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Abstract

To date, more than thirty animals were tested positive for SARS-CoV-2, all of them infected by humans with COVID-19. Some

animal experiments suggested the possibility of an animal to animal transmission of SARS-CoV-2 and were seen in some cases

of infected animals. Animal to human transmission was considered unlikely until investigations revealed the possibility of mink

to human transmission of SARS-CoV-2 in the Netherlands. Studying the susceptibility of SARS-CoV-2 to domestic animals

concluded that pigs, chicken, and ducks were not vulnerable to Covid-19; dogs showed less susceptibility to SARS-CoV-2 and

cats as well as ferrets were seen susceptible to Covid-19. SARS-CoV-2 is seen crossing the species barrier, infecting humans

from the wild with the source yet unclear, spreading from humans to humans quickly, humans to animals, animals to animals,

and is likely to spread from animals to humans even though minimally. Animals appear somewhat resistant to SARS-CoV-2

transmission compared to humans who globally crossed eight million infection cases, and the infected animals mostly do not

show many complications and recover quickly. Precautions are advised to prevent human to animal transmission of the virus,

and in some areas, avoid animal to human spread of the virus. Further monitoring is required to assess the SARS-CoV-2

infection in animals as COVID-19 is a rapidly evolving condition worldwide.

Introduction

Covid-19, an epidemic started in Wuhan, was detected first in a 55-year-old in Hubei province with pneu-
monia of unknown etiology way back in November 2019 and has now developed as a pandemic causing chaos
and threat to humankind worldwide by rapid infection and transmission of Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2). SARS-CoV-2 belongs to the beta coronavirus cluster and is thought
to have originated from bats due to its similarity with Rhinolophus affinis bat (RaTGI3) genome (approxi-
mately 96% similarity)(Wu and McGoogan, 2020; Zhou et al., 2020) followed by an intervention by possible
intermediate hosts such as pangolin, snakes, or turtles.(Guo et al., 2020) The intermediate hosts are yet
unknown, and further studies are required to elucidate the origin of transmission, which might aid in vaccine
development and curbing the pandemic. However, a zoonotic transmission happened from the wild, and the
virus might have been subjected to mutations via passing through intermediate hosts or after transmission
to humans, before human-human transmission occurred as in Figure 1. The infectivity is based on ACE2
receptor susceptibility.(Andersen et al., 2020: 2) COVID-19 clinically manifests as asymptomatic as well
as symptomatic forms, which can be mild or severe. As of June 16, 8,061,550 confirmed COVID-19 cases,
and 440,290 death have been reported worldwide.(“WHO Coronavirus Disease (COVID-19) Dashboard,”
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n.d.) WHO and CDC advised social distancing in humans as well as pets, personal hygiene, respiratory
hygiene, quarantine, or self- isolation on the detection of flu-like symptoms or if detected COVID-19 posi-
tive.(“Advice for public,” n.d.; CDC, 2020a) Covid-19 is carefully watched all over the world for potential
zoonotic transmission. A few animals were tested SARS-CoV-2 positive worldwide when millions of peo-
ple were tested SARS-CoV-2 positive across the globe, and pieces of evidence suggest that these animals
contracted infection from close contact with SARS-CoV-2 positive people. Table 1 summarizes the list of
domestic animals infected with SARS-CoV-2 reported in various countries, and the tests performed to con-
firm the infection. With the current evidence, animals seem difficult to get infected with SARS-CoV-2. The
few infected animals were having a minor disease, mostly asymptomatic, with almost no immune response
and quickly recovering.(“Confirmation of COVID-19 in Two Pet Cats in New York | CDC Online Newsroom
| CDC,” 2020; “SARS-CoV-2 in animals,” n.d.)

SARS-CoV-2 infection in domestic and other animal species

SARS-CoV-2 infection in dogs

In the first case, in February, a Pomeranian dog was tested COVID-19 positive in Hong Kong.(“Detection
of low level of COVID-19 virus in pet dog,” n.d.) The dog was having comorbidities and was subjected to
serological as well as RT PCR tests. The PCR results were weakly positive for oral as well as nasal samples.
The dog was living in quarantine, and there was no probability of transmission. The dog showed no marked
clinical signs; no antibodies were detected, and there were no immune events; all of these proving the
infection to be non-contagious.(Almendros, 2020) Another dog, a Covid-19 patient owned German shepherd,
was found positive (“Pet dog tests positive for COVID-19 virus,” n.d.) with viral genome resembling that
isolated from the owner. There were no clinical symptoms, and the infection was non-contagious.(“Promed
Post – ProMED-mail,” n.d.)

In North Carolina, USA, a pet dog, pug, was tested SARS-CoV-2 positive. It was showing mild symptoms
and was living with a family were three members diagnosed with COVID-19. The oral swab showed positive
results. There were another dog and a cat with the family and was tested negative. Later while doing
confirmation tests, SARS-CoV-2 was unable to be isolated, nor immune response detected, which indicated
the earlier weak positive result might be due to contamination from the SARS-CoV-2 positive household. The
results suggest the importance of confirmation tests, including repeat sampling, RT-PCR, finding specific
antibodies against the virus, and isolation of the virus. The conclusions regarding disease should be made
after confirmation tests.(“In-depth SARS-CoV-2 animal infection report,” n.d.)

In the Netherlands, a pet American bulldog owned by a COVID-19 patient was tested SARS-CoV-2 positive.
The dog showed severe breathing issues and was subjected to euthanasia. Antibodies against SARS-CoV-2
were seen in the serum. The breathing issues were not confirmed to be due to SARS-CoV-2.(“In-depth
SARS-CoV-2 animal infection report,” n.d.)

In New York, USA, a German shepherd dog, one of the two living with their owners, a COVID-19 patient
and another person with signs of COVID-19, was found positive and thought to have contracted the infection
from its owners. The other dog showed SARS-CoV-2 specific antibodies but was asymptomatic. The dogs
are expected to recover soon.(“In-depth SARS-CoV-2 animal infection report,” n.d.)

SARS-CoV-2 infection in cats and feline species

In Italy, a Covid-19 patient owned a pet cat that was found positive.(“Coronavirus,” 2020; “Promed Post –
ProMED-mail,” n.d.) The cat was also asymptomatic, resembling the infected dogs. In Hong Kong, a Covid-
19 patient owned pet cat found positive and asymptomatic as well.(“Promed Post – ProMED-mail,” n.d.;
“Pet cat tests positive for COVID-19,” n.d.: 19) In Bronx zoo, New York City, a tiger with wheezing and dry
cough was found positive. There was a zoo personnel diagnosed with COVID-19, and the animal is believed
to have contracted the virus from human contact.(“USDA APHIS | USDA Statement on the Confirmation of
COVID-19 in a Tiger in New York,” n.d.; James, 2020: 19) Three other lions and four tigers in the zoo, with
appetite loss and cough, were also isolated. Later they were stable and were recovering.(Leroy et al., 2020) A
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lion was also tested SARS-CoV-2 positive.(“USDA APHIS | Confirmed cases of SARS-CoV-2 in Animals in
the United States,” n.d.) The tiger with confirmed SARS-CoV-2 was the only one tested because testing the
large cats requires general anaesthesia. It is not feasible to anesthetize all those large cats. A fecal sample
test was later designed, which can be utilized in large cats without general anaesthesia. The other seven
animals enclosed in the zoo with the SARS-CoV-2 positive tiger, which showed mild respiratory symptoms,
were tested using the fecal sample test. The seven animals showed SARS-CoV-2 positive results and were
recovering.(“SARS-CoV-2 in animals,” n.d.) Two pet cats were tested SARS-CoV-2 positive in New York,
USA, and they showed slight respiratory problems. The owner of one of the cats was a COVID-19 patient,
and the other cat was living in a place having a large number of COVID-19 patients. The infection seen in
the cats were not serious, and the cats seem to recover soon.(“Confirmation of COVID-19 in Two Pet Cats
in New York | CDC Online Newsroom | CDC,” 2020; “SARS-CoV-2 in animals,” n.d.)

A pet cat in Catalonia, Spain, owned by a COVID-19 patient, was tested SARS-CoV-2 posi-
tive. The gastrointestinal, as well as nasal samples, were weakly positive.(“Detectan el primer pos-
itivo de un gato por coronavirus en España,” 2020) Another cat, one among two cats owned by a
COVID-19 patient, was tested SARS-CoV-2 positive. The oropharyngeal sample showed positive re-
sults. Follow up RT-PCR tests showed negative results. So, COVID-19 was unable to be confirmed
through further tests.(“https://www.oie.int/fileadmin/Home/eng/Our scientific expertise/docs/pdf/COV-
19/Nota Gato%20SARS-CoC-2 spain.pdf - Google Search,” n.d.; “In-depth SARS-CoV-2 animal infection
report,” n.d.)

In France, a cat owned by a suspected COVID-19 patient was tested SARS-CoV-2 positive. It showed
symptoms of respiratory as well as gastrointestinal illness. The rectal sample showed positive results.
Another cat was also tested SARS-CoV-2 positive; the nasopharyngeal sample showed positive results.
The cat was also living in an area with people suspected to have COVID-19 and showed cough as well
as respiratory symptoms.(“https://www.vet-alfort.fr/actualites-de-l-ecole/premier-chat-detecte-porteur-du-
sras-cov-2-en-france-par-l-umr-de-virologie - Google Search,” n.d.; “COMMUNIQUÉ | www.envt.fr,” n.d.;
“In-depth SARS-CoV-2 animal infection report,” n.d.)

In Germany, a COVID-19 patient owned pet cat was tested SARS-CoV-2 positive. The throat swab showed
weakly positive results. Two other cats living in the same place were tested negative.(“In-depth SARS-CoV-2
animal infection report,” n.d.; “Questions and Answers on the COVID-19,” n.d.)

In Wuhan, where SARS-CoV-2 infections started, serum samples from 102 cats were tested, in which 15 were
found positive for the SARS-CoV-2 receptor-binding domain (RBD). Eleven of these cats showed antibodies
against SARS-CoV-2. The study concludes that SARS-CoV-2 might have caused infection in the Wuhan cat
population.(Zhang et al., 2020) In Russia, a cat was tested SARS-CoV-2 positive, where the nasal and throat
samples showed positive results. The cat was quarantined and under observation.(Nikolay Vlasov, n.d.)

In a recent experiment to study the susceptibility of cats to SARS-CoV-2, three cats infected with the virus
were kept in separate cages. Another cat was added to each of those cages and later it was found that
SARS-CoV-2 was transmitted to the cage mate. The cats didn’t show respiratory distress and were virus
negative within a few days. But the study concluded that cats could transmit SARS-CoV-2 with prolonged
contact.(“COVID-19 and Animals | College of Veterinary Medicine,” n.d.; Halfmann et al., 2020)

In Minnesota, USA, a cat was tested SARS-CoV-2 positive. The cat was owned by a COVID-19 patient
and showed symptoms of respiratory disease. RT-PCR, as well as genome sequencing, showed positive re-
sults.(“USDA APHIS | Confirmed cases of SARS-CoV-2 in Animals in the United States,” n.d.; “Press
Release,” n.d.: 19)

In Illinois, USA, a cat that lived with COVID-19 positive people was tested SARS-CoV-2 positive, but further
details were not available.(“Public Health Officials Announce 1,156 New Confirmed Cases of Coronavirus
Disease | IDPH,” n.d.)

SARS-CoV-2 infection 2 in minks
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In the Netherlands, the Minister of agriculture, food quality, and nature issued a letter and later updated
the parliament regarding SARS-CoV-2 positive farmed minks.(“COV-19/OIE SARS CoV%202 infection -
of mink in the Netherlands - Google Search,” n.d.) There were four infected mink farms. Health and safety
precautions were implemented, and studies initiated. Several minks were tested positive, and there was an
incidence of respiratory as well as gastrointestinal symptoms and mortality. SARS-CoV-2 RNA was seen in
the lungs of 3 dead minks. SARS-CoV-2 RNA were also seen in all throat swabs and the majority of rectal
swabs in another 18 dead minks. Viral loads were high in throat samples.(“In-depth SARS-CoV-2 animal
infection report,” n.d.) Many caretakers in the farm were showing symptoms of COVID-19, and the animals
were believed to be infected from those SARS-CoV-2 positive humans. The study’s findings suggested SARS-
CoV-2 infection leading to pneumonia and death in minks even though there is a low infection and death
rate in minks, and minks can also be asymptomatic. SARS-CoV-2 was found in dust samples inside the
farm. Pregnant minks are vulnerable, and mink to mink transmission might have resulted in the viral spread
inside the farms. Comparative analysis of sequences as well as phylogenetic mapping of the SARS-CoV-2
genome from the minks and the farm employees who were infected reveal the possibility of mink to human
spread of the virus.(Zaken, 2020) The SARS-CoV-2 sequence isolated from the workers were not matching
with the viral sequence from COVID-19 patients living in the adjacent areas and the sequence isolated
from three of those workers were not matching with any of SARS-CoV-2 sequence isolated from COVID-19
patients in the Netherlands, all of these raising a question of mink to human spread of SARS-CoV-2.(Zaken,
2020) Workers were advised and started using personal protective equipment (PPE) while interacting with
minks.(“SARS-CoV-2 in animals,” n.d.; Oreshkova et al., 2020; “In-depth SARS-CoV-2 animal infection
report,” n.d.) Several cats near the mink farms were subjected to serological testing, and 7 of the 24 cats
were tested SARS-CoV-2 positive with antibodies specific to the virus. SARS-CoV-2 RNA was found in one
cat (Figure 2).(“In-depth SARS-CoV-2 animal infection report,” n.d.)

Guidelines regarding SARS-CoV-2 infection in animals

The US Department of Agriculture (USDA) defines animal SARS-CoV-2 infection as categories such as
the suspect case, where the animal is having a high chance of SARS-CoV-2 exposure from humans and is
showing clinical signs of the disease. The presumptive positive case includes RT-PCR positive animal. The
confirmed positive includes SARS-CoV-2 sequence confirmation or antibodies specific to SARS-CoV-2, all
tested at national veterinary services laboratories (NVSL).(“In-depth SARS-CoV-2 animal infection report,”
n.d.) With the current knowledge of COVID-19, centers for disease control and prevention (CDC) suggest
not to interact with pets if diagnosed with COVID-19 and not to allow pets interacting with other people
or animals and to maintain 6 feet distance while in public areas.(“Confirmation of COVID-19 in Two Pet
Cats in New York | CDC Online Newsroom | CDC,” 2020)

Comparison of genome sequences and tissues in various species susceptible to SARS-CoV-2
infection

Viral infectivity depends on its affinity towards the host receptor and ACE2 has been identified as a suitable
receptor for the binding and entry of SARS-CoV-2. In SARS-CoV-2, spike (S) protein is present, which
consists of two subunits S1 and S2, among which S1 binds to the ACE-2 receptor, and S2 promotes viral
fusion with the host cell membrane thereby creating a SARS-CoV-2- S-RBD complex.(Xia et al., 2020) But
in animals, there seems to be a variation in susceptibility to infection, which can be due to amino acid
variations in ACE2, seen among different species, which affects its binding to the SARS-CoV-2 S protein.
The ACE2-S protein binding site of chimpanzees and macaque is similar to humans. While comparing human
ACE2 to the ACE2 of other species, chickens show 11 differences, rodents show 10 differences, pigs show 6
differences, and cats show 3 differences.(J. Sun et al., 2020)

In humans, ACE2 expression can be observed in the heart, intestines, kidney, lungs, pancreas, and various
other tissues exposed to air, including cornea.(K. Sun et al., 2020) Luan and his team, worked on analysing
the key residues within the mammalian ACE2 responsible for recognition of spike protein. The key amino
acids in S-protein responsible for its interaction with human ACE2 (hACE2) are L455, F486, Q493, S494,
N501 and Y505, while K31, E35, D38, M82 and K353 are significant for ACE2-Receptor binding motif (RBM)
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among which the most important are K31 and K353.(Luan et al., 2020)

In rodents such as mice, the tissues, similar to humans excluding cornea and lungs, express murine ACE2
gene.(K. Sun et al., 2020) The weak susceptibility of murine ACE2 to SARS-CoV-2 in rodents such as mice
and rats is due to the presence of three substitutions, D30N, Y83F, and K353H which render mice and rats
ACE2 inactive. Unlike human ACE2, these substitutions do not cause direct contact to RBD.(Zhao et al.,
2020) In rats, M82 and K353 amino acids observed in hACE2 is replaced by N82 and H353, whereas in mice,
K31, M82 and K353 are replaced by N31, S82 and H 353. Murine species show 56% similarity to hACE2. In
Golden hamster, the amino acid M82 in hACE2 is replaced by N82.(Fam et al., 2020: 2; Luan et al., 2020)

In dogs, retina and skin express ACE2 gene.(K. Sun et al., 2020) Dog ACE2 consists of the substitutions,
Q24L, D30E, D38E, M82T, and H34Y among which the presence of Q24L, M82T, and H34Y can cause
disruption in ACE2- RBD interaction in contrast to D30E and D38E that are well tolerated.(Zhao et al.,
2020) In dogs, the amino acids D38 and M82 in hACE2 are replaced by E38 and T82 showing 73% similarity
to hACE2.(Fam et al., 2020: 2; Luan et al., 2020)

Cats have ACE2 gene expressed in regions of ear tips, lungs, retina, and skin.(K. Sun et al., 2020) Similar
to dog ACE2, cats share four substitutions, Q24L, D30E, D38E, and M82T among which the initial and last
changes can disrupt the ACE2-RBD interaction.(Zhao et al., 2020) In cats and ferrets, the amino acids D38
and M82 corresponding to hACE2 are replaced by E38 and T82 as in dogs and cat ACE2 orthologues is 77%
similar to hACE2.(Fam et al., 2020: 2; Luan et al., 2020) Taking into account, the livestock and pigs, ACE2
expression is observed in multiple tissues such as heart, liver, heart, and pig fat.(K. Sun et al., 2020)

Proposing possible animal models against SARS-CoV-2

Shi et al studied the probability of domestic animals to contract Covid-19. The study concluded that pigs,
chicken, and ducks were not at all susceptible to Covid-19; dogs showed less susceptibility to SARS-CoV-
2, and the viral replication was poor in all of these domestic animals. Cats, as well as ferrets, were seen
susceptible to Covid-19.(Shi et al., 2020: 2) In ferrets, the type II pneumocytes seen in trachea bronchial
airway submucosal glands as well as the epithelial serous cells show the presence of ACE2.(Van den Brand
et al., 2008) When cats are compared to ferrets, the region of ACE2 that binds to the spike protein of
SARS-CoV-2 exhibits two amino acid differences.(Van den Brand et al., 2008) Cats, as well as ferrets, have
ACE2 which shows high homology to ACE2 of humans.(Shi et al., 2020: 2)

Rodents as an animal model

Among rodents, mice and rats are easy to handle and breed. But regarding SARS-CoV-2 infectivity they
are not ideal be used as a model due to the substitution of certain residues in murine ACE2.(Cleary et
al., 2020) Bao et al studied SARS-CoV-2 pathogenicity with human ACE2 carrying transgenic mice. The
study confirmed the viral pathogenicity in hACE2 mouse which was not seen in SARS-CoV-2 infected wild
mice and the animal model could be employed in developing therapy against SARS-CoV-2 or to understand
further about COVID-19 pathogenesis.(Bao et al., 2020)

Mesocricetus auratus (Syrian hamster) as an animal model

Similar to other rodents, Golden hamster also has faster reproducibility. A simulation study by Chan et
al showed that out of 29 amino acid residues present at the interface of ACE2 capable of interacting with
SARS-CoV-2, 3-4 mutations were present at the interface attributing higher interacting interface between
SARS-CoV-2- S protein and ACE2.(Chan et al., 2020) Sia and team investigated the pathogenesis and
transmission of SARS-CoV-2 in Syrian hamster and concluded that they could be adopted as a model
resembling mild cases of SARS-CoV-2 infection in humans.(Sia et al., 2020)

Mustela putorius furo (ferrets) as an animal model

Kim et al reported an animal model for studying SARS-CoV-2 infection. The infected ferrets showed signs
of infection and were able to transmit the virus resulting in the presence of viral antigens and viral RNA
in the transmitted ferrets. The study concluded ferrets as an infectious as well as transmission model of

5
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SARS-CoV-2 infection for further studies and development of therapy against SARS-CoV-2.(Kim et al.,
2020) Blancho-Melo et al characterized SARS-CoV-2 infection in ferrets and postulated that the imbalance
of host adaptive immune response and viral replication leads to the development of COVID-19.(Blanco-Melo
et al., 2020: 19)

Felis catus (cat) as an animal model

Domestic cats are known to have close association with humans and can act as a potential carrier of SARS-
CoV-2. Various studies and reports confirm that infected cats have viral shedding in feces and replication
in the upper respiratory system and can transmit SARS-CoV-2 to non-infected cats via droplets. Hence cat
as an animal model needs to be investigated further as these are easily available and closely associated with
humans and might be useful as a model for vaccine and antiviral drug screening.(Mahdy, 2020)

Cynomolgus macaques as an animal model

Investigations on Cynomolgus macaques of both young and aged types demonstrated maximum damage on
the respiratory tract, mainly pneumocytes type I and II. Replication in the lower and upper respiratory
tracts revealed lung disease development and efficient transmission among the host. Alveolar lumina filled
with edema fluid, lung consolidation, and pneumonia are observed post SARS-CoV-2 infection. They could
be adopted as an asymptomatic model for SARS-CoV-2 as observed in COVID-19 patients.(Cleary et al.,
2020; Rockx et al., 2020)

Rhesus macaques as an animal model

A study conducted by Munster and his team on adult Rhesus macaques showed recapitulation of COVID-19
moderate form as observed in humans. This model could demonstrate significant aberration in hematological
parameters, chemokine and cytokine levels, nasal viral shedding, and interstitial pneumonia on 1st or 3rd

day post inoculation with SARS-CoV-2, while IgG development could be detected in the 10th day post
inoculation. Even though the duration of the disease varies with that of humans, this model could indeed give
an insight into the pathogenesis of the disease and aid in drug development.(Munster et al., 2020: 2) Another
study by Shan et al confirmed the occurrence of pneumonia in SARS-CoV-2 infected Rhesus macaques
.(Shan et al., 2020) The severity of pneumonia and aberration in various parameters such as hematological,
inflammatory mediators, nasal and anal viral shedding are increased in aged groups compared with the
young giving a possibility of exploring age-related phenomena in SARS-CoV-2 infection.(Yu et al., 2020: 19)
Few other studies evaluating the DNA vaccines targeting S protein and the effectiveness of remdesivir and
adenovirus-vectored vaccine were performed on Rhesus macaques .4.9

African green monkey as an animal model

Due to the utility of African green monkeys (AGMs) in pathogenic respiratory diseases caused by viruses such
as Nipah virus, Woolsey and team investigated this model’s suitability against SARS-CoV-2. Even though
current model lacked any infirm and apparent clinical illness, the aberration in hematological parameters,
elevated inflammatory chemokines and cytokines were observed along with noticeable viral pneumonia,
gastrointestinal (GI) abnormalities such as GI distress, thrombosis, as in humans, suggesting AGMs be a
better model for investigating SARS-CoV-2 infection when compared to Cynomolgus macaques and Rhesus
macaques .(Woolsey et al., 2020: 19)

Conclusion

SARS-CoV-2 is widely believed to be originated from animals of the wild, infected humans and formed a
pandemic threatening mankind, putting a large population of the world under restrictions of several kinds.
Various reports hint SARS-CoV-2 transmission from humans to animals, and many are cats. Studies suggest
that cat to cat transmission of virus is possible via air in a limited manner. It escalates a concern of human-
cat-human virus spread, even though there is no evidence yet about a cat to human transmission. The tissues
in exterior part of the body such as ear tips, retina, and skin of the dogs and cats, which are known to express
ACE2, increases the risk of viral transmission. Current knowledge and evidence suggest that SARS-CoV-2
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can be transmitted from humans to some animals in certain situations. SARS-CoV-2 infected cases of cats,
dogs, minks, tigers, and lions are various examples. But there is limited evidence of animals spreading the
disease infecting humans. Animal to animal transmission of COVID-19 is mainly observed in feline species.
Cats and ferrets were able to transmit the virus in various experiments. The first case of animal to human
transmission was seen in the Netherlands’ mink farms where workers were believed to be infected from the
SARS-CoV-2 positive minks. The minks were believed to have contracted the infection from COVID-19
positive farm workers, then spreading the disease among themselves later infecting humans which led to
workers using precautionary and protective measures while interacting with minks. The potential of SARS-
CoV-2, crossing the species barrier should be investigated in a detailed manner because in many animals the
infection is asymptomatic, difficult to detect, and the animals recover easily. In Wuhan, a study found about
15% of the cats sampled, to be showing evidence of infection either present or to have cured itself, which
raises a question of undetected infection in the animal population. Such undetected infections in animals can
lead to a transmission chain, spreading fast, and can even reach the wildlife, with chances of establishing a
non-human viral reservoir in the wildlife, raising chances of further evolution of the virus forming a novel
viral reservoir in animals which can spread among themselves or come back infecting humans. Therefore,
testing needs to be done to ascertain the extent of SARS-CoV-2 spread among animals. For the progress in
drug and vaccine development to curb this pandemic, suitable animal models that mimic human physiology
is the need of the hour. Smaller animal models are less expensive and easy to study; however, the genomic
sequence studies in mice and rats indicate the absence of ACE2-RBD interaction, making it unfit as a model
for investigations related to SARS-CoV-2 infection. Alternative rodent models can be adopted as the usage of
transgenic mice or Syrian hamster. Usage of higher animals such as Cynomolgus macaques , Rhesus macaques
, and AGM models have an increased chance of reproducibility but are expensive and limited usage of animals
in a group can be misleading statistically so result interpretation should be careful. However, there is some
contradiction that needs to be addressed as studies on non-human primates such as Cynomolgus macaques
andRhesus macaques have demonstrated limitations of reproducibility. Unlike rodents, ferrets develop cough
reflex and are useful in virology and pharmacological studies. Cats are closely associated with humans and
studies reveal cats can contribute to SARS-CoV-2 infection as well as transmission. Symptoms such as the
development of pulmonary edema indicate further monitoring of cats for reproducibility of the severity of
SARS-CoV-2 infection and its resemblance to human physiology. Genome sequencing studies propose that
cats and ferrets can be used as probable animal models for investigating the SARS-CoV-2 infection and
might aid in the development of vaccine and drug development to curb this pandemic (Figure 1).
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Figure 1. Zoonotic transmission of SARS-CoV-2.

Figure 2. Reverse zoonotic transmission of SARS-CoV-2 and possible animal models in SARS-
CoV-2 infection.

Table 1. Summary of domestic animals infected with SARS-CoV-2 in various countries with
tests performed to confirm the infection. (“In-depth SARS-CoV-2 animal infection report,” n.d.)

Date of events/reports Animals Country Tests Done

SARS-CoV-2 infection in dogs SARS-CoV-2 infection in dogs SARS-CoV-2 infection in dogs SARS-CoV-2 infection in dogs
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Date of events/reports Animals Country Tests Done

27th February 2020 One dog Hong Kong RT-PCR positive, neutralizing antibody positive
18th March 2020 One dog Hong Kong RT-PCR positive, neutralizing antibody positive, virus isolation done
28th April 2020 One dog North Carolina, USA RT-PCR positive, neutralizing antibody negative, virus isolation showed negative results
15th May 2020 One dog Netherlands RT-PCR negative, neutralizing antibody positive
2nd June 2020 One dog USA RT-PCR positive
SARS-CoV-2 infection in cats and feline species SARS-CoV-2 infection in cats and feline species SARS-CoV-2 infection in cats and feline species SARS-CoV-2 infection in cats and feline species
18th March 2020 One cat Belgium RT-PCR positive
27th March 2020 One tiger New York, USA RT-PCR positive
27th March 2020 One lion New York, USA RT-PCR positive
27th March 2020 Three lions and four tigers New York, USA RT-PCR positive
30th March 2020 One cat Hong Kong RT-PCR positive, neutralizing antibody positive
1st and 6th April 2020 Two cats New York, USA RT-PCR positive, neutralizing antibody positive
1st May 2020 One cat France RT-PCR positive
8th May 2020 One cat Spain RT-PCR positive
12th May 2020 One cat France RT-PCR positive
13th May 2020 One cat Germany RT-PCR positive
15th May 2020 Three cats Netherlands One cat RT-PCR positive and all cats are neutralizing antibody positive
18th May 2020 One cat Russia RT-PCR positive
21st May 2020 One cat Spain RT-PCR positive
25th May 2020 Four cats Netherlands Neutralizing antibody positive
3rd June 2020 One cat Minnesota, USA RT-PCR positive, virus isolation done
5th June 2020 One cat Illinois, USA Not available
SARS-CoV-2 infection in minks SARS-CoV-2 infection in minks SARS-CoV-2 infection in minks SARS-CoV-2 infection in minks
26th April and 8th May 2020 Many minks Netherlands RT-PCR positive
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