farms, indirect transmission is
more likely. This type of transmission involves a third
party. It can be an object (e.g., equipment, drinkers,
truck, efc.), it can be people going from farm to farm,
contaminating their boots or clothes; it can also be
vectors such as insects, rodents, or dogs.
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Fig.13.4: Characteristics of pathogens.
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Fig.13.5: Different aspects of infection.
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Birds are susceptible, or at risk of becoming sick,
when their defense mechanisms are not adequate to
control the microorganisms. This happens when
the birds’ immune system is compromised. Many
factors may be responsible for this. The main cul-
prits are deficient environments (stressful to the
birds), poor nutrition, and the presence of so many
pathogens, that the system is overwhelmed. For
example, a dusty environment with high ammonia
levels in the barn will affect the birds’ ability to
prevent the entry of Aspergillus all the way to the
lungs and airsacs. These birds will be much more
likely to develop aspergillosis.

Infection Pressure
In general, the more microbes a bird is exposed to,

the more likely the infection is to occur (i.e., the
more likely the chain of infection will be intact).
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This is called the «infection pressure» or «pressure
of infection».

Some microbes will also team-up to cause dis-
ease. They will, indeed, «merge their chains of
infection» and, together, will be much more dan-
gerous to the birds. For example, in turkeys, it
was shown that a coronavirus and a specific type
of Escherichia coli can «join forces» to produce a
more severe disease than they could separately.

The infection pressure concept also applies to
regions. The more farms in an area, presumably the
more microbes and the more birds at risk. Also, a
high regional density offers more opportunities for
disease transmission. Using a geographical infor-
mation system, it was shown that the higher the
regional density of farms, the lower the average
productivity performance.
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Fig.13.6: Example of «infection pressure». Relationship between the incidence of birds with cellulitis lesions and the number of
bacteria applied on the skin of birds with standardized cuts or scratches on their abdomen.In this study conducted in France by
Eterradossi et al (1989), it was demonstrated that a certain number of Escherichia coli (the main bacteria associated with cel-
lulitis) was necessary to reproduce the disease; and the greater the number of bacteria, the higher the incidence of the disease

in a group of birds.
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Fig.13.7: Impact of turkey coronavirus (TCV) and an Escherichia coli (EPEC), separately or together, on 3 week-old bird mortality

and average daily gain (Guy et al, 2000).
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Disease spread

When many birds are susceptible to a disease on a
farm, and these birds are exposed to a pathogenic
agent, we normally get an outbreak. The outbreak
will last as long as enough birds are susceptible; in
other words, as long as the flock on the farm does
not develop immunity against the microbe.

Some birds or lines of birds can be resistant to a
specific disease. For example, there are leucosis-
resistant strains of chickens that are not affected by
the virus causing the disease. In this example, the
birds have an innate ability to avoid getting sick by
this specific agent. But in most cases, birds need to
gain immunity against a microbe in order to stay
healthy when challenged. When an infectious
disease affects a flock, you normally notice a pro-
gression of the clinical signs in individual birds.

You will also notice that the number of affected
birds will increase to a certain point and then
decrease. The speed at which the disease spreads
and expresses itself varies with the disease. It can
show up and disappear quickly, or it can move slow-
ly within the flock and cause problems for the dura-
tion of the production life of this flock (for example:
enteric problems caused by turkey coronavirus).

When many flocks on different farms are affected,
we say that we have an epidemic. An epidemic
occurs when the occurrence of a disease is affecting
a number of flocks in clear excess of what would

be expected for a specific region and period of
time. For example, in the Niagara Peninsula
(Ontario) in 1994, 38 outbreaks (flocks) of infec-
tious laryngotracheitis (ILT) were recorded over a
four month period in broiler chickens. Although
outbreaks of ILT have been reported in this area in
the past, only up to three ILT flocks are expected
per month in this region during the spring, which
corresponds to the peak season for this disease. In
this example, ILT is said to be sporadic under nor-
mal conditions in this area. If a few cases would
always be around, we would say that the disease is
endemic in this region (see Fig.13.8).

The way a disease spreads over time and space will
vary depending on the microbe’s characteristics,
its original distribution in the area before the epi-
demic occurs (i.e., where it is at the moment that it
exits its reservoir), and its mode of transmission
(horizontal, vertical, direct, indirect).

Clustering occurs when many cases are found in a
limited area over time. This often happens with
transmissible diseases that have a common source
of infection (i.e., when all cases are coming from
the same origin, like an infected flock. We then
talk of having a disease cluster.

The agent-animal-environment relationship
To understand a disease, one must know the rela-

tionship between the cause of the disease, the birds
and their environment.

Number of cases

. Sporadic case
Epidemic disease

Endemic disease

Time

Fig.13.8: Graphic representation of the difference between epidemic, endemic and sporadic diseases (adapted from Dictionary of

Veterinary Epidemiology, 1999).
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Spread of disease

from a single origin

directly to several
other locations

Progression of a disease
by successive contact
between diseased and
susceptible individuals

Fig.13.9: Schematic representation of two different patterns of spread of disease (adapted from Dictionary of Veterinary

Epidemiology, 1999).

Causality

Historically, causality was defined by Koch’s
postulates, a series of four postulates proposed by
a German bacteriologist, Robert Koch, (1843-
1910) regarding the ideal conditions required to
demonstrate causality for an infectious agent (the
agent must be present in every case of the disease
by isolation in pure culture; the agent must not be
found in cases of other conditions; once isolated,
the disease must be reproducible experimentally
with the agent; and this agent must be recovered
from the experimental disease). But this series of
postulates is not adequate for diseases with mul-
tifactorial etiology, not to mention non-infectious
diseases as well! In epidemiology, Alfred Evans
(1976) proposed postulates that better reflect
reality:

1) Prevalence of the disease should be significant-
ly higher in those exposed to the putative cause
than in those not so exposed.

2) Exposure to the putative cause should be present
more commonly in those with the disease than in
controls without the disease when all risk factors are
held constant.

3) Incidence of the disease should be significantly
higher in those exposed to the putative cause than
in those not so exposed as shown in prospective

studies.

4) Temporally, the disease should follow exposure
to the putative agent with a distribution of incuba-
tion periods on a bell shaped curve.

5) A spectrum of host responses should follow
exposure to the putative agent along a logical bio-
logic gradient from mild to severe.

6) A measurable host response following exposure
to the putative cause should regularly appear in
those lacking this before exposure (i.e., antibody,
cancer cells) or should increase in magnitude if
present before exposure; this pattern should not
occur in persons so exposed.

7) Experimental reproduction of the disease should
occur in higher incidence in animals or man appro-
priately exposed to the putative cause than in those
not so exposed; this exposure may be deliberate in
volunteers, experimentally induced in the labora-
tory, or demonstrated in a controlled regulation of
natural exposure.

8) Elimination or modification of the putative
cause or of the vector carrying it should decrease
the incidence of the disease (control of polluted
water or smoke or removal of the specific agent).

9) Prevention or modification of the host’s
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response on exposure to the putative cause should
decrease or eliminate the disease (immunization,
drug to lower cholesterol, specific lymphocyte
transfer factor in cancer).

10) The whole thing should make biologic and epi-
demiologic sense.

Risks

In the context of poultry diseases, a risk is the prob-
ability that a disease will occur in a flock at a given
moment or over a given time period. A risk can be
modified by factors internal or external to the flock
and its immediate environment. Factors associated
with an increase in the probability of occurrence of
disease are known as risk factors. For example,
poor barn ventilation may lead to high levels of
ammonia that will trigger respiratory problems.
Excessive temperature variation over a few hours
can also stress birds and lead to clinical problems
such as diarrhea in turkeys. If the factor is asso-
ciated with a reduction in the incidence of disease,
it may be called protective factor. For example, a
slow growth rate will be associated with a lower
incidence of tibial dyschondroplasia in broiler
chickens.

The epidemiological measure of the strength of
the relationship between a risk factor and disease
is the relative risk. It is expressed as the ratio of
the incidence of disease in flocks exposed to the
risk, to the incidence in flocks not so exposed.
The relative risk ranges from 0 to infinity. If the
relative risk is less than 1, the factor is protective
(reduced incidence); but if it exceeds 1, the factor
is a risk (increased incidence). If the ratio is equal
to 1, there is no association between the disease
and the factor. For example, in a study on cellulitis
in chickens, the relative risk for duration of down-
time was 0.9. This means that the longer the
downtime, the lower the incidence of cellulitis.
By contrast, using straw as litter (versus wood
shavings) was associated with an increased inci-
dence with a relative risk of 2.8.

ASSESSING TREATMENTS, RISK FACTORS,
AND DISEASES: KEY STEPS AND CONSIDERA-
TIONS FOR CLINICAL AND FIELD TRIALS

Objectives, outcomes (diseases) and treatments
(or risk factors)

The objectives of a study must be clearly stated.

Disease measurement, unit(s) of interest (i.e., birds,
flocks) and risk factors should also be selected
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wisely. For example, in a study on cellulitis in
chickens, a statistical association was found
between the rate of condemnation at slaughter for
valgus varus deformity and cellulitis. Although the
association was very significant (p = 0.0004) and
could make sense biologically (affected birds may
spend more time on the floor, leading to prolonged
contact with contaminated litter), controlling for
this risk factor would likely not be economically
doable. Other factors, such as litter characteristics
(also found associated with cellulitis), are more
likely to contribute to the development of cost-
effective control strategies.

For field trials, it is recommended to have at least
two outcomes: one to determine productivity and
one concerned with morbidity, mortality, or wel-
fare. It is possible for a treatment to lower morbid-
ity or mortality rates but to have little impact on
growth rate or feed efficiency. Field work on Poult
Enteritis Mortality Syndrome (PEMS) is a good
example. Intervention strategies for this disease
that have resulted in higher survival rates have had
a more negligible impact on growth performances.

The study should be designed so that the collection
of data is based on biologically significant and,
most importantly in field studies, on economically
significant parameters. It is recommended to
select, as much as possible, parameters that not
only measure biological production, but that also
may be used as economic indicators, which are
valuable for on-farm decision making. For example,
parameters such as feed efficiency, average daily
gain, percent mortality, carcass grades, condemna-
tion rates, average weight at slaughter, and weight
variance are meaningful parameters for studying
grow-out performances, whereas morbidity
indices may not be accurate indicators of financial
performance.

Study design for observational studies and
clinical trials

Only after the objective(s), the outcome(s) and the
risk factors (or treatments for a classic clinical
trial) have been defined, can the study design be
determined.

A detailed presentation of the most frequent study
designs is beyond the scope of this chapter.
Objectives and designs commonly encountered in
the veterinary literature are presented in Tabl.13.1
along with frequently used statistical procedures.
The analysis depends upon the type (continuous
or categorical) of outcomes (i.e., disease, growth
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performance) and risk factors. For example, an
investigation of risk factors associated with
growth performance, such as average daily gain,
could be designed as a case-control or a cohort
study. If the outcome were categorical (i.e., 5 levels
of average daily gain), chi-square or logistic
regression would be valid options, whereas if the
outcome were continuous, analysis of variance
(ANOVA), analysis of covariance, or multiple
regression would be considered, assuming nor-
mality of distribution. For any of the above, the
use of confidence intervals rather than p-values is
recommended, being more descriptive of the magni-
tude of effect and of the precision of measurement.
For any projects, it is also highly recommended to
seek assistance from a statistician with a practical
knowledge of epidemiology.

Validity of data

The validity of an epidemiologic study is defined as
the ability of an examination or study to measure
what it is supposed to measure, without being
influenced by other sources of errors. Valid data
avoids biases introduced by the observer or
recorder.

The issue of data validity is not new. However,
it is more critical than ever. The advent of com-
puterization, record keeping systems, and elec-
tronic sensors has made it easy, if not trendy, to
gather information. Integration also facilitates the
gathering and processing of data covering the full
spectrum of poultry production. This information is
mainly utilized for day-to-day managerial deci-
sions. It may also be used for field trials. However,
before doing so, one should first appreciate the
validity of such data.

Data quality is assessed in terms of reliability and
validity. Reliability is a measure of the closeness
of agreement between values obtained from
repeated measurements collected or performed on
samples or individuals under specific conditions,
usually by the same person or laboratory. It is
essentially a measure of data consistency. Validity
is the extent to which the measurement reflects the
truth. Reliability and validity of data recording
depend largely on the people and/or on the test(s)
used to obtain the information. It is also dependent
on the type of data being collected. For all practi-
cal purposes, data can be divided into two groups:
soft and hard.

Hard data are information requiring little interpre-
tation (as part of the recording process), such as
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daily mortality, number of birds culled, breed, sex,
and breeder flock identification. It may be biased
(systematic deviation from the truth) when it is not
consistently recorded. Soft data represent subjec-
tive information based on one’s interpretation of an
event (causes of death, clinical signs, culling cate-
gory, category of condemnation, etc.). We rely
mostly on hard data to assess productivity.
However, we often have to base our judgment on
soft data when investigating problems. For exam-
ple, studies using producer diagnoses of causes of
mortality or culling are likely to be subjected to
biases that limit or prevent interpretation.
Therefore, steps to validate producer or serviceman
observations should be included in on-farm studies.

Precision of data - sample size

Precision is characterized as the quality of being
sharply defined through exact details. A more sta-
tistically oriented definition would be: measure of
dispersion or variance associated with the use of a
random sample to obtain the estimated population
statistics. The larger the variance, the lower the
precision. Therefore, precision is inversely propor-
tional to the variance of the measure. This is deter-
mined by sample size and sampling methodology.
Note that there is no relationship between the pre-
cision of the estimate (measure) and the population
size as long as the sample size is negligible com-
pared to the population. For example, measure-
ments obtained from a sample of 30 birds will have
the same precision whether the sampled flock
comprises 10,000, 100,000, or 1,000,000 birds.

One should not confuse precision and accuracy. If
one seeks to estimate the average weight of a
group of turkeys whose real value is 16.5 kg, the
estimation can be varied (see Fig.13.10).

If adequate estimates are to be achieved at the
population level, the sample units selected (birds,
flocks) for the study must be representative of the
target population and non-biased in terms of
which unit is selected. The most important factors
influencing the necessary sample size are the
questions being asked (such as minimum preva-
lence of disease requiring detection or the accura-
cy of the estimated prevalence), and the degree of
uncertainty (or level of confidence) that one is
willing to accept. Indeed, for cost purposes (and
other practicality issues), it is essential to limit
sample size and yet have sufficient numbers so that
measurement variation can be estimated and the
sampling error can be calculated. Calculation of
the degree of confidence in the error rate should be
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Tabl.13.1: Common objectives, study designs and biostatistical procedures.

1Non-parametric statistics such as Kruskall Wallis one way ANOVA, Friedman two way ANOVA, Spearman’s rank correlation, Sign Test and

Rank Sum Test are also used when the distribution for the studied variables is not normal.

Precise and accurate 16.2 + 0.3 kg

Precise but inaccurate 13.5+ 0.3 kg |

Imprecise but accurate 16.2 + 1.5 kg |

Imprecise and inaccurate  13.5 + 1.5 kg I I

True value: 16.5 kg

Epidemiology, 1999).
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Fig.13.10: Graphic representation of the degree of precision and accuracy of an estimate (adapted from Dictionary of Veterinary
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done if any meaningful interpretation of the data is
to be made.

If one wishes to estimate a prevalence or an
average, then it is crucial that the selection of
birds to be sampled be unbiased (random sam-
pling). An unbiased sample is one in which every
individual in the group has an equal chance of
being selected. Of course, in practice, we all
know that this rarely occurs like under laboratory
conditions. However, every effort should be
made in the field to minimize bias. However, if
one wants only to establish whether a condition or
an agent is present in a flock, birds most likely to
be affected should be sampled. Here, veterinarians
can utilize their knowledge of the expected epi-
demiology and clinical observations to select the
appropriate birds for testing. For example, in order
to identify PEMS agents, it is best to focus on
turkeys between 2 and 5 weeks of age showing
early signs of enteritis.

If one wants to estimate the morbidity of affected
birds in a flock, practical targets could be a sample
size allowing disease detection at a 10% preva-
lence (with a 95% level of confidence) (i.e., a sample
size allowing to detect the presence of a disease
affecting 10% of a population). For this purpose, a
sample size of 30 is recommended (see Tabl.13.2).
If prevalence is expected to be high, like for a case
of infectious bronchitis, 5 to 10 samples are suffi-
cient. Note that, in commercial poultry productions
where flocks normally exceed 3000 birds, sample
size is not dependent on population size.
Calculations for sample size can be found in any
biostatistics textbook. Epi-Info, a free software
package from the CDC (Center for Disease Control
and Prevention) of Atlanta includes a sample size
calculator (www.cdc.gov/epiinfo/).

Sample size is critical because if it is too low and
the study has already been completed, there is no
way to correct the situation. Tabl 13.3 offers such
data where a three fold difference in mortality
means little when each treatment includes only 10
birds. Although one would think that there is a
difference between 10% (1/10) and 30% (3/10)
mortality, because of the small sample size, the
observed difference is not statistically significant
(p-value = 0.58).
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Statistical methods

Descriptive statistics are very useful to help assess
the relative value or importance of variables and
their distribution. The most popular descriptive
statistics are the mean, the median, the mode, the
range, the standard deviation, and the 95% confi-
dence interval for the mean. It is best to use several
of them together in order to provide an adequate
description. For example, in Tabl.13.3, the ratio
bursa weight/body weight seems lower for treatment
2 compared to treatment 1. However, additional
descriptors such as the standard deviation and the
95% confidence interval provide enough informa-
tion about data variability to show that the two
means are not likely to be statistically different. This
is confirmed using parametric and non-parametric
tests (these tests are preferred when the sample size
is small or the distribution of the variable has an
unusual shape).

Another example of descriptive statistics often
presented is the percentage or proportion of indi-
viduals or flocks positive to a given condition.
Tabl.13.4 reveals that a high percentage of turkey
flocks in two regions of North Carolina were
affected with PEMS in 1996. However, if a similar
percentage were positive for coronavirus in the
West, this was not the case in the East. But it
appears that there are more cases of PEMS and
Corona positive flocks in the West than in the East.
Some have even concluded that this was proof that
Coronavirus was the cause of PEMS. However, in
order to learn more about the possible association
between PEMS and Coronavirus in the field, a
contingency table was created (Tabl.13.5). The
analysis, using Fisher’s Exact test, shows the lack
of a strong association between PEMS and
Coronavirus for this study. This does not mean that
Coronavirus cannot be associated with PEMS (in
fact, PEMS has been reproduced under controlled
conditions using Coronavirus and E. coli; it is now
also accepted that the severity of the disease will
likely increase when Coronavirus is present); but it
does indicate that Coronavirus is not essential to
PEMS (i.e., it is not THE cause of PEMS). Here,
the region acted as a confounder (i.e., a factor that
leads to a distortion in the observed effect between
another variable (e.g., coronavirus) and an out-
come (e.g., PEMS).
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Population size Prevalence of disease

1% 5% 10% 50%

30 29 23 19 5

60 57 38 23 5

100 95 45 25 5

300 189 54 28 5

500 225 56 28 5

1,000 258 58 29 5

5,000 289 58 29 5

100,000 298 58 29 5

Tabl.13.2: Sample size for 95% confidence in disease detec-
tion (adapted from Martin et al, 1987).

Bursa/body weight ratio

Mortality1 Mean? Standard Deviation 95% Confidence Interval
Treatment 1 1/10 0.162 0.03 0.141 - 0.183
Treatment 2 3/10 0.132 0.04 0.102 - 0.162

TFisher’s exact test (two-sided test): p= 0.58

2parametric analysis: Student-t test: p = 0.16; Non-parametric analysis: Wilcoxon rank sum test: p= 0.11

Tabl.13.3: Example of lack of statistical significance because of small sample size and wide variability of data. Hypothetical data
with 10 birds per treatment.

Western North Carolina Eastern North Carolina
Flock status Number of flocks Percentage Number of flocks Percentage
PEMS positive1 39 78 17 59
PEMS negative 11 22 12 41
Total 50 100 29 100
Corona positive1 35 70 5 17
Corona negative 15 30 24 83
1 PEMS status based on the definition included in the text
Corona status based on direct immunofluorescence test

Tabl.13.4: Distribution of Poult Enteritis Mortality Syndrome (PEMS) and Coronavirus positive (Corona) flocks in Western and
Eastern North Carolina in 1996. Data are shown considering the PEMS and Corona flock status separately.

Western North Carolina Eastern North Carolina

PEMS Pos!  PEMS Neg PEMS Pos!  PEMS Neg
Corona positive1 28 (80%) 7 (20%) 4 (80%) 1 (20%)
Corona negative 11 (73%) 4 (27%) 13 (54%) 11 (46%)
Fisher’s exact test? p-value = 0.71 p-value = 0.37

1 PEMS status based on the definition included in the text
Corona status based on direct immunofluorescence test
2 p-values from Fisher exact tests performed on the two 2x2 tables

Tabl.13.5: Distribution of Poult Enteritis Mortality Syndrome (PEMS) flock status according to their Coronavirus status by North
Carolina region in 1996.
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Of course, this interpretation assumes that the data
collected was valid (i.e., no misclassification of
flocks).

CONCLUSION

Practicing veterinarians will increasingly require
an understanding of epidemiologic and statistical
methods in order for them to meaningfully pro-
vide a preventive medicine service to poultry pro-
ducers. Proper health monitoring and analysis are
of paramount importance. Indeed, flock health
management involves an accurate assessment of a
flock’s health status as well as the identification of
related bird, environmental and management fac-
tors. An increased understanding of the types of
studies suited to investigating and solving prob-
lems will encourage practitioners to use these epi-
demiological tools as part of their work. To learn
more about veterinary epidemiology, books by
Thrusfield (2007) and Smith (2006) are good refer-
ence texts.
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Fig.14.1: Thymus (Chicken). Fig.14.2, 14.3 & 14.4: Bursa of Fabricius (Chicken). In the chicken, the bursa is detectable around the 5th
It is an elongated, multi-lobu-  day of incubation and becomes functional the 10t to 12th day. Like the thymus, the bursal lymphocytes ori-
lar structure (7 lobes in the ginate from the yolk sack and migrate via the blood vessels. The structure of the bursa is composed of vil-
chicken) located along the lus-like folds or plicae, which are directed towards a central lumen. The epithelium of the intestine covers
length of both sides of tra- the bursal lumen, but lacks mucous cells. Each bursa may have 8,000 to 12,000 lymphoid follicles, embed-
chea with some lobes exten- ded in connective tissue and surrounded by lymphatic vessels. Like the thymus, bursal follicles are organi-
ding into the anterior thoracic zed into a cortex and a medulla.

cavity.
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Fig.14.5 & 14.6: Normal spleen (Turkey). Like in the mammals, the encapsulated spleen is divided into white and red pulps. The white pulp,
which is the real lymphoid part of the spleen, is composed of more densely packed lymphoid cells surrounding the vascular tree of the
spleen.
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Fig.14.7: Atrophy of the spleen (Chicken). Emaciation of the spleen  Fig.14.8: Splenomegaly (Turkey 4 weeks old). Colibacillosis.
following stress.
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14. AVIAN IMMUNOLOGY

INTRODUCTION

Over the years, the chicken immune system has pro-
vided an invaluable model for studying basic immu-
nology and has made seminal contributions to fun-
damental principles of immunology, from the
accidental invention of attenuated vaccine against
fowl cholera by Louis Pasteur to the first descrip-
tion of graft-versus-host reaction: first definitive
association of specific major histocompatibility
complex (MHC) haplotype with resistance and sus-
ceptibility to pathogens, discovery of the dichotomy
of lymphocytes into B cells (BC) and T cells (TC),
discovery of interferon, first successful vaccines
against a cancer and first vaccines administred in
ovo.

Although the chicken is an excellent biomedical
model, the main objective for poultry immunologist
is the improvement of health, production and wel-
fare of commercial birds. Because commercial
flocks are raised under intensive rearing conditions,
they are vulnerable to disease outbreaks and to rapid
spread of infectious agents. Therefore, intensive vac-
cination is critical in maintaining bird health and this
is likely to become even more important because of
reduced use of antibiotics as a growth promoter. In
addition, the poultry industry is afflicted with immu-
nosuppressive agents such as chicken infectious ane-
mia virus, infectious bursal disease virus, Marek’s
disease virus, avian reovirus, and mycotoxins. Fol-
lowing immunosuppression, most birds respond
poorly to vaccines thus putting the flock health in
jeopardy. The overall organization and mechanisms
of immunity in birds are quite similar to those in
mammals, although there are some differences in
anatomic, cellular, genetic and molecular features.

ORGANS OF THE IMMUNE SYSTEM

The organs of the immune system are classified into
primary or central lymphoid organs and secondary
or peripheral lymphoid organs. In birds, the primary
lymphoid organs are the thymus and the bursa of
Fabricius where T and B cell precursors differen-
tiate respectively and undergo maturation. Mature
lymphocytes leave the primary organs and populate
the secondary lymphoid organs, the principal site of
antigen-induced immune response. The peripheral
lymphoid organs and tissues, characterized by
aggregates of lymphocytes and antigen-presenting
cells (APC), are scattered throughout the body. They

include the spleen, the bone marrow and the Harde-
rian gland. In addition, birds have clusters of lym-
phoid tissues that are named according to their loca-
tion such as head-associated lymphoid tissues
(HALT), bronchus-associated lymphoid tissues
(BALT), and gut-associated lymphoid tissues
(GALT). Examples of GALT include esophageal
tonsils, Meckel’s diverticulum, Peyer’s patches,
cecal tonsils as well as annular bands ducks.

Thymus

The thymus is the site of production of TC, respon-
sible for the cell-mediated immunity. It is an elon-
gated, multi-lobular structure (7-8 lobes in the
chicken) located along the length of both sides of
trachea with some lobes extending into the anterior
thoracic cavity. Each lobe is encapsulated in connec-
tive tissue and divided into multiple lobules. Each
lobule consists of a cortex where lymphocytes are
densely packed and a medulla with fewer lympho-
cytes. TC that arrive in the cortex are double nega-
tive (CD4-CD8-) and as they migrate towards the
cortex/medulla junction they become double posi-
tive. Once they enter the medulla, they become
either CD4 or CD8 cells. At hatch, the thymus is pre-
dominantly filled with TC with antigen receptors
called TCR, although some dendritic cells and
macrophages are also present. Some BC migrate
also to the thymus after hatch.

Bursa of Fabricius

In birds, BC differentiate and develop in the bursa
of Fabricius (BF), hence the term “B” lymphocytes,
whereas in mammals the cells develop in the bone
marrow.

Each follicle is filled with BC, and as in the thymus,
the lymphocytes are arranged into peripheral cortex
and central medulla. Besides B cells, the BF contains
some T cells, plasma cells, macrophages, dendritic
cells and reticulocytes. The presence of TC and
plasma cells show that although the bursa is a pri-
mary lymphoid organ, it can also trap antigen and
undertake some limited antibody production, pro-
bably as a self-protection measure. The bursa pro-
duces a few hormones and the most important of
these is bursin, a tripeptide that has a regulatory role
in BC development and differentiation. In the
chicken, the bursa is well developed at birth and
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reaches its maximum size around 4-12 weeks of age
after which involution begins and is complete at
about sexual maturation. Bursectomy before the
17t day of incubation induces complete absence of
immunoglobulins (agammaglobulinemia), with the
absence of germinal centers and plasma cells in peri-
pheral lymphoid organs.

Spleen

The chicken spleen is the first secondary lymphoid
organ to be colonized by lymphoid cells at around
10 to 11 days of embryonic development. Like in
the mammals, the encapsulated spleen is divided
into white and red pulps. The white pulp, which is
the real lymphoid part of the spleen, is composed
of more densely packed lymphoid cells surroun-
ding the vascular tree of the spleen. It is located
around a central arteriole, forming the periarterial
lymphoid sheath. The sheath has a T zone and a B
zone. TC are located around the arteriole, while BC
are outside this area, organized in primary and
secondary lymphoid follicles. Following stimula-
tion by antigens, the follicles develop BC-rich ger-
minal centers, with some APC such as dendritic
cells and macrophages. The increase in the num-
ber of germinal centers after vaccination or infec-
tion, requires cooperation between the BC, the TC
and the APC. The red pulp consists of sinusoid
venules surrounded by macrophages, thrombo-
cytes, lymphocytes and many plasma cells. The
spleen is also a reservoir of thrombocytes, erythro-
cytes and granulocytes.

The spleen responds mainly to antigens in blood.
Antigens that enter the spleen are taken up by den-
dritic cells in the marginal zone and in the sinusoids
ofthe red pulp. The cells then carry the trapped anti-
gens to the primary lymphoid follicles where ger-
minal centers develop quickly to accommodate the
influx of the antigens. Within a few days, antibody-
producing plasma cells are formed and start to
migrate into the marginal zone and the red pulp of
the spleen. It is also in these regions that antibody
production is first detected.

CELLS OF THE IMMUNE SYSTEM
Macrophages

Macrophages are one of the most important cells in
the innate or nonspecific immune response. They
are derived from blood monocytes which, based
upon size alone, are indistinguishable from lympho-
cytes. They mature once they migrate into tissues
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and they differ in morphology and function depen-
ding upon what tissue they are in and their level of
activation. Macrophages are able to recognize tar-
gets via different cell-surface receptors including
Toll-like receptors. Macrophages also remove aged
red blood cells by recognition of subtle changes on
cell surface glycoproteins and they destroy aged gra-
nulocytes at inflammation sites. Macrophages can
be identified by their ability to adhere to substrates
such as glass, by their phagocytic and chemical pro-
perties and by cell-surface receptors. Nonspecific
esterase staining can be used to identify avian
macrophages, but since the staining levels vary and
it is unknown whether it is a characteristic of all
avian macrophages, this method is not as certain as
it is for mammals. Unlike mammals, birds do not
have resident peritoneal macrophages that can be
harvested for experimental purpose, nor do birds
have a true peritoneum. All avian macrophages must
thus be chemically elicited and as such, they become
activated before harvest. Macrophages respond
sequentially to inflammation by inducing the expres-
sion of adhesion molecules, chemotaxis to the site
of chemoattractant and, once there, initiation of a
respiratory burst. The respiratory burst is the result
of the production of chemicals that are responsible
for killing bacteria and other microorganisms.
Macrophages can also kill tumor cells by secreting
tumor necrosis factor (TNF-alpha), by antibody-
dependent cell-mediated cytotoxicity (ADCC) and
by direct contact.

Natural Killer (NK) cells

NK cell activity has been primarily researched in
the chicken and the Japanese quail. NK cells are
extremely important as the initial immune response
to tumors and, to a lesser extent, to virus-infected
cells. They are identified as large granular lympho-
cytes with an absence of T-cell receptor (TCR) or
B-cell receptor (BCR) and they do not adhere to
glass like the macrophage. The chicken NK cells are
CD8+CD3-. NK cells possess receptors for interleu-
kin 2 (IL-2) and interferon (IFN) especially IFN-
gamma, which is responsible for its activation and
greatly increasing NK cell activity. Unlike in
humans where NK activity is detected in fetuses and
remains high after birth, NK activity is low in chicks
and increases only with age. The degree of NK cell-
mediated cytotoxicity and the timing of develop-
mental acquisition of NK cell activity are influen-
ced by genetic lineage. Some disease-resistant lines
acquire NK activity at a younger age than do sus-
ceptible lines. NK cell activity is also enhanced by
antibodies in ADCC process.
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Fig.14.12: Monocyte (chicken). Monocytes Fig.14.13: Lymphocyte (chlcken)
are indistinguishable from lymphocytes (cf.

figure 14.13).

Heterophils

The chicken heterophil is considered to be the equi-
valent of the mammalian neutrophil and has a simi-
lar principal role, that is, protection by phagocyti-
zing invading microorganisms such as bacteria.
Heterophils have multilobulated nucleus with two
or three lobes, and lysosomal granules that stain
brightly with eosin. Mature heterophils lack peroxi-
dase and alkaline phosphatase that are present in
neutrophils, but they contain beta-glucuronidase and
acid phosphatase. In general, birds have a caseous
rather than purulent response to most antigens,
which may be partially explained by the reported
lack of lysozymes and other enzymes in heterophils.
Like neutrophils, heterophils are the predominant
(approximately 50%) phagocytic cells involved in
acute inflammatory reactions. Granular leukocytes
can also play some part in anticoccidial immunity.
Both primary and secondary coccidial infections eli-
cit an increase in heterophil numbers, although the
response is much more rapid in secondary infections
in which it coincides with a rapid infiltration of hete-
rophils and lymphocytes into the lamina propria.
Avian heterophils have also been shown to partici-
pate in ADCC.

Stress has been found to have a detrimental effect
on heterophil and lymphocyte numbers, and the
blood heterophil to lymphocyte ratio can be used as
a measure of stress in chickens. The hormone mela-
tonin, secreted from the pineal gland, appears to
influence nonspecific immune responsiveness, par-
ticularly heterophil activities. Production of mela-
tonin is inhibited by light and permitted by darkness.
While it is clear that melatonin interacts with the
immune system, the details of those interactions are
unclear. Immunological effect of melotonin is
thought to result from melatonin acting on high affi-
nity receptors expressed on immune cells and enhan-

Manual of poultry diseases

C Bedard

.
Fig.14.14: Heterophil (chicken).

cement of cytokine production. It is thus logical to
assume that raising chickens on continous light regi-
ment can cause stress and a reduced immune res-
ponse to vaccines and pathogens because of insuf-
ficient melatonin due to lack darkness.

Eosinophils

Mature eosinophils have granules containing peroxi-
dase, aryl sulfatase, and some acid phosphatase, sug-
gesting that the granules are lysosomal in nature.
Eosinophilia in mammals is associated with helmin-
thic infections, allergic reactions, and some neoplas-
tic diseases. This is not clearly so in birds although
prolonged eosinophilia was observed in birds affec-
ted with dermatitis of the head. Passive cutaneous
anaphylaxis reactions in young chickens and acute
inflammatory reactions in chicken skin are notable
for the lack of involvement of eosinophils, sugges-
ting that avian eosinophils do not respond to inflam-
matory stimuli in the same way as mammalian eosi-
nophils.

Basophils, mast cells & thrombocytes

Basophils and mast cells belong to distinct cell
lineages, although they have many functional simi-
larities, and possess secretory granules for the syn-
thesis and storage of histamine, heparin and other
vasoactive substances. Basophils are very weakly
phagocytic and lack significant amounts of bacte-
riocidal and lysosomal enzymes. Basophils may
have some part in the early acute inflammatory res-
ponse and the induction of immediate hypersensiti-
vity reactions in chickens.

Mast cells are involved in the initiation of inflam-
mation by releasing pharmacologically active
mediators, which facilitate the migration of hetero-
phils and monocytes to the site of injury. Mast cells
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have been found in tumors in the chicken. They
occur in nerves from normal birds and are increa-
sed in nerves affected with Marek's disease. In Rous
sarcoma, basophils from the blood stream invade
tumors where they release their heparin-containing
granules into the tumor. This basophilic response
may be a factor in resistance to Rous sarcoma in the
resistant strains of chickens to the virus. In mam-
mals, a prominent feature of intestinal helminthic
infections is associated with a large increase in the
numbers of intestinal mast cells. A similar increase
in mast cell numbers has been described in chickens
infested with the cestode Raillietina cesticillus sug-
gesting a similar role for mast cells in avian helmin-
thic infections, although this does not appear to be
the case for immunity to coccidia.

Avian thrombocytes are mononuclear cells that
function in the same way as the mammalian plate-
lets in causing blood coagulation. They are sphe-
rical or elliptical in shape and are smaller in size
than lymphocytes. They are also capable of pha-
gocytosis although the phagocytic mechanism
appears to be independent of complement, thus dif-
fering from that of heterophils and monocytes.
They also have Iysosome-like cytoplasmic inclu-
sions and acid phosphatase-containing granules,
and like the mammalian thrombocytes, they parti-
cipate in inflammation.

LYMPHOID CELLS AND THEIR INTERAC-
TIONS

If all the foreign particles entering the body were
completely ingested, digested and destroyed by pha-
gocytic cells, there would be no stimulation of the
specific immune response. To trigger such a reac-
tion, a certain amount of antigen has to persist. On
the other hand, if all foreign materials that enter the
body were to trigger a specific immune reaction, the
immune system could become exhausted in trying
to react to every foreign stimulus. The processing
or treatment of antigen is thus used to regulate the
amount and size of antigens presented to the lym-
phocytes stimulated by these fragments. These cells
require that the antigen be correctly processed by
the APCs in order for them to specifically react and
also to respond to the appropriate cytokines secre-
ted by the APCs. Antigen fragments must be detec-
ted and identified by the TC via their TCR recep-
tors, before they can trigger the appropriate immune
response. Foreign antigens that trigger immune reac-
tions are of two distinct types: exogenous antigens
in the extracellular environment such as bacteria,
and endogenous antigens that are usually synthesi-
zed by cells themselves such as viral antigens and
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tumor antigens.
Processing of endogenous antigens

Endogenous antigens are antigens that originate
from the cell itself. Such antigens include the viral
antigen in infected cells, tumor antigens, bacterial
antigens such as facultative intracellular bacteria like
Mycobacterium spp, and some intracellular proto-
zoan antigens. These antigens are processed in a dif-
ferent manner from exogenous antigens. After their
synthesis or their fragmentation within the affected
cell, they are bound to MHC-I molecules and trans-
ported to the cell surface. Antigenic peptides atta-
ched to these molecules trigger a cell-mediated
immune response via cytotoxic T lymphocytes
(CTL). Once activated by cytokines secreted by T
helper-1 (TH-1) cells, the CTL destroy cells with the
same antigens on their surface. For example, to
control a viral infection, the CTL attach to the viral
proteins expressed on the surface of infected cells
in association with MHC-I molecules via their TCR
and destroy the infected cells. The CTL do not res-
pond to soluble antigens that are not attached to
MHC-I molecules.

Processing exogenous antigen

The presentation of exogenous antigen is the func-
tion of the MHC-II molecules. These molecules
can bind fragments of ingested antigens and pre-
sent them to the TH-2 cells, only if they are phy-
sically linked to the MHC-II molecules. There are
several steps involved in the processing of exoge-
nous antigen. First, the antigen must be phagocy-
tosed or pinocytosed into phagosomes. Phago-
somes fuse with lysosomes containing proteases,
which cleave the proteins into peptides. Following
the cleavage, the endosomes containing the pep-
tides merge with other endosomes containing
MHC-II molecules that are newly synthesized by
the APC such as macrophages and dendritic cells.
The fused vesicles move to the surface of the cell
and during this time, the peptides bind to the MHC-
IT molecules. Once the vesicles have reached the
surface of the cell, they fuse with the cell mem-
brane and the MHC-II-peptide complex is exposed
on the surface of the cell. It is possible that an APC
presents several different epitopes simultaneously,
since it has thousands of MHC-II molecules. The
MHC-II-antigen complexes bind to the CTR-CD4
complexes on the TH-2 causing stimulation of the
latter. The activated TH-II in turn stimulates BC,
which produce antibodies involved in humoral
immune response.
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Fig.14.15: Mammalian IgG.

Fig.14.16: IgY molecule.

Fig.14.17: Truncated IgY(AFc) mole-
cule.
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Fig.14.18: IgM molecule in pentamer form.

AVIAN IMMUNOGLOBULINS

The B-cell receptor (BCR) is a specific antigen recep-
tor exclusively found on the surface of B cells and is
an immunoglobulin. Antibodies are the soluble form
of immunoglobulins produced by the B cells in res-
ponse to antigens. Thus, the BCR on a particular B
cell has the same binding specificity to the antigen,
as are the antibodies that are produced by the same
B cell. Antibodies have the ability to act in various
environments such as blood, mucous fluids and other
bodily secretions, which explains in part, the exis-
tence of several immunoglobulin classes such as IgG,
IgA, IgM and IgE.
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Fig.14.19: Secretory IgA (slgA).

In fact, each immunoglobulin class has optimal acti-
vities according to the environment in which it is
located, and also according to the stimulating anti-
gen. In mammals, 1gG is secreted mostly in the
spleen, lymph nodes and bone marrow by B cells.
This immunoglobulin class is the highest in blood
concentration in both mammals and birds and plays
the most important role in humoral immunity such
as agglutination of bacteria, neutralization of viruses
and toxins, opsonisation of antigens to facilitate their
phagocytosis and complement activation. It is also
the immunoglobulin with the longest half-life of 3-
5 days in chickens, which can make it interfere with
vaccination in the presence of maternal antibodies.
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IgY

In the avian species as well as in reptiles and fishes,
the IgG equivalent is known as IgY and is the immu-
noglobulin with the smallest molecular weight in
these species. It is also most often referred to as IgG
rather than IgY in chickens. As in IgG, the IgY struc-
ture is composed of two light chains and two heavy
chains. The heavy chain known as epsilon consists
of a variable antigen-binding region (domain) and
four constant domains. However, there exists a trun-
cated IgY isoform (AFc) with only two constant
domains. Some species of birds such as ducks and
geese, as well as some turtles and fishes, have the
two isoforms, but chickens have only complete iso-
form while some turtles have only the truncated iso-
form. There are two missing domains in the Fc region
of the truncated IgY, which influences the effector
function of the molecule, such as complement acti-
vation and opsonisation of antigens. The small mole-
cular weight of truncated IgY may offer some advan-
tages to the birds compared to a full IgY. For
example, because they are not capable of activating
complement, they do not have the potential of parti-
cipating in type Il hypersensitivity reaction. The two
isoforms of IgY molecules do not have the hinge
region found in mammals IgG, which makes IgY
heavy chain less flexible. However, the avian IgY is
able to participate in antigen precipitation and agglu-
tination in the presence of high concentrations of salt
compared to the mammalian IgG. Chickens have not
so far been shown to have IgE, responsible for aller-
gic reaction, but studies have shown that avian IgY
fulfills the dual roles of IgG and IgE in mammals. It
is therefore likely that IgY is an evolutionary precur-
sor of these two immunoglobulin classes.

IgM

IgM is secreted at the same sites as IgG. When acting
as BCR on a BC membrane, it is in a monomeric
form, whereas when it is secreted as an antibody, it
has a pentamere form, which consists of 5 subunits
linked by two disulfide bonds, giving it a circular
shape. A small polypeptide, called the J piece, binds
the last two subunits to complete the circular struc-
ture. IgM is the major immunoglobulin produced
during primary immune response and can be detec-
ted 1-2 weeks after infection or vaccination. It is also
produced in the secondary immune response, but the
predominant class of immunoglobulin at this phase
is IgG. It is more effective than IgG in complement
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activation, bacterial agglutination and virus neutra-
lization. Because of'its large size, I[gM is confined to
the bloodstream and is thus less abundant in tissues,
bodily secretions and even in inflammatory sites.

IgA

IgA is primarily secreted in the mucous membranes,
the bile, the intestine, the oviduct and the upper res-
piratory tract. It is the dominant immunoglobulin in
these sites and its serum concentration is normally
less than that of IgM. In the serum, IgA exists in both
monomeric and dimeric forms. In its dimeric form,
two heavy chain subunits are joined by a J piece.
Following its synthesis, the dimeric IgA passes
across the epithelial cells into bodily secretions and
it is at this time that the secretory piece, synthesized
by epithelial cells, is incorporated to form secretory
sIgA. The secretory piece also facilitates the trans-
port of IgA into bodily secretions and protects the
IgA against proteolytic enzymes such as trypsin
found in secretions. The main function of the sIgA
is to prevent the adhesion of microorganisms to
mucous membranes. For this reason, several vac-
cines in poultry industry are administered by aero-
sol or nebulization in order to locally stimulate a
high sIgA production. IgA does not participate in
opsonization or complement fixation, but it can
cause bacterial agglutination and virus neutraliza-
tion. IgA is distinguished by the fact that it is the
predominant immunoglobulin in the upper airways
and digestive tract.
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Fig.15.1: Skeleton of the hen. Lateral view. Fig.15.2: Skeleton of the duck. Lateral view. (a) Skull; (b) Premaxilla;
(a) Skull; (b) Premaxilla; (c) Cervical verte- (c) Cervical vertebrae; (d) Humerus; (e); llium; (f) Clavicle; (g)
brae; (d) Humerus; (e) Scapula; (f) Clavicle; Thoracic vertebrae; (h) Sternum; (i) Tarso-metatarsus; (j) Tibio-tarsus;
(g9) Coracoid; (h) Sternum; (i) Tarso-metatar- (k) Rib; (I) Femur; (m) Digits; (n) Caudal vertebrae; (0) Ischium.

sus; (j) Tibiotarsus; (k) Fibula; (I) Rib; (m)

Femur; (n) Coxal; (o) Caudal vertebra; (p)

Ulna; (q) Carpometacarpus; (r) Radius; (s)

Digits.
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Fig.15.3: Egg tooth of a chick. It is a small cranial protuberance  Fig.15.4: Oral cavity and Fig.15.5: Larynx and tongue of
used to break the shell of the egg during hatching. pharynx of the hen after  the hen. (a) Larynx; (b) Tongue;
section of the corners of the (c) Glottis; (d) Papillae. There
mouth. (a) Choana; (b) is no epiglottis.

Tongue; (c) Glottis

(entrance to the larynx); (d)

Infundibulum; (e) Papillae.
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15. AVIAN ANATOMY

INTRODUCTION

Birds are an important zoological group that
includes about 10,000 species. They show physical
adaptations radically different from those of mam-
malians and directly related to their ecological sta-
tus. They are vertebrates, amniotes, homeotherms
covered with feathers and have wings. Three sub-
classes can be distinguished:

The Ratites, lacking a keel, are unable to fly
(ostrich).

The Impennes have a keel but their wings are like
fins and not suited for flight (penguin).

The Carinatae, equipped with a keel, are adapted
to fly and grouped into three orders: Galliformes
(e.g., chickens, guinea fowl, turkeys), columbi-
formes (e.g., pigeons) and anseriformes (e.g.,
ducks, geese, swans).

Some of the specificities of birds include:

- the skin, devoid of subcutaneous glands apart
from the uropygial gland and with scales on the
pelvic limbs;

- the splanchnic serous membranes are characteri-
zed by the absence of pleura and diaphragm and
the presence of five peritoneal cavities.

SKELETON

All the anatomical features are geared towards the
ability to fly and this remains clear even in species
that have lost this ability. The skeleton is particu-
larly adapted for flight. Many bones are lighter due
to pneumatization, which is the penetration into the
medullary cavity of long bones of air sac diverti-
cula. Compared to mammals, the skeleton of birds
has a higher concentration of calcium phosphate.

The avian skull includes a vaulted bulbous brain
case, large bony orbits, and a toothless horny beak.
The S-shaped cervical region of the vertebral
column of a chicken usually contains 16 vertebrae
(varies depending on the breed). The flexibility of
the vertebral column and mobility of the atlanto-
occipital joint allow the bird to use its beak in many
situations, replacing the forelimbs of mammals. Cer-
tain thoracic, lumbar and sacral vertebrae are fused
together and called synsacrum, which is itself joint
to the pelvis. In chickens six free caudal vertebrae
facilitate tail movements, while the 4-6 last caudal
vertebrae form the fused pygostyle which is the site
of attachment for the long tail feathers.

The sternum is prominent with large attachment sur-
faces for very large pectoral muscles. The center of
gravity varies depending on the species, but it is
generally located under the wing attachment to pro-
vide greater stability in flight. The thorax of birds is
deformable, allowing some movement caused by air
sacs.

The thoracic limbs, turned into wings, provide
strong support for feathers which helps sustain
flight.

The pelvic limbs are characterized by their develop-
ment and strength thanks to the fact that several
bones are joined together. The pelvis is much diffe-
rent than in mammals, with a large ilium fused to
the synsacrum.

The bones of the hand are significantly simplified
and the «hand» of the bird is proportionally longer
as the bird is more adapted to flight.

DIGESTIVE SYSTEM
Oral cavity & pharynx

Because birds do not have a soft palate and isthmus,
the oral and pharyngal cavities together form a com-
mon cavity which is referred to as oropharynx. The
choana is a median fissure in the palate connecting
the oropharynx to the nasal cavity. Many backward-
pointing, thickly keratinized papillae are distributed
on the roof of the oropharynx, on the tongue and on
the larynx.

The esophagus is thin and very distensible. It is
located to the right of the trachea. It becomes enlar-
ged ventrally in the thoracic inlet to form the crop
below the skin and the trachea. When full, the crop
distorts the base of the neck on the right and can
easily be palpated on live birds.

The stomach comprises two compartments, a
glandular stomach (proventriculus, chemical sto-
mach with papillae releasing gastric juices soa-
king the feed bowl) and a mechanical stomach
(gizzard for grinding feed). They are separated
by an intermediate zone, the isthmus, visible on
the outside by a constriction. The shape and
development of these stomachs are strongly rela-
ted to the bird’s diet.
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Fig.15.6: Lateral view of the Fig.15.7: Interior of the stomach of the Fig.15.8: Ventral view of the viscera of
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stomach of the hen. (a) hen. (a) Proventriculus; (b) Gizzard; (c) the hen. (a) Crop; (b) Heart; (c) Liver;
Proventriculus; (b) Gizzard; (c) Intermediate zone; (d) Pyloric orifice; (e) (d) Duodenum; (e) Gizzard (f) Uterus.
Isthmus; (d) Duodenum. Muscle.

Fig.15.9: View after removal of the liver (Hen). (a) Heart; (b)

C Dégueuroe

Proventriculus; (c) Gizzard; (d) Duodenum; (e) Uterus; (f)

Fig.15.11: Topography of ceca (Hen) (a)
Pancreas; (d) Duodenum; (e) Cecum.
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Liver; (b) Gizzard; (c)
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Fig.15.10: Pancreas (Hen). (a) Duodenum; (b) Pancreas. The
normal appearance of the pancreas is pale red or slightly yel-
low. lts normal location is between the loops of the duodenum
and its glandular nature is evident macroscopically.

Fig.15.12. Important lymphoid structures of the intestinal tract.
Meckel’s diverticulum (red arrow), at the junction between the
jejunum and the ileum, and cecal tonsils (yellow arrows), at the
base of the ceca.
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The intestine includes

- the duodenum, the duodenal loop encloses the pan-
creas, the whole duodenum/pancreas being always
the most ventral part of the digestive tract;

- the jejunum forming numerous loops suspended
by the mesentery;

- the ileum, relatively short, follows the jejunum at
the level of Merckel’s diverticulum, which is the
only remnant of the yolk sac;

- the ceca, consisting of two symmetrical cul-de-sac
10 to 25 cm long, are connected to the intestine at
the junction between the ileum and the rectum and
contain at their base the cecal tonsils;

- the rectum,;

- the cloaca, which is the crossroad of the digestive,
urinary and genital tracts, with on its dorsal wall a
lymphoid diverticulum, the bursa of Fabricius.

HL Shivaprasad

Fig.15.13 & 15.14.The cloaca (a) consist of three parts: the coprodaeum that collects excrement and is separated from the rectum (b) by
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The accessory glands of the digestive tract are the
liver and the pancreas. The liver is very large in
birds and is positioned in the cranial portion of the
thoracoabdominal cavity. The gallbladder is located
on the visceral surface of the right lobe. It does not
exists in pigeons. The pancreatic and biliary ducts
open into the distal portion of the ascending loop of
the duodenum.

RESPIRATORY SYSTEM

The nostrils of the bird lead into the nasal cavity. In
each nasal cavity, three nasal conchae (rostral, mid-
dle, caudal) are found. The rostral conchae are
scroll-like and are lined with a stratified squamous
epithelium (this concha is absent in quails). The

Cornell University

a sphincter, the urodeum, which receives the ureters and deferent ducts in males or oviduct in females, and the proctodeum, sort of a reser-
voir that opens externally through the anus. On the dorsal part of the cloaca is a diverticulum, the bursa of Fabricius (c). Cecal tonsils (d).

W i g
Fig.15.15: Lymphoid leucosis. Cecal tonsil lymphoma (67 week-old
chicken broiler breeder).

HJ Barnes ]

Cornell University

Fig.15.16: Liver. Visceral face. The gallbladder (a) is located on the
visceral surface of the right hepatic lobe. Its size is variable and may
be enlarged in birds that are off-feed.
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Fig.15.17. Median section of the head of a hen. (a) Rostral

E Chatelain

Fig.15.18. Trachea (Hen). The trachea is a thin tube completely

nasal concha; (b) Middle nasal concha; (c) Caudal nasal encircled by cartilagenous rings, uniform in color, ranging from
concha; (d) Nasal cavity; (e) Telencephalon; (f) Cerebellum. pale pink to tan or white and with a smooth external surface.

Fig.15.19: Syrinx and lungs in
chickens (dorsal view). The pho-
natory organ or syrinx is located
facing the tracheal bifurcation,
forming a bulge on the caudal
part of the trachea. (a) Trachea;
(b) Syrinx; (c) Primary bronchi;
(d) Lungs.

E Chatelain
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Fig.15.21: Lung (Hen). The color should
=l ; be bright pink but will become increasingly
gs and syrinx (Duck). more congested, wet, and dark red with

E Chatelain
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g.15.20: Lun
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(a) Trachea; (b) Syrinx; (c) Primary autolysis.
bronchi; (d) Lungs. Trachea usually
with bony, asymmetrical bulla on left
side of syrinx.

HL Shivaprasad

Fig.15.22 & 15.23: Air sacs of an adult chicken. Large extrapulmonary cul-de-sac. The topography of the air sacs is highlighted
after latex injection in fig.15.22. (a) Clavicular air sac; (b) Cranial thoracic air sac; (c) Caudal thoracic air sac; (d) Abdominal air
sac; (e) Liver; (f) Proventriculus; (g) Gizzard; (h) Duodenum.

Manual of poultry diseases

Cornell University




C Degueurce, J Brugére-Picoux & E.Chatelain (1)

middle conchae are also scroll-like and have a muco-
ciliary epithelium. The caudal conchae are lined
with olfactory epithelium and are connected to the
infraorbital sinus, which is a cavity rostroventral to
the eye. The nasal cavities are connected to the pha-
rynx via the cleft palate.

Following the larynx, the trachea is composed of
complete cartilaginous rings which can occasio-
nally become ossified.

At the terminal end of the trachea is the syrinx, a
flattened area at the junction of the trachea and
the primary bronchi. The syrinx, or "tracheobron-
chial larynx", is the organ of phonation. It is res-
ponsible for generating vocal sounds because
there is no vocal cords in birds. Since the diame-
ter of the syrinx is significantly smaller than that
of the trachea, it may be a site of occlusion in
cases of respiratory disease. In ducks and geese,
the syrinx has a large bony dilation on the left side
known as the syringeal bulla.

In birds, the lungs are practically inextensible.
The pleural cavity is limited to connective tissues
uniting the parietal pleura covering the ribs to the
visceral pleura covering the lungs. The lungs
represent a relatively small volume and they
occupy only a small part of the thoracic cage
(1/8th to 1/6th). The lungs are red, with grooves
at the costovertebral borders giving them a lobu-
lated appearance.

The air passages of the lungs consist of two pri-
mary bronchi extending from the syrinx to the cau-
dal border of the lung (intrapulmonary primary
bronchi called mesobronchi) with three groups of
collateral bronchi (ventral, dorsal and lateral
secondary bronchi). These bronchi run through the
lung ending up in the abdominal air sacs. Para-
bronchi, which arise from the secondary bronchi,
anastomose freely with each other. Their walls
contain small air capillaries where cross-current
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gas exchange occurs. The bronchi extend outside
the lung in the form of thin-walled transparent
chambers (air sacs) spreading into the thoracoab-
dominal cavity, some muscle gaps and bones.
They permit a unidirectional flow of air through
the lungs, lighten the body and help regulate body
temperature. They are involved in phonation and
implicated in respiratory diseases (airsacculitis).

URINARY SYSTEM

The kidneys are relatively more developed than in
mammals. Each kidney, dark red to mahogany
brown in color and with a slightly granular texture,
is made up of three lobes: cranial (the larger), mid-
dle (the smallest) and caudal. They fill depressions
on the ventral surface of the synsacrum and hip
bones. Blood circulation is complex and includes a
distinctive portal system (see Chap. 1.10). There is
no urea accumulation in the renal medulla. The ure-
ters open into the urodeum except in Struthionidae
which have a bladder (this is the bursa of Fabricius
which, once regressed, serves as a storage organ).
The urine flowing into the urodeum is clear and whi-
tened due to fluid absorption and urate precipitation.

REPRODUCTIVE SYSTEM
Male genital tract

The testes are located in the abdominal cavity on
either side of the caudal aorta under the cranial pole
of the kidney. They are bean-shaped, milky white in
color, the right testicle being slightly more cranial
than the left. The epididymis is less developed than
in mammals. Their volume and weight vary depen-
ding on season. The testes of roosters can go from
1 cm long and 0.5 cm wide at rest to 5 cm x 2.5 cm
during the period of sexual activity. In ducks, they
may increase from 1 cm x 0.5 cm at rest to 8§ cm x
4.5 cm in periods of sexual activity. The copulatory
organ is very small. Some birds have a phallus
(ratites, anseriformes).
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Fig.15.24: Kidney (Hen). Each kidny

comprises three lobes: (a) cranial, (b)

middle (c) caudal.

Fig.15.27: Genital tract of a pullet. (a)
Ovary (b) Magnum (c) Cloaca.
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Fig.15.25: Visceral gout affecting the kid-
neys (enlarged and with urates). Note the
ureters filled with urates (a) in a young
chicken. Right and left juvenile testes (b)
are bean-shaped and overlying the cra-
nial ends of the kidneys (c).
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Fig.15.28 & 15.29: Ovary and oviduct of a
smaller immature follicles. On the surface of the follicles is a white avascular band, the
stigma (yellow arrow) where at ovulation the wall of the follicles splits to release the
oocyte. Post ovulary follicle (green arrow): thin-walled sac in regression. (c) Oviduct. An
egg is present in the uterus (d).
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Fig.15.26 : Testes of a sexually active
chicken. Ventral view. The surface of the
sexually active testis is highly vasculari-
zed. The epididymis lies dorsal to the tes-
tis and is therefore not visible here.
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laying hen. Ovary: (a) mature follicles; (b)
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Femelle genital tract

The ovary of the chicken is very different from that
of mammals. It is present only on the left side, the
right forming an atrophied testicle inhibited by hor-
mones secreted by the left. The left ovary resembles
a bunch of grapes with four or five large, mature fol-
licles and thousands of smaller immature follicles.
The yellow color of the mature follicles is related to
the presence of yolk, with proteins and lipids produ-
ced in the liver and provided by blood circulation. On
the surface of mature follicles is a white avascular
band, the stigma, where during ovulation the wall of
the follicle splits to release the yolk and oocyte.
Immediately after ovulation the follicle becomes a
thin-walled sac, the post-ovulatory follicle, regres-
sing in about 10 days. The oviduct receives the egg
and is involved in its formation (see Chap.1.10).
Unlike in mammals there is no corpus luteum.

ding into the anterior thoracic cavity.

Fig.15.32: Normafspleen?BS week-old turkey breeder hen).

h ;‘ - 'y :
Fig.15.30: Thymus (Chicken). It is an elongated, multi-lobular structure (7 lobes in the
chicken) located along the length of both sides of the trachea with some lobes exten-
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IMMUNE SYSTEM (see Chap.1.14)

The organs of the immune system are classified into
primary or central lymphoid organs and secondary
or peripheral lymphoid organs. In birds, the primary
lymphoid organs are the thymus and the bursa of
Fabricius where lymphocytes precursors differen-
tiate and undergo maturation. Mature lymphocytes
leave the primary organs and populate the secon-
dary lymphoid organs. The peripheral lymphoid
organs and tissues, characterized by aggregates of
lymphocytes and antigen-presenting cells (APC),
are scattered throughout the body. They include the
spleen, the bone marrow and the Harderian gland.
In addition, birds have clusters of lymphoid tissues
that are named according to their location such as
head-associated lymphoid tissues (HALT), bron-
chus-associated lymphoid tissues (BALT), and gut-
associated lymphoid tissues (GALT). Examples of

HL Shivaprasad

HL Shivaprasad
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Fig.15.31: Bursa of Fabricius (Chicken). In the
chicken, the bursa is detectable on around the
5th day of incubation and becomes functional
between the 10th and 12th day.

Mérial

Fig.15.33. Annular bands of the small intestine (Duck). These lym-

phoid patches are highlighted macroscopically due to severe
congestion and hemorrhage following infection by the duck ente-
ritis virus.
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Fig.15.36 & 15.37: Left (F|g1536) and rlght
(Fig.15.37) atrioventricular valves.
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Fig. 15.34 & 15. 35 The heart lies in the ventral part of the thorax under the lungs
and is surrounded by the lobes of the liver. Usually a variable amount of fat is
present in the coronary groove. (a) Right atrium; (b) Left atrium; (c) Right coro-
nary groove; (d) Right ventricle; (e) Left ventricle; (f) Apex.
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Fig.15.39 & 15 40: The thyroid and parathyroid glands are located on either side of the neck, Fig.15.41. Adrenal glands (a) are yel-
medial to the jugular vein and cranial to the origin of the subclavian and common carotid arte- low structures lying on either side of
ries. The parathyroid gland is slightly separated from the thyroid gland. (a) Thyroids; (b) the midline at the cranial end of the
Parathyroids; (c) Heart; (d) Brachiocephalic trunk; (e) Common carofid artery; (f) subclavian kidneys and dorsal to the testes or the
artery; (g) Brachial plexus; (h) Trachea. ovary.
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Fig.15.42, 15.43 & 15.44: The brain completely fills the cranial cavity. The front part is narrow; the posterlor part is W|der The top
of the skull must be cut to show the brain. (a) Cerebral hemispheres; (b) Cerebellum; (c) Pons; (d) Medulla oblongata; (e) Pituitary
(hypophysis); (f) Optic chiasm; (g) External ears.
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GALT include esophageal tonsils, Meckel’s diver-
ticulum, Peyer’s patches, cecal tonsils as well as
annular bands in ducks.

CIRCULATORY SYSTEM

The avian heart on a body weight basis is much
larger than that of mammals because of its very
high rate of contraction and its high blood pres-
sure (see Chap.1.10). It lies in the ventral part of
the thorax under the lungs and is surrounded by
the lobes of the liver. Three vena cavae open in
the right atrium (the right cranial vena cava, the
left vena cava, and the caudal vena cava). The
left atrium receives the two pulmonary veins.
Usually a variable amount of fat will be present
in the coronary groove. When birds are emacia-
ted, this fat may be absent or have a gelatinous,
wet appearance.

The arterial system of birds includes mainly the right
and left brachiocephalic trunks, the common caro-
tid arteries, the pulmonary arteries and the aorta.
Unlike in mammals, the aorta in birds develops from
the right arterial arch and consequently bends to the
right.

THYROID, PARATYROID & ADRENAL GLANDS

The thyroid and parathyroid glands are small.
They are located on either side of the neck,
medial to the jugular vein and cranial to the ori-
gin of the subclavian and common carotid arte-
ries.

The parathyroid gland is slightly separated from the
thyroid gland.
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Adrenal glands are yellow structures lying on either
side of the midline at the cranial end of the kidneys
and dorsal to the testes or the ovary. Unlike mam-
mals, the cortical and medullary cells do not form
two distinct regions.

NERVOUS SYSTEM

The nervous system of birds is characterized by the
slow development of the brain, devoid of gyri or
sulci and the importance of the spinal cord that
extends into the caudal vertebrae. The cortex (grey
matter) is relatively thin. The peripheral nerves
should have a creamy-white color and a slightly
striated texture. A careful inspection of these
nerves is performed when Marek's disease is sus-
pected.
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Fig.15.45, 15.46, 15.47 & 15.48: Peripheral nerves become enlarged and loose their pearly white color and striation in case of
Marek's disease. The lesions are not always symmetrical, allowing a comparison. (a) Brachial plexus (b) Sciatic plexus (c) Sciatic
nerve (d) Pneumogastric nerve.
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Fig.16.2: Basic necrosy instruments. Different scissors (enterotome,

Fig.16.1: Equipment needed for sampling: jar of formal- C
scissors, shears), a rib cutter (costotomet), toothed forceps, blunt-sharp
e

dehyde, cassettes for the fixation of small tissues,

tongue depressors for fixing the nerves and muscles, SﬁiSSOCr)S (%ﬁ. cut tthe skull), necropsy kgi , biSt?U an ?Igdes a”é’ 2

; i ; ruler. On this picture you also find a "bursameter”, a tool designed to
box and swabs with transport medium for bacteriology, ﬁuiclr(]Iy Rassess and compare the size of the bursa of Fabricius%n broi-
er chickens.

dry swab and container for PCR, virology, and parasi-
tology.

S Chénier
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g nte mortem examination. In  Fig.16.4: Intra-cardiac blood sam&;ling. Fig.16.5: Blood collection by incision of the
this case, the bird does not put any The bird is maintained on its back and  wing vein with a scalpel blade. The blood that
weight on one leg; necropsy showed the crop is pushed on the side. The flows can be taken directly with a glucometer
that it suffered from arthritis and osteo- needle penetrates the skin just below or a capillary tube for microhematocrit.
myelitis. the junction of the clavicles. It is then

directed posteriorly while following the
midline of the sternum.

FiP.16.6: Positioning for euthanasia by Fig.16.7: Euthanasia by crushing Fig.16.8: External examination. The bird is
atlanto-occipital dislocation. The bird is res- the cervical vertebrae in a chick. put in a supine position, wings and legs
ting on the operator’s thigh, firmly held by ~ The non-cutting side of scissors is  extended. Examine the body conformation,
one hand at the base of the wings and the used. feathering (quality, parasites), skin (nodules,
other hand at the base of the head. Then, a inflammation), joints, foot pads, the head.
quick firm and continuous traction must be
applied on the column while raising the
head upwards.
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16. AVIAN NECROPSY

The purpose of a necropsy is to be able to formu-
late a differential diagnosis based on macroscopic
lesions, as well as to take relevant samples for tests
which will help to confirm the diagnosis. Different
apbproaches may be used to perform a necropsy on
a bird. The one proposed in this chapter is only one
among many. What matters is to adopt and consis-
tently repeat the necropsy procedures in the same
way in order to develop a mental image of the
usual aspect of the bird’s anatomy and to avoid for-
getting anything in the process.

Before beginning the necropsy, it is necessary to
make sure to have basic erul ment on hand: buffe-
red formalin solution 10%, sterile swabs and
containers for bacteriology, djriliswabs and contai-
ners for molecular tests (PCR) and/or virology
and/or parasitology. The instruments normally
used during a necropsy are small scissors (entero-
tome), shears or rib cutter, toothed forceps, knife,
bistoury or scalpel. To prevent transmission of zoo-
notic agents such as erysipelas, it is important to
wear gloves during all stages of the necropsy.

If the birds are alive, it is important to observe their
behavior and gait prior to euthanasia, especially if
they have a history of locomotor problems.
Observation of clinical signs may provide clues
regarding which system to prioritize. It may also
be useful to obtain blood from live birds. These
samples may be useful for serology, hematology,
biochemistry, or toxicological tests. Venipuncture
of the wing vein is usually done in adult birds, with
cardiac puncture as a possible option in young
birds. It 1s also possible to obtain blood for glucose
or hematocrit assessment by incision of the wing

S Chénier
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Fig.16.9: Opening the coxofemoral Fig.16.10: Opening of
joints. The skin and the connective tis-
sue are incised (tlnternal portion of
both thighs) and the femoral heads
are dislocated and exposed.

the thorax. Once th
abdominal wall is opened, an incision is
made in the muscles of the thorax with a
knife to expose the bones that are then cut
using a scissor or costotome.

vein and direct collection of the blood or using a
capillary tube.

Euthanasia of birds can be performed: 1) by
atlanto-occipital dislocation or compression of the
cervical spine by the non-cutting side of surgical
scissors in young birds; 2) by electrocution for
heavy weight birds (older turkeys, ducks, geese);
3) by administration of CO, in a container des-
igned for this purpose; 4) by intravenous adminis-
trfti.on of barbiturates; 5) by intracardiac injection
of air.

It may be useful in some cases to weigh the dead
birds to determine their degree of homogeneity.
However, note that, unless tﬁe birds were selected
at random, the weight variation may not reflect the
situation in the flock.

Following euthanasia, %ut the birds on their back.
They have to be the object of a careful external
examination. Assess: bodty conformation, feathe-
ring, parasites, the navel (for newly hatched birds),
etc. When examining the head pay particular atten-
tion to the eyes and the conjunctiva. It is then
recommended (but not essential) to wet the fea-
thers with a solution of soap and water to minimize
airborne dust and feathers. If chlamydophilosis is
suspected, it is strongly suggested to do the
necropsy under a biological hood, or to wet the
bird with a disinfectant solution and wear a mask
against fine particles (respirator).

Incise_the hips with a knife and dislocate the hip
joint firmly but carefully (to avoid creating an arti-
fact by rupturing the femoral head). Incise and lift

S Chénier
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Fig.16.11: Coelomic cavity exposed. The
heart, air sacs and liver can be observed in
situ. The amount of fat in the post-hepatic
septum is useful to assess the body condi-
tion (for adults).
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Fig.16.12: Swabbing. If there is an effusion in a
cavity (e.g., the pericardial sac), the wall is incised  left thoracic sacs. Note in the background
with a scalpel or clean scissors and a sterile swab  the normal salmon pink color of the lung.
is used without touching the border of the opening.
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Fig.16.14: Coelomic cavity exposed. The
post-hepatic septum is undone, as well
as the mesentery, allowing the examina-
tion of the spleen, kidneys, stomach,
. pancreas and intestines. An immature
< ovary can also be observed in this bird.

S Chénier

F|g1615 Kid‘ney.. Th thin white line at F|g1616 Section of the maxi”ary por-
the edge of the scissor is the left ureter fil-  tion of the beak, caudal to the nostrils.
led with a small amount of urate (mild ’

dehydration). Also present in this picture
are the left and, under the mesentery, the
right testicles.
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Fig.16.19: Trachea. Do not forget to examine the bifurcation of Fig.16.20: Thymus. It is located in the subcutaneous tissue of
the bronchi in chicks (frequent localization of aspergillosis the neck.
lesions).
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the skin over the abdomen and pectoral muscles.
Examine the muscles and, if necessary, cut them in
order to gain access to and examine the deep pec-
toral muscle. The size of the pectoral muscles also
serves as an indicator of the bird’s body condition.

Open the abdominal wall with scissors and enlarge
this opening to expose the liver, the post-hepatic
septum and the intestines. With a knife and a rib
cutter (or coarse scissors), incise the muscles, then
cut the ribs on one side, cut the coracoid and clavi-
cle and reflect the sternum to the other side to gain
full access to the entire coelomic cavity.

Examine the pericardial sac and air sacs, which
should normally be completely transparent. If this
is not the case, incise and aseptically swab their
content. Take a section of air sac and put it into a
cassette for fixation in formalin. Examine the heart
in situ then remove it; open and examine the
various cardiac chambers and finally put it in for-
malin. Examine the lungs: they should normally be
salmon pink and rather dry. Peel them carefully
from the ribs, cut along the midline and remove
them from the cavity. Take a section for histology
and, if necessary, for other diagnostic tests.

Examine the liver. Incise or tear up the post-hepa-
tic septum. Reflect the liver and stomachs on the
right side of the bird to expose and examine the
spleen. In newly hatched birds, also look at the
yolk sac. Remove it carefully from the coelomic
cavity so as not to break it and put it aside to exa-
mine its content. Swab aseptically the inside if
necessary; empty most of the yolk and then put it
in formalin.

Undo the mesentery to examine the intestines
throughout their length before opening them.
Except when enteritis 1s suspected (dilated bowel,

[y

Fig'.1“6.2-1: Duodenal loop and pancreés in the center.
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congestion or abnormal color), the intestines are
only opened at the end of the necropsy, in order to
avoid contamination of other organs. If there is evi-
dence of enteritis, externalize the intestinal seg-
ments and take the sections needed to be fixed in
formalin or frozen as soon as possible to avoid
autolytic changes and post mortem microbial
growth.

Examine the kidneys. The thin and quite translu-
cent white line over each kidney is the ureter. If
this line is very visible and chalky white in color,
this indicates dehydration (ureters dilated with
urate). If there is a history of leg paralysis, espe-
cially in chickens, consider the sciatic plexus loca-
ted underneath each kidney. You will need to care-
fully remove the kidneys. In adult birds, also exa-
mine the testicles or the female genital tract.
Finally take samples from all abdominal organs
needed for histology (liver, spleen and kidneys are
routinely sampled) and various diagnostic tests.

Cut the maxillary portion of the beak transversely
just in front of the ef/es to evaluate the nasal cavity.
Open the suborbital sinuses from the nasal cavity
with sterile scissors to evaluate their content and
swab any exudate if present. Open the esophagus
from the commissure of the beak by cutting
through the skin down to the crop. Examine the
mouth and the esophageal mucosa. Evaluate the
content of the crop and the mucosa. Take samples
if necessary. Separate the trachea from the esopha-
gus by tearing up the connective tissues that
connect them. Open the trachea from the larynx to
the bifurcation of the bronchi; evaluate its content
and the mucosa. Take a section for histology and,
if necessary, for other diagnostic tests. If this is a
young bird, look at the size of the thymus located
along the jugular vein in the subcutaneous tissue of
the neck, and collect a sample if necessary.

S Chénier
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Fig.16.22: lleocecal junction. The bulge indicated by the
sor is one of the cecal tonsils.
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Fig.16.23: Bursa of Fabricius (cloacal bursa). Fig.16.24: Sciatic plexuses (only the right one is visible on this
sally to the rectum at its junction with the cloaca. picture and indicated by an arrow). The kidneys must be care-
fully removed to visualize them.
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Fig.16.25: Opening of the knee joiht. The knife should be posi- Fig.16.26: Opening of the skull. Cut and getly remove bone
tioned in a 45 degree angle with the head of the tibiotarsus. fragments with a scissor and forceps.
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Fig.16.27 & 16.28: Navel. The navel must be examined routinely in young birds because it may be a point of entry for some bacte-
rial infections when the umbilicus is not closed at birth (immature at hatching). On the right, a 3 day-old chick with omphalitis asso-
ciated with a yolk sacculitis.
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Open the proventriculus and the gizzard, and eva-
luate their content and their mucosa. Take a longi-
tudinal section including both stomachs for histo-
logy. If not already done, examine the content of
the intestines and take at least a section of the duo-
denal loop with the pancreas for histology.
Examine the bursa of Fabricius (cloacal bursa)
located dorsally at the junction between the rectum
and cloaca. Evaluate its size and then fix one-half
in formalin and, if necessary, keep the other half
f(i)r other diagnostic tests. Open and examine the
cloaca.

Separate the head from the neck and lift the skin of
the head forwards. Open gradually the cranium
with forceps or scissors, starting at the foramen
magnum. Examine the brain in situ and then
remove it. Cut it longitudinally in two parts and put
one-half in formalin and, if necessary, use the other
half for other diagnostic tests.

Then examine the myoarthroskeletal system. Try
to break a femur to assess its solidity: except for a
young bird less than a week-old, it should resist
and break sharply. In a very young or a juvenile
bird, bevel the proximal tibiotarsus with a sharp
knife or scalﬁel to evaluate at the same time the
knee joint, the metaphysis and the color of the
bone marrow. If an exudate is present in the joint,
swab it as aseptically as possible. Put the piece of
the proximal tibiotarsus that was cut in formalin

S Maeder/LDA22

Fig.16.29: In adult females, observe ovarian
and genital tract.
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for histology. Look at the other joints as well as the
footpads and take samples if necessary. Examine
the leg muscles and take samples if necessary. If a
locomotor problem is reported, especially in
chickens, examine the sciatic nerve located cau-
dally to the femur, between the two adductor mus-
cles. If necessary, take it and stretch it carefully on
a piece of a tongue depressor or cardboard, let it
dry for one minute then put both in formalin (to
keep the nerve straight during fixation).

Other systems may be examined more closely for
signs of disease, according to the history provided
with the birds. Each case submitted for necropsy is
unique and samples should be collected based on
clinical signs and lesions. However, we must rou-
tinely find the following organs in formalin: brain,
trachea, lung, air sac, heart, liver, spleen, kidney,
pancreas/duodenum, bursa of Fabricius. In adult
females, add the ovary and a portion of the oviduct.
In a young bird, add the yolk sac, the thymus and
the proximal tibiotarsus.
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'I‘fig.16.30: Tissue taken for routine microscopic'examination: brain, heart,
trachea, lung, air sac (in a casket), liver, kidney, spleen, bursa.
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Fig.17.1: Recommended supplies for tissue Fig.17.2: Recommended supplies for blood Fig.17.3: Sampling the choanal slit.
collection include swabs, tubes with media collection include different size syringes
(e.g., Stuarts Medium without additives, (e.g., 1, 3, 6 ml), needles (21-25 gauge),
brain heart infusion or BHI broth), disposa- blood collection tubes, gauze, 70% alcohol,
ble Q-tips, scissors, forceps, knife, scalpel and marker.
blade, 10% formalin, sealable plastic bags
or screwed top-lid jars, magnifying lens.
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Fig.17.5: Place samples in a leaked proofed bag. Then place it in
a secondary container with ice packs. It is also recommended
that the secondary container is in an outer box. Include labora-
tory submission with appropriate information such as farm name,

flock id, history, test(s) requested and a list of it samples submit-
ted.

Fig.17.4: Blood samples for immunologic test are collected in
tubes that have no anticoagulants, such as red top (a) or conical
snap-top (b) tubes.

Procedure Title

Procedure Version/Revision
Procedure Author

Name of responsable person
Location of Procedure

Purpose

Materials and Equipment

Safety / Precautions

Storage and disposal of Samples
Step-by-Step Procedure

Calculations and Interpretation of results
Limitations

References and additional documentation
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Fig.17.6. Template for a testing standard operating procedure.
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17. DIAGNOSTIC LABORATORY

INTRODUCTION

Diseases that affect birds have a wide range of over-
lapping clinical signs and visible lesions. In most
cases, samples need to be submitted to a diagnostic
laboratory in order to provide a definitive diagnosis
and identify the causative agent. This is especially
important when a foreign or notifiable disease, such
as avian influenza, Newcastle disease, or infectious
laryngotracheitis is suspected.

Laboratory techniques and instruments used by the
avian diagnostician are numerous and can be quite
sophisticated. Accuracy of the results often
depends on the quality of the samples submitted.
An avian diagnostician interprets the clinical and
laboratory results to determine the cause of
disease. Once the cause of disease is determined, a
clinician can provide recommendations about
treatment and prevention of other birds at risk.
This chapter provides basic guidelines for sample
collection, packing, and laboratory techniques for
diagnosis of avian diseases.

SAMPLE COLLECTION

In the field a variety of samples may be collected,
including blood, swabs, and tissues samples. Ideally,
live and freshly deceased birds should be submitted
to the laboratory. In most cases live birds would have
to be hand delivered, as most commercial couriers
only accept carcasses. In order to slow down decom-
position of dead birds, wet all the feathers on the
body with soapy water. Place the carcass in a sea-
led bag and refrigerate as soon as possible. Do not
freeze the carcasses unless it is going to take longer
than 5 days after death to be delivered. Freezing pro-
duces some artifacts, but a decomposed carcass is
worse.

If the necropsy is performed in the field the exami-
nation should be done away from housed birds to
reduce the risk of spreading infection. The selected
location also should have easy access to water for
cleaning and disinfection after the necropsy is com-
pleted.

In commercial poultry, it is common to perform
postmortem examinations on 5-10 birds that have
been randomly selected from the flock for health
monitoring. A standard set of samples submitted for
health monitoring may include blood serum samples

for serologic testing, oropharyngeal or cloacal swabs
for viral and bacterial detection, swabs and fresh tis-
sues from trachea, air sac, lung, liver, and/or spleen
for viral and bacterial detection, and fixed in 10%
formalin tissues for histopathology.

In sick flocks, it is important to select birds with
typical clinical signs. If the main problem is increa-
sed mortality, without any other sign, choose birds
that have died recently for the necropsy examina-
tion. In disease investigations, it is important to exa-
mine tissues with gross lesions and to test other sam-
ples without lesions, blood and swabs to confirm the
diagnosis and rule out other possible problems.

Blood samples for immunologic tests are collected
aseptically in sterile, red top, vacutainer® tubes,
separator tubes, or other non-EDTA/heparin tubes.
For maximum serum yield, do not fill the tubes to
more than one third their capacity, and lay the tubes
containing freshly drawn blood on their sides. Once
the blood has clotted, the serum can be processed
from the clot and sent to the laboratory, or the tubes
containing clotted blood can be sent to the labora-
tory. Submit a minimum of 0.3 ml (300 pl) of serum
per test, or 1-3 ml of clotted blood depending on the
number of tests requested. Refrigerate the serum or
clotted blood until shipment. Do not freeze serum
or clotted blood.

Swabs from choana, oropharynx, and cloaca may be
submitted for the detection of pathogens by mole-
cular methods or isolation of microorganisms.

PACKING

The second step for a successful diagnosis is to
ensure that adequate plans and arrangements are
made for the packing, transport and submission of
samples to the lab. It is critical to limit leaking, cross
contamination and potential confusion of sample
identity and integrity.

All submitted specimens must be properly packa-
ged and shipped according to the shipping regula-
tions, including labels to indicate hazardous mate-
rials, dangerous goods or potentially infectious
materials. As the shipper, it is your responsibility to
adhere to these regulations. Following these regu-
lations also helps that the specimens arrive to the
laboratory in good condition optimizing diagnostic
results.
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TRAINING RECORD

Trainee Name Hire date
Laboratory section Laboratory
Review of SOP or Work Performance Under Verification of Final Competence
Instructions Complete? Direct Supervision to Perform Procedure
SOP number, Job task, w | © >| 5| 2 2le o &
. . . 1 © o - = "6 = > =
Skill or equipment Operation 8| = 3 8 = 2|3 g 3 @ T
& | = | £ o & e | - £ |38 2 B a2
© = » = ‘@ B 0 o S5 3 © 2 g -
S|lgle |8 |%2|8|5 | S|adg & ¢ g
9] o (]
£ c (45} < = [0) < > (&)
8 |3 = @ I
| s [ a

(check one) (A,B,C or D)

—

] [

L
Hjn
miim
L] L
L L

LIl 0L

Competency rating
A = Competent and authorized to train, assess other’s competency, release results to clients and verify test in VADDS

B = Competent and authorized to train, assess other’s competency
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C = Competent and can perform independently
D = May require review of procedure or assistance
Fig.17.7. Records are part of the quality assurance program. Example of training form.
Equipment Temperature Record Log Year:
Equipment: Equipment ID No:
Location: Desired Temperature Range*:
Month January February March April May
Day Record Initials Record Initials Record Initials Record Initials Record Initials
1
2
3
4
5
30
31
Weekly
Supervisor
Review

* If temperature is outside required range, notify Laboratory Manager

Fig.17.8. Records are part of the quality assurance program. Example of temperature records.
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Place sample(s) in a sealed primary container (e.g.,
plastic bag). Wrap the primary container in suffi-
cient dry absorbent material (e.g., cotton) to absorb
liquid contents in case of breakage and place enough
cushion to avoid breakage. Formalin fixed speci-
mens may be shipped in a plastic specimen jar
containing a 10:1 (liquid to tissue) volume of for-
malin. Alternatively, adequately fixed specimens
may be removed from formalin; wrapped with for-
malin saturated gauze or paper towels; then placed
in a leak-proof plastic bag.

Place the primary container in a secondary contai-
ner (e.g., styrofoam box) with refrigerated or frozen
commercial coolant packs to keep specimen(s) cool
and minimize bacterial overgrowth. Include a com-
pleted laboratory submission form (e.g., submitter’s
name, farm name and address, flock id, history,
test(s) requested, and itemized list of contents) bet-
ween the secondary container and the outer box.
Place submission forms in separate sealed bag to
prevent it from being contaminated.

LABORATORY QUALITY STANDARD

Quality standards are being required to ensure
that the laboratory information is accurate, relia-
ble and reproducible, with the goal of standardi-
zation of test and to limit variation of results
within and between laboratories. The Internatio-
nal Standards Organization (ISO) develops and
publishes international standards of laboratory
quality management. ISO document 17025 is the
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main standard for diagnostic laboratories world-
wide. These standards are reflected in the essen-
tial requirements for accreditation by the Ameri-
can Association of Veterinary Laboratory
Diagnosticians (AAVLD), which accredits diag-
nostics laboratories in the United States and
Canada.

The accreditation requirements are available at
http://www.aavld.org/assets/Website/aavld%20re
quirements%20v6%2010-10-11.pdf.

The quality programs consist of two parts: Stan-
dard Operating Procedures (SOP) and Quality
Assurance (QA). The SOPs include not only the tes-
ting procedures, but also the media/reagent and
equipment used for the analyses. Media/reagent
SOPs include instructions in how to prepare and how
to perform quality control (e.g., sterility and support
of growth). Equipment SOPs comprise instructions
for the use the equipment, its regular maintenance
and calibration. Maintenance of records for all the
activities performed in the lab is part of the QA.
These records include personnel training, mainte-
nance and calibration of equipment, validation of
tests and materials used, as well as preventive and
corrective procedures. Maintain temperature records
of all incubators, refrigerators, and freezers to pre-
vent spoilage of reagents, media, and samples.
Check temperature at least once daily. An electro-
nic temperature data tracker may be use to collect
temperatures throughout the day.

Reagents and Reference Materials Tracking Log

Department Serology

Type kit

Product Lot number Start date nd Use Expiration Date

IBD {bursal) ELISA
IBV (bronchitis) ELISA
[NDV ELISA

PRV Ig8

PRV Ig!

[Tecra-Listeria ELISA

09260-Dg048
09262-DG044
09263-CG816
09732-EG223
06121-FG450
17210002A
18211055

9/21/2011
5/11/2011
9/21/2011
5/1/2011
3/1/2011
6/1/2011
1/26/2012

4/1/2012
3/15/2012
3/7/2012
s/2/2012
11/8/2012
1/12/2012

Tecra-Salmonella ELISA 1/30/2014

Type  media

rt date End Use Expiration Date

AGID BASE
Sodium Chlaride

020M0075
TH2IAZEMS

2/3/2011
9/29/2011

2/3/2016
9/1/2021

Type reagent

ot number Start date EndUse  Expiration Date

10/7/2008
10/7/2008

4/6/2011

4/6/2011
2/15/2011
2/15/2011
12/2/2011
1/19/2011

AE antigen

AE antiserum

|Al antigen (AGID)

Al antiserum (AGID)

Al negative (AGID)

Al pos serum (AGID strong)
Al pos serum (AGID weak)

1E080930
EO0115
300-1103
305-1103

905 ADV 1002
902 ADV 1002
903 ADV 1201
100-

12/30/2013
MG aggl. Antigen-Hi

g eyl [y
R T
L Comreree. i,
Reagent Use Tracking
Reagent Lot # and expiration date Date | Date Manufacturer
Stat | End
Use Use
LA oM op iy 7% 120D p | 1P | Brg Pacl
YT oo loigeuy -«\:3"""'5 ;2-1'0 £
3 T i,,w
R/ Roglh Vi g st oas  gloyls $atdy (2 (5nu| € LDy
453 adoc it g7 3w | e R Rad
APu) o 1493200 e 11T |y 2y 1IN fo | Ty
R0 V9320007 o 14 75 |62 2 (22010 | £ fngy
=P ndod 12 aB 0% -03.05 4 33e0 2 s0lf | E MY
LA odgerd  dI3a1] /2220 @2 Bigitud
L513 gApoid  dat) oo loldel! P ad
MR A
77"' Hagan gl P2 09-%0 4 |0l2a2) odo4s | BDDdco
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K. cerown Pr o/ foraly  TER 196~ Are oo ie
J T ﬂfkl’? 0737” 2
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Fig.17.9. Records are part of the quality assurance program. Example of media/reagent tracking.
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F|g 17.11: Dispose of pipettes and used
material properly to avoid contaminations.

To access this area all personnel must understand the hazards before entry or work is allowed.
Contact Pl or Supervisor for additional information
Department Name: _ P athology Location: Necropsy suite

Contact # Business Hours Non-BusinessHours: ______ or 911
AREA HAZARDS AND WARNINGS:

A A LA A

MINIMUM PPE REQUIRED FOR ENTRY:

OO

Fa:e Lab Coat Coveralis Bootles
versal precal ns. th_t}' glasses or face shield may be selected.

Fig.17.12: Laboratories should post warnings of hazardous Fig.17.13: Maintain the working area clean to prevent contamina-
areas as well as hazardous substances or conditions and recom- tion of samples.
mended personal protective equipment.

“Clean refrigerator” with reagents “Dirty refrigerator” with
and/or reference material only sample material only

Fig.17.14: A biosafety cabinet (BSC) removes particles
from the environment, protecting materials in the work
area of the cabinet from environmental contamination.
BSCs also contain potentially infectious particles within
the cabinet to prevent contamination of workers, mate-
rial or samples kept outside this area. Maintain the wor-
king area uncluttered to optimize airflow. All BSCs need 3
to be inspected periodically to assure of proper airflow Fig.17.15: Prevent cross-contamination of reagents and controls by main-
and particle filtration. taining them in different holding spaces.

R Crespo
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LABORATORY BIOSECURITY & BIOSAFETY

The avian diagnostic laboratory should operate
under standard biosafety criteria. Although some
avian procedures can be conducted at biosafety level
1, biosafety level 2 is desirable because some avian
pathogens may cause disease in humans. Biosafety
level 3 may be required for some pathogens that may
have lethal consequences in humans; in some coun-
tries level 3 may be required if the disease has devas-
tating consequences in animals and may be used as
biological weapons (e.g., velogenic Newcastle
disease virus, highly pathogenic avian influenza).
Laboratory workers should be informed about the
risks and trained in proper procedures performed in
the laboratories. Display warnings of hazardous
areas and recommended personal protective equip-
ment to wear.

Manage each step of the process to prevent conta-
mination. Follow biosecurity protocols to prevent
contamination of samples. Maintain clean working
areas, such as tabletops and biosafety cabinets. Do
not mix clean materials with samples. Biosafety
cabinets of adequate rating and other specialized
cabinets or hoods should be maintained and fully
functional. Dispose of dirty materials properly to
avoid contamination of working surfaces or sam-
ples. Decontaminate working areas with suitable
disinfectant at the end of each work period.

R Crespo
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TESTING METHODS

Detection and characterization of infectious
pathogens have advanced substantially in the
recent years. Classical methods include isolation
and characterization of the pathogen and immu-
nologic assays such as agglutination. Today some
diagnostic assays take advantages of technology
to detect organisms without the need of isolation.
This diagnostic technology in addition to be sen-
sitive and specific allow to process a large num-
ber of samples in a short time.

When setting up a test, plan ahead as much as
possible. If specific media or reagents are nee-
ded to perform the test, make sure that they are
the correct type and that sufficient amounts are
available.

Make sure that any equipment needed is in pro-
per working conditions and with qualified per-
sonnel to perform the test. Also know how soon
test results are required.

Screening assays provide presence or absence
of specific pathogen, but normally they do not
fully characterize the microorganism or pre-
sence of other potentially pathogenic microor-
ganisms.

Fig.17.16 & 17.17: Classical methods include isolation and characterization of bacteria.
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LDA 22

Fig.17.18: Classical methods include also immunologic assays Fig.17.19: Many modern diagnostic assays are used as screening
such as agglutination test. test to provide information of the presence or absence of specific
pathogens, but normally they do not fully characterize the microor-
ganism or presence of other pathogenic microorganisms. Some
need little equipment investment, such as lateral flow.

Fig. 17.20 & 17.21: Other modern diagnostic assays require expensive equipment, such as polymerase chain reaction or PCR
(Fig.17.20) or enzyme linked immune assay or ELISA (Fig.17.21).

Acceleration Primary vacuum tube
| |

Target suppor-
ting the analyte
+ matrix

& Time of flight Detector
Desorption/lonization (Laser) |
Mixture
Sample-Matrix f
® @ ®
@ @ @ * @ Spectrum of proteins
Py Peptide Mass
Molecular ions Fingerprint
lonization )
Desorption

Fig.17.22: Matrix-Assisted Laser Desorption lonization Time-of-Flight Mass (Maldi-Tof) Spectrometry requires expensive equipment but
with the advantage of a large database, a quick test requiring minimal consumables and low waste (according to LDA 22).
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DISEASE REPORTING

The isolation and identification of certain pathogens
carries the responsibility of reporting to regulatory
official (local, state/provincial, or federal). Some
diseases need to be reported internationally to the
World Organization for animal Health (OIE). The
OIE has established guidelines for disease reporting
in order to facilitate international trade in animals
and animal products. A list of current reportable
diseases is kept on the OIE web site at
http://www.oie.int/animal-health-in-the-world/.
Laboratory diagnosticians usually report to the next
level of authority in their organization. Erroneous
reporting, misidentification or failure to identify an
agent may carry serious consequences. When nee-
ded, consult with the appropriate reference labora-
tory about agent identification.
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Fig.17.23: Bacterial identification. Comparison between test MALDI-TOF and classical bacteriology: with analysis by MALDI-TOF spectro-
metry bacterial identification requires a few minutes on the second day (according to LDA 22).
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Fig.18.3: LPAI virus (Turkey). Pneumonia. Fig.18.4:

Airsacculitis.
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Fig.18.6: Spread of influenza from wild birds to poulry hve inc.lu-
ded the mixing of domesticated and wild ducks in the same pond
or ricefield.
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Fig.18.7: Often thAe, firstsign of HPAI virus i chicken or turkey
is the sudden onset of high flock mortality.
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18. AVIAN INFLUENZA VIRUS

INTRODUCTION

Avian influenza virus is a problem for poultry
around the world. The virus is unusual in that it can
cause a range of disease symptoms from causing a
subclinical infection to being highly virulent with
100% mortality. The difference between mildly
pathogenic viruses and highly pathogenic viruses
can be as small as a single amino acid change in
the hemagglutinin gene. Therefore it is important
not only to assess the ability of avian influenza
viruses to cause disease in poultry, but also to
assess the potential for avian influenza to cause
disease in poultry. Avian influenza viruses are also
unusual because the main reservoir for the virus is
in wildlife, therefore complete eradication is not
possible. Also, influenza, because of its broad host
range, can represent a zoonotic risk. All these fac-
tors make avian influenza an important but diffi-
cult pathogen to control in our poultry population.

ETIOLOGY & EPIDEMIOLOGY

Influenza viruses are negative sense segmented
RNA viruses in the family Orthomyxoviridae.
Influenza viruses can be subdivided into three dif-
ferent antigenic types, A, B and C. However, only
type A influenza viruses are of veterinary impor-
tance, since type B and C influenza viruses are
human pathogens that rarely infects other species.
Type A influenza viruses (referred to only as
influenza for the rest of the chapter) have eight dif-
ferent gene segments that encode ten different viral
proteins. They can be divided into the surface gly-
coproteins, the hemagglutinin (HA) and neurami-
nidase (NA) proteins, the membrane ion channel
(M2), and the internal proteins including the poly-
merase complex comprised of the nucleoprotein
(NP), PA, PB1, and PB2 proteins, the matrix pro-
tein (M1), and the two nonstructural proteins, NS1
and NS2. The surface glycoproteins are known to
be important proteins in regard to virulence of the
virus, and the antibody response to the HA and NA
proteins are the most important aspect of protec-
tion from disease. The HA and NA genes also have
the most sequence and antigenic variation of all the
influenza proteins. The HA protein has 16 defined
antigenic subtypes, H1-H16, and the NA has 9
antigenic subtypes, N1-N9. The definition of an
antigenic subtype is that antibody raised against
one subtype will neutralize all other viruses in that
subtype, but it will not neutralize viruses from
other influenza subtypes.

The nomenclature for describing influenza viruses
has been standardized to be consistent for all
influenza viruses. The features used to describe all
new influenza viruses are 1) Antigenic type, A, B or
C; 2) Host animal which the virus was isolated
from. For human isolates this may be omitted and is
simply implied; 3) Geographic location which the
isolate came from. This can be a city, state, province
or country designation; 4) laboratory or other refe-
rence ID number (since a single lab often makes
multiple isolations in a year, a unique identifier
number is often included for each isolate); 5) The
year of isolation; 6 & 7) The hemagglutinin and
neuraminidase subtypes are often included in paren-
thesis at the end. For example the turkey influenza
virus in 1999 from Missouri would be
A/Turkey/Missouri/24093/99 (HIN2).

Influenza infections in poultry, primarily chickens
and turkeys, can cause clinical disease or losses in
production for the affected flocks. The virus can be
generally divided into viruses that cause a localized
infection, often primarily restricted to the respira-
tory or enteric tract, and viruses that cause systemic
infections. The viruses that cause localized infec-
tions are usually referred to as low pathogenic avian
influenza (LPAI) viruses, and typically these viruses
do not cause high mortality in affected flocks. The
viruses that cause systemic infections usually cause
high mortality and are referred to as highly pathoge-
nic avian influenza (HPAI) viruses, or historically as
fowl plague virus. The LPAI viruses can cause
asymptomatic infections, but typically they cause
mild to severe respiratory disease, that in conjunc-
tion with secondary pathogens can on rare occasions
cause high mortality in a flock. The LPAI viruses
can be of many different hemagglutinin and neura-
minidase subtypes. The HPAI viruses, for unknown
reasons, are restricted to the H5 and H7 subtypes,
but most H5 and H7 influenza viruses are low
pathogenic. It is only a rare occurrence that these
low pathogenic viruses mutate into the highly patho-
genic forms of the virus. It is generally believed that
HPALI viruses arise from low pathogenic H5 and H7
viruses that have been allowed to widely circulate in
poultry for extended periods of time. For example
LPALI viruses circulated for over six months in many
poultry flocks in both the HS5 outbreak in
Pennsylvania in 1983, Mexico in 1994 and the H7
outbreak in Italy in 1999 that resulted in outbreaks
of HPAI that necessitated a large eradication and
control effort. HPAI is not believed to be normally
present in the natural wild bird host reservoir.
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Fig.18.8: HPAI virus H5N1 (France, 2006) Swan with  Fig.18.9: HPAI virus. Nervous signs.
nervous signs (lateral deviation of the neck).
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Fig.18.11: HPAI virus H5N2 (Mexico, 1994). Conjonctivitis and
edema of the head.
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Fig.18.12: HPAI virus (Chicken). Sub-cutaneous necrosis of the

Fig.18.13: HPAI virus H5N2 (Mexico, 1994) Necrosis or hemor-
foot pad.

rhage in the mucosa of the proventriculus.
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The primary virulence characteristic that separates
the LPAI and the HPAI viruses is the ability of
HPALI viruses to be cleaved by ubiquitous proteases
on the inside of the host cell. Influenza viruses
must have the HA protein cleaved into the HA1
and HA2 subunits before it can become infectious.
This cleavage is necessary for the fusion domain to
be activated during the uncoating step of virus
replication. Normally trypsin-like proteases can
cleave the hemagglutinin protein in the extracellu-
lar environment, and trypsin-like proteases are
found in the lung and enteric tract. This is the pri-
mary reason that virus replication is restricted to
these locations. However, when multiple basic
amino acids (lysine and arginine) are present at the
HA cleavage site, particularly by the insertion of
multiple basic amino acids, the cleavage site
becomes accessible to ubiquitous proteases, that
are found in most cells of the body. The HPAI
viruses’ HA protein is cleaved during the assembly
stage of virus replication, and therefore is infec-
tious when it is released from the cell. This allows
the virus to greatly increase the number of cell
types it can infect, including cells in the brain,
heart, pancreas, and skeletal muscle. The damage
to critical organs or to endothelial cells lining
blood vessels can cause a variety of disease symp-
toms that often leads to the death of the bird. Other
viral genes are also thought to be important in the
virulence of the virus, but the hemagglutinin clea-
vage site is by far the most important virulence
trait.

Influenza viruses have a wide host range and rou-
tinely infects humans, swine, horses, chickens, tur-
keys and wild birds. Although influenza viruses
can become endemic in all these populations, the
natural host and reservoir for the virus is in wild
ducks, gulls, and shorebirds. In the wild bird reser-
voir the virus typically causes an asymptomatic
infection, and the virus appears to be well adapted
to and genetically stable in this group. However,
when influenza viruses cross into aberrant species,
including humans, swine, horses, chickens and tur-
keys, the virus changes rapidly to adapt to the new
host for more efficient replication and transmis-
sion. Once a particular strain of influenza circu-
lates in a particular species for an extended period
of time (years), the virus becomes increasingly
species specific. So human influenza viruses do
not usually infect swine, equine influenza viruses
don’t infect turkeys, and poultry viruses do not
infect humans. However, this general rule of host
adapted influenza viruses staying within a single
species can be broken. For example, North
American classical swine HINI influenza viruses
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routinely cross from swine to turkeys causing
costly disease outbreaks. The spread of avian
influenza (HSN1 and H9N2) viruses from poultry
to humans has also been observed, and therefore
avian influenza viruses do present a public health
threat as a zoonotic pathogen, although the risk is
considered to be small.

The influenza reservoir, as previously mentioned,
is in wild birds including ducks, gulls and shore-
birds. All 16 HA and 9 NA subtypes of viral genes
are found in wild birds, with certain types of ducks,
like pintails and mallards, having the highest pre-
valence of infection. Some of the best documented
cases of migratory waterfowl spreading influenza
to commercial poultry has been in turkeys in
Minnesota. In Minnesota, multiple outbreaks of
avian influenza were observed every year. The
viruses were of many different HA and NA sub-
types and infections often corresponded to when
wild ducks were migrating to or from their summer
breeding grounds. The turkeys were raised outside
during this migratory period, and wild ducks could
fly over or actually land in the turkey pens. During
the 1990’s the management was changed so that
Minnesota turkeys were confinement reared for
their entire lives, and the incidence of influenza
greatly decreased. Other examples of spread of
influenza from wild birds to poultry have included
the mixing of domesticated and wild ducks in the
same pond, and having mixed poultry farms where
one of the farmed species has access to wild birds.
Therefore, many influenza outbreaks can be pre-
vented by reducing the exposure of poultry to wild
birds.

CLINICAL SIGNS & LESIONS

The disease lesions with avian influenza in poultry
can be extremely variable depending on the viral
isolate as well as the species of the infected bird.
Other factors include the presence of other patho-
gens, immune status of the host, age of the bird,
and environmental factors. In general for LPAI
viruses the disease symptoms are restricted to the
respiratory and enteric tract and can include lesions
in the sinuses, trachea, bronchi, lungs, airsacs, and
intestines. Lesions can include mucopurulent or
caseous inflammation, thickening of airsacs,
edema of the serosa and other localized lesions.
Evidence of enteritis may also be seen with some
strains of virus. Internal lesions are rare but can
include peritonitis, pancreatitis, lesions in the
reproductive tract, and in the kidney. Decreases in
egg production without other clinical signs are
common in layers or breeders in production.
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Fig.18.14: HPAI virus H5N1
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(France, 2006). Fig.18.15: HPAI virus H5N1#(}Fr Fig.18.16: HPAI virus H5N1

Congestive and hemorrhagic pleuropneumonitis  Hemorrhagic suffusions in heart (Swan). (France, 2006). Pancreatitis
with blood clots in the thoracoabdominal cavity with necrosis (H5N1 positive
without associated traumatic lesion (Pochard). Swan).
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Fig.18.17: HPAI virus H5N1  Fig.18.18: HPAI virus H5N1 (France, Fig.18.19: HPAI virus H5N1 (France, 2006). Pulmonary
(France, 2006) Kidneys with 2006) Emphysematous and edema- hemorrhages (H5N1 positive Swan).

hypertrophy and hemor- tous lung (HS5N1 positive Swan).’

rhages (H5N1 positive

Swan).
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Fig.18.20: HPAI virus. Necrotic foci in spleen. Fig.18.21: HPAI virus. Hemorrhages of the ovarian follicules.
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For HPAI viruses a number of different lesions can
be observed depending on the viral strain. For
some viruses that experimentally kill rapidly (less
than 24 hours in I.V. inoculated birds) few lesions
are often observed. For example the rapid killing
virus, A/Chicken/Hong Kong/97, causes primarily
edema in the lungs leading to hypoxia and even-
tually death. Most HPAI viruses kill the birds slo-
wer and produce a variety of disease lesion. The
most obvious external lesions are hemorrhage and
necrosis in the combs and wattles, hemorrhage in
the legs and feet, swelling in the sinuses, conjunc-
tiva and periorbital lesions. Other gross pathology
lesions with HPAI viruses include petechial
hemorrhages in a number of different organs and
necrotic foci in the liver, spleen, kidneys, pancreas
and lung. Histologically, replication of influenza
virus with direct cellular damage and apoptosis,
particularly in lymphoid organs, are observed
throughout the body. No lesions are pathognomo-
nic for HPAI, and other pathogens need to be
considered, particularly velogenic Newecastle
disease virus.

DIAGNOSIS

Virus isolation is often necessary to fully characte-
rize an influenza virus outbreak in poultry. The
virus is typically cultured in embryonated chicken
eggs, but it can also be grown in several cell cul-
ture systems. Virus is typically first tested for the
ability to hemagglutinate chicken red blood cells.
If the virus hemagglutinates, it must be differentia-
ted from other hemagglutinating viruses, including
Newcastle disease virus, and typically is confirmed
by an agar gel immunodiffusion test (AGID). The
influenza virus is then further characterized by the
subtyping of the hemagglutinin and neuraminidase
proteins using inhibition tests using defined anti-
bodies. Currently, animal testing is also required to
determine if a virus is to be considered highly
pathogenic. The standard pathotyping test for
influenza is to inoculate 8 specific pathogen free
chickens, 4-6 weeks of age, by I.V. inoculation and
observe for death of the birds within 10 days pos-
tinoculation. If 75% or more of the birds die within
10 days, the virus is considered highly pathogenic.
If the virus is an HS or an H7 virus, the hemagglu-
tinin cleavage site is also sequenced to determine
how many basic amino acids are present. If a virus
is highly pathogenic by standard pathotyping or
has extra basic amino acids at the cleavage site it
usually will be considered for eradication.

Serology can also be used to identify flocks that
have been exposed to avian influenza virus. The
most common tests are the agar gel immunodiffu-
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sion (AGID) tests and the commercial ELISA tests.
The AGID test detects antibody to both the nucleo-
protein and matrix 1 (M1) proteins that are conser-
ved for all type A influenza viruses. The commer-
cial ELISA tests detect only antibody to the
nucleoprotein. Both tests are commonly used in
diagnostic laboratories and can usually detect
infection in a flock within a week of the initial
infection. Serum samples can also be used to deter-
mine the HA and NA subtypes of the virus by using
the hemagglutination and neuraminidase inhibition
tests. Both tests require testing the samples against
a bank of reagents for all 16 hemagglutinin and 9
neuraminidase subtypes, and therefore it is only
commonly done at large regional or national refe-
rence centers.

TREATMENT & CONTROL

Control strategies for avian influenza virus infec-
tions in poultry are dictated by whether the virus is
highly pathogenic or likely to become highly
pathogenic or if it is a low pathogenic virus.
Standard control measures for any Al outbreak
include quarantine of the infected flocks and
usually a quarantine zone around the infected
flocks. Secondly, increased biosecurity by greatly
restricting access of personnel and equipment to
and from farms in the quarantine zone. Third,
increased surveillance on surrounding farms to
monitor for evidence of spread of influenza infec-
tions. For outbreaks of HPAI, infected flocks are
depopulated, often with disposal of the birds by
burning or burial on the farm. For LPAI outbreaks,
the outcome of the infected flocks varies, but often
the infected birds are allowed to recover from
infection and then are marketed with special pre-
cautions. The majority of a flock will often become
infected in the first few weeks after the virus is
introduced, and movement of birds during this
time of peak viral shedding, even to slaughter, car-
ries a high risk of spreading the infection to sus-
ceptible flocks. Currently, vaccination is not a part
of the control efforts for HPAI outbreaks. One of
the primary concerns is that birds that are naturally
infected with influenza and birds that are vaccina-
ted with killed whole virus vaccines cannot be dis-
tinguished based on standard serologic tests,
because both the AGID and the ELISA tests rely on
detection of nucleoprotein antibodies, and birds
vaccinated with killed vaccines will have high NP
antibody levels.

For LPAI outbreaks in the United States, the
control of the outbreak is left to the individual
states. Control of LPAI outbreaks uses the standard
control measures, but vaccines are often used to
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Fig.18.22: HPAI virus H5N1 (France, 2006). Non suppurated  Fig.18.23: Avian influenza virus is confirmed by an agar gel
meningoencephalitis in PCR negative swans: the standard pro-  immunodiffusion test (AGID).

tocol can be inadequate for the detection of infected but not
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F|g 18.24: HPIA VII‘US H7N3 (Canada 2004). After identification  Fig.18.25: HPIA virus H7N3 (Canada, 2004). Control policies
of infected flocks, elimination of infected birds is essential to require legislative enforcement to be effective.
preventing future transmission.
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Fig.18.26: Surveillance of tracheal and Fig.18.27: Net for protectlon agalnst Fig.18.28. IAHP: Live birds markets are

cloacal HPAI or LPAI virus excretion in  contact with wild birds is necessary for important in the epidemiology of AIHP virus.
wild birds is important for the control of backyard flocks.
avian influenza.
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supplement these control efforts for non-HS or
non-H7 viruses. Because of the potential for HS
and H7 viruses becoming highly pathogenic, vac-
cination for these subtypes of viruses have been
restricted so as not to interfere with surveillance
efforts. To overcome the inability to distinguish
vaccinated and naturally infected birds, sentinel
birds are usually placed with the vaccinated flocks
to monitor for virus circulation. The vaccines,
which are subtype specific, are often effective at
preventing or reducing the disease symptoms
within a flock and vaccination is believed to reduce
transmission of the virus by decreasing the amount
of virus replication in the birds. Influenza vaccines,
however, do not prevent birds from being infected
with avian influenza, but they usually are effective
at preventing or reducing clinical disease.
Influenza vaccines must be subtype specific, since
little or no cross protection is observed between
influenza subtypes. Protection from influenza
infections is primarily from neutralizing antibody
to the hemagglutinin gene. Antibodies to the neu-
raminidase protein can also be protective against
viral challenge, but it usually provides less protec-
tion than antibody to the hemagglutinin gene. Cell
mediated immunity can also provide some protec-
tion against avian influenza virus infections inclu-
ding some protection between subtypes, but the
cell mediated immune response usually is not rapid
enough to be consistently protective, particularly
against a HPAI challenge.

Currently only two types of vaccines are available
for use in poultry, a killed whole virus adjuvanted
vaccine and a live vectored recombinant vaccine.
The killed whole virus recombinant vaccine uses
embryonated-egg grown virus that is adjuvanted
with an oil-emulsion and administered either intra-
muscularly or subcutaneously. This vaccine pro-
duces good humoral immunity, but no cellular
immunity. Because of the adjuvants used, the vac-
cines usually have a long withdrawal period, which
can severely limit how they can be used. The
whole virus killed vaccines are available for most
hemagglutinin subtypes. The recombinant vac-
cines are vaccines using a Fowlpox virus vaccine
strain or the Herpesvirus turkey (HVT) as a vector
in which the hemagglutinin gene from influenza
virus is inserted. When the vaccine is administered
the fowlpox virus or the herpes virus will produce
both fowlpox proteins or herpes protein and
influenza hemagglutinin proteins that the host
mounts an immune response to. The host will the-
refore develop protection against both influenza
and the vector. This vaccine has several potential
advantages. First, it produces both cellular and
humoral immunity. Second vaccinated birds can be
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distinguished from naturally infected birds since
vaccinated birds will not have NP antibody
because the vector only contains the hemagglutinin
gene. One drawback for the fowlpox vectored vac-
cine is that birds previously exposed to the fowl-
pox virus will not develop antibodies to influenza .
Finally, only the H5 subtype of influenza is cur-
rently available with the fowlpox vectored vaccine.
But there may be problems if birds have immunity
to the vector vaccine.

For human influenza vaccinations, the vaccine
must be updated on a yearly basis because antige-
nic drift of the virus reduces the effectiveness of
the vaccine. Although avian influenza viruses have
a similar antigenic drift and independent influenza
poultry outbreaks can be extremely variable in
amino acid sequence, this variability does not
affect vaccine efficacy like it does with human
influenza vaccines. In general, the closer the amino
acid similarity of the vaccine strain is to the chal-
lenge strain, the greater the reduction in virus repli-
cation and viral shed. The protection from disease
is still high, even for divergent vaccine and chal-
lenge strains, but a greater reduction in virus repli-
cation should provide better protection from the
virus spreading to uninfected birds or flocks.
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Prototype virus strain Usual natural hosts

Disease produced in poultry

APMV-1 (Newcastle disease virus) Numerous

APMV-2/chicken/California/Yucaipa/56 Turkey, chicken,

passererines

1.APMV-3*/turkey/Wisconsin/68 Turkey

2.APMV-3*/parakeet/Netherlands/449/75
APMV-4/duck/HongKong/D3/75
APMV-5/budgerigar/Japan/Kunitachi/74
APMV-6/duck/HongKong/199/77

Psittacines, passerines
Duck, geese
Budgerigars and birds related
Duck, geese, turkey

APMV-7/dove/Tennessee/4/75 Pigeon, dove

APMV-8/goose/Delaware/1053/76
APMV-9/domestic duck/New York/22/78

Duck, geese
Duck

Very variable, from mild to severe disease
depending on the strain and the infected
host

Moderate respiratory infection and mild
egg drop ; aggravation of the disease is
possible

Moderate respiratory infection but severe
egg drop; aggravation of the disease is
possible

None described
None described
None described in poultry

Moderate respiratory infection and slight
increase in mortality in turkeys; no clinical
signs in ducks and geese

Moderate respiratory infection in turkeys;
infection recorded in ostriches

None described in poultry
None described

Tabl.19.1: The avian paramyxoviruses (APMV) (adapted from Alexander & Jones, 2008).

*Serological tests may distinguish between turkey and psittacines isolates.
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Fig.19.1: Newcastle disease virus: electronic
microscopy, negative coloration.
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19. NEWCASTLE DISEASE &
OTHER AVIAN PARAMYXOVIRUSES

INTRODUCTION

Newecastle disease (ND) or pseudo-plague is a viral
disease affecting wild and domestic birds. It is cha-
racterized by a high variability in morbidity, mor-
tality, clinical signs and lesions. Newcastle disease
primarily affects chickens and turkeys, but most
poultry and many wild and domestic birds are sus-
ceptible. Since its initial isolation in 1926, the ND
virus (Newecastle disease virus or NDV) has been
isolated from poultry and wild birds in most coun-
tries. In addition, many isolates were originating
from a very large variety of birds comprising 117
species belonging to 17 of 24 Orders of the Class
Aves. Although the virus has been isolated from
many different bird species, there is, at present, no
evidence of the existence of natural reservoirs.
Ducks, both domestic and wild, may carry viral
strains but these are generally nonpathogenic for
chickens. Based on epidemiological data collected
from exotic birds in quarantine, it appears that
highly pathogenic strains are endemic in South
American psittacine birds.

The economic impact of ND is huge and should
not be measured solely in terms of direct losses
(mortality). In developed countries free of the
disease, control measures such as vaccination and
repeated testing to maintain their free status repre-
sents a huge loss for the poultry industry. In deve-
loping countries where eggs and poultry meat
constitute the main source of food proteins, the
endemic presence of NDV constitutes a significant
impediment to the development of their poultry
industry.

In terms of public health, along with its contribu-
tion to malnutrition (by limiting access to animal
proteins), ND is considered a minor zoonosis.
Transmission to humans is anecdotic and results in
ocular infection, such as conjunctivitis, eyelid
edema and watery eyes. Headache and fever are
sometimes observed, with or without conjunctivitis.

ETIOLOGY & EPIDEMIOLOGY

Newcastle disease virus is an enveloped virus
which is part of the recently described genus
Avulavirus  belonging to  the  family
Paramyxoviridae. This family of viruses is charac-
terized by an unsegmented single-stranded RNA of
negative polarity and a nucleocapsid showing a
helical symmetry surrounded by an envelope deri-
ved from the plasma membrane of infected cells.
This envelope is spiked with spicules of two diffe-
rent glycoproteins: hemagglutinin-neuraminidase
(HN) responsible for the attachment of the virus on
cellular receptors and F glycoprotein inducing
fusion of the viral envelope with the cell mem-
brane and allowing penetration of the nucleocapsid
and viral RNA into the cell. All avian paramyxovi-
ruses agglutinate red blood cells of birds and most
easily replicate in the allantoic or amniotic com-
partments of embryonated eggs. Nine different
serotypes of avian paramyxovirus, designated
PMV-1 to PMV-9, can be distinguished on the
basis of hemagglutination inhibition tests (HI
tests).

The nomenclature used to describe them is similar
to that of influenza virus (e.g., PMV-
2/chicken/California/Yucaipa/56). Different strains
of NDV belong to serotype PMV-1 but antigenic
variations can be identified within the group,
mainly by using monoclonal antibodies. Similarly,
a large genetic diversity is associated with the spa-
tio-temporal origin as well as host species of diffe-
rent strains. So, the sequencing of the fusion F pro-
tein gene has identified at least six distinct lineages
of NDV (lineages 1 — 6) while the complete gene-
tic analysis of the genome revealed the existence of
two major divisions, namely Class I and II, which
second class can then be subdivided into eight
genotypes (genotype I — VIII). These genetic
variations could affect the antigenicity and thus the
effectiveness of vaccination campaigns.
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Fig.19.6 & 19.7: Newcastle disease. Facial edema and conjunctivitis with ocular exsudate. Fig.19.8: Infected chickens often have signs
of cyanosis with dark, discolored combs.
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Fig.19.11: Diarrhea, pasting of feces
on and around the cloaca.
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Fig.19.9 & 19.10: Facial edema associated with periocular swelling.
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Fig.19.12, 19.13, 19.14 & 19.15: Clinical aspects of encephalitis faund in Newcastle disease. Nervous disorders result in a stiff neck.
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Fig.19.16, 19.17 & 19.18: Newcastle disease (Pigeon, chicken). Paralysis. Note the clenched fingers in Fig. 19.16.
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Newecastle disease virus transmission between
poultry occurs through fecal-oral route. Following
replication of NDV in their respiratory and/or
digestive tract, infected birds shed the virus
through aerosol and/or droppings. Droplets and
contaminated aerosol can then be inhaled by heal-
thy birds and affect the mucosa of their upper res-
piratory tract, while droppings can contaminate
feed and drinking water and thus be eaten by other
birds in the house. The dispersion of the virus may
also be from farm to farm via the transportation of
contaminated material (soil, litter, equipment).
Indeed, although it is an enveloped virus, NDV is
relatively stable outside the host and can survive
for several days or even months, in the presence of
organic material, depending on temperature and
surrounding moisture. This mode of transmission
explains why a case of ND can quickly develop
into an epidemic.

Newcastle disease is endemic across most parts of
Africa, the Middle East, Asia, Central America and
northern South America. In more developed
regions, such as Western Europe and the USA,
sporadic outbreaks are still observed, despite the
widespread use of vaccines. Epidemiological stu-
dies have shown that several outbreaks of ND have
occurred since the first described cases of the
disease. Firstly, genotypes II, III and IV have been
endemic in North America, Asia and Europe, res-
pectively, during the 30s and 40s. Genotype VI
strains then emerged as epidemic in the Middle
East and Asia during the 60s while those of the
genotype V have arisen in North America and
Europe in the early 70s. The fourth epidemic
occurred during the 90s in the Middle East follo-
wing the prevalence of genotype VII. Genotype
VIII has been endemic in South Africa during the
last decade. Newcastle disease virus strains cur-
rently circulating worldwide are essentially visce-
rotropic.

CLINICAL SIGNS & LESIONS

Clinical signs depend on the pathogenesis of the
disease. This results from the complex interaction
of numerous factors influenced by the biological,
biochemical and genetic characteristics of the viral
strain and by the susceptibility of the host. The
disease follows the multiplication of the virus, its
spread throughout the body, its replication in cells
carrying out vital functions and the destruction of
these cells. The different strains of PMV-1 are clas-
sified into five pathotypes based on the clinical
signs observed in susceptible chickens:
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- Velogenic viscerotropic strains cause high morta-
lity (up to 100%) associated with characteristic
intestinal damage.

- Velogenic neurotropic stains also cause very high
mortality (up to 100%) associated with respiratory
and nervous disorders.

- Mesogenic strains are responsible for respiratory
and nervous disorders associated with a low mor-
tality rate in adults but a high mortality rate among
young birds (up to 50%).

- Lentogenic strains cause only respiratory disor-
ders without mortality neither in young nor adult
birds.

- Lentogenic asymptomatic strains cause no clini-
cal signs. These viruses are identified only by iso-
lation from droppings and are often isolated from
wild ducks.

This classification into pathotypes is not always
clearly established and considerable variations in
clinical signs can be observed for representatives
of each group. In addition, viruses responsible for
some outbreaks may not be clearly classified in
any of the pathotypes. For example, the virus res-
ponsible for ND in pigeons in Europe since 1981
causes neurological signs without respiratory signs
and is excreted in high titers in the droppings of
infected chickens.

Besides the differences in pathogenicity between
viral strains, variations in susceptibility are also
responsible for variable clinical pictures. For
example, ducks and geese are resistant to infection
by the most pathogenic viruses for chickens. On
the other hand, the adaptation of NDV to a particu-
lar host may affect its pathogenicity for another.
Thus, PMV-1 viruses isolated from pigeons are
pathogenic in chickens after several serial passages
in this species. Psittacines are also frequently
infected by NDV. Their susceptibility to disease
varies widely. During experimental infection with
a pathogenic PMV-1 strain, the observed mortality
rates vary according to the species: 55 % for
conures, 29 % for parrots, 25 % for canaries, 22 %
for parakeets and 21 % for mynas. Parakeets,
conures and mynas surviving the infection may
shed intermittently the virus during several weeks
while parrots sheds up to one year after infection
while remaining apparently clinically healthy. In
conclusion, given the wide variability of the clini-
cal signs in infected birds, we cannot define the
pathogenicity of the viruses according to the obser-
ved clinical signs but they are indicative of the gra-
vity of the infection.
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Fig.19.19: The mortality rate is important Fig.19.20 & 19.21: Newcastle disease. Subcutaneous edémé,"fiﬁlrinone'crdfic l]lcérs in
during a velogenic Newcastle disease out- esophagus and hemorrhage in the trachea.
break.
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r Fig.19.23 & 19.24: Newcastle disease (velogenic). Hemorrhagic tracheitis.
Newcastle disease. Conges-

tion of the larynx and pete-
chiae in the tracheal mucosa.

J Brugére-Picoux

HL Shivaprasad

A ’ ‘ _ L ( o :
Fig.19.25: Newcastle disease (velo- Fig.19.26, 19.27 & 19.28: Hemorrhage in the proventriculus is a frequent lesion of velo-
genic strain). Severe hemorrhage in genic strains of ND. But it may be absent. Hemorrhagic lesions can also be observed in
the larynx and trachea. the gizzard.

Manual of poultry diseases



G Meulemans, F Rauw & Th van den Berg

Different strains of PMV-1 not only vary in their
tropism and pathogenicity but also in their mode of
transmission. The virus causing the european epi-
demic of 1970-1972 had a very pronounced respi-
ratory tropism and significant amounts of virus
could be detected in the air of infected flocks,
which probably caused the rapid and explosive
spread of this virus. On the other hand, the virus
strain responsible for 22 outbreaks in England in
1984 was mainly excreted in droppings. The
absence of airborne contamination limited the
spread of the virus. Excretions from infected birds
(droppings, nasal discharge) can contaminate feed,
water, clothes and shoes of personnel, objects and
equipment. The whole environment becomes a
source of infection for susceptible poultry. The
eggs laid by infected breeders may occasionally
contain the virus. These eggs rarely hatch.
However, if they accidentally break in the hat-
chery, all hatched chicks could then be contamina-
ted. These chicks are sometimes placed into diffe-
rent flocks allowing the spread of the virus before
the disease becomes apparent. The live viruses
used for vaccination are also a reservoir because
vaccinated poultry can replicate and disseminate
them. Finally, the import of exotic birds, in particu-
lar psittacines acting as healthy carriers of PMV-1
virus, represents a significant source of contamina-
tion. The clinical significance and pathogenicity of
other avian paramyxovirus serotypes are less well
known.

As the cell tropism of a virus depends on the inter-
action between proteins on the surface of the virus
and cellular receptors, it is clearly evident that
these proteins play an essential role in the pathoge-
nicity of the pathogen. The infectivity, spread and
pathogenicity of the PMV-1 viruses depend on the
cleavage and activation of viral glycoproteins in
many different cell types. Indeed, the rapid multi-
plication and dissemination of the virus in the host
are the determining factors of the systemic infec-
tion caused by the pathogenic strains of PMV-1.
They all have a F glycoprotein which cleavage site,
consisting of several basic residues ( R-X-K/R-R-
F), is recognized by cellular proteases present in all
the cell types of the host. On the other hand, the
cleavage site of the F protein of lentogenic strains
is monobasic and is cleaved only by trypsine-type
proteases present in certain cell types, including
epithelial cells. So, the multiplication of lentogenic
strains is limited to these cells and stopped as soon
as the virus reaches non permissive cells. This
results in a mild disease condition. Clinical signs
depend on both the pathogenicity of the infecting
strains and age of infected poultry.
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Lentogenic strains cause mild and transient respi-
ratory disorders associated with growth retarda-
tion.

Mesogenic strains cause a sudden depression and
anorexia in adult hens. Respiratory and nervous
signs are usually observed in a small number of
poultry. In layers, one notices an almost complete
stop in egg-laying. Mortality is low or inexistent.
On the other hand, in young chickens and chicks,
mortality can be high and sometimes reaches 50%.
It is preceded by severe respiratory and central ner-
vous disorders.

Velogenic strains cause up to 100% mortality in
poultry of all ages. Clinical signs depend on the
tropism of the infecting viral strain. Dyspnea, diar-
rhea, conjunctivitis and paralysis followed by
death in two to three days are often noticed.
Cyanosis of the comb and wattles and periocular
swelling are sometimes observed. In cases of
infection by lentogenic or mesogenic strains, air-
sacculitis, conjunctivitis and tracheitis are occasio-
nally observed. With velogenic strains, tracheitis
lesions may be hemorrhagic. Also observed are
intestinal lesions consisting of hemorrhagic or
necrotic areas mainly located in lymphoid forma-
tions such as cecal tonsils and hemorrhages in the
mucosa of the proventriculus and gizzard. Wild
and pet birds usually do not show any specific
lesion.

DIAGNOSIS

Clinical signs, lesions and the general epidemic
context can often lead one to suspect ND.
However, the diagnosis should be confirmed by
isolation and identification of the virus. The patho-
genicity of the isolated virus must then be evalua-
ted. Paramyxoviruses are isolated by inoculation of
samples (obtained from droppings/intestinal
content, trachea, lungs, air sacs, spleen, brain,
liver, heart and blood from dead birds) into the
allantoic cavity of 9 to 11 day-old specific patho-
gen free (SPF) embryonated eggs. In live poultry,
cloacal and tracheal swabs can be analyzed. The
inoculated eggs are incubated for a maximum of 7
days and then killed. The allantoic fluid is then tes-
ted in the presence of a suspension of red blood
cells (1%) in order to investigate the presence of
hemagglutinin. In case of a positive reaction, it is
necessary to identify the agent by a hemagglutina-
tion-inhibition test, because the hemagglutination
may result from the presence of bacteria or viruses
(Paramyxovirus and Orthomyxovirus). For
Newcastle disease, the hemagglutination inhibition
test is performed in the presence of a polyclonal
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Fig.19.29, 19.30, 19.31 & 19.32: In the necro-hémoragic form of Newcastle disease, involvement of the gastrointest'iqhal tract may begin
in the mouth and then reach the oesophagus, stomach and intestines. Note the focal diphtheroid lesions.

3

tures.

2
N o P "
1 g @ - M Ly 3 '.'v--} g
b R S TS s P 8 15 e O P do
Fig.19.35 & 19.36: A variable degree of hemorrhage in cecal tonsils is frequently observed in Newcastle disease. This lesion can be

seen without opening the ceca.
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serum specific for PMV-1 viruses. However, cross-
reactions exist between PMV-1 viruses and other
avian paramyxoviruses. These antigenic relations-
hips are particularly evident between PMV-1 and
PMV-3 viruses isolated from turkeys and psitta-
cines. The use of monoclonal antibodies inhibiting
only the hemagglutination from all PMV-1 strains
prevents any error in serological typing.
Serological identification of other avian para-
myxoviruses is based on hemagglutination inhibi-
tion tests performed in the presence of antisera
specific for each serotype. These tests are perfor-
med in specialized laboratories. The pathogenicity
of any isolated PMV-1 virus must necessarily be
assessed either by an in vivo or an in vitro test. The
European Union (EU) has made the in vivo test
intracerebral pathogenicity index (ICPI) compul-
sory. It consists in inoculating by this route one
day-old SPF chicks and observing them for eight
days. Any strain with an IPIC above 0.7 is consi-
dered pathogenic. An in vitro technique, the
sequencing of the cleavage site of F protein and
demonstration of the presence of a specific
sequence (R-X-K/R-R-F) for mesogenic and velo-
genic strains, is also recognized by the EU to
demonstrate the degree of pathogenicity of a viral
strain. Serological diagnosis of PMV-1 viral infec-
tions is done by searching for specific antibodies
with the hemagglutination inhibition test. In
unvaccinated or infection free birds, serological
titers are lower than 1/8 when the reaction is per-
formed with 4 viral hemagglutinating units. Higher
titers mean that the birds have been vaccinated or
infected. However, in psittacines and caged birds,
the serological response to infection by PMV-1 is
extremely variable and the absence of antibodies
does not necessarily indicate the absence of
infection.
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TREATMENT & CONTROL

Pathogenic PMV-1 infections are classified as
notifiable diseases. The isolation of PMV-1 virus
with an ICPI greater than 0.7 or for which the ana-
lysis of the cleavage site of the F protein showed
the presence of multiple basic residues (velogenic
or mesogenic strains) must be reported to the
national and international veterinary authorities. In
accordance with the new definition of notifiable
diseases, any isolation of these strains should be
reported to the World Organization for Animal
Health (OIE). The infected flocks must be des-
troyed and all sanitary measures required by law
must be applied. Only bacterial complications
seen in birds infected with low pathogenic strains
can be treated with antibiotics.

Prevention of ND is based on biosecurity mea-
sures and, when necessary, the application of a
vaccination program. The objectives of the various
prevention strategies are to prevent the infection
and to reduce the number of susceptible birds
through vaccination. Biosecurity, including sanita-
tion, is considered the first line of protection
against the introduction of any pathogenic agent
and in particular against ND. Thus, movement of
personnel (farmers, veterinarians, technicians,
etc.) and vehicles must be limited and accompa-
nied by disinfection procedures and, in the case of
people, a change of clothing and footwear, even in
the absence of disease. A good biosecurity pro-
gram must also prevent the direct and indirect
contact of poultry with wild birds such as pigeons
and waterfowl. Because of their costs, air filtration
and overpressure to limit the entry of airborne
pathogens in the barn are reserved for high value
genetic stock.
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.37 & 19.38: Newcastle disease (velogenic). Hemorrhagic cloacitis.
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Fig.19.39: Ovaries of infected hens are often Fig.19.40 & 19.41:
shrunken. The stigmata may be hemorrha-

gic. The stigmata appears as a constriction,

cutting down into the ovum.
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Although biosecurity could be sufficient, vaccina-
tion is considered an extra precaution, especially in
high poultry density areas. Newcastle disease vac-
cination in commercial poultry production is des-
igned to reduce the risk of infection and viral trans-
mission, in order to prevent clinical signs and mor-
tality. A vaccination strategy will depend on the
status of the region (ND endemic or not) and the
perspective of the emergence of ND in this region.
For example, in countries where NDV is absent but
is considered a threat, vaccination is applied to
ensure maximum protection against ND. This is
the case in Europe with Belgium, the Netherlands
and Germany, where ND epidemics in the 90s have
led to mandatory vaccination of all types of poul-
try production. In other countries like France, only
layers and breeders are vaccinated. In countries
where NDV is endemic, vaccination will contri-
bute to decreasing the infection pressure.
Therefore, the disease may not be apparent
because of the vaccination campaign. Finally,
countries like Sweden, Finland and Estonia do not
vaccinate at all. Currently, in Europe and the
United States, only the use of lentogenic strains
(Hitchner, La Sota, Ulster) is authorized and the
virulence of mesogenic strains is not considered
acceptable.

The immunity to NDV results from the presence
of antibodies against the two viral glycoproteins,
HN and F. These antibodies can be induced by
vaccination. This can be done using live, inactiva-
ted vaccines or vectorised vaccines. Live vaccines
have been used for over 30 years. In general, the
La Sota vaccines provide better immunity than
those prepared from the Hitchner strain, although
variations depending on the origin of commercial
vaccines have been reported. Live vaccines are
administered by nasal or eye drop, dipping of the
beak, spray, aerosol or drinking water. The choice
between these different methods of vaccination
depends on the labor cost, individual immuniza-
tion being the most effective but also the most
expensive, and the type of poultry production
(meat birds, breeders, layers). The aerosol and
spray techniques are usually reserved for the vac-
cination of laying hens and breeders while vacci-
nation via drinking water is mostly practiced in
broilers. Whatever the method of vaccination and
the vaccine strain used, we always face homolo-
gous antibody interference. The importance of this
interference will determine the level of antibody
response induced by vaccination and the duration
of post-vaccinal immunity. In all cases, however,
vaccine induced antibodies appear in local secre-
tions and serum six to ten days after vaccination.
Furthermore, early protection due to cellular
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immunity has been observed within two days after
vaccination. For nearly 20 years, inactivated oil
adjuvant vaccines have been used mainly for
booster vaccination before egg laying. The resul-
ting immunity protects the layers and breeders
throughout the production period. These vaccines
can be inoculated to day old chicks simulta-
neously with a live vaccine administered by eye or
nasal drop, spray or beak dipping. This method of
vaccination is particularly effective in regions
where ND is endemic because protects chickens
until 11 weeks of age. Inactivated vaccines are
also commonly used in turkeys, guinea fowl and
partridge for booster vaccination after administra-
tion of the La Sota vaccine. The administration of
an inactivated vaccine in aqueous suspension is
particularly effective and harmless to pigeons,
caged and exotic birds.

The advent of biogenetics will most likely change
the way we vaccinate against ND in the next
decades. The expected advantages of vaccines
derived from recombinant DNA techniques are the
lack of pathogenicity and virulence reversion
potential, of interference of maternally derived
antibodies and the ability to differentiate a serolo-
gical response due to vaccination from that indu-
ced by infection. The implementation of molecular
biology techniques in the field of vaccination has
for objective to improve the efficacy and safety of
conventional vaccines. Research can also be direc-
ted towards the development of new types of vac-
cines, either vectorized or subunit (developed from
the only immunogenic components of the virus,
mainly surface proteins or viral envelope). Finally,
new adjuvants are being considered.

Thus, the main disadvantage of attenuated vac-
cines is the residual pathogenicity and its adverse
effects, especially in young birds. This is why vec-
tor vaccines containing one or more NDV are the-
refore proposed as an alternative, namely with the
vectors as the avian poxvirus (fowl pox virus or
FPV) and herpesvirus of turkeys (HVT). This type
of vaccine has the advantage of being bivalent,
because it induces immunity against the specific
disease (ND) from the gene that has been inserted
into the vector but it also offers immunity against
fowl pox (FPV vector) or Marek's disease (HVT
vector). Moreover, these vector vaccines make
possible the adaptation of the insert based on circu-
lating strains of NDV. The recombinant fowlpox
vaccines are injected subcutaneously, or by the
technique of wing web transfixion (scarification
or wing-web stab) and therefore require indivi-
dual bird handling, which may be considered a
disadvantage. Their other potential disadvantage

Manual of poultry diseases




154 ® VIRAL DISEASES

F#;.19.45: Excessive yolk-like fluid is Fig.19.46 & 19.47: Velogenic viscerotropic Newcastle disease. Many of the eggs shown
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n observed in hens that died of very here are rough, misshapen, and thin-shelled. These findings are often present in viscero-

velogenic ND.

Fig.19.48 & 19.49: Encephalitis (Newcastle disease). Periv;scular cuffing are seen in the brain of the hen

the pheasant (to the right).

tropic velogenic Newcastle and infectious bronchitis infections, where fever stalls the nor-
mal movement of the egg through the oviduct, causing deformed and defective shells.

L]

3
s}
S
€
£
(&)
2
43

J Brugére-Picoux

o D b A
.‘\-i) —.iiwwwn r— r. r(,.

B . o B I". NN '\._//*ﬁ._/ T Y Ny S/
TN Y Y Y YYY T Y Y
— \: - e d ¢ e el - ot g B - -/

R T
% . . | I

- et b B s
| &

.
J Brugere-Picoux

y;. ] L 1

3 3 =¥ o YR ] 4 — — = _ O E A=
Fig.19.50: Newcastl ancreatitis associated is cha- Fig.19.51: Newcastle disease. Hemagglutination and inhibition of
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is their sensitivity to maternal antibodies directed
against the vector itself and therefore the diffi-
culty of using such vectors in birds vaccinated
against fowl pox. Herpesvirus vectors are much
less sensitive to this interference and also have
the major advantage of being administered in ovo.
However, the current NDV vaccine strains may
kill or weaken embryos, which may impact hat-
chability. So, less pathogenic vaccine strains have
been selected for in ovo vaccination. These vac-
cines have been efficacious, including in the pre-
sence of maternal antibodies.

In conclusion, although the need has been demons-
trated (and it may even be compulsory in some
regions), farmers are often reluctant to vaccinate
against ND because of the additional workload and
of the potentially negative impact on flock perfor-
mances. In addition, vaccination according to cur-
rent programs does not prevent infection of vacci-
nated poultry or field virus excretion. In the
context of ND eradication, it is therefore necessary
to develop an "ideal vaccine" capable of protecting
birds from disease and inhibiting the spread of the
virus, while limiting the workload for farmers. An
in ovo vaccine less sensitive to maternal antibodies
would certainly have a determining advantage.

Furthermore, as serology alone does not explain
the level of protection induced by vaccination,
research is currently conducted under laboratory
conditions to assess more thoroughly the cell-
mediated immunity and local immune response (at
the level of the respiratory and digestive tract) spe-
cific to NDV and their role in the protection
against clinical signs and virus shedding. These
new techniques should provide better knowledge
of the mechanisms of immunity induced by vacci-
nation, which should help in developing the "ideal
vaccine" against ND.
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Fig.20.2: TRT (Turkey). Peri- and infraorbital edema.
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Fig.20.1: TRT (Poult). Breathing difficulties, mucoid nasal dis-
charge and foamy ocular discharge, experimental infection.
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P Drouin, Anses Ploufragan

Fig.20.4: SHS (Chicken). Blepharitis, peri-ocular swelling,
tating membrane are early clinical signs remaining mild. edema of infraorbital sinus and under-mandibular area.
Breathing difficulties.

Fig.20.3: SHS (Chicken). A mild blepharitié and prolapse of the nicti-
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Fig.20.5 & 20.6: SHS (Chicken). Blepharitis, periocular swelling, edema of infraorbital sinus and under-mandibular area. Breathing
difficulties. Note characteristic elongated almond-shaped eye.
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20. AVIAN METAPNEUMOVIRUS

INTRODUCTION

Over the past 20 years, avian metapneumoviruses
(aMPV) have been identified as causing infections
of the upper respiratory and reproductive tracts in
several species of domestic poultry (turkeys,
chickens, guinea fowl and ducks). Whatever the
clinical form and age of affected birds, pneumovi-
rosis is causing significant economic losses.
Respiratory clinical forms were first recognized.
Avian metapneumoviruses are especially common
in young chickens and turkeys, but their impor-
tance in ducks is not known. Respiratory clinical
signs are found in turkeys [known as avian (ART)
or turkey rhinotracheitis (TRT)] and chickens
[“swollen head syndrome” (SHS)]. Both forms
exist in guinea fowl. Only experimentally inocula-
ted ducks show signs of rhinotracheitis. The viral
respiratory infection does not last long. In chickens
and turkeys, it is frequently followed by secondary
bacterial infections that complicate the diagnosis
and that may result in elevated mortality rates.
These bacterial infections, in particular
Escherichia coli, are an essential etiological com-
ponent of SHS. In turkey, chicken and duck bree-
ders, the respiratory phase of the aMPV infection
can be subtle and the drop in egg production that
follows may be the only observed clinical sign.

ETIOLOGY

Isolated for the first time in 1986, aMPV belongs
to the genus Metapneumovirus in the
Pneumovirinae subfamily, Paramyxoviridae
family. The name Metapneumovirus reflects both
the relationship and differences between aMPV
and the true pneumoviruses (respiratory syncytial
virus in cattle and humans). The viral particles of
aMPV are enveloped, rounded or elongated,
varying in size between 150 and 800 nm. The viral
genome consists of a single-stranded RNA mono-
catenary molecule of negative polarity. It contains
eight genes in the order 3’-N-P-M-F-M2-SH-G-L-
5’. The entire genome sequence was determined
for the aMPV subgroup A (aMPV-A) and C (see
below the notion of sub-group). Unlike other
Paramyxoviridae, Pneumovirinae do not possess
hemagglutinating activity. Envelope glycoproteins
called fusion (F) and attachment (G) are the main
proteins inducing antibodies. In infected birds,
aMPYV replicate mainly in ciliated cells of the upper
respiratory tract (nasal turbinates, sinuses, trachea).

For a long time considered a homogeneous group,
aMPV are currently divided into four subgroups
called A, B, C (Colorado virus identified in the
United States in 1996) and D (isolates obtained in
1985 in France, current prevalence unknown).The
subgroups can be differentiated based on antigenic
cross-reactivity tests conducted according to the
ELISA or seroneutralization techniques, as well as
reactivity towards some monoclonal antibodies.
The subgroups also differ genetically; glycopro-
teins G of aMPV-A, -B and -D have at most 38%
of amino acid identity, other viral proteins being
(except for SH) much more preserved. Antigenic
and genetic approaches suggest that aMPV-C are
the most divergent aMPV, so much so that the
Colorado virus (aMPV C-type) was suggested as a
possible representative of a new aMPV serotype.
Antigenic and genetic differences between sub-
groups are important to consider when evaluating
serological or molecular tests. Despite the diffe-
rences between subgroups, clinical cross-protec-
tion may however exist between some of them (see
below, treatment & control).

A human metapneumovirus (hMPV) was identi-
fied in 2001. It is responsible for respiratory infec-
tions in young children and weakened or immuno-
compromised adults. This virus presents (with the
exception of its SH and G proteins) strong simila-
rities with aMPV-C, suggesting that both viruses
share a common ancestor.

EPIDEMIOLOGY

The first observations of the disease date back to
1979 when SHS was described in South Africa.
Turkey rhinotracheitis then appeared in France and
the United Kingdom in the early 1980s. The aMPV
have been identified in most countries in Europe,
South America, North Africa, the Middle and Far
East, and since 1996 in the United States. Only
Australia and Canada are currently considered free
of the disease.

Besides turkeys, chickens, guinea fowl and ducks,
serological and/or virological data suggest that
aMPV can also infect pheasants (Phasianus colchi-
cus) ostriches (Struthio camelus), herring gulls
(Larus argentatus) and some geese in the United
States. The infection of migratory species may
explain the spread of the disease, but this hypothe-
sis remains to be demonstrated.
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Fig.20.7: SHS (Chicken). Subcutaneous edema of the head Fig.20.8: SHS (Chicken)
region, involving unilaterally or bilaterally the periorbital sinus nous exudates.
and the mandibular space.
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Fig.20.9, 20.10 & 20.11: SHS in broiler t;reeders is usually encountered around th\e peak egg laying period. Periorbital swelling of
sinus, mandibular region and wattles associated with superinfection with E. coli.

| Dinev - Ceva Santé animale

P Drouin, Anses Ploufragan
P Drouin, Anses Ploufragan

Fig.20.12: SHS (Hen). Lethargy. Sick hens sleep in the nests.  Fig.20.13: SHS (Henf-:l'grticllis due to middle ear lesion.
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Current data do not allow defining possible host
specificity for the different aMPV strains. Until
now, viruses of the four subgroups have been iden-
tified in turkeys, aMPV-A and-B in chickens,
aMPV-B in guinea fowl, aMPV-C in waterfowl (in
France and USA) and aMPV-A (UK) and -C
(Korea) in pheasants. Viruses isolated in ducks in
France (subgroup C) have not shown to be patho-
genic in turkeys, suggesting that pathogenic aMPV
in ducks are different from those affecting other
species. However, some aMPV-A or -B isolated
from chickens or turkeys can be pathogenic in both
species. The aMPV-C isolated in turkeys in the
USA do not seem to be circulating in chickens in
this country.

The aMPV are fragile in the environment and
easily inactivated by common disinfectants. Their
horizontal transmission is very effective during the
week following the infection. Transmission is by
air and by direct contact. The airborne route brings
the viral particles directly in contact with their tar-
get cells, but close contact with sick birds is neces-
sary under experimental conditions to reproduce
all the clinical signs of TRT among contact birds.
Despite the genital tropism of aMPV, no vertical or
horizontal transmission via semen has been descri-
bed, although this mode of transmission has been
suspected in ducks. Experimentally induced immu-
nosuppression using cyclosporin A failed to
demonstrate re-excretion of the virus in chickens
or poults infected 3-4 weeks previously.

Factors contributing to or aggravating avian
metapneumovirosis are age (young birds are more
susceptible to respiratory forms), rearing condi-
tions (poor ventilation, excess ammonia and dust
in the atmosphere, an insufficient heating are all
aggravating factors) and intercurrent diseases with
respiratory  tropism [Escherichia coli,
Avibacterium paragallinarum (Haemophilus para-
gallinarum), Ornithobacterium rhinotracheale,
Bordetella avium, Riemerella anatipestifer,
Mycoplasma gallisepticum, etc.] or genital tropism
(Mycoplasma spp. Escherichia coli, infectious
bronchitis virus, paramyxovirus types 1 or 3, egg
drop syndrome 76, efc.) or that are immunosup-
pressive (hemorrhagic enteritis in turkeys, infec-
tious bursal disease in chickens, ezc.).

CLINICAL SIGNS & LESIONS

In poults, respiratory signs occur mostly between 3
and 12 weeks of age, two to three days after infec-
tion. They consist of a facial pruritus, then snee-
zing accompanied by serous nasal and eye dis-
charges becoming mucoid. Tracheal cough then
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appears. The signs peak with swelling of the infra-
orbital sinuses and periocular tissues. In the
absence of bacterial complications, clinical signs
disappear within 7-10 days. Morbidity is close to
100 %. Mortality, due to complications, can reach
60%. In turkey breeders, infections occurring prior
to egg production are often benign because of
generally superior management and environmental
conditions. During egg production, a respiratory
episode lasting five days (sometimes going unnoti-
ced) is followed by a drop in egg production bet-
ween 10 to 30%, accompanied by an inconsistent
discoloration of eggshell. The egg production rate
returns to normal within 10 to 21 days.

In chickens and guinea fowl, the first sign of
disease is a prolapse of the third eyelid, followed
by discreet rales accompanied by nasal and eye
discharges. Next, the most obvious sign is the
“swollen head” caused by an inflammatory edema
that affects the eyelids, the periocular region, infra-
orbital sinuses and even the lower jaw or neck.
Some birds are drowsy and may lose balance or
have a torticollis due to an inflammation of the
middle ear. Reproductive signs appear in laying
hens after a respiratory phase that may be subtle.
The drop in egg production (5-30%) is not accom-
panied by changes in egg quality. It affects a highly
variable proportion of the flock, depending on
whether predisposing factors are present. Mortality
may reach 10%.

In ducks less than three weeks of age, congested
airways accompanied by a serous nasal discharge
peaks 4-5 days after experimental inoculation and
disappears within a week. In infected duck bree-
ders, coughing is followed by a drop in egg pro-
duction, usually around 30%, sometimes accompa-
nied by an increase in mortality, but below 5%.

Early respiratory lesions consist of a congestion
of the mucous membranes (nasal, sinus and/or
trachea) with presence of more or less profuse
mucus. Histological examination performed within
three days following the onset of clinical signs
reveals edema and inflammatory infiltration of the
mucosa which contains eosinophilic cytoplasmic
inclusion bodies in the apex of ciliated epithelial
cells, especially in the trachea or turbinate. These
lesions are transitory. In chickens and turkeys, they
are quickly masked by bacterial complications,
marked by the extension of the inflammation to
sinuses and the lower respiratory tract (lungs, air
sacs) with the possible occurrence of sinusitis,
pneumonia, airsacculitis, pericarditis or perihepati-
tis accompanied by splenomegaly. Characteristic
lesions of edema seen in SHS are not necessarily
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Fig.20.14 & 20.15: SHS (Guinea fowl). Blepharitis and swelling of infraorbital sinus
dary bacterial infection (often E. coli) produces a purulent exudate.

HJ Barnes
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Fig.20.16 & 20.17: RTI (Turkey). Secondary bacterial infections, particularly E. coli, are an essential component of the development

of SHS in chickens or TRT in turkeys. They trigger an inflammatory response producing an exudate in the subcutaneous tissues
and sinuses.
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Fig.20.18: SHS (Hn.):. Fibrinous oophoritis in  Fig.20.19: Turkey infectious rhinotracheitis (Poults). Localized bacterial compli-
laying hens resulting in lower egg production. cations in liver and lungs (pneumonia and hepatitis).
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accompanied by significant respiratory lesions.
The periocular subcutaneous edema sometimes
evolves towards fibrinocaseous swelling.
Depending on the extension of the lesions, blepha-
ritis and conjunctivitis, but also caseous otitis,
maxillary arthritis, periostitis or osteomyelitis may
be observed, possibly accompanied by the syste-
mic complications mentioned above.

In laying hens and turkeys, the most frequent
reproductive tract lesion consists of an involution
of the ovary. In laying ducks, oophoritis and sal-
pingitis are frequently observed.

DIAGNOSIS

The diagnosis of aMPV infections should not be
based solely on clinical signs, since these can also
be observed as a result of infections caused by
various bacteria (E. coli, O. rhinotracheale,
Mycoplasma gallisepticum, B. avium, A. paragalli-
narum, Chlamydia psittaci, Riemerella anatipesti-
fer, etc.) or viruses (Influenza virus, PMV1,
PMV3, adenovirus, infectious bronchitis coronavi-
rus, efc.) alone or in combination with other patho-
gens.

Anti-aMPV antibodies can be detected by ELISA,
neutralization or indirect immunofluorescence
tests. The ELISA is the most common. It detects
the most persistent antibodies. Two batches of 15
to 20 sera collected two to three weeks (turkeys) or
three to four weeks (hens) apart must be tested,
with the first batch being taken at the onset of the
first clinical signs. Conjugated chicken anti-Ig is
suitable for ELISA tests in chickens, turkeys and
guinea fowl, but the testing of duck sera requires a
specific conjugate.

The use of an ELISA antigen belonging to a sub-
group different from the infecting virus can lead to
reduced sensitivity of the test (many false nega-
tives). For example, the use of the ELISA test with
conventional antigens derived from viruses of sub-
groups A or B does not allow the detection of
aMPV-C induced antibodies. Commercial ELISA
kits can also present different levels of sensitivity.
It should be noted that the initial respiratory signs
are often mild; so it is not uncommon to detect
aMPV antibodies in blood samples collected soon
after the first observation of the disease.

AVIAN METAPNEUMOVIRUS @ 161

Virological diagnosis, which is rarely done in prac-
tice, must be made within seven days after infec-
tion (in chickens when head edema appears, it is
usually too late to isolate the virus). The samples of
choice are the tissues and mucus from the upper
respiratory tract (sinuses, turbinates, palatine
crack, upper half of the trachea) or swabs of the
same origin.

Samples must be refrigerated until testing, and
kept frozen as cold as possible in cases when they
cannot be tested within 48 hours after being collec-
ted. The swabs are placed in a transport medium
(peptoned water or cell culture medium) supple-
mented with antibiotics.

Viral isolation and propagation media include
embryonated eggs (intravitelline inoculation),
embryonic tracheal organ cultures and cell cultures
also used for virus neutralization tests (chicken
embryo fibroblasts, or monkey kidney cell lines).
The embryonic tracheal organ cultures show the
ciliostatic character of the virus, except for the
Colorado virus. Cell cultures show a cytopathic
effect characterized by the detachment of rounded
refringent cells and the formation of syncytia.
Whatever the medium, several passages may be
necessary for isolation. The isolated virus must be
identified by immunofluorescence, immuno-elec-
tron microscopy or neutralization using anti-aMPV
reference sera.

Molecular diagnosis of the disease is achieved by
reverse transcription-polymerase chain reaction
(RT-PCR) of a portion of the viral genome. The
same samples as those intended to be used for iso-
lation, or alternatively, dry swabs of the same ori-
gin or of esophageal origin may be transported
without cooling if they are intended solely for
molecular diagnostic procedures. The sensitivity of
RT-PCR is usually superior to viral isolation and
aMPV can be detected until 21 days after infection.
The protocols provide either for the detection of all
aMPV (nucleotide primers specific to conserved
portions of M and N genes) or the identification of
a viral subgroup (primers specific to gene G).

A commercial kit for real time RT-PCR has been
developed for the detection of the four aMPV sub-
groups and can be used to quantify the virus in
samples submitted for analysis.
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Fig.20.20: RTI. Viral acidophilic inclusion
bodies (arrows) in the apex of ciliated epithelial
cells in the sinus of an experimentally infected
poult. These early lesions are quickly masked
by secondary bacterial infections.

D Toquin, Anses — Ploufragan

Fig. 20 21 & 20.22: Cytopathic effect of aMPV Vero ceIIs |nfected at the bottom
Presence of refractile and round infected cells being destroyed and detaching
from the cell layer. Top: normal cells.
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Fig.20.23: AV|an metapneumowrus Enveloped virus particles, Fig.20.24: Indirect immunofluorescence. Intracytoplasmic fluo-
fringed and polymorphic characteristics of Myxoviridae. rescent granules (yellow) associated with the presence of pro-
Transmission electron microscopy, negative staining with phos- teins of aMPV, in contrast with uninfected Vero cells stained red
photungstic acid. (Evans blue staining).
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Fig.20.25: Cytopath|c effect of aMPV. Formatlon of syncyt|a Fig. 20 26 Nasal turbmates of turkey poults exposed to avian

containing acidophilic intracytoplasmic inclusion bodies. Monkey —pneumovirus. Immunohistochemistry shows staining of epithe-
kidney cells BGM70 (May-Griinwald & Giemsa stain). lial cells by peroxidase revealing the specific viral antigen.
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TREATMENT & CONTROL

There is no specific antiviral treatment and bacte-
rial complications must be controlled, if necessary
with antibiotics. Strict sanitation, good flock
management, in particular ensuring adequate ven-
tilation and ambient temperature, are critical to
minimize complications from the infection.

The prevention of disease requires proper flock
management and control of predisposing or aggra-
vating factors. Prophylactic vaccination is possible
in turkeys and chickens from vaccines developed
from aMPV subgroups A or B in Europe or from
aMPV subgroup C in the United States. Live atte-
nuated vaccines can be administered to young birds
by nebulization or by drinking water. Adjuvanted
inactivated viral vaccines can then be given by
injection to breeders before the start of egg produc-
tion. The combination of the two types of vaccine
provides a higher and more homogeneous immu-
nity level, and a better protection against a drop in
egg production. The presence of maternal antibo-
dies does not appear to interfere with the use of
most live vaccines during the first week of age. In
turkeys, attenuated vaccines developed from
aMPV-A or -B provide good clinical protection
against aMPV-A, -B, -C or -D. On the other hand,
prior immunization with aMPV-C does not protect
turkeys nor chickens against aMPV-A or -B chal-
lenge. The immunity induced by attenuated vac-
cines may prove to be short-lived and most manu-
facturers recommend repeated administration every
few weeks. One should ensure that conditions of
administration of these vaccines are optimal (redu-
ced heating, diluent free of disinfectant residues,
sufficient quantity of vaccine considering flock
size, size of nebulized droplets), and to administer
them only to healthy birds. Cellular immune res-
ponse probably plays an important role in the bird’s
protection. For ELISA tests, the antibodies induced
by vaccination are better detected by using an anti-
gen of the same subgroup as the vaccinal virus.
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Fig.21 3: IB. Mature chicken with mucopurulent ocu-
lar and nasal discharge associated with conjunctivitis.
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Fig.21.4: IB. Tracheitis.
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Fig.21.7 & 21.8: IB (left). The internal quality of eggs may also suffer. In this pho-  Fig.21.9: “False layers” infected by IB with
tograph the light is being reflected from the outer ring of a watery egg white and ~ watery cysts may present a “penguin posture”
there is no internal ring of albumen like in the normal egg (right). like in cases of ascites.
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21. INFECTIOUS BRONCHITIS

INTRODUCTION

“Infectious bronchitis” (IB) is the common name
of a highly contagious viral disease which was first
observed during the early 1930s in the United
States of America in young chicks suffering from
severe bronchial respiratory distress. Already the
first description of clinical signs, gross and micro-
scopic lesions differentiated this apparently new
disease from Newcastle disease, avian influenza,
infectious laryngotracheitis, and pasteurellosis.
Filtration experiments at that time established the
viral etiology. Transmission experiments in the
1940s confirmed the contagiousness but also the
rather broad range of pathological lesions. Indeed,
in addition to tracheal and lung lesions, the kidney,
oviduct, egg-shell and egg albumen were also
affected. Although the infectious bronchitis virus
(IBV) is now known as the cause of a large num-
ber of clinical and pathological disease entities, the
name “infectious bronchitis” was retained. More
recently, it was demonstrated that IBV-like viruses
also cause lesions in other galliform birds such as
quails, pheasants and turkeys.

Currently, IB in layer and meat-type chickens is
considered a major cause of economic losses
around the world. Attempts to control virus spread
and to maintain health and productivity of chicks
and adult birds by various forms of vaccination
have been made for over half a century. However,
due to the large number of serotypes, these modi-
fied live and inactivated vaccines have not been
able to completely control the disease.

JP Picault Ans-es—Ploufragan-

Fig.21.10: Infectious bronchitis coronavirus (electron micro-
scopy).

Today, IB is defined as a rapidly transmissible
disease caused by coronaviruses affecting the res-
piratory, urogenital, and intestinal tracts of hybrid
layer, meat type, and fancy chickens of all age
groups. Lateral spread of IBV may also affect
quails, ring-necked pheasants, domestic turkeys
and other gallinaceous birds. The IBV is not iden-
tical with the coronaviruses causing enteric lesions
in domestic turkeys.

ETIOLOGY

The coronaviruses of gallinaceous birds are pre-
sently placed in the Genus Coronavirus of the
Family Coronaviridae of the Order Nidovirales.
Coronaviruses contain a single molecule of linear,
single-stranded, positive sense RNA of an extre-
mely large size. Morphologically, the diameter of
IBV’s virions has been estimated at 120-160 nm
with an internal, possibly icosahedral core shell of
around 65 nm and a helical capsid. Large projec-
tions are visible on the surface of the virions which
account for the hemagglutination of red blood
cells. The projections contain the peplomer spike
precursor protein SO which is cleaved by a serine
protease into spike glycoproteins S1 and S2.
Physically, the virions are easily destroyed by heat,
lipid solvents, nonionic detergents, formaldehyde,
oxidizing agents, and UV irradiation.

On the basis of clinical signs and gross pathology,
the field strains of IBV are differentiated into res-
piratory, nephropathogenic, and enterotropic
pathotypes. Neutralization tests with convalescent
sera and various field strains yielded a large num-
ber of serotypes (more than 11). Various vaccinal
strains can be grouped on the basis of cross-immu-
nisation studies into protectotypes. Genomic ana-
lysis of the ssRNA made it possible to establish
several genotypes.

EPIDEMIOLOGY

The predominant ways of virus entry into suscep-
tible birds are the respiratory and conjunctival
routes. After replication in various internal
organs, the newly synthesized virions leave the
body with mucous secretions from the upper res-
piratory tract and with fecal droppings. Also, IBV
is present in the egg during the early viremic
phase of the disease. Within a chicken house, IBV
spreads with dust, contaminated drinking water,
and litter. The virus may circulate within large
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Fig.2.11: IB. Eggs are more or less dis-
colored, dirty and bloodstained.

Fig.21.12: IB. Egs are iscolored,

Fig.21.13: IB. From top to bottom: control eggs,
small, deformed and “ringed”; altered bloodstained eggs, smaller eggs, altered eggs-
eggshell tend to break easily. hell (soft and easily broken), deformed eggs.
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Fig.21.14 & 21.15: IB. “False layer” hens may present a pendulous abdomen. At maturity affected birds ovulate normally, with the
ova then being shed into the body cavity.
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Fig.21.16: IB. “False layer”: very large watery cyst can be Fig.21.17: IB. Since 1998 in Asia and 2004 in Europe, a novel IB
observed in the oviduct. variant (designated QX) has been detected with many “false layers”
where ovaries appear to be normal and functional whereas the ovi-
duct is thin-walled and frequently contain large, watery cysts.
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flocks for prolonged times by bird to bird pas-
sage. From building to building the IBV is easily
disseminated by dust which is derived from dried
mucosal secretions and feces. The airborne spread
of IBV is the most common and most significant
mode of transmission in areas with a dense
chicken population. Long distance, even intercon-
tinental, spread of IBV is possible by trade in
infected chicks, pullets, and adult chickens and
also by contaminated eggs and multiple-use
packing material. Birds other than chickens may
contract the disease by airborne spread from
nearby infected chickens or contaminated pre-
mises. Insects (e.g., darkling beetle, Alphitobius
diaperinus) and spiders can serve as mechanical
vectors and contribute to the lateral spread within
farms and between successive flocks. It is likely
that several serotypes or pathotypes of IBV can
circulate simultaneously in the same flock. In
European countries, the IBV types consist mainly
of the serotypes Massachusetts, the so-called
variant viruses D274 and 1466, and more recently
793/B and B1648.

The infectivity of IBV in dust, secretions or drop-
pings is destroyed within 30 minutes by exposure
to 1 % formalin, 0.5 % peracetic acid, and various
nonionic detergents. Cooking and frying table eggs
completely destroys the infectivity of IBV on the
outer egg-shell and in the albumen.

CLINICAL SIGNS

Types and severity of clinical signs depend on the
particular strain of IBV, acquired or age-related
host resistance, sex, levels of dust and noxious
gases (ammonia, carbon dioxide, hydrogen sul-
fide) in the air, and types and levels of secondary
bacterial and/or fungal infections. The following
clinical manifestations are commonly differentia-
ted in susceptible birds:

Signs in antibody-free young chicks following
exposure by respiratory strains of IBV: After an
incubation period of 18 to 36 hours difficulties to
breath develop. At the beginning of the disease,
serous nasal discharge is observed. Subsequently,
secondary bacterial infections result in purulent
discharge and aggravation of the disease. As late
sequelae, chicks that have recovered and reached
egg-laying age may turn out to be “false layers”
which is the result of an acute inflammation of the
epithelium of the infundibulum and subsequent
obstruction.

Signs in antibody-free young chicks following
exposure to nephropathologenic strains of IBV: It
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appears that more broiler than layer chicks are
affected. Signs consist of retarded growth, enteritis
and nephritis. The latter produces an increased
amount of urates in the droppings.

The protective role of maternal antibodies which
circulate in the blood stream is of minor impor-
tance. Almost all maternal antibodies consist of
immunoglobulin G (IgG) which is not transferred
from the blood stream to respiratory, genital or kid-
ney mucosae. Therefore, epithelial surfaces — the
dominant site of virus entry — are not protected by
maternal antibodies.

Signs in antibody-free pullets are generally less
severe. Nephropathogenic, respiratory and enteric
strains have been isolated from pullets displaying
growth retardation, respiratory or other non-speci-
fic signs.

In addition to respiratory and nephritic lesions,
layers and broiler breeders also suffer from affec-
tions of the uterus and shell-gland. Eggs laid
during the acute phase of the disease contain
watery egg white. The color, thickness, and stabi-
lity of these eggs vary enormously within an affec-
ted flock. Usually brown-shelled eggs are white in
color due to premature egg laying. Some of these
eggs have additional calcium deposits on their sur-
face. Other eggs are completely devoid of shells
and have only the inner shell-membranes as an
outer layer. Eggs displaying altered eggshells tend
to break easily; they are not suitable for incubation
and sale as table eggs. Remnants of broken eggs
cause additional problems on conveyor-belts, egg-
sorting and egg-grading equipment, and egg-trays.

Adult male chickens might contract the disease due
to infections by respiratory, enteric, and nephropa-
thogenic strains. The gonads and the quality of
semen are not severely affected.

LESIONS

Types, severity and organ manifestations are
influenced by the strain of IBV involved, age,
maternal or acquired immunity and kind and dura-
tion of bacterial or fungal secondary invasions.
The acute mono-infection by IBV is characterized
by impairment of the epithelium of the respiratory,
urinary, genital, and enteric tracts. This includes
edema of the epithelium, mucosa and submucosa,
and almost complete loss of the ciliated epithelium
in the trachea, bronchi, and uterus. Large numbers
of inflammatory cells can be seen in histological
sections. The recovery time from the acute phase
and the transition of the disease into a chronic
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Fig.21.18 & 21.19: IB. “False layer” with large watery cyst in the oviduct (variant QX).
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Fig.21.20: IB. Comparison of normal ovary (on the left) and Fig.21.21: IB. Abdominal laying can be seen in infected hens.
infected ovary (on the right).
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Fig.21.22: IB. On left, nephritis with renal hypertrophy. Compare with normal kidney on right (Chicken).

JP Picault Anses-Ploufragan
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phase depend on a number of internal and external
factors. Internal factors include immunocompe-
tence which is influenced by age, maternal or
acquired immunity, presence or absence of immu-
nosuppressive viruses such as infectious bursal
disease and chicken infectious anemia viruses and
the type of secondary infections, especially E. coli.
External factors include air quality, especially dust
content, bacterial and fungal loads, ammonia and
other noxious gases. Low air humidity and extre-
mely high or low ambient temperatures tend to
aggravate the disease and extend the duration of
the chronic phase.

DIAGNOSIS

Clinical signs and gross pathological lesions are
suggestive but not pathognomonic for the presence
of IB. Histological examination of hematoxylin &
eosine stained sections from respiratory organs,
kidneys or small intestine are of supportive diag-
nostic value. Immunohistochemical examination
of sections using a FITC-conjugated hyperimmune
serum confirms the presence of IBV. Of paramount
importance for the diagnosis is the virus isolation
and characterization.

The IBV was one of the first avian viruses that
were successfully propagated in embryonated fowl
eggs. The chicken embryo remains the first choice
for isolation of IBV. The objectives of virus isola-
tion are (i) confirmation of the presence of IBV, (ii)
determination of the serotype, and (iii) detection of
concurrent avian viruses. Primary isolation of all
known strains/types of IBV is equally possible in
embryonated chicken eggs by inoculation of the
allantoic cavity of 9 to 11 day-old eggs. Specific
lesions and embryo mortality do not develop
during the first three passages. Further passages of
infectious allantoic fluids result in curling and
dwarfing of infected embryos after five to nine
days of incubation.

Confirmation of the presence of IBV has been tra-
ditionally obtained by agar gel diffusion tests using
homogenized chorioallantoic membranes and pre-
cipitating chicken sera. A more advanced and more
sensitive technique is serotype-specific immuno-
fluorescence on allantoic cells obtained from
infected embryos.

More recently, a highly sensitive reverse transcrip-
tase polymerase chain reaction (RT-PCR) has been
developed. Sequencing of PCR products permits
differentiation of vaccine and field strains of the
same serotype. The five amino acids at the clea-
vage site sequence are in most cases “Arg-Arg-Ser-
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Arg-Arg”. The pattern of amino acid sequences is
not related to pathogenicity and organ tropisms. A
particular cleavage patter may prevail in certain
geographical regions.

Infectious bronchitis viruses can be adapted to
multiply and to induce cytopathic changes in pri-
mary kidney cell cultures prepared from 18-20
day-old specific pathogen-free (SPS) chicken
embryos or young SPF chicks. Cytopathic changes
in chicken kidney cells (CKC) consist of rounding
and subsequent lysis of cultured kidney epithelial
cells. Neutralization tests on field sera and chess-
board neutralization tests for serotyping of new
IBV isolates in CKC cultures are much more eco-
nomic and more sensitive than similar tests in
embryonated SPF embryos.

The serodiagnosis using the neutralization test and
CKC-adapted IBV strains in primary CKC cultures
has two main objectives: (i) retrospective detection
of field exposure within the framework of epide-
miological studies and (ii) quantitative assessment
of antibody levels following vaccination.

The formerly widely used agar gel precipitin test in
a high salt solution cannot be recommended due to
its low sensitivity as compared with the neutraliza-
tion test. In addition, precipitating antibodies can
be detected in reconvalescent sera only for a short
period of time following field exposure of
chickens.

TREATMENT

The primary effects of IBV on the epithelial sur-
face cannot effectively be treated by any available
drugs. Secondary effects due to concurrent bacte-
rial or fungal infections can be reduced by sanita-
tion and therapeutic measures. These include in
particular optimizing the air quality by constant
fresh air supply and by adjusting the ambient tem-
perature to 15-25°C. Frequently occurring secon-
dary infections (especially by Escherichia coli)
require treatment after antibiotic sensitivity testing.
If Mycoplasma spp. are present, treatment with
appropriate antibiotics are recommended. The
flock of chickens should be obtained from
Mycoplasma-free breeders.

CONTROL

Due to the highly contagious nature of all strains of
IBV, sanitation measures met in the past with little
success. For the same reason, IBV eradication from
commercial flocks was never attempted. Major
emphasis has been placed for more than a half cen-
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Fig.21.23 & 21.24: IB. Severe neph;itis with gross
urolithiasis (left) or urate deposits (visceral gout) (right).
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swelling of the kidney and  Fig.21.25: IB. Interstitial nephritis (hematoxylin
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eosin, x 200) (Chicken).
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Fig.21.26: IB. Moderate to severe inflammatory  Fig.21.27 & 21.28: IB.Cytopathic effect of IBV on chick embryo fibroblasts (X100).
cell infiltration is seen in the upper respiratory  (a) Non inoculated control; (b) Cytopathic effet with IBV.

tract mucosa.
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Fig.21.29 & 21.30: IB (Beaudette strain). Comparison of
normal embryos (right) and curled, dwarfed and infected
embryo of the same age (left) in Fig.21.29. In fig.21.30
normal embryo (b) is compared with infected embryo of
the same age, seven days post-inoculation (a).
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Fig.21.31 & 21.32: IB. Serodiagnosis using the neutralization test in
embryonated chicken eggs (inoculation of the allantoic cavity). On
top, positive serum with neutralizing antibodies that protect embryos
from the virus. At bottom, negative serum without neutralizing anti-
bodies: mortality, curling and dwarfing of infected embryos.



E. Kaleta & T. Redmann

tury on the development of attenuated (egg-adap-
ted) live vaccines or oil emulsion vaccines. An
important prerequisite of a successful vaccination
program is reliable information on the serotypes
involved in a given region. Such information is
usually obtained by constant and long-term flock
monitoring for sero- and pathotypes of IBV. The
amino acid sequence at the cleavage site may also
be useful for epidemiological investigations.

In high density poultry areas, broiler and layer
chicks are usually vaccinated with highly attenua-
ted Massachusetts serotype IBV (H 120). The vac-
cine is administered at the hatchery by spray appli-
cation. Pullets are re-vaccinated once or twice
during the rearing period by less attenuated
Massachusetts virus (H 52).

If one of the newly emerged serotypes is diagno-
sed, the attenuated virus of these strains should be
used as a live vaccine. It is also common practice
to apply an oil emulsion vaccine containing forma-
lin-inactivated IBV by intramuscular injection
prior to the point of lay. Such vaccines may contain
additional inactivated viruses as well, e.g.,
Newcastle disease virus, egg-drop syndrome virus,
and infectious bursal disease virus.

The duration of immunity following application of
live and inactivated IB vaccines is estimated to be
one year. All presently available IB vaccines pro-
tect well against clinical signs and production
losses. However, these vaccines cannot prevent
superinfection by IB viruses of the same and by
unrelated sero- or pathotypes. Also, differentiation
between antibodies due to vaccine versus field
viruses is presently not possible.
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Fig.22.1: Negative stained ILT viral particles in infected tra-
cheal cells taken by electromicroscopy.
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Fig.22.5 & 22.6: Chickens with conjunctivitis related to laryngot
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Fig.22.2: Negative stained ILTV taken by electron microscopy.
The stain was 2% phosphotungstic acid at pH 7.0. The magni-
fication bar on the slide is 100 nm. The total magnification is
x180,000. The figure depicts an icosahedral tubular nucleocap-
sid enclosed within an envelope.
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22. INFECTIOUS LARYNGOTRACHEITIS

INTRODUCTION

Infectious laryngotracheitis (ILT) is an acute viral
respiratory disease primarily of chickens.
Economic losses attributable to ILT have been
important in many poultry producing areas throu-
ghout the United States and the world. In addition
to chickens, pheasants and peafowl are susceptible
to ILT infection.

ETIOLOGY & EPIDEMIOLOGY

ILT is caused by a Gallidherpesvirus type 1 (GaHV-
1) virus of the genus lltovirus, subfamily alphaher-
pesviridae within the order Herpesvirales. Carriers
are produced by previous exposure to field virus or
vaccine virus. The main site of latency for ILT virus
has been shown to be the trigeminal ganglion and
the trachea. Inoculated birds will intermittently
shed virus between 7 and 20 weeks post inocula-
tion.

Clinical disease may be related to lapses in vacci-
nation programs and biosecurity or the reactivation
of latent virus. A PCR-Restriction Fragment
Length Polymorphism (RFLP) assay of the glyco-
protein E (gE) gene has been developed.
Epidemiological data generated using this tech-
nique indicated that ILT outbreaks in non-vaccina-
ted flocks originated from vaccine-derived viral
subpopulations. Additionally, a recently developed
nested-PCR has been developed to detect ILT
DNA from formalin-fixed paraffin-embedded tis-
sue. ILT virus was detected in respiratory cases
where ILT virus was not suspected. It has been
suggested that the nested PCR may be detecting
low-level persistent infections or latently infected
birds.

Transmission between flocks has primarily been
associated with their geographical proximity and a
breakdown in biosecurity. Movement of personnel,
improper dead bird and manure disposal and
exchanging of farm equipment have all been asso-
ciated with ILT outbreaks.

CLINICAL SIGNS & LESIONS

Clinically, most flocks exhibit severe respiratory
disease including difficulty in breathing and expec-
toration of blood from the trachea. Other flocks
have only a mild respiratory disease and conjuncti-
vitis. In some layer flocks there may be no change

in egg production, while in other cases there may
be a decrease in production of 5-15% with no
change in eggshell quality.

Mortality varies greatly between flocks. In broilers,
this mortality has ranged from 0.7% to 50%. In pul-
lets, the mortality ranged from 1.3% to 16%. In
layers, the mortality associated with disease has ran-
ged from 0% to 12%. Daily mortality in pullet and
layer flocks does not follow a pattern, but daily mor-
tality in unvaccinated broiler flocks characteristically
doubles each day after the onset of clinical signs.

Postmortem lesions are primarily confined to the
trachea. Occasionally, pneumonitis and airsacculi-
tis are seen. The most common postmortem lesions
are hemorrhage and/or caseous material in the tra-
chea; however some flocks do not show the classi-
cal form of the disease. In these flocks, conjuncti-
vitis, sinusitis and mucoid tracheitis may be the
only lesions. Although experimentally, pulmonary
and airsac lesions were consistent findings in birds
affected by the aerosol route. Secondary bacterial
infections are seldom seen in conjunction with ILT.
Although, in broilers that break with ILT at 3 to 4
weeks of age and stay in the field for additional 3
to 4 weeks prior to processing severe Escherichia
coli, airsacculitis has been seen. Concurrent viral
infections are also uncommon.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis for the mild form of the
disease must include respiratory diseases such as
avian influenza, infectious bronchitis, Newcastle
disease and mycoplasmosis. The more severe form
of the disease should be differentiated from the
diptheritic form of avian pox.

DIAGNOSIS

Historically, rapid diagnosis of GaHV-1 has been
based upon postmortem lesions, histopathology,
virus isolation, or immunofluorescent antibody.
Additional procedures, which have been used for
the diagnosis of ILT virus, include a non-isotopi-
cally labeled DNA probe, immunoperoxidase,
ELISA, electronmicroscopy, and PCR. More
recently, a nested-PCR has been developed to
detect ILT DNA from formalin-fixed paraffin-
embedded tissue. There is a high correlation bet-
ween histopathology and the nested-PCR in detec-
tion of GaHV-1 cases and this test is considered an
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Fig.22.7, 22.8 & 22.9: Gross pathologic tracheal lesions associated with various stages of laryngotracheitis infection. Fig 22.7:
Hemorrhage in the trachea. Fig 22.8 : Fibrinohemorrhagic tracheitis. Fig 22.9: Caseous plug in the trachea.
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Fig.22.10 & 22.11: ILT. Other lesions of trachea with severe hemor-
rhagic tracheitis (on the left) and petechia and mucus in milder laryn-
gotracheitis (on the right).
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Fig 22.13: High power (x 40) micrograph of the tracheal lumen debris
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Fig.22.12: ILT (histology). Blood clot in th
a chicken (HES, x 25).
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Fig 22.14: Plaques on the chrioalantoic membrane after ino-

from a case of laryngotracheitis. Note the numerous intranuclear culation of chicken embryos with laryngotracheitis virus.

inclusion bodies in sloughed epithelial cells and syncytia formation.
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additional tool for rapid diagnosis for GaHV-1.
Serology is not a primary diagnostic tool for ILT
viral infection. Immunity to ILT viral infection is
due to cellular immunity rather than humoral
immunity. This conclusion was based on studies
where birds were bursectomized surgically at day
of age, subsequently treated with cyclophospha-
mide therapy and then vaccinated for ILT. Birds
challenged with GaHV-1 did not produce antibody
but were immune to GaHV-1.

Histopathology

Microscopic lesions of the trachea include degenera-
tion and necrosis of epithelial cells with syncitia
containing the intranuclear inclusion bodies, usually
found in the tracheal lumen. The inclusion bodies
may be difficult to find 5 days post infection. At this
time, hyperplastic non-ciliated epithelial cells line the
trachea. Lesions can also be seen in the bronchi,
lungs and airsacs. Pneumonia may be present in the
ventral lung and surrounding primary bronchi. Fibrin,
heterophils and syncitia containing intranuclear
inclusion bodies may be seen in the tertiary bronchi.
Airsac lesions, in experimentally infected birds, may
include hyperplasia of the epithelium and syncytia
with intranuclear inclusion bodies and fibrosis.

Virus Isolation

The best samples for isolation of ILT virus are tra-
cheal exudate, tracheal tissues or lung tissues.
Isolation for LT virus is by the chorioallantoic
membrane (CAM) route of inoculation in 9-to-12-
day-old chicken embryos. Plaques are produced on
the CAM and the size of the embryo may be redu-
ced. Cell culture in chicken embryo liver and
chicken embryo kidney monolayer cultures may
also be used for isolation. Cytopathic changes
include the development of multinucleated polyka-
ryocytes or giant cells with a few cells having
intranuclear inclusion bodies.

TREATMENT & CONTROL

Control and prevention is through vaccination with
either chicken embryo vaccines or a tissue culture
vaccine. Although the manufacturer recommends
eyedrop administration, the poultry industry often
administers chicken embryo products by spray or
water. Commercial layers and breeders are usually
vaccinated twice prior to the onset of lay by eye-
drop, water or spray. Broilers are usually not vac-
cinated unless they are in the vicinity of an out-
break or a previous outbreak has occurred on the
farm. When this occurs, they are then vaccinated at
10-12 days of age in the water. New viral vectors
vaccines utilizing on fowlpox virus and herpesvi-
rus of turkey expressing GaHV-1 antigens provide
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a safer vaccination alternative against ILT.

There is no antimicrobial treatment for ILT viral
infection. Vaccination may be used in the face of
an outbreak. Both water and spray vaccination
have been used with success in reducing the spread
of the disease within a flock.

REFERENCES

Bagust TJ. Laryngotracheitis (gallid-1) herpesvirus
infection in the chicken. 4. Latency establishment by
wild and vaccine strains of ILT virus. Avian
Path,1986,15:581-595.

Bagust TJ et al. Gallid-1 herpesvirus infection in
chickens. 3. Reinvestigation of the pathogenesis of
infectious laryngotracheitis in acute and early post-
acute respiratory disease. Avian Dis.1986,30:179-190.
Ficken MD. Respiratory System. In: Avian
Histopathology, 2nd ed. C. Riddell, ed. American
Association of Avian Pathologists, Kennett Square,
Pennsylvania.1996, p.95-96.

Garcia M. Update on Laryngotracheitis Research,
Proc. of the U.S. Animal Health Assoc. Transmissible
Diseases of Poultry Committee. Birmingham,
Alabama. 2001, p.627-630.

Garcia M. Tracking Infectious Laryngotracheitis (ILT)
in the Field. AAAP Respiratory Disease Symposium,
Boston, Massachusetts. 2001.

Guy JS et al. Rapid diagnosis of infectious laryngotra-
cheitis using monoclonal antibody-based immunope-
roxidase procedure. Avian Path. 1992,21:77-86.
Hanson, LE & Bagust TJ. Laryngotracheitis. In:
Diseases of Poultry, 9th ed, B.W. Calnek, ed. lowa State
University Press, Ames, lowa. 1991 p. 485-495.
Hughes CS et al. Demonstration in live chickens of the
carrier state in infectious laryngotracheitis. Res Vet Sci,
1987,42:407-410.

Keam L et al. Detection of infectious laryngotracheitis
virus in chickens using a non-radioactive DNA probe.
Avian Dis., 1991,35:257-262.

Purcell, DA & McFerran JB. Influence of method of
infection on the pathogenesis of infectious laryngotra-
cheitis. J. Comp Path. 1969,79:285-291.

Roberston GM. The role of bursa-dependent responses
in immunity to infectious laryngotracheitis. Res Vet
Sci. 1977,22:281-284.

Tripathy DN & Hanson LE. Laryngotracheitis. In:
Isolation and Identification of Avian Pathogens, 3rd
ed. H.G. Purchase, ed. Kendall/Hunt Publishing
Company, Dubuque, lowa. 1989,p.85-86.

Williams RA et al. Demonstration of sites of latency of
infectious laryngotracheitis virus using the polymerase
chain reaction. J Gen Virol. 1992, 73:2415-2420.
Williams RA et al. A comparison of direct electron micro-
scopy, virus isolation, and a DNA amplification method
for the detection of avian infectious laryngotracheitis virus
in field material. Avian Path,1994, 23:709-720.

York JJ & Fahey KJ. Diagnosis of infectious laryngo-
tracheitis using a monoclonal antibody ELISA. Avian
Path., 1988,17:173-182.

Manual of poultry diseases




Section Il

176 ® VIRAL DISEASES

3
9
e I o TR Y T . 3
- <= 7 x - L R. - "'= ] g
v e " - . a z =
A ' f "\'&--.'.:_ . I..." " \H-r il - &
-“i’" J:‘!.,'.“ o _j._ o e “"'}' b1 o 3o S
Y -é A SN, S0 8. A L ¢ Fig.23.2: AE (gizzard). Pale foci of inflammation in the muscu-
Foaye -2 1 LR “ '3 L e . ]
y TR R Y Wt \ lature (arrow).
- ;*_.:- .t % I;-u......1I 3 ‘:";1?@«;\; i - "? .q, L] ; :‘ :g__; ; Jr - ‘. R .,:-.* o
P T e e A -,;5., L Py o N e L ST
b g 3 '.l‘ : % Apy L] e \' \ o " L1 "r *‘" - o f ad # “ = -ty -‘-&‘ * L]
i w0 iy “ 4 TS &. -~ o g _,4-.‘ ‘_4 # o, e p II}..- o ; ;l % D " n‘*
i = 4“; ! = il £ @ o o & "r e - L W'\.
i B Sein T, e gy T ey s e 'l g e 2 'I" =
™ [ i =, i . - Ll I - AW »e Ly
et -t Sy = e e T P o
a - s By X 3 SR s « g B as & e c i~ " <
; L R A a0 i = N LGNS BRI e [ R N AT ARG
’ = - - el - - 2} s ¥l - -
B i B g, e ';. - el ol BNEA SH et e el LS 'a abr_@ s
P A R R G e Ty e e oft = e TN
- _'q_-' T - v L . o) 5 - g b 0 TR t 2
- *iha L @ = ":‘ . fﬁ - Tflgn - uldll" 3 E.l-k_-'fﬁ'ri"“ *-"z o o ’_ Wy
Fig. 23.3: AE (brain). Neuronal swelling and mild increase in glial  (* R A YA T e N, Y
cells. b o] . s [ 8
—a L all O e - g
R 4 ‘r’? - g% . o 5
' of ﬂ 5
T

3

©

- . ql"‘ %

2 « 47, |
¥ ] - }E
%)

. b

HL Sh/‘véprasad

F|g 23.6: AE (proventrlculus) Multifocal severe infiltration of
lymphocytes in the muscular layer.
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Fig.23.7: AE (21 day-old embryos). Severe stunted birds on the left

inoculated with AE virus at 5 days of incubation. Birds on the right  Fig.23.8: AE (eye). Cataract in a white Leghorn pullet that had
are normal control birds. AE when young.
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23. AVIAN ENCEPHALOMYELITIS

INTRODUCTION

Avian Encephalomyelitis (AE) is an infectious viral
disease of chickens, turkeys, quails and pheasants.
AE 1is characterized by neurological signs such as
ataxia and paralysis in young chickens and transient
drop in egg production in layers. The disease is often
called “epidemic tremor” because of the characteris-
tic head movements in young chickens. Survivors
often develop cataracts later in life.

ETIOLOGY & EPIDEMIOLOGY

AE is caused by a member of the Picornaviridae
family. The virus, distantly related to Hepatitis A
virus, is placed in the Tremorvirus genus. Isolates of
AE are enterotropic but some show tropism to the
nervous system. But there are no serological diffe-
rences among the isolates of AE. The virus is shed in
the feces during infection and the virus can be trans-
mitted orally. The virus can survive in the environ-
ment for long periods of time. The disease can spread
from flock to flock by various means including
fomites. AE occurs worldwide and it is most com-
mon in chicks 1 to 3 weeks of age. Turkey poults,
pheasants and quails can also be infected naturally.
AE is rare now in most countries due to vaccination.

Adult non vaccinated chickens if exposed during egg
production can produce a number of eggs that may be
infected and hatch as infected chicks. These chicks
can shed virus and transmit the disease to hatch mates
and brood mates resulting in clinical signs by 7 days
of age. Chicks exposed to AE virus after 3 or more
weeks of age do not develop neurologic signs but can
have characteristic histopathologic lesions. Chicks
with maternal antibody are protected from AE.

CLINICAL SIGNS & LESIONS

In 1-3 week-old chicks, clinical signs can range from
inappetance, weakness, ataxia, paralysis, and opis-
thotonus to prostration and death. Fine head and neck
tremors can also be observed. Morbidity can range
from 40 to 60% and mortality from 25 to 50% depen-
ding on whether the chicks came from immune birds
or not. Those that survive may not grow well and pro-
duce eggs normally. Some of the survivors develop
cataracts and have impaired vision. If mature birds
become infected they can experience a temporary
drop in egg production of 5 to 10% lasting from one
to two weeks.

There are no significant gross lesions seen except for
pale areas in the muscular layer of the gizzard.
Microscopically there is often disseminated non-sup-
purative encephalomyelitis characterized by multifo-
cal severe perivascular cuffing by lymphocytes and
gliosis randomly scattered throughout. Swelling and
chromatolysis of neurons in nuclei of the nucleus
rotundus and nucleus ovoidolis in the mid brain and
cerebellum and in combination with mild to severe
infiltration and aggregation of lymphocytes in the
muscular layers of the proventriculus have been
considered as pathognomonic lesions of AE. Other
microscopic lesions that have been associated with
AE include lymphocytic inflammation of the pan-
creas, myocardium, skeletal muscles, nerves and
muscular layers of the gizzard, crop and esophagus.

DIAGNOSIS

A presumptive diagnosis of AE can be made based on
typical clinical signs of neurological signs in young
chicks. Microscopic lesions in the brain and proven-
triculus coupled with immunohistochemistry (IHC)
should help confirm the diagnosis. Other tests such as
serological test (ELISA), Fluorescent Antibody (FA)
test on the brain smears and Polymerase Chain
Reaction (PCR) on the brain are also useful if rea-
gents are available.

Virus isolation is best performed in 5 to 6 day-old
embryos by inoculating brain material into the yolk
sacs. The chicks are hatched and observed for typical
clinical signs during the first 7 to 10 days of life. This
test is expensive and time consuming.

When AE is suspected in layers experiencing drop in
egg production, serologic tests are suitable for diag-
nosis. However, history of vaccination should be
taken into consideration while interpreting serologic
titers.

TREATMENT & CONTROL

A permanent immunity to AE develops within 10 to
14 days in immunologically competent chicks, i.e.,
after 3-4 weeks of age.

To provide maximum protection in chicks, breeding

flocks can be vaccinated after 8 weeks of age and at
least one month before egg production.
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Genus Species Disease
Aviadenovirus
(Group I Adenoviruses)
Chicken, quail Fowl adenovirus (FAdV) Inclusion body hepatitis, hydroperi-
5 species A-E cardium syndrome, gizzard erosions,
1-12 serotypes quail bronchitis, efc.
Goose Goose adenovirus (GoAdYV) Aviadenovirus infection in geese
1-3 serotypes
Duck Duck adenovirus B (DAdAV 2) Aviadenovirus infection in duck
Pigeon Pigeon adenovirus B (PiAdV 2) | Aviadenovirus infection in pigeon
Turkey Turkey adenovirus B (TAdV) 1-2 | Aviadenovirus infection in turkey
Siadenovirus
(Group II Adenoviruses)
Turkey Turkey adenovirus A (TAdV 3) Hemorrhagic enteritis (turkey)
Pheasant Marble spleen disease (pheasant)
Chicken Avian adenovirus splenomegaly
(chicken)
Atadenovirus
(Group III Adenoviruses)
Chicken Duck adenovirus A (DAdV-1) Egg drop syndrome

Tabl.24.1: Classification of adenoviruses in poultry.
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Fig.24.1: Negatively stained Fig.24.2 & 24.3: IBH. Birds showed lethargy,
Aviadenovirus particles.

g with ruffled feathers and lack of appetite.
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Fig.24.4: IBH. Yellow mucoid droppings may be Fig.24.5: IBH. Enlarged pale and friable livers. Compare with the normal
seen. liver in the middle.
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24. AVIADENOVIRUS
(INCLUSION BODY HEPATITIS)

INTRODUCTION

The first recognized adenoviral infections of birds
were quail bronchitis and chicken embryo lethal
orphan (CELO) viruses, which were known in 1949
and 1957, respectively. Later, inclusion bodies in
chicken livers were described in 1963, followed by
the isolation of a “new agent” of a disease called
“inclusion body hepatitis (IBH)” in 1973. However,
for many years the exact role of adenoviruses in cau-
sing avian diseases was unclear. Adenoviruses are
suspected of playing a secondary role in causing
many syndromes. For instance, the presence of
immunosuppressive viruses, such as chicken anemia
virus (CAV) or infectious bursal disease virus (IBDV)
has been reported to enhance the pathogenicity of
some adenoviruses to cause IBH. However, there is
evidence that adenoviruses cause IBH without a
requirement for other pathogens. Today, IBH has a
worldwide distribution, affecting domestic species of
all ages, and with indication that the incidence of the
disease is increasing.

ETIOLOGY & EPIDEMIOLOGY

The adenoviruses are members of the family
Adenoviridae, which is divided in four genera namely
Mastadenovirus  infecting ~ mammals, and
Aviadenovirus, Siadenovirus, and Atadenovirus infec-
ting birds. The latter three genera are classified as
Group I, IT and III avian adenoviruses respectively
(see Tabl.24.1).

Adenoviruses are icosahedral, non-enveloped double-
stranded DNA viruses that range in size from 70 to
100 nm and have 252 capsomeres surrounding a core.
Adenoviruses replicate in the nucleus, producing cha-
racteristic inclusion bodies. With respect to several
characteristics of the virion, such as virus morphology
or genome organization, which are relevant for diag-
nostic purposes, the avian adenoviruses are very hete-
rogeneous. Consequently, the diagnosis of avian ade-
noviruses differs significantly among the three diffe-
rent groups (see Chap.I1.25 and 11.26 for groups II and
).

Avian adenoviruses show remarkable resistance to
heat inactivation although differences in sensitivity
between strains have been recorded. Some strains sur-
vive 60°C or even 70°C for 30 minutes. The stability
of these viruses to heat is greater when they are sus-

pended in monovalent cations compared to divalent
cations, as with other DNA viruses. They are resistant
to lipid solvents and to pH 3 to 9. However, adenovi-
ruses are sensitive to formaldehyde.

At least 12 serotypes of fowl Aviadenovirus have been
recognized on the basis of virus neutralization tests
(with several strains in each serotype). These sero-
types and the other aviadenoviruses share a common
group antigen. Under a new classification scheme,
which considers additional criteria, such as calculated
phylogenetic distance and restriction fragment length
polymorphism analysis of the genome, the 12 sero-
types were assigned to one of five virus species i.e.,
Fowl adenovirus (FAdV) A-E. Only serotype 1 (Fowl
adenovirus A or FAdV-A) has haemagglutination acti-
vity, but it agglutinates only rat red blood cells.
Exposure to one serotype confers no immunity to
other serotypes within the group I. Similarly, infec-
tions with a strain of the group I will not protect
against infections with viruses from the group II or I1I.
For these reasons it is not uncommon to isolate two
serotypes from the same bird and a broiler flock may
have four or more serotypes present. There is also lit-
tle protection between the 12 serotypes of aviadenovi-
ruses. Considerable exchange of serotypes may occur
when commercial flocks are made up of the progeny
of several parent flocks. At sexual maturity a bird may
have been infected with the majority of the 12 reco-
gnized serotypes.

Following experimental infection of specific-patho-
gen-free (SPF) chicks in the first days of life, using
natural routes of exposure, initial growth of fowl ade-
noviruses occurs mainly in the intestinal epithelium,
followed by a viraemia, and the presence of the virus
in many organs (liver, kidney, respiratory tract, bursa
of Fabricius, spleen and bone marrow). However, in
the field, infections with aviadenovirus are not nor-
mally detected during the first few days of life
although isolations from 3 weeks onwards are com-
mon. In naturally occurring infections, aviadenovirus
1s excreted in the feces for about 3 weeks, with the
peak excretion occurring between 4 to 7 days after
infection. Certainly, birds can excrete one serotype in
spite of high levels of neutralizing antibody to other
serotypes.

The isolation of an adenovirus from the appropriate

organ (e.g., the trachea of a bird suffering from tra-
cheitis) does not necessarily means that it is the etio-
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Fig.24.6, 24.7, 24.8, 24.9, 24.10, 24.11 & 24.12: IBH. A variety of liver lesions can be seen, with hemorrhages of various intensity
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Fig.24.13: IBH. More rarely, Fig.24.14: Hydropericardium Fig.24.15 & 24.16: Necrotic pancreatitis w.
macroscopically visible necro- syndrome is frequently asso- be observed in aviadenovirus outbreaks.
tic foci could be detected in ciated with IBH.

the liver.
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logical agent of the disease. Such an isolate may be
also a latent virus reactivated by the disease process.
Birds can be carriers during all their life. In laying
hens, aviadenoviruses may be transmitted through the
egg, particularly around the time of peak egg produc-
tion. Presumably, the stress associated with egg pro-
duction or the increased level of sex hormones at this
time causes reactivation of the virus. Chicks hatching
from infected eggs may excrete the virus in feces from
hatching although virus excretion is often detected in
the flock at 2-4 weeks of age.

Horizontal spread of virus through all excretions is
possible with the highest titers being in feces. Aerial
spread between farms occurs when cleaning of depo-
pulated houses takes place and the dust created trans-
mits infection between farms. Spread by fomites, such
as egg trays and egg trolleys, personnel, and transport
can also occur. Following natural infection the incuba-
tion period of the virus ranges from 24 to 48 hours.

CLINICAL SIGNS & LESIONS

Although aviadenoviruses have been isolated from a
number of clinical conditions, there is no clear evi-
dence for a primary role in disease causation.
Howewer, aviadenoviruses have been most com-
monly associated with IBH (mainly types D and E),
hydropericardium syndrome (type C), gizzard ero-
sions (type A), and respiratory diseases.
Aviadenoviruses have also been suspected as a cause
of egg production problems in laying hens and viral
arthritis/tenosynovitis. However, poor success has
been achieved in experimental reproduction to
confirm these hypotheses.

Inclusion body hepatitis (IBH)

Inclusion body hepatitis of chickens was first descri-
bed in the U.S. in 1963. Since then, the disease has
been reported worldwide, including Canada, the U.K.,
Australia, Italy, France, and Ireland. A sharp rise in
severity and occurrence of IBH has been reported.
This disease is usually seen in 2 to 3 week-old broilers
(sometimes as young as 4 days to 7 weeks of age).
Other species, such as pigeon, guinea-fowl, psitta-
cines, or turkey may be affected. Naturally occurring
outbreaks have been associated with a wide spectrum
of serotypes. Aviadenoviruses are primary pathogens
for IBH although co-infection with IBDV or CAV has
been reported to increase pathogenicity.

IBH is characterized by a sudden increase of mortality
that generally peaks within 3 to 4 days and ceases
within 9 to 14 days. Mortality normally ranges from 2
to 10%. However, there have been outbreaks in which
mortality has reached 30% depending of the pathoge-
nicity of the virus, immune status of the affected birds,
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and concurrent secondary infections. Clinically, the
birds show lethargy, huddling with ruffled feathers,
stooping, inappetence, and yellow and mucoid drop-
pings may be seen. Overall feed conversion and
weight gain are usually depressed.

Gross lesions in dead birds include an enlarged, pale,
and friable liver sometimes with necrotic foci.
Hemorrhages are frequently seen in the liver and
sometimes in leg and breast muscles. The kidneys are
enlarged, pale, and mottled with multiple hemor-
rhages. In some cases, hydropericardium can be obser-
ved. Necrotizing pancreatitis and intranuclear inclu-
sion bodies have also been reported in some out-
breaks, particularly in guinea fowl. In addition, enlar-
ged spleens and thymus atrophy can be seen in most
dead birds. Anemia, icterus of the skin and subcuta-
neous fat, hemorrhages in various organs, and bone
marrow degeneration are usually present, but vary in
severity. In some cases, gizzard erosions can be seen.
Microscopically, there are necrotic focal lesions in the
gizzard. In the liver, eosinophilic (or basophilic) inclu-
sion bodies are present in the hepatocytes.

Hydropericardium syndrome

This condition was first recognized from the village of
Angara near Karachi in Pakistan in 1987 hence named
“Angara” disease. The disease is similar to IBH with
higher mortality ranging from 20 to 80% in broilers.
Hydropericardium syndrome is characterized by the
accumulation of up to 10 ml of fluid in the pericar-
dium. Aviadenoviruses belonging mostly to serotype 4
have been implicated in the causation of this condi-
tion.

Hydropericardium syndrome affects mainly broiler
chicks 3 to 6 weeks of age and is caused by FAdV-4.
With a course of 7 to 15 days, Hydropericardium syn-
drome is mainly characterized by rapidly increasing
mortality. During the last stages of disease, affected
birds exhibit dullness, depression, ruffled feathers,
huddling, ventral recumbency, and closed eyes.

A build-up of clear or yellowish brown, thin fluid in
the pericardium is the major post-mortem finding of
Hydropericardium syndrome. Changes observed in
other body organs include discolored and enlarged
liver with zones of focal necrosis and hemorrhage,
edematous and congested lungs, and pale kidneys
with enlarged tubules due to urate deposits.
Histological section of the liver shows minute mul-
tifocal areas of coagulative necrosis, mononuclear
cell infiltration, and the presence of basophilic
intranuclear inclusion bodies in the hepatocytes.
Other histopathological changes include lymphocy-
tolysis and cyst formation in the bursa of Fabricius,
thymus, and spleen.
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Fig.24.18: IBH. Anemia is attributable to Fig.24.19: IBH. Icteric musculature and

hemorrhage, evident even in the subcutis fat deposits.
of the intact chickens.
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Fig.24.20, 24.21 & 24.22: IBH. The hemorrhages observed in many organs (e.g., intestines with numerous petechiae in Fig.24.20)
and muscles (Fig.24.21) are the result of aplastic anemia which is likely related to co-infection with CIA virus. This aplasia is clearly
visible in the proximal part of the femur (Fig.24.22). The discoloration of the bone marrow is due to replacement of hematopoietic
elements by adipose tissue.
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Fig.24.25: HCI. plenomegaly.
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Fig.24.23 & 24.24: IBH. In the nuclei of hepatocytes basophilic or eosinophilic inclu-
sions bodies are typical in IBH. These inclusion bodies are usually dense and can
occupy the entire nuclear inner space (on the left, in pigeon). Other are round or irre-
gularly shaped and surrounded by a light halo (on the right, in chicken).
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Fig.24.26 & 24.27: IBH. In some cases, gizzard erosions can be seen. Fig.24.28: HCI. Lymphocytic depletion whi-
thout inflammatory reaction is consistently
seen in the bursa of Fabricius.
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Gizzard erosions

There have been several reports describing outbreaks
with gizzard erosions in broilers infected with FAdV-1
and FAdV-8 strains. The striking feature of the disease
is that affected birds die with no evident clinical signs.
At necropsy, the gizzard shows several black areas,
and is filled with blood stained fluid.

Respiratory disease

Aviadenoviruses are frequently isolated from the respi-
ratory tract of chickens with respiratory disease. But,
with the exception of Quail bronchitis virus (an FAdV-
1 strain) (see Chap.VI1.96), it is unlikely that most avia-
denoviruses are significant causes of respiratory
disease.

Tenosynovitis

Although experimental reproduction of tenosynovitis
has not been successful, isolates of adenoviruses have
been recovered from chickens with tenosynovitis.

DIAGNOSIS

The diagnosis of adenovirus infections in poultry is in
most cases based on histological investigations and
detection of intranuclear inclusion bodies in hepato-
cytes or detection of the antigen or virus particles using
immunofluorescence test or electron microscopy.
More recently, polymerase chain reactions (PCR) has
been used to diagnose all three groups of avian adeno-
viruses. In fact, PCR is the method of choice for direct
identification of FAdVs , whereas serological methods
are of negligible importance for diagnosis due to the
extensive occurrence of antibodies to the viruses in
most birds. However, the double immunodiffusion test
and neutralization test can be used to differentiate
FAdYV subgroups and serotypes, respectively, based on
adenovirus group-specific, and type-specific, antigenic
determinants.

The isolation of the aviadenoviruses using chicken
embryo liver (CEL) cell culture and chicken embryo
fibroblast cell culture with further identification and
determination of the pathogenicity seems to be very
important, since the pathogenicity of the isolates
within the same serotype can widely differ. Chicken
embryo liver cells are preferred for diagnostic pur-
poses because of their greater sensitivity than other
cells. Then, cross neutralization tests and/or molecular
biological tools are necessary to serotype the isolated
virus.

TREATMENT & CONTROL

Adenovirus infection can be prevented through
appropriate disinfection of the barn and equipment,
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tight biosecurity measures, and good ventilation.
Biosecurity practices are the primary and essential
step to prevent the infection. To avoid vertical trans-
mission, eggs from primary breeding flocks whose
progeny have consistently been affected by IBH
should not be used for hatching. However, in coun-
tries with high infection pressure (e.g., Australia,
India, Pakistan and Mexico) the disease has been
brought under control by formalin-inactivated vac-
cines prepared from liver homogenates from infec-
ted birds or by inactivated cell culture. Killed vac-
cines are used in breeders to interrupt vertical trans-
mission of the virus and to deliver maternal antibo-
dies to progenies. Protection is serotype specific.
Vaccination against FAdV-8 and FAdV-4 is perfor-
med in Australia and the USA, and Asia and South
America, respectively. Autogenous vaccines are
also used in different parts of the world. Control of
IBDV and CAV is necessary for preventing severe
outbreaks of IBH.

REFERENCES

Adair BM & Fitzgerald SD. Group I adenovirus infec-
tions. In Diseases of poultry, Ed. Saif YM, 12th ed.,
Blackwell Publ. 2008, pp 252-266.

Bickford AA et al. Inclusion body hepatitis in chickens.
Slide study set #2 AAAP, 1977, 12p.

Brugeére-Picoux J. Les adénovirus en pathologie aviaire.
Rec Meéd Ve, 1978,154,1015-1021.

Dinev 1. Diseases of poultry. A colour atlas. Ed. CEVA
Santé Animale, 2007, 212 p.

Gomis S et al. Inclusion body hepatitis as a primary disease
in broilers in Saskatchewan, Canada. Avian Dis,
2006,50:550-555.

Hafez MH. Avian adenoviruses infections with special
attention to inclusion body hepatitis/hydropericardium syn-
drome and egg drop syndrome. Pak Vet J,2011,31:85-92.
Hess M. Detection and differentiation of avian adenovi-
ruses. A review. Avian Pathol,2000,29,195-206.

McFerran JB & Adair BM. Avian adenoviruses — a review.
Avian pathol,1977,6,189-217.

Schonewille EE et al. Fowl adenovirus (FAdV) serotype 4
causes depletion of B and T cells in lymphoid organs in spe-
cific pathogen-free chickens following experimental infec-
tion. Vet Immunol Immunopathol, 2008,121:130-9.
Senties-Cué CG et al. Epidemiology and effect on produc-
tion parameters of an outbreak of inclusion body hepatitis in
broilers. Avian Dis, 2010,54:74-78.

Smyth JA & McNulty MS. Adenoviridae. In "Poultry
diseases" sixth edition, Ed Pattison M et al. Saunders
Elsevier p 367-38]1.

Steer PA et al. Application of high-resolution melting curve
analysis for typing of fowl adenoviruses in field cases of
inclusion body hepatitis. Aus Vet J, 2011,89 :184-192.

Toro H et al. Chicken anemia virus and fowl adenoviruses:
Association to induce the inclusion body hepatitis/hydrope-
ricardium syndrome. Avian Dis, 2000,44:51-58.

Manual of poultry diseases




184 ® VIRAL DISEASES

L 2
| Dinev - Ceva Santé animale

I Dinev - Ceva Santé animale
| Dinev - Ceva Santé animale

E e TR T '.,f::.-,?_‘-..‘ ‘o Yy
Fig.25.1: HE. Blood discharge from the feces. Fig.25.3: HE. Small intestine, especially the
vent. duodenum, are distended and dark purple.
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Fig.25.4: HE (Guinea fowl). Duodenumis Fig.25.5 & 25.6: HE. The intestinal mucosa of the duodenum has a velvety appea-
filled with bloody material. rance and may show occasional necrotic areas.
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Fig.25.7 & 25.8: HE. Sometimes the mucosa of the duodenum is covered with a yellow Fig.25.9: HE. Sometimes hypertrophy

fibrinonecrotic membrane. of the liver (on the left) can be seen.
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Fig.25.10, 25.11, 25.12 & 25.13: HE. Spleens of infected birds are enlarged, friable and mottled in appearance. Some are hemor-
rhagic (Fig.25.11). There is a splenomegaly (compare with normal spleen on the left in Fig.25.12). Afterwards, the spleen reduces
its size 2-3 times and acquires a specific silvery-grey color (Fig.25.13).
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Fig.25.14: HE (Guinea Fig.25.15 & 25.16: HE. The liver is enlarged, crumbly and Fig.25.17: HE (spleen). Intranuclear
fowl). Kidney are enlarged. mottled with multiple hemorrhages. Sometimes, extensive inclusion bodies with viral antigen high-

necrotic foci is observed. lighted by immunoperoxidase technique.
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25. SIADENOVIRUS (HEMORRHAGIC ENTERITIS)

INTRODUCTION

Siadenoviruses have been isolated from turkeys, phea-
sants and chickens throughout the world. These
viruses have been implicated in the causation of tur-
key hemorrhagic enteritis (HE), marble spleen disease
(MSD) (see Chap.V1.97), and avian adenovirus sple-
nomegaly (AAS) in turkeys, pheasants, and chickens
respectively (see Tabl.24.1). These viruses were pre-
viously called “Group II avian adenoviruses” because
they share a common group antigen distinct from that
of aviadenoviruses. However, they are currently grou-
ped as one species called 7 urkey Adenovirus A (TAdV
3) within the genus Siadenovirus. Infections by these
viruses produce different manifestations in each of the
three bird species affected, and thus the disease in each
species has its own name. Other species can be natu-
rally affected like guinea fowl, psittacines, and
bustard.

TURKEY HEMORRHAGIC ENTERITIS (HE)

Turkey hemorrhagic enteritis (HE) affects turkeys of 4
weeks of age and older. The common clinical signs of
the disease include depression, bloody droppings, and
death. It is rare in turkeys less than 4 weeks presuma-
bly due to protection from maternal antibodies.

Etiology & pathogeny

Hemorrhagic enteritis is likely transmitted through the
fecal-oral/ cloacal route. Infection frequently reoccurs
on the same farm in successive flocks. Vertical trans-
mission through the egg and biological vectors is not
documented. Infection of turkeys with HE virus
results in a transient immunosuppression, often resul-
ting in colibacillosis.

Clinical signs & lesions

Clinical signs of HE include depression, bloody drop-
pings, and decreased feed and water consumption in
affected birds. Sudden deaths are often the first sign of
HE in a flock. Feces containing blood are frequently
present on the skin and feathers of moribund and dead
birds. Bloody feces may also be forced from the vent
of affected birds when moderate pressure is applied to
the abdomen. The disease runs its course in a flock in
6-14 days. Mortality may exceed 60% but averages
10-15%. Outbreaks of colisepticemia often follow cli-
nical and subclinical infections with HE 12-14 days
later.

On postmortem examination, dead poults appear pale
as a result of blood loss. At the level of the duodenum,
the small intestine appears swollen, dark purple, and is
filled with bloody content. A yellow fibrinonecrotic
membrane usually covers the intestinal mucosa in
some cases. Internal abdominal organs, such as the
spleen and the liver are enlarged. In addition, the
spleen appears friable and mottled. Petechial hemor-
rhages may also be seen in several tissues of dead
poults. Microscopic examination of the spleen shows
white pulp hyperplasia and lymphoid necrosis.
Intranuclear inclusion bodies can be found in the
macrophages and lymphocytes of the spleen and other
tissues, such as the intestines and liver.

Diagnosis

Typical history and gross lesions strongly suggest HE.
Observation of intranuclear inclusions in reticuloendo-
thelial cells in the spleen or the intestine confirms the
diagnosis. Viral identification of HE can be done using
agar gel immunodiffusion (AGID) test and polymerase
chain reaction (PCR). Antigen-capture ELISA and in
situ DNA hybridization can also be used.

Control

Horizontal spread of infection between flocks can be
prevented using best management practices and biose-
curity protocols. Use of live vaccine by water admi-
nistration can prevent HE (and MSP). For good results
in the field, it is recommended that vaccination of tur-
keys be done between 3.5 to 6 weeks of age. In order
to prevent secondary colisepticemia following infec-
tion of birds with HE, antibiotic therapy should be
considered within one week post infection.
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Fig.26.1: Transmission of EDS virus.

Following experimental infection in laying hens, the virus grows to a limited extent in the nasal mucosa. After a transient viremia,
with virus growth in lymphoid tissue, there is a massive growth in the pouch shell gland region of the oviduct, coincident with the
occurrence of eggshell changes, 8 days after infection. Both eggs with normal and affected shells contain virus, externally and
internally, for the next 2-3 weeks. Viral antigen is not detected at the surface of the epithelium of the intestinal tract. Chicks hat-
ching from these infected eggs often do not develop antibodies but they may be latently infected. At around peak egg production,
the virus is reactivated and horizontal spread occurs. Horizontal spread is also possible between birds during the growing period,
but as the amount of virus excreted is small, this spread is limited.

EDS outbreaks are divided into three types. 1) An initial outbreak probably caused by a contaminated vaccine grown in duck
embryo fibroblasts. Classical EDS follows the introduction of EDS virus into primary breeding stock, and the main method of
spread is vertically through embryonated eggs. 2) The second type (endemic form) is a lateral spread between flocks. Spread is
essentially associated with contaminated eggs or egg trays but also during transportation in inadequately cleaned trucks or when
unused feed has been moved between sites. Needles or blades used for vaccination or bleeding, if not properly sterilized and reu-
sed, can also transmit infection. 3) The third type of spread of EDS virus (sporadic form) results from the introduction of infection
by domestic or wild ducks, geese, through direct contact or indirectly through contaminated drinking water. Transmission via
insects may be possible but is unproven
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Fig.26.2, 26.3, 26.4 & 26.5: EDS The first sign is the loss of color in pigmented eggs. Eggshells may have focal thickenings. If
abnormal eggs are discarded, there is no effect on fertility and hatchability for the non-affected eggs. The fall in egg production is
very rapid or extended over several weeks. EDS outbreaks usually last 4-10 weeks and egg productlon is reduced by up 40%.
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Fig.26.6 & 26 7 EDS In natural outbreaks of EDS “inactive ovaries
and atrophied oviducts are often the only recognlzable lesions, and
these are not consistently present. Microscopically, major pathologic
changes occur in the pouch shell gland. Virus replication occurs in the
nuclei of surface epithelial cells and intranuclear inclusion antibodies
are detectable from 7 days post-infection onward. There is also a rapid
and severe inflammatory response. The transient nature of these
lesions explains the difficulty in finding affected birds among the thou-
sands of birds that may be present in an affected flock.
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Fig.26.8: EDS. The most common serologic test is the
immunodiffusion test that detects the group specific anti-
gen. However, this test is not sensitive enough. Detection
of antibodies to EDS by the haemagglutination-inhibition
test using fowl red blood cells is sensitive and easy, and
is a good choice in unvaccinated flocks. ELISA can also
be used. But in general the interpretation of serologic
tests is difficult because birds infected in ovo do not deve-
lop antibodies during the growing period: it only becomes
apparent immediately following the occurrence of clinical
signs.
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26. ATADENOVIRUS (EGG DROP SYNDROME)

INTRODUCTION

Egg drop syndrome (EDS) is a disease characterized by
a drastic drop in egg production as well as the produc-
tion of abnormal eggs in apparently healthy hens and
quails. Since its initial description in 1976 in The
Netherlands, EDS has become a major cause of low egg
production throughout the world.

ETIOLOGY & PATHOGENY

Egg drop syndrome is caused by Duck Adenovirus 1 or
egg drop syndrome strain of species Duck Adenovirus A
(DAdV-1) and genus Atadenovirus. The virus was ini-
tially classified as the only member of group III avian
Adenovirus A (DAdV-1). It differs from aviadenoviruses
and siadenoviruses in that it agglutinates avian but not
mammalian red blood cells. It is likely that the natural
hosts for EDS virus are ducks, geese, and other water-
fowls. However, disease outbreaks have been reported
mostly in laying hens.

The EDS virus is mainly spread vertically through the
embryonated eggs. Horizontal spread of the virus has
also been reported. Following oral infection of adult
hens with EDS virus, viral replication occurs in lym-
phoid tissues, such as the spleen and the thymus. The
infection spreads to the oviduct and the pouch shell
gland resulting in production of eggs with abnormal
shells. Experimentally, the virus replicates to reach high
titers in duck kidney cells, duck embryo liver cells and
duck embryo fibroblasts, not as well in chick kidney
cells, and poorly in chicken embryo fibroblast cells. No
growth occurs in embryonated chicken eggs. The
disease is severe in broiler breeders and Brown egg
layers. Quails have also been shown to be susceptible to
infection and to develop classic signs of EDS. Turkeys
can also be affected. DAdV-1 was thought to be aviru-
lent in ducks and geese; however, in 2001, the virus was
isolated from an outbreak of respiratory disease in
young goslings, and the disease was reproduced by
experimental infection of 1 day-old birds.

CLINICAL SIGNS & LESIONS

The first sign is the loss of eggshell color. This is
quickly followed by a series of signs including produc-
tion of thin-shelled, soft-shelled, or shell-less eggs.
Shell-less eggs are not always found, as they may be
eaten by the birds. There is a quick decrease in egg pro-
duction for several weeks. Other clinical signs that
might be observed in the affected birds include produc-
tion of small eggs, watery albumen, delay in the onset
of lay, dullness, inappetence, and transient diarrhea.

Gross lesions in the affected birds include edema of the
uterine folds, presence of exudate in the pouch shell
gland, mild splenomegaly, flaccid ovules, and eggs in

various stages of formation in the abdominal cavity,
inactive  ovaries, and atrophied oviducts.
Microscopically, surface epithelial cells of the pouch
shell glands show intranuclear inclusion bodies. The
lamina propria and the epithelium are inflamed with
increased presence of heterophils and mucosal edema.
There is also infiltration of the lamina propria by
macrophages, plasma cells, and lymphocytes.

DIAGNOSIS

Although signs of EDS are quite characteristic, differen-
tial diagnosis should be made with other infectious and
non-infectious causes of drop in egg production. EDS
virus can be isolated from cloacal swabs but virus reco-
very can be challenging in the field because excretion is
momentary and it is often difficult to identify the correct
bird to sample. Therefore, the easiest method is to feed
affected eggs to antibody-negative adult laying hens.
Following production of abnormal eggs, the virus can be
isolated from the pouch shell glands of the affected hens.
Serological diagnosis can be attempted by sampling
blood from birds housed where abnormal eggs are obser-
ved. The presence of antibodies can be detected using
hemagglutination inhibition (HI), enzyme linked immu-
nosorbent assay (ELISA), serum neutralization (SN),
double immunodiffusion (DID), and indirect fluorescent
antibody (IFA) tests.

CONTROL

The classical form of EDS has apparently been elimina-
ted from all primary breeders. Endemic EDS can be
controlled by vaccinating birds between 14 and 16
weeks of age using oil-adjuvant inactivated vaccine.

Strict adherence to biosecurity and hygienic measures
are required to avoid horizontal spread by infected eggs
and contaminated egg trays. In a situation where infec-
ted and uninfected breeding flocks are kept on the same
farm, separate hatcheries, staff, and transport should be
used. Equipment, such as bleeding and vaccine inocula-
tion needles should be sterilized or changed between
flocks to avoid spreading infection. Using water from
dams, lakes or wells has been associated with EDS
infection. Therefore, treated water sources (e.g., chlori-
nated water) should be used to avoid this mode of viral
transmission. Wild ducks and geese have also been lin-
ked to EDS infection. Therefore, minimizing contact
between wild waterfowls and domesticated flocks using
wild-bird proof housing is recommended. Also, on pro-
duction sites where ducks or geese are raised, these spe-
cies should be physically separated from chickens.

REFERENCES (see Chap.11.24 & 11.25)
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Fig.27.1: Broiler chicken with Fig.27.2: Left and center pair of legs with swol-  Fig.27.3: Swelling of hock joint and metatar-
painful legs. len hock joints and metatarsus. Right pair of sus.

legs normal.
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Fig.27.4 & 27.5: Tendinitis of the tarsometatarsal joint observed in an 81-d
Compared with a normal chicken (Fig.27.4, left) and tendon (Fig.27.5, left), note the emaciation (weight loss of 343 g) and swel-
ling of the leg resulting from the edema of the tendon (right in Fig.27.4 & 27.5).

ay-old chicken due to a variant strain of reovirus.
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Fig.27.8, 27.9 & 27.10: Viral tenosynovitis. Multifocal accumulation of lymphocytes and plasmacells. The synovial space is filled with
cell debris, the epithelium is detached. Normal structure of fibrocytes is destroyed by inflammatory processes (Hematoxylin & eosin).
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27. REOVIRUS INFECTIONS

INTRODUCTION

Viral arthritis/tenosynovitis is one of the clinical
manifestations of avian reovirus infection in
chickens, particularly in meat-type chickens. Other
manifestations are hepatitis, myocarditis and
hydropericardium.

Enteric problems, such as enteritis and proventri-
culitis that are commonly described as malabsorp-
tion syndrome, have been found to be sometimes
caused by avian reovirus. However, other viruses
such as enteroviruses, parvoviruses, caliciviruses
as well as some bacteria have been implicated as
possible causative or contributing agents in malab-
sorption syndrome.

In 1998, a reovirus was isolated in Poland (proto-
type 238/98 - polish strain) in broilers (some were
from breeders that had been vaccinated with cur-
rently available reovirus vaccines) with malab-
sorption syndrome, hepatitis, myocarditis, pan-
creatitis, proventriculitis, tenosynovitis, enteritis
and neurological signs (and also in layers with
decreased production). Increased mortality was
associated with concurrent infections (Escherichia
coli, adenovirus). This virus was classified as ente-
ric reovirus strain (ERS). A series of variants,
much different from vaccine strains and associated
with leg problems in broilers, has also been identi-
fied in different regions of North America and
other countries like France since 2012. The emer-
gence and reemergence of reovirus-related
diseases over the years in poultry make this virus a
pathogen of interest as primary or secondary agent.

ETIOLOGY & EPIDEMIOLOGY

Avian reovirus has been a known cause of viral
arthritis/tenosynovitis in chickens since 1969 and,
more recently, in turkeys as well. It is occasionally
seen in commercial layers. It is important to note
that this virus is often 1solated from clinically nor-
mal birds.

The fowl reoviruses are double-stranded RNA non
enveloped viruses, with a common group antigen.
The viral particle is proximally 75-80 nm in diame-
ter. The name «reovirus» comes from «respiratory,
enteric orphany», being first isolated from these
sites in humans who were not showing clinical
signs. This virus is resistant to heat (it withstands
60°C for 8-10 hours) and to pH 3. It has been
shown to survive at least 10 days on feathers, wood

shavings, egg shells and feed; and over 10 weeks
in drinking water.

Although primarily a disease concern of chickens,
reoviruses have been isolated from other avian spe-
cies (turkeys, geese, ducks, pigeons, psittacines,
etc.). Based on sequence analysis of selected
genes, turkey and duck reoviruses are classified in
different subgroups from chicken reoviruses.
Chickens are most susceptible to pathogenic reovi-
ruses at 1 day of age.

Avian reovirus can be transmitted horizontally by
infected chickens or turkeys. Reoviruses can be
excreted from both the intestinal and the respira-
tory tracts for at least 10 days post-infection, with
newly hatched chicks being more susceptible to the
respiratory route. Transmission through broken
skin in the foot has been shown experimentally.
When done this way, the incubation period is very
short (1 day); but it is normally between 9 and 13
days. The vertical transmission through the eggs of
reovirus-infected breeders can be important in the
epidemiology of the infection. Vertically infected
chicks can easily become a nucleus of infection for
hatchmates. Replication of the virus may occur in
several tissues, but the intestine, the tibio-tarsome-
tatarsal joint, and the liver are the main sites.

When breeder chickens get infected with reovirus
during production, they will not have any clinical
signs themselves, but some of the progeny broilers
will have viral arthritis/tenosynovitis, while hat-
chability will also decrease for several weeks, until
the breeders become immune to the reovirus.
Different studies suggest that vertical transmission
occurs principally between 5 and 19 days post-
infection in breeders.

Morbidity is normally high, but mortality rarely
exceeds 6%. Lesions of arthritis take a long time to
be observed macroscopically. This may explain
why they are usually not seen before four weeks of
age. In turkeys, lesions have been seen mainly in
males at least 14 weeks old, although it has been
seen as well in poults only five weeks of age.

CLINICAL SIGNS & LESIONS

Viral arthritis

Avian reovirus infections cause symptoms of lame-
ness and reluctance to move with visible swelling
of the tarsal and metatarsal tendons. Sometimes the
hock joint are also swollen, but not as severe as
when secondary staphylococcus arthritis exists.
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Later, fibrosis of the tarsal and metatarsal tendons
will develop. This can develop into rupture of the
gastrocnemius tendon and subsequent subcuta-
neous hemorrhage followed by a fibrotic lump
above the hock joint.

Much of the tendon sheath tissue will be granulo-
matous and eventually replaced by fibrous connec-
tive tissue. Infiltration with mononuclear cells,
plasma cells and macrophages of the tendon sheath
area is common in the more acute stage with the
presence of serous fluid in these tissues. The syno-
vial surface of the tarso-metatarsal (hock) joint can
have a typical granulation (pannus) formation,
very similar to rheumatoid arthritis in humans.
Inflammation degrades the quality of the synovial
fluid and breaks down tendon and cartilage.

Secondary infections with bacteria such as
Staphylococcus will aggravate the lesions with for-
mation of a more purulent exudate and extensive
hock joint swelling. If the birds are Mycoplasma
synoviae (MS) positive, the synovitis can also be
caused by MS as a co-factor. Reovirus may also
exacerbate clinical signs caused by pathogens such
as chicken anemia virus, Escherichia coli, and
some respiratory viruses.

When the infection is acute, stunting may be obser-
ved, while lameness is more pronounced. Lesions
at slaughter (enlargement of gastrocnemius/digital
flexor tendon area; green discoloration of the skin
over the site of tendon rupture) may involve only a
low percentage of birds, but flocks with over 10%
of affected carcasses have been reported.

Arthritis, with epicarditis and tenosynovitis, have
been reported in young geese, usually 2-3 weeks of
age.

Enteric problems

If reovirus is involved in a malabsorption syn-
drome, diarrhea can be observed usually at 8-10
days of age. Pale birds and growth retardation
(runting and stunting), abnormal feathering (heli-
copter wings) and/or femoral head fractures
(osteoporosis) can be observed.

The fecal matter frequently has an orange color
and contains undigested feed. The intestines fre-
quently have a pale, "cement" colored appearance
and an enlarged proventriculus can be found.
Tenosynovitis also occurs in such chickens.
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In turkeys, some studies have suggested that reovi-
ruses could play a role in the poult enteritis morta-
lity syndrome (PEMS) (see Chap.IV.72). A reovi-
rus has been shown, experimentally, to produce
intestinal lesions. The authors also proposed that
this virus could as well increase the susceptibility
of poults to other pathogens associated with
PEMS. However, an epidemiological study
conducted in three states in the USA could not
demonstrate any relationship between the presence
of reoviruses and PEMS.

Muscovy duck reovirus has been associated with
diarrhea, high morbidity and mortality in 2-4
week-old ducklings (see Chap.VI.85).

Myocarditis associated with reovirus (see
Chap.11.39)

DIAGNOSIS

Sample collection

It is highly recommended to collect intact legs,
including shanks and feet, from six birds per flock.
Younger flocks (10 to 35 days) are preferred
because they provide a higher probability of isola-
ting viable virus. Legs must be placed on ice
immediately at time of collection and then frozen
in ziplock bags. It must be shipped frozen to the
diagnostic laboratory.

Histopathology

Cross-sections of the metatarsal tendons will show
typical microscopic tenosynovitis lesions, as des-
cribed above.

Virus isolation

Demonstration of virus from tissues of clinically
affected birds is useful to confirm causality. Ground
tendon tissue can be used for virus isolation by ino-
culation of embryonating SPF chicken eggs, either
by yolk-sac inoculation of 6-day-old embryonated
eggs or by chorio-allantoic-membrane (CAM) ino-
culation of 9-day-old embryonated eggs. Chicken
kidney cells (CKC) can also be used for reovirus
isolation. Cytopathic effect (CPE) of reovirus in
CKC consists of syncytia formation.

PCR

Molecular methods are more rapid than virus iso-
lation and are now frequently used. Traditional or
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Fig. 2 .25, 27 26 & 27 27: .Abnormal wing feathering in malabsorptlon syndrome (hellcopter wings). Fig.27.28: Important reduced

live weight in affected bird (left).
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Fig.27.29, 27 30, 27.31 & 27.32: Enlarged proventriculus in chickens after Fig.27.34: The small |ntest|ne is pale, dilated and
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Fig.27.39: Enteritis: fusion of Fig.27.40: Infected chorioallantoic Fig.27.41: Reovirus infected Fig.27.42: Reovirus, elec-
villi. membrane with whitish plaques. cell culture (chicken  tron microscopic p|cture
embryo): syncytia formation.
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real-time RT PCR followed by restriction enzyme
fragment length polymorphism is available and
useful to characterize reovirus strains.

Serology

Since reovirus vaccination is used widely, espe-
cially in broiler breeders (protective role of mater-
nal antibody), it is important to check reovirus
antibody titers in vaccinated breeder chickens.
Enzyme Linked Immunosorbent Assay (ELISA)
titers in breeders should be at least 6000-8000, and
can be as high as 10,000 after 2 live and 2 killed
vaccine applications. It is possible to develop an
ELISA to differentiate between infected and vacci-
nated birds.

Agar gel precipitation (AGP) testing is useful if
non-vaccinated birds are tested for antibody pre-
sence, but many non-pathogenic reoviruses may
give also positive AGP-reactions that can be misin-
terpreted.

Reovirus isolates can be serotyped with virus neu-
tralization (VN) testing. Most reovirus isolates
from chickens are of the same or similar serotype
as the commercially available vaccines. However,
variant reovirus serotypes have been found in
Europe and the Middle Eastern countries (ERS
virus). In those cases, autogenous vaccines have
been used. At least three different variant strains
have been associated with tenosynovitis since 2011
in Eastern United States and Canada (Ontario and
Quebec). In the United States, an autogenous vac-
cine has also been part of the control protocol
because antigenically different reoviruses have
been able to break through commercial vaccinal
immunity.

TREATMENT & CONTROL

Although reovirus infections cannot be treated
with antibiotics, in the case of co-existing secon-
dary infections with Staphylococcus spp. and/or
Mycoplasma synoviae, antibiotic treatment can be
useful.

Preventive vaccination of breeders is the most
common procedure. Generally live reovirus vac-
cines are given at 7 days and 5 weeks of age, fol-
lowed by 2 applications of killed reovirus vaccine
at 10 and 20 weeks of age, resulting in adequate
antibody titers. Progeny chicks are protected by
maternal antibodies for approximately 3 weeks,
after which age resistance against lesion develop-
ment following infection is usually the case. It
should be noted that protection is effective against
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homologous serotypes only.

If needed, broiler progeny will have to be vaccinated at
7-10 days of age, but this is not a common procedure.

The numerous outbreaks of reovirus related teno-
synovitis in Eastern United States have been
controlled by the concerted application of autoge-
nous vaccines and enhanced biosecurity and sani-
tation procedures (longer downtime, at least two
weeks; complete washing and disinfection of
infected premises and control of darkling beetles).

Viral arthritis/tenosynovitis has rarely been found
in commercial layer chickens. If it occurs, reovirus
vaccination of parent breeders is advisable.

REFERENCES

Decaesstecker M et al. Significance of parvoviruses,
entero-like viruses and reoviruses in the aetiology of
the chicken malabsorption syndrome. Avian Pathol,
1986,15:769-782.

Deshmulch DR et al. Characterization of pathogenic
filtrate and viruses isolated from turkeys with blue
comb. Am J Vet Res, 1969,30:1019-1025.

Jones RC. 2013. Reovirus Infections. In Diseases of
Poultry, 13th ed. Swayne D, et al. eds. John Wiley
& Sons Inc. pages 351-370.

Kerr KM & Olson NO. Pathology of chickens expe-
rimentally inoculated or contact-infected with an
arthritis-producing virus. Avian Dis, 1969,13:729-
745.

Kisary J et al. Presence of parvovirus in the intestine
of chickens showing stunting syndrome. Avian
Pathol, 1984,13:339-343.

Rosenberger JK et al. Viral arthritis. In: Diseases of
Poultry, 10th Ed., Calnek B. et al. eds. lowa State
Univ. Press, Ames, lowa. 1997, pp. 711-720.
Rosenberger JK et al. Viral arthritis/tenosynovitis
and other reovirus infections. In Lab. Manual for the
Isolation and Identification of Avian pathogens. 4th
Ed. Publ. AAAP. 1998:207-210.

Rosenberger J.K. et al. 2013. Novel reovirus in broi-
lers associated with arthritis/tenosynovitis : viral
characterization and research. Proc. National
Meeting Poultry Health, Processing and Live
Production. Ocean City, October 2013.

Tritts J et al. Reovirus and turkey tenosynovitis.
Proc. North Carolina Industry days ' NCSU, Oct 5-6,
Wilmington North Carolina.

Van der Heide, L. Viral arthritis/tenosynovitis: a
review. Avian Pathol, 1977,6: 271-284.

Van der Heide L et al. Isolation of avian reovirus as
a possible etiologic agent of osteoporosis "brittle
bone disease", "femoral head necrosis" in broiler
chickens. Avian Dis, 1981,25: 847-856.

Wyeth PJ et al. Avian calicivirus. Vet Rec, 1981,
109:477.

Manual of poultry diseases




194 ® VIRAL DISEASES

Fig.28.2: Rotavirus, with a diameter of approximately 100 nm  Fig.28.3: Parvovirus is a small icosahedral non

and containing 10-12 double stranded RNA segments.
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Fig.28.4: Reovirus is an icosahedral nonenveloped virus with a
diameter of 70-80nm and containing 10 segments of double-

stranded RNA.
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Fig.28.5: Turkey enterovirus is an icosahedral nonenveloped
single-stranded RNA virus that measures about 22-30 nm.
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~ Viral diseases
28. OTHER VIRAL ENTERIC INFECTIONS

INTRODUCTION

In the last decades, many enteric syndromes such
as runting-stunting syndrome (RSS), poult enteritis
and mortality syndrome (PEMS) (see Chap.IV.72),
poult malabsorption syndrome or maldigestion
syndrome have been described in commercial
poultry. Most of these syndromes are clinically
similar. However, very few relate to a specific etio-
logy. A variety of viral agents have been detected,
by themselves or in different combinations with
other pathogens (bacteria, protozoa, viruses).
Moreover, other factors such as bird, environmen-
tal and management factors may play a significant
role in the clinical expression of enteric diseases.

Here, we briefly review the information regarding
different viruses detected in the gastrointestinal
tract of commercial poultry, other than the ones
being the object of separate chapters [i.e., corona-
virus (see Chap.l1.36) and astrovirus (see
Chap.I1.29)], and that may be associated with ente-
ric problems.

ROTAVIRUS INFECTIONS

Rotaviruses have been isolated from many avian
species. Although they are often found in clinically
sound flocks, they have also been associated with
non-specific enteric disease such as diarrhea out-
breaks and general depression in turkeys and
chickens.

Etiology & epidemiology

Rotaviruses are members of the Reoviridae family.
The virions are non-enveloped and contain 10-12
double stranded RNA segments. Therefore, co-
infection of a cell with two different rotaviruses
may result in genetic reassortant viruses.

There are 7 recognized serogroups (groups A-G),
where groups A, D, F and G have been described
in birds. A potentially new rotavirus, group H, has
been reported.

Rotaviruses have been isolated from numerous
avian species such as ducks, turkeys, chicken,
pheasants, pigeons and various wild birds. They
have a worldwide distribution. Usually, enteric
disease signs associated with rotaviruses are seen
in birds less than six weeks old.

Rotaviruses are shed in feces. Therefore, the main
route of transmission is horizontal via fecal-oral
infection and indirect transmission by contamina-
ted objects such as boots and equipment. Where
litter is reused for several flocks, infection may
build up. Also, larvae of darkling beetles can act as
mechanical vectors. Interspecies transmission has
been reported in the field between turkeys and
chickens. Bovine-origin rotaviruses have also been
detected in diarrheic turkeys. The virus can be
detected in birds without clinical manifestations of
enteric disease.

Clinical signs & lesions

Experimentally infected 3-day-old turkeys have
shown depression, loss of appetite, watery-to-soft
droppings with pasting of vent. Following experi-
mental infection of chicks, mild diarrhea or increa-
sed cecal droppings have been observed. These cli-
nical findings coincided with peak viral excretion
at 3 days post-infection. In laying hens infected
experimentally, a drop in egg production was noti-
ced 4-9 days post-infection. In the majority of stu-
dies, no or very low mortality followed infection of
chickens or turkeys with an avian rotavirus. In
pheasant chicks, studies have reported mortality
rates of 20-30%.

Under field conditions, morbidity and mortality
may vary. Although subclinical infections are
reported, depression, loss of appetite, watery drop-
pings, dehydration, pasted vents, wet litter and
poor weight gain are consistent findings in rotavi-
rus-associated outbreaks.

The intestinal tract may be pale, distended with
watery frothy content. Diarrhea appears to be a
consequence of the decreased absorption of D-
xylose and other carbohydrates, which would per-
mit bacterial growth and fermentation and would
ultimately attract water into the gastrointestinal
tract. However, rotavirus proteins acting as entero-
toxins are also suspected to be the cause of diar-
rhea. Other gross lesions may include dehydration,
stunted growth and pasted and inflamed vents.

The principal site of replication is the mature
villous epithelial cells of the small intestine.
Different strains may have different preferential
sites of replication throughout the small intestine.
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The main findings include various degrees of
villous atrophy and infiltration of lamina propria
with mononuclear and polymorphonuclear cells.
Other microscopic lesions such as increased crypt
depth, vacuolation of enterocytes, fusion of villi,
separation and desquamation of enterocytes from
the lamina propria have also been reported.

Diagnosis

Electron microscopy on feces or intestinal content
is sensitive and it has the advantage of being able
to identify all serogroups. Electrophorese on poly-
acrylamide gel is also proven to be sensitive and is
able to identify the different patterns of migration
of the viral RNA segments. Several reverse-trans-
criptase polymerase reaction chain (RT-PCR) have
been designed for rotavirus detection. Some are
included in multiplex RT-PCR assays for the
simultaneous detection of enteric viruses of
chicken and turkeys.

Treatment & control

There are no existing vaccines or treatments for the
control of rotavirus infections. Proper management
strategies and biosecurity measures are recommen-
ded. Increasing ventilation and temperature, regu-
larly walking through the flock to encourage the
birds to feed and drink and adding new litter may
be good ways to help minimize the effects of a
rotavirus infection. Changing the litter, fumigating

and cleaning house and equipment may also pre-
vent infection build up between flocks.

PARVOVIRUS INFECTIONS

Chicken parvoviruses (ChPV) and turkey parvovi-
ruses (TuPV) are suspected to play a significant
part in the runting-stunting syndrome (RSS) in
broilers and poult enteritis complex (PEC), respec-
tively.

Etiology & epidemiology

The Parvoviridae family is composed of two sub-
families; Parvovirinae and Desovirinae. ChPV
and TuPV are a part of the Parvovirinae subfamily
which infects vertebrates. ChPV and TuPV are
very similar to each other and are genetically and
phylogenetically distinct from the goose parvovi-
ruses.

Parvoviruses are non-enveloped single-stranded
DNA viruses. They are known to be very stable,
structurally and antigenically simple.

Parvoviruses are widely prevalent in flocks, clini-
cally sound or not, across the United States and
Europe.

High concentrations of parvoviruses are shed
through the feces of infected birds. The virus is
very resistant in the environment. Therefore, direct

JY Feré

Fig.28.6: Severe stunting seen in PEMS survivors. Both poults have the same age. Chicken
parvoviruses (ChPV) and turkey parvoviruses (TuPV) are suspected to play a significant part
in the runting-stunting syndrome (RSS) in broilers and poult enteritis complex (PEC), respec-

tively.
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and indirect horizontal transmissions are the main
route of infection. If the litter is reused between
flocks, infection may build up and cause a more
severe disease in the newly placed birds than in the
previous batch. Wild birds are suspected to be
potential carriers. Analysis of wild turkey fecal
samples has revealed the presence of parvovirus-
like particles.

Clinical signs & lesions

Most infections occur during the first week of life
and clinical manifestations of the disease appear
between 7 and 28 days. Older birds will not show
signs of enteric disease, but will produce virus-
specific serum antibodies.

Under field conditions, it is difficult to determine
what part parvoviruses play in enteric diseases
since they are often isolated concomitantly with
other agents such as rotaviruses, reoviruses and
astroviruses. Loss of appetite, depression, impai-
red growth, poor feathering, watery diarrhea,
higher mortality, osteoporosis and bone deforma-
tion are some of the clinical signs associated with
syndromes such as RSS and PEC, in which parvo-
viruses may play a role.

The small intestines, and occasionally the ceca, are
pale and distended with mucus, gas and fluid feces.
Other secondary lesions such as stunted growth,
bad feathering, large quantities of litter in the giz-
zards and soft and flexible bones can be observed.

Microscopically, moderate to severe enlargement
of crypts and acute catarrhal enteritis in the duode-
num and jejunum can be seen. Intranuclear inclu-
sion bodies have also been reported within the
absorptive epithelial cells of the ileum. Positive
staining by indirect immunohistochemistry has
been detected in the epithelial and inflammatory
cells of the lamina propria of the duodenum and
jejunum, in follicules of the bursa of Fabricius, in
the liver and in the exocrine pancreas.

Diagnosis

A conventional polymerase chain reaction (PCR)
has been developed and found to be highly speci-
fic and sensitive. A real time PCR assay has also
been developed for quick detection of parvoviruses
in chickens. It proved to be more sensitive and less
arduous than the conventional PCR. Serologic
assays (ELISA) are also frequently used to confirm
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the presence of infection or to assess the immune
status of the birds. Electron microscopy may also
be used for diagnostic purposes.

Treatment & control

Although passive immunity may play a crucial
protective role in the first weeks of life, there are
no vaccines available. There is also no treatment
available. Therefore, good management and biose-
curity measures are recommended as for rotavirus
infections.

TURKEY TOROVIRUS INFECTION

Toroviruses have been reported in cases of enteri-
tis in many species such as humans, dogs, cattle
and pigs. In turkeys, the virus formerly known as
stunting syndrome agent has now been identified
as a turkey torovirus.

Etiology & epidemiology

Toroviruses are a part of the Coronaviridae family
and are classified in the Nidovirales order. They
are enveloped single stranded RNA viruses.

The prevalence of turkey toroviruses is unknown.
However, antitorovirus serum antibodies were
detected in turkey flocks in Israel and a study in
the United States has shown that about 30% of tur-
keys experiencing enteric disease were positive for
the virus. Therefore, turkey toroviruses may be
widely distributed.

The possible carrier state and transmission patterns
are currently unknown. Chickens and chicken
embryos are resistant to the infection.

Clinical signs & lesions

The infection usually occurs during the first three
weeks of life. Older turkeys are also susceptible to
infection. However, clinical manifestations may be
mild or absent. Clinical signs have a mean duration
of seven to ten days and include diarrhea, depres-
sion and litter eating, leading to flock unevenness.
Morbidity may be high, but mortality is usually low.

The intestines are pale, seem thin-walled and
contain watery and undigested feed material. The
ceca may be dilated with watery, frothy and brow-
nish contents. Histological changes are subtle. Little
to no loss of mature epithelial cells is observed.
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Diagnosis

A RT-PCR assay has been developed and used
under experimental conditions to detect turkey
toroviruses. Indirect fluorescence antibody (IFA)
assay, direct electron microscopy on fecal contents
and 1solation by inoculation of turkey embryos are
also possible means of diagnosis.

Treatment & control

No vaccines or treatments are currently available.
However, passive immunity has proven to help
control the severity and duration of the disease.
Like for other enteric conditions, good manage-
ment and biosecurity measures must be emphasi-
zed.

REOVIRUS INFECTIONS

Reoviruses have been isolated from many tissues
of chickens and turkeys showing different patholo-
gies such as arthritis, respiratory disease, immuno-
suppression and enteric diseases (see Chap.11.27 &
Chap.I1.39). They have also proven to cause syner-
gistic effects and enhanced pathogenicity with
other agents including chicken anemia virus,
Escherichia coli and infectious bursal disease
virus.

Etiology & epidemiology

Reoviruses belong to the Reoviridae family and
are a part of the Orthoreovirus genera. They are
non-enveloped double-stranded RNA viruses.
Chicken reoviruses differ from turkey reoviruses.
Genetically, the enteric reoviruses are the same as
those implicated in tenosynovitis in turkeys.

There exists a great variation in reovirus virulence,
with about 80-90% of strains being non-pathogenic
and others being moderately to highly pathogenic.

Reoviruses seem widely distributed among healthy
and clinically affected flocks. The common route
of contamination is direct and indirect horizontal
transmission. Reoviruses are resistant in the envi-
ronment.

Clinical signs & lesions
The virus alone has not been shown to cause

disease experimentally, but will cause enteric
disease when associated with other viruses.
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Affected birds showed diarrhea, ruffled feathers
and depression.

Gross lesions are non-specific. The most common
lesions are watery and frothy intestinal contents. In
some cases, atrophy of the bursa of Fabricius has
been described.

Microscopic lesions consist of mild crypt hyper-
plasia, infiltration of lamina propria and moderate
to severe lymphoid depletion in the bursa of
Fabricius. Mild lymphoid depletion in spleen and
lymphocytic infiltration of liver, hearth, proventri-
cule and pancreas may also be seen.

Diagnosis

Several RT-PCR assays exist. However, the most
sensitive is a real time RT-PCR in which viral load
can be quantified. Virions can also be detected by
electron microscopy. Some ELISAs are commer-
cially available for easy detection of reovirus spe-
cific antibodies in chickens.

Treatment & control

There are no effective vaccines or treatments. Due
to its ubiquitous nature, good management and
biosecurity measures may currently be the best
mean of control.

AVIAN ENTEROVIRUS-LIKE VIRUS INFEC-
TIONS

The term enterovirus-like applies to viruses found
in the gut of poultry that have not yet been fully
characterized.

Etiology & epidemiology

Enteroviruses are a part of the Picornaviridae
family, which are non-enveloped single-stranded
RNA viruses. Due to antigenic similarities with
avian nephritis virus, several enterovirus-like
viruses (ELV) may be reclassified among astrovi-
ruses in the future.

Enteroviruses have been detected in a number of
avian species. They have been identified in com-
mercial birds such as turkeys, chickens, pheasants,
guinea fowls and partridges, and in wild birds such
as cockatoos, galahs and ostriches. Enteroviruses-
like infections have been described in many coun-
tries and continents.
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The most common route of transmission seems to
be horizontal, through ingestion of infected fecal
material. Indirect transmission through contamina-
ted objects and mechanical vectors such as dar-
kling beetles may also be a possibility. Vertical
transmission is suspected since the detection of an
ELV from meconium of a dead-in-shell chicken
embryo.

Clinical signs & lesions

The disease usually occurs in the first week of life.
Under field conditions, ELVs are often found in
mixed infections. Diarrhea, decreased feed conver-
sion, and stunting of growth lead to uneven flocks.
Higher mortality may also be observed.

In one study, co-infection of turkeys with an ELV
and a rotavirus produced more severe clinical signs
and lesions than those observed in poults that recei-
ved either inoculum alone.

Experimentally, the ceca were thin-walled, dilated
and filled with yellowish frothy fluid. The serosa
of the gastrointestinal tract was pale and catarrhal
secretions were found in the small intestines. In
addition of various degrees of villous atrophy,
crypt elongation was observed in the small intes-
tine. These lesions suggest that diarrhea is caused
by nutrient malabsorption which leads to osmotic
attraction of water into the small intestine.

Diagnosis

Avian ELVs are mainly diagnosed by direct or
immune transmission electron microscopy (TEM)
of fecal or intestinal samples. Also, an ELISA has
been used for the detection of turkey ELVs. It is
reported to be sensitive and specific.

Treatment & control

There are currently no effective treatments or vac-
cines available. Control of infection may be effec-
tive by applying basic biosecurity measures and
good management strategies.
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PEMS + PEMS -
Avastrovirus Astrovirus + 8 12
Astrovirus - 3 21

Tabl.29.1: Cross-tabulation of PEMS and astrovirus status (deter-
mined using RT-PCR) for 44 turkey flocks (11 PEMS positive and
20 Astrovirus positive). Fisher’s Exact Test - p = 0.078.
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Fig.29.1: Phylogenetic tree of astrovirus whole genomes
from selected mammalian and avian species.

SL Schultz-Cherry

e

SRl A e b A hra e

SL Schultz-Cherry

MLV R TERERL A Y . - .
ntrol or turkey astrovirus-2 (TAstV-2) infected poults at 3 days post-infection as visua-

i=ig.29.3, 29.4,29.5 & 29.6: Intestines from co
lized microscopically by hemaltoxylin & eosin (Fig.29.3 & Fig.29.4) or grossly (Fig.29.5 & Fig.29.6). Although only minor histologi-
cal lesions are seen, the intestines from TAstV-2-infected birds are clearly thin-walled, distended, and fluid filled.
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29. ASTROVIRUS INFECTIONS

INTRODUCTION

Astroviruses are a family of viruses affecting many
avian and mammalian species. In birds, the avastro-
viruses fall into two genogroups, Avastrovirus 1 and
IT that have been associated with enteritis, hepatitis,
and nephritis. But it is their possible role in the
poult enteritis complex (PEC), in particular the
poult enteritis mortality syndrome (PEMS), that has
drawn the most attention over the last 18 years;
although the first report of astroviruses linked to
intestinal problems in young turkeys actually dates
back to 1980.

ETIOLOGY & EPIDEMIOLOGY

Astroviruses, as the name implies, are small star-sha-
ped viruses with five to six pointed surface projec-
tions. However, this morphology is only observed in a
small percentage of particles by immune electron
microscopy. Astroviruses are non-enveloped RNA
viruses found in many parts of the world, mainly in
young birds less than five weeks old. Although more
prevalent in poults with enteritis, it can be isolated
from healthy birds. In fact, recent studies have shown
that, at the flock level, the vast majority of chicken
flocks, and up to 100% of turkey flocks in a given
region may be infected with astroviruses. They are
commonly associated with the runting-stunting syn-
drome of broilers (although a recent study indicates
that a parvovirus may also be linked to this syndrome),
and enteritis in guinea fowl. Astroviruses have also
been associated with stunting and pre-hatching morta-
lity in duck and goose embryos.

To date, six different avian astroviruses have been
confirmed: two of turkey-origin (TAstV-1 TAstV-
2); two of chicken-origin [Avian Nephritis Virus
(ANV) and Chicken Astrovirus (CAstV)]; and two
of duck-origin (DAstV-1 and -2). The molecular
characterization of these viruses shows wide gene-
tic variability among each type, and this variability
influences the ability to detect them by molecular
and serological techniques (see the phylogenetic
tree of fig.29.1).

Astroviruses are transmitted horizontally via the
fecal-oral route. Vertical transmission is suggested
based on field observations for the astrovirus asso-
ciated with avian nephritis. Morbidity can be eleva-
ted, while mortality is normally low unless other
pathogens are present. Indeed, it is not unusual to
simultaneously detect astroviruses with rotaviruses,

reoviruses, coronaviruses and adenoviruses type I
in broiler chicken flocks. The same has been obser-
ved in turkeys affected with PEC.

In a study conducted in three different American
states, diagnostic investigations compared PEMS
positive turkey flocks to PEMS-free flocks raised at
the same time and in the same regions. Although
not significant at p-value < 0.05, there seems to be
an association between PEMS and astrovirus status
(see Tabl.29.1). Figure 29.7 also shows that flocks
found to be infected with astrovirus had, on ave-
rage, about double the mortality rate.

Astroviruses are extremely environmentally stable
and resistant to most disinfectants. They are not
inactivated by phenolics, acidic pH, detergents,
ambient temperature, quaternary ammonia, and
most alcohols. Only a few disinfectants, such as
formaldehyde, B-propriolactone, 90% methanol,
and potassium peroxymonosulfate can destroy this
virus.

CLINICAL SIGNS & LESIONS

In turkeys, clinical signs are normally noted before
six weeks of age (mainly 1 to 3 weeks) and may
last up to 12-14 days. They include diarrhea, listle-
ssness and nervousness. In turkeys, growth
depression often follows the initial clinical signs.
It is, at least in part, a consequence of decreased
intestinal absorption in infected poults.

Astroviruses in chickens have been mainly associa-
ted with mild stunting. An exception would be
avian nephritis, a rare acute condition. Normally,
chickens infected with the avian nephritis virus
(ANV) remain subclinical (detected by RT-PCR
mainly in Japan, China, Africa, Europe, and the
United States). Under field conditions, the clinical
expression will vary from a runting syndrome to
death caused by nephropathy and visceral gout.

In ducks, astroviruses have been associated with
hepatitis, which can be fatal. They have been
confirmed in what is called Duck Hepatitis Virus
(DHV) type 1II [to differentiate this condition from
Type I caused by picornaviruses (see Chap.VI.90)].
DHYV type II is an astrovirus also known as duck
astrovirus-1, (DAstV-1). To date, this disease has
only been reported sporadically in England and
China. It occurs in ducklings from 10 days to 6
weeks of age (mature ducks are not affected), and
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Fig.29.7: Weekly mortality comparison based on astrovirus status determined by RT-PCR. Average % mortality for 11 astrovirus
positive flocks versus 33 astrovirus negative flocks. Note elevated mortality for astrovirus positive flocks at 2 and 3 weeks of age.

JY Ferré

SL Schultz-Cherry

Fig.29.8: Age-matched poults 12 days post TAstV-2 (left) or Fig.29.9: Observations of PEMS in the field in France.

saline (right) inoculation.
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Fig.29.10 & 29.11: Commercial turkey flocks with poult enteritis mortality syndrome. Note the severe stunting in some birds.
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causes lesions similar to those of DHV type I.
Death may occur in an hour to four days after the
onset of clinical signs, including loose droppings,
polydypsia, excessive urate excretion and nervous
signs (convulsions, opisthotonos). Recent studies
have shown that another astrovirus, reported to date
only in the United States, and different from DHV
type II astrovirus, can also cause hepatitis. It is
named Duck Astrovirus type 2 (DAstV-2).

In turkeys at necropsy, typical observations are
dilated ceca with yellowish frothy content and
gaseous fluid. The overall intestinal track shows a
loss of tone (intestinal wall is thinner than normal).
Diarrhea is partly attributed to the osmotic effect of
undigested and unabsorbed nutrients drawing water
to the lumen of the intestine. Microscopically, a
crypt hyperplasia is noted in the small intestine, but
no villous atrophy; although a mild shortening of
the villi has been noted in some experiments.
Changes occur as early as one day post-infection.
Viral replication is limited to the intestine. But a
transient viremia has been observed three days
post-infection under experimental conditions.
There is a lack of inflammatory response and overt
tissue damage to this pathogen. It seems that peri-
pheral blood lymphocytes are much less responsive
in infected compared to control birds.

Chickens affected with the ANV show lesions lar-
gely limited to the kidney. Epithelial cells of the
proximal convoluted tubules are necrotic.
Granulocytes are present, as well as a lymphocytic
infiltration in the interstitium with some fibrosis.
Visceral urate deposits are generalized in chicks
dying from this condition.

In ducks, lesions are mainly observed in the liver
and kidneys. The liver is pale with small hemor-
rhages that may form bands. The spleen is enlarged
with pale foci. Kidneys are often swollen with a
prominent vascularization. Small hemorrhages may
be noticed in the intestinal wall and on the heart fat.

DIAGNOSIS

Diagnosis can be made by observing aggregates of
typical astrovirus particles by immune electron micro-
scopy. Other diagnostic tools include antigen capture
enzyme-linked immunosorbent assays (AC-ELISA)
and reverse transcriptase polymerase chain reaction
(RT-PCR) or real-time RT-PCR. The latter procedure
is typically used on a pool of feces from three to five
birds per flock. The RT-PCR is a very sensitive and
specific test. However, given that most chicken and
turkey flocks become infected, unless a specific strain
is found to be associated with clinical signs, and assays
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can be developed to identify it, confirming the pre-
sence of the infection may be of little value. Although
testing for astroviruses in the context of trying to iden-
tify all pathogen combinations that might be associa-
ted with a repeat PEC on a given site may have merit.

Confirmation of diagnosis in cases of avian nephritis
requires demonstrating the presence of ANV antigens
by immunohistochemistry or viral RNA by in situ
hybridization.

For duck hepatitis, an indirect ELISA has been deve-
loped. Electron microscopy is also used.

TREATMENT & CONTROL

No vaccine or treatment exists for chicken broilers
or poults. Some recent reports suggest that vaccina-
ting chicken breeders may offer some protection
from the runting syndrome for progeny. Like for
any other enteric conditions, good management
practices (good ambient temperature, litter mana-
gement, etc.) may reduce the impact of the infec-
tion on flock performances (see Chap.IV.72 on the
PEMS). Emphasis should be placed on thorough
cleaning and disinfection with a downtime of at
least two weeks between flocks.

It seems that DHV type II and III infections could
be controlled by the use of live attenuated vaccines
given to breeder ducks to confer passive immunity
to progeny. However, although tested experimen-
tally, these vaccines have yet to be commercially
available. None have been developed against ANV
in chickens, largely due to the high level of antige-
nic diversity.
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Fig.30.1: Chick with dermatitis naturally Fig.30.2 & 30.3: Gangrenous dermatitis resulting from secondary bacterial infections
infected with CIAV. is often observed. Skin lesions usually develop on the wings as seen in “blue wing
disease”.

Fig.30.4, 30.5 & 30.6: Skin lesions may also appé‘ar on othér p;rt
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Fig.30.7 & 30.8: Intramuscular hemorrhages in chicks with C
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hages in the gizzard with CIAV. ' Fig.30.10: 3 spleens decolored by anemia with CIA.
Compare with the normal spleen at the top on the
right.
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30. CHICKEN INFECTIOUS ANEMIA

INTRODUCTION

Chicken infectious anemia virus (CIAV) was
first isolated in 1979 and since then, it has been
detected in chickens all over the world. CIAV is
classified in the family of Circoviridae, genus
Gyrovirus based on its size and genomic fea-
tures.

ETIOLOGY & EPIDEMIOLOGY

Chickens are the target hosts for CIAV and the
virus has not been identified in other avian spe-
cies although antibodies have been detected in
Japanese quail. Outbreaks of chicken infectious
anemia (CIA) are limited to the progeny of bree-
der flocks that lack immunity at the onset of egg
production because maternal antibodies are pro-
tective against the development of anemia in
chicks.

Although antibodies prevent the development of
clinical disease, they reduce but do not prevent
either vertical or horizontal transmission of
CIAV. Horizontal transmission of CIAV occurs
directly via oral or respiratory inoculation and
vertical transmission can be by either infected
dams or sires.

CIAV is extremely resistant to inactivation by
drying and chemical disinfectants and can per-
sist in poultry environments for weeks to months
and possibly years.

CLINICAL SIGNS & LESIONS

Clinical disease occurs in chicks infected before
they reach 3 weeks of age or in immunosuppres-
sed chickens. Infection in immunocompetent
chickens does not result in detectable lesions
although immune dysfunction, decreased weight
gain, feed conversion, and livability can be mea-
sured. Chicks with CIA develop severe anemia
(hematocrit less than 27%), pancytopenia, and
immunosuppression that may result in secondary
infections. Atrophy of the thymus, and pale bone
marrow are the most characteristic lesions of
CIA although bursal atrophy is often observed in

clinical cases. Both the medulla and cortex of
the thymus are typically atrophied and cells of
all hematopoietic lineages in the bone marrow
are depleted resulting in the pale bone marrow
observed in the clinical presentation of CIA.

Cutaneous, intramuscular, and mucosal
hemorrhages are often, but not always, seen in
affected chicks. The cause of the clotting disorder
associated with CIAV infections is at least par-
tially explained by a thrombocytopenia after the
destruction of hemocytoblasts in the bone mar-
row. Damage to endothelial cells and diminished
liver function may be important in the pathoge-
nesis of the hemorrhagic syndrome.

CIAV is a lymphotrophic virus and infected lym-
phocytes have been detected in virtually all
organs. Small, eosinophilic, intranuclear inclu-
sion bodies have been observed in lymphocytes
in the thymus, bursa of Fabricius, spleen, and
other organs and in lymphocytes and hemocyto-
blasts in the bone marrow of infected chicks.

CIAV infections are an important part of several
multifactorial disease complexes. One example,
blue wing disease causes mortality in chickens
between 12 and 20 days of age. Gangrenous der-
matitis of the skin and underlying muscles and
severe depletion of thymic and bursal lympho-
cytes are the characteristic lesions of this
disease. This syndrome has been experimentally
reproduced with agents isolated from field cases,
including CIAYV, avian reovirus, and bacterial
pathogens. CIAV may play a similar role in the
pathogenesis of gangrenous dermatitis, inclusion
body hepatitis, chondronecrosis, and amyloid
arthropathy.

CIAV interferes with vaccinal immune responses
and has been implicated in acting synergistically
with other disease agents including Marek’s
disease virus, cryptosporidiosis, avian reovirus,
infectious bursal disease virus and others. The
mechanisms of these interactions have not been
determined.
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Fig.30.12 & 30.13: Thymic atrophy, histology. Normal thymus on
the left, cortical and medullary depletion of lymphocytes in the
thymus of a CIAV-infected bird on the right.
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Fig.30.11: In the field, the diagnosis of CIA is made by observa-  Fig.30.14 & 30.15: Bone marrow atrophy, histology. Normal
tion of the atrophy of thymus and of bone marrow. Compare the  bone marrow on the left and atrophy of bone marrow with hypo-
infected chick on the left with the normal chick on the right. plasia of both erythroid and myeloid series cells in a CIAV-infec-
ted chick on the right.
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Fig. 30 16 CIAV (Chlcken) Lymphoide depletlon in the bursa Fig.30.17: Splenlc intranuclear inclusions. EOSInOphIlIC intranu-
of Fabricius. clear inclusions typical of CIAV in lymphocytes (arrows).
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DIAGNOSIS

CIAV is ubiquitous and can be detected in most
chickens so infection and disease must be diffe-
rentiated when making a diagnosis. CIA can be
tentatively diagnosed on the appearance of clini-
cal disease in chicks less than 3 weeks of age
although the signs can be misleading and a
concrete diagnosis should be made by correla-
ting clinical disease in chicks with breeder anti-
body titers. Lesions similar to those seen with
CIA can be observed in cases of Marek’s
disease, reticuloendotheliosis and in some cases
of infectious bursal disease and these diseases
should be considered in a differential diagnosis.

Antibodies to CIAV can be detected with indi-
rect immunofluorescent or immunoperoxidase
assays on cell cultures infected with CIAV. Virus
neutralization studies have also been described
and are widely used. Unfortunately, not all
strains of chickens develop measurable antibo-
dies in response to infection with all CIAV
strains. And not all infections result in serocon-
version at all ages. CIAV can be directly detec-
ted in infected tissues with electron microscopy,
PCR on lymphocytes, in situ hybridization on
blood smears and formalin-fixed tissues. Several
methods of isolating CIAV have been described

: = 'S "~ — >
Fig.30.18: It is possible to confirm the anemia with hematocrit tubes showing low Packed
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including embryo inoculation, in vitro inocula-
tion of chicken mononuclear cells, and isolation
in cell culture.

TREATMENT & CONTROL

Many breeders are vaccinated with a live, atte-
nuated vaccine, to ensure adequate antibody
titers will be passed to progeny to prevent clini-
cal CIA. Modified live vaccines cause subclini-
cal infections and, therefore, cannot be used for
all flocks. Prevention is the best approach to
reducing CIAV prevalence since there are no
known strategies to eliminate the virus from
infected flocks. Specific pathogen-free chicken
flocks attempt to remain free of CIAV infection
through the use of strict biosecurity procedures.

REFERENCES

Adair BM. Immunopathogenesis of chicken ane-
mia virus infection. Dev Comp Immunol, 2000,
24:247-55.

Cardona C. L'anémie infectieuse du poulet.
Médecin Veét. Québec, 2000, 30:202-205.

Schat KA & van Santern VL. Chicken infectious
anemia, In "Diseases of Poultry", Ed DE
Swayne, 13th ed. Wiley-Blackwell, 2013, Pp.
248-264.

D Venne

Cell Volume (15% to 22%) in 2 naturally infected birds with CIAV compared to a normal

(35%) on right.
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Fig.31.1, 31.2 & 31.3: Cutaneous lesions of fowlpox. The lesions vary accordin
pustules or crusts.
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Fig.31.4, 31.5 & 31.6: Cutaneous lesions of fowl

pox finally form crusty scabs (fowls).
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Fig.31.7: Cutaneous lesions of fowlpox can be seen on the fea-
therskin (Chicken).

Fig.31 .9: Lesions of wet pox in oral cavity (Turkey).
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31. FOWLPOX

INTRODUCTION

Avian pox is a common viral disease of domestic
birds (chickens, turkeys, pigeons, and canaries). It
is a slow spreading disease characterized by the
development of proliferative skin lesions (cuta-
neous form) and/or upper digestive and respiratory
tract lesions (diphtheritic form). The causative
agent is a double-stranded DNA virus of the genus
Avipoxvirus of the family Poxviridae. Fowlpox
virus is the type species of the genus Avipoxvirus.
Other members of this genus are canarypox, junco-
pox, mynahpox, pigeonpox, psittacinepox, quail-
pox, peacockpox, penguinpox, sparrowpox, star-
lingpox and turkeypox viruses. Avianpox viruses
have a restricted host range, infecting only avian
species.

ETIOLOGY & EPIDEMIOLOGY

Avianpox viruses are distributed worldwide in
poultry, pet birds, and wild birds. In some areas the
disease is usually more common during summer
months when the mosquito population is high.
However, in large poultry operations, especially in
multiple age complexes, fowlpox may occur
during any time of the year. In recent years the epi-
demiology of fowlpox in many areas has changed
because of an increasing concentration of poultry
in large complexes, retention of layer flocks for a
second cycle of production, and maintenance of
multiple age birds.

Overall, poxviruses can withstand extreme envi-
ronmental conditions and remain viable in dried
scabs for extended periods. Scabs shed by the reco-
vered birds may contaminate soil, food and water.

Small abrasions in the skin or mucous membranes
allow the entry of the virus since it is unable to
penetrate unbroken tissue. Skin lacerations as a
result of cannibalism, fighting or preening may
assist in the entry of the virus. Insects such as mos-
quitoes act as mechanical vectors to transfer the
virus from infected to susceptible birds. In addi-
tion, oral and respiratory infections may occur by
exposure to aerosols present in contaminated envi-
ronments especially in concentrated housing. In
this regard, inhalation of virus-laden dust which
may contain particles of feathers, skin, or scabs
provides an important route for virus exposure.

Transmission is facilitated by the housing of a
large number of birds in close quarters. Since the
disease spreads slowly, the virus may circulate in
the susceptible population for a considerable time.
This is a common occurrence where multiple age
chicken flocks are maintained.

CLINICAL SIGNS & LESIONS

Generally, the disease occurs in two forms, cuta-
neous and diphtheritic, although a systemic form
of infection may occur. Systemic infections in
canaries caused by canarypox virus are common
with high mortality.

The cutaneous form is characterized by the deve-
lopment of lesions on the comb, wattles, angle of
the beak, feet, vent and other areas of the skin. The
lesions on the eyelids or around the beak may
interfere with vision and feeding. In such birds
productivity is reduced. There is poor feathering in
young birds and a transient drop in egg production
may also occur in layers.

In the diphtheritic form of the disease clinical signs
vary depending upon the location and severity of
the lesions. Lesions in the trachea, pharynx, and
sinuses interfere with breathing. High mortality
occurs due to suffocation resulting from blockage
by tracheal lesions. Clinically, respiratory tract
lesions simulate signs caused by other respiratory
pathogens, especially infectious laryngotracheitis
virus in chickens.

Cutaneous, diphtheritic and/or systemic forms of
the disease may be present in a single bird. Flock
mortality due to cutaneous infections alone is
usually low and those flocks generally return to
normal productivity upon recovery. Among pet
birds, infections often occur in large aviaries of
canaries and the disease is likely to be enzootic.

DIAGNOSIS

The most commonly used method for diagnosis of
avianpox virus infections is the histopathologic
examination of the lesion for the presence of cyto-
plasmic inclusion bodies. Since similar clinical
signs involving the respiratory tract in chickens
can be caused by infectious laryngotracheitis virus,
rapid differential diagnosis of the disease becomes
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Fig.31.10: Cutaneous lesions of Fig.31.11 & 31.12: FThe conjonctival mucosa, affected by the pox virus, is often the gateway for
fowlpox can be generalized. further contamination (Escherichia coli, Staphylococcus spp., etc.) and development of compli-
cations.
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Fig.31.13, 31.14 & 31.15: Diphteritic fowlpox lesions are pale colored plaques growing on the mucous coats of the upper respira-
tory tract (buccal and nasal cavities, the sinuses, the larynx, the trachea) or the esophagus.

HJ Barnes
HJ Barnes

Fig.31.16: Fowlpox on the trachea. Fig.31.17: Pox. Diphteritic Iesions"i.r_fa breeder turkey.
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very important. Infection by infectious laryngotra-
cheitis virus is characterized by the histopathologi-
cal demonstration of intranuclear inclusion bodies
in the respiratory tract epithelium.

Localized proliferations of epithelial cells charac-
terized by hyperplasia and hypertrophy is an
important feature of avianpox virus infections. The
basal germinal layer of cells in the epithelium
shows an increased rate of multiplication.
Histopathological examination of the affected der-
mal and mucous membrane epithelium shows mar-
ked hyperplasia with enlargement of the cells and
associated inflammatory changes. The infected
cells reveal presence of eosinophilic cytoplasmic
inclusion bodies when stained with hematoxylin
and eosin. These inclusion bodies are often refer-
red to as Bollinger bodies and contain the viral par-
ticles or elementary bodies also known as Borel
bodies.

Viral particles exhibiting typical poxvirus morpho-
logy can be detected by electron microscopic exa-
mination of negatively stained lesion suspensions
or in ultra thin sections of the lesions. They consist
of an electron-dense, centrally located biconcave
dumbbell-shaped core or nucleoid containing the
viral genome and two lateral bodies in each conca-
vity which are enveloped by one or more mem-
branes.

Avian pox viruses can be propagated on the cho-
rioallantoic membranes (CAM) of 9-12 day-old
developing chicken embryos. Virus inoculated
embryos are incubated at 37°C in a humidified
atmosphere for 5 to 7 days. The CAMs are exami-
ned for lesions. The lesions are characterized either
by marked thickening of the membrane or by indi-
vidual pocks of various sizes. Primary or secon-
dary cells of avian origin will support growth of
some avianpox viruses. In this regard, chicken
liver (LMH), quail fibroblasts (QT-35) and quail
liver (IQ1A) have been used for propagation of
these viruses.

Cloned genomic fragments of fowl poxvirus can be
used effectively as nucleic acid probes for diagno-
sis. In this procedure, viral DNA isolated from
lesions is hybridized either with 32P-labeled or
nonradioactive-labeled genomic probes. This
method is especially useful for differentiation of
the diphtheritic form of fowl pox from infectious
laryngotracheitis when tracheal lesions are present.

FOWLPOX @ 211

While cloned genomic fragments as probes and
specific primers for amplification of genomic
fragments by polymerase chain reaction (PCR)
can be used for diagnosis, these procedures are not
routinely performed.

IMMUNE RESPONSE

Cross protection among avianpox viruses is varia-
ble although these viruses exhibit an extensive
degree of serologic cross-reactivity. Attenuated
fowlpox virus vaccines of chicken embryo or cell
culture origin have been used extensively for pre-
vention of fowlpox in chickens and turkeys.

Canarypox virus vaccine is used exclusively in
canaries and quailpox virus vaccine is required for
quails. Birds recovered from natural pox infection
are immune to reinfection with that strain.

A natural infection or vaccination is followed by
both cell-mediated and humoral antibody responses.

Cell mediated immune responses are detected ear-
lier than the humoral responses. Although not com-
monly practiced, serologic detection of infection
may be important in experimental studies and for
measuring the immune responses following vacci-
nation.

Antibody response can be measured by agar gel
precipitation (AGP), passive hemagglutination,
immunoperoxidase (IP) and enzyme-linked immu-
nosorbant assays (ELISA). ELISA has become the
most common method for evaluation of immune
responses. Some tests, e.g., IP, indirect immuno-
fluorescence (IFA) and AGP, can also be used to
detect viral antigen in the lesion(s). Antigenic dif-
ferences among isolates can be determined by
immunoblotting, cross-protection tests and virus
neutralization assays.

TREATMENT & CONTROL

Actively acquired immunity against avian poxvi-
ruses results after recovery from natural infection
or vaccination. Live modified vaccines of fowlpox
and pigeonpox virus origin are used for the immu-
nization of commercial poultry. The vaccine is
administered by wing-web stab or by rubbing the
vaccine on the thigh after pulling a few feathers.
Similarly, modified live vaccines of pigeonpox and
turkeypox origin are also available commercially.
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Fig.31.22: Pox (Pigeon). Hyperplasia and necrosis of the epithe-
lium.

Fig.31.21: Pocks are seen on the CAM.
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The viruses are propagated either in CAMs or pri-
mary chicken embryonic or secondary avian cell
cultures. If the vaccine is properly applied to sus-
ceptible birds, immunity will normally develop
within 10 to 14 days after vaccination. Vaccination
is also indicated for young birds and those introdu-
ced on premises where an infection was diagnosed
during the previous year. In areas where pox is pre-
valent, vaccination may be required to protect
birds from virus present in outside sources such as
neighboring flocks.

inclusion bodies (arrows).

DN Tripathy

Fig.31.23: Microscopic lesion of the skin showing cytoplasmic
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Fig.31.24: Microscopic lesion of the skin showin the formation
of a vesicle on the eyelid of a canary.
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Fig.31.26: Antigenic
differences  among
fowlpox virus strains
by Immunoblotting.

Fig.31.25: Ultrathin sec-
tion of diphtheritic lesion
showing fowlpox virus
particles.
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Fig.32.1: Infectlous bursal dlsease virus is the etio- Fig.32.2: Clinical signs during the acute Fig.32.3: IBD. The feathers around
logic agent of infectious bursal disease. The virus phase of IBD. Depression, prostration, ano- the vent are usually stained with
contains a double-stranded RNA genome and two rexia, ruffled feathers and reluctance to feces containing plenty of urates.
major structural proteins, VP2 and VP3. move.
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Fig.32.4 & 32 5: IBD Bursa from chlckens mfected wrth a variant straln of IBDV at four days post-exposure compared to bursa

from un-infected control chickens.
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F|g 32.6,32.7,32.8 & 32.9: IBD. In the beglnnlng of the infection, the bursa is enlarged edematous and covered with a gelatinous trans-
udate. Bursa lesions undergo various stages of serohemorrhagic to severe hemorrhagic inflammation.
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F|g 32 10, 32.11 & 32.12: IBD. Opening of the bursa confi rms an edema with petechlal hemorrhages (Fig.32. 10) In some cases the bursa
is filled with coagulated fibrinous exudate that usually forms casts with the shape of mucosal folds (Fig.32.11 & Fig.32.12).
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~ Viral diseases
INFECTIOUS BURSAL DISEASE

32.

INTRODUCTION

Infectious bursal disease virus (IBDV) causes an
immunosuppressive disease in young chickens.
The virus replicates in the bursa of Fabricius and
destroys B lymphocytes. The virus also causes a
significant reduction in the functions of T-cells.
Many studies have demonstrated that IBDV indu-
ced immunosuppression exacerbates or is the
underlying cause of other poultry diseases.

Infectious bursal disease (IBD), or Gumboro
disease, has been observed in chickens since 1957.
Birds that survive the disease are permanently
immunosuppressed. Therefore, they are more sus-
ceptible to other disease causing agents and do not
respond adequately to vaccinations which are
essential to today's intensive poultry management
programs.

The bursa of Fabricius (BF) is the primary target
organ of IBDV. The virus replicates in the imma-
ture bursa-derived lymphocytes (B lymphocytes)
of chickens. The humoral (antibody) immune res-
ponse of susceptible chickens infected with IBDV
at a young age is significantly compromised. The
cellular immune response is also compromised
during an IBDV infection.

Infectious bursal disease has only been documen-
ted in chickens albeit other avian species can
become infected. The disease in chickens takes
several forms and can range from a sub-clinical
form with immune suppression but little or no
disease signs to a very virulent form characterized
by high morbidity and mortality.

ETIOLOGY

Infectious bursal disease is caused by a virus
designated IBDV that belongs to the Avibirnavirus
genus. Serotypes 1 and 2 of the virus are recogni-
zed however only serotype 1 viruses are known to
cause disease in chickens. Within serotype 1, seve-
ral antigenic subtypes of the virus have been iden-
tified. These antigenic subtypes of serotype 1 have
been generally designated classic and variant. The
classic virus types were isolated and characterized
prior to the year 1980. Since that time, IBDV
strains that were determined to be antigenically
different from these classic viruses were characte-
rized and designated antigenic variants. A third
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group of viruses was identified based on their
pathogenicity. This group was designated very
virulent (vvIBDV) because they can cause very
high mortality in susceptible chicken flocks.

Studies using monoclonal antibodies and molecu-
lar sequence analysis have demonstrated that
within the classic group of IBDV, different antige-
nic types exist. Likewise, viruses placed in the
variant group were not identical in their sequences
or antigenic composition. Epidemiologic studies
indicate that a considerable amount of molecular
diversity exists among IBDV strains. This molecu-
lar diversity suggests that these viruses may also be
antigenically diverse but this has not been conclu-
sively demonstrated. It appears that if the amount
of molecular and resulting antigenic diversity is
minor, the chicken’s immune system will mount a
cross-reacting immune response to different IBDV
strains. This has led to the general classification of
classic and variant antigenic groups. The vwIBDV
strains are thought to fit into the classic virus
group, but recent studies demonstrated they too
may be an antigenically diverse group.

CLINICAL SIGNS & LESIONS

Several pathogenic types of IBDV have been
reported. Historically, the virus caused a clinical
disease characterized by high morbidity and low
mortality. The birds would appear depressed and
could have ruffled feathers and mild diarrhea.
Gross lesions include large edematous bursa (often
yellowish in color) and small hemorrhages in ske-
letal muscles. Histological lesions in the bursa
include severe lymphocyte depletion accompanied
by inflammation. Some birds may present an atro-
phy of the bursa, lesion usually seen 8 days after
the infection.

Sometimes, infections of IBDV result in a subcli-
nical disease that can go undetected except for the
resulting immunosuppression. Gross lesions in
these subclinical cases are restricted to small atro-
phied bursa. Histologically, the bursa is devoid of
lymphocytes.

Another pathogenic type of IBDV that has been
observed is characterized by high morbidity and
mortality. Viruses responsible for these outbreaks
are designated vvIBDV. In some cases, mortality
greater than 50% of the flock has been observed.
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Fig.32.13 & 32.14: IBD. Hemorrhags of burfsa (Fig.32.13). In  Fig.32. 15 IBD. The dead bll‘dS are dehydrated often W|th hemor-
some cases, the bursa is filled with blood clot (Fig.32.14). In this  rhages in the pectoral, thigh and abdominal muscles.
case, bird may excrete blood in their droppings.
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Fig.32.16, 32.17 & 32.18: Gumboro dlsease Petechial and echymotic hemorrhages are seen in bursa (Flg 32 16) thlgh and pectoral
muscles (Fig.32.17), and sometimes at the junction of the proventriculus and gizzard or in the intestine, particularly in the duodenum of
Fig.32.18 (Note also the nephritis). Hemorrhages are not a consistent lesion.
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Fig.32. 19 IBD. In some birds the kidneys appear sonIen and may contain urate deposits and cell debns that can be due to dehydrauon nd/or the
result of the blockage of the ureters by a severely swollen bursa (normal kidneys on the right).
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Gross lesions include enlarged bursa (often with
hemorrhages) and hemorrhages in muscle and
organ tissues.

DIAGNOSIS

Detection of IBDV in chickens or the environment
is very important because antigenic diversity
among wild-type strains can confound vaccination
control efforts. The identification of new antigenic
types of the virus has been examined using sentinel
birds with immunity to known antigenic types of
the virus. Viruses that replicate in these sentinel
birds must then be identified. Traditional methods
for the identification of IBDV include the agar-gel
precipitin assay and virus isolation in embryonated
eggs or cell culture. Although still widely used, the
sensitivity of the agar-gel precipitin assay is poor
and virus isolation is expensive and time consu-
ming. Furthermore, some wild-type viruses have
been very difficult to isolate and grow in cell cul-
ture. Isolation of viruses in embryonated eggs has
a greater likelihood of success.

Monoclonal antibody based assays have been used
to identify IBDV and provide information on their
antigenic composition. The antigen-capture
enzyme-linked immunosorbent assay (AC-ELISA)
is inexpensive and very accurate. Monoclonal anti-
bodies are used in this assay to determine the rela-
tedness of wild-type strains to known antigenic
types of the virus. Viruses that react with the same
panel of monoclonal antibodies are considered to
be antigenically related and should be cross-pro-
tective in a vaccination/challenge study.

Molecular diagnosis of IBDV has gained popula-
rity because it is more sensitive that any other diag-
nostic test for this virus. The reverse transcrip-
tase/polymerase chain reaction (RT/PCR) has been
used to identify IBDV by detecting the presence of
the viral genome. Various assays on these RT/PCR
products are then used to differentiate viruses. One
of these assays is the restriction fragment length
polymorphism (RFLP) assay.

Molecular assays for IBDV have provided valua-
ble diagnostic and epidemiologic information.
These assays have been used to detect all antigenic
and pathogenic types of IBDV. They can be used to
differentiate viruses into molecular groups, detect
multiple IBDV strains in a single sample, identify
vaccine strains from wild-type viruses, and iden-
tify vwIBDV. Because of the versatility of these
molecular assays, their results will vary depending
on the region of the viral genome being examined.
Thus, caution in choosing and comparing the
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results of molecular diagnostic assays is recom-
mended.

The ELISA can be used to detect IBDV-specific
antibodies. Several commercially available assays
exist and are used to determine the immune status
of a flock. These assays can be used to follow the
decline in maternal antibodies during the first seve-
ral weeks of life or to identify that a disease out-
break has occurred. The efficacy of vaccination
programs can also be monitored using the ELISA.
Because of the antigenic diversity among IBDV
strains, the performance of commercially available
ELISA kits can vary from one region to the next.
As a result, new antigenic compositions have
been incorporated into some ELISA kits. The
performance of these kits will also vary depen-
ding on the antigenic type of IBDV present in the
environment, so when choosing an ELISA kit
make sure it will adequately reflect the immune
status of the flock.

TREATMENT & CONTROL

Infection with IBDV is very common in all
chicken rearing regions of the world. The virus is
highly resistant to environmental conditions and
thus, its persistence in the environment can serve
as a continual challenge to chicken flocks.
Antibodies produced as a result of an IBDV vacci-
nation or infection will protect birds from the
disease. Thus, control of this immunosuppressive
disease is achieved by vaccination with live-atte-
nuated and/or inactivated viruses. Because the
immunosuppressive effects of an IBDV infection
are most pronounced in birds infected at a young
age, maternal antibodies transferred via the yolk
are used to protect chicks during the first several
weeks of life.

Vaccination of broilers has varied from no vacci-
nation to vaccination one or more times during
the life of the bird. Maternal antibodies in broilers
will decline appreciably by the end of the second
week of life. At that point, broilers become suscep-
tible to field strains of the virus unless some vacci-
nation program is instituted. The rationale for not
vaccinating broilers is that maternal antibodies are
sufficient for protection of the very young chickens
and while the quantity of maternal antibodies is
declining, the birds are challenged with field
viruses leading to development of active immunity.
Vaccination may be warranted when this balance
is offset by high quantities of pathogenic virus in
the environment or wild-type viruses that are
antigenically different from the vaccine viruses
being used in the breeder flock.
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Fig.32.20 & 32.21: Histology of bursa of non-infected chickens at different F|g 32.22: IBD Hlstology of bursa of infected chlcken
magnifications. Histological lesions in the bursa will vary with the time of death: Infected follicle with heterophil infiltration. Compare
very few bursa lesions in birds that die acutely or severe lymphocyte depletion with normal follicles of Fig.32.21 with the same mag-
with significant inflammation in convalescent birds or those that experience a nification.
longer disease course.
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Fig.32.23: IBD. Extensive necrosis of bursal Fig. 32 24 & 32.25: IBD. Masswe destruction of Iymph0|d cells in the bursal follicles
follicular lymphoid cells, inflammation of fol- (Fig.32.24). This massive destruction of lymphoid cells in the bursal follicles lead to
licles, edema and heterophils in the connec- cysts formation within the follicles (Fig.32.25). The cysts are also characteristic of
tive tissue are typical lesions of the classical age-associated regression.

form of infectious bursal disease.
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Fig.32.26: IBD. Variation in the size of bursal follicles and irregular Fig.32.27: IBD. Bursal regeneration following injury with peri-
folding of the epithelium surface of the plicae are features of atro- pheral repopulation of follicles with lymphocytes.

phy. These changes also are characteristic of age-associated

regression.
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The virulence of live-attenuated IBDV vaccines
varies. Mild vaccines do not cause appreciable
damage to the bursa but their immunogenicity is
weak compared to intermediate and hot vaccines.
Intermediate and hot refer to higher degrees of
virulence and although these viruses are good
immunogens, they can cause bursa damage and
immunosuppression. The hot vaccines have been
used primarily to control vwIBDV infections and
intermediate vaccines seem to work better than
mildly virulent vaccines when maternal antibodies
are present.

Selection of the appropriate antigenic subtype for
vaccination of a chicken flock or breeder flock
(induction of maternal antibodies) must be based
on the antigenic subtypes of IBDV present in the
environment of the birds. This has been a difficult
task because the antigenic diversity of this double-
stranded RNA virus appears to be extensive.
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Fig.32.28: The RT/PCR-RFLP assay has been used to place
vaccine strains of IBDV into six molecular groups. Each group
is designated 1- 6, is distinguished by its molecular banding
pattern following digestion with BstNI (B) and Mbol (M)
enzymes. Molecular size markers (L) are shown for compari-
son.
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Fig.32.29: The AC-ELISA can be used
with monoclonal antibodies to identify anti-
genic strains of IBDV. A limitation of this
test is that antigenic drift has resulted in no
binding of the monoclonal antibodies in a
panel. New monoclonal antibodies for
these strains are necessary.

Fig.32.30 & 32.31: Inoculation of embryonated
eggs is used for the isolation and propagation of IBDV
field strains. Chicken embryos at 9 days of incubation
were infected via the chorioallantoic membrane using a
variant strain of IBDV. Seven days following inoculation,
the embryos were observed for lesions.
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Vaccination programs often fail when the antigenic
composition of the wild-type IBDV strains circula-
ting in the environment 1s different from the vac-
cine(s) being used in the breeder flocks. Thus,
diagnosis of the wild-type viruses is extremely
important to a successful control program for IBD.
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chicken  Fig.32.32: Molecular diagnosis of
IBDV using RT-PCR yields pro-
ducts that can be visualized using

agar gel electrophoresis.
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g.33.1: : Marek dlsease (MD) Para|y5|s Posture ch teristi ig9.33.2: MD..‘Aésetric sciatic nerve plexux enlargement,
fowl paralysis, one wing and one leg paralyzed. gnlarge)d sciatic nerve plexus (at top) compared to normal (at
ottom).
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Fig.33.3: MD. This enlargement is seen also in the sciatic nerve. Fig.33.4: MD. Enlargement of the pneumogastrique nerve.
Compare with the normal nerve (on top).
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Fig.33.5: MD. Lymphoid cell |nf|Itrat|on of iris, note irregular grey  Fig. 33.6: MD. Tumors in the spleen and liver (normal spleen is 1/3
iris. size of proventriculus).

F Coudert )

; _'.5 Flg 33.9: The cell-free MDV
' - / —z (enveloped form) released
Fig.33.7 & 33.8: MD. “Skin leukosis” involving skin foII|cIes Nodular lesions may involve a few s scat- from the feather follicle epi-

tered follicles or they may coalesce, often there is reddening of the skin. thelium is relatively resistant
to environmental factors and

is fully infectious.
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33. MAREK'’S DISEASE

INTRODUCTION

Marek’s disease virus (MDV) is a herpesvirus
(Gallid  herpesvirus 2 or GaHV-2, genus
Mardivirus) that causes tumors and immunosup-
pression in chickens. Turkeys, pheasants and quail
can also be affected. The disease is characterized by
infiltration of various nerve trunks and/or organs
with pleomorphic lymphoid cells. The introduction
of vaccination against Marek’s disease (MD) in the
1970s resulted in the first effective and widespread
use of a vaccine to prevent a virus-induced cancer
in any species.

Prior to the 1960s, MD infection usually resulted in
unilateral wing or leg paralysis, referred to as fowl
paralysis. However the intensification of poultry
production, with reduction of genetic diversity in
commercially produced poultry and changes in their
environment, may have favored the development of
new virus strains with increased virulence. The ini-
tial MDV vaccines, mainly serotype 3 herpesvirus
of turkeys or HVT (Meleagrid herpesvirus 1 or
MeHV-1) decreased losses. In the late 1970s MDV
isolates with increased virulence were isolated.
These isolates were able to break the protection
induced by the first generation of HVT vaccines,
especially those that were used as cell-free vaccine.
In Europe a serotype 1 vaccine, CVI988, was intro-
duced and when used in combination with HVT,
this vaccine is effective in field situations. In the
USA a serotype 2 SB-1 vaccine was introduced in
the 1970s and when used in combination with HVT,
this vaccine was successful at controlling losses.
However, new more virulent strains of the virus
continued to be isolated in the USA. In the 1990s
CVI988 vaccine was introduced in the USA and
when used in combination with HVT, this vaccine
has been effective.

Today poultry are vaccinated against MDV in
almost all commercial operations throughout the
world. Current MDV vaccines control field pro-
blems and reduce but do not prevent infection or
shedding. Thus there is a continuous virus reservoir
in vaccinated flocks, allowing for selection and
adaptation of new MDYV strains. The most virulent
strains (very virulent plus) produce an acute early
cytolytic infection with high early mortality and
severe atrophy of the thymus and bursa of Fabricius
in chickens. Recently there have also been docu-
mented field outbreaks of MD in commercial tur-
keys in France, Germany, Israel and the UK. The
estimated worldwide economic impact of the
disease is 1-2 billion US$ per year.

ETIOLOGY

MDV are cell-associated viruses, belonging to the
family Herpesviridae, the subfamily
Alphaherpesviridae subgroup Mardivirus. These
viruses are closely related antigenically, and are further
classified into three serotypes. Serotype 1 (MDV1)
viruses are oncogenic and the etiological agents of
MBD. Serotype 2 isolates are common in chickens and
are nononcogenic. The serotype 3 isolates are thought
to be ubiquitous in turkeys and are non-oncogenic. All
three serotypes are antigenically cross-reactive.

Serotype 1 strains can be divided into four groups
based on their apparent virulence and ability of dif-
ferent vaccines preparations to prevent tumors in
susceptible chickens. Mildly virulent strains
(mMDYV) cause only minimal lesions in susceptible
strains of chickens. Virulent strains (vMDYV) cause
more severe lesions, but are effectively protected
against by monovalent vaccines such as HVT. Very
virulent strains (vwvMDV) cause even more signifi-
cant pathology, and are protected against by bivalent
vaccines, such as HVT/SB-1. Finally, very virulent
plus strains (vv+MDYV) cause the greatest pathologi-
cal effects. Vaccination with HVT/CVI988 provides
improved protection against vv+MDYV strains.

MDYV is usually propagated and assayed in tissue
culture, embryonated eggs or young chicks.
Cultured chicken kidney cells or duck embryo fibro-
blasts prepared from 1-2 week-old chicks are best
for isolation and propagation of new strains.
Infected cultures develop discrete focal lesions,
consisting of clusters of rounded, refractile degene-
rating cells when mature. Virions are commonly
seen within the nucleus, and occasionally the cyto-
plasm of infected cells. Hexagonal nucleocapsids
(85-100 nm in diameter) and enveloped particles
(150-160 nm in diameter) may be visualized in thin
sections of infected cell cultures. The MDV virus
replicates in living cells and in its cell-associated
form, is very unstable. However, cell-free virus
released from the feather follicle epithelium (FFE)
is relatively resistant to environmental factors. Both
cell-associated and cell-free viruses are susceptible
to most common disinfectants.

EPIDEMIOLOGY

Many factors influence the incidence of MDYV; these
include age at exposure, genetic constitution, level
of maternal antibodies, virulence of the virus strain,
sex of the host and complicating factors such as
infection with other immunosuppressive agents.
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Fig.33.10: Schematic diagram showing the different stages of the pathogenesis of Marek’s disease.

Dinev - Ceva Santé animale
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adult bird can be very simi-
lar to that seen in lymphoid leukosis. Tumoral infiltration can be diffuse or nodular like in these two
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Initial infection and spread within the host occur by
direct cell-to-cell contact. The virus gains entry via
the respiratory tract and then travels to the major
lymphoid organs (spleen, thymus and bursa of
Fabricius). The mechanism of transfer from the res-
piratory tract to the lymphoid organs is not well
understood; however macrophages are thought to be
involved. By three days post infection, a productive-
restrictive infection can be detected in lymphoid
organs. The term productive-restrictive is used
because the infection is strictly cell-associated. The
early cytolytic infection occurs mainly in B-cells in
vivo and in most culture cells, where the virions pro-
duced are non-enveloped and thus non-infectious.
Cytolytic infection stimulates an inflammatory host
response, leading to activation of T-cells. In the pri-
mary lymphoid organs, productive-restrictive infec-
tion is characterized as an acute reticulitis with infil-
tration by macrophages and granulocytes.
Hyperplasia of reticular cells may occur, resulting in
splenic enlargement.

Following primary infection, herpesviruses typi-
cally switch to a latent form of infection and may be
reactivated periodically throughout the life of the
host. At about 5-7 days post infection with MDYV,
there is a switch to the type of infection seen in lym-
phocytes. While cytolytic infection involves mostly
B-cells with a few T-cells, latent infection occurs
predominantly in T-cells. These latently infected T-
cells bear /a antigen, indicating that they are activa-
ted T-cells. In the latent phase of MD, there is little
evidence of virus-associated antigens or virus parti-
cles in vivo, yet the virus can be recovered in vitro.
Expression of the viral genome is limited to a few
transcripts transcribed from the repeat regions of the
genome.

In susceptible chickens, a second wave of cytolytic
infection may occur at two to three weeks post
infection resulting in permanent immunosuppres-
sion. This productive-restrictive infection leads to
intranuclear inclusion body formation, cell destruc-
tion and necrotic lesion formation in epithelial tis-
sues including the kidney, proventriculus, and FFE.
Lymphocytes may become cytolitically infected at
these sites, as well as in the primary lymphoid
organs. Fully productive infection, which occurs
only in the FFE, results in the development of enve-
loped, fully infectious virions. The greatest concen-
tration of virions in the FFE can be found in samples
collected from chickens at three to five weeks post-
innoculation.

Transforming infection occurs in CD4+T-lympho-
cytes of chickens and has been demonstrated only
with virulent serotype 1 strains. Current research
indicates that one or more MDYV gene products
may act in concert with cellular factors to induce
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transformation. Analysis of MDV gene transcrip-
tion in MDV-induced lymphoma tissues and MDV-
transformed lymphoblastoid cells lines, demons-
trates that viral gene transcription is limited to the
repeats flanking the unique long and unique short
sequences. Thus, much attention has been focused
on identification and characterization of viral
transcripts encoded within these regions. Viral can-
didates for involvement in transformation include
Megq, vIL-8, pp38 and two small open reading
frames, pp14 and p7.

Fully productive infection results in shedding of
FFE containing virus; this is the source of infection
for other poultry. Infected birds may or may not
show signs of illness and may sporadically shed
virus throughout their lifetime. Infectious dander
can spread over long distances and is very conta-
gious. Vertical transmission through the egg does
not occur. Hatchery transmission through shell
contamination is unlikely due to adverse environ-
mental conditions.

CLINICAL SIGNS & LESIONS

Clinical signs of MD usually appear at about 3
weeks of age and peak between 2 and 7 months,
however they are of little help in establishing a
diagnosis. Multifocal lymphoid proliferation in a
variety of tissues begins as early as 1 week post-
infection, becoming progressively more pronoun-
ced and leading to fatal gross lymphomatosis. Birds
with visceral tumors may appear depressed and are
often cachectic prior to death.

Cellular infiltration of peripheral nerves, leading to
gross enlargement, loss of striation and paralysis is
a characteristic of classical MD. Birds with lym-
phoid infiltration of the peripheral nerves may
demonstrate asymmetric partial paralysis and/or
dilation of the crop due to vagal paralysis. MDV
can also infect the brain leading to transient paraly-
sis or persistent neurological disease. Blindness is
associated with lymphoid infiltration the iris. Skin
leukosis is usually associated with the feather folli-
cles. Nodular lesions may involve a few scattered
follicles or they may coalesce, often there is redde-
ning of the skin. Visceral tumors are the most fre-
quent lesions, however combinations of lesion pat-
terns are common. Tumors are common in the liver,
spleen, gonad, kidney, heart and proventriculus.

Microscopically, MD lymphomas are characterized
by a mixture of pleomorphic lymphocytes. Some of
these cells are probably true tumor cells that carry T-
cell surface antigens and a Marek’s tumor-associated
antigen; others are probably host T- and B-cells reac-
ting against viral or tumor antigens.
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Fig.33.18: MD. Lymphoma- Fig.33.19: MD. Multicentric MD tumours (arrows) promi- Fig.33.20: MD. Lymphomatous invol-
tous involvement of the heart nating or seen through the superficial and deep pectoral vement of the kidneys (Chicken).
(Chicken). muscles (Chicken).
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Fig.33.21: Typical cauliflower- Fig.33.22: MD. Marked asymmetry Fig.33.23: MD. Lymphomatous i
like appearance of the ovary, of testes in a cock following unila- (Turkey).
distinctive for MD (Chicken). teral lymphoid cell proliferation.
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Flg 33 24 & 33 25: Mlcroscoplcal Ie5|ons of MD in perlpheral nerves. On the left, type A Flg 33.26: MD. Extensive infi Itratlon of
lesions of brachial nerve characterized by marked cellular infiltration numerous prollfera- lymphocytes around blood vessels in the
ting lymphoblastic cells and no edema. On the right, pleomorphic lymphocytes in an neuropil of the cerebellum.
enlarged nerve.
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Fig.33.27: MD. Pleomorphic lymphocytes in a liver lymphoma Flg 33.28: MD PIeomorphlc Iymphocytes in a proventrlculus
(Turkey). lymphoma (Chicken).
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DIAGNOSIS

Marek’s disease is characterized by a mononuclear
infiltration of peripheral nerves, gonads, various
viscera, iris, muscle and/or skin. Although enlarged
peripheral nerves and visceral lymphomas are com-
mon in MD, neither lesion occurs consistently.
Criteria such as age (4-20 weeks, except in breeders
where MDV tumors increase at the beginning of
lay), lesion distribution, and absence of other tumor
causing viruses such as avian leukosis virus (ALV)
and reticuloendotheliosis virus (REV) should also
be considered.

Histologic examination can enhance the accuracy of
diagnosis between ALV and MDV. MD tumors
have a mixed population of small to large lympho-
cytes. Lymphoblasts and plasma cells may be
observed. Lymphoid tumors caused by ALV are
typically made up of lymphoblasts of similar size
containing prominent nucleoli, usually occur in
chickens older than 20 weeks, and commonly occur
in the bursa of Fabricius. The tumors caused by
MDYV and REV may appear similar on both gross
and histologic analysis. Thus diagnosis of the etio-
logy of chronic neoplasia in the chicken, in which
bursal tumors are lacking and the latent period is
too short for ALV, should be made on the basis of
virologic or serologic tests. Clinical disease is much
more common with MDYV than with REV, and REV
is not considered to be a major economic problem
by the poultry industry.

Virus can initially be isolated one or two days follo-
wing inoculation of chickens with MDYV, five days
after contact exposure and thereafter throughout the
life of the bird. Virus may be obtained from infec-
ted samples of heparinized whole blood, suspen-
sions of lymphocytes, isolated tumor cells, as well
as some cell-free preparations of skin, dander, or
feather tips from infected chickens.

Chicken kidney cells and duck embryo fibroblast
cultures are typically used for isolation of serotype
1 MDV. Chicken embryo fibroblasts are usually
used as substrates for serotypes 2 and 3. Cultures
develop typical plaques within 4-14 days. Serotype
identity can be determined by immunofluorescent
staining with serotype-specific monoclonal antibo-
dies. At this time, diagnosis of MDV pathotype
requires in vivo challenge experiments.

TREATMENT & CONTROL

There is no effective treatment for MD, however
proper application of an appropriate vaccine and
good biosecurity can prevent clinical disease.
Commercial poultry flocks are usually vaccinated
either at day 18 of embryonation (in ovo) or at
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hatch. Of the vaccines available, the best protection
against highly virulent challenge strains is provided
by CVI988 (Rispens) vaccine. None of the current
vaccines provide sterilizing immunity and vaccina-
ted flocks can still be infected with virulent MDYV,
which can replicate, be shed in FFE and infect other
chickens. This has almost certainly contributed to
increased virulence of field strains. In areas with
high chicken density and challenge with the most
virulent strains, high levels of biosecurity should be
maintained to prevent early exposure of chicks to
the MDV and multivalent vaccines (HVT +CVI988
or HVT + RB1B + CVI988) should be considered.

Improper handling of vaccine is one of the main
reasons for increases in MDV mortality. The most
effective and widely used MDYV vaccines are cell-
associated and must be maintained at -196°C during
transport and until thawed for use. Ampules of vac-
cine must be thawed quickly in cold water and once
thawed and diluted the vaccine must be kept cold
and used within 2 hours. In addition, additives, such
as antibiotics that may damage the vaccine, should
be avoided.

Vaccines introduced since the 1970s have helped to
control economic losses from MDYV, however since
none of these vaccines provide sterilizing immunity
the virus has spread with the commercial poultry
industry throughout the world. Current vaccines do
provide protection against current strains, but new
strategies will be needed in the future. Good vacci-
nation and biosecurity practices should help to
delay the development of more virulent strains of
the virus.
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Fig.34.5, 34.6 & 34.7: Intracytoplasmic paranuclear
retroviral matrix inclusion bodies. Retroviral inclusions
are most typically basophilic or magenta colored and
are seen adjacent to the nucleus in the cytoplasm of the
myocardial fibers (arrows).
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Pulmonary sarcoma. The sarcomatous tissue has replaced most of the normal pulmonary parenchyma. B. Undifferentiated sar-

coma in the lung. Note the spindle shaped cells with partial polarity. C. Undifferentiated sarcoma around a parabronchus in the in

the lung. D. Detail of the sarcomatous tissue in panel C. Whorls of undifferentiated spindle cells with abundant cytoplasm and rela-

tively large nuclei have replaced the pulmonary parenchyma.
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Fig.34.8 & 34.9: A. Lymphoma of the liver induced by ALV-A (RCASBP-
A). The cells in the lymphoblastic infiltrates exhibit a characteristic
immature appearance and display a relatively increased cytoplasmic-
to-nuclear ratio compared to non-neoplastic mature small lymphocytes.
The infiltrating cells are relatively uniform in size and their nuclei are
relatively large and open with non-condensed chromatin. B. Occasional
mitotic figures.
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34. AVIAN

INTRODUCTION

Neoplastic conditions of infectious origin in com-
mercial chickens are transmissible and predomi-
nantly of mesodermal origin. Virus-induced
tumors in chickens are primarily associated with
herpesvirus or retrovirus infection. Some of the
most commonly diagnosed tumor conditions in
chickens include Marek’s disease (MD), a variety
of leukosis including lymphoid (LL) and myeloid
leukosis (ML), and reticuloendotheliosis (RE).
All four conditions are of economic significance in
commercial chicken production.

Avian leukosis is a group of neoplastic conditions
of the chicken hemopoietic and lymphoid systems,
and is induced by viruses belonging to the avian
leukosis sarcoma group of retroviruses (ALSV).

The ALSV induce a variety of detrimental effects
including tumors, increased mortality, delayed
growth, feather abnormalities, and reduced egg
and embryo size. The commercial table egg indus-
try and the meat-type chicken industry have made
significant and successful efforts towards eradica-
tion of members of the ALSV from commercial
breeding stock.

AVIAN LEUKOSIS @ 227

LEUKOSIS

ETIOLOGY & EPIDEMIOLOGY

The ALVs are classified as simple retroviruses and
contain a single-stranded, positive-sense, non-seg-
mented, diploid RNA genome. Various internal
proteins are closely associated with the genome
and with the matrix and envelope proteins. The
most relevant structural proteins include a group
specific antigen protein (p27, gs or gsa) and the
viral envelope proteins. The virus genome
contains three essential genes known as gag, pol
and env. The gag gene encodes primarily internal
structural proteins, po/ encodes a reverse trans-
criptase and a protease, and env encodes a poly-
protein that matures into two envelope proteins,
namely the transmembrane protein (TM or gp37),
and the surface protein (SU or gp85). All three
genes are flanked by long terminal repeats (LTR).
Some ALVs carry additional sequences or even
oncogenes in addition to or in place of some of the
regular genes (see Fig.33.11).

The ALSV include 10 subgroups of avian retrovi-
ruses (A-J), 6 of which (A-E and J) affect chickens
naturally (see Tabl.34.1).

Subgroups F-I have been isolated from various
species of pheasants, partridges and quail.

N
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Reverse Transcriptase (RT)

RNA genome

ucleoprotein (NC)
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Protease (PR)
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Capsid (CA = gag = p27)
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Fig.34.10: Lymphoma induced by subgrou;;A avian

Fig.34.11: Diagram of ALV and its genome. The genome of replication

leukosis virus (RCASBP-A) in a 24-day-old SPF competent ALV contains 3 genes known as gag, pol, and env. In the ALV

chicken. Multiple foci of neoplastic tissue can be seen
affecting the liver and heart.

provirus these 3 essential genes are flanked by 2 identical long terminal
repeats (LTR). Some ALVs may carry additional sequences in their
genome. This diagram illustrates 3 additional sequences identified in ALV-
J (rT = rTM, or non-functional redundant transmembrane region; D =
DR1,or direct repeat; and E = E element).
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Fig.34.12 & 34.13: A. Bursal lymphoma in a 24-day-old SPF Fig.34.14 & 34.15: Mye eukosis

chicken infected with ALV-A (RCASBP-A). A single lymphoma- virus subgroup C (ALV-C) in a Bantam chicken. Exogenous

tous bursal follicle is seen in one bursal plica. B. Bursal lym- ALV was isolated in cell culture and ALV-C subgrouping was

phoma in an 8-week-old turkey infected with reticuloendothelio- accomplished by partial virus genome sequencing. Note the

sis virus (REV APC-566) for comparison. A solitary lymphoma- large size of the nuclei and the prominence of the nucleoli.

tous bursal follicle is seen. Neoplastic tissues like the ones in panels A and B were present
primarily in the liver and peritoneum.
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Fig.34.16: Mandibular myelocytoma in a Fig 34.17, 34.18 & 34.19: ALV-J infections. ALV-J infection was detected using virus isola-
35-day-old meat type chicken infected tion, PCR and partial virus genome sequencing. A. Myeloid leukosis in an adult broiler bree-
experimentally with ALV-J (isolate ADOL- der male infected with ALV-J. The discolored areas of the liver are myelocytomas, which were
7501). confirmed upon microscopic examination. B. Hemangiosarcoma in a grandparent meat type
chicken infected with ALV-J. The smaller dark foci correspond to neoplastic tissue affected
with hemangiosarcoma. The larger dark areas represent subcapsular hemorrhages, which
are commonly found due to hepatic friability in cases of hepatic hemangioma or hemangio-
sarcoma. C. Myelocytoma in a grandparent meat type chicken infected with ALV-J.
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Fig.34.20: Avian leukosis virus subgroup J. This ALV-J 2: Myelocytoma. A. Renal myelocytoma characte-
(isolate AF97-L17, also known as ADOL-4817) was isolated rized by solid sheets of relatively immature myelocytes. The renal
in 1996 from a meat type male line pedigree chicken. tubules are partially autolytic and well disassociated due to the
Transmission electron microscopy of secondary C/E chicken severe myelocytic infiltration. B. Myocardial myelocytoma. The cell
embryo fibroblasts infected with ALV-J (AF97-L17) morphology is similar to that in panel A.

(64,000X). Insert = The same virus culture (AF97-L17) with

a reference bar for virus dimensions.
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Subgroup Host Compartment
A Chicken Exogenous
B Chicken Exogenous
C Chicken Exogenous
D Chicken Exogenous
E Chicken Endogenous
F Ring-necked pheasant Endogenous
Green pheasant Endogenous 5 5
Ghinghi pheasant Endogenous % i
G Silver pheasant Endogenous < <
Golden pheasant Endogenous § K
© O]
H Hungarian partridge Endogenous Fig.34.23 & 34.24: Myelocytoma. A. Ventral aspect of the laryn-
geal vestibulum exhibiting neoplastic nodules (black arrow). Such
| Gambel's quail Endogenous nodules are frequently myelocytomas induced by ALV-J. B.
Myelocytomas in the laryngeal vestibulum (white arrow). These
J Chicken Exogenous neoplastic changes usually involve the submucosa of the larynx

and trachea in chickens infected with ALV-J. C. Myelocytoma.
Multifocal neoplasia in the trachea of an adult meat type chicken
infected with ALV-J.

Tabl.34.1: Subgroups of ALV recognized in chickens and other
avian species.

Agent |Onset of tumors |Most common tumor Common gross lesions Common miscroscopic lesions
Focal to diffuse buff colored mass .
MDV >4 W Lymphoma Usually no bursal tumors Irregular neoplastic lymphocytes
Diffuse to focal buff colored mass . I
Uniform lymphocytic infiltrates
REV >16 W Lymphoma Bursal tumors . . -
. Bursal interfollicular infiltrates
Occasional nerve enlargement
ALV-A S16W Lymphoma Diffuse to focal buff colored mass Un|form Iymph(_)cytlc _|nf_||trates
Bursal tumors Bursal interfollicular infiltrates
Focal to diffuse buff colored mass around
bone and cartilage .
ALV-J >4 W Myelocytoma No bursal tumors Solid sheaths of myelocytes
No nerve involvement

Tabl.34.2: Differential diagnosis of infectious conditions in chickens.

Subgroups A-D and J infecting chickens are
considered exogenous viruses since they usually
infect susceptible cells from the outside and are
transmitted congenitally and horizontally.

Subgroup E encompasses a family of endogenous
viruses (endogenous viral or ev loci) transmitted
vertically (genetically). Among the endogenous
viruses, the ev loci are most closely related to the
exogenous ALSV. The ev’s are regarded as simple
retroviruses that are often transcriptionally silent,
although some of them, including ev2 and ev21,
can replicate and produce infectious endogenous
virus with a subgroup E phenotype.

Some differences between exogenous and endo-
genous viruses include:

1) endogenous viruses (ev’s) infect the target
cells genetically, whereas exogenous viruses
infect the host cells from the outside;

2) ev’s are often defective and lack a complete
genome with all coding and non-coding

sequences necessary for viral replication;

3) ev’s tend to be transcriptionally silent, which is
a reflection of a reduced number of transcription
regulatory sequences in their LTRs.

Other families of endogenous retroviral
sequences of chickens include EAV, ev/], ART-
CH and CR-1. The EAV family is considered
evolutionarily more ancient than the ev loci, and
it has been suggested that members of the EAV
family of endogenous retroviral sequences may
have participated in recombination events leading
to the emergence of some of the most recently
identified ALVs. The ev/J family is considered by
some as the equivalent of the EAV-HP family.

The ART-CH (avian retrotransposon from
chicken genome) family consists of non-transcri-
bed fragments of endogenous retrovirus-related
sequences flanked by two LTRs, and are conside-
red important mutagens with a role in chicken
evolution.
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Fig.34.25, 34.26, 34.27 & 34.28: A. Bone marrow of a broiler breeder chicken infected with ALV-J. The entire marrow space is filled with
solid sheets of immature neoplastic granulocytes. Most outbreaks of myelomonocytic myeloid leukosis are characterized by severe pro-
liferation of myeloblasts and/or myelocytes stemming from the bone marrow. Cells of the erythroblastic lineage are undetectable in this
field (H&E). B. Infiltrating immature myelocytes in the myocardium. Note the myofibers being displaced by infiltrating cells (Giemsa). C.
Solid sheets of infiltrating immature myelocytes in the renal interstitium. Note the grossly enlarged pleomorphic and open nuclei of the
neoplastic cells. The cytoplasm of the infiltrating cells is tightly packed with acidophilic spherical granules (Giemsa). D. Myelocytoma of
the liver. The cell morphology is similar to that of the neoplastic cells in panel C. The liver, spleen and kidney are often targets for neo-
plastic change induced by ALV-J (Giemsa).
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Fig.34.29 to 34.35: Subcutaneous sarcomas in adult commercial egg Fig.34.36: Subcutaneous sarcoma in a 34-week-old
layer chickens infected with myeloblastosis associated virus type 1 white Leghorn commercial layer (H&E, 400X). Note the
(MAV-1). This yet unclassified avian retrovirus is partially related antige- relative lack of cell polarity, the presence of proliferating
nically to ALV-A. Note the large predominantly subcutaneous masses perivascular cells (black arrow) and the fusiform, inde-
around the eyes and dorsal aspect of the wing. Similar lesions were pendent cells (white arrow) surrounded by loose muci-
observed above the shanks. lagenous material. Mitotic figures are absent in this

field. Myeloblastosis associated type 1 (MAV-1) was
isolated in this field case.
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Fig.34.37, 34.38, 34.39 & 34.40: A. Blood smear from a clinically healthy adult meat-type pedigree chicken (Giemsa
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. A
). B. Blood

smear prepared from an 23-week-old meat-type pedigree chicken in a flock with an outbreak of myeloid leukosis caused by ALV-
J. Abundant large immature white blood cells contain metachromatic granules in their cytoplasm (Giemsa). C. Lumen of a blood
vessel in the liver of an adult broiler breeder chicken infected with ALV-J and expressing myelocytomas. Abundant immature mye-
locytic cells are present (Giemsa). D. Blood smear from an adult broiler breeder chicken infected with ALV-J and expressing mye-

locytomas (Diff Quick).

The CR-1 family (chicken repeat 1) consists of a
group of retrotransposons not containing LTRs,
but displaying reverse transcriptase sequences. A
significant proportion of the chicken genome
contains CR-1-related sequences. These families
of endogenous viruses and endogenous retroviral
elements are generally considered of low or no
economic significance for the poultry industry, but
they should be considered important from the
point of view that they can favor mutational varia-
tions in the genomes of the economically impor-
tant exogenous retroviruses.

The exogenous ALVs are considered pluripotential
since they can induce a variety of neoplastic condi-
tions. One of the most commonly recognized of
these conditions is lymphoid leukosis (LL), typi-
cally induced by subgroups A and B, but other sub-
groups may be associated with LL. Before effec-
tive eradication programs were adopted subgroup
A (ALV-A) was considered the most frequent exo-
genous virus in commercial layers.

Avian leukosis subgroup J (ALV-]), also an exoge-
nous ALV, has been recognized in recent years as
the most frequent subgroup infecting meat-type
chickens and causing severe losses associated with
neoplasia, mortality and poor economic perfor-
mance. ALV-J became widespread in the meat-
‘%ype chicken industry in the 1990s. Although the
requency of infection has already been reduced
very significantly in female lines, at least until
early 2001 there was still a significant prevalence
in broiler breeder males in some geographic areas.

CLINICAL SIGNS & LESIONS

The clinical signs and lesions vary significantly
according to various aspects, including the virus
subgroup, genetics of the host, endogenous viruses
present in the chicken genome, immune compe-
tency, concomitant pathogens and other factors.

Tabl.34.2 includes some characteristics that may

contribute in facilitating diagnosis of neoplastic
conditions of infectious origin in chickens.
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Fig.34.41 & 34.42: A. Myelocytoma detected in an 8-week-old chicken infected experimentally with MAV-1 (H&E). Various mitotic figures are

seen in this field. B. The same tissue as in panel A (Giemsa). Myelocytomas induced by MAV-1 are often indistinguishable histologically from
those induced by ALV-J and other ALVs.
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Fig.34.43, 34.44, 34.45 & 34.46: A-B. Myelocytomas topping the planar bones of the cranium in a young commercial egg layer. Myelocytomas are
not induced exclusively by ALV-J. Like many other avian retroviruses, MAV-1 is a pluripotential virus in that it can induce a variety of tumors, inclu-
ding myelocytomas. This chicken was infected experimentally during embryonic development with a MAV-1 isolate obtained from commercial egg
layers infected with MAV-1 and expressing primarily subcutaneous sarcomas. C-D. Sagital sections of the head from the chicken in panels Aand B.
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Lymphoid leukosis

One of the most important factors determining the
type of neoplastic expression is the viral subgroup.
Subgroups A and B induce most commonly lym-
phoid leukosis, which in general is detected not
before 16 weeks of age. This is typical of slowly
transforming viruses, but it should not be taken as
an invariable rule that subgroups A and B induce
lymphoid leukosis by 16 weeks of age or later.

Common lesions associated with LL include
depression, paleness, undersized chickens, a signi-
ficantly enlarged liver and spleen, bursal tumors
and lesions suggestive of neoplasia in a variety of
organs. Most tumors associated with LL appear
buff-colored and may be local or diffuse and are
localized primarily in visceral organs, but some
chickens may display lesions involving skeletal
tissues. Within a flock affected with LL the majo-
rity of chickens will express one type of tumor,
while some may express a different array of
tumors. Therefore it is important to do postmor-
tems in as many chickens as possible.

Myeloid leukosis

Myeloid leukosis (ML) is not exclusively associa-
ted with infection with ALV-J, but in recent years
ALV-J has been diagnosed in most cases of ML in
meat-type chickens. Experimental infection with
ALV-]J results in expression of myelocytomas pri-
marily. A usual observation in young chickens is
delayed growth and poor uniformity on a flock
basis. Although the incidence of tumors is not high
in chickens under 8 weeks of age it is not uncom-
mon to observe occasional chickens with tumors at
a very young age. Apart from some depression and
paleness there are no obvious clinical signs in
mature chickens. The highest incidence of tumors
is seen in sexually mature chickens, which usually
express high mortality and a variety of tumors in
visceral organs as well as in the tissues adjacent to
the sternum, ribs, vertebrae and the hip joints, as
well as the larynx and trachea among other organs.

Most of the tumors induced by ALV-J are myelo-
cytomas, but other tumors have been observed,
including hemangiomas and sarcomas. Severely
affected flocks also express various forms of leu-
kemia, with the myelomonocytic type being most
common.

The high mortality associated with ALV-J infec-
tion in mature chickens is usually coupled with
egg production losses and reduced egg and embryo
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size. Progeny flocks from breeder flocks infected
with ALV-J frequently show poor economic per-
formance.

DIAGNOSIS

Diagnosis of infection with ALV can be accompli-
shed using a variety of methods intended to
confirm the presence of exogenous viruses. The
standard methods used currently include histopa-
thology, virus isolation and molecular detection of
specific genetic sequences of ALV.

Examination of microscopic lesions is helpful but
not conclusive. A thorough description of the
microscopic lesions observed in ALV infection is
beyond the objectives of this chapter, particularly
because of the wide variety of tumors induced by
the various members of ALSV.

For virus isolation, the most commonly used sam-
ples include plasma, peripheral white blood cells
and filtered tumor homogenates. Virus isolation
should be done only in secondary chicken embryo
fibroblasts that are permissive to exogenous ALV
(C/E). Ordinary embryo fibroblasts (including
fibroblasts from specified pathogen free embryos)
are permissive to exogenous and endogenous ALV.

Demonstration of infection with endogenous
viruses is usually irrelevant, since virtually all
commercial chickens carry endogenous retroviral
sequences in their germline. Therefore, it is impor-
tant to demonstrate exogenous viruses only for a
meaningful diagnosis. A standard protocol
includes infection of secondary chicken embryo
fibroblasts and incubation of the cultures for at
least 7 days. At the end of the incubation period,
the cells are sequentially disrupted by sequential
freezing and thawing or sonication to expose the
group specific antigen (gsa), which is then detec-
ted using a antigen-capture ELISA system. This
approach is helpful to detect any of the ALV sub-
groups, excluding subgroup E (ALV-E). Other
assays are needed to determine the subgroup invol-
ved, including virus neutralization and/or molecu-
lar-based methods. A number of PCR and RT-PCR
systems have been designed for the rapid diagno-
sis of ALV-J in a variety of samples, including
plasma, white blood cells, allantoic fluid, a variety
of tissues and feather pulp. In addition to virus iso-
lation, antigen capture ELISA and PCR/RT-PCR,
antibodies to ALV can be detected using ELISA
systems or virus neutralization. The presence of
antibodies against ALV-A and ALV-B can be deter-
mined with commercially produced ELISA.
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Fig.34.47: F 18 months - liver, myelocytoma-
tosis.
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Fig.34.50, 34.51, 34.52 & 34.53: A. Reticuloendotheliosis.
Neoplastic foci in the spleen of a 58-day-old SPF chicken infected
at hatch with the REV APC-566 isolate of REV. B. Feather abnor-
malities in a 28-day-old SPF chicken infected at hatch with the
REV APC-566 isolate of REV. C. Myocardium with abundant intra-
vascular large immature neoplastic lymphoblasts in a SPF turkey
infected at hatch with the REV APC-566 isolate of REV (H&E,
400X). D. Larger magnification of the same tissue in panel C
(H&E, 1000X).
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Fig\.34.48: Fowl - kidney, nephroblastoma. Fig.34.49: Broiler Bre
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hemangiomas.

Fig.34.54: Reticuloendotheliosis. Chronic lymphosarcoma
involving the lamina propria of the duodenum in an Attwater’s
prairie chicken. Solid sheets of immature lymphocytes populate
the lamina propria. The lumen of the intestine is reduced due to
the neoplasia.
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Fig.34.55: Ly?c.J.i-c'iIéUK'osis. Comparison of  Fig.34.56: Myelocytomatosis. Tumors have a Fig.34.7: Osteopetrosis (on th left) with
greatly enlarged tumorous liver (diffuse form) prediection for the visceral surface of flat excessive  osteoblast  proliferation.
with liver of a chicken of the same age. bones as the ribs (normal chicken on the top). Comparison with normal leg on the right.
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Antibodies against ALV-J can also be detected
using commercially developed ELISA, but the
specificity has been questioned. Interpretation of
antibody ELISA results is not trivial, and certainly
antibody ELISA should not be used as a conclu-
sive diagnostic assay for ALV infection, whether it
is caused by ALV-A, ALV-B or ALV-J. Direct
detection of gsa using antigen-capture ELISA is
useful for control and eradication purposes but it
should not be considered a conclusive diagnostic
assay. Virus isolation and identification is the only
conclusive diagnostic approach, and it usually
requires a variety of strategies to confirm the diag-
Nosis.

TREATMENT & CONTROL

There is no treatment for chickens infected with
ALV. Considering the forms of transmission of
ALSY, their control involves a complex approach
geared to eradicate exogenous viruses from pedi-
gree and multiplier flocks by arresting congenital
and horizontal transmission. Most poultry bree-
ding companies use a variety of methods for detec-
ting ALVs in their breeding stock. Eradication pro-
grams are extremely complex and require substan-
tial and costly modifications or adaptations of the
breeding programs, housing, incubation and biose-
curity practices.

A typical approach involves virus isolation from
blood components at various ages, antigen-capture
ELISA for detection of group specific antigen in
vaginal and/or cloacal swabs, egg albumen and
chick meconium, and molecular-based methods
for confirmation of suspect or dubious results.

HJ Barnes

Fig.34.58: Bone lesions - osteope-

trosis. - bursal tumor.

Fig.34.59: Lymphoid leukosis (layer)
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Any chickens suspected of being infected at any of
the sampling ages and using any of the referred
methods are removed from the breeding flocks.
Infected breeders and their progeny are not used
for breeding purposes and introduction of any new
genetic stock into the gene pool should be care-
fully scrutinized for several generations before it
qualifies as ALV-free.
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Fig.34.60: Lymphid leukosis (layer) - bursal tumor.
Abdominal laying - large bursal tumor obstructing
cloaca.
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Transmissible neoplasms
Herpesvirus Retrovirus
DNA ‘ { RNA
Marek’s disease virus Leukosis/sarcoma group Reticuloendotheliosis group
Sarcomas tReticuloendotheliosis
Erythroblastosis Lymphoid leukosis
Myeloblastosis
Leukoses v
Marek’s Disease L»Lymphoid leukosis Lymphoproliferative disease

Fig.35.1: Principal transmissible neoplasms of poultry (adapted from Nair V, 2013).

Fig 35.2: Reticuloendotheliosis Fig 35.3: Reticuloendotheliosis (20- Fig 35.4: Reticuloendotheliosis. Feather abnormalities
(32-week-old quail). The liver week-old quail). Liver and spleen (at in a 28-day-old chicken infected at hatch with REV.
and spleen are grossly enlar- the top) grossly enlarged (diffuse infil-
ged. tration with lymphoblasts). Compare

with normal sizes at the bottom.

G Zavala - AAAP

G Zavala - AAAP
G Zavala - AAAP

oJ F/etcher
OJ Fletcher

Fig.35.5, 35.6, 35.7, 35.8 & 35.9:
Reticuloendotheliosis. Different power
views of the spleen from a 41-week-old #
turkey affected by reticuloendothelio-
Sis.
Fig.35.5: Low power view shows increa- |
sed lymphoid cell population and multi-
ple regions of pale reticular cells within
which are foci of fibrinoid necrosis.
Fig.35.6: Higher magnification of
Fig.35.5 shows the multinodular
coalescing regions of basophilic neo-
plastic lymphoid cells. : 4 S o i 1
Fig.35.7: Higher magnification of Fig.35.6 shows multlnodular masses of Iymph0|d ceIIs f| ng and expandlng the red pul
Fig.35.8: Higher magnification of Fig.35.7 shows edge of a large nodular mass, large number of apoptotic cells, and loss
of capsule on the lower edge (bottom) of this collection.

Fig.35.9: Higher magnification of Fig.35.8 shows the edge of a nodular collection of lymphoid tumor cells. Note the closely
packed cells with large nuclei and indistinct cell borders.

OJ Fletcher

Manual of poultry diseases



JP Vaillancourt & OJ Fletcher

RETICULOENDOTHELIOSIS & LPD @ 237

35. RETICULOENDOTHELIOSIS &
LYMPHOPROLIFERATIVE DISEASE

INTRODUCTION

Transmissible neoplasms in poultry are essentially
caused by a herpes virus and several retroviruses
(see Fig.35.1 & tabl.35.1). Chickens are mainly
affected by Marek’s disease, avian (lymphoid) leu-
kosis, and reticuloendotheliosis; while turkeys are
mainly affected by reticuloendotheliosis and occa-
sionally by Marek’s disease (sporadically reported
over the past 20 years) and lymphoproliferative
disease, which only affects turkeys.

These viral conditions are oncogenic and immuno-
suppressive. Marek’s disease is covered under its
own chapter (see Chap.Il.33). The recognition of
Marek’s disease in turkeys complicates the diagno-
sis of lymphoid tumors because the histological
lesions are the same as for the lymphoproliferative
disease. Virologic tests (often not done routinely)
are needed to differentiate these two conditions.

Some of these viruses have demonstrated a pro-
pensity to evolve over time, creating ongoing
issues for diagnosis and disease control.
Thankfully, except for rare occasions when the
reticuloendotheliosis virus (REV) is a contaminant
of live vaccines produced in chicken embryo cells
or tissues, the economic importance of REV is
relatively minor. As for lymphoproliferative
disease, it is also presently considered sporadic
and of minimal importance.

ETIOLOGY

Reticuloendotheliosis

The reticuloendotheliosis virus is a single stranded
RNA virus from the genus Gammaretrovirus of the
Retroviridae family. The nomenclature for both the
disease and the virus comes from the lesions cau-
sed by a defective strain labeled “T” (defective for
replication in cell culture). The terminology is the
same for non-defective strains, even if they almost
never produce reticuloendothelial cell lesions.
These non-defective REV strains are a single sero-
type subdivided into three antigenic subtypes.
They cause the runting disease and the chronic
neoplastic disease observed in the field. The defec-
tive strain T causes an acute reticulum cell neopla-
sia that has yet to be reported in nature.

The REV can integrate into the host genome and in
DNA viruses like Marek’s disease and fowlpox.
Reticuloendotheliosis viruses are different from
the leucosis/sarcoma group (see Fig.35.1). REV
isolates are very homogeneous in antigenicity, and
their replication in vivo is possible in many avian
species.

Lymphoproliferative disease

The lymphoproliferative disease virus (LPDV) is
another retrovirus that is distinct from those asso-
ciated with lymphoid leukosis and reticuloendo-
theliosis.

EPIDEMIOLOGY

Reticuloendotheliosis

The runting disease syndrome rarely occurs and is
mainly observed when chicks are vaccinated with
a REV-contaminated vaccine, resulting in a high
prevalence of stunted birds. Chronic neoplasia is
also rare. Lymphomas in commercial turkeys have
been reported in the USA, England and Israel.
Mortality and condemnations can reach 20%. In
addition to chicken flocks, where it is even less fre-
quently observed than in turkeys chronic neopla-
sia may occur in ducks, quails, pheasants, geese,
peafowl, and prairie chickens.

Horizontal transmission occurs between commer-
cial flocks, but the epidemiology is poorly unders-
tood. Experimental studies have demonstrated the
possible role of insect transmission. In fact, trans-
mission via mosquitoes may explain the increased
infection incidence during summer months in the
USA, although it is doubtful that enough viremic
chickens would be present on a site at any given
time to make this an important mode of transmis-
sion.

In an experimental study, horizontal transmission did
not occur when chickens were separated by wire
mesh. In the field, REV infection is noted in older
flocks. Contaminated poultry houses (via contamina-
ted feces) and biological reservoirs, such as insects,
are suspected environmental sources. Vertical trans-
mission has been shown in chickens, turkeys, and
ducks. REV is not resistant in the environment.
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JD Brown
JD Brown

JD Brown

— ot

Fig.35.10, 35.11, 35.12 & 35.13: “Gross lesions in adult wild turkeys naturally-infected with LPDV. Fig.35.10: The unfeathered skin
over much of the head and neck is covered by variably-sized, proliferative nodules, some of which contain superficial crusts (arrow);
Fig.35.11: The skin over two digits and the plantar aspect of the foot is severely thickened with multiple folds and is covered by dark,
dry crusts; Fig.35.12: The spleen (A) is markedly enlarged, a characteristic gross lesion also observed in domestic birds (B=liver);
Fig.35.13 : The liver contains numerous, irregular, variably-sized pale foci, corresponding to aggregates of pleomorphic lymphoid
cells (arrow). All scale bars=1.0 cm” (Courtesy of Virology, Allison et al, 2014, Copyright Elsevier).
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Fig.35.14 & 35.15: Lymphoproliferative disease (Turkey). Hepatomegaly and ovarian tumor. Compare affected liver with normal liver
on the right of Fig.35.14.
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Fig.35.16: Lymphoproliferative disease (Turkey). Renal  Fig.35.17: Lymphoproliferative disease (Turkey). Histological examina-
tumor. Compare the size of the affected kidney with nor- tion of the liver allows to observe a tumoral lymphocytic infiltration.

mal kidney (bottom).
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Lymphoproliferative disease

LPDV has been shown to infect only wild and
domestic turkeys. A report from the USA demons-
trated a high level of genetic diversity between
strains isolated from different states. But the
disease has only been reported sporadically in the
USA and in England, France, Austria, the
Netherlands, and Israel. It is suspected that it is in
other European countries as well. Horizontal trans-
mission by direct contact has been proven. There is
no evidence of vertical transmission to date. Field
studies have demonstrated that the infection may
be prevalent while disease remains sporadic. In
fact, some flocks have been shown to be comple-
tely infected with no increase in the mortality rate.
However, outbreaks with up to 25% mortality have
been associated with the disease in 7-18-week-old
flocks. Males may be more susceptible than
females. As for REV, the LPDV virus is not resis-
tant in the environment.

CLINICAL SIGNS

Reticuloendotheliosis

REV-induced syndromes in chickens can be simi-
lar to lymphoid leucosis and Marek’s disease.
Chickens with runting disease syndrome are much
smaller than non affected birds and are pale. An
abnormal wing feather development, with adhe-
sion of the barbs to a section of the shaft, may be
observed. Lameness or paralysis rarely occurs.
Mortality is rare in commercial chicken broiler
flocks but culling may be extensive, at times rea-
ching half the flock by the end of production. Birds
affected with chronic lymphomas are essentially
depressed prior to death. This is also observed with
LPDV, although sudden deaths are reported as
well.

Lymphoproliferative disease

In domestic turkeys, disease due to LPDV infec-
tion is generally first noted around 8 to 10 weeks
of age, with a flock mortality that can reach 25%.

LESIONS
Reticuloendotheliosis

In chickens, the runting disease syndrome
results in stunted birds, atrophy of the thymus
and bursa of Fabricius (although not always
present in the field), occasionally enlarged
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peripheral nerves, abnormal feathers, proven-
triculitis, enteritis, anemia, necrosis of the liver
and spleen. Nerve enlargement may not be
accompanied by other neoplastic lesions and
may be marginal, with histopathology showing
an infiltration of lymphocytes and plasma cells.
Turkeys with chronic lymphomas have enlar-
ged nerves and enteritis. Lymphoid infiltrations
are also clearly visible in the liver (hepatome-
galy), intestine, spleen (splenomegaly with
focal lesions), and other visceral organs;
lesions may be seen less frequently in the bursa
of Fabricius. Humoral and cellular immunities
are normally depressed. In the field, this is par-
ticularly noted with embryo- or vaccine-deri-
ved REV infections.

The chronic form of REV in ducks and geese is
similar to what is described in chickens and
turkeys.

Lymphoproliferative disease

Lesions appear two weeks post-infection first in
the spleen and thymus. The most typical lesion
is a splenomegaly with the spleen having a pale
or marbled appearance. Gray-white tumor foci
are noted in the liver, thymus, gonad, pancreas,
kidney, intestine, lung, and heart. Peripheral
nerves may be enlarged. Lymphoid cells, reticu-
lum cells, and plasma cells are found in tumors.
Bursa of Fabricius and thymus atrophy is noted
by day 3 post-infection. A growth differential
between infected and control chicks is seen by
6 days of age. Chronic neoplastic response
takes longer in chickens (17-43 weeks post-
infection), in turkeys (8-12 weeks with birds
between 15 and 20 weeks of age), in goose (20
to 30 weeks of age), and in ducks (4-24 weeks).

DIAGNOSIS
Reticuloendotheliosis

The presence of REV antigen in infected cell cul-
ture can be demonstrated by using polyclonal or
monoclonal antibodies, immunofluorescence,
immunoperoxidase staining, complement fixation,
or enzyme immunoassay. An indirect immunofluo-
rescent assay and a polymerase chain reaction
(PCR) are used on field samples. Indeed, PCR is
recommended for rapid diagnosis of these viruses.
A multiplex PCR is available for rapid differential
diagnosis of avian oncogenic viruses and detection
under field conditions.
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Fig.35.18: Lymphoproliferative disease (Turkey). The Fig.35.19: Sarcoma in the breast (Fowl).
most typical lesion is a splenomegaly. Compare affected
spleen with normal spleens on right.

LDA 22
LDA 22

Symptoms Affected

& lesions species Etiology Chap.

Main clinical signs & lesions

Depression, pallor, nodular or diffuse tumors of liver, spleen, bursa and other

e organs; skeletal tissues; subclinical infection without neoplastic lesions: egg drop

Diffuse myeloid leukosis: pallor; liver and spleen enlarged and granular

7 Chicken appearance of the liver; sometimes tumor of bursa; tumor infiltration of
3 bone marrow; myeloblastic leukemia; other tumors (ovary, kidney, bursa)
_e Chicken Tumoral form of myeloid leukosis: diffuse nodular tumors of creamy-white color;
= other tumors [ovary, kidney, thymus, surface of bones (sternum, ribs, skull)]
3 Chicken Solid sheets of relatively immature myelocytes

Leukemia, malignant cells remaining within the blood vessels; erythrostasis
Chicken in liver, spleen, bone marrow; particular cherry-red coloration of liver and
spleen; other tumors in kidney, sometimes hemorrhages in muscles

g ) Chicken Tumors(skin or visceral organs); blood-filled cystic masses or solid tumors
C 3
8 "a ] All species Nephroblastoma, tubular adenoma, adenocarcinoma, efc. Other renal tumors .
= o
(<)
E oc 8 Chicken, guinea- Abnormal growth of bone resulting in pericortical
(1] | fowl, turkey accumulation of immature bone
oc
3]
[7)]
8 (] " Runting; pallor; abnormal feather development; lameness; atrophy of thymus
= = | Turkey, chicken, . . N S e
= 1) and bursa; enlarged peripheral nerves (marginal); proventriculitis, enteritis;
O c| duckgeese | oa ly, spl ly; other t d kidney, heart
-_.3 = epatomegaly, splenomegaly; other tumors (gonad, pancreas, kidney, heart)
(1l o}
g Turke 8-10-week-old turkey; mortality (up to 25%); marble spleen enlarged;
© Y tumors (liver, thymus, gonad, pancreas, kidney, intestine, lung, heart)
5t
(7))
=
£|o o
S|k @ . Depression, weight loss, diarrhea, diffuse or nodular lymphomas in
Bl G| oo | visceral liver, spl kid triculus, heart, b
Yo (turkey) visceral organs (liver, spleen, ovary, kidney, proventriculus, heart, bursa)
o |© (L] and sometimes in skin (feathers follicules) and skeletal muscles
=T
L
I

Tabl.35.1: Differential diagnosis of main tumoral infections in birds. Sarcomas and other sporadic connective tissue tumors can
occur.
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Serology

The best tests for detection of antibodies to REV
are virus neutralization and immunoperoxidase
plaque assay. Indirect immunofluorescence may
also be used on serum and egg yolk. An indirect
ELISA has also been developed. In susceptible
chickens, antibodies may be detected two to
three weeks post-infection. It may take several
more weeks for chickens infected by direct
contact with infected birds. Titers may decline
with age, and tolerant birds rarely develop anti-
bodies.

Lymphoproliferative disease

Diagnosis is based partly on gross and microsco-
pic lesions. A persistent viremia can be detected
in infected turkeys by a reverse transcriptase in
the plasma or by enzyme immunoassays. The
tumors are histologically different from those of
reticuloendotheliosis. Antigen and antibody
tests are available to differentiate this virus from
the reticuloendotheliosis virus. A PCR has been
developed to confirm the presence of the virus
in the tumors. The plasma of infected turkeys is
a good source of infective material.

Differential diagnosis

In chickens, REV lesions may be similar to
Marek’s disease and lymphoid leukosis. Note
that mixed infections with other retroviruses are
possible. Clinically, due to immunodepression,
REV may also resemble infectious bursal
disease or chicken infectious anemia. In turkeys,
REV must be differentiated from LPDV and
Marek’s disease.
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TREATMENT & CONTROL

There is no treatment for REV or LPDV. Because
the infection with these viruses is relatively com-
mon in chickens and turkeys while disease is rare
and self-limiting, nothing specific is recommen-
ded. Quality assurance programs for vaccine pro-
duction, strict biosecurity measures, including a
pest management program designed to limit
insects suspected of spreading these viruses, are all
useful. An eradication program developed for lym-
phoid leukosis would be effective in preventing
egg transmission. A REV vaccine is in develop-
ment, but has yet to be commercialized.
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Other viruses

Turkey coronavirus

Om™

PEMS
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Age (weeks)

Brooding period Grow-out

Fig.36.1: Age distribution of coronavirus infection. PEC = Poult enteritis complex; PEMS = Poult enteritis mortality syndrome.
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JS Guy
JS Guy

Fig.36.2: Turkey coronavirus (electron microscopy): Fig.36.3: PEMS. Four week-old turkeys illustrating influence of PEMS on
coronavirus particles identified in intestinal contents  growth. Unaffected turkey is shown at left; PEMS-affected on right.
of PEMS-affected turkey using negative-stain elec-

tron microscopy.

JS Guy - AAAP
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Fig.36.4: PEMS. Experimental infection in Fig.36.5: Intestines of PEMS-affected turkey. Note thinning and pallor of intestinal
poult (3 day post exposure). Note fecal stai- wall, and distention of intestines with fluid and gas.

ning of feathers and watery brown droppings

leaking out the vent.

HJ Barnes
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36. TURKEY CORONAVIRUS

INTRODUCTION

Turkey coronavirus (TCV) is the cause of an ente-
ric disease in turkeys characterized by diarrhea,
depression, anorexia and decreased weight gain.
TCV is one of several viruses, including hemorrha-
gic enteritis virus, reovirus, and astrovirus that are
responsible for enteric disease in turkeys. These
viruses contribute to the poult enteritis complex
(PEC), a term that encompasses the infectious
intestinal diseases of young turkeys, which
includes poult enteritis mortality syndrome or
PEMS. TCV is considered a causal agent of PEMS
when coupled with other pathogens such as certain
strains of Escherichia coli.

Turkey coronavirus enteritis was first reported in
1951 in the state of Washington, USA. Severe eco-
nomic losses were attributed to this disease in USA
and Canada during the 1950s and 1960’s; during
this time the disease also was known as Bluecomb
disease and mud fever. TCV enteritis continues to
be a source of economic loss to turkey producers in
the USA.

ETIOLOGY

Turkey coronavirus is a RNA virus within the
Coronaviridae family affecting only turkeys. It
was first recognized as the cause of the disease in
1973. Coronaviruses are enveloped pleomorphic
particles that are nearly spherical. Their surface
structure is characterized by widely spaced club-
shaped peplomers that give the appearance of a
crown (corona in latin, hence the name coronavi-
rus). They are divided into three major antigenic
groups. Turkey coronavirus is in group 3 with
infectious bronchitis virus of chickens. Turkey
coronaviruses are antigenically and genetically
closely related. It is not known whether virulence
differs between virus strains.

The virus replicates mainly in enterocytes in the
jejunum, ileum, and in the epithelium of the bursa
of Fabricius. In the intestines, the upper one-half to
two thirds of intestinal villi are most affected; in
the bursa of Fabricius, virus infection occurs pri-
marily in follicular and interfollicular epithelium.
Virus replication occurs in the cytoplasm.

Turkey coronavirus is relatively resistant in the
environment. It is stable at pH 3 at 22°C for 30
minutes and can last at least one hour at 50°C.
Chloroform treatment at 4°C for 10 minutes will

inactivate the virus; but it can survive over five
years in intestinal tissues stored at -20°C or lower.
This explains why it was shown to survive in the
field during Minnesota winters long after infected
turkeys were removed. But a recent study indicated
that the virus should not survive more than 10 days
at 22°C and no more than 40 days at around 4°C.
Most disinfectants, given sufficient contact time
with the virus (e.g., 10 to 20 minutes) can inacti-
vate it; notably, saponified cresol, glutaraldehyde
and formaldehyde.

EPIDEMIOLOGY

TCV is a highly infectious pathogen affecting tur-
keys of all ages. The incubation period is typically
2-3 days, but could be as long as 5 days. Although
most cases occur during the grow-out period (i.e.,
after six weeks of age), clinical disease is most
severe in younger birds. Turkeys are the only natu-
ral host. Although it has been shown that chickens
are susceptible to TCV, resulting only in mild-to-
inapparent infection, they are not known to be
reservoirs of the virus. Turkey coronavirus has
been reported in many commercial turkey produ-
cing regions in North America and Europe, as well
as Brazil and Australia.

Turkey coronavirus is shed for several weeks in
feces of infected birds, leading to horizontal trans-
mission via used litter, equipment, live and dead
birds, and people with contaminated clothing and
footwear. Darkling beetle larvae and domestic
house flies have been shown, under experimental
conditions, to be mechanical vectors. Vermin and
dogs can also serve as mechanical vectors. There is
no evidence of vertical transmission.

Many risk factors have been associated with the
incidence of the disease and severity of its expres-
sion; in particular, bird age (mainly between 2 and
6 weeks of age), high regional farm density (num-
ber of commercial turkey farms for a given area),
multi-age turkey production sites, high bird density
within a barn, and poor brooding conditions.

In the late 90°s, at least 80% of the flocks diagno-
sed with PEMS in the western part of North
Carolina were coronavirus positive. In eastern
North Carolina, both coronaviruses and PEMS
appeared to be less prevalent than in the west por-
tion of the state (Tabl.36.1). This led many to sug-
gest that coronavirus was the main causal agent
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Western North Carolina Eastern North Carolina
Flock status Number of flocks Percentage Number of flocks Percentage
PEMS positive 39 78 17 59
PEMS negative 11 22 12 41
Total 50 100 29 100
Corona positive? 35 70 5 17
Corona negative 15 30 24 83

Tabl.36.1: Distribution of Poult Enteritis Mortality Syndrome (PEMS) and Coronavirus positive (Corona) flocks in Western and
Eastern North Carolina in 1996. The data is shown considering the PEMS and Corona flock status separately.

1 PEMS status based on the definition included in the text

2 Corona status based on direct immunofluorescence test

Western North Carolina Eastern North Carolina
PEMS positivel PEMS negative PEMS positivel PEMS negative
Corona positive2 28 (80%) 7 (20%) 4 (80%) 1 (20%)
Corona negative 11 (73%) 4 (27%) 13 (54%) 11 (46%)
Fisher’s exact test3 p-value = 0.71 p-value = 0.37

Tabl.36.2: Distribution of Poult Enteritis Mortality Syndrome (PEMS) flock status according to their Coronavirus status by North
Carolina region in 1996.

1 PEMS status based on the definition included in the text
2 Corona status based on direct immunofluorescence test
p-values from Fisher exact tests performed on the two 2x2 tables

HJ Barnes

Fig.36.6: Turkey coronavirus. A: Severe enteritis; B: Normal intestine; C: Moderate enteritis.
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responsible for PEMS. However, a comparison of
PEMS positive and negative flocks showed that
coronavirus could be almost as prevalent in PEMS-
free flocks (Tabl.36.2).

CLINICAL SIGNS

Clinical signs generally occur suddenly with high
morbidity in commercial flocks. Birds are noisy,
depressed (a drop in feed and water consumption is
obvious), and excessive mucus is noted in the
droppings that are green to brown mixed with
undigested feed. Reduced growth results in une-
venness of the flock. Mortality will vary depending
on age of the birds (< 6 weeks), concurrent infec-
tion, and management conditions (as low as less
than 1%, but it may easily exceed 10% under ina-
dequate rearing conditions and when other enteric
pathogens are present). In breeders, a rapid drop in
egg production and egg quality is noted. However,
a flock may be infected without showing obvious
clinical signs. The course of the disease in a flock
generally is between 10 to 15 days. Flock uneven-
ness (weight variation) may then be observed and
will last until the end of production.

LESIONS

Gross lesions are found primarily in the intestinal
tract and bursa of Fabricius. The duodenum, the
jejunum and the ceca are filled with watery mate-
rial and gas. The intestinal wall is thin and flaccid.
Small petechial hemorrhages may be seen on the
intestinal mucosa. Atrophy of the bursa of
Fabricius may be noted. When chronically affec-
ted, birds will be emaciated and dehydrated (simi-
lar to PEMS cases).

Microscopically, a decrease in villous length,
increase in crypt depth, and a decreased intestinal
diameter are noted. There are less goblet cells and
a moderate infiltration of the superficial and deep
lamina propria with heterophils and lymphocytes.
The normal columnar epithelium changes to a
cuboidal epithelium with a loss of microvilli; these
lesions may cause malabsorption and maldigestion
resulting in the observed watery diarrhea. It is also
believed that the virus may negatively affect the
normal intestinal flora.

In the bursa of Fabricius changes in epithelial cells
consist of necrosis and the normal pseudostratified
columnar epithelium is replaced with a stratified
columnar epithelium. A severe heterophilic
inflammation is seen within and beneath the epi-
thelium, with a moderate lymphoid atrophy of
bursal follicles.
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DIAGNOSIS

Several diagnostic tests are available. Laboratory
diagnosis includes virus isolation, electron micro-
scopy, serology, or detection of viral antigens or
viral RNA in intestinal tissues, intestinal contents,
or the bursa of Fabricius. RT-PCR is considered a
very sensitive and specific diagnostic test. Samples
should be kept cold (on ice at 4°C or frozen) at all
times. Direct and indirect immunofluorescence
tests for detection of viral antigen in tissues have
been developed. Monoclonal antibodies specific
for turkey coronavirus have also been produced to
improve the detection of the virus in tissues and for
development of an enzyme-linked immunosorbent
assay (ELISA).

TCV enteritis must be distinguished from other
enteric infections, including those associated with
astrovirus, rotavirus, reovirus, Salmonella spp.,
and Crytosporidia spp.

TREATMENT

Current intervention strategies have drug and
management components. These are basically the
same for PEMS and TCV.

Given the viral nature of PEMS and TCV, no “sil-
ver bullet” exists. Supportive care is needed at the
early onset of clinical signs. This includes water
soluble multiple vitamin preparations with vitamin
E at twice the recommended level (because of its
antioxidant properties, which help stabilize the
intestinal villus epithelial cells); and water soluble
antibiotherapy when elevated mortality is observed
due to coinfection. Impression smears of the intes-
tines should be performed to determine whether
gram-positive or gram-negative bacteria are domi-
nant. Once the disease is present, antibiotherapy
may contain mortality but will not prevent morbi-
dity. Palliative care is not complete without sustai-
ned efforts to optimize the environment. A slight
increase of the ambient temperature (1-2°C) is
often needed because the birds are chilled. Every
effort should be made to keep the litter as dry as
possible (using ventilation, tilling, top dressing
with fresh litter if needed).

CONTROL

The best way to control TCV is to prevent its
occurrence. Given its infectious nature, major
efforts must go towards improving biosecurity (in
particular, limiting movement of people from
farm to farm). Since coronavirus is the principal
pathogenic virus found with PEMS, and for
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HJ Barnes
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Fig.36.8: Turkey coronavirus. Immunohistochemical localiza-
tion of TCV antigens in jejunum of TCV-infected turkey.

Fig.36.7: Turkey coronavirus. Microscopically, a decrease in villous
length, increase in crypt depth, and a decreased intestinal diameter
are noted. Compare the normal intestine (bottom) with the affected
intestine (top).
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ct peroxydase test for coronavirus in bursal epi-
thelium. Viral antigen is not present in the bursal lymphocytes. end of production.

Fig.36.10: Flock unevenness (weight variation) will last until the
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which diagnostic tests exists, major efforts are
being directed towards controlling and eradicating
it (serological testing; depopulation of infected
farms; all-in all-out production systems). Although
research is being conducted on potential vaccines,
there is little hope that TCV will be solved this way
in the near future.

Depopulation following a TCV outbreak must be
followed by a thorough house cleaning followed
by vigorous washing [use a sprayer with a force of
at least 30 kg-force/cm? (about 400 p.s.i.); > 700
p.s.i. or about 50 kg-force/ cm? is best].
Disinfection of all surfaces in the barn is essential.
Water sanitation is also important (see Chap.V.81
on water quality for details).

Finally, since darkling beetles and flies have been
shown to be potential vectors of TCV, it is impor-
tant to pay attention to the insecticide program
during the downtime between the infected and the
upcoming new flock. If a total downtime of two

TURKEY CORONAVIRUS @ 247

weeks 1s normally recommended between two
healthy flocks, it is best if the downtime following
a TCV outbreak is extended for another two
weeks. Essentially, it must be long enough to allow
enough time for the extra efforts going into wash-
ing and disinfection and in order to make sure that
the facilities get dry and stay dry for several days.
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Virus Taxonomy Vector Clinical signs in poultry

Viruses that cause disease in birds

Highlands J Family Togaviridae Mosquitoes (and via semen) Weakness, decreased egg production,
Genus Alphavirus high mortality in young turkeys
Turkey meningo- Family Flaviviridae Mosquitoes Nervous clinical signs in turkeys older
encephalitis Genus Flavivirus than 10 weeks and decrease in egg
laying rate
Tembusu virus Family Flaviviridae Mosquitoes Acute infection in ducks
Genus Flavivirus sharp drop in egg production
Turlock-like Bunyavirus | Family Bunyaviridae Mosquitoes Rare - cases observed in an ostrich chick
Genus Bunyavirus

Virus that cause disease in birds and humans

Eastern equine ence- |Family 7ogaviridae Mosquitoes : Culiseta Nervous symptoms and high mortality in

phalitis Genus Alphavirus melanura pheasants, partridges and ducks

Western equine ence- | Family Togaviridae Mosquitoes Rare - nervous symptoms in

phalitis Genus Alphavirus turkeys, pheasants and partridges

Venezuelan equine | Family Togaviridae Mosquitoes None in poultry?

encephalitis Genus Alphavirus

West Nile virus Famiille Flaviviridae Mosquitoes Infects many species of wild and
Genus Flavivirus domestic birds (geese and pigeons

in particular)

Usutu virus Family Flaviviridae Mosquitoes Infects many species of wild birds.

Genus Flavivirus Human contamination exceptional

Viruses that infect birds and cause disease in humans

Crimean-Congo Family Bunyaviridae Ticks (Hyalomma spp.) Infections reported in ostriches,
hemorrhagic fever Genus Nairovirus chickens and guinea fowl
Japanese encephalitis | Family Flaviviridae Mosquitoes Wild birds (4rdeidae)
Genus Flavivirus
St. Louis encephalitis | Family Flaviviridae Mosquitoes Sparrows and pigeons especially suspected
Genus Flavivirus

Tab.37.1: Arboviruses infecting domestic poultry and wild birds (adapted from Capua, 2008).

More than 500 arboviruses are known but only 130 are pathogens belonging to a dozen different families. Among these viruses,
only six have been identified as causes of disease in domestic poultry and farm reared game birds: Eastern equine encephali-
tis (EEE) virus, Western equine encephalitis (WEE), Highlands J (HJ), West Nile (WN) virus, meningoencephalitis virus of tur-
key, Israel-turkey meningoencephalitis (IT) virus and a bunyavirus Turlock-like.

Many other viruses can infect wild birds and sometimes pose a risk to humans; for example, the virus of Venezuelan equine
encephalitis (Alphavirus) encountered in the American tropics, the Japanese encephalitis virus (Flavivirus) endemic in Asia, the
virus of Crimean-Congo (Nairovirus) or Usutu virus (Flavivirus of South African origin very close to the West Nile virus), which
has emerged in Europe since the first description of a abnormal mortality among blackbirds in Vienna (Austria) in 1996. All these
virus are RNA viruses.
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37. ARBOVIRUS INFECTIONS

INTRODUCTION

The term arbovirus, abbreviation for "arthropod-
borne-virus", is used to describe all the viruses that
share a common property, that of being transmitted
through hematophagous arthropods (ticks, mosqui-
toes, sandflies, culicoides). In nature, arboviruses
are able to multiply in the infected arthropod or
live without compromising their fertility. They are
transmitted by the bite of infected arthropod recep-
tive to vertebrates, causing early and transient vire-
mia. This results in a complex cycle between
viruses, arthropod vector and vertebrate host.
Vertebrates are then either amplifiers and dissemi-
nators of viruses or accidental hosts or epidemiolo-
gical dead ends.

Arthropod activity is intense during the hot and
humid months. Arbovirus infections are seasonal
illnesses, especially in tropical and sub-tropical
regions, caused by a very heterogeneous group of
viruses.

ALPHAVIRUS

Eastern equine encephalitis (EEE) virus, Western
equine encephalitis (WEE) virus and Highlands J
(HJ) virus are found mainly on the American conti-
nent. EEE and WEE are zoonoses. They can cause
in humans severe encephalitis which can progress
to paralysis, convulsions, coma and death. The
mortality rate of EEE virus in humans is 50-75%.
Survivors often retain permanent neurological
sequelae. Western equine encephalitis virus is less
severe. Most infections are not associated with cli-
nical disease in humans. The primary host affected
by EEE or WEE, as the name suggests, is the
horse, in which there is severe encephalitis.

Eastern equine encephalitis

The virus is transmitted from bird to bird by an
ornithophilic mosquito (Culiseta melanura).
Humans and horses are accidental hosts. In this
case, the transmission is due to other mosquito spe-
cies. In birds, the first outbreaks were diagnosed in
pheasants. Outbreaks in pigeons, partridges, tur-
keys and ducks have also been described. Episodes
of clinical disease in chickens and quail were not
recorded, but the two species are extremely sensi-
tive to experimental infection.

The occurrence of infection in flocks is always due
to the contamination of a small number of birds by
the bite of infected mosquitoes. Spread within the
farm can be linked to cannibalism, pecking, or
even during artificial insemination of females,
since the sperm may be contagious. Poultry gene-
rally have neurological disorders by central ner-
vous system involvement. There are sometimes
visceral infections.

Western equine encephalitis & Highlands J
virus

These two alphaviruses are very close genetically.
Western equine encephalitis virus is responsible
for sporadic disease in poultry. Cases have been
reported in turkeys, pheasants and partridges.
Turkeys experience high mortality due to encepha-
litis associated with the following clinical signs:
drowsiness, tremors and leg paralysis. In turkey
breeders, egg production suddenly drops and eggs
become small, white even without shell.

The Highlands J virus was identified for the first
time in a blue jay and then in partridges. It causes
drowsiness, ruffled feathers and recumbency prior
to death. The lesions are mainly encephalitis and
myocardial necrosis. In turkey breeders, a very
important drop in egg production is observed. In
young turkeys, this virus is responsible for high
mortality.

FLAVIVIRUS

Birds are the primary hosts of several flaviviruses.
With some flaviviruses, birds are healthy carriers,
which may facilitate human infections (Japanese
encephalitis virus or St. Louis encephalitis). Other
flaviviruses [West Nile (WN) virus and turkey
meningoencephalitis virus] rarely affect domestic
poultry, but can still cause significant economic
losses.

West Nile virus
This virus was primarily known in Europe, Asia
and Africa, where it is endemic. It became espe-

cially well known in 1999, when it appeared for the
first time on the American continent. The epidemic
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Fig.37.5 3.6:West Nile virus
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Fig.37.10, 37.11 & 37.12: West Nile virus disease (horse spinal cord). Nerve lesions in the spinal cord in horses are similar to those obser-
ved in birds and help to understand the clinical signs of paresis observed. Fig.37.10: Multifocal and diffuse hemorrhages in the gray mat-
ter. Fig.37.11: Gliosis and immunohistochemical staining of West Nile viral antigen in the cytoplasm of a neuron (x20). Fig.37.12: immu-

noperoxidase staining of West Nile viral antigen in the cytoplasm of glial cells (x40).
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since then has been dramatic for humans, horses
and birds. The disease is generally observed in
summer and autumn. The virus is mainly transmit-
ted by mosquitoes (Culex), but can also be trans-
mitted by some ticks.

West Nile virus has a wide host range, replicating
in birds, reptiles, amphibians, mammals, mosqui-
toes and ticks.

In geese

In Israel, for the first time in 1997, clinical signs of
fatal encephalitis have been observed in several
farms of young geese. Since then, similar observa-
tions have been reported in Canada, Hungary and
the United States. Clinical signs include loss of
equilibrium, apathy, torticollis, opisthotonos and
pendulum movement of the head. Young geese fall
on one side, often pedaling before dying.
Morbidity and mortality are variable.

Geese are more susceptible between three and
eight weeks of age, although clinical cases have
been described until the age of 12 weeks. Older
geese usually do not develop clinical signs but ele-
vated antibody levels demonstrate that they have
been infected.

The relatively prolonged period of viremia (several
days before the onset of clinical signs) and the very
high viral load promote the infection of mosqui-
toes and the spread of the virus to other hosts
(horses, birds or humans).

In other domestic birds

Infection of chickens or turkeys is usually asymp-
tomatic. The short duration of viremia associated
with a low viral titer does not allow spread by mos-
quitoes.

In wild birds

A multitude of bird species (over 110 species) is
susceptible to infection. In general, many species
are resistant to infection but may act as a reservoir.

Turkey meningoencephalitis

This condition was described for the first time in a
turkey farm in 1958 in the coastal plain of Israel. In
1978, the virus was isolated in South Africa, the
only other country that has officially reported the
disease. This Flavivirus is now classified in sero-
group Ntaya. The turkey is the only species known
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to be naturally infected to date. Very young chicks
and Japanese quail are susceptible to the virus.
Unlike geese, ducks, chickens and pigeons are
resistant to infection. The virus is transmitted by
some mosquitoes (4edes and Culex spp.) and culi-
coides. Epidemics are observed between August
and December.

The disease appears in turkeys older than 10 weeks
and is characterized by progressive paralysis with
a mortality rate of about 15-30%, but that may
reach 80%. The main signs include paresis, incoor-
dination, paralysis of the wings and greenish diar-
rhea. In layers, reduced egg production is signifi-
cant.

Tembusu virus

Tembusu virus is a Flavivirus of the Ntaya virus
group. Tembusu virus infection leads to an acute
disease of ducks, characterized by a sudden onset
and quick spreading through the flock. A severe
drop in egg production is observed with a degene-
ration of the ovary with hemorrhagic lesions. The
disease is of significant economic importance to
egg-laying and breeder duck farms (see
Chap.V1.92).

TURLOCK-LIKE BUNYAVIRUS OF THE
OSTRICH

Ostriches may be asymptomatic carriers of the
Crimean-Congo hemorrhagic fever bunyavirus
transmitted by ticks or by contact with infected
animals. Fatal human cases associated with ostrich
farms have been reported in South Africa.

Only one case of a Turlock-like bunyavirus cau-
sing encephalomyelitis and myocarditis in an
ostrich chick has been reported in North America.

DIAGNOSIS

In the absence of treatment for these viral infec-
tions, it is important to identify these different
arboviruses, particularly when there is a risk of
ZOOoNnosis.

Alphavirus

Alphaviruses can be isolated from blood or from dif-
ferent organs (brain, spleen, liver, heart) using diffe-
rent methods: intracerebral injection of newborn
mice, subcutaneous or intramuscular inoculation of
day-old chicks, intravitellus inoculation of chicken
embryos older than 7 days and/or inoculation of cell
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Fig.37.13 & 37.14: West Nile disease (Goose). Brain: swelling of the endothe-  Fig.37.15: West Nile virus disease (Goose):
lium, multifocal hemorrhages and gliosis (x 20) (left). Perivascular lymphocytic =~ demonstration of viral antigen by immunohis-

cuff (x 40) (right). tochemistry in the brain (x 20).
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Fig.37.16, 37.17 & 37.18: West Nile virus disease. Encephalitis and immunoperoxidase staining of West Nile viral antigen in a sparrow

(Fig.37.16) and in a psittacine (Fig.37.17 & 37.18).
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culture (Vero, BHK-21 cells and primary cultures
of duck or chicken embryos, highly sensitive).
Generally, mice and day-old chicks die in 2-5 days
from encephalitis. Chicken embryos die in 18 to
72h and have a hemorrhagic appearance. Cytotoxic
effects are observed in 24-48 hours in cell cultures.

Identification of the virus is usually performed by
virus neutralization (VN), complement fixation or
ELISA tests. The antigen or viral RNA can also be
detected by immunohistochemical test or by RT-
PCR (reverse transcriptase-polymerase chain
reaction).

Serological tests available are VN, hemagglutination
inhibition (HI), ELISA and complement fixation.

West Nile virus

Samples for isolation of West Nile virus may be
obtained from the brain, spleen and kidneys. The
virus is inoculated by the intracranial route to mice
aged from one to two days or in the vitellus of
seven-day-old chicken embryos. The mice develop
ataxia in four to seven days; chick and chicken
embryos die in two to six days. Tissue cultures are
also used for virus isolation. They develop a cyto-
toxic effect in 48 to 72 hours and identification is
then performed using antibodies revealed by
immunofluorescence. The use of RT-PCR allows
for an accurate and rapid diagnosis.

Two serological tests are available: hemagglutina-
tion inhibition assay and ELISA.

Turkey meningoencephalitis

The best diagnostic procedure is the isolation of
virus from the brain, spleen or blood of infected
turkeys, either by intravitellus inoculation of 7
day-old chicken embryos or by the intracranial ino-
culation to mice aged two to three days. Chicken
embryos die in three to four days and are a very
characteristic cherry-red color. Mice develop
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flaccid paralysis in five to six days. A rapid diag-
nosis can be achieved by using RT-PCR.

Serological tests are the hemagglutination inhibi-
tion assay and VN.

CONTROL

Vector control

Due to the risk of zoonosis for some of these
viruses, it is important to implement measures to
control vectors to prevent the occurrence and
spread of arboviruses. Such measures will include
the reduction of vector habitats with changes in the
environment and the use of pesticides.

Vaccination

A vaccine developed against Eastern equine ence-
phalitis for horses has been tested in pheasants, but
its efficacy has yet to be validated.

An inactivated vaccine produced from extracts of
mouse brain provides an excellent protection
against West Nile virus.

Turkey meningoencephalitis is controlled by vac-
cination, although there is a risk of post-vaccinal
encephalitis.
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Fig.38.2: Affected spleen enlarged and showing
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Fig.38.4: Liver with severe periportal hepatitis, vasculitis and
mild bilary hyperplasia in an adult broiler chicken.

Fig.38.3: Photomicrograph of liver with severe subcapsular
hemorrhage.

INTRODUCTION

Hepatitis-splenomegaly (HS) syndrome is a disease
of both layer and broiler-type chickens characteri-
zed by increased mortality and decreased egg pro-
duction caused by the Hepatitis E virus. Dead birds
have hemorrhagic livers, with clotted blood around
the liver or abdominal cavity and splenomegaly. The
disease has been seen in the USA, Australia, Canada,
Europe, and China and is also probably present in
other parts of the world.

ETIOLOGY & EPIDEMIOLOGY
HS is primarily caused by Hepatitis E virus (HEV)

distantly related (58 to 61% with the helicase gene)
to human and swine Hepatitis E viruses. Hepatitis
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E virus is a spherical, non-enveloped, symmetrical
virus of about 32-34 nm in diameter. It is a single-
stranded, positive sense RNA virus that has been
placed in a new family Hepeviridae and genus Hepe-
virus. There are genetic differences among various
isolates of Avian HEV isolated from different geo-
graphic regions such as Australia, the USA and
Europe. Avian HEV has also been isolated appa-
rently from clinically normal chickens.

HS syndrome was first reported in Western Canada
in 1991, and since then has been recognized in the
United States, Australia and Europe. The disease has
been called by many names in the US and Canada:
weeping liver disease, necrohemorrhagic hepatitis,
necrotic hemorrhagic hepatosplenomegalic syn-
drome, chronic fulminating cholangiohepatitis and
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38. HEPATITIS-SPLENOMEGALY SYNDROME

necrotic hemorrhagic hepatitis splenomegaly syn-
drome. In Australia, the disease is called Big Liver
and Spleen (BLS) disease.

It has been determined that there is a 79% nucleo-
tide sequence (in the helicase gene) similarity bet-
ween avian Hepatitis E viruses that cause HS and
BLS. The syndrome is most common in laying hens
between 30 and 72 weeks of age, with the highest
incidence occurring between 40 and 50 weeks of
age. Leghorn hens in cages are typically affected
and on some farms HS frequently reoccurs. The
disease is endemic in chicken flocks in the US. Sero-
logical studies in the US revealed that 71% of the
flocks and 30% of chickens are positive for avian
HEYV antibodies. About 17% of chickens less than
18 weeks of age and about 36% of adult chickens
are positive for avian HEV antibodies. Antibodies
to BLS have also been demonstrated in chickens in
the US. Transmission of Avian HEV appears to be
by fecal-oral, but experimentally the disease has
been reproduced by oronasal route of inoculation.
In the field transmission occurs readily within and
between chicken flocks. Embryonic chicken eggs
can be infected by the intravenous route.

CLINICAL SIGNS & LESIONS

Clinical signs due to HS are non specific and consist
of anorexia, depression, pale combs and wattles and
soiled vents. Some birds can die suddenly without
exhibiting any clinical signs. Birds that die from HS
are generally in good body condition but may have
pale combs and wattles. The morbidity and morta-
lity in the field can be low. Mortality can be 1% per
week lasting for 3 to 4 weeks. Egg production drops
are above normal, but can be significant in some
affected flocks, as high as 20%. In broiler chickens
small eggs with thin and poorly pigmented shells
can be observed.

Reported gross lesions include clotted blood in the
abdominal cavity and/or on the livers, as well as red
fluid within the abdominal cavity. Livers can be
enlarged, friable, and stippled with pale white, red
or tan foci. Subcapsular hematomas can be seen
occasionally in the liver. Spleens can be severely

enlarged and pale. Ovaries are often regressing.
Microscopically, liver lesions range from multifocal
to extensive hepatic necrosis and hemorrhage, with
infiltration of mononuclear inflammatory cells
around portal triads. Infiltration of lymphocytes in
and around the blood vessels in the liver is a charac-
teristic lesion of this syndrome. Microscopic lesions
in the spleen include lymphoid depletion, hyperpla-
sia of mononuclear phagocytic system cells and the
accumulation of eosinophilic material in and around
small arteries and in the interstitium of the vascular
sinuses. Similar eosinophilic material can also be
present in the interstitium of the liver. This material
is usually positive for amyloid using Congo red stain.

DIAGNOSIS

A presumptive diagnosis can be made based on cli-
nical signs, mortality patterns combined with gross
and microscopic lesions. However, gross lesions of
HS can appear similar to hemorrhagic fatty liver
syndrome (HFLS) of chickens. With HS syndrome
the livers tend not to be fatty both grossly and micro-
scopically and amyloidosis is not seen with HFLS.
Virus can be isolated in chicken egg embryos by
inoculation through intravenous route but it is not
practical as this method is difficult and many
embryos may die by this technique. Negative stain
electron microscopy to detect 30 to 35 nm virus par-
ticles in the bile or the feces in chickens suffering
from HS syndrome can also be used. Immunohis-
tochemistry (IHC) on tissues can also be used for
diagnosis. Serology by ELISA and AGID are other
methods that can be used for diagnosis of HS. Cur-
rently, the diagnosis of avian HEV is made prima-
rily based on the detection of virus RNA by RT-PCR
either in the feces or liver samples.

CONTROL & TREATMENT

Biosecurity implementation may help limit the
spread of the virus. Currently there is no treatment
available to control HS. One study suggested that
immunization of chickens with avian HEV recom-
binant ORF2 capsid protein with aluminum as adju-
vant can induce protective immunity against avian
HEYV infection.
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Fig.39.1 & 39.2: In avian nephritis due to astrovirus, affected chicks may show enlarged and pale kidneys and visceral urate depo-
sition over the heart (left) and the kidneys and ureters (right) like in this 4- day-old chick.
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Flg 39.3: In visceral urate deposmon toph/ formatlon can be Fig. 39.4: Poult with turkey V|ral hepatltls Pancreas showmg pro-
observed in kidney but also in various other organs. minent foci.
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Fig. 39 5 & 39.6: In turkey viral hepatitis, the main necropsy findings are a few to muItlpIe necrotlc pale white foci in the liver. Livers
are generally enlarged.
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Flg 39 7& 39. 8 Hlstopathology of turkey viral hepatltls showing acute multifocal coagulatlve necrosis and‘hepatocytes and |nflam-
mation.
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39. OTHER VIRAL INFECTIONS

INTRODUCTION

There are numerous other viruses some of which are
very important such as avian bornavirus and other
viruses that affect various species of birds but are
difficult to cover in detail. In this chapter, a brief
description of the viruses and the disease they cause,
clinical signs, transmission, pathology, diagnosis
and treatment and control will be presented. Some
of these viruses include avian nephritis virus which,
as the name implies, cause nephritis in chickens, a
novel picornavirus which cause turkey viral hepati-
tis, a novel birnavirus which cause transmissible
proventriculitis in chickens, reoviruses of turkeys
which causes myocarditis and other diseases, avian
bornavirus which causes proventricular dilatation
disease primarily in psittacines but also in other
birds, psittacine herpesviruses which causes
Pacheco’s parrot disease and others, polyomavirus
that causes Budgerigar fledgling disease in psitta-
cines, circoviruses that cause Psittacine beak and
feather disease in psittacines, immunosuppressive
diseases in pigeons and diseases in other species of
birds, West Nile virus, a Flavivirus that is lethal to
corvids but also infects various other species of
birds, adenoviruses that affect psittacines pigeons,
raptors, etc., Avian Paramyxovirus-3 that affects
psittacines and passerines and reovirus of psitta-
cines.

AVIAN NEPHRITIS

Avian nephritis virus (ANV) is an astrovirus that
causes infection of the kidneys in young chickens.
The infection is acute, highly contagious but
usually subclinical in nature characterized by
nephritis and urate deposits in the kidneys and
abdominal viscera.

Etiology & epidemiology

ANV has been classified as an astrovirus distinct
from Duck Hepatitis type 2 and 3, turkey and
chicken astroviruses. Astroviruses are non-envelo-
ped single-stranded positive sense RNA icosahe-
dral virus, 28-30 nm in diameter that may exhibit
five or six pointed star-like surface when viewed
by electron microscopy. ANV has been placed in a
new genus Aviastrovirus in the family
Astroviridae. There are genetic differences among
various isolates of ANV.

ANV was first reported from Japan and the disease
or the antibodies have been reported in Europe and
USA. Transmission of ANV appears to be by
direct contact with infected birds. Vertical trans-
mission of the virus has also been suggested.

Clinical signs & lesions

The only clinical sign reported due to ANV in 1-
day-old chicks is transient diarrhea but not all
birds will show this. But some of the characteristic
lesions develop in chicks up to 4 weeks of age.
Runting stunting of chicks and decrease in body
weights are observed. Mortality can range from
negligible to 6%. Grossly the chicks suffering
from ANV may show enlarged and pale kidneys
with increased urates. Visceral urate deposits
(gout) in the pericardium, capsule of the liver,
abdominal cavity, subcutaneous tissues, etc., can
be observed. Histologically degeneration and
necrosis of the epithelial cells of the proximal
convoluted tubules and dilation accompanied by
lymphocytic interstitial nephritis with tophi forma-
tion can be observed. Tophi and associated inflam-
mation can also be observed in various other
organs.

Diagnosis

A presumptive diagnosis can be made based on
clinical signs, mortality patterns combined with
gross and microscopic lesions in young chicks.
Virus can be difficult to isolate. It can be isolated
in 6-day-old chicken egg embryos by inoculation
through yolk sac route and in chicken embryo kid-
ney cells. Other techniques such as RT-PCR,
immunofluorescence, ELISA and electron micro-
scopy have been used to diagnose ANV.

Control & treatment

Currently there are no control or treatment mea-
sures that are available and biosecurity implemen-
tation may help limit the spread of the virus.

TURKEY VIRAL HEPATITIS

Turkey viral hepatitis (TVH) is an acute to subacute,
highly contagious but usually subclinical disease res-
tricted to turkeys. The disease occurs most com-
monly in young turkeys under the age of 6 weeks,
characterized by hepatitis and pancreatitis. The
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Fig.39.14: TVP. Immunohistochemistry.
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Fig.39.15: Myocarditis due to reovirus in a 13-day-old turkey Fig.39.16: Myocarditis due to reovirus in three 15-day-old turkey

{)houllt. Note the pale epicardium and passive congestion in  poults. Note the pale epicardium and dilation of right ventricle in two
e liver. birds.
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disease is common in some areas of USA like in
California. It has also been reported in Canada,
Italy, France and UK.

Etiology & epidemiology

The etiological agent of THV was recently identi-
fied by pyrosequencing to be a novel Picornavirus
of 25-30 nm in diameter. Transmission is thought
to be via the faeces and vertical transmission may
also occur. But not much is known about the
occurrence of TVH in turkey flocks.

Clinical signs & lesions

The disease is usually subclinical and may become
apparent when the birds are stressed. Affected tur-
keys are stunted and unthrifty. Morbidity and mor-
tality vary according to the severity of stress. In
poults less than 5 weeks old, morbidity may reach
100%. Mortality, reported only in poults, is confi-
ned to a 4-to-8-day period, and may reach 25%.
Breeder flocks may exhibit decreased production,
fertility and hatchability but deaths are not seen in
birds over 6 weeks of age. TVH often occurs with
poult enteritis.

The main necropsy findings are a few to multiple
necrotic pale white foci in the liver. Liver may be
enlarged in acute stages. Less frequently pale or
gray patches of necrosis may be present in the pan-
creas. Occasionally spleen may be enlarged and
mottled pale or gray. Often the poults with TVH
will have enteritis characterized by pale serosa of
the small intestine and distension with watery
contents.

Microscopically, pale foci represent multifocal
acute coagulative necrosis of hepatocytes and infil-
tration of lymphocytes, plasma cells and macro-
phages. In acute stages the inflammation is accom-
panied by the presence of multinucleated cells or
syncytia of unknown origin. In subacute to chronic
stages infiltration of mononuclear inflammatory
cells is the characteristic feature. Lesions in pan-
creas range from acute acinar cell necrosis with
minimal inflammation to severe lymphoplasmacy-
tic inflammation with formation of lymphoid
nodules in chronic stages. Transmission electron
microscopy of liver and pancreas has demonstrated
23 to 27 nm virus particles either arranged loosely
or in a geometric fashion in the cytoplasm of hepa-
tocytes and acinar cells of the pancreas. Often the
poults with TVH will have enteritis characterized
by increased cellularity of the lamina propria sug-
gesting that the novel picornavirus probably can
cause enteritis also.
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Diagnosis

Diagnosis of suspicion of TVH is based on obser-
vation of gross and microscopic lesions of the liver
and pancreas. Gross liver lesions may resemble
those of bacterial infections, particularly from
Salmonella spp, Pasteurella multocida, or
Escherichia coli, and infections caused by Group 1
and Group 2 avian adenoviruses and reoviruses
and acute histomoniasis. Transmission electron
microscopy of the liver and/or pancreas can
demonstrate characteristic virus particles.

Diagnosis of TVH can be made by RT-PCR on
feces and cloacal swabs from live birds and liver,
pancreas, bile and intestine from dead poults with
typical lesions. Isolation of the virus from samples
of internal organs or the faeces inoculated into
embryonated chicken eggs can be used for confir-
mation.

Treatment & control

There is no known treatment. Improved sanitation
may be of value in preventing dissemination of the
agent.

TRANSMISSIBLE VIRAL PROVENTRICULITIS

Transmissible viral proventriculitis (TVP) is a viral
disease of young broiler chickens characterized by
inflammation and enlargement of the proventricu-
lus. The disease is a recognized cause of production
losses in broiler chickens of 1 to 8 weeks of age but
is also reported in broiler breeders and commercial
layer hens (9-20 weeks of age).

Etiology & epidemiology

A newly recognized birnavirus of chickens refer-
red to as chicken proventricular necrosis virus
(CPNV) has been associated as a cause of TVP.
This recently recognized virus of chickens is a new
member of the family Birnaviridae, deeply diver-
gent from other birnaviruses, especially the
Avibirnavirus of infectious bursal disease.

Experimental studies demonstrated accentuation of
induced TVP in young broiler chickens when these
chickens were treated with chemical immune suppres-
sants (cyclophosphamide, cyclosporin) or infected
with infectious bursal disease virus.

Clinical signs & lesions

TVP is characterized in broiler chickens by inflam-
mation and enlargement of the proventriculus. The
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Fig.39.17: Myocarditis due to reovirus in a 5- Flg 39.18: Hlstopathology of myocardltls due'to reovirus. Degeneratlon necro-
week-old turkey pouIt sis and inflammation including multinucleated cells.
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F|g 39. 19 Myocardms due to reovirus. Immunohistochemistry Flg 39. 20 Myocardltls due to reovirus. Immunohlstochemlstry
(heart): antigen in the cytoplasm of inflammatory cells and myo- (intestine): antigen in the cytoplasm of inflammatory cells and
cytes. enterocytes.
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F|g 39. 21 39 22 & 39.23: Proventricular D|Iatat|on Disease (PDD). Moderate to severe dilatation of the proventriculus due to Avian
Bornavirus (ABV) in an african gray parrot (Fig.39.21), scarlet macaw (Fig.39.22) and a Blue and Gold Macaw (Fig.39.23). Notice
the thin wall of the proventriculus showing seeds (Fig.39.22 & 39.23).
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disease is associated with proventricular fragility,
impaired growth, poor feed conversion, and impai-
red feed digestion. The disease results in increased
fragility of the proventriculus and a tendency to
rupture at processing. This is responsible for
increased processing costs because of higher num-
bers of reprocessed carcasses and condemnations.

Gross lesions can range from mild pale mottling to
diffuse paleness of the proventricular serosa associa-
ted with mild to severe dilation of the proventriculus.
The wall and mucosa of the proventriculus can be
thickened. Microscopic lesions range from acute
necrosis of glandular epithelium with diffuse inter-
stitial infiltration of lymphocytes in acute stages to
ductal epithelial hyperplasia, replacement of glandu-
lar epithelium with ductal epithelium and lymphoid
nodule formations in subacute to chronic stages.
Immunohistochemistry demonstrated viral antigen
in the cytoplasm of glandular and to an extent in the
mucosal epithelium of the proventriculus.

Diagnosis

Characteristic gross and microscopic lesions
should help diagnose TVP. Confirmation of the
diagnosis can be obtained with the detection of the
virus by PCR or immunohistochemistry. At
necropsy it is difficult to differentiate TVP from
proventricular dilatation due to finely ground diet
and sometimes with Marek’s disease.

Treatment & control

There is no treatment. Biosecurity measures and
improved control of infectious bursal virus disease
can reduce incidence of TVP.

REOVIRUS INFECTIONS

Reoviruses are recognized as a cause of tenosyno-
vitis/viral arthritis in chickens (see Chap.I1.27) but
they have also been isolated from several other
disease conditions in chickens (runting stunting
syndrome or malabsorption syndrome), ducks (see
Chap.VI.85) and turkeys.

Reovirus infection of turkeys

The number of studies on reovirus in turkeys include
arthritis, synovitis, immune dysfunction, and poult
enteritis caused by turkey reovirus are distinct from
chicken reovirus. Poult enteritis mortality syndrome
is a disease of complex etiologies, such as viruses,
bacteria, and protozoa (see Chap.IV.72). More
recently, myocarditis associated with turkey reovi-
rus has been described in 17-day-old turkey poults
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with a history of diarrhea and increased mortality
ranging from 0.35% to 3% per week. Affected
poults had pale myocardium often associated with
dilation of the right heart, grossly and microscopi-
cally mild to severe lymphoplasmacytic and
macrophage inflammation and a few multinuclea-
ted giant cells. Transmission electron microscopy
of the heart revealed 85 to 88 nm diameter virus
particles in the sarcoplasmic reticulum.
Immunohistochemistry using polyclonal antibody
for turkey reovirus revealed positive staining in the
inflammatory cells of the myocardium, bursa of
Fabricius, spleen, intestine, liver and lungs as well
as in the myofibers, epithelium of the intestine and
bursa of Fabricius.

Reovirus infection in psittacines

Unique psittacine reoviruses have been attributed
as the cause of clinical disease and mortality in
various species of psittacines; african gray parrots,
budgerigars and various other species.
Hepatosplenomegaly associated with necrosis and
inflammation and enteritis were the most consis-
tent lesions.

PROVENTRICULAR DILATATION DISEASE

Proventricular Dilatation Disease (PDD) is one of
the most common and fatal diseases of psittacines.
PDD has been reported in USA, Europe, Australia,
South Africa, and Brazil and probably it occurs in
other parts of the world. The disease is a progres-
sive neurologic disease that primarily affects the
gastrointestinal nervous system but can also affect
other systems. The disease has been known since
the late 1970's. PDD has been called by various
names, including macaw wasting syndrome, pro-
ventricular dilation syndrome, neuropathic gastric
dilation, myenteric ganglioneuritis, and infiltrative
splanchnic neuropathy, to name a few. PDD has
been observed in more than 80 species of psitta-
cines but also in some non psittacine species such
as ostriches, canaries, Canada geese, trumpeter
swans, ducks, finches, toucan, peregrine falcon,
red-tailed hawk, golden eagle, mouse bird, honey-
creeper, long-wattled umbrella bird, bearded bar-
bet and roseate spoon bill.

Etiology & epidemiology

The cause of proventricular dilation syndrome
remained unknown in spite of extensive studies by
numerous workers till 2008 when Kistler et al. and
Honkavuori et al. independently reported on the
recovery of a novel Bornavirus from birds with
PDD. The virus was named avian bornavirus
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Fig.39.24 & 39.25: PDD (histopathology & immunohistochemistry). Severe Fig.39.26. PDD (histopathology). Severe menin-
ganglioneuritis of the proventriculus due to ABV in an Eclectus parrot. goencephalitis in the brain due to ABV in an Eclectus
Immunohistochemistry of the same ganglia showing ABV antigen in the parrot.

nuclei and cytoplasm of the cells (Fig.39.25).
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Fig.39.27: PDD. Immunohistochemistry of the brain sho- Fig.39.28: PDD (histopathology). Moderate adrenalitis of the medul-
wing ABV antigen in the nucleus, cytoplasm and dendrites lary cords due to ABV in a psittacine.

of neurons and glial cells.
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Fig.39.29 & 39.30: PDD (histopathology & immunohistochemistry). Severe ganglioneuritis of the epicardial ganglia due to ABV in a
canary. Immunohistochemistry of the same ganglia showing ABV antigen in the nuclei and cytoplasm of the cells (Fig.39.30).
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(ABV) because it was quite distinct and shared
only 65% nucleotide sequence with the well
known Borna disease virus (BDV) of mammals.
Borna disease caused by BDV has been known
since 1858 and is an encephalitic disease of horse,
sheep and occasionally other domesticated mam-
mals and it is endemic in Central Europe.
Bornaviruses are negative sense, enveloped, sin-
gle-stranded spherical medium-sized (70-130 nm
in diameter) RNA viruses that are members of the
family Bornaviridae, order Mononegavirales.
BDV strains show a remarkable sequence homo-
geneity and are all derived from mammalian hosts.
Based on nucleotide sequence analysis of nume-
rous ABV isolates from psittacines, seven distinct
genotypes designated ABV1 to 7 have been identi-
fied. Other distinct genotypes have been described
from non-psittacine species such as canaries
(Serinus canaria), finches, Canada geese, trumpe-
ter swans and ducks with typical pathology of
PDD. But ABV has not been demonstrated by
conventional PCR in other species of birds which
also had pathology of PDD.

The mode of transmission of ABV appears prima-
rily through the fecal-oral route. Vertical route of
transmission has also been demonstrated. The
virus is shed intermittently in the droppings. The
incubation period for ABV is believed to be
months or even more than a year but recent work
suggests that it could be as short as a few days
depending on the age of the birds at exposure.

Clinical signs & lesions

The clinical signs of PDD vary and may be predo-
minately neurologic such as weakness, ataxia, pro-
prioceptive deficits, seizures, blindness and/or gas-
trointestinal such as weight loss, regurgitation of
food, delayed emptying of crop, passing of undi-
gested seeds in the feces. Sudden death has also
been reported. The dilatation of the proventriculus
is due to accumulation of food secondary to
defects in the motility of proventriculus and the
intestine. The intestinal dysfunction is probably
due to virus-induced immune damage to the auto-
nomic nerves affecting the upper and middle gas-
trointestinal tract.

Gross pathology in most cases (80%) of PDD is
characterized by dilation of the proventriculus and
occasionally the gizzard and duodenum.
Sometimes the proventriculus is so severely dilated
and thin walled that it can rupture spilling ingesta
into the peritoneum. Birds with protracted infec-
tion can be severely emaciated. Microscopic
lesions can be variable from bird to bird and
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include mild to severe, focal to multifocal lympho-
plasmacytic ganglioneuritis involving the myente-
ric ganglia of the esophagus/crop, proventriculus,
gizzard and intestine. Non-suppurative encephalo-
myelitis, myocarditis, adrenalitis, chorioretinitis in
the eye can also be seen. Similarly peripheral
nerves and individual nerves as well as ganglia in
various organs, and the arrector pili muscles in the
skin can have lymphoplasmacytic infiltration. In
one study of cockatiels when challenged with
ABV4, unusual pathology of PDD was observed
not only in the neural tissues but also in the non-
neural tissues such as liver, spleen, kidneys, lungs,
etc.

Immunohistochemistry can demonstrate the ABV
antigen not only in the cytoplasm but also in the
nucleus of inflammatory cells. Glial cells and neu-
rons in the brain, spinal cord, retina and ganglia
throughout the body are similarly stained some-
times with no inflammation.

Diagnosis & treatment

PDD can be diagnosed in birds based on clinical
signs and radiography of the bird, ELISA, indirect
immunofluorescence (IIFA) and Western blot ana-
lysis on serum and plasma, polymerase chain reac-
tions (PCR) on choanal secretion, feces, feathers
and organs, histopathology of crop biopsy, in situ
hybridization (ISH), immunohistochemistry (IHC)
of brain and other organs and virus isolation on the
brain, proventriculus, adrenal glands, etc. Vitreous
of the eye is a consistent source of the virus.

ABYV does not cause cytopathic effect in cell cul-
tures such as in duck embryo fibroblasts and other
cell lines.

It should be pointed out that most of the diagnos-
tic tests have limited practical applications. Crop
biopsy can miss as many as 26% of the positive
PDD birds. PCR, IIFA and Western blot analysis
have demonstrated that positive results for ABV
can occur in normal and non-symptomatic PDD
birds as well as false negatives in PDD birds. PCR
and IHC have demonstrated the ABV not only in
the neural tissues but also in non neural tissues.

Though the pathogenesis of PDD is not known it is
probably an immune mediated disease. General
treatment has been directed against the immune
response. Non-steroidal anti-inflammatory drugs
are widely used with variable and unknown results.
These include celecoxib, cyclosporine, ribavarin,
and meloxicam. There is no vaccine available at the
present time to prevent or control PDD.
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F|g 39.31, 39. 32 & 39.33: Pacheco s parrot dlsease Enlarged liver with petechiae (Fig.39.31), enlarged spleen (Fig.39. 32) and f br|-
nonecrotic stomatitis and esophagitis (Fig.39.33) in Amazon parrots due to psittacine herpesvirus.
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Fig. 39 34 Eosmophlhc intranuclear inclusions of herpesvrrus |n F|g 39 35: Hlstopathology of severe > bronchitis and presence of
the intestinal epithelial cells of a parrot. syncytia due to psittacine herpesvirus 3 in a Rosy Bourke
Parakeet.
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Fig.39.36: Severe COI’]JUHCtIVltlS in a Gouldian Finch due to Fig.39.37: Hlstopathology of conjunctlvms in the Gouldlan Finch
Passerid herpesvirus. with hypertrophied epithelial cells containing intranuclear inclu-
sion bodies.
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MISCELLANEOUS HERPES INFECTIONS

In the order of Herpesvirales and the family of
Herpesviridae, herpeviruses of birds, grouped in
the subfamily of Alphaherpesvirinae, have a broad
host range and infect many avian species, inclu-
ding chickens, turkeys, ducks, peafowl, pheasants,
pigeons, psittacines, passerines, eagles, storks, fal-
cons, cranes, bobwhites, cormorants, penguins,
owls, efc. Some of the important diseases are
Marek's disease (Gallid herpesvirus 2, genus
Mardivirus) (see Chap.I1.33), infectious laryngo-
tracheitis (Gallid herpesvirus 1, genus Iltovirus)
(see Chap.ll.22), duck virus enteritis or duck
plague (Anatid Herpesvirus 1, not classified but
closed to genus Mardivirus, Varicellovirus and
Simplexvirus in the same subfamily) (see
Chap.VI1.89). These Alphaherpesvirinae may
cause substantial economic and ecological losses.

Other herpesviruses can infect psittacines
(Psittacid herpesvirus 1 - Pacheco's disease and
others), passerines (Passerid herpesvirus), pigeons
as well as owls, falcons, hawks (Columbid herpes-
virus 1) (see Chap.VI1.99), and various other spe-
cies of birds.

Pacheco's disease was first recognized in Brazil by
Pacheco in 1930. Herpesvirus responsible (PsHV)
mainly affects genus Amazona spp. and other par-
rots. The disease often occurs after stress (travel,
environmental changes, efc.) and is highly conta-
gious. Often the most frequent symptom observed
is sudden death of the bird but other symptoms can
be observed; nasal and ocular discharge, diarrhea
and nervous disorders, greenish droppings discolo-
red with urates, etc. Other birds can be latent car-
riers without showing any clinical signs. Gross and
histopathology includes hepatitis sometimes with
syncytia, enteritis, esophagitis, stomatitis, conjunc-
tivitis, etc., with intranuclear inclusion bodies in the
hepatocytes and epithelial cells. Tentative diagnosis
can be made based on histopathology demonstra-
tion of intranuclear inclusion bodies. The diagnosis
can be confirmed by virus isolation from tissue
samples of the liver, spleen or kidney in chicken
egg embryos or liver cell culture.

Clinical signs of respiratory signs and lesions similar
to infectious laryngotracheitis: airsacculitis, conjunc-
tivitis, laryngitis, bronchitis and bronchopneumonia
associated with syncytia and intranuclear inclusion
bodies, due to a novel psittacine herpesvirus has
been described primarily in Rosy Bourke para-
keets and a few other psittacines.

Passerid herpesvirus has been described in various
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species of finches most commonly in Gouldian
finches associated with respiratory disease and
increased mortality. Pathology of airsacculitis,
conjunctivitis, sinusitis, laryngitis, tracheitis, bron-
chitis and esophagitis associated with hypertro-
phied karyomegalic cells with large basophilic
intranuclear inclusion bodies has been observed.

OTHER CIRCOVIRUS INFECTIONS

As described in previous chapters [CIAV of
chickens (see Chap.I1.30) and circovirus infection
of ducks and geese (see Chap.VI.91)] there are
other distinct circoviruses of birds that cause
severe disease in various species of birds. These
include psittacine beak and feather disease in psit-
tacines, circovirus infection of pigeons and doves,
circovirus of finches and canaries and circovirus of
gulls, ravens, and starlings. Circovirus infection
has been reported in pheasants also but has not
been characterized. Circoviruses are non-envelo-
ped small viruses with icosahedral morphology,
about 15 to 20 nm in diameter, contain unique cir-
cular DNA and belongs to the genus Circovirus
and family Circoviridae. 1t has been reported that
there is a high degree of genetic diversity among
some of these circoviruses (BFDV and PiCV) due
to the continuous occurrences of recombinations
between circoviruses circulating within an aviary
and due to continuous parrot trade.

Psittacine beak and feather disease (PBFD)

PBFD is a highly contagious disease of many spe-
cies of psittacines caused by psittacine circovirus
also called Beak and Feather Disease Virus
(BFDV). The disease is probably widespread
throughout the world. The clinical signs, lesions
and the outcome of the disease probably depend on
the genetics of the virus and the host susceptibility
as there are multiple viral genotypes or lineages of
BFDV. BFDV can cause acute death in some spe-
cies of birds such as african gray parrots due to
acute bursal necrosis that results in immunosup-
pression and secondary bacterial and fungal infec-
tions. In some species the disease can be chronic
characterized by lethargy, loss of weight with or
without feather and beak dystrophy and death
secondary to immunosuppression or other causes.
The disease is transmitted horizontally but vertical
transmission has also been demonstrated. Clinical
signs of PBFD range from sudden death to dystro-
phic feathers first noticed in the powdery down
feathers that progresses to contour feathers follo-
wed by primary, secondary and tail feathers and
almost symmetrical in distribution. Gross and
microscopic lesions consist of sloughing of claws
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Fig.39.38: Severe beak and fea- Flg 39.39: PBFD. Histopathology showmg typlcal Fig.39. 40: PBFD. Histopathology of
ther dystrophy in a Moluccan botryoid inclusions of PBFD in the mononuclear cells bursa of Fabricius in an african gray

Cockatoo (left) due to PBFD virus. of the pulp cavity. parrot showing typical botryoid inclu-
Note normal cockatoo on the sions of PBFD in the mononuclear

right. cells.
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F|g 39. 41 F|br|nous exudate in the bursa of Fabricius of Fig.39.42: Hlstopathology sthTnng typical botryoid inclusions in the

a pigeon due to bacteria but primary infection with circo- mononuclear cells of the bursa of Fabricius in a pigeon.
virus.
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Fig.39.43: Transmission electron micro- Fig.39.44: H|stopathology of circovirus  Fig. 39 45: In situ hybr|d|zat|on of the bursa
scopy of circovirus particle arranged in a  inclusions in the mononuclear cells of the  of Fabricius staining the nucleic acid of cir-

geometric pattern from the bursa of bursa of Fabricius in a Gouldian Finch. covirus in the Gouldian Finch.
Fabricius (Pigeon).
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and beak necrosis, necrosis of the oral mucosa,
liver, bursa of Fabricius. Pterylitis (inflammation
of the feathers) and pulpitis associated with charac-
teristic botryoid (grape-like) inclusions in the cyto-
plasm of macrophages and also in the bursa of
Fabricius, bone marrow, thymus, beak, claws and
other organs are characteristic microscopic lesions
of PBFD. Intranuclear inclusion bodies in the epi-
thelium of the feathers, esophagus, intestine, hepa-
tocytes, efc., can also be observed. Diagnosis of
PBFD can be made based on clinical signs, gross
lesions and demonstration of characteristic
botryoid inclusion bodies in the feathers by histo-
pathology. PCR in situ hybridization tests are also
available in some laboratories for diagnosis of
PBFD.

Pigeons and doves circovirus

Circovirus infection of pigeons is caused by a dis-
tinct different circovirus called Columbid or
Pigeon circovirus [PiCV (see Chap.VI.99)].
Circovirus infection is one of the most common
diseases of young feral and racing pigeons as well
as other types of pigeons including squabs raised
for meat. Transmission is primarily through hori-
zontal means but vertical transmission is also pos-
sible. The disease has been called “Young pigeon
disease dyndrome” (YPDS) and clinically it is cha-
racterized by anorexia, lethargy, regurgitation from
the crop, diarrhea and loss of weight in birds up to
eight months of age. Subclinical infections are
common and sometimes poor race performance is
the only sign observed in racing pigeons. In young
pigeons, bursa of Fabricius is one of the main tar-
gets of the virus and it causes severe necrosis and
inflammation. This results in immunosuppression
and secondary viral, bacterial, fungal and parasitic
infections. Microscopically characteristic botryoid
inclusions in the cytoplasm of macrophages can be
seen in the bursa of Fabricius, bone marrow, thy-
mus and cecal tonsils. Though not common, fea-
ther dystrophy has also been reported in pigeons
infected with circovirus. Diagnoses is similar to
PBFD.

Finches and canaries circovirus

These circovirus have not been well studied or des-
cribed. An outbreak of circovirus infection in an
aviary of Gouldian finches associated with increa-
sed mortality has been described. The disease was
characterized by the presence of characteristic
inclusion bodies in the mononuclear cells of the
bursa of Fabricius, severe lymphoid depletion and
secondary bacterial infection in the respiratory
tract. Circovirus was confirmed by in situ hybridi-
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zation test and transmission electron microscopy
on the bursa of Fabricius.

In canaries the disease has been called Black Spot
disease which probably represents enlarged gall
bladder in fledgling canaries. The disease was
associated with increased mortality and intracyto-
plasmic inclusion bodies in the smooth muscle
cells of the intestine.

POLYOMAVIRUS INFECTIONS

Avian Polyomavirus (APV) infection is a com-
mon generalized inclusion body disease of
various species of psittacines that can result in
high mortality especially in immature birds. The
disease is also called Budgerigar Fledgling
Disease (BFD) as budgie fledglings are highly
susceptible to APV characterized by feather dys-
trophy and high mortality. The disease has also
been reported in various non-psittacine species
such as domestic geese (see Chap.VI1.88), finches,
canaries, seed crackers, blue-bills, falcons, buz-
zards, Aracaris, etc. Clinical signs in psittacines
can vary among species and are non specific.
They can range from sudden death and increased
mortality in young birds to digestive, respiratory,
neurological disorders and hemorrhages in the
skin. Pathology in psittacines can range from
severe subcutaneous and epicardial hemorrhages
to hepatosplenomegaly with petechiae and
hemorrhage in the intestine. Hepatomegaly and
splenomegaly are the primary lesions in finches
and canaries. Microscopic lesions in psittacines
can be widespread with hemorrhages and necrosis
and mononuclear cell inflammation in various
organs. Sometimes mid-zonal necrosis in the liver
and membranous glomerulonephritis can be
observed. One of the characteristics of microsco-
pic lesions is the presence of karyomegalic faintly
staining bluish glassy appearing intranuclear
inclusion bodies in various cell types. Diagnosis
of polyomavirus can be made based on clinical
signs, gross pathology and microscopic lesions
with characteristic intranuclear inclusion bodies.
PCR and in situ hybridization tests are available
for diagnosis in some laboratories.

AVIAN PARAMYXOVIRUSES (APMV) 2 & 3

APMV-2 has been associated with respiratory
disease in young turkeys and chickens and drop in
egg production in layers. It has also been isolated
from various other species of birds.

There are two strains of APMV-3, the turkey strain
and the psittacine/passerine strain. The turkey
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Fig.39.49: Polyomavirus infec-

Fig.39.48: Polyomavirus infection.

Fledgling Disease (BFD): intranuclear inclusion bodies Severe disseminated subcutaneous tion. Severe epicardial hemor-
symmetrical feather loss in in the epithelial cells of the hemorrhages in a parrot. rhages and enlarged liver with
a budgerigar infected with feather follicles. petechiae in a conure.
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Fig.39.46: Budgerigar Fig.39.47: BFD. Typical

Polyomavirus.
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Fig.39.50: Polyomavirus infection. Histopathology of the liver with  Fig.39.51: Polyomavirus infection. Histopathology of the spleen
severe hepatocellular necrosis, hemorrhage and minimal or no showing glassy appearing intranuclear inclusion bodies in the
inflammation. mononuclear cells around the periarteriolar sheath.
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Fig.39.52: Avian Paramyxovirus-3 (APMV-3) affects psittacines Fig.39.53: APMV-3 infection. Encépha'li-tis'with" intranuclear and
and passerines sometimes associated with encephalitis like in  intracytoplasmic inclusions in glial cells in a passerine.

this budgerigar. APMV-3 also affects chickens, turkeys and

ostriches.
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strain causes mild respiratory disease and drop in
egg production in turkeys and chickens.
Serologically there is cross reaction between
APMV-3 and APMV-1.

In psittacines and passerines APMV-3 causes
digestive problems with diarrhea and neurological
signs due to encephalitis associated with both
intranuclear and intracytoplasmic inclusion bodies
in glial cells. Other lesions include myocarditis
and pancreatitis with intranuclear inclusion bodies.
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