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Abstract 

A novel coronavirus has been reported as the causative pathogen of the Coronavirus disease 

2019 (COVID-19) outbreak Wuhan city, China in December 2019. Due to the rapid spreading of 

COVID-19 worldwide, it has been announced as a pandemic by the World Health Organization 

(WHO). Hospitalized patients in Wuhan are associated with the Huanan seafood wholesale 

market where live animals, such as poultry, bats, snakes, frogs, rabbits, marmots, and hedgehogs 

are sold in that market which suggests a possible zoonotic infection. Therefore, it is essential to 

identify the potential animal reservoir, and the possibility of infection for other animal species. 

This short review aims to provide an overview on the relation between severe acute respiratory 

syndrome coronavirus‐2 (SARS‐CoV‐2) infection and animals. 
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Introduction 

A novel coronavirus, severe acute respiratory syndrome coronavirus‐2 (SARS‐CoV‐2), has been 

reported as the causative pathogen of the Coronavirus disease 2019 (COVID-19) outbreak, 

which later has been announced as COVID-19 pandemic by the World Health Organization 

(WHO). COVID-19 pandemic is still spreading rapidly worldwide in more than 213 countries 

with 1,918,138 confirmed cases and 123,126 mortalities, as of April 10, 2020 [1].  

      Coronaviruses (CoVs) has four genera that infect a variety of domestic and wild animals, as 

well as humans. [2]. Mammals, specifically bats, are the natural hosts of Alpha (α)- and β-CoVs, 

while pigs and birds are the natural hosts of gamma (γ)- and delta (δ)-CoVs [3]. CoVs have great 

ability to mutate which facilitate their transmission from animals to humans [4]. 

      SARS‐CoV‐2 is a novel betacoronavirus (β-coronavirus) belongs to the subgenus 

sarbecovirus of the Coronaviridae family. It is firstly identified in hospitalized patients in Wuhan 

city, Hubei Province, China in December 2019 [5]. Those patients are associated with the 

Huanan seafood wholesale market where live animals, such as poultry, bats, snakes, frogs, 

rabbits, marmots, and hedgehogs are sold in that market suggesting a possible zoonotic infection 

[6]. Therefore, it is essential to identify the potential virus reservoir, and the possibility of 

infection for other animal species. This short review aims to provide an overview on the relation 

between SARS‐CoV‐2 and animals. 

 

Possible animal reservoir: 

Bats: 

SARS-CoV-2 is about 96.2% identical to the genetic information of the bat SARS-like CoV 

(RaTG13) based on genome sequencing and evolutionary analysis [5, 7-9], which suggests the 
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possibility that SARS-CoV-2 originates from bats [8-10]. Due to the lack of direct contact 

between bats and humans, direct human infection with bat CoVs is rare. It is assumed that 

transmission of SARS-CoV-2 from bats to human passes through an unknown intermediate host 

that might facilitates its transfer to human [7-10]. The analysis of genomic sequences of 

CoVs suggests that SARS-CoV-2 is a recombinant virus that arise between the bat CoV and 

another coronavirus of unknown origin [7]. Meanwhile, mutation in Spike Glycoprotein (S) and 

nucleocapsid protein (N) of SARS-CoV-2 makes it distinct from bat SARS-like CoV supporting 

the hypothesis that SARS-CoV-2 mutates before its transmission from bats and acquire its ability 

to infect human [9]. SARS-CoV-2 invades cells mainly through binding of the virus S protein 

and host cell receptor, angiotensin-converting enzyme 2, (ACE2) [11, 12]. Although, SARS-

CoV-2 recognizes ACE2 from a variety of animal species, including palm civet, SARS-CoV-2 

acquires the capability to infect humans, as well as, to transmit among humans [12]. The binding 

affinity of SARS-CoV-2 to human ACE2 is higher than that of SARS-CoV [11, 12] which 

suggests a possibility of cross-species transmission [13] and the rapid spread of this virus [11, 

12]. On the other hand, Friedrich-Loeffler-Institut (FLI) in Germany reported that experimentally 

infected Egyptian fruit bats show no symptoms of disease, moreover, they do not infect other 

bats [14]. 

 

 Pangolin: 

The whole genome of pangolin-CoV is highly similar to that of the SARS-CoV-2 and bat CoV 

[15]. However, the similarity between pangolin-CoV and SARS-CoV-2 is higher than that with 

the bat CoV [16, 17]. Moreover, pangolin CoVs share 5 identical amino acids with SARS-CoV-2 

whereas bat CoV RaTG13 only shares one amino acid with SARS-CoV-2 [18]. Furthermore, the 
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receptor-binding domain (RBD) of the pangolin-CoV is nearly identical to that of SARS-CoV-2 

with strong binding ability to human ACE2 indicating that pangolin is involved in the 

recombination of SARS-CoV-2 [15]. However, the evidence of phylogenetic analyses support 

that the 2019-nCoV did not arise directly from the pangolin-CoV [17]. These results suggest that 

pangolin could be a potential intermediate host for SARS-CoV-2 [18].  

Reptiles: 

Liu et al. [19] reported that turtles (Chrysemys picta bellii, Pelodiscus sinensis, and Chelonia 

mydas) might act as one of the potential intermediate hosts that transmit SARS‐CoV‐2 to 

humans. Moreover, evolutionary analysis, as well as analysis of the codon usage of SARS-CoV-

2 suggest that snake might be potential wildlife animal reservoir for SARS‐CoV‐2 [7, 19]. 

However, ACE2 of turtle and snake loses its capability to bind to S protein of SARS-CoV-2, 

therefore these reptiles should not be considered as potential hosts for SARS-CoV-2 [20]. 

 

SARS‐CoV‐2 and animal infection: 

The hospitalized patients in Wuhan are associated with the Huanan seafood wholesale market. In 

this market, live animals, such as poultry, bats, snakes, frogs, rabbits, marmots, and hedgehogs 

are sold which suggests a possible zoonotic infection [6]. It is critical to understand the 

susceptibility of animals to SARS-CoV-2 in order to control COVID-19. Until now, there is no 

evidence that animals have a role in the spread of the SARS-CoV-2 pandemic [21].  

Cats: 

SARS-CoV-2 infects cat populations in Wuhan during the COVID-19 outbreak based on 

detection of SARS-CoV-2 antibodies in those cats. Infection to those cats arise upon contact with 

COVID-19 patients or SARS-CoV-2 polluted environment [22]. In addition, SARS-CoV-2 has 

been detected in the feces and vomit of an infected pet cat with COVID-19 in Belgium indicating 
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active replication of the virus [23]. In this respect, SARS-CoV-2 has been reported to replicate 

only in the upper respiratory tract of cats and this replication is not associated with severe disease 

or death [24]. It is worth to mention that younger cats are more tolerant to SARS-CoV-2 

infection [24]. 

Dogs: 

Although dogs have low susceptibility to SARSCoV-2 infection [24], pet dogs in Hong Kong 

and North Italy have been infected with SARSCoV-2 infection, without symptoms, due to 

contact with COVID-19 infected persons [13, 25]. Dogs have an ACE2 receptors, similar to 

human ACE2, that function as SARS-CoV receptors which raises the possibility that dogs might 

be a potential intermediate host [13]. 

Other animals: 

A Tiger at Bronx Zoo, New York, USA has been tested positive for COVID-19 as the first case 

of animal infection in USA. The tiger receives infection from an infected employee [26]. On the 

contrary, chickens, ducks, and pigs are not susceptible to SARS-CoV-2 infection [14, 24].  

 

Animal models for studying SARS-CoV-2: 

There is an urgent need for animal models that mimic the clinical and pathological characteristics 

of human SARS-CoV-2 infection to help studying its pathogenesis. These models contribute to 

assess the efficacy and safety of the novel antiviral treatment and vaccine trials [27]. The 

candidate animal model should presents the active infection, virus shedding, and transmission to 

naïve animals [28]. 

Rodents: 
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SARS-CoV-2 has very low binding affinity to ACE2 of mice compared with that in human. Due 

to the inefficient replication in mice, they cannot be used as animal models to test vaccine or 

antiviral drugs [29]. However, virus replication has been reported in lungs of hACE2 transgenic 

mice without clear symptoms after SARS-CoV-2 infection, therefore, this model can be used in 

therapeutic and vaccine studies of SARS-CoV-2 [30]. 

     Both the clinical and histopathological findings of the SARS-CoV-2-infeted hamster closely 

resemble the manifestations of human upper and lower respiratory tract infection with virus 

shedding in respiratory droplets and faeces. Additionally, the virus transmits to naïve contact 

hamsters in close contact with infected ones. Furthermore, Syrian hamster ACE2 protein shows a 

high binding affinity to the Spike of SARS-CoV-2. Therefore, Syrian hamster model could be a 

suitable model simulating the clinical, pathological, virological, and immunological features of 

SARS-CoV-2-induced COVID-19 [27]. 

Cats: 

Since SARS-CoV-2 replicates well in the upper respiratory tract of cats. In addition, SARS-

CoV-2 transmits from an infected cat to non-infected one through direct contact with respiratory 

droplets [24]. Virus shedding has been reported in the feces of an infected pet cat with COVID-

19 in Belgium [23]. Therefore, cats also could be used as an optimal animal model for screening 

antiviral drugs or vaccines against SARS-CoV-2 [29]. 

Ferrets: 

Ferrets are frequently used as an animal model for studying human respiratory viral infection 

[31]. Ferrets are highly susceptible to infection with SARS-CoV-2 [14, 28]. The virus replicates 

in the upper respiratory tract with high virus titer in the upper respiratory tract associated with 

virus shedding in urine and fecal samples. Infected ferrets show acute bronchiolitis without 
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causing severe disease or death [24, 28]. Additionally, SARS-CoV-2 actively transmits from 

infected ferrets to naïve ones through direct contact and occasionally airborne transmission. 

Infected ferrets are capable to transmit the virus at 2 days post infection before reaching the peak 

of viral RNA copy number and the peak of body temperature as well [28]. Therefore, ferrets can 

be used as animal models for assessing antiviral drugs or vaccine against SARS-CoV-2 [14, 28]. 

However, infected ferrets show some limitations, such as the mild symptoms and low virus titer 

in lungs [28]. 

Primates: 

Young, adult, and aged infected cynomolgus macaques express viral RNA in nasal swabs 

without developing clinical symptoms. However, aged animals express higher level of viral RNA 

and prolonged virus shedding compared to young and adult animals [32]. On the other hand, 

infected rhesus macaques show weight loss with rapid respiration associated with moderate 

interstitial pneumonia and virus replication both in the upper and lower respiratory tract. Neither 

clinical symptoms nor virus replication is detected in recovered monkeys exposed to a second 

infection with SARS-CoV-2. These results indicate that primary infected monkeys develop 

immunity against SARS-CoV-2 that protects those monkeys from the second infection [33]. 

Therefore, rhesus macaque is a suitable animal model to evaluate vaccine safety.  

 

Precautions on pet animals 

Although there is no confirmation that pet animals have a role in spreading of the SARS-CoV-2 

pandemic, researchers suggest that pet animals may be susceptible to SARS-CoV-2 infection. 

Therefore, it is recommended to limit the contact between the infected owner and pets, avoid 
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kissing animals, and applying basic hygiene measures [21]. Additionally, pet animals exposed to 

COVID-19 patients should be screened for SARS-CoV-2 [29]. 

 

Concluding remarks: 

This review provides an overview of the current knowledge of the relation between 

SARS‐CoV‐2 infection and the role played by animals. SARS-CoV-2 originates from bats and 

passes through an unknown intermediate host, which facilitates its transfer to human. Although it 

is not confirmed that pet animals play a role in spreading of the SARS-CoV-2 pandemic, some 

animals receive SARS-CoV-2 infection upon contact with infected individual. Therefore, it is 

recommended to take apply basic hygiene measures to limit the contact between the infected 

patients and pets. Several animal models have been reported as candidates for assessing the 

efficacy and safety of antiviral drugs or testing experimental vaccine against SARS-CoV-2 

including hACE2 transgenic mice, cats, and ferrets.  
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