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Abstract
We report an incidence of natural infection of SARS-CoV-2 in free-ranging Indian leopard (Panthera pardus fusca). The 
case was detected during routine screening. Post-mortem and laboratory examination suggested virus-induced interstitial 
pneumonia. Viral genome could be detected in various organs including brain, lung, spleen, and lymph nodes by real-time 
PCR. Whole-genome sequence analysis confirmed infection of Pango lineage B.1.617.2 of SARS-CoV-2. Till now, only 
Asiatic lions have been reported to be infected by SARS-CoV-2 in India. Infections in animals were detected during peak 
phase of pandemic and all the cases were captive with close contacts with humans, whereas the present case was observed 
when human cases were significantly low. No tangible evidence linked to widespread infection in the wild population and 
the incidence seems to be isolated case. High nucleotide sequence homology with prevailing viruses in humans suggested 
spillover infection to the animal. This report underlines the need for intensive screening of wild animals for keeping track 
of the virus evolution and development of carrier status of SARS-CoV-2 among wildlife species.

Keywords SARS-CoV-2 · COVID-19 · Delta variant · Leopard · Wild animals

Introduction

There are increasing reports of spillover infection by severe 
acute respiratory syndrome coronavirus (SARS-CoV-2) 
in wide range of wild and companion animals (Hobbs 
and Reid 2021; Munir et al. 2020). Both in silico (Piplani 
et al. 2021) and experimental infections (Bosco-Lauth et al. 
2020) of SARS-CoV-2 have been studied in a number of 
species that detailed out the immunogenicity and patho-
genesis of the virus in these species. However, there are 
only isolated incidences of spillover infections which did 

not spread widely among the animals except in a few cases, 
for example, spread of the virus in white tailed deer (Odoc-
oileus virginianus) population (Hale et al. 2022; Cool et al. 
2022). In order to understand the potential role of animals 
in maintenance and transmission of virus in humans, large-
scale screening of wide range of animals was required. We 
also initiated screening the animals for SARS-CoV-2 by 
real-time PCR, since the beginning of the pandemic. How-
ever, despite screening more than 500 samples of various 
species from various parts of the country, we could detect 
only two incidences in Asiatic Lions (Panthera leo per-
sica) (Karikalan et al. 2021) whereas other two incidences 
of SARS-CoV-2 infections in Asiatic lions in India were 
reported by others (Mishra et al. 2021; Karikalan et al. 
2021).

India experienced a huge second wave with a surge in 
cases of COVID-19 in humans from the month of March 
2021 with peak reaching in the month of April 2021 with > 18 
million cases reported in a single month (Fig. 1a; https:// 
www. mohfw. gov. in/). Surge in the cases were attributed 
to spread of highly infectious Delta variant (Pango lineage 
B.1.617.2) of SARS-CoV-2 and lack of herd immunity in the 
human population (Novelli et al. 2021). All the incidences of 
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animal infection of SARS-CoV-2 were observed during the 
second peak of COVID-19 in humans. With surge of infec-
tion and vaccination coverage, herd immunity in the popula-
tion improved and infection rate declined.

Detection of SARS‑CoV‑2

We continue to screen the animal samples collected either 
as preventive measure or submitted from dead animals for 
laboratory investigation. One animal was detected positive 
by real-time PCR with convincingly Ct values (Supple-
mentary Table 1). In order to rule out the laboratory con-
tamination, rectal and nasopharyngeal swabs along with 
tissue samples were again processed with all precautions 
and re-confirmed to be positive (Supplementary Table 1). 
SARS-CoV-2 was detected by RT-PCR kit (COVISure Viral 
detection kit, Genetixbiotech, India) as described previously 
(Karikalan et al. 2021). RT-PCR results were confirmed by 
the determination of partial spike protein gene sequence 
using Sanger’s method as described previously (Karikalan 
et al. 2021). Whereas the tissue samples (brain, liver, lungs, 
spleen, kidney, intestine, and lymph nodes) were negative 
for common feline pathogens such as haemoprotozoan or 
rickettsial parasites, canine distemper virus, feline panleu-
kopenia virus, feline herpes-virus and feline calicivirus, 
and highly pathogenic avian influenza (H5 and H7). The 
animal was detected positive in the second week of October 
2021, when human cases of COVID-19 dropped to less than 
10,000/day in India (Fig. 1a).

The animal carcass of Indian leopard cub (Panthera par-
dus fusca) of approximately 1 year was recovered during 
the routine combing in the agricultural field of Mojipur vil-
lage of Social Forestry, Bijnor range of Uttar Pradesh State 
(29.372442° N and 78.135849° E). The forest is located 
approximately 160 km from the national capital of New 
Delhi, India. Bijnor Social Forestry Division has approxi-
mately 14,400 hectare of reserve forest located in the foot-
hills of the Himalaya. About 70% of the inhabited land is 
under sugarcane cultivation which favors the habitation of 
wild herbivores and carnivores in this area.

Post‑mortem and histopathological 
examination

Necropsy examination revealed piercing wounds on both 
the sides of the ventral neck region (teeth marks of preda-
tor animal), subcutaneous contusions, and hemorrhages 
on neck and cranium suggesting case of infighting. Both 
the lungs were consolidated and severe vascular changes 
like congestion and hemorrhages in the visceral organs 
were observed (Fig. 2). The lung sections revealed diffuse 
areas of consolidation, hemorrhages, pneumocyte hyper-
plasia, septal thickening, and perivascular infiltration of 
mononuclear cells in histopathological analysis (Fig. 2).  
Viral antigen was demonstrated in the sections of lungs  
by immunohistochemistry using human anti-SARS-CoV-2 
hyperimmune sera and goat-antihuman IgG-HRPO anti-
bodies (Real Gene, Germany) as per previously described 

Fig. 1  a Daily number of COVID-19 cases recorded in India. First 
cases, where 12 Asiatic lions were found positive, were recorded 
during the peak of the pandemic, whereas incidence in leopard cub 
was recorded when the incidences in humans significantly subsided. 
b The leopard sample clustered into common SARS-CoV-2 G-clade 

(GISAID classification) or Delta variant (B.1.617.2 Pango lineage). 
Consensus sequences of each clade were generated by aligning using 
ClustalW tool in MEGA X version 10.1 followed by consensus gen-
eration in EMBOSS server. Phylogeny was constructed using NGphy-
logeny server (https:// ngphy logeny. fr)
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protocol (Sun et al. 2021; Karikalan et al. 2021). Abundant 
viral RNA (Ct value = 27.6 ± 0.4) was observed in lung sec-
tions. Similarly, viral antigen was noticed in the septal lining 
cells, alveolar macrophages, endothelial cells of pulmonary 
vessels, and bronchiolar epithelial cells (Fig. 2). Several nat-
ural infections in minks and humans and experimental infec-
tion of SARS-CoV-2 in laboratory animals showed similar 
lung histopathological lesions as observed in the present case 
(Molenaar et al. 2020; Caramaschi et al. 2021; Mohandas  
et al. 2021). Severe vascular changes were also noticed  
in the heart, brain, liver, and kidneys. The spleen and lymph 
nodes showed mild depletion of lymphoid follicles. Viral 
RNA was detected in these organs (Supplementary Table 1).

Isolation and characterization 
of SARS‑CoV‑2

SARS-CoV-2-positive nasopharyngeal swab was subjected 
to virus isolation in Vero E6 cells as described previously 
and blindly passaged 7 times. The obvious cytopathic 
effects (CPE) were observed after P-7 and presence of 
virus in the infected cells was confirmed by RT-PCR and 
immuno-staining with serum collected from SARS-CoV-
2-infected and recovered human followed by detection by 
FITC-labeled anti-human secondary antibodies (Real Gene, 
Germany).

We generated whole-genome sequence directly from the 
nasal swab specimen. VTM containing nasal swabs were 
submitted to Eurofins India as for generation of whole-
genome sequence following targeted sequencing method 
of viral genome enrichment and sequencing. The gener-
ated reads were cleaned and aligned with the reference 
sequence. Aligned sequence was submitted to NCBI with 
GenBank accession ID OL691925. The SRA project was 
submitted with accession number PRJNA786974. BLAST 
tool indicated > 99.9% identity with SARS-CoV-2 sequence 
(OK189615-OK189617) collected to Kerala state of India 
during the month of September 2021. Compared to the 
Wuhan-Hu-1 sequence (NC-045512), 40 amino acid substi-
tutions were observed of which 3 were present in the 5’UTR 
and 2 were in 3’UTR (Supplementary Table 2). Six amino 
acid substations, viz. Thr19Arg, Asn99Lys, Leu452Arg, 
Thr478Lys, Asp614Gly, and Pro681Arg, were observed 
in the spike protein. Spike protein sequence of virus from 
leopard showed resemblance with that of sequences of 
Delta variant and with the sequences generated in previous 
study from infected Asiatic lions from Jaipur and Etawah 
in India (Karikalan et al. 2021). However, two amino acid 
substitutions (Thr77Lys and Asp142Gly) were observed 
when compared to genome sequences from infected Asiatic 
lions of Tamil Nadu (Mishra et al. 2021). Although very 
few animals have been found infected by SARS-CoV-2, high 
resemblance of spike protein sequences with that of human 

Fig. 2  Lung from necropsied 
leopard showing severe inflam-
matory changes. a Carcass of 
leopard cub. b Representative 
macroscopic image of affected 
lung of animal. c Repre-
sentative microscopic image 
(objective × 20) of section of 
lungs fixed in 10% formalin 
and stained with HE, showing 
diffuse inflammatory changes 
like hemorrhages and conges-
tion and thickening of alveolar 
septum. d Representative micro-
scopic image showing strong 
immune reactivity to SARS-
COV-2 in the alveolar septal 
cells and inflammatory cells. 
IHC DAB × 200. Inset: antibody 
control, IHC DAB × 20
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Delta variant suggest possible spillover from humans with 
no major genetic changes in the spike protein.

To elucidate the phylogenetic and temporal analysis, we 
downloaded representative sequences from GISAID data-
base of each clade of SARS-CoV-2 samples collected from 
India during the period of March to Oct 2021. Consensus 
sequences of each clade were generated by aligning using 
ClustalW tool in MEGA X version 10.1 followed by con-
sensus generation in EMBOSS server. Phylogeny was con-
structed using NGphylogeny server as described previously 
(Karikalan et al. 2021). The leopard sample clustered into 
common SARS-CoV-2 G-clade (GISAID classification) or 
Delta variant (B.1.617.2 Pango lineage) (Fig. 1b). SARS-
CoV-2 nucleotide sequence from leopard was closely match-
ing with the prevailing Delta mutant in the area suggesting 
possible spillover infection in the animal.

Discussion

Though the necropsy findings suggested traumatic injuries 
as the immediate cause of death, detection of virus in various 
tissues indicates systemic SARS-CoV-2 infection of the ani-
mal prior to sudden death due to trauma inflicted by another 
carnivore. Presence of virus in the brain section suggests 
infection of the central nervous system in wild felids which 
has previously been demonstrated in humans only (Song 
et al. 2021; Meinhardt et al. 2021). Previously, one SARS-
CoV-2-infected captive Asiatic lion died at Chennai, India 
(unpublished); however, necropsy examination could not be 
conducted to ascertain the exact cause and comorbidities.

Currently, there is negligible role of wildlife in epidemi-
ology of SARS-CoV-2; however emergence of a novel res-
ervoir of SARS-CoV-2 infection in wildlife will pose chal-
lenge for control and elimination of the pathogen (Delahay 
et al. 2021). Infection in free-living wildlife would be hav-
ing adverse implications for wildlife conservation activi-
ties. In the present report, SARS-CoV-2 was detected in 
the free-ranging leopard. The forest range in Bijnor is a 
protected area but shares a border with human habitation. 
On an average, 10–15 leopards die, either due to natural 
causes or diseases, and there is no alarming increase in 
the mortality in the area; hence, it seems to be a focal case 
of SARS-CoV-2 infection. Similarly, high level of viral 
circulation in the human population was associated with 
natural SARS-CoV-2 infection in kept ferrets but lack of 
virus-positive ferrets at resampling suggested that small 
ferret populations are unable to maintain prolonged virus 
circulation (Gortázar et al. 2021).

Most cases of natural infection of SARS-CoV-2 detected 
in animals have been linked to transmission from infected 
humans. However, transmission from infected humans 
to free-living wildlife could be associated with human 

contamination of the environment (e.g., feces in wastewa-
ter), supplemental food, and urban waste or fomites (Delahay 
et al. 2021). Leopards are relatively less shy when compared 
to other wild felids which may provide opportunity for spill 
over events in this species. Detection of SARS-CoV-2 in 
free-ranging leopard when incidences of human COVID-
19 have dropped to significantly lower level underlines the 
necessity to intensify the screening and check for develop-
ment of carrier status in wild felids.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10344- 022- 01608-4.
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