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Abstract
Coronaviruses (CoVs) are responsible for causing economically significant diseases both in animals and 
humans. The Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), causing Coronavirus 
Diseases (COVID-19), outbreak has become the first pandemic of the 21st century and is the deadliest 
pandemic after the 1918 Spanish Flu. Except, the two previous epidemics, SARS-CoV (2002 epidemic, 
China) and MERS-CoV (2012 epidemic, Middle Eastern region), CoVs are known the world over as the 
mild pathogens of humans and animals. Despite several measures to control the COVID-19 pandemic, 
it has affected more than 210 countries and regional territories distressing more than 5.3 million 
people and claiming nearly 0.34 million lives globally. Several findings point towards the appearance 
of the SARS-CoV-2 virus in the humans through animals, especially the wild animals of the Chinese 
live seafood wet market. The ongoing COVID-19 pandemic is another example of diseases originating 
from the human-animal interface and spreading through international borders causing global health 
emergencies. Most of the countries around the globe are stumbling due to the COVID-19 pandemic 
with severe threats and panic among the mass population. World Health Organization (WHO), 
international and national health authorities are working with excessive efforts for effective and 
impactful interventions to contain the virus. It is significant to comprehend the inclination of these 
viruses to jump between different species, and the establishment of infection in the entirely new host, 
identification of significant reservoirs of coronaviruses. Several animal species such as cats, dogs, tiger, 
and minks have been confirmed to get SARS-CoV-2 infections from COVID-19 infected person. Laboratory 
investigations point out those cats are the most susceptible species for SARS-CoV-2, and it can evidence 
with clinical disease. The studies carried out on animal's susceptibility to SARS-CoV-2 further support 
the human-to-animal spread of the virus. In this review, we focus on addressing COVID-19 infections 
in domestic and wild animals.  
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INTRODUCTION
 Coronaviruses (CoV) are well established 
source of respiratory illness and intestinal problems 
in animals and humans, and a few are zoonotic1. 
The spike protein around the lipid envelope of 
the virus gives a characteristic ‘crown’ shape to 
the virion, following to that these are named as 
coronavirus. The CoV manifestation in humans 
varies from the mild flu like symptoms to fatal 
signs as seen during the Severe Acute Respiratory 
Syndrome (SARS) and Middle East Respiratory 
Syndrome, MERS outbreaks in humans2. 
 The coronavirus disease (COVID-19) 
with severe pneumonic symptoms has emerged 
in Wuhan city, China and the World Health 
Organization (WHO) declared the COVID-19 as a 
public health emergency of international concern 
on 30th January 2020 due to severe implications of 
the disease to several other countries including an 
international conveyance3,4 . Further, based on the 
distressing levels of spread and severity, on 11th 
March 2020, the disease was confirmed by the 
WHO having pandemic status5. The emergence and 
spread of the virus were associated with seafood 
Wuhan wet market, Hubei Province, China6 . Since 
the reports on SARS in 2002 from China, seveal 
novel coronaviruses have been documented in 
animal hosts, with a few appeared to possess a 
link to human infections7 . The CoV infects several 
species of mammals, birds, reptiles, and wildlife8,9. 
A study also proposed snakes as the most likely 
wildlife reservoir for SARS-CoV-2 and possibly 
responsible for “cross-species” transmission9. 
However, later this hypothesis was opposed by 
many research groups. 
Origin of Zoonotic SARS-CoV and SAR-CoV-2
 The SARS-CoV, causing SARS, first 
documented in 2002 in China and blowout to 29 
countries as a global threat in a short time. The 
SARS emergence demonstrated slow emergence 
of coronavriruses from animal hosts with possibly 
fatal diseases in humans10. The International 
Committee on Taxonomy of Viruses (ICTV) 
renamed the 2019-noCoV as SARS-CoV-2 2.
 The origin of SARS-CoV was considered to 
be from bats, although it needs further evidence 
to prove as actual host, similarly the palm civet 
cats from the wet markets of Guangdong China, 
was supposed to be the intermediate host11. The 
CoV infected bats usually remain asymptomatic, 

indicating mutual adaption of both12. Another fatal 
CoV that affected humans, the MERS, is caused 
by a MERS-CoV, which occur due to contact with 
camels or camel products and is endemic in Middle 
East13. However, among all CoVs of humans, the 
ongoing outbreaks due to SARS-CoV-2 have higher 
virulence and, in a short period caused the global 
pandemic and created a significant threat to 
the public health14. Its emergence narrates the 
use of wild animal meat in Wuhan, China15. The 
epidemiological evidence indicates that zoonotic 
transmission of COVID-19 has occurred in Wuhan’s 
Seafood Wholesale Market through the trade of 
wild animals. Molecular analysis exhibited that the 
virus has a higher similarity with a horseshoe bat 
coronavirus obtained from Yunnan Province16,17. 
Bats viruses can rarely infect humans directly. 
Hence, there has to be another host involved in 
virus transmission. The SARS-CoV-2 probability 
to affect different hosts relies on the receptor-
binding domain (RBD) of spike glycoprotein18. 
In a study, RaTG13 genome of bat coronavirus 
shared only one out of five important amino acids 
residues that are present in the receptor-binding 
motif, and the pangolin CoV shared all the five 
amino acid residues19. Recently, more evidence 
is building giving indication that pangolins could 
have transmitted infection to humans.
 Pangolin skin scales are used as Chinese 
medicine. The pangolins are trafficked from 
several regions of the world to the seafood market 
in China. A study on six genomes from Malyan 
pangolins in Guangxi denoted GX/P1E, GX/P2V, 
GX/P3B, GX/P4L, GXP5E, and GX/P5L and two 
from Guangdong GD/P2S and GD/P1L found 85.5 
to 92.4% sequence homology to SARS-CoV-2. The 
sequences of pangolins from Guangdong were 
more narrowly connected to SARS-CoV-220. The 
civets that were associated with the transmission 
of SARS-CoV have been found distantly related to 
current transmission as their ACE2 receptors can 
only recognize SARS-CoV but not SARS-CoV-2. 
This finding out rules the possibility of civets in 
the transmission as ACE2 binding is a trigger for 
a cascade of events responsible for virus and cell 
membrane fusion for cell entry21,22. The SARS-
CoV-2 obtained from the Chinese Wuhan market 
supports the persistence of the virus through a 
live animal source; however, the likely SARS-CoV-2 
intermediate host could be Rhizomyidae family 
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Bamboo rats and civets, but no absolute proof 
is accessible. The metagenomic profiling of CoVs 
specifies pangolins to possess Betacoronaviruses23.
 The experimentations have been initiated 
on several animal species in order to augment 
the search for potential intermediate hosts. The 
susceptibility testing on cats, dogs, ferrets, and 
other domesticated animals reveal ferrets being 
more susceptible and prone to virus replication 
in their upper respiratory tract for a period of 
up to eight days. It also showed susceptibility 
of cat to droplet infection, low susceptibility of 
dogs to infection while pigs, chicken, and ducks 
were not found susceptible24. Based on ACE2 
receptor residues that interact with S glycoprotein 
of SARS-CoV-2, turtles that are also frequently 
trafficked in animal markets were suggested to 
be potential expanded hosts, however further 
studies are warranted for claiming such findings25. 
Evolution studies of the RBD domain tell that it 
is unlikely to infect mice and rats, as the ACE2 
receptor contains histidine in 353 positions that 
do not fit in virus-receptor interaction. However, 
identical ACE2 residues were found in pigs, ferrets, 
orangutans, and monkeys26. The possibility of mice 
and rabbits as intermediate host has been ruled 
out based on RBD and ACE2 receptor interaction. 
They hold the least binding affinity to RBD 
compared to other mammalian hosts 27 . Another 
study on evolutionary analysis showed that novel 
coronavirus had similar codon usage bias with a 
snake, but gave no experimental proof of infection 
in snakes 9.
 On the contrary, bat coronaviruses that 
have been found to share RBD domains shared 
low synonymous codon usage resemblance with 
SAR-CoV-2. The codon usage of camel and swine 
has also been found distantly clustered from SAR-
CoV-228. Before calling a species as an intermediate 
host, not only its ability to be infected by a virus by 
its receptor homology must be considered, but the 
permissiveness of the host system to harbor it and 
excrete it for transmission needs to be addressed. 
Hence, more evidence would be required to 
identify the intermediate host responsible for 
zoonotic transmission.
Coronaviruses Infecting Animals
 Based on the genetic properties, the 
Coronaviridae family members are divided 
into four genera, namely Alphacoronavirus, 

Betacoronavirus, Gammacoronavirus, and 
Deltacoronavirus. The beta-CoV genus comprises 
most of the Human CoVs and is further divided into 
04 lineages namely A, B, C, and D29 . The genera 
Alphacoronavirus and Betacoronavirus infect bats 
and other mammals, the Gammacoronavirus and 
Deltacoronavirus infect mammals, poultry, and 
fish30,31. The CoVs from civet cats and raccoon 
dogs have been established as SARS-CoV group 
members 32. To date, there are seven recognized 
human CoVs (HCoVs) where HCoV-229E and HCoV-
NL63 are alpha-CoVs. The other five beta-CoVs are 
HCoV-OC43, HCoV-HKU1, SARS-CoV, MERS-CoV, 
and SARS-CoV-233. These HCoVs have been linked 
to possessing zoonotic origin34,35.
 MERS-CoV, another zoonotic virus of 
Betacoronavirus, not only infects camelids but viral 
RNA is also evident in nasal swabs from the donkey, 
sheep, and goats, having narrow association with 
camels36,37. Bats are found to be reservoirs of 
alphacoronaviruses and betacoronaviruses, while 
birds acts as reservoirs for gammacoronaviruses 
and delatacoronaviruses38,39. Compared to 
SARS-CoV and MERS-CoV, the SARS-CoV-2 is 
less pathogenic but with higher transmission 
potential14,40 . The human-animal interface provides 
the new ecological niches to the coronaviruses, 
which leads to evolution and emergence41-43. 
The significant species jump from bats to other 
mammals is mainly due to the recombination in 
the Spike gene44. One study in Amur hedgehogs 
supported that hedgehog CoVs could recombine 
with bat CoVs giving rise to viruses that have the 
potential for interspecies transmission. It was after 
finding a novel Betacoronavirus in the hedgehog45. 
According to the Chinese researchers, dogs are 
not vulnerable to SARS-CoV-2; however, the cats 
may acquire COVID-19 infection and can spread 
it to other cats. According to the researchers at 
Harbin Veterinary Research Institute, the chickens, 
pigs, and ducks are not likely to catch the virus24. 
Laboratory findings suggest that cats are the most 
susceptible and can be infected with the clinical 
disease and were shown to transmit the infection 
to other cats in the laboratory settings46.
Reports of COVID-19 in Animals
 There is limited information available to 
date, to justify the risk of animals such as dogs 
and cats spreading COVID-19 to people. In Hong 
Kong, testing of dogs and cats co-habituated with 
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COVID-19 patients revealed that proof of the virus 
in two dogs: a Pomeranian and a German shepherd 
without clinical signs47. It was likely the first 
human-to-animal infection of COVID-19, as the 
owner was suffering from COVID-19, the WHO has 
unanimously agreed that “it is likely to be a case of 
human-to-animal transmission”46. Subsequently, 
the second case appeared in a German shepherd 
dog possessed by COVID-19 patient who was in-
home quarantine. Oral and nasal swabs shown 
positive readings for the German shepherd but 
were negative for the other dogs tested 48. 
 The init ial  case of human-to-cat 
transmission of the novel CoV was seen in 
Belgium. A week after the pet-owner from Belgium 
was infected with COVID-19, the family cat began 
showing similar symptoms of the virus- respiratory 
issues and diarrhea. The authority in the Belgium 
government called this an “isolated case” which 
may occur after a close-contact between infected 
humans with animals. However, they ruled out 
that animals could be vectors of the pandemic 
virus. Lately, a tiger at the Bronx Zoo tested positive 
for the SARS CoV-2, joining the number of other 
animals around the world infected with COVID-19. 
The Bronx Zoo’s tiger, a 4-year-old Malayan tiger, 
named Nadia, is the first animal in the USA and 
the first non-domesticated animal globally to 
have a confirmed COVID-19 case. Three weeks 
after the Malayan tiger was tested positive, 
another 04 tigers and 03 lions were confirmed to 
carry COVID-19 infection at Bronx Zoo49. At least 
two pets, a cat and a dog were infected in Hong 
Kong; and a cat in Belgium is also believed to have 
had the virus infection. People with confirmed 

COVID-19 owned all of the pets. In the USA, two 
pet cats that had mild respiratory illnesses were 
confimed to have COVID-19 infection50 .
 In a serological survey of domestic 
livestock and companion animals for SARS-CoV-2 
using a double antigen sandwich ELISA, no 
domestic livestock was detected positive. While 
the experimentally infected ferret showed strong 
seropositivity, however, SARS-CoV-2 specific 
antibodies were not found in dogs and cats of 
Wuhan city51. The chronology of SARS-CoV-2 
infection in animals is given in Fig. 1. 
 Studies are going on to resolve the doubts 
related to host cellular receptor (ACE2) binding 
with the virus. Interaction studies based on the 
computer modeling of RBD and ACE2 receptors 
found that the cat’s binding free energy and critical 
amino acids responsible for binding are quite 
similar to humans. But revealing of correct host 
would require more epidemiological surveillance 
of affected areas and regions surrounding them. 
However, unless the right intermediate host is 
confirmed, the contact with potential intermediate 
hosts should be prevented. The COVID-19 infection 
screening for pets is not recommended until these 
pets get exposed to a COVID-19 confirmed patient, 
and the animal exhbits COVID-19 clinical signs 50. 
Measures while Handling Companion Animals (for 
COVID-19 Suspected Person’s) 
 At the present scenario, there is no 
indication for companion animals showing 
relationship in epidemiology and the spread of 
COVID-19. However, there are few reports of 
humans to the animal transmission of COVID-19, 
so it is recommended that the persons who are 

Fig. 1. Timeline of COVID-19 infections in animals
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suspected or affected with COVID-19 should limit 
the contact with a companion or other animals.
 The necessary hygienic measures, 
while handling and caring for animals, include 
washing hands while handling or playing with 
the companion animals and as much as possible 
avoid licking, kissing the pets, and sharing of food 
with them. The persons affected by COVID-19 
should avoid close contact with their pets and 
assign another member of their household to 
take care of their pets. The infected person or 
owner of pets must look after them unless they 
maintain good hygiene practices. The animals 
belonging to COVID-19 infected persons should 
be kept indoors as much as possible, and contact 
with other pets must be avoided46. One health 
approach needs to be implemented along with 
appropriate prevention and control adopted to 
avoid and counter COVID-1952.
Veterinarian’s Role in COVID-19 Prevention 
 Any symptoms or infections mimicking 
the SARS-CoV-2 in animals that should be reported 
to national authorities and further to OIE. 
 In some countries like India, Veterinary 
Services are supporting in COVID-19 public health 
response by testing samples from humans.
 Veterinarians should stay focused, 
informed and continue to be in close liaison 
with public health officials for the prevention of 
COVID-19 infections in animals45,53.
Role of Geographic Information System (GIS) in 
COVID-19 pandemic
 Geographic information system (GIS) uses 
computer and other information technology for 
analyzing a spatial patterns of trends 54. In disease 
surveillance and monitoring, it integrates outbreak 
location and the population at risk. In the recent 
COVID- 19 outbreak, GIS is extensively used to 
contain the outbreak. The geo-mapping of the 
COVID -19 positive cases allows identifying the 
high-risk zones and hot spots. In humans, the GIS 
application can be efficiently used to prevent, and 
control of Covid-19 spread. Many countries use 
mobile GIS applications, GPS records of cars, and 
cellphones to track the contacts of the first case. In 
the COVID-19 situation, satellite-based and aerial 
photography are efficiently used for surveillance. 
The drone-based aerial photography has gained 
importance during lockdown to monitor the public 

movement. Additionally, the use of GIS-based 
surveillance technologies is indispensable in the 
ongoing COVID-19 crisis. 

CONCLUSION
 Nowadays, zoonotic infections in humans 
are on increase requiring timley preparedness 
as the global health agenda. The pandemic 
outbreak in Wuhan Province, China, is a clear 
message of the zoonotic threats to the global 
health agencies. The collaborative global effort, 
such as “One-Human-Environmental-Animal 
Health” is required to diminish the international 
risk of zoonotic diseases. Health authorities and 
scientists representing different professional 
streams must work collectively to minimize the 
impact of zoonotic infectious diseases at different 
levels. The “One-Health” approach aims to break 
down the barriers between the researchers 
from humans, animals, and ecosystems bring all-
together to accomplish optimum well-being of 
humans, animals, and the environment. Recent 
technologies like GIS and drone photography 
could be efficiently used in mitigating Covid-19 
pandemic. 
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