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also be increase in ARV, CIA, IBD mixed immunosuppressive viral infections of poultry.
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CHAPTER |
INTRODUCTION

Livestock, including poultry, are the major capital assets and income
generating sources of small scale farmers. Poultry is a good source for meeting the
animal protein needs. The poultry industry in India is the fastest growing components
of global agricultural demands because it has a peculiar privilege to improve the
living standards of the farmers. It was considered as a backyard venture before the
1960s but now it has transformed into a vibrant agribusiness with an annual turnover
of Rs 30,000 crores (Mehta and Nambiar 2006). India ranks 3rd in egg production and
7th in chicken meat production in the world (Watt Executive Guide 2015). About 3.4
million tons (74 billion) of eggs are produced from 260 million layers and 3.8 million
tons of poultry meat is produced from 3000 million broilers per annum in India
(Chatterjee and Rajkumar 2015). The Poultry Industry is contributing about Rs.70,
000 crores to the national GDP and it is also providing employment to more than 4
million people directly or indirectly (Chatterjee and Rajkumar 2015). The popularity
of poultry meat is rising from the last two decades due to its high nutritional value and
presently it accounts for about 45% of the total meat consumed and is the most
popular meat from any single livestock species. Chicken dominates the poultry
production in India with nearly 95% of the total egg production and the rest is
contributed by ducks and others (DADF 2015).

In spite of rapid growth in India, the poultry industry suffered many setbacks
in recent times due to the lack of selection, low genetic potential, rising cost of feed,
emergence of new or reemerging existing diseases, fluctuating market price of egg
and broilers, etc. To sustain the current growth rate of poultry industry in India these
problems need to be addressed. Along with the above mentioned factors, proper
disease management plays an important role for the progress of the poultry industry.
To minimize the occurrence of disease in poultry, the three most important
components of disease control are biosecurity, vaccination and medication (Chatterjee
and Rajkumar 2015).

Most of the diseases in poultry lead to severe immunosuppression thus making
the birds susceptible to infections by multiple causative agents. Immunosuppression is

defined as state of temporary or permanent dysfunction of the immune response



resulting from insult to immune system and leading to increased susceptibility to
disease as proposed by Dohms and Saif (1984). Immunosupression has a great
economic importance for the poultry industry, because affected flocks respond poorly
to vaccines, and do not perform as good as healthy birds. Immunosuppression makes
the affected flock susceptible to other viral, bacterial, and parasitic diseases and thus
suppressing their overall potential. Immunosuppression caused by viruses in poultry
birds is directly related to effect produced by viral replication on function of
lymphocytes. Viruses follow various strategies to escape host immune surveillance
and thus down regulate immune response causing the viral infections that imbalance
the cells of immune system finally leading to immunosuppression (Naniche and
Oldstone 2000).

Some of the economically significant immunosuppressive viral diseases of
poultry are Chicken infectious anemia (CIA), Infectious bursal disease (IBD), Marek's
disease (MD), Inclusion body hepatitis (IBH), and diseases caused by Avian ARV
(ARV) and Retroviruses (Adair 2000, Cui et al 2014, Singh et al 2006).
Immunosuppression causes most significant changes in lymphoid organs like

involution of thymus, bursa of Fabricius and spleen (Shini et al 2010).

Some viral infections viz CAV and MDV affect significantly the cellular
branch of the specific immune system and some affect the humoral branch e.g. IBDV.
MDYV also reduces functions of the innate immune system such as phagocytosis and
natural Killer cell activity. In addition, different viral infections cause depletion of
different immune cells and also produce lesions in the organs they invade. CAV and
MDYV infection causes depletion of CD4+and CD8+ cells from thymus cortex and
produces gross lymphoid tumors on some visceral organs such as kidney, spleen,
gonads and heart as minute whitish nodules, paralysis of legs and wings with sub-
cutaneous dark hemorrhagic spots and stunted growth in affected birds (Haridy et al
2009). Similarly, destruction of B-cells by IBDV causes significant impairment of
primary antibody response. ARV causes atrophy of lymphoid organs and has

efficiency to infect and replicate in blood monocytes (Hoerr 2010).

Chicken infectious anaemia (CIA) is emerging as a new disease from last three
decades leading to severe immunosuppression, anaemia and hemorrhages in young

chickens thus making the birds susceptible to other bacterial and fungal infections



(Todd et al 2001). CIA leads to production losses in both percentage of livability and
percentage of condemnations (Hagood et al 2000). The immunosuppresive effects of
CIA on broilers are economically significant and birds may not perform well due to
poor feed conversion and reduced weight gain throughout the growing period which
may result in increased condemnation rates at slaughter (Merck Animal Health).

Infectious bursal disease (IBD) is a highly contagious acute viral disease of
poultry birds affecting lymphoid tissues especially bursa of fabricius and leading to
immunosuppression (Sharma et al 2000). The disease causes heavy economic losses
in poultry industries due to immunosuppression in subclinical cases (Jackwood and
Sommer 2010) and heavy mortalities due to bursal damage in acute cases (Jackwood
et al 2009). The presence of either acute or chronic IBD have been found associated
with both the reduction in the efficiency of production and net profitability thus
worsening the food conversion ratio in such flocks (Mcllroy et al 1989)

Marek’s disease (MD) is one of the most common lymphoproliferative viral
diseases of poultry which leads to immunosuppression by causing cytolytic infection
in B-lymphocytes and activated T-lymphocytes where it becomes latent (Davison and
Nair 2005). Increase in virulence from mMDV to vMDV then to vwMDYV and finally
to vw+MDV has led to the greater economic losses making MDYV as one of significant
pathogen in field conditions (Sudhakar and Nair 2013). Failure of vaccination has also
increased the prevalence of MD resulting in significant economic losses (Atkins et al
2013).

Avian Reovirus (ARV) has been isolated from a wide range of disease
conditions in commercial chickens that include respiratory disease, enteric disease,
inclusion body hepatitis, hydropericardium, and hepatitis in young chicks, generalized
disease, blue wing disease, and the runting/malabsorption syndrome, at the same time,
it has been isolated easily from the intestines of apparently healthy chickens (Jones
2013). It has been isolated from a variety of tissues in chickens affected by disease
conditions such as viral arthritis tenosynovitis, stunting syndrome, respiratory disease,
enteric disease, immunosuppression, and malabsorption syndrome (Rosenberger
2003). Under field conditions ARV associated diseases may be a result of co-infection

with other infectious pathogens (Andral et al 1985). Interaction of ARV with other



infectious agents like CIA and IBD increases pathological effects and economic
losses (Moradian et al 1990, Rios et al 2012, Ruff and Rosenberger 1985).

Inclusion body hepatitis (IBH) causes immunosuppression by producing
damage to lymphoid organs (Hussain et al 2012). In recent years, considerable
economic losses due to the increasing clinical cases of IBH have been reported in
many countries such as, India (Mittal et al 2014), USA (Mendelson et al 1995),
Canada (Ojkic et al 2008), Hungary (Kajan et al 2013), Korea (Choi et al 2012) and
Japan (Mase et al 2012). The presence of viral infections including IBD and CIA may
predispose birds to IBH infection (Balamurugan and Kataria 2006).

Keeping in view the losses caused by viral immunosuppression to the poultry
industry, it is of utmost importance to understand the process and pathogenesis of
immunosuppression caused by various viral agents and various immunosuppressive
risk factors under the field conditions. So, the present study was undertaken to

observe clinical aspects of immunosuppression with the following objectives:

1. To diagnose viral immunosuppressive diseases of poultry using conventional and

advanced diagnostic techniques.

2. To study distribution of viral antigens and characterization of associated lesions in

the affected lymphoid and visceral organs.



CHAPTER 11
REVIEW OF LITERATURE

Immunosuppression in chickens is a serious health issue which leads to heavy
economic losses in commercial poultry industry. Immune compromised birds are
often susceptible to various viral and secondary bacterial infections that add to the
adverse effects produced by immunosuppression (Calcagni and Elenkov 2006). Many
viral diseases result in immunosuppression which may be mild to severe depending
upon the tissue tropism of virus. It has been known for many years that Infectious
Bursal disease virus (IBDV), Chicken infectious Anaemia virus (CIAV) and Marek’s
disease virus (MDV) produces direct effect on the immune system of birds. Indeed
combinations of two or more of these viruses can amplify the adverse effects. Other
viruses, such as Avian Reovirus, can have similar, but less marked effects. Although
these viruses are known to induce immunosuppression, the exact mechanism is still
not fully understood. Current knowledge on Chicken infection anemia (CIA),
Infectious bursal disease (IBD), Avian reovirus infection (ARV) and Marek’s disease

(MD) is summarized below.
2.1 Chicken infectious anaemia

Chicken infectious anaemia (CIA) is caused by the smallest avian virus with
size ranging from 23-25 nm belonging to the genus Gyrovirus of family Circoviridae
(Pringle 1999, Todd et al 2007, Zhang et al 2013). The viral genome has a circular
ss-DNA of 2.3 kb having three partially overlapping major open reading frames
(ORFs) which encodes for VP1, VP2 and VP3 proteins (Miller et al 2005, Natesan et
al 2006). VP1 acts as a major capsid protein, VP2 as a scaffold protein essential for
virus assembly and VP3 (apoptin) is important for the disease pathogenesis (Miller et
al 2005). CIA has worldwide distribution and has been discovered in almost all
poultry producing countries. (AboElkhair et al 2014, Ducatez et al 2008). It was first
reported in Japan as a new disease in young commercial chicken during investigation
of Marek’s disease (Yuasa et al 1979).

In India CIA was first reported in chicken by Venugopalan and co-workers
(1994). A very high serological incidence was reported in commercial poultry farms

of northern region in India (Bhatt et al 2011). CIA has complex epidemiology as



development of clinical disease following infection is dependent on a number of
factors that include age of the bird, challenge dose of virus, route of infection,
secondary invasion and presence of maternal antibodies (Dhama 2002, McNulty
1991, Schat 2003%). Another important epidemiological key factor is co-infection with
other immunosuopressive viruses such as Marek’s disease virus (MDV), Infectious
Bursal disease virus (IBDV), Avian Reovirus (ARV) and Adenovirus (Dhama 2002,
Schat 2003).

2.1.1 Transmission, pathogenesis and Immunosupression

CIA has been reported to be transmitted by both vertical and horizontal route
(McNulty 1991, Zhang et al 2013). Vertical route is important when adult birds
become infected because virons can be transferred through embryo during viraemic
period prior to the development of neutralizing antibodies. Chickens hatching from
such eggs develop anaemia, immunosuppression and secondary bacterial infections.
These chicks act as a source of infection during horizontal transmission probably

through faeces until neutralizing antibodies develop (Schat 2003%).

Chicken anaemia virus (CAV) enters target cells (Erythroid and lymphoid
progenitor cells) by adsorption and penetration, and multiplies in the nucleus by a
rolling circle model. The virus causes aplastic anaemia in young chickens by
destruction of erythroblastoid cells, and severe depletion of thymocytes leading to
thymus atrophy and immunodeficiency (Adair 2000, Noteborn and Koch 2007).
Hemorrhages in muscles and sub-cutaneous tissue have also been reported by CIA
(Adair 2000, Dhama et al 2008, Van Santen et al 2004). CAV has specific tropism for
lymphocytes leading to lymphocyte depletion. Virus mainly attacks thymic
lymphoblasts (CD4+, CD8+ T-cells) and haemocytoblasts. (Balamurugan and Kataria
2006, Dhama et al 2008). Virus replicates primarily in hematopoietic precursor cells
in bone marrow and thymic precursor cells in cortex of thymus, where it leads to
cytolytic infection (Balamurugan and Kataria 2006, Rosenberger and Cloud 1998,
Smyth et al 1993) and cell death by the mechanism of apoptosis which is triggered by
the VP3 protein (Jeurissen and Boer 1993, Noteborn 2004). Later on, convalescent
stage coincides with antibody development and birds usually recover from depression
and anaemia within 4-6 weeks. Body weight gradually returns to near normal but

chicks remain stunted. Co-infection with other immunosuopressive viruses such as



MDYV, IBDV, ARV and Adenovirus leads to marked immunosupression (Todd 2000,
Dhama 2002).

CAV is a potent immunosuppressive agent that leads to generalized lymphoid
atrophy and transient severe anaemia due to destruction of erythroblastoid cells in the
bone marrow and immunodeficiency due to depletion of cortical thymocytes resulting
in enhanced concurrent infections and vaccination failures. The depletion of
thymocytes and erythroblastoid cells occurs via CAV-induced apoptosis produced by
CAV-encoded protein apoptin (Noteborn and Koch 2007). In young chicks it
suppresses population of both helper (CD4+) and cytotoxic (CD8+) T lymphocytes in
thymus (Adair 2000, Hu et al 1993). It causes marked depression of cellular and
humoral immune functions thereby leading to decreased immunoprotective efficacies.
The virus has detrimental effects on T-cell mediated functions and it adversely affects
lymphocyte transformation response to mitogens, lymphokine production (IL-2,
TCGF, IFN) and it also reduces macrophage functions, phagocytosis and bactericidal
activities (Adair et al 1993% Dhama et al 2008, Xu and Uu 1995). Inhibition of IL-I,
IL-2 and IFN production adversely affects molecular immunoregulatory responses on
cytotoxic activities of macrophages, cytotoxic T lymphocyte (CTL), natural Killer
(NK) cells and expression of surface receptors. This leads to severe
immunodepression thus making birds susceptible to secondary viral, bacterial or
fungal infections and depressed vaccinal immunity against poultry pathogens like
marek’s disease, fowl pox, ILT etc and even vaccination failure (Dhama 2002,
Pascucci 1997, Rosenberger and Cloud 1998, Schat 2003, Todd 2000, Xu and Uu
1995). Under field conditions CAV causes few signs of the disease but co-infection
with other infectious agents is more serious. Concurrent infection of CAV with ARV
causes blue wing disease (BWD), fowl adenovirus (FAV) causes aplastic anaemia
syndrome, IBDV causes haemorrhagic anemia syndrome, and with Clostridium
perfringens and Staphylococcus aureus causes gangrenous dermatitis (Dhama et al
2003, McNulty 1991, Pope 1991, Schat 2003).

2.1.2 Clinical signs and Pathological lesions

The first signs of disease appear when the young infected birds are between 7
and 14 days of age (Todd 2000). Peak mortality occurs within 5-6 days of onset of

acute form of disease which declines after a further 5-6 days (Engstrom and Luthman



1984, Yuasa et al 1979). Birds show mortality upto 55% and morbidity upto 80%
(AboElkhair et al 2014).

CAV has tropism for lymphoid organs and produces lesions in thymus, bursa,
spleen, caecal tonsils and bone marrow (McNulty 1991) however, lesion can be found
in other visceral organs as well (Todd et al 2001).

Yuasa et al (1979) reported changes in liver besides lymphoid organs in birds
infected with CAV. Microscopically, liver showed dilated sinusoids with serous
exudate, swollen endothelial cells along with fatty degeneration and hyaline necrosis.

Taniguichi et al (1982), McNulty (1991) reported atrophy of the
haematopoietic elements of the bone marrow and severe depletion of lymphocytes
from both cortex and medulla of thymus, spleen, bursa and caecal tonsils followed by
hyperplasia of reticular cells in CAV infected birds.

Engstrom et al (1988) reviewed that naturally occurring cases of CIA
produced more extensive lesions compared to experimentally induced disease in birds
because CIA is accompanied by other infectious agents like ARV under natural

conditons.

Otaki et al (1988) observed depletion of lymphocytes in the thymus and
hyperplasia of immature granulocytic series or hypoplasia of haematopoietic cells in

the bone marrow during the study on field outbreak of CIA infection in chicks.

Goryo et al (1989) in an experimental study observed presence of intranuclear
inclusion bodies in the haematopoietic precursor cells, thymocytes and reticular cells

of the thymus in chicks inoculated with CAV.

Lamichhane et al (1991) histologically examined tissues of CAV infected
chicks and observed lesions in lymphoid organs, bone marrow, and liver. Thymus,
bursa and spleen showed depletion of thymocytes with indistinct cortical-medullary
interface in thymus and varied size of bursal follicles. Bone marrow showed marked
depletion of erythropoietic and granulopoietic tissue with replacement by lipocytes.
Spleen showed relatively few lymphocytes scattered throughout the sections. The

liver lesions consisted primarily of extravagated erythrocytes and fewer necrotic cells.

Toro et al (1997) found microscopic changes in various lymphoid organs in
an investigation on CIA cases. Thymus showed cortical and medullary necrosis with

lymphocyte depletion and eosinophilic intranuclear inclusion bodies (EINIB) in
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cortex Mild necrosis of bursal follicles along with lymphoid depletion was observed
in most of the birds in bursa. Spleen also showed moderate to severe lymphoid
depletion along with focal necrosis and apoptosis. Lesions in the liver included focal
necrosis and degeneration of hepatocytes throughout the experimental period.

Todd et al (2001) reviewed that under field conditions birds infected with
CAV often showed characteristic skin lesions, which appeared due to development of
subcutaneous oedema and skin hemorrhages extending to the underlying muscles.

Ledesma et al (2001) found intranuclear inclusion bodies in the precursor cells
of the bone marrow in field cases of CIA.

Spackman et al (2002) observed thymic lymphocyte depletion and bone
marrow atrophy in experimentally induced Del- Ros and CAVV- 7 strains of CAV.

Balamurugan and Kataria (2006) reported atrophy of thymus along with pale
and fatty marrow of femur bone and swollen and mottled liver with pale/yellowish
discoloration in CIA outbreaks. Small eosinophilic intranuclear inclusion bodies
(INIBs) were also detected in altered haematopoietic precursor cells and in swollen
thymocytes and hyperplastic reticular cells in the thymic cortex especially during

experimental infections.

Dhama et al (2008) in an experimental study on chicks inoculated with CAV
observed lesions in cortical area of thymus together with evidence of tissue

regeneration in the bone marrow.

Gowthaman et al (2014) isolated CAV from commercial flocks (4-72 wks)
with respiratory disease complex. Gross lesions observed were tracheitis, diffuse
pulmonary congestion and oedema, airsacculitis, fibrinous adhesive pericarditis and
fibrinous perihepatitis, oophoritis, spleenic atrophy or mottling and nephrosis in
kidneys and highly pale and icteric carcass with severe multifocal intramuscular
hemorrhages in the pectoral region, markedly pale and icteric liver, kidney and bone

marrow.
2.1.3 Diagnosis

Diagnosis of CIA can be made based on clinical signs and pathological lesions
in affected birds but this alone is not sufficient to diagnose the condition (Goodwin

and Brown, 1992). Various techniques have been described to diagnose CIA.



2.1.3.1 Immunohistochemistry

Immunoperoxidase staining using formalin fixed, paraffin-embedded tissues
for detection of CAV in affected birds have been described (Hoop and Reece 1991,
McNeilly et al 1995, Smyth et al 1993).

McNulty (1991) immunohistochemically detected large number of CAV
antigens in the thymus, spleen, bone marrow, proventriculus and ascending duodenum
of birds infected with CAV.

Smyth et al (1993) detected CAV antigens in bursa and within lymphoid
aggregates in the lamina propria of intestines and the epithelium of crypts and villi in
birds infected with CAV using immunohistochemistry.

Davidson et al (2008) immunolocalized CAV viral antigens in lymphocytes of
thymus, bursa and spleen in CAV infected birds.

Hailemariam et al (2008) demonstrated specific positive staining in cortical
lymphoblasts in thymus and hemocytoblasts in bone marrow in commercial broilers
detected positive for CAV using immunohistochemical techniques. However, staining

was not detected in spleen, liver, duodenum, ovary and oviduct.

Kuscu and Gurel (2008) identified specifically stained cells as thymocytes of
thymic cortex and hemocytoblasts and reticulocytes in extra or intra sinusoidal spaces

of bone marrow by mmunolocalization of CAV antigens in positive cases of CAV.

Haridy et al (2009), Haridy et al (2012) detected fine granules, but occasional
intensely stained large intranuclear inclusions of CAV antigen in both thymic cortex

and spleen of CAV positive cases using immunohistochemical technique.
2.1.3.2 Diagnosis by PCR

Sommer and Cardona (2003) in a study on commercial broiler flocks
demonstrated that CAV could be detected in thymus and bursa by PCR at 35 days of
age in broiler breeds and results were coincidental with gross reduction of weight and
size of thymus over the same period. However bursal size was found to decrease at 28

days of age, coincidental with a rise in antibody titers to IBDV.

Oluwayelu et al (2009) diagnosed CIA using PCR on bursa of birds which
were earlier diagnosed for IBD based on pathological findings and positive AGPT

results.
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Saini and Dandapat (2009) reported that molecular technique of PCR assay
was highly specific and extremely sensitive for the direct detection of CAV DNA in
infected tissues.

Eltahir et al (2011) reported PCR amplification of VP1 and VP2 region using
specific primers for CAV that yielded product size of 1390bp and 713bp respectively.

Hiremath et al (2013) diagnosed positive cases of CIA using specific primer
sets for VP1, VP2, and VP3 genes and their amplification yielded a specific product
size of 1390bp, 713bp and 367bp respectively.

Wani et al (2014) diagnosed positive cases of CIA from spleen, thymus, bursa
and bone marrow using VP3 gene specific primers and obtained expected amplicon of
368bp size by conventional PCR thereby confirming the disease.

Gowthaman et al (2014) diagnosed CIA in commercial poultry flocks with
respirtatory disease complex collected from different states of India using VP2 gene.
Out of 32 samples secreened 30 were positive, showing ubiquitous nature of CAV.

Ahangaran (2015) detected CAV in broiler chickens and quails by amplifying
a fragment of 713 bp from the VP2 gene of CAV using PCR and concluded that

chickens act as natural host whereas quails act as reservoir host for CAV.
2.2 Infectious bursal disease

Infectious bursal disease (IBD) also known as Gumboro disease is a highly
contagious acute viral infection of young chickens affecting the immune system of
poultry. It causes destruction of the lymphoid organs especially the bursa of fabricius
leading to immunosuppression in nonfatal cases (Van den Berg 2000). The disease is
caused by Avibirnavirus of family Birnaviridae. IBDV is non-enveloped, double-
stranded RNA (dsRNA) virus containing two segments (segment A and B) (Mundt
1995). Segment A (3.2 kb) encodes viral proteins (VPs): VP2, VP3, VP4 and VP5 by
two overlapping open reading frames, whereas segment B encodes VP1 (Mundt 1995,
Van den Berg 2000).

IBD was first discovered by Cosgrove in the year 1962 in USA. It has
worldwide occurrence and was described as an endemic disease in the poultry
producing areas (Sharma et al 2000). Chickens act as main host of IBD infection but

ducks, ostriches, turkeys and guinea fowl may also be infected (Saif 2008). It usually
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affects the young chickens aged between 3-6 weeks (Dobos et al 1979, Eterradossi
and Saif 2008, Mahgoub 2012, Muller et al 2012).Virus has two forms i.e low
virulence IBDV and very virulent IBDV. The low virulence virus was reported to
cause 1-2 % mortality whereas high morbidity and mortality were reported with very
virulent IBDV (vvIBDV) leading to severe economic losses to the poultry industry
worldwide. A vwIBDV was first reported in broilers in Europe in the 1980s Then
rapid spread to Africa, Asia, and Latin-America was seen (Chettle et al 1989, Van den
Berg 2000). About 60%—76% of virulent (vv) IBDV strains from four continents have
been reported (Jackwood and Sommer 2007). With the emergence of vwIBDV strains
in last twenty years, it had been reported that mortality rates were increased to about
60% in young chickens, thus posing severe challenges to the avian epidemic control
and prevention throughout the world (Ven den Berg et al 2000). In India IBDV was
first reported in 1971 by Mohanty.

2.2.1 Transmission, Pathogenesis and Immunosupression

Transmission of IBD is horizontal. Birds become infected by ingestion of
contaminated feed and water, however vertical transmission is not reported to occur
(Sharma et al 2000). Infected birds become source of infection by shedding virus in
faeces (Zhao et al 2015). Zoonotic potential of disease is not reported (Eterradossi and
Saif 2008).

Virus has tropism for lymphoid tissues especially B lymphocytes of bursa of
fabricius. Replication of virus occurs in lymphocytes and macrophages of gut
associated tissue after its entry via oral or nasal route then via blood stream it reaches
bursa of fabricius and causes pronounced depletion of follicles, then the virus again
enters the blood stream and causes secondary viremia, resulting in virus spread to
other tissues (Ven den Berg 2000). Virus has the ability to break through the
immunity provided by maternal antibodies causing 70% of motality. In addition to
bursa of fabricus, lesions are evident in thymus and bone marrow as well (Brown et al
1994).

Immunosuppression by IBDV is attributed mainly to apoptosis and necrosis of
B cells (Nieper et al 1999, Ojeda et al 1997, Tanimura and Sharma 1998,
Vasconcelos and Lam 1994). However, apoptosis of immature T cells has also been

reported. Apoptosis is initiated by a variety of physiological stimuli, although
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pathological stimuli, such as viral infections, can also trigger the phenomenon (Van
den Berg 2000). Recently IBDV positive T-cell populations have been detected in the
bursal follicles as well (Mahgoub 2012).

2.2.2 Clinical signs and Pathological lesions

Incubation period of IBD is 2-3 days and birds mainly show prostration,
exhaustion, dehydration, watery diarrhoea and ruffled feathers (Van den Berg 2000).
Mortality in affected flock begins on third day, peaks on the fourth day and the
surviving birds show recovery after fifth to seventh day. Severity of IBD is affected
by four factors that are age, breed sensitivity, virulence of IBDV strain and the degree

of passive immunity (Van den Berg 2000).

Skeeles et al (1980) in an experimental study revealed that acute IBD caused
disseminated hemorrhages in the various visceral organs probably due to impairment
of the clotting mechanism. Hemorrhages in pectoral and thigh muscles were noticed

in affected cases as an outecome of coagulation disorders.

Nunoya et al (1992) in an experimental study revealed that the chicks that
were inoculated with highly virulent IBDV developed severe clinical disease with a
high mortality rate. Histopathologically, disease was characterized by bursal and
thymic necrosis, aplastic anemia, acute hepatitis with fatty change, and systemic
inflammatory response. In addition to functional abnormalities in the liver, aplastic
anemia caused hypoxic state and severe inflammation in the pulmonary air capillary

walls.

Sharma et al (1993) in an experimental study on Specific-pathogen-free (SPF)
chickens inoculated with virulent IBDV found thymic atrophy at 3-4 days post

inoculation (PI). These lesions were associated with acute phase of the disease.

Inoue et al (1999) detected remarkable alterations in the bone marrow in
chickens inoculated with HPS-2 STRAIN of IBDV. The bone marrow showed severe
lysis and depletion of heterophil myelocytes with pyknotic nuclear alteration 2 days
after inoculation. In addition, macroscopic lesions were seen in other lymphoid organs

such as the spleen and thymus.

Van den Berg (2000) reviewed that bursa of Fabricius was the principal

diagnostic organ for diagnosis of IBD in birds which died during the acute phase of
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very virulent IBDV. In these birds, bursa appeared turgid, oedematous sometimes
haemorrhagic and turned atrophic within 7 to 10 days. In addition, kidneys were
hypertrophic and whitish, and contained deposits of urate crystals, muscles and the
mucosa of the proventriculus showed echymotic. Severe depletion of lymphoid cells
was observed not only in the bursa of Fabricius, but also in the non-bursal lymphoid

tissues.

Khan et al (2009) found major pathological lesions in kidneys and bursa of
fabricius in birds suspected of IBD. Kidneys and bursa were swollen. Edema,
hyperemia and gelatinous yellowish transudate was evident in bursa. Heamorrhages
and areas of necrosis were also seen in more severe cases. Atrophy of bursa was
noticed in prolonged cases.

Aliyu et al (2016) conducted clinical and pathological study on outbreaks of
IBD in pullets and observed the following clinical signs in chicks in the two
outbreaks; ruffled feathers, depression, hurdling together, anorexia, prostration, and
whitish diarrhoea. Mortality was also recorded and it spiked within 5 days of onset
and then declined but lasted for 9 days in both cases. Recorded morbidity and
mortality were 100% and 95.8%, respectively, for case 1 and 80% and 43.3%,
respectively, for case 2.

Aliyu et al (2016) investigated outbreaks of IBD and found moderate
dehydration with petechial and ecchymotic hemorrhages on the pectoral, thigh and leg
muscles and caecal tonsils and at the junction between proventriculus and ventriculus
in the carcasses. Liver showed severe congestion and spleen was enlarged and
mottled, and atrophied in some cases. Most of the cases showed edematous and
haemorrhagic bursa of Fabricius with yellowish gelatinous exudate on the mucosal

surface. The kidneys were swollen and pale.
2.2.3 Diagnosis

Diagnosis of IBD can be made on the basis of gross pathological lesions,
histological, serological, immunohistochemical and molecular techniques.

2.2.3.1 Diagnosis by Immunohistochemistry

By using various immunostaining methods, a higher frequency of antigen-
positive cells could be demonstrated in the thymus (Inoue et al 1994, Nunoya et al

1992, Sharma et al 1993) the spleen and the bone marrow (Inoue et al 1999,
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Tanimura et al 1995, Tsukamoto et al 1995) of birds infected with vwIBDV. Several

investigators have reported detection of viruses in fixed, paraffin-embedded tissues

Jonsson and Engstrom (1986) used immunoperoxidase and immuno-
fluorescent techniques to detect and localise infectious bursal disease virus (IBDV)
and infectious bronchitis virus (IBV) in fixed, paraffin-embedded chicken tissues. The
results showed specific localization of IBDV in bursal lymphocytes and cytoplasm of

infected tracheal epithelial cells.

Tanimura et al (1995) compared vvIBDV strains with moderately pathogenic
(J1) strains to clarify the association between the pathogenicity of IBDV and viral
antigen distribution. Although all strains caused similar bursal atrophy but it was
concluded that the highly pathogenic strains brought about a greater decrease in the
thymic weight index and more severe lesions in the cecal tonsil, thymus, spleen, and
bone marrow. Immunohistochemical detection of IBDV antigen in tissues from
chickens infected with Ehime/91 and DV86 strains showed a higher frequency of

antigen-positive cells in the spleen and bone marrow.

Van den Berg (2000) reviewed that diagnosis of IBD can be done by
observing histological modifications in bursa. In addition, other serological tests like
agar gel immune diffusion, enzyme linked immunosorbent assay and serum
neutralization could be useful. Virological diagnosis can detect IBDV in the bursa of

Fabricius in the acute phase of the disease.

Jackwood and Brown (2003) examined all tissues including proventriculi from
chickens experimentally infected with seven different IBDV strains by light
microscopy, immunohistochemistry (IHC), and real time reverse transcriptase (RT)—
polymerase chain reaction (PCR). Bursas showed microscopically evident lesions,
IBDV was detectable by IHC and RT-PCR, and strong IHC staining for apoptosis was
present. Proventriculi from these experimentally exposed chickens had no lesions, low
levels of IBDV was detectable by IHC or RT-PCR, and very little IHC-stainable
apoptosis.

Williams and Davison (2005) immunohistochemically detected presence of

IBD viral antigens in bursa and fewer cells in spleen and thymus of infected birds.

Hamoud et al (2007) demonstrated strong immunoreactivity in cortical inter

follicular lymphocytes of bursa in birds experimentally infected with IBDV.

15



Oladele et al (2009) demonstrated IBD virus antigens as red or brownish, fine
or coarse granules or globules in cytoplasm of infected cells, while nuclei stained
bluish in bursa, thymus, spleen, caecal tonsils, proventriculus, liver and kidney in

positive cases of IBD.

Singh et al (2015) detected IBD virus antigens mainly in bursal lymphoid cells
and in bursal epithelia of chickens that were detected positive for IBD.

Prabhu et al (2017) detected IBD viral antigens in the cortico-medullary
junction, the inter-follicular space and in a few medullary cells, follicular epithelial
cells and sub epithelial cells of the bursa in birds experimentally infected with IBDV.

2.3 Avian Reovirus

Avian Reovirus (ARV) were first isolated from chickens in 1954 by Olson and
co-workers (Van der Heide 2000). ARV has been associated with viral
arthritis/tenosynovitis, malabsorption syndrome, stunting/runting syndromes, enteric
disease, immunosuppression, and respiratory disease. Recently, it was reported that
the virus caused neueological signs in poultry as well (Clark 2013). ARV belongs to
the genus Orthoreovirus of family Reoviridae (Attoui et al 2012). Virus particles are
non-enveloped and have icosahedral symmetry. The virus contains double-stranded
ribonucleic acid which has ten segments. The genome can be separated into three size
classes, namely: L (large), M (medium) and S (small). Similarly, proteins encoded by
the genome also fall into three size classes, as follows: X (large), p (medium) or a
(small). Of eleven proteins, nine are structural and two are nonstructural (Varela and
Benavente 1994).

2.3.1 Transmission, Pathogenesis and immunosupression

Transmission of ARV is by vertical and horizontal route (Al-Afaleq and Jones
1990, Al-Mufarrej 1996, Erol et al 2012, Menendez et al 1975, Van der Heide and
Kalbac 1975). Birds usually become infected with the virus at 4-8 weeks of age,
however older birds can also be affected naturally and younger birds experimentally
(Clark 2013). Congenitally infected chicks act as source of infection for the rest of the
hatch and most of the birds become infected via the faecal-oral route (Jones et al
1978). Study in young chicks showed that after entry of the virus via oral route,
viraemia was set up and later virus was recovered from the plasma, erythrocyte and

mononuclear cell fractions of blood within 30 h. By 3-5 days, virus was found
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distributed in the whole body (Kibenge et al 1985). It has been reported that epithelial
cells of the small intestine and the bursa of fabricius act as main sites of primary
infection (Jones 1989) however, experimental studies have also suggested liver as an
another target organ for ARV (Jones and Guneratne 1984). ARV may also enter
broken skin of the feet of chicks from the litter and become established in the hock
joints (Al Afaleq and Jones 1990). Virus may induce apoptosis in infected cells which
could be confirmed by characteristic intranucleosomal cleavage pattern of extracted
DNAs from infected tissues by using agarose gel electrophoresis on DNA (Lin et al
2007).

ARV infection and vaccination both have been reported to be associated with
immunosuppression and produce effect on both humoral and cellular immune
responses in chickens (Hill et al 1989, Montgomery et al 1985, Rinehart &
Rosenberger 1983, Springer et al 1983, Van der Heide et al 1983), however, in some
cases immunosuppression by ARV may not be evident (Cho 1979, Moradian 1990).
The virus produces immunosuppression by interacting directly with B lymphocytes in
a similar way as IBDV (Hirai and Calnek 1979). An experimental study in chickens
suggested that ARV does not compromise the functional capabilities of T-cells, but it
induces suppressor macrophages that inhibit T-cell function thus leading to
immunosuppression (Pertile et al 1996). It was reported that immunosuppression by
ARV depends on the strain used for vaccination (Rinehart and Rosenberger 1983).
Increased incidence of Marek's disease after simultaneous vaccination of day-old
chicks with herpesvirus of turkeys (HVT) and ARV vaccine has been reported (Ven
de Heide et al 1983). It has been suggested that commercial ARV vaccines should not
be given in-ovo to embryos having little or no maternal antibody, otherwise
immunosuppression may occur in the chicks as was observed in an experimental
study where percentages of CD4—CD8+ cells were statistically higher in vaccinated
group than non-vaccinated group (Guo et al 2004). Avian Reoviral diseases may
result in co-infection with other infectious pathogens such as IBDV, CIA and

Mycoplasma synoviae (Bradbury et al 1978, Moradian 1990).
2.3.2 Clinical signs and pathological lesions

ARV has been isolated from birds with mal-absorption/pale bird syndrome.
The following clinical signs are observed in affected birds: stunting, unthriftiness and

poor feed conversion ratios. Orange tinged diarrhea may also be present. Some birds
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may lose color in the legs and beak while others may have various feather problems.
Mortality is usually low (Clark 2013).

Kibenge et al (1985) in an experimental study on 1 day old chicks orally
inoculated with ARV (strain R2) revealed that there was subclinical infection and on
necropsy a few scattered small white foci on liver surfaces of some chicks were
observed on 5™ day, and at 12 days paleness of the pancreas in otherwise apparently
normal birds was noticed. Virus infection was most widely distributed at 5 days pi.
and appeared most persistently in enteric tissues, especially in the ileum, caecal
tonsils and rectum. Virus was occasionally recovered from the oesophagus, liver,
spleen, kidney, blood, heart and hock joint/tendon only after further passage,
indicating low virus titres. Low amounts of virus were also present in the
proventriculus.

Montgomery et al (1986) showed that ARV strain reduced the weight of
bursa of Fabricius and spleen, the total numbers of white blood cells in circulation
was also reduced and it caused follicular atrophy in the bursa of Fabricius. Functional
reduction in the T-cell response was reported.

Engstrom (1988) in an experimental study on chickens inoculated with CAV
and ARV, histologically found changes in skin, muscles and lymphoid organs. In the
cutis and subcutis hyperaemia and infiltrations of predominantly mononuclear cells
were demonstrated. Lymphoid organs were atrophied with extensive lesions in
thymus that included complete regression of the cortex. Lymphocytic depletion and
proliferations of reticular cells were seen in thymus, spleen and bursa of Fabricius.
Lesions were apparently less severe in birds infected with CAV alone.

Engstrom (1988) reviewed that in blue wing disease, ARV was found in many
tissues but most frequently in the muscles and the skin and most obvious lesions were
found in these organs.

Roessler and Rosenberger (1989) reported that ARV infection caused cell
damage in vivo in several organs such as the liver, bursa, intestines, pancreas, thymus
and spleen. Lymphocyte depletion in thymus and bursa were noticed.

Van Loon et al (2001) isolated ARV from liver, kidney, thymus, ceacal
tonsils, spleen and heart in young commercially reared broilers showing signs of
difficulty in walking, high mortality in the flock, and presence of white spots on the

liver and pericarditis.
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Songserm et al (2003) in an experimental study on day old SPF chickens
inoculated with various ARV strains found that birds showed weakness and mild
diarrhea with distended and pale small intestines. Histopathologically severe lesions
were noticed including vacuolar degeneration of the epithelium and sloughing of the
tip of the villi in the small intestines.

Spackman et al (2005) in an experimental study on SPF white-rock chickens
inoculated with ARV isolates (NC/85 and TX/98) observed lymphocytic infiltrates in
the liver and pancreas at 2, 4 and 7 dpi.

Lin et al (2007) examined the tissues of birds infected with ARV and found
focal infiltration of numerous lymphocytes and small numbers of heterophils and
macrophages in myocardium and epicardium.

Zaher (2009) investigated clinical cases of ARV in 2 week old chicks and
found gross lesions in intestines and respiratory tract in few cases. On post mortem
intestines showed congestion and hemorrhages and lumen was bloody and granular.

Dong-chao et al (2015) histopathologically observed hemorrhage in the lung,
edema of heart and liver and large number of heterophil granulocyte infiltration in
various visceral organs in 4 week old broilers that were confirmed for mixed infection

of ARV with Pasteurella multocida.

Sharafeldin et al (2015) in an experimental study on chickens inoculated with
ARV via oral, intratracheal and footpad routes found that in footpad group chickens
were often recumbent and developed swollen and reddened right shanks, hocks, and
feet by 4 days PI. Internal organs showed no histologic lesions except lymphocytic
epicarditis and myocarditis in all the groups at 2 and 3 weeks PI in all routes. Mild
heterophilic enteritis in duodenum, jejunum, and cecum was seen at 2 weeks P1 in the

groups inoculated by oral and intratracheal routes.
2.3.3 Diagnosis

The clinical signs of ARV infection are not pathognomonic thus confirmation

of disease requires immunohistochemical, serological and molecular techniques.
2.3.3.1 Diagnosis by Immunohistochemistry

Tang et al (1987) used immunoperoxidase technique, avidin-biotin-peroxidase

complex (ABC), for detecting avian ARV in paraffin-embedded tissues. Presence of
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dark brown granules in the cytoplasm of affected cells, was found in the liver
(Kupffer cells, macrophages, and hepatocytes) and bursa of Fabricius (epithelial cells,
stromal cells, and/or macrophages) showed peroxidase-positive reaction. The early
presence of peroxidase activity in the bursa of Fabricius supported the idea that the
bursa of Fabricius may serve as a primary site of replication for natural ARV

infection.

Judith et al (2007) used Immunohistochemical techniques to detect ARV
antigen in large mononuclear cells (possibly macrophages) in affected areas in the
liver, spleen, lung, kidney, bursa and intestine.

Cordon et al (2002) confirmed cases of ARV by immunohistochemical
detection of viral antigen mainly in large mononuclear cells in the bursa of Fabricius
and the spleen, pancreas epithelial cells, and circulating cells: lymphoid organs.
Severe lymphoid depletion was also seen.

Songserm et al (2003) detected ARV antigen in the cytoplasm of enterocytes
at the tip and middle section of the villi of the duodenum, jejunum, ileum, and in the
caecal tonsil and bursa of Fabricius of all experimentally infected broiler groups at

days 1, 2, and 7 pi.
Jackwood et al (2007) detected positive cases of ARV by IHC staining

characterized by presence of intracytoplasmic dark-brownish granules in bursal

lymphocytes and enterocytes at the tips and middle section of villi.
2.4 Marek’s disease

Marek’s disease is a lymphoproliferative disease of chickens caused by serotype
1 oncogenic Marek’s disease virus (MDV), a member of the alpha-herpes viruses.
The other two serotypes of MDV are the naturally non-oncogenic chicken strain
(serotype 2) and herpesvirus of turkeys (serotype 3) (Witter and Schat 2003). MDV
has a linear, double stranded DNA genome about 160-180kb in size and the genome
contains at least 90 open reading frames (Izumiya et al 2001). The disease was first
time reported in 1907 from United States and later reported from Netherlands, Great
Britain and many other countries of the world. MD is most widely recognised disease
characterized by the induction of a rapid and extensive malignant T-cell lymphoma

(Couteaudier and Denesvre 2014).
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2.4.1 Transmission, Pathogenesis and immunosupression

The disease is transmitted horizontally via the respiratory route (Beasley et al
1970). Apparently normal birds act as carriers of infection (Lee et al 1983).
Incubation period of the disease under field conditions is difficult to determine. MD
commonly appears in 3 to 4 weeks old chickens and gradually builds to a peak
between 12 and 30 weeks of age (Morgan et al 2008). The disease is known to occur
in two forms i.e. acute and chronic. Young birds seem to be highly susceptible to
acute form of disease (Lobago and Woldemeskel 2004). Strains of virus associated
with acute outbreaks of MD are more virulent and cause a higher disease incidence
than do those associated with classical form of the disease (Purchase and Biggs 1967).
After entry of the virus in respiratory tract it produces cell-associated viremia (Silva et
al 2004). Macrophages carry and distribute MDV all over the body infecting sensitive
cells and causing lymphocyte transformations (Josipovic, 1990). MDV leads to the
formation of T cell tumors in various body tissues, neurological manifestations as
well as immune suppression (Calnek 2001 and Payne 2004). Infection with oncogenic
MDYV results in an early cytolytic phase (2-7 dpi) a latent phase (7-10 dpi), permanent
immunosuppression and a late cytolytic phase (18 dpi), and a proliferation and
transformation phase of T lymphocytes with tumour formation (28 dpi onward).
(Calnek 2001, Schat and Xing 2000).
2.4.2 Clinical signs and pathological lesions

Marek’s disease occurs in 4 forms: visceral (internal-organ form), cutaneous
(skin form), neural (nerve form), ocular (eye form) (Kozdrun et al 2001). Clinical
signs vary from mild depression followed by ataxia and paralysis, skin nodular
lesions, stunting and mortality (Santin et al 2006).
Benton and Cover (1957) observed tumours in multiple viscera, muscle and skin in

acute form of MD in broiler chickens.

Biggs and Payne (1963) studied field cases of MD and observed proliferative

lymphomatous lesions in the visceral organs. The cellular composition consisted of

diffusely proliferating small to medium lymphocytes, lymphoblasts, and primitive

reticular.

Purchase and Biggs (1967) and Jakowski et al (1969) reported changes in the

bursa of fabricius and thymus of birds experimentally infected with MDV. Bursa
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showed cortical and medullary atrophy, necrosis, cyst formation and interfollicular
lymphoid infiltration. Atrophy of the thymus was sometimes severe and also involved
both the cortex and medulla. In some cases there were areas of lymphoid proliferation
in the thymus.

Sharma et al (1972) described gross and histopathology of skin lesions in cases
of MD. Grossly, the feather follicles were enlarged and skin surface showed varying
sized tumorous nodules. Infiltration of pleomorphic lymphoid cells, plasma cells and
histiocytes in different visceral organs viz. liver, spleen, proventriculus, lungs, intestine,
gonads, kidneys and nerves were also observed.

Otaki et al (1987) noticed severe atrophy of the thymus and bursa of Fabricius
in birds dually infected with CAV and MDV.

Miles et al (2001) found that co-infection with CIAV and very virulent (vv)
MDYV strains exacerbated the mortality and thymus atrophy.

Pejovic et al (2006) found lymphoproliferative enlargement in visceral organs.
Most often characteristic changes were in the spleen, liver, proventriculus and ovary
with enlargement, irregular shape of organs and grayish white foci.

Kamaldeep et al (2007) studied the occurrence of MD in vaccinated poultry
flocks of Haryana (India) from different geographical locations and found that
samples collected from all flocks had gross and histopathological lesions suggestive
of MD. Proliferation and infiltration of lymphoblasts and lymphocytes in the sections
of liver, spleen, kidney, sciatic nerve and ovary of the affected birds were observed

Haridy et al (2009) observed tumours in liver, kidneys and gonads and
hemorrhages in the subcutaneous tissue of the wings, thigh and breast muscles in
birds infected with both CAV and MDV

Balachandran et al (2009) conducted histopathological examination of 767
tissue samples collected from different parts of India and Bangladesh. Prevalance of
Marek’s disease lesions was found in 73 samples and lesions were more in the liver
(34.34%), followed by spleen (26.26%), kidneys (12.12%), proventriculus (8.08%),
ovaries (7.07%), lung (4.04%), sciatic nerve (3.03%), intestine (2.02%), skin (1.01%)
and mesentery (1.01%).

Singh et al (2012) reviewed that MD infection produces tumour nodules in

various visceral organs and paralysis of legs, wings and neck.
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Abreu et al (2016) diagnosed positive cases of Marek’s Disease in a free range
poultry based on macroscopic and microscopic lesions. Tumor lesions were observed in
liver, ovary, kidney, spleen and skin.

2.4.3 Diagnosis

The traditional diagnosis of Marek’s disease is based on the clinical signs and
pathological alterations. Confirmatory diagnosis is done by isolation of virus, PCR
and other molecular and serological tests (Davidson et al 1986).

2.4.3.1 Diagnosis by PCR

Becker et al (1992) developed PCR targeting BamHI-H region which helped
in the serotype specificity and the ability to differentiate between vaccinal and field
strains of MDV serotype-1.

Sung et al (1997) diagnosed positive cases of MD by AGPT test and PCR in
field broiler chicken and found 12 out of 35 farms (34.0%) positive for MDV by PCR
whereas only three farms (8.6%) positive by AGPT concluding that relative
sensitivity of PCR is more than AGPT for diagnosis of MD.

Raja et al (2009) and Kalyani et al (2011) reported virulent/very virulent
MDYV serotype 1 strains in the infected liver tissues by using PCR.

Jayalakshmi and Selvaraju (2016) collected samples in 12 different
commercial layer flocks suspected of MD and pooled all the samples from each flock
together and subjected them to PCR using serotype 1 specific primer
(BamH1/BamH2) for confirmation of MD.

2.4 Mixed infections of Immunosupressive viral diseases.
Mixed infections of immunosuppressive viral dseases have been reported in
chickens (McNulty 1991, McNeilly et al 1995, Adair 2000, Ahmed et al 2016).
Engstrom (1988) reported combined infection of CIA and ARV in field

cases of blue wing disease. ARV was isolated in chicken embryo liver (CEL) and
CAV in T-lymphoblastoid cell line (MDCC-MSB1) from affected chickens.

Otaki et al (1988) elucidated the depressive effect of CIA on vaccinal
immunity of turkey herpesvirus (HVT) and found that the response was markedly
depressed in chicks dually inoculated with CAV and MDV or HVT than in chicks
inoculated with CAV alone and the production of antibody against HVT was

temporarily depressed by CAV infection.
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Rosenberger and Cloud (1989) experimentally studied the effect of dual
infection with CAV and IBDV in SPF chickens and found that IBDV increased the
susceptibility of birds to contact infection with CAV and resulted in increased
mortality rates.

Rosenberger and Cloud (1989) demonstrated that infection with IBDV
increased the susceptibility to CAV by as much as 100-fold. So it was proposed that
IBDV infections should be controlled by vaccination programs in breeder flock to
provide progeny with maternal antibody and thus limiting the interactions between
CAV and IBDV. CIA could also exacerbate the effect of virulent strains of MD virus

challenge in poorly immunized birds.

McNeilly et al (1995) reported that dual infection in chickens inoculated with
with both ARV and CAV resulted in more severe lesions than either virus alone
Severity of lesions was found more in thymus and bone marrow indicating that ARV
enhanced the pathogenic effect of CAV.

Sharma et al (1989) suggested that IBDV produced immunosuppression due to
development of suppressor cells in the spleen of infected chicks causing in vitro
mitogenic hyporesponsiveness and impairment of helper T-cell function making birds

susceptible to infection by MDV.

Miles et al (2001) in an experimental study showed that co-infection with
CAV and a vv MD virus strain aggravated mortality and atrophy of the thymus and
bursa of fabricius compared with infection with either virus alone. The extent of this
exacerbation was less evident when chickens were co-infected with CAV and an
already more virulent +MD virus strain (584A).

Toro et al (2009) evaluated the effects of CAV and IBDV co-infection in
commercial layer and broiler birds with specific maternal immunity and found that
in layers inoculated with CAV + standard strain of IBDV, mean hematocrits of were
lower. Similarly in broilers inoculated with CAV + virulent strain of IBDV
significant lymphocyte depletion in the bursa and thymus was observed. The field
observations indicated a reduction in productive performance and damage to
immune organs in birds associated with combined infection of CAV and IBDV.

Yang (2010) reviewed that dual infection with CAV and MDV showed

synergistic effects on the pathogenicity with enhanced mortality and incidence of MD.
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Thus, CAV was considered to be a factor in increasing frequency of occurrence of
MD in China.

Smyth and Schat (2013) experimentally demonstrated enhanced pathogenicity
of IBD, MD and ND viruses by CAV.

Adedeji et al (2016) reported high morbidity and mortality due to
immunosuppression caused by subclinical CIA which aggrevated IBD in the flocks
under field conditions.

Zhang (2017) in an experimental study on SPF chicken observed that chickens
concurrently infected with CAV showed a declined immune efficacy of vaccine
against MD and a significantly enhanced susceptibility to MD. In order to enhance the
prevention and control of MD in chickens, detection of CAV in chickens should be

emphasized.
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CHAPTER 111
MATERIALS AND METHODS

3.1 Source of samples

The present study was conducted on a total of 100 poultry birds suspected of
immunosuppressive viral diseases presented for post mortem examination in the
department of Veterinary Pathology, Guru Angad Dev Veterinary and Animal
Sciences University, Ludhiana and also from other private poultry farms located in
and around Ludhiana district. Farm wise details of poultry birds from which tissue
samples were collected is given in Table 1.Tentative diagnosis was made on the basis

of necropsy findings.

Table 1: Farm wise details of poultry birds from which tissue samples were

collected
Farm Type of Number of
No. Farm bird Age samples Total
1 PANIPAT Layer 8-12 weeks 20 20
< 6 WEEKS 3
6-12
24
Broiler WEEKS
2 GADVASU 43
12-18 weeks 3
Adult 9
Layer Adult 4
6-8 weeks 4
PAKHOWAL
3 Broiler 12-18 weeks 1 17
(ORGANISED)
Adult 12
PAKHOWAL
4 Broil Adult 20 20
(UNORGANISED) | ="' !
TOTAL 100

3.2 Necropsy examination
Detailed post mortem examination of birds was conducted and gross lesions in

the affected organs were recorded. Samples were collected from thymus, spleen, bursa
of fabricius and caecal tonsils, bone marrow and visceral organs (liver and kidneys).

A part was collected in 10% neutral buffered formalin for histopathology and




immunohistochemistry, and a part was stored at -20°C for molecular detection of
immunosuppressive viruses. Femur bone was collected in decalcifying solution for
histopathological examination of bone marrow.
3.3 Analysis of samples
3.3.1 Histopathology

Samples preserved in 10% neutral buffered formalin were washed in running
water, dehydrated in ascending grades of alcohol, cleared in acetone and benzene and
embedded in paraffin at 58°C. 5-6um paraffin section were cut and placed on glass
slides and stained using routine haematoxylin and eosin (H & E) staining technique
for routine histopathology (Luna 1968). The H & E stained slides were read under
microscope and histopathological changes were recorded. Histopathological scoring
of lesions in the lymphoid organs was done (Halouzka and Jurajda 1991) and were
correlated with the histopathology lesion score in bone marrow (Otaki et al 1988)
Histopathological scoring scheme of lesion in lymphoid organs (thymus, spleen, bursa
and caecal tonsils) and bone marrow is given in the Table 2 & 3.
3.3.2 Decalcification of Bone:

Decalcification of femur bone was done in EDTA solution kept at 4°C for at

least 2 weeks and ph maintained at 7.

EDTA 250gm
Distilled water 1760ml
NaOH 25gm

Table 2: Score of histopathological lesions in lymphoid organs*

Thymus

Score 0 | No morphological lesions

Score 1 | Monocellular necrosis of lymphocytes and reticular epithelial cells (RE).
Gaps of the inner zone of lobular cortex corresponding to the medullar
tissue

Score 2 | Impaired cellularity of the cortex and medulla in consequence of the
cytolytic changes,
small clusters of cellular debris, increased numbers of Hassal's corpuscles

Score 3 | Regression of the lobular cortex, frequent clusters of granulocytes in the
medulla, hyperemia, enlargement and increased hyalinization of Hassal's
corpuscles

27



Score 4

Atrophy of lobular cortex, only narrow border of lymphocytes is visible
below the thymus capsule. Marked organ shrinking, the medulla contains
predominantly RE with sporadic lymphocytes and Hassal's corpuscles

Bursa of fabricus

Score 0

No morphological lesions

Score 1

Monocellular necrosis of lymphocytes and RE in follicular germinative
centres (GC), decreased numbers of lymphocytes in GC appearing thus
optically lighter. Sporadic granulocytes infiltrating interfollicular tissue

Score 2

Diffuse necrotic changes of lymphocytes and RE, frequent infiltration by
granulocytes in GC and in the follicular cortex, depletion of GC,
thickened follicular corticomedullar membrane. The lesions affect about
25 % of bursal follicles.

Score 3

Marked depletion of GC, appearance of syncytial structures formed of RE
cells in GC bending of thickened follicular corticomedullar membrane,
reduction of cortex density caused by markedly decreased number of
cellular elements. Total reduction of follicular size, increased
interfollicular fibroproduction. More than 50 % of follicles are affected

Score 4

Severe depletion of follicles, only sporadic lymphocytes and cellular
debris are present in follicular GC, the corticomedullar membrane
disappears and fibrosis of the interfollicular tissue begins with mild
lymphocytic and plasmocytic infiltration. The lesions are associated with
marked flattening of bursal plicae and a decrease in the size of the organ.
The architecture of bursa disappears and cysts emerge. Nearly all follicles
are affected

Spleen

Score 0

No morphological lesions

Score 1

Massive hyperemia with no loss of lymphoid tissue

Score 2

Reduced cellularity of diffuse lymphoid tissue that envelops the central
and penicillar arteries. Sporadic foci of necrotic lymphocytes occur in GC
along with proliferation of RE of the capillary sheaths

Score 3

Atrophy of lymphoid tissue, predominance of reticular elements

Score 4

Total atrophy and a decreased relative mass of the organ

*Halouzka and Jurajda (1991)
Table 3: Score of histopathological lesions in caecal tonsils and bone marrow*

Bone Marrow, Caecal Tonsils

Score 0 No morphological lesions

Score 1 Slight lymphoid depletion

Score 2 Moderate lymphoid depletion in the lymphatic tissues

Score 3 Severe lymphoid depletion in the lymphatic tissues and aplasia of

the bone marrow

*(Otaaki et al (1988)
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3.3.3 Immunohistochemistry
3.3.3.1 Paraffin tissue sections

For immunohistochemical studies 4-5um thick paraffin sections were cut and
mounted on Superfrost/Plus, positively charged slides (Fisher Scientific, USA). The
slides were then kept on hot plate to melt the paraffin at 60° C for 30 minutes and

stored till further use.
3.3.3.2 Polyclonal antiserum

Primary antibodies of chicken origin used in this study was procured
from Charles River Laboratories, USA. The lyophilized antibody was
reconstituted in 1 ml of sterile deionized water as per manufacturer’s
instructions. The antibodies were diluted to 1:100, 1:500, 1:1000, 1:5000 and
1:10000 in PBS (Ph 7.2-7.6) for standardizing working dilutions in order to
localize immunosuppressive viruses in tissue sections. Details of antibodies is

given in the Table 4.
3.3.3.3 T cells and B cells antiserum

Primary antibodies were procured from Sigma-Aldrich (CD3) and
Abcam (CD79a). The antibodies were diluted to 1:50, 1:100 and 1:200 in PBS
(Ph 7.2-7.6) for standardizing working dilutions in order to localize T and B cell

markers. Details of antibodies is given in the Table 4.

Table 4: Details of primary antibodies used in the study

S. No. | Antibody Clonity Dilution Used
1 CAV chicken serum Polyclonal 1:10,000
2 IBD chicken serum Polyclonal 1:10,000
3 ARV chicken serum Polyclonal 1:10,000
4 CD3 Polyclonal 1:200
5. CD79a Monoclonal 1:100

3.3.3.4 Antigen/Epitope retrieval

Heat induced epitope retrieval (HIER) was employed using EZ antigen
retrieval solutions by EZ-Retriever "™ System ( Table 5) as per manufacturer’s

instructions (BioGenex Laboratories Inc., San Ramon, California, USA).
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Table 5: Antigen retrieval protocol used for immunohistochemistry

S. Name of AR solution used | Dilution used Temp. & Time
No.
1. EZ-AR™ Common Solution | Five-fold dilution in | 70°C- 5min
5 X Concentrated deionized water
2. EZ-AR™ 3 Solution Ten-fold dilution in | 95°C- 10 min
10 X Concentrated deionized water

3.3.3.5 Immunohistochemical staining protocol

Immunohistochemical staining was performed by using Vectastain ABC Kit
(Vector laboratories, Burlingame, USA). The sections were dewaxed and rehydrated
by dipping in EZ-AR™ Common Solution (BioGenex Laboratories Inc., San Ramon,
California, USA), and heating at 70° C for 5 minutes in EZ-Retriever ™ System
(BioGenex Laboratories Inc., San Ramon, California, USA) and subsequent antigen
retrieval either by heat was performed in EZ-AR™ 3 Solution at 95° C for 10
minutesin EZ-Retriever ™ System (BioGenex Laboratories Inc., San Ramon,
California, USA). Following HIER the sections were allowed to cool and brought to
room temperature. Thereafter given three washing in TRIS (pH 8.4) for 3 minutes
each. Sections were encircled with hydrophobic pen. The endogenous peroxidase was
quenched H,O, 3% in methanol for 40 min at room temperature in humidified
chamber, followed by thrice washing with PBS for 3 min each. The sections were then
incubated with 1:10 dilution of a normal goat serum (Vector Laboratories,
Burlingame, USA) mixed with power block (1 drop in 1 ml) (Biogenex Laboratories
Inc., San Ramon, California) to block non-specific protein binding for 60 min at room
temperature in humidified chamber. Then the sections were incubated with
reconstituted primary antibody at 4°C. The sections were then given three washing in
PBS for 3 minutes each, followed by incubation with secondary biotinylated anti-
chicken IgG (Vector Laboratories, Burlingame, USA) at a concentration of 1:400 for
30 min at room temperature in humidified chamber and three washings with PBS for 3
min each. The sections were then incubated in Vectastain ABC reagent (Vector
laboratories, Burlingame, USA) for 30 min at room temperature in humidified

chamber and three washings with PBS for 3 min each. The antigen-antibody-
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peroxidase reaction was developed with a freshly prepared 3,3 '-diaminobenzidine (
DAB) solution by mixing 1 drop of DAB chromogen with 1 ml of DAB buffer
supplied by the manufacturer (Vector Laboratories, Burlingame, USA). Sections were
later washed in distilled water for 5 minutes and counterstained with Gill’s
haematoxylin (Merck, Germany) for 2 minutes and washed in running tap water for 5
minutes. Finally the slides were dehydrated in ascending grades of alcohol, cleared in
xylene, mounted in DPX and examined under microscope (BX 61, Olympus
Corporation, Japan). For each antibody, a negative control was run by replacing

primary antibody with PBS buffer.
3.3.3.6 Scoring of Immunohistochemical reaction

The scoring of immunohistochemical reaction was done on the scale of 0-3 as per

Oladele et al 2009 as shown in the table 6.

Table 6: Scoring of immunohistochemical reaction*

Score IHC positive cell (perx40 objective lens of the light
microscope)
Negative (0) When there are no infected cells (<5 stained cells)
Mild infection (1) When immunoreactivity in cells are low (5-50 stained
cells)

Medium infection (2) When the number of positive cells is medium (50-150
stained cells)

Heavy infection (3) When there are large number of positive
immunoreactivity cells (over 150 stained cells)

*QOladele et al 2009

In 25 confirmed cases B-cells and T-cells were immunolocalized in paraffin sections
of thymus, bursa and spleen to access the effect of viral antigens on the immune cells
The scoring was done by counting T and B cells under oil immersion, and average of
five fields was taken

3.3.4 Statistical analysis

1. Chi square test was applied to find the incidence of disease.
2. Correlation between histopathological score and immunohistochemical score

was made using Pearson’s method.

31



Pearson correlation between histopathological score of the lymphoid organs and
histopathological score of bone marrow was made using Pearson’s method.
Pearson correlation coefficient was estimated between percentage of
immunolabelled T cells and B cells and the IHC score of viral antigens.

3. 4 Processing of samples for PCR

Processing of suspected tissue samples and preparation of viral inoculum:

1. Tissue samples were placed in a sterile sample vial.

2. The tissue samples i.e., lymphoid organs (thymus, bursa, caecal tonsils,

spleen) and visceral organs (liver and kidneys) of each case were pooled and
washed twice with sterile Phosphate buffer saline (PBS).
Homogenized using pestle and mortar, sterile sand was also used for proper

homogenization. PBS was added to form 10% (wi/v) tissue inoculums.

4. Centrifugation was carried out at 3000g at 4°C for 10 mins, the supernatant

5.

was collected into a new sterile 2ml microcentrifuge tube MCT’s

The inoculums were then kept at -80°C for further use.

3.4.1 DNA extraction
DNA extraction was done using ReliaPrep™ gDNA Tissue Miniprep System

from
4

promega.

The tissue samples i.e., lymphoid organs (thymus, bursa, caecal tonsils, spleen)
and visceral organs (liver and kidneys) of each case were pooled and washed
twice with sterile Phosphate buffer saline (PBS)

Pooled samples were homogenized using pestle and mortar and sterile sand for
proper homogenization.

160ul of PBS was added to each sample to be processed, and mixed by
vortexing.

20ul of Proteinase K (PK) Solution was added to the homogenized sample.

200ul of Cell Lysis Buffer (CLD) was added to the tube. Capped and mixed by
vortexing for at least 10 seconds.

Incubated in water bath at 56°C for 45 minutes and intermittently shaken.

20ul of RNase A Solution was added to each sample, mixed by vortexing for 10

seconds and placed in microcentrifuge tube at 56°C for 10 minutes.
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10.

11.

12.

13.

14.

15.

16.

17.

Tube was removed from the heating block and 250ul of Binding Buffer (BBA)
was added, the tube was capped and mixed by vortexing for 10 seconds with a
vortex mixer

ReliaPrep™ Binding Column was placed inside a collection tube for each sample
and the liquid portion of the sample was transferred onto the binding column, the
column cap was capped and placed in a microcentrifuge.

Centrifuged for 1 minute at maximum speed and the binding column was
checked to make sure that the lysate had completely passed through the
membrane.

Collection tube containing flowthrough was removed, and the liquid was
discarded as hazardous waste.

Binding column was placed into a fresh collection tube and 500ul of Column
Wash Solution (CWD) was added to the column, and centrifuged for 2 minutes
at maximum speed and the flowthrough was discarded

Step 12 was repeated twice for a total of three washes.

The column was placed in a clean 1.5ml microcentrifuge tube.

100l of Nuclease-Free Water was added to the column. Centrifuged for 1
minute at maximum speed.

The ReliaPrep™ Binding Column was discarded, eluate was saved. The genomic

DNA was stored at —20°C for long-term storage.

3.4.2 DNA guantification

All the DNA samples extracted were quantified in NanoDrop® ND-1000

spectrophotometers from Thermo Scientific by measuring absorbance at 260 and 280

nm wavelengths (A260 and A280) against nuclease free water as blank.
3.4.3 Conventional PCR

Conventional PCR was performed using primer specific for CAV as per

Natesan et al (2006) which amplified a target of fragment size 1390bp, 713bp and
365bp as shown in the Table 7 and MDV-1 BamH1-H 132 bp tandem repeat, Proviral
LTR as per Becker et al (1992) and Tian et al (2011) which amplified a target of

fragment size 434bp and 291bp respectively as shown in the Table 8, using reaction

mixture (Table) and thermal cycling conditions described in Table 9 & 10.
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Table 7: Primers used for the detection of Chicken Anaemia Virus

Gene | Sequence Pro_duct Reference
size
VP1 (F)-5' AGC CGA CCC CGA ACC GCA
AGAAZ Nateson et
1390 bp
VP1 (R)-5' TCA GGG CTG CGT CCC CCA al (2006)
GTACA 3
VP2 (F)-5' GCG CAC ATA CCG GTC GGC
cAv | AGT3 Nateson et
713 bp
VP2 (R)-5' GGG GTT CGG CAG CCT CAC al (2006)
ACT AT3
VP3 (F)-5ATG AAC GCT CTC CAAGAAG 3 Hiremath
VP3 (R)-5° ACT TAC AGT CTT ATA CAC | 365bp etal
CTT3 (2013).
Table 8: Primers used for the detection of Marek’s disease virus
Gene Sequence Product | Reference
size
MDV -1 BamH1-H | M1 (F):5’- TAC TTC CTA TAT
132bp tandem AGATTG AGA CGT -3 434bp Becker et
repeat M2 (R):5- GAG ATC CTC al (1992)
GTAAGG TGT AAT ATA-3
Table 9: Thermal cycling conditions for CAV
Steps CAV
Temperature Time Cycles
Initial Denaturation | 94°C 4 minute 1
Denaturation 94°C 1 minute
Annealing 53°C (VP1) 30 seconds
63°C(VP2) 1 minute 34
58°C(VP3) 1 minute
Elongation 72°C(VP1) 1 minute 30
seconds
72°C( VP2,VP3) 1 minute
Final Elongation 72°C (VP1) 8 minutes 1
72°C (VP2) 5 minutes
°72C (VP3) 8 minutes
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Table 10: Thermal cycling conditions for MDV

Steps Temperature Time Cycles
Initial Denaturation 94 °C 3 minutes 1
Denaturation 94°C 45 seconds

Annealing 55°C 40 seconds 35
Elongation 72 °C 45 seconds

Final Elongation 72 °C 10 minutes 1

Table 11: PCR reaction mixture used for the detection of Chicken Anaemia
Virus and Marek's disease viruses

Components Volume/Reaction
Master mix (2x) (Qiagen) 12.5 pl

M1 (Forward primer) 10pm/ pl 1.0ul

M2 (Reverse primer) 10 pm/ pl 1.0ul
Sterile water 5.5ul
Template DNA (150 ng/ul) 5ul

Total 25.0ul

Preparation of buffers /solutions

1 Stock solution of TBE (Tris borate EDTA) buffer -10X

Tris base 108 g

Boric acid 559

0.5M EDTA (pH 8.0) 9.38g

DDW to make volume 1 litre
2 Working buffer (1X TBE)

10X TBE 100 ml

DDW to make volume 1 litre

3 1.5% Agarose gel (molecular biology grade)
The gel was prepared in working TBE (1x) with ethidium bromide @0.5ug/ml
3.4.4 Analysis of PCR Products

The PCR product was analysed by running on agarose gel in 1X TBE buffer at
100 V for 45 minutes. Along with the test samples Gene Ruler DNA ™ ladder 1 kb

was also run.
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Visualization of gels
Agarose gels were visualized under Geldoc (BIO-RAD) photographed and
analysed with the same software.

3.4.5 Sequencing of VP1, VP2 and VP3 genes of CAV:

The clones confirmed by PCR were sent for commercial sequencing to
Eurofins Genomics India Pvt Ltd, Bangalore.

VP1, VP2 and VP3 gene sequence Analysis:

The sequences obtained for the field isolates were analysed by using different
bioinformatics tools like DNASTAR, ClustalW, Mega6 to determine the nucleotide
and amino acid sequence similarity as well as phylogenetic analysis of the sequences
in relation to Genbank available CAV VP1, VP2 and VP3 gene sequences from
different parts of India and other countries.

The obtained sequences were assembled following online Blast analysis, using
Lasergene 7 software. The VP1, VP2 and VP3 gene nucleotide sequences and the
deduced amino acid sequences of our 3 isolates were compared with the references

given in the Table 12.
Table 12: CAV reference strains published in GenBank

Origin Accession number
Maharashtra, India EF159947

IVRI, India AY583775

IVRI, India AY583757
Gujrat, India EU424059
TANUVAS, India KY053900.1
Bangladesh AF395114.1
China KF224926

China HQ872023 (VP2)
China HQ872047
Egypt KJ955377

Egypt KJ955380
Malaysia FJ167513
Luxembourg AJ888524

USA DQ991394

USA AF311892
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CHAPTER IV
RESULTS AND DISCUSSION

The present study was conducted on a total of 100 poultry birds suspected of
immunosuppressive viral diseases presented for post mortem examination in the
department of Veterinary Pathology, Guru Angad Dev Veterinary and Animal
Sciences University, Ludhiana and also from other private poultry farms located in
and around Ludhiana district. The birds were examined for gross lesions and
histopathological changes, and diagnosis of immunosuppressive viral disease causing
agents was made using immunohistochemistry and PCR. The results of the present
study have been discussed as per the objectives of the study.

4.1 Diagnosis of immunosuppressive viral diseases

4.1.1 Gross lesions in immunosuppressive viral diseases

In the present study gross lesions were recorded in thymus, bursa, spleen,
caecal tonsils, bone marrow, liver, kidneys, pectoral and thigh muscles as shown in
the Table 13. In 40/100 cases bursa of fabricus showed congestion, hemorrhages,
oedema, enlargement, presence of exudate, and atrophy (Fig.1-4). Thymus was
involved in 42/100 cases and showed congestion, hemorrhages and atrophy of lobes.
In 6/42 cases lobes of thymus were absent (Fig.5-6). Spleen was involved in 85/100
cases, and showed paleness, mottling with diffused enlargement (73/85) or greyish-
white foci of varying size (12/85) (Fig.7-8). Caecal tonsils were examined in all the
cases and mild enlargement with congestion was observed in 32 cases (Fig.9). 27/100
birds revealed general paleness of carcass, anemic visceral organs and pinkish or pale

whitish marrow of femur bone (Fig.10-11).

Liver was involved in most of the cases (92/100). The gross lesions observed
in liver of the affected birds included congestion, hemorrhages, paleness, mottling
(75/92) along with, either diffuse whitish, varying sized embedded foci or
enlargement with varying sized nodular lesions, firm in consistency (17/92) (Fig.12-
14). Kidneys were involved in 90/100 cases and showed diffuse enlargement,
paleness, congestion and nephrosis (70/70) and enlargement with nodular lesions
(20/90) (Fig.15-16). Echymotic hemorrhages on pectoral muscles were observed in
27/100 birds, whereas, atrophy of pectoral muscles leading to prominence of keel

bone was observed in five cases (Fig. 17 & 18). Tentative diagnosis of



immunosuppressive viral diseases was made on the basis of gross lesions as shown in

the Table 14.

Table 13: Gross lesions observed in visceral organs of the affected birds

Organ affected | Lesions recorded No. of Cases

Liver Congestion, hemorrhages, mottling of liver 92
along with diffuse white foci and tumour like
nodular lesions.

Kidney Pale, nephrosis, congestion, hemorrhages with/ 90
without greyish white foci

Spleen Pale, enlargement with/ without nodular 85
lesions, along with mottling.

Thymus Congestion, hemorrhages, atrophy / lobes 42
absent

Bursa Oedema, enlargement, presence of exudate, 40
congestion, hemorrhages and atrophy

Caecal tonsils Enlargement with mild congestion 32

Bone marrow Pale and fatty 27

Pectoral muscles | Hemorrhages 27

Table 14: Tentative diagnosis of immunosuppressive viral diseases

S. | Gross lesions No. of Tentative
No. Cases Diagnosis

1 | Atrophied bursa with hemorrhages on 18 Infectious Bursa
pectoral muscles disease (IBD)

2 | Atrophied thymus and bursa, 28 Chicken Infectious
pale bone marrow and anemic visceral Anemia (CIA)
organs.

3 | Tumour like nodular lesions on visceral 20 Marek’s disease
organs (MD)

Similar type of gross lesions have been described by earlier workers in CIA
infection, occurring alone or in combination with other viral diseases.

Jeurissem and Boer (1993), Kuscu and Gurel (2008), Wani et al (2014) and Rimondi
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Fig. 1: Oedema and enlargement of bursa with Fig. 2: Hemorrhages on mucosal surface of
congestion on serosal surface bursa

Fig. 3: Atrophied bursa Fig. 4: Bursa with presence of exudate



Fig. 5: Thymus showing congestion, Fig. 6: Absent thymic lobes in severe cases
hemorrhages and atrophy of lobes

Fig. 7: Enlarged spleen with hemorrhages Fig. 8: Mottling on the surface of spleen
on its surface



Fig. 9: Enlarged and congested caecal tonsils

Fig. 10: Pinkish bone marrow Fig. 11: Pale and fatty bone marrow



Fig. 13: Diffuse enlargement of liver with
grayish white embedded foci

Fig. 14: Diffuse enlargement of liver with
varying sized nodular lesions



Fig. 15: Pale and enlarged kidneys Fig. 16: Kidneys showing congestion and
nephrosis

Fig. 17: Hemorrhages on pectoral muscles Fig 18: Atrophied pectoral muscles with
prominence of keel bone



et al (2014) in an experimental study observed atrophy of thymus, spleen, and bursa,
pale and enlarged liver, along with pale white and fatty bone marrow in birds
inoculated with CAV. Hussein et al (2016) in a study on natural field outbreaks of
CAV observed atrophy, and in much sever cases, complete absence of thymic lobes,
enlarged and pale spleen and liver, and atrophied bursa.

Otaki et al (1987) noticed severe atrophy of the thymus and bursa of fabricius
in birds dually infected with CAV and MDV. Haridy et al (2009) observed tumour
like nodular lesions in liver, kidneys and gonads and hemorrhages in the subcutaneous
tissue of the wings, thigh and breast muscles in birds dually infected with CAV and
MDV.

McNeilly et al (1995) investigated birds dually infected with CAV and ARV,
and observed pale bone marrow, atrophy of thymus and bursa with congestion in
spleen with no evidence of tenosynovitis or gangrenous dermatitis. Similarly, Chacon
et al (2010) and Adedeji et al (2016) observed general paleness of carcass, thymic and
bursal atrophy with petechial hemorrhages in thymus, pectoral and thigh muscles in

birds suspected of combined infection with CIA and IBD.

Singh et al (2012) reviewed that infection of birds with MDV produces

tumour nodules in various visceral organs and paralysis of legs, wings and neck.
4.1.2 Histopathological findings

In the present study, the etiology of lymphoid depletion could not be
ascertained on the basis of gross lesions. So histopathology was done to differentiate
the immunosuppressive viral infections. The microscopic lesions observed in different

organs in the present study are presented in Table 15.
Thymus

Microscopically, normal thymus has well-defined demarcation between cortex
and medulla with abundant lymphoid cells in both cortex and medulla (Fig.19).
Whereas in the present study, thymus showed lymphoid depletion and also presence
of eosinophilic intranuclear inclusion bodies in lymphoblasts of cortex which was
suggestive of CIA (Fig.20-21). In severe cases, there was indistinct boundary between
cortex and medulla due to lymphoid depletion (Fig.22). Other lesions recorded in

thymus were congestion with hyperplasia of reticular cells.
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Bursa of Fabricius

In the affected birds, bursa exhibited mild to moderate depletion of lymphoid
cells in both the cortex and medulla, increased interfollicular spaces due to oedema.
Congestion, follicular lymphoid necrosis and proliferation of epithelial reticular cells
were also evident (Fig.23), reduced size of the lymphoid follicles (atrophy) along with
proliferation of fibrous connective tissue in the inter-follicular spaces (Fig.24) was
observed. In some cases, infiltration of heterophils, macrophages and plasma cells in
the cortical region (Fig.25) and replacement of bursal follicles with cystic spaces

leading to disruption in architecture of the bursa (Fig.26).
Spleen

In most of the cases, parenchyma of the spleen showed congestion along with
hyperplasia of reticuloendothelial cells and depletion of lymphoid cells. Diffuse
infiltration of pleomorphic cells was observed in few cases (Fig.27-29).

Caecal tonsils

Caecal tonsils in different cases showed mild lymphoid depletion in follicles
and also infiltration of inflammatory cells the lamina propria (Fig.30 & 31).

Bone marrow

Bone marrow showed depletion of erythrocytic and granulocytic series with
replacement by adipocytes (Fig.32 & 33)

Liver

Microscopically, liver showed congestion and vacuolar degeneration of the
hepatocytes with increased sinusoidal spaces. In some cases, infiltration of

pleomorphic cells within the liver parenchyma was suggestive of MD (Fig. 34)
Kidneys

Kidneys showed degeneration of the glomeruli in the cortical area with
increased in the glomerular space within the glomeruli, tubular degeneration and
necrosis along with, infiltration of mononuclear cells within the interstitial areas.

(Fig.35). Infiltration of pleomorphic cells were also evident (Fig.36).
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Fig. 19: Thymus: Photomicrograph
showing normal thymus with well-defined
demarcation between cortex and medulla.

H&E, Bar=200um

Fig. 21: Thymus: Higher magnification
showing depletion of lymphoid cells and
presence of eosinophilic intranuclear
inclusion bodies in lymphoblasts of thymic

cortex. H&E, Bar=20 um

Fig. 20: Thymus: Photomicrograph showing
congestion in both cortex and medulla, with
mild to moderate depletion of lymphoid

cells. H&E, Bar=200um

Thymus:
showing severe depletion of lymphoid cells
with indistinct boundary between cortex

and medulla in thymus. H&E, Bar=200um

Fig. 22: Photomicrograph
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Fig. 23: Bursa: Photomicrograph showing
congestion, mild to moderate depletion of
lymphoid cells in cortex and medulla and
interfollicularoedema with increased spaces

between the follicles. H&E, Bar=100um

Fig. 25: Bursa: Photomicrograph showing
infiltration of heterophils, macrophages and
plasma cells in cortical areas of lymphoid

follicles. H&E, Bar=50 um

i~

Fig. 24: Bursa: Photomicrograph showing
reduced size of the Ilymphoid follicles
(atrophy) along with deposition of
fibroblasts (fibrosis) in the inter-follicular
spaces.

H&E, Bar=200um

Fig. 26: Bursa: Photomicrograph showing
severe depletion of lymphoid cells in cortex
and replacement of bursal follicles with
cystic spaces leading to disruption in

architecture of the bursa. H&E, Bar=50um
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Fig. 27: Spleen: Photomicrograph showing Fig. 28: Spleen: Photomicrograph showing

congestion along with hyperplasia of depletion of lymphoid cells
reticuloendothelial cells in parenchyma of parenchyma. H&E, Bar=50um
spleen. H&E, Bar=100 gm

Fig. 29: Spleen: Photomicrograph showing
diffused infiltration of pleomorphic cells.
H&E, Bar=20um

in splenic



Fig. 30: Caecal Tonsils: Photomicrograph Fig. 31: Caecal Tonsils: Higher magnification
showing mild depletion of lymphoid cells in  showing depletion of lymphoid cells in
the follicles with infiltration of inflammatory  follicles. H&E, Bar=50 um

cells in lamina propria. H&E, Bar=200um

Fig. 32: Bone marrow: Photomicrograph Fig. 33: Bone marrow: Higher magnification
showing depletion of hematopoietic cells showing depletion of hematopoietic cells.
(granulocytic and erythrocytic series) with H&E, Bar=20um

replacement by adipocytes.

H&E, Bar=100 gm



Fig. 34: Liver: Photomicrograph showing
infiltration of pleomorphic cells in liver

parenchyma. H&E, Bar=100um
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Fig. 35: Kidney: Photomicrograph showing Fig.36: Kidney: Photomicrograph showing
glomerular and tubular degeneration with large number of pleomorphic cells infiltrating

infiltration of numerous inflammatory cells.  petween the tubules. H&E, Bar=100um
H&E, Bar=100um



Earlier workers have also described similar histopathological lesions in
lymphoid and visceral organs in birds suffering from immunosuppressive viral

diseases alone, or in combination with each other.

Goryo et al (1989) and Davidson et al (2008) described similar changes in
lymphoid organs as shown in the present study in the birds experimentally inoculated
with CAV infection. The lesions included depletion of lymphoid cells along with
hyperplasia of reticular cells in thymus and bursa, and depletion of hematopoietic
cells in bone marrow. Similar changes were observed in CIA under field conditions.
Toro et al (1997), Hegazy et al (2010) and Haridy et al (2012) reported depletion of
lymphoid cells in thymus, bursa, spleen and payer’s patches, aplastic changes in bone
marrow and hepatic degeneration in liver, with presence of inclusion bodies in
cortical lymphoblasts of thymus, in field outbreaks of CAV. Kamaldeep et al (2007)
observed proliferation and infiltration of lymphoblasts and lymphocytes in the
sections of liver, spleen, kidney, sciatic nerve and ovary of the birds with MD

infection.

Mixed viral infections in poultry birds under field conditions were earlier studied
by various researchers. Otaki et al (1987), Miles et al (2001) and Haridy et al (2009)
observed depletion of lymphocytes in thymus and bursa, hypoplasia of bone marrow
and accumulation of lymphoid cells in liver, proventriculus and lungs in birds dually
infected with CAV and MDV. Engstrom et al (1988) and Chacon et al (2010)
observed lymphoid depletion with proliferation of reticular cells in thymus, bursa and
spleen, marked deposition of inter follicular fibrous connective tissue in CAV infected
birds concurrently infected with ARV and IBDV.

Although earlier co-workers have reported inclusion bodies in hematopoietic
cells of bone marrow in birds detected positive for CIA, however, in our study
inclusion bodies in hematopoietic cells of bone marrow were not observed. In
anaemic phase inclusion bodies in bone marrow may not be recognized or may be
occasionally present in CAV infected birds. Previous studies conducted also suggest
the absence of inclusions in bone marrow even in the presence of CIA (Goryo et al
1989, Kuscu and Gurel 2008, Haridy et al 2012). Further, pathological changes
observed in the bone marrow in the present study may be due to mixed infections by

immunosuppressive viruses (Tanimura et al 1995).
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Table 15: Microscopic lesions observed in visceral organs

Organ Lesions

Thymus Depletion of lymphoid cells in cortex and medulla, presence of
eosinophilic intranuclear inclusion bodies.

Bursa Depletion of lymphoid cells, deposition of interfollicular fibrous
tissue, formation of cystic cavities in the follicles.

Spleen Depletion of lymphoid cells and infiltration of pleomorphic cells

Caecal tonsils | Depletion of lymphoid cells

Bone marrow | Depletion of hematopoietic cells

Liver Infiltration of inflammatory cells and increased sinusoidal spaces,
focal and or diffuse multifocal infiltration of pleomorphic cells.

Kidney Glomerular and tubular degeneration, diffuse or multifocal
infiltration of pleomorphic cells in between the tubules.

4.1.3 Detection of immunosupressive viral agent

In the present study, on the basis of gross and microscopic lesions, exact
etiology of viral immunosuppression by particular viral agents could not be
ascertained. Therefore, samples were subjected to immunohistochemical staining
using virus specific antisera, and polymerase chain reaction to detect the presence of
avian immunosuppressive viruses alone or as mixed infections, as described earlier
(Adair 2000, Ahmed et al 2016, McNulty 1991, McNeilly et al 1995).

4.1.3.1 Immunohistochemistry

On the basis of immunohistochemical staining, eight cases were positive for
CIA, six cases were found positive for CIA and ARV, seven cases were positive for
CIA and IBD, whereas nine cases showed positive immunoreactivity for CIA, IBD
and ARV. Two cases were positive for IBD, and only one case was found positive for
IBD and ARV. The results of immunohistochemistry have been summarized in Table
16. In the present study, on the basis of immunohistochemistry the prevalence of
mixed infections was found to be 23% and that of CIA alone was 8% and IBD alone
was 2%. There was no case which showed positive immunoreactivity for ARV alone,
and all the cases which were positive for IBD or ARV were also positive for CIA

suggesting mixed infection of CIA, IBD and ARV under field conditions.
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Table 16: Prevalence of CIA, IBD and ARV on the basis of immunohistochemical

staining
Case CIA IBD CIA+ CIA+ CIA+ IBD+ ARV
IBD ARV IBD+
ARV
N= 100 8 2 7 6 9 1
% Prevalence 8% 2% 7% 6% 9% 1%

4.1.3.1.1 Immunoreactivity of CAV

Strong immunoreactivity for CAV antigen was detected in nucleus as well as
cytoplasm of lymphoid cells in cortex of thymus, and spleen, moderate to strong in
caecal tonsils and bursa, (Fig.37-40) and mild to moderate in hematopoietic cells of
bone marrow (Fig.41). Similarly, immunohistochemical localization of CAV antigens
have been demonstrated in lymphoid organs, bone marrow and crypts of villi by other
workers in previous studies (Davidson et al 2008, Hailemariam et al 2008, Haridy et al
2012, Jeurissen and Boer 1993, Kuscu and Gurel 2008, Smyth et al 1993)

4.1.3.1.2 Immunoreactivity of IBD

Strong immunoreactivity for IBDV antigen was found in nucleus as well as
cytoplasm of lymphoid cells in cortex of thymus, bursa and caecal tonsils, and
hematopoietic cells of bone marrow whereas moderate immunoreactivity was
detected in spleen in different cases. However, in some cases epithelial cells of bursa
also showed staining characteristics. (Fig. 42-46). Earlier workers have also described
positive immunoreactivity of IBDV in both the cytoplasm and nucleus of infected
cells in thymus, bursa, spleen, caecal tonsils and bone marrow (Hamoud et al 2007,
Oladele et al 2009, Prabhu et al 2017, Singh et al 2015, Tanomura et al 1995,
Williams and Davison 2005).
4.1.3.1.3 Immunoreactivity of ARV

Moderate to strong immunoreactivity for ARV antigen was found in lymphoid
cells of thymus, bursa, spleen, caecal tonsils and hematopoietic cells of bone marrow
(47-51). ARV antigens were observed as brownish granules in cytoplasm of infected

cells. Earlier workers have immunolocalized ARV antigen in visceral organs as well,
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besides lymphoid organs (Cordon et al 2002, Jackwood et al 2007 and Judith et al
2007, Tang et al 1987).

4.1.3.1.4 Disease wise correlation of histopathological and immunohistochemical

score of lymphoid organs

Correlation was calculated to ascertain the relationship between
histopathological lesions and immunolocalization of viral antigens in bursa, thymus,
spleen and caecal tonsils as given in the Table 17. Overall a significant positive and
strong correlation was obtained between histopathological score and IHC score of
thymus (r’=0.60; P<0.05), spleen (r’=0.63; P<0.05), bursa (r’=0.51; P<0.05) and
caecal tonsils (r?=.80; P<0.01) which indicated that immunohistochemical technique
is a reliable technique for diagnosis of immunosuppressive viral diseases as reported
in earlier studies by Hammer et al 2007, Kuscu and Girel 2008, Polage and Petti
20009.

In thymus, a significant positive correlation was obtained in combined
infections of CAV and IBDV/ARV indicating that in dual infections of CAV and
IBDV/ARYV thymus is the most affected organ.

However, a positive non-significant correlation was obtained for thymus in
CAV alone cases and CAV mixed infection with IBDV and ARV. A significant
positive correlation was obtained between histopathological score and IHC score of
spleen and bursa in combined infections of CAV, IBDV and ARV indicating that in
combined infections of CAV, IBDV and ARV bursa and spleen are most affected
organs. A non-significant positive correlation was obtained for spleen & bursa in
birds infected with CAV alone, CAV and IBDV, and CAV and ARV.

In caecal tonsils, a significant positive correlation was obtained for CAV alone
cases, CAV and ARV, and combined infections of CAV, IBDV and ARV. However,
for birds infected with CAV and IBDV a non-significant negative correlation was

obtained between histopathological score and IHC score in caecal tonsils.
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Fig. 37: Thymus: Photomicrograph of immuno-
histochemistry  for ~ CAV  antigen.  Strong
immunoreactivity of CAV antigens were seen in the
nucleus and cytoplasm of lymphoid cells in cortex.
IHC, Vectastain ABC staining, counterstained with
Gill’s hematoxylin, Bar=20 um
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Fig. 39: Photomicrograph of immuno-histochemistry
for CAV antigen. Strong immunoreactivity of CAV
antigens were seen in the nucleus and cytoplasm of
lymphoid cells. IHC, Vectastain ABC staining,

counterstained with Gill’s hematoxylin, Bar=20 um

Fig. 38: Bursa: Photomicrograph of immuno-
histochemistry for CAV antigen. Moderate to strong
immunoreactivity of CAV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. 1HC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 um

17

Fig. 40: Photomicrograph of immuno-histochemistry

for CAV antigen. Moderate to strong
immunoreactivity of CAV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. IHC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 um

Fig. 41: Bone marrow: Photomicrograph of
immunohistochemistry for CAV antigen. Mild to
moderate immunoreactivity of CAV antigens were
seen in the hematopoietic cells. IHC, Vectastain
ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 zm



Fig. 42: Thymus:Photomicrograph of immuno-
histochemistry  for  IBDV  antigen.  Strong
immunoreactivity of IBDV antigens were seen in the
nucleus and cytoplasm of lymphoid cells in cortex.
IHC, Vectastain ABC staining, counterstained with
Gill’s hematoxylin, Bar=20 um

Fig. 43: Bursa: Photomicrograph of immuno-
histochemistry  for IBDV  antigen.  Strong
immunoreactivity of IBDV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. 1HC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 um

Fig. 44: Spleen: Photomicrograph of immuno-
histochemistry for IBDV antigen. Moderate to strong
immunoreactivity of IBDV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. IHC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 gm

Fig. 45: Caecal tonsils: Photomicrograph of
immunohistochemistry for IBDV antigen. Strong
immunoreactivity of IBDV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. IHC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 um

Fig. 46: Bone marrow: Photomicrograph of
immunohistochemistry for IBDV antigen. Strong
immunoreactivity of IBDV antigens were seen in
hematopoietic cells. IHC, Vectastain ABC staining,
counterstained with Gill’s hematoxylin, Bar=20 ym
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Fig. 47: Thymus: Photomicrograph of immuno-
histochemistry for ARV antigen. Moderate to strong
immunoreactivity of ARV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. IHC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 gm

Fig. 48: Bursa: Photomicrograph of immuno-
histochemistry  for ARV  antigen.  Strong
immunoreactivity of ARV antigens were seen in the
nucleus and cytoplasm of lymphoid cells especially
in the cortex. IHC, Vectastain ABC staining,
counterstained with Gill’s hematoxylin, Bar=20 gm

Fig. 49: Spleen: Photomicrograph of immuno-
histochemistry for ARV antigen. Moderate to strong
immunoreactivity of ARV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. IHC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 gm

Fig. 50: Caecal tonsils: Photomicrograph of
immuno-histochemistry for ARV antigen. Strong
immunoreactivity of ARV antigens were seen in the
nucleus and cytoplasm of lymphoid cells. 1HC,
Vectastain ABC staining, counterstained with Gill’s
hematoxylin, Bar=20 um

Fig. 51: Bone marrow: Photomicrograph of
immunohistochemistry for ARV antigen. Strong
immunoreactivity of ARV antigens were seen in
hematopoietic cells. IHC, Vectastain ABC staining,
counterstained with Gill’s hematoxylin, Bar=20 ym



Table 17: Average histopathological and immunohistochemical score (Mean£SE) in lymphoid organs of the affected birds

Correlation of Histopathological score with localization of viral antigens in the lymphoid organs of the bird naturally affected with

Lymphoid CAYV Infection CAV+IBDV mixed CAV+ARV mixed CAV+IBDV+ARV Overall
organs infection infection mixed infection PCC
HP IHC PCC HP IHC PCC HP IHC PCC HP IHC PCC
Thymus 334 | 234 | g37 | 170 [ 190 [ gogr | 293 | 255 | ggox | 302 | 248 | os55 | o0.60*
+0.09 | +0.16 +0.45 | +0.33 +0.19 | +0.06 +0.11 | +0.09
Bursa 314 | 229 | (3 | 285 | 220 | pgs | 285 | 238 | ggs | 302 | 238 | g75% | o51*
+0.25 | +0.19 +0.19 | +0.26 +0.18 | +0.13 +0.11 | +0.10
Spleen 263 | 226 | gup | 205 | 1.85 | pag | 240 | 228 | g1 | 232 | 228 | gge* | o0.63*
+0.05 | +0.10 +0.26 | +0.22 +0.12 | +0.17 +0.12 | +0.11
Caecal 297 | 231 [ gogx | 250 | 220 | g7 | 278 | 228 | goox | 298 | 242 | ggox | o0.80*
Tonsils £0.32 | +0.34 £0.17 | $0.12 £0.18 | 0.11 £0.13 | +0.10

*level of significance P<0.05, HP — Histopathological score, IHC-immunohistochemistry score, PCC-Pearson Correlation coefficient, CAV-chicken
anaemia virus, IBDV-infectious bursal disease virus, ARV-avian reovirus
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The present study indicated that in dual infection of CAV and IBDV, thymus
is the most affected organ, as was shown in earlier studies by Chacon et al 2010 in
field cases of CAV and IBDV. In the present study dual infection of CAV and ARV
showed significant lesions in thymus than in CAV alone cases and the results of our
study go with the results of previous researchers. McNeilly et al 1995 also reported
more severe lesions in thymus of chicks that were dually inoculated with CAV and
ARV, than chicks with CAV alone indicating that infection with ARV enhanced the
pathogenic effect of CAV in affected birds.

In the present study, bursa was significantly affected as compared to thymus
in combined infections of CAV, IBDV and ARV as was reported by Sharma et al
1994 in earlier studies, that both ARV and IBDV cause immunosuppression in
chickens by causing destruction of B cells and producing necrotic lesions in bursa, so
the combined effect of IBDV and ARV was more as compared to CAV in mixed
infections of CAV, IBDV and ARV in our study. Similarly, McNeilly et al 1995
reported increased severity of lesions in bursa of birds dually inoculated with CAV
and ARV, than ARV alone which indicated that co-infection of CAV and ARV
increased the pathogenicity of ARV for bursa.

Furthermore, in the present study spleen and caecal tonsils were significantly
affected in combined infections of CAV, IBDV and ARV as was reviewed by earlier
workers. Balamurugan and Kataria (2006) reviewed that CAV, IBDV and ARV
produced significant pathological effects in other lymphoid organs as well, besides

thymus and bursa.

4.1.3.2 Conventional PCR

In the present study, samples were subjected to polymerase chain reaction
(PCR) to detect the presence of viral agents (CAV and MDV) in 100 cases using
specific primers for CAV (Natesan et al 2006 and Hiremath et al 2013), and MDV
(Becker et al 1992 and Tian et al 2011). Twenty four cases were found positive for
CAV by at least one primer set: VP1, VP2 and VP3 which yielded a product size of
1390bp, 713bp and 367bp respectively (Fig. 52 & 53). Further, 22 cases were found
positive for MDV by amplifying 132 bp tandem repeated sequence of MDV-1
genome which can distinguish field MDV strain from vaccine strain (Fig. 54).

However only one case was found positive for both CAV and MDV and rest of the
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Fig 52: Agarose gel electrophoresis of PCR-amplified VP2 (713bp) & VP3 (368bp) gene
products.

Lane 1, 20: 1 KB Ladder, Lane 2: Negative control, Lane 3: Positive control (VP3),
Lane 4: Positive control (VP2), Lane 5-19: Test samples
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Fig 53: Agarose gel electrophoresis of PCR-amplified VP1 (1390), VP2 (713bp) & VP3
(368bp) gene products

Lane 1: 1 KB Ladder, Lane 2: Negative control, Lane 3: Positive control (VP2),
Lane 4: Positive control (VP3), Lane 6: Positive control (VP1).
Lane 5, 7-19: Test samples.
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Fig 54: Agarose gel electrophoresis of PCR-amplified BAM H gene products. (434 bp).
Lane 1: 1 KB Ladder, Lane 2: Positive control, Lane 3-7: Test samples.



cases (51) were negative for both. The results are summarized in the Table 18. Out of
26 CAV positive cases, 11/43 (25%), 2/37 (12%) and 13/20 (65%) while out of 22
cases of MDV, 2/43 (4%), 22/37 (59%) were from four different poultry farms of
Punjab and adjoining areas (as shown in Table 19). In one farm (Panipat) only CAV
were found to be positive.

Table 18: Number of cases diagnosed on the basis of Polymerase chain reaction

Samples positive by Conventional PCR
CAV
Total samples MD MD+CAV
VP1 VP2 VP3
3

26

100 23 1
2
.

Total 26 23 1

Table 19: Detection of CAV and MDV from field cases by PCR

Places No of Type of farms No of Positive by
poultry (organized or birds PCR
farm unorganized) collected CAV | MDV

LPM, GADVASU 1 Organized 43 11 2
(25%) | (4%)

Pakhowal 2 Both 37 2 22
(12%) | (59%)

Panipat 1 Organized 20 13 0
(65%)

Total 4 100 26 24

Similar to the present study, earlier workers (Eltahir et al 2011, Hiremath et al
2013 and Wani et al 2014) also diagnosed positive cases of CAV using specific
primer sets for VP1, VP2 and VP3 genes and their amplification yielded a specific
product size of 1390bp, 713bp and 367bp respectively Saini and Dandapat (2009)
reported that PCR was highly specific and extremely sensitive for the direct detection

of CAV DNA in infected tissues.
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Similarly, for detection of MD Becker et al (1992) developed PCR targeting
BamHI-H region which helped in the serotype specificity and the ability to
differentiate between vaccinal and field strains of MDV serotype-1. Raja et al (2009)
and Kalyani et al (2011) reported virulent/very virulent MDV serotype 1 strains in the
infected liver tissues by using PCR. Jayalakshmi and Selvaraju (2016) subjected MD
suspected tissue samples to PCR using serotype 1 specific primer (BamH1/BamH2)
for confirmation of MD.

4.1.3.3 Farm wise and disease wise incidence of immunosuppressive viral diseases

In the present study significant difference in incidence was found between
four different farms with respect to CIA (x2 =34.38; P<0.001), IBD (y2 =25.11;
P<0.001), ARV (32 =29.95; P<0.001) and MD (32 =54.49; P<0.001) as shown in the
Table 20. The lowest incidence of CIA was recorded in farm 4. The incidence of CIA
was significantly higher in farm 1 than farm 2 and farm 3. Incidence of IBD and ARV
was significantly higher in farm 1 and non-significant in farm 2, farm 3 and farm 4.
Incidence of MD was significantly higher in farm 4 followed by farm 3 whereas non-
significant in farm 1 & farm.

In the present study significant difference (}2 =9.23; P<0.05) was found
between immunosuppressive viral diseases with respect to the incidence. CIA was
found with highest incidence (31%) followed by MD (26%). The difference between
incidence of IBD and ARV was non-significant as shown in the Table 21.

Table 20: Farm wise incidence of immunosuppressive viral diseases

Incidence (%)
Farm

CIA IBD ARV MD
F1 80.0° 55.0° 50.0° 0.0°
F2 30.2° 13.9° 9.3 2.3
F3 11.7%° 5.8 5.8 35.2°
F4 0.0° 0.0 0.0 80.0°
v = 34.38 25.11 29.95 54.49

P value = (P<0.001) (P<0.001) (P<0.001) (P<0.001)

#b&ab The values designated with different letters are statistically significant (p<0.05)

8 The values designated with same letters are statistically insignificant.(p<0.05)
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Table 21: Incidence of immunosuppressive viral diseases

Incidence (%)
_ CIA IBD ARV MD
Disease
31%" 18%° 15%° 26%
2y = 9.23
P value = P<0.05

*PThe values designated with different letters are statistically significant (p<0.05)
®The values designated with same letters are statistically insignificant.(p<0.05)

Detection of immunosuppressive viruses by IHC and PCR

In our study, as shown in the Table 22 a total of 58 birds were positive for
either of the viruses. There were 31 cases positive for CAV out of which 23 were co-
infected with either ARV (15), IBDV (16) or MD (1). Further, there were two cases
of IBD alone, and a single case of mixed infection (ARV and IBDV). There were 24
cases of MD, out of which only one case of mixed infection with CAV was detected.

Table 22: Detection of immunosuppressive viruses singly or in concurrence by

PCR and IHC
S. No. Disease Number of cases
1. CAV 8
2. CAV+ARV 6
3. CAV+IBDV 7
4. CAV+ARV+IBDV 9
5. CAV+MD 1
6. MDV 23
7. IBDV 2
8. ARV+IBD 1

In the present study, farm wise as well as disease wise incidence of CIA was
found highest among all other viral diseases, and all the cases which were positive for
IBDV and ARV infections were also positive for CAV infections, suggesting CAV as
a potent immunosuppressive viral agent causing co-infections with other viral

diseases under field conditions as was reported in earlier studies. Adedeji et al 2016
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reported high morbidity and mortality as a result of immunosuppression by sub-
clinical infection by CAV that exacerbated the IBDV infection in commercial poultry
flocks. Similarly McNeilly et al 1995 reported increased morbidity in chicks
inoculated with CAV and contact infection with ARV.

4.3  Analysis of gene sequences of CAV field isolates
4.3.1 Detection of pathogenic CAV field isolates

Out of these 24 positive samples of CAV, 3 samples were sent for sequencing

of the nucleotide.
4.3.2 Sequencing of CAV genes:

The VP1, VP2 and VP3 gene nucleotide sequences and the deduced amino
acid sequences of the 3 isolates were compared with the references. The nucleotide
sequence and their deduced amino acid sequences submitted to GenBank database
with accession number (Table 23). The gene sequences of the three genes alignment
reports are shown as Appendix I.

Table 23: Gene Accession numbers of the three field isolates of CAV

Isolates Name Accession number
1 GADVASU-A1-PF,VP3 MG720294
2 GADVASU-A3-VK1,VP2 MG720295
GADVASU-A4-VK2, VP3 MG720296
3 GADVASU-A5-1S1, VP1 MG720297
GADVASU-AG6-1S2, VP3 MG720298

4.3.2.1 Comparison of VP1 gene sequences of the CAV GADVASU isolates with

reference strains

Comparison of the VP1 gene nucleotide sequences of GADVASU isolates
with that of the 14 reference strains, as shown in the Figure revealed nucleotide
homology varying between 94.0%-99.5%. GADVASU VP1 sequences had the
highest homology of 99.5% with Maharashtra India isolate, whereas the lowest
homology was found with Malaysia isolate (94.0%). Among the Indian isolates
lowest homology was found with one of the IVRI isolates (95.1%) (Fig 55 & 56).

50



The amino acid/ protein sequences of VP1 showed a number of mutations (Fig
57 & 58). When compared to the other reference isolates (TANUVAS, Maharashtra,
Egypt, Malaysia, China, USA and Luxembourg) at position 125" leucine was present
similar to China and Maharashtra whereas isoleucine was present at the same position
in others and, glutamate was present at position 144" in GADVASU isolate, China,
Maharashtra and USA whereas aspartate was present in TANUVAS and glutamine in
others at the same position, at position 255" glutamine was replaced by histidine in
GADVASU isolate and in Maharashtra isolate there was glutamine at the same
position, at position 261" isoleucine was replaced by methionine in GADVASU
isolate and tyrosine in Maharashtra isolate , at position 287" alanine was replaced by
serine in GADVASU isolate, USA and China and at position 376" isoleucine was
replaced by leucine in China, Maharashtra and GADVASU isolate.

At position 394 presence of glutamine instead of histidine showed that
GADVASU isolate is highly pathogenic as proposed in earlier studies (Yamaguchi et
al 2001).

MegAlign - [Sequence Distances of Untitled ClustalW (Slow/Accurate, [UB)]

File Edit Align View Options NetSearch Window Help
Percent |dentity

23 4[5 |6 |78 |9 101 |12 13|14 15
1 99.0 | 98.6 (964 |99.0 |98.5 |97.4 |04.8 |50.0 |98.6 (952 |99.3 {999 |088 | 1 AF311892-U3A seq
2 |11 99.3 |96.4 (986 976|972 |95.4 |99.2|97.9 857 (059|983 (930 2 AF385114.1-Banladesh.seq
3|z 85.3 (977|974 |96.1 [95.4 | 574 |87.2 957 999|931 |98.0 | 3 AJ8a8524-Lurembourg.seq
4 |14 117 58.4 (974|968 |94.6 984 |97.8 948 (050|994 {933 | 4 A583Ta5India-VRLseq
5 1353749 95.9|98.2 (959 |96.0 [98.3 |98.4 |96.3 (951 | 5 Ar583787-India-VRLseq
6 |10 1.4]23 16 98.3(95.0 952|935 |935) 6 D2991394-U5A seq
§ 7| 152526 26 98.7 (945|946 (978|995 7 EF159947-India-MH.seq
% 8 |27 2840 32 6.7 (983|994 |97.2 |96.6 | 8 EU424059-Gujrat seq
% 9 | 544848 56 9441992 992|946 |940) 9 FJ1ETS13-Malaysia.seq
0 [ 1.0 1.8 26 174211 (1034 9451946984 [993 | 10 HQ872047-China.seq
M| 1521|2922 |41 (18 |13 ]34 |59 95.0 (981 (993 1 KF224926-China.seq
12 |50 |44 4454 |17 |52 |47 17|08 47 12 KJ95537T-Eqynt seq
13 |48 434352 |16 |50 |56 |1.6]08 496|452 K.J955380-Eqynt seq
4 {11219 06 |38 15232956 16 (18 KY053900.1-India-TANVAS seq
15 (1.2 2020 (17 (81 [15{05 35863 07|07 YP1-A5-5-L0H
112 3|45 67|88 |10 1N

Fig 55: Sequence Distance of deduced VP1 nucleotide sequences prepared by
using Gonnet 250 algorithm of MegAlignProgramme of DNASTAR

Lasergene software following ClustalW analysis
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MegAlign - [Phylogenetic Tree of Untitled ClustalW (Slow/Accurate, IUEB]]
File Edit Align View Options MetSearch Window Help
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2 0
Mucleotide Suhstitution per 100 residues

Fig 56: Phylogentic Analysis on VP1 nucleotide sequences. The phylogenetic
tree was constructed using MegAlign Clustalw Method

MegAlign - [Sequence Distances of Untitled ClustalW (Slow/Accurate, Gonnet)]

File Edit Align View Options NetSearch Window Help
Percent ldentity

112 3|4 5|6 7|8 9
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3 6.9 10001974 3 KJ355380-Eqynt pra
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uij :

5 i 37 BT.EI 1000/876| 6 ¢ FJIG7513-Malaysiapro
7 . 31 -83.9 I EF149947-India-MR.pro
8 |27 |18 |00 |05 2300|182 B AJBAA524-Lisembourd.pro
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Fig 57: Sequence Distance of deduced VP1 amino acid sequences prepared by
using Gonnet 250 algorithm of MegAlignProgramme of DNASTAR

Lasergene software following ClustalW analysis
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MegAlign - [Phylogenetic Tree of Untitled ClustalW (Slow/Accurate, Gonnet]]
File Edit Align View Options NetSearch Window Help

YP1-A5-15-LOH

% KF224926-China
AF311892-LU5A

s kY 0539001-India-TANLIVAS

AJBERA24-Limemboury

kJ9559380-Eoypt

KJ9553TT-Eoypt

1 FJ167513-Malaysia

EF154947-India-MR

f 4 i I
Amino Acid Substitution per 100 residues

Fig 58: Phylogentic Analysis on VP1 amino acid sequences. The phylogenetic
tree was constructed using MegAlign Clustalw Method

4.3.2.2 Comparison of VP2 gene sequences of the CAV GADVASU isolates with

reference strains

Comparison of the VP2 gene nucleotide sequences of GADVASU isolates
with that of the 14 reference strains as shown in the Figure revealed nucleotide
homology varying between 17.6%-99.8%. GADVASU VP2 sequences had the
highest homology of 99.8% with IVRI India whereas the lowest homology was found
with Bangladesh (17.6%). Among the Indian isolates lowest homology was found
with one of the TANUVAS isolates (19.5%) (Fig. 59 & 60).

The amino acid/ protein sequences of VP2 GADVASU isolate showed
maximum similarity with isolate of USA, IVRI and China thus forming one cluster

and rest of the isolates were different forming the separate cluster (Fig. 61 & 62).
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MegAlign - [Sequence Distances of Untitled ClustalW (Slow/Accurate, IUB)]
FiIe Edit Align View Options NetSearch Window Help
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Fig 59: Sequence Distance of deduced VP2 nucleotide sequences prepared by
using Gonnet 250 algorithm of MegAlignProgramme of DNASTAR

Lasergene software following ClustalW analysis

MegAlign - [Phylogenetic Tree of Untitled ClustalW (Slow/Accurate, IUB]]
File Edit Align View Options NetSearch Window Help
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Fig 60: Phylogentic Analysis on VP2 nucleotide sequences. The phylogenetic
tree was constructed using MegAlign ClustalwW Method
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Megdlign - [Sequence Distances of Untitled ClustalW (Slow/Accurate, Gonnet]]
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Fig 61: Sequence Distance of deduced VP2 a sequences prepared by using
Gonnet 250 algorithm of MegAlignProgramme of DNASTAR

Lasergene software following ClustalW analysis

MegAlign - [Phylegenetic Tree of Untitled ClustalW (Slow/Accurate, Gonnet)]
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Fig 62: Phylogentic Analysis on VP2 amino acid sequences. The phylogenetic
tree was constructed using MegAlign ClustalwW Method
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4.3.2.3 Comparison of VP3 gene sequences of the CAV GADVASU isolates with

reference strains

Comparison of the VP3 gene nucleotide sequences of three GADVASU isolates
with that of the 16 reference strains as shown in the Fig. 63 & 64 revealed nucleotide
homology varying between 40.8%-99.7%. The three isolates of GADVASU VP3
sequences had the highest homology of 99.7% with IVRI India whereas the lowest
homology was found with two isolates of Egypt (40.8%). Among themselves the two
isolates of GADVASU were 100% homologous whereas there was homology of
99.7% with the third GADVASU isolate. The gaps in the nucleotide sequence of our 3
isolates from position 1-45 depicted that there may be deletion of some of the
nucleotides in GADVASU isolates or in other words insertion of nucleotides in other

isolates.

In amino acid sequencing of VP3, our isolates were forming the same cluster
while other isolates were forming the separate clusters showing maximum similarity

of our isolates within themselves (Fig 65 & 66).
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Fig 63: Sequence Distance of deduced VP3 nucleotide sequences prepared by
using Gonnet 250 algorithm of MegAlignProgramme of DNASTAR

Lasergene software following ClustalW analysis

56



MegAlign - [Phylogenetic Tree of Untitled ClustalW (Slow/Accurate, IUE]]
File Edit Align View Options MNetSearch Window Help

KJ95537 7-Egypt
& KJa55380-Egypt

FJ1674813-Malaysia
-l

ElLI4240585-Gujrat
AF295114-Bangladesh
{ AF385114.1-Bangladesh
Alaaaa24-Luxemboury

[ AYE83TES-India-IVRI

EN053900.1-India-TARLAVAS
[ 02991 394-1U5A
H872023 1-China
- AF311892-15A
-~ EF159947-India-hH
- HQET2047-China
— KF224926-China
. A1-VP3-PE-Complete
—[I Avagaral-india-IVREI
AB-VP3-15-camplete
Ad4-VP3-VE-complete

107 .3

100 an G0 40 20 1
Mucleotide Substitution per 100 residues

Fig 64: Phylogentic Analysis of VP3 nucleotide sequences. The phylogenetic
tree was constructed using MegAlign Clustalww Method
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Fig 65: Sequence Distance of deduced VP3 amino acid sequences prepared by
using Gonnet 250 algorithm of MegAlignProgramme of DNASTAR

Lasergene software following ClustalW analysis
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Fig 66: Phylogenetic Analysis on VP3 amino acid sequences. The phylogenetic
tree was constructed using MegAlign Clustalw Method

4.5 Assessment of the effect of viral antigens on the immune cells
4.5.1 Immunohistochemical detection of CD3 and CD79a

IHC techniques were employed to examine T-cell and B-cell infiltration in
thymus, bursa and spleen of 25 confirmed cases of CIA alone or co-infection with
other immunosuppressive viral agents, using specific primary antibodies against B-
cells (CD79a) and T-cells (CD3). The cells showing positive immunoreactivity for
CD3 and CD79a in thymus, bursa and spleen of each case were scored by counting
number of cells per field under 100x objective lens and taking average of five fields
per slide, then percentage of CD3+ T-cells and CD79a+ B-cells was calculated for

each case as shown.

Average of positive cells

) counted per slide
Percentage of CD3+/CD79a+ cells per slide = x 100
Total number of cells

(1800)*100
Average score and percentage of B-cells and T-cells in thymus, bursa and

spleen is shown in the Table 24. In the cases investigated in our study, CD3 positive
cells were predominantly found in cortical region of thymus, although, CD79a
positive cells were also present but staining was weak compared to CD3 positive cells
(Fig.67 & 68).
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Table 24: Average score and percentage of B cellsand T cells

Cases Thymus Spleen Bursa
% Bcells | %Tcells | %Bcells | % Tcells | %Bcells | %T cells
A24 2.93 3.53 3.17 3.94 2.94 1.20
A38 3.47 4.20 3.17 3.89 3.17 1.47
A48 3.13 4.13 3.17 4.06 3.00 1.33
A53 3.33 3.87 3.00 4.11 2.78 1.27
AB5 2.87 3.53 2.78 3.89 2.94 1.20
A5 2.93 4.07 3.11 3.94 3.28 1.60
A9 2.87 4.33 3.11 4.00 3.22 1.20
Al0 2.87 4.67 3.22 4.17 2.94 1.33
Al 2.87 4.33 2.87 4.33 3.33 1.33
A2 2.87 4.40 3.33 4.11 3.22 1.27
A6 2.60 4.13 3.28 4.06 3.17 1.47
A7 2.67 4.20 3.17 3.89 2.83 1.33
A8 2.07 4.93 2.83 411 3.11 1.27
All 3.53 4.47 2.94 4.06 3.11 1.33
Al3 2.67 3.93 3.06 411 2.94 1.60
Al4 2.87 3.87 2.94 4.28 3.11 1.40
A3 2.53 4.00 3.22 4.00 3.33 1.20
A4 2.87 4.07 3.33 4.00 3.11 1.33
Al2 3.00 4.20 3.11 4.00 2.94 1.44
Al9 3.07 4.67 3.22 4.28 2.94 1.27
A25 3.87 3.67 3.11 3.78 3.22 1.33
A37 2.60 4.00 3.22 4.17 3.11 1.33
A43 2.80 4.33 2.94 4.06 2.83 1.33
Ad4 3.40 4.53 2.83 4.17 3.17 1.27
AG67 3.33 4.33 2.94 411 3.17 1.13
Mean + SE | 2.96+0.07 | 4.17+0.06 | 3.08+0.03 | 4.06+0.02 | 3.07+0.03 | 1.32+0.02
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Similarly, the mean percentage of CD3 cells (4.17+0.06) in thymus was more
than that of CD79a cells (2.96+0.07). In bursa CD79a positive cells were distributed
mainly in the cortical region, whereas, CD3 positive cells were present in both cortex
and medulla in lesser number (Fig. 69 & 70). Similarly, the mean percentage of
CD79a cells (3.07+0.03) was more than that of CD3 cells (1.32+0.02) in bursa. In
spleen, both CD3 positive T-cells and CD79a positive B-cells were scattered in the
parenchyma, but the staining of CD3 cells were more as compared to CD79a cells
(Fig.71 & 72). Similarly, the mean percentage of CD3 cells (4.06+0.02), were more
than that of CD79a cells (3.08+0.03) in spleen.

In the present study higher density of CD3-cells in thymus and spleen, and
CD79a-cells in bursa were observed in diseased birds which indicated that viruses had
tropism for T cells in thymus and spleen and B cells in bursa in mixed viral infections.
Similarly, in earlier studies Adair 2000, Adair et al 1993% and Vaziry et al 2011
reported higher percentage of infected T cells, especially in cortical region of thymus,
and spleen suggesting susceptibility of T cells to CAV which indicated persistence of
virus in spleen and thymus.

Although immunophenotyping of avian neoplasms was not done in the present
study, however, Pejovic et al (2006) described immunophenotypic characteristics of
CD3 cells in MD tumors in liver, spleen, proventriculus, lungs and ovary in infected
birds. Similarly Annagi (2015) conducted immunohistochemical studies with CD3 in
MD positive samples (liver, heart and intestine) and CD79a in ALV positive samples
(liver, lung, kidney and ovary). Souza et al (2008) immunolocalized CD3 T-cells and
CD79 B-cells in positive cases of diffuse intestinal T-cell lymphosarcoma in a yellow-
naped amazon parrot.

4.5.2 Disease wise correlation of immunohistochemical score with percentage of
immunolabelled B-cells and T-cells in lymphoid organs.

To statistically ascertain the relationship between immunolocalization of viral
antigens and percentage of immunolabelled B-cells and T-cells in thymus, spleen and
bursa, correlation was ascertained as given in the Table 25. A positive non-significant
correlation was obtained between immunohistochemical score and percentage of
immunolabelled T-cells in thymus (r?=0.26) and spleen, (r’=0.37) and negative

correlation was obtained in bursa (r’= -0.29).
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Fig. 67:Thymus:

histochemistry for CD3.IHC, Vectastain ABC
staining, counterstained with Gill’s hematoxylin,
Bar=20 um

Fig. 69:Bursa: Photomicrograph of immuno-
histochemistry for CD3. IHC, Vectastain ABC
staining, counterstained with Gill’s hematoxylin,

Bar=20 um

Fig. 71:Spleen:

Fig. 68:Thymus: Photomicrograph of
immunohistochemistry for CD79. IHC,
Vectastain ABC staining, counterstained with
Gill’s hematoxylin, Bar=20 um
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Photomicrograph of immuno-
histochemistry for CD3.

IHC, Vectastain ABC staining, counterstained with
Gill’s hematoxylin, Bar=20 zm

Fig. 70:Bursa: Photomicrograph of immuno-
histochemistry for CD79. IHC, Vectastain ABC
staining, counterstained with Gill’s hematoxylin,
Bar=20 um

Fig. 72:Spleen: Photomicrograph of immuno-
histochemistry for CD79.

IHC, Vectastain ABC staining, counterstained
with Gill’s hematoxylin, Bar=20 zm



Table 25: Effect of different diseases on B and T cells in lymphoid organs

Thymus Spleen Bursa

Case 0 0 0 0 0 0

HC| e | eolis | "MC | caie | eolte | " | coila | cols

Correlation of B cells and T cells with IHC in CAV
A24 2.0 2.9 35 2.0 3.1 3.9 2.0 2.9 1.2
A38 2.4 3.4 4.2 2.2 3.1 3.8 2.4 3.1 1.4
A48 2.6 3.1 4.1 2.4 3.1 4.0 2.2 3.0 1.3
A53 1.6 3.3 3.8 1.8 3.0 4.1 1.6 2.7 1.2
A65 2.8 2.8 35 2.4 2.7 3.8 2.6 2.9 1.2
Correlation -0.36 | 0.07 -0.18 | -0.46 0.69 | 0.18

Correlation of B cells and T cells with IHC in CAV+IBD
A5 1.8 2.9 4.0 2.4 3.1 3.9 2.4 3.2 1.6
A9 2.8 2.8 4.3 2.0 3.1 4.0 2 3.2 1.2
Al0 1.8 2.8 4.6 1.6 3.2 4.1 2.8 2.9 1.3
Correlation -0.50 | -0.06 -0.86 | -0.96 0.77 | -0.32
Correlation of B cells and T cells with IHC in CAV+IBD+ARV
A3 2.6 2.5 4.0 2.4 3.2 4.0 2.6 3.3 1.2
Ad 2.4 2.8 4.0 1.8 3.3 4.0 2.4 3.1 1.3
Al2 2.4 3.0 4.2 1.8 3.1 4.0 2.0 2.9 1.4
Al19 2.8 3.0 4.6 2.4 3.2 4.2 2.8 2.9 1.2
A25 1.8 3.8 3.6 1.8 3.1 3.7 1.8 3.2 1.3
A37 2.8 2.6 4.0 2.6 3.2 4.1 2.6 3.1 1.3
A43 2.4 2.8 4.3 2.6 2.9 4.0 2.2 2.8 1.3
Ad4 2.6 3.4 4.5 2.4 2.8 4.1 2.4 3.1 1.2
A67 2.4 3.3 4.3 2.6 2.9 4.1 2.4 3.1 1.1
Correlation -0.68* | 0.61 -0.38 | 0.66* 0.06 | -0.50
Correlation of B cells and T cells with IHC in CAV+ARV

Al 2.4 2.8 4.3 2.6 2.8 4.3 2.6 3.3 1.33
A2 2.4 2.8 4.4 2.4 3.3 4.1 2.4 3.2 1.2
A6 2.4 2.6 4.1 2.4 3.2 4.0 2.4 3.1 1.4
A7 2.8 2.6 4.2 1.6 3.1 3.8 2.0 2.8 1.3
A8 2.6 2.0 4.9 2.6 2.8 4.1 2.8 3.1 1.2
All 2.8 35 4.4 2.6 2.9 4.0 2.8 3.1 1.3
Al3 2.6 2.6 3.9 1.4 3.0 4.1 1.8 2.9 1.6
Al4 2.4 2.8 3.8 2.6 2.9 4.2 2.2 3.1 1.4
Correlation 021 | 0.24 -0.33 | 0.53 0.64 | -0.67

*significant at P<0.05
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However, negative correlation was obtained between immunohistochemical
score and percentage of immunolabelled B-cells of thymus (r?= -0.31) and spleen (r’=
-0.26) and a significant positive correlation was obtained in bursa (r>= 0.19; P<0.008).
In combined infections of CAV, IBDV and ARV, significant negative correlation was
obtained between immunohistochemical score and percentage of immunolabelled B-
cells in thymus (r’= -0.68; P<0.05), and significant positive correlation was obtained
between immunohistochemical score and percentage of immunolabelled T-cells of
spleen (r*= 0.66; P<0.05).

The results of our study indicated that with increase in the viral antigen load,

depletion of B-cells occurred in bursa and T-cells occurred in spleen.

4.6 Correlation of pathological changes observed in lymphoid organs (thymus,

bursa, spleen and caecal tonsils) with bone marrow.

In 25 confirmed cases of CIA, histopathological score of bone marrow was
calculated as per scoring system by Otaki et al (1988), and average of five fields was
taken per slide as shown in the Table 26. Disease wise correlation was calculated
between histopathological score of bone marrow and lymphoid organs (thymus, bursa,

spleen and caecal tonsils) as shown in the Table 27.

Overall a positive non-significant correlation was obtained between
histopathological score of bone marrow and thymus (r>=0.12), whereas a negative
correlation was obtained in spleen (r’= -0.09), bursa (r?= -0.28) and caecal tonsils (r’=
-0.04) which indicated that thymus may be the most affected organ in CAV alone, or

mixed infection of CAV with other viruses.

However, in CAV alone cases, a negative correlation was obtained in thymus
(r’= -0.15), spleen (r’= -0.46) and caecal tonsils (r’= -0.28) and a positive non-
significant correlation was obtained in bursa (r*= 0.19) indicating that lesions in bone
marrow may not be necessarily present in CAV infections as reported by Harady et al
(2012) in their experimental study on CAV.

In combined infections of CIA and ARV a significant positive correlation was
obtained in thymus only (r>= 0.85; P<0.05) whereas a non-significant correlation was
obtained in bursa (r’= 0.005), and negative in spleen (r’= -0.58) and caecal tonsils (r’=

-0.28), indicating that in combined infections of CAV and ARV with increase in the
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Table 26: Histopathological scoring of bone marrow lesions

Cases Bone Marrow
Al 2.2+0.4
A2 2.6x0.2
A3 2.0£0.0
Ad 1.6+0.2
A5 1.6+0.2
A6 2.4+0.2
A7 3.0+0.0
A8 2.6x0.2
A9 2.4+0.2
Al0 1.8+0.2
Al2 2.4+0.4
Al3 3.0+0.0
Al4 1.8+0.2
A20 2.6x0.2
A21 2.4+0.2
A23 2.4+0.2
A24 2.4+0.2
A27 2.0+0.4
A37 2.6+0.4
A43 3.0+0.0
Ad4 2.8+0.2
A48 2.6x0.2
A53 1.4+0.2
AB5 2.0+0.0
AG7 2.6x+0.2
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Table 27: Disease wise correlation of pathological changes observed in lymphoid

organs with pathological changes observed in bone marrow

Correlation of pathological changes observed in lymphoid organs with
pathological changes observed in bone marrow
Diseases Thymus | Spleen Bursa Caecal Tonsils
CAV Alone -0.15 -0.46 0.19 -0.28
CAV+IBD 0.52 -0.15 -0.30 0.06
CAV+ARV 0.85* -0.58 0.005 -0.28
CAV+IBD+ARV 0.05 0.59 0.05 0.17

*significant at P<0.05.
pathological lesions in thymus, the pathological lesions in bone marrow may also

increase. Our results go the findings of Adedeji et al (2016) who reported that in
combined infections of CIA and ARV, out of 22 affected birds 14 birds showed
severe changes in thymus, 8 birds showed severe changes in bone marrow, 5 birds
showed changes in bursa and only few birds showed mild congestion in spleen.

Negative correlation was obtained in spleen (r’= -0.15) and bursa (r’= -0.30)
and non-significant positive correlation was obtained in thymus (r>= 0.52) and caecal
tonsils (r’= 0.06) in combined infections of CIA and IBD.

Whereas, in combined infections of CIA, IBDV and ARV a positive
correlation was obtained in thymus (r?= 0.05), spleen (r?= 0.59), bursa (r*= 0.05) and
caecal tonsils (r= 0.17) indicating that in mixed immunosuppressive viral infections,
with increase in the pathological lesions in lymphoid organs, pathological changes in

the bone marrow may also be increased.
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CHAPTER V
SUMMARY AND CONCLUSIONS

Immunosupressive viral diseases pose a great risk to poultry industry, because
affected flocks respond poorly to vaccines and become susceptible to other viral,
bacterial, and parasitic diseases, finally leading to mortality and economic losses.
Immunosuppression caused by viruses in poultry birds is directly related to effect
produced by viral replication on function of lymphocytes. Viruses follow various
strategies to escape host immune surveillance and thus down regulate immune
response causing the viral infections that imbalance the cells of immune system

finally leading to immunosuppression.

So the present study was carried out with the aim to diagnose various
immunosuppressive viral diseases of poultry using conventional and advanced
diagnostic techniques and application of these techniques in differential diagnosis of
viral diseases, and study the distribution of viral antigens and characterization of

associated lesions in the affected lymphoid and visceral organs.

Tissue samples were collected for histopathology, immunohistochemistry and
molecular detection of immunosuppressive viral agents from 100 birds, showing gross
lesions in lymphoid organs, bone marrow and other visceral organs from four
different poultry farms in and around Ludhiana district. The collected samples

included thymus, bursa, spleen, caecal tonsils, bone marrow, liver and kidneys.

Grossly 42 cases showed congestion, hemorrhages and atrophy of thymus. 40
cases showed oedema, enlargement and presence of exudate, congestion, hemorrhages
and atrophy of bursa. 85 cases showed pale, enlarged with/without nodular lesions,
along with mottling in spleen. 32 cases showed enlargement with mild congestion in
caecal tonsils. Bone marrow was pale and fatty in 27 cases. Congestion, hemorrhages,
mottling of liver along with diffuse white foci and tumour like nodular lesions were
observed in 92 cases. Paleness, nephrosis, congestion, hemorrhages with/without
greyish white foci were evident in 90 cases. Pectoral muscles showed hemorrhages in

27 cases.

Microscopically, depletion of lymphoid cells was observed in thymus, bursa,
spleen and caecal tonsils. In much severe conditions bursa showed proliferation of

interfollicular fibrous connective tissue and cystic cavities in follicles. Bone marrow
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showed depletion of hematopoietic cells. In liver infiltration of inflammatory cells and
increased sinusoidal spaces, focal and or diffuse multifocal infiltration of pleomorphic
cells was observed and in kidneys glomerular and tubular degeneration, diffuse or
multifocal infiltration of pleomorphic cells in between tubules was evident. Although
on the basis of gross and histopathology tentative diagnosis of immunosuppressive
viral diseases was made but exact etiology of immunosuppression could not be

ascertained.

In order to differentiate various immunosuppressive infections caused by
avian immunosuppressive viruses, localization of viral agents was carried out in tissue
sections. 30 cases of CIA, 19 cases of IBD and 16 cases of ARV including mixed
infections were detected with the help of immunohistochemical staining. CIA alone
was detected in eight cases, IBD alone was detected in two cases, CIA and IBD in
seven cases, CIA and ARV in six, ARV and IBD in only one case and in nine cases
all the three viruses were present. None of the cases was positive for ARV alone. On
the basis of immunohistochemical staining mixed viral infections were found to be
more prevalent (23%) than single viral infections. These observations indicate that
immunohistochemical technique has an advantage over gross and histological

observations in differential diagnosis of immunosuppressive viral diseases in poultry.

Further, in positive cases histopathological and immunohistochemical scoring
was done and the average of scores were correlated to ascertain the relationship
between histopathological lesions and immunolocalization of viral antigens in
lymphoid organs (bursa, thymus, spleen and caecal tonsils). Overall a significant
positive and strong correlation was obtained between histopathological score and IHC
score in lymphoid organs which indicated that immunohistochemistry is a reliable
technique for diagnosis of immunosuppressive viral diseases. Moreover, in combined
infections of CAV and IBDV thymus was the most affected organ and bursa, spleen

and caecal tonsils were affected in combined infections of CAV, IBDV and ARV.

Furthermore, immunohistochemical staining were performed on lymphoid
organs (thymus, bursa and spleen) of 25 confirmed cases of CIA, and mixed
infections with other viruses using antibodies to the T-cell and B-cell markers. The
cells showing positive reactivity for CD3 and CD79a were scored by counting number

of cells per field under 100x objective lens and taking average of five fields per slide,
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then the percentage of CD3 and CD79a cells was calculated. Higher density of CD3
positive T-cells in thymus and spleen and CD79a positive B-cells in bursa were
observed in diseased birds which indicated that viruses had tropism for T cells in
thymus and spleen and B cells in bursa in mixed viral infections. Correlation was
ascertained between immunolocalization of viral antigens and percentage of
immunolabelled B-cells and T-cells in thymus, bursa and spleen and a significant
positive correlation was obtained between immunohistochemical score and percentage
of immunolabelled B-cells in bursa and T-cells in spleen indicating depletion of B-
cells in bursa and T- cells in spleen respectively in viral infections.

DNA extraction of tissue samples was done and extracted DNA was subjected
to PCR for detection of CAV and MDV. CAV was diagnosed in 26 cases using VP1,
VP2 and VP3 gene specific primers and MDV was detected in 23 cases using primer
to amplify MDV-1 BamH1-H 132bp tandem repeat. Only one case showed mixed
infection of CAV and MDV under field conditions.

In the present study, farm wise (34.38%) as well as disease wise (31%)
incidence of CIA was found highest among all other viral diseases, and all the cases
which were positive for IBDV or ARV infections were also positive for CAV
infections suggesting CAV as a potent immunosuppressive viral agent causing co-
infections with other viral diseases under field conditions.

Further, three CAV genes (VP1, VP2 and VP3) were amplified and sequenced.
The nucleotide sequence of the VP3 gene from 3 isolates and one VP1 and one VP2
gene from different flocks were submitted to GenBank database.

The 3 GADVASU VP3 gene sequences of analyzed CAV isolates showed
similarity with each other and mild similarity with reference strains whereas, the
genetic deference of VP1 gene of CAV displayed in phylogenetic tree was more

obvious than VP2 and VP3 than the reference strains.

GADVASU VP1 gene amino acid sequence showed more number of mutations
than VP2 and VP3 genes. Moreover, presence of Glutamine at position 394 in VP1
gene of GADVASU isolate indicated high pathogenicity of isolates in the present
study.
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Conclusions

>

Important immunosuppressive viral diseases under field conditions recorded in
our study were Chicken infectious anemia, Infectious bursal disease, Avian

Reoviral infections and Marek’s disease.

26/100 (26%) cases were positive for CAV by PCR and 31/100 (31%) were
positive by IHC indicating that immunohistochemical technique is a reliable

technique for diagnosis of immunosuppressive viral diseases.

Immunohistochemical localization of viral antigens revealed that multiple
infections of two or more immunosuppressive viruses in the same bird are

more common rather than single viral infections.

Prevalence of CIA and mixed infections with other viruses was found more in
layers 17/24 (70%) than broilers 39/76 (51%).

With increase in the number of virus positive cells, severity of lesions in

lymphoid organs also increased.
Depletion of both B-cells and T-cells was observed in different viral diseases.

Positive correlation was obtained between pathological changes in thymus and
pathological changes in bone marrow in mixed viral infections indicating that
with increase in the pathological lesions in lymphoid organs, pathological

lesions in the bone marrow may also be increased.

CAV isolates of Punjab were highly pathogenic and were closely related to
each other and with the isolates of China and USA.
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TTGATTACCACTACT CCCAGLCGACCCCGAACCECAAGAAGGT CTATAAGACT GTAAGAT GGCAAGACGAGCTCGCAGAC 853
TTGATTACCACTACT CCCAGCCGACCCOGAACCGUAAGAAGGT GTATAAGACT GTAAGAT GGUAAGACGAGCT CGCAGAC 280
| AT GGCAAGACGABCT CBCAGAC 22
TTGATTACCACTACT CCCAGCUGA CCCCGACEGTAARRA GGT GTATAAGACT GTAAGAT GGCAAGACGAGCT CECAGAC 485
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TTGATTACCACTACTCCCAGLCGACCCCGAACCGCAAGAAGGTGTATAAGACT GTAAGAT GGCAAGACGAGCTCGCAGAC 853
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GECAIGATTTTACGCCTTCAGAAGAGGACGET GGCACCACCTCAAGCGACTTCGACGAAGATATAAATTTCGACAT 75
GGCRIGATTTTACGCCTTCAGAAGAGGACGGT GGCACCACCTCAAGCGACTTCGACGAAGATATAAATTTCGACAT 75
CGAGAGGCCGATTTTACGCCTTCAGAAGAGGACGET GGCACCACCTCAAGCGACTT COGACGAAGATATAAATTTCGACAT 933
CGAGAGGCCGATTTTACGCCTTCAGAAGAGGACGGT GGCACCACCTCAAGCGACTT CGACGAAGATATAAATTTCGACAT 102
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CGGAGGAGA CAGCGGTAT CGTAGACGA GCTTTTAGGAA GGCCTTTCA CAACCCCCGCCCCGGTACGTATAGT GTGA GGCT 1013
CGGAGGAGACAGCGOTAT COTAGACGAGCTTTTAGGAAGECCTTTCACAACCCCCOCCCCGGTACGTATAGTGT GAGGCT 1040
CGGAGGAGACAGCGETAT COGTAGACGAGCTTTTAGGAAGGCCTTTCACAACCUCCGCCCOGGTACGTATAGTGTGAGGCT 182
COGAGGAGACAGCGOTAT COTAGACGAGCTTTTAGGAAGGECCTTTCACAACCCCCGCCCCGOTACGTATAGTGTGAGGCT 655
CGGAGGAGACAGCGETAT COGTAGACGAGCTTTTAGGAAGGCCTTTCACAACCUCCGCCCOGGTACGTATAGTGTGAGGCT 658
CGGAGGAGACAGCGGTAT COTAGACGAGCTTTTAGGAAGECCTTTCACAACCCCCGCCCCGGTACGTATAGTGTGAGGCT 1013
COGAGGAGACAGCGGTAT COTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCOGLTACGTATAGTGTGAGGCT 182
CGGAGGAGACAGCGGTAT COTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGOCCCGGTACGTATAGTGTGAGGCT 706
COGAGGAGACAGCGOTAT COTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGOTACGTATAGTGTGAGGCT 122
CGGAGGAGACAGCGGTAT COTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGOCCCGGTACGTATAGTGTGAGGCT Bas
COGAGGAGACAGCGETAT COTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGOTACGTATAGTGT GAGGCT 1013
CGGAGGAGACAGCGOTAT COTAGACGAGCTTTTAGCAAGGCCTTTCACAACCCCCGCCCCGOTACGTATAGTGTGAGGCT 155
COGAGGAGACAGCGOTAT COTAGACGAGCTTTTAGGAAGGECCTTTCACAACCCCCGCCCCGOTACGTATAGTGTGAGGCT 155
CGGAGEAGA CAGCEETAT COTAGACGEAGCTTTTAGGAA GECCTTT GA CAACCOCCGCCCCEGTACETATAGT GTGARGCT 1013
COGAGGAGACAGCGOTAT COTAGACGAGCTTTTAGGAAGGECCTTTCACAACCCCCGCCCCGOTACGTATAGTGTGAGGCT 182
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GCCGAACCCCCAATCTACTATGACTAT CCGCTTGCAAGGAGT CATCTTT CT CACGGAAGBACT CATT CT GCCTAAAAACA 1093
GCUGAACCCCCAATCTACTATGACTAT CCGCTTCCAAGGARIT CATCTTT CT CACGGAA GOACT CATT CTGCCTAAAAACA 1120
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GCGGAACCCCCART CR CAAT GACTAT COGCTTTICAAGOART CATTTTT CTITA CHGAA GOACT CATT CT GCCTAAAAACA 786
Elcceaacccoca TGACTAT CCBCTTITCAAGGARIT CATITTT CTITA CLIGAA GGACT CATT CTRICCTAAAAACA 202
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GCCGAACCCCCAATCTACTATGACTATCCGCTTHCAAGGAGTCATCTTTCTCACGGAAGGACTCATTCTCCTAAAAACA 1003
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BICCGAACCCCCAAT CRA CIRAT GACTATCCGCTT) CAAGG CAT TTCT GAAGGACTCATTCTA

[CCTAAAAACA 235
GCCGACCCCCAATCTACTATGACTAT CCGCT T COAAGEEGT CATCT TT CT GACGGAA GEACT CATT CTGCCTAAARACSA 1093
GCCGAACCCCCAATCTACTATGACTAT COGCTTCCAAGGAGT CATCTTTCTCACGGAAGGACTCATT CTGCCTAAAAACA 262
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GCACAGCOBOBOGCTATGLAGACCACAT GTACGOGGCGAGAGT COLCAAGAT CTCT GTGAACCT GRARGAGTTCCTGCTA 1173
GCACAGCGGGGGGCTATGCAGACCACEFGTACGGGGCGAGAGTCGCCAAGATCTCBGTGAACCTGAAAGAGTTCCTGCTA 1200
BCACAGCHEEEGEGECT AT BIAGACCA G GTACGORECEATAGT COCCAATAT CT OG0T GAACCT GAAAGAGT TCCTGCTA 342
GLACAGEGEGEEECTATGLAGACCAGAT GTACGEGEOGAGAGT CHOEAAGAT CTCT 6T GAACCT GAAAGAGT TCOTGOTA 815
Gfa CAGCOGEEGEERTATGCAGACCACHT GTACGEEGCEAGAGT COCCAAGATITCRIGT GAACCTBAAAGAGTTCCTHCTA 815
GCACAGLGEGEGEGCTATGOAGACCAGAT GTACGEGEEGAGAGT COLCAAGAT CTCT 6T GAACCT GAAAGAGT TCOTGOTA 1173
GCACAGCGEGGGEGCTATGCAGACCACAT BTACGGGECGAGAGT COCCAAGAT CTCT GTHRACCT GAAGEAGT TCCTBCTA 242
GCACAGCGEGEEEECTAT GLAGACGCA GTACGGGGCGAGAGTCGCCAAGATCTCGTGAACCTGAAAGAGTTCCT CTA 266
G[ﬂﬁ\CAGCGGGGGGEITATGCAGACCACEGTACGGGGCGAGAGTEGCCAAGATCTCGTGF\ACCTGAAAGAGTTCCT CTA 282
GCACAGCGGGGGGCTATGCAGACCACATGTACGGGGCGAGAGTCGCCAAGATCTCTGTGAACCTGAAEGAGTTCCTGCTA 214
GLACABEGEGGEGEECTATGOAGACCACAT GTACGEGEEGAGAGT CHOCAAGAT CTCT GTHAA CCT GAAEBAGT TCOTGETA 1173
GgﬁCAGCGGGGGGEFATGCAGACCACEFGTACGGGGCGAGAGTCGCCAAGATCTC@GTGAACCTGAAAGAGTTCCTECTA 4

CAGLGEEGEGATAT GOAGACCACTT 6T ACGGEEOGAGAGT CECCAAGAT CT CRIGT GAAGCT GAAAGAGTTCCTHCTA 315
BCACAGCOEGEEGEGECTATGCAGACCACAT BTACGORECEATAGT COCCAATAT CTCT 0T GAACCT BAAAGAGT TCCTGCTA 1173
GUACAGEGEGEGEECTATGLAGACCAGAT GTACGEGEOGAGAGT CEOLAAGAT CTCT GTHERACCT GAARGAGT TCOT G TA 242
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GCGTCAATGAACCTGACATACGTGAGCAAAATCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGACGGGTCTAAATCACA 1253
GCGTCAATGAACCTGACATACGTGAGCAAAATCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGACGGGTC@ATCACA 1280
GCOTCAAT CAACCTGACATACGTGAGBCAAAAT COGBAGGLCCCATCGCCEGTGAGTTOATT GLOGACGGAT () ATCACA 422
GCETCAAT GAACCT GACATACGT GAGCAAALDT COGAGGCCCCAT CECCGEET GAGTTGATT GEGGACGOGT CTAAATCACA 885
GCGTCAAT GAACCTGACATACGT GAGCAAAATRIGGAGBCCCCAT CECCGGT CAGT TRIRTT GCEGACGGGT CTHAATCACA 895
GOGTCAAT GAACCT GACATACGT GAGCAARAT COGAGGCCCCATCOCCGGT GAGTTCATT GLGGACGEET CTAAATCACA 1243
GCGTCAAT GAACCTRACATACGT GAGCAAADT COGAGGCCCCAT CECCOGT CAGTTGATT GLGGACGGGT CTAAATCACA 422
GCGTCAATGAACCTGACATACGTGAGCAAAAT@GGAGGCCCCATCGCCGGTGAGTTGATTGCGGACGGGTCT@ATCACA 46
GCGTCAAT GAACCTGACATACGT GAGCAAAATRGGA GORICCCAT COCCGGT GAGTTGATT GLGGACGOGT CTIHRATCACA 362
GCGTCAATGAACCTE&CATACGTGAGCAAAECGGAGGCCCCATCGCCGGTGAGTTGATTGCGGACGGGTCTAAATCECA 895
GUGTCAAT GAACCTHACATACGT GAGCAAAT CGGAGGCCCCATCGCCGET GAGTTGATT GCGGACGGETCTARATCACA 1253
GCGTCAATGAACCTGACATACGTGAGCAAAAT@GGAGGEICCCATCGCCGGTGAGTTGATTGCGGACGGGTCT@ATCACA 385
GUGTCAAT GAACCT GACATACGT GAGCAAAATRGGAGGHCCCATCGCCGET GAGTTGATT GCGGACGGGTCTHAATCACA 305
GCET CAAT GAACCTGACATACGT GAGCAARAT COGAGGCCCCAT COCTGGT GAGT TGATT GCGOACGEET CTAAATCACA 1253
GCGTCAAT GAACCTRACATACGT GAGCAAALDT COGAGGCCCCAT CECCGEET GAGTTGATT GEGGACGOGT CTAAATCACA 422
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+ Majority

Majority

AF311892-USAseq
AF395114.1-Bangladesh.seq
AJBEBS24-Luxembourg.seq
AVa83Ta5-India-VRL.seq
AVa83Tar-India-VRL.seq
D0891394-USA seq
EF159847-India-MH.seq
EU424058-Gujrat seq
FJ167513-Malaysia.seq
HQET2047-China.seq
KF224826-China.seq
KJAa5377-Eqypt.seg

k1955 380-Eqypt.seg
Ky053900.1-India-TAMUVAS seq
VP1-A5-15-LDH

+ Majority

Majority

AF311892-USAseq
AF395114.1-Bangladesh.seq
AJBEBS24-Luxembourg.seq
AVa83Ta5-India-VRL.seq
AVa83Tar-India-VRL.seq
D0891394-USA seq
EF159847-India-MH.seq
EU424058-Gujrat seq
FJ167513-Malaysia.seq
HQET2047-China.seq
KF224826-China.seq
KJAa5377-Eqypt.seg

k1955 380-Eqypt.seg
Ky053900.1-India-TAMUVAS seq
VP1-A5-15-LDH

CGGAGAATTGGCCTAATTGCTGGCTGCCGCTAGA AA AACGT GCCCTCCGCTACACCATCGGCATGGTGG
1290 1300 1310 1320 1330 1340 1350 1360

AGCCGCGGAGAATTGGCCTAATTGCTGOCT GCCGCTAGATAATAACGT GCCCT CCGCAM CACCAT CGGCATGGT GOAGAT 1333
AGCCGCG&GAAEGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGC CACCATCGGCATGGT GGAGAT 1360
AGCCGCGOAGAAT GOCCTAATTGCTGGCT GCCGCTAGATAATAACGT GCCCT CCGCAMCACCAT CGGCATGGT GOAGAT 602
AGCCGCOGATRATT GOCCTAATTGCT GGCT GCCGCTAGATAAT AACGT GCCCT CCGCTACACCAT CGOCAT GGT GGAGAT 875
AGCCGCODAGAATTGOCCTAATTGCTGGCT GCCGCTAGATAAT AACGT GCCCT CCGCTACACCT CRIGCAT GGT GGAGAT 875
AGCCGCGGAGAAEGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCEQCACCATCGGCATGGTGGAGAT 1333

AGCCGCGGAGAAT GGCCTAATTGCTGGCT GCCGCTAGATAATAACGT GCCCT CCGCBM CACCAT CGGCAT GGT GOAGAT 602
AGCCGCG&GAATTGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCTACACCATCEGCATGGTGGAGAT 1026
AGCCGCOHARRATT GECCTAATTGCTGGCT GCCGCTAGATAAT AACGT GCCCT CCGCTACACCAT CGOCAT GGT GGAGAT 442
AGCCGCGGAGAAEGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCE?CACCATCGGCATGGTGGAGAT 975
AGCCGCHGAGAALT GOCCTAATTGCTGGCT GCCGCTAGATAAT AACRT GCCCT CCOHACACTAT COBCAT GGT GGAGAT 1333
AGCCGCG&GAATTGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCTACACCATCGGCATGGTGGAGAT 475
AGCCGCGOAGAATTGGCCTAATTGCTGGCT GCCGCTAGATAATAACGT GCCCT CCGCTACACCAT CGGCATGGT GOAGAT 475
AGCCGCOGADRATT GOCCTAATTGCTGGCT GCCGITAGATAAT AACGT GCCCT CCBCTACACCAT COBCAT GGT GGAGAT 1333
AGCCGCHGAGAADT GOCCTAATTGCTGGCT GCCGCTAGATAAT AACGT GCCCT CCGCHACACTATCOOCAT GGT GGAGAT 502

TTAATGATGATGCAGCCCACGGA CT CTTGCCGGTTCTTTAATCACCCTAAGCAAATGACCCTGCAA GA CATGGGT
13?0 1380 1390 1400 1410 1420 1430 1440

GGOCCHTAATGATGAT GCAGCCRR COGACT CTTGCCGGTTCTTTAAT CACCCTAAGCAAAT GACCCTGLAAGACATGGGT 1413
GGEGCCTTAATGATGAT GCAGCCCACGGACT CTTGCCGGTTCTTTAATCACCCTAAGCA%TGACCCTGCAA GACATGGGT 1440

GGGCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAGAT GACCCTGCAAGACATGGGT 482
GGGCCTTAATGATGATGCAGCCCACGGACTCTTGCCGGTTCTTTAATCACCCE&AGCA TGACCCTGCAAGACATGGGT 1055
GOOCIITTAATGATGAT GCAGCCCACGGACT CTTGCCGGTTCTTTAAT CACCCARARICAAAT GACCCTGCAAGACATGGGT 1055
GGOCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAAT GACCCTGCAAGACATGGGT 1413
GGEGCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAAATGACCCTGCAAGACATGGCT 482
GGGCEI;TAATGATGATGCAGCCCACGGACTCTTGCCGGTTCTTTAATCACCCTAACAAATGACCCTGCAAGACATGGGT 1106
GGGCITTAATGATGAT GCAGCCCACGGACTCTTGCCGETTCTTTAAT CACCCTAAR 448
GGEGCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAAAT GACCCTGCAAGACATGGGT 1055
GEGCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAAATGACCCTGCAAGACATGGGT 1413
GGGCEI;TAATGATGATGCAGCCCACGGACTCTTGCCGGTTCTTTAATCACCCTAACAAATGACCCTGCAAGACATGGGT 555
GGGCITTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAARCAAAT GACCCTGCAAGACATGGGT 455
GOOCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAAT GACCCTGCAAGACATGGGT 1413
GGEGCCTTAATGATGAT GCAGCCCACGGACTCTTGCCGGTTCTTTAAT CACCCTAAGCAAATGACCCTGCAAGACATGGGT 482
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+ Majority

Majority

AF311892-USA 580
AF395114 1-Bangladesh.seq
AJBBEAZ4-Lukembourg.seq
AYH83TE5-India-IVRLseq
AYH83TST-India-IVRLseq
DQ991 394-USA seq
EF159947-India-MH.seq
EU424058-Gujrat seq
FJ167413-Malaysia.seq
HQ872047-China.seq
KF224926-China.seq
KJ95537T-Egypt seg
K.J955380-Egypt seg
KY053900.1-India-TANUWAS. seg
WP1-A5-1S-LDH

+ Majority

Majarity

AF311882-LISA seq
AF395114 1-Bangladesh.seq
AJEEBA24-Luxembourg.seq
AY583T85-India-WRI.seq
AY583TAT-India-WRI.seq
D991 394-L5A seq
EF159947-India-MH.seq
ELI424058-Gujrat seq
FJ167413-Malaysia.seq
HQ872047-China.seq
KF224926-China.seq
KJ95537T-Egypt seg
K.J955380-Egypt seg
KY053900.1-India-TANUWAS seq
WP1-A5-15-LDH

COCATGTTTGGGGGCT GGCACCT GTTCOGATACATT GAAACCOGCTTTCAGCTCCTTGCUACTAAGAATGAGGGATCCTT

1450 1460 1470 1480 1440 1500 1510 1520

CGCATGTTT GGOGGCT GECACCT BT TCCBACACATT GAAACCCGCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1493
CGCATGTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1520
CGCATGTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 862
CGCATGTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1135
COAT GTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1135
CGCATGTTT GGOGGCT GECACCTRTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1493
CGCATGTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 862
COEAT GTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1186

493
CGCATGTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1135
CGCATGTTT GBOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1493
CGEQTGETTGGGGGCTGGCACCTG 579
COOATGTTT GGOGGCT GECACCT B 579
CGCATGTTT GGOGGCT GECACCT BTTCCBACACATT GAAACCCOCTTTCAGCTCCTTGCCACTAAGAAT GAGGGATCCTT 1493
COCATGTTT GGOGGCT GECACCT BTTCCBACACATTGAAACCCOCTTTCAGCT CCTTGCCACTAAGAATGAGGGATCCTT 862

CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGT COGBACGATGTTAAGTACAGCAGCGATCACCAG

1530 1540 1550 1560 1670 1680 1540 1600

CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGTCGGEACGATGTTAAGTACAGCAGCGAT CACCAG 14672
CAGCCCC- BTGGCGAGTCTTCTCTCCCAGGGAGA GTACCT CACGCGT COGGACGAT GTTAARTACAGCAGCGAT CACCAG 1599
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGi’«GTACCTCACGCGTCGGG!’\CGAQGTTA!’\GTACAGCAGCGATCACC!’\G T
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGT CGGEACGATGTTAACGTACAGCAGCGAT CACCAG 1214
CAGCCCC- BTGGCGAGTCTTCTCTCCCAGGGAGA GTACCT CACGCOHCGOGACGAT GTTAAGTACAGCAGCGAT CACCAG 1214
CAGCCCC- BTGGCGAGTCTTCTCTCCCAGGGAGA GTACCT CACGCGT COGGACGAT GTTAARTACAGCAGCGAT CACCAG 1872
CAGCCCCHBT GOCOAGTCTTCTCTCCCAGGEAGA GTACCT CACGCGT COOGACOAT GTRAAGTACAGCAGCGAT CACCAG 742
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGTCGGEACGATGTTAACGTACAGCAGCGAT CACCAG 1265
448
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGTCGGEACGATGTTAACGTACAGCAGCGAT CACCAG 1214
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGT CGGEACGATGTTAACGTACAGCAGCGAT CACCAG 14672
579
579
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCTCACGCGT CGGEACGATGTTAACGTACAGCAGCGAT CACCAG 14672
CAGCCCC- GTGGCGAGTCTTCTCTCCCAGGGAGAGTACCT CACGCGT CGGLACGATGTTAAGTACAGCAGCGATCACCAG 741
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+ Wtajority

Wajoriy

WP1-AS-8-LOH pro
Ki053900.1-India-TAMUVAS pra
k1855 380-Egypt pra
KJBB537T-Eqypt pra
KF224928-China.pra
FJ167513-Malaysia.pro
EF159947-India-WR pro
AJBBS24-Linembourg pra
AF311B02-UBA pro

+Majariy

Majority

WP-AS-5-LOH pro
RY053900.1-India-TAMUVAS g
K.J855380-Eqypt pra
KJ855377-Eqypt pra
KF224928-China.pra
FJ167513-Malaysia.pro
EF199947-India-WR pro
AJB88524-Luxembourg aro
AFI11892-U5A pro

----------------------------------------------------------------------------- MARRARRPRGRF YAF RRGRIHHL
T T T

o n 0 1 bl 260 i 0 0 300

WA RRARRPRGRT AF RRORYHL 23
---------------------------------------------------------------------------- MARRARRPRGRF *AF RRGRAHHL

KRLRRRYKF RHRRRORYRRRAF RKAF HNFRPGTY 8YVRLPNPQSTMTI RF QGVI FLTEGLI LPKNSTAGGYADHMY GARVAKI SYNLKEF LLASMNLT YV

il i 30 M0 30 360 3 360 390 400

L 1 L L 1 L L 1 1 L
KRL RRRYKF RHRRRGRYRRRAF RKAF HNFRPGTY BYRLPNPQETMT| RF GGV FLTEGLI LPKNSTAGGYADHMY GARVAKI SYNLKEF LLASMNLTYYS
KRLRRRYKF RHRRRORYRRRAF RKAF HNPRPGTYSYKLPEPQSTITI RFQGVI FLTEGLI LPKNSTAGGYADHIY GARVAK) SYNLKEFLLASMNLTYYS
KRLRRRYKF RHRRRORYRRRAF RKAF HNFRPGTY 8YRLPNFQSTMT RFQGHI FLTEGLI LPKNSTAGGYADH@GARVAK\ SYNLKEFLLASMNLTYVS

KRLRRRYKF RHRRRARYRRRAF RKAFHNFRPGTY SYRLPNPQSTMTI RF QG FLTEGLI LPKNSTAGGYADHLY GARVAKT SYNLKEFLLASMNLTYYS
KRLRRRYKF RHRRRORYRRRAF RKAF HNFRPGTY 8YVRLPNPQSTMT| RF QGVI FLTEGLI LPKNSTAGGYADHMY GARVAKI SYNLKEF LLASMNLTYYS
KRLRRRYKF RHRRRORYRRRAF RKAF NP RPGTYGYRLPNPOSTITI RF QO[] FLTEGLI LPKNSTAGGYADHLN GARVAKI SVNLKEF LLASMNLTYVS
KRLRRRYKF RHRRRORYRRRAF RKAF HNFRPGTY 3VRLPNPQITMT| RF QGVI FLTEGLI LPKNSTAGGYADHMY GARVAKI SYNLKEF LLASMNLTYYS
KRLRRRYKF RHRRRQRYRRRAF RKAF NP RPGTYGYRLPNPOSTITI RF Q0[] FLTEGLI LPKNSTAGGYADHLY GARVAK) SYNLKEF LLASMNLTYYS
KRLRRRYKF RHRRRARYRRRAF RKAF HNFRPGTY SYRLPNPQSTMTI RFQGVI FLTEGLI LPKNSTAGGYADHMY GARVAKT SYNLKEFLLASMNLTYYS

4‘44‘4&4‘4_4‘4
P Ped bo D2 5 = = ks pa
CERN S S = =00
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+ Majority

Majority

WP1-A5-15-LDH pra

KYD53800 1-India-TANUVAS pro
KJ955380-Egyptpro
KJ955377-Egyptpro
KF224826-China.pra

FI6751 3-Malaysia pro
EF158847-India-MR pro
AJEEES24-Lurembourg.pro
AF311892-USApro

+ Majority

ajarity

WP1-A5-IS-LDH pro
KY053900.1-India-TANUVAS. pro
KJ855380-Egypt.pro
KJB553TT-Egypt.pro
KF224826-China.pro
FJ167513-Malaysia.pro
EF159947-India-MR.pro
AJ388524-Luxermboury.pro
AF311882-USApro

+ Majarity

Majority

WP1-A6-15-LDH pra
KYD53800.1-India-TANUWVAS pro
KJ955380-Egypt.pro
KJ855377-Egypt.pro
KF224826-China.pro
FJ167513-Malaysia.pro
EF158847-India-MR pro
AJE88524-Luxermboury.pro
AF311892-USApro

+ Majority

Majarity

WP1-A5-I15-LDH pro

KY053800 1-India-TANUVAS pra
KJ955380-Egyptpro
KJ955377-Egypt.pro
KF224826-China.pro

FUIBT51 3-Malaysiapro
EF159947-India-MR.pro
AJ398524-Luxembourg.pro
AF311882-USA pra

Net Search  Window  Help

Kl GGPI AGELI ADGEKSQAAX MW NCWL PLDNNY PEATPSAVEWA L MMMQPTDECRF F NHPKQMT L QDMGRMF GGYWHL F RHI ETRF QL LATKMNEGSF 8P

410 420 430 440 450 460 470 480 490 &00

KLGGFI AGELI ADGSKS QA AENWE NCWLPLDNMNY PSAT PSAVWARWA LMMMOPT DSCRF F NHP KQMT L ODMGRMF GGWHLF RHI ETRF QLLATKNEGSFSP 223
KI GGPI AGEL| ADGEREQAALNWE NCWLP L DNNY PSAT P SAVWARVWA L MMMQPT DSCRF F NHPKOMT L QDMGRMF GGWHL FRHI ETRF QLLATKMNEGSFSP 223
Kl GGPI AGELI ADGEESQAA MY MCWVL P L DRV PEAT P S ARV L MMMOPT DECRF F MHP KQMT L QDMGRME GGWHL 183
KI GGPI AGEL| ADGE[S QA AR NCWL PL DNMY PEAT PSAWARWAL MMMGPT DS CRF F NHP K@MT L aDMGRMEIG GMHL 193
KLGGPI AGELI ADGSKS QA AENAM NCWLPLDNMNGP SA T P S A WARWA LMMMOPT DSCRF F NHP KQMT L QDMGRMF GGWHLF RHI ETRF QLLATKNEGSFSP 500
KL GGPI AGELI ADGSHES QA AN NCWLPL DNNY PSAT PSAVWARVAL MMMOPT DSCRF F NHPK 166
KEGGPI AGEL|I ADGEKSQAAEMNE NCYWLPLDNMNY PSATPSAVRWAL MMMQOPT DSCRF F NHP KOMT L QDMGRMF GGYWHL FRHI ETRF QLLATKMNEGSF 5P 223
KI GGPI AGELI ADGS[ES QA AGNAE NCWLPLDNNY PSAT P SAVWARMA LMMWMGPT DSCRF F NHP KQMT L QDMGRMF GGWHLF RHI ETRF QLLATKNEGSFSP 223
KI GGPI AGELI ADGEKSQAAEMNM NCWLPLDNNY PSATPSAVWARWALMMMQPT DSCRF F NHPKQMT LQDMGRMF GGWHLFRHI ETRF QLLATKMNEGSFEP 223

m
- - WASLLSQGEYLTRRDDVKYSSDHAMRWRKGE QP MT GGl AYATGKMRPDEQQYPAMPPDPPI | TXTTAQGTGVRCMNSTOAV\V\GV\DTVMEFATLTALGA
510 520 530 540 550 SE0 570 580 590 600

ASLLSGGEYLTRRDDVKYESDHQNHV\RKGEEF’MTG@MAYATGKMRF’DEQQYPAMFPDF’FI | TE[TTAQGT QVRCMNST QAWNEWOTYMSFATLTALGA 321
ASLLEQGEYLTRRDDYKY S5DHANRMWRKGEQPMT GGl AYAT GKMRPDEQQYPAMPPDPPI | TATTAGGT QY RCMNST QAWWEWDTYMEFATLTALGA 321
183

103

EI\/ASLLEQGEYLTRF{DDVKYEEDHQNRV\RKGEQF’MTGGI AYATGKMRPDEQQYPAMPFPDRPI | TETTAQGTGVRCMNETDAWJ\SV\DTYMEFATLTALGA 638
166

SLLSQGEYLTRRDDVKY S SDHANRWRKGEQPMT GGl AYATGKMRPDEQOYPAMPPDPPI | TATTAQGT QVRCMNST QAVKMEWOTYMSFATLTALGA 321

SLFGRVPHASGR@\/SrEF‘VANRRTTD- - OGG CLCDRENET RRATVIPEY AP AP PDNHGYY SARHASPLHES T QAWASWOT Y MSFATLTALGA 321
A
B

SLLEAGEYLTRRODVKY ESDHANRWRKGEQPMT GGI AYATGKMRPDEQOYPAMPPDPPI | TETTAGGT QVRCMNET QAVMEWDTYMEFATLTAL GA 321

n
OWSF PPGORSY ERREF NHHKARGAGDPKGORWHTLYPLGTETI TDSYMGAPASEXDTMNFFTLYVAQGT NKEQAYKFGTATYAL KEPYMKEDSYWAYWYRY Q5
B10 620 B30 640 B50 BED 670 680 R90 700
QMEF PPGORSY BRREF NHHKARGAGDPKGARWHT LVPLGTETI TDEYMGAPAEEDDTNF FTLYVAQGT NKEAAYKF GTATYALKEPYMKEDEWAYVRY QS 421

CMSF PPGORSY SRREF NHHKARGAGDPKGRORWHT LVPLGTETI TDEYMEAPAEE DTNFFTLYVAQGTNKBQGYKFGTATYALKEPVMKBDN]\AVVRVQS 421
193

183
OMSF PPGAORSY ERREF NHHKARGAGDPKGRRWHT LVPLGTETI TDEYMGAPAEEDDTNF FTLYVAQGT NKEQQYKFGTATYAL KEPWMKEDSWAYWYRY QS £A8
166
QMSFPPGORSY SRREF NHHKARGAGDPKGARVHT LYPLGTETI TDSYMGAPASE] DTNFFTLYYAQGT MKSQAYKF GTATYALKEPYMKSDSWAYVRY QS 421
QWEF PP GORSY SRASF NHHKARGAGDPKGARWHT LYPLGTETI TDSYMIAPASELDTNF FTLYVAQGT NKEQAYKF GTATY AL KEPY MKSDEMEYVRY QS 421
QNSFPFGORSY SRRSF NHHKARGAGDPKGARWHT LYPLGTETI TDSYMGAPASELDTNFFTLYYAQGT NKSQQYKF GTATYALKEPYMKSDEWAVYVRY QS 421

VMOL GNRORPY PYOY M NS T MG T QP - = - - - - o s s s oo e o e me e im i mamaamacama o

710 720 730 740 750 760

WAL GNRQARPY POV M NST MY WGT QP 449
WAL GNRARPY POV M NST MY WET OP 448

193

193
WAL GNRORPY PYOY N NST My wWoEloP [ KGGGAKAHPF. T PPWEGF PPRPFLYI ALNKREKWLYRT1] ThE

166
YVWAL GNRARFY PYDY Nt NS T MYWET QP[] 450
YWAL GNRORPY PWDY it NS T My wiGElaP 449
WAL GNRARPY POV M NST MY WET OP 448

Decoration Decoration #1' Box residues that differ from the Consensus.
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+ Majority

Majority

AF311892-U5A 580

AF 395114 1-Bangladesh.seq
AJBABA24-Liembourn se0
RYG8375-India-MRl 50
RAB3TAT-India-MRl 50
D0991304-LI3A 500
EF180947-India-MH 580
EL424058-Gujrat seq
FJ1BTA1 3-Malaysia seq
HAB72047-China.seq
KF224926-China.seq
KJBa5377-Egypt seq
KJ855330-Enypt seq
K033900.1- India-TAMUVAS. sen
WP1-A8-13-LOH

ARCCOOTGECGAAAAGGCGAACAACCGAT GADGGOGEATATTGOTTATGOGACCGGAAAAAT GAGACCOGA CGAGLAACA

1610 1620 1630 1640 1840 1660 1670 1680

AACCGETGGCGAAAAGGCGAACAACCGAT GACGGOGEETATTGCTTATGCGACCGRGAARAT GAGACCCBACGAGCAACA 1652
AACCOETGOCGAARAGGCGAACAACCGAT GACGGOGEETATTGCT TATGCGACCGGGAARAT GAGACCCBACGAGCAACA 1679
AACCGETGGCGAAAAGGCGAACAACCGAT GACGGOGEETATTGCTTATGCOACCGGGAAAAT GAGACCCGACGAGCAACA 821
AACCGGTGGCHMMGGCG%CAACCGATGACGGGGGG@}TTGCTTATGCGACCGGGAMATGAGACCCGACGAGCAACA 1204
AACCOGTGOCEAARAGOCOATCARCCOATGACGOGOROTATTGCTTATAOCA CHAGOAARAT GAGACCCOACGABCAACA 1204
AACCGETGOCGAAAAGGCGAACAACCEAT GACGGOGEETATTGCTTATGCGACCGROAARAT GAGACCCOACGAGCAACA 1632
AACCGETGRCGAAAAGGCGAACAACCGAT GACGGGGGETATT GCTTATGCGACCGRGAARAT GAGACCCOACGAGCAACA 122
AACCOOTGOCEARMAGOCGARCAACCGATGACGBRGGOTATT GCTTATGLGACCOBBAAAAT GAGACCCOA COAGCAACA 1345

498
AACCGETGOCGAAAAGGCGAACAACCEAT GACGGOGEETATT GCTTATGCGACCGROAARAT GAGACCCOACGAGCAACA 1204
AACCOOTGOCGAARAGHCOAECARCCOATGACGOGBROTATTGCTTATGOGACCOGOAARAT GAGACCCRACGARCAACA 1652

579

57
AACCOGTGOCEARRAGCGAA CAACCGATCGACGOOGGOTATT GCTTATGLGACCOBBAAAAT GAGACCCOA COAGCAACA 1831
AACCOITGOCEAARA 746




VP2 nucleotide sequence analysis
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+ Majority

hajority

A3-VPZ-BK-Complete
AF311892-USAseq
AF385114.1-Bangladesh.seqg
AJB8B524-Luxermboury.seq
AYERI7ET-India-IVRI.seq
AYE83755-India-IVRI.seq
DQ991394-USA seq
EL4240563-Gujrat.seq
EF149347-India-MH.seq
FJ167513-Malaysia.ceq
HQ872023.1-China.sey
HQB72047-China.seq
KJ955377-Eavpt sen
K.J955380-Egypt seq
KY053900.7-India-TANLVAS seg

+ Majority

Majarity

A3-VP2-BK-Complete
AF311892-USAseq
AF385114 1-Bangladesh seq
AJ888524-Luxembourg.seq
AYaB3757-India-IVRL.seq
AVaB37a5-India-IVRLseqy
D991384-U8A seq
EL424059-Gujrat.seq
EF159947-India-MH.seq
FJ167513-Malaysia.seq
HG872023.1-China.sen
HQ872047-China.seq
KJ19558377-Egypt seq
KJ355380-Egypt.seq

K 043300 1-India-TANLWAS seg

FOOAT O CA YO K CH MR CHGHH KR K CCCOAACCGLAA CAAGGT GTATAAGA CTOTAAGAT GGCAAGACGAGCT CGCAGAC

a10 az0 a30 240 aa0 860 870 280

T T ACA TA .
TTT ACA TA
GTATR CHCA R GECH GTCG GTGGAT GOA

CGA CCCGAACCGUAACGAAGOT GTATAAGACT GTAAGAT GGCAAGACGAGCT CGCAGAC 495
CGA CCCGAACCGCAAGAAGGT GTATAAGACT GTAAGATGGCAAGACGAGCT COCAGAC 485

TIAGCALTAICT COCAIBECCACCCCGAACCGLAABAAGOTCTATAACGACTOTAAGAT GBCAAGACGAGCT CGCAGAC 853

COAGAGGCCOAT T TTACGCCT T CABAABABGACGGT GOOA: - GOACCT CAAGOBATT T CBACGAAGATATARATTTCGAC
820 an a1 az a3 340 250 250
[BA GA QECHCRB LT BEEOCCR Hrica B Qe rploEe cCap GT A caapToap COUICT Coap AR TE- - -]C 132
CGAGAGOCCBATT TTACBCCT T CAGAAGAGGACOGT GBCA- - COACCT CAAGCGACTT COACGAAGATATARATTTGOAC 931
COAGAGOCCOATTTTACGCCTT CAGAA GAGGACGGT GBCA- - COACCT CAAGCOACTT COACGAAGATATARATTTCGAC 858
COAGAGGCCOATTTTACGCCTT CAGAA GAGGA COGT GGOA- - CCACCT CAAGCOADTT COACGAAGATATARATTTCGAC 100
BAGAGeeECHRECTEE6TCchGcEeAGCdeLackefeccaR GT AT canRTleak CHcCTCOa B GARBATAETE- - -Ic 132
CGAGAGOCCOATT TTACBCCT T CAGAAGABGA COGT GBCA- - CCACTT CAAGGOACTT COACGAAGATATARATTTCGAC 573
CGAGAGOCCOATTTTACGCCTT CAGAA GAGGACOGT GBCA- - COACCT CAAGCGACTT COACGAABATATAAATTTCGAC 931
BAGAGsoECEREQTEEGaCchAcHeA ECdcacieoccaR GTAMTT caARTIcAR CHC T COr R GARBATAETE- - -Jc 183
CGAGAGGCCBATT T TACGCCT T CAFJAA GAGGACOGT GBCA- - COACTT CAAGCOATTT COATOAADATATARATTTCGAC 100
B oA - CCAGCTCAAGCGACTTCOACGAAGATATAAATTTCOAC 40
COAGAGOCCOATTTTACGCCT T GAGAA BAGGACBGT GOCA- - CE&CCTCAAGCGACTTCGACGAAGATATAAATTTCGAC 573
COAGAGGCCOATTTTACGCCTT CAGAA GAGGA COGT GOCA- - CAACCT CAAGCOACTTCOACGAAGATATARATTTCGAG 573
GGCEIGATTTTACGCCTTCAGAAGAGGACGGTGGCA- - CCACCTCAAGCGACTTCOACGAAGATATAAATTTCOAC 73
BGCRIGAT TTTACGCCTT CAGAA BAGOACGET BOCA- - GCACCT CAAGCGACTTCGACGAAGATATAAATTTCOAC 73
COAGAGOCCOATTTTACGCCTT CAGAA GAGGACGGT GBCA- - COACCT CAAGCGACTTCOACGAABATATAAATTTCGAC 931
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+ Majority

Majority

A3-VP2-BK-Complete
AF311892-USA.zeq
AF395114.1-Bangladesh.seq
AJBBE524-Luxembourg.seq
AY58375T-India-I¥RI.5e0
AYEB3TEE-India-WR] 58y
DQ991394-USA sen
EU424058-Gujrat.seq
EF159947-India-MH.seq
FJ167513-Malaysia.seq
HQB72023.1-China.seq
HQ872047-China.seq
KJ985377-Eqvpt.seq
KJ955380-Egvnt.seq
Kr053900.1-India-TANUNVAS seq

+ Majority

Majority

AIVP2-BK-Complete
AF311892-USAseq
AF385114.1-Bangladesh.seg
AJBBE524-Luxermbourg.seq
AYEB3TET-India-WR] seg
AVBB3TE5-India- VRl geg
[0Q991394-USA seq
El424058-Gujrat seq
EF1469947-India-MH.seq
FJ167513-Malaysia.seq
HGB72023 1-China seq
HQ872047-China.seq
KJ955377-Egynt.seq
KJ955380-Eqypt seq
Kr¥053900.1-India-TAMUWAS seq

ATCGG

A GBAGACAGCOGT - - GO CGTATA
a70 250 990 1000 1070 1020 1030 1040

sElcheBACCATICARICGGTIETI - GA cECER kA CAR o T deldecociT TEGAR A CCoc CAlCT deklch GeGATECdGRTT 211
ATCGGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGTC- - COGGTACGTATAGTGT 1007
ATCOGAGGAGACAGCEGTATCOTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGEC- - CCGOTACGTATAGTGT 1034
ATCGGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGGE- - AAGGCCTTTCACAACCCCCGRC- - COGETACGTATAGTGT 176
AQcEloBACCATICARICo6T BT g oBcEABCRACAR T G Qe colT oAk A oI CACT ook GaGATECAGRTT 211
ATCOGAGGAGACAGCEGTATCGTAGACGAGCTTTTAGS- - AAGBCCTTT CACAACCCCCGBCE- - CCGOTACGTATAGTGT 6449
ATCGGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGLC- - COGGTACGTATAGTGT 1007
AQcEloBACCATIcARICo6T BTG 6BcEAdcRACAR O TGrBocC T TEGARA CocoT CACTGeloR GaGATECdeRTT 262
ATCOGAGGAGACAGCEOTATCGTAGACGAGCTTTTAGS- - AAGBCCTTT CACAACCCCCGCE- - CCGOTACGTATAGTGT 176
ATCGGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGEE- - COGRTACGTATAGTGT 116
ATCGGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGOG- - COGOTACGTATAGTGT 649
ATCOGAGGAGACAGCEGTATCGTAGACGAGCTTTTAGS- - AAGBCCTTT CACAACCCCCGBCE- - CCGOTACGTATAGTGT 6449
ATCGGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGEE- - COGRTACGTATAGTGT 1449
ATCGGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCGOG- - COGOTACGTATAGTGT 1449
ATCOGAGGAGACAGCEGTATCGTAGACGAGCTTTTAGG- - AAGGCCTTTCACAACCCCCBEC- - CCGOTACGTATAGTGT 1007

GAGGCTGUCGAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGCA- GTCATCTTTCTCACGGAAGCACTCATTCTGCC
1050 1060 1070 1080 10480 1100 1110 120

GETAT GeCleEARTTACAAT CRCTICT ATEGC TETETICE DT BCBTGRATIGET cackdT chca COETREGAT C-—TTECAAC 288
GAGGCT GCCOAACCCCCAAT CTA- CTATGACTATCCGCT TCCAAGGA- GTCATCTTTCTCACGOAAGBACTCATTCTOCC 1085
GAGGCTGECOAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGGA- FTCATCTTTCTCACGOAAGBACTCATTCTGCC 1112
GAGGCT GCCGAACCCCCAATCTA- CTATGACTATCCGCT TCCAAGGA- WTCAT CTTTCTCACGBAAGGACT CATTCTGRC 254
oBTATGoCIoBARTTACAA T CRCTICT ATEACTRTBTIORAT BeBrok CTISET CACHAT clcACOETREBATE. - -TRCAAC 288
GAGGCT GCCOAACCCCCAATCTA- CTATGACTATCCGCT TCCARGEIF GTCATCTTTCTCACGGAAGGACT CATTCTOLE 727
GAGGCT GCCGAACCCCCAATCTA- CEATGACTATCCGCT TCCAAGGA- GTCATCTTT CTCACHGAAGGACTCATTCTGCC 1085
OETATGGCIBBARTTAlcA A T CRETICTATEGCT AT BGTIoRGT HoBCeR MGET CacEaT cfoA cETIMReAT S -TTGCARC 338
GAGGCT GCCOAACCCCCAATCTA- CTATGACTATCCGCT TCCARGGA- GTCATCTTTCTCACGGAAGGACT CATTCTOLE 254
GAGGCTRCCBAACCCCCAGT CRlA- BT GACTATCCGCTTICAAGGA- BITCATITTTCTACdeAAGGACTCATTCTRICC 194
GAOGCT GLCOAACCCCCAATCTA- CPAT GACTATCOOCTTCCAAGOA- GTCATCTTTCT CACRBAAGGACTRERTTCTGGC 737
GAGGCTGECOAACCCCCAATCTA- CTATGACTATCOGCTTCCARGEA- GTCATCTTTCTCACGBAAGGACT CATTCTGRC 727
GAGGCT@CCGAACCCCCA@_T[CEIQ— CEQTGACTATCCGCTT CAAGGE CAT TTCTEIQCBGAAGGACTCATTCTCC 237

GAGGCTRCCGAACCCCCA TGACTATCCGCTTCAAGH CATITTTCT GAAGGACTCATTCTRICC 227
GARIGCTGCCBACCCCCAATCTA- CTATGACTATCCGLTTCCAA GO GTCATCTTTCTCACGGAAGBACTCATTCTGCC 1085
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+ ajority

Majority

AIVPZ-BR-Complete
AF311892-UBAseg
AF395114.1-Bangladesh.seq
AJB8B524-Luxemboury.seq
AY583757-India-IVRI.seq
AY583755-India-IVRIL.seq
D391394-U5A seq
EL424059-GUjrat.seq
EF159947-India-MH.seq
FJ167513-Malaysia.seq
HQBT2023.1-China.seq
HQBT2047-China.seq
KJ955377-Egvpl.seq
K1955380-Egynt seq
Kr083900.1-India-TANUYAS seq

+ Majority

Majority

A3-VP2-BK-Complete
AF311892-USA sey
AF385114.1-Bangladesh.seq
AJBBE524-Lukembourg.seq
AY583757-India-IVRI.seq
AV883755-India-IVRIl.seq
DQ991394-USA seq
EU424058-Gujrat.seq
EF159847-India-MH.seq
FJ167513-Malaysia.seq
HGBT20231-China.serq
HGBT2047-China seq
k195537 7-Egynt seq
KJ955380-Eaypt.sey
Ky¥053900.1-India-TANUWAS seq

TAAAAACAGCACAGCGEEOGECTATGCAGACCACATGTACGEGGCEAGAGTCGCCAAGAT CTCTGTOAACCT GAAAGAGT

1130 1140 1140 1160 170 1180 1140 1200

TAAAAACAGCA CAGCGGGGGGCTATGCA GACCA CATGTACGGGGCGAGA GTCGCCAAGATCT CTGTGAACCT GAAAGAGT
TARAMACAGCACAGCGGEGBGCTAT GCAGACCACTT GTACGEBGCEAGAGT CECCAAGATCT CGT GAACCT GARAGAGT
TAAAAACAGCACAGCHEGOGECTATGCAGACCACTTGTACGEGGCOAGAGT COCCAAGAT CTORGTGAACCT GAAAGAGT

TRCGG: CARTTICAGAAAGEA CT 6T T CARGAA T OT SECHRRCTTIoAGGAT oRT A LM EAAGECT OoCTEGA AGAR]
TAAAAACAGCACAGCGGGGGGCTAT GCAGACCACAT GTACGGGGCEAGA GT COCCAAGAT CTCT GTGAACCT GRAAAGAGT
TAAAAACAGCACAGCOGOOGGCTAT BCAGACCA CAT GTACGBOGCEAGAGT COCCAAGAT CTCT OTGAA CCT GAAAGAGT
TECGEA CARTTICACRAACEA CTGATTT CARBAMT AT cECHoRCTTIoACEATCCRT Ak [ EARBECT CrcTEGA AGARG
TAAAAACAGCACAGCGGGOGGCTAT GCAGACCACAT GTACGGGGCEAGA GT COCCAAGAT CTCT GTRRACCT GAAFGAGT
TAAAAACAGTIACAGCOOOOG0RITAT GCAGACCACHT 5T ACGGOGCEAGA GTAGCCAAGAT CTCRIGTGAA CCT GAAA GAGT
TAAAAACAGCACAGCGEOOGGCTAT GCHGACCACAT 5T ACGGEGCEAGA BT COCCAAGAT CTCT GTRRACCT GAAAGA BT
TAAAAACAGCACAGCGGOOGGCTAT GCAGACCACAT GTACGGGGCEAGA BT COOCAAGAT CTCT GTGAACCT GAATIGAGT
TAAAAACAGTICAGCOOOOG0RTAT GCAGACCACHTT 5T ACGGOGCEAGA BT COCCAAGAT CTCRIGTGAA CCT GAAA GAGT
TAAAAACAGTACAGCGEOOGOAT AT GCAGACCACIIT 5T ACGGEGCGAGA BT COCCAAGAT CT CRIGT GAA CCT GAAA GAGT
TAAAAACAGCACAGCGGGOGGCTAT GCAGACCACAT GTACGGEGCEAGA BT COOCAAGAT CTCT GTGAACCT GAAAGAGT

CCTGCTA- - GCGT CAATGAACCT GA CATACGT Gf-\GCAAAATCGGAGGCCCCATCGCCGGTG ----- AGTTGATTGCGGA

1210 1220 1230 1240 1250 1250 1270 1280

GCTCGAICCOCT COGAIGT A CA GBGT ARICIBA GC{TAA AL AJGRIABIGCIT T GA T[T AICCA OTBCT CCOA GLOGACCOCGRA
TCCTGCTA- - GOGT CAAT GAACCT GACATACGT GAGCAAAATCGBABOCCOCAT COUCGGT G- - - - - AGTTOATT BCOGA
TCCTOCTA- - GOGTCAATOAAGCT GACATACGT GAGCARAATCOBABOCCOCAT COUCOGTG- - - - - AGTTOATT GCOGA
TCCTGCTA- - GCGTCAATGAACCT GATATACGT GAGCARAATCOGAGGOOCCAT CBOUGET G- - - - - AGTTGATT GCGGA,
QCTC§CGAAGQGAGCE‘%AG@‘\GC@TCC@TG@GACGEV\
TCCTOCTA- - GO CAATGAAGCT GACATACGT A GCARATTCOGAGOCCTCAT COLCGGTG AGTTOATT GCOGA
TCCTGCTA- - GOGT CAATGAACCT GACATACGT GAGCARAAT COGAGGCOTCAT COUUGHT G AGTTGATT GCGGA
QCTC@CGA ABcfea oclial Ak EocT T TTARCATTRCT CCh: 6L CorECTieoR
TCCTGCTA- - GCGT CAATGAACCT A CATACGT GAGCARADTCOGABECOCOAT CBOCGGT G- - - - - AGTTGATT GCGGA
TCCTECTA- - GCGTCAATGAAGCT GACATACGT GAGCARAATEIGGAGORICCCAT COUCGT G- - - - - AGTTGATT GCGGA
TCCTGCTA- - GOGTCAATGAAGCT GACAT ACGT GAGCAAAATCOBAGOCOOCAT COUCGGT G- - - - - AGTTGATTGCOGA
TCCTGCTA- - GCGTCAATGAACCTRACATACGT GAGCARADTCOGABGBCOCTAT CBOCGGTG- - - - - AGTTGATTGCGGA
TCCTECTA- - GCGTCAATGAACCTGACATACGTGAGCAAAATGGAGGCCCATCGCCGGTG ----- AGTTGATT GCGGA

TCCTECTA- - GCGTCAATGAACCTGACATACGT GAGCAAAATAGGAGGRICCTATCOOCGETG- - - - - AGTTGATT GCGGA
TCCTGCTA- - GOET CAATGAACCT GACATACGT GAGCAAAATCHGAGGCCICAT CECCGET G- - - - - AGTTGATTGCGGA
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+ Majority

Majority

AJ-VPZ-BK-Complete
AF311892-UBAseq
AF385114.1-Bangladesh.seqg
AJB88524-Lugembourg. seq
AYSB3T5T7-India-VRIl.seq
Ar583755-India-IVRI.geq
D991394-USA seq
EL424059-GUjrat.seq
EF159947-India-MH.seq
FJ167513-Malaysia.seq
HGEBT20231-China.seq
HQBT2047-China.seq
KJ955377-Egvpl.seq
KJ955380-Egyt se
Ky¥053900.1-India-TANUWAS seq

+ Majority
Majority

A3-VP2-BK-Complete
AF311892-USAseq
AF395114.1-Bangladesh.seq
AJB8B524-Luxemboury.seq
AY583757-India-VRI.geq
AYEB3TE0-India-IVRl.seq
DQ991394-USA seq
ElI424058-Gujrat seg
EF159947-India-MH.seq
FJ167513-Malaysia.seq
HGBT2023.1-China.seq
HGBT2047-China seq
KJ955377-Eaypl.sen
KJ955380-Eoynt sed
KY053900.1-India-TANUYAS seq

GTCTAAATCACAAGCCGCGGAGAAT ACGTGCCC T

1290 1300 131D 1320 1330 1340 1350 1360

CLIGEAA GRABGT GTAT AAGAICTTIGT ARBAT GGCH A GALGAGCTIHGCAIGRICCOA GA GECCGATIT TTACGCCTIT CAIGRAGALG
COGOTCTAAAT CACAA GOOGOGGAGAATT GGCOTARTT- GCTGGCT G- COGOTAGAT- AATAACGT GCCCTOCGC- GACA
COGOTCROAAT CACAAGCCOCO GAATT GOCCTAATT- GETGOCT G- CCOCTAGAT- AATAACGTGCOCTCOBC- s
CGGGTCHEATCACAAGCCGCGGAA GOCCTAATT- GCTGGCT G- COGCTAGAT- AATAACBT GOCCTCCGC-

CIOEAA A BCT CTATAAGACTG GGC-GCTQGCIGICCG@GTmGCCIETCIGGA@
COGGTCTAAAT CACAA BOCGOGGALIRATT GGCCT ARTT- BETGGCT G- CCGCT AGAT- AATAACGT GCCCTCOGC- TR CA
COGGTCTAAAT CACAA BOCOCOGAGAARTT GOCCTAATT- BETGOCTO- CCOCTAGAT- AATAACOTGCCCTCEG0- GACA
CHEAAGABCT CTTAAGAICTICT AR BAT coch AT EGABC TR CHcRCcof gt oFCCATI TTAdGC T CRIGRAGARY
COOGTCTAAAT CACAAGOCOCGOAGARLT GCCTAATT- BCTGOCTO- CCGCTAGAT- AATAACOT GCCCTCGGG- GACA
COGGTCTHRAT CACAA BCCOCGERBRAT T GGCCTARTT- GCTGGCTG- CCGCTAGAT- AATAACGT GCCCT OG- [TACA
COGGTCTAAAT CACAABCCOCOGAGAATT GOCCTAATT- BCTGOCTO- CCOCTAGAT- AATAACOTGCCCTCOG0- GACA
COBGTCTAAAT CCAA BOCOCGEAGAATT GECCTAATT- GCTGGCTG- CCGCTAGAT- AATAACGT GCCCTCOGT- GACA
CGGGTCT&ATCACAAGCCGCGB;A\GAATTGGCCTAATT- BCTGOCTG- CCOCTAGAT- AATAACOT GCCCTCO00- EECA

CGGGTCTOMAT CACAAGCCGCOOAGAATTGGOCTAATT - GCTGGCT G- CCGCTAGAT- AATAACGTGCCCTCCGE- [TRCA
CGGGTCTAAATCACAAGCCGCGGA@AATTGGCCTAATT- GCTGGCTG- COGCTAGAT- AATAACGTGCCCTCCGE- TACA

CCATCGGCAT GOTOGAGAT GGGCCTTAATGATGATGCAGCCCACGRBACTCTTGCCGOTTCTTTAATCACCCTAAGCAAAT

1370 1380 1340 1400 1410 1420 1430 1440
BREd 604

oot B GAICR GCOGTE T
CCATCGOCAT GOT GGA GAT GOGCCTTAAT GAT GAT GCAGCTIIS COGACT CTT GCCOGTT CTTTAATCACCCT AAGCAAAT
CCATCGGCATGOT GOAGAT GGGCCTTAAT GATGAT GCAGCCCACGBACT CTTGCCGBTTCTTTAATCACCCTAAGCAGAT
CCATCGOGCATGOT GOAGAT GOGCCTTAAT GATGAT GCAGCCCACGBACT CTTGCCEBTTCTTTAATCACCCTAAGCAGAT
ElcEGTIos caEEaCTT CAMGOGHCTEG: Hoaflor TRTEATTTIC o) CRTCHoR G GAICR GCAT AT ABAc

CCATCGGCATGGT GOAGAT GOGCCTTAAT GAT GAT GCAGCCCACGBACT CTTGCCGGTTCTT TAATCACCCRAAGCAGAT
CCATCGGCATGGT GOAGATGGGCCTTAAT GAT GAT GCAGCCCACGBACT CTTGCCGOTTCTTTAATCACCCTAAGCA
BlcBGTIoocALCACCT CARBACRICTITEGA HoaRlo TRTIARATTTIoof A CAT CooR Ao GAICR GCOATE ITCHT ABAC
CCATCOGCATGGT GOAGAT GGGCCTTAAT GAT GAT GCAGCCCACGBACT CTTGCCGOTTCTTTAATCACCCTAAGCAAAT
CCATCGGCATGGTGGAGATGGGC@%¥AATGATGATGCAGCCCACGGACTCTTGCCGGTTCTTTAATCACCCTAAE

CCATCGGCATGOT GOAGAT GGGCT GTAAT GAT GAT GCAGCCCACGBACT CTTGCCGOTTIITTTAATCACCCTAAGCAGAT
CCATCGGCATGOT G0AGAT GGBCCTTAAT GATBAT GCAGCCCACGOACT CTTGCCEBTTCTTTAATCACCCTAAGCAAAT
CCATCGGCATGGTGGAGATGGGCEPTAATGATGATGCAGCCCACGGACTCTTGCCGGTTCTTTAATCACCCTAA@CAAAT

CRTCHGRGE

CCATCGGCAT GOTGGAGAT GGGCTTAAT GATGAT GCAGCCCACGBACTCTTGCCGGTTCTTTAATCACCCTAARICAAAT
COATCGGOATGET GGAGAT GOGCCTTAAT GAT GAT GCAGCCCA CGBACT CTTGCCGGTTCTTTAATCACCCT AAGCAGAT

367
11648
11492
334
367
a7
11648
418
334
174
207
a7
a7
307
1164

446
1238
1264
407
446
aan
1238
447
407
347
aan
aan
380
280
1238

526
1314
134
483
526
956
1314
577
483
423
56
el
456
456
1314

1394
1421
G563
604
1036

T 1394

645
563
493
1036
1036
536
536
1394
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Majority

AP 2-BK-Complete

AP RA2-USA e

AF 305114 1-Bangladesh seq
AJBABEL4-Lusemboury.seq
AVRRITAT-India-IVR1 e
AVARITRE India-IVR1 e
DCI981 384-UBA.seq
EU424059-Gljrat aeq

EF1 58947-India-MH seq
FU16T41 - Malaysia seq
HOAT20231-China 580
HORT2047-China.seq
KJ95837T-Egwt seq
KJ355380-Ext 580
KYOR3800 1-India TANLVAS sq

GACOCTGCAAGACAT GOOT COCAT GTTTRGOGGCTGOCACCTGTTCORACACATTGAAACCLGCTTTCAGLT COTTRCCA
1450 1480 1470 1480 1490 1400 1510 1520

TTTTAGGHMRECCTT - - Ircleal AccooaabaelpaThchTiTRoT e 6 i
BACCCT GCAAGACAT GGG CBCATGTTTB66650TACACCTATTCORACACATT BAAACCOGCT TTCAGCTCLTTB00A 1474
BACCCT GCAAGACAT GGOTCBCATGTTTGA666CTEACACCTATTCORA CACATT GAAACCCGCTTTCABCTCOTTBCCA 1801
BACCCTGCAAGACAT GGGTCBCATGTTTG66660TGACACCTATTCOBACACATT GAAACCCGCTTTCAGCTCOTTBCCA 543
TTTAGGFBECCRTT - cRcal acoceaeCcefioefclmAreref shbeoTReCendceCoaBTCALCATCALT 30
BACCCTGCAAGACAT GGGTCBCATGTTTG66660TGACACCTRTTCORACACATT GAAACCOGCTTTCAGCTECTTBCCA 1116
BACCCTGCAAGACAT GOGTCBCATOTTT666660TRCACC TR TCCBACACATT BAAACCCRCTTTCAGCTELTTGOCA 1474
[T AGGEBECERTT - cfcal AcocedaCaefioef o mRGTEF hb6a oEcerdceCeACTCALEAT G 72
BACCCTGCAAGACAT GGGTCBCATGTTTGB6660TGACACCTTTCORACACATT GAAACCCGCTTTCAGCTCOTTBCCA 543

"
BACCCT GCAAGACAT GOGT CBCATGTTTG66660TGACACCTATTCORACACATT GAAACCOGCTTTCAGCTECTTBCCA 1116
BACCCTGCAAGACAT GOGTCBCATOTTTGO6660TEACACCTATTCCBACACATT BAAACCCGCTTTCAGCTECTTGOCA 1116
GACCCTGCAAGACATGGGTCGB:TGETTGGGGGCTGGCACCTG 7
BACCCTGCAAGACAT GOGT CaEATGTTT666660TEACACCT i
BACCCT GCAAGACAT GOGT CBCATGTTT666650TACACCTATTCORACACATT BAAACCOGCTTTCAGCTCLTTB00A 1474
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+ Majority

Majarity

A3-WP2-BK-Complete pro
AYa83745-India-VR1pro
D991394-USA nro

HQB7 2023 1-China pro
AF311892-USApra
AJBB8524-Luxembourg.pro
EF158847-India-MH.pro
FJ67513-Malaysia.pro
KF224926-China.pro
KJA5R3TT-Egypt pro
K.J855380-Eaypt pra
K053900.1-India-TANUVAS pro

+ Majority

Majority

A3WP2-BK-Complete.pro
AY583755-India-IVRLpro
D2991394-USA pro
HQ&72023.1-China.pro
AF311892-USApro
A1888524-Luxembourg.pro
EF158947-India-MH.pra
FJ167513-Malaysia.pro
KF224926-China.pro
kA58 37 7-Eaypt pra
KJ955380-Egypt.pro
Kr053900.1-India-TANUVAS pro

------------------------------------- MARRARRPRG- - - RF YAF RRGRVHHL KRLRRRY KF RHRRRQRY
250 260 270 280 200 200 310 320

MHGNGGOPRAGGEESALSRE[GRPGPSGAAQGOY| SNERBPRRY 43
MHGHNGGEPRAGGEESALSREGRPGPSGAAQGEY| SNEREPRRY 43
IRE[5)

MHGNGGLIPRAGGEESALS PGRSGAAQGOY] SNEREFRRY 43
MHGHGGOPRAGGEESAL SRE[GRPGPSGAAQGOY| SNEREPHRY 43
MARRARRPRGH - - [RFYAF RRGRWHHLKRLRRRY KF RHRRRARY 40
MARRARRFRG - - |RFYAFRRGRAHHLKRLRRRY KF RHRRRGRY 40
MARRARRPRG - - |RF Y AFKRGRWHHLKRLRRRY KF RHRRRQRY 40
---------------------------------------------- -------------HHLKRLRRRYKFRHRRRGRY 20
RSDFATFPSTG. AS. KKA. LPLLPADPEPQEGY. DCKMARRARRPRG) - - [RFYAFRRGRMHHLKRLRRRY KF RHRRRARY 317
- - |RFYAF RRGRWHHL KRLRRRYKF RHRRRORY 31
- - [RFYAFRRGRWHHLKRELRRRY KF RHRRRARY 3
[ - - |RFYAFRRGRAHHLKRLRRRYKF RHRRRGRY 40

RRRAF RKAFHN- - - PRPGTYSVRLPNPQSTMTI RFQGKI FLTEG- LI LPKNSTAGGYADHRY- - - - GARVAK] SVNLKEF
330 340 360 360 Exjl 380 390 400

TIRTT NGY QAT NKF TAV|GNPSL QRDP Dty RIANY NHST AV ECEREHAK) CNGGIF RKH GLEDRST QA S|
TIRTI NGY QAT NKF TAY|GNPSL QRDP DY RIANY NHST AV GLEDRST QA S|
& L

L

EZSREHAK) CNGGIRF RKH
TIRTT NGY QAT NKF TAV|GNPSL QRDP Dty RIANY NHST AV LEDRSTQAS)

ECEREHAK) CNGGIF RKH

ECEREHAK] CNGGEF RKH GLEDRSTQAS

TIRTI NGY QAT NKF TAVIGNASL QRDP DAY RIANY NHST AV

RRRAF RKAF HN - - PRPGTYSYRLPNPQSTMTI RF QG| FLTEGE (LI LPKNSTAGGY ADHMY| - - - [GARVAKI SYNLKEF 112
RRRAF RKAFHN - - PRPGTYSYRLPNPQSTMTI RFQC] | FLTEGE (LI LPKNSTAGGYADHL|Y| - - - [GARVAKI SBVNLKEF 112
RRRAF RKAFHM - - PRPGTYSYRLPNPQSTMTI RF QG| FLTEGE (LI LPKNSTAGGY ADHMY| - - - [GARVAKI SVNLKEF 112
RRRAF RKAFHN - - PRPGTYSYRLPNPQSTMTI RFQC] | FLTEGE (LI LPKNSTAGGYADHL|Y| - - - |[GARVAKI SYNLKEF 92
RRRAF RKAFHM - - PRPGTYSYVRLPNPQSTMTI RF QG| FLTEGE (LI LPKNSTAGGY ADHMY| - - - [GARVAKI SVNLKEF 388
RRRAF RKAFHN - - PRPGTYSYVRLPNPQSTMTI RFQC] | FLTEGE (LI LPKNSTAGGYADHL|Y! - - - [GARVAKI SBVNLKEF 103
RRRAF RKAF HN - - PRPGTYSYRLPNPQSTMTI RFQC) | FLTEGE (LI LPKNSTAGGYADHL|Y! - - - [GARVAKI SYNLKEF 103
RRRAF RKAFHM - - [PRPGTY SVELPEPQSTMTI RF GGY) FLTEGHLI LPKNSTAGGYADH - - [GARVAKI BVNLKEF 112

vii
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+ Majority

Iajority

AJ-VPZ-BK-Complete.pra
AY5E3T5-India-IVR] aro
DQ8a1384-USA pro
H2872023.1-China.pra
AF311892-USApro
£1888524-Luxembaourg.pro
EF159947-India-MH.pro
FJ167513-Malaysia.pro
KF224926-China.pro
KJ9553TT-Eqypt pro
KJ955380-Egypt pro
K053900.1-India-TANUVAS pro

+ Majority

Majority

AJ-YPI-BK-Complete.pra
AY583795-India-IVR] pro
D991394-USApro
H2872023.1-China.pro
AF311892-UBA pro
AJ888524-Luxembourg.pro
EF159847-India-MH.pro
FI167513-Malaysia.pra
KF224926-China.pro
k85537 7-Egypt pra
kJ955380-Egypt pro
Ky053900.1-India-TAMUVAS pro

]
LLASMNLT- - YWV 5KI GGPI AGELI ADGSKSOAAXNAPNCWLPLDNNYE- - - - - SATPSAVIARVALMMMGPTDS- - - - - - -
410 420 430 440 450 460 470 430

LRFLRY GGKRAKRKLDYHY SGPTPNRKKK VKT YRWADELADREADF TPSEEDG SEDFDEDI NFDI GGDS[| VDELL| 203

LRPLRY QGKRAKRKLDYHY SQPTPSRKKNYKTYRWIDELADREADF TPSEEDG SEDFDEDI NFDI GGDS[E| VDELL| 203

LRFLRY QGKRAKRKLDYHY SQPTPNRKKN Y KT YRWIDELADREADF TPSEEDG SEDFDEDI MFDI GGDER| VDELL| 203

LRPLEY GGKRAKRKLDYHY SGPTPNRKKK Y KT Y WADELADREADFTPSEEDG SEDFDEDI MFDI GGDE[| VDELL| 203
LLASMMNLT - [fVEKI GGPI AGELI ADGSKSOAAENAPNCWLPLDNNYF - - - - \SATPSAWARVWA L MMMQPTDS) - - - - - - 178
LLASMNLT] VEK| GGPI AGELI ADGSES QA ARNAP NCWLPLONNYPY - - - - [SATPSAVWARVAL MMMOPTDS) - - - - - - 178
LLASMMNLT VEKLGGPI AGELI ADGSKSQAAENAPNCWLPLONNVFL - - - - [SATPSAWARYAL MMMOPTDS) - - - - - - 178
LLASMNLT VSK| GGPI AGELI ADGSES QA ARNAPNCWLPLONNYPY - - - - [SATPSAWARYAL MMMAPTDS) - - - - - - 158
LLASMNLT] VEKOGGPI AGELI ADGSKSQAAENAPNCWLPLONNHP) - - - - [SATPSAVARVAL MMMOPTDS) - - - - - - 455
LLASMMLT VEKI GGPI AGELI ADGSESQAA AP MCWLPLONMYP - - - - 1SATPSAWARYA L MMMOPTDS] - - - - - - 169
LLASMNLT VEKI GGPI AGELI ADGSEISOAARMNAPNCWLPLDNNYP - - - - SATPSAVWARYA L MMMQPT DS - - - - - - 169
LLASMNLT VEKI GGPI AGELI ADGSKSOAADNAPNCWLPLDNNYPE - - - - [BATPSAWARVWALMMMQPTDSE - - - - - - 178

EENNNEECEET § EEEC NN N NN EOR
CRFFNHPKOMT L ODMGRMF GGWHLF RHI ETRF Q- - - X- LLATKNEGSF SPRMMOO{GEHNL- R- MK 20 M- K- KKK
T T T T T T T T

440 a00 810 520 530 540 850 560

L L I L L . L L
RFFTTPRPYRI Y] 216
RPFTTPRPYRI V. GARTPMLL. LEASKGSSF SRKDSF GLKTAGRGAMATTCTGRESPREL| T. KS5C. PGQ. T, HT. ANS[ 283
RFFTTPRPYREN V. GARTPMLP. LEASKERSF SQKDSF GLKTRORGAMATTCTGRESPREL| T. KSSC. RQ. T, HT. AKE| 283
REFITPREYVEN Y. GORTPMLR. LEASKERSFEOKD. FOLKTRQRGAMRT TCTGRESPREL| T. KBSC. RO. T, HT. AKE[ 283
CRFFNHPKOMT L QDMGRMF GGWHLF RHI ETRFQF - - - - LLATKNEGSF 5P ASLLS%@EYL RRODVKI S EDHANRWRKIY 253

G

CRFFNHPKQMT L QDMGRMF GCWHLF RHI ETRFQr - - - - LLATKNEGSF3PY¥ASLLSGGEY|LTRRODYVKN SSDHANRWAKIY 253
CRFFNHP KGMT L ODMGRMF GGWHLF RHI ETRF Q- - - - L LATKNEGSFSPRGESSLP

VPHASGROKY QORSPEPYVAKH 263

CRFFMNHPK 166
CRF F NHP KQMTL GDMGRMF GGWHLF RHI ETRF Q- - - - |L LATKNEGSF SP¥ASLLSGGEY] TRRODVKI SSDHONRVARKE 530
CRFF NHP KGMT L QOMGRMEGGWHL 183
CRFF NHP KQMT L QDMGRMF GGWHL 183

CRF FNHP KQMT L QDMGRMF GGWHLF RHI ETRF Q- - - - |L LATKNEGSF SP¥ASLLSGGEY] TRRODVK SSOHONRVWRKE 253
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+ Majority

Majarity

AVP2-BK-Complete.pro
ATAB3TAS-India-VRLpro
D851 394-LI3A pro
H(872023.1-China.pro
AF311892-USA pra
AJB88524- Lusembourg.pro
EF159947-India-MH.pro
FJ16751 3-Malaysia.pro
KF224926-China.pro
KJ95537T-Egypt pro
KJ955380-Egypt.pro
Ky053900.1-India-TANUVAS.pro

+ Majority

Majority

A3-VP2-BK-Complete.pro
AY83T55-India-VRLpro
DG8Y1394-USA pro
HG872023.1-China.pro
AF311892-USA pra
AJB88524-Lukembourg.pro
EF159347-India-MH.pro
FJ16751 3-Malaysia.pro
KF224926-China.pro
KJB55377-Egypt.pra
KJ955380-Egypt.pro
K053900.1- India-TANUYAS. pro

ECEECE NNEEENENCNEEERCCEN 1 NEN NEERCE L]
EXPRR GG XM PRKE R PARKP- - - - WPPRER- HGK- - - CHKEBT A - -

&70 580 500 00 10 B20 30 640

ERPEPVS. LRT GLNHAKPRTI GLI [HHRHGG SLI TGSR. PCKTVWACLGAGTCSDT| 363

EBPEPYS. LRTGLNHKPRRTGLI RHHRHGG SLI TLSR. PCKTWWACLGAGTYSDT| 363

E - LRTGLNHKPRRI GLI RHHRHGG FLI TLSR. PCKTWWACLGAGTCSDT| 363

E | TETTAGIGT QY RCMMET QAL - - - - - - oo oo 303

E | TATTAGIT QY RCMMST QAL - - - - - - e e oo 303

DMHQY Y SARHASPLHEST OAL - == - - oo oo 303

166

EGPMTeo] AvAT GKMAPDEQQVPAMARE - - OFP[I TaTTAQGT QvRCNaT s - - - - - - - | 580

193

193

EQPMT]Gof AVAT GRMAPDEQOYPAMARE - - OPP[T TATTAQGT OVRCMNaTas - - - - - | 303
--------------- WABWOTY MSF ATLT AL GAQWSF PPGARSYSRRSF NH- K- - - - - ARGA- DPKG- - - - - - - - QRIAHT
850 860 670 660 690 700 O 720

216

| KPAFSSLPLRMRDPSAPMRYE SPREST SRVIGTMLUST AAI TR GGKKADNR. RGALLMRP|GK. DPTSNSTLLCPQTPRSS 443
L KPAFSSLPLRMRDP SAPMRYF SPREST SRVIGTMLNT AAI TIRT GGEKA RGYLLMRPAGK. DPTSNITLLCPOTRRSS 443

LKPAFSSLPLRMRDP SAPMRYF SPREST SRVIGTMUSTAAI TRTGGEKANMNE, RGYLLMRRIGK. DPTSNSTLLCPQTPASS 443

WWDTYMSFATLTAL GACVEF PPGORSVERREF NHHK - - - - ORVAHT 255
WWDT Y MSF ATLT AL GACWSF PPGORSYSRRSF NHHKL - - - - ORIAHT 355

VDT Y MSF ATLT AL GACMEF PP GORGYSRREF NHHKL - - - - ORIAHT 355

166

o MeWDTYMSFATLTAL GAGWSF PPGORSVERRSF NHEKL - - JARGABDPKGE - - - -JaRWHT 632
183

183

o MABWDTYMSFATLTAL GAGWSF PPGORSYERRSF NHEKL - - JARGABDPKG - - - -JaRWHT 355

viii
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+ Majarity

Iajority

A3-VP2-BK-Complete.pro
ATHE3755-India-VRILpra
DGA31394-UISA pro
HGQ872023.1-China.pro
AFA11892-USA pro
AJ8BE524-Luxembourg. pra
EF159347-India-MH.pro
FJ16751 3-Malaysia.pro
KF224928-China.pra
KJ95537T-Egypt pro
KJ955380-Egypt.pro
K053900.1-India-TANUVAS. pro

+ Majarity

Iajority

AJVP2-BK-Complete.pro
ATHE3755-India-VRILpra
DGA31394-UISA pro
HG872023.1-China.pro
AFA11892-USA pro
~J888524-Lukembourg.pro
EF159347-India-MH.pro
FJ16751 3-Malaysia.pro
KF224928-China.pra
KJ955377-Egypl.pro
KJ955380-Egypt.pro
K053900.1-India-TAMNUVAS pro

LVPLGTETI TDS- M- APASE- DTNF- TLYYAQGTNKSQOYKF G- - --- - - - TATYALKEPYMKSD- VWAYYRYQSYVWAL GN
730 740 740 760 7 780 740 200

216
LLARKARKSAA. | ARKLGGH LJAHSOHSYHNGLF LGGNY QF LDGPET[TTRREEPIGTPRARDGT RWCRSARRPSP) 623
QRKARKSAA. | ARKLGGH LJAHS{OHSYHNGLF LGGNY QF LDGPET[TTRREEPIGTPKARDGT PWCRSARRP SR 623

QRKARKSAA. | ARKLGGH LIAHS/OHSYHNGLF L GIGNY QF LDGP S T[T T KREEPIGTPKARDGT RV RISRRRPSP] 523
LVPLGTET! TOS|MGAPASELDTMNFFTLYYAQGT NKSQGAY KF G

ATYALKEPVMKSDE&VVRVQSVV\QLGN 427

LYFLGTET! TDSYMTAPASELDTNFFTLY VAGGT NKSQGY KF G ATYALKEPYMKS DARAY YRV OSVIWNALGN 427
LYFLGTET! TDSYMEAPASE] DTHF ETLY VAGGT NKSQGY KF G ATYALKEPYMKS DEMAY YRV OSVIWNALGN 427
168
LYPLGTETI TDSKMBAPASELIDT WFFTL Y AQGT NKSQGY KF G- - - - - - - TATYALKEPYMKSDEMAYYRY QSVWALGH 704
193
143

LYPLGTET! TOSEMERPASELDTHFEITLYYAQGT NKS QY KF G- - - - - -JTATYALKEPYMKSDEMAYY RV QSYIALGN 427

RQRPY PADVNABNST MY G- @P- - « - - =< <o« oo e e e oee s e e iae e aaee e

VP3 gene nucleotide sequence analysis
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+ Majority

Majority

A-YP3-PF-Complete
Ad-YP3-WK-complete
AB-VP3-15-complete
AF395114-Bangladesh.seq
AF311892-USA 58
AF395114.1-Bangladesh seq
AJ888524-Luembourg. seq
AY53TAT-India- VRl seq
AYEE3T95-India- VR seq
D851 394-USAseq
EU424058-Gujrat seq
EF1589947-India-MH.seq
HQ872023.1-China.seq
FJ167513-Malaysia.seq
HQ372047-China.seq
KF224926-China.seq
KJ955377-Egypt seq
K.J955380-Egypt seq
K053500.1-India-TANUVAS. seq

g0 820 210 240 a0 BAD 270 aan
218
TATCAQHPHQSMATLI SLRFT. RKAQI SRNSTSSAGLHTR. RER. . RAMHGOWY ASSREGEVIWT GR 588
TATWEHPHQSATQl SLRFT. RKVQI SRESTSSAGLHTR. RSR. . RAI HGOMY ASSREGNVIWTGRDHTHGT STGPTARPCTG 603
TATWEHPHOSMTLI SLRFT. RKAGI SRESTSSAQLHTR. RSR. . RAI HGOWASSREGMNMTGR 549
RARPY WOV N NST My WETIQP 444
RQRPY POV MW NS T MY WGEIAP 449
RGRPY PYOY MR NST AT jar[] 450
166
RORPY PYOY N NST My ABElQP [ KGGGAKAHPP. TPPV - - GGF PPRPPLYI ALNKRSKWLYRTI] TG
193
193
RORPY PYDY NV NS T My WaTIaP 444
COAGAGGCCOATTTTACGCCTT CAGAAGAGGACGGT GGCACCATCTCAAGLGACTTCOACGAAGATATARATTTCOACAT
300 a00 aa 920 930 240 950 960
- - - ATGAMCGCT OT CIOARGAAGAT AT CCACOCH)- M
-------------------------------------------- AT GARICHLT GT CIOAMGAAGATALT CCACOC G- 4
-------------------------------------------- AT GAMCGLT CT COARGAAGATALT CCACOCHE- k1)

CGAGAGGCCGATTTTACGCCTT CAGAA GAGGACGGT GGCA CCACCT CAAGCGACT T CGACGAAGATATAAATTTCOACAT 950
CGAGAGGCCGATTTTACGCCTT CAGAA GAGGACGGT GGCA CCACCT CAAGCGACT T CGACGAAGATATAAATTTCOACAT 933
CGAGAGGCCGATTTTACGCCTT CAGAA GAGGACGGT GGCA CCACCT CAAGCGACTT CGACGAAGATATAAATTTCOACAT 960
CGAGAGGCCGATTTTACGCCTT CAGAA GA GGACGGT GGCA CCACCT CAAGCGACT T CGACGAAGATATAARTTTCOACAT 102
oA CCT GoECCCAGoBAGOCGEGCAGGGECRAGT AATTT CAAAT GMAICGET O cOnRlcAA GATACT CCACTCGRE- R 140
COAGAGGCCGATTTTACGCCTT CAGAAGAGGACGGT GGCACCACCT CAAGCGACTT CGACGAAGATATAAATTTCOACAT 575
COAGAGGCCOATTTTACGCCTT CAGAA BAGGACGOT GHCA CCACCT CAAGCGACTT COACGAAGATATAAATTTCOACAT 933
COAGAGGCCGATTTTACGCCTT CAGAA BA GGACGOT GGCA CCACCT CAAGCGACTT CGACGAAGATATAAATTTCOACAT 626
COAGAGGCCGATTTTACGCCTT CABAA GA GGACGOT GGCA CCACCT CAAGCGACTT CGACGAAGATATAAATTTCOACAT 102
CGAGAGGCCGATTTTACGCCTT CAGAA BA GGACGOT GOCA A CCT CAAGCGACT T COACGAAGATATAAATTTCOACAT 575
R [CACCACCTCAAGCGACTTCOACGAAGATATAAATTTCGACAT 42
CGAGAGGCCGATTTTAGGCCTT CAGAAGA GGACGGT GGCA A CCT CAAGCGACTT CGACGAAGATATAAATTTCOACAT 575
CGAGAGGCCGATTTTACGCCTT CAGAA GAGGACGGT GGCA CCACCT CAAGCGACTT CGACGAAGATATAAATTTCGACAT 933
GGC@GATTTTACGCCTTCAGAAGAGGACGGTGGCACCACCTCAAGCGACTTCGACGAAGATATAAATTTCGACAT b

GGCRGATTTTACGCCTT CAGAABAGGACGOT GGCACCACCT CAAGCGACTTCGACGAAGATATAAATTTCGACAT 75
COAGAGGCCGATTTTACGCCTT CAGAA BAGGACGOT GGCA CCACCT CAAGCGACTT CGACGAAGATATAAATTTCOACAT 933
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+ Majority

Majarity

AT-VP3-PF-Complete
Ad-VP3-VI-complete
AB-YP3-15-complete
AF395114-Bangladesh.seq
AF311892-U5A 50
AF395114.1-Bandladesh.seq
AJBBE524-Luxembourg.seq
ATHE375T-Indiz-VRI.seq
ATHE3755-IndizVR.seq
D391 394-U5A 5eq
EU424058-Gujrat seq
EF155847-India-MH.5eq
HQ872023.1-China.seq
FJ16751 3-Malaysia.seq
HQ872047-China.seq
KF224926-China.seq
k195537 T-Eagypt seq
KJ955380-Egypt seg

K053900.1-India-TAMUVAS seq

CEGAGGAGA CACCGGTATCCTAGACGACCTTTTAGCAAGGCCTTTCA CAACCCCCGCC

CCGGTACGTATAGT GTCAC

970 940 WDDD WDWD

COGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGCC- -

CCGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG

CRTCAACGRTGT T CAGGYCACCAR G OfTE- - - - -EGOCCHT TEGARAA CCoCT CACTGCRIOR GABAT CCAORTIT GBTA

COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGCC- -

COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
CGOAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCCCGEC-
COGAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCTCGCC-
COOAGGAGACAGCGGTATCOTAGACGAGCTTTTAGGAAGGCCTTT CACAACCCCCGLC-

COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGG
COGGTACGTATAGT GTGAGE
CCGGTACGTATAGT GTGARG
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+ Majority

Majority

Al-WP3-PF-Complete
A4-YPIVK-complete
AB-WP3-15-complete
AF395114-Bangladesh.seq
AF311892-USAseqy
AF395114.1-Bangladesh.sen
AJEEE524-Luxembourg.seq
AYERITET-India-IVRLseqy
AYEE3T55-India-IVRlseq
D991394-UBA seq
EU424058-Gujral.seq
EF159947-India-MH.seq
HQa72023.1-China.seq
FJ167513-Malaysia.seq
HQ&a72047-China.seq
KF224926-China.seq
K1955377-Eqypl.seq
K.J955380-Egypt.seq

K053900.1-India-TAMUVAS seq

Options

Net Search  Window Help

CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCOAAGGA- GTCATCTTTCT CACGGAAGGACTCATTCTGOOTAAA

1080 1050 10?0 1080 1090 1100 1110

12

GO |G TTACAATCACTICTAT GLTC C CACG T GATC- - - [TIGCAA
GC G TTACAATC TICTAT GLTC C
ACAATCRCTICTAT GICT CHC

CACG TIRPAGATC- - - T CAAC
CTGCCGAACCCCCAATCTA CTATCACTATCCGCTTCCAAGGA

CACGCTARGAT C-

ICTGC
TC

CATCTTTCT CACGGAAGGACT CATTCTCCCTAAA

CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGGA- GTCATCTTTCT CACGGAAGGACTCATTCTGCCTAAA
CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCOARAGGA- ‘ CATCTTTCTCACGGAAGGACTCATTCTGCCTAAA
CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGRA- ‘ CATCTTTCTCACGGAAGGACTCATTCTGCCTAAA

TOeclleBaRTTACAAT CCTAT@CTET-G@TECEG

GETCAckaT clica colTrRleAlTC—ITGCAACTRCG

CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGGIY GTCATCTTTCT CACGGAAGGACT CATTCTGCCTAAA
CTGCCGAACCCCCAATCTA- CEQTCACTATCCGCTTCCAAGGA— CTCATCTTTCTCAC@GAAGGACTCATTCTCCCTAAA

CTGCCGAACCCCCARTCRA- ClRTOACTATCCGCTTCAAGGA- BT CATITTTCT A CH

GAAGCGACTCATTCTGCCTAAA

CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGGA- GTCATCTTTCT CACGGAAGGACTCATTCTGOOTAAA
CTGCCGAACCCCCAATCTA- CEQTGACTATCCGCTTCCAAGGA- GTCATCTTTCTCACEGAAGGACTELATTCTGCCTAAA

CTRCCGAACCCCCARTCRA- CBATGACTAT CCGCTTICAAGBA- BT CATTTTTCTIAC

GAAGEACTCATTCTRCCT AmA

CTGCCGAACCCCCAATCTA- CTATGACTATCCGCTTCCAAGGA- GTCATCTTTCT CACGGAAGGACTCATTCTGOCTAAA
CTGCCGAACCCCCAATCTA- CTATCACTATCCGCTTHCAAGGA CTCATCTTTCTCACGGAAGGACTCATTCTCCTAAA

TTCT@CEGAAGGA CTCATTCTR

TTCT GAAGCACTCATTCTH

CTCCGAACCCCCA ChA- CIATGACTATCCGCTTTCAAGD) CAT
CTACCGAACCCCCART CRA- CIOATGACTATCCGCTTCAAGH) CAT

CTGCCOABCCCCCARTCTA- CTATGACTAT CCGCTTCLAA GG
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+ Majarity

Majority

AT-VP3-PF-Complete
A4-VP3VE-complete
AB-VP3-I5-camplete
AF385114-Bangladesh.seq
AF311882-LI5A 5eq
AF385114 1-Bangladesh.seq
AJBBES24-Luxembaury.seq
AYa83757-India-IVRI.seg
AYa83755-India-IVRI.seg
DQ391354-UBA sen
EU424058-Gujrat seq
EF155847-India-MH.seq
HQ872023.1-China zeq
FJ167513-Malaysia zeq
HGQE72047-China.seq
KF224926-China.seq
k1955837 7-Eqypt seq
KJ955380-Egypt seq
Kr053900.1-India- TANUWAS seq

AACAGCA CAGCGGGGGGCTATGCA GACCA CATGTACGGGGCGA GA GTCGCCAAGATCT CT GTGAACCT GAAAGA GT-

CCTAAA
COTAM A
GTCATCTTTCTCACGGAAGGACTCATTCT GUCTAAA

T

1130 1140 1150 160 11?0 1180 1190

1200

CARTTICAGHAAGLACT GGT
CA TTCAG AAG
TICAGAA

ACTGGET

GLACT GGET
AACAGCACAGCGGGGGGCTATGCAGACCA GTACGGGGCGAGAGTCGCCAAGATCTC GTGAACCTGAAAGAGT
AACAGCACAGCGGOGEGUTAT GCAGACCACATGTACGGGGCCAGAGT CGCCAAGATCT CTGTGAACCT GAAAGAGT-
AACAGCACAGCGGEEEGCTAT GOAGACCACT]T GTACGBGGCBAGAGT COCCAAGATCT CIAGT GAACCT GAAAGALT-
AACAGCACAGCGGCGEGUTAT GCAGACCACTTGTACGGGGCEAGAGT CGCCAAGAT CT CIGT GAACCT GAAAGAGT-
B cARTTICA B AAICLACT GAT T CAlBAI T G OECHGRCTTIcA 66A CCehT O B Cack
AACAGCACAGCGGOGEGUTAT GCAGACCACATGTACGGGGCCAGAGT CGCCAAGATCT CTGTGAACCT GAAAGAGT-
AACAGCACAGCGGOGEGUTAT GCAGACCACATGTACGGGGCCAGAGT CGCCAAGATCT CTGTGAACCT GAAAGAGT-
AACAGCACAGCGGOGEGCTATGCAGACCACHT GTACGGGGCEAGAGT COCCAAGAT CTCRIGT GAACCT GAAR GAGT- -
AACAGCACAGCGGGGEOCTAT GCAGACCACAT GTACGGGGCEAGAGT COCCAAGATCTCT GTRRACCT GAAGGAGT-
AACAGCACAGCGGGGGGCTAT GCHGA CCATAT GTACGGGGCEAGAGT COCCAAGATCTCT GTRAACCT GAAAGAGT-
AACAGTACAGCGGGGEORTAT GCAGA CCACTHT GTACGGGGCEAGAGTHGCCAAGATCT CRlGT GAACCT GAAAGAGT-
AACAGCACAGCGGOGEGUTAT GCAGACCACATGTACGGGGCCAGAGT CGCCAAGATCT CTGTGAACCT GAAGGAGT-
AACAGCACAGCGGGGEGOCTAT GCAGACCACAT GTACGGGGCEAGAGT COCCAAGATCTCT GTRACCT GAAGGAGT-
AACAGEﬁCAGCGGGGGGEgRTGCAGACCACEEGTACGGGGCGAGAGTCGCCAAGATCTCQGTGAACCTGAAAGAGT-
AACAGTACAGCGGCGEOATAT GCAGACCACTTGTACGGGGCEAGAGT CGCCAAGAT CT CAGT GAACCT GAAAGAGT-
AACAGCACAGCGGOGEGUTAT GCAGACCACATGTACGGGGCCAGAGT CGCCAAGATCT CTGTGAACCT GAAAGAGT-

TCA GACTTGAGBACGLGAT COCHAGCTTCOCT CGAAGAR GLGA
TCA A CTTGAG A CG T C CHAGCCT COCT CGAAGA] G GA
TCARGA TIGAGGA COCHAGCTTCOCT GGAAGA
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CGGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGCC- -
COGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGEC- -
COGAGGAGACAGCGGTATCGTAGACGAGCTTTTAGGAAGGCCTTTCACAACCCCCGEC- -
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ajority

A1-YP3-PF-Complete
Ad-YPIVI-complete
AB-VP3-15-complete
AF395114-Bangladesh.seq
AF311892-USA seq
AF395114.1-Bangladesh.seq
~)888524-Luxembourg. seg
AYE83757-India-IVRI.seq
AY583755-India-VRI.seq
DGE91394-USA seq
ELI424058-Gujrat.seq
EF158347-India-MH.seq
HG872023.1-China.seq
FJ167513-Malaysia.seq
HQ872047-China.seq
KF224926-China.seq
KK1855377-Egypt.seg
KJ955380-Eqypt.aey

Kr053800.1-India-TANUVAS. seq
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CTGCE GAICH C C GA TACAGEET ARGIGA GCTRAAL AG T T ACC ----A C 15} CG C C}

CTGCTAGCGT CAAT GAACCT GACATACGT GAGCAAAATCGGAGGCCCCATCGCCGGT GA GTTGATTGCGGACGGGTC
CTGCTAGCGT CAATGAACCTGACATACGT GAGCAAAAT CGOAGGCCCCATCOCCGGT CAGTTGATT GLGGACGGET CTAA
CTGCTAGCGTCAATGAACCTGACATACGT GAGCAAAAT CGGAGGCCCCATCGCCGGTGAGTTGATTGLGGACGGET C@

CTGCTAGCGTCAATGAACCTGACATACGT BAGCAAAATCGGABGUCCCAT COCCGOT GAGTTBATT GLOBBACGEET O
CECGAAEIG@GA GCEL\AGEV\EIGC@ATCCET@CG@CGC
CTGCTAGCLT CAAT GAACCT GACATACGT GAGCAAALT COCAGGCCCCAT COCCGGT GACTTGATT GLGGACGEET CTAA
CTGCTAGCGT CAATGAACCTGACATACGT GAGCAAAATCGOAGGCCCCATCOCCGGT CAGTTGATT GLGGACGGET CTAA
CTECTAGCGTCAATGAACCT GACATACGT GAGCAAAATRIGGAGBCCCCAT COCCGGT GAGT TGATTGUGGACGEETCTHA
CTGCTAGCGT CAAT GAACCT B CATACGT GAGCAAALT CGOAGGCCCCAT COCTGGT GAGT T GATT GCGGACGGGET CTAA
CTGCTAGCGT CAATGAACCT GACATACGT GAGCAAAAT CGOAGGCCCCATCOCCGGT GAGTTGATT GUGGACGGETCTAA
CTRCTAGCGTCAATGAACCT GACATACGT GAGCAAMATRIGGA GORICCCAT COCCGET GAGT TGATT GLGGACGEET CTHA
CTGCTAGCGTCAATGAACCTEﬁCATACGTGAGCAAAE¥CGGAGGCCCCATCGCCGGTGAGTTGATTGCGGACGGGTCTAA
CTOCTAGCGT CAATGAACCTHACATACGT GAGCAAAT CGOAGGCCCCAT COCCGOT GAGTTGATT GCOGACGGETCTAA
CTBCTAGCGTCAATGAACCTGACATACGTGAGCAAAATQGGAGGiCCCATCGCCGGTGAGTTGATTGCGGACGGGTCTE:

TEHCTAGCOTCAAT GAACCT GACATACGT GAGCAAAATRGOAGORICCCATCOCCGGT CAGTTGATT GCGGACGGETCT
CTGCTAGCHT CAATGAACCT GACATACGT GAGCAAAAT CGGAGBCCCCAT COCCOGT GAGTTGATTGUGGACGEETCTAA
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+ Majority

ajotity

A1-VP3-PF-Complete
Ad-VPIVK-complete
AB-YP3-15-complete
AF395114-Bangladesh.seq
AF311892-USA seq
AF395114.1-Bangladesh.ceq
AJBEB524-Luxermboury. seg
AYEB37a7-India-IVRI.seq
AYEB37a5-India-IVRI.seq
DGE81394-U8A seq
EU424059-Gujrat.seq
EF159947-India-MH.seq
HQ872023.1-China.seq
FJ167513-Malaysia.seq
HGQB872047-China.seq
KF224926-China.seq
K1955377-Egypt.seq
KJ955380-Egypt.sey

KY053900.1-India-TANUVAS seq

ATCAGAAGCOGOGOA GAATTGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCTACACCATCGGCATGGT
TAA

L
ANCIRCAA GRA
AfCIRCAA G A
AQCEHTAA G A)

GGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCH‘CACCATCGGCATGGT
ATCACAAGCCGCGGAGAATT GGECTAATTGCT GGCTGOCGCTAGATAATAACGT GCCCT COGORACACCAT CGGCAT GGT
ATCACAAGCCGCGI‘GAAE¥GGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCE‘CACCATCGGCATGGT

G

TAA
TAA

! GGCCTAATT GCTGGCT GCCGCTAGATAATAA CGT GCCCT COGOMA CACCATCOGCAT GGT
AQCQCAAGGG ACT T AAGAT GGCAAGACGAGCT COORGACCGAGAGACRGAT T TACGCHT T CATARGET
ATCACAAGCCOUOGAKRATTGGCCTAATTGCT GGCT GLCGCTAGATAATAATGT GCCCT CCBCTACACCAT CGGCAT GGT
ATCACAAGCCGUGGAGAARIT GGCCTAATTGCT GGCT GCCGCTAGATAATAATGT GCCCT COGCEACACCAT CGGCAT GGT
ATCACAAGCCOUOEAGAATTOOCCTAATTGCT GGCT GCCGCTAGATAATAACGT GCCCT COBCTACACCAT CRIGCAT GGT
ATCACAAGCCGCGGAGAAEﬁGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCEQCACCATCGGCATGGT
ATCACAAGCCOCOGAGAATTBBCCTAATTGCT GECT GLCGCTAGATAATAACGT GCCCT CCBCIHACACCAT COGCAT GGT
ATCACAAGCCOCODRRAATTOOCCTAATTGCT GBCT GOCOCTAGATAATAATGT GCCCT COBCTACACCAT CGGCAT GGT
ATCQCAAGCCGCGGAGAAB¥GGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCE?CACCATCGGCATGGT
ATCACAAGCCGUGGAGAALT GBCCTAATTGCT GGCT GLCGCTAGATAATAACKT GCCCT COGCIHA CACCAT COGCAT GGT
ATCACAAGCCGCGEQGAATTGGCCTAATTGCTGGCTGCCGCTAGATAATAACGTGCCCTCCGCTACACCATCGGCATGGT
ATCACAAGCCOUODAGAATTBOCCTAATTGCT GECT GLCGCTAGATAATAACGT GCCCT CCBCTACACCAT COGCAT GGT
ATCACAAGCCGUGGALAATTGGCCTAATTGCT GGCT GCCGCTAGATAATAATGGT GCCCT COGCTACACCAT CGGCAT GGT

VP3 protein’s amino acid sequence alignment
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tajarity

A1-WP3-PF-Complete.pro
Ad-YPI-VI-complete.pro
AB-YP3-1S-complete.pro
AYHB3T7E5-India-IVRILpro
DiQ991394-USA pro
HQa72023.1-China.pro
AJB88524-Luxembourg.pro
AF311892-USA pra
EF153347-India-MH.pro
FJ167513-Malaysia.pro
KF224926-China.pro
KJ355377-Egypt.pra
KJA55380-Eoypt.pro
KY053900.1-India-TAMUYVAS aro

+ Majority

Majarity

Al-YP3-PF-Complete.pro
Ad-YPI-YI-complete.pro
AB-YP3-1S-complete.pro
AYEB3755-India-VRLpro
DQ991394-USA pro
HQa72023.1-China.pro
~J888524-Luxembourg.pro
AF311882-USA pro
EF159947-India-MH.pro
FJ167513-Malaysia.pro
KF224926-China.pro
KKJ955377-Egypl.pro
KJ955380-Egypt.pro
KY053900.1-India-TAMUYVAS aro
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hajarity

A1-VP3-PF-Complete pro
Ad-VP3-VI-complete pro
AB-YP 3-15-complete.pro
A583755-India-IVRI.pro
DQY91394-USA pro
HG872023.1-China.pro
AJBBB524-Luxembourg pro
AF311892-USA pro
EF159947-India-MH.pro
FJ167413-Malaysia.pro
KF224926-China.pro
K1855377-Eqypt.pro
KJ955380-Eqypt.pro
KY053900.1-India-TANUVAS . pro

+ Majority

hajarity

A1-VP3-PF-Complete pro
A4NVPIVK-complete pro
AB-YP 3-15-complete.pro
ANE837585-India-IVRI.pro
DQY91394-USA pro
HG872023.1-China.pro
AJBBB524-Luxembourg pro
AF311892-USA pro
EF159947-India-MH.pro
FJ167413-Malaysia.pro
KF224926-China.pro
K1855377-Eqypt.pro
KJ955380-Eqypt.pro
KY053900.1-India-TANUVAS . pro

L] L]
KAFHNPRPGTY SVRLPMPQSTMTI RFQGK| FLTEGLI LPKNSTAGGYADHAY GARYAKI 5V
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Majority

Al1-YP3-PF-Complete.pro
Ad-YPIK-complete.pro
AB-YP3-15-complete.pro
AYEB3Ta5-India-VRILpro
D@831394-USA pro
HG@872023.1-China.pro
AJBBBAZ4-Luxembourg.pro
AF311892-UBA pro
EF159947-India-hH.pro
FJ167413-Malaysia.pro
KF224926-China.pro
KJ955377-Egypt pra
K1855380-Egypt pro
KY053900.1-India-TANUVAS pro
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