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ABSTRACT

Viral pathogens induce distress in poultry and economic loss to farmers worldwide. Infectious Bursal Disease (IBD), a Birna
viral immunosuppressive infection of poultry continues to affect birds including regions of Karnataka and neighbouring states;
hence study on IBD was undertaken with the objective to estimate its prevalence and understand its pathology. Data from 15 IBD
outbreaks from commercial broilers (11) and layers (2) as well as native birds (2) showed average morbidity of 29.3% (7.1 to 100%)
and mortality of 18.4% (7.5 to 100%). Maximum number of 9 outbreaks was recorded in the age groups 1-4 weeks accounting
for 60 percent of the total outbreaks and the same age group also showed highest morbidity (Average 33.1%, Range: 9-100%)
and mortality (Average 22.4%, Range: 7.5-100%). Affected birds showed vascular and atrophic changes in lymphoid organs
with secondary changes in liver, kidneys and skeletal muscles. Ultrastructural studies of thymus revealed severe necrosis and
increased electron density in lymphocytes and hyperplasia of reticular cells. Bursa also revealed areas of lymphocytic apoptosis
and engulfed phagocytic bodies in these macrophages. The cytoplasmic granules of bursal secretory dendritic cell (BSDC) had
fused together, forming big, irregularly shaped, electron dense bodies. Amplification of VP2 gene using reverse transcriptase PCR
showed 319 bp products having phylogenetic similarity to Indian isolates. Eight IBD outbreaks showed concurrent infection with
other pathogens. The bioinformatic analysis of VP-2 protein suggested the presence of the glycine like amino acids predominant

in the alpha helical secondary structure.
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INTRODUCTION

A healthy immune system is vital for effective poultry production. Any factor
that causes dysfunction of humoral and cellular immune system will certainly
result in poor vaccination response, production and economic losses and flaring
up of opportunistic pathogens. Viral pathogens can cause huge economic losses
in poultry farms worldwide including immunosuppression'*. The important
viral agents that cause immunosuppression include Marek’s disease virus
(MDV), Chicken infectious anemia virus (CIAV), Infectious Bursal Disease virus
(IBDV), Reovirus, Avian Leukosis virus, reticuloendotheliosis, Newcastle disease
virus and Avian Influenza virus'**.

Infectious Bursal Disease (IBD) is a highly contagious and acute
immunosuppressive disease of young chickens and is caused by Birna
virus. The disease is characterized by severe immunosuppression leading to
secondary bacterial infections and dermatitis, adenoviral infections and failure
of vaccinations’. The immunosuppression seen in IBD is complex involving
depletion of B cells by apoptosis and also inhibiting innate immune response
directly®. Infectious Bursal Disease (IBD) targets the chicken’s immune system
in a very comprehensive and complex manner by destroying B lymphocytes,
attracting T cells and activating macrophages’. It has been noted that IBDV and
RNA virus has a high mutation rate and can give rise to viruses with altered
antigenicity and increased virulence'™ and the re-emergence of IBD with
antigenic variants and highly virulent strains had been the reason for significant
losses and high mortality. IBD affected birds had elevated mortality rates, bursal
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atrophy, poorer feed conversion
ratio (FCR) and reduced meat
production'.

Pathogenesis of the disease
is complex involving both
humoral and cellular immune
responses being compromised
by IBD virus; Inhibition of the
humoral immunity could be
attributed to the destruction of
immunoglobulin-producing cells
by the virus®. VP1is the viral RNA
dependent RNA polymerase
while VP2 is the major host-
protective immunogen carrying
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Fig. 1. Gross pathological changes in organs of chicken affected with IBDV. A. Bursa: Multiple extensive hemorrhages and hemorrhagic
exudate. B. Kidney: Hemorrhages and mottled appearance in a broiler chick. C. Dorsal view of thigh muscles showing severe multifocal
petechial to ecchymotic hemorrhages. D. Proventriculus: Hemorrhages prominently visible at the junction with gizzard.

all neutralizing epitopes some of which are responsible
for antigenic variation'. It has been observed that classical
and vvIBD virus induces differential host immune
responses by up regulating the expression of Thl-like
and pro-inflammatory cytokines such as IL-12, IFN-y,
IL-13, IL-6, iNOS and IL-18 in bursa'’. It is recorded that
Bursa of Fabricius is the principal diagnostic organ in
birds that died during the acute phase of vvIBD’. Various
immunological and molecular diagnostic methods have
been described for the confirmation of the disease''>".
Clinical presentation of the diseases varies according to
the strain involved. The variant IBDV strains normally
cause subclinical infection in chickens. The classical
IBD viral strains can cause clinical signs of disease and
moderate mortality rates whereas vvIBDV strains are
known to cause high mortality rates'-'2.

The current study was carried out in Karnataka and
neighbouring southern states of India with the objectives
of studying prevalence and pathology of Infectious Bursal
Disease (IBD) with special emphasis on lymphoid organs
of chickens, characterizing the ultra-structural changes in
such organs and characterizing the disease by molecular
techniques.

MATERIALS AND METHODS
Sample collection

The study was carried out in the Department of
Veterinary Pathology, College of Veterinary Science,
Sri Venkateshwara Veterinary University, Tirupati and
Department of Veterinary Pathology, Veterinary College,
Hassan of Karnataka Veterinary Animal and Fisheries
Sciences University between January 2017 and August
2022. Poultry farms in southern districts of Karnataka
and neighbouring states including Andhra Pradesh and
Tamil Nadu presenting outbreaks of IBD formed the basis
of sample collection in the study.

Flock history and clinical signs

Detailed information on the farm outbreak with
respect to type of birds (broiler, layer, breeder or country
birds), flock strength, breed/strain details, age, source of
feed and water, production performance, type of litter,
vaccination details, morbidity, mortality, clinical signs,
previous history of outbreak and any other necessary
details were collected.

Necropsy examination and collection of biological
samples

Detailed necropsy examination was undertaken.
Internal examination of body cavities, visceral organs
and lymphoid organs was carried out and all visible
gross lesions were systematically recorded. Tissue
impression smears were collected. Tissue samples from
all vital organs and lymphoid organs were collected
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Fig. 2. Histopathological changes in organs of chicken affected w

cated by hypocellularity and necrotic changes such as pyknosis and karyorrhexis and karyolysis of lymphocytes (H&E x400). B. Bursa of
Fabricius: Severe hemorrhages and congestion inside and surrounding the atrophied follicles (H&E x100). C. Bursa of Fabricius: Extensive
fibroplasia evident by proliferation of blue colored collagen fibres (Masson’s x100). D. Spleen: Necrotic changes in the germinal follicles
and the periarteriolar lymphoid sheath with proliferation of reticulo-epithelial cells (H&E x100). E. Thymus: Atrophy and thinning of the
cortex with lymphocytolytic changes (H&E x100). F. Kidney: Heterophilic infiltration and nephritic area in the interstitium (H&E x400).

and preserved in 10% neutral buffered formalin for
histopathological examination. The representative
tissue samples were also collected for PCR in a sterilized
labelled tissue sample bottles and were stored at -20°C
immediately.

Microbiological and histopathological examination

The samples collected aseptically during necropsy
examination were used to investigate the concurrent
bacterial infection as per the standard protocols. The
impression smears of various vital organs during
necropsy examination were air dried and fixed with
absolute methanol for 5 minutes and stained with diluted
Giemsa stain (1:10 V/V) for 20 minutes.

Tissue samples for histopathological examination
were processed by routine paraffin embedding technique

and sectioned at five micron thickness. The sections were
stained with routine Hematoxylin and Eosin (H&E)
method. Special stains such as Masson's Trichrome
or Van Gieson (Connective tissue) and Perl’s Prussian
blue stain (Hemosiderin pigments) were used on need
basis®. Tissue morphometric evaluation for measuring
the diameter of the bursal follicle was done using a
validated software TC Capture version 3.9 (build 5001).
The average values of 5-6 bursal follicles in age matched
birds was carried out for minimum of 6 birds and average
was calculated for comparison.

Electron microscopy

Tissue samples from lymphoid organs were fixed
in 2.5% glutaraldehyde in 0.1M Phosphate buffer (pH
7.2) for minimum of 24 hours at 4°C. Further, post fixed
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Fig. 3. Ultrastructural changes in organs of chicken affected with IBDV. A. Thymus: Nuclei and cytoplasm of lymphocytes showed in-
creased electron density (Uranyl Acetate). B. Thymus: Lymphocytes with myelin figures (Uranyl Acetate). C. Thymus: Necrotic changes
of the lymphocytes shown by light arrow and hyperplasia of the reticular cells indicated by dark arrow (Uranyl Acetate). D. Bursa of
Fabricius: Note the necrotic areas with nuclear changes such as karyorhexis (Dark arrow) and karyolysed fragments (Light arrow) of
lymphocytes (Uranyl Acetate). E. Bursa of Fabricius: Bursal secretory dendritic cell (BSDC) forming big and irregularly shaped electron
dense bodies (Uranyl Acetate). F. Single-shelled non-enveloped IBD virions with icosahedral symmetry and a diameter of around 50

nm (Uranyl Acetate).

in aqueous osmium tetroxide for 3 hours and washed
with deionized distilled water, dehydrated in series of
graded alcohols, infiltrated and embedded in araldite
resin. It was incubated at 80°C for 72 hours for complete
polymerization. Ultra-thin (60 nm) sections were made
with a glass knife on ultra-microtome (Leica Ultra cut
UCT-GA-D/E-1/00), mounted on copper grids and stained
with saturated aqueous Uranyl acetate (UA) and counter
stained with Reynolds lead citrate (LC). Viral suspension
was prepared from the tissues of the affected birds.
Copper grids (Carbon coated) were glow discharged
for 30 seconds using polaron carbon evaporator. 5ul of
sample was loaded on the glow discharged grids and
allowed to dry for 10 minutes. 5ul of 2% Uranyl acetate
was loaded on the grids for 30 seconds and excess was
wiped off by using Whatman filter paper and allowed to
dry. Samples were loaded on the TEM sing]e tilt Holder,
loaded into TEM. Further, they were finally imaged and
analyzed at 120 kv?.

Molecular characterization
RNA was extracted from the samples using
Trisol (GeNei™ TRIsoln) method and cDNA was

synthesized using TAKARA Kit. The temperature and
time combination was 37°C, 85°C and 4°C for 15 minute
(priming), 5 seconds (Reverse transcription), for infinity
(optional) respectively. cDNA synthesized thus was
stored at -20°C for long term storage.

Primers were designed to amplify VP2 gene which
codes for VP2 protein, the major host-protective protein
of IBD Virus. Primers were synthesized and procured
commercially from M/s Bio Serve Biotechnologies (India)
Pvt. Ltd., Hyderabad. They were reconstituted in 1x
TE buffer (TE) to obtain the required concentration of
100 picomol/uL. The sequences of the primers used
was 5 -ATGCTCCAGATGGGGTACTTC- 3’ (IF) and
5-TTGGACCCGGTGTTCACG- 3" (IVIR) to target the
product size of 319 bp.

PCR cycling conditions for cDNA amplification
included Initial denaturation with 95°C for 3 minutes,
35 cycles of denaturation (94°C for 1 minute), annealing
(48°C for 1 minute) and extension (72°C for 2 minutes)
followed by final extension (72°C for 5 minutes). DNA
confirmation was carried out by 1.5% Agarose gel
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electrophoresis following visualization and capturing
of the images by Image Lab Software (Version 5.1,
Bio-Rad Laboratories Inc). Sequencing (Eurofins
Genomics India Pvt. Ltd.) was done to identify the
degree of homology using the final amplicons and
phylogenetic tree was constructed.

Bioinformatic Analysis of IBD-VP2

The 3D structure of the VP2 with predicted protein
sequence was drawn using SWISS PROT expasy
platform. GMQE (Global Model Quality Estimate), a
quality estimate which combines properties from the
target-template alignment and the template structure
was used to calculate the overall model quality
measurement between 0 and 1. The QMEAN z-score
in SWISS-MODEL was used to measure of how close
the model is to structures of a similar size that were
obtained experimentally. Structural assessment was
made using Ramachandran plot.

RESULTS
Epidemiological findings

A total of 15 outbreaks were documented that
included 11 outbreaks from broiler birds, 2 from
non-descript birds and 2 from commercial layers.
Total number of birds investigated was 298 (average
of 19.87 birds per outbreak in 15 outbreaks). Out of
these 15 outbreaks, maximum number of 9 outbreaks
was recorded in the age groups 1-4 weeks accounting
for 60 percent of the total outbreaks. In this, 7 cases
(46.7%) were recorded between 3-4 weeks, making
it the most susceptible age. This was followed by 5
outbreaks from age group 5-8 weeks (33.3%) and one
case from age group 9-12 weeks (6.7%).

The average morbidity and mortality of 15 flocks
were 29.3% (Range: 7.1 to 100%) and 18.4% (Range: 7.5
to 100%) respectively. Maximum morbidity (Average
31.4%) was seen in broilers followed by indigenous
birds and layers. Highest mortality (Average 31.4%)
was seen in broiler birds followed by country birds
and layers. Highest morbidity was recorded in the age
group 1-4 weeks (Average 33.1%, Range: 9-100%) and
highest mortality was also found in the same group
(Average 22.4%, Range: 7.5-100%).

Clinical signs

The affected birds initially showed trembling
followed by yellowish white or greenish watery
diarrhea. This was followed by dullness, depression,
anorexia, ataxia, ruffled feathers, soiled vent,
prostration, closed eyes, decreased water consumption
and sudden death. Birds affected with IBD exhibited
lateral recumbency and dyspnea before succumbing
to death. Few birds also exhibited bloody discharge
from cloaca. Mortality was noticed 2-3 days after
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appearance of first clinical sign and peaked at 4-5 days. In
one flock that had concurrent infection with ND the birds
exhibited severe emaciation, neurological signs and greenish
diarrhea.

Gross pathology

In acute phase of disease bursa from infected birds was
swollen and edematous. The enlarged bursa showed multiple
hemorrhages (Fig. 1A) and necrotic foci in the follicles and
presence of gelatinous inflammatory fluid surrounding
the bursa. In the chronic phase the changes included
greyish brown discoloration and atrophied bursa with
presence of cheesy material. Spleen of few birds exhibited
minimal decrease in the size due to atrophic changes with
congestion and mottling. Thymus, cecal tonsils and bone
marrow revealed hemorrhages, atrophy and congestion in
few affected birds in acute phase of the disease. Kidneys
showed nephrotic changes characterized by congestion,
mottling, enlargement (Fig. 1B) and hemorrhages along with
distension of ureters with whitish uric acid crystals in around
40% of the birds. Birds with kidney lesions correlated well
with severe dehydrative changes. Few percentage of birds
(10-15%) showed multifocal necrosis on the liver and they
appeared enlarged and dark brownish. IBD affected birds
also showed moderate to severe petechial and ecchymotic
hemorrhages on pectoral and thigh muscles (Fig. 1C). In
majority of the birds, ecchymotic hemorrhages in the mucosa
of the proventriculus mainly at the junction with esophagus
(Fig. 1D) and gizzard were observed. Occasionally, mucosal
hemorrhages were also seen in the gizzard. Few affected
birds also exhibited mucosal erosions and congestion in the
small intestine.

Histopathology
Lymphoid organs: Bursa of Fabricius in acute phase
of the disease showed severe depletion of lymphocytes

100 bp

Fig. 4. Agarose gel electrophoresis image showing amplification of 319
bp PCR product in samples specific to VP2 gene of IBDV. L1: 100 bp
DNA Ladder, L2: Sample ND1, L3: Sample ND2, L4: Sample ND3, L5:
Sample ND4, L6: Sample ND5, L7: Sample ND6, L8: Sample ND7, L9:
Sample ND8, L10: No template control.
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Fig. 5. Dendrogram of partial sequence of VP2 gene of IBDV showing phylogenetic relationship of field IBDV with other reported strains.

indicated by hypocellularity and multiple cystic spaces
in both medulla and cortex. Many follicles in the affected
birds showed necrotic tissue debris with nuclear changes
involving pyknosis and karyorrhexis and karyolysis of
lymphocytes (Fig. 2A). Moderate to severe hemorrhages
and congestion in the follicles was also recorded more
often (Fig. 2B). Birds in the post outbreak stage showed
cystic cavities in the place of follicular medullary areas.
There was an increase and decrease in the diameter of
follicles in acute and chronic phase respectively. The
mean diameter in the affected birds was 516 in the
acute phase of the disease and 214um in the chronic
phase compared to 450p in the age matched disease
free birds. Extensive fibroplasia was also evident with
proliferation of collagen in the interfollicular areas (Fig.
2C). Occasionally bursal epithelial cells formed glandular
appearance with mucin like material.

Spleen in acute phase of the infection showed
moderate vascular changes accompanied by histiocytosis,
heterophil infiltration and lymphocytolysis (Fig. 2D). In
the chronic phase regenerating change was seen in the
form of secondary lymphoid follicles by proliferating
lymphoblasts. In the thymus, atrophy of the cortex was
noticed with lymphocytolysis in small percentage of birds
(Fig. 2E). This was coupled with hypertrophy of epithelial
reticular cells and mild decrease in lymphocytic numbers
in the medulla and increase in the number of tingible
body macrophages leading to starry sky appearance of
the cortex. Cecal tonsils revealed lymphoid cell necrosis
leading to hypocellularity of lymphoid cells. Additionally,
infiltration of heterophils and macrophages, multifocal
hemorrhages, degenerative changes of reticular cells
were recorded. Bone marrow revealed hypocellularity
of hematopoietic cells, decrease in the number of
granulocytes and agranulocytes and increased numbers
of macrophages. Plasma cell population was decreased
in the Harderian glands.

Non-lymphoid/Other vital organs: Cortex of
the kidneys revealed moderate to severe congestion
accompanied with vacuolar degeneration of the
convoluted tubules. Few tubules showed eosinophilic
hyaline like proteinaceous material along with infiltration
of lymphocytes and mononuclear cells (Fig. 2F). Few

areas of haemorrhages with heterophils infiltration and
nephritic areas were also recorded in the interstitium.
Livers of affected birds showed vacuolar degeneration,
hyperplastic changes and perivascular infiltration of
mononuclear cells and congestion of sinusoids and
surrounding area of central vein and occasionally
disruption of hepatic cords with lymphocytic infiltration.

Moderate to severe hemorrhages and disruption of
plical architecture were noticed in the proventriculus.
Similarly, mild to moderate haemorrhages in between
cardiac muscles with occasional myocarditis in heart
and moderate hemorrhages were recorded in skeletal
muscles of thigh and pectoral area with lymphocytic
infiltration. Lungs revealed congestion, haemorrhages
and oedematous changes.

Ultrastructural changes

Thymus revealed severe necrosis of the lymphocytes
and hyperplasia of the reticular cells. Nuclei and
cytoplasm of lymphocytes showed increased electron
density (Fig. 3A) and myelin figures (Fig. 3B). Reticular
cells appearing dark and small with distinct cytoplasmic
contents were found to be relatively increased (Fig. 3C).
Lymphocyte numbers appeared decreased. Granulocytes
mainly heterophils were relatively more. The normal
lymphocytes, dendritic cells, macrophages, heterophils,
plasma cells, endothelial cells, erythrocytes and abundant
reticular cells were observed with no major pathological
observations in the spleen.

Relative decrease in the number of lymphocytes and
increase in macrophage like cells (mal) was observed in
the Bursa of Fabricius (Fig. 3D). TEM revealed areas of
lymphocytic apoptosis and engulfed phagocytic bodies
within macrophages. The cytoplasmic granules of bursal
secretory dendritic cell (BSDC) was fused together,
forming big, irregularly shaped, electron dense bodies
(Fig. 3E). A fine-flocculated discharge substance was
found surrounding these cells. Few necrotic areas with
nuclear changes such as karyorrhexis and karyolysis
were also recorded. The virus particles single-shelled,
non-enveloped virion with icosahedral symmetry and
a diameter of around 50 nm were observed in negative
staining preparations (Fig. 3F).

Molecular confirmation
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Fig. 6. Bioinformatic Analysis of IBD-VP2. A. 3D structure of VP2 in SWISS PROT. B. Normalized QMEAN score plot. C. Ramachandran

plot showing secondary structure of VP2 protein.

Mixed tissue samples from the affected birds were
subjected to RN A isolation using Trisol (GeNei™ TRIsoln)
kit. The RNA obtained was used for cDNA synthesis
employing TAKARA Kits. The RT-PCR was adopted for
the detection of IBD antigen for the specific amplification
of 319 bp product corresponding to variable region of VP2
gene of IBD virus (Fig. 4). IBD positivity was recorded in

all 15 flock outbreaks.

The amplicons obtained by PCR reaction of VP2 gene
from samples IBD were subjected to sequence analysis.
The 319 bp product was sequenced and phylogenetic tree
was drawn and similarity in terms of percentage between
various isolates was presented (Fig. 5). This revealed 98
to 100% similarity of strain isolated in this study with
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Infectious Bursal Disease virus gene for VP5 protein and
VP2-4-3 polyprotein, genomic RNA, IBD virus gene for
polyprotein, mutant IBD virus strain AvvBvv segment A
and other two indian isolates.

Concurrent infection

Eight outbreaks showed concurrent infection with
E. coli (4), Salmonellosis (1), CRD (1), Aflatoxicosis (1),
Newcastle disease (1) and mixed bacterial infection
leading to enteritis (1). The average morbidity and
mortality in the outbreaks with concurrent infection were
27.1 and 43.5% respectively. These values in outbreaks
without concurrent infection were 12.6 and 19.8% that
indicated higher morbidity and mortality in the former
group by 14.5 and 23.7%.

The microscopic pathological changes in concurrent
infection with E. coli, Salmonellosis, CRD, Aflatoxicosis,
ND and mixed bacterial enteritis were consistent with the
usual pattern of lesions observed in these conditions and
correlated well with gross observations. E. coli infection
revealed fibrinous pericarditis and perihepatitis. The
birds with Fowl cholera showed multifocal necrotic areas
in the liver with heterophil infiltration and presence
of bipolar gram negative organisms in the impression
smears of various organs. Birds with Chronic respiratory
disease (CRD) showed fibrinopurulent exudate in trachea
and lungs. Mixed bacterial enteritis showed presence
of many types of bacteria with multiple morphology
and heterophil infiltration and concurrent aflatoxicosis
was characterized by severe fatty change and multifocal
necrosis in the liver.

Bioinformatic Analysis of IBD-VP2

The structural analysis of the IBD-VP2 protein
using the SWISS PROT with 3D structure of VP2 and
predicted protein sequence is presented in Fig. 6A. This
suggested that VP2 of IBD is a manomeric protein with
99 amino acids. The GMQE score of the IBD-VP2 was
0.07. The "QMEAN" score, which is based on the linear
combination of four statistical potentials of mean force,
was used. Using Z-scores of four as in Fig. 6B and a
total of 5 were contrasted with empirically determined
structures of comparable size. Ramachandran plot (Fig.
6C) suggested the presence of the glycine like amino acid
predominant in the alpha helical structure of the protein.

DISCUSSION

Viral immunosuppressive diseases are economically
more important as they cause severe mortalities and loss
to the farmers. Also, it makes the birds susceptible for
other concurrent bacterial infections further worsening
the condition'2.

A total of 15 outbreaks of IBD were recorded in the
current study. The prevalence of this in Broilers, Layers
and Non-descript/desi birds was 11, 2 and 2 respectively.

Its prevalence in poultry has been described in India®*
and globally®"'*%. Further it is matter of concern that
the re-emergence of IBD with antigenic variants and
highly virulent strains that has led to significant losses
to poultry farmers*. Maximum occurrence of 60% of IBD
was recorded in the age group 1-4 weeks. In this, 7 cases
(46.7%) were recorded between 3-4 weeks, making it the
most susceptible age followed by 5-8 weeks that showed
33.3% similar to previous observations*?!. The early age
susceptibility might be due to the size of the bursa in early
phase of life is regarded as influencing factor for higher
incidence of the disease in young chicks less than 4 weeks
0ld* and broiler and breeder vaccination programs are
not effective for controlling variant IBD infections'.

The morbidity and mortality in IBD were 29.3%
(Range: 7.1 to 100%) and 18.4% (Range: 7.5 to 100%)
respectively. Maximum morbidity (Average 31.4%) and
mortality (Average 20.5%) has been recorded in broilers.
Highest morbidity was recorded in the age group 1-4
weeks in line with the previous findings**"*. Morbidity
and mortality touching even 100% could also be due to
culling of the entire bird stock by the farmers where birds
do not show any signs of recovery in spite of attempted
treatment for secondary bacterial infections. Backyard
chicken flocks apart from getting clinical disease can also
serve as a reservoir for these viruses and may be playing
a role in their dissemination?.

The symptomology observed in IBD was in tune
with the previous findings'®?*3!. Most of the outbreaks
were of acute progressive clinical form associated with
Asian/European strains and showed varying severity
mostly linked to differing age, sensitivity and vaccination
status®. The outbreaks recorded in the current study even
in vaccinated flocks draw considerable support" who
observe that vaccination though is the most important
measure to control IBD, extensive usage of live vaccines
is encouraging evolution of new strains resulting in
outbreaks around the globe.

The gross changes in bursa and lymphoid organs
might be due to the proven fact that IBDV targets the
chicken’s immune system in a very comprehensive
and complex manner by destroying B lymphocytes,
attracting T cells and activating macrophages’. It is also
noted that the massive destruction of bursal follicles
and lack of regeneration process leading to chronic
immunosuppression and further complication'. The
immunosuppressive changes in thymus and spleen
have been recorded in both experimental**** and natural
outbreaks*?#34 No significant change observed in the
post outbreak period was probably due to reparative/
healing processes. The reason change in kidneys was
probably linked to severe dehydration®. The concurrent
infections draw significant resemblance with the
observations made by previous workers*?¥. Further, it

INDIAN JOURNAL OF VETERINARY PATHOLOGY | Volume 49 | Issue 1 | JANUARY - MARCH, 2025



46 Girish et al.

is stated that IBD plays a triggering role in E. coli and
Mycoplasma gallisepticum induced respiratory disease
complex in broilers*. The concurrent infections in present
study might be due to immunosuppression and vaccine
failure®.

The histopathological observations in bursa of acutely
affected birds were as per the previous observations
made?*?73033343940 The morphometric changes in the
bursal diameter might be due to vascular changes in the
acute inflammation (increased) and atrophy in chronic
inflammation (decreased). These changes might be due
to replication of IBD virus in immature B lymphocytes
that are considered as target for the virus. Hence, these
changes are anticipated in bursa and other lymphoid
organs. Necrotic changes noticed in the germinal follicles
and the periarteriolar lymphoid sheath and proliferation
in the post outbreak phase due to chronic exposure of
spleen was in accordance with the earlier observation®.
Microscopic changes noted in thymus, bone marrow and
cecal tonsils were similar to previous findings® 20323441,
It has to be noted that cecal tonsils provide protective
immune response against bacterial and viral pathogens
in the intestinal tract and any pathology associated with
them would lead to adverse effects compromising the
gut health.

It is observed most of the liver samples from IBD
affected birds were normal and pathological changes
may be associated with co-existing mycotoxicosis®.
Contrary to this, in the current investigation liver changes
were characteristic and consistent. Hemorrhages in
proventriculus might be due to deficiency of clotting
factors either linked to thrombocytopenia or related
to Disseminated Intravascular Coagulopathy (DIC) or
injury to blood vessel or secondary coagulation defect*.

Ultrastructurally, thymus of IBD affected birds
showed severe necrosis of the lymphocytes and
hyperplasia of the reticular cells. Using SEM (Scanning
Electron Microscopy) reduction in number and size of
epithelial microvilli, gradual loss of the surface follicles
and numerous epithelial erosions on the surface of the
thymus has been recorded®. There are not many reports
of thymic changes by previous workers. Lysosomes with
remnants of necrotic lymphocytes, lipid vacuoles and
myelin figure appearing as membrane bound electron
dense aggregates within presumably large pale reticular
cells (macrophages) is observed*. These cells were
surrounded by degenerating lymphocytes in the early
stages and pyroninophilic blast cells in the later part of
the disease. Areas of lymphocytic apoptosis and engulfed
phagocytic bodies within macrophages or macrophage
like cells observed in the current study was indicative
of high degree of apoptosis owing to viral interference.
However, pyronophilic blast cells were not characteristic
in the current investigation and viral particles were not

detected in the lymphocytes as earlier reported®. In a
recent study, it is explained that the granular discharge
of BSDC that is predominantly glycoprotein contributes
in transformation of these BSDC cells to macrophage like
cells (Mal) in bursa that is experimentally infected IBD
virus®. The virus particles single-shelled, non-enveloped
virion with icosahedral symmetry and a diameter
of around 50 nm were observed in negative staining
preparations. These changes are in tune with the previous
observations®*¥.

The RT-PCR was adopted for the detection of IBD
antigen for amplification of 319 bp product corresponding
to variable region of VP2 gene*. Presence of IBD virus
was confirmed in 15 flock outbreaks. RT-PCR, targeting
different regions of the IBD virus genome, including
VP1, VP2 and VP4 genes, in concurrence with melting
curve analysis is being investigated as a potential tool
for molecular diagnosis of IBD>*'5, In the recent years,
the amplification of the VP2 gene has been a major
focus. Amplicons of size 743 bp'** and 474 bp® have
been reported. However, recent study indicates loop-
mediated isothermal amplification (LAMP) is 10 times
more sensitive, specific and rapid compared to RT-PCR*.

The amplicons obtained by PCR reaction of VP2 gene
from samples IBD were subjected to sequence analysis
and phylogenetic tree was drawn. Similarity in terms
of percentage between various isolates was presented.
This revealed 98 to 100% similarity of strain isolated in
this study with Infectious Bursal Disease virus gene for
VP5 protein and VP2-4-3 polyprotein, genomic RNA,
IBD virus gene for polyprotein, mutant IBD virus strain
AvvBvv segment A and other two Indian isolates. Also,
the current isolate was distinct from various isolates of
the world and formed a separate cluster with accession
number X92760. Further the tree bifurcation suggested
that the current isolate of the virus might have evolved
phylogenetically among the X92760, MG489892 and AJ
318896 as common ancestor. The implications of the
phylogenetic similarity and the impact on the strategies
on disease control warrants further investigation.

Structural analysis of the IBD-VP2 protein using
the SWISS PROT suggested that the VP2 of IBD was a
manomeric protein with 99 amino acids. SWISS-PROT
is a part of the UniProt Knowledgebase (UniProtKB),
a protein sequence database that provides expert
annotations on protein function, domain structure,
and post-translational modifications, with very low
redundancy. Of late, this has become a valuable resource
for molecular biologists®. GMQE and QMEAND are Co
global measurement that give an overall model quality
measurement between 0 and 1, with higher numbers
indicating higher expected quality. GMQE combines
properties from the target-template alignment and the
template structure. GMQE score of the IBD-VP2 was 0.07
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suggesting that the optimum quality of the peptide in the
current study®. SWISS-MODEL is a measure of how close
the model was to structures of a similar size that were
obtained experimentally®*>*. Ramachandran plot results
suggested the presence of the glycine like amino acids
predominant in the alpha helical secondary structure
of the protein®. The Ramachandran plot is a graphical
representation used to visualize the allowed regions
of amino acid residues in protein structures. Lately, it
has become an essential tool for understanding protein
conformation, validating structure models and also for
studying secondary structure elements of proteins™.

In the current investigation prevalence, age
susceptibility, morbidity and mortality, clinical signs,
gross pathology, concurrent infection, microscopic and
ultrastructural Pathology and molecular confirmation
by PCR and sequencing was studied in fifteen outbreaks
of IBD. The gross and microscopic changes in bursa
and lymphoid organs confirmed that IBDV targets the
chicken’s immune system in a very comprehensive
and complex manner by destroying B lymphocytes
and activation of macrophages. Areas of lymphocytic
apoptosis and engulfed phagocytic bodies in these
macrophages were observed in TEM. Phylogenetic
tree for VP2 amplicons revealed 98 to 100% similarity
with VP5 protein and VP2-4-3 polyprotein, genomic
RNA, IBD virus gene for polyprotein, mutant IBD virus
strain AvvBvv segment A and other two Indian isolates.
Ramachandran plot suggested the presence of the glycine
like amino acids predominant in the secondary structure
of the protein.

Based on the various pathological and molecular
investigations the immunosuppressive effects of IBD
virus on health and in turn to the economy of poultry
farming is clear and evident. Various other factors such
as management, nutrition and climate change could also
be involved in the expression of IBD in poultry. It is the
utmost necessity to timely diagnose these conditions
and control them effectively and more importantly
educating the poultry farmers on timely implementation
of vaccinations and biosecurity measures. Mitigating
strategies involving epidemiological interventions,
mechanistic studies on host immune responses, mutation
based in-silico analysis of VP2 protein, enhanced
diagnostics and making provision for better vaccines
could be handy in addressing IBD in the future.
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