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Introduction

Malignant Catarrhal Fever (MCF) is a perplexing disease 
that impacts a variety of animals, including cattle, water 
buffalo, bison, deer, pigs, and horses (Plowright et al. 1960; 
Oğuzoğlu et al. 2020; Madrigal-Valencia et al. 2023). The 
causative agents of MCF belong to the Macavirus genus 
(Gammaherpesvirinae subfamily, Herpesviridae family), 
which currently comprises ten known viruses (O’Toole 
and Li 2014; Bianchessi et al. 2022). The most prevalent of 
these are Alcelaphine gammaherpesvirus 1 (AIHV-1) and 
Ovine gammaherpesvirus 2 (OvHV-2). In India, domestic 
and wild animals are more frequently affected by OvHV-2 
(Kumar et al. 2014, 2021). Sheep, acting as carriers, do not 
show any clinical signs of disease (Li et al. 2014) and can 
transmit MCF to other species through aerosols and direct 
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Abstract
Malignant catarrhal fever (MCF) presents a sporadic yet significant threat to livestock and wildlife. A comprehensive 
investigation in Karnataka, India into the prevalence and transmission patterns of sheep-associated MCF (SA-MCF) was 
conducted. A total of 507 sheep peripheral blood leukocyte samples from 13 districts along with 27 cows and 10 buffalo 
samples from various regions in Karnataka were tested for SA-MCF infection i.e. Ovine gammaherpesvirus 2 (OvHV-
2) using heminested PCR. Furthermore, serum samples collected from 73 cows and 15 buffalo suspected of MCF were 
tested using a commercially available ELISA kit. Additionally, histopathological examinations of affected tissues and 
phylogenetic analysis of viral tegument protein sequences were conducted. Our findings indicated a 20.11%, 33.33% and 
20% positivity for OvHV-2 in sheep, cows and buffalo respectively by PCR. Statistical analysis revealed a significant 
association between the age of sheep and the detection of OvHV-2. Seven cows and one buffalo serum samples tested 
positive for ELISA. Clinical findings in bovids were consistent with typical MCF signs, and histopathological results 
revealed multi-organ involvement characterised by necrotising vasculitis and lymphoid hyperplasia. The nucleotide pair-
wise identity matrix revealed 99.5% identity between the sequences obtained in the study with sequences from other states. 
The phylogenetic analysis of partial tegument protein sequences from bovid and sheep samples suggested a close genetic 
relationship between the local OvHV-2 strains and those from various global regions. Crucially, this study underscores the 
widespread presence of SA-MCF in Karnataka, with significant implications for both livestock management and wildlife 
conservation.
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contact (Kim et al. 2003). Typical clinical signs in affected 
hosts include anorexia, nasal and ocular discharge, fever, 
bilateral corneal opacity, mucosal ulceration, and neurologi-
cal signs in advanced stages (Foyle et al. 2009; Headley et 
al. 2020b). The World Organization of Animal Health rec-
ommends heminested PCR targeting the tegument protein 
coded by the ORF75 region for OvHV-2 detection (Baxter 
et al. 1993), a method previously employed in various parts 
of India (Sood et al. 2014).

Though there are multiple reports of MCF in cattle in 
India, no study with detailed molecular epidemiology in 
sheep and seroprevalence in bovids using ELISA is avail-
able. Sheep are reared in nearby forest areas without any 
restrictions and no data is available regarding the preva-
lence of OvHV-2 in them. Considering these limitations, the 
current study was carried out to identify the carrier status of 
OvHV-2 in sheep.

Materials and methods

Sample collection

Karnataka, situated in southern India, encompasses 31 dis-
tricts across latitudes 11°N to 18°N and longitudes 74°E to 
78°E, with a sheep population of approximately 11.05 mil-
lion. In this study, we adopted a random sampling method 
in which districts with high sheep populations and those 
with sheep in forest fringe areas were selected. We collected 
peripheral blood leukocytes from sheep in 13 strategically 
chosen districts (n = 507) along with details of their age 
(up to one year old/one-two-year/> two years) and breed 
(Bannur/Ballari/Deccani/Hassan/Kenguri/Nellur/Yalaga). 
Five districts - Chikkamagaluru, Shivamogga, Davanagere, 
Mysuru, and Bengaluru Urban - were specifically selected 
for their practice of daily forest grazing. The sheep in the 
remaining eight districts were predominantly owned by 
nomadic and unorganized farmers (rear sheep, cow and 

buffalo in a single enclosure). We collaborated with local 
veterinarians across Karnataka to monitor and report clini-
cal signs indicative of MCF and to provide information 
regarding migration of sheep. Additionally, we collected 
swabs (n = 6), post-mortem samples (n = 3), and blood 
(n = 37) from 27 cows and 10 buffalo exhibiting suspected 
MCF signs across various parts of the state (Fig. 1a, b and 
c). When interpreting the results, several samples taken 
from a single animal were treated as a single sample. These 
samples were promptly stored at 4 °C in vaccine carriers 
and transported to ICAR-NIVEDI, Bengaluru, for further 
analysis.

Serum samples were also collected from 73 cows and 15 
buffalo in apparently healthy animals in areas of suspected 
cases/hotspots of the disease. Samples subjected to PCR and 
ELISA were from different animals.

DNA extraction and PCR

Genomic DNA was extracted from sheep and bovine sam-
ples using the QIAamp® DNA Mini and Blood Mini kit 
(Qiagen, Cat. No. 51306, Germany). Each sample under-
went heminested PCR following the protocols of Baxter et 
al. (1993) and Sood et al. (2014) for the detection of par-
tial tegument gene coded by ORF75. Post-PCR, DNA was 
eluted using the QIAquick® Gel Extraction Kit (Qiagen, 
Cat. No. 28704, Germany) and subjected to bidirectional 
Sanger’s dideoxy sequencing. The sequences were edited 
using Gene Tool 1.0 software and submitted to NCBI.

Histopathology

Postmortem samples (Spleen, Liver and Intestine) from a 
PCR-positive cow collected in 10 per cent neutral buffered 
formalin underwent histopathological examination using 
Hematoxylin and Eosin (H&E) staining (Feldman and Wolfe 
2014). The samples followed a standardized procedure for 
processing (Gurina and Simms 2023). Three heminested 

Fig. 1 Clinical signs in MCF sus-
pected animals. a nasal discharge 
(b) corneal opacity (c) Ocular 
discharge
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PCR-positive samples from a single PCR-positive cow were 
subjected to histopathology.

Enzyme-linked immunosorbent assay

A commercially available Bovine Malignant Catarrhal 
Fever Antibody (Anti-BMCF) indirect ELISA Kit (Abbexa, 
Cat. No. abx055892, UK) was utilized for qualitative analy-
sis of 73 cow and 15 buffalo serum samples. The test was 
carried out based on the protocol provided by manufactur-
ers. OD was measured spectrophotometrically at 450 nm in 
a microplate reader. The cutoff value was calculated to be 
0.23 based on OD values of controls.

Phylogenetic analysis

A partial tegument gene sequence of 422 bp, obtained from 
the first stage of heminested PCR in this study, along with 
sequences from NCBI, were used. The Kimura 2-param-
eter model and the Maximum Likelihood approach were 
used to derive the evolutionary history (Kimura 1980). By 
employing the Neighbor-Join and BioNJ algorithms on a 
matrix of pairwise distances calculated using the Maximum 
Composite Likelihood (MCL) technique, the initial tree 
or trees for the heuristic search were automatically gener-
ated with a bootstrap value of 1000. The analysis involved 
48 nucleotide sequences, with a total of 7414 positions in 
the final dataset. Evolutionary analyses were conducted in 
MEGA11 (Molecular Evolutionary Genetics Analysis) soft-
ware (Tamura et al. 2021).

Statistical analysis

The chi-square test was used to calculate whether there was 
a significant association between the age/breed of sheep 
and the likelihood of detecting OvHV-2 in sheep using R 
software (http://www.rstudio.com/) by PCR with function 
chisq—test () and ‘stats’ package.

Results

Detection of OvHV-2

A total of 37 bovine samples (cows-27, buffalo-10) were 
collected from unorganised farms and 11 (cows-9, buf-
falo-2) of the samples reacted in the heminested PCR and 
this represents 29.72% of the samples.

Out of the 507 sheep peripheral blood leukocyte samples 
collected from 13 districts in Karnataka, Ramanagara dis-
trict, having fewer sheep blood samples, was excluded from 
the positivity discussion. Among the 12 analysed districts, 

42.5% samples from Ballari district reacted in the assay, fol-
lowed by Shivamogga (30%), Tumakuru (29.4%), Mysuru 
(23.6%), Vijayapura (22.4%), Chikkamagaluru (16%), Ben-
galuru Urban (18.4%), Raichur (14.8%), Yadgiri (13.6%), 
Bagalakote (12.5%), Davanagere (10%), and Chitradurga 
(7%).

Overall, 102 out of the 507 sheep samples reacted in 
heminested PCR for OvHV-2. This equals a rate of 20.11% 
of samples reacting.

Histopathology

Histopathological examination of MCF-affected cow sug-
gested that tissues were actively participating in the process. 
A severe lymphocytic periarteritis with thickening of the 
vessel wall and accumulation of lymphocytes was observed 
in the spleen (Fig. 2d) sample. Some regions exhibited pro-
liferating vascular lesions with mild to moderate endothelial 
cell hyperplasia, indicative of lymphoid hyperplasia with 
lymphocytic vasculitis.

A moderate hepatocyte swelling, with fatty degeneration 
in multifocal areas, was observed in the liver sample (Fig. 
2e). Lymphocyte accumulation around portal blood vessels 
was noted. These features suggested lymphocytic vasculitis.

In the glandular epithelium of the intestine (Fig. 2f), mild 
to severe degenerative changes along with lymphocytic 
infiltration in the submucosal area were observed. Loss of 
villus architecture due to severe inflammation and necrosis 
of epithelium and accumulation of lymphoplasmacytic cells 
in the lamina propria and crypts were observed. The lamina 
propria was infiltrated by large lymphocytes and plasma 
cells widely separating the crypts, suggestive of lympho-
cytic enteritis.

Enzyme-linked immunosorbent assay

The results of the ELISA were interpreted as per the kit 
manufacturer’s instructions. A total of 8 serum samples 
(cows-7, buffalo-1) reacted in ELISA indicating the pres-
ence of specific antibodies to MCF.

Phylogenetic analysis

A total of 113 positive results were obtained from the sheep, 
cow and buffalo samples. Of these, 23 (one buffalo; six 
cows and 16 sheep) were selected (on a regional basis) for 
bidirectional Sanger’s dideoxy sequencing.

The phylogenetic tree was constructed using 23 
sequences from this study and 25 sequences available in 
GenBank including Brazil, Egypt, South Africa, Italy, the 
United Kingdom Turkey, Iraq, Mongolia and Pakistan 
(Fig. 3). Phylogenetic analysis of the viral tegument protein, 
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In this study, 11 out of 37 suspected bovine cases reacted 
positively in PCR assay for OvHV-2. Notably, in areas 
where sheep and bovids were co-housed, both species 
tested positive, indicating a shared source of infection and 
similar transmission patterns to previous studies (Kumar 
et al. 2014, 2021). In contrast, in areas where sheep and 
bovids were not co-housed, they reacted positively in PCR 
potentially due to unrestricted livestock movement. The 
antibodies against MCF were identified by ELISA in appar-
ently healthy animals. Both PCR and ELISA revealed their 
significance in screening MCF whenever new animals are 
introduced to domestic animal farms or wildlife enclosures. 
In this study, we observed characteristic lymphoid hyperpla-
sia in lymphoid organs (such as the spleen) and lymphocyte 
accumulation in non-lymphoid organs (including the liver 
and intestine) in a PCR-positive MCF case which was in 
concordance with previous reports (Headley et al. 2020a) 
and highlighted the specificity of PCR.

Our findings revealed the presence of OvHV-2 by PCR 
in sheep of different regions. In samples from the Ballari 
district, a high positivity (42.5%) was observed among 
nomadic flocks. Further investigation with local veterinar-
ians revealed seasonal migration of sheep to Shivamogga 
district, wherein 30% of samples reacted indicating they 
were latently infected. This migratory pattern is a key factor 
in disease transmission. Raichur, Yadagiri, Vijayapura and 
Bagalakote belong to the semi-arid region of the northern 

coded by ORF 75, showed that local sequences clustered 
with those from various regions, including India, Pakistan, 
Egypt, Turkey, Mongolia, and Iraq.

Statistical analysis

Sample results of PCR assay in sheep were separated based 
on breed and age. Samples from the Hassan breed of sheep 
were observed to have more OvHV-2 positivity (27%) com-
pared to the other six breeds in this study. Samples from 
sheep aged up to one year showed the highest OvHV-2 posi-
tivity (22.88%) compared to older sheep.

Statistical analysis using the chi-square test demon-
strated a significant association between age and detection 
of OvHV-2 (p-value: 0.0406), whereas no significant asso-
ciation was found between breeds and detection of OvHV-2 
(p-value > 0.05).

Discussion

Sheep-associated MCF is considered sporadic with varying 
incidence rates, influenced by carrier prevalence and local 
management practices (Li et al. 2014; Sood et al. 2014). 
This study was carried out to identify the carrier status of 
MCF in sheep, transmission patterns and seroprevalence in 
apparently healthy bovids.

Fig. 2 Normal tissues (a, b, c) 
and tissues affected with MCF 
(d, e, f) a. SpleenH&E(10X), b. 
Liver (10X), c. Intestine (10X), 
d. Spleen showing lymphoid 
hyperplasia(10x), e. Liver show-
ing lymphocytic vasculitis (10x), 
f. Intestine showing lymphocytic 
enteritis (10x). Arrows indicate a 
low number/absence of lympho-
cytes in normal tissues and an 
increased number of lymphocytes 
in affected tissues
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Fig. 3 The evolutionary his-
tory was inferred by using the 
Maximum Likelihood method 
and Kimura 2-parameter model. 
The tree with the highest log 
likelihood (-11887.35) is shown. 
The percentage of trees in which 
the associated taxa clustered 
together is shown next to the 
branches. The sequences marked 
in red colour were obtained in 
this study
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