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ABSTRACT  
According to the WHO, as of July 26, 2022, there 
were 568,773,510 confirmed cases of COVID-19 
and 6,381,643 deaths recorded because of this 
disease worldwide (WHO, 2022). The etiologic 
agent of COVID-19 is the SARS-CoV-2 
coronavirus, an RNA virus of the family 
Coronaviridae and subfamily Orthocoronavirinae 
(XAVIER et al., 2020). Humans infected with 
SARS-CoV-2 have clinical signs such as fever, 
non-productive cough, shortness of breath, and may 
progress to pneumonia, acute respiratory syndrome, 
and kidney failure, although a few other signs, 
symptoms, and clinical forms may be observed less 
frequently (SAXENA et al., 2020). The evolution of 
the infection to severe acute respiratory syndrome 
can lead to death from COVID-19. These patients 
have a strong inflammatory response, like that of 
cytokine release syndrome, and increased migration 
of neutrophils to lung tissue triggered by 
inflammatory mediators released by epithelial, 
endothelial cells of infected tissue and by immune 
system cells attracted to the site of infection 
(MANGIAVACCHI et al., 2020; MERAD et al. 
2022; BHARDWAJ et al., 2022; LI & LI, 2022). 
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1 INTRODUCTION  

According to the WHO, as of July 26, 2022, there were 568,773,510 confirmed cases of 

COVID-19 and 6,381,643 deaths recorded because of this disease worldwide (WHO, 2022). The 

etiologic agent of COVID-19 is the SARS-CoV-2 coronavirus, an RNA virus of the family 

Coronaviridae and subfamily Orthocoronavirinae (XAVIER et al., 2020). Humans infected with 

SARS-CoV-2 have clinical signs such as fever, non-productive cough, shortness of breath, and may 

progress to pneumonia, acute respiratory syndrome, and kidney failure, although a few other signs, 

symptoms, and clinical forms may be observed less frequently (SAXENA et al., 2020). The evolution 

of the infection to severe acute respiratory syndrome can lead to death from COVID-19. These patients 

have a strong inflammatory response, like that of cytokine release syndrome, and increased migration 

of neutrophils to lung tissue triggered by inflammatory mediators released by epithelial, endothelial 

cells of infected tissue and by immune system cells attracted to the site of infection 
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(MANGIAVACCHI et al., 2020; MERAD et al. 2022; BHARDWAJ et al., 2022; LI & LI, 2022). 

Coronaviruses generally infect various animal species and cause respiratory, enteric, hepatic, 

renal, neurological, and in some cases, systemic diseases. Most coronaviruses have specificity for one 

type of host (WANG & YOO, 2022), but some may acquire the ability to infect a wider range of animal 

species from mutations (CAVANAGH & BRITTON, 2021). 

Coronaviruses were not considered highly pathogenic among immunocompetent humans until 

the emergence of SARS-CoV-1 in China in 2002. quickly spread around the world (LEE et al., 2003; 

PEIRIS et al., 2003), but no cases of disease were reported after 2004 (MANN et al., 2020). MERS 

was a coronavirus reported in 2012, with the isolation of the previously unknown virus from respiratory 

samples from a patient in Jeddah, Saudi Arabia. The dynamics of MERS virus infection are still poorly 

known, but research indicates dromedary bats and camels as intermediate reservoirs (PEIRIS & 

PERELMAN, 2022). The virus is still circulating in the Middle East, with more than 2600 cases 

reported in 27 countries as of July 2022 (EUROPEAN CENTRE FOR DISEASE PREVENTION AND 

CONTROL, 2022). SARS-CoV-2 emerged in Wuhan, China, in December 2019, and by March 2020 

had established itself as a pandemic, being the coronavirus with the greatest impact on global public 

health to date. 

The SARS, MERS, and COVID-19 outbreaks share many similarities in clinical presentation 

and form of transmission. Although acute respiratory tract infections are the most common clinical 

manifestations, other organs can be affected, and systemic diseases are not uncommon in these viruses. 

Another striking feature is the zoonotic origin. According to Su et al. (2016) and Forni et al. (2017), 

analyses of genetic similarities allow us to affirm that all coronaviruses that affect humans have their 

origin in viruses that originally affected animals. The emergence of SARS-CoV-2 as a human pathogen 

is no exception, since more than 60% of emerging infectious diseases originate in wild animals 

(JONES et al., 2008). Zoonoses do not occur in a single sense in the dynamics of infection, from 

animals to humans. Like other diseases, the ability of animals to be infected by SARS-CoV-2 from 

contact with humans has already been demonstrated. 

The objective of this work is to perform an analysis of the current scientific literature, regarding 

the possibility of zoonosis and zooanthroponosis of SARS-CoV-2 from the perspective of Single 

Health and possible implications for the future of the evolution of the virus. 

  

2 METHODOLOGIES 

The present work has the methodological design of a narrative review of the literature on the 

incidence of SARS-CoV-2 in animals and the impacts of the virus as an agent of zoonosis and reverse 

zoonosis.  The review evaluated scientific articles available in the PubMed, SciELO and Google 
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Scholar databases, as well as medical and veterinary microbiology books. The descriptors used, in 

various combinations, were: "SARS-CoV-2"; " animals", "zoonosis", "reverse zoonosis”, “spillover", 

"spillback", "One Health", "interspecies transmission". Due to the theme addressed, the time frame of 

the literature review was established between the years 2019 and 2022. The inclusion criterion of 

articles was the verification of results consistent with the objective of the research. Of these studies, 

studies that presented laboratory confirmation by PCR, serology and equivalent diagnostic resources 

were selected. Articles that did not meet the criteria for evaluation were excluded, such as deficient or 

inadequate methodology, inconsistent data, and lack of laboratory confirmation. After reading the title 

and abstract, the material that presented consistency with the researched theme and the articles and 

reports read in full were selected. Then, the analysis of the material was performed, distribution of the 

results by related taxonomic groups, considerations on aspects of Single Health and writing of the 

critical review. 

 

3 DISCUSSIONS 

The identification of virus receptors contributes significantly to the understanding of cellular 

and tissue tropism and the ability to infect hosts, in addition to explaining aspects of the pathogenesis 

of the virus (EVANS, 2008). Like the first coronavirus (SARS-CoV) of greater pathogenicity for 

humans, SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE2) receptor to primarily enter 

hair cells of the bronchial epithelium and pneumocytes (XAVIER et al., 2020; SHANG et al. 2020; 

ZHOU et al., 2020). Diverses mammals have compatible ACE2 receptors in their cells, and the degree 

of affinity between these receptors and the SARS-CoV-2 spike protein is a predictor of the possibility 

of infection (ALEXANDER et al., 2020; BOURICHA et al., 2020; LAM et al., 2020; KUMAR et al., 

2020; SHEN et al. 2020; DEVAUX et al., 2021). The possible presence of other relevant factors in the 

interaction of SARS-CoV-2 with the host cell, such as compatible receptors for type C lecithin, heparan 

sulfate, and sialic acid (CLAYTON et al., 2022; KUCHIPUDI et al., 2022) may or may not contribute 

to the success of viral infection capacity according to the physiology of each animal species. 

The origin of SARS-CoV-2 is uncertain, but many studies point to evidence that bats of the 

species Rhinolophus lepidus were the original hosts of the virus that gave rise to the pathogen that 

caused the pandemic in humans, with the possibility of an intermediate host (ZHOU et al., 2020). 

Studies analyzing the genetic composition propose that coronaviruses originating from bats are the 

basis of all other types of coronaviruses that infect mammals (VIJAYKRISHNA et al., 2007; WOO et 

al., 2012). Thus, the search for reverse zoonosis of SARS-CoV-2 in bats is a very plausible hypothesis 

(OLIVAL et al., 2020; COX-WITTON et al., 2021), although virus replication in lab-grown renal cells 

of Rhinolophus lepidus bat is considered limited (AUERSWALD et al., 2022). A survey of 129 bats 
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in Italy revealed no positivity for SARS-CoV-2 (DAKROUB et al., 2022). The dynamics of interaction 

between humans and bats may not be favorable for the spillover of SARS-CoV-2 between species, 

however, they do not exclude the hypothesis of reverse zoonosis.  One factor to consider is that bats 

have a great diversity of species and the structure of ACE2 receptors varies substantially among 

chiropractor species (YAN et al., 2021).  And in an experimental study, Schlottau et al. (2020) 

intentionally infected nine bats of the species Rousettus aegyptiacus, of which et (78%) developed 

transient infections with viruses detectable by PCR, in the nasal cavity, trachea and lung, presenting 

Symptoms of rhinitis. Among three bats not inoculated and put in contact with the infected animals, 

one individual acquired the virus by contagion. 

Rats' ACE2 receptors are poorly matched with the SARS-CoV-2 virus spike. For this reason, 

genetically modified acts using the CRISPR/Cas9 technique with the addition of the human ACE2 

receptor expression gene have been used as a model for studying the pathogenesis and transmission of 

SARS-CoV-2 (SUN et al., 2020; STOLP et al. 2022). There is little affinity of the rat natural ACE2 

receptor for the SARS-CoV-2 spike protein (KOLEY et al., 2021; SHOU et al., 2021). This low 

compatibility of the receptor in the genus Rattus explains the result of Miot et al. (2022), that among 

217 rats of the species Rattus norvegicus and Rattus tanezumi found negative results in all PCR tests. 

These authors, however, verified that in one of the rats the serological test for detection of antibodies 

against SARS-CoV-2 was positive, indicating that this individual came into contact with the virus and 

obtained an immune response.  Some emerging variants of SARS-CoV-2 have mutations that have the 

potential for greater adaptability to the murine ACE2 receptor, with the possibility of evolving to a 

greater tropism for this group of animals (SHUAI et al., 2021). The possible adaptation of SARS-CoV-

2 with the acquisition of infective capacity for domestic rats could have a major impact on global 

public health. 

The analysis performed by Preziuso (2020) of ACE2 receptors in rodents of the Order 

Lagomorfa, which include rabbits and hares, pointed to a high compatibility for the spike protein of 

SARS-CoV-2 and the possibility of susceptibility of these animals to the virus.  Mykytyn et al. (2021) 

conducted   experimental infection tests on three rabbits (Oryctolagus cuniculus) in the Netherlands to 

verify the feasibility of developing SARS-CoV-2 in these animals. The tests demonstrated the 

susceptibility of this species to the virus. The following year, Fritz et al. (2022) examined blood 

samples from 144 rabbits raised as pets in France and reported positivity in one animal (4.86%), based 

on the results of detecting both antigens and antibodies. These authors assess that the low prevalence 

may be an indication that rabbits are little susceptible to natural infection by SARS-CoV-2 and that, at 

least in relation to the currently circulating strains, they do not represent a risk of becoming reservoirs 

for the virus. 
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Golden hamsters (Mesocricetus auratus) are animals of the family Cricetidae widely used in 

laboratory experimentation and as pets. It was already known that this species demonstrated 

susceptibility to SARS-CoV-1 by the natural compatibility of ACE2 receptors (ROBERTS et al., 

2003). Sai et al. (2020) infected golden hamsters via intranasal spray to evaluate the replication 

capacity of SARS-CoV-2 in this species. The virus replicated in cells of the nasal mucosa, bronchial 

epithelium, and areas of the lung. Viral antigens were found in the epithelial cells of the duodenum 

and viral RNA detected in the feces. The researchers reported that infected hamsters were able to 

transmit SARS-CoV-2 to other individuals of the species occupying the same cages, mainly by direct 

contact and through droplets, a result like that of the experiment conducted by Dowall et al. (2021) 

regarding transmission between animals in the same environment. Song et al. (2021), in a similar 

experiment, further found that SARS-CoV-2 infected hamsters systemically, with diffuse alveolar 

damage, and damage to the spleen, lymph nodes, different parts of the digestive system, liver adrenal 

gland, ovary, vesicular gland and prostate.  Blaurock et al. (2022) state that the high susceptibility of 

golden hamsters to SARS-CoV-2 and the development of the virus in these rodents from viral loads 

considered small are indicative that these animals can be considered as potential sources of 

transmission to humans. 

Yen et al. (2022) sequenced the SARS-CoV-2 genome obtained from golden hamsters and 

humans caring for these animals in pet shops. These authors presented evidence that pet hamsters can 

be naturally infected with SARS-CoV-2 and transmit the virus to humans. Comparison of coronavirus 

genetic sequences shows strong evidence of transmission of the Delta variety of SARS-CoV-2 from 

hamsters to humans, followed by human-to-human transmission of this virus.  The movement of 

animals imported from one country to another, as observed by testing in Hong Kong among hamsters 

from the Netherlands, can be a means of diffusion of new strains (KOK et al., 2022), contaminating 

other animals and humans. 

Other species in the family Cricetidae were also susceptible to experimental SARS-CoV-2 

infections. Fagre et al. (2021) demonstrated that the deer rat (Peromyscus maniculatus) and the desert 

rat (Neotoma lepida) are susceptible to infection and can transmit the virus between individuals 

through direct contact or by aerosols. Unlike the golden hamsters investigated in the other studies, 

these are native species in North America, and the possible spread of the virus to wild deer rats poses 

a risk to the populations of these species and to the balance of the environment. 

Ferrets (Mustela putorius) are mustelids highly prized as companion animals in several 

countries of the world and are susceptible to SARS-CoV-2.  Giner et al. (2021) investigated the 

prevalence of SARS-CoV-2 in 127 ferrets kept in captivity in Spain.  Dois individuals (1.57%) 

presented anti-SARS-CoV-2 antibodies, which remained detectable in the ELISA test for the following 
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129 days, demonstrating the exposure of these animals to the virus. Gortázar et al. (2021) performed 

quantitative PCR tests on 71 ferrets belonging to seven owners of these animals in the same country 

and detected SARS-CoV-2 in six individuals (8.4%), with viral loads indicative of infection. The 

authors concluded that ferret infection occurs in circumstances where the viral load to which they are 

exposed is high. Račnik et al. (2021) also presented a case report of SARS-CoV-2 transmission from 

an owner to the pet in Slovenia, in which the animal was hospitalized with gastroenteritis, vomiting, 

anorexia, and profuse diarrhea. For the diagnosis of infections in humans and animals, PCR and 

genotyping tests were performed, which confirmed that the viruses belonged to the same lineage.  

There is evidence that ferrets exhibit some resistance to infection when exposed to low viral load (SHI 

et al., 2020; Ryan et al., 2021; MONCHATRE- LEROY et al., 2021), confirming the hypothesis of 

Gortáz ar et al. (2021). However,  after experimental infections become effectively established, these 

animals are highly susceptible,  developing acute broncheolitis,  presenting high levels of viral 

replication and  contamination among individuals who share the same environment through  direct 

contact, or through urine, feces and aerosols (KIM et al., 2020;  Kutter et al., 2021;  Richard et al., 

2021; SAWATZKI et al., 2021) The contamination of ferrets  by  SARS-CoV-2 through viral particles 

dispersed by aerosols in the air by infected animals can exceed one meter away (RICHARD et al., 

2021).   

The mink anduropeum (Mustela mink) and the mink american (Neovison mink) are mammals 

of the family Mustelidae widely bred in various countries for the use of the skin as a material for 

clothing. In April 2020, Oreshkova et al. (2020) investigated the first outbreak of SARS-CoV-2 in 

mink on two breeding farms in the Netherlands.    At least 18 animals died from the infection, most of 

them from interstitial pneumonia.  In the following months, several other mink farms recorded 

outbreaks of SARS-CoV-2 in the same country (MOLENAAR et al., 2020; LU et al., 2021; 

MUNNINK et al., 2021) and in other countries such as Denmark, Poland, Spain, United States, 

Sweden, Italy, France, Lithuania, and Canada (HAMMER et al., 2021; Rabalski et al., 2020; 

ECKSTRAND et al., 2021; SHARUN et al., 2021).  The rapid expansion of SARS-CoV-2 in mink 

from commercial breeding is linked to an adaptive mutation of the virus, which has made the spike 

protein more compatible with these animals' ACE2 receptors (STATENS SERUM INSTITUT, 2020; 

DYER, 2020; FRUITS & DEVAUX, 2020; LARSEN & PALUDAN, 2020; BARUA et al. 2022).  

Cases of SARS-CoV-2 transmission from mink to humans have been reported in Denmark and the 

Netherlands (STATENS SERUM INSTITUT, 2020; DYER, 2020; HAMMER et al., 2021; Munnink 

et al., 2021). Authorities in the European Union have declared that all mink farms are  considered at 

risk  and active  monitoring should be carried out for the early detection of infection   and the  

elimination of herds in which cases of SARS-CoV-2 infection are verified ( EUROPEAN FOOD 
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SAFETY AUTHORITY AND EUROPEAN CENTRE FOR DISEASE PREVENTION AND 

CONTROL et al., 2021).  Harrington et al. (2021) warned of the possible risk of extravasation of the 

strains most adapted to wild mink populations, a hypothesis confirmed by Aguiló-Gisbert et al. (2021) 

a few months later, when they found two free-living mink carrying SARS-CoV-2 in Spain. The rapid 

transmission of species-adapted SARS-CoV-2 and high mortality rates in confined animals make the 

consequences of the spread of the novel coronavirus in wild mink populations alarming and 

unpredictable.  Manes et al.  (2020) suggest that the rapid adaptation of ASRS-CoV-2 in mustelids 

may initiate panzoonosis. 

Padilla-Blanco et al. (2022) reported the presence of SARS-CoV-2 in a European otter in a 

water reservoir in Valencia, Spain. The researchers detected the virus through two PCR-type test kits 

and performed genotyping of the found virus. Analysis of the genetic sequence showed that much of 

the SARS-CoV-2 genetic material infecting the otter was common to strains circulating among 

humans, but other sequences were divergent from the known strains. This genetic arrangement 

constitutes a unique variety of the virus and suggests that SARS-CoV-2 mutations may be evolving in 

host populations of the family Mustelidae.  

Species of the family Procyonidae have shown some susceptibility to SARS-CoV-2.  Freuling 

et al. (2020) conducted an experimental study with infection induced by intranasal spray containing 

SARS-CoV-2 that demonstrated that raccoon (Procyon lotor) is susceptible to infection by the virus 

and can transmit to other individuals by direct contact.  The infected raccoons showed subtle clinical 

signs.  The histopathological study showed evidence of viral replication and tissue lesions only in the 

nasal turbinates. The study also demonstrated that experimentally infected animals can transmit SARS-

CoV-2 to other uninfected animals through direct contact. Allender et al. (2022) performed PCR-type 

tests on nasopharyngeal samples in animals at the Chicago Zoo, United States of America, and found 

positivity for SARS-CoV-2 in a coati (Nasua nasua). The animal showed no clinical signs of the 

disease.  Further studies on the possibility of infection in free-living Procyonidae are needed, since 

these animals often frequent anthropic environments in search of food (DEMENY et al., 2019; 

BARCELAR et al., 2022), with the possibility of direct or indirect contact and contamination by 

humans. 

Domestic dogs (Canis familiaris) are the most popular companion animals in the world, in close 

contact with their owners, and for this reason much more studied than other species of animals 

regarding the possibility of infection by the new coronarivus.  SARS-CoV-2 has been detected in 

domestic dogs (Canis familiaris) in several studies, but these animals are asymptomatic or with mild 

signs and symptoms during infection (SIT et al., 2020; HAMER et al., 2022; BARROSO-ARÉVALO 

et al., 2022; JAIRAK et al., 2022; Medkour et al., 2022; Rivero et al., 2022; ZAMBRANO-MILA et 
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al., 2022). Although the affinity of the ACE2 receptor in dogs for SARS-CoV-2 is considered high 

(WU et al., 2020; Koley et al., 2021; MA & GONG, 2021; ZHANG et al, 2021), this factor is not the 

only predictor of susceptibility to the virus (WU et al., 2020; Koley et al., 2021; MA & GONG, 2021; 

PIPLANI et al., 2021).  Patterson et al.  (2020) examined 919 domestic dogs in Italy at the height of 

the pandemic in this country, finding antibodies against SARS-CoV-2 in 3.3% of these animals, but 

no dogs tested positive for viral particles. Barroso et al. (2022), in research with 22 dogs in Portugal 

whose owners were positive for SARS-CoV-2, found seropositivity in 50% of the animals, but PCR 

was reactive in only one dog. These results show that Canis familiaris does not constitute a good host 

or has efficient immune defense mechanisms for the virus strains circulating in those countries.  To 

date, there is no evidence of transmission of SARS-CoV-2 from dogs to humans (NADERI et al., 2022; 

OLIVEIRA et al., 2022). 

Zambrano-Mila et al. (2022) analyzed the oral and nasal smear samples of three dogs from 

Amazonian indigenous communities with high prevalence of COVID-19 among humans.  Two PCR 

kits that analyzed different viral particles were used to confirm the presence of the virus.  The result 

showed positivity for the three dogs examined.  The authors point out that the occurrence of SARS-

CoV-2 in dogs living in the Amazon rainforest is worrisome, due to the risk of transmission to other 

animals of the native fauna that interact with the pets, representing a risk from the perspective of unique 

health. 

Domestic cats (Felis catus), like dogs, are pets exposed to contact with the SARS-CoV-2 virus 

by proximity to infected humans.  Cats have susceptibility to the virus, verified both by experimental 

infections (GAUDREAULT et al., 2020;  BOSCO-LAUTH et al., 2020;  Halfmann et al., 2020;  SHI 

et al., 2020; BRAUN et al. 2021; PATANIA et al., 2022) as well as by the discovery of animals that 

acquired the infection naturally (RUIZ-ARRONDO et al., 2020;  AART et al., 2021;  BARROSO-

ARÉVALO et al., 2021;   CURUKOGLU et al., 2021;  BRANDÃO et al. 2021;  HOSIE et al., 2021;  

Klaus et al., 2021; Natale et al., 2021; PAGANI et al., 2021; BARROSO et al., 2022; JAIRAK et al., 

2022, MOHEBALI et al., 2022).  Many cats have had clinical manifestations (GAUDREAULT et al., 

2020; BOSCO-LAUTH et al., 2020; Halfmann et al., 2020; SHI et al., 2020; AART et al., 2021; 

BRANDÃO et al. 2021; BRAUN et al. 2021; HOSIE et al., 2021; Natale et al., 2021; PAGANI et al., 

2021; PATANIA et al., 2022) with varying degrees of severity.  Brandão et al. (2021) point out one of 

the most common characteristics in the domesticated cats examined: free access to the environment 

outside the home. This habit is particularly important for a potential increase in the viability of virus 

dispersal, since these cats in the circulation outside the home have contact with humans, cats and 

animals of other species.  The possibilities of zoonotic and reverse zoonosis transmission of SARS-

CoV-2 are even more plausible since research shows transmission of the virus directly between cats 
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(GAUDREAULT et al., 2020; Halfmann et al., 2020; BRAUN et al., 2021; SHI et al., 2020; 

BARROSO et al., 2022), and among cats and other species, such as the acquisition of mink-borne 

viruses (AART et al., 2021).  Although Chaintoutis et al. (2022) state that there is no record of adaptive 

mutations in SARS-CoV-2 strains found in cats when compared to strains circulating among humans, 

Braun et al. (2021) found that the Ômicron variety with mutation in the position of the amino acid 

H655Y sees rapid transmission between cats under experimental conditions, resulting in an affinity 

specific that calls for further investigation.  The mutation in the position of the amino acid H655Y in 

the spike of the virus is found in many of the "subvariants of interest" according to the classification 

of the World Health Organization, with the potential to escape the immunity conferred by the vaccine 

antigens currently used (HARVEY et al., 2021; OU et al., 2022). 

Big cats are susceptible to SARS-CoV-2 infections. Cases of natural infection have been 

recorded in cats of the genus  Panthera, such as lions (Panthera leo) in the wild (MISHRA et al., 2021) 

and in zoos (BARTLETT et al., 2021;   FERNÁNDEZ-BELLON et al., 2021; MCALOOSE et al., 

2021; Karikalan et al., 2021; NAGY et al., 2022);  captive tigers (Panthera tigris)  (MCALOOSE et 

al., 2020; WANG et al., 2020; BARTLETT et al., 2021; CUSHING et al., 2021; GROME et al., 2022; 

NAGY et al., 2022);  leopards (Panthera pardus) in the wild (MAHAJAN et al., 2022); and snow 

leopards (Panthera uncia) in zoo (WANG  et al., 2022). SARS-CoV-2 infection has also been reported 

in suçuarana (Puma concolor) (GIRALDO-RAMÍREZ et al., 2021). As with domestic cats, some 

animals showed signs and symptoms with varying severity (MCALOOSE et al., 2020; BARTLETT et 

al., 2021; CUSHING et al., 2021; FERNÁNDEZ-BELLON et al., 2021; Karikalan et al., 2021; 

GROME et al., 2022). The incidence of SARS-CoV-2 of the Delta variety, with symptomatic 

individuals among wild Asian lions (MISHRA et al., 2021) is worrisome due to the threat to the 

population of only 523 remaining individuals of this subspecies in the wild, in a restricted region of 

the province of Gujarat, India, according to an estimate made in the year 2018 (SINGH, 2018). 

White-tailed deer (Odocoileus virginianus) are the most common deer in North America. These 

animals are highly susceptible to SARS-CoV-2 infection. In a survey of 151 deer in Iowa, United 

States of A, Kuchipudi et al. (202 2) found genetic material of the virus in 33.2% of the animals, with 

an epidemic peak between November 23, 2020, and January 10, 2021, in which 82.5% of the 

individuals examined were positive for PCR tests for the detection of SARS-CoV-2. The genetic 

analysis identified 12 different strains of SARS-CoV-2, and the coincidence in the predominance of 

the circulating strains in deer and humans according to geographic distribution suggests that there were 

multiple events of spread by reverse zoonosis, in addition to the transmission of SARS-CoV-2 between 

deer.  Hale et al. (2022) conducted a similar survey in the state of Ohio, and among 360 animals, 129 

(35.8%) were positive for the detection of SARS-CoV-2 through the PCR technique, with records of 
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three different strains of the virus.  Vandegrift et al. (2022) detected SARS-CoV-2 through PCR testing 

using material obtained from nasal smears of white-tailed deer on Staten Island, New York, and found 

positivity in 7 of the 68 (10.29%) of the deer sampled. Viral genome sequencing identified that the 

Ômicron variety of SARS-CoV-2 circulating among deer is phylogenetically close to that prevalent in 

humans in New York City.  Marques et al. (2022) conducted a survey in the state of Pennsylvania, 

United States of America, in which they examined 123 Odocoileus virginianus nasal smear samples 

analyzed by PCR, of which 20 (16.3%) were positive for SARS-CoV-2. Alpha and delta variants were 

found.  

 Chandler et al. (2021) investigated in four states of the same country that involved the serology 

analysis of 385 blood samples from white-tailed patients living in the vicinity of cities that revealed 

that 485 of the animals had antibodies against SARS-CoV-2, confirming exposure to the virus. The 

serology of white-tailed animals in free-living animals in Texas revealed that in the year 2020 no 

sample was found with positive serology for antibodies against SARS-CoV-2, but among the 54 

samples collected in the year 2021, 20 (37%) were positive (PALERMO et al., 2021). These results 

point to a high prevalence rate of SARS-CoV-2 in populations of this species in a wide geographic 

distribution in the United States of America. 

Experimental infections of white-tailed deer individuals confirmed a high rate of transmission 

of the virus among the animals, as well as tropism and multiplication of SARS-CoV-2 in several 

organic tissues of this species. The infections were considered subclinical, but the viral load dispersed 

through the nasal secretion and feces of the infected animals was considered high, as well as the 

transmission rates among individuals of Odocoileus virginianus (PALMER et al., 2021; MARTINS et 

al., 2022). 

In addition to the high incidence rate, an important feature for the epidemiological course of 

SARS-CoV-2 in white-tailed deer is the multiplicity of strains circulating among these animals, as 

verified by Chandler et al.  (2021), Marques et al. (2022) and Kuchipudi et al. (2022).   Marques et al.  

(2022) found that the alpha strain persisted in the deer population after replacing the prevalence in 

humans with the delta variety, and the genotype of the alpha variants obtained from deer diverged 

significantly from those infecting humans, presenting mutations consistent with adaptability to the new 

host species.  Hale et al. (2021) indicated that deer-to-deer viral transmission of viruses B.1.2, B.1.582, 

and B.1.596 allowed the virus to exhibit changes in the spike protein, including the receptor binding 

domain, and other infrequent mutations in strains circulating between humans.    Pickering et al.  (2022) 

have identified a new highly divergent strain of SARS-CoV-2 in a white-tailed deer in Ontario, 

Canada. This lineage has the highest number of genotype changes identified to date, with 76 mutations, 

including 37 changes in the viral genotype previously associated with non-human hosts. 



 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

Although there is no evidence of contamination of humans by contact with white-tailed deer 

(HALE et al., 2022), there is great potential for eventual transmission, including new variants of 

SARS-CoV-2, since these animals frequent peri-urban environments (CHANDLER et al., 2021; 

HALE et al., 2021; KUCHIPUDI et al., 2022). White-tailed deer are appreciated as game meat 

(BRICEÑO-MÉNDEZ et al., 2021), and the consumption of this animal in human food offers an 

atypical, but not unlikely, risk of infection due to the multiplication of the virus in a wide variety of 

tissues and organs in this deer species (PALMER et al., 2021; MARTINS et al., 2022). 

The structural characteristics of the ACE2 receptor of old-world primates are predictors of a 

high susceptibility of these animals to SARS-CoV-2, as they bear up to 99% similarity to the human 

ACE2 protein (DAMAS et al., 2020; MELIN et al., 2020; SHI et al., 2020). Great apes are susceptible 

to many of the diseases that affect humans by genetic affinity, especially respiratory viruses 

(SPELMAN et al., 2013; Negrey et al., 2019). Experimental infections have verified the susceptibility 

of rhesus monkeys (Macaca mulatta and Macaca fascicularis), with signs, symptoms, and evolution of 

pathogenesis similar to that of COVID-19 in humans (LU et al., 2020; MUNSTER et al., 2020; 

ROCKX et al., 2020; SHAN et al., 2020; ZHENG et al., 2020). Contact with humans has been the 

source of gorilla contamination in zoos (NAGY et al., 2022; ISLAM et al., 2021; GIBBONS, 2021), 

with mild symptoms of respiratory infection.  The possibility of reverse zoonosis for great apes, 

including chimpanzees and gorillas, has prompted the implementation of protective measures in 

wildlife reserves across Africa and Asia (GIBBONS, 2021).  Non-primate New World monkeys have 

low susceptibility to SARS-CoV-2 (LU et al., 2020;  LIU et al., 2020), possibly due to the lower 

affinity of the ACE2 receptor, which has a similarity of 92% in relation to the human os cellular 

receptor, with four differences between the twelve binding sites considered essential for the coupling 

of SARS-CoV-2  (MELIN et al. 2020; BHATTACHARJEE et al. 2021; ABREU et al., 2021).  

Research conducted in Brazil with free-living monkeysfound no signs of infection in these animals 

(SACCHETTO et al, 2020; ABREU et al., 2021). 

Other captive animal species have tested positive for SARS-CoV-2, such as hippos 

(Hippopotamus amphibius) (BBC, 2021), Asian cat bear (Arctictis binturong), spotted hyena (Crocuta 

crocuta) and mandrill (Mandrillus sphinx) (USDA APHIS, 2022), demonstrating the possibility of a 

greater number of hosts for the pandemic virus. 

According to the Food and Agriculture Organization of the United Nations, One Health is an 

integrated and unifying approach that aims to balance and sustainably optimize the health of people, 

animals, and ecosystems. It recognizes that the health of humans, domestic and wild animals, plants, 

and the environment in general (including ecosystems) are closely linked and interdependent (ONE 

HEALTH HIGH-LEVEL EXPERT PANEL, 2022).  It is a comprehensive approach to understanding 
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the risks to human and animal health, including domestic animals and wildlife, and the health of the 

ecosystem.  These principles are fundamental to a critical analysis of collaborative and 

interdisciplinary approaches to responding to emerging and emerging diseases.   A key factor in this 

analysis is the inclusion of animal health and the balance of the environment as a component of the 

prevention, surveillance, control, and mitigation of global diseases. The analysis of the pandemic 

through the perspective of Single Health is, therefore, the most appropriate approach due to the 

zoonotic origin and possible reverse zoonosis of the dynamics of transmission of SARS-CoV-2.  

According to Winck et al. (2022), outbreaks of zoonotic diseases are the result of an ecological, 

socioeconomic and demographic interconnection that determine conditions for greater contact between 

the vulnerable human population and wildlife in areas in environmental degradation and for the rapid 

geographical spread of infections.  These circumstances are verified both in the hypotheses of the 

emergence of SARS-CoV-2 as a human pathogen and in the possible perpetuation of the virus through 

reverse zoonosis, characterizing the pandemic as an event inseparable from environmental conditions. 

The evolution of the various variants of the virus may be related to the continuous spillover 

between species. Wei et al.  (2021) and Sun et al.  (2021) analyzed the genetic sequencing of the Ô 

micron variant and found that this strain had mutations adapted to rodents, which suggests that the 

Ômicron may have evolved from these hosts. Mutations in the cell receptor-binding protein of 

Ômicron have potential implications for the progression of the pandemic and for the possible escape 

of some types of vaccines that use the virus spike as an antigen in immunization (SUN et al., 2021; 

SHRESTHA et al., 2022; KONISHI, 2022). The variant adapted to mink, with mutations in cluster 5, 

infected up to 68% of those employed on farms breeding these animals (MOLENAAR et al., 2020; 

ORESHKOVA et al., 2020; HAMMER et al., 2021). 

Cui et al. (2022) points out that the Delta variant was the predominant among infections in 

animals, but infections were detected by all other variants of greater circulation in the different species 

investigated, indicating that there are few barriers to transmission between species.  According to 

Bashor et al. (2021), as of October 2021, 14 emerging variants of the SARS-CoV-2 virus had been 

detected in animals, with mutations in the structure of the capsid, spike and in non-structural genes.   

These researchers warn that the rapid selection of SARS-CoV-2 variants in animals illustrates that the 

spillover of infection to new hosts accelerates the evolution of new viral strains, revealing the adaptive 

plasticity of this coronavirus.  A worrying aspect is the great capacity of coronaviruses in general to 

recombine RNA, expanding the genetic diversity of this pathogen through new strains (GOLDSTEIN 

et al., 2021). Genetic combination is the process by which nucleic acid molecules of viral RNA 

exchange fragments, generating a new molecule, with differences in gene expression with possible 

changes in viral structure or infective capacity. Recombination processes are, together with mutations, 
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the main means of increasing genetic variability. The evolution of the virus by natural selection in 

different species, with diversity in biochemical and immunological characteristics, selects more 

adapted varieties that guarantee the perpetuation of viruses with new characteristics. New varieties 

may exhibit abilities in terms of infectivity and transmission different from the varieties that originated 

them, including the development of capacities for the jump between species that characterize the 

zoonotic process.  In this sense, the adaptation of SARS-CoV-2 as a viable pathogen in animals poses 

multiple risks in the evolution of the virus to other mammalian species, including those not yet 

susceptible to the virus, and to humans.  

Animals can become reservoirs of strains that are no longer prevalent in humans, so they can 

be reintroduced into the population by zoonotic route. The multiplicity of hosts also reflects in the 

variety of adaptations by mutational pathway, generating a greater number of variants and increasing 

the possibilities of new epidemic waves between animals and humans. The greater abundance of 

mutations may also have consequences in the escape of the immune response induced by vaccines that 

use viral proteins from strains with different structural characteristics from those existing in new 

variants. 

The introduction of new pathogens into sensitive populations can have dramatic impacts on the 

environment.  Yellow fever epidemics, for example, have resulted in the drastic reduction or local 

extinction of monkey species in Brazil and Argentina, (ALMEIDA et al., 2012; Moreno et al., 2015; 

ANDRADE et al., 2021; POSSAMAI et al., 2022), in addition to zoonotic transmission with reflexes 

in the human population. The consequences of the circulation of SARS-CoV-2 among animals 

susceptible and likely to develop the disease in wild environments goes beyond the issue of damage to 

a single animal species: the population reduction or extinction of a species affects the entire balance 

of the ecosystem, with results that can compromise even species not subject to infection by the new 

coronavirus  due to environmental imbalance in food chains, seed dispersal, pollination and  other 

regulatory mechanisms and interactions between biotic components. 

In addition to the transmission of the virus through direct contact between humans and animals, 

SARS-CoV-2 has the potential to be transmitted indirectly, by environmental contamination.  Several 

studies demonstrate the presence of viable viral particles in wastewater and sewage (BARCELO, 2020; 

BIVINS et al., 2020; LEE et al., 2020; MARTIN et al., 2020; Westhaus et al., 2021; ZANETI et al., 

2021). Environmental pressure, with the exposure of animals to high loads of pathogens continuously, 

is a source of infection and maintenance of pathogens in animals that frequent aquatic environments 

contaminated by domestic sewage, especially regarding microorganisms with zoonotic potential 

(FENG and XIAO, 2011; ARMON and CHERUTI, 2012; NORBERG et al., 2020). Franklin and 

Bevins (2020) draw attention to the potential for perpetuation of SARS-COV-2 through wastewater 
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contamination and consequent colonization or infection of animals.  The contamination of a European 

otter in a water reservoir in Spain (PADILLA-BLANCO et al.; 2022) may be related to this type of 

indirect contamination. Mustelids are among the animals most susceptible to SARS-CoV-2 and several 

species of this family have aquatic habits. We did not find in the current scientific literature 

investigations on the presence of SARS-CoV-2 amonglontras and otters in South America, animals 

potentially capable of sustaining an infection by the virus.  Marine mammals, such as seals and whales, 

have ACE2 receptors with high compatibility for the SARS-CoV-2 spike, and represent a high-risk 

group for contamination by the virus circulating in contaminated waters (DAMAS et al., 2002; 

MATHAVARAJAH et al., 2021; GAO et al., 2021; LI et al., 2022). 

Places with agglomeration of animals in contact with humans facilitate the transmission of the 

virus between species. Outbreaks on mink farms were facilitated by the accumulation of adjacent 

cages.  These facilities allow both free airflow and contact with animals within facilities with a high 

density of individuals, which combined with poor hygienic conditions and stress factors resulting from 

the overpopulation of mink, have fostered the spread of SARS-CoV-2 and created opportunities for 

viral variants (DÍAZ et al., 2021). Zoos may have the same conditions as animal husbandry farms, and 

the greater circulation of visitors and keepers may reflect in a greater number of human-to-animal 

transmission events (MCALOOSE et al., 2020) and, consequently, infections by different strains, 

increasing the potential for adaptation of the virus to the most diverse species of animals confined in 

these establishments. 

While monitoring on farms, zoos, and pets is relatively easier, with access to veterinary 

diagnosis and constant surveillance for possible signs and symptoms, research on free-living animals 

is basically fortuitous and relatively scarce.  of susceptible species already affected by the incidence 

of SARS-CoV-2 may be underestimated. The finding of the incidence of SARS-CoV-2 in white-tailed 

deer in several parts of the United States of America shortly after the warning of the research conducted 

by Chandler et al. (2021) illustrates that the detection of the novel coronavirus as reverse zoonosis can 

be carried out late, when a population has already been widely affected.  The lack of knowledge of the 

magnitude of the reverse zoonosis of SARS-CoV-2 in megadiverse countries such as Brazil represents 

a risk both for the mast fauna and for the ecosystem and human populations in a broader context under 

the prism of Single Health. 

 

4 CONCLUSIONS  

SARS-CoV-2 is a virus of zoonotic origin. Recent research indicates that the virus has shown 

potential for reverse zoonosis, infecting mammals in various parts of the planet. Mustelids, hamsters, 

felines, and old-world primates are the animals that showed the greatest susceptibility to SARS-CoV-
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2. The reverse zoonosis of SARS-COV-2 favored the emergence of variants whose mutations were 

adapted to the various physiological characteristics particular to the affected species. The infection of 

many mammalian species with varied strains increases the risk of adaptability of the virus, as well as 

the potential for mutability and circulation of strains that can return to humans, with new characteristics 

and with the possibility of escape from vaccine immunization with antigens of different strains of the 

new variant. The process of evolution of the virus points out that SARS-CoV-2 is likely to be persistent 

among mammals after the pandemic wave that has affected humanity. Transmission events of SARS-

CoV-2 from animals to humans have already been recorded, proving the interspecific infecting 

capacity of the virus. The spillover of SARS-CoV-2 to free-living animals sensitive to the virus may 

have consequences for the population of these species, with unpredictable morbidity and mortality 

aspects. 

Actions to mitigate the processes of zoonosis and reverse zoonosis of SARS-CoV-2 require 

actions at three levels. The first level is that of the human population, as human-to-human transmission 

is arguably the main driver of the spread of the novel coronavirus. The intensification of prevention 

and immunization mechanisms for the entire population is essential to accelerate the decrease in the 

incidence of the virus. Updating vaccine antigens with viral proteins from emerging strains before they 

are prevalent is an important step in trying to stop the advance of new variants that can adapt to new 

hosts. The second level is in the relationship between humans and animals of direct contact. Social 

isolation of humans along with their pets and periodic testing to ensure that there will be no viral 

transmission after the lockdown period are measures that should be adopted in public health protocols. 

Testing for the presence of SARS-CoV-2 among humans dealing with animals or zoo visitors is also 

a type of measure that would help decrease interspecies transmission. The third level refers to animal 

populations in the environment. Control measures are challenging in free-living animals. The 

intensification of the number of samples and the increase of epidemiological surveillance for a larger 

number of species may be important for the recognition of new variants, threats to the health of the 

local fauna and possible control measures related to the dynamics in the relationship between animals 

and the environment that may cause zoonotic or interspecies transmission.  Cui et al. (2022) suggests 

the use of commercially available veterinary vaccines against SARS-CoV-2, or the development of 

vaccines either for dispersal in water or environment, an experimental strategy used to control rabies 

in wildlife. An example of using this strategy was the vaccination of birds with the H5/H7 influenza 

virus vaccine, which not only successfully prevented influenza in birds, but also prevented human 

infection with the H7N9 virus in China (XIANG et al., 2022). These strategies, feasible in domestic 

and extensively farmed animals, would be effective only in small populations of free-living animals 

and require great efforts and costs.  Comprehensive effects of the expansion of SARS-CoV-2 to other 
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species indicate that the adoption of measures to prevent reverse zoonosis are the most indicated to 

reduce the damage resulting from the evolution of viruses in relation to the number of hosts. 

  



 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

REFERENCES 

 

Aart, a. E., velkers, f. C., fischer, e. A. J., broens, e. M., egberink, h., zhao, s., engelsma, m., hakze‐
van der honing, r. W., harders, f., rooij, m. M. T., radstake, c., meijer, p. A., oude munnink, b. B., rond, 
j., sikkema, r. S., spek, a. N., spierenburg, m., wolters, w. J., molenaar, r., … smit, l. A. M. (2021). 
Sars‐cov‐2 infection in cats and dogs in infected mink farms. Transboundary and emerging diseases, 
tbed.14173. Https://doi.org/10.1111/tbed.14173 
 
Abreu, f. V. S. De, macedo, m. V., da silva, a. J. J., de oliveira, c. H., de ottone, v. O., de almeida, m. 
A. B., dos santos, e., da cardoso, j. C., campos, a. S., da silva, c. M. D., da silva, a. G., de andrade, m. 
S., bernis, v. M. O., bernis filho, w. O., de trindade, g. S., albuquerque, g. R., da sevá, a. P., ribeiro, b. 
M., teixeira, d. S., … de oliveira, d. B. (2021). No evidence of sars-cov-2 infection in neotropical 
primates sampled during covid-19 pandemic in minas gerais and rio grande do sul, brazil. Ecohealth, 
18(4), 414–420. Https://doi.org/10.1007/s10393-021-01569-1 
 
Aguiló-gisbert, j., padilla-blanco, m., lizana, v., maiques, e., muñoz-baquero, m., chillida-martínez, e., 
cardells, j., & rubio-guerri, c. (2021). First description of sars-cov-2 infection in two feral american 
mink (neovison vison) caught in the wild. Animals, 11(5), 1422. Https://doi.org/10.3390/ani11051422 
 
Alexander, m. R., schoeder, c. T., brown, j. A., smart, c. D., moth, c., wikswo, j. P., capra, j. A., meiler, 
j., chen, w., & madhur, m. S. (2020). Predicting susceptibility to sars‐cov‐2 infection based on 
structural differences in ace2 across species. The faseb journal, 34(12), 15946–15960. 
Https://doi.org/10.1096/fj.202001808r 
 
Allender, m. C., adkesson, m. J., langan, j. N., delk, k. W., meehan, t., aitken‐palmer, c., mcentire, m. 
M., killian, m. L., torchetti, m., morales, s. A., austin, c., fredrickson, r., olmstead, c., ke, r., smith, r., 
hostnik, e. T., terio, k., & wang, l. (2022). Multi‐species outbreak of sars‐cov‐2 delta variant in a 
zoological institution, with the detection in two new families of carnivores. Transboundary and 

emerging diseases, tbed.14662. Https://doi.org/10.1111/tbed.14662 
 
Almeida, m. A. B. De, santos, e. Dos, cardoso, j. Da c., fonseca, d. F. Da, noll, c. A., silveira, v. R., 
maeda, a. Y., souza, r. P. De, kanamura, c., & brasil, r. A. (2012). Yellow fever outbreak affecting 
alouatta populations in southern brazil (rio grande do sul state), 2008-2009. American journal of 

primatology, 74(1), 68–76. Https://doi.org/10.1002/ajp.21010 
 
Andrade, m. De s., campos, f. S., campos, a. A. S., abreu, f. V. S., melo, f. L., sevá, a. Da p., cardoso, 
j. Da c., dos santos, e., born, l. C., silva, c. M. D. Da, müller, n. F. D., oliveira, c. H. De, silva, a. J. J. 
Da, simonini-teixeira, d., bernal-valle, s., mares-guia, m. A. M. M., albuquerque, g. R., romano, a. P. 
M., franco, a. C., … almeida, m. A. B. De. (2021). Real-time genomic surveillance during the 2021 
re-emergence of the yellow fever virus in rio grande do sul state, brazil. Viruses, 13(10), 1976. 
Https://doi.org/10.3390/v13101976 
 
Armon, r., & cheruti, u. (2012). Environmental aspects of zoonotic diseases (1. Publ). Iwa publ. 
 
Auerswald, h., low, d. H. W., siegers, j. Y., ou, t., kol, s., in, s., linster, m., su, y. C. F., mendenhall, i. 
H., duong, v., smith, g. J. D., & karlsson, e. A. (2022). A look inside the replication dynamics of sars-
cov-2 in blyth’s horseshoe bat (rhinolophus lepidus) kidney cells. Microbiology spectrum, 10(3), 
e00449-22. Https://doi.org/10.1128/spectrum.00449-22 
 
Bacellar, a. E. D. F., cronemberger de faria, c., de souza soares, l., de sousa stein, d., alves de oliveira 
dumard siqueira, h., deiss de faria, i., & ramos hentz pinto, ú. (2022). Influência da disponibilidade de 

https://doi.org/10.1111/tbed.14173
https://doi.org/10.1007/s10393-021-01569-1
https://doi.org/10.3390/ani11051422
https://doi.org/10.1096/fj.202001808R
https://doi.org/10.1111/tbed.14662
https://doi.org/10.1002/ajp.21010
https://doi.org/10.3390/v13101976
https://doi.org/10.1128/spectrum.00449-22


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

alimentos de origem antrópica sobre o comportamento natural de nasua nasua (linnaeus, 1766) no 
parque nacional da serra dos órgãos, teresópolis, rio de janeiro. Biodiversidade brasileira - biobrasil, 
12(1), 44–59. Https://doi.org/10.37002/biobrasil.v12i1.1844 
 
Barcelo, d. (2020). An environmental and health perspective for covid-19 outbreak meteorology and 
air quality influence, sewage epidemiology indicator, hospitals disinfection, drug therapies and 
recommendations. Journal of environmental chemical engineering, 8(4), 104006. 
Https://doi.org/10.1016/j.jece.2020.104006 
 
Barroso, r., vieira-pires, a., antunes, a., & fidalgo-carvalho, i. (2022). Susceptibility of pets to sars-cov-
2 infection: lessons from a seroepidemiologic survey of cats and dogs in portugal. Microorganisms, 
10(2), 345. Https://doi.org/10.3390/microorganisms10020345 
 
Barroso‐arévalo, s., barneto, a., ramos, á. M., rivera, b., sánchez, r., sánchez‐morales, l., pérez‐sancho, 
m., buendía, a., ferreras, e., ortiz‐menéndez, j. C., moreno, i., serres, c., vela, c., risalde, m. Á., 
domínguez, l., & sánchez‐vizcaíno, j. M. (2022). Large‐scale study on virological and serological 
prevalence of sars‐cov‐2 in cats and dogs in spain. Transboundary and emerging diseases, 69(4). 
Https://doi.org/10.1111/tbed.14366 
 
Bartlett, s. L., diel, d. G., wang, l., zec, s., laverack, m., martins, m., caserta, l. C., killian, m. L., terio, 
k., olmstead, c., delaney, m. A., stokol, t., ivančić, m., jenkins-moore, m., ingerman, k., teegan, t., 
mccann, c., thomas, p., mcaloose, d., … calle, p. P. (2021). Sars-cov-2 infection and longitudinal fecal 
screening in malayan tigers (panthera tigris jacksoni), amur tigers (panthera tigris altaica) and african 
lions (panthera leo krugeri) at the bronxk zoo, new york, usa. Journal of zoo and wildlife medicine, 
51(4). Https://doi.org/10.1638/2020-0171 
 
Barua, a., grot, n., & plawski, a. (2022). The basis of mink susceptibility to sars-cov-2 infection. 
Journal of applied genetics. Https://doi.org/10.1007/s13353-022-00689-w 
 
Bashor, l., gagne, r. B., bosco-lauth, a. M., bowen, r. A., stenglein, m., & vandewoude, s. (2021). Sars-
cov-2 evolution in animals suggests mechanisms for rapid variant selection. Proceedings of the 

national academy of sciences, 118(44), e2105253118. Https://doi.org/10.1073/pnas.2105253118 
 
Bbc. (2021, 4 de dezembro). Belgian zoo hippos test positive for covid. Bbc news. 
Https://www.bbc.com/news/world-europe-59516896 
 
Bhardwaj, a., sapra, l., saini, c., azam, z., mishra, p. K., verma, b., mishra, g. C., & srivastava, r. K. 
(2022). Covid-19: immunology, immunopathogenesis and potential therapies. International reviews of 

immunology, 41(2), 171–206. Https://doi.org/10.1080/08830185.2021.1883600 
 
Bhattacharjee, m. J., lin, j.-j., chang, c.-y., chiou, y.-t., li, t.-n., tai, c.-w., shiu, t.-f., chen, c.a., chou, c.-
y., chakraborty, p., tseng, y. Y., wang, l. H.-c., & li, w.-h. (2021). Identifying primate ace2 variants 
that confer resistance to sars-cov-2. Molecular biology and evolution, 38(7), 2715–2731. 
Https://doi.org/10.1093/molbev/msab060 
 
Bivins, a., greaves, j., fischer, r., yinda, k. C., ahmed, w., kitajima, m., munster, v. J., & bibby, k. 
(2020). Persistence of sars-cov-2 in water and wastewater. Environmental science & technology 

letters, 7(12), 937–942. Https://doi.org/10.1021/acs.estlett.0c00730 
 
Blaurock, c., breithaupt, a., weber, s., wylezich, c., keller, m., mohl, b.-p., görlich, d., groschup, m. H., 
sadeghi, b., höper, d., mettenleiter, t. C., & balkema-buschmann, a. (2022). Compellingly high sars-

https://doi.org/10.37002/biobrasil.v12i1.1844
https://doi.org/10.1016/j.jece.2020.104006
https://doi.org/10.3390/microorganisms10020345
https://doi.org/10.1111/tbed.14366
https://doi.org/10.1638/2020-0171
https://doi.org/10.1007/s13353-022-00689-w
https://doi.org/10.1073/pnas.2105253118
https://doi.org/10.1080/08830185.2021.1883600
https://doi.org/10.1093/molbev/msab060
https://doi.org/10.1021/acs.estlett.0c00730


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

cov-2 susceptibility of golden syrian hamsters suggests multiple zoonotic infections of pet hamsters 

during the covid-19 pandemic [preprint]. Microbiology. Https://doi.org/10.1101/2022.04.19.488826 
 
Bosco-lauth, a. M., hartwig, a. E., porter, s. M., gordy, p. W., nehring, m., byas, a. D., vandewoude, s., 
ragan, i. K., maison, r. M., & bowen, r. A. (2020). Experimental infection of domestic dogs and cats 
with sars-cov-2: pathogenesis, transmission, and response to reexposure in cats. Proceedings of the 

national academy of sciences, 117(42), 26382–26388. Https://doi.org/10.1073/pnas.2013102117 
 
Bouricha, e. M., hakmi, m., akachar, j., belyamani, l., & ibrahimi, a. (2020). In silico analysis of ace2 
orthologues to predict animal host range with high susceptibility to sars-cov-2. 3 biotech, 10(11), 483. 
Https://doi.org/10.1007/s13205-020-02471-3 
 
Brandão, l. N. S., homochiski, d. P., oliveira, l. B. De, oliveira, r. M. S. De, & maciel, s. A. (2021). 
Detection of sars-cov-2 by the rt-qpcr in domestic cats. Research, society and development, 10(9), 
e40110918184. Https://doi.org/10.33448/rsd-v10i9.18184 
 
Braun, k. M., moreno, g. K., halfmann, p. J., hodcroft, e. B., baker, d. A., boehm, e. C., weiler, a. M., 
haj, a. K., hatta, m., chiba, s., maemura, t., kawaoka, y., koelle, k., o’connor, d. H., & friedrich, t. C. 
(2021). Transmission of sars-cov-2 in domestic cats imposes a narrow bottleneck. Plos pathogens, 
17(2), e1009373. Https://doi.org/10.1371/journal.ppat.1009373 
 
Briceño-méndez, m., contreras-perera, y., & montiel, s. (2021). Subsistence hunting during the covid-
19 pandemic: the case of the white-tailed deer (odocoileus virginianus ) in rural communities of 
calakmul, campeche, mexico. Tropical conservation science, 14, 194008292110667. 
Https://doi.org/10.1177/19400829211066713 
 
Cavanagh, d., & britton, p. (2008). Coronaviruses: general features. Em encyclopedia of virology (p. 
549–554). Elsevier. Https://doi.org/10.1016/b978-012374410-4.00370-8 
 
Chaintoutis, s. C., siarkou, v. I., mylonakis, m. E., kazakos, g. M., skeva, p., bampali, m., dimitriou, 
m., dovrolis, n., polizopoulou, z. S., karakasiliotis, i., & dovas, c. I. (2022). Limited cross‐species 
transmission and absence of mutations associated with sars‐cov‐2 adaptation in cats: a case study of 
infection in a small household setting. Transboundary and emerging diseases, 69(3), 1606–1616. 
Https://doi.org/10.1111/tbed.14132 
 
Chandler, j. C., bevins, s. N., ellis, j. W., linder, t. J., tell, r. M., jenkins-moore, m., root, j. J., lenoch, 
j. B., robbe-austerman, s., deliberto, t. J., gidlewski, t., kim torchetti, m., & shriner, s. A. (2021). Sars-
cov-2 exposure in wild white-tailed deer (odocoileus virginianus). Proceedings of the national 

academy of sciences, 118(47), e2114828118. Https://doi.org/10.1073/pnas.2114828118 
 
Clayton, e., ackerley, j., aelmans, m., ali, n., ashcroft, z., ashton, c., barker, r., budryte, v., burrows, c., 
cai, s., callaghan, a., carberry, j., chatwin, r., davies, i., farlow, c., gamblin, s., iacobut, a., lambe, a., 
lynch, f., munir, m. (2022). Structural bases of zoonotic and zooanthroponotic transmission of sars-
cov-2. Viruses, 14(2), 418. Https://doi.org/10.3390/v14020418 
 
Cox-witton, k., baker, m. L., edson, d., peel, a. J., welbergen, j. A., & field, h. (2021). Risk of sars-
cov-2 transmission from humans to bats – an australian assessment. One health, 13, 100247. 
Https://doi.org/10.1016/j.onehlt.2021.100247 
 

https://doi.org/10.1101/2022.04.19.488826
https://doi.org/10.1073/pnas.2013102117
https://doi.org/10.1007/s13205-020-02471-3
https://doi.org/10.33448/rsd-v10i9.18184
https://doi.org/10.1371/journal.ppat.1009373
https://doi.org/10.1177/19400829211066713
https://doi.org/10.1016/B978-012374410-4.00370-8
https://doi.org/10.1111/tbed.14132
https://doi.org/10.1073/pnas.2114828118
https://doi.org/10.3390/v14020418
https://doi.org/10.1016/j.onehlt.2021.100247


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

Cui, s., liu, y., zhao, j., peng, x., lu, g., shi, w., pan, y., zhang, d., yang, p., & wang, q. (2022). An 
updated review on sars-cov-2 infection in animals. Viruses, 14(7), 1527. 
Https://doi.org/10.3390/v14071527 
 
Curukoglu, a., ergoren, m., ozgencil, f., sayiner, s., ince, m., & sanlidag, t. (2021). First direct human‐
to‐cat transmission of the sars‐cov ‐2 b.1.1.7 variant. Australian veterinary journal, 99(11), 482–488. 
Https://doi.org/10.1111/avj.13109 
 
Cushing, a. C., sawatzki, k., grome, h. N., puryear, w. B., kelly, n., & runstadler, j. (2021). Duration 
of antigens shedding and development of antibody titers inmalayan tigers (panthera tigris jacksoni) 
naturally infected with sars-cov-2. Journal of zoo and wildlife medicine, 52(4). 
Https://doi.org/10.1638/2021-0042 
 
Dakroub, h., russo, d., cistrone, l., serra, f., fusco, g., de carlo, e., & amoroso, m. G. (2022). A first 
assessment of sars-cov-2 circulation in bats of central–southern italy. Pathogens, 11(7), 742. 
Https://doi.org/10.3390/pathogens11070742 
 
Damas, j., hughes, g. M., keough, k. C., painter, c. A., persky, n. S., corbo, m., hiller, m., koepfli, k.-
p., pfenning, a. R., zhao, h., genereux, d. P., swofford, r., pollard, k. S., ryder, o. A., nweeia, m. T., 
lindblad-toh, k., teeling, e. C., karlsson, e. K., & lewin, h. A. (2020). Broad host range of sars-cov-2 
predicted by comparative and structural analysis of ace2 in vertebrates. Proceedings of the national 

academy of sciences, 117(36), 22311–22322. Https://doi.org/10.1073/pnas.2010146117 
 
Demeny, k., mcloon, m., winesett, b., fastner, j., hammerer, e., & pauli, j. N. (2019). Food subsidies of 
raccoons ( procyon lotor ) in anthropogenic landscapes. Canadian journal of zoology, 97(7), 654–657. 
Https://doi.org/10.1139/cjz-2018-0286 
 
Devaux, c. A., pinault, l., osman, i. O., & raoult, d. (2021). Can ace2 receptor polymorphism predict 
species susceptibility to sars-cov-2? Frontiers in public health, 8, 608765. 
Https://doi.org/10.3389/fpubh.2020.608765 
 
Díaz, a. V., walker, m., & webster, j. P. (2021). Surveillance and control of sars‐cov‐2 in mustelids: an 
evolutionary perspective. Evolutionary applications, 14(12), 2715–2725. 
Https://doi.org/10.1111/eva.13310 
 
Dowall, s., salguero, f. J., wiblin, n., fotheringham, s., hatch, g., parks, s., gowan, k., harris, d., carnell, 
o., fell, r., watson, r., graham, v., gooch, k., hall, y., mizen, s., & hewson, r. (2021). Development of a 
hamster natural transmission model of sars-cov-2 infection. Viruses, 13(11), 2251. 
Https://doi.org/10.3390/v13112251 
 
Dyer, o. (2020). Covid-19: denmark to kill 17 million minks over mutation that could undermine 
vaccine effort. Bmj, m4338. Https://doi.org/10.1136/bmj.m4338 
 
Eckstrand, c. D., baldwin, t. J., rood, k. A., clayton, m. J., lott, j. K., wolking, r. M., bradway, d. S., & 
baszler, t. (2021). An outbreak of sars-cov-2 with high mortality in mink (neovison vison) on multiple 
utah farms. Plos pathogens, 17(11), e1009952. Https://doi.org/10.1371/journal.ppat.1009952 
 
European centre for disease prevention and control. Mers-cov worldwide overview – 5 july 2020. 
Disponível em: https://www.ecdc.europa.eu/en/middle-east-respiratory-syndrome-coronavirus-mers-
cov-situation-update  
 

https://doi.org/10.3390/v14071527
https://doi.org/10.1111/avj.13109
https://doi.org/10.1638/2021-0042
https://doi.org/10.3390/pathogens11070742
https://doi.org/10.1073/pnas.2010146117
https://doi.org/10.1139/cjz-2018-0286
https://doi.org/10.3389/fpubh.2020.608765
https://doi.org/10.1111/eva.13310
https://doi.org/10.3390/v13112251
https://doi.org/10.1136/bmj.m4338
https://doi.org/10.1371/journal.ppat.1009952
https://www.ecdc.europa.eu/en/middle-east-respiratory-syndrome-coronavirus-mers-cov-situation-update
https://www.ecdc.europa.eu/en/middle-east-respiratory-syndrome-coronavirus-mers-cov-situation-update


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

European food safety authority and european centre for disease prevention and control, boklund, a., 
gortázar, c., pasquali, p., roberts, h., nielsen, s. S., stahl, k., stegeman, a., baldinelli, f., broglia, a., van 
der stede, y., adlhoch, c., alm, e., melidou, a., & mirinaviciute, g. (2021). Monitoring of sars‐cov‐2 
infection in mustelids. Efsa journal, 19(3). Https://doi.org/10.2903/j.efsa.2021.6459 
 
Evans, d. J. (2008). Viral receptors. Em encyclopedia of virology (p. 319–324). Elsevier. 
Https://doi.org/10.1016/b978-012374410-4.00531-8 
Feng, y., & xiao, l. (2011). Zoonotic potential and molecular epidemiology of giardia species and 
giardiasis. Clinical microbiology reviews, 24(1), 110–140. Https://doi.org/10.1128/cmr.00033-10 
 
Fernández-bellon, h., rodon, j., fernández-bastit, l., almagro, v., padilla-solé, p., lorca-oró, c., valle, r., 
roca, n., grazioli, s., trogu, t., bensaid, a., carrillo, j., izquierdo-useros, n., blanco, j., parera, m., 
noguera-julián, m., clotet, b., moreno, a., segalés, j., & vergara-alert, j. (2021). Monitoring natural sars-
cov-2 infection in lions (panthera leo) at the barcelona zoo: viral dynamics and host responses. Viruses, 
13(9), 1683. Https://doi.org/10.3390/v13091683 
 
Forni, d., cagliani, r., clerici, m., & sironi, m. (2017). Molecular evolution of human coronavirus 
genomes. Trends in microbiology, 25(1), 35–48. Https://doi.org/10.1016/j.tim.2016.09.001 
 
Franklin, a. B., & bevins, s. N. (2020). Spillover of sars-cov-2 into novel wild hosts in north america: 
a conceptual model for perpetuation of the pathogen. Science of the total environment, 733, 139358. 
Https://doi.org/10.1016/j.scitotenv.2020.139358 
 
Freuling, c. M., breithaupt, a., müller, t., sehl, j., balkema-buschmann, a., rissmann, m., klein, a., 
wylezich, c., höper, d., wernike, k., aebischer, a., hoffmann, d., friedrichs, v., dorhoi, a., groschup, m. 
H., beer, m., & mettenleiter, t. C. (2020). Susceptibility of raccoon dogs for experimental sars-cov-2 
infection. Emerging infectious diseases, 26(12), 2982–2985. Https://doi.org/10.3201/eid2612.203733 
 
Frutos, r., & devaux, c. A. (2020). Mass culling of minks to protect the covid-19 vaccines: is it rational? 
New microbes and new infections, 38, 100816. Https://doi.org/10.1016/j.nmni.2020.100816 
 
Gao, s., luan, j., cui, h., & zhang, l. (2021). Ace2 isoform diversity predicts the host susceptibility of 
sars‐cov‐2. Transboundary and emerging diseases, 68(3), 1026–1032. 
Https://doi.org/10.1111/tbed.13773 
 
Gaudreault, n. N., trujillo, j. D., carossino, m., meekins, d. A., morozov, i., madden, d. W., indran, s. 
V., bold, d., balaraman, v., kwon, t., artiaga, b. L., cool, k., garcía-sastre, a., ma, w., wilson, w. C., 
henningson, j., balasuriya, u. B. R., & richt, j. A. (2020). Sars-cov-2 infection, disease and transmission 
in domestic cats. Emerging microbes & infections, 9(1), 2322–2332. 
Https://doi.org/10.1080/22221751.2020.1833687 
 
Gibbons, a. (2021). Captive gorillas test positive for coronavirus. Science. 
Https://doi.org/10.1126/science.abg5458 
 
Giner, j., villanueva-saz, s., tobajas, a. P., pérez, m. D., gonzález, a., verde, m., yzuel, a., garcía-garcía, 
a., taleb, v., lira-navarrete, e., hurtado-guerrero, r., pardo, j., santiago, l., paño, j. R., ruíz, h., lacasta, 
d., & fernández, a. (2021). Sars-cov-2 seroprevalence in household domestic ferrets (mustela putorius 
furo). Animals, 11(3), 667. Https://doi.org/10.3390/ani11030667 
 

https://doi.org/10.2903/j.efsa.2021.6459
https://doi.org/10.1016/B978-012374410-4.00531-8
https://doi.org/10.1128/CMR.00033-10
https://doi.org/10.3390/v13091683
https://doi.org/10.1016/j.tim.2016.09.001
https://doi.org/10.1016/j.scitotenv.2020.139358
https://doi.org/10.3201/eid2612.203733
https://doi.org/10.1016/j.nmni.2020.100816
https://doi.org/10.1111/tbed.13773
https://doi.org/10.1080/22221751.2020.1833687
https://doi.org/10.1126/science.abg5458
https://doi.org/10.3390/ani11030667


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

Giraldo-ramirez, s., rendon-marin, s., jaimes, j. A., martinez-gutierrez, m., & ruiz-saenz, j. (2021). 
Sars-cov-2 clinical outcome in domestic and wild cats: a systematic review. Animals, 11(7), 2056. 
Https://doi.org/10.3390/ani11072056 
 
Goldstein, s. A., brown, j., pedersen, b. S., quinlan, a. R., & elde, n. C. (2021). Extensive 

recombination-driven coronavirus diversification expands the pool of potential pandemic pathogens 
[preprint]. Evolutionary biology. Https://doi.org/10.1101/2021.02.03.429646 
 
Gortázar, c., barroso-arévalo, s., ferreras-colino, e., isla, j., de la fuente, g., rivera, b., domínguez, l., de 
la fuente, j., & sánchez-vizcaíno, j. M. (2021). Natural sars-cov-2 infection in kept ferrets, spain. 
Emerging infectious diseases, 27(7), 1994–1996. Https://doi.org/10.3201/eid2707.210096 
 
Grome, h. N., meyer, b., read, e., buchanan, m., cushing, a., sawatzki, k., levinson, k. J., thomas, l. S., 
perry, z., uehara, a., tao, y., queen, k., tong, s., ghai, r., fill, m.-m., jones, t. F., schaffner, w., & dunn, 
j. (2022). Sars-cov-2 outbreak among malayan tigers and humans, tennessee, usa, 2020. Emerging 

infectious diseases, 28(4), 833–836. Https://doi.org/10.3201/eid2804.212219 
 
Hale, v. L., dennis, p. M., mcbride, d. S., nolting, j. M., madden, c., huey, d., ehrlich, m., grieser, j., 
winston, j., lombardi, d., gibson, s., saif, l., killian, m. L., lantz, k., tell, r. M., torchetti, m., robbe-
austerman, s., nelson, m. I., faith, s. A., & bowman, a. S. (2022). Sars-cov-2 infection in free-ranging 
white-tailed deer. Nature, 602(7897), 481–486. Https://doi.org/10.1038/s41586-021-04353-x 
 
Halfmann, p. J., hatta, m., chiba, s., maemura, t., fan, s., takeda, m., kinoshita, n., hattori, s., sakai-
tagawa, y., iwatsuki-horimoto, k., imai, m., & kawaoka, y. (2020). Transmission of sars-cov-2 in 
domestic cats. New england journal of medicine, 383(6), 592–594. 
Https://doi.org/10.1056/nejmc2013400 
 
Hamer, s. A., ghai, r. R., zecca, i. B., auckland, l. D., roundy, c. M., davila, e., busselman, r. E., tang, 
w., pauvolid‐corrêa, a., killian, m. L., jenkins‐moore, m., torchetti, m. K., robbe austerman, s., lim, a., 
akpalu, y., fischer, r. S. B., barton behravesh, c., & hamer, g. L. (2022). Sars‐cov‐2 b.1.1.7 variant of 
concern detected in a pet dog and cat after exposure to a person with covid‐19, usa. Transboundary 

and emerging diseases, 69(3), 1656–1658. Https://doi.org/10.1111/tbed.14122 
 
Hammer, a. S., quaade, m. L., rasmussen, t. B., fonager, j., rasmussen, m., mundbjerg, k., lohse, l., 
strandbygaard, b., jørgensen, c. S., alfaro-núñez, a., rosenstierne, m. W., boklund, a., halasa, t., 
fomsgaard, a., belsham, g. J., & bøtner, a. (2021). Sars-cov-2 transmission between mink ( neovison 

vison ) and humans, denmark. Emerging infectious diseases, 27(2), 547–551. 
Https://doi.org/10.3201/eid2702.203794 
 
Harrington, l. A., díez‐león, m., gómez, a., harrington, a., macdonald, d. W., maran, t., põdra, m., & 
roy, s. (2021). Wild american mink ( neovison vison ) may pose a covid‐19 threat. Frontiers in ecology 

and the environment, 19(5), 266–267. Https://doi.org/10.1002/fee.2344 
 
Harvey, w. T., carabelli, a. M., jackson, b., gupta, r. K., thomson, e. C., harrison, e. M., ludden, c., 
reeve, r., rambaut, a., covid-19 genomics uk (cog-uk) consortium, peacock, s. J., & robertson, d. L. 
(2021). Sars-cov-2 variants, spike mutations and immune escape. Nature reviews microbiology, 19(7), 
409–424. Https://doi.org/10.1038/s41579-021-00573-0 
 
Hosie, m. J., epifano, i., herder, v., orton, r. J., stevenson, a., johnson, n., macdonald, e., dunbar, d., 
mcdonald, m., howie, f., tennant, b., herrity, d., da silva filipe, a., streicker, d. G., the covid‐19 
genomics uk (cog‐uk) consortium, willett, b. J., murcia, p. R., jarrett, r. F., robertson, d. L., & weir, w. 

https://doi.org/10.3390/ani11072056
https://doi.org/10.1101/2021.02.03.429646
https://doi.org/10.3201/eid2707.210096
https://doi.org/10.3201/eid2804.212219
https://doi.org/10.1038/s41586-021-04353-x
https://doi.org/10.1056/NEJMc2013400
https://doi.org/10.1111/tbed.14122
https://doi.org/10.3201/eid2702.203794
https://doi.org/10.1002/fee.2344
https://doi.org/10.1038/s41579-021-00573-0


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

(2021). Detection of sars‐cov‐2 in respiratory samples from cats in the uk associated with human‐to‐
cat transmission. Veterinary record, 188(8). Https://doi.org/10.1002/vetr.247 
 
Islam, a., ferdous, j., sayeed, md. A., islam, s., kaisar rahman, md., abedin, j., saha, o., hassan, m. M., 
& shirin, t. (2021). Spatial epidemiology and genetic diversity of sars-cov-2 and related coronaviruses 
in domestic and wild animals. Plos one, 16(12), e0260635. 
Https://doi.org/10.1371/journal.pone.0260635 
 
Jairak, w., chamsai, e., udom, k., charoenkul, k., chaiyawong, s., techakriengkrai, n., tangwangvivat, 
r., suwannakarn, k., & amonsin, a. (2022). Sars-cov-2 delta variant infection in domestic dogs and cats, 
thailand. Scientific reports, 12(1), 8403. Https://doi.org/10.1038/s41598-022-12468-y 
 
Jones, k. E., patel, n. G., levy, m. A., storeygard, a., balk, d., gittleman, j. L., & daszak, p. (2008). 
Global trends in emerging infectious diseases. Nature, 451(7181), 990–993. 
Https://doi.org/10.1038/nature06536 
 
Karikalan, m., chander, v., mahajan, s., deol, p., agrawal, r. K., nandi, s., rai, s. K., mathur, a., pawde, 
a., singh, k. P., & sharma, g. K. (2021). Natural infection of delta mutant of sars‐cov‐2 in asiatic lions 
of india. Transboundary and emerging diseases, tbed.14290. Https://doi.org/10.1111/tbed.14290 
 
Keller, m., hagag, i. T., balzer, j., beyer, k., kersebohm, j. C., sadeghi, b., wernike, k., höper, d., 
wylezich, c., beer, m., & groschup, m. H. (2021). Detection of sars-cov-2 variant b.1.1.7 in a cat in 
germany. Research in veterinary science, 140, 229–232. Https://doi.org/10.1016/j.rvsc.2021.09.008 
 
Kim, y.-i., kim, s.-g., kim, s.-m., kim, e.-h., park, s.-j., yu, k.-m., chang, j.-h., kim, e. J., lee, s., casel, 
m. A. B., um, j., song, m.-s., jeong, h. W., lai, v. D., kim, y., chin, b. S., park, j.-s., chung, k.-h., foo, 
s.-s., … choi, y. K. (2020). Infection and rapid transmission of sars-cov-2 in ferrets. Cell host & 

microbe, 27(5), 704-709.e2. Https://doi.org/10.1016/j.chom.2020.03.023 
 
Klaus, j., palizzotto, c., zini, e., meli, m. L., leo, c., egberink, h., zhao, s., & hofmann-lehmann, r. 
(2021). Sars-cov-2 infection and antibody response in a symptomatic cat from italy with intestinal b-
cell lymphoma. Viruses, 13(3), 527. Https://doi.org/10.3390/v13030527 
 
Kok, k.-h., wong, s.-c., chan, w.-m., wen, l., chu, a. W.-h., ip, j. D., lee, l.-k., wong, i. T.-f., lo, h. W.-
h., cheng, v. C.-c., ho, a. Y.-m., lam, b. H.-s., tse, h., lung, d., ng, k. N. H.-l., au, a. K.-w., siu, g. K.-h., 
& yuen, k.-y. (2022). Co-circulation of two sars-cov-2 variant strains within imported pet hamsters in 
hong kong. Emerging microbes & infections, 11(1), 689–698. 
Https://doi.org/10.1080/22221751.2022.2040922 
 
Koley, t., madaan, s., chowdhury, s. R., kumar, m., kaur, p., singh, t. P., & ethayathulla, a. S. (2021). 
Structural analysis of covid-19 spike protein in recognizing the ace2 receptor of different mammalian 
species and its susceptibility to viral infection. 3 biotech, 11(2), 109. Https://doi.org/10.1007/s13205-
020-02599-2 
 
Konishi, t. (2022). Mutations in sars-cov-2 are on the increase against the acquired immunity. Plos 

one, 17(7), e0271305. Https://doi.org/10.1371/journal.pone.0271305 
 
Kuchipudi, s. V., nelli, r. K., gontu, a., satyakumar, r., surendran nair, m., & subbiah, m. (2021). Sialic 
acid receptors: the key to solving the enigma of zoonotic virus spillover. Viruses, 13(2), 262. 
Https://doi.org/10.3390/v13020262 
 

https://doi.org/10.1002/vetr.247
https://doi.org/10.1371/journal.pone.0260635
https://doi.org/10.1038/s41598-022-12468-y
https://doi.org/10.1038/nature06536
https://doi.org/10.1111/tbed.14290
https://doi.org/10.1016/j.rvsc.2021.09.008
https://doi.org/10.1016/j.chom.2020.03.023
https://doi.org/10.3390/v13030527
https://doi.org/10.1080/22221751.2022.2040922
https://doi.org/10.1007/s13205-020-02599-2
https://doi.org/10.1007/s13205-020-02599-2
https://doi.org/10.1371/journal.pone.0271305
https://doi.org/10.3390/v13020262


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

Kuchipudi, s. V., surendran-nair, m., ruden, r. M., yon, m., nissly, r. H., vandegrift, k. J., nelli, r. K., li, 
l., jayarao, b. M., maranas, c. D., levine, n., willgert, k., conlan, a. J. K., olsen, r. J., davis, j. J., musser, 
j. M., hudson, p. J., & kapur, v. (2022). Multiple spillovers from humans and onward transmission of 
sars-cov-2 in white-tailed deer. Proceedings of the national academy of sciences, 119(6), 
e2121644119. Https://doi.org/10.1073/pnas.2121644119 
 
Kumar, a., pandey, s. N., pareek, v., narayan, r. K., faiq, m. A., & kumari, c. (2021). Predicting 
susceptibility for sars‐cov‐2 infection in domestic and wildlife animals using ace2 protein sequence 
homology. Zoo biology, 40(1), 79–85. Https://doi.org/10.1002/zoo.21576 
 
Kutter, j. S., de meulder, d., bestebroer, t. M., lexmond, p., mulders, a., richard, m., fouchier, r. A. M., 
& herfst, s. (2021). Sars-cov and sars-cov-2 are transmitted through the air between ferrets over more 
than one meter distance. Nature communications, 12(1), 1653. Https://doi.org/10.1038/s41467-021-
21918-6 
 
Lam, s. D., bordin, n., waman, v. P., scholes, h. M., ashford, p., sen, n., van dorp, l., rauer, c., dawson, 
n. L., pang, c. S. M., abbasian, m., sillitoe, i., edwards, s. J. L., fraternali, f., lees, j. G., santini, j. M., 
& orengo, c. A. (2020). Sars-cov-2 spike protein predicted to form complexes with host receptor 
protein orthologues from a broad range of mammals. Scientific reports, 10(1), 16471. 
Https://doi.org/10.1038/s41598-020-71936-5 
 
Larsen, c. S., & paludan, s. R. (2020). Corona’s new coat: sars-cov-2 in danish minks and implications 
for travel medicine. Travel medicine and infectious disease, 38, 101922. 
Https://doi.org/10.1016/j.tmaid.2020.101922 
 
Lee, n., hui, d., wu, a., chan, p., cameron, p., joynt, g. M., ahuja, a., yung, m. Y., leung, c. B., to, k. F., 
lui, s. F., szeto, c. C., chung, s., & sung, j. J. Y. (2003). A major outbreak of severe acute respiratory 
syndrome in hong kong. New england journal of medicine, 348(20), 1986–1994. 
Https://doi.org/10.1056/nejmoa030685 
 
Lee, y. J., kim, j. H., choi, b.-s., choi, j.-h., & jeong, y.-i. (2020). Characterization of severe acute 
respiratory syndrome coronavirus 2 stability in multiple water matrices. Journal of korean medical 

science, 35(36), e330. Https://doi.org/10.3346/jkms.2020.35.e330 
 
Li, s., yang, r., zhang, d., han, p., xu, z., chen, q., zhao, r., zhao, x., qu, x., zheng, a., wang, l., li, l., hu, 
y., zhang, r., su, c., niu, s., zhang, y., qi, j., liu, k., … gao, g. F. (2022). Cross-species recognition and 
molecular basis of sars-cov-2 and sars-cov binding to ace2s of marine animals. National science 

review, nwac122. Https://doi.org/10.1093/nsr/nwac122 
 
Li, y., & li, q. (2022). The immunology of zoonotic infection. Tropical medicine and infectious disease, 
7(7), 127. Https://doi.org/10.3390/tropicalmed7070127 
 
Liu, y., hu, g., wang, y., ren, w., zhao, x., ji, f., zhu, y., feng, f., gong, m., ju, x., zhu, y., cai, x., lan, j., 
guo, j., xie, m., dong, l., zhu, z., na, j., wu, j., … ding, q. (2021). Functional and genetic analysis of 
viral receptor ace2 orthologs reveals a broad potential host range of sars-cov-2. Proceedings of the 

national academy of sciences, 118(12), e2025373118. Https://doi.org/10.1073/pnas.2025373118 
 
Lu, l., sikkema, r. S., velkers, f. C., nieuwenhuijse, d. F., fischer, e. A. J., meijer, p. A., bouwmeester-
vincken, n., rietveld, a., wegdam-blans, m. C. A., tolsma, p., koppelman, m., smit, l. A. M., hakze-van 
der honing, r. W., van der poel, w. H. M., van der spek, a. N., spierenburg, m. A. H., molenaar, r. J., 
rond, j. De, augustijn, m., … koopmans, m. P. G. (2021). Adaptation, spread and transmission of sars-

https://doi.org/10.1073/pnas.2121644119
https://doi.org/10.1002/zoo.21576
https://doi.org/10.1038/s41467-021-21918-6
https://doi.org/10.1038/s41467-021-21918-6
https://doi.org/10.1038/s41598-020-71936-5
https://doi.org/10.1016/j.tmaid.2020.101922
https://doi.org/10.1056/NEJMoa030685
https://doi.org/10.3346/jkms.2020.35.e330
https://doi.org/10.1093/nsr/nwac122
https://doi.org/10.3390/tropicalmed7070127
https://doi.org/10.1073/pnas.2025373118


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

cov-2 in farmed minks and associated humans in the netherlands. Nature communications, 12(1), 6802. 
Https://doi.org/10.1038/s41467-021-27096-9 
 
Lu, s., zhao, y., yu, w., yang, y., gao, j., wang, j., kuang, d., yang, m., yang, j., ma, c., xu, j., qian, x., 
li, h., zhao, s., li, j., wang, h., long, h., zhou, j., luo, f., … peng, x. (2020). Comparison of nonhuman 
primates identified the suitable model for covid-19. Signal transduction and targeted therapy, 5(1), 
157. Https://doi.org/10.1038/s41392-020-00269-6 
 
Ma, c., & gong, c. (2021). Ace2 models of frequently contacted animals provide clues of their sars‐
cov‐2 s protein affinity and viral susceptibility. Journal of medical virology, 93(7), 4469–4479. 
Https://doi.org/10.1002/jmv.26953 
 
Mahajan, s., karikalan, m., chander, v., pawde, a. M., saikumar, g., semmaran, m., lakshmi, p. S., 
sharma, m., nandi, s., singh, k. P., gupta, v. K., singh, r. K., & sharma, g. K. (2022). Systemic infection 

of sars-cov-2 in free ranging leopard ( panthera pardus fusca ) in india [preprint]. Microbiology. 
Https://doi.org/10.1101/2022.01.11.475327 
 
Manes, c., gollakner, r., & capua, i. (2020). Could mustelids spur covid-19 into a panzootic? 
Veterinaria italiana, 56(2), 65–66. Https://doi.org/10.12834/vetit.2375.13627.1 
 
Mangiavacchi, b. M., martins, l. M., borges, t. R. B. (2020). As múltiplas vertentes da resposta imune 
na covid-19. In norberg, a. N., souza, c. H.m., manhães, f. C., sant’anna, n. F. (orgs). Covid-19: saúde 

e interdisciplinaridade. Campos dos goytacazes, rj: encontrografia. 
 
Mann, r., perisetti, a., gajendran, m., gandhi, z., umapathy, c., & goyal, h. (2020). Clinical 
characteristics, diagnosis, and treatment of major coronavirus outbreaks. Frontiers in medicine, 7, 
581521. Https://doi.org/10.3389/fmed.2020.581521 
 
Marques, a. D., sherrill-mix, s., everett, j. K., adhikari, h., reddy, s., ellis, j. C., zeliff, h., greening, s. 
S., cannuscio, c. C., strelau, k. M., collman, r. G., kelly, b. J., rodino, k. G., bushman, f. D., gagne, r. 
B., & anis, e. (2022). Multiple introductions of sars-cov-2 alpha and delta variants into white-tailed 

deer in pennsylvania [preprint]. Infectious diseases (except hiv/aids). 
Https://doi.org/10.1101/2022.02.17.22270679 
 
Martin, j., klapsa, d., wilton, t., zambon, m., bentley, e., bujaki, e., fritzsche, m., mate, r., & majumdar, 
m. (2020). Tracking sars-cov-2 in sewage: evidence of changes in virus variant predominance during 
covid-19 pandemic. Viruses, 12(10), 1144. Https://doi.org/10.3390/v12101144 
 
Martins, m., boggiatto, p. M., buckley, a., cassmann, e. D., falkenberg, s., caserta, l. C., fernandes, m. 
H. V., kanipe, c., lager, k., palmer, m. V., & diel, d. G. (2022). From deer-to-deer: sars-cov-2 is 
efficiently transmitted and presents broad tissue tropism and replication sites in white-tailed deer. Plos 

pathogens, 18(3), e1010197. Https://doi.org/10.1371/journal.ppat.1010197 
 
Mathavarajah, s., stoddart, a. K., gagnon, g. A., & dellaire, g. (2020). Pandemic danger to the deep: 

the risk of marine mammals contracting sars-cov-2 from wastewater [preprint]. Ecology. 
Https://doi.org/10.1101/2020.08.13.249904 
 
Mcaloose, d., laverack, m., wang, l., killian, m. L., caserta, l. C., yuan, f., mitchell, p. K., queen, k., 
mauldin, m. R., cronk, b. D., bartlett, s. L., sykes, j. M., zec, s., stokol, t., ingerman, k., delaney, m. A., 
fredrickson, r., ivančić, m., jenkins-moore, m., … diel, d. G. (2020). From people to panthera: natural 

https://doi.org/10.1038/s41467-021-27096-9
https://doi.org/10.1038/s41392-020-00269-6
https://doi.org/10.1002/jmv.26953
https://doi.org/10.1101/2022.01.11.475327
https://doi.org/10.12834/VetIt.2375.13627.1
https://doi.org/10.3389/fmed.2020.581521
https://doi.org/10.1101/2022.02.17.22270679
https://doi.org/10.3390/v12101144
https://doi.org/10.1371/journal.ppat.1010197
https://doi.org/10.1101/2020.08.13.249904


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

sars-cov-2 infection in tigers and lions at the bronx zoo. Mbio, 11(5), e02220-20. 
Https://doi.org/10.1128/mbio.02220-20 
 
Medkour, h., catheland, s., boucraut‐baralon, c., laidoudi, y., sereme, y., pingret, j., million, m., 
houhamdi, l., levasseur, a., cabassu, j., & davoust, b. (2022). First evidence of human‐to‐dog 
transmission of sars‐cov‐2 b.1.160 variant in france. Transboundary and emerging diseases, 69(4). 
Https://doi.org/10.1111/tbed.14359 
 
Melin, a. D., janiak, m. C., marrone, f., arora, p. S., & higham, j. P. (2020). Comparative ace2 variation 
and primate covid-19 risk. Communications biology, 3(1), 641. Https://doi.org/10.1038/s42003-020-
01370-w 
 
Merad, m., blish, c. A., sallusto, f., & iwasaki, a. (2022). The immunology and immunopathology of 
covid-19. Science, 375(6585), 1122–1127. Https://doi.org/10.1126/science.abm8108 
 
Mishra, a., kumar, n., bhatia, s., aasdev, a., kanniappan, s., sekhar, a. T., gopinadhan, a., silambarasan, 
r., sreekumar, c., dubey, c. K., tripathi, m., raut, a. A., & singh, v. P. (2021). Sars-cov-2 delta variant 
among asiatic lions, india. Emerging infectious diseases, 27(10), 2723–2725. 
Https://doi.org/10.3201/eid2710.211500 
 
Mohebali, m., hassanpour, g., zainali, m., gouya, m. M., khayatzadeh, s., parsaei, m., sarafraz, n., 
hassanzadeh, m., azarm, a., salehi-vaziri, m., sasani, f., heidari, z., jalali, t., pouriayevali, m. H., shoja, 
z., ahmadi, z., sadjadi, m., tavakoli, m., azad-manjiri, s., … zarei, z. (2022). Sars-cov-2 in domestic 
cats (felis catus) in the northwest of iran: evidence for sars-cov-2 circulating between human and cats. 
Virus research, 310, 198673. Https://doi.org/10.1016/j.virusres.2022.198673 
 
Molenaar, r. J., vreman, s., hakze-van der honing, r. W., zwart, r., de rond, j., weesendorp, e., smit, l. 
A. M., koopmans, m., bouwstra, r., stegeman, a., & van der poel, w. H. M. (2020). Clinical and 
pathological findings in sars-cov-2 disease outbreaks in farmed mink ( neovison vison ). Veterinary 

pathology, 57(5), 653–657. Https://doi.org/10.1177/0300985820943535 
 
Moreno, e. S., agostini, i., holzmann, i., di bitetti, m. S., oklander, l. I., kowalewski, m. M., 
beldomenico, p. M., goenaga, s., martínez, m., lestani, e., desbiez, a. L., & miller, p. (2015). Yellow 
fever impact on brown howler monkeys (alouatta guariba clamitans) in argentina: a metamodelling 
approach based on population viability analysis and epidemiological dynamics. Memórias do instituto 

oswaldo cruz, 110(7), 865–876. Https://doi.org/10.1590/0074-02760150075 
 
Munnink, b. B. O., sikkema, r. S., nieuwenhuijse, d. F., molenaar, r. J., munger, e., molenkamp, r., van 
der spek, a., tolsma, p., rietveld, a., brouwer, m., bouwmeester-vincken, n., harders, f., hakze-van der 
honing, r., wegdam-blans, m. C. A., bouwstra, r. J., geurtsvankessel, c., van der eijk, a. A., velkers, f. 
C., smit, l. A. M., … koopmans, m. P. G. (2021). Transmission of sars-cov-2 on mink farms between 
humans and mink and back to humans. Science, 371(6525), 172–177. 
Https://doi.org/10.1126/science.abe5901 
 
Munster, v. J., feldmann, f., williamson, b. N., van doremalen, n., pérez-pérez, l., schulz, j., meade-
white, k., okumura, a., callison, j., brumbaugh, b., avanzato, v. A., rosenke, r., hanley, p. W., saturday, 
g., scott, d., fischer, e. R., & de wit, e. (2020). Respiratory disease in rhesus macaques inoculated with 
sars-cov-2. Nature, 585(7824), 268–272. Https://doi.org/10.1038/s41586-020-2324-7 
 

https://doi.org/10.1128/mBio.02220-20
https://doi.org/10.1111/tbed.14359
https://doi.org/10.1038/s42003-020-01370-w
https://doi.org/10.1038/s42003-020-01370-w
https://doi.org/10.1126/science.abm8108
https://doi.org/10.3201/eid2710.211500
https://doi.org/10.1016/j.virusres.2022.198673
https://doi.org/10.1177/0300985820943535
https://doi.org/10.1590/0074-02760150075
https://doi.org/10.1126/science.abe5901
https://doi.org/10.1038/s41586-020-2324-7


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

Musso, n., costantino, a., la spina, s., finocchiaro, a., andronico, f., stracquadanio, s., liotta, l., visalli, 
r., & emmanuele, g. (2020). New sars-cov-2 infection detected in an italian pet cat by rt-qpcr from 
deep pharyngeal swab. Pathogens, 9(9), 746. Https://doi.org/10.3390/pathogens9090746 
Mykytyn, a. Z., lamers, m. M., okba, n. M. A., breugem, t. I., schipper, d., van den doel, p. B., van run, 
p., van amerongen, g., de waal, l., koopmans, m. P. G., stittelaar, k. J., van den brand, j. M. A., & 
haagmans, b. L. (2021). Susceptibility of rabbits to sars-cov-2. Emerging microbes & infections, 10(1), 
1–7. Https://doi.org/10.1080/22221751.2020.1868951 
 
Naderi, s., chen, p., lía murall, c., poujol, r., kraemer, s., pickering, b. S., sagan, s. M., & shapiro, b. J. 
(2022). Zooanthroponotic transmission of sars-cov-2 and host-specific viral mutations revealed by 

genome-wide phylogenetic analysis [preprint]. Genomics. Https://doi.org/10.1101/2022.06.02.494559 
 
Nagy, a., stará, m., vodička, r., černíková, l., jiřincová, h., křivda, v., & sedlák, k. (2022). Reverse-
zoonotic transmission of sars-cov-2 lineage alpha (b.1.1.7) to great apes and exotic felids in a zoo in 
the czech republic. Archives of virology, 167(8), 1681–1685. Https://doi.org/10.1007/s00705-022-
05469-9 
 
Natale, a., mazzotta, e., mason, n., ceglie, l., mion, m., stefani, a., fincato, a., bonfante, f., bortolami, 
a., monne, i., bellinati, l., guadagno, c., quaranta, e., pastori, a., & terregino, c. (2021). Sars-cov-2 
natural infection in a symptomatic cat: diagnostic, clinical and medical management in a one health 
vision. Animals, 11(6), 1640. Https://doi.org/10.3390/ani11061640 
 
Negrey, j. D., reddy, r. B., scully, e. J., phillips-garcia, s., owens, l. A., langergraber, k. E., mitani, j. 
C., emery thompson, m., wrangham, r. W., muller, m. N., otali, e., machanda, z., hyeroba, d., grindle, 
k. A., pappas, t. E., palmenberg, a. C., gern, j. E., & goldberg, t. L. (2019). Simultaneous outbreaks of 
respiratory disease in wild chimpanzees caused by distinct viruses of human origin. Emerging 

microbes & infections, 8(1), 139–149. Https://doi.org/10.1080/22221751.2018.1563456 
 
Norberg, a. N., norberg, p. R. B. M., ribeiro, p.c., queiroz, m. M. C., castro, j. B. P., sant’anna, n. F., 
mangiavacchi, b. M. (2020). Cryptosporidium spp. Oocysts and giardia spp. Cysts in faeces of 
capybaras (hydrochoerus hydrochaeris) from chico mendes natural municipal park, city of rio de 
janeiro, brazil: potential risks for zoonotic transmission. World journal of pharmacy and 

pharmaceutical sciences, 9(11), 15–27, https://doi.org/10.20959/wjpps202011-17578 
 
Olival, k. J., cryan, p. M., amman, b. R., baric, r. S., blehert, d. S., brook, c. E., calisher, c. H., castle, 
k. T., coleman, j. T. H., daszak, p., epstein, j. H., field, h., frick, w. F., gilbert, a. T., hayman, d. T. S., 
ip, h. S., karesh, w. B., johnson, c. K., kading, r. C., wang, l.-f. (2020). Possibility for reverse zoonotic 
transmission of sars-cov-2 to free-ranging wildlife: a case study of bats. Plos pathogens, 16(9), 
e1008758. Https://doi.org/10.1371/journal.ppat.1008758 
 
Oliveira, m. C. De, rodrigues gonçalves, n., ferreira, p. Do c., dos santos honório, a., & de morais, n. 
A. (2022). Sars-cov-2 em cães e gatos – revisão de literatura. Veterinária e zootecnia, 29, 1–12. 
Https://doi.org/10.35172/rvz.2022.v29.676 
 
One health high-level expert panel (ohhlep), adisasmito, w. B., almuhairi, s., behravesh, c. B., 
bilivogui, p., bukachi, s. A., casas, n., cediel becerra, n., charron, d. F., chaudhary, a., ciacci zanella, j. 
R., cunningham, a. A., dar, o., debnath, n., dungu, b., farag, e., gao, g. F., hayman, d. T. S., khaitsa, m., 
… zhou, l. (2022). One health: a new definition for a sustainable and healthy future. Plos pathogens, 
18(6), e1010537. Https://doi.org/10.1371/journal.ppat.1010537 
 

https://doi.org/10.3390/pathogens9090746
https://doi.org/10.1080/22221751.2020.1868951
https://doi.org/10.1101/2022.06.02.494559
https://doi.org/10.1007/s00705-022-05469-9
https://doi.org/10.1007/s00705-022-05469-9
https://doi.org/10.3390/ani11061640
https://doi.org/10.1080/22221751.2018.1563456
https://doi.org/10.1371/journal.ppat.1008758
https://doi.org/10.1371/journal.ppat.1008758
https://doi.org/10.35172/rvz.2022.v29.676
https://doi.org/10.1371/journal.ppat.1010537


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

Oreshkova, n., molenaar, r. J., vreman, s., harders, f., oude munnink, b. B., hakze-van der honing, r. 
W., gerhards, n., tolsma, p., bouwstra, r., sikkema, r. S., tacken, m. G., de rooij, m. M., weesendorp, 
e., engelsma, m. Y., bruschke, c. J., smit, l. A., koopmans, m., van der poel, w. H., & stegeman, a. 
(2020). Sars-cov-2 infection in farmed minks, the netherlands, april and may 2020. Eurosurveillance, 
25(23). Https://doi.org/10.2807/1560-7917.es.2020.25.23.2001005 
 
Ou, j., lan, w., wu, x., zhao, t., duan, b., yang, p., ren, y., quan, l., zhao, w., seto, d., chodosh, j., luo, z., 
wu, j., & zhang, q. (2022). Tracking sars-cov-2 omicron diverse spike gene mutations identifies 
multiple inter-variant recombination events. Signal transduction and targeted therapy, 7(1), 138. 
Https://doi.org/10.1038/s41392-022-00992-2 
 
Padilla-blanco, m., aguiló-gisbert, j., rubio, v., lizana, v., chillida-martínez, e., cardells, j., maiques, e., 
& rubio-guerri, c. (2022). The finding of the severe acute respiratory syndrome coronavirus (sars-cov-
2) in a wild eurasian river otter (lutra lutra) highlights the need for viral surveillance in wild mustelids. 
Frontiers in veterinary science, 9, 826991. Https://doi.org/10.3389/fvets.2022.826991 
 
Pagani, g., lai, a., bergna, a., rizzo, a., stranieri, a., giordano, a., paltrinieri, s., lelli, d., decaro, n., 
rusconi, s., gismondo, m. R., antinori, s., lauzi, s., galli, m., & zehender, g. (2021). Human-to-cat sars-
cov-2 transmission: case report and full-genome sequencing from an infected pet and its owner in 
northern italy. Pathogens, 10(2), 252. Https://doi.org/10.3390/pathogens10020252 
 
Palermo, p. M., orbegozo, j., watts, d. M., & morrill, j. C. (2021). Sars-cov-2 neutralizing antibodies 
in white-tailed deer from texas. Vector-borne and zoonotic diseases, vbz.2021.0094. 
Https://doi.org/10.1089/vbz.2021.0094 
 
Palmer, m. V., martins, m., falkenberg, s., buckley, a., caserta, l. C., mitchell, p. K., cassmann, e. D., 
rollins, a., zylich, n. C., renshaw, r. W., guarino, c., wagner, b., lager, k., & diel, d. G. (2021). 
Susceptibility of white-tailed deer (odocoileus virginianus) to sars-cov-2. Journal of virology, 95(11), 
e00083-21. Https://doi.org/10.1128/jvi.00083-21 
 
Patania, o. M., chiba, s., halfmann, p. J., hatta, m., maemura, t., bernard, k. A., kawaoka, y., & crawford, 
l. K. (2022). Pulmonary lesions induced by sars-cov-2 infection in domestic cats. Veterinary pathology, 
59(4), 696–706. Https://doi.org/10.1177/03009858211066840 
 
Patterson, e. I., elia, g., grassi, a., giordano, a., desario, c., medardo, m., smith, s. L., anderson, e. R., 
prince, t., patterson, g. T., lorusso, e., lucente, m. S., lanave, g., lauzi, s., bonfanti, u., stranieri, a., 
martella, v., solari basano, f., barrs, v. R., … decaro, n. (2020). Evidence of exposure to sars-cov-2 in 
cats and dogs from households in italy. Nature communications, 11(1), 6231. 
Https://doi.org/10.1038/s41467-020-20097-0 
 
Peiris, j. S. M., yuen, k. Y., osterhaus, a. D. M. E., & stöhr, k. (2003). The severe acute respiratory 
syndrome. New england journal of medicine, 349(25), 2431–2441. 
Https://doi.org/10.1056/nejmra032498 
 
Peiris, m., & perlman, s. (2022). Unresolved questions in the zoonotic transmission of mers. Current 

opinion in virology, 52, 258–264. Https://doi.org/10.1016/j.coviro.2021.12.013 
 
Pickering, b., lung, o., maguire, f., kruczkiewicz, p., kotwa, j. D., buchanan, t., gagnier, m., guthrie, j. 
L., jardine, c. M., marchand-austin, a., massé, a., mcclinchey, h., nirmalarajah, k., aftanas, p., blais-
savoie, j., chee, h.-y., chien, e., yim, w., banete, a., … bowman, j. (2022). Highly divergent white-tailed 

https://doi.org/10.2807/1560-7917.ES.2020.25.23.2001005
https://doi.org/10.1038/s41392-022-00992-2
https://doi.org/10.3389/fvets.2022.826991
https://doi.org/10.3390/pathogens10020252
https://doi.org/10.1089/vbz.2021.0094
https://doi.org/10.1128/JVI.00083-21
https://doi.org/10.1177/03009858211066840
https://doi.org/10.1038/s41467-020-20097-0
https://doi.org/10.1056/NEJMra032498
https://doi.org/10.1016/j.coviro.2021.12.013


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

deer sars-cov-2 with potential deer-to-human transmission [preprint]. Microbiology. 
Https://doi.org/10.1101/2022.02.22.481551 
 
Piplani, s., singh, p. K., winkler, d. A., & petrovsky, n. (2021). In silico comparison of sars-cov-2 spike 
protein-ace2 binding affinities across species and implications for virus origin. Scientific reports, 
11(1), 13063. Https://doi.org/10.1038/s41598-021-92388-5 
 
Possamai, c. B., rodrigues de melo, f., mendes, s. L., & strier, k. B. (2022). Demographic changes in 
an atlantic forest primate community following a yellow fever outbreak. American journal of 

primatology. Https://doi.org/10.1002/ajp.23425 
 
Preziuso, s. (2020). Severe acute respiratory syndrome coronavirus 2 (sars-cov-2) exhibits high 
predicted binding affinity to ace2 from lagomorphs (rabbits and pikas). Animals, 10(9), 1460. 
Https://doi.org/10.3390/ani10091460 
 
Rabalski, l., kosinski, m., smura, t., aaltonen, k., kant, r., sironen, t., szewczyk, b., & grzybek, m. 
(2020). Detection and molecular characterisation of sars-cov-2 in farmed mink ( neovision vision ) in 

poland [preprint]. Microbiology. Https://doi.org/10.1101/2020.12.24.422670 
 
Račnik, j., kočevar, a., slavec, b., korva, m., rus, k. R., zakotnik, s., zorec, t. M., poljak, m., matko, m., 
rojs, o. Z., & županc, t. A. (2021). Transmission of sars-cov-2 from human to domestic ferret. 
Emerging infectious diseases, 27(9), 2450–2453. Https://doi.org/10.3201/eid2709.210774 
 
Richard, m., kok, a., de meulder, d., bestebroer, t. M., lamers, m. M., okba, n. M. A., fentener van 
vlissingen, m., rockx, b., haagmans, b. L., koopmans, m. P. G., fouchier, r. A. M., & herfst, s. (2020). 
Sars-cov-2 is transmitted via contact and via the air between ferrets. Nature communications, 11(1), 
3496. Https://doi.org/10.1038/s41467-020-17367-2 
 
Rivero, r., garay, e., botero, y., serrano-coll, h., gastelbondo, b., muñoz, m., ballesteros, n., castañeda, 
s., patiño, l. H., ramirez, j. D., calderon, a., guzmán, c., martinez-bravo, c., aleman, a., arrieta, g., & 
mattar, s. (2022). Human-to-dog transmission of sars-cov-2, colombia. Scientific reports, 12(1), 7880. 
Https://doi.org/10.1038/s41598-022-11847-9 
 
Roberts, a., vogel, l., guarner, j., hayes, n., murphy, b., zaki, s., & subbarao, k. (2005). Severe acute 
respiratory syndrome coronavirus infection of golden syrian hamsters. Journal of virology, 79(1), 503–
511. Https://doi.org/10.1128/jvi.79.1.503-511.2005 
 
Rockx, b., kuiken, t., herfst, s., bestebroer, t., lamers, m. M., oude munnink, b. B., de meulder, d., van 
amerongen, g., van den brand, j., okba, n. M. A., schipper, d., van run, p., leijten, l., sikkema, r., 
verschoor, e., verstrepen, b., bogers, w., langermans, j., drosten, c., … haagmans, b. L. (2020). 
Comparative pathogenesis of covid-19, mers, and sars in a nonhuman primate model. Science, 
368(6494), 1012–1015. Https://doi.org/10.1126/science.abb7314 
 
Ruiz-arrondo, i., portillo, a., palomar, a. M., santibanez, s., santibanez, p., cervera, c., & oteo, j. A. 
(2020). Detection of sars-cov-2 in pets living with covid-19 owners diagnosed during the covid-19 

lockdown in spain: a case of an asymptomatic cat with sars-cov-2 in europe [preprint]. Epidemiology. 
Https://doi.org/10.1101/2020.05.14.20101444 
 
Ryan, k. A., bewley, k. R., fotheringham, s. A., slack, g. S., brown, p., hall, y., wand, n. I., marriott, a. 
C., cavell, b. E., tree, j. A., allen, l., aram, m. J., bean, t. J., brunt, e., buttigieg, k. R., carter, d. P., cobb, 
r., coombes, n. S., findlay-wilson, s. J., … carroll, m. W. (2021). Dose-dependent response to infection 

https://doi.org/10.1101/2022.02.22.481551
https://doi.org/10.1038/s41598-021-92388-5
https://doi.org/10.1002/ajp.23425
https://doi.org/10.3390/ani10091460
https://doi.org/10.1101/2020.12.24.422670
https://doi.org/10.3201/eid2709.210774
https://doi.org/10.1038/s41467-020-17367-2
https://doi.org/10.1038/s41598-022-11847-9
https://doi.org/10.1128/JVI.79.1.503-511.2005
https://doi.org/10.1126/science.abb7314
https://doi.org/10.1101/2020.05.14.20101444


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

with sars-cov-2 in the ferret model and evidence of protective immunity. Nature communications, 
12(1), 81. Https://doi.org/10.1038/s41467-020-20439-y 
 
Sacchetto, l., chaves, b. A., costa, e. R., de menezes medeiros, a. S., gordo, m., araújo, d. B., oliveira, 
d. B. L., da silva, a. P. B., negri, a. F., durigon, e. L., hanley, k. A., vasilakis, n., de lacerda, m. V. G., 
& nogueira, m. L. (2021). Lack of evidence of severe acute respiratory syndrome coronavirus 2 (sars-
cov-2) spillover in free-living neotropical non-human primates, brazil. Viruses, 13(10), 1933. 
Https://doi.org/10.3390/v13101933 
 
Sawatzki, k., hill, n. J., puryear, w. B., foss, a. D., stone, j. J., & runstadler, j. A. (2021). Host barriers 
to sars-cov-2 demonstrated by ferrets in a high-exposure domestic setting. Proceedings of the national 

academy of sciences, 118(18), e2025601118. Https://doi.org/10.1073/pnas.2025601118 
 
Saxena, s. K. (org.). (2020). Coronavirus disease 2019 (covid-19): epidemiology, pathogenesis, 

diagnosis, and therapeutics. Springer singapore. 
 
Shan, c., yao, y.-f., yang, x.-l., zhou, y.-w., gao, g., peng, y., yang, l., hu, x., xiong, j., jiang, r.-d., zhang, 
h.-j., gao, x.-x., peng, c., min, j., chen, y., si, h.-r., wu, j., zhou, p., wang, y.-y., … yuan, z.-m. (2020). 
Infection with novel coronavirus (sars-cov-2) causes pneumonia in rhesus macaques. Cell research, 
30(8), 670–677. Https://doi.org/10.1038/s41422-020-0364-z 
 
Shang, j., wan, y., luo, c., ye, g., geng, q., auerbach, a., & li, f. (2020). Cell entry mechanisms of sars-
cov-2. Proceedings of the national academy of sciences, 117(21), 11727–11734. 
Https://doi.org/10.1073/pnas.2003138117 
 
Sharun, k., tiwari, r., natesan, s., & dhama, k. (2021). Sars-cov-2 infection in farmed minks, associated 
zoonotic concerns, and importance of the one health approach during the ongoing covid-19 pandemic. 
Veterinary quarterly, 41(1), 50–60. Https://doi.org/10.1080/01652176.2020.1867776 
 
Shen, m., liu, c., xu, r., ruan, z., zhao, s., zhang, h., wang, w., huang, x., yang, l., tang, y., yang, t., & 
jia, x. (2020). Predicting the animal susceptibility and therapeutic drugs to sars-cov-2 based on spike 
glycoprotein combined with ace2. Frontiers in genetics, 11, 575012. 
Https://doi.org/10.3389/fgene.2020.575012 
 
Shi, j., wen, z., zhong, g., yang, h., wang, c., huang, b., liu, r., he, x., shuai, l., sun, z., zhao, y., liu, p., 
liang, l., cui, p., wang, j., zhang, x., guan, y., tan, w., wu, g., … bu, z. (2020). Susceptibility of ferrets, 
cats, dogs, and other domesticated animals to sars–coronavirus 2. Science, 368(6494), 1016–1020. 
Https://doi.org/10.1126/science.abb7015 
 
Shou, s., liu, m., yang, y., kang, n., song, y., tan, d., liu, n., wang, f., liu, j., & xie, y. (2021). Animal 
models for covid-19: hamsters, mouse, ferret, mink, tree shrew, and non-human primates. Frontiers in 

microbiology, 12, 626553. Https://doi.org/10.3389/fmicb.2021.626553 
 
Shrestha, l. B., foster, c., rawlinson, w., tedla, n., & bull, r. A. (2022). Evolution of the sars‐cov‐2 
omicron variants ba.1 to ba.5: implications for immune escape and transmission. Reviews in medical 

virology. Https://doi.org/10.1002/rmv.2381 
 
Shuai, h., chan, j. F.-w., yuen, t. T.-t., yoon, c., hu, j.-c., wen, l., hu, b., yang, d., wang, y., hou, y., 
huang, x., chai, y., chan, c. C.-s., poon, v. K.-m., lu, l., zhang, r.-q., chan, w.-m., ip, j. D., chu, a. W.-
h., … chu, h. (2021). Emerging sars-cov-2 variants expand species tropism to murines. Ebiomedicine, 
73, 103643. Https://doi.org/10.1016/j.ebiom.2021.103643 

https://doi.org/10.1038/s41467-020-20439-y
https://doi.org/10.3390/v13101933
https://doi.org/10.1073/pnas.2025601118
https://doi.org/10.1038/s41422-020-0364-z
https://doi.org/10.1073/pnas.2003138117
https://doi.org/10.1080/01652176.2020.1867776
https://doi.org/10.3389/fgene.2020.575012
https://doi.org/10.1126/science.abb7015
https://doi.org/10.3389/fmicb.2021.626553
https://doi.org/10.1002/rmv.2381
https://doi.org/10.1016/j.ebiom.2021.103643


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

 
Sia, s. F., yan, l.-m., chin, a. W. H., fung, k., choy, k.-t., wong, a. Y. L., kaewpreedee, p., perera, r. A. 
P. M., poon, l. L. M., nicholls, j. M., peiris, m., & yen, h.-l. (2020). Pathogenesis and transmission of 
sars-cov-2 in golden hamsters. Nature, 583(7818), 834–838. Https://doi.org/10.1038/s41586-020-
2342-5 
 
Singh, a. P. (2018). Asiatic lion <i>panthera leo persica</i> population estimation in asiatic lion 
landscape: its status, dispersion and management challenges. Journal of the bombay natural history 

society (jbnhs), 0(0). Https://doi.org/10.17087/jbnhs/2018/v115/116570 
 
Sit, t. H. C., brackman, c. J., ip, s. M., tam, k. W. S., law, p. Y. T., to, e. M. W., yu, v. Y. T., sims, l. 
D., tsang, d. N. C., chu, d. K. W., perera, r. A. P. M., poon, l. L. M., & peiris, m. (2020). Infection of 
dogs with sars-cov-2. Nature, 586(7831), 776–778. Https://doi.org/10.1038/s41586-020-2334-5 
 
Song, z., bao, l., yu, p., qi, f., gong, s., wang, j., zhao, b., liu, m., han, y., deng, w., liu, j., wei, q., xue, 
j., zhao, w., & qin, c. (2021). Sars-cov-2 causes a systemically multiple organs damages and 
dissemination in hamsters. Frontiers in microbiology, 11, 618891. 
Https://doi.org/10.3389/fmicb.2020.618891 
 
Spelman, l. H., gilardi, k. V. K., lukasik-braum, m., kinani, j.-f., nyirakaragire, e., lowenstine, l. J., & 
cranfield, m. R. (2013). Respiratory disease in mountain gorillas (gorilla beringei beringei ) in rwanda, 
1990–2010: outbreaks, clinical course, and medical management. Journal of zoo and wildlife medicine, 
44(4), 1027–1035. Https://doi.org/10.1638/2013-0014r.1 
 
Statens serum institut. Mutations in the mink virus. 5 nov 2020. 
Https://www.ssi.dk/aktuelt/nyheder/2020/mutationer-i-minkvirus 
 
Stolp, b., stern, m., ambiel, i., hofmann, k., morath, k., gallucci, l., cortese, m., bartenschlager, r., 
ruggieri, a., graw, f., rudelius, m., keppler, o. T., & fackler, o. T. (2022). Sars-cov-2 variants of concern 
display enhanced intrinsic pathogenic properties and expanded organ tropism in mouse models. Cell 

reports, 38(7), 110387. Https://doi.org/10.1016/j.celrep.2022.110387 
 
Su, s., wong, g., shi, w., liu, j., lai, a. C. K., zhou, j., liu, w., bi, y., & gao, g. F. (2016). Epidemiology, 
genetic recombination, and pathogenesis of coronaviruses. Trends in microbiology, 24(6), 490–502. 
Https://doi.org/10.1016/j.tim.2016.03.003 
 
Sun, s.-h., chen, q., gu, h.-j., yang, g., wang, y.-x., huang, x.-y., liu, s.-s., zhang, n.-n., li, x.-f., xiong, 
r., guo, y., deng, y.-q., huang, w.-j., liu, q., liu, q.-m., shen, y.-l., zhou, y., yang, x., zhao, t.-y., … wang, 
y.-c. (2020). A mouse model of sars-cov-2 infection and pathogenesis. Cell host & microbe, 28(1), 
124-133.e4. Https://doi.org/10.1016/j.chom.2020.05.020 
 
Sun, y., lin, w., dong, w., & xu, j. (2022). Origin and evolutionary analysis of the sars-cov-2 omicron 
variant. Journal of biosafety and biosecurity, 4(1), 33–37. Https://doi.org/10.1016/j.jobb.2021.12.001 
 
Usda aphis | cases of sars-cov-2 in animals in the United States. (8 de agosto de 2022). Usda faq’s and 
resources about coronavirus (covid-19). Https://www.aphis.usda.gov/aphis/dashboards/tableau/sars-
dashboard 
 
Vandegrift, k. J., yon, m., surendran-nair, m., gontu, a., amirthalingam, s., nissly, r. H., levine, n., 
stuber, t., denicola, a. J., boulanger, j. R., kotschwar, n., aucoin, s. G., simon, r., toal, k., olsen, r. J., 
davis, j. J., bold, d., gaudreault, n. N., richt, j. A., … kuchipudi, s. V. (2022). Detection of sars-cov-2 

https://doi.org/10.1038/s41586-020-2342-5
https://doi.org/10.1038/s41586-020-2342-5
https://doi.org/10.17087/jbnhs/2018/v115/116570
https://doi.org/10.1038/s41586-020-2334-5
https://doi.org/10.3389/fmicb.2020.618891
https://doi.org/10.1638/2013-0014R.1
https://www.ssi.dk/aktuelt/nyheder/2020/mutationer-i-minkvirus
https://doi.org/10.1016/j.celrep.2022.110387
https://doi.org/10.1016/j.tim.2016.03.003
https://doi.org/10.1016/j.chom.2020.05.020
https://doi.org/10.1016/j.jobb.2021.12.001
https://www.aphis.usda.gov/aphis/dashboards/tableau/sars-dashboard
https://www.aphis.usda.gov/aphis/dashboards/tableau/sars-dashboard


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

omicron variant (b.1.1.529) infection of white-tailed deer [preprint]. Microbiology. 
Https://doi.org/10.1101/2022.02.04.479189 
 
Vijaykrishna, d., smith, g. J. D., zhang, j. X., peiris, j. S. M., chen, h., & guan, y. (2007). Evolutionary 
insights into the ecology of coronaviruses. Journal of virology, 81(8), 4012–4020. 
Https://doi.org/10.1128/jvi.02605-06 
 
Wang, l. (org.). (2022). Animal coronaviruses. Springer us. Https://doi.org/10.1007/978-1-0716-2091-
5 
 
Wang, l., gyimesi, z. S., killian, m. L., torchetti, m., olmstead, c., fredrickson, r., & terio, k. A. (2022). 
Detection of sars‐cov‐2 clade b.1.2 in three snow leopards. Transboundary and emerging diseases, 
tbed.14625. Https://doi.org/10.1111/tbed.14625 
 
Wang, l., mitchell, p. K., calle, p. P., bartlett, s. L., mcaloose, d., killian, m. L., yuan, f., fang, y., 
goodman, l. B., fredrickson, r., elvinger, f., terio, k., franzen, k., stuber, t., diel, d. G., & torchetti, m. 
K. (2020). Complete genome sequence of sars-cov-2 in a tiger from a u.s. Zoological collection. 
Microbiology resource announcements, 9(22), e00468-20. Https://doi.org/10.1128/mra.00468-20 
 
Wei, c., shan, k.-j., wang, w., zhang, s., huan, q., & qian, w. (2021). Evidence for a mouse origin of 
the sars-cov-2 omicron variant. Journal of genetics and genomics, 48(12), 1111–1121. 
Https://doi.org/10.1016/j.jgg.2021.12.003 
 
Westhaus, s., weber, f.-a., schiwy, s., linnemann, v., brinkmann, m., widera, m., greve, c., janke, a., 
hollert, h., wintgens, t., & ciesek, s. (2021). Detection of sars-cov-2 in raw and treated wastewater in 
germany – suitability for covid-19 surveillance and potential transmission risks. Science of the total 

environment, 751, 141750. Https://doi.org/10.1016/j.scitotenv.2020.141750 
 
Woo, p. C. Y., lau, s. K. P., lam, c. S. F., lau, c. C. Y., tsang, a. K. L., lau, j. H. N., bai, r., teng, j. L. 
L., tsang, c. C. C., wang, m., zheng, b.-j., chan, k.-h., & yuen, k.-y. (2012). Discovery of seven novel 
mammalian and avian coronaviruses in the genus deltacoronavirus supports bat coronaviruses as the 
gene source of alphacoronavirus and betacoronavirus and avian coronaviruses as the gene source of 
gammacoronavirus and deltacoronavirus. Journal of virology, 86(7), 3995–4008. 
Https://doi.org/10.1128/jvi.06540-11 
 
Wu, l., chen, q., liu, k., wang, j., han, p., zhang, y., hu, y., meng, y., pan, x., qiao, c., tian, s., du, p., 
song, h., shi, w., qi, j., wang, h.-w., yan, j., gao, g. F., & wang, q. (2020). Broad host range of sars-cov-
2 and the molecular basis for sars-cov-2 binding to cat ace2. Cell discovery, 6(1), 68. 
Https://doi.org/10.1038/s41421-020-00210-9 
 
Xavier, a. R., silva, j. S., almeida, j. P. C. L., conceição, j. F. F., lacerda, g. S., & kanaan, s. (2020). 
Covid-19: clinical and laboratory manifestations in novel coronavirus infection. Jornal brasileiro de 

patologia e medicina laboratorial. Https://doi.org/10.5935/1676-2444.20200049 
 
Xiang, b., yang, l., ye, z., ren, t., & ye, y. (2022). Vaccination of susceptible animals against sars-cov-
2. Journal of infection, 84(5), e48–e49. Https://doi.org/10.1016/j.jinf.2022.03.005 
 
Yan, h., jiao, h., liu, q., zhang, z., xiong, q., wang, b.-j., wang, x., guo, m., wang, l.-f., lan, k., chen, y., 
& zhao, h. (2021). Ace2 receptor usage reveals variation in susceptibility to sars-cov and sars-cov-2 
infection among bat species. Nature ecology & evolution, 5(5), 600–608. 
Https://doi.org/10.1038/s41559-021-01407-1 

https://doi.org/10.1101/2022.02.04.479189
https://doi.org/10.1128/JVI.02605-06
https://doi.org/10.1007/978-1-0716-2091-5
https://doi.org/10.1007/978-1-0716-2091-5
https://doi.org/10.1111/tbed.14625
https://doi.org/10.1128/MRA.00468-20
https://doi.org/10.1016/j.jgg.2021.12.003
https://doi.org/10.1016/j.scitotenv.2020.141750
https://doi.org/10.1128/JVI.06540-11
https://doi.org/10.1038/s41421-020-00210-9
https://doi.org/10.5935/1676-2444.20200049
https://doi.org/10.1016/j.jinf.2022.03.005
https://doi.org/10.1038/s41559-021-01407-1


 

 

 

Emerging Issues Related to the Corona 

Zoonosis and reverse zoonosis of SARS-CoV-2 from the perspective of the One Health 

 
Yen, h.-l., sit, t. H. C., brackman, c. J., chuk, s. S. Y., gu, h., tam, k. W. S., law, p. Y. T., leung, g. M., 
peiris, m., poon, l. L. M., cheng, s. M. S., chang, l. D. J., krishnan, p., ng, d. Y. M., liu, g. Y. Z., hui, 
m. M. Y., ho, s. Y., su, w., sia, s. F., … yung, l. (2022). Transmission of sars-cov-2 delta variant 
(ay.127) from pet hamsters to humans, leading to onward human-to-human transmission: a case study. 
The lancet, 399(10329), 1070–1078. Https://doi.org/10.1016/s0140-6736(22)00326-9 
 
Zambrano-mila, m. S., freire-paspuel, b., orlando, s. A., & garcia-bereguiain, m. A. (2022). Sars-cov-
2 infection in free roaming dogs from the amazonian jungle. One health, 14, 100387. 
Https://doi.org/10.1016/j.onehlt.2022.100387 
 
Zaneti, r. N., girardi, v., spilki, f. R., mena, k., westphalen, a. P. C., da costa colares, e. R., pozzebon, 
a. G., & etchepare, r. G. (2021). Quantitative microbial risk assessment of sars-cov-2 for workers in 
wastewater treatment plants. Science of the total environment, 754, 142163. 
Https://doi.org/10.1016/j.scitotenv.2020.142163 
 
Zhang, z., zhang, y., liu, k., li, y., lu, q., wang, q., zhang, y., wang, l., liao, h., zheng, a., ma, s., fan, z., 
li, h., huang, w., bi, y., zhao, x., wang, q., gao, g. F., xiao, h., … sun, y. (2021). The molecular basis 
for sars-cov-2 binding to dog ace2. Nature communications, 12(1), 4195. 
Https://doi.org/10.1038/s41467-021-24326-y 
 
Zheng, h., li, h., guo, l., liang, y., li, j., wang, x., hu, y., wang, l., liao, y., yang, f., li, y., fan, s., li, d., 
cui, p., wang, q., shi, h., chen, y., yang, z., yang, j., … liu, l. (2020). Virulence and pathogenesis of 
sars-cov-2 infection in rhesus macaques: a nonhuman primate model of covid-19 progression. Plos 

pathogens, 16(11), e1008949. Https://doi.org/10.1371/journal.ppat.1008949 
 
Zhou, p., yang, x.-l., wang, x.-g., hu, b., zhang, l., zhang, w., si, h.-r., zhu, y., li, b., huang, c.-l., chen, 
h.-d., chen, j., luo, y., guo, h., jiang, r.-d., liu, m.-q., chen, y., shen, x.-r., wang, x., … shi, z.-l. (2020). 
A pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature, 579(7798), 
270–273. Https://doi.org/10.1038/s41586-020-2012-7 
 
 

https://doi.org/10.1016/S0140-6736(22)00326-9
https://doi.org/10.1016/j.onehlt.2022.100387
https://doi.org/10.1016/j.scitotenv.2020.142163
https://doi.org/10.1038/s41467-021-24326-y
https://doi.org/10.1371/journal.ppat.1008949
https://doi.org/10.1038/s41586-020-2012-7

