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Ovine pulmonary adenocarcinoma (OPA) / Jaagsiekte (Afrikaans: Jaag: 
Chasing, Driving; Siekte: Sickness - because aff ected sheep have the appearance 
of having being chased and the disease is most noticeable when sheep are being 
herded), earlier known as ovine pulmonary adenomatosis/ovine pulmonary 
carcinoma. OPA, a progressive respiratory disease, principally aff ecting adult 
animals, is a transmissible contagious tumour of lung, brocnchoalveolar 
carcinoma, caused by exogenous beta retrovirus which has an oncogenic protein 
that develops lung tumor in sheep and rarely, of goats and mouffl  ons OPA was 
fi rst described early 19th century in South Africa. OPA was fi rst reported from 
India in Tamil Nadu State in 19601.

With India holding 74.26 million of sheep and 148.89 million of goat 
(Livestock Census, 2019), contributes nearly 5% and 10% of total meat (chevon 
and mu� on) required in the world respectively implying economic importance. 
Occurrence of diseases leads to heavy economic losses to meat industry, wool 
and milk production. In sheep and goats, the most commonly aff ected system the 
respiratory system. Pneumonia infl icts heavy mortality and therefore adversely 
aff ects the profi t in sheep and goat production.

The lungs are exposed to the external environment. The feed dust, pollutant, 
microorganism and noxious chemicals present in the air will cause respiratory 
disorder and distress to the animals. Pneumonia in sheep is one of the complex 
syndromes with multifactorial etiology, usually precipitated by physiological 
factors and stress in combination with infectious agents. OPA causes respiratory 
distress to the animal resulting in huge economic loss worldwide. Unlike 
antemortem diagnosis post mortem diagnosis has signifi cant lesion in the lung 
like tumor growth and accumulation of fl uid in the air ways. OPA has wide range 
of distribution in the world. Sheep and goat importing country from infested 
areas are largely at risk. Since the virus has a wide range of transmission it takes 
li� le time to infect the whole fl ock2. Hence, OPA is an important economic and 
animal welfare problem3.

Aetiology
OPA is caused by a beta-retrovirus that cannot yet be cultured in vitro, but 

the virus has been cloned4 and sequenced. The term Jaagsiekte sheep retrovirus 
(JSRV) is used in referring to this virus5. OPA caused by a betaretrovirus, JSRV, 
is distinct from the non-oncogenic ovine lentiviruses.

Exogenous JSRV (ExJSRV), responsible for lung cancer in sheep6, is a 
single-stranded, positive sense RNA virus in the genus Beta-retrovirus, family 
Retroviridae, having approximately 7,460 nucleotides in length and as with 
other retroviruses four genes encode for essential viral proteins. These are i. gag 
encoding the structural internal virion proteins comprising matrix (MA), capsid 
(CA) and nucleocapsid (NC); ii. pro for an aspartic protease (PR); iii. Pol for the RT 
and integrase (IN) enzymes; and env the surface (SU) and transmembrane (TM) 

envelope glycoproteins. The viral 
proteins synthesized initially 
as large precursors and are 
later processed into the mature 
proteins by proteolytic cleavage. 
The genome also contains several 
cis-acting elements required for 
expression of the viral proteins7-10.

JSRV also has a further open 
reading frame (orf-x) which 
overlaps the pol gene with 
undefi ned function. orf-x has a 
codon usage markedly diff erent 
from that of other genes within 
JSRV and the predicted amino-
acid sequence is extremely 
hydrophobic. Expression of the 
putative orf-x protein has not 
been demonstrated, although 
there appears to be a specific 
orf -x  mRNA transcr ipt  in 
JSRV-transfected cells and in 
lung tumours11. The sequence 
is highly conserved in JSRV 
isolates collected from the UK, 
Italy, Spain, South Africa and the 
USA, which is consistent with 
the notion that orf-x encodes 
an authentic viral protein12,13. 
Sequence similarity with the 
adenosine 3A receptor that may 
give a clue to its function12, but as 
most of the ‘homologous’ regions 
are in hydrophobic domains, the 
signifi cance of this similarity is 
uncertain. orf-x is not essential for 
cellular transformation in vitro14 
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or for oncogenesis in vivo3,15-17.

ERVs (Endogenous retroviruses) are important in 
the OPA as the sheep genome contains many proviruses 
that are closely related to JSRV10,11,18-20. Twenty-seven 
endogenous JSRV-related proviruses (denoted enJSRV) 
have been identifi ed. enJSRV was expressed in the ovine 
uterus11.

Completely sequenced three strains of JSRV, 
including a South African isolate, denoted as JSRV-S10,21. 
The etiological agent of OPA is exogenous JSRV (exJSRV). 
A specifi c U3 long terminal repeat (LTR) sequence of 
exJSRV was detected in lungs from aff ected animals. U3 
sequence and restriction profi les of the virus suggest that 
there are two types of exJSRV sequences: type I (Kenyan 
and South African) and type II (Wyoming, USA and 
UK isolates). exJSRV having a specifi c tropism for the 
diff erentiated epithelial cells, type II pneumocytes and 
non-ciliated bronchiolar Clara cells of the lung, is the 
only virus known to cause pulmonary adenocarcinoma 
in naturally infected animals22.

The env protein induces oncogenic transformation 
due its interaction with cell growth pathways such as 
Hya12-RON, PI3K/Akt and Ras-MEK-ERK6. Though 
enJSRV genes were similar to exJSRV, but not associated 
with the development of tumors3,8,9. Despite this high 
homology, genetic diff erences are evident in the viral 
promoter region (U3) that allowed the development of 
the exJSRV-specifi c U3PCR. The genetic similarity is also 
smaller in the intracytoplasmic tail of the transmembrane 
protein encoded by the env gene23 the la� er being related 
to the mechanism of oncogenesis induced by env11,23.

Epidemiology

Incidence: OPA has been reported in many sheep 
rearing countries of the world (Fig. 1), Europe, Africa, 
Asia and America, except in Australia, New Zealand and 
Falkland Islands. OPA was eradicated in Iceland in the 
1950s, following a rigorous slaughter policy3. OPA was 
described in UK in 1888 by Dykes and McFadyean in the 
fi rst volume of the Journal of Comparative Pathology 
and Therapeutics (1: 139-146), without knowing true 
nature of the disease, as lung disease in sheep, caused by 
the Strongylus rufescens. OPA reported in sheep or goats 
since 2015: UK24, India25-29, Ireland30, Iraq31,32, Algeria33, 
Romania22 and Mexico34 using pathological and molecular 
studies.

Prevalence, morbidity and mortality: The prevalence 
of OPA appears to vary among the countries but, Peru, 
Scotland, South Africa, Spain are endemic35. In India, 
Jaagsiekte was fi rst reported in Bikaneri breed of sheep. 
Two rams were aged one year four months each and 
two ewes, one aged two years eleven months and other 
ewe was seven years old1. Four Jaagsiekte cases were 
reported out of 1610 sheep, aged between 2-3 years, 
by examining the lung lesions obtained from slaughter 
house36. It was reported that the incidence in sheep was 
0.060% (117/19342) and in goat was 0.13% (34/25467) from 
slaughter house samples37. Further, it was reported as 
the occurrence 0.57% (1/174) of Jaagsiekte in sheep and 
0.54% (2/367) in goat38. Then, OPA has been reported in 
various parts of India39-42.

The morbidity and mortality rates vary, but reported 
high in the fi rst years after the emergence of the disease 
in a fl ock can reach up to 50% (Iceland in the 1930s), but 
as the disease becomes endemic the mortality rate falls 
to around 1-5%3,43. But, many cases of OPA can remain 
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Fig. 1. Distribution of OPA. OPA present is shown in grey; Absent in black; Unknown in white.
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subclinical. Studies in flocks with endemic OPA in 
Scotland and Spain revealed that approximately 30% of 
the sheep had histologically confi rmed lesions while the 
annual losses a� ributable to OPA were quite lower35 and 
that 40% of animals with OPA lesions at necropsy were 
not clinically aff ected3,9,23. In our earlier slaughterhouse 
study conducted, because of limited sample size (n=95), 
we found 31.20% incidence of OPA41. In a later extensor 
study conducted with large sample size, out of 110000 
sheep, 5000 goats studied, 247 affected lung tissues 
collected showed a prevalence of Jaagsiekte in 9.77% 
(21/215) in sheep and 6.25% (2/32) in goats44.

In Europe, the classical OPA has been reported in 
several countries, such as Ireland, UK, Scotland, Italy, 
Germany and Spain. The incidence of OPA is usually low, 
but in some locations it reaches up to 30% and mortality 
is >50%, causing important economic losses45. It can cause 
about 80% loss of fl ock for fi rst exposure and 20% for 
endemic area2. Species: OPA mainly aff ects domesticated 
sheep (Ovis aries). Sardinian mouffl  on (Ovis musimon, a 
species of wild sheep) can also become ill, and a few cases 
were reported in domesticated goat5,28,44. Breed and sex: 
Animals of either gender are aff ected. Although, there 
are no evidences that sex or breed can aff ect sensitivity, 
many sheep breeds around the world are susceptible to 
OPA. While some breeds or families seem more resistant 
to OPA22,43, some breeds are more susceptible. In Iceland, 
Go� orp breed showed greater susceptibility, with some 
producers losing about 90% of the sheep, whereas only 
up to 10% of Adalbol sheep present in those farms 
presented clinical signs23. Age: In natural conditions, 
clinical disease is more often detected in sheep aged 1-4 
years but age ranged from 2 months to 11 years, or even 
more, indicating a long incubation period. However, 
it seems shorter, 6-8 months, in previously unaff ected 

fl ock. However, experimental data showed that sheep of 
all ages are susceptible and newborn lambs can develop 
OPA in 3-4 weeks. Season: Winter seems registering 
more cases3,43.

Transmission
Portal of entry and source of virus: Epidemiological 

study showed that the OPA retrovirus is transmi� ed by 
droplets from respiratory fl uid via aerosols or droplets, 
milk, and colostrum tumors, lung fl uids, peripheral blood 
leucocytes and lymphoid organs; as a result, the agent 
has high chance of contaminating the environment from 
excess respiratory discharge. Horizontal transmission 
is demonstrated among sheep of all ages, but neonates 
appear particularly susceptible to the infection. There 
was no evidence that in utero vertical transmission is 
signifi cant in the epidemiology of this disease; however, 
JSRV might be spread in milk or colostrum46. JSRV 
reaches Peyer’s patches and mesenteric lymph nodes of 
lambs nursed by infected mothers47 and further studies 
showed the presence of JSRV in milk macrophages but 
not in milk lymphocytes or mammary gland epithelia 
of naturally infected sheep48. Before tumors develop, the 
virus is detected in lymphoreticular cells. JSRV found in 
macrophages of infected mother’s milk cross to cross the 
gut barrier of newborn lambs and spread from mesenteric 
lymph nodes and Peyer’s Patch. The transplacental 
pathway does not appear to have any epidemiological 
signifi cance23,46-48.

The virus has long incubation period that varies 
according to age of the host. The period between infection 
and the appearance of clinical signs may be several 
months or years and many JSRV infected sheep do not 
exhibit clinical signs at all during their lifespan. This 
allows the spread of OPA into new fl ocks through contact 
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Fig. 2. Replication cycle of JSRV.
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with infected but apparently normal animals. This is due 
to the absence of an immunological response to JSRV in 
infected animals, which has hindered the development of 
serological diagnostic tests and vaccines. JSRV does not 
survive for long periods in the environment49. However, 
JSRV was reportedly present at high concentration in lung 
fl uid produced by OPA aff ected sheep and can survive 
for several weeks at ambient temperatures50. In goats, 
few reports of natural infection, mostly unconvincing, 
possibly because of misdiagnosis51. However, in this 
species, the OPA acquires signifi cant diff erences and 
virus replication does not take place within sensitive 
lung cells23,52,53.

Incubation period
The incubation period of natural infections is 

prolonged, likely for several months to several years, 6 
months to 3 years. The incubation period can be shorter 
in non-endemic herds (6-8 months) and in experimentally 
infected young lambs11. It appears to be age-dependent, 
and is longer in older sheep. The presence of tumours 
was detected in animals from 2 months to 11 years of 
age, although cases of natural disease are rarely observed 
in sheep less than 9 months old43,50,54. In herds where the 
disease is endemic, the mortality rate is generally low (1-
5%), but can reach higher values (>30%) in newly infected 
herds3,50. In an experimental infection 1-week-old lambs 
developed clinical signs in 70 to 74 days, 1-month-old 
lambs in 92 to 209 days and 1 to 6-month-old lambs 
in approximately 160 days or longer. Experimentally 
infected adult sheep become ill in several months to 
years55.

Pathogenesis
JSRV is transmi� ed primarily by the respiratory 

route and once inhaled the virus may infect a variety 
of cells including lymphocytes and myeloid cells56, in 
addition to the epithelial cells of the lung. The functional 
consequences of infection of non-epithelial cells are 
unclear as very little virus gene expression appears 
to occur there. Within type II pneumocytes and Clara 
cells (or their precursors), expression of the JSRV env 
protein activates signaling cascades that promote cellular 
proliferation and drive malignant transformation of the 
cells. Initially, the tumour cells grow along the alveolar 
walls in a pattern reminiscent of human BAC, but 
subsequently become more invasive and metastasize 
to the local lymph nodes. In rare cases, extrathoracic 
metastases may occur. Larger tumours may be necrotic 
and fi bromatous at their centre. For the weeks to months 
while the tumour grows, there may be li� le outward 
indication and most infected animals show no clinical 
signs. As the tumour grows, fl uid production in the lung 
increases and this is likely to promote virus spread to 
other sheep. Only when the tumour reaches a size large 
enough to compromise lung function, or when fl uid 

production reaches a noticeable level, do clinical signs 
appear. Critically, the majority of infected animals in 
endemic areas never show outward signs of infection, but 
they may be shedding virus, thus promoting inadvertent 
introduction of the disease into previously unaff ected 
fl ocks and new geographical areas. Virus life cycle3 is 
given in Fig. 2.

Clinical signs
The first indicator of OPA in a flock is often an 

increased number of deaths in adult sheep from 
pneumonia that does not respond to antibiotic treatment. 
Affected animals are afebrile, febrile in secondary 
bacterial infections, struggle to breathe, especially when 
exercised57 and may become very thin despite having a 
normal/good appetite. Initially, aff ected animals are less 
active and have the appearance to have been chased and 
later dyspnoea and moist respiratory sounds, caused by 
the accumulation of fl uid in the respiratory airways. A 
pathognomonic sign of OPA is the production of copious 
amounts of fl uid in the lung that is frothy, clear, milky 
or at times pinkish and drains from the sheep’s nostrils 
when it lowers its head. In the fi nal stages of the disease 
variable amounts of frothy seromucous pulmonary fl uid, 
from 10 to 40 mL up to 400 mL, are discharged from 
the nostrils when the sheep head is lowered or the rear 
limbs are raised (the ‘wheelbarrow’ test-raising/lifting the 
hind legs to lower the head of the animal-can be used to 
check for excess fl uid in the lungs), although 40 mL per 
day is more common50. Once the clinical signs are seen 
the sheep usually lives for only a few more days and 
may die abruptly following exercise or exposure to cold. 
The severity of the signs refl ects the extent of tumour 
development in the lung. Despite the unique clinical 
signs in some aff ected animals, in many cases no lung 
fl uid is seen2,3,9,58.

OPA occurs in domestic and wild sheep species and 
aff ects no other livestock except goats, in which natural 
cases have been described only subclinically in aff ected 
animals3. As the OPA has a long incubation period, 
clinical disease is encountered most commonly in sheep 
over 2 years of age, with a peak occurrence at the age 
of 3-4 years. In exceptional cases, the disease occurs in 
animals as young as 2-3 months of age. The cardinal signs 
are those of a progressive respiratory embarrassment, 
particularly after exercise; the severity of the signs 
refl ects the extent of tumour development in the lungs. 
Death is often precipitated by a super imposed bacterial 
pneumonia, particularly that due to Mannheimia (formerly 
Pasteurella multocida) haemolytica. In clinically aff ected 
animals, a peripheral lymphopenia characterized by a 
reduction in CD4+ T lymphocytes and a corresponding 
neutrophilia may assist clinical diagnosis, but the changes 
are not pathognomonic and are not detected during 
early experimental infection. Moist rales may be heard 
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on auscultation, but coughing is not usually prominent. 
The clinical signs are slowly progressive, ending in severe 
dyspnea. Death usually occurs in days to a few months, 
often from secondary bacterial pneumonia2. Not with 
standing, this period is shortened and fever appears in 
the case of secondary bacterial infections9,43,50,58. As the 
pulmonary tumor burden increases, the production of 
surfactant-containing fl uid by the transformed epithelial 
cells increases, resulting in copious pulmonary eff usion, 
nasal discharge, and progressive dyspnea, which can be 
accentuated by exercise58.

Cytology
Cytopathology show high epithelial cellularity seen as 

individual, acinar or papillary arrangements. Leishman-
Giemsa stained smears revealed high cellularity 
as individual to acinar or papillary arrangements. 
Neoplastic cells were round. Acinar pa� ern of neoplastic 
cells showed pleomorphism with variable sized nuclei 
and nucleoli. Nuclei showed coarse chromatin. Nucleoli 
were basophilic. Cytoplasm was scanty to moderate 
in amount and pale basophilic. Columnar type of cell, 
showed basally placed spherical to oval nucleus44. Both 
classical and atypical forms of OPA reveal numerous well 
diff erentiated cuboidal or polygonal neoplastic epithelial 
cells arranged in small acini, clusters or individually. 
The neoplastic cells had a moderate amount of pale blue, 
fi nely granular cytoplasm, moderate nuclear: cytoplasmic 
(N/C) ratio and round to oval, centrally located, nuclei 
with fi nely stippled chromatin and 1-2 distinct blue 
nucleoli. Anisocytosis and anisokaryosis were mild to 
moderate with rare mitotic fi gures. Large numbers of 
macrophages and mature lymphocytes were admixed 
with the neoplastic cells. OPA containing MGs were 
poorly cellular and composed of spindle, stellate and 
elongated cells with round to oval nuclei and inserted 
in a pale blue slightly vacuolar extracellular myxoid 
material22.

Types of OPA
There are two recognized forms of OPA which show 

gross, histological and immunohistochemical (IHC) 
diff erences. Although mixed or intermediate forms of 
OPA have also been reported. i. Classical OPA: Clinically, 
the affected sheep develop chronic and progressive 
respiratory distress, especially when exercised. A 
common sign of classical OPA is mucous nasal discharge 
because of production of large fl uids amounts in the 
lung. The lesions in classical OPA predominantly aff ect 
all pulmonary lobes and are located in the cranioventral 
area. They can be either nodular or exhibit a diff use 
growth type, showing a grey moist appearance on the 
cross section. The classical form is more common than 
the atypical type. ii. Atypical OPA: The atypical OPA is 
less contagious than classical form. The atypical OPA 
has been reported in Spain, Peru, Iran and India, but 

there is no evidence of its occurrence in other countries 
where OPA is commonly found. Due to the restricted 
tumour development in atypical OPA and the lack of 
overproduction of lung fl uid, the atypical form of OPA 
occurs only as a subclinical fi nding in aba� oir studies 
or when the animal is necropsied for unrelated reasons. 
Lesions consist of hard nodules, pearly-white that have 
a dry cut surface; the tumors are well-delimited by the 
surrounding pulmonary tissue3,22,45. However, nodules 
resembling atypical lesions have been noted in the 
same lungs in which the classical form of the tumour 
is present. Therefore, these two forms of OPA appear 
to represent two extremes of a spectrum of histological 
presentations in this disease3. No molecular diff erences 
have been found between JSRV associated with these 
two forms which may represent two extremes of the 
OPA disease spectrum rather than two separate forms, 
and atypical OPA might constitute the initial lesions of 
this spectrum43,45.

Gross pathology
In over 100 years of OPA reports two pathological 

forms of OPA are recognized, classical and atypical43. In 
the classical form the lungs appear considerably enlarged, 
heavy, oedematous and they do not collapse when the 
chest is opened. On necropsy, naturally infected animal 
in the advanced stages of disease will show a thin carcass 
with frothy fl uid fi lling the trachea and exuding from the 
nares. Careful palpation will reveal consolidated foci or 
diff use areas within the bulk of some or all of the lung 
lobes. This represents tumour, which, when extensive, 
can grossly distort the normal architecture of the organ. 
Externally, aff ected areas appear darker (purple/greyish) 
than adjacent normal tissue, but the smooth contour of 
the overlying pleura generally remains uninterrupted. 
Sectioning the lesion displays the solid, grey, granular 
surface of the tumour, which frequently exudes frothy 
fl uid. There is a clear boundary between this and adjacent 
normal aerated, pink, functional lung tissue. Aff ected 
lungs have variably sized, coalescing neoplastic nodules 
(Fig. 3)44, associated with regions of pulmonary atelectasis 
and the tumors fail to protrude from the cut surface 
of the lung. Aff ected lungs may exude clear fl uid on 
sectioning; additional frothy fl uid may be present in the 
bronchi and trachea and concurrent pneumonia is often 
present. In larger masses, the centre is more resistant to 
the knife and may feel gri� y. In addition, fi rm foci of 
fi brosis or soft pockets of necrosis and abscessation are 
also frequently found. Mediastinal and tracheobronchial 
lymph nodes may be enlarged and occasionally contain 
metastasis. Extrathoracic spread of the tumour has been 
occasionally reported (Up to 10% in the liver, kidney, 
heart and skeletal muscle), but are generally rar3,45. 
Animals that have died naturally often have a secondary 
bacterial pneumonia, detailed dissection is important as 
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extensive pleurisy and adhesions can mask 
the underlying pathology of OPA3.

The neoplastic lesions occur particu-
larly in the cranioventral parts of the lungs, 
although any part may be involved. They 
are diff use or nodular, grey or purple in 
colour and have an increased consistency. 
The neoplastic areas vary from small 
discrete nodules, in the early stages, to 
diff use extensive lesions, which often are 
bordered by small satellite nodules. The cut 
surface of the tumour lesion has a granular 

appearance, is moist and frequently exudes frothy fl uid. Concurrent 
lesions of other lung diseases are frequent and may hide the tumour 
lesion pa� ern42,58,59.

Atypical form tends to be more nodular, well-demarcated from 
surrounding parenchyma, solitary, or multifocal nodules, dry sectioned 
surface, distributed primarily in the caudal pulmonary/diaphragmatic 
lobes. Such nodules may be present either underneath the pleura or 
deep in the lung tissue, and fl uid is absent in the bronchi. The neoplastic 
foci are more solid than in the classical form, and tend to exude less 
fl uid. Atypical and classical OPA may coexist in a fl ock and in individual 
sheep. Li� le is known about possible diff erences in the pathogenesis 
of classical and atypical OPA3,42,45.

Histopathology
OPA reveals several non-encapsulated neoplastic foci that 

emanate from the alveolar and bronchiolar epithelia, forming acinar 
and papillary proliferations predominantly that expand into adjacent 
structures and compressing the adjacent structures. These are supported 
by a fi brovascular connective tissue framework that can dominate the 
centre of large tumour nodules. OPA were composed of a single layer 
of neoplastic cuboidal, columnar or polyhedral epithelial cells lining 
the alveolar lumina or bronchioles, surrounded by a fi ne to moderate 
fi brovascular stroma (Figs. 4-5)44. Tumour cells vary in shape and 
malignancy both within and between tumour nodules. Classically, they 
are cuboidal or columnar, with or without cytoplasmic vacuolation, and 
have a low mitotic index (0.002% in any tumour). In areas of increased 
malignancy, solid masses of pleomorphic cells with a high mitotic 
rate and sca� ered foci of necrosis are found. Occasionally, nodules 
of loose mesenchymal tissue appear admixed with tumour, as part of 
the fi brovascular core or on their own, which are also assumed to be 
neoplastic tissue. The fi brovascular connective tissue acts as a scaff old 
for infi ltrating infl ammatory cells, which vary according to the size 
and age of tumour and the presence of secondary infectious agents3,45.

Natural stroma of the tumour may show variable amounts of 
lymphocytes, plasma cells and connective tissue fibres. Another 
common feature of OPA is the infiltration of large numbers of 
macrophages in and around the neoplastic alveoli and bronchioles. 
In secondary bacterial infection, neutrophils can also be often found. 
Mesenchymal tissue foci (myxoid nodules or growths) in a variable 
proportion of tumours interming led with the neoplastic epithelial 
component may be seen3,43.

The diameter of individual neoplastic epithelial cells ranged from 20 
to 30 µm, showed moderate amount of pale acidophilic, fi nely granular 
cytoplasm and intermediate N/C ratio. Anisokaryosis and anisocytosis 
were low to moderate; the nuclei were round to oval, centrally located, 
with a fi ne granular to lacy chromatin with and 1-2 distinct, basophilic 
nucleoli. The average of mitotic rate was 2 per 10 HPF without atypical 
features. The adjacent parenchyma of the neoplastic mass show 
atelectasis, and at the periphery of the tumors, the neoplastic cells were 
occasionally arranged in a lepidic growth pa� ern. The myxoid growths 
consisting of sparsely cellular structures of spindles cells embedded 
in an abundant extracellular matrix were observed. The MGs were 
admixed with the neoplastic epithelial component, or in some areas 
were disposed as multiple poorly demarcated masses. In some cases, 
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Fig. 3. Jaagsiekte-Diff use multiple variable sized 
grayish-white nodules; Fig. 4. Jaagsiekte-Alveo-
li-Pulmonary papillary adenocarcinoma-Cuboidal 
cells (H&E Bar = 20 µm); Fig. 5. Jaagsiekte-Bron-
chogenic adenocarcinoma-Columnar cells (H&E 
Bar = 50 µm).
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the neoplastic epithelial component was absent. The 
neoplasm is composed of short bundles and streams of 
spindle, stellate or individual cells. These mesenchymal 
cells were embedded into an abundant myxoid matrix 
that contains moderate amounts of foamy, amphophilic, 
AB-PAS positive material (mucin). The individual cells 
had variable distinct borders, intermediate N/C ratio 
and moderate amounts of pale acidophilic, homogenous 
cytoplasm. The nuclei were oval to elongated, 20-30 µm 
in diameter, in transverse section, centrally located with 
clumped chromatin and indistinct nucleoli. No mitotic 
fi gures were present; anisocytosis and anisokaryosis were 
low. Presumptive diagnosis is pulmonary myxomas. 
Overall, mesenchymal proliferations and myxomatous 
changes, named as myxoid growths (MGs), were 
identifi ed (myxoma-like nodules)22.

Histologically, OPA lesions are consistent with a 
well-differentiated, multicentric, bronchioloalveolar 
carcinoma (adenocarcinoma). Based on predominant 
architectural patterns OPA is classified as lepidic, 
papillary, acinar, or mixed. The lepidic subtype 
was characterized by a layer of cuboidal epithelium 
following an alveolar pa� ern. The papillary subtype 
presented exophytic growths of cuboidal-to-columnar 
cells arranged around a fi brovascular core. The acinar 
subtype was characterized by palisades of taller columnar 
cells that formed tubular structures often surrounded 
by fi brovascular stroma. Some of the acinar structures 
showed mucous diff erentiation. Mixed pa� erns were the 
most frequently identifi ed, and they were composed of a 
combination of the previously described subtypes or the 
intermediate forms between them. In sheep with subtle 
1-2 mm diameter pulmonary lesions (the mixed form of 
OPA), the diagnosis of OPA was only confi rmed after 
histological examination. In several cases, proliferative 
pulmonary nodules were composed of neoplastic cells 
associated with a moderate amount of extracellular 
matrix, with myxoid differentiation (fibromyxoid 
nodules)58.

Atypical OPA
Atypical forms though essentially similar in 

histological appearance as that of classical OPA, the 
pa� ern of epithelial neoplasia is more often acinar and 
the stroma is more heavily infi ltrated by mononuclear 
cells, mostly lymphocytes and plasma cells and 
connective tissue fi bres. Lymphoid proliferations are also 
consistently seen around the bronchioles of neoplastic 
areas. The distinguish of atypical OPA features were 
represented by more prominent limits between normal 
tissue and neoplastic masses due to higher fi broblast 
proliferation and infl ammatory infi ltrates, predominated 
by mature lymphocytes and macrophages43,45.

Electron microscopy
Electron microscopy document the early growth of 

the tumour, to identify ultrastructural characteristics 
of neoplastic cells and to support the histological 
fi ndings. The tumours appear to originate from cells 
resembling fetal pneumocytes and type II pneumocytes. 
These cells proliferate to line alveoli with cuboidal or 
columnar cells, before forming papilliform or varicose 
clusters that can extend into bronchioles. Tumour cells 
have microvilli, basal or centrally located nuclei and 
are connected by desmosomes. They contain variable 
numbers of secretory granules appearing as electron-
dense structures or are fi lled with myelinoid whorls, 
in comparison with the electron-lucent granules found 
in normal granular pneumocytes. The cells have rough 
endoplasmic reticulum, large numbers of free polysomes, 
a well-developed Golgi apparatus and hypertrophic 
mitochondria. Cytoplasmic glycogen granules have 
also been identified, sometimes in large quantities 
and confirmed using periodic acid-Schiff staining. 
The macrophages identifi ed by histology are highly 
‘ruffl  ed’ and enlarged, confi rming their activated state. 
They either a� ach to the surface of normal or neoplastic 
cells, or form separate clusters. In addition to lysosomes 
and phagolysosomes, they contain ingested JSRV 
particles, bacteria and mycoplasma-like organisms3. 
Ultrastructurally, proliferation of type II pneumocytes 
(Type B cells) having microvilli and well-developed 
junctional complexes. Non-ciliated bronchiolar epithelial 
cells (Clara cells) with electron dense cytoplasmic 
granules without any surrounding membrane and 
microvilli and no virus particles were traced27.

Diagnosis
A defi nitive diagnosis of OPA is made based on the 

characteristic gross and histopathological lesions. Lack of 
antibody development against the virus in infected sheep 
limits the use of serological test and vaccine production; 
due to this the diagnostic option becomes minimum. 
Further, the virus can’t grow in any laboratory animal 
except sheep and goat. JSRV cannot yet be propagated in 
vitro, therefore routine diagnostic methods, such as virus 
isolation, are not available for diagnosis. Diagnosis relies, 
at present, on clinical history and examination, as well 
as on the fi ndings at necropsy and by histopathology 
and IHC. Viral DNA or RNA can be detected in 
tumour, draining lymph nodes, and peripheral blood 
mononuclear cells by polymerase chain reaction. Lambs 
become persistently infected by JSRV at an early age, 
and, in an OPA-aff ected fl ock, most sheep are infected. 
Transthoracic ultrasound diagnosis of ovine pulmonary 
adenocarcinoma in adult sheep can be helpful in natural 
cases and experimental sequential study60.

Serological tests
Antibodies to the retrovirus have not been detected 

in infected sheep; therefore, serological tests are not 
available for diagnosis.
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Serum biochemical markers
Among the serum markers tested, CEA levels 

remained similar, whereas CA 125, CA 19-9, CA 15-3, 
and AFP-3 levels were signifi cantly higher in the OPA 
group than the control group. In all OPA animals, CA 
125 levels were higher than 1 U/mL61.

Oxidative stress, apoptosis and autophagy
To elucidate pathogenic mechanism, effects of 

OPA infections on lung tissue oxidative DNA damage, 
inflammation, apoptosis and autophagy with IL1-β, 
TNF-α, 8-OHdG, Bcl-2, BAX, Caspase3, LC3B and LC3A 
levels investigated in sheep showed that severe OPA cases 
showed more severe levels of IL1-β, Tnf-α, 8-OHdG, BAX, 
Caspase3, LC3A and LC3B expressions than mild cases 
did. Thus, where the severity of tumor foci due to OPA 
in lung tissues increased, oxidative stress, infl ammation, 
apoptosis and autophagy were found to be signifi cantly 
increased62.

Immuno-histochemistry/fl uorescence
Epithelial tumour cells in the lungs of sheep with 

OPA are the major sites of replication for JSRV63. As 
defined by IHC, type II alveolar epithelial cells are 
the principal neoplastic cell type (82%), with Clara 
cells (7%) and undiff erentiated cells (11%) making up 
the remainder3. JSRV proteins were demonstrated in 
myxoid nodules and infi ltrating interstitial cells of some 
OPA initial lesions suggesting that the participation of 
lymphoreticular cells may form part of the sequence 
of events leading to lung cell infection and tumour 
development64. JSRV nucleic acids can be also detected 
in the tumour tissue by specific PCR techniques9,23. 
Antibodies raised against JSRV proteins confi rms the 
presence of JSRV in the transformed cells by IHC. LTR 
and ENV genes are targeted. The long terminal repeats 
of Jaagsiekte sheep retrovirus (JSRV) are preferentially 
active in type II pneumocytes65. IHC showed expression of 
env antigen in the cytoplasm of neoplastic epithelium by 
specifi c env oncogene monoclonal antibody. Cytokeratin 
identifi ed epithelial component and vimentin fi broblasts 
of neoplasm by cytoplasmic expression44. IHC analysis 
reveals fewer JSRV-positive cells in atypical tumours than 
in the classical form of OPA43,45.

JSRV protein is detected in all tumor epithelial 
cells, histologically normal alveolar type II cells and 
few bronchiolar epithelial cells, alveolar macrophages, 
lymphocytes and plasma cells2. A comparative study was 
conducted by IHC diff erential expression of JSRV capsid 
antigen and tumour biomarkers in classical and atypical 
OPA66. OPA cases were positive for MCK and TTF-1. MGs 
showed IHC reaction to vimentin, desmin and SMA; Ki67 
expression of classical OPA was higher than atypical 
OPA and MGs. JSRV-MA was identifi ed by IHC in both 
epithelial and mesenchymal cells of OPA. IHC and EM 
also confi rmed the JSRV within the neoplastic cells22.

Angiogenesis
The bFGF; VEGF-C and PDGF-C have roles in the 

pathogenesis of OPA. The bLF may activate macrophages 
and plasma cells in these lesions, but limited expression of 
bLF by neoplastic cells may be a consequence of defective 
or impaired function of this molecule2.

Apoptosis marker studies
Immunofluorescence staining of lung tissues 

revealed no BAX, Caspase 3, LC3A and LC3B expression 
in negative controls, whereas moderate and severe BAX, 
Caspase 3, LC3A, and LC3B expression was observed in 
OPA positive cases62. Apoptosis, known as programmed 
cell death, can cause diff erentiation in cells and tissues 
by going beyond the body’s control mechanisms in cases 
such as oxidative stress, inflammation and cancer67. 
Apoptosis and carcinogenesis mechanism work together. 
In the occurrence of apoptosis in cancer formation, 
apoptosis occurs faster in the cell as a result of decreased 
Bcl-2 molecule level and increased BAX molecule level68,69. 
Bcl-2 molecule level decreased signifi cantly in the lung 
tissues with OPA, as in the tumoral mechanism and BAX 
increased severely and increased Caspase 3 expression 
in the cells. Thus, the tumoral foci developed and grew 
faster than normal due to the acceleration of the apoptotic 
process, especially in severe cases. Autophagy increases 
in cells under oxidative stress and starvation70. Although 
studies revealed that OPA causes oxidative stress71, no 
study evaluated in terms of autophagy. OPA infections 
increased autophagy in cells depending on the severity 
of the disease in lung tissues.

In immunofl uorescence staining revealed that LC3A 
and LC3B expression levels in anaplastic cells increased 
severely in advanced cases. Oxidative stress caused by 
the disease in the tissue is the cause of such an increase in 
autophagy in the cells. OPA infection triggered oxidative 
stress in sheep lung tissues, causing DNA damage and 
autophagy in cells and increased infl ammation due to 
cancer. Apoptosis is also accelerated in cells according 
to the severity of the tumor and accordingly, the tumor 
spread to larger areas. These fi ndings will be useful in 
further clarifying the pathogenesis of OPA62.

PCR
PCR with primers specifi c for JSRV is always positive 

when applied to samples of OPA lesions in lung tissue. 
ExJSRV was identifi ed by PCR in 97.05% of analyzed 
samples. Phylogenetic analysis revealed the presence 
of the exJSRV type 2 in Romanian sheep aff ected by 
lung cancer and showed a high similarity with the UK 
strain. PCR using ltr and env nucleotides were done22,44. 
NA (enzootic nasal adenocarcinoma) associated with 
JSRV infection was reported fi rst time in a sheep of 
Ireland origin, which shows the necessity of using PCR 
in combination with IHC to reach an accurate etiologic 
diagnosis, which is of importance in countries currently 
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free of ENTV-172. ENA, a neoplasia of glands of the nasal 
mucosa associated with enzootic nasal tumour virus 1 
(ENTV-1), is similar to JSRV. ENA enzootically occurs 
in many countries of the world with the exception of 
Australia and New Zealand73.

Transcriptional response to JSRV
In a RNA sequencing study conducted for the 

transcriptional response of ovine lung tissue to infection 
by JSRV, 1,971 ovine genes were diff erentially expressed 
in JSRV-infected lung compared to non-infected lung, 
including many genes with roles in carcinogenesis and 
immunomodulation, confi rmed using IHC and reverse 
transcription-quantitative PCR. There was activation 
of anterior gradient 2, yes-associated protein 1 and 
amphiregulin in OPA tumor cells, indicating a role for this 
oncogenic pathway in OPA. There was also diff erential 
expression of genes related to innate immunity, including 
genes encoding cytokines, chemokines and complement 
system proteins; also macrophage function refl ecting the 
increased abundance of these cells in OPA-aff ected lung 
tissue. There was li� le evidence for the upregulation 
of genes involved in T-cell immunity. Comparison 
of the genes diff erentially regulated in OPA with the 
transcriptional changes occurring in human lung cancer 
revealed important similarities and diff erences between 
OPA and human lung adenocarcinoma. This provided 
valuable new information on the pathogenesis of OPA 
and strengthens the use of this naturally occurring animal 
model for human lung adenocarcinoma74.

Treatment, control measures and vaccines
Since eff ective treatment and a vaccination procedure 

are not currently possible and control and eradication 
of the disease are diffi  cult9. Till date there is no eff ective 
methods of controlling its spread and OPA remains an 
important problem sheep farming countries61. There are 
no vaccines available75.

In silico analysis for vaccine development: An 
attempt was made to construct an effective multi-
epitopes vaccine against JSRV eliciting B and T 
lymphocytes using immunoinformatics tools. The 
designed vaccine was composed of 499 amino acids. 
Before the vaccine was computationally validated, 
antigenicity, allergenicity, toxicity and stability were 
considered. The physiochemical properties of the vaccine 
displayed an isoelectric point of 9.88. According to the 
Instability Index (II), the vaccine was stable at 28.28. The 
vaccine scored 56.51 on the aliphatic index and -0.731 on 
the GRAVY, indicating that the vaccine was hydrophilic. 
By applying the RaptorX server for vaccine’s tertiary 
structure, Galaxy WEB server refined the structure, 
and the Ramachandran plot and the ProSA-web server 
validated the vaccine’s tertiary structure, Protein-sol and 
the SOLPro servers showed the solubility of the vaccine. 
The high mobile regions in the vaccine’s structure were 

reduced and the vaccine’s stability was improved by 
disulfi de engineering. The vaccine construct was docked 
with an ovine MHC-1 allele and showed effi  cient binding 
energy. Immune simulation remarkably showed high 
levels of immunoglobulins, T lymphocytes, and INF-γ 
secretions. The molecular dynamic simulation provided 
the stability of the constructed vaccine. Finally, the 
vaccine was back-transcribed into a DNA sequence and 
cloned into a pET-30a (+) vector to affi  rm the potency 
of translation and microbial expression. A novel multi-
epitopes vaccine construct against JSRV, was formed from 
B and T lymphocytes epitopes, and was produced with 
potential protection. This study might help in controlling 
and eradicating OPA76.

Ovine JSRV induced OPA model
Necessity of JSRV to induce a lung cancer in sheep 

is reported4,54. Experimental induction of OPA in sheep 
results in pathological changes similar to those observed 
in natural conditions and are compatible with the classical 
form, whereas atypical presentations have not been 
recorded in these cases9,43. Such studies will improve OPA 
research by providing novel insights into JSRV infectivity 
and OPA disease progression77. In experimentally 
induced OPA JSRV replicates actively in the transformed 
cells (type II pneumocytes and club cells) where viral 
antigen can be shown by IHC methods3,43.

Human lung cancer model
Similarities in pulmonary anatomy and physiology 

potentially make sheep better models for studying 
human lung function and disease. OPA shares many 
histological similarities with the human pulmonary 
adenocarcinoma, representing an important animal 
model for understanding the mechanisms of viral 
oncogenesis. Although JSRV was found in human 
pulmonary neoplastic cells, its role in the development 
of lung cancer in humans is not fully elucidated22. The 
potential for OPA to be used as a pre-clinical animal 
model for assessing human lung cancer treatment 
strategies are yet to be fully exploited.

Antibodies against JSRV capsid were identified 
in human lung adenocarcinoma, but an association 
between JSRV and this neoplasm in humans could not 
be demonstrated23,53. Since, natural infection of Jaagsiekte 
is common in sheep caused by retrovirus globally, OPA 
is considered as model for human adenocarcinoma 
especial ly  pneumonic  type bronchioalveolar 
carcinoma23,78,79. JSRV can infect human cells but it 
plays li� le if any role in human lung cancer80. We can 
integrate techniques commonly used in the treatment 
of human lung cancer patients to further strengthen the 
eff ectiveness of OPA as a pre-clinical cancer research 
model7,81. Comparison of transcriptional changes in the 
genes diff erentially regulated in OPA and human lung 
cancer revealed important and OPA can be a model 
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for studying pathogenesis of OPA for human lung 
adenocarcinoma74.

Virus entry into cells is initiated by binding of the 
viral envelope (env) protein to a specifi c cell-surface 
receptor, Hyal2. Unlike almost all other retroviruses, 
the JSRV env protein is also a potent oncoprotein and 
is responsible for lung cancer in animals. Of concern, 
Hyal2 is a functional receptor for JSRV in humans. JSRV 
is fully capable of infecting human cells, as measured 
by its reverse transcription and persistence in the DNA 
of cultured human cells. Role for JSRV in human lung 
cancer both agreed and disputed. A highly-specific 
mouse monoclonal antibodies and a rabbit polyclonal 
antiserum against JSRV env to test for JSRV expression in 
human lung cancer was done. JSRV env expression was 
undetectable in lung cancers from 128 human subjects, 
including 73 cases of bronchioalveolar carcinoma (BAC; 
currently reclassifi ed as lung invasive adenocarcinoma 
with a predominant lepidic component), a lung cancer 
with histology similar to that found in JSRV-infected 
sheep. Neutralizing antibodies in sera from 138 Peruvians 
living in an area where sheep farming is prevalent and 
JSRV is present, 24 of whom were directly exposed to 
sheep and found none. While JSRV can infect human 
cells, JSRV plays li� le if any role in human lung cancer81.

Naturally occurring OPA cases are readily available 
from infected fl ocks due to the endemic nature of the 
disease in many countries and pre-clinical cases can be 
identifi ed by the use of ultrasound scanning programmes. 
The use of naturally occurring cases could decrease the 
use of experimentally induced OPA tumors in lambs, 
reducing ethical concerns with this model. Future 
studies that can integrate techniques commonly used 
in the treatment of human lung cancer patients, such as 
ultrasound, general anesthesia, CT and surgery, would 
further strengthen the eff ectiveness of OPA as a pre-
clinical cancer research model and in ovine natural cases 
model7 and is comparable to TTNB in human patients 
in terms of procedure duration, radiation exposure and 
complication rate. This model can be developed further 
for other pre-clinical uses, such as the procurement of 
biopsy specimens, the development of medical devices for 
the local delivery of chemotherapeutic agents, monitoring 
the tumor microenvironment and in the assessment of 
the eff ectiveness of RT or systemic chemotherapeutic 
agents and has a great potential to not only advance the 
molecular understanding of human lung cancer81.

Recommendations
1. Herd replacement from infected area should be banned 

to avoid spread of infection in naïve population.
2. Avoiding OPA introduction: Need for stringent bio-

security measures and replacements only from fl ocks 
free from respiratory diseases including OPA.

3. Environmental hygiene to be maintained from dis-
charges and any virus reserving ma� er.

4. To prevent OPA transmission through milk, weaning 
and feeding neonates with milk replacement and 
colustrum from cow rather than sucking their dam.

5. Stamp out the aff ected fl ocks to eradicate the diseases 
from the area.

6. Research fi elds for the future: Mechanism of tumor 
production, vaccine development, public health 
importance and nature of tumor.

7. Considering lack of diagnostics, development of be� er 
preclinical diagnostic tools is essential to control2,24.

8. Cell culture studies suggested a new mechanism of 
retroviral transformation having direct relevance to 
design JSRV-based vectors targeting the diff erentiated 
epithelial cells of the lungs11.

9. Novel methodologies to explore the possibility of 
generating transgenic sheep resistant to JSRV infection 
by redirecting enJSRVs expression in type II pneu-
mocytes and Clara cells with caution19.
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ABSTRACT
A total of 120 fallen ruminants (64 ca� le, 09 buff aloes, 15 sheep and 32 goats), received for necropsy at the Division of Pathology, 

ICAR-IVRI, Izatnagar were included in the study. Among animals, higher mortality rate was observed in adult animals followed 
by 3 to 12 months old animals and young animals upto 3 months age. In the present study was conducted to assess the types of 
pneumonia in ruminants based on gross and histopathological fi ndings. Further, C categorization of pneumonia was primarily 
based on histopathology fi nding of the lung tissue. Tissue sections were stained with special stains such as Periodic Acid Schiff  
(PAS), Masson Trichrome Stain (MTS) and Brown and Brenn (B&B) respectively for demonstration of goblet cell hyperplasia, 
fi brous tissue proliferation and bacteria, respectively. Histopathological examination of lungs tissue sections was carried out for 
120/123 cases as due to autolytic changes in 3 cases. Histopathological examination revealed one or more lesions associated with 
pneumonia in 97.56% (120/123) cases. Bronchointerstitial pneumonia 65.831% (79/120) was the most common type followed by 
interstitial (16.66%, 20/120), bronchopneumonia 7.5% (9/120) and granulomatous pneumonia (0.83%, 1/120). Bronchointerstitial 
pneumonia included chronic (1.66%, 2/120), sub-acute (55.83%, 67/120) and acute forms (8.33%, 10/120). Interstitial pneumonia 
(16.66%, 20/120) was sub categorized into acute (4.16%, 5/120) and subacute interstitial pneumonia (12.5%, 15/120). The lesions 
of bronchopneumonia was diagnosed in 7.5% (9/120) animals, which included acute (0.83%, 1/120), fi brinous (0.83%, 1/120) and 
subacute bronchopneumonia 5.83% (7/120) and granulomatous pneumonia (0.83%, 1/120). Besides, miscellaneous conditions were 
diagnosed in 9.16% (11/120) animals, which included congestion and edema in 6/120 (5%) and emphysema in 5/120 (4.16%) cases. 
Other miscellaneous conditions like congestion, edema, emphysema, atelectasis, etc. were observed in 9.16% (11/120) animals.

Keywords: Bronchopneumonia, brown and brenn, Masson Trichrome, periodic acid schiff 

INTRODUCTION
Pneumonia is an acute, subacute or chronic infection of the lungs 

characterized by the infl ammation of the lung parenchyma and infl ammatory 
cell infi ltration into the alveoli and bronchioles1. Bronchopneumonia, Interstitial 
pneumonia, Embolic pneumonia and Granulomatous pneumonia are the four 
major types of pneumonia based on the etiological factors, gross and microscopic 
abnormalities. Further, pneumonia is divided into three categories the include 
chronic, subacute and acute, based on duration, as well as pathogens such 
as bacterial, viral and mycoplasma based on etiology2. Respiratory disease 
complex (RDC) is one of the primary causes of mortality in domestic animals 
contributing up to 20-40% of cases in India3. Bovine respiratory disease (BRD) 
is one of the most serious and costly illnesses aff ecting ca� le around the world 
and symptoms generally appear soon after arrival in the feedlot4. The morbidity 
risk of respiratory illness cases in feedlot ca� le is highest in the fi rst 45 days after 
arrival and is highest in 1 to 3 weeks. Further, the morbidity decreases until the 
end of the 12-week period5. High temperature (about 40-41.5OC), depression, 
decreased appetite, nasal and ocular discharge, coughing and variable degrees of 
dyspnea are the most typical clinical symptoms that has been described. In young 
domestic animals, respiratory and digestive illnesses are the leading causes of 
death. Pneumonia, along with diarrhea is one of the leading causes of morbidity 
and mortality in dairy ranging from 17.1% to 39% and 43.2% to 58%, respectively. 
In feed-lot farms, calves mortality associated with respiratory illnesses has 
been found 10-61% in Canada and 44-67% in United States6. The combination 

of many respiratory pathogens, 
stress and the environment has 
a synergistic eff ect and disease 
severity increases in mixed 
infections7. In all respiratory 
diseases of ruminants, bacterial 
pneumonia has drawn much 
attention due to the variable 
clinical manifestations and 
severity of diseases8. Viruses are 
the most common pathogens, 
causing damage to the epithelium 
and cilia9, as well as increasing 
vulnerability to other diseases 
by impairing the host’s immune 
system10 by suppressing or killing 
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alveolar macrophages11.

Bronchipneumonia is the most prevalent type of 
pneumonia in domestic animals is characterized by the 
consolidation of cranio-ventral pulmonary lobes and 
infl ammation of the bronchi, bronchioles and alveolar 
lumen12. Mainly pathogens enter through the airways, 
resulting in exudative lesions at the bronchiolar-alveolar 
junction13.

Viruses such as BRSV, BPI-3, BVDV, BCV and BHV-
1, as well as septicemia/toxemia, fungal spores, various 
chemical substances like 3-methylindole, migratory 
parasitelarvae, immunological processes, toxic gases, 
hypersensitivity and possibly environmental factors 
cause interstitial pneumonia14.

Broncho-interstitial pneumonia is frequently 
complicated by secondary bacterial infection, concealing 
the original viral symptoms. As a result, right broncho-

interstitial pneumonia is occasionally reported15 for 
example, in a feedlot cow, broncho-interstitial pneumonia 
was found in only 3 of 214 (1.4%) and 25 of 112 pneumonic 
lungs respectively16,17. However, 12.64% prevalence of 
broncho-interstitial pneumonia in pneumonic lungs of 
adult ca� le in Punjab, India, has been reported18.

MATERIALS AND METHODS
Collection of lungs samples from dead/fallen domestic 
ruminants

During necropsy examination, tissue samples (lungs) 
were obtained from a total of 120 fallen animals (64 ca� le, 
9 buff aloes, 15 sheep and 32 goats). For histopathology, 
representative tissue samples (1 cm thick) from the 
aff ected areas of the lungs were collected in 10% NBF. 
These samples were used to identify various types of 
Histopathological pneumonia conditions. The carcasses 
were received at the Post Mortem Facility of Division of 
Pathology, ICAR-IVRI, Bareilly during the period from 
January to December 2022. Detail of the animals and the 
samples are listed in the Table 1.

Tissues processing
Histopathology

Tissue samples collected in 10% NBF were stored for 
48 hours for proper fi xation at room temperature. Further, 
0.5 cm thick tissue sections were cut from the fi xed tissues, 

14 Babu et al.

Table 1. Details of samples collected.
Species Place No. of Samples Sample Types
Ca� le PM Facility, IVRI 64 Lungs
Buff alo PM Facility, IVRI 09 Lungs
Sheep PM Facility, IVRI 15 Lungs
Goat PM Facility, IVRI 32 Lungs
 Total 120

Fig. 1. Suppurative bronchopneumonia: Gross images of lungs a. Showing severe congestion and patchy consolidation in right cranial 
lobe; b. Microscopic image showing bronchiole with neutrophilic exudate (100x); c. Bronchiolar epithelial desquamation with bacteria 
in adjacent blood vessels (c) 40x and (d) H&E 400x/Lungs a. Severe congestion and patchy consolidation in right cranial lobe; b. Neu-
trophilic exudate in bronchiolar lumen (H&E Stain, bar = 50 µm); c-d. Bronchiolar epithelial desquamation with bacteria in adjacent 
blood vessels (H&E Stain, bar = 50 µm).
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and processed for routine histopathological examination. 
The cut section was dehydrated using ascending 
grades of the alcohol and cleared by two changes of the 
xylene. Further paraffi  n embedded tissue section was 
processed and 4 to 5 micron thick section was cut using 
semiautomatic microtome and taken on glass slide. The 
sections were stained using routine Haematoxylin and 
Eosin (H&E) staining following standard protocol19.

Special staining methods used in histopathology
To demonstrate goblet cell hyperplasia, fi brous tissue 

proliferation and bacteria in tissue sections Periodic Acid 

Schiff  (PAS), Masson Trichrome Stain (MTS) and Brown 
and Brenn (B&B) staining19 were performed, respectively.

RESULTS
A total of 120 ruminants, including ca� le (64), buff alo 

(9), sheep (15) and goats (32) were received at the post-
mortem facility of the Division of Pathology for necropsy 
examination. To determine the pa� ern of mortality in 
animals with respect to age, gender and season, the data 
was analyzed for diff erent animals during the period 
between January to December 2022 (Table 2-4).

 Pneumonia in domestic ruminants 15

Table 2. Age wise mortality pa� ern in fallen animals.
Species  Ca� le   Buff alo   Sheep   Goat
Age (months) 0-3 3-12 >12 0-3 3-12 >12 0-3 3-12 >12 0-3 3-12 >12
Mortality ratio 9/64 15/64 40/64 1/9 2/9 6/9 1/15 0/15 14/15 2/32 11/32 19/32
% Mortality 14.06 23.43 62.5 11.11 22.22 66.66 6.66 0 93.33 6.25 34.4 59.37

Fig. 2. Suppurative bronchopneumonia: Microscopic 
images showing alveolar spaces fi lled with neutrophillic 
exudate e-f. Microscopic sections of lungs showing blue 
stained bacilli in peribronchiolar space and adjacent 
blood vessel (e) 100x, (f) H&E 400x and (g) 400x Brown & 
Brenn)/Lung e-f. Alveolar spaces fi lled with neutrophillic 
exudate (H&E Stain, bar = 50 µm); g. Blue stained bacilli in 
peribronchiolar space and adjacent blood vessel (Brown 
and Brenn staining technique, bar = 50 µm).

Table 3. Sex wise mortality pa� ern in fallen animals.
Species/Sex  Ca� le   Buff alo   Sheep   Goat
 M  F M  F M  F M  F
Mortality ratio 43/64  21/64 2/9  7/9 6/15  9/15 19/32  13/32
% Mortality 67.18  32.82 22.22  77.77 40  60 59.38  40.62

The mortality rate in ca� le was higher in males 
67.18% (43/64) as compared to 32.82% (21/64) in female. 
Animals older than one year had a higher mortality rate 
(62.5%, 40/64), followed by 3 to 12 months old animals 
(23.43%, 15/64) and young animals upto 3 months age 
(14.06%, 9/64). Ca� le mortality was highest during the 

post-monsoon (42.18%, 27/64) season, followed by the 
monsoon (29.68%, 19/64) and summer (18.75%, 12/64), 
and winter (9.37%, 6/64) season.

Among buff aloes, mortality was higher in female 
(77.77%, 7/9) than male buff aloes (22.22%, 2/9) received 
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for necropsy. The post monsoon and winter season 
(33.33, 3/9) had the highest and identical mortality rates, 
followed by summer (22.22%, 2/9) and monsoon season 
(11.11%, 1/9).

Mortality was higher in male goats (59.38%, 19/32) 
than females (40.62%, 13/32) during the study period. 
Animals older than 12 months had the highest mortality 
rate (59.37%, 19/32), followed by grower animals (34.4%, 
11/22) and young animals (6.25%, 2/32). The summer 
season had the highest mortality rate (28.15%, 9/32), 

followed by the post monsoon and winter seasons (28%, 
8/32). Lowest mortality (21.87%, 7/32) was observed 
during monsoon season.

In sheep, higher mortality was observed in female 
animals (60%, 9/15) than males (40%, 6/15). Animals 
older than 12 months had the highest rate of mortality 
(93.33%, 14/15), followed by those younger than 3 months 
(6.66%, 1/15) and no mortality was recorded in grower 
animals (3-12 months). Seasonal mortality showed 
that post-monsoon (53.33%, 8/15) had the highest rate, 
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Table 4. Season wise mortality pa� ern in fallen animals.
Species/Sex  Monsoon   Post-Monsoon   Winter   Summer
 Male Female Total % Male Female Total % Male Female Total % Male Female Total %
Ca� le 15 4 29.68 15 12 42.18 3 3 9.37 9 3 18.75
Buff alo 0 1 11.11 1 2 33.33 1 2 33.33 0 2 22.22
Sheep 1 1 13.33 5 3 53.33 0 3 20 0 2 13.33
Goat 4 3 21.87 5 3 25 5 3 25 5 4 28.15

Fig. 3. Fibrinous bronchopneumonia: a-b. Gross images showing deposition of light yellowish layer of fi brinous exudate over the con-
gested and consolidated lobes; c-e. Microscopic images of lungs showing eosinophilic  fi brin strands in pleura, bronchiolar lumen and 
alveoli (c-e) H&E 100x/Lungs a-b. Deposition of light yellowish layer of fi brinous exudate over the congested and consolidated lobes; 
c-e. eosinophilic fi brin strands in pleura, bronchiolar lumen and alveoli (H&E Stain, bar = 50 µm).

Table 5. Types of Pneumonia and frequency of their occurrence.
Type of Pneumonia Frequency of Occurrence Percentage Frequency (%)
Bronchopneumonia 9 7.50
Bronchointerstitial pneumonia 79 65.83
Interstitial pneumonia 20 16.66
Granulomatous pneumonia 1 0.83
Miscellaneous conditions 11 9.16
Total 120

followed by winter (20%, 3/15) and 
summer and monsoon (13.33%, 2/15) 
had similar rates.

Classifi cation of Pneumonia
Tissue samples collected from all 

the necropsied carcasses during the 
period as well as few archieved samples 
were processed for the morphological 
and pathological diagnosis. Tissue 
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samples of a total of 123 animals were examined 
histopathologically and out of which 120 cases were 
classifi ed into diff erent types of pneumonia and other 
miscellaneous lesions based on the histopathological 
lesions and nature of exudate in the airways and 
parenchyma. Microscopically, three cases were found to 
be in advance stage of autolysis. The lung lesions were 
categorized as bronchopneumonia, broncho-interstitial 
pneumonia, interstitial pneumonia, granulomatous 
pneumonia and miscellaneous conditions (Table 5).

Classifi cation of pneumonic lungs was done based 

on cellular infi ltration, into acute suppurative broncho-
pneumonia, chronic bronchopneumonia (cBP), fi brinous 
pneumonia, acute bronchointerstitial pneumonia (aBISP), 
subacute bronchointerstitial pneumonia (saBISP), chronic 
bronchointerstitial pneumonia (cBISP), acute interstitial 
pneumonia (aISP), chronic interstitial pneumonia 
(cISP), acute bronchointerstitial pneumonia (aBISP), sub 
acute bronchointerstitial pneumonia, granulomatous 
pneumonia and bronchitis. The miscellaneous conditions 
such as congestion, haemorrhages and congestion, 
edema, congestion and edema, emphysema and 
atelectasis, haemorrhages and emphysema, etc. were 
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Table 6. Histological classifi cation of Pneumonia and their occurrence.
Types of Pneumonia  Ca� le Buff alo Sheep Goat Total Total %
Bronchopneumonia (BP) Acute BP 1 0 0 0 1/120 0.83
7.5% (9/120) Sub acute BP 3 1  2 7/120 5.83
 Fibrinous BP 1 0 0 0 1/120 0.83
Bronchointerstitial pneumonia (BISP) Acute BISP 5 1 2 2 10/120 8.33
65.83% (79/120) Sub acute BISP 34 5 7 21 67/120 55.83
 Chronic BISP 2 0 0 0 2/120 1.66
Interstitial pneumonia (ISP) Acute ISP 4 1 0 0 5/120 4.16
16.66% (20/120) Sub acute ISP 10 0 1 4 15/120 12.5
Granulomatous pneumonia - 0 1 0 0 1/120 0.83
0.83% (1/120)
Miscellaneous conditions Congestions & Oedema 4 0 2 0 6/120 5
9.16% (11/120) Emphysema 0 0 2 3 5/120 4.16
 Total 64 9 15 32 120/120

Fig. 4. Subacute bronchointerstitial pneumonia: a. Gross images of lungs showing severe congestion and consolidation cranio-ventral 
lobes with thickened and emphysematous interlobular septa; b. Cut section showing oedematous interlobular septa; c-e. Microscopic 
images of lungs section showing moderate to severe bronchiolar desquamation, peri-bronchiolar infi ltration of MNCs, alveolar oedema 
and thickened alveolar septa (c) 4x and (d-e) H&E 10x/Lungs a. Severe congestion and consolidation cranio-ventral lobes with thickened 
and emphysematous interlobular septa; b. Cut section showing oedematous interlobular septa; c-e. Lungs: Moderate to severe bron-
chiolar desquamation, peri-bronchiolar infi ltration of MNCs, alveolar oedema and thickened alveolar septa (H&E Stain, bar = 50 µm).
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also identifi ed (Table 6).

Suppurative Bronchopneumonia
Four out of 120 pneumonic cases had lesions 

suggestive of suppurative bronchopneumonia, one of 
which was acute and three of which were of sub acute 
nature. None of the cases had lesions suggestive of 
chronic bronchopneumonia. The aff ected lobes in acute 
suppurative bronchopneumonia were reddish or brown-
grey in color, with mild to moderate interlobular edema 
(Table 6).

Gross examination of the lobes revealed fi rm texture 
and cranioventral consolidation. The majority of cases 
had consolidation in the left and right cranial lung 
lobes, with only a few cases having consolidation in the 
cranioventral aspect of the diaphragmatic lobes (Fig. 
1a). A lobular pa� ern was observed, with oedema and 
hyperemia in the aff ected areas, as well as a mosaic of 
normal and aff ected lobules. When the aff ected lobes 
were cut open, the sections revealed mucopurulent 
exudate of a hemorrhagic type from the airways in areas 
that were both pale and dark in colour.

Histopathological examination of the aff ected lungs 
tissues revealed engorged alveolar capillaries with minor 
haemorrhages. The lumen of the bronchi and bronchioles, 
as well as in the alveolar spaces, had cellular exudate 
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containing mostly neutrophils with denuded cellular 
debris and a few macrophages (Fig. 2e). The alveolar 
spaces were fi lled with a uniform pinkish edema fl uid.

Some of the bronchioles and bronchi had necrosis 
and denudation of the epithelium. Acute bronchiolitis 
was observed, with suppurative exudates plugging the 
bronchiolar lumen and infl ammatory cells infi ltrating the 
peribronchiolar space.

The lungs had liver-like fi rmness and grayish to red 
consolidated areas in the right and left anterior lobes in 
the case of subacute suppurative bronchopeumonia; the 
cut surface had a nodular appearance, with purulent 
exudate oozing from the airways.

Pleural thickening was observed, as well as cellular 
infi ltrates primarily composed of neutrophils and to a 
lesser extent, mononuclear cells (MNCs). Mild fi bro-
cellular proliferation around the bronchi and bronchioles, 
as well as thickened alveolar interstitium were observed 
as a result of MNC infi ltration.

Fibrinous Bronchopneumonia
One out of 120 cases one had typical fibrinous 

bronchopneumonia lesions (Table 6). The lungs were 
grossly covered with a thin straw-yellow layer of fi brin, 
as well as watery serous fl uid in the thoracic cavity. 
Consolidation was seen as patchy to diff use areas of 

Fig. 5. Acute bronchointerstitial pneumonia: a. Gross images showing congestion and consolidation of pulmonary lobes with mild 
thickening of visceral pleura over the caudal lobes; b. Cut section showing thickening of interlobular septa and congested lobules; c-d. 
Microscopic images showing mild desquamation of bronchi and bronchioles with thickened alveolar septa (c-d) H&E 100x/Lungs a-b. 
Congestion and consolidation of pulmonary lobes with mild thickening of visceral pleura over the caudal lobes; b. Cut section showing 
thickening of interlobular septa and congested lobules; c-d. Mild desquamation of bronchi and bronchioles with thickened alveolar 
septa (H&E Stain, bar = 50 µm).
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Fig. 6. Subacute interstitial pneumonia: a. Gross image of lungs with severe congestion of pulmonary lobes with prominent thickening 
of inter-lobular septa and visceral pleura; b. Cut-section showing widened interlobular septa; c-d. Microscopic images of lungs revealing 
severe thickening of interstitium as a result of congested capillaries and infi ltration of MNCs (c) 100x and (d) H&E 400x; e. Lung section 
with thickened interstitium due to deposition of collagen fi bres, stained blue (400x MTS)/Lungs a. Severe congestion of pulmonary lobes 
with prominent thickening of inter-lobular septa and visceral pleura; b. Cut-section showing widened interlobular septa; c. Lungs with 
severe thickening of interstitium as a result of congested capillaries and infi ltration of MNCs (H&E Stain, bar = 50 µm); d. Thickened 
interstitium due to deposition of collagen fi bres, stained blue (Masson Trichrome Stain, bar = 50 µm).

Fig. 7. Granulomatous pneumonia: a. Gross image of lungs showing infl ated lobes with diff used nodules (2-4 cm diameter) over the 
surface; b. Cut section showing presence of diff used nodules and caseous exudate within bronchial lumen; c-d. Microscopic image of 
lungs showing granuloma with eosinophilic central necrotic debris surrounded by macrophages, MNCs and giant cells (c) 40x and (d) 
H&E 400x); e. Lungs impression smear showing red acid-fast bacilli (1000x, Modifi ed Z-N Stain)/Lungs a. Infl ated lobes with diff used 
nodules (2-4 cm diameter) over the surface; b. Cut section showing presence of diff used nodules and caseous exudate within bronchial 
lumen; c-d. Note the presence of granuloma with eosinophilic central necrotic debris surrounded by macrophages, MNCs and giant 
cells (H&E Stain, bar = 50 µm); e. Impression smear from cut surface of aff ected lungs showing red acid-fast bacilli (Modifi ed Z-N Stain, 
bar = 10 µm).
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Fig. 8. Miscellaneous aff ections of lungs: a. Tissue section showing alveolar airspaces with erythrocytes and interstitial congestion (H&E 
100x); b-c. Section showing congested pulmonary vessels with adjacent alveolar airspaces (b) 4x and (c) H&E, 100x; d. Thin, enlarged 
and ruptured alveoli indicating bullous emphysema and atelectasis (100x, H&E 4x)/Lungs a. Tissue section showing diff use alveolar 
hemorrhages obliterating alveolar airspaces and interstitial congestion (H&E Stain, bar = 50 µm); b-c. Section showing marked congestion 
of pulmonary vessels adjacent alveolar airspaces and edema (H&E Stain, bar = 50 µm); d. Thin, enlarged and ruptured alveoli indicating 
bullous emphysema and atelectasis (H&E Stain, bar = 50 µm).

distribution, primarily in the anterioventral portion of 
the lungs, which were reddish-enlarged and liver-like in 
consistency. The parietal pleura was found to be adherent 
to the visceral pleura and diaphragm. The cut surface of 
the lungs revealed focal to diff use lesions, as well as fi rm, 
hard-consolidated areas (Fig. 3a & b).

Microsscopic examination revealed the thickening 
of pleura with fi brinocellular exudate. The infi ltration of 
fi brinous and cellular exudates enlarged the interlobular 
septae. The bronchi and bronchioles' lumens showed 
epithelial desquamation with cellular exudate containing 
MNCs and a few neutrophils. In the bronchioles and 
alveolar spaces, fi brinous exudate mixed with neutrophils 
was observed (Fig. 3c-e).

Bronchointerstitial Pneumonia
Bronchointerstitial pneumonia (BISP) was diagnosed 

histopathologically in 79 cases (65.83%) (Table 6). The 
majority of the cases revealed lungs with cranio-ventral 
distribution of lesions, with aff ected lobes exhibiting 
dark reddish to brown coloured consolidated areas. 
The majority of the cases had consolidated lesions in the 
left and right cranial lobes, as well as the right middle 
lobes. Further, the caudo-dorsal lobes were frequently 
distended with lobular, inter-lobular or sub-pleural 
edematous and emphysematous leseion. In severe 
cases, one or more entire lobes were involved and 

were consolidated with multifocal area to diff use type 
of distribution. On palpation, atlectic areas revealed a 
rubbery consistency in some cases.

Necrosis and denudation of bronchiolar and 
bronchial epithelium were observed along with MNC 
infiltration around the bronchi, syncytia formation, 
type II pneumocyte hyperplasia and proliferative or 
exudative alveolitis. Fibrinous exudate containing RBCs 
and macrophages accumulated in the subpleura and 
interlobular septa, leading to the thickening of the septae.

Out of 48 cases, acute, sub-acute and chronic 
broncho-interstitial pneumonia (BISP) were diagnosed in 
10 (8.33%), 67 (55.83%) and 2 (1.66%) cases, respectively.

Interstitial Pneumonia
Microscopic examination of lungs tissues revealed 

interstitial pneumonia (ISP) in 20 (16.66%) cases, of which 
5 (4.16%) were diagnosed as acute interstitial pneumonia 
and 15 (12.5%) as sub-acute interstitial pneumonia (Table 
6).

Grossly, bilateral defl ation of the lungs, particularly 
the diaphragmatic lobes, was observed, along with 
varying degrees of interlobular emphysema and/or 
edema. In some cases, the caudo-dorsal portion of the 
lungs showed rubbery to fi rm dark red areas interspersed 
with pale pink areas (Fig. 6a & b). The dorsal surface 
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of infl ated emphysematous lungs had rib impressions. 
Consolidation of the cranial lobes was associated with 
serous to mucopurulent exudate from the smaller airways 
in some cases. In some cases, pleuritis with focal to diff use 
fi brin and adhesions to the adjacent thoracic wall was 
observed. Few cases had petechial haemorrhages on the 
surfaces of the lobes and the thoracic wall.

Microscopically, thickening of inter-alveolar septa 
due to the infi ltration of variable numbers of neutrophils, 
MNCs and fi boblast cells (Fig. 6c & d) and in few cases 
inter-alveolar septa had hyperemia, oedema partial to 
complete hyperplasia of type 2 pneumocytes. In most 
of the cases, proliferative lesions were observed in 
sections of lungs. Interstitium showed macrophages with 
basophilic bacterial colonies. MTS staining revealed lung 
section with thickened interstitium due to deposition of  
blue stained collagen fi bers (Fig. 6e).

Granulomatous Pneumonia
Granulomatous pneumonia was found in 1 (0.83%) 

out of 120 affected lungs examined. During gross 
examination, the aff ected lungs showed infl ated lobes 
with diff used nodules (2-4 cm) over the surfaces and cut 
section showed presence of diff used nodules and caseous 
exudates within bronchial lumen (Table 6). There were 
numerous granulomas of varying sizes all over the surface 
of the lung. A number of small granulomas merged to 
form a larger granuloma with central caseating material. 
Pyogranuloma was focally extensive and limited to both 
cranial lobes in one case. Chronic granulomatous nodules 
of this type were also found in the parietal and visceral 
pleura. There was severe enlargement and caseation of 
the mediastinal and tracheobronchial lymph nodes (Fig. 
7a & b).

Microscopically, granulomas were composed 
of a central eosinophilic necrotic area surrounded 
by epitheloid cells, lymphocytes, macrophages and 
characteristic Langhan's type of giant cells with horse 
shoe nuclei and an outer zone of proliferating fi brous 
connective tissue. In the center and periphery of 
granulomatous lesion, slender acid-fast bacilli were 
demonstrated by using Ziehl and Neelsen staining. 
Impression smear from the granulomatous lesion also 
revealed presence of acid-fast bacteria (Fig. 7c, d & e).

Congestion and Pulmonary Oedema
In 5% (6/120) of the cases, pulmonary congestion and 

edema were observed (Table 6). Grossly, the lungs had 
sca� ered regions of haemorrhage and congestion. When 
the thorax was opened, the lungs were pale and heavy 
and failed to collapse. Following the incision, frothy 
edematous fl uid was observed in the lumen of trachea, 
bronchi and bronchioles.

Histopathological examination of the sections 
indicated blood vessel engorgement in the interalveolar, 

interlobular septa and peribronchiolar regions. 
Erythrocytes partially or totally fi lled the alveoli and 
interalveolar septa. In the alveoli and interlobular septa, 
homogeneous, eosinophilic fl uid was found.

Emphysema and atelectasis
Five out of 120 cases (4.16%) of cases revealed 

atelectasis and emphysema (Table 6). Grossly, prominent 
foci of pale and large emphysematous regions in one or 
more pulmonary were detected. These areas were slightly 
raised from the nearby unaff ected areas and showed 
depression and crepitation on applying pressure. Large 
emphysematous bullae were seen in the form of open 
distended alveoli in lungs sections that have breached 
alveolar interstitium. Dark reddish to bluish-grey 
discoloured, fi rm textured areas depressed below than 
the normal lobular surface were marked as atelectatsis 
in one or more lobes. On microscopic examination,  
atelectatic lesions with foci of emphysema nearby and 
collapsed alveoli that resembled a slit-like constricted 
lumen (Fig. 8). Alveolar walls looked parallel and in 
apposition and neither the alveoli nor the interstitium 
displayed any signs of infl ammation.

DISCUSSION
The incidence of pneumonia in the present study 

was higher (97.56%) in comparison to the previous 
report, 89.13% in small and large ruminants by20, 63.23% 
by21, 64.7% in large ruminants by22 and 14.82% in small 
ruminants by23. The diff erences in the results of incidence 
of cases of pneumonia could be a� ributed to the variables 
in the temporal and spatial parameters taken up by 
diff erent researchers during their investigation work. 
In cases of interstitial pneumonia, the infl ammatory 
processes were primarily in the alveolar epithelium, 
endothelium and were contiguous with bronchiolar 
epithelium. Progression of inflammatory changes 
from interstitium towards the alveoli, bronchiole and 
bronchi lead to broncho-interstitial pneumonia24. 
Bronchopneumonia are typically characterized by the 
cranio-ventral consolidation of the lobes and infi ltration 
of infl ammatory exudate within the lumen of bronchi, 
bronchioles and alveoli of diff erent lobules was recorded 
in 6.7% (8/129) cases. The agents initially damage the 
broncho-alveolar epithelium and subsequently the 
inflammation spread distally and centrifugally, the 
earlier lesions being at the centre. Based on the vascular 
changes and type of predominant infl ammatory cells, 
bronchopneumonia is arbitrarily categorized into 
acute, sub-acute, suppurative, fi brinous and chronic 
pneumonia. In the present study, the incidence of acute 
bronchopneumonia was recorded as 0.83% (1/120), which 
is in contrast to reports of higher incidence of upto 90%25,26  
and 26.28% to 33.33%27, 28. Suppurative bronchopneumonia 
was observed in 3.3% (4/120) animals, wherein the gross 
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and microscopic lesions recorded were similar to those 
described in the literature12,24. The aff ected lobes had 
consolidation with necrotic cellular debris admixed with 
neutrophilic exudate and occasional few macrophages 
in the air spaces. The lungs exhibited a varying range 
of consolidation in the aff ected lobes, fi brinous exudate 
over the pleura and the airways were fi lled with fi brinous 
exudate along with the presence of infl ammatory and 
denuded epithelial cells. Miscellaneous aff ections of 
lungs were also diagnosed in 9.16 (11/120) animals in the 
current study, which included congestion and oedema 
in 5% (6/120) animals and emphysema in 4.16% (5/120) 
animals.

CONCLUSION
Occurrence of bronchointerstitial pneumonia was 

found to be highest with 65.83% (79/120) incidence 
followed by interstitial pneumonia with 16.66% (20/120) 
and bronchopneumonia 7.5% (9/120).
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ABSTRACT
Porcine Circovirus 2 (PCV2), an emerging viral pathogen of pigs is distributed worldwide causing huge economic loss to 

the swine industry. Despite its high prevalence globally, very li� le or no reports are available regarding the prevalence of porcine 
circovirus-2 (PCV-2) in slaughtered pigs. The objective of our study was to estimate the prevalence of PCV2 in Indian slaughtered 
pigs using pathological and molecular techniques. Out of 968 morbid tissue samples (lungs-484; lymph nodes-484) collected from 
slaughtered pigs showed the high prevalence of PCV2 (65.28%) by PCR targeting ORF2 gene showing the amplifi cation of 481 
bp. Among 632 positive morbid tissues, lungs (52.89%) showed higher detection of PCV2 DNA as compared to lymph nodes 
(12.39%). Microscopically, aff ected lungs showed the predominant lesions of subacute interstitial pneumonia, proliferative and 
necrotizing pneumonia with suppurative bronchopneumonia. The lymph nodes showed the predominant lesions of lymphoid 
depletion with infi ltration of histiocytes and macrophages in the medullary cords and sinuses. PCV2 antigen was immunohis-
tochemically demonstrated in the alveolar macrophages and mononuclear cells in the lymph nodes confi rming the association 
of PCV2 with associated pathologies. The phylogenetic analysis revealed that the PCV2 isolates circulating in pigs belonged to 
PCV2d-2 genotype. In conclusion, this study shows that PCV2d-2 is an emerging genotype circulating in Indian slaughtered pigs, 
which warrants the immediate implementation of PCV2 vaccination to aid the development of prevention and control strategies.

Keywords: Histopathology, immunohistochemistry, molecular diagnosis, PCV-2, PCV2d-2 genotype, phylogenetic analysis

INTRODUCTION
Porcine circovirus (PCV), a single-stranded, circular DNA virus belonging to 

the Circovirus genus of the Circoviridae is an emerging ubiquitous viral pathogen 
confronting swine industry worldwide1,2. It is responsible for porcine circovirus 
virus-associated disease (PCVAD), which includes a number of diseases such as 
post-weaning multi-systemic wasting syndrome (PMWS), porcine dermatitis and 
nephropathy syndrome (PDNS), granulomatous enteritis, porcine respiratory 
disease complex, reproductive failure and acute pulmonary edema based on the 
virus, hostimmunity, co-infections and other environmental characteristics3,4. Its 
high prevalence has been reported in diff erent swine rearing countries of the 
globe such as North and South America, Europe, Asia, Oceania, Middle East, 
and the Caribbean including India1,4,5. Currently, PCVs are classifi ed into four 
genotypes such as PCV1, PCV2, PCV3 and identifi ed recently PCV4; out of 
which PCV2 is frequently reported in global swine industry1,6,7. Recently, PCV2 
is divided into eight diff erent genotypes: PCV2a, PCV2b, PCV2c, PCV2d, PCV2e 
including recently reported PCV2f, PCV2g, and PCV2h genotypes based on ORF2 
classifi cation criteria8. Recent reports showed the continuous evolution of PCV2 
leading to emergence of novel strains due to genetic shift1,9. The fi rst identifi ed 
PCV2a, the oldest genotype is used in available commercial PCV2 vaccines due 
to its predominance till 2003. Later on, global genotype shift was observed from 
PCV2a to PCV2b and recently to PCV2d in global swine production1,9. PCV2d is 
further classifi ed to PCV2d-1 and PCV2d-2. Out of these 2 subtypes, PCV2d-2 is 
frequently reported worldwide with increased virulence1,9. The frequent reports 

of high prevalence of various 
genotypes of PCV2 along with 
intergenotypic recombination 
in  d i f fe rent  geographica l 
regions of India suggest that 
PCV2 is likely to be endemic in 
India10-15. Moreover, PCV3 has 
been reported in a pig farm of 
Chha� isgarh with the history of 
severe reproductive failure, piglet 
mortality and dermatitis5. Out 
of its various genotypes, PCV2d 
genotype is frequently reported 
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in Indian pig population7,12,14,15. However, majority of the 
cases were reported from the organized farms only. The 
use of histopathology and immunohistochemical (IHC) 
techniques in association with molecular diagnosis has 
been an important source of information for sanitary 
monitoring of pigs for the identifi cation and monitoring 
the circulation of infectious pathogens16. Diagnosis of 
PCVAD is primarily based on clinical signs, histologic 
lesions, and detection of PCV-2 antigens or DNA within 
characteristic lesions. Despite continuous reports of 
newly emerging strains and global genotype shifts, there 
is li� le information available regarding the prevalence of 
PCV2 in slaughtered pigs of India. The objectives of this 
study were to broaden our knowledge of prevalence of 
PCV2 with associated pathologies in slaughtered pigs 
using pathological and molecular techniques.

MATERIALS AND METHODS
A total of 968 morbid tissue samples (lungs-484; 

mesenteric lymph nodes-484) from 484 sacrificed 
pigs (cross bred-302, desi-182) of aged < 6 months 
age (121) and adults (363) were collected out of 982  
pig carcasses examined in the slaughterhouses at 
various slaughterhouses belonging to Chandigarh 
(Punjab, 78), Bareilly (U� ar Pradesh, 148), and Mumbai 
(Maharashtra, 258) using random sampling method.
These slaughterhouses were targeted because of high the 
turnover of pigs from densely pig-rearing areas. After the 
evisceration, thin (< 5mm) tissue pieces from lungs and 
lymph nodes were aseptically removed and examined 
for gross pathological lesions. All the lungs (484) showed 
varying degrees of pulmonary lesions, while 29 lymph 
nodes were enlarged. The tissues were fi xed in 10% 
neutral buff ered formalin (NBF) for histopathology and 
immunohistochemistry (IHC) studies. The aseptically 
collected tissues were transferred to the laboratory in 
a sterile container on ice and stored at -20OC for the 
molecular detection of PCV2.

Histopathological investigation
The 10% NBF fi xed tissues were routinely processed 

followed by staining with routine Hematoxylin and 
Eosin (H&E) method17. The stained slides were examined 
under the microscope, and the alterations, if any were 
photographed (Olympus BX41, USA). The duplicate 
paraffi  n tissue sections of lungs and lymph nodes were 
taken on poly-L-lysin coated glass slides for the in-situ 
demonstration of PCV-2 antigen in lungs and lymph 
nodes.

Immunohistochemistry investigation
Briefly, the tissue sections were deparaffinized, 

rehydrated, and treated with proteinase-k solution 
(Abcam, USA) for 15 min to unmask the antigen, followed 
by washing with phosphate buff er saline - tween (PBST) 
for 2X of 5 min each. The quenching was done by adding 

0.5% H2O2 for 30 min to block the endogenous peroxidase 
activity. The prediluted horse serum (Vectorlab, USA) 
was applied for 30 min at room temperature (RT) in 
the humid chamber to stop nonspecifi c binding. Then, 
the sections were incubated with PCV-2 capsid rabbit 
polyclonal antibody (1:200) for overnight at 4OC in 
humidity chamber followed by incubating the sections 
with prediluted ImmPRESS® HRP universal secondary 
antibody (MP-7500, Vector laboratories, USA) for 30 min. 
Afterwards, the sections were added with ImmPACT® 
DAB Substrate, (HRP) (SK-4105, Vector laboratories, 
USA) for 30 sec till development of the color. After the 
color development, sections were counter stained with 
Mayer’s haematoxylin, and mounted on the aqueous 
mountant (C9368, CC/Mount, Sigma-Aldrich, USA) 
for visualization of signals under the microscope. 
Negative controls were run for each block tested with 
substitution of similar dilutions of PBS with 1% BSA for 
primary antibody and mouse isotype control antibodies 
(ThermoFischer Scientifi c, USA) as secondary antibody 
to rule out the false positive staining.

Molecular investigation
The DNA was extracted from the lungs and 

mesenteric lymph nodes using commercially available 
DNeasy Blood and Tissue Mini Kit (Qiagen, USA) as 
per manufacture's protocol. The viral genomic DNA was 
further subjected to PCR using the previously reported 
primer sets targeting the ORF2 region of PCV218.

Sequencing and phylogenetic analysis
The amplified 4 PCR amplicons were purified 

by using Gene JET PCR purification kit (Thermo 
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Fig. 1. Molecular detection of PCV2 showing amplified product of 
481 bp for ORF2 gene, Lane M: Ladder (100 bp), L1: Positive control, 
L2: Negative control, L3: Lungs, L4: Lungs, L5: Lymph node, L6: 
Lymph node positive for PCV2.
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Fisher Scientifi c, USA) and then these got sequenced 
commercially (Eurofi ns, Bangalore). The sequence data 
(FASTA fi les) were analyzed using ‘EditSeq’ programme 
of ‘Lasergene’ version 10 (DNASTAR Inc, USA). The 

nucleotide sequences of the isolates belonging to diff erent 
genotypes of PCV were retrieved from GenBank and 
aligned with nucleotide sequences of the study isolates by 
using the ClustalW method.  The evolutionary history was 

 Diagnosis of porcine Circovirus 2 in pigs 25

Fig. 2. Histopathological lesions in pigs of naturally infected with PCV2 showing a. Interstitial pneumonia with oedema (H&E X100); 
b. Extensive areas of haemorrhages in the pulmonary interstitium (H&E X100); c. Interstitial pneumonia with perivascular lymphocytic 
infi ltrate (H&E X100); d. Proliferative and necrotizing pneumonia (H&E X100); e. Suppurative bronchopneumonia (H&E X100); f. Bron-
chiolitis fi brosa obliterans (H&E X200).

Fig. 3. Histopathological lesions in lymph nodes of naturally infected with PCV2 showing a. Lymphoid depletion (arrow) (H&E X100); 
b. Marked infi ltration of macrophages and histiocytes in medullary sinus (H&E X100); c. Purulent lymphadenitis showing infi ltration 
of neutrophilic exudates (arrow) within lumen of blood vesssel (H&E X100); d. Large area of necrosis in the medulla (H&E X100).
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inferred using the Neighbor-Joining method. The optimal 
tree with the sum of branch length = 1.74952771. The 
percentage of replicate trees in which the associated taxa 
clustered together in the bootstrap test (1000 replicates) 
are shown next to the branches. The tree is drawn to 
scale, with branch lengths in the same units as those of 
the evolutionary distances used to infer the phylogenetic 
tree. The evolutionary distances were computed using the 
Jukes-Cantor method and are in the units of the number 
of base substitutions per site. The rate variation among 
sites was modeled with a gamma distribution (shape 
parameter = 4). The analysis involved 17 nucleotide 
sequences with codon positions included were 1st + 
2nd + 3rd + Noncoding. All ambiguous positions were 
removed for each sequence pair. There were a total of 
752 positions in the fi nal dataset. Evolutionary analyses 
were conducted in MEGA7.

RESULTS
Out of 968 morbid tissues tested, 632 tissues from 354 

pig carcasses showed the amplifi cation of ORF2 gene with 
product size of 481 bp specifi c to PCV-2 (65.28%, 632/968) 
(Fig. 1). Out of 632 positive cases, lungs (52.89%) showed 
higher detection of PCV2 than lymph nodes (12.39%). 
Among the diff erent states, U� ar Pradesh showed higher 
positivity (41.9%), while Chandigarh showed lowest 

(11.6%) detection of PCV2. The high prevalence was 
observed in adult age group (78.4%) than young age 
group (21.5%). The crossbred pigs (61.9%) showed higher 
detection of PCV2 as compared to desi breed.

Grossly, the PCV2-infected lungs were heavy, non-
collapsible, diff usely mo� led red to purple, and rubbery 
in majority of the cases (87.85%) with interlobular 
edema (60.74%). The mediastinal lymph nodes were 
enlarged and oedematous. The lungs showed the lesions 
of interstitial pneumonia (Fig. 2a) accompanied with 
diff use congestion, hemorrhages in the interstitium (Fig. 
2b), vasculitis (Fig. 2c) accompanied with infi ltration 
of lymphocytes, macrophages in the alveolar lumen, 
alveolar septae and at places in the connective tissue of 
the bronchi/bronchioles. The bronchial and bronchiolar 
epithelium of the aff ected lungs showed hyperplasia, 
desquamation, and desquamated epithelium admixed 
with infl ammatory cellular exudates within the lumen. 
The interalveolar septa was thickened with infi ltration 
of mononuclear cells, and macrophages. The pleura 
was moderately thickened due to infiltrations of 
fi brino-cellular exudates. The predominant histologic 
diagnosis was interstitial pneumonia associated with 
proliferative and necrotizing pneumonia (58.24%) (Fig. 
2d), suppurative bronchopneumonia (41.69%) (Fig. 
2e), fibrinonecrotizing bronchopneumonia (21.85%), 
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Fig. 4. The immunolocalization of PCV2 antigen in lungs and lymph nodes of naturally infected slaughtered pigs a. Alveolar macrophages 
(arrow), vessel wall and infl ammatory cells  in the vascular lumen, lungs; b. Alveolar macrophages, lungs; c. Absence of immunoreac-
tivity, negative control, lungs; d,e. Mononuclear cells and histiocytes (arrow), lymph nodes; e. Negative control, lymph node (IHC X40 
bar 1000 µm).
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peribronchiolar fibrosis and bronchiolitis fibrosa 
obliterans (Fig. 2f) were observed. In 49 cases, lymphoid 
depletion with histiocytic infiltration was observed 
in bronchus-associated lymphoid tissue (BALT). The 
majority of the lymph nodes did not show any appreciable 
gross lesions except multifocal areas of necrosis was 
observed in 13 lymph nodes (10.83%). Microscopically, 
majority of the lymph nodes (89.26%) showed variable 
degree of lymphocyte depletion (Fig. 3a) with loss of 
follicular architecture with infi ltration of histiocytes in 
the medullary cords and sinuses (Fig. 3b).  Majority of 
the lymph nodes showed mild to moderate degree of 
lymphoid depletion. A total of 11 lymph nodes showed 
indistinct lymphoid follicles in one or more lymph nodes. 
The purulent lymphadenitis (Fig. 3c) was also observed in 
21 cases. Nine lymph nodes showed coagulation necrosis 
aff ecting the wide areas of lymph node parenchyma (Fig. 
3d). Besides, various lesions like haemosiderosis, oedema, 
fi brosis and multinucleated giant cells in the lymphoid 
follicles were detected in few cases (5.73%).

Immunohistochemically, abundant immunosignaling 
of PCV2 antigens were detected consistently 
intracytoplasmically in the inflammatory exudates 
especially alveolar macrophages, lymphocytes (Figs. 
4a, b) and rarely intranuclearly in epithelial cells. The 
immunoreactivity was also noticed in vessel wall with 
few infl ammatory cells present in the vascular lumen (Fig. 
4a). The alveolar, bronchial and bronchiolar epithelial 
cells also showed intracytoplasmic immunoreactivity for 
PCV2 antigen. The presence of PCV2 antigen was also 

detected in bronchial and vascular smooth muscle cells 
and in epithelial cells of bronchial submucosal glands.  
In lymph nodes, abundant immunosignaling for viral 
antigen was noticed in the lymphocytes, histiocytic and 
dendritic cells of the medullary region (Figs. 4d, e). The 
negative controls of lungs and spleen did not show any 
immunoreactivity for PCV2 antigen (Figs. 4c, f).

The comparative phylogenetic analysis of 4 PCV-2 
positive Indian isolates (MT326016, MT326017, MT326018 
and MT326019) with the sequences of PCV-2 in NCBI 
database showed 98% similarity with PCV2d sequences. 
Further, our sequences with the sequences of 2 diff erent 
genotypes (PCV2d-1 and PCV2d-2) of PCV2d sequences 
downloaded from the database formed clad with 
PCV2d-2 genotype sequences while forming separate 
clad from PCV2d-1 sequences (Fig. 5). The sequences 
of Indian isolates belonging to PCV2d-2 genotype were 
closely related to the sequences of the isolates reported 
from China, South Korea, Belgium and USA isolates.

DISCUSSION
Porcine circovirus type 2 (PCV2), recognized as 

emerging global viral pathogen is frequently reported 
from slaughtered pigs worldwide2,6,19. Despite its high 
economic importance, the paucity of literatures regarding 
the prevalence of PCV2 with the associated pathologies in 
Indian slaughtered pigs prompted us to take the present 
investigation.

Slaughterhouse surveys are essential components of 
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Fig. 5. Phylogenetic tree of the ORF2 nucleotide sequences of various genotypes of PCV2 using the Neighbor-Joining method in MEGA 
7 showing the presence of PCV2d-2 genotype. Samples with solid Red coloured triangles represent Indian PCV2 isolates included in 
the present study.
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infectious disease control and eradication programmes 
worldwide being the source being the source of providing 
helpful information on the prevalence of economically 
important animal diseases including diseases of 
zoonotic importance20. The detection of PCV2 by PCR is 
considered as a rapid tool in identifying PCV2 infections 
in pigs21. Therefore, the present study used PCR as PCV2 
detection method. The overall prevalence of PCV2 in the 
slaughtered pigs was 65.28%. In our case, the possible 
reason for the higher prevalence in U� ar Pradesh might 
be due to slaughtering of pigs from diff erent states of 
North as well as North-Eastern India. U� ar Pradesh has 
the second highest pig population (1.35 million) in India 
(19th Livestock Census, 2012), thus higher numbers of 
pigs being slaughtered. The high prevalence of PCV2 
in slaughtered pigs was reported in earlier reports2,6,19,22. 
The complex interaction of multi-etiological factors 
such as infectious pathogens, environmental factors, 
and management and husbandry practices play pivotal 
role in the development of clinical disease. The high 
evidence of the disease in the older pigs (above 6 months 
of age) in comparison to the younger pigs (< 6 months 
of age) might be due to increased exposure of pigs 
(mainly horizontal transmission) to infection with the 
advancement of age. The higher detection of PCV2 in 
crossbred pigs as compared to desi breed might be due 
to more number of pigs received to the slaughterhouse 
for slaughtering. The higher prevalence of PCV2 was 
detected in lungs than lymph nodes suggest the major 
contribution of PCV2 in pneumonic lesions. PCV2 is the 
major viral pathogen associated with porcine respiratory 
disease complex in the slaughtered pigs1,23-25. The aff ected 
lungs showing the histopathological lesions of interstitial 
pneumonia, proliferative and necrotizing pneumonia 
with suppurative bronchopneumonia are in agreement 
with the previous reports9,12,15,26,27. The predominant 
lesions of lymphoid depletion with infiltration of 
macrophages and histiocytes in the lymph nodes 
were similar to previous observations in weaned pigs 
diagnosed with PMWS11,28,29. The lymphoid depletion 
might suggest the PCV2 associated immunosuppression 
which predisposes the animal to secondary bacterial 
infection12,30.

The IHC study is a reliable method for confi rmation 
of role of PCV-2 in swine diseases. The abundant 
immunoreactivity of PCV2 antigens in lungs and lymph 
nodes at the lesional sites confi rm the role of PCV2 
with the associated pathologies. The detection of PCV2 
antigens in the bronchial, bronchiolar, alveolar epithelial 
cells and vascular smooth muscle cells in the present 
study was similar with the earlier observation26,31. The 
detection of PCV2 antigens in the alveolar macrophages 
suggest the replication of PCV2 in macrophages31. The 
immunodetection of abundant PCV2 antigens in the 

lymphocytes and histiocytes suggest the uptake of viral 
antigens in the antigen-presenting cells, which later 
on might be transported either intracellularly or free 
in lymph and/or blood. The predominant lesions of 
histiocytic infi ltration in the lymph nodes in our case 
corroborated with the previous reports showing PCV2 
associated lymphadenopathy31. The immunoreactivity of 
large amounts of PCV2 antigen in the wall of the blood 
vessels of lungs and lymph nodes suggests that the 
vascular system may be important in the pathogenesis 
of PCV232.

In the phylogenetic analysis, it was found that Indian 
PCV2 isolates matched 98% with PCV2d isolates from 
the database which suggest the prevalence of PCV2d 
genotype in Indian slaughtered pigs. The higher detection 
of PCV2d genotype in Indian pig population is similar 
with the previous fi ndings7,12,33. Further, all 4 isolates 
forming clade (red, highlighted with red solid triangle 
marker) with PCV2d-2 genotype suggest that the PCV2d 
isolates belongs to PCV2d-2 genotype. The circulation 
of PCV2d-2 genotype in Indian pig population has been 
reported in previous reports13,34. The high prevalence of 
PCV2d-2 genotype suggests that the genotype PCV2d-2 
is ge� ing endemic within the slaughtered pigs of India.

CONCLUSION
From the present investigation, it may be concluded 

that PCV2d-2 genotype is prevalent in Indian slaughtered 
pigs based on pathological and molecular fi ndings. This 
fi ndings suggest the need for immediate use of PCV2 
vaccine in pigs along with designing eff ective preventive 
and control strategies to minimise the economic loss to 
the farmers. However, investigation on large number 
of samples with continuous surveillance covering the 
slaughterhouses from various geographical regions of 
India will give the detailed insight into identifi cation 
of newly emerging strains and genotype shifts in swine 
population which will pave the way for the eff ective 
control of the disease.
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ABSTRACT
The current study was conducted to assess the cardio protective potential of Spirulina microalgal extract (SME) in male 

Wistar rat model of doxorubicin-induced cardiotoxicity. The study consisted of sixgroups, comprising of six rats in Group I 
and eight rats in Groups II to VI. Group I rats received PBS orally daily for fi ve weeks, Group II to VI rats received doxorubicin 
(DOX) @ 3.5 mg/kg bw intraperitoneally twice a week from 3rd to 5th week of the experiment period. In addition to DOX, Group 
III received vitamin E @ 200 mg/kg and Selenium @ 400 µg/kg bw orally; Group IV, V and VI rats received SME @ 250 mg/kg; 500 
mg/kg and 1000 mg/kg bw orally daily for fi ve weeks, respectively. The study revealed a signifi cant negative variation in feed and 
water intake, body weight, heart weight, hematological, biochemical and pathomorphological parameters of heart in Group II, 
when compared to Group I. The changes caused by DOX were alleviated in SME treatment groups in a dose dependent manner. 
Similarly, amelioration of DOX induced cardiotoxicity was also observed in vitamin E and selenium group. Histopathologically, 
the SME treatment groups showed substantial improvement in toxicity lesions ofthe heart compared to Group II rats. The cardio 
protective effi  cacy of SME @ 250 mg/kg was lower than that of vitamin E and selenium, while the 500 mg/kg SME group showed 
slightly be� er protection and 1000 mg/kg SME showed highest protection, surpassing the eff ects of vitamin E and selenium.

Keywords: Cardiotoxicity, Doxorubicin, Spirulina microalgal extract

INTRODUCTION
Cardiotoxicity is a pathological condition in which damage to the electric 

or muscular systems of the heart results in its malfunction. As it ages, the heart 
weakens and becomes less eff ective at pumping blood. Chemotherapy and/or 
radiotherapy may result in cardiotoxicity1. Doxorubicin (DOX) is an antibiotic 
anthracycline that was discovered in the early 1960s from the pigment-producing 
bacterium Streptomyces peucetius and used for more than 30 years to fi ght cancer; 
however, it is currently produced chemically2.

Dogs receiving doxorubicin treatment have shown clinically relevant cardio-
toxic side eff ects. The most researched idea for these eff ects is that Doxorubicin 
interacts with and releases iron from storage proteins, resulting in the production 
of reactive superoxide molecules or oxidative free radicals3. The occurrence 
of cardiotoxicity and nephrotoxicity linked to many antineoplastic medicines 
currently used to treat patients is causing oncologists increasing concern, as it 
has been noted that such persistent adverse eff ects may aff ect the long-term 
results of survivors. New targeted therapies as well as unique processes linked 
to conventional cytotoxicities have been described4.

Spirulina platensis is a fi lamentous cyanobacterium (blue-green alga) that 
belongs to the Oscillatoraceae family. It is rich in proteins, lipids, carbohydrates 
and some vital elements like zinc, magnesium, manganese, selenium. Phyco-
cyanin, β-carotene, tocopherol, γ-linolenic acid and phenolic compounds in 
Spirulina are responsible for the antioxidant activity5. Spirulina also contains an 
important enzyme superoxide dismutase that acts indirectly by slowing down 
the rate of oxygen radical generating reactions. The antioxidant properties of 
Spirulina and its capacity to scavenge hydroxyl radicals and to inhibit lipid 

peroxidation have a� racted the 
a� ention of many researchers6.

A  l o t  o f  a n t i o x i d a n t 
combinations have been recomm-
ended as chemo-deterrents for 
DOX persuaded toxicity. Spirulina, 
besides  inhibit ing protein 
oxidation and lipid peroxidation, 
also inhibits reactive oxygen 
species induced apoptosis. The 
present experiment is intended 
to delineate the protective 
perspective of the Spirulina 
microalgal extract against DOX-
prompted cardiac injuries in 
Wistar rats.
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MATERIALS AND METHODS
Animals

The study was conducted on 46 healthy adult male Wistar 
rats, weighing around 150 ± 20g, which were procured from 
CCSEA approved animal breeding facility, KCC BIO-LABS, Sy. 
No. 8/1, Tumakuru, Karnataka (Reg- 2066/PO/RcBiBt-S/Bt-L/19/
CCSEA dated 18th June 2019). All the rats were acclimatized to 
standard laboratory conditions at Small Animal House facility, 
Hassan for fi fteen days prior to the initiation of the experiment 
and maintained at 25 ± 2OC housing temperature and relative 
humidity of 50 to 70 per cent and to laboratory conditions of 
a 12-hour light/dark cycle throughout the study period and 
provided with regular standard pellet diet along with free access 
to deionized drinking water ad libitum throughout the course 
of the experiment. The animal care and handling were carried 
out according to the guidelines set by CCSEA. The study was 
approved by the Institutional Animal Ethical Commi� ee (HVC/
IAEC/08/2023).

Preparation of drug and Mode of administration
Doxorubicin hydrochloride was procured from Khandelwal 

Laboratories Private Limited, Mumbai, India. It was injected 
intraperitoneally at 3.5 mg/kg body weight. Export grade twenty 
percent Spirulina platensis microalgal extract in liquid form 
was received from Department of Studies in Food Technology, 
Davangere University, Karnataka. It was used at the dose rates 
of 250, 500 and 1000 mg/kg body weightorally. Vitamin E and 
Selenium (Selvit-E®) were purchased from a registered chemist 
and administered orally at dose rate of 200 mg/kg and 400 µg/
kg, respectively, to the rats of Group III.

Experimental protocol
The study included six treatment groups comprising six 

rats in Group I and eight rats in each Group II to VI.  Group I 
served as normal control and received Phospate buff ered saline 
at 5 ml/kg/day orally throughout the experiment; Group II 
disease control rats received DOX at 3.5 mg/kg body weight, 
intraperitoneally, twice a week for three weeks (from 3rd week 
to end of 5th week); Group III rats along with DOX treatment 
received vitamin E (200 mg/kg) and Selenium (400 µg/kg) orally 
daily for fi ve weeks; Group IV rats along with DOX treatment 
received SME at 250 mg/kg bw daily by oral gavage for fi ve 
weeks; Group V rats along with DOX treatment received SME at 
500 mg/kg bw daily by oral gavage for fi ve weeks; while Group 
VI rats along with DOX treatment received SME at 1000 mg/kg 
bw daily by oral gavage for fi ve weeks.

Parameters assessed
Body weight (g), feed (g) and water (ml) consumption 

were assessed every week. At the end of the study (36th day), all 
rats were sacrifi ced humanely by using overdose of Ketamine 
and Xylazine (as I/M injection) and subjected to detailed post-
mortem examination. Blood was collected from retro-orbital 
plexus in EDTA and serum vitals for hematological and 
biochemical analysis, respectively.

Histopathological analysis Ta
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Representative heart tissue from rats of all the groups were 
subjected to histopathological studies. The tissue was fi xed using 
10 per cent Neutral Buff ered Formalin solution and sections were 
prepared using paraffi  n blocks and stained with hematoxylin and 
eosin, Masson’strichrome and phosphotungstic acid haematoxylin 
after dewaxing7.

Histopathological scoring for heart
The heart samples were examined in random microscopic areas 

semi-quantitatively under high power fi elds and the number of 
changes was assessed by counting twenty non overlapped fi elds for 
the same slide of each animal. The extent of damage and the severity 
of lesions in the heart were assessed semi-quantitatively8 with slight 
modifi cation as follows; Score 0 - No abnormalities detected; Score 
1-1 to 15% of the examined fi elds revealed histological alterations; 
Score 2 - 16 to 30% of the examined fi elds revealed histological 
alterations; Score 3 - 31 to 60% of the examined fi elds revealed 
histological alterations and Score 4 -> 60% of the examined fi elds 
revealed histological alterations.

Statistical analysis
Statistical analysis of the data collected for various parameters 

was done using one-way ANOVA with Duncan's multiple-range 
test and two-way ANOVA with Bonferroni post hoc test (p<0.05)9.

RESULTS
General observation

Group I rats remained healthy and active throughout the period 
of experiment. Group II rats exhibited clinical signs such as weakness, 
dullness, depression, anorexia, reduced body weight and water 
intake, diarrhea, ruffl  ed hairs, dehydration, arched back after 2nd dose 
of doxorubicin. The rats of Group III to VI manifested similar clinical 
signs as those of disease control rats, but with reduced intensity and 
frequency.

Feed and water consumption
Mean weekly feed and water consumption in Group I rats was 

normal to progressive. Group II rats showed statistically signifi cant 
decrease (decrease of 42.1%, 71.45%, 79.17% in feed consumption 
and 10.63%, 43.15%, 45.96% in water consumption during 3rd, 4th 
and 5th week respectively) after 2nd dose of doxorubicin treatment 
as compared to Group I. Mean weekly feed consumption in Group 
V a nd VI rats signifi cantly increased by 28.39%, and 31.26% than 
Group II rats during third week. Animals in the remaining treatment 
groups did not show any signifi cant increase in mean weekly feed 
consumption as compared to Group II rats. Mean weekly feed 
consumption in Group IV, V and VI rats was signifi cantly increased 
by 28.57%, 29.87% and 25.33% than Group II rats during 5th week. 
Though there was no signifi cant diff erence in mean weekly water 
consumption in Group IV to VI rats during third and fourth week 
of experimental period, they showed slight improvement compared 
to Group II rats.

Body weight and organ weight
The mean body weights and heart weight in grams with standard 

error of mean at diff erent time intervals of 0 day and 1st, 2nd, 3rd, 4th 
and 5th week of the experiment have been presented in Table 1. Group Ta
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Table 3. The mean (±SE) values of LDH AND CK-MB 
in various experimental groups on fi nal day 
(35th day) of the study.

Groups LDH (U/L) CK-MB (U/L)
Group I (NC, n=6) 278.58±28.60a 631.36±53.13a

Group II (DC, n=8) 881.25±51.32c 915.80±41.05b

Group III (RC, n=8) 562.76±46.57b 706.32±34.82a

Group IV (SME 250, n=8) 511.24±38.96b 713.72±17.59a

Group V (SME 500, n=8) 527.54±23.09b 721.24±22.34a

Group VI (SME 1000, n=8) 504.66±25.85b 708.12±27.16a

One way ANOVA with Duncan’s post hoc test (SPSS); Mean 
values with diff erent superscript diff er signifi cantly at p < 0.05

I rats remained healthy and active throughout the period 
of experiment and demonstrated steady and progressive 
enhancement in their body weight over the course of 
experiment. Body weight of Group II rats decreased 
signifi cantly from 4th to 5th week in comparison to normal 
control rats. The animals of Group VI in the present study 
showed reduction in the body weight from 4th to 5th week 
but in a slower manner as compared to Group II. Group II 
showed a signifi cant decrease in absolute weight of heart 
in comparison to Group I rats, where as in Group IV, V, III 
and VI, heart weight was slightly higher from Group II.

Hematology parameters
The mean values of hematological parameters with 

Fig. 1. Heart from disease control (Group II) rat showed increased sarcoplasmic eosinophilia with loss of cross striations along with 
macro-vacuolisation (H&E X400); Fig. 2. Higher magnifi cation of heart from disease control (Group II) rat showing macro vacuoles 
separating the myocytes fi ber bundle. Also absence of cross striations and nucleus in few fi bers (H&E X1000); Fig. 3. Heart from disease 
control (Group II) rat showing loss of cross striations as compared to Group I rat (PTAH X400); Fig. 4. Heart from normal control (Group 
I) rat showing normal cross striations (PTAH X1000); Fig. 5. Heart from disease control (Group II) rat showing moderate congestion and 
infi ltration of infl ammatory cells (H&E X400); Fig. 6. Heart from disease control (Group II) rat showing moderate degree of interstitial 
and peri-vascular fi brosis (MT X100).
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standard error of mean on 35th day of the experiment 
is presented in Table 2. The mean values of all the 
hematological parameters such as Total erythrocyte count 
(TEC), Haemoglobin (Hb), Packed Cell Volume (PCV), 
Total leucocyte count (TLC) and Platelets of Group II rats 
were signifi cantly decreased when compared to Group I 
rats. The mean values of TEC in Group III, IV and VI; the 
mean values of Hb and PCV in Group IV to VI rats were 
increased signifi cantly as compared to Group II disease 
control rats. The mean TEC values of Group V rats, TLC 
and Platelets values of Group III to VI rats though not 
signifi cantly diff erent was slightly increased as compared 
to Group II rat.

Serum Biochemistry
The mean values with standard error of mean on 35th 

day of the experiment is presented in Table 3.

Lactate dehydrogenase (LDH)
There was a signifi cant (p<0.05) increase in serum 

LDH levels of Group II rats by 216.33% than Group I rats. 
Among the treatment groups, there was no signifi cant 
diff erence in mean serum LDH levels. The mean values 
of serum LDH levels of Group III, IV, V and VI rats were 
signifi cantly decreased (p<0.05) than Group II rats.

Creatine Kinase - Myocardial Band (CK-MB)
There was a signifi cant (p<0.05) increase in serum 

CK-MB levels of Group II rats by 45.05% than Group I 
rats. The mean values of serum CK-MB levels of Group 
III, IV, V and VI rats were signifi cantly decreased (p<0.05) 
in comparison to Group II rats and were comparable to 
that of Group I rat.

Gross pathology
Th e rats from the disease control group (Group II) 

showed mild degree of ascites and pleural eff usion; 
blood mixed contents were observed in the stomach and 
intestine of three out of eight rats. The heart was pale 
and rounded and kidney appeared pale with cortico-
medullary haemorrhages in comparison to Group I rat. 
The heart of Group III to Group VI rats did not reveal 
any visible gross abnormalities.

Histopathology
The heart of the disease control group (Group II) 

showed histopathological changes in the myocytes 
histology where in most of the cardiac myocytes 
exhibited moderate to severe disorganization and 
discontinuity with increased sarcoplasmic eosinophilia, 
wavy appearance of myofi bres, loss of cross striations 

Fig. 7. Heart from disease control (Group II) rat showing thickened pericardial layer with blue staining collagen fi bers (MT X100); Fig. 
8. Heart from Group VI (SME 1000) rat showing reduced sarcoplasmic eosinophilia with normal feature of nucleus and reduced gran-
ularity as compared to Group II rats (H&E X400); Fig. 9. Heart from Group VI (SME 1000) rat showing reduced peri-vascular fi brosis in 
comparison to Group II rats (MT X400); Fig. 10. Heart from Group VI (SME 1000) rat showing improved appearance of cross striations 
in comparison to Group II rats (PTAH X400).
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Table 4. The mean (±SE) HP score of heart of rats in diff erent groups on fi nal day (35th day) of the study.
Groups Swollen Granular Pyknotic nucleoli Macro-vacuoles Haemorrhage Wavy myofi bers
 myocardial appearance of  formation between
 fi bers myofi ber   myofi bers
Group I 0.13±0.08a 0 0 0 0.13±0.08a 0.06±0.06a

Group II 3.05±0.18d 3.30±0.31d 3.35±0.18e 3.05±0.18d 3.05±0.32d 2.55±0.18c

(DC, n = 8)
Group III 2.70±0.31bc 2.90±0.31bc 2.95±0.18d 2.75±0.29bc 2.55±0.18c 1.95±0.29b

(RC, n = 8)
Group IV 2.95±0.18cd 2.95±0.18c 2.85±0.22cd 2.95±0.18cd 2.45±0.29c 1.95±0.22b

(SME 250, n = 8)
Group V 2.60±0.42b 2.85±0.22bc 2.65±0.18cb 2.70±0.31bc 2.35±0.22bc 1.95±0.29b

(SME 500, n = 8)
Group VI 2.65±0.18bc 2.65±0.18b 2.55±0.18b 2.50±0.25b 2.15±0.18b 1.85±0.18b

(SME 1000, n = 8)

One way ANOVA with Duncan’s post hoc test (SPSS); Mean values with diff erent superscript diff er signifi cantly at p < 0.05

with granular appearance and pyknotic nuclei. Most 
of the myocytes were swollen, highly eosinophilic with 
condensed nuclei or with absence of nucleus. In multiple 
areas, the myocytes bundles were widely separated with 
macro-vacuoles. A mild to moderate degree of interstitial 
mononuclear cellular infi ltration, oedema, haemorrhage 
and congestion were noted. A mild to moderate degree 
of fi brosis in between myocardial fi bers and periarterial 
fi brosis was noticed in a few areas (Fig. 1 to 7).

In the present study, the Group III revealed 
microscopical changes similar to that of disease control 
rats but with mild improvement. The heart of the 
treatment control group (Group IV to VI) showed mild 
to moderate improvement in histopathological changes 
in the myocytes where in very few cardiac myocytes 
exhibited disorganizationas compared to Group II rat 
with mild degree of eosinophilia, loss of cross striations 
and a mild degree of granular appearance of myocytes.
Very few of the myocytes were slightly swollen with 
pyknotic nuclei. The macro vacuoles formation was 
reduced as compared to Group II rats. A mild degree of 
interstitial mononuclear cellular infi ltration with mild 
degree of haemorrhage and congestion were noted (Fig. 8 
to 10). Among the treatment group, Group VI (SME 1000) 
showed comparatively less histopathological alterations 
in cardiac muscle when compared to Group IV (SME 250) 
and Group V (SME 500).

Histopathological score of heart
The mean HP severity score of all sectioned heart 

samples was assessed for lesions like swollen myocardial 
fibers, granular appearance of myofiber, pyknotic 
nucleoli, macro-vacuoles formation, haemorrhage 
between myofi bers and wavy myofi bers. The mean HP 
severity score values of heart with standard error of mean 
have been presented in Table 4. The mean HP score of 
Group II disease control rats for each of the recorded 

lesion was signifi cantly (p<0.05) higher than mean HP 
score of Group I normal control rats. The mean HP score 
of Group III to VI were signifi cantly (p<0.05) lower than 
mean HP score of Group II disease control rats.

DISCUSSION
Doxorubicin not only has a direct impact on the 

heart but also an indirect influence resulting from 
the augmentation of hemodynamic flow changes or 
thrombotic events10. DOX induced enhanced generation 
of ROS may directly damage mitochondria thus 
altering the synthesis of proteins associated with the 
mitochondrial electron transport chain and Spirulina has 
antioxidant properties and have capacity to scavenge 
hydroxyl radicals to inhibit lipid peroxidation6.

Doxorubicin caused severe systemic illness in the 
rats including anorexia, reduced body weight and water 
intake, diarrhea, progressive physical exhaustion after 
the second dose of doxorubicin, persisting until the 
end of the study. Our fi ndings of doxorubicin induced 
reduction in heart weight are in accordance with reports 
of previous workers11-13. DOX induced cardiotoxicity 
related decrease in hematological parameters like 
TEC, Hb, PCV, TLC and Platelets were similar to those 
previously reported14-15. This was linked to various factors 
such as disrupted RBC production leading to anemia 
and leukopenia16 and bone marrow suppression caused 
by doxorubicin17. It has been documented that myelo 
suppression represents the primary dose-limiting toxicity 
of Doxorubicin18. Doxorubicin notably induces marrow 
depression resulting in peripheral blood leukopenia 
(granulocytopenia), thrombocytopenia and potential 
anaemia19. Additionally, bone marrow depletion, 
depression, or hypoplasia have been frequently observed 
in rats20 which likely may be due to the rapid division of 
bone marrow cells owing to their high growth fraction21.
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A significant rise in the mean values of serum 
LDH and CK-MB was observed. This fi nding aligns 
with previous findings15,22-23. It has been previously 
highlighted the significance of these biochemical 
markers in detecting cardiac injury resulting from DOX-
induced cardiotoxicity23-24. The cardiac damage likely 
resulted from increased permeability or rupture of cell 
membranes, leading to the leakage of cytosolic enzymes 
into the bloodstream and subsequent elevation of their 
serum concentrations. Th e release of these markers into 
the bloodstream is consistently linked to DOX-induced 
damage to the myocardial cell membrane25. These results 
are supported by earlier studies that demonstrated 
DOX administration caused cardiac injury and loss of 
functional integrity, as seen by markedly elevated serum 
levels of CK-MB, ALT, AST, and LDH26.

The examination of heart tissue from rats in the 
disease control group (Group II) revealed extensive 
damage characterized by moderate toxicity lesions 
affecting cardiac myocytes. Th e myocardial fibers 
displayed diverse levels of damage, from loss of striations 
to complete necrosis and fragmentation, appearing 
granular, with some exhibiting focal necrosis and 
eosinophilia in the cytoplasm23. Additionally, myocyte 
wavy degeneration, interstitial haemorrhages, and 
interfibrillar congestion were observed, along with 
disruption and separation of cardiac muscle fibers 
and infiltration of mononuclear inflammatory cells, 
predominantly lymphocytes. These findings were 
documented in earlier studies and were opined to be due 
to toxic metabolites of Doxorubicin22,25,27.

In the present study, a mild to moderate degree of 
fi brosis in between myocardial fi bers and peri-arterial 
fibrosis was noticed. The DOX treated rat’s heart 
stained with Masson’strichrome stain revealed fi brotic 
scarring in cardiomyocytes and in the surrounding 
interstitial tissues. This may be a� ributed to an increase 
in pro-fi brotic factor TGF-β1, the extracellular matrix 
content collagen I and the cardiac fi brosis-associated 
protein α-smooth muscle actin in DOX-treated rats28.

It's also suggested that DOX induces cardiotoxicity and 
myocyte damage by triggering lipid peroxidation, which 
is infl uenced by increased levels of mitochondrial iron 
and cellular reactive oxygen species29. The sarcoplasmic 
vacuoles observed could be a� ributed to enlargement of 
sarcoplasmic reticula and terminal cisternae leading to 
altered intracellular water and electrolyte distribution30. 
Edema, both perivascular and interstitial, accompanied 
by vascular changes like dilated blood vessels and 
retracted endothelial cells, observed were consistent with 
prior research29-30. It was theorized that edema results 
from disruptions in cardiac electrolytes, as DOX increases 
sodium and calcium content in the cardiac ventricle 
during induced cardiotoxicity in rabbits30-31.

Improvement in treatment groups (Group IV, 
V, VI) may be a� ributed to the antioxidant and anti-
infl ammatory properties of Spirulina microalgal extracts.
This restoration could be attributed to the presence 
of antioxidants like β-carotene and C-phycocyanin in 
Spirulina. The fi ndings suggest that Spirulina may shield 
cardiac myocytes from oxidative stress induced by DOX. 
Other previous research had also demonstrated the 
effi  cacy of Spirulina extract in countering free radical-
induced lipid peroxidation caused by lead and in off ering 
protective eff ects on major organs, including the heart32. 
It is widely acknowledged that C-phycocyanin, a key 
biliprotein in Spirulina, possesses notable antioxidant 
and radical scavenging properties33.

The current research showed that among the 
treatment groups, notably, cardiac lesions in rats 
from Group VI were less severe compared to those in 
other treatment groups and the disease control group. 
The cardio protective eff ect of Spirulina in the present 
study suggests that Spirulina microalgal extract (SME) 
can potentially be used as a therapeutic agent or as a 
supplement in treatment of heart ailment.However, 
further clinical and mechanistic investigations are needed 
to further validate its effi  cacy.
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ABSTRACT
Viral pathogens induce distress in poultry and economic loss to farmers worldwide. Infectious Bursal Disease (IBD), a Birna 

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

Keywords: Bursa of Fabricius, epidemics, PCR, RNA Virus

INTRODUCTION
A healthy immune system is vital for eff ective poultry production. Any factor 

that causes dysfunction of humoral and cellular immune system will certainly 
result in poor vaccination response, production and economic losses and fl aring 
up of opportunistic pathogens. Viral pathogens can cause huge economic losses 
in poultry farms worldwide including immunosuppression1-4. The important 
viral agents that cause immunosuppression include Marek’s disease virus 
(MDV), Chicken infectious anemia virus (CIAV), Infectious Bursal Disease virus 
(IBDV), Reovirus, Avian Leukosis virus, reticuloendotheliosis, Newcastle disease 
virus and Avian Infl uenza virus1,5-6.

Infectious Bursal Disease (IBD) is a highly contagious and acute 
immunosuppressive disease of young chickens and is caused by Birna 
virus. The disease is characterized by severe immunosuppression leading to 
secondary bacterial infections and dermatitis, adenoviral infections and failure 
of vaccinations7. The immunosuppression seen in IBD is complex involving 
depletion of B cells by apoptosis and also inhibiting innate immune response 
directly8. Infectious Bursal Disease (IBD) targets the chicken’s immune system 
in a very comprehensive and complex manner by destroying B lymphocytes, 
a� racting T cells and activating macrophages9. It has been noted that IBDV and 
RNA virus has a high mutation rate and can give rise to viruses with altered 
antigenicity and increased virulence10-11 and the re-emergence of IBD with 
antigenic variants and highly virulent strains had been the reason for signifi cant 
losses and high mortality. IBD aff ected birds had elevated mortality rates, bursal 

atrophy, poorer feed conversion 
ratio (FCR) and reduced meat 
production12.

Pathogenesis of the disease 
is  complex involving both 
humoral and cellular immune 
responses being compromised 
by IBD virus; Inhibition of the 
humoral immunity could be 
a� ributed to the destruction of 
immunoglobulin-producing cells 
by the virus13. VP1 is the viral RNA 
dependent RNA polymerase 
while VP2 is the major host-
protective immunogen carrying 
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all neutralizing epitopes some of which are responsible 
for antigenic variation14. It has been observed that classical 
and vvIBD virus induces differential host immune 
responses by up regulating the expression of Th1-like 
and pro-infl ammatory cytokines such as IL-12, IFN-γ, 
IL-1β, IL-6, iNOS and IL-18 in bursa11. It is recorded that 
Bursa of Fabricius is the principal diagnostic organ in 
birds that died during the acute phase of vvIBD7. Various 
immunological and molecular diagnostic methods have 
been described for the confi rmation of the disease11,15-19. 
Clinical presentation of the diseases varies according to 
the strain involved. The variant IBDV strains normally 
cause subclinical infection in chickens. The classical 
IBD viral strains can cause clinical signs of disease and 
moderate mortality rates whereas vvIBDV strains are 
known to cause high mortality rates11-12.

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

MATERIALS AND METHODS
Sample collection

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

Flock history and clinical signs
Detailed information on the farm outbreak with 

respect to type of birds (broiler, layer, breeder or country 
birds), fl ock strength, breed/strain details, age, source of 
feed and water, production performance, type of li� er, 
vaccination details, morbidity, mortality, clinical signs, 
previous history of outbreak and any other necessary 
details were collected.

Necropsy examination and collection of biological 
samples

Detailed necropsy examination was undertaken. 
Internal examination of body cavities, visceral organs 
and lymphoid organs was carried out and all visible 
gross lesions were systematically recorded. Tissue 
impression smears were collected. Tissue samples from 
all vital organs and lymphoid organs were collected 

Fig. 1. Gross pathological changes in organs of chicken aff ected with IBDV. A. Bursa: Multiple extensive hemorrhages and hemorrhagic 
exudate. B. Kidney: Hemorrhages and mo� led appearance in a broiler chick. C. Dorsal view of thigh muscles showing severe multifocal 
petechial to ecchymotic hemorrhages. D. Proventriculus: Hemorrhages prominently visible at the junction with gizzard.
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and preserved in 10% neutral buffered formalin for 
histopathological examination. The representative 
tissue samples were also collected for PCR in a sterilized 
labelled tissue sample bo� les and were stored at -20OC 
immediately.

Microbiological and histopathological examination
The samples collected aseptically during necropsy 

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

Tissue samples for histopathological examination 
were processed by routine paraffi  n embedding technique 

and sectioned at fi ve micron thickness. The sections were 
stained with routine Hematoxylin and Eosin (H&E) 
method. Special stains such as Masson's Trichrome 
or Van Gieson (Connective tissue) and Perl’s Prussian 
blue stain (Hemosiderin pigments) were used on need 
basis20. Tissue morphometric evaluation for measuring 
the diameter of the bursal follicle was done using a 
validated software TC Capture version 3.9 (build 5001). 
The average values of 5-6 bursal follicles in age matched 
birds was carried out for minimum of 6 birds and average 
was calculated for comparison.

Electron microscopy
Tissue samples from lymphoid organs were fi xed 

in 2.5% glutaraldehyde in 0.1M Phosphate buff er (pH 
7.2) for minimum of 24 hours at 4OC. Further, post fi xed 

Fig. 2. Histopathological changes in organs of chicken aff ected with IBDV. A. Bursa of Fabricius: Severe depletion of lymphocytes indi-
cated by hypocellularity and necrotic changes such as pyknosis and karyorrhexis and karyolysis of lymphocytes (H&E x400). B. Bursa of 
Fabricius: Severe hemorrhages and congestion inside and surrounding the atrophied follicles (H&E x100). C. Bursa of Fabricius: Extensive 
fi broplasia evident by proliferation of blue colored collagen fi bres (Masson’s x100). D. Spleen: Necrotic changes in the germinal follicles 
and the periarteriolar lymphoid sheath with proliferation of reticulo-epithelial cells (H&E x100). E. Thymus: Atrophy and thinning of the 
cortex with lymphocytolytic changes (H&E x100). F. Kidney: Heterophilic infi ltration and nephritic area in the interstitium (H&E x400).
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in aqueous osmium tetroxide for 3 hours and washed 
with deionized distilled water, dehydrated in series of 
graded alcohols, infi ltrated and embedded in araldite 
resin. It was incubated at 80OC for 72 hours for complete 
polymerization. Ultra-thin (60 nm) sections were made 
with a glass knife on ultra-microtome (Leica Ultra cut 
UCT-GA-D/E-1/00), mounted on copper grids and stained 
with saturated aqueous Uranyl acetate (UA) and counter 
stained with Reynolds lead citrate (LC). Viral suspension 
was prepared from the tissues of the aff ected birds. 
Copper grids (Carbon coated) were glow discharged 
for 30 seconds using polaron carbon evaporator. 5µl of 
sample was loaded on the glow discharged grids and 
allowed to dry for 10 minutes. 5µl of 2% Uranyl acetate 
was loaded on the grids for 30 seconds and excess was 
wiped off  by using Whatman fi lter paper and allowed to 
dry. Samples were loaded on the TEM single tilt Holder, 
loaded into TEM. Further, they were fi nally imaged and 
analyzed at 120 kv21.

Molecular characterization
RNA was extracted from the samples using 

Trisol (GeNeiTM TRIsoln) method and cDNA was 

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

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

PCR cycling conditions for cDNA amplification 
included Initial denaturation with 95OC for 3 minutes, 
35 cycles of denaturation (94OC for 1 minute), annealing 
(48OC for 1 minute) and extension (72OC for 2 minutes) 
followed by fi nal extension (72OC for 5 minutes). DNA 
confirmation was carried out by 1.5% Agarose gel 

Fig. 3. Ultrastructural changes in organs of chicken aff ected with IBDV. A. Thymus: Nuclei and cytoplasm of lymphocytes showed in-
creased electron density (Uranyl Acetate). B. Thymus: Lymphocytes with myelin fi gures (Uranyl Acetate). C. Thymus: Necrotic changes 
of the lymphocytes shown by light arrow and hyperplasia of the reticular cells indicated by dark arrow (Uranyl Acetate). D. Bursa of 
Fabricius: Note the necrotic areas with nuclear changes such as karyorhexis (Dark arrow) and karyolysed fragments (Light arrow) of 
lymphocytes (Uranyl Acetate). E. Bursa of Fabricius: Bursal secretory dendritic cell (BSDC) forming big and irregularly shaped electron 
dense bodies (Uranyl Acetate). F. Single-shelled non-enveloped IBD virions with icosahedral symmetry and a diameter of around 50 
nm (Uranyl Acetate).
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electrophoresis following visualization and capturing 
of the images by Image Lab Software (Version 5.1, 
Bio-Rad Laboratories Inc). Sequencing (Eurofins 
Genomics India Pvt. Ltd.) was done to identify the 
degree of homology using the fi nal amplicons and 
phylogenetic tree was constructed.

Bioinformatic Analysis of IBD-VP2
The 3D structure of the VP2 with predicted protein 

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

RESULTS
Epidemiological fi ndings

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

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

Clinical signs
The aff ected birds initially showed trembling 

followed by yellowish white or greenish watery 
diarrhea. This was followed by dullness, depression, 
anorexia, ataxia, ruffled feathers, soiled vent, 
prostration, closed eyes, decreased water consumption 
and sudden death. Birds aff ected with IBD exhibited 
lateral recumbency and dyspnea before succumbing 
to death. Few birds also exhibited bloody discharge 
from cloaca. Mortality was noticed 2-3 days after 

appearance of fi rst clinical sign and peaked at 4-5 days. In 
one fl ock that had concurrent infection with ND the birds 
exhibited severe emaciation, neurological signs and greenish 
diarrhea.

Gross pathology
In acute phase of disease bursa from infected birds was 

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

Histopathology
Lymphoid organs: Bursa of Fabricius in acute phase 

of the disease showed severe depletion of lymphocytes 

Fig. 4. Agarose gel electrophoresis image showing amplifi cation of 319 
bp PCR product in samples specifi c to VP2 gene of IBDV. L1: 100 bp 
DNA Ladder, L2: Sample ND1, L3: Sample ND2, L4: Sample ND3, L5: 
Sample ND4, L6: Sample ND5, L7: Sample ND6, L8: Sample ND7, L9: 
Sample ND8, L10: No template control.
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indicated by hypocellularity and multiple cystic spaces 
in both medulla and cortex. Many follicles in the aff ected 
birds showed necrotic tissue debris with nuclear changes 
involving pyknosis and karyorrhexis and karyolysis of 
lymphocytes (Fig. 2A). Moderate to severe hemorrhages 
and congestion in the follicles was also recorded more 
often (Fig. 2B). Birds in the post outbreak stage showed 
cystic cavities in the place of follicular medullary areas. 
There was an increase and decrease in the diameter of 
follicles in acute and chronic phase respectively. The 
mean diameter in the aff ected birds was 516µ in the 
acute phase of the disease and 214µm in the chronic 
phase compared to 450µ in the age matched disease 
free birds. Extensive fi broplasia was also evident with 
proliferation of collagen in the interfollicular areas (Fig. 
2C). Occasionally bursal epithelial cells formed glandular 
appearance with mucin like material.

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

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

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

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

Ultrastructural changes
Thymus revealed severe necrosis of the lymphocytes 

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

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

Molecular confi rmation

Fig. 5. Dendrogram of partial sequence of VP2 gene of IBDV showing phylogenetic relationship of fi eld IBDV with other reported strains.
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Fig. 6. Bioinformatic Analysis of IBD-VP2. A. 3D structure of VP2 in SWISS PROT. B. Normalized QMEAN score plot. C. Ramachandran 
plot showing secondary structure of VP2 protein.

Mixed tissue samples from the aff ected birds were 
subjected to RNA isolation using Trisol (GeNeiTM TRIsoln) 
kit. The RNA obtained was used for cDNA synthesis 
employing TAKARA Kits. The RT-PCR was adopted for 
the detection of IBD antigen for the specifi c amplifi cation 
of 319 bp product corresponding to variable region of VP2 
gene of IBD virus (Fig. 4). IBD positivity was recorded in 

all 15 fl ock outbreaks.

The amplicons obtained by PCR reaction of VP2 gene 
from samples IBD were subjected to sequence analysis. 
The 319 bp product was sequenced and phylogenetic tree 
was drawn and similarity in terms of percentage between 
various isolates was presented (Fig. 5). This revealed 98 
to 100% similarity of strain isolated in this study with 

44 Girish et al.



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

Infectious Bursal Disease virus gene for VP5 protein and 
VP2-4-3 polyprotein, genomic RNA, IBD virus gene for 
polyprotein, mutant IBD virus strain AvvBvv segment A 
and other two indian isolates.

Concurrent infection
Eight outbreaks showed concurrent infection with 

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

The microscopic pathological changes in concurrent 
infection with E. coli, Salmonellosis, CRD, Afl atoxicosis, 
ND and mixed bacterial enteritis were consistent with the 
usual pa� ern of lesions observed in these conditions and 
correlated well with gross observations. E. coli infection 
revealed fi brinous pericarditis and perihepatitis. The 
birds with Fowl cholera showed multifocal necrotic areas 
in the liver with heterophil infi ltration and presence 
of bipolar gram negative organisms in the impression 
smears of various organs. Birds with Chronic respiratory 
disease (CRD) showed fi brinopurulent exudate in trachea 
and lungs. Mixed bacterial enteritis showed presence 
of many types of bacteria with multiple morphology 
and heterophil infi ltration and concurrent afl atoxicosis 
was characterized by severe fa� y change and multifocal 
necrosis in the liver.

Bioinformatic Analysis of IBD-VP2
The structural analysis of the IBD-VP2 protein 

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

DISCUSSION
Viral immunosuppressive diseases are economically 

more important as they cause severe mortalities and loss 
to the farmers. Also, it makes the birds susceptible for 
other concurrent bacterial infections further worsening 
the condition1-2.

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

Its prevalence in poultry has been described in India22-24 

and globally6,11,25-26. Further it is ma� er of concern that 
the re-emergence of IBD with antigenic variants and 
highly virulent strains that has led to signifi cant losses 
to poultry farmers26. Maximum occurrence of 60% of IBD 
was recorded in the age group 1-4 weeks. In this, 7 cases 
(46.7%) were recorded between 3-4 weeks, making it the 
most susceptible age followed by 5-8 weeks that showed 
33.3% similar to previous observations23-24. The early age 
susceptibility might be due to the size of the bursa in early 
phase of life is regarded as infl uencing factor for higher 
incidence of the disease in young chicks less than 4 weeks 
old23 and broiler and breeder vaccination programs are 
not eff ective for controlling variant IBD infections12.

The morbidity and mortality in IBD were 29.3% 
(Range: 7.1 to 100%) and 18.4% (Range: 7.5 to 100%) 
respectively. Maximum morbidity (Average 31.4%) and 
mortality (Average 20.5%) has been recorded in broilers. 
Highest morbidity was recorded in the age group 1-4 
weeks in line with the previous fi ndings24,27,28. Morbidity 
and mortality touching even 100% could also be due to 
culling of the entire bird stock by the farmers where birds 
do not show any signs of recovery in spite of a� empted 
treatment for secondary bacterial infections. Backyard 
chicken fl ocks apart from ge� ing clinical disease can also 
serve as a reservoir for these viruses and may be playing 
a role in their dissemination28.

The symptomology observed in IBD was in tune 
with the previous fi ndings18,28-31. Most of the outbreaks 
were of acute progressive clinical form associated with 
Asian/European strains and showed varying severity 
mostly linked to diff ering age, sensitivity and vaccination 
status29. The outbreaks recorded in the current study even 
in vaccinated fl ocks draw considerable support11 who 
observe that vaccination though is the most important 
measure to control IBD, extensive usage of live vaccines 
is encouraging evolution of new strains resulting in 
outbreaks around the globe.

The gross changes in bursa and lymphoid organs 
might be due to the proven fact that IBDV targets the 
chicken’s immune system in a very comprehensive 
and complex manner by destroying B lymphocytes, 
a� racting T cells and activating macrophages9. It is also 
noted that the massive destruction of bursal follicles 
and lack of regeneration process leading to chronic 
immunosuppression and further complication10. The 
immunosuppressive changes in thymus and spleen 
have been recorded in both experimental30,32 and natural 
outbreaks24,31,33,34. No signifi cant change observed in the 
post outbreak period was probably due to reparative/
healing processes. The reason change in kidneys was 
probably linked to severe dehydration35. The concurrent 
infections draw significant resemblance with the 
observations made by previous workers36,37. Further, it 
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is stated that IBD plays a triggering role in E. coli and 
Mycoplasma gallisepticum induced respiratory disease 
complex in broilers36. The concurrent infections in present 
study might be due to immunosuppression and vaccine 
failure38.

The histopathological observations in bursa of acutely 
aff ected birds were as per the previous observations 
made24,27,30,33,34,39,40. The morphometric changes in the 
bursal diameter might be due to vascular changes in the 
acute infl ammation (increased) and atrophy in chronic 
infl ammation (decreased). These changes might be due 
to replication of IBD virus in immature B lymphocytes 
that are considered as target for the virus. Hence, these 
changes are anticipated in bursa and other lymphoid 
organs. Necrotic changes noticed in the germinal follicles 
and the periarteriolar lymphoid sheath and proliferation 
in the post outbreak phase due to chronic exposure of 
spleen was in accordance with the earlier observation41. 
Microscopic changes noted in thymus, bone marrow and 
cecal tonsils were similar to previous fi ndings27,30,32,34,41. 
It has to be noted that cecal tonsils provide protective 
immune response against bacterial and viral pathogens 
in the intestinal tract and any pathology associated with 
them would lead to adverse eff ects compromising the 
gut health.

It is observed most of the liver samples from IBD 
aff ected birds were normal and pathological changes 
may be associated with co-existing mycotoxicosis34. 
Contrary to this, in the current investigation liver changes 
were characteristic and consistent. Hemorrhages in 
proventriculus might be due to defi ciency of clo� ing 
factors either linked to thrombocytopenia or related 
to Disseminated Intravascular Coagulopathy (DIC) or 
injury to blood vessel or secondary coagulation defect42.

Ultrastructurally, thymus of IBD affected birds 
showed severe necrosis of the lymphocytes and 
hyperplasia of the reticular cells. Using SEM (Scanning 
Electron Microscopy) reduction in number and size of 
epithelial microvilli, gradual loss of the surface follicles 
and numerous epithelial erosions on the surface of the 
thymus has been recorded43. There are not many reports 
of thymic changes by previous workers. Lysosomes with 
remnants of necrotic lymphocytes, lipid vacuoles and 
myelin fi gure appearing as membrane bound electron 
dense aggregates within presumably large pale reticular 
cells (macrophages) is observed44. These cells were 
surrounded by degenerating lymphocytes in the early 
stages and pyroninophilic blast cells in the later part of 
the disease. Areas of lymphocytic apoptosis and engulfed 
phagocytic bodies within macrophages or macrophage 
like cells observed in the current study was indicative 
of high degree of apoptosis owing to viral interference. 
However, pyronophilic blast cells were not characteristic 
in the current investigation and viral particles were not 

detected in the lymphocytes as earlier reported32. In a 
recent study, it is explained that the granular discharge 
of BSDC that is predominantly glycoprotein contributes 
in transformation of these BSDC cells to macrophage like 
cells (Mal) in bursa that is experimentally infected IBD 
virus45. The virus particles single-shelled, non-enveloped 
virion with icosahedral symmetry and a diameter 
of around 50 nm were observed in negative staining 
preparations. These changes are in tune with the previous 
observations32,44-47.

The RT-PCR was adopted for the detection of IBD 
antigen for amplifi cation of 319 bp product corresponding 
to variable region of VP2 gene48. Presence of IBD virus 
was confi rmed in 15 fl ock outbreaks. RT-PCR, targeting 
diff erent regions of the IBD virus genome, including 
VP1, VP2 and VP4 genes, in concurrence with melting 
curve analysis is being investigated as a potential tool 
for molecular diagnosis of IBD2,3,15-18. In the recent years, 
the amplification of the VP2 gene has been a major 
focus. Amplicons of size 743 bp16,49 and 474 bp50 have 
been reported. However, recent study indicates loop-
mediated isothermal amplifi cation (LAMP) is 10 times 
more sensitive, specifi c and rapid compared to RT-PCR11.

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

Structural analysis of the IBD-VP2 protein using 
the SWISS PROT suggested that the VP2 of IBD was a 
manomeric protein with 99 amino acids. SWISS-PROT 
is a part of the UniProt Knowledgebase (UniProtKB), 
a protein sequence database that provides expert 
annotations on protein function, domain structure, 
and post-translational modifications, with very low 
redundancy. Of late, this has become a valuable resource 
for molecular biologists51. GMQE and QMEAND are Co 
global measurement that give an overall model quality 
measurement between 0 and 1, with higher numbers 
indicating higher expected quality. GMQE combines 
properties from the target-template alignment and the 
template structure. GMQE score of the IBD-VP2 was 0.07 
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suggesting that the optimum quality of the peptide in the 
current study52. SWISS-MODEL is a measure of how close 
the model was to structures of a similar size that were 
obtained experimentally53,54. Ramachandran plot results 
suggested the presence of the glycine like amino acids 
predominant in the alpha helical secondary structure 
of the protein55. The Ramachandran plot is a graphical 
representation used to visualize the allowed regions 
of amino acid residues in protein structures. Lately, it 
has become an essential tool for understanding protein 
conformation, validating structure models and also for 
studying secondary structure elements of proteins56.

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

Based on the various pathological and molecular 
investigations the immunosuppressive eff ects of IBD 
virus on health and in turn to the economy of poultry 
farming is clear and evident. Various other factors such 
as management, nutrition and climate change could also 
be involved in the expression of IBD in poultry. It is the 
utmost necessity to timely diagnose these conditions 
and control them effectively and more importantly 
educating the poultry farmers on timely implementation 
of vaccinations and biosecurity measures. Mitigating 
strategies involving epidemiological interventions, 
mechanistic studies on host immune responses, mutation 
based in-silico analysis of VP2 protein, enhanced 
diagnostics and making provision for be� er vaccines 
could be handy in addressing IBD in the future.
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ABSTRACT
Lead (Pb) is a non-biodegradable, ubiquitous, environmental contaminant and is well known for toxicity in both human and 

animal. This study aimed to investigate the propensity of lead to induce neurotoxicity and changes in histological and oxidative 
stress in Wistar rats following a 45 days oral exposure and its possible a� enuation by amla and fl axseed. Rats were assigned to 
6 treatment groups; Group I served as vehicle control and they received distilled water, whereas rats in Group II @ 60 mg/kg 
bwt. lead acetate, Group III Emblica offi  cinalis @ 100 mg/rat/day, Group IV Linumusitatissimum @ 300 mg/kg b.wt, Group V lead 
acetate @ 60 mg/kg b.wt + Emblica offi  cinalis @ 100 mg/rat/day, and Group VI lead acetate @ 60 mg/kg b.wt + Linumusitatissimum 
@ 300 mg/kg b. wt. were administered orally. Antioxidant enzyme activities like Catalase (CAT), Superoxide dismutase (SOD) 
and Glutathione peroxidase (GPx) were signifi cantly decreased meanwhile, Thiobarbituric acid reactive substances (TBARS) 
were signifi cantly increased in lead acetate-treated rats (Group-II). Upon light microscopical examination in Group II rats, severe 
degenerative changes were noticed in the brain. The levels of all the above parameters were signifi cantly improved in the ame-
liorated group (Group V and VI). The present study revealed that the presence of amla and fl axseed could diminish the adverse 
eff ects of lead acetate as shown in the histological analysis of rat brain.

Keywords: Amla, antioxidant enzymes, brain, fl axseed, lead toxicity, wistar rats

INTRODUCTION
Lead is one of the oldest environmental contaminants and is considered to 

be toxic for virtually all organs of the body. Exposure to lead can occur from a 
multitude of sources such as soil, air, water and industrial pollutants. Inhalation 
(lung) and ingestion (GIT) is the major route of entry into the body. Absorbed 
lead mainly bind with erythrocytes in blood and from there it distributed to 
target organs, i.e. liver, brain, lungs, spleen, renal cortex, aorta, teeth and bones1. 
In view point of CNS toxicity, lead enters the brain and selectively deposited 
in the hippocampus and cortex, as well as in non-neuronal elements that are 
important in the maintenance of the blood brain barrier function. Studies have 
demonstrated that lead impairs learning, memory processes and cognitive 
functions both in animal models and human beings2. The neuropathlogical 
eff ects of lead include nervousness, anxiety and symptomatic encephalopathy. 
Oxidative stress induces cellular damage through production of Free radicals 
and inhibitions of enzymatic function are the major contributor in pathogenesis 
of lead induced toxicity3.

In recent years, studies have shown the eff ect of several kinds of plants not 
only confers protection against heavy metal toxicity but it can also perform 
a therapeutical role against toxicity due to presence of several bioactive 
compound and antioxidant properties. Free radicals were generated during 
the pathogenesis processes induced by lead exposure, it was presumed that 
supplementation of antioxidants could be an alternative method for chelation 
therapy4. Emblica offi  cinalis (Emblica) is also known as amla, is a rich source of 
tannins5, polyphenols, fl avones6 and some bioactive substances, among them 

tannaoids are the active principles 
present in amla having vitamin 
C like properties which act as 
anti-inflammatory and potent 
antioxidant7. Linumusitatissium 
(Flaxseeds), commonly known as 
linseed is rich in lignan compound. 
The principle lignan found in 
fl axseed is Secoisolariciresinol di 
glucoside (SDG)8. Flaxseed also 
proven to have cardioprotective, 
c h e m o p r o t e c t i ve ,  h e p a t o -
protective and anti-infl amatory 
properties9,10. So this present 
experiment was taken to evaluate 
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the protective nature of fl axseed and amla in abating the 
toxic eff ect of lead in brain of wistar rats.

MATERIALS AND METHODS
Procurement of experimental animals, aqueous extract 
of Emblica offi  cinalis and lead acetate

Female Wistar rats with body weight around 150 
to 200 g (procured from Sri Venkateswara Agencies, 
Bangalore) were used for the present experiment. After 
one week of acclimatization the rats were grouped 
randomly and housed in standard polypropylene rat 
cages (three rats/cage) during the experimental period. 
They were maintained at 25OC ± 10OC and a 12:12 hour 
interval light and dark cycle during the 45 days of 
experimental period by maintaining standard laboratory 
hygienic conditions with ad libitum supply of  laboratory 
animal feed and water. The permission of the institutional 
animal ethical commi� ee (IAEC) was obtained earlier to 
commencement of the experiment.

The lead acetate was procured from the Qualigens 
Fine Chemicals Company, product code No. 27645 with 
97% purity. Aqueous extract of Amla (Emblica offi  cinalis) 
with product code C/SVU/EMOF-01 was procured from 
Chemiloids Company, Vijayawada, India.

Preparation of aqueous methanolic extract of Linumusi-
tatissimum (Flaxseed)

Seeds of Linumusitatissimum (Flax seeds) were 
procured from a local herbal shop. After drying in shade, 
seeds were ground into powder form, which then used for 
the preparation of aqueous methanolic extract. Flaxseed 
lignans was prepared as per the method of Zhang et al. 
200711. Flaxseeds (800g) were ground using a grinder to 
a� ain a fi ne powder form. The powder form of fl axseeds 
was defa� ed by blending with hexane (1:6 w/v, 12 h) in 
room temperature. The defa� ed fl axseed powder was 

air dried for around 12 hours. 200 grams of this defa� ed 
powder was again blended with 1.2 Litres complex 
solution of ethanol and water (7:3 v/v) for 24 hours at 
ambient temperature (25OC). The extract was fi ltered into 
fl ask, and then fi ltered product was concentrated at 50OC 
using a Rotary evaporator (Buch, Model 462, Germany) 
@ 90 rpm. Light yellow colour syrup of fl axseed lignans 
extract was obtained.

Experimental design
A total 108 number of female adult Wistar albino 

rats were assigned to 6 groups randomly with 18 rats in 
each group. Group I served as vehicle control and they 
received distilled water, whereas animals in Group II, 
III, IV, V and VI received lead acetate @ 60 mg/kg b.wt., 
Emblica offi  cinalis @ 100 mg/rat/day, Linumusitatissimum 
@ 300 mg/kg b.wt, lead acetate @ 60 mg/kg b.wt + Emblica 
offi  cinalis @ 100 mg/rat/day, lead acetate @ 60 mg/kg b.wt 
+ Linumusitatissimum @ 300 mg/kg b.wt. respectively for 
45 days. From each group, six rats were sacrifi ced at 
fourteen-day intervals.

Histopathology
A detailed post-mortem examination was carried out 

on the sacrifi ced rats of all the trial groups. The brain was 
collected and preserved in 10% NBF for histopathological 
studies; fi xed tissues were processed by standard paraffi  n 
embedding technique. 5-6 microns thick tissue sections 
were cut and sections were stained with Haematoxylin 
and Eosin stain (H&E)12.

Lipid peroxidation (TBARS) assay and Antioxidant 
profi le

For oxidative stress brain was collected and stored 
at -20OC until use. Small tissue pieces of brain tissue 
were minced in separate containers and homogenized 
in 0.05 M ice cold phosphate buff er (pH 7.4) and make 
10% homogenate by using a virtis homogenizer. 0.2 ml of 
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Table 1. Mean Brain TBARS values (nM of MDA / g of tissue) in rats of diff erent experimental groups.
Weeks GROUP I GROUP II GROUP III GROUP IV GROUP V GROUP VI
2 602.8 1156.1 610.5 606.3 632.7 639.8
4 612.3 1185.6 584.3 594.4 625.3 632.5
6 598.4 1230.4 595.8 601.5 627.9 641.3
Mean ± SE 604.5 ± 4.1c 1190.7 ± 21.59a 596.86 ± 7.58c 600.73 ± 3.45c 628.63 ± 2.16bc 637.86 ± 2.71b

Mean values with diff erent superscripts diff er signifi cantly (P < 0.05), ANOVA; S.E. - Standard error

Table 2. Mean brain catalase activity (nM of H2O2 decomposed/min/mg of protein) in rats of diff erent experimental 
groups.

Weeks GROUP I GROUP II GROUP III GROUP IV GROUP V GROUP VI
2 0.33 0.17 0.32 0.29 0.26 0.25
4 0.30 0.15 0.29 0.30 0.27 0.24
6 0.31 0.11 0.31 0.32 0.30 0.28
Mean ± SE 0.31 ± 0.008a 0.14 ± 0.01c 0.30 ± 0.008a 0.30 ± 0.008a 0.27 ± 0.01ab 0.25 ± 0.01b

Mean values with diff erent superscripts diff er signifi cantly (P < 0.05), ANOVA; S.E. - Standard error
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the 10% homogenate was utilized for lipid peroxidation 
assay13. The residual part of homogenate then mixed with 
10% trichloroacetic acid in 1:1 ratio, then centrifuged @  
5000 g at 4OC for 10 min and the supernatant was collected 
and was used for valuation of reduced glutathione14. The 

residual portion of the homogenate was centrifuged for 
60 min. at 15,000 g at 4OC and the supernatant a� ained 
was used for the valuation of superoxide dismutase15, 
catalase16 and glutathione peroxidase17 in brain of all rats 
in all groups.
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Table 3. Mean brain SOD activity (U/min/mg of protein) in rats of diff erent experimental groups.
Weeks GROUP I GROUP II GROUP III GROUP IV GROUP V GROUP VI
2 15.2 7.2 15.1 15.3 14.7 14.4
4 15.7 6.7 15.4 15.2 14.9 14.5
6 15.5 5.9 15.6 15.5 15 14.8
Mean ± SE 15.46 ± 0.14a 6.6 ± 0.37c 15.36 ± 0.14a 15.33 ± 0.08a 14.86 ± 0.88ab 14.56 ± 0.12b

Mean values with diff erent superscripts diff er signifi cantly (P < 0.05), ANOVA; S.E. - Standard error

Fig. 1. Cerebrum: Group II: Section showing capillary proliferation (H&E X40); Fig. 2. Cerebellum: Group II: Section showing loss of a 
few Purkinje cells in Purkinje cell layer (H&E X100); Fig. 3. Cerebrum: Group II: Section showing shrinkage of neurons and capillary 
proliferation (H&E X400); Fig. 4. Cerebrum: Group II: Section showing demyelinating changes (H&E X400); Fig. 5. Brain: Group II: 
Section showing gliosis and shrinkage of nerve cells in cerebral cortex (H&E X400); Fig. 6. Cerebellum: Group II: Section showing nerve 
cell with central chromatolysis (H&E X400).
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Statistical analysis
The results were analysed statistically by performing 

one-way ANOVA18.

Ethical approval
The ethics governing the use and conduct of 

experiments on laboratory animals were strictly observed 
and the experimental protocol was approved by the 
Institutional Animal Ethical Committee (IAEC), Sri 
Venkateswara Veterinary University, Tirupati, Andhra 
Pradesh, India (Reference Number 281/go/ReBi/S/2000/
CPCSEA/CVSC/TPTY/018/VPP/2016-17). Institutional 
Animal Ethical Commi� ee (IAEC), Sri Venkateswara 
Veterinary University, Tirupati, Andhra Pradesh, is 
affiliated under The Committee for the Purpose of 
Control and Supervision of Experiments on Animal 
(CPCSEA, India) with the Registration Number-281/go/

ReBi/S/2000/CPCSEA.

RESULTS
Lipid peroxidation - Thiobarbituric acid reactive sub-
stances (TBARS)

Statistically signifi cant (P< 0.05) increase in mean 
brain TBARS levels was noticed in lead acetate-treated 
rats (Group II) when compared to the control rats (Group 
I). The mean brain TBARS values from Group I to VI 
were 604.5, 1190.7, 596.86, 600.73, 628.63 and 637.86 (nM 
of MDA/g of tissue) respectively and are shown in Table 
1. A signifi cant decrease was observed in mean brain 
TBARS levels in Emblica ameliorated rats (Group V) and 
Flaxseed ameliorated rats (Group VI) when compared 
to the lead acetate-treated rats (Group II). There was 
no signifi cant alteration in lipid peroxidation levels in 
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Table 4. Mean brain glutathione peroxidase activity (µ of glutathione utilized/min/mg of protein) in rats of diff erent 
experimental groups.

Weeks GROUP I GROUP II GROUP III GROUP IV GROUP V GROUP VI
2 25.63 18.28 24.85 24.95 21.26 20.69
4 24.92 13.42 25.37 25.12 21.64 20.91
6 25.47 7.34 26.12 25.53 22.19 21.29
Mean ± SE 25.34 ± 0.21a 13.01 ± 3.1c 25.44 ± 0.36a 25.20 ± 0.17a 21.69 ± 0.26ab 20.96 ± 0.17b

Mean values with diff erent superscripts diff er signifi cantly (P < 0.05), ANOVA; S.E. - Standard error

Fig. 7. Cerebellum: Group V: Section showing normal Purkinje cell layer (H&E x100); Fig. 8. Cerebrum: Group V: Section showing mild 
demyelinating changes (H&E x400); Fig. 9. Cerebrum: Group VI: Section showing mild capillary proliferation (H&E x40); Fig. 10. Cere-
brum: Group VI: Section showing mild demyelinating changes and congested sub meningeal blood vessels (H&E x40).
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brain of Emblica (Group III) and Flaxseed (Group IV) 
treated rats.

Antioxidant Profi le
Catalase (CAT)

There was a signifi cant (P < 0.05) decrease in mean 
brain catalase activity in lead acetate-treated rats (Group 
II) when compared to the control rats (Group I). The 
mean brain catalase activity in Group I to VI were 0.31, 
0.14, 0.30, 0.30, 0.27 and 0.25 (nM of H2O2 decomposed/
min/mg of protein) respectively and are shown in Table 
2. Statistically signifi cant improvement was noticed in 
mean brain catalase activity in Emblica ameliorated rats 
(Group V) and Flaxseed ameliorated rats (Group VI) 
when compared to the lead acetate treated rats (Group II).

Superoxide dismutase (SOD)
In the present study statistically signifi cant (P<0.05) 

decrease in mean brain SOD activity was noticed in 
lead acetate treated rats (Group II) when compared to 
the control rats (Group I). The mean brain SOD ac tivity 
from Group I to VI were 15.46, 6.6, 15.36, 15.33, 14.86 and 
14.56 (U/min/mg of protein) respectively and are shown 
in Table 3. A signifi cant improvement was observed in 
mean brain SOD activity in Emblica ameliorated rats 
(Group V) and Flaxseed ameliorated rats (Group VI) 
when compared to the lead acetate treated rats (Group II).

Glutathione peroxidase (GPx)
There was a signifi cant (P < 0.05) decrease in mean 

brain GPX activity in lead acetate-treated rats (Group II) 
when compared to the control rats (Group I). The mean 
brain GPX activity in Group I to VI were 25.34, 13.01, 
25.44, 25.20, 21.69 and 20.96 (µ of glutathione utilized/
min/mg protein) respectively and presented in Table 
4. Statistically signifi cant improvement was noticed in 
mean brain GPX activity in emblica ameliorated rats 
(Group V) and Flaxseed ameliorated rats (Group VI) 
when compared to the lead acetate treated rats (Group II).

There was no signifi cant alteration in CAT, SOD and 
GPx level in brains of Emblica (Group III) and Flaxseed 
(Group IV) treated rats was observed when compared to 
control rats (Group I).

Histopathology
Light microscopic examination of the brain of 

lead-treated rats (Group II) revealed mild to moderate 
capillary proliferation (Fig. 1), and shrinkage of neurons 
in the cerebral cortex (Fig. 2). In the cerebellum, rounding, 
degeneration of Purkinje cells and loss of a few Purkinje 
cells (Fig. 3) were observed by the end of 2nd week. 
Later stages of experiment (4th week) in addition to 
the above changes, moderate capillary proliferation 
with shrinkage of neurons, demyelinating changes and 
spongiosis (Fig. 4) in cerebral cortex and gliosis were 
evident. By the end of 6th week, degenerative changes 
such as thickening of meninges with infi ltration of cells, 

severe congestion of cerebral blood vessels and choroid 
plexus, severe demyelinating and spongiosis, gliosis and 
shrinkage of neuron in cerebral cortex (Fig. 5), Severe 
neuronal degeneration with central chromatolysis (Fig. 6)
neurophagia and severe capillary proliferation in cerebral 
cortex and formation of nodule like structure along with 
MNCs infi ltration in cerebral cortex were conspicuous.In 
Group V (Emblica ameliorated rats) histopathologically, 
brains revealed, similar lesions like Group II up to 
4th week. Later the changes were gradually reduced 
in intensity like mild capillary proliferation, normal 
Purkinje cell layer (Fig. 7), mild degenerative changes 
(Fig. 8) and by the end of 6th week brain regained almost 
it normal structure. Flaxseed ameliorated rats (Group VI) 
similar lesions as described in Group II were noticed up 
to 4th weeks and later stages the changes were gradually 
reduced in its severity with mild capillary proliferation 
(Fig. 9), mild demyelinating changes in cerebral cortex 
and congestion of submeningeal blood vessels (Fig. 10) 
and almost near to normal appearance of cerebellum 
with all the three layers having normal arrangement were 
observed by the end of 6th week of experiment. There 
was no signifi cant gross and microscopic alteration was 
observed in brain of Emblica (Group III) and Flaxseed 
(Group IV) treated rats compared to control group (I).

DISCUSSION
In the present study, signifi cant increases in lipid 

peroxidation values in brain were noticed in lead 
acetate treated rats (Group II) compared to control rats 
(Group I). Similar observations were reported by earlier 
authors19,20 and the possible explanation in increased 
lipid peroxidation level may be related to the role of 
GSH (Glutathione) which helps in the active excretion of 
lead through bile by binding to the thiol group of GSH, 
decrease in GSH levels lead to increase tissue burden of 
lead (Pb), which in turn results in lead induced oxidative 
stress and a consequent increase in lipid peroxidation21. 
Moreover, lead induces direct depletion of antioxidant 
enzymes19. These antioxidant enzymes like SOD, GPx 
and CAT take part in maintaining GSH homeostatis 
in tissues, so depletion of these antioxidant enzymes 
may contribute to the explanation of the mechanisms 
responsible for decrease in GSH concentration in tissues 
due to the exposure to this heavy metal22. Emblica 
ameliorated group (Group V) showed a significant 
decrease in lipid peroxidation activity and might be due 
to its antioxidant defence activity and lipid peroxidation 
inhibition activity of the ascorbic acid content of the 
Emblica23. Similarly, Flaxseed ameliorated rats (Group 
VI) also showed signifi cant (P<0.05) decreased in lipid 
peroxidation activity when compared to lead treated 
groups and this might be due to action of lipid lowering 
eff ect and reduction of tissue lipid peroxide (MDA) of 
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fl axseed24,25,26.

Signifi cant decrease in the SOD, CAT and GPX levels 
was recorded in brains of lead acetate-treated rats (Group 
II) compared to control rats (Group I). These fi ndings 
were in agreement with previous researchers27,28,29 and 
the decrease in levels of antioxidant enzymes might be 
due to lead-induced generation of reactive oxygen species 
(ROS) (or) by reducing the antioxidant cell defense 
system by depleting glutathione (or) by inhibiting 
sul� ydryl dependent enzymes or by interfering with 
some essential metals like copper needed for antioxidant 
enzyme activities30. Emblica ameliorated group (Group 
V) showed signifi cant increase in SOD, GPx and CAT 
levels and this might be due to antioxidant property of 
the tannoid rich fraction of Emblica includes Emblican 
in A and B31. Signifi cant increase in SOD, GPx and CAT 
levels were noticed in Flaxseed treated rats (Group VI) 
and this might be due to presence of Omega-3 fa� y acid 
and SDG in fl axseed which exhibit antioxidant properties 
and may help in maintaining the normal antioxidant 
enzymes levels by preventing lead induced cell damage32.

Microscopically, brain revealed sub meningeal 
haemorrhages, mild to moderate capillary proliferation 
in cerebral cortex, rounding and loss of Purkinje cells 
in the cerebellum, severe congestion of cerebral blood 
vessels and choroid plexuses, shrinkage of neurons, 
demyelinating changes and spongiosis and focal loss of 
cerebral cortex with gliosis, severe neuronal degeneration 
with central chromatolysis, neurophagia, formation 
of nodule like structure along with MNCs infi ltration 
in cerebral cortex throughout the experiment. These 
results were in accordance with32,33 and the changes in 
present study might be due to neurotoxic eff ect of lead 
by altering certain membrane bound enzymes and might 
have led to oxidative stress as lead crosses the blood 
brain barrier quite readily34,35. The changes noticed in 
Emblica ameliorated group (Group V) were mild in 
intensity when compared to lead treated rats (Group II) 
and this might be associated with ascorbic acid content 
of Emblica that promotes elimination of reactive oxygen 
species (ROS), thereby helping to reduce oxidative stress 
generated by lead toxicity30&36. Microscopically, similar 
lesions were observed in brain of Flaxseed ameliorated 
groups (Group VI) but in mild form the reason might 
be due to the presence of Omega-3 fa� y acid and SDG 
in fl axseed which exhibit antioxidant properties and 
helps in scavenging the reactive oxygen species (ROS) 
produced during lead exposure. Thus prevent the 
oxidative stress induced cell death in brain and explain 
the less severe degenerative changes in brain tissue of 
fl axseed ameliorated rats (Group VI)31,32.

In conclusion, the fi ndings from the present study 
indicate that lead (Pb) is having deleterious eff ect on 
brain and causes various degenerative changes and 

these changes were aggravated by increase in lipid 
peroxidation and decrease in antioxidant enzymes levels 
in brain. Co-administration of fl axseed oramla with lead 
found to be benefi cial against lead induced toxicity as 
it is evident by improvement in various pathological 
manifestations in fl axseed and amla ameliorated group. 
So it can be assumed that supplementation of antioxidant 
agents like amla and fl axseed in veterinary and human 
medicine can be useful in heavy metal toxicity as a 
supportive therapy to minimize the harmful and toxic 
eff ects of diff erent heavy metals like lead.
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ABSTRACT
The current investigation was conducted to assess the anti-osteoporotic potential of microalgal Spirulina protein fortifi ed 

with leaf powder of Moringa and Finger millet (MSMF) in female Wistar rat model of Methylprednisolone induced osteoporosis. 
The study included six groups of six rats each. Group I (normal control) rats, received distilled water orally daily for seven weeks, 
Group II (disease control) to VI rats received Methylprednisolone @ 40 mg/kg bw subcutaneously thrice a week for six weeks from 
2nd to 7th week of the experimental period. Additionally, Group III (reference control) rats received Alendronate at 40 µg/kg body 
weight subcutaneously three times a week for the same duration. Group IV, V and VI rats received MSMF @ 500, 1000 and 2000 
mg/kg bw respectively, daily orally for seven weeks, along with Methylprednisolone. Group II rats showed signifi cant decrease 
in feed intake, body weight, femur weight, haemato-biochemical parameters, radiological and histopathological parameters of 
the femur. The changes caused by Methylprednisolone were alleviated in Alendronate group and MSMF treatment groups in 
a dose dependent manner. Histopathologically, the MSMF treatment groups showed substantial improvement in trabecular 
thickness, cortex thickness, osteocyte number, reduction in resorption cavities and erosion of cartilage. The anti-osteoporotic 
effi  cacy of MSMF @ 500 mg/kg was lower than that of Alendronate, while the MSMF @ 1000 mg/kg and 2000 mg/kg bw showed 
be� er effi  cacy than MSMF @ 500 mg/kg and equivalent to the eff ects of Alendronate.

Keywords: Finger millet, methylprednisolone, microalgal Spirulina protein, moringa, Osteoporosis

INTRODUCTION
Osteoporosis is a systemic condition associated with aging that typically 

aff ects mammals, primarily humans. It is a condition marked by reduced 
bone density and the weakening of bone structure, which results in increased 
fragility and vulnerability to fractures1. About one in three women and one in 
fi ve men over 50 years will suff er a fracture due to osteoporosis2. These numbers 
emphasize the importance of awareness, early detection and proactive measures 
to prevent osteoporotic fractures.

Osteoporosis arises through either primary or secondary causes. Primary 
osteoporosis is due to rapid bone loss following menopause due to oestrogen 
decline and gradual age-related bone loss in older individuals, aff ecting both 
men and women3. Secondary osteoporosis arises due to many causes including 
hypogonadism, endocrine disorders, gastrointestinal diseases, transplantation, 
genetic disorders and drugs such as anticoagulants, glucocorticoids, anti-
convulsants etc. Among drug-induced osteoporosis cases, glucocorticoids are the 
most frequent cause. Glucocorticoids, directly and indirectly impact the skeleton, 
mainly aff ecting osteoblasts and osteocytes. They promote the formation of 
osteoclasts, leading to increased bone breakdown4.

Glucocorticoids are widely used as the standard treatment for alleviating 
infl ammation and to promote immunosuppression in conditions such as asthma, 

allergic reactions, rheumatoid 
diseases, dermatological issues, 
collagen and vascular disorders, 
inflammatory bowel disease, 
other systemic illnesses and 
ocular inflammatory diseases. 
However, use of glucocorticoids 
with higher doses and for 
prolonged periods may increase 
the likelihood of osteonecrosis 
and osteoporosis5.
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Various drugs targeting bone resorption 
or formation have been developed to address 
bone loss, but they are often ineff ective for 
primary and secondary osteoporosis and 
may cause adverse side eff ects. As a result, 

herbal remedies are used as alternatives as they are widely accepted, 
accessible, aff ordable and believed to have fewer side eff ects6.

Spirulina platensis is a type of blue-green microalgae which 
has been recognized for its potential as a calcium source. Since, 
Spirulina is rich in protein and minerals, it has garnered a� ention 
for its ability to boost mineral absorption by infl uencing intestinal 
microfl ora7. Moringa Oleifera leaves are rich in minerals like calcium, 
potassium, zinc, magnesium, iron and copper. Additionally, they 
contain abundant phytosterols such as stigmasterol, sitosterol and 
kampesterol, serves as precursors for oestrogen production which 
can have positive eff ect on bone8. Finger millet has all the quantitative 
and qualitative a� ributes needed to be a prototype for calcium bio 
fortifi cation. It notably emerges as the most abundant source of 
calcium among all cereal grains contributing to bone strength9.

To avoid osteopenia and osteoporosis, it's necessary to take 
calcium and vitamin D supplements. Spirulina, Moringa oleifera leaves 
and Finger millet have good amounts of calcium and phytochemicals 
which prevents bone loss. The present research work was undertaken 
to investigate the protective eff ects of microalgal Spirulina protein 
fortifi ed with leaf powder of Moringa and Finger millet (MSMF) on 
glucocorticoid induced osteoporosis in female rats.

MATERIALS AND METHODS
Animals

The study was conducted on 36 adult female Wistar rats, of six 
month age, weighing around 200 to 250g, procured from Spring 
Labs, Vasanthanarasapura, Tumkur, Karnataka (Reg. No. 2259/
PORcbiVt/S/23/CCSEA). All the rats were acclimatized to standard 
laboratory conditions for seven days prior initiation of the experiment 
and maintained at 22±3OC temperature, humidity of 30 to 70% and 
12-hour light/dark cycle throughout the study period. Rats provided 
with regular standard pellet diet along with free access to deionized 
drinking water ad libitum throughout the course of the experiment. 
The animals were handled as per CCSEA guidelines and study was 
approved by the Institutional Animal Ethical Commi� ee (HVC/
IAEC/08/2024).

Preparation and administration of drug
Methylprednisolone sodium succinate (MP) was procured 

from NEON Laboratories Limited, Mumbai, India. It was diluted 
in distilled water and injected subcutaneously at 40 mg/kg bw. The 
MSMF, which was extracted, purifi ed and having composition of 55 
g of brown ragi, 20 g of Moringa powder, 15 g of Spirulina and 10 g 
of jaggery powder per 100 g was obtained from the Department of 
Food Technology, Davangere University, Shivagangotri, Davangere. 
It was used at the dose rate of 500, 1000 and 2000 mg/kg bw orally. 
Alendronate was procured from Sigma Aldrich Corporation, St. 
Louis, USA and was injected subcutaneously at the rate of 40 µg/kg 
bw in distilled water.

Experimental design
The study included six treatment groups comprising of six rats 

in each group. Group I served as normal control (NC) and received 
distilled water orally throughout the experiment and subcutaneously 
from 2nd week to end of 7th week; Group II disease control (DC) rats 
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received MP at 40 mg/kg bw, subcutaneously, thrice a 
week for six weeks (from 2nd to 7th week) and distilled 
water orally throughout the experiment; Group III (RC) 
rats along with MP treatment received Alendronate 
subcutaneously thrice a week (from 2nd to 7th week); 
Group IV rats along with MP treatment received MSMF 
at 500 mg/kg bw daily from 1st week to 7th week; Group 
V rats along with MP treatment received MSMF at 1000 
mg/kg bw daily from 1st week to 7th week; while Group 
VI rats along with MP treatment received MSMF at 2000 
mg/kg bw daily from 1st week to 7th week.

Parameters studied
Body weight (g) and feed (g) consumption were 

assessed every week. At the end of the study (49th day), all 
rats were anaesthetized by using Ketamine and Xylazine 
(as I/M injection) to take lateral and anterio-posterior 
radiographs of femurs of animals. The radiographic 
images were acquired using 63 kVp, 8 mA and exposure 
time of 0.06 s with focal distance of 30 mm. Radio density 
of bones was used for evaluation of osteoporosis in long 
bones of rats. Blood was collected from retro-orbital 
plexus in EDTA and serum vials for hematological and 
biochemical analysis, respectively. All animals were 
sacrifi ced humanely and were subjected for detailed 
post-mortem examination. The mean femur weight in 
grams at the end of the study were recorded.

Histopathology
Representative femur samples from rats of all the 

groups were subjected to histopathological studies. The 
tissue was fi xed using 10% Neutral Buff ered Formalin 
solution and decalcifi ed by formic acid (90%) sodium 
citrate method. Sections were prepared using paraffi  n 
blocks and stained with hematoxylin and eosin (H&E) 
and Masson’s trichrome (MT) after dewaxing10.

Histopathological scoring
The femur samples were examined in random 

microscopic areas and the changes were assessed by 
counting 20 diff erent non overlapped fi elds for the same 
slide of each animal11. Cortical bone thickness (µm) was 
measured under low power fi eld from the periosteum 
to endosteum at three diff erent points in each section; 
osteocyte lacunae with or without nuclei were counted 
in oil immersion to know the severity of osteoporosis.

Statistical analysis
Statistical analysis of the data collected for various 

parameters was done using one-way ANOVA with 
Tukey’s test and two-way ANOVA with Duncan’s post 
hoc test12.

RESULTS
General observations

Group I rats remained active throughout the period 

Fig. 1. Dorso-ventral radiograph of femur of control Group I rat showing normal cortex thickness and radiodensity; Fig. 2. Dorso-ventral 
radiograph of femur of disease control Group II rat showing reduction in cortex thickness and reduced radiodensity; Fig. 3. Dorso-ventral 
radiograph of femur of Group VI rat showing improved cortex thickness and radiodensity.

Table 2. The mean (±SE) values of various haematological parameters of rats in diff erent groups on day 49th of the 
study.

Groups TEC (106/µl) TLC (103/µl) Hb (g/dl) Platelet (103/µl) PCV (%)
Group I (NC) 5.04 ± 0.10a 8.43 ± 0.12a 13.02 ± 0.52a 494.0 ± 18.65a 40.50 ± 1.68a

Group II (DC) 3.77 ± 0.15d 4.48 ± 0.11d 9.68 ± 0.38b 299.7 ± 10.64b 32.47 ± 1.06b

Group III (RC) 4.02 ± 0.17cd 5.43 ± 0.12c 11.82 ± 0.45a 360.0 ± 9.52b 34.75 ± 0.76bc

Group IV (MSMF @ 500) 4.16 ± 0.09bd 6.93 ± 0.08b 12.17 ± 0.29a 435.2 ± 15.94a 36.88 ± 1.64ab

Group V (MSMF @ 1000) 4.56 ± 0.09abc 7.12 ± 0.11b 12.37 ± 0.32a 463.2 ± 14.01a 36.58 ± 1.19ab

Group VI (MSMF @ 2000) 4.67 ± 0.16ab 7.10 ± 0.08b 12.73 ± 0.27a 450.5 ± 14.62a 38.55 ± 1.27ac

Mean ± SE values with diff erent superscript diff er signifi cantly at p < 0.05 (n = 6)
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Table 3. The mean (±SE) values of various serum biochemical param-
eters of rats in diff erent groups on day 49th of the study.

Groups Calcium Phosphorous ALP (IU/L)
 (mg/dl) (mg/dl)
Group I (NC) 9.93 ± 0.28a 4.92 ± 0.17a 76.33 ± 3.32a

Group II (DC) 8.12 ± 0.21b 4.07 ± 0.28b 44.50 ± 1.78c

Group III (RC) 9.37 ± 0.40ab 4.63 ± 0.12ab 75.00 ± 2.38a

Group IV (MSMF @ 500) 8.75 ± 0.26ab 4.45 ± 0.11ab 58.33 ± 1.87b

Group V (MSMF @ 1000) 9.08 ± 0.35ab 4.33 ± 0.18ab 64.67 ± 1.84b

Group VI (MSMF @ 2000) 9.22 ± 0.42ab 4.55 ± 0.19ab 67.17 ± 1.81ab

Mean values with diff erent superscript diff er signifi cantly at p < 0.05 (n = 6)

of experiment. Group II rats exhibited clinical 
signs such as reduced feed intake, dullness, 
reduced body weight, arched back, ruffl  ed 
fur, looked restless and were difficult to 
handle. The rats of Group III to VI manifested 
similar clinical signs as that of disease 
control rats, but with reduced intensity and 
frequency.

Feed consumption
Mean weekly feed consumption in 

Group I rats were normal and progressive. 
Group II rats showed signifi cant decrease in 

Fig. 4. Femur head from Group I rat showing normal architecture of trabecular bone with thick network of trabeculae and regular bone 
marrow spaces (H&E X100); Fig. 5. Femur bone from Group II rat showing thinning of trabeculae with reduced collagen and wider bone 
marrow spaces (MT X100); Fig. 6. Femur bone from Group II rat showing reduced cartilage thickness and with erosion (arrow) (H&E 
X100); Fig. 7. Femur head from Group VI rat showing moderate improvement in the thickness of trabeculae with increased collagen 
and reduced widening of bone marrow spaces (H&E X100); Fig. 8. Femur bone from Group IV rat showing improvement in the cortical 
thickness of compact bone and increased cellularity (H&E X100); Fig. 9. Femur head from Group VI rat showing moderate improvement 
in cartilage thickness with reduced break in between cartilage (H&E X100).
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feed consumption of about 5.29%, 10.99%, 11.23%, 8.49%, 
7.72% and 8.40% during 2nd, 3rd, 4th, 5th, 6th and 7th week, 
respectively as compared to Group I. During fi rst two 
weeks, Group V rats showed a signifi cantly (p < 0.05) 
higher feed intake compared to other groups. From 3rd 
to 7th week, all the treatment groups showed a signifi cant 
increase in weekly feed consumption compared to Group 
II rats.

Body weight
The mean±SE body weights at different time 

intervals of 0 day and 1st, 2nd, 3rd, 4th, 5th, 6th and 7th week 
of experiment are presented in Table 1. Group I rats 
remained healthy throughout the period of experiment 
and showed progressive enhancement in their body 
weight over the course of experiment. Body weight of 
Group II rats decreased signifi cantly from 3rd to 7th week 
compared to Group I. The animals of Group IV to VI 
showed signifi cant improvement in the body weight from 
3rd to 7th week when compared to Group II.

Radiography
Radiographic images of femur and tibia of Group 

II rats revealed decreased radio density (bone density) 
with thinning of cortical bone and increased medullary 
cavity. Also, diaphyseal fracture of tibia was seen in one 
rat in Group II. In the treatment groups (Group IV to VI), 
the radiographic images of femur and tibia showed no 
signifi cant diff erence in radio density, cortex thickness 
and were comparable to that of control rats. Also, the 
treatment groups showed signifi cant improvement in 
bone density and cortex thickness of femur and tibia 
when compared to Group II with no evidence of fractures 
(Fig. 1 to 3).

Organ weight
Group II showed signifi cant (p < 0.05) decrease in 

absolute weight of femur in comparison to Group I, 
where as in Group III, IV, V and VI, femur weights were 
signifi cantly (p < 0.05) higher than Group II.

Haematology parameters
The mean±SE values of hematological parameters 

on 49th day of the experiment are presented in Table 2. 
The mean values of Total erythrocyte count (TEC), total 

leucocyte count (TLC), haemoglobin (Hb), platelets 
(PLT) and packed cell volume (PCV) of Group II rats 
were signifi cantly (p < 0.05)  decreased when compared 
to Group I rats. The TEC in Group V and VI; the TLC, 
Hb and PLT in Group IV to VI rats; the PCV in Group 
VI were increased signifi cantly (p < 0.05) as compared to 
Group II rats. The TEC values of Group V rats and PCV 
values of Group V and VI rats were slightly increased as 
compared to Group II rats.

Serum biochemistry
The mean±SE values on 49th day of the experiment 

are presented in Table 3.

Serum calcium
There was a signifi cant (p < 0.05) decrease in serum 

calcium levels of Group II rats by 18.22% than Group 
I rats. Among the treatment groups, there was no 
signifi cant diff erence in mean serum calcium levels. The 
mean values of serum calcium levels of Group III, IV, V 
and VI rats were improved than Group II rats.

Serum phosphorous
There was a signifi cant (p < 0.05) decrease in serum 

phosphorous levels of Group II rats by 17.28% than 
Group I rats. Among the treatment groups, there was no 
signifi cant diff erence in mean serum phosphorous levels. 
The mean values of serum phosphorous levels of Group 
III, IV, V and VI rats were improved than Group II rats.

Alkaline phosphatase (ALP)
There was a signifi cant (p < 0.05) decrease in serum 

ALP levels of Group II rats by 41.70% than Group I rats. 
Among the treatment groups (Group IV to VI), there 
was no signifi cant diff erence in mean serum ALP levels. 
The mean values of serum ALP levels of Group III, IV, V 
and VI rats were signifi cantly (p < 0.05) improved than 
Group II rats.

Gross pathology
The  rats from Group II showed reduction in the 

femur length and reduction in the size of lymph node in 
four out of six rats. The rats from Group III to VI did not 
reveal any visible gross abnormalities.

Histopathology

Table 4. The mean (±SE) values of femur cortex thickness (µm), osteocyte number and number of empty lacunae 
(per fi eld in oil immersion) of rats in diff erent groups on fi nal day (49th day) of the study.

Groups Femur cortex thickness Osteocyte number Number of empty lacunae
Group I (NC) 682.3 ± 10.89a 10.50 ± 0.56a 2.45 ± 0.25a

Group II (DC) 461.9 ± 11.31b 6.60 ± 0.41b 5.30 ± 0.33b

Group III (RC) 621.9 ± 9.59c 10.00 ± 0.47a 2.95 ± 0.28a

Group IV (MSMF @ 500) 482.7 ± 12.70b 9.30 ± 0.42a 4.15 ± 0.23c

Group V (MSMF @ 1000) 580.7 ± 8.21c 9.75 ± 0.45a 3.35 ± 0.23ac

Group VI (MSMF @ 2000) 596.6 ± 6.75c 9.85 ± 0.55a 3.25 ± 0.30ac

Mean values with diff erent superscript diff er signifi cantly at p < 0.05 (n = 6)
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The femur of the Group II rats showed decreased 
cortical thickness of compact bone, reduced osteocyte and 
osteoblast numbers, increased number of empty lacunae 
without osteocytes, erosion of periosteal and endosteal 
layers. The cortical bones showed cracks and fi ssures with 
few abnormal osteocytes and haversian canals. There 
was loss of normal architecture of inner cancellous bone 
trabeculae with thinning of trabeculae thickness, wider 
bone marrow spaces fi lled with increased number of 
adipocytes and discontinuous bony ossicles. Further, 
the cartilage thickness was reduced along with break 
in between or incomplete cartilage when compared to 
control Group I rats (Fig. 4 to 6). Group III rats revealed 
microscopical changes similar to that of Group II rats but 
with mild improvement. The femur of Group IV to VI rats 
showed mild to moderate improvement in the cortical 
thickness of compact bone, minimal to moderate increase 
in cellularity, decreased empty lacunae and increased 
mineralisation when compared to Group II rats. There 
was mild improvement in the endosteal surface with 
reduced erosion. The cracks and fi ssures of cortical bones 
were reduced. There was mild improvement in the loss of 
normal architecture of inner cancellous bone trabeculae 
with minimal improvement in trabeculae thickness and 
reduced bone marrow spaces. The thickness of cartilage 
was improved with reduced break in between when 
compared to Group II rats (Fig. 7 to 9).

Histopathological score of femur
The HP score of all sectioned femur samples assessed 

for parameters like femur cortex thickness and osteocyte 
lacunae with or without nuclei are presented in the Table 
4. Group II rats showed signifi cant (p < 0.05) decrease 
in mean femur cortical thickness and mean number of 
osteocyte lacunae with nuclei and signifi cant (p < 0.05) 
increase in mean number of osteocyte lacunae without 
nuclei when compared to Group I rats. The mean femur 
cortex thickness was signifi cantly (p < 0.05) higher in 
Group III, V and VI but non-significantly higher in 
Group IV rats in comparison to Group II rats. The mean 
osteocyte lacunae with nuclei was signifi cantly (p < 
0.05) higher in Group III to VI in comparison to Group 
II rats. The mean osteocyte lacunae without nuclei 
were signifi cantly (p < 0.05) lower in Group III to VI in 
comparison to Group II rats.

DISCUSSION
Glucocorticoid induced reduction in femur weight 

were in accordance with the reports of previous 
fi ndings13,14. MP induced decrease in haematological 
parameters like TEC, TLC, Hb, PLT and PCV values were 
similar to those previously reported14. Decline in blood 
parameters could be associated with the negative eff ects 
of glucocorticoids on bone marrow and intravascular 
lysis and decreased release of immune cells from the 

bone marrow15.

The TEC, TLC, PLT and Hb values in all the MSMF 
treated groups (Groups IV to VI) were improved 
significantly compared to Group II rats. Studies on 
animal models documented that phycocyanin of Spirulina 
induces the expression of bcl-2 in haematopoietic cells 
that may inhibit apoptosis. There is also evidence that 
c-phycocyanin and polysaccharides of Spirulina enhance 
white blood cell production16. It plays a role in improves 
immune system effi  ciency, as well as playing an important 
part in stimulation of the erythropoiesis17. It was opined 
that increased haematological values in Moringa leaves 
administration was related to the components such as 
protein amino acids, vitamins B, E and iron18. Finger 
millet has good amounts of thiamine, ribofl avin, iron, 
methionine, isoleucine, leucine, phenylalanine, essential 
amino acids and polyphenols19 which may enhance the 
production of haematological parameters.

A signifi cant decrease in the mean values of serum 
calcium, phosphorous and alkaline phosphatase 
was observed in the disease control rats13,20. It has 
been previously highlighted the signifi cance of these 
biochemical markers in detecting osteoporosis resulting 
from Glucocorticoid administration13,15. Glucocorticoid 
usage may cause decrease in calcium and phosphorous 
absorption in the intestine and decreased renal 
reabsorption of calcium and phosphorus21. The reduction 
in ALP is due to inhibition of osteoblastogenesis and 
apoptotic eff ects of glucocorticoids on both osteoblasts 
and osteocytes22.

The improved serum calcium, phosphorous and ALP 
levels in MSMF treated groups may be a� ributed due 
to presence of rich minerals, vitamins in Spirulina and 
improved mineral absorption in intestine by positive 
effect on intestinal microflora by Spirulina23, due to 
Moringa leaf which are rich in fl avonoids, phytoestrogens 
and phytochemicals like kaempferol and quercetin which 
has osteoblastic potential and prevents osteoclastic 
resorption24.

MP administration also caused a signifi cant reduction 
in radio density (bone density) of femur and tibia with 
thinning of cortical bone and increased medullary 
cavity. Further, diaphyseal fracture of tibia was seen 
in one out of six rats. These fi ndings were previously 
reported earlier14,21 and they opined that long term use 
of glucocorticoids causes bone resorption and decreased 
bone mineral density.

The histopathological examination of femur from rats 
in the disease control group revealed decreased cortical 
thickness of femur, reduced osteocyte and osteoblast 
numbers, increased number of empty lacunae without 
osteocytes11. The endosteal surface was irregular25, 
cortex showed cracks and fi ssures with few abnormal 
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osteocytes and haversian canals. The intercellular 
substance consisted of non-homogenous ground matrix 
with several resorption cavities within the matrix when 
compared to normal control group rats. The lamellae 
of the compact bone were reduced in thickness11 when 
compared to normal control rats. Further, there was loss 
of normal architecture of inner cancellous bone trabeculae 
with thinning of trabeculae thickness, discontinuous 
bony ossicles and wider bone marrow spaces filled 
with increased number of adipocytes23,26. Histological 
changes in disease control rats may be due to use of 
glucocorticoids. Glucocorticoids inhibit expression of 
genes important for bone formation including those 
responsible for the production of collagen A1 TGF-β, 
fi bronectin and IGF-1. They, also increase production of 
receptor activator of NF-kB ligand (RANKL) and reduced 
production of osteoprotegerin, resulting in increased 
osteoclast recruitment and survival4,22. Glucocorticoids 
induce apoptosis in osteoblasts and osteocytes by 
activating GSK-3 and caspase-327. They lower IGF-1 
gene transcription in osteoblasts leading to decrease 
production of type 1 collagen4. When glucocorticoids 
cause osteocyte apoptosis, this network may be disrupted, 
impairing the repair process and leading to micro damage 
accumulation and increased bone fragility22.

Improvement in the treatment groups (Group 
IV, V and VI) may be attributed to the synergistic 
antiosteoporotic effects of Spirulina, Moringa leaves 
powder and Finger millet. Spirulina have been shown to 
reduce osteoclast formation by decreasing the number of 
TRAcP and RANKL-positive cells28. Moringa is abundant 
in flavonoids and phytoestrogens, which stimulate 
osteoblasts by acting through the estrogen receptor 
signalling and by reducing the RANKL-mediated 
osteoclastogenesis13. Further, ragi is rich source of calcium 
may be a� ributed to the improved microarchitecture and 
bone mineral density.

The current research showed that among the 
treatment groups, notably, histological changes of femur 
in rats from Group V and VI were less severe compared to 
those in Group IV and Group II rats. The anti-osteoporotic 
eff ect of MSMF in the present study suggests that Spirulina 
microalgae, leaf powder of Moringa and Finger millet can 
be used in combination as a potential preventive agent or 
as a supplement in treatment of osteoporosis. However, 
the underlying mechanisms that may play a therapeutic 
role in the prevention and control of osteoporosis by 
MSMF warrant further mechanistic studies to elucidate 
the mechanism of action.
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ABSTRACT
The present study reports a rare case of cerebral abscess in a 10 month old male crossbred buff alo calf showing the clinical 

signs of lateral recumbency, torticollis, stiff ness of neck, muscle twitching, paddling movement and opisthotunus. Grossly, the 
brain showed a large abscess in anterior part of the right cerebral hemisphere. Histopathologically, purulent meningitis was ob-
served showing marked infi ltration of infl ammatory cells in the leptomeningeal space. The brain parenchyma showed purulent 
exudates lined by thick connective tissue capsule, marked perivascular cuffi  ng, multi-focal areas of gliosis, vasculitis and neuronal 
degenerations. The DNA from the aff ected brain tissue showed the presence of S. suis by PCR targeting gdh gene and further 
confi rmed as serotype 2 by multiplex PCR amplifying 498 bp base pair fragment of the capsular gene. Immunohistochemically, 
the infl ammatory cells infi ltrating the brain parenchyma and glial cells showed the abundant immunoreactivity for SS2 antigens 
confi rming the etiology. The histopathological, immunohistochemical and molecular fi ndings support the diagnosis of rare case 
of S. suis serotype 2 induced cerebral abscess in a buff alo calf.

Keywords: Buff alo calf, cerebral abscess, immunohistochemistry, neuropathology, PCR

Streptococcus suis is an emerging bacterial swine zoonotic pathogen 
responsible for causing huge economic loss to the pig production specially in 
intensive pig production systems1. Recent report showed the average cost of S. 
suis per pig (summed across all production phases) was estimated to be 1.30 
euros, 0.96 euros and 0.60 euros in Germany, Netherland and Spain respectively2. 
This pathogen is frequently reported to be associated with various diseases 
such as meningitis, endocarditis, pneumonia, arthritis and septic shock in pigs 
and human1,2. The prevalence of S. suis has been reported in Indian pigs3,4. S. 
suis is among the pathogens for which scientifi c interest has increased faster in 
recent years, and it is currently included among the top ten swine pathogens 
worldwide. Besides pigs and humans, cross species transmission of S. suis 
infection in diff erent species showing broad host range has been reported in 
previous reports5,6. Among the diff erent species reported, it has been isolated 
frequently from cattle showing diverse pathological cases of meningitis, 
bronchopneumonia and multifocal acute necrotizing hepatitis7,8. Out of identifi ed 
thirty-eight capsular serotypes of S. suis based on the co-agglutination and DNA 
sequencing methods, serotype 2 is the most common and virulent serotype 
frequently recovered from diseased swine and humans and predominant in 
Asia, North and South America1. In the present investigation, we confi rmed 
a rare case of S. suis infection in a buff alo calf showing the clinical signs of 
neurological manifestation.

A 10-month-old crossbred dead male buffalo calf was received to 
Postmortem Facility, IVRI, Izatnagar from experimental animal shed of 
Animal Nutrition division with the history of high fever, paddling movement, 
tremor, stiff ness of neck, dysphasia, clonic convulsion and opistotonus. The 
animal was under treatment after the immediate onset of clinical signs with an 

antibiotic (cefazolin), neurobion 
and steroids. However, even 
with treatment, the calf died after 
undergoing treatment for 7 days.

The systemic  necropsy 
wa s  p e r f o r m e d  a n d  t h i n 
representative tissues from the 
brain, lungs, heart, spleen, liver, 
kidneys and intestine were fi xed 
in 10% neutral buff ered formalin 
for pathological investigation.
Fixed tissues were embedded 
in paraffin wax, sectioned at a 
thickness of approximately 5 
µm and stained with routine 
hematoxylin and eosin (H&E).  
The immunolocalization of S. suis 
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type 2 antigen was done on the paraffi  n embedded (FFPE) 
tissue sections of brain and lungs using commercially 
available polyclonal anti-rabbit S. suis type antibody (Cat 
orb7028, biorbyt). Another set of same tissues were kept 
in -20OC for molecular investigation. For the molecular 
detection, DNA was isolated from the aff ected brain, 
lungs and spleen tissues using DNAeasy blood and tissue 
kit (Qiagen, India) and screened for the probable bacterial 
agents such as Listeria monocytogenes9, Streptocoocus suis10, 
Pasteurella multocida11 and viral pathogens bovine Herpes 
virus12 and Bovine viral diarrhoea virus13 were ruled 
out in complementary DNA (cDNA) prepared from 
brain tissue using published primers. For the serotype 

identifi cation of S. suis, multiplex PCR was used as per 
previous report14.

The neurological signs exhibited by the buff alo calf 
in the present study are consistent with those a� ributed 
to S. suis induced meningitis15,16. Grossly, the brain 
showed abscess of 5.5 cm diameter raised fi rm abscess 
at the anterior part of right cerebral hemisphere (Fig.  
1). The meningeal vessels covering the brain surface 
were markedly congested. On cu� ing the pus pocket, 
20-30 ml of thick purulent creamy exudates oozed out.  
Besides brain, the remaining visceral organs did not 
show any appreciable gross lesions. Microscopically, 
the brain showed signifi cant histopathological lesions. 
The leptomeningeal space was widened and fi lled with 
infl ammatory cellular exudates along with congestion 
and oedema (Fig. 2a). The cerebrum and medulla 
showed predominant histopathological lesions as 
compared to cerebellum. The brain parenchyma showed 
marked presence of purulent exudates surrounded 
by thick connective capsule (Fig. 2b), perivascular 
cuffi  ng (Fig. 2c), vasculitis (Fig. 2d), extensive areas of 
congestion, haemorrhages, oedema, multifocal areas of 
gliosis, increased microglial proliferation, astrocytosis, 
neuronophagia, swollen endothelial cells in capillaries, 
neuronal necrosis and degeneration. The purkinje 
neurons of cerebellum showed neuronal loss and neuronal 
degeneration with mild perivascular cuffi  ng. The brain 
stem showed status spongiosus, gliosis, vasculitis, 
neuronal necrosis with severe perivascular cuffi  ng. The 
neuropathological lesions observed in the present study 

Fig. 1. Cerebral abscess in a buff alo calf. Note the opened pus cavity 
at the anterior part of right cerebrum.

Fig. 2. Histopathological sections of brain of naturally infected buff alo calf showing a. Leptomeningitis (H&E X100); b. Purulent exudates 
lined by thick connective tissue capsule (H&E X100); c. Perivascular cuffi  ng (H&E X200); d. Vasculitis (H&E X200).
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corroborated with the earlier fi ndings of S. suis type 2 
induced meningoencephalitis in natural and experimental 
cases17,18. The microscopic lesions of meningoencephalitis 
with well encapsulated fi brous tissue was documented 
in a previous report19. The neuropathological lesions 
might be due to destruction of blood brain barrier by the 
actions of suilysin protein and other virulence factors of 
S. suis19. The immunohistochemical stained brain section 
showed the abundant immunoreactivity for S. suis type 
2 antigen in the infl ammatory cells infi ltrating the brain 
parenchyma (Fig. 3a) and glial cells (Fig. 3b) correlating 
with neuropathological lesions. The similar fi ndings 
were reported in previous reports17,18. Besides brain, the 
visceral organs failed to show any appreciable gross or 
histopathological lesions. The absence of any systemic 
lesions in the present case ruled out the possibility of 
vascular dissemination from extraneural organs. The 
extensive lesions of meningoencephalitis with close 
proximity to right ear suggest the possibility of ge� ing 
transient the infection from otitis interna19. Moreover, 
the colonization of S. suis within the nasal cavity 

with transient rhinitis might lead to the subsequent 
dissemination of bacterial pathogens to the brain via 
cribiform plate might result in neuropathological 
lesion due to bacteraemia19. Earlier report showed the 
endocarditis associated brain lesion in slaughtered pigs20. 
Further, brain lesions associated with endocarditis were 
mostly focal and disseminated to various organs. On 
contrary, in our case, neither endocarditis nor any other 
systemic disseminated lesions were recorded. Moreover, 
the distribution of the brain lesions were extensive 
rather than focal in the brain parenchyma. The pure 
involvement of brain without showing any systemic 
microscopic lesions was congruent with an earlier report 
describing S. suis type 2 induced cerebral abscess in a 
pig19. The genomic DNA isolated from the brain showed 
amplifi cation for S. suis targeting partial fragment of 
gdh gene yielding 566 bp product (Fig. 4a) whereas 
other organs failed to show any amplifi cation. Further, 
brain showed the amplifi cation for partial fragment of 
capsular polysaccharide gene (cps) gene yielding 498 
bp confi rming the association of S. suis type 2 (Fig. 4b). 

Fig. 3. Immunohistochemical stained sections of brain showing immunoreactivity a. Infl ammatory cells, neocortex; b. Glial cells (IHC X200).

Fig. 4. Molecular detection of S. suis and its serotype in the brain showing a. M-100 bp marker, L1: Positive control, N: Negative control, 
L2-L6: Brain tissues positive for S. suis yielding 566 bp; b. M-Marker (100 bp), L1-L6: Positive for S. suis type 2 yielding 498 bp.

66 Babu et al.
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The brain failed to show amplifi cation for other bacterial 
and viral pathogens. The detection of S. suis serotype 2 
in the brain suggest the neurotropism of this pathogen. 
S. suis type 2 is reported worldwide associated with 
meninoencephalitis in pigs and human16.

Based on histopathological, immunohistochemical 
and molecular fi ndings, the present case is confi rmed 
to be a rare case of S. suis induced cerebral abscess in 
a buff alo calf. Therefore, the presence of S. suis has to 
be taken into consideration while dealing with cases of 
buff alo showing neurological manifestations.
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ABSTRACT
Foot and mouth disease (FMD) is a contagious viral disease that has a high economic impact on livestock industry aff ecting 

large and small ruminant. Most research works are carried out on hematobiochemical alteration due to FMD virus (FMDV) 
in bovine but there is a paucity of literature and a dearth of research on how FMDV aff ects the hematobiochemical profi les of 
goats. This study was aimed to investigate the impact of FMDV on hematobiochemical profi le of goats. Forty two whole blood 
samples were collected from FMDV-infected (n=32) and apparently healthy (n=10) goats to estimate hematobiochemical profi le 
alteration. There was a signifi cant (p<01) decrease in values of hematobiochemical parameters viz. haemoglobin (6.45±0.55 g%), 
total erythrocytes (4.22±0.27x106/µl), packed cell volume (21.35±1.66%), mean corpuscular volume (50.49±0.65 fl ), mean corpus-
cular haemoglobin (15.24±0.32 pg), mean corpuscular haemoglobin concentration (30.19±0.25 gm/dl), glucose (20.42±4.24 mg/dL), 
alanine transaminase (29.26±3.74 U/L), blood urea nitrogen (39.57±4.46 mg/dL), serum creatinine (0.7±0.12 mg/dL), sodium ion 
(143.73±1.33 mEq/L), total protein (7.57±0.55 g/dL), albumin (3.15±0.31 g/dL), globulin (4.425±0.37 g/dL). There was a signifi cant 
(p<01) increase of aspartate transaminase (86.36±11.41 U/L), albumin: globulin ratio (0.715±0.08) as well as cholesterol (104.77±0.86 
mg/dL) and no signifi cant changes were observed in alkaline phosphatase (267.76±236.52 U/L), potassium ion (5.21±0.36 mEq/L), 
neutrophils, monocytes, lymphocytes, eosinophils in FMDV infected goats than the apparently healthy goat. Hematobiochemi-
cal parameters alter signifi cantly in goat during the active phase of FMDV infection under natural condition and these fi ndings 
would be useful for developing a therapeutic or preventive measure to avoid the biotic stress and negative eff ect of FMD virus 
infection in convalescent goat.

Keywords: Biochemical profi le, foot and mouth disease virus, goat, hematological profi le

In rural economies, goats have been regarded as poor man’s cow due to its 
immense contribution to the poor man's economy. A few infectious diseases that 
are frequently encountered in goats includes mastitis, bluetongue, haemonchosis, 
enterotoxaemia, paste-des-petits ruminants, foot and mouth disease (FMD) etc.

The FMD virus (FMDV) is highly contagious in cloven-footed animals, most 
prevalent in ca� le and buff aloes followed by sheep and goats, whereas pigs act 
as amplifi ers. The causative agent of FMD is classifi ed into seven serotypes, O, A, 
C, Asia-1, SAT-1, SAT-2 and SAT-3 which are serologically and immunologically 
distinct2. Disease is mainly characterised by fever, anorexia, ropy and foamy 
salivation, reluctant to walk in ca� le whereas lameness, depression and anorexia 
is usually the fi rst indication of FMD in sheep and goats3. Vesicles develop in the 
interdigital cleft, on the heel bulb and on the coronary band. In sheep vesicles 
also form in the mouth on dental pad, hard palate, lips and gums but they 
rupture easily4. The disease in goat is generally overlooked due to absence of 
frank clinical signs and symptoms. During the viraemic phase of FMDV infection 
haematological and serum biochemical parameters alteration may pose stress 
on animals which leads to production losses.

However, majority of works published are on hematological and biochemical 
alteration due to FMDV infection in ca� le and buff aloes5,6,7,8 but there are paucity 
of literatures dealing with FMDV infection and dearth of research on how 

FMDV aff ects the haematological 
and serum biochemical profi les 
of goats. Based on this, the 
present study was conducted to 
understand the hematological 
and serum biochemical profile 
alteration in goat infected with 
foot and mouth disease virus 
under natural condition. As per 
the author’s knowledge, this was 
the fi rst kind of work carried in 
goat under natural condition 
and fi ndings of the present study 
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would be useful for the development of a therapeutic or 
preventive measure to avoid the biotic stress and negative 
eff ect of FMDV infection in convalescent goat.

Cross sectional study was conducted in fi eld under 
natural condition where all the animals were reared 
in same geographical climatic and environmental 
condition. Animals were divided into two groups, group 
(Gr) 1, FMDV infected [tested positive for FMD viral 
genome using FMDV specifi c primers (reverse primer: 
5’-GACATGTCCTCCTGCATCTG-3; Forward primer: 
serotype ‘O’- 5’- GTGACTGAACTGCTTTACCGCAT- 3’, 
serotype ‘A’- 5’- CAACGGGACGARCAAGTACTC- 3’, 
serotype ‘Asia 1’- 5’- GACCTGGAGGTYGCGCTTGT-3’)] 
and Gr 2, apparently healthy (tested negative for FMD 
viral genome). Gr1 consisted 32 goats (n=32) whereas Gr 2 
consists of 10 goats. This research protocol was approved 
by the Institute Animal Ethics Commi� ee of Ranchi 
Veterinary College, Birsa Agricultural University, Kanke, 
Ranchi, Jharkhand followed by the commi� ee for control 

and supervision of experiments on animals (CCSEA), 
Government of India vide le� er no. V-11011(13)/12/2022-
CPCSEA-DADF.

Whole blood samples were collected aseptically from 
all FMDV infected (n=32) and apparently healthy goats 
(10) through jugular vein. Two mL blood was collected 
in a heparinised vacutainer tube (BD, Franklin, USA) 
for estimation of hematological parameters while 10 mL 
blood was collected in a vacutainer tube containing clot 
activators (BD, Franklin, USA) to estimate the serum 
biochemical profi le. Serum samples were separated by 
centrifugation of blood at 3000 rpm for 20 min and stored 
at -80OC till estimation.

The haematological parameters viz., haemoglobin 
(Hb), total erythrocyte count (TEC), packed cell 
volume (PCV), and total leukocytes count (TLC), 
mean corpuscular volume (MCV), mean corpuscular 
haemoglobin concentration (MCHC) were estimated 

Table 1. Haematological and biochemical profi le (Mean ± SE) in FMDV aff ected and apparently healthy goats under 
natural condition.

Parameters FMD aff ected (n=32) (Mean ± SE) Apparently healthy (n=10) (Mean ± SE) p value
TLC 11962.5 ± 1605.58 10780 ± 1877.82 0.058
Neutrophils (%) 36.75 ± 13.85 40 ± 8.27 0.488
Lymphocytes (%) 53.25 ± 14.03 49.3 ± 8.69 0.408
Eosinophils (%) 5.37 ± 2.82 4.5 ± 2.71 0.394
Monocytes (%) 4.62 ± 2.43 4 ± 1.63 0.453
N/L 0.84 ± 0.64 0.86 ± 0.31 0.932
Haemoglobin (g%) 6.45 ± 0.55 8.46 ± 0.32 < 0.01
PCV (%) 21.35 ± 1.66 27.38 ± 0.98 < 0.01
TEC (million/ul) 4.22 ± 0.27 5.23 ± 0.16 < 0.01
MCV (fl ) 50.49 ± 0.65 52.345 ± 0.24 < 0.01
MCH (pg) 15.24 ± 0.32 16.173 ± 0.12 < 0.01
MCHC (gm/dl) 30.19 ± 0.25 30.896 ± 0.08 < 0.01
Glucose (mg/dL) 20.42 ± 4.24 50.7 ± 10.35 < 0.01
AST (U/L) 86.36 ± 11.41 33.92 ± 3.12 < 0.01
ALT (U/L) 29.26 ± 3.74 95.73 ± 9.82 < 0.01
ALP (U/L) 267.76 ± 236.52 138.5 ± 80.46 0.1
BUN (mg/dL) 39.57 ± 4.46 55.1 ± 7.37 < 0.01
Creatinine (mg/dL) 0.7 ± 0.12 1.19 ± 0.16 < 0.01
Na+ (mEq/L) 143.73 ± 1.33 148.59 ± 1.56 < 0.01
K+ (mEq/L) 5.21 ± 0.36 5.286 ± 0.49 0.603
TP (g/dL) 7.57 ± 0.55 9.61 ± 0.46 < 0.01
Albumin (g/dL) 3.15 ± 0.31 3.58 ± 0.32 < 0.01
Globulin (g/dL) 4.425 ± 0.37 6.03 ± 0.61 < 0.01
A/G ratio 0.715 ± 0.08 0.603 ± 0.11 < 0.01
Cholesterol (mg/dL) 104.77 ± 0.86 62.1 ± 13.34 < 0.01

P ≤ 0.05 and P ≤ 0.01 were taken as the signifi cance level; TLC - Total leukocyte count, TEC - Total erythrocyte count, PCV - Packed cell 
volume, MCV - Mean corpuscular volume, MCHC - Mean corpuscular haemoglobin concentration, AST - Aspartate transaminase, ALT 
- Alanine transaminase, ALP - Alkaline phosphatase, BUN - Blood urea nitrogen, Na+ - Sodium ion, K+ - Potassium ion, TP - Total protein
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using haematology analyser (Transasia, Sysmex, XN-
550). Moreover, differential leukocyte count (DLC) 
was carried out manually on blood smear stained with 
Giemsa stain9.

Biochemical parameters viz., glucose, aspartate 
transaminase (AST), alanine transaminase (ALT), serum 
alkaline phosphatase (ALP), urea, creatinine, Sodium ion 
(Na+), Potassium ion (K+), Total protein (TP), albumin: 
globulin, A/G ratio and cholesterol were performed 
on each serum samples. These serum biochemical 
parameters were estimated using commercial kits 
(Tulip diagnostics (P) Ltd) in autoanalyzer (Tulip semi-
automated analyzer).

All values were presented as means ± standard error 
(SE). T-test was used to statistically analyze the signifi cant 
diff erence between the group means. The value of P ≤ 
0.05 and P ≤ 0.01 was taken as statistically signifi cant10.

The values of various haematological and serum 
biochemical profi les (mean ± SE) in FMDV infected and 
apparently healthy goats are depicted in Table 1.

Haematological parameters of FMDV infected 
and apparently healthy goats are shown in Table 1. 
There was a signifi cant (p<0.01) decrease in the values 
of hematological parameters viz. haemoglobin, total 
erythrocytes, PCV, MCV, MCH, MCHC in FMDV infected 
goats than those of the apparently healthy goat (Table 1). 
Although, there was an absolute increase in the counts 
of total leukocyte, lymphocytes, monocytes, eosinophils 
whereas reduction in absolute count of neutrophils and 
neutrophils: lymphocyte ratio but all these changes were 
statistically non-signifi cant.

Serum biochemical parameters of FMDV infected 
and apparently healthy goats are shown in Table 1. 
There was a signifi cant (p<01) decrease in values of 
serum biochemical parameters viz. glucose, ALT, blood 
urea nitrogen, creatinine, sodium ion, total protein, 
albumin, globulin while signifi cant (p<0.01) increase in 
the value of AST (86.36±11.41), albumin : globulin ratio 
and cholesterol and there was no signifi cant changes were 
observed in value of ALP, potassium ion, neutrophils, 
monocytes, lymphocytes, Eosinophils in FMDV infected 
goats than those of the apparently healthy goat.

Initial replication of FMDV took place at primary site 
followed by viraemia and then reaches up to secondary 
site. At secondary site it replicated and produce vesicle 
followed by rupture of vesicle and leads to diff erent 
types of wounds. During the viraemic phase of infection 
FMDV aff ects the hematological and biochemical profi le 
of animals which disturb the harmony of general status of 
health and followed by production loss especially in ca� le 
and buff alo but it was not studied in goat. Therefore, 
the present study was conducted to understand the 

hematological and serum biochemical profi le alteration in 
goat infected with FMD virus under natural condition to 
develop therapeutic or preventive measures for avoiding 
the biotic stress and negative eff ect of the FMDV infection 
in goat.

There was a signifi cant decrease in Hb in FMDV 
infected goats as compared to apparently healthy goat 
and this condition could be a� ributed to endocrinopathy 
eff ect occurring secondary to the viral infection11. Similar 
fi ndings were also reported by the earlier workers8,12,13 in 
ca� le. FMDV infected goats has a signifi cant reduction 
in TEC/RBC in compared to the apparently healthy goat 
and it could be due to the reduction in the process of 
erythropoiesis14 and this report is in line with preceding 
published reports in ca� le6,11,12,13. The PCV content of 
FMDV aff ected goats decreased signifi cantly which could 
be due to reduction in RBC/TEC and it is comparable 
with the previous fi ndings as demonstrated in ca� le12,13 
but same time it contrary to the report published by 
Mousa and Galal7. MCV, MCH and MCHC values in 
the Gr1 (FMDV aff ected group) are signifi cantly lower 
than Gr 2 (apparently healthy goat). In contrary to the 
present report, MCV and MCH values were shown to be 
considerably higher in the FMDV infected animals7,11. Few 
reports said that there is a non-signifi cant change in these 
value8,13. In present study, TLC in Gr1 was higher than 
that of Gr 2 but it has not been diff er signifi cantly between 
the Gr 1 and Gr 2 and it has also been mentioned in the 
previous report8,14. In FMDV infected groups of goats 
the count of neutrophils and neutrophils: lymphocyte 
ratios were decreased whereas the count of lymphocytes, 
monocytes and eosinophils increased but these changes 
are non-signifi cant in nature as compare to the apparently 
healthy group and similar fi nding were also recorded in 
published reports6,15. Lymphocytosis is the phenomenon 
of virus infection as it has also been observed in FMDV 
infected group under natural condition16,17 during active 
phase of infection in the present study but few report said 
that there is a signifi cant decrease in TLC, lymphocytes 
after 7-14 days post FMDV infection18.

There was signifi cant decrease in the concentration 
of glucose in FMDV aff ected goats than the apparently 
healthy goats. This contrasts with a signifi cant increase 
of glucose in diseased ca� le and buff aloes compared 
to healthy animal in the previous study12,14,19. Possible 
mechanisms leading to hypoglycaemia include impaired 
glycogenolysis and gluconeogenesis in the liver or 
increased catabolism of glucose by the animal20. A 
reduction of blood sugar levels during infection is 
a well-regulated process that is a part of the body’s 
natural antiviral response. Signifi cant increase in the 
concentration of AST in FMDV affected group than 
the apparently healthy group and it could be due to 
involvement of liver, muscular or cardiac damages 
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occurs14,21 and this fi nding coincide with the earlier report 
indicating hypoglycaemia due to FMDV infection12,13,15. 
A change in the amount of AST in the blood serum is 
one of the most distinctive indicators of the disruption 
of the integrity of the liver tissue22. As activity of 
AST refl ects the functional state of liver that means 
FMDV also aff ects liver function during acute phase of 
infection. A signifi cant decrease in the concentration of 
ALT was observed in FMDV aff ected group than the 
apparently healthy group of animals which concurred 
with the fi ndings of earlier report8. This contrasts with 
no signifi cant change observed in ALT in the previous 
study12. Enzyme activities of ALP were increased in 
FMDV affected group of animals in comparison to 
apparently healthy group of animals but there was no 
signifi cant diff erence as reported in previous report13. 
Serum biochemical analysis showed signifi cant reduction 
in total protein, albumin, globulin in FMDV aff ected 
group in the present study and similar fi nding were also 
reported by previous worker7,13,15,23. This is contrary to 
non-signifi cant changes in serum total protein, albumin 
and A:G ratio was observed under experimental FMDV 
infection18. Low albumin and protein concentration may 
also be due to alteration in pancreatic β-cell function 
that might have developed during the clinical course 
of FMDV24 and it could also be due to liver and kidney 
damage25. The hypoproteinemia might be a� ributed to 
hypoalbuminemia and hypoglobulinemia in present 
study and it could be due to anorexia, reduced feed 
intake, malnutrition, mal absorption, enteropathy, 
and transudation of plasma from ulcers due to FMDV 
infection8,15,25. Due to FMDV infection there is impairment 
in the function of thyroid gland3. Thyroid hormone 
increases both the rate of cholesterol synthesis and the 
rate of its catabolism by the liver. In hypothyroidism 
condition, lipids and cholesterol catabolism are decreased 
to a lesser degree than the synthesis of the cholesterol. 
The eff ect of these changes, results in an increase in serum 
cholesterol26 due to this reason there was a signifi cant 
increase in the cholesterol level in FMDV aff ected goat in 
present study. Signifi cant reduction in the concentration 
of blood urea nitrogen (BUN) and creatinine has been 
observed in FMDV infected goats than the apparently 
healthy goats and this coincide with the fi nding of earlier 
worker and it could be due to hypoproteinemia14. This 
contrasts with non-signifi cant changes observed in BUN 
and serum creatinine (sCRT) in the previous study12. 
BUN and sCRT are the commonly used biomarkers to 
know the intensity of renal failure since it is released in 
to the plasma at relatively constant rate in healthy state, 
which are freely fi ltered by the glomerulus and neither 
metabolized nor released by the kidney. By preventing 
or promoting renal tubular secretion, glomerular 
filtration rate or both, the real sCRT can be altered 
independently of variations in the glomerular fi ltration 

rate27. Significant reduction in the concentration of 
sodium ion was observed in FMDV aff ected group than 
apparently healthy goats15. The recorded hyponatremia 
may be a� ributed to sodium loss through exudation 
from erosions, excessive salivation and/or decreased 
sodium intake due to starvation resulted from fever in 
ca� le6,15. No signifi cant diff erence was observed in the 
serum potassium in both the infected and apparently 
healthy goats. There were signifi cant changes in the 
parameters like AST, ALT, albumin, globulin, BUN, 
sCRT etc indicating that FMD virus has negative eff ect 
on liver and kidneys. Changes in the haematological 
parameters due to FMDV infection indicates that it aff ects 
the major organs like liver, kidneys etc and eff ect of these 
changes has been visible by signifi cant changes in liver 
and kidneys function test parameters. Therefore, during 
the acute phase of FMDV infection liver and kidney 
protectant may be advisable to reduce the further health 
associated risk.

CONCLUSION
It would be concluded that during the viraemic 

phase of foot and mouth disease virus infection 
hematobiochemical parameters showed significant 
variations in FMDV aff ected goat than apparently healthy 
goat. Hematological parameters which significantly 
decrease in FMDV affected goats are haemoglobin, 
total erythrocyte, PCV, MCV, MCH and MCHC values. 
Biochemical parameters which signifi cantly decrease in 
FMDV aff ected goats are glucose, ALT, urea, creatinine, 
sodium, total protein, albumin, globulin, A/G ratio while 
signifi cant increase in AST and cholesterol. Changes in 
the haematological parameters due to FMDV infection 
indicates that it affects the major organs like liver, 
kidneys etc. and eff ect of these changes has been visible 
by signifi cant changes in liver and kidney functions 
test. Present fi ndings would be useful in developing 
therapeutic or preventive measures to reduce the health 
associated risk due to FMDV infection in goat to enhance 
productivity as these are not included in vaccination in 
most of the countries pursuing FMD control.

ACKNOWLEDGEMENTS
The author would like to thank the Dean of the 

College of Veterinary Science and Animal Husbandry 
at BAU in Kanke, Jharkhand, India for providing 
the necessary facilities for this research. State field 
veterinarians and animal owners were also recognized 
for their unwavering support throughout the study.

REFERENCES
1. Knowles NJ and Samuel AR. 2003. Molecular epidemiology 

of foot-and-mouth disease virus. Virus Res 91: 65-80.
2. Robson KJ, Harris TJ and Brown F. 1977. An assessment by 

 FMD infection hematobiochemical profi le in goats 71



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

competition hybridization of the sequence homology between 
the RNAs of the seven serotypes of FMDV. J Gen Virol 37: 271- 
6.

3. Alexandersen S, Zhang Z, Donaldson AI and Garland AJ. 2003. 
The pathogenesis and diagnosis of foot-and-mouth disease. J 
Comp Pathol 129: 1-36.

4. Ga� ani A, Gupta KK, Joshi G and Gupta SR. 2011. Metabolic 
profi le of foot and mouth disease stressed sheep in semi-arid 
region. J Stress Physiol Biochem 7: 148-153.

5. Mohan MS, Gajendragad MR, Subodh K, Gopalakrishna S and  
Nem S. 2008. Experimental foot-and-mouth disease in ca� le 
and buff alo: Haematological changes. Indian J Vet Pathol 32: 
56-58.

6. Ghanem MM and Abdel-Hamid OM. 2010. Clinical, hae-
matological and biochemical alterations in heat intol erance 
(panting) syndrome in Egyptian Ca� le following natural 
foot-and-mouth disease (FMD). Trop Anim Health Prod 42: 
1167-1173.

7. Mousa SA and Galal MK. 2013. Alteration in clini cal and he-
mobiochemical and oxidative stress parameters in Egyptian 
ca� le infected with foot and mouth disease. J Anim Sci Adv 3: 
485-491.

8. Khan D, Sheikh IS, Ullah A, Kasi KK, Mustafa MZ, Din ZU, 
Anwar I, Kakar N and Waheed A. 2024. Circulation of foot-
and-mouth disease serotypes, risk factors and their eff ect on 
hematological and biochemical profi les among ca� le and 
buff alo in Que� a, Balochistan, Pakistan. Vet World 17: 329-336.

9. Feldman BF, Zinki JG and Jain VC. 2000. Schalm’s Veterinary 
Hematology, 5th Ed., Lippinco�  Williams and Wilkins, Canada.

10. Tamhane A and Dunlop D. 2000. Statistics and Data Analysis: 
From Elementary to Intermediate. 2nd Eds Prentice-Hall. 1-722.

11. Gökçe G, Gökce Hİ, Güneş V, Erdoğan HM and Çitil M. 2004. 
Alterations in Some Haematological and Biochemical Param-
eters in Ca� le Suff ering from Foot-and-Mouth Disease. Turk J 
Vet Anim Sci 28: 723-727.

12. EI-Mandrawy SAM and Farag GK. 2017. Molecular charac-
terization, haematological and biochemical studies on foot 
and mouth disease virus serotype O in buff aloes and cows in 
Dakahlia Governorate, Egypt. Zagazig Vet J 45: 65-73.

13. Hashem MA, Shefaa AME, Iman EE and Alaa AAE. 2018. 
Molecular diagnosis of foot and mouth disease virus in ca� le 
with reference to hematological and biochemical changes. 
Zagazig Vet J 46: 105-116.

14. Barkakati J, Sarma S and Kalita DJ. 2015. Eff ect of foot and 
mouth disease on haematological and biochemical profi le of 
ca� le. Indian J Anim Res 49: 713-716.

15. Nasr EI-Deen NAM, Neamat-Allah ANF, Rizk LG and Fareed 
RSG. 2017. Serological, hematological, biochemical and oxi-
dative markers during foot and mouth disease serotype ‘O’ 
Infection, Egypt. Bulletin UASVM Vet Med 74: 218-226.

16. Weiss DJ and Wardrop KJ. 2010. Schalm's Veterinary Hema-
tology, 6th Ed, Ames, Wiley-182, Blackwell.

17. Dawood AA and Alsaad KM. 2018. Clinical and diagnostic 
studies of myocarditis result from FMD In lambs. IOSR J Agric 
Vet Sci 11: 1-10.

18. Saravanan S, Umapathi V, Priyanka M, Hosamani M, Sreeniva-
sa BP, Patel BHM, Narayanan K, Sanyal A and Basagoudana-
var SH. 2020. Hematological and serum biochemical profi le 
in ca� le experimentally infected with foot-and-mouth disease 
virus. Vet World 13: 426-432.

19. Mohapatra APK, Kundu AK, Bisoi PC and Prusty BM. 2005. 
Haematological and biochemical changes in crossbred ca� le 
aff ected with foot and mouth disease. Indian Vet J 82: 141-144.

20. Klein KA, Clark C and Allen AL. 2002. Hypoglycemia in sick 
and moribund farmed elk calves. Can Vet J 43: 778-781.

21. Hoff mann WE and Solter PF. 2008. Diagnostic enzymology 
of domestic animals. In Clinical Biochemistry of Domestic 
Animals. Pp. 351-378.

22. TopchiyevaSh A. 2018. Change in the Enzymatic Activity of 
Aspartate Amino transferase in the Blood of Goats Related to 
the State of Animal Health. J Med Res Biol Stud 1: 102.

23. Faruk AZ, Das SK, Abdul Awal M and Das D. 2021. Hemato-
logical and biochemical alterations at diff  erent stages in ca� le 
aff ected with foot-and-mouth dis ease in Bangladesh. J Sci Tech 
Res 37: 29202-29207.

24. Barboni E, Mannocchio I and Asdrubali G. 1966. The devel-
opment of diabetes mellitus in ca� le experimentally infected 
with virus of foot and mouth disease. Vet Ital 17: 339.

25. Roussel AJ, Whitney MS and Cole DJ. 1997. Interpreting a 
bovine serum chemistry profi le: Part 1. Vet Med 92: 553-558.

26. Kaneko JJ, Harvey JW and Bruss M. 1997. Clinical biochemistry 
of Domestic Animals. 5th ed. Academic press California, US, 
pp. 661-668.

27. Mishra A, Cha� erjee US and Mandal TK. 2013. Induction of 
chronic renal failure in goats using Cisplatin: A new animal 
model. Toxicol Int 20: 56-60.

72 Pamia et al.



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

Indian J. Vet. Pathol., 49(1) : 73-77, 2025: DOI: h� ps://doi.org/10.5958/58k9j928
SH

O
R

T
 C

O
M

M
U

N
IC

A
T

IO
N

How to cite this article : Das, T., Vidyarani, 
H.B., Pathak, M., Sethi, M., Sahoo, M., John, 
J.K., Das, N.K. and Saikumar, G. 2025. Pathology 
of concurrent pasteurellosis, fasciolopsiasis 
and sarcocystosis in a nondescript grower pig. 
Indian J. Vet. Pathol., 49(1) : 73-77.

Pathology of concurrent pasteurellosis, fasciolopsiasis and sarco-
cystosis in a non-descript grower pig

T. Das*, H.B. Vidyarani1, M. Pathak2, M. Sethi3, M. Sahoo, J.K. John4, N.K. Das5 and G. Saikumar1

ICAR-National Institute of Foot and Mouth Disease, Arugul, Bhubaneswar, India, 1ICAR-IVRI, Izatnagar, 2CAU, Imphal, 
India, 3BHU, Varanasi, UP, 4COVAS, SVPUAT, Meerut, UP, India, 5FARD, Govt. of Odisha, India
Address for Correspondence
T. Das, Scientist, ICAR-National Institute of Foot and Mouth Disease, Arugul, Bhubaneswar, India, E-mail: tarenisahoo@gmail.com

Received: 9.12.2024; Accepted: 16.1.2025

ABSTRACT
A three months old nondescript female pig carcass was submi� ed to postmortem facility, division of pathology, ICAR-IVRI, 

Izatnagar, U� ar Pradesh, India. Concurrent infections with F. buski, Pasteurella and Sarcocystis were detected based on cultural 
examination, Gram staining of bacteria and morphology of parasites. On necropsy examination, gross lesions observed were hy-
drothorax and hydroperitoneum, frothy exudate in trachea, severe congestion, consolidation and edema of lungs, lymphadenitis, 
hepatitis with whitish necrotic foci and prominent lobular pa� ern, congestion of kidneys, meningeal and mesenteric blood vessels 
and serosa of small intestine. Histologically, acute fi brino-suppurative bronchopneumonia, myocarditis with sarcocysts, enteritis, 
hepatic necrosis with thickened capsule and interlobular septa, perivascular cuffi  ng, perivascular and perineuronal oedema in 
brain, lymphoid necrosis and depletion were observed. The case was diagnosed as acute fi brino-suppurative bronchopneumonia 
and septicaemia caused by Pasteurella spp. associated with cardiac sarcocystosis and intestinal fasciolopsiasis.

Keywords: F. buski, Pasteurella, pathology, Sarcocystis

 Pig is one of the important domesticated livestock having signifi cant role in 
food security and socioeconomic improvement. Pig industry is facing various 
challenges due to many infectious and non-infectious diseases. Concurrent 
infection of single host by diff erent pathogens (macroparasites like helminths 
and microparasite like bacteria) is a very common phenomenon. They may 
guard or exacerbate infection risk and shifts disease severity1. Pasteurellosis 
is an important bacterial disease of pigs worldwide causing great economic 
losses. It is caused by gram negative coccobacillary bipolar organism, Pasteurella 
multocida. Based on antigenicity of its polysaccharide capsule, there are fi ve 
diff erent serogroups of P. multocida such as A, B, D, E or F2. P. multocida type A 
and P. multocida type D cause bronchopneumonia, pleuritis and atrophic rhinitis 
in pigs and P. multocida type B is associated with septicemic pasteurellosis in pigs 
in India3-5. It is the common inhabitant in the respiratory tract of healthy animals. 
It was considered as secondary pathogen associated with pig pneumonia. 
Recently, it is considered as primary agent associated with swine pneumonia 
and septicemia6. It is also mostly prevalent zoonotic pathogen associated with 
human infection. Fasciolopsiasis is an important food borne infection caused 
by giant intestinal digenetic fl uke Fasciolopsis buski in pigs causing signifi cant 
economic losses in pig farms. The pathology is due to traumatic, obstructive and 
toxic eff ect of adult parasite in duodenum and jejunum of pigs and humans.  
Hemorrhage, infl ammation, small bowl stricture, ulceration, micro abscesses 
etc. occur at the a� achment sites of the adult parasite in the intestine.

Pigs act as intermediate host for three diff erent Sarcocyst species like S. 
porcifelis, S. suihominis and S. miescheriana. Later two parasitic species are 
pathogenic to pigs. Pigs get infected after ingesting sporocysts excreted in 
the defi nite host faeces. In the endothelial cells of capillaries and arterioles of 
internal organs, the parasites undergo merogonic reproduction and in the skeletal 
muscles, they produce tissue cysts containing banana shaped bradyzoites. 
Morphologically, the cyst wall of S. miescheriana has radial perpendicular 
papillomatous striations and S. suihominis has hair like villar protrusions7.

To the best of our knowledge, 
there are no published literature 
on pathology of concurrent 
infection of swine with F. buski, 
Pasteurel la  and Sarcocystis . 
Therefore, the aim of the present 
study is to describe pathological 
changes in a non-descript grower 
pig associated with natural 
concurrent infection with F. buski, 
Pasteurella and Sarcocystis.

A three months old non-
descript female pig carcass was 
submi� ed to postmortem facility, 
division of pathology, ICAR-
IVRI, Izatnagar, U� ar Pradesh, 
India. Detailed necropsy was 
conducted and gross pathological 
fi ndings of diff erent organs were 
recorded. Representative tissue 
specimens from diff erent organs 
were collected and preserved in 
10% percent buff ered formalin 
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for histopathological processing. After fi xation, tissue 
samples were dehydrated in serially ascending grades 
of alcohol, then cleared in xylene, embedded in paraffi  n 
wax and sectioned at 4 µm thickness and stained with 
hematoxylin and eosin routine stain. The slides were 
examined under light microscope. For bacteriological 
examination, heart blood sample was aseptically collected 
in a sterile syringe and stored at - 4OC for further cultural 
examination. The blood sample was streaked on 5% sheep 
blood agar for bacterial isolation and incubated at 37OC 
for 24-48 hours. The bacteria were identifi ed based on 
colony morphology, hemolytic pa� ern on blood agar and 
microscopic examination of Gram-stained slide smear of 
culture. Adult F. buski and tissue cyst of Sarcocystis were 
identifi ed based on their morphology7,8.

The gross examination revealed moderate 
hydrothorax and hydroperitoneum, frothy exudate in 
trachea, severe congestion, consolidations and oedema 
of ventral parts of both left and right lung (Fig. 1), 
thickened pericardium of heart, congested and enlarged 
bronchial lymph nodes, fi rm and enlarged liver with 
whitish necrotic foci and prominent lobular pattern 
(Fig. 2), moderately enlarged and congested spleen, 
congested kidney and meningeal blood vessel congestion, 
congestion of mesenteric blood vessels and serosa of 
small intestine. Similar gross lesions were also reported 
earlier with natural outbreak of swine pasteurellosis9. 
Small intestine showed heavy infestation of adult 
Fasciolopsis buski parasites (Fig. 3 and Fig. 4). The parasites 
were of diff erent sizes and dorsoventrally fl a� ened, 
characterized by blunt anterior end with presence of large 
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Fig. 1. Lung showing consolidations, haemorrhage and oedema; Fig. 2. Firm and enlarged liver with whitish necrotic foci and prominent 
lobular pa� ern; Fig. 3. Adult Fasciolopsis buski parasites; Fig. 4. Histological section of F. Buski parasite on H&E staining (x40); Fig. 5. Gram 
negative non-spore forming coccobacillary showing bipolarity on Gram stain (x1000); Fig. 6. Lung showing acute fi brino-suppurative 
bronchopneumonia on H&E staining (x40).
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ventral sucker and absence of cephalic cone10.  Infection 
of human and pigs with zoonotic intestinal parasite F. 
buski has been reported in diff erent parts of India11-13. In 
West Bengal, North-East India and Rajasthan 27.93%, 
20.55% and 4.46% prevalence of F. buski were recorded in 
pigs11-13. Bacteriological culture of heart blood produced 
small greyish non hemolytic colonies in blood agar and 
gram staining of impression smear from lung revealed 
gram negative bipolarcocco bacillary organism indicating 
Pasteurella spp.14-15 (Fig. 5). The characteristic colony 
morphology and Gram staining are useful methods for 

initial diagnosis of pasteurellosis.

Histopathological examination of lung revealed 
thickening of pleura with fibrin and sub pleural 
haemorrhages in lungs, thickening of interlobular septae 
with congested capillary, fi brin and infl ammatory cells,   
severe hemorrhage, edema with fibrin strands and 
severe infi ltration of PMNCs and MNCs in alveolar 
lumen, severe hemorrhage and cellular infiltration 
in and around the bronchi and bronchiolar wall and 
presence of RBCs, desquamated lining epithelial cells, 

 Concurrent pasteurellosis, fasciolopsiasis and sarcocystosis in pig 75

Fig. 7. Several sarcocysts with banana shaped bradyzoites in the myocardium of heart (X40); Fig. 8. Myocardium showing capillary con-
gestion, haemorrhage, cellular infi ltration and degeneration (X40); Fig. 9. Liver showing thickened interlobular septae, hepatocyte necrosis, 
atrophy of hepatic lobules, old granuloma with bluish stained calcifi ed central mass surrounded by fi brous capsule and infl ammatory 
cells in the periportal area on H&E staining (X40); Fig. 10. Lymphocyte necrosis and depletion, capillary congestion in lymphnode on 
H&E staining (X40); Fig. 11. Intestine showing necrosis of lining epithelial cells with infi ltration of infl ammatory cells in lamina propria 
on H&E staining (X40); Fig. 12. Brain showing perivascular cuffi  ng, congestion, margination of leucocytes in blood vessels, perivascular 
and perineuronal oedema on H&E staining (X100).
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inflammatory cells and fibrin strands in the lumen, 
presence of bacterial colonies in the lungs (Fig. 6). 
Lesions like thickening of pleura and septae with fi brin, 
fi brinous bronchopneumonia and fi lling of alveoli with 
fi brin, PMNCs and RBCs were described in previous 
studies15, 16. Heart revealed thickening of epicardium 
with fi brin and infl ammatory cells; capillary congestion, 
neutrophil and eosinophil infi ltration, hemorrhages and 
oedema with fi brin strands, degeneration and presence of 
many sarcocysts with banana shaped bradyzoites in the 
myocardium of heart (Fig. 7 and Fig. 8). The pathological 
changes in the myocardium might be due to combined 
eff ect of bacteria Pasteurella and parasite Sarcocystis. 
Severe non-suppurative myocarditis was described 
in a naturally infected sarcocystosis in a pig breeding 
stock17. However, natural Sarcocystis infections in pigs 
are unobvious due to development of immunity to usual 
low dose infections17. However, in highly organized farm 
where natural immunity to sarcocystis is diminishing 
due to high biosecurity measures, clinical signs may 
become severe after infection17. In a previous study, 
lesions like degenerative myocytolysis, infl ammatory 
reactions, fi broblast proliferation and arterial hyperplasia 
were reported in naturally infected sheep with Sarcocyst 
species18. Liver revealed thickened Glisson’s capsule and 
interlobular septae with fi brin and with accumulation 
of neutrophils, fi brin mass in the blood vessels with 
margination of neutrophils, sinusoidal congestion, 
haemosiderin laden macrophages, hepatocyte necrosis, 
atrophy of hepatic lobules, old calcifi ed granuloma with 
bluish stained calcified central mass surrounded by 
fi brous capsule  and infl ammatory cells in the periportal 
area (Fig. 9). There are reports on severe hepatic pathology 
associated Pasteurella spp. in diff erent animal species19,20.  
Lymphocyte necrosis and depletion, capillary congestion, 
haemorrhage and neutrophilic infi ltration were observed 
in bronchial and mediastinal lymphnodes (Fig. 10) and 
spleen. Necrosis and desquamation of lining epithelial 
cells were noticed in stomach. Presence of infl ammatory 
cells, RBCs, necrosed and desquamated lining epithelial 
cells in the lumen of intestine and capillary congestion 
and infiltration of inflammatory cells including 
eosinophils and plasma cells were observed in lamina 
propria of intestine (Fig. 11). Haemorrhage, ulceration 
and denudation of intestinal lining epithelial cells with 
infi ltration of mononuclear cells and eosinophils in the 
intestinal tissue was reported in pigs infected with F. 
buski11,21. Helminths infection induces Th-2 cytokines and 
down regulates Th-1 cytokines inhibiting intracellular 
microparasite control and may cause exacerbation of 
concomitant infections those were controlled by Th-1 
response22. The pathological changes in the intestine 
might be due to combined eff ect of bacteria and parasite. 
In kidney, thickened capsule, infl ammatory cells in the 
interstitium, capillary congestion and tubular epithelial 
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degeneration were observed microscopically. In our 
study, perivascular cuffi  ng, congestion and margination 
of leucocytes in blood vessels, perivascular oedema, 
neuronal degeneration and perineuronal oedema were 
observed in the brain (Fig. 12). Cerebral lesions like 
perineuronal and perivascular oedema, encephalomalacia 
and fibrinous meningitis were reported in goat kid 
infected with P. multocida23.

Concurrent infection alters disease progression in 
many instances. Concurrent parasitic infection may 
aggravate or ameliorate the pathological effect. The 
increased incidence of pneumonia due to increased gastro 
intestinal parasitism in Nigerian Goats was reported24. 
Impediment of pulmonary defense mechanism and 
aggravating pneumonia in Nigerian goats due to other 
bacterial and viral pathogens could be due to pulmonary 
oedema associated with parasitic protein loosing 
enteropathy24. In another study in diff erent species, the 
direct and indirect eff ects of invasive parasite on disease 
outbreak were studied. It was demonstrated that infection 
of blue mussels with parasitic copepod Mytiicolla 
intestinalis increased the rate of secondary Vibrio infection 
as compared to mussels not exposed to parasitic copepod 
infection due to decreased effi  ciency of cellular immunity 
and not due to direct serious pathological eff ect25. Co-
infection of ca� le with Fasciola gigantic and tuberculosis 
was reported to increase the risk of developing TB lesions 
due to lower INF-γ Level26. In other instances, parasitic 
co-infection resulted in increased mortality of the host 
due to increased bacterial loads in diff erent organs as a 
result of facilitation of bacterial invasion owing to more 
damage to the epithelium or by disturbing metabolic 
profile of GI tract or by increasing level of cortisol 
causing immunosuppression or by increasing blood 
β-hydroxybutyrate level and damaging mammary 
cellular immunity or by causing signifi cant lymphopenia 
in co-infected host27. Therefore, in the present study, the 
parasitic infection (F. buski and Sarcocystis spp.) might 
have enhanced the pathological effect of Pasteurella 
infection directly or indirectly in pig resulting in fatal 
outcome. Further future studies are required at cellular 
and molecular level for be� er understanding of complex 
mechanism of interaction among above three pathogens 
and for future development of therapeutics and control 
measures.

CONCLUSION
Based on pathological, bacteriological and 

parasitological examination, the case was diagnosed 
as acute fi brino-suppurative bronchopneumonia and 
septicaemia caused by Pasteurella spp. associated with 
cardiac sarcocystosis and intestinal fasciolopsiasis. This 
is the fi rst documented report on pathology of natural 
concurrent bacterial and parasitic infection in swine.
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In fi eld conditions, it is suggested to consider parasitic 
concurrent infection before initiating any treatment 
or vaccination against other pathogens. Due to one 
health signifi cance of the above pathogens, coordinated 
multidisciplinary effort is essential to develop new 
strategies for eff ective diagnosis, treatment, prevention 
and control of the above pathogens.
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ABSTRACT
A six years old Shih Tzu breed intact female dog was presented to department of veterinary clinical complex, with history 

of abdominal distension, exercise intolerance and normal food intake. On ultra sound examination, intestines appeared fl oating 
due to fi brinous fl uid in abdomen and pleural eff usions were also noticed upon x-ray examination. Cytology of ascitic fl uid re-
vealed activated mesothelial cells with clusters of cells showing anaplasia. Exploratory laparotomy was conducted upon which 
bilateral ovarian masses appearing soft, nodular and hyperaemic within ovarian bursa were retrieved. Impression smears showed 
‘Call-Exner’ bodies pa� ern. Histopathological examination revealed neoplastic polyhedral to fusiform epithelial cells with abun-
dant vacuolated eosinophilic cytoplasm, clustered in solid and acinar pa� ern supported by varying amount of fi brous connective 
tissue. Immunohistochemistry showed strong positivity for inhibin-α. The case was confi rmed as granulosa cell tumor based on 
gross, cytological, histopathological and immunohistochemical examinations.

Keywords: Ascites, call-exner bodies, granulosa cell tumor, inhibin-α

Canine ovarian neoplasms are generally classifi ed into three primary 
categories: germ cell tumors, epithelial tumors and sex cord-stromal tumors. The 
prevalence of these histological types diff ers across various studies1. Epithelial 
neoplasms are prevalent in certain studies while sex cord-stromal tumors are 
more frequently observed in others1,2. Granulosa cell tumors (GCT) are rare 
ovarian neoplasms in dogs and have been documented only sporadically1. 

Granulosa cell tumors (GCT) are regarded as rare low-grade malignant 
neoplasms in both humans and canines, with a low likelihood of metastasis. 
Granulosa cell tumors in felines and bovines are considered to be more aggressive 
compared to those found in canines3. GCTs are most frequently observed in 
middle-aged to older female dogs. A GCT falls under the category of sex cord-
stromal tumors, originating from sex cords or primitive cortical lobules, as 
well as the specialized stroma or mesenchyme of the developing gonad. These 
tumors may have the capacity to synthesize estrogen and progesterone, leading 
to clinical manifestations associated with the reproductive system4.

A female intact shih � u dog of 6 years age was presented to department of 
teaching clinical complex with a history of abdominal distension for 10 days, 
exercise intolerance, normal feeding and voiding. On physical examination, 
temperature was recorded as 102.7OF and conjunctival mucous membrane 
appeared pink. On ultrasonography, ascitic fl uid was noticed in abdomen. 
Remaining visceral organs appeared normal. X-ray examination revealed ascitic 
fl uid in ventral abdomen displacing intestines dorsally. Whole blood and serum 
samples were collected for hematological and serological studies. Ascitic fl uid 
was collected and analysed for cytopathology and biochemical alterations. The 
case was advised to undergo exploratory laparotomy.

By performing exploratory laparotomy, ovarian mass was identified 
within ovarian bursa bilaterally and tumor mass was incised along with 
ovariohysterectomy. Cytological impression smears were obtained upon incising 
the ovarian mass and stained. Tumor sample was fi xed in 10% neutral buff ered 

formalin for histopathological 
examination. The tissues were 
stained using haematoxylin 
and eosin method after the 
standard tissue preparation using 
paraffi  n embedding procedure5. 
Immunohistochemistry was 
conducted using inhibin alpha 
marker procured from Biogenex 
Bangalore.

A six-year-old unspayed 
f e m a l e  s h i t  t z u  d o g  wa s 
presented to the department of 
veterinary clinical complex with 
a history of exercise tolerance 
with abdomen distension since 
10 days with normal feeding 
history (Fig. 1). The animal had 
undergone regular deworming 
and vaccination. On clinical 
examination, the animal was 
seen active with pink conjunctival 
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mucous membrane, buthada temperature of 102.7OF 
and distended abdomen. On palpation of the abdomen, 
fl uid thrill was noticed. Canine ovarian tumors that 
remain asymptomatic for extended durations pose a 
signifi cant risk for clinical diagnosis. In certain instances 
of non-functional germ cell tumors, the absence of 
reproductive symptoms or misdiagnosis can lead to 
delays in imparting the necessary treatment. Delays in 
diagnosing large, non-functioning GCTs and reports of 
incidental fi ndings have been recorded6. Heamatology 
and biochemical analysis of the dog revealed anemia, 
leucocytosis, hypoalbuminemia and hyper globulinema 
which were a few of the paraneoplastic syndromes 
observed in many canine tumors7 (Table 1 & 2). 
Abdominal ultrasonography revealed hypoechoic ascitic 

fl uid with normal visceral organs (Fig. 2). X-ray of lateral 
abdomen revealed ascitic fluid in ventral abdomen 
displacing intestines dorsally (Fig. 3). Pleural eff usions in 
cranial lung lobe could be observed. In instances where 
abdominal eff usion is present, cytological evaluations 
along with transabdominal ultrasonography prove to be 
valuable diagnostic tools for identifying these tumors8.

Ascitic fl uid analysis showed a specifi c gravity of 
1.030, total protein was 5 g/dl, albumin was 2.9 g/dl, 
A/G ratio was 1:1, fl uid creatinine was 1.5 mg/dl, fl uid 
glucose was 20 mg/dl, fl uid bilirubin was 0.5 mg/dl, fl uid 
cholesterol was 213 mg/dl and fl uid triglyceride was 22 
mg/dl. Cytological examination of ascitic fl uid revealed 
activated polyhedral to oval shaped pleomorphic 

Table 1. Haematology of GCT dog.
Haematology Hb (g%) TEC (mill/µL) TLC PLT N (%) L (%) E (%) M (%)
   (1000/µL) (1000/ml)
GCT 10 3.4 27 155 76 23 - 1

Table 2. Serum biochemistry of GCT dog.
Biochemistry ALT AST TP Albumin Globulin Creatinine BUN Glucose Calcium GGT
 (U/L) (U/L) (g/dL) (g/dL) (g/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (U/L)
GCT 28 58 8.8 3.6 5.2 1.54 25 89 10.1 18

Fig. 1. Dog showing distended abdomen; Fig. 2. Ultrasound image showing eff usion in abdomen; Fig. 3. X-ray showing distended ab-
domen due to eff usion with intestines fl oating.
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Fig. 4. Ascitic fl uid cytology - Clusters of cells showing anaplasia (Fields Stain X1000); Fig. 5. Bilateral enlargement of ovaries with nodular 
surface; Fig. 6. Ovary impression smear - Cells arranged in rose� e pa� ern with central eosinophilic call exner body (Fields Stain X1000); 
Fig. 7. Ovary - Diff use proliferation of granulosa cells forming rose� es (H&E X100); Fig. 8. Ovary - Granulosa cells in rose� e pa� ern with 
central eosinophilic call exner body (H&E X400); Fig. 9. Ovary - Brown precipitate in the cytoplasm of granulosa cells (Inhibin-alpha X400).

mesothelial cells with prominent nucleoli (Fig. 4). 
Exploratory laparotomy was conducted by a team of 
expert surgeons under inhalant general anaesthesia. 
Fluid was drained and ovarian mass were observed by 
palpating the ovarian bursa and metastasis was noticed in 
abdomen with intestinal mesentery showing few greyish 
white nodules and spleen having nodular mass. GCT has 
been linked to metastases in various organs including the 
mesentery, omentum, liver, kidneys, bladder, diaphragm, 
uterus and lymph nodes. Additionally, there has been 
one reported case of metastasis to the myocardium and 
lungs9. Ovariohysterectomy was conducted and ovaries 

along with uterus were incised and removed from 
abdomen.

Grossly, both the ovarian masses appeared nodular 
with soft consistency and haemorrhagic areas (Fig. 5). 
On cut section, mass appeared haemorrhagic with mild 
oozing of fl uid. Impression smears showed clusters of 
polyhedral to oval granulosa cells arranged in rose� e 
manner forming pink eosinophilic Call-Exner bodies 
in the centre (Fig. 6). Histopathology of both ovarian 
masses showed haemorrhages, engorged blood vessels 
and neoplastic cells arranged in solid and tubular to 
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acinar pa� ern, supported by fi brous connective tissue. 
Some areas showed serous eosinophilic fl uid. The cells 
were cuboidal to columnar type with centrally placed 
vesicular nuclei containing single to multiple nucleoli 
and surrounded by moderate quantity of pale foamy 
cytoplasm. In focal areas of acinar structures, clusters of 
cells were arranged in rose� es around protein droplets, 
suggesting the formation of 'Call-Exner' bodies (Fig. 7 
& 8). Mild lymphocytic infi ltration was observed. GCTs 
are defi ned by the signifi cant presence of cells exhibiting 
morphological characteristics typical of granulosa cells. 
Additionally, cells that resemble theca externa, theca 
interna, and collagen-producing fi broblasts are often 
found and may exceed the number of granulosa cells. 
The existence of stromal components, such as theca cells, 
may indicate a non-neoplastic reaction of the ovarian 
stroma to the proliferation of granulosa cells, rather than 
representing neoplastic activity in certain instances12. 

Bilateral ovarian granulosa tumor was reported in 
mares10. Immunohistochemical evaluation of inhibin 
alpha revealed positive staining in the granulosa cells 
as brown amorphous precipitate in cytoplasm (Fig. 
9). Positive immunostaining for inhibin is a distinctive 
characteristic of both normal and neoplastic granulosa 
cells, associated with sex-cord diff erentiation. Therefore, 
inhibin can be considered as ahistogenetic marker for 
granulosa cell tumors and thecomas, while acting as a 
negative marker for non-stromal ovarian neoplasms11.
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ABSTRACT
In order to identify the cause of death, a carcass of an 8-month-old Soviet chinchilla was presented to Department of Veterinary 

Pathology, GADVASU, Ludhiana with the history of emaciation and dermatitis. A detailed investigation of the carcass revealed 
crusty lesions in ears and alopecic patches around eyes and lips. The parasitological investigation of skin scrapings revealed the 
presence of Notoedres cati, which very rarely infests rabbits. Histopathology revealed multiple mite burrows in skin along with 
hyperkeratosis and lymphoeosinophilic infi ltration. Based on the gross lesions, morphology and histopathology, a very rare case 
of Notoedric mange in soviet chinchilla is documented.

Keywords: Mites, notoedric mange, skin, soviet chinchilla

Oryctolagus cuniculus are the domesticated rabbit and can be reared in 
varying conditions and acts as a source good quality protein, fi ber, animal 
model for various research and company1,2. Mange in rabbits is an emerging 
and highly transmissible disease brought about by numerous burrowing and 
non-burrowing mite species and creates a signifi cant threat to the sustainability 
of rabbit husbandry practices3. The borrowing mite Notoedres cati is a cause a 
of highly infectious skin infestation referred as notoedric mange, also Feline 
scabies and head mange, is one of least reported cause of acariotic mange in 
rabbits4. N. cati is classifi ed under the family Sarcoptidae which also includes 
other borrowing mites viz. Sarcoptes and Trixacarus. The adult female borrows 
into epidermis and cause varying degree of dermatitis along with erythema, 
pruritis, hair loss, scaling and dermal encrustation characteristic of mange, 
persistent infestation can lead severe cachexia5,6 as well as vestibular disease 
and meningitis7 and also predisposes their skin to other complications like 
secondary bacterial infections8. The mites typically feed off  stratum granulosum 
and serum of the host9.

An 8-month-old male Soviet chinchilla was presented for necropsy examination 
at the Department of Veterinary Pathology, GADAVASU, Ludhiana with a history 
of long-standing dermatitis and subsequent debilitation. A thorough necropsy 
examination was conducted at the departmental necropsy hall. All the gross 
lesions were recorded and photographed. Representative tissues were taken in 
10% neutral buff ered formalin. Collected tissues were processed and stained 
using hematoxylin and eosin (H&E)10. Furthermore, ear scrapping was taken 
in 10% KOH solution and heated at 75OC and observed under microscope11.

On gross examination, the dehydrated rabbit carcass exhibited emaciation 
partially dried and crusted scab over both ears and areas of alopecia and eczema 
of skin around eyes and lips (Figs. 1 and 2). Adult Notoedres cati parasites were 
characterized by circular rings on the dorsal surface, lack of scales and prominent 
dorsal anus in rabbit skin scrapings (Fig. 3).

On histological examination, lesions on skin were characterized by 
hyperkeratosis with both para and orthokeratosis along with rete pegs invading 
into underlying dermis (Fig. 4). Cross sections of mites were also seen in burrows 

in the epidermis mainly in 
stratum corneum (Fig. 5) and also 
in overlying scab. Some keratin 
cysts were also observed. Under 
affected epidermis there was 
infi ltration of mainly lymphocytes 
as well as eosinophils (Fig. 6). 
Epidermal micro abscesses were 
also observed.

N. cati  infestation have 
been rarely described in rabbits. 
Transmiss ion is  general ly 
through intimate contact within 
a host species12 and also from 
one animal to another via 
direct contact or via interaction 
with the environment13,14. One 
epidemiological study conducted 
in Egypt revealed only a 2.5% 
prevalence of Notoedric mange 
in lagomorphs15.Concurrent 
infestation of Notoedres with 
Sarcopt ic  and/or  Psoropt i 
cacariosis in rabbits have also been 
described in various studies4,14,16.
Clinically N. cati infestations in 
rabbits can cause scales, scabs, 
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and irritation on the pinnae, ear canal, lips, nose and 
face as well as other body areas such as the neck, legs 
and genitalia13. Notoedres sp. create pathogenic eff ects 
by tunneling behavior and physical damage produced 
by the mites during excavations, irritating action of their 
secretions and excretions, allergic responses to certain of 
their extracellular products and mainly the production 
of interlukin-117,18. The pathological fi nding in current 
study were in concordance with earlier literature which 
described similar lesions4,19. The primary way to identify 
N. cati is by deep skin scrapings. The most widely used 
acaricides are organophosphorus chemicals (diazinon), 
synthesized pyrethroids and macrolactones. Ivermectin, 
either orally or parenterally is proven to be an effi  cient 
acaricide for disease treatment14,20.

The gross, histopathology and parasitological fi ndings 
in current case confi rmed notoedric mange infestation in 

rabbit. This report highlights the pathological alterations 
during the N. cati infestation in rabbits which is seldomly 
reported. Although treatment with several acaricidals 
have been proven aff ective none the less preventing it is 
crucial, since it is highly contagious may cause signifi cant 
economic losses for rabbit herds.
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ABSTRACT
Trout fi sh farming is playing an important role in providing livelihood and nutritional security to the people of hilly state 

like Himachal Pradesh. The present investigation was conducted during a natural outbreak of Aeromonas hydrophila infection in 
rainbow trout (Oncorhynchus mykiss) in a commercial trout fi sh farm located in the Mandi district of Himachal Pradesh, India. 
The overall mortality was 30%. A total of twenty-one moribund rainbow trout of around 5 months age were investigated. The 
clinical signs exhibited by the fi sh before death were lethargy, slow movement and gasping. The gross lesions at necropsy were 
distended abdomen (dropsy), cutaneous haemorrhages and/or ulcerative lesions at the base of fi ns and anal area, ascites and 
mild to severe degree of congestion and haemorrhage in the visceral organs. The samples collected at necropsy included swabs 
from the skin lesions, liver and kidney for bacteriological studies and representative tissues for histopathological evaluation. 
Bacteriological studies revealed the presence of Aeromonas hydrophila in the samples of moribund trout. Microscopically, gills, 
liver, kidneys and skeletal muscles revealed predominant vascular changes such as congestion, haemorrhage and oedema, vac-
uolar or Zenker’s degeneration, necrosis and an infl ammatory reaction. In addition, decreased haematopoiesis in the anterior 
kidney and melano-macrophage center infi ltration in the liver and kidney were also observed. In conclusion, the outbreak was 
diagnosed as acute severe septicaemic Aeromonas hydrophila infection associated with signifi cant mortality in rainbow trout 
leading to economic losses.

Keywords: Aeromonas hydrophila, Oncorhynchus mykiss, pathology, trout fi sh

Aquaculture production is nowadays gaining popularity in meeting the 
nutritional requirements of humans due to increasing population1. Rainbow 
trout (Oncorhynchus mykiss) is a cold-water fi sh belonging to Salmonid family 
and is highly valued for its nutritional potential. Himachal Pradesh is one of 
the leading states in rainbow trout farming and seed production in India with 
a total production of 849.7 tonnes in the recent past2. The rich water resources 
of Himachal Pradesh off er a great potential for trout fi sh farming, providing 
livelihoods to the native population and ensuring food security.

Aeromonas hydrophila is a ubiquitous bacterial pathogen in marine and 
freshwater habitats but can emerge as a primary or opportunistic pathogen if 
it encounters favourable conditions, aff ecting fi sh farming on a large scale and 
causing signifi cant economic losses3. A. hydrophila is facultatively anaerobic, 
motile, Gram-negative bacterium that optimally grows at 22-32OC, with a few 
strains surviving even at low temperature, aff ecting and causing diseases in all 
classes of vertebrates including fi shes4,5. It is a non-spore forming, rod-shaped 
bacterium belonging to Aeromonadaceae family of the class, Gammaproteo bacteria. 
The biochemical characteristics are positive for catalase, oxidase and indole tests6. 
Many studies have demonstrated freshwater bodies to be the reservoirs of A. 
hydrophila which is the etiological agent involved in causing disease conditions 
such as motile aeromonas septicemia (MAS), hemorrhagic and ulcerative diseases 
in fi shes including rainbow trout, catfi sh, carp and salmon1,6,7.

Fish farmers are greatly impacted by acute A. hydrophila outbreaks 
in which mortality rates can reach up to 100 percent8. Food, animals, 

groundwater and wastewater 
are some of the other sources 
of this pathogen contributing to 
its zoonotic potential and hence 
raising public health concerns1,9. 
O ve r c r o w d i n g ,  i n c r e a s e d 
organic content, trauma, change 
in temperature, unhygienic 
handling, contaminated feed, 
pollution and defi cit of dissolved 
oxygen are some of the stressors 
that may contribute in the 
development of the infection in 
fi shes10. The natural infection of 
A. hydrophila in fi sh depends on 
the species aff ected, season and 
environmental conditions11.
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The present investigation was conducted during a 
natural outbreak of A. hydrophila infection in rainbow trout 
(O. mykiss) in a commercial farm with a total stock of 4000 
fi sh located in the Mandi district of Himachal Pradesh, 
India. The disease outbreak was recorded in the month 
of July, 2023. A total of twenty-one moribund rainbow 
trout aged 5 months and of either sex were investigated 
in the Department of Veterinary Pathology, Dr G.C. 
Negi College of Veterinary and Animal Sciences, CSK 
Himachal Pradesh Krishi Vishvavidyalaya, Palampur, 
Himachal Pradesh. The body weights of the aff ected fi sh 
ranged from 110 to 150 g and the body lengths varied from 
13 to 18 cm. A thorough post-mortem examination was 
performed and gross pathological lesions were recorded. 
Simultaneously, swabs were collected aseptically from 
the lesions on the skin and visceral organs including liver 
and kidney for microbiological analysis. For isolation 
and identifi cation of bacteria, the swabs were streaked 
onto tryptic soy agar (TSA) plates and incubated at 22OC 
for 48 hrs. The subculturing was performed to obtain 
pure colonies and the biochemical characterization of 
the bacterial isolates was performed as per the standard 
procedure12. Various biochemical tests including catalase, 
oxidase, indole, methyl red, citrate, Voges-Proskauer, 
gelatin liquefaction and motility tests were employed for 
species level identifi cation of Aeromonas spp.

Representative tissue samples were collected at 
necropsy and fi xed in 10% neutral buff ered formalin. 

Thereafter, the tissue samples were processed and 
embedded in paraffi  n blocks13. Haematoxylin and eosin-
stained sections (3-4 µm) were then examined under the 
light microscope.

In the present investigation, overall 30% mortality 
was recorded in rainbow trout. Prior to death, the 
affected moribund fishes exhibited clinical signs 
including lethargy, slow movement, gasping and 
distended abdomen (dropsy). At necropsy, external 
examination revealed eroded scales along with focally 
extensive areas of well-demarcated, ulcerative lesions 
with or without haemorrhagic borders on the skin, 
base of dorsal, pectoral, caudal and anal fi ns and anal 
region (Fig. 1). Internal examination showed ascitic fl uid 
accumulation and mild to severe degree of congestion 
and/or haemorrhages in almost all the internal organs 
suggestive of septicaemia.

Histopathological examination of the tissues revealed 
lesions in gills, liver, kidneys and skeletal muscles. 
Microscopically, gills revealed severe congestion, foci 
of haemorrhages, short, curled to thickened primary 
and secondary lamellae and infi ltration of lymphocytes 
in both primary and secondary lamellae (Fig. 2). Liver 
sections revealed vascular and sinusoidal congestion, 
areas of haemorrhage, vacuolar degeneration and 
necrosis of hepatocytes and infi ltration of mononuclear 
cells, predominantly, lymphocytes (Fig. 3). Hepatic 
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Fig. 1. Hemorrhages at the base of anal fi n of rainbow trout (Oncorhynchus mykiss); Fig. 2. Gills: Engorged and dilated vasculature, short 
and thickened primary and secondary lamellae and mild lymphocytic infi ltration in gill lamellae (H&E x200); Fig. 3. Liver: Congestion, 
vacuolar degeneration and necrosis of a few hepatocytes in the centrilobular region (H&E x400); Fig. 4. Liver: Melano-macrophage center 
(MMC) aggregation around the central vein (H&E x400).
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parenchyma also revealed the presence of melano-
macrophage center (MMC) aggregation in a few foci (Fig. 
4). Histologically, anterior kidney exhibited decreased 
haematopoiesis and presence of bacterial colonies (Fig. 
5). However, posterior kidney exhibited congestion, 
areas of haemorrhages, degeneration and necrosis 
of tubular epithelium, epithelial cast formation and 
multifocal areas of MMC aggregation in the interstitium 
(Fig. 6). Histopathology of the skeletal muscles revealed 
necrotizing myositis characterized by extensive exudation 
between the muscle bundles, Zenker’s degeneration and 
necrosis of muscle fibers with loss of striations and 
infi ltration of mononuclear infl ammatory cells mainly 
lymphocytes (Fig. 7).

The bacterial isolates obtained from the skin lesions, 
liver and kidney showed yellowish opaque, round, 
convex, smooth-edged colonies of A. hydrophila on TSA 
media (Fig. 8). The Gram staining of the isolates revealed 
Gram-negative, bacilli present singly, in pairs and a few 
in short chains. Confi rmatory diagnosis of A. hydrophila 
was made on the basis of biochemical characterization of 
the isolates that included positive reactions for catalase, 
oxidase, indole, methyl red, citrate, Voges-Proskauer, 
gelatin liquefaction and motility tests.

Aeromonas hydrophila is an emerging aquatic 
pathogen, widely distributed in the environment. It 
can cause disease in fi sh, humans and in other animals. 
The clinical signs including lethargy, slow movement, 

gasping and distended abdomen were more or less 
similar to those described earlier in A. hydrophila infected 
rainbow trout14.

Aeromonas infection in fi sh causes world economic 
problems because of the high number of fi sh mortalities. 
The mortality rate of A. hydrophila in fi sh can vary (up 
to 100%) depending on the strain of the bacteria and the 
type of fi sh infected8. In the present outbreak, overall 
30% mortality was recorded in rainbow trout. The 
susceptibility of rainbow trout to A. hydrophila, may be 
related to the environment of trout fi sh, which lives on 
clear running water, that is less exposed and less resistant 
to this pathogenic bacterium. Besides this, A. hydrophila 
bacteria multiplies at faster rate, colonize and cause 
mortality quickly in comparison to other pathogenic 
bacteria in fi sh. Additionally, the bacteria can directly 
cause death and co-infect with viruses, fungi, and other 
bacteria and synergistically aggravate the disease severity 
or mortality in fi sh15. Interestingly, the present disease 
outbreak occurred in the rainy season i.e. in the month 
of July, when water temperature is relatively higher than 
the other months of the year.

The gross fi ndings such as eroded scales, dermal 
haemorrhages, ulcerations, ascitic fl uid accumulation, 
congestion and/or haemorrhages in the internal organs 
are more or less similar to those reported by Zepeda-
Velázquez and co-workers during the natural infection 
of Aeromonas species in rainbow trout14. The gross and 
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Fig. 5. Anterior kidney: Decreased hematopoietic activity and presence of bacilli (arrow) along with infi ltration of lymphocytes (H&E 
x400); Fig. 6. Posterior kidney: Degeneration and necrosis of tubular epithelium and MMC aggregation in the interstitium (H&E x400); 
Fig. 7. Skeletal muscles: Severely disrupted muscle bundles showing extensive necrosis of muscle fi bers and infi ltration of lymphocytes 
(H&E x40); Fig. 8. Yellowish opaque, round, convex smooth-edged colonies of A. hydrophila on TSA media.
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histopathological fi ndings of this study confi rmed that A. 
hydrophila is pathogenic to rainbow trout. The microscopic 
lesions such as vascular changes, degeneration and/or 
necrosis, infl ammatory response, presence of bacterial 
colonies and/or MMC aggregates in the internal organs 
or tissues are more or less consistent with those reported 
during experimental studies in infected fi shes14,16. In 
fi shes, kidney is one of the target organs of an acute 
septicemia caused by aeromonads and this organ is 
apparently a� acked by bacterial toxins and loses its 
structural integrity as also observed in the present study. 
The MMC or macrophage aggregates, are the distinctive 
groupings of pigment-containing phagocytic cells within 
the tissues of fi sh and it plays an important role in the 
humoral adaptive immune response to foreign materials, 
including infectious agents17.

A. hydrophila has a natural habitat in water and 
can thrive at temperatures ranging from 0 to 45OC 
with an optimum temperature of 22 to 32OC. In 
addition, environmental and stress conditions such as 
overcrowding, low dissolved oxygen, poor water quality, 
higher organic content, physical injuries, temperature 
fluctuation, factory pollution, unhygienic handling, 
contaminated feed and poor nutrition may infl uence A. 
hydrophila infection in fi sh6,10.

Isolation, identification and confirmation of fish 
pathogenic bacteria are important in the accurate 
diagnosis of suspected disease18. The conventional 
bacteriological and biochemical methods used for 
the present investigation have proven effective for 
identifi cation of A. hydrophila10. The morphology of the 
Gram-negative motile bacterium, colony characteristics 
on TSA media and the biochemical properties of A. 
hydrophila isolates recovered in this study are consistent 
with those in other reports18-20.

A. hydrophila is also considered the most important 
zoonotic pathogen of concern. Fish play a fundamental 
role in Aeromonas transmission to humans21. In humans, 
it may transmit through ingestion of contaminated 
fi sh fl esh and may lead to various intestinal and extra-
intestinal diseases. The diseases in humans include 
gastroenteritis, traveler’s diarrhoea, septic arthritis, 
skin and wound infections, blood-borne infections, 
pneumonia, meningitis and fulminating septicaemia22,23. 
Fever, abdominal pain and signs of respiratory distress 
are commonly exhibited by patients infected with A. 
hydrophila23. A. hydrophila isolated from fi sh and humans 
showed several virulence factors and exhibit a wide 
range of antibiotic resistance which also considered 
as a public health hazard22. Moreover, the occurrence 
of Aeromonas septicemia is reported to be 32 to 45% in 
immunocompromised patients and the risk of mortality 
during the infection increases with the number of 
comorbidities in human patients23. A. hydrophila is a 
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widespread, emerging food pathogen and frequently 
isolated from diff erent environmental or clinical samples 
as well as from retail foods including fi sh, seafood, raw 
milk, poultry and red meats10,24. Hence, investigation of 
Aeromonas outbreaks in table fi sh like rainbow trout must 
be carried out with due precaution due to its seemingly 
high zoonotic potential to consumers.

In conclusion, the study reports a natural outbreak of 
acute A. hydrophila infection associated with septicemia 
and dermal lesions in rainbow trout of Himachal Pradesh 
resulting in signifi cant mortality among trout fi sh with a 
signifi cant economic impact on the cold water fi sheries 
of the state.
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ABSTRACT
A two-years-old goat with anorexia, progressive emaciation and weak body condition were received for post mortem exam-

ination in the Department of Veterinary Pathology, College of Veterinary Science and Animal Husbandry, Himmatnagar from 
Teaching Veterinary Clinical Complex, CVS & AH, Himmatnagar, Gujarat. Grossly, diff use pale oedematous lungs were found. 
Mediastinal lymph nodes revealed mild congestion and oedema. Further, PCR was used for molecular detection of jaagsiekte 
sheep retrovirus (JSRV). The presence of jaagsiekte was confi rmed by PCR results with anticipated sizes of 229 bp and 176 bp for 
the gag gene and U3 region of the JSRV genome, respectively.

Keywords: Goat, Jaagsiekte, pathology, PCR

Jaggsiekte is a contagious lung tumor mainly of sheep and it is rarely seen 
in goats. It is also known as ovine pulmonary adenocarcinoma (OPA) or ovine 
pulmonary adenomatosis1. The natural occurrence rate is low in goats, but 
experimentally OPA has been transmi� ed in goats2. Jaagsiekte sheep retro virus 
(JSRV) is the virus that is causative agent for the OPA3 and is a Beta retrovirus 
which belongs to the family Retroviridae. In goat, incidence of neoplastic 
conditions are very few, and it is reported that neoplasms in goats range from 
0.8 to 7.6% of total recorded tumors of domestic animals4. Transmission of this 
virus mainly occur through inhalation of infected respiratory secretions and it 
may also be transmi� ed by colostrum and milk to nursing animals5. Jaggsiekte 
is an Africans term that means driving sickness, jagmeans chase and siekte 
means sickness to describe the respiratory distress observed in an animal from 
being chased especially when the animals are stressed through exercise such 
as herding6.

Clinical diagnosis of the disease usually possible at later stage, when animal 
start to show the clinical signs and symptoms due to longer incubation period of 
virus. Mainly, JSRV infected animals does not show any clinical signs during their 
lifespan6 but once clinical signs become evident it show progressive respiratory 
distress particularly after exercise and there is accumulation of frothy fl uid 
within the respiratory tract which drains from the nostrils when animal lower 
down its head. Coughing, fever and inappetence are not common but weight 
loss is progressive and the disease is terminal within weeks or months. Death 
may occur due to secondary bacterial pneumonia. It is very diffi  cult to identify 
JSRV infection in live animals because there is no reliable laboratory method 
for the ante mortem diagnosis of OPA in individual animals7 and production 
of antibody to JSRV due to poor immune response. This virus cannot yet be 
propagated in vitro, therefore routine diagnostic methods such as virus isolation 
are not available for diagnosis. Farm history, clinical signs and post mortem 
lesions are the primary method for the diagnosis of disease and other than these 
histopathology, immunohistochemistry and PCR are also useful methods for 
confi rmatory diagnosis7.

During necropsy fi nding, OPA lesions in most cases are confi ned to the lungs 

although intra and extrathoracic 
metastasis to lymph nodes and 
other tissues may occur1. In typical 
case, aff ected lungs are enlarged 
and heavier than normal and 
there is presence of frothy fl uid 
in respiratory passages. Tumors 
are solid, grey or light purple 
with a glossy translucent sheen. 
By PCR, viral DNA or RNA can 
be detected in tumor, draining 
lymph nodes, blood, milk or 
nasal swabs. Histologically, the 
lesions are characterized by 
neoplastic proliferation of the 
type 2 pneumocytes, a secretory 
epithelial cell of alveoli and clara 
cells of bronchioles. Prominent 
feature is the accumulation 
of large numbers of alveolar 
macrophages in the alveoli 
adjacent to the neoplastic lesions1.

In the present case, a two-
years-old goat with anorexia, 
progressive emaciation and weak 
body condition were received 
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for post mortem examination in the Department of 
Veterinary Pathology, CVS & AH, Himmatnagar, Gujarat 
from Teaching Veterinary Clinical Complex, CVS & AH, 
Himmatnagar, Gujarat. Necropsy was performed and 
the lung samples from diff erent lobes were collected 
in 10% neutral buff ered formalin for histopathological 
investigation and lung tissue was also collected and stored 
at -20OC for PCR. For histopathological processing, the 
tissue samples were rehydrated in tap water, dehydrated 
in increasing grades of alcohol, cleared in xylene and 
embedded in paraffi  n. From paraffi  n embedded tissue 
blocks, 4-5µm thick tissue sections were cut on clean, 
grease free glass slides and haematoxylin and eosin 
staining was done by routine standard protocol8. Then 
sections were examined under the light microscope for 
histopathological evaluation of tissue.

To confi rm the presence of OPA, PCR was performed. 
The genomic proviral DNA was extracted from the 
frozen lung samples by using phenol chloroform 
extraction method and the extracted genomic 
DNA was used as a template and the primer of 
forward 5' TGGGAGCTCTTIGGCAAAAGCC 3', 
reverse 5' CACCGGATTITTACACAATCACCGG 
3' flanking a region of 176 bp region of U3-LTR 

gene as described earlier9 and primer of forward 
5'GCTGCTTTGAGACCITATCGAAA3',  reverse 
5'ATACTGCAGCTCGATGGCCAG 3' for a product size 
229 bp region of gag gene published by researchers10 
(1µM of each primer/PCR reaction, for both reactions) 
with the thermal cycle conditions as follows: initial 
denaturation at 94OC for 3 min; 35 cycles of denaturation 
at 94OC for 30 s for U3 or 60 s for gag, annealing at 54OC 
for U3 or at 52OC for gag, for 90 sec and extension at 
72OC for 1 min and fi nal extension at 72OC for 4 min. PCR 
products were electrophoresed in 1.5% agarose gel and 
examined in Gel Documentation system.

Grossly, goat lung was enlarged, heavy, diff usely 
edematous and consolidated during necropsy (Fig. 1). 
Mediastinal lymph nodes were also slightly enlarged and 
edematous. Histopathological examination of lung tissue 
showing diff use marked intra alveolar septa thickened 
(Fig. 2) with infi ltration of chronic infl ammatory cells 
and erythrocytes along with mild oedema (Fig. 3). In 
PCR, an expected size of amplifi ed DNA product of 176 
bp for U3-LTR (Fig. 4A) and 229 bp for gag primer (Fig. 
4B) was found. There was no amplifi cation in negative 
control. Hence, based on history, clinical signs, necropsy 
fi ndings, histopathology and PCR it can be concluded 

Fig. 1. Goat lungs showing greyish to purple coloured, enlargement, heavy, diff usely oedematous and consolidation; Fig. 2. Microscopic 
sections of lungs showing diff use marked intra-alveolar septa thickened with infi ltration of chronic infl ammatory cells and erythrocytes 
along with mild oedema (H&E X200); Fig. 3. Microscopic sections of lungs showing diff use thickening of intraalveolar septa with infi l-
tration of macrophages and erythrocytes (H&E X400).

Fig. 4. Detection of JSRV proviral DNA in pneumonic lung tissue: A. PCR for U3-LTR gene: Lanes 3 and 4 are positive samples (176 
bp); Lanes 2 are negative; Lane 1 as positive control and Lane 5 as negative control and M-50 bp ladder. B. PCR for gag gene: Lanes 3 
and 4 are positive samples (229 bp); Lanes 2 are negative; Lane 1 as positive control and Lane 5 as negative control and M-50 bp ladder.
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that goat is susceptible to JSRV infection, although reports 
of OPA in goat are very rare. The susceptibility of goats 
to JSRV infection may be due to rearing of goats mostly 
along with sheep4.

Based on gross and histopathological analysis, the 
lungs examined in this study exhibited a greyish to 
purple coloration, a swollen and moist surface, and signs 
of edema with consolidation, which are in concurrence 
with the classical presentation of OPA (Garcia-Goti et 
al. 2000)10. In typical cases, tumours are solid, grey or 
light purple and have a glossy translucent sheen in the 
diaphragmatic lobe, accompanied by several smaller 
nodules in the main lobes. These nodules usually present 
a hard, pearly white appearance with a dry cut surface, as 
reported by previous studies9,12. However, such features 
were not observed in the current investigation.

In the present study, U3 LTR and gag-specifi c PCR 
products confi rmed the presence of JSRV proviral DNA 
in the lung samples of infected goats. The use of PCR 
to detect OPA-causing proviruses in lung samples 
from aba� oir cases has proven valuable technique for 
identifying infected sheep and goats. This method 
has been effectively applied in multiple studies for 
OPA diagnosis and it can greatly support control and 
eradication activities11.
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ABSTRACT
The current case report describes the pathology of mycotic rumenitis and reticulitis in sheep. A carcass of female adult 

sheep with a history of abortion (a few weeks before) was presented for necropsy at the post-mortem facility, Division of Pathol-
ogy, IVRI. Post-mortem examination revealed focal to widespread, irregular, hemorrhagic, necrotic and transmural lesions on 
serosal and mucosal surfaces in the rumen and reticulum. The mucosal surface of the reticulum showed erosive, ulcerative and 
necrotic lesions with loss of honeycomb structure and characterized by whitish necrotic deposits. The reticulum at one side was 
fi rmly adhered to the diaphragm. The heart showed gelatinized epicardial fat. Histopathological examination of tissue samples 
showed the presence of numerous fungal hyphae in homogenous eosinophilic necrotic mucosa and infi ltration of mononuclear 
cells in the submucosa and muscularis of the reticulum. The swabs from lesions of rumen and reticulum were found negative 
for Fusobacterium spp. and Clostridium spp. Further, PAS staining revealed the presence of magenta-colored numerous branching 
and septate hyphae and free chlamydospores in the reticulum.

Keywords: Fungal hyphae, PAS, Reticulitis, Rumenitis

Mycotic rumenitis and reticulitis in sheep, commonly referred to as fungal 
infections of the forestomach, represent a signifi cant health concern in small 
ruminants. These conditions are primarily caused by fungal species such as 
Aspergillus spp., Candida spp., and Mucor spp., which opportunistically invade 
the rumen and reticulum, leading to infl ammation and tissue damage1,2. Mycotic 
rumenitis can be caused by initial ruminal acidosis, excess grain consumption 
and traumatic or chemically induced mucosal injury and this signifi cant mucosal 
injury allows invasion and proliferation of fungi3. The pathology of mycotic 
rumenitis and reticulitis typically involves fungal colonization of the mucosa, 
which triggers an infl ammatory response characterized by edema, hyperemia, 
and necrosis of the aff ected tissues4. Fungi can penetrate the epithelial layer, 
leading to ulceration and subsequent abscess formation within the rumen and 
reticulum. Clinically, aff ected sheep may present with signs of anorexia, weight 
loss, depression, rumen atony, abdominal discomfort, profuse diarrhoea, foul-
smelling feces and decreased milk production5. Acidosis causes elevated cardiac 
and respiratory rates. A change in osmotic pressure will cause fl uid to migrate 
from the circulation into the rumen, resulting in hypovolemia. Diagnosis often 
involves a combination of clinical signs, histopathology, Immunohistochemistry, 
immunofl uorescence, enzyme immunocomplex and microbiological culture of 
rumen contents or tissue samples2. Management strategies include antifungal 
therapy, supportive care to alleviate clinical signs and improvement of 
environmental conditions to minimize fungal exposure4,5. The prognosis varies 
according to the severity of the illness and the timing of intervention. This case 
describes the pathology of mycotic rumenitis and reticulitis in sheep.

A carcass of female adult sheep with a history of abortion (a few 

weeks before) was presented 
for necropsy at the post-mortem 
facility, Division of Pathology, 
IVRI. The physical examination 
of the carcass revealed pale 
conjunctival mucous membranes, 
rigor mortis in hind limbs, 
rough hair coat and maggot 
wound with soiled wool at the 
perineal region. The carcass was 
opened systematically and all the 
internal organs and cavities were 
examined for the presence of 
gross lesions. The representative 
samples from the rumen and 
reticulum showing gross lesions, 
were collected and fi xed in 10% 



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

neutral buff ered formalin for histopathological studies 
and processed routinely and stained with hematoxylin 
and eosin6. Tissue sections were also processed for 
PAS staining7,8. The swabs from lesions of rumen and 
reticulum were collected in a sterile container for 
bacteriological examination.

On gross pathological examination, the reticulum on 
one side was fi rmly adhered to the diaphragm (Fig. 1). 
Numerous focal to widespread, irregular, hemorrhagic, 
necrotic and transmural lesions were present on the 
serosal and mucosal surfaces of the rumen and reticulum, 
similar to the case described by the previous author9 (Fig. 
2). The lesions on the mucosal surface of the reticulum 
included erosive, ulcerative, and necrotic lesions with 

loss of honeycomb structure and characterized by whitish 
necrotic deposits, which were comparable to previous 
studies10 (Fig. 3). Histopathological examination revealed 
the marked infi ltration of mononuclear cells (MNC) in 
the submucosa and tunica muscularis of the reticulum 
(Figs. 4-5) and the presence of numerous fungal hyphae 
in homogenous eosinophilic necrotic mucosa and 
infi ltration of mononuclear cells in the submucosa and 
muscularis of the reticulum and is in accordance with the 
previous reports11-13 (Fig. 6). The bacteriological culture 
examination found negative for Fusobacterium spp. and 
Clostridium spp. Further, PAS staining revealed the 
presence of magenta-colored numerous branching and 
septate hyphae and free chlamydospores in the reticulum 

94 Krishnegowda et al.

Fig. 1. Reticulum showing focal hemorrhagic and necrotic lesions on the serosal surface with a portion of reticulum fi rmly adhered to 
the diaphragm; Fig. 2. Rumen showing transmural rumenitis and numerous focal to diff use irregular hemorrhagic, necrotic lesions on 
the serosal surface; Fig. 3. Reticulum showing erosive, ulcerative, necro-suppurative lesions with loss of honeycomb structure, charac-
terized by whitish necrotic deposits.

Fig. 4. Reticulum showing necrosis of mucosa, marked infi ltration of MNC in submucosa and muscularis (H&E x40); Fig. 5. Reticulum 
showing marked MNC infi ltration in submucosa and tunica muscularis (H&E x200); Fig. 6. Reticulum showing fungal hyphae (arrow) 
surrounded by MNC infi ltration in submucosa and lamina propria (H&E x200); Fig. 7. Reticulum showing magenta-colored fungal 
hyphae (arrow) (PAS x400).
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(Fig. 7).

This report briefl y detailed the gross and microscopic 
lesions associated with mycotic rumenitis and reticulitis 
in sheep. This case was diagnosed as mycotic rumenitis 
and reticulitis due to the presence of fungal hyphae in 
the ruminal and reticulum tissue, as well as distinctive 
gross necrotic lesions.
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ABSTRACT
A fi ve-year-old male Labrador with a mass in the ear pinna was brought to the Madras Veterinary College Teaching Hos-

pital, Chennai. On clinical examination, the mass appeared pale pink in colour, fi rm in consistency with discrete lobulation and 
measured 3 cm in diameter. Haemato-biochemical studies and imaging assessments revealed no abnormalities while cytological 
fi ndings of the mass showed basal epithelial cells arranged in a row which was suggestive of trichoblastoma. Histopathological 
examination revealed cuboidal to elongated neoplastic cells with pale eosinophilic cytoplasm arranged in ribbon pa� ern, supported 
by fi brovascular stroma which was confi rmative of trichoblastoma. Immunohistochemical studies also confi rmed the tumour 
by showing positive expression of cytokeratin. Based on the laboratory fi ndings, the tumour was identifi ed as trichoblastoma.

Keywords: Cytokeratin, labrador, ribbon pa� ern, trichoblastoma

Trichoblastoma is a rare skin neoplasm derived from the primitive hair 
follicles, having epithelial and mesenchymal components. It is more prevalent 
in dogs and cats when compared to other species1. They are dome-shaped, 
polypoid, solitary or multinodular tumours, usually smaller having a diameter 
of 1-2 centimetres and sometimes larger having a diameter of more than 30 
centimetres2. Clinical signs noticed include alopecia with or without ulcerated 
lesions. Ulcerations at the centre of the tumours are often the most common 
fi ndings in large-sized tumours3.

Lesions usually affect the head, neck and especially the base of the 
ear. Pigmented lesions on the skin might have a grey or blue appearance2. 
Four histological subtypes of canine trichoblastoma are recognized namely 
ribbon, trabecular, granular and spindle cell type. A combination of these 
pa� erns characterizes the majority of cases, with ribbon epithelial aggregates 
predominating and being encircled by fi brous stroma4,5.

Among various breeds of dogs aff ected, Poodles and Cocker Spaniels are 
more likely to develop trichoblastoma and Basal cell carcinomas. Nevertheless, 
the additional signifi cant breed predispositions are found in Siberian Huskies, 
Cockapoos, Kerry Blue Terriers, Bichon Frises and Shetland Sheep dogs4. 
With regard to the age aff ected, it is more common in the age group of 4 to 9 
years5. However, no sex predilections were recorded6. Cytological examination 
revealed small clusters of basal epithelial cells which were suggestive of basal 
cell carcinoma due to their high nucleus-cytoplasm ratio, monomorphic nuclei 
and strongly basophilic and pigmented cytoplasm7.

A fi ve year old male labrador dog with a history of swelling in the medial 
aspect of the ear pinna region was brought to the Madras Veterinary College 
Teaching Hospital for clinical diagnosis and treatment. The dog's tutor 
reported that the primary issue was a gradual rise in the area of the dog's ear, 
accompanied by itching and touch sensitivity for the past two months. Blood 
samples were collected for routine haematological and biochemical studies 
using autoanalyser’s (Mindray - BC-2800 and A15 Biosystems) and the animal 

was subjected to various imaging 
techniques namely radiography 
and ultrasound imaging. In 
addition, fi ne needle aspiration 
procedure was performed on 
the lump for cytological studies. 
The aspiration smears were air 
dried and stained with Leishman 
and Giemsa cocktail stain as 
described8. Excisional biopsy 
was performed and the mass 
was removed. The tissue samples 
were collected in 10% formalin, 
processed by routine paraffin 
embedding method, stained by 
haematoxylin and eosin and 
subjected to histopathological 
studies.  For immunohisto-
chemical studies, the tissue 
samples were processed by 
routine paraffin embedding 
method and the cut sections 
were treated with specifi c marker 
namely cytokeratin.

On clinical examination, a 
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well-defi ned, mass of 3 cm in diameter and localized 
alopecia were found in the ear pinna region (Fig. 1). 
The tumour mass measured 3.0 x 3.0 x 4.0 cm in size, 
appeared pale pink in colour and fi rm in consistency with 
discrete lobulation. The haematobiochemical fi ndings 
recorded in the present study are shown in Table 1 and 
2. No abnormal fi ndings were recorded either in hemato-
biochemical studies or imaging tests except fi ne needle 
aspiration cytology. Cytological studies revealed small 

clusters of basal epithelial cells arranged in a typical row 
(Fig. 2). Histopathological studies revealed numerous 
small cuboidal to elongated cells with a pale, sparse 
eosinophilic cytoplasm containing round to oval nucleus 
with loose chromatin and li� le discernible nucleolus.
Neoplastic cells were grouped into islands, palisades, 
or strings (ribbon type) with the fi brovascular stroma 
separating them (Fig. 3). Immunohistochemical studies 
revealed positive expression of cytokeratin in basal 

Table 1. Hematology
Parameters Values Reference Values Diff erential Count Values Reference Values
Haemoglobin 11.9 g/dl 11.9-18.9 g/dl Neutrophils 75 60-75%
PCV 42% 37-55% Lymphocytes 20 12-30%
RBC 4.89 m/cmm 4.95-7.87 m/cmm Monocytes 5 3-9%
WBC 12000/cmm 6000-11000/cmm Eosinophils 0 2-10%
Platelets 297000/cmm 2-9/cmm Basophils 0 0%
Blood Picture NAD  Parasite Nil

Table 2. Serum Biochemistry
Parameters Values Reference Values Parameters Values Reference Values
BUN 13 mg/dl 10-28 mg/dl ALP 98 U/L 1-114 U/L
Creatinine 0.8 mg/dl 0.7-1.4 mg/dl Calcium 9.86 mg/dl 9.1-11.7 mg/dl
Total Protein 7.2 g/dl 6.1-7.8 g/dl Phosphorus 3.43 mg/dl 2.9-5.3 mg/dl
Albumin 3.4 g/dl 3.1-4 g/dl Glucose 78 md/dl 76-119 md/dl
ALT 20 U/L 10-109 U/L

Fig. 1. Trichoblastoma - Raised, oval, alopecic, solitary, hard nodule in ear; Fig. 2. Trichoblastoma - Small clusters of basal epithelial 
cells arranged in a typical row (LG Stain 5 µm); Fig. 3. Trichoblastoma - HP cells are arranged in ribbon like pa� ern, cells have scanty 
cytoplasm and uniform (H&E 100 µm); Fig. 4. Trichoblastoma - IHC - Cytokeratin has moderately expressed (H&E x100).
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epithelial cells (Fig. 4). Based on the present laboratory 
fi ndings, the tumour was identifi ed as trichoblastoma.

The diagnosis of trichoblastoma was confirmed 
by the clinical study of the case in conjunction with 
the cytological and histological investigation of the 
tumour, which made physical and cellular changes 
visible2. The present cytological fi ndings were small, 
grouped basal epithelial cells, characterized by a high 
nucleus-cytoplasm ratio, monomorphic nuclei and 
intensely basophilic and pigmented cytoplasm in a dog 
aff ected with trichoblastoma7. The present histological 
lesions, the presence of neoplastic trichoblasts with 
scanty, pale eosinophilic cytoplasm containing ovoid, 
euchromatic nuclei and small nucleoli were noticed3,4. 
Immunohistochemical lesions described in the present 
study observed the positive staining of neoplastic 
epithelial cells for cytokeratin4,10,11.
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ABSTRACT
A 1 year old Shih Tzu dog weighing 5 kg was presented with a complaint of abnormal hair growth in the right eye. Ophthalmic 

examination revealed a round black coloured hairy lesion on the surface of cornea and bulbar conjunctiva, measuring around 5 
mm in diameter in the superior temporal quadrant of the right eye. Superfi cial keratectomy of the corneal lesion was performed 
under general anaesthesia. Microscopically, the histopathology of the tissue revealed the presence of an outer stratifi ed squamous 
epithelium lining and numerous sebaceous glands along with hair follicles and sudoriparous gland within the connective tissue 
stroma. Based on the histopathological features, the growth was diagnosed as dermoidcyst.

Keywords: Cornea, dermoid, dogs

A dermoid is a benign congenital choriostoma characterized by the unusual 
presence of heterotropic cutaneous tissue formed at an inappropriate location1. 
These are most often unilateral and may aff ect conjunctiva (bulbar and palpebral), 
cornea, rarely the nictitating membrane and eyelids2. Dermoids are composed of 
dermis-like connective tissue including the epidermis, dermis, sebaceous glands, 
fat and hair follicles3. Hair from the lesion causes severe irritation to the eye 
which leads to chronic epiphora, keratitis, corneal ulceration and blepharopasm4.
Surgical excision of ocular dermoid is one of the best treatment options which 
ensures complete elimination of signs and minimum scarring of the cornea2,3.

A 1 year old Shih Tzu dog weighing 5 kg was presented to the Small Animal 
Clinic, Department of Veterinary Surgery and Radiology, College of Veterinary 
Science, GADVASU, Ludhiana (Punjab) with a complaint of abnormal hair growth 
in the right eye since last two months. A round black color lesion slightly elevated 
from the surface of the cornea and bulbar conjunctiva, measuring around 5 mm 
in diameter with a tuft of hair over the surface was grossly visible in the superior 
temporal quadrant of the right eye (Fig. 1). Ocular discharge, hyperaemia and 
mild corneal opacity were observed upon ophthalmic examination of the aff ected 
eye. The animal was active with normal feeding pa� ern. The rectal temperature, 
heart rate and respiratory rate were within normal limits.

Superfi cial keratectomy was performed to excise the corneo-conjunctival 
dermoid under general anaesthesia. The dog was pre-medicated intramuscularly 
with a mixture of Inj. Butorphanol (Inj. Butrum®, Aristo, New Delhi) @ 0.2 mg/
kg BW (I/M), Inj. Acepromazine (Inj. Ilium-Acepril®-10, Troy Laboratories Pvt. 
Ltd. Australia) @ 0.05 mg/kg BW (I/M) and Inj. Atropine sulphate @ 0.01 mg/
kg BW (I/M) prior to surgery. The anaesthesia was induced with Inj. propofol 
(1%) (Inj. Neorof®, Neon Laboratories Ltd. India) @ 4 mg/kg BW (I/V) and was 
maintained with 1-2% isofl urane in oxygen by cuff ed endotracheal tube a� ached 
to the circle system of the small animal anaesthetic unit.

The patient was positioned on the operating table in left lateral recumbency 
with the aff ected right eye facing upwards. The eye was thoroughly cleaned 
and draped to maintain asepsis. The globe was fi xed by placing Lieberman eye 
speculum and the dermoid was removed gradually by incising the peripheral 

margins in a circum ferential 
manner using micro-surgical 
ophthalmic instruments (Fig. 2).

The excised dermoid tissue 
was processed and paraffi  n tissue 
blocks were prepared using the 
standard method5. The tissue 
sections (5 µm) were stained 
with hematoxylin and eosin 
stain for routine histopathology. 
Histopathologically, the tissue 
revealed the presence of an outer 
stratifi ed squamous epithelium 
lining. The inner area revealed 
connective tissue stroma with 
numerous sebaceous glands, hair 
follicles and sudoriparous gland 
(sweat gland) along with few 
lymphocytes’ infiltration were 
observed (Fig. 3). Post-operative 
care and management included 
topical installation of eye drop. 
Gatiquin (Gatifl oxacin 0.3% w/v, 
Cipla) for a period of one week 
along with parenteral antibiotic 
administration of Inj. Cefotaxime 
@ 20-25 mg/kg BW twice daily for 
5 days and Inj. Meloxicam (Inj. 
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Melonex®, Intas Pharmaceuticals Ltd., Ahmedabad) @ 
0.2 mg/kg once daily for 3 days. The owner was advised 
to apply an Elizabethan collar for 10 days.

The physiopathological mechanism for a choristoma 

formation is unknown, however most likely hypothesis is 
that a dermoid is developed by abnormal diff erentiation 
of ectoderm at an aberrant location maintaining the 
histological characterstics of skin6. The presence of 
dermoid has been reported at diff erent sites which may 
vary with species and even breeds7. Corneal dermoid 
causes discomfort to the patient due to continuous 
irritation, pain and ocular discharge, warranting 
appropriate medical or surgical management3. Dermoids 
have been reported in canine and rarely in feline patients. 
Certain breed predisposition has been documented in 
dogs with development of cutaneous dermoid cysts 
seen in Rhodesian ridgeback, Shih-Tzu, Siberian Husky, 
Beagle, Welsh Corgi and Dachshund breeds8,9. It is 
believed that dermoids are congenital and not hereditary, 
however, cases have been reported linked to genetic 
factors10.

A dermoid cystis usually composed of sebaceous, 
sweat glands along with hair follicles and can be 
differentially diagnosed with other cysts such as 
epidermoid cyst. In the present study, the diagnosis was 
made on the basis of histopathological features containing 
the hair follicles, sebaceous and sweat gland as corneal 
dermoid. In a retrospective study, ocular dermoid were 
divided as limbal, eyelid, corneal and conjunctival. They 
also showed that surgical removal of ocular dermoids 
was curative7. Superfi cial keratectomy is considered as 
a successful treatment for corneal dermoid. Some degree 
of recurrence can be expected if complete removal of 
dermoid is not carried out and manual epilation of hair 
is a temporary relief to the patient as the hair may grow 
again2. Moreover, surgical excision should be performed 
at an early age to restore functional development of the 
eye and prevent visual impairment11. In the present case, 
the dermoid was excised completely and the corneal 
wound healed uneventfully without any signs of corneal 
opacity/scarring or visual impairment. There was no 
recurrence of dermoid up to one year following resection.
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Fig. 1. Dermoid in the right eye: Presence of tissue and hair on 
the surface of the cornea, limbus and bulbar conjunctiva; Fig. 2. 
Appearance of eye after surgical resection of the dermoid; Fig. 
3. Histopathology of the dermoid cyst showing the presence of 
an outer stratifi ed squamous epithelium lining and numerous 
sebaceous glands (SG) along with hair follicles (arrow) and sudo-
riparous gland (arrow head) within the connective tissue stroma 
(ct) (H&E, Bar = 100 µm).
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Kamrupa variety is a new improved variety of 
chicken developed by crossing indigenous birds of Assam 
with a broiler parent PB-2 and a layer parent Dahlem 
Red. In the present study a total 784 unhatched eggs were 
examined and 320 Kamrupa carcasses were necropsied to 
study the factors associated with dead-in-shell embryos 
in embryonated eggs and pathomorphology of mortality 
in Kamarupa variety of chicken, respectively.

Among unhatched eggs 444 (56.63%) and 340 
(43.37%) were dead-in-shell embryos and infertile 
eggs, respectively. Of the 444 dead-in-shell embryos 
examined, 2.47% showed adhesions, 2.70% stunted 
growth, 2.70% embryo with excess yolk retention, 5.40% 
malformations, 7.88% dehydration, 20.27% malpositions, 
20.94% dead-in-shell embryos suspected of infectious 
reasons, 4.09% decomposed eggs were recorded with 
33.55% cases showing no defi nite abnormalities or died 
of undiagnosed causes.

Different malpositions were recorded as head 
towards the left (48.89%), feet over the head and face 
(20%), beak above the right wing (15.56%), head in 
between the thighs (13.33%) and cases with upward 
orientation of the beak towards aircell with twisted neck 
(2.22%). Diff erent malformations recorded in the present 
study include crossed beak (37.50%), monsters (25%), 
short lower beak (brachygnathia) (16.67%), short upper 

beak (16.67%) and vitelline rupture conditions (4.16%). 
In the present study 20.94% dead-in-shell embryos 
were suspected for infection from which 89 isolates of 
Escherichia spp., Staphylococcus spp., Proteus spp., Klebsiella 
spp. and Bacillus spp. could be isolated.

In 320 necropsied carcasses 15% Newcastle disease, 
13.75% Marek's disease, 7.5% infectious bronchitis, 13.44% 
colibacillosis (7.5% colisepticaemia, 3.75% oophoritis 
and salpingitis, 1.56% egg peritonitis and 0.63% egg 
bound condition), 9.38% coccidiosis, 3.75% ascardiasis, 
4.38% visceral gout, 3.75% fatty liver haemorrhagic 
syndrome and 20.31% miscellaneous condition which 
includes 10.93% trauma, 4.06% hepatic dysfunction, 
4.06% haemorrhagic enteritis and 1.25% pneumonia 
were recorded. Along with above mentioned diseases 
8.75% carcasses were autolysed or putrifi ed in which any 
pathological conditions could not be diagnosed. In the 
present study highest mortality was due to Newcastle 
disease.

Age wise the highest mortality (40.63%) was recorded 
in chicks (0-8 weeks old), followed by 30.31% in adults 
(>20 weeks) and 29.06% in growers (9-20 weeks). Season 
wise highest mortality (38.44%) was recorded during 
winter followed by 26.56% in post-monsoon, 24.69% in 
monsoon and 10.31% in pre-monsoon.

Fifteen (15) and two (2) oro-pharyngeal swabs out 
of 118 swabs sample collected from live birds found 
positive for ND and IB through RT-PCR. Other important 
respiratory diseases such as ILT and CRD were found 
negative through PCR. Among the carcasses 48 cases of 
Newcastle disease and 24 cases of Infectious bronchitis 
were molecularly diagnosed using RT-PCR targeting 
F gene and N gene, respectively. Similarly 44 cases of 
Marek's disease was also moleculary confi rmed by PCR 
targeting pp38 gene.

THESIS ABSTRACT 102



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

THESIS ABSTRACT 103

Title of Thesis : Pathomorphological studies on canine 
tumors with special reference to para-
neoplastic syndrome

Name of the Student : V. Sarachandra

Name of the Advisor : Dr A. Nasreen

Degree/Year : MVSc/2025

Name of the University : Sri Venkateswara Veterinary University, 
Tirupati, Andhra Pradesh

The study aimed to establish the paraneoplastic 
syndrome in veterinary medicine, evaluating blood 
and serum alterations, gross pathology and associated 
cytological, histopathological and immunohistochemical 
changes in various canine tumors. According to the study, 
there were 55 cases of diff erent kinds of cancer, such as 
round cell tumors (20%), mammary tumors (18.18%), 
mesenchymal tumors (23.64%), epithelial tumors 
(21.82%) and other tumors (16.36%).

With papilloma (7.3%), squamous cell carcinoma 
(3.63%), individual cases (1.82%) of infundibular 
keratinizing acanthoma, hepatoid gland adenoma, 
sebaceous carcinoma, apocrine gland adenocarcinoma, 
basosquamous carcinoma and basal cell carcinoma 
as the most prevalent tumors, epithelial tumors 
(21.82%) ranked second in the study. Mild to severe 
anaemia, leucocytosis, hypoglycemia, hypocalcemia and 
occasionally higher levels of alanine aminotransferase, 
aspartate aminotransferase, gamma glutaryltransferase 
and alkaline phosphatase were hemato-biochemical 
alterations.

With fi bromyxoleiomyoma (3.63%), leiomyxofi broma 
(3.63%), cavernous hemangioma (3.63%), individual cases 
(1.82%) of lipoma, liposarcoma, lipofi broma, chondroma, 
fibroma, myxofibroma and hemangiopericytoma, 
mesenchymal tumors were the most prevalent (23.64%). 
Moderate anemia, leucocytosis with lymphocytosis and 
eosinophilia were among the hematological alterations. 
Hypoproteinemia, hypoglycemia, hypocalcemia and 
occasionally elevated levels of AST, GGT, ALP and BUN 
were among the biochemical alterations.

Simple cystic-papillary carcinoma (3.63%), individual 
cases (1.82%) of simple tubulopapillary carcinoma, mixed 
cystic-papillary carcinoma, microacinar adenocarcinoma, 
chondrosarcoma with adenocarcinoma, capillary 
hemangioma, fi brosarcoma, mixed cystic chondrolipo 
fi broma and cystic hemangiochondro fi brolipoma was the 
most common type of mammary gland tumors reported 

(18.18%). Moderate anemia, neutrophilic leucocytosis, 
lymphocytosis, monocytosis, thrombocytopenia, 
hypoproteinemia, hypoalbuminemia, hypoglycemia, 
hypocalcemia, elevated levels of AST, ALT, ALP and BUN 
were all found by hemato-biochemical analysis.

Histiocytic sarcoma (1.82%), histiocytoma (1.82%), 
mast cell tumor (5.4%), transmissible venereal tumor 
(9.1%) and lymphoma (1.82%) were the next most 
common tumors in dogs, after round cell tumors. 
Haematology showed leucocytosis, eosinophilia, mild to 
moderate anemia, and occasionally monocytosis. Hyper 
and hypoproteinemia, hypoalbuminemia, hypergamma 
globulinemia, hypoglycemia, hypocalcemia, and 
occasionally depleted AST and elevated AST and ALP 
levels were found by serum biochemical analysis.

Seminoma (3.63%), sertoli cell tumor (3.63%), 
individual cases (1.82%) of granulosa cell tumor, 
luteoma, clear cell hepatocellular carcinoma, malignant 
melanoma and melanoma were the least common tumors, 
accounting for 16.36% of all tumors. Haematology 
revealed eosinophilia, neutrophilic leucocytosis, mild 
to moderate anemia and occasionally monocytosis. 
Hyperproteinemia, hyperalbuminemia, hypergamma 
globulinemia, hypoglycemia, hypocalcemia and in 
certain instances, elevated ALP levels in biochemical 
analysis.

Vangies on showed red collagen in papilloma, 
fi bromyxoleiomyoma, leiomyxofi broma, lipofi broma, 
myxofibroma and certain mammary tumors, while 
toluidine blue staining showed purple metachromatic 
granules in mast cell tumors. Antinuclear antibodies 
(ANA) were not a reliable indicator of tumor progression 
due to their lower values than reference in many tumors.

Strong vimentin expression was found in TVT 
and MCT by immunohistochemical analysis, with 
focal positivity in tumors of the mammary gland and 
sertoli cell. While cytokeratin expression was focal 
in clear cell hepatocellular carcinoma, it was strong 
and diff use in poorly diff erentiated SQCC, papillary 
adenocarcinoma type mammary tumors and apocrine 
gland adenocarcinoma. Papillary type mammary gland 
tumors showed positive expression of the estrogen 
receptor and progesterone receptor. In MCT, CD117 
expression was highly positive. Granulosa cell tumors 
had focally positive inhibin-α.
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Dibutyl phthalate (DBP) and cadmium chloride 
(CdCl2) are environmental contaminants with signifi cant 
endocrine disrupting properties. Both compounds 
exhibit toxicity through disrupting reproductive and 
neurological functions in aquatic organisms and posing 
serious ecological and health risks. A total of 450 adult 
female zebrafi sh, aged above 3 months were used to 
evaluate the toxicological eff ects of DBP and CdCl2 in 
ovary and brain after daily exposure for 28 days. The 
study carried out in two phases under standard laboratory 
conditions. In phase-I, 30 zebrafi sh were equally divided 
in 5 groups viz., control (RO water), vehicle control 
(0.01% ethanol) and remaining groups were co-exposed 
to DBP and CdCl₂ at concentration of TP1 (0.25 mg/L of 
water + 0.25 mg/L of water), TP2 (0.5 mg/L of water + 0.5 
mg/L of water), TP3 (1 mg/L of water + 1 mg/L of water). 
Mortality or any symptoms of toxicity were not observed 
during the phase-I of the study. Histopathological 
evaluation was carried out during phase-I. Microscopic 
examination of ovary revealed yolk granule depletion 
(DYG) in zebrafi sh of TP1 and TP2 groups; while DYG 
and degenerated mature oocyte (DMO) along with 
comparatively increased number of peri-nuclear oocytes 
(PO) were evident in ovary of zebrafi sh from TP3 group. 
Histopathological examination of the brain did not 
reveal any appreciable microscopic changes in any of 
the treatment groups. Based on phase-I results, dose for 

the phase-II study was selected at 1 mg/L of water of 
each compound. In phase-II, 420 fi sh divided equally in 
5 groups viz., control (RO water), vehicle control (0.01% 
ethanol), T1: DBP (1 mg/L of water), T2: CdCl2 (1 mg/L 
of water), T3: DBP+CdCl2 (each at 1 mg/L of water). 
Behavioral parameters, oxidative stress parameters, 
histopathological changes and mRNA expression profi le 
of sod, cat and nrf2 genes in ovary and brain were carried 
out during this phase. Anxiety like behaviour and social 
behaviour evaluated on day 14 and 28 of the experiment 
using novel tank, light-dark preference, social preference 
and social recognition tests. Group T3 showed anxiety-
like behavior and alterations in social behaviour on day 
14 and 28 of the experiment. Grossly, ovary and brain 
of zebrafi sh from all treatment groups were apparently 
normal. Histopathological examination of ovary 
revealed DYG in mature oocytes and DMO along with 
a signifi cantly increased number of PO was observed in 
T1 group; while DYG in mature oocytes along with DMO 
evident in ovary of zebrafi sh from T2 group. In T3 group, 
DYG, DMO and a comparatively increased number of 
PO were observed. Superoxide dismutase (SOD) activity 
and total antioxidant capacity (TAC) levels in the ovary 
of all treatment groups, and catalase (CAT) activity in 
T1 and T3 groups, were signifi cantly lower, whereas 
malondialdehyde (MDA) was signifi cantly higher in the 
T3 group as compared to control group. In brain, SOD 
activity and TAC level were signifi cantly lower in T3 
group; Signifi cantly CAT activity and signifi cantly higher 
MDA level reported in all treatment groups as compared 
to the control group. In the ovary, mRNA expression 
of sod genes was down-regulated in T1 and T3 groups, 
cat in the T3 group and nrf2 in all treatment groups as 
compared to the control group. In the brain, cat and nrf2 
expression levels were signifi cantly down-regulated in 
the T3 group as compared to the control group.
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Porcine circovirus (PCV) causes a diverse range of 
diseases in pigs, which incurs huge economic losses to 
swine industry globally. PCV2 is a signifi cant pathogen 
contributing to PRDC outcome. Recently, PCV3 was 
also detected in pigs showing respiratory disease. The 
present study was performed to study the occurrence 
and pathology of porcine circoviral infections associated 
with respiratory disease complex in pigs and further 
characterise the circovirus. Representative tissue 
samples were collected from PM facility, ICAR-IVRI, 
Izatnagar and slaughter houses in Bareilly. Following 
systematic necropsy and pathological investigation, 
the samples were subjected to PCR to detect PCV2 and 
PCV3. Other methodologies like immunohistochemistry 
and TUNEL assay were also performed. The present 
study revealed a high occurrence of PCV2 as 36.15% 
(47/130) of animals were infected with PCV2. Nursery 
piglets (52.94%) were the most aff ected group in the 
particular study. Out of 47 positive PCV2 infections, 7 
(14.89%) cases were coinfected with Haemophilus parasuis 
and Streptococcus suis. The clinical form of PCV2 was 
associated with PCV2-SD with respiratory organ as 
the major target. PCV3 was not detected in any of the 
samples. The most consistent gross lesions observed in 
PCV2 associated respiratory disease was in lungs and 
lymph node. The salient gross fi ndings in lungs involved 
uncollapsed and edematous lungs with varying degree 
of consolidation and congestion. Lymphadenopathy 
with severe congestion and haemorrhage were the 

salient gross lesions in lymph node. The important 
histopathological fi ndings in lungs were interstitial, 
bronchointerstitial and bronchopneumonia. The major 
type of pneumonia caused by PCV2 in the present 
study was bronchointerstitial (53.19%) and interstitial 
pneumonia (31.91%). Bronchopneumonia was associated 
with coinfections of PCV2 with Streptococcus suis and 
Haemophilus parasuis. Moderate to severe lymphoid 
depletion were observed in lymphoid organs like 
lymph nodes, tonsil, spleen and Peyer patches of ileum. 
Amphophilic to basophilic intracytoplasmic inclusion 
bodies were observed in bronchial epithelial cells of 
lungs and macrophages of lymph node. PCR detected 
a fragment of ORF2 gene specifi c for PCV2 from lungs 
and lymph nodes. PCV2 antigen was demonstrated in 
formalin fi xed, paraffi  n embedded tissue sections by 
IHC. IHC against PCV2 revealed immunoreactivity in 
degenerating bronchiolar epithelial cells, macrophages 
and intravascular leukocytes of alveolar interstitium. 
PCV2 antigen was detected in the lymphocytes of 
lymphoid follicles of tonsil, mononuclear cells of 
lymphoid follicles in lymph nodes and mononuclear 
cells infi ltrating the branch of splenic artery and in the 
lymphocytes of PALS indicating immunosuppression. 
TUNEL assay was performed in tissue sections of lymph 
nodes and tonsils. TUNEL assay of PCV2 affected 
lymph nodes and tonsils, revealed positive staining 
in lymphocytes. Phylogenetic analysis based on ORF2 
genome sequences of PCV2, revealed that the circulating 
virus in the present study sharing close homology with 
PCV2d genotypes. One of the important etiology of 
PRDC in pigs is PCV2 causing mainly bronchointerstitial 
and interstitial pneumonia, lymphoid depletion in 
lymphoid organs, mainly aff ected nursery piglets and 
the circulating virus in aff ected pigs belongs to PCV2d 
genotype.
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THESIS ABSTRACT 106

Title of Thesis : Characterization of Foot and Mouth 
Disease virus isolated from outbreaks 
in farm ruminants and localization of 
viral antigen in goat tissues

Name of the Student : Shrinivas Janardhan Wa� amwar

Name of the Advisor : Dr Chandrakanta Jana

Degree/Year : MVSc/2023

Name of the University : ICAR-Indian Veterinary Research Insti-
tute, Izatnagar, UP

Foot and Mouth Disease (FMD) a contagious and 
economically devastating viral disease of cloven-footed 
animals and is caused by FMD virus (FMDV) of the 
genus Aphthovirus family Picornaviridae. India has 
undertaken a holistic FMD control measures through 
vaccination, disease surveillance and sero-monitoring 
in view of serious disease consequences and signifi cant 
economic losses. Still, the sporadic disease outbreaks 
have been noticed in diff erent parts of the country. Thus, 
an active and continuous surveillance through outbreak 
investigation, regular monitoring of antigenicity and 
genomic framework of FMDV strains is necessary in 
endemic se� ing. The present study was carriedout with 
the objectives a) to isolate and characterize FMD virus 
from farm ruminants in fi eld outbreaks b) to study the 
localization of FMD virus antigen in goat tissues. Detailed 
history, farming practices and clinical observations 
were recorded from representative outbreaks (n=6) at 
Maharashtra, U� arakhand and U� ar Pradesh in the 
year 2021. The clinical samples like vesicular fluid/
vesicular epithelium/hoof scrapping/other (n=79) and 
serum (n=141) were subjected for diagnosis by in-
house serotyping ELISA, DIVA-ELISA and RT-mPCR. 
Histopathological and immunohistochemical studies 
of necropsy samples from milching cattle (n=2) and 
adult goat (n=1) were also performed. The outbreaks 
were noticed to be aff ected ca� le, buff alo and goats. 
The multiple species rearing practice, access of common 
grazing land and water bodies, use of common milking 
machine and common milking man were found to 
be major risk factors in the disease transmission.

Characteristic clinical signs and lesions were observed 
in ca� le and buff alo, whereas goats showed mild and 
subtle clinical lesions. Grossly, typical lesions of disease 
were found in ca� le like ulceration of tongue, gingival 
and ruminal pillar, lung emphysema and tigeroid heart. 
In goat, gross lesions included ulcerations on gums and 
dental pad, congestion in thyroid gland, pulmonary 
congestion, emphysema and oedema in lung lobes. Goat 
heart ventricles appeared fl abby. Microscpically, ca� le 
tongue tissues showed ballooning degeneration and 
lysis of stratum spinosum and subsequent formation 
of fl uid fi lled vesicles in cornifi ed epithelium. Lung 
section showed interstitial pneumonia and thickening 
of interstitium. Heart section showed hyalinization and 
extensive dissolution of cardiac muscles fi bres. Tongue 
section of goat showed severe ballooning degeneration 
and necrosis of the epidermal cells accompanied with 
infl ammatory cells infi ltration. There were congested 
blood vessels and moderate to large size follicles having 
vacuolations in thyroid gland. Similar pulmonary and 
cardiac lesions in goats were evident. FMDV antigen 
was immune-detected in heart and lung tissue of ca� le, 
whereas in goat, it was detected only in lung tissue. 
The laboratory tests confi rmed fi ve outbreaks as FMDV 
serotype O while one outbreak as FMDV serotype A. 
Three field virus isolates were identified as FMDV 
serotype O and vaccine matching exercise showed 
antigenic homology with currently used vaccine strain (r1 
value > 0.3). In conclusion, the present study investigates 
risk factors, pathological features and antigenic characters 
of virus isolates of representative FMD outbreaks. The 
fi ndings suggest disease outbreaks were caused by two 
FMDV serotypes and serotype O was found to be more 
predominantly circulating. The virus aff ected either 
irregularly vaccinated or unvaccinated farm ruminants 
and caused mortality in calves and adult animals also. 
The preparedness towards identifi ed risk factors needs 
to be undertaken by the local animal health authorities 
to minimize the spread of disease and losses.
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Proceedings of Executive Commi� ee (EC) / General Body (GB) Meeting of XLI Annual Conference of 
Indian Association of Veterinary Pathologists and XV Annual Meeting of Indian College of Veterinary 
Pathologists and National Symposium on “Exploring Veterinary Pathology and Diagnostic Innovations 
in Animal and Poultry Diseases Amidst Climatic Challenge” held w.e.f. 28-30 November, 2024 at Sher-
e-Kashmir University of Agricultural Sciences & Technology - Jammu, Union Territory of Jammu & 
Kashmir, India

The Executive Commi� ee / General Body Meetings were held under the Chairmanship of Dr B.N. Tripathi, 
President, IAVP on 27th and 29th November, 2024 at SKAUST - Jammu, respectively. The meeting was a� ended by 
Vice Presidents, the Secretary General, Web Manager, Zonal Secretaries, EC Members and Life Members. Dr G.A. 
Balasubramaniam, Secretary General, IAVP welcomed all offi  ce bearers and EC/GB members. Dr B.N. Tripathi, 
President, IAVP & Vice Chancellor, Sher-e-Kashmir University of Agricultural Sciences & Technology - Jammu, 
Union Territory of Jammu & Kashmir, India gave opening remarks and appreciated the eff orts of offi  ce bearers for 
advancement of IAVP/IVCP:
1. He emphasized that the sincere eff orts should be made to improve the rating of the Indian Journal of Veterinary 

Pathology.
2. Members should be encouraged to submit plenty number of quality research papers to improve the standard of 

the Indian Journal of Veterinary Pathologists.
3. He also reiterated that the Heads of the Department of Veterinary Pathology should encourage their students to 

submit their MVSc and PhD thesis abstracts to the journal for publication without fail.

Agenda No. 1: Approval of the minutes of the Proceedings of last Executive Commi� ee / General Body meeting 
held at ICAR-Indian Veterinary Research Institute, Izatnagar, Bareilly, U� ar Pradesh
1. The Secretary General informed the members about the action taken report (ATR) based on the Proceedings of 

40th IAVP Conference, 2023 held at ICAR-IVRI, Bareilly.
2. The Proceedings have been circulated among the EC members and all the members agreed with the same.
3. The approval of minutes of the 40th Proceedings of IAVP held at Bareilly was proposed by Dr S.K. Panda, Zonal 

Secretary (East) and seconded by Dr R.V.S. Pawaiya, Secretary, ICVP. The minutes were approved by EC/GB 
members, respectively.

Agenda No. 2: Report by the Secretary General
1. Request of Dr R.C. Ghosh to utilise the unspent balance money of IAVPCON 2016 held at Durg: Dr R.C. 

Ghosh had requested for permission to utilise the unspent balance amount (Rs 2,58,855) of the conference. He 
organised in 2016 at Durg to purchase microscopes and repair works of equipment for teaching and research work 
of students of Department of Veterinary Pathology. Necessary permission was accorded to utilise the amount 
for the purpose requested with the condition that due acknowledgement should be given to the society.

2. Zonal Activities: West Zonal Conference and “Brain storming session on emerging diseases of livestock and 
poultry” and National Workshop of ICVP were conducted by the Department of Veterinary Pathology on 3rd & 
4th June 2024 at Krantisinh Nana Patil College of Veterinary Science, MAFSU, Shirwal. South Zone Conference 
and National Symposium on “Recent advances in diagnosis of infectious, non-infectious and zoonotic diseases 
of domestic and wild animals” were organized by the Department of Veterinary Pathology on 26th & 27th of 
September 2024 in Veterinary College at Shivamogga, KVAFSU, Karnataka. While appreciating the organisers of 
both zonal conferences, the President of IAVP entreated all the Zonal Secretaries should come forward to organize 
at least one event each year Conference/Symposium/Workshop in their respective zone in order to motivate the 
youngsters. Zonal Secretaries were directed to undertake some activities and cooperate for strengthening of the 
society.

3. New Life Members: A total of 58 new Veterinary Pathologists had been enrolled as Life Member of IAVP in 
2024. As on date, there are around 1597 members in the society. HoDs were requested to enrol their PG students 
compulsorily as Life Members of the society.

4. Database Updating: Updating of the addresses of Life Members of the IAVP was discussed and the Zonal 
Secretaries were requested to expedite the process and complete the work at the earliest.
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Agenda No. 3: Report of the Chief Editor
Dr A. Anand Kumar, Chief Editor, IJVP, could not turn up for the EC/GB meeting due to personal reasons and 

expressed inability to a� end the same in advance. On his behalf, Secretary General briefed the house about the IJVP 
report and informed that:
1. A total of 46 research articles and 3 thesis abstracts were received for publication in the IJVP.
2. All four issues of IJVP of 2024 were published well in time and uploaded in IAVP Website.
3. The acceptance and rejection rate of the articles were 91.31% and 8.69%, respectively.
4. A wide discussion was held to switch over the Indian Journal of Veterinary Pathology from IndianJournals.com to 

Indian Council of Agricultural Research, Directorate of Knowledge Management in Agriculture (ICAR-DKMA), 
e-Journal publication system for publication of the journal both online and offl  ine w.e.f. 2025. Finally as per 
the directions and approval of Dr B.N. Tripathi, Honourable Vice Chancellor, SKUAST, Jammu and President 
(IAVP) it was decided to discontinue the publication system of IJVP with IndianJournals.com and to transfer 
the ownership of the IJVP to ICAR-DKMA to improve the NAAS rating and Citation Index. The purpose of the 
incorporating our journal in ICAR e-Journal publication system is to have wider reach and higher usage among 
the academicians, scientists and research scholars. The Chief editor and his team were requested to expedite the 
process.

5. The Chief Editor and Editors were requested to collect detailed reports of citations, downloads etc. of IJVP.
6. The President requested Secretary General to write a le� er to all the HODs to send the PG thesis abstracts to 

IJVP for publication.

Agenda No. 4: Non-return of the advance/seed amount (Rs 50,000/-) received by Dr M. Lakshman, Organizing 
Secretary of XXXIX Annual Conference of IAVP during 17-20 November, 2022 held at Department of Veterinary 
Pathology, College of Veterinary and Animal Science, Rajendranagar, PVNRTVU, Hyderabad, Telangana

The ma� er was elaborately discussed. Secretary General explained in detail about the action taken so far in this 
regard. A le� er was sent to Dr M. Lakshman requesting to refund the long pending issue of seed money (Rs 50,000/-) 
and the 20% of the registration fee of the Conference. He organised in PVNRTVU, Hyderabad in 2022. In response, Dr 
M. Lakshman has requested the society for exemption from the return of the seed money and 20% of the registration 
fee as the expenditure had exceeded his original estimate during the conference. Subsequently another le� er was sent 
by the Secretary General to him mentioning that there is no any possibility for exemption and insisted him to return 
the money. Still he has not returned the amount. After a long deliberation on the issue, the EC/GB members are in 
view that Dr M. Lakshman should refund the seed money (Rs 50,000/-) without fail. After the receipt of the seed 
money (Rs 50,000/-) from him, the possibility for exemption for the 20% of the registration fee may be considered.

Agenda No. 5: Treasurer Report
Dr Pawan Kumar, Treasurer could not turn up for the EC/GB meeting due to his personal reason. Instead, Dr 

K.P. Singh, Vice President presented the Audit Report of the income and expenses of the IAVP for the year 2023-24. 
He informed the house:

Opening Balance for the year 2022-23 Rs 2,55,298.00
Income during the year Rs 6,29,421.00
(Subscription fee, membership fee, publication charges, fi nancial assistance from ICAR, interest earned from 

FDR, Award processing fee etc.)
Expenditure during year Rs 9,57,269.00
(Printing IJVP charges, remunerations and salary, website maintenance, postal stamps, zonal conferences, audit 

fee, etc.)
Excess Expenditure Rs 3,03,748.00
Total Balance Rs 2,97,961.00
Cash in Hand Rs 5,787.00
Fixed deposit in SBI Rs 43,10,757.00
Treasurer’s Report was accepted by EC/GB members.
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INDIAN JOURNAL OF VETERINARY PATHOLOGY | Volume 49 |  Issue 1 | JANUARY - MARCH, 2025

1. Treasurer is constantly observing and narrating that in the recent past years income of IAVP is reduced and 
expenditure is increased which resulting in breaking of fi xed deposit certifi cates annually to meet out expenditures. 
This was ma� er of great concerned. One of important reason of over expenditure is payment of salary of Rs 
3,60,000/- (Rs 15,000/- X 2 = Rs 30,000/- X 12 = Rs 3,60,000/-) for two contractual staff  one at with Chief Editor at 
Tirupati and another at with Managing Editor at Izatnagar. The ma� er was discussed in great detail and following 
decision was taken:

2. The Chief Editor is requested to restrict the wages of contractual labour within Rs 10,000/- in view of fi nancial 
constraints.

3. At Izatnagar, full time contractual worker with monthly salary of Rs 10,000/- should be kept instead of Rs 15,000/-
Concerned IAVP offi  ce bearer should make a� empt to enhance income of by making new LMs, sale of journal 

and other measures.

Agenda No. 6: Web Manager Report
1. Dr R. Somvanshi, Web Manager informed that IAVP website (h� ps://www.iavp.org) is regularly updated and 

functioning smoothly.
2. He also informed that The Lesion, 2024 was published and circulated to life members and also uploaded in IAVP 

website.

Agenda No. 7: Venue of the next IAVP conferences
1. The venue of the next IAVP Conference was discussed in detail. The Department of Veterinary Pathology, Faculty 

of Veterinary Science & Animal Husbandry, Birsa Agricultural University, Ranchi, Jharkhand was proposed as 
the venue for the Veterinary Pathology Conference, 2025. Dr M.K. Gupta, Professor & Head was proposed to be 
the Organizing Secretary of the Conference.

2. Department of Veterinary Pathology, College of Veterinary Sciences & Animal Husbandry, DUVASU, Mathura, 
U� ar Pradesh was proposed as the venue for the Veterinary Pathology Conference, 2026. Dr Desh Deepak Singh, 
Professor and Head was proposed to be the Organizing Secretary of the Conference.

Agenda No. 8: Miscellaneous
1. The most of IAVP Patrons viz. Drs P.K.R. Iyer, R.R. Shukla, D.D. Heranjal, D.L. Paikne, Mrs. Shanta Sinha, T.L. 

Som, N.C. Jain and Mrs. Shanti Vyas are either aged and no-active or passed away in due course. As such Eminent 
Veterinary Pathologists and Ex. President IAVP viz. Drs J.L.Vegad (Jabalpur), G.C. Mohanty (Bhubaneswar), 
R.N.S. Gowda (Bengaluru), Lal Krishna (New Delhi) and B. Muralimanohar (Chennai) who build IAVP should 
be inducted as Patron.

2. The non or poorly sponsored and uneconomic IAVP Awards which, are not on the names of Veterinary Pathologists 
should be discontinued. As such ma� er was discussed in detail following decisions were taken to modify/ 
discontinue following three IAVP Awards:

 IAVP-Savithree Jibachch Sinha Third Best-Poster Presentation Award - To be discontinued
 IAVP-Gang-Mana Sharma Award for Best Article/Case Report on Pack Animals - To be discontinued
 IAVP-Dr Ram Raksha-Kiran Shukla Award for Second Best MVSc Thesis - To be modifi ed as IAVP-Award for 

Second Best MVSc Thesis
3. Proposal of New Awards:
 A. Dr Supriya Shukla, Mhow, MP proposed to institute a new award in honor of Dr J.L. Vegad. She consented to 

donate Rs 1.00 lakh to IAVP. The ma� er was discussed and it was decided that one of currently existing award 
may be named after Dr Vegad viz. IAVP-Dr J.L.Vegad-Best PhD Thesis Award.

 B. Dr M.K. Gupta, Ranchi proposed to institute a new award in honor of Dr H.V.S. Chauhan. He consented to 
donate Rs 1.00 lakh to IAVP. The ma� er was discussed and it was decided that one of currently existing award 
may be named after Dr Chauhan viz. IAVP-Dr H.V.S. Chauhan-Best Poultry Pathologist Award.

Agenda No. 9: Condolence on Deceased IAVP Members
1. The house was informed that two Veterinary Pathologists viz. Dr U.K. Sharma (17.11.2024), Pantnagar and Dr 

A. Prakash (21.08.2024) Tamil Nadu have passed away.
2. Dr Uma Kant Sharma (95) born on November 11th of 1931 completed his under graduation and Post graduation 
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in Veterinary College, Mathura and IVRI, Mukteshwar, respectively. Subsequently, he had undergone the study 
of M.S. in Illinois in 1964 and later pursued his PhD, program in Indian Veterinary Research Institute, Izatnagar 
in 1976 under the guidance of Dr C.M. Singh, Director of the Institute. He was the recipient of gold and silver 
medals for his outstanding excellence in academics. He was having total professional service of 38 years with 
working in diff erent capacities in various laboratories within country and abroad. He had served for more than 
20 years as a faculty in Veterinary College, Pantnagar and about 8 years as Professor and Head, Department of 
Veterinary Pathology & Hygiene. He had contributed considerably for research, extension and disease diagnosis 
during his career. Dr Sharma was Patron of IAVP and he donated Rs 50,000/- to IAVP. He passed away on 17th 
November, 2024.

3. Dr A. Prakash, alumni of Veterinary College and Research Institute, Namakkal was Wildlife Veterinary Pathologist, 
Tamil Nadu working with the Forest Department for the past 14 years and since last 8 years as Wildlife Veterinary 
Surgeon. Dr Prakash had involved in several elephant captures and other wildlife rescue operations. He was 
conferred with ‘Anna Award’ by the state government in recognition of his bravery during such rescue operations. 
The elephant calf Raghu, featured in the Oscar winning fi lm, “The Elephant Whisperers”, was rescued and treated 
by him. He has also published several scientifi c papers and articles in reputed journals. He passed away on 21st 
August, 2024.

4. The house appreciated the contributions and services of the both individuals to the profession and IAVP and a 
silence of 2 minutes was observed for peace of departed souls.

Agenda No. 10: Vote of Thanks
Dr G.A. Balasubramaniam, Secretary General proposed the vote of thanks to all the members of the EC/GB for 

their contributions in fruitful discussion in the meeting.
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RESULTS OF IAVP AWARDS - 2024
The Indian Association of Veterinary Pathologists has instituted a number of awards. Awards are distributed 

to Veterinary Pathologists who have excelled in professional competence as assessed by appropriate criteria. The 
IAVP administers more than 6 groups of awards where an application is required, the last date for receiving award 
application is one month before the opening day of Annual Conference. The awards results for IAVP, 2024 are listed 
below:

I. IAVP-Young Scientists Awards
1. IAVP-Dr Balwant Singh Memorial Young Scientist Award for Best Oral Presentation

Title: Patho-epidemiology of canine distemper virus and characterisation of SLAM/CD150 receptor in Indian 
wild carnivores
Authors: Deekshita V., Karikalan M., Sharma G.K., Sharma K., Sai Balaji K.G., Chatla A., Thilakeshwaran S. 
and Pawde A.M.
Affi  liation: Centre for Wildlife, ICAR-Indian Veterinary Research Institute, Izatnagar, Bareilly, U� ar Pradesh

2. IAVP-Dr S.K. Nigam Memorial Young Scientist Award for Second Best Oral Presentation
Title: Therapeutic evaluation of quercetin-loaded chitosan nanoparticles in diabetic cutaneous wound healing 
in Wistar rats
Authors: Saharan M., Sharma M., Jangir B.L., Kant V., Joshi V.G., Saini P. and Lather D.
Affi  liation: College of Veterinary Sciences, LUVAS, Hisar, Haryana

3. IAVP-Prof S. Ramachandran Memorial Best Molecular Oncologist Presentation Award
Title: Role of exosomes and its cargo in the diagnosis and progression of spontaneous canine mammary tumours 
and chemically induced mammary tumours in rat model
Authors: Neha, Yadav H.S., Kumar S.D.V., Manohar S., Sree Lakshmi P., Singh C.P., Srivastav A., Singh V., 
Pawaiya R.V.S., Pawde A.M., Kumar R. and Kumar P.
Affi  liation: ICAR-IVRI, Izatnagar, Bareilly, U� ar Pradesh

4. IAVP-Prof C. Balachandran Molecular Pathology Award
Title: A� enuation of recombinant EHV1 through deletion of glycoprotein I and its pathological and immuno-
logical study in murine model for selection of an improved vaccine candidate
Authors: Supriya K., Bera B.C., Madhwal A., Pradhan S.S., Balena V., Khetmalis R.S., Pavulraj S., Anand T., 
Tripathi B.N. and Virmani N.
Affi  liation: ICAR-NRC on Equines, Hisar, Haryana

II. (A) IAVP-Poster Presentation Awards
1. IAVP-Best Poster Presentation Award

Title: Assessment of immunohistochemical expression of phenotypic biomarkers of epithelial mesenchymal 
transition in canine mammary tumors
Authors: Bhate Y.A., Srivastav A., Gangwar K., Prabhu S.N., Gangwar N.K., Singh A.P., Chaudhary J.K., Singh 
R. and Singh D.D.
Affi  liation: CVS & AH, DUVASU, Mathura, U� ar Pradesh

2. IAVP-Organizing Secretary Second Best Poster Presentation Award
Title: Retrospective analysis of tumors and tumor like lesions in equines in Punjab
Authors: Sood R., Omer K. Baba, Geeta Devi L., Amarjit Singh, Kuldip Gupta, N.D. Singh, S. Deshmukh, A.P.S. 
Brar, Vishal Mahajan, Jagmeet Kaur, Sonam S. Bal, A. Verma and Vanshika
Affi  liation: Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, Punjab

3. IAVP-Savithree Jibachch Sinha Third Best Poster Presentation Award
Title: Molecular detection of canine Bocavirus infection in a pup - A fi rst report from India
Authors: Jayappa K., Rajkhowa T.K. and Khithie J.B.
Affi  liation: CVSc & AH, Central Agricultural University, Selesih, Aizawl, Mizoram
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II. (B) Sessional IAVP Poster Presentation Awards
Session: Molecular Pathology and Oncology

1. Title: Clinico-pathological investigation of nasal adenocarcinoma in the sheep of semi-arid Rajasthan
 Authors: Sonawane G.G., Sharma D.K., Pandian S.J., Sharma S.R., Kumar J., Jain A.K. and Swarnkar C.P.
 Affi  liation: ICAR-Central Sheep and Wool Research Institute, Avikanagar, Rajasthan

2. Title: Studies on diff erent stages of bovine ocular squamous cell carcinoma (BOSCC) and identifi cation of 
Bovine papilloma virus-1 (BPV-1) by polymerase chain reaction in OSCC in ca� le

 Authors: Nithya P., Balasubramaniam G.A., Arulmozhi A., Gopalakrishnamurthy T.R. and Kathirvel S.
 Affi  liation: Veterinary College and Research Institute, Namakkal, TANUVAS, Chennai, Tamil Nadu

Session: Pet/Companion Animals and Avian Pathology
1. Title: Prevalence and molecular characterization of Hydropericardium Hepatitis Syndrome - Inclusion Body 

Hepatitis in broiler chickens in the Jammu region
 Authors: Naveen B., Rahman S., Abrol R., Nashiruddullah N., Goswami P., Sood S., Farhan S. and Andrabi 

S.A.
 Affi  liation: FVC & AH, Sher-e-Kashmir University of Agricultural Sciences, Jammu

2. Title: Clinicopathological diagnosis and application of Convolutional Neural Network (CNN) model for 
identifying Babesia infection in canines

 Authors: Sharma M., Kumar T., Agnihotri D., Sharma A., Sindhu N., Saharan S., Chauhan S. and Singh G.
 Affi  liation: College of Veterinary Sciences, Lala Lajpat Rai University of Veterinary and Animal Sciences 

(LUVAS), Hisar

Session: Laboratory, Wild Animals and Forensic Pathology
1. Title: Assessment of anticarcinogenic eff ect of Annona squamosa (Custard Apple) seed extract in the 

experimentally induced mammary tumor of Sprague-Dawley rats
 Authors: Behera B., Vairamuthu S., Pazhanivel N., Sureshkannan S. and Senthil Kumar T.M.A.
 Affi  liation: Madras Veterinary College, TANUVAS, Chennai, Tamil Nadu

2. Title: Amelioration of indomethacin induced gastric ulceration by quercetin loaded chitosan nanoparticles 
via modulation of COX-2 pathway: A novel therapeutic approach

 Authors: Saharan M., Sharma M., Jangir B.L., Kant V., Saini P., Jadhav M.N. and Nehra V.
 Affi  liation: College of Veterinary Sciences, LUVAS, Hisar, Haryana

Session: Farm Animals Pathology
1. Title: Chronic cholangitis due to fascioliasis in a goat
 Authors: Sethi M., Kumar S., Suvaneeth P., Kadam R.G. and Gupta A.R.
 Affi  liation: Faculty of Veterinary and Animal Sciences, Banaras Hindu University, Varanasi, U� ar Pradesh

2. Title: Cytopathological and molecular approaches of anthrax outbreaks in small ruminants
 Authors: Kumar V., Thangathurai R., Rajagunalan S., Madhesh E. and Ponnarasi S.
 Affi  liation: Veterinary College and Research Institute, Tirunelveli, TANUVAS, Tamil Nadu

Session: Toxicopathology and Aquatic Animals Pathology
1. Title: Acute (fi xed dose) and sub-acute (repeated dose) oral toxicity evaluation of polyherbal formulation in 

BALB/c mice
 Authors: Bharathi R., Prasanna K.S., Dhanush Krishna B., Bibu John Kariyil, Krithiga K., Dinesh C.N., 

Udhayakumar C., Pazhanivel N. and Venkataramanan R.
 Affi  liation: College of Veterinary and Animal Sciences, Mannuthy, KVASU, Kerala

2. Title: Incidence of anisakiasis in grey mullet, Mugil cephalus from Kovalam coast of Tamil Nadu
 Authors: Ananda Raja R., Dixit A. and Sathish Kumar T.
 Affi  liation: ICAR-Central Institute of Brackishwater Aquaculture, Chennai, Tamil Nadu
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III. Journal Awards, 2023
1. IAVP-Dr C.M. Singh Award for Best Full Research Article (Non-Pack Animals)

Title: Emergence of a novel Canine Parvovirus 2c strain in India
Authors: J. Kiran and Tridib Kumar Rajkhowa
Issue: Indian J. Vet. Pathol., 47(1): 39-46, 2023: DOI:10.5958/0973-970X.2023.00015.9
Affi  liation: Central Agricultural University, Selesih, Aizawl, Mizoram

2. IAVP-Dr S. Damodaran Award for Best Oncology Paper/Case Report
Title: Diff use large B-cell lymphoma with conjunctival involvement in a Dobermann dog: A case report
Authors: S. Tamizharasan, S. Vairamuthu, N. Pazhanivel, M. Chandrasekar, M. Tirumurugaan and G.V. Sudha-
kara Rao
Issue: Indian J. Vet. Pathol., 47(2): 179-183, 2023: DOI: 10.5958/0973-970X.2023.00033.0
Affi  liation: Madras Veterinary College, Chennai, TANUVAS, Tamil Nadu

3. IAVP-Dr B.S. Rajya Award for Best Non-Oncology Short/Rapid Communication
Title: Pathological and molecular investigation of complex chronic respiratory disease (CCRD) in a broiler farm
Authors: S. Govindhasamy, Megha Sharma, Sayali Kohale, Kuldeep Dhama and Asok Kumar M.
Issue: Indian J. Vet. Pathol., 47(2): 169-172, 2023: DOI: 10.5958/0973-970X.2023.00030.5
Affi  liation: ICAR-Indian Veterinary Research Institute, Izatnagar, UP

4. IAVP-Gang-Mana Sharma Award for Best Article/Case Report on Pack Animals
Title: Strongylus vulgaris induced aneurysm of mesenteric artery complicated with ileal volvulus in a horse
Authors: M. Thangapandiyan, P. Krishnaveni, V. Kumar, P. Jalantha and G.V. Sudhakar Rao
Issue: Indian J. Vet. Pathol., 47(2): 155-157, 2023: DOI: 10.5958/0973-970X.2023.00026.3
Affi  liation: Madras Veterinary College, Chennai, TANUVAS, Tamil Nadu

IV. IAVP-Best Post Graduate Thesis Awards
1. IAVP-Best PhD Thesis Award Thesis

Title: Pathomorphological studies on reproductive tract of layer chicken with drop in egg production
Name of Student: M. Sasikala
Major Adviser: P. Srinivasan, Professor and Head, VCRI, TANUVAS, Namakkal

2. IAVP-Dr Patri Rama Rao Memorial Second Best PhD Thesis Award Thesis
Title: Pathomorphological studies on bovine neoplasms with special reference to ocular squamous cell carcinoma
Name of Student: P. Nithya
Major Adviser: G.A. Balasubramaniam, Professor & Head, VCRI, TANUVAS, Namakkal, Tamil Nadu

IAVP-Best MVSc Thesis Awards
1. IAVP-Prof P.K.R. Iyer Memorial Best MVSc Thesis Award

Title: A� enuation of recombinant EHV1 through deletion of glycoprotein I and its pathological and immuno-
logical study in murine model for selection of an improved vaccine candidate
Name of Student: K. Supriya
Major Adviser: Nitin Virmani, ICAR-NRCE, Hissar, Haryana

2. IAVP-Dr Ram Raksha-Kiran Shukla Award for Second Best MVSc Thesis
Title: Evaluation of host cellular behaviors to decellularized extracellular matrix based porcine tunica vaginalis 
scaff olds in rat model
Name of Student: Arathy P.S.
Major Adviser: Dhanush Krishna, CVAS, Thrissur, KVASU, Kerala

V. IAVP-Achievement Awards in Specialty Subjects
1. IAVP-Best Farm Animals Pathologist Award
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Rajeev Ranjan, Senior Scientist, ICAR-NIFMD, Bhubaneswar, Odisha

2. IAVP-Best Poultry Pathologist Award
Madhuri S. Hedau, Associate Professor, Nagpur Veterinary College, MAFSU, Nagpur, Maharashtra

3. IAVP-Dr B.L. Purohit Memorial Best Toxicologist-Pathologist Award
Vikram Patial, Scientist, CSIR-Institute of Himalayan Biosource Technology (IHBT), Palampur, Himachal Pradesh

4. IAVP-Best Companion Animal Pathologist Award (Bi-Annual Award)
M. Thagapandiyan, Professor, PDDSL, Namakkal, TANUVAS, Tamil Nadu

5. IAVP-Best Laboratory Animal Pathologist Award (Bi-Annual Award)
R. Madheswaran, Assistant Professor, VC & RI, Udumalpet, TANUVAS, Tamil Nadu

VI. IAVP-Special Encouragement Awards
1. IAVP-Best Veterinary Pathology Teacher Award

Kavitharani, Professor and Head, Veterinary College, Shivamogga, Karnataka

VII. Fellowship of Indian Association of Veterinary Pathologists, 2024
1. M.K. Gupta, Professor and Head, Veterinary College, BAU, Ranchi, Jharkhand
2. B.J. Patel, Professor & Head, College of Veterinary Sciences & Animal Husbandry, Kamdhenu University, 
Sardarkrushinagar, Gujarat
3. Rohitash Dadhich, Dean, College of Dairy & Food Technology, Jaipur, Rajasthan

VII. IAVP Appreciations/Activities/Recognitions
1. IAVP-Veterinary Pathology Congress - Thematic Lecture

Title: Climate change and animal diseases
Speaker: B.N. Tripathi
Affi  liation: Vice-Chancellor, SKAUST-Jammu

2. IAVP-Veterinary Pathology Congress - Continuing Veterinary Pathology Education Lecture
Title: Application of molecular and digital pathology in translational medicine
Speaker: Manu M. Sebastian
Affi  liation: Professor, Department of Veterinary Medicine and Surgery, Department of Translational Molecular 
Pathology, UT MD Anderson Cancer Centre, Houston, USA

3. IAVP-Dr P.P. Gupta Oration
Title: Cytopathology of lymphadenopathy: An overview
Speaker: N.K. Sood
Affi  liation: Adjunct Professor, TVCC, GADVASU, Ludhiana, Punjab

4. IAVP-Appreciation to Organizing Secretary and Team
Pankaj Goswami, Organizing Secretary cum Professor and Head, Division of Pathology, Faculty of Veterinary 

Sciences, SKAUST-Jammu

5. IAVP-President Appreciation Certifi cate for Best EC Worker/Chapter - Jointly awarded to:
1. Vi� hal Dhayagude, Organizing Secretary, IAVP-West Zone Conference and Workshop, Veterinary College, 
Shirwal, MAFSU, Maharashtra
2. Manjunatha S.S., Organizing Secretary, IAVP-South Zone Conference, Veterinary College, Shivamogga, KV 
AFSU, Karnataka

G.A. Balasubramaniam
(Secretary General, IAVP)
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SUPERANNUATION

Dr G. Saikumar
Dr G. Saikumar, a renowned scientist of Veterinary Pathology discipline at ICAR-IVRI, 

Izatnagar graduated from Orissa Veterinary College, Bhubaneswar and MVSc, PhD from Indian 
Veterinary Research Institute, Izatnagar. He has vast professional experience and marked 
contribution on swine diseases, especially infectious viral diseases of economic importance. 
He worked on Classical Swine Fever (CSF), and developed several new generation molecular 
diagnostics such as RT-PCR, Real-time RT-PCR, specifi c DNA and RNA probe-based In-Situ 
Hybridization techniques. His pioneering studies on the molecular epidemiology of CSFV 
infections in Indian pigs led to detailed information on emerging genotypes of CSFV in the 
country. Notable contributions in the fi eld of swine diseases includes pioneering work on 
occurrence of Porcine circovirus associated diseases, Porcine parvovirus associated reproductive failure, Swine 
infl uenza H1N1, Porcine Teschovirus, Porcine Sapelovirus, Swine pox and Porcine Enterovirus G infections. Most 
notable among his contributions to swine diseases was his research on Japanese encephalitis in pigs, which fi nally 
culminated in the development of an inactivated vaccine for use in pigs. He fi led a patent application for this 
innovation.

He has published more than 150 research papers in national and international journals of repute. As a faculty 
of IVRI Deemed University, he has guided 30 Master’s and Doctoral students.

Dr Saikumar also contributed towards research management at ICAR-IVRI by working as In-charge PME Cell 
for 9 years. During this time, the research output of the institute, both in terms of quality of research publications 
and IP portfolio improved signifi cantly. He has worked as Chairman of Institute Animal Ethics Commi� ee and 
Member, Institute Biosafety Commi� ee. He has been a Member in the Institute Management Commi� ee (IMC) of 
several ICAR institutes; namely ICAR-CIRG, ICAR-CIRB, ICAR-NIHSAD, ICAR-NRC Camel and ICAR-NIVEDI. 
He is a Member Board of Management of ICAR-IVRI and SVVU, Tirupati. His tenure as Head, Division of Pathology 
and Joint Director Research (Acting) for 18 Months (from 28.4.2021 to 13.11.2022) is memorable.

He has successfully discharged his professional duties and superannuated on 31.12.2024. The Indian Association 
of Veterinary Pathologists wish him a healthy, happy and peacefull family life.
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OBITUARY

Dr Gopal Yadgirkar Passes Away
Dr  Gopal Yadgirkar was a simple, sober, dedicated teacher rendered his services at College 

of Veterinary Science, Rajendranagar, ANGRAU (erstwhile APAU). He was sincere, very active 
in Teachers’ Association and IAVP activities. His contributions towards the profession were 
memorable. He passed away on 23.12.2024. IAVP family extends their condolences to the 
departed soul.

Prof. C.R. Lalitha Kunjamma Passes Away
Prof. C.R. Lalitha Kunjamma belongs to 1970 batch, College of Veterinary and Animal 

Sciences, Mannuthy. She completed her post graduation in the year 1974-76 and doctorate in 
the year 1987. She joined as JAP in the year 1977 and served for a long time as Scientist under 
AICRP on poultry and later as Head of AICRP on poultry farm, further as station Head of LRS, 
Thiruvazhmkunnu during 2005-2007 and then posted in Department of Veterinary Pathology, 
CVAS, Mannuthy. She put up an active service of 35 years (1977-2012) and retired in 24.5.2012 
as Head of the department. She has guided more than 10 PG students as major advisor and 
co-guided many PG and PhD students. Her areas of interest were basically rooted in poultry 
pathology and ethnopharmacology. Through experimentation in lab animals and birds, she had proved the effi  cacy 
of lot of indigenous drugs. She was an active member and Programme offi  cer of NSS and was a yoga instructor too.

After retirement in 2012, she also secured an MA in Sanskrit. She was an executive member in VASUTA (Retired 
Veterinary Teachers Association) and very active in the association until 2022 under various capacities like Joint 
Secretary. Prof. Lalitha Kunjamma was also a strong advocate of “Art of living” by Sri Ravisankar and practiced 
yoga throughout her life. The pure soul left us following a brief period of cardiac illness on 11.2.2025. IAVP family 
extends their condolences to the departed soul.

Dr Anil Purthi Passes Away
Dr Anil Purthi (Ex Dean, Professor (Rtd.) CVSc, LUVAS, Hissar) born on 15.6.1952. He was 

a simple, sober, philosopher and dedicated teacher who rendered his services as an excellent 
academician and administrator. He passed away on 16.2.2025. IAVP family extends their 
condolences to the departed soul.
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