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Fig. 08.04.02. Fig. 08.04.03.
A paralysed broiler, both legs extended forward and spread laterally Large abscess in the free thoracic vertebra

usually excellent. Scratched and dehydrated birds, however, increase condemnation in
the slaughterhouse.

In breeder cocks the typical clinical signs involve dorsal buckling of the spine, and
paralysis at the age of 5-13 weeks (Makrai et al., 2011).

PATHOLOGICAL LESIONS

Gross lesions

Major gross lesions are characterised by enlarged free thoracic vertebra, containing
an abscess (Fig. 08.04.03 and Fig. 08.04.04). The location can be easily found after
the last rib, and before the cranial lobes of the kidneys. A prominent bulge in the
spine can be observed by palpation in the area between the lungs and kidneys. In male
birds this abscess is in between the two testes. Cutting across the vertebra reveals the Fig, 08.04.04.

: ; Large abscess in the free thoracic vertebra
abscess. The central core contains caseous, vellow to grey, granular and friable exudate
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Fig. 03.06.28. Fig. 03.06.29.

Day-old chicks move away from cold walls, FLIR*  Chicks avoid the cold area and huddle under the
thermographic image brooder, FLIR® thermographic image

for the birds to clean themselves (dust bathing), and this therefore also creates an animal
welfare issue,

It is a bad practice to slow down ventilation in winter to save heating costs, as the litter
will become more wet, resulting in the problems outlined above.

Evaporative cooling pads (Fig. 03.06.30 and Fig. 03.06.31) are often used to keep birds
cool during hot weather, by reducing the temperature of the incoming air. But this cooling
comes at a price, namely increased humidity and reduced air speed. This reduction in
wind speed, however, is not significant if the pad is properly maintained. Problems may
be caused more by the lack of proper maintenance of pad systems than by their use, per
se (Czarick, 2013).

Odour
Although it is not the major target of ventilation, exhaust air will contain odours. Litter

is often seen as a major source of it (Hobbs et al., 2004). Odorant molecules are produced
by anaerobic and aerobic microbial activity in the litter and also released from the birds,
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Fig. 03.06.30.
The position of evaporative cooling pads

which can result in complaints from local residents (Mackie et al., 1998; Powers et al.,
2005). Further odour is emitted during litter composting (Turan et al., 2007),

The major components of odours are: branched and straight-chain volatile fatty acids,
ammonia, volatile amines, indoles, phenols, and volatile sulphur-containing compounds
(VSCs) (Lacey et al., 2004; Szablewski et al., 2022). The factors influencing the emission
of odours include: weather conditions, temperature, bird activity, litter properties,
ventilation rate, diet, litter moisture content and pH.

The main approaches to reducing odour emissions involve the reduction of moisture
content of the litter, addition of odour adsorbents (as odour control products) to the litter,
and biofiltration (Ullman et al., 2004; Chen & Hoft, 2009). Studies indicate that no single
odour control technique is capable of reducing or removing all of the volatiles present in
the emissions from broiler shed litter (Bouzalakos et al., 2004; Cai et al., 2007; Pillai et
al., 2012).
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Variability can be expressed by two ways:

Uniformity % — this is the percent of the flock with £10% deviation from the
average

Coefficient of Variation (CV) — this expresses the standard deviation as a
percentage of the mean value

Management issues with stocking density, ventilation, litter, feeders or drinkers
during brooding can increase the initial unevenness of day-old chicks. The higher the
stocking density, the more the movement of the chicks becomes restricted, which in
turn limits their access to the feeders and drinkers. As a result, the flock will become
increasingly uneven, as competition for space increases existing differences between
the birds. In this situation, the stronger chicks have better chances, due to their higher
rank in the pecking order. When environmental conditions are not uniform in the
house, the chicks will huddle, sometimes blocking others from feeding and drinking
(Fig. 03.08.01).

Fig. 03.08.01.
Birds in a cold environment huddle in the feeder pan and block the way to the feed for others
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Hughes et al. (2017) demonstrated that coefficients of variation of the flocks ranged
between 6% and 10% in market weight, depending on sex, breed and diet. Thus a CV of
6% was the best outcome achieved under experimental conditions.

More detailed information on management factors that influence flock homogeneity
can be found in the chapter “Stress factors”™ in this book.

Chronic nutritional issues or disease conditions, such as malabsorption syndrome, may
lead to poor feathering. Such birds must utilise more energy for maintenance, thus their
performance will be worse than the average of the flock. Fig. 03.08.02 and Fig. 03.08.03
were taken of the same group of birds; the one in the middle has visibly poor feathering.
The same bird in a FLIR thermal photo shows significantly higher temperature where
there is feather loss. This leads to more heat dissipation and energy loss.

After slaughter, nonuniform carcasses are more prone to cuts and tears to the
intestine during processing (Russel 2003). As rupture leads to intestinal spillage, and
therefore carcass contamination with Campylobacter is more likely to occur. This will
then be associated with compromised food safety. Low variability at slaughter aids in
the mechanical processing of broilers and in meeting emerging standards promoted by
consumer groups. By handling carcasses of uniform size more consistently, slaughter
machinery improves operational reliability and contributes to better food hygiene.

Fig. 03.08.02. Fig. 03.08.03.
The bird in the middle of the image has poor feath- The same bird on FLIR* thermographic image
ering due to malabsorption or nutritional deficiency  shows significantly higher temperature
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Fig. 04.07.12,
Fig. 04.07.11. Strong haemorrhages and fibrinous precipitation in the tracheal lumen. Degeneration and sloughing of the
Caseous plug in the larynx mucosa. H&E stain, 50X magnification

In the mild form pathological findings are only oedema of the conjunctiva, sinusitis,
and tracheitis with excess mucus (Linares et al., 1994),

Histopathology

Initially, the loss of cilia and goblet cells can be revealed by histopathological
investigation (Thorp & Graham, 1934; Cover & Benton, 1958). Infiltration of the mucosa
with inflammatory cells, such as lymphocytes and histiocytes, follows. The mucosa
becomes oedematous. Epithelial desquamation can also be seen (Bagust et al., 2000).
A characteristic sign is the fusion of infected epithelial cells, resulting in the formation of
syncytial (multinucleated) giant cells (Purcell, 1971; Nakamura et al., 1996; Sivaseelan
etal., 2014). Necrotic epithelial cells detach from the trachea, and the diffuse denudation
results in rupture of blood vessels of the lamina propria, leading to severe laryngitis and
tracheitis, and bloody fibrinous precipitation (Gowthaman et al., 2020) (Fig. 04.07.12).
Cowdry type A eosinophilic or basophilic inclusion bodies, either filling the entire
nucleus or surrounded by a halo, may be found in the epithelial cells of the trachea (Fig.
04.07.13), conjunctiva, and larynx (Purcell, 1971). They appear as early as 12 hours post- Fig. 04.07.13. o o ) o
infection (Reynolds et al., 1968). Their presence is pathognomonic for the disease (Guy Eosinophilic inclusion bodies in the congested epithelial cells (arrow). H&E stain, 200X magnification
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Fig. 04.09.03.
Fighting house sparrows ( Passer domesticus)

act as carriers and disseminate the virus over a prolonged period of time (EFSA, 2007).
Clinically healthy vaccinated birds can also transmit NDV following challenge, although
vaccination significantly reduces the length of time for which the virus is excreted and,
consequently, the overall proportion of infected birds (Parede & Young, 1990; Alexander
et al., 1999).

Both class I and class 1T ND viruses can be spread by airborne transmission (Gao et al.,
2019). It is believed to be the most common mode of transmission between birds in close
proximity (Li et al., 2009). Transmission by air movement (e.g. wind), however, seems to
be very limited in distance (Hugh-Jones et al., 1973) and is thus regarded as being of low
importance (Burridge et al., 1975).

There is no evidence of mammals being infected with ND and spreading it to poultry,
but they can often serve as mechanical vectors. Insects, such as houseflies (Chakrabarti et
al., 2008; Barin et al., 2010), and rodents can also passively carry the ND virus. Rodents
and a variety of other laboratory animals have been infected experimentally (Lineweaver
etal, 1951; Dunnetal , 1987; Zhaoetal., 2017; Ul-Rahman etal_, 2021). The significance
of their infection is not known.

04.09. NEWCASTLE DISEASE 917

PATHOGENESIS

The virus spreads through excretion of the respiratory discharge and faeces, depending
on the organs in which the virus has replicated (Peeters & Koch, 2019). Susceptible birds
become infected mainly by inhalation (Sinha etal., 1952), ingestion of virus-laden aerosols
and contaminated particles or by contact with mucous membranes, such as the conjunctiva.
The incubation period is usually 3 to 6 days, rarely longer. It depends, however, on the host
species, the immune status of the bird, the infective dose, the route of transmission and
the environmental temperature (Sinha et al., 1957). After inhalation, the incubation period
is shorter than after ingestion (Suarez et al., 2020). During the incubation period, the virus
replicates at the site of introduction, such as the trachea. Viraemia follows, then the virus
multiplies in the visceral organs (McFerran & McCracken, 1988), causing apoptosis of
host cells (Ravindra et al., 2009a). Viscerotropic velogenic strains replicate mainly in
the spleen, caecal tonsil, intestinal epithelium, myocardium, lungs and bursa (Kommers
et al., 2003). Neurotropic velogenic strains can be detected in the myocardium, air sacs
and central nervous system (Brown et al., 1999; Butt et al., 2019). As early as 12 hours
post-infection another release into the bloodstream (secondary viraemia) starts (Hussein
etal., 2019). At this stage, the virus is excreted via the respiratory tract and in the faeces,
and clinical signs appear. Large amounts of virus may be excreted through the faeces.
The virus may be shed via respiratory secretions 24 hours before the appearance of the
first clinical signs (Hanson & Brandly, 1958). In cases of massive respiratory exposure,
the excretion of the virus might start immediately during the first replication in the
respiratory organs and subsequent shedding via aerosolised droplets creates the potential
for infection of other susceptible birds in the flock. This mode of transmission depends
on the viral load contained in the infectious droplets, and the temperature and humidity
of the environment (Hines & Miller, 2012). Whilst shedding of the virus in gallinaceous
birds (chickens, turkeys, pheasants) lasts for some weeks, psittacines (parakeets, parrots)
may shed the virus for up to one year.

Pathological changes in the tracheal mucociliary system begin on the first day after
infection. Hypertrophy of goblet cells, formation of excess mucus, deciliated epithelium,
and small vacuoles containing lymphocytes and heterophils in the epithelium can be
observed, peaking on day 4 post-inoculation. On day 5 and 6 post-infection recovery
starts, but non-ciliated plaques can be observed up to 24 days after inoculation (Lai &
Ibrahim, 1983; Kotani et al., 1984; Mast et al_, 2005).

In egg-laying birds the virus replicates in the ovary, infundibulum, magnum, isthmus,
uterus and vagina, causing atresia of the ovarian follicles and necrosis of the epithelium
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05. ENTERIC DISEASES

E. necatrix
Score 0:
Score 1:

Score 2:

Score 3:

Score 4:

No gross lesions.

Small scattered petechiae and white spots are easily seen from the
serosal side; little if any damage apparent on the mucosal surface.
Numerous petechiae on the serosal surface; slight ballooning may be
present, confined to the mid-intestine.

Extensive haemorrhage into the lumen of the intestine; serosal surface
is covered with red petechiae and/or white plaques. The serosal surface
is rough and thickened with many pinpoint haemorrhages. Normal
intestinal contents are lacking; ballooning extends over the lower half
of the small intestine.

Extensive haemorrhage giving the intestine a dark colour; intestinal
contents consist of red or brown mucus. Ballooning may extend
throughout much of the length of the intestine (Fig. 05.04.11).

Fig. 05.04.11.
E. necatriv. Ballooning, numerous lesions in the small intestine. “salt and pepper” pattern. A 34-day-old
breeder cockerel died due to severe coccidiosis. Score 4.

05.04. COCCIDIOSIS
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E. acervulina

Score 0:
Score 1:

Score 2:

Score 3:

No gross lesions.

Scattered, white plaque-like lesions are confined mainly to the
duodenum, sometimes in lower segments. These lesions are elongated,
with the longer axis transversely oriented on the intestinal walls like
the rungs of a ladder. The lesions may be visible from either the serosal
or mucosal surfaces of the intestine and can occur at densities of up to
approximately five lesions per square centimetre (Fig. 05.04.12).
Lesions are much closer together, but not coalescent; lesions may
extend as far posterior as 20 cm below the duodenum. No thickening
of the intestinal wall is evident, and the digestive tract contents are
unremarkable (Fig. 05.04.13).

Lesions are numerous enough to cause coalescence with reduction in
lesion size and give the intestine a coated appearance. The intestinal
wall is thickened and the contents are watery. Lesions may extend as
far as the Meckel’s diverticulum (Fig. 05.04.14 and Fig. 05.04.15).

Fig. 05.04.12,
E. acervuling. Scattered, white plaque-like lesions in the duodenum, Score 1.
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Fig. 06.04.09,
Spaghetti meat (SM)
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that the thickness of the cranial section of the breast muscle might compress the pectoral
artery, reducing oxygen supply of the muscle. Thus, the above-mentioned intra-fillet
variations may rely on a different blood flow between the surface and the deeper parts of
the muscle (Baldi et al_, 2021).

Histopathological investigation of SM reveals nuclear internalisation (where the
nucleus of a cell is taken into another cell or structure), infiltration of inflammatory cells,
necrosis, fibre lysis, and the concurrent presence of small regenerative fibres, combined
with abnormal ones showing larger diameter (Petracci & Cavani, 2012; Sihvo et al.,
2014; Baldi et al., 2021). The progressive rarefaction of the endomysial and perimysial
connective tissue leads to the detachment of muscle fibres from each other (Baldi et al_,
2018; Soglia et al., 2021) (Fig. 06.04.11). Intramuscular connective tissues are composed
of three layers, called endomysium, perimysium and epimysium, which surround
individual muscle fibres, the bundles of muscle fibres, and the whole muscle, respectively
(Petracci & Cavani, 2012; Huang & Ahn, 2018). A regenerative process takes place in the
muscle, characterised by the presence of small and thin fibres, interspersed by immature/
newly deposited connective tissue (Sanden et al., 2021). This process is regarded as a
natural response mechanism to cell necrosis (Mazzoni et al., 2020).

Fig. 06.04.10.
Spaghetti meat (SM)

Fig. 06.04.11.
Oedematic infiltration (arrow). loose structure, muscle fibres are reduced in number and spaced apart
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Fig. 07.02.14.
Bursal petechiae caused by an intermediate-plus vaccine

Fig. 07.02.15.
Acute inflammation of the bursa of Fabricius caused by hot vaccine. 30-day-old broiler, received an rHVT-
IBD and a hot vaccine

07.02. INFECTIOUS BURSAL DISEASE (GUMBORO) 1419

to the focus on their ability to provide early protection. Application of hot strains in the
absence of field challenge is therefore not recommended.

This author has observed numerous cases when uncontrolled hot vaccine circulated on
the farm, even though it was last used 6 to 12 months earlier, or never used. Fig. 07.02.16
shows bursa of Fabricius of a 24-day-old broiler. Many cases of bursitis were observed in
the flock, and the RT-PCR test confirmed a hot strain vaccine, despite it never having been
used on the farm. Histopathology detected lymphoid depletion and irreversible damage
of bursa. In Fig. 07.02.17 severe lymphoid depletion can be seen in all follicles; the only
remaining normal one is marked by the right arrow. The left arrow points at a damaged
follicle where the structure was completely destroyed. In Fig. 07.02.18 the structure of the
follicle has been destroyed, and its lumen has filled up with epithelial tissue. No recovery
is possible in such a case. The significant risk is not only that an unwanted and unused hot
vaccine circulates on the farm, but that it infects the birds at an unpredicted dose and time.
Mounting evidence suggests that severe immunosuppression is the consequence. This
finding is of great concern nowadays, and there are no field observations about which
programme of vaccination helps to stop this uncontrolled circulation of hot vaccines.
It can only be speculated that, in such cases, it is preferable to use a live intermediate-

Fig. 07.02.16.
Acute inflammation of the bursa of Fabricius in a 24-day-old broiler following administration
of a hot vaccine




