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ABSTRACT
The coronavirus disease 2019 (COVID-19) pandemic has now affected over 72.5 million peo-
ple worldwide, with nearly 1.6 million deaths reported globally as of December 17, 2020.
SARS-CoV-2 has been implicated to have originated from bats and pangolins, and its inter-
mediate animal hosts are being investigated. Crossing of the species barrier and exhibition
of zoonosis have been reported in SARS-CoV-2 in farm (minks), domesticated (cats and
dogs), and wild animals (tigers, puma, and lions). Recently, the rapid spread of SARS-CoV-2
infection was reported in mink farms, which led to the death of a myriad minks. The clinical
and pathological findings of SARS-CoV-2 infection and the rapid animal-to-animal transmis-
sion in minks are almost similar to the findings observed in patients with COVID-19.
Additionally, the rapid virus transmission among minks and the associated mutations
resulted in a new mink-associated variant that was identified in both minks and humans,
thereby providing evidence of mink-to-human transmission of SARS-CoV-2. The new mink-
associated SARS-CoV-2 variant with a possible reduced sensitivity to neutralizing antibodies
poses serious risks and is expected to have a direct effect on the diagnostic techniques,
therapeutics, and vaccines that are currently under development. This article highlights the
current evidence of SARS-CoV-2 infection in farmed minks, and provides an understanding
of the pathogenesis of COVID-19 in minks and the associated zoonotic concerns of SARS-
CoV-2 transmission from minks to humans with an emphasis on appropriate mitigation
measures and on the necessity of adopting the One Health approach during the COVID-
19 pandemic.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the virus which causes coronavirus dis-
ease 2019 (COVID-19) in humans, was first reported
in December 2019 (Malik et al. 2020). The SARS-CoV-
2 that emerged in Wuhan, China, had a high gen-
omic similarity with its predecessor, severe acute
respiratory syndrome coronavirus (SARS-CoV), com-
pared with the Middle East respiratory syndrome
coronavirus (MERS-CoV) (Sharun et al. 2020a). COVID-
19 received a pandemic status within a short period
because of the high transmission potential of SARS-
CoV-2 via respiratory droplets and human contacts
(Dhama et al. 2020a).

SARS-CoV-2 is the third zoonotic coronavirus
affecting human beings following the emergence of
SARS-CoV in 2002 and MERS-CoV in 2012 (Wang and

Eaton 2007; Hemida et al. 2017; Dhama et al. 2020a).
Both SARS-CoV and MERS-CoV are believed to have
been transmitted to humans through an intermedi-
ate mammalian host from a natural reservoir host
(Wang and Eaton 2007; Hemida et al. 2017).
Horseshoe bats of the genus Rhinolophus are consid-
ered the reservoir host of SARS-CoV while masked
palm civets (Paguma larvata) act as the intermediate
host (Wang and Eaton 2007). However, it was drom-
edary camels (Camelus dromedarius) that transmitted
MERS-CoV to humans (Hemida et al. 2017). Similarly,
SARS-CoV-2 is believed to have crossed the species
barrier, possibly exhibiting transmission from the res-
ervoir host, bats, and finally infecting humans
through an intermediate species (Hobbs and Reid
2020; Malik et al. 2020; Dhama et al. 2020b). The
intermediate host not only acts as the bridge that
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links the natural reservoir host and a susceptible
population, but also acts as a host in which the virus
undergoes gradual evolution (Zhao et al. 2020a). The
entry of SARS-CoV-2 into the host cell is mediated
through the interaction of the viral spike protein or
the S protein with the host angiotensin-converting
enzyme 2 (ACE2) receptor (Low-Gan et al. 2020).

SARS-CoV-2 has been implicated to have origi-
nated from bats and pangolins, while other animals
have been investigated to identify any intermediate
host. The recent detection of SARS-CoV-2 in farm
(minks), domesticated (cats and dogs), and wild ani-
mals (tigers, puma, and lions) have increased con-
cerns regarding the zoonotic sources of COVID-19
(Hobbs and Reid 2020; Jo et al. 2020; OIE 2020;
Oreshkova et al. 2020; Sit et al. 2020; Tiwari et al.
2020; Mallapaty 2020a; Shi et al. 2020; Dhama et al.
2020b). Ferrets, cats, and primates have also been
reported to be susceptible to experimental SARS-
CoV-2 infection (Gollakner and Capua 2020; Shi et al.
2020). The increasing reports of SARS-CoV-2 in ani-
mal species indicate the need to understand and
evaluate the susceptibility of animals as it is of
utmost importance to public health and the econ-
omy. Furthermore, our understanding of the patho-
genesis of SARS-CoV-2 will help to develop suitable
animal models for therapeutic agent and vaccine
development.

Among the animal species that are susceptible to
natural SARS-CoV-2 infection, farmed minks pose a
considerable threat to public health (Oreshkova et al.
2020; Oude Munnink et al. 2020). SARS-CoV-2 infec-
tion has been reported in both European (Mustela
vison) and American (Neovison vison) minks (Manes
et al. 2020). The rapid transmission of SARS-CoV-2
among minks and the associated mutations has
resulted in a new mink-associated variant that has
been identified in both minks and humans (Oude
Munnink et al. 2020; WHO 2020a). In this article, we
discuss the current evidence of SARS-CoV-2 infection
in minks and its implications in understanding the
pathogenesis of COVID-19.

2. SARS-CoV-2 crosses the species barrier

Experimental inoculation in animal species, such as
cats (Shi et al. 2020), dogs (Shi et al. 2020), rhesus
macaques (Macaca mulatta) (Deng et al. 2020), cyno-
molgus macaques (Macaca fascicularis) (Rockx et al.
2020), common marmosets (Callithrix jacchus) (Lu
et al. 2020), African green monkey (Chlorocebus
aethiops) (Woolsey et al. 2020), cattle (Bos taurus)
(Ulrich et al. 2020), ferrets (Mustela putorius)
(Schlottau et al. 2020; Shi et al. 2020), golden
(Syrian) hamsters (Mesocricetus auratus) (Sia et al.
2020), rabbits (Mykytyn et al. 2020), tree shrew

(Tupaia belangeris) (Zhao et al. 2020b), and fruit bats
(Rousettus aegyptiacus) (Schlottau et al. 2020), sug-
gest that these species are susceptible to SARS-CoV-
2 infection. Among these susceptible species, cats,
ferrets, and hamsters can further transmit the virus
amongst the same species under experimental con-
ditions (Shi et al. 2020; Sia et al. 2020). Even though
not yet reported, these animals may further transmit
the virus to humans, other animal species, or both.
Although several species have exhibited susceptibil-
ity to SARS-CoV-2 under experimental conditions,
the natural infection has only been reported as spor-
adic cases in cats, dogs, lions, puma, tigers, and
farmed minks (Mu~noz-Fontela et al. 2020; OIE 2020;
Oreshkova et al. 2020; Tiwari et al. 2020; Sharun
et al. 2020b).

SARS-CoV-2 possesses certain characteristic gen-
omic features that enable inter-species transmission
and adaptation to the conditions in a new host.
Therefore, it is necessary to investigate the evolu-
tionary dynamics of the viral genome and its impact
on differential host selection (Ul-Rahman et al. 2020).
Comparative analysis of ACE2 homologous proteins
was performed to verify the conservation of specific
amino acid residues. It has been observed that the
peptide ‘353-KGDFR-357’ is the most conserved pep-
tide located on the surface of the ACE2 and binds to
the S protein receptor-binding domain (RBD), which
is located on the surface of the ACE2 molecule
(Hayashi et al. 2020a). Furthermore, sequence align-
ments have identified that the ACE2 proteins exhib-
ited high homology and complete conservation of
the five amino acid residues (353-KGDFR-357) among
humans, cats, tigers, dogs, and minks (Hayashi et al.
2020a). Theoretically, SARS-CoV-2 may be transmit-
ted from companion animals such as dogs and cats
to humans and vice versa through droplets in the
air, saliva, and bites of the infected animals. Other
practices involving direct contact with pets, includ-
ing snuggling, petting, and being kissed or licked
may further increase the risk of SARS-CoV-2 transmis-
sion between the owners and their pets (Csiszar
et al. 2020). However, the available data indicate
that the risk of SARS-CoV-2 transmission from ani-
mals to humans is low (Salajegheh Tazerji et al.
2020). Therefore, even though transmission of SARS-
CoV-2 from companion animals (cats and dogs) to
humans has not been reported thus far, appropriate
preventive measures should be considered while
handling them (Rodriguez-Morales et al. 2020).

Susceptibility to SARS-CoV-2 in domestic animals,
such as pigs and poultry, has not been reported yet
following experimental inoculation (Hobbs and Reid
2020; Shi et al. 2020; Mallapaty 2020a). Following the
report of SARS-CoV-2 natural infection in farmed
minks, a serological survey was conducted among
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stray cats/feral cats found in the surroundings of
mink farms in the Netherlands. Among the twenty-
four stray cats screened, seven cats showed positive
results for presence of SARS-CoV-2-specific antibod-
ies. However, only one cat tested positive for viral
RNA (Oreshkova et al. 2020). The presence of SARS-
CoV-2 antibodies in stray cats/feral cats found in the
surroundings of mink farms may indicate the possi-
bility of transmission from mink-to-cat rather than
human-to-cat since the stray cats/feral cats did not
enter the houses of people. The feral cats that were
present around mink farms might have acquired the
infection during close contact while foraging the
farms for food (Csiszar et al. 2020; Enserink 2020).

Furthermore, in the event where the SARS-CoV-2
transmission spectrum extends to the wild mustel-
ids (minks and ferrets), the animals can later
develop into permanent reservoir hosts and can
transmit the infection to human beings and other
susceptible animal species (Delahay et al. 2020;
Manes et al. 2020). The increasing cases of COVID-
19 in humans will further enable elucidation of the
mechanisms of transmission of SARS-CoV-2 to sus-
ceptible animal species, and hence may result in
the establishment of viral reservoirs that can trans-
mit the virus again to human beings (Opriessnig
and Huang 2020). The available data provide evi-
dence of SARS-CoV-2 transmission from humans to
certain animal species within the families Felinae,

Caninae, and Mustelidae (Opriessnig and Huang
2020; Oreshkova et al. 2020; Sit et al. 2020). The
SARS-CoV-2 isolated from minks and tigers exhib-
ited 99.6%–99.9% homology with the human iso-
lates collected from different parts of the world
(Figure 1) (Salajegheh Tazerji et al. 2020).

The genetic sequences of SARS-CoV-2 strains iso-
lated from non-human mammalian species, such as
dog, cat, tiger, and mink, were compared to the
reference strain. The lack of evident differences
and maximum genetic homology among the differ-
ent strains correspond to the possibility of evolu-
tion from a common ancestor (Ul-Rahman et al.
2020). Additionally, the residue substitutions
observed at the spike protein-RBD indicate the
need for genomic alterations for the successful
adaptation to a novel host. SARS-CoV-2 has already
been declared a pandemic by the World Health
Organization. However, the virus also possesses
panzootic potential owing to its broad host range
and the inherent ability to cross the ‘species bar-
rier’, thereby highlighting the need for a One
Health approach. The establishment of SARS-CoV-2
in any susceptible animal population will enable
the recirculation of the adapted animal viruses
back into the human population (Gollakner and
Capua 2020). This will ensure continuous human
infections by SARS-CoV-2 even after successful con-
tainment of the primary outbreak.

Figure 1. Phylogenetic analysis of human and animal coronaviruses including the SARS-CoV-2 isolated from tiger, mink and
human beings. Reproduced from Salajegheh Tazerji et al. (2020) under Creative Commons Attribution (CC BY) licence.
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3. Transmission of SARS-CoV-2 to minks

European (Mustela vison) and American (Neovison
vison) minks are members of the weasel family
(Mustelidae). They are widely farmed in several coun-
tries for their fur. SARS-CoV-2 infection in minks was
first reported in the Netherlands following separate
outbreaks in two farms (Oreshkova et al. 2020).
Following the report of widespread mortality in the
mink farms of the United States, the U.S.
Department of Agriculture confirmed that the minks
were infected with the SARS-CoV-2 (Cahan 2020).
Currently, SARS-CoV-2 infection in minks has already
been documented in ten countries namely the USA,
the Netherlands, Sweden, Italy, Denmark, France,
Canada, Greece, Lithuania, and Spain (Figure 2)
(Cahan 2020; Enserink 2020; OIE 2020; WHO 2020a).
Fearing the possibility of minks harboring the virus
indefinitely, authorities in these countries have
already initiated mass culling to prevent a possible
spread to humans (Enserink 2020 Enserink 2020).
Postmortem examination of the lungs identified all
signs of pneumonia in the infected minks, indicating
presence of a respiratory disease (Cahan 2020;
Oreshkova et al. 2020). SARS-CoV-2 infection tends
to spread rapidly among minks housed in the farms,
resulting in mass mortality (Cahan 2020). Since the
minks are housed separately in cages with a non-
permeable partition between them, animal-to-animal
transmission is not possible through direct contact.
However, the cages are mostly open wire top cages,
so contaminated aerosols/dust can exit and enter
the cages through the top. Therefore, it is believed

that the virus was transmitted indirectly either
through fomites (feed or bedding material), infec-
tious droplets, or contaminated dust from the bed-
ding (fecal matter) (Oreshkova et al. 2020). The
presence of SARS-CoV-2 RNA in airborne inhalable
dust collected from the mink farms indicates the
possibility of indirect transmission between mink-to-
mink, and mink-to-human/or other animals
(Oreshkova et al. 2020; Zhao et al. 2020a). Therefore,
minks can serve as an efficient intermediate host for
SARS-CoV-2 in humans (Zhao et al. 2020a).

The necropsies performed on recently dead animals
from the mink farms in Netherlands identified diffusely
dark to mottled red, wet lung lobes that did not col-
lapse while opening the thoracic cavity (Figure 3A).
Histopathological examination of the lung samples
collected from animals with evident macroscopic
changes in the lungs demonstrated pathological
changes suggestive of severe diffuse interstitial pneu-
monia with hyperemia, alveolar damage, and loss of
air-containing alveolar lumina (Figure 3B) (Molenaar
et al. 2020; Oreshkova et al. 2020). Acute interstitial
pneumonia was the most characteristic postmortem
finding reported in nearly all the minks that died dur-
ing the SARS-CoV-2 outbreak in the Netherlands
(Molenaar et al. 2020). Other histologic findings in the
lungs include the presence of multifocal to coalescing
areas with degeneration and thickening of alveolar
septa often lined by delicate hyaline membranes and
exhibiting moderate to severe proliferation of type II
pneumocytes. The alveolar septa were found to be
thickened because of the presence of a fibrillar

Figure 2. Countries that have reported SARS-CoV-2 infection in farmed minks. (Events in animals, Data retrieved from: https://
www.oie.int/en/scientific-expertise/specific-information-and-recommendations/questions-and-answers-on-2019novel-coronavirus/
events-in-animals/).
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eosinophilic material. The alveolar lumina were filled
with desquamated cells, mononuclear inflammatory
cells, and few neutrophils (Molenaar et al. 2020). Other
consistent findings included perivascular edema, pul-
monary alveolar edema, and hyperemia of alveolar
septa. The severity of diffuse alveolar damage varied
among the individual minks of different farms.

SARS-CoV-2 RNA was detected in the throat swab,
rectal swab, lung samples, and conchae samples col-
lected from the minks. Additionally, RNA was also
detected in the liver and intestine, but not in the spleen
(Oreshkova et al. 2020). Although the outbreak lasted
only for 4weeks, a proportion of the minks tested PCR-
positive for SARS-CoV-2 in the throat swabs even after
the resolution of clinical signs (Molenaar et al. 2020).
The clinical and pathological findings of SARS-CoV-2
infection and the rapid animal-to-animal transmission
in minks are almost similar to the findings observed in
patients with COVID-19. Although SARS-CoV-2 infec-
tions appear asymptomatic in dogs (Shi et al. 2020; Sit
et al. 2020), it manifests as a mild to moderate disease
in felines with the involvement of the respiratory and/
or gastrointestinal systems (Shi et al. 2020), and as a
severe to fatal disease in minks (Cahan 2020; Hobbs
and Reid 2020; Oreshkova et al. 2020). Although SARS-
CoV-2 infection in minks can induce acute interstitial
pneumonia with diffuse alveolar damage, none of the
other organ systems were affected. Furthermore, few
infected minks show subclinical SARS-CoV-2 infection
(Molenaar et al. 2020).

4. Evidence for mink-to-human transmission
and its implications

Following reports of human-to-mink transmission of
SARS-CoV-2, it has been suggested that the virus

evolves because of the widespread and rapid circula-
tion among minks (Oude Munnink et al. 2020). Oude
Munnink et al. (2020) reported the first animal-to-
human SARS-CoV-2 transmission from infected minks
to susceptible farmworkers in the Netherlands.
Therefore, direct contact with SARS-CoV-2 infected
minks should also be considered a risk factor for con-
tracting COVID-19 (Enserink 2020; Oude Munnink et al.
2020). The study also identified high diversity in the
SARS-CoV-2 genomic sequences obtained from a few
mink farms. This indicated prolonged circulation of
the virus among the minks, which might have led to
accumulation of mutations that increased virulence of
the virus (Oude Munnink et al. 2020).

A total of 214 human cases of COVID-19 have
been identified in Denmark with different SARS-CoV-
2 variants that is believed to have originated from
farmed minks (WHO 2020a). At the time of writing,
Statens Serum Institut (State Serum Institute),
Denmark, has identified a total of seven unique
mutations in the spike protein of SARS-CoV-2 var-
iants found co-circulating in both minks and human
beings (WHO 2020b). The clinical presentation and
disease severity among those infected with these
new variants are similar to those of other circulating
SARS-CoV-2 strains. However, a new unique variant
referred to as the ‘Cluster 5’, has a series of muta-
tions that are not reported elsewhere. The prelimin-
ary results indicated that the new mink-associated
variant, identified in both minks and humans, has a
moderately reduced sensitivity to neutralizing anti-
bodies (WHO 2020a). However, following detailed
analysis, it was confirmed that the mink-associated
mutations are not associated with rapid spread, nor
with any changes in morbidity and mortality
(Mallapaty 2020b). One mink-associated mutation,

Figure 3. SARS-CoV-2 infection in mink. (A) Macroscopic image of the lungs from a mink infected with SARS-CoV-2. (B)
Photomicrograph of a histopathological lung section showing interstitial pneumonia (haematoxylin and eosin, objective 20�).
Reproduced from Oreshkova et al. (2020) under Creative Commons Attribution (CC BY) licence.
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Y453F, was found to be associated with an amino acid
change in the spike protein. The mutation was reported
in the SARS-CoV-2 sequences obtained from people in
Denmark and the Netherlands (Mallapaty 2020b). This
mutant (Y453F) of SARS-CoV-2 is known to have spread
widely among the humans (Hayashi et al. 2020b). An
experimental study was conducted with this virus variant
(Y453F mutation) using three-dimensional protein struc-
tural analysis. The findings suggest that the mink-associ-
ated mutant can partially escape from getting detected
by four commercial neutralizing monoclonal antibodies
(mAb) (CC12.1, CC12.3, COVA2-04, and CV07-250) owing
to the weak recognition of mAb to spike glycoproteins
(Hayashi et al. 2020b; Mallapaty 2020b). Although further
studies are necessary to confirm the potential implica-
tions of these findings (WHO 2020a), we can assume
that the new variant might have a direct impact on the
diagnostic techniques, therapeutics, and vaccines that
are currently under development. The Cluster 5 variant
identified among the infected farm workers has not
been reported since September 2020, indicating limited
spread within the human population (Mallapaty 2020b).
SARS-CoV-2 RNA was detected in the inhalable dust
samples collected from the mink farms. The inhalable
dust may act as a potential source of infection for the
farmworkers (Oreshkova et al. 2020). The animal-to-ani-
mal transmission in mink farms is believed to have
occurred through contaminated dust from the bedding
(fecal matter). Therefore, inhalation of the contaminated
dust might have contributed to the transmission of
SARS-CoV-2 fromminks-to-humans.

SARS-CoV-2 infection in humans might result in
severe and fatal respiratory disease with manifestations
involving other organ systems. Gross findings observed
in the post mortem examination of the lungs of COVID-
19 patients include patchy to diffuse areas of consolida-
tion, extensive suppurative bronchopneumonic infil-
trates, and firm, heavy, bluish–red colored lung
parenchyma with signs of severe congestion (Figure 4)
(Menter et al. 2020). The kidneys of patients with
COVID-19 showed diffuse acute tubular injury with
interstitial edema, widened tubular lumina, and flat-
tened tubular epithelium. Furthermore, transmission
electron microscopy identified podocytes with multiple
vesicles containing virus-like particles (Figure 5)
(Menter et al. 2020). Histopathological examination of
the lung samples collected from patients with COVID-
19 have demonstrated a broad range of pathological
changes including diffuse alveolar damage with disrup-
tion of alveolar septa, alveolitis with atrophy, focal
interstitial thickening, necrotizing bronchiolitis, meta-
plasia of alveolar epithelial cells, and bacterial broncho-
pneumonia (Tian et al. 2020; Yao et al. 2020). Diffuse
alveolar damage is the predominant histopathologic
lung pathology identified among the patients with
COVID-19 (Hariri et al., 2020).

5. Mitigation strategies including the one
health approach

As the human population has increased alarmingly
during the last century, the competition for

Figure 4. Gross lung findings observed during the postmortem examination of COVID-19 human patient. (A) Appearance of
lungs in a patient with COVID-19. The thickened alveolar septae and congestive interstitial aspects are also visible in addition
to the interstitial congestion (insert). (B) Severe and extensive suppurative bronchopneumonic infiltrates (insert) observed in a
patient suffering from COVID-19. Reproduced with modifications from Menter et al. (2020) under Creative Commons
Attribution (CC BY) licence.
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resources and frequent human-animal interactions
has become inevitable. Additionally, the economic
trade involving wild and exotic animals has also
resulted in a closer human-wild animal interaction
and it poses a considerable threat via possible trans-
mission of new viruses into the human population.
This may lead to the exchange of viruses across spe-
cies and the emergence of new viral diseases in the
human population. Reports on newly emerging dis-
eases in humans, which have originated from ani-
mals, during the last few decades have provided
evidence of the drawbacks of this interaction. In the
current scenario, for most of the emerging health
problems and diseases, there is a close relationship/
interaction between humans, animals, and their
environment. Hence, the emergence of new patho-
gens may occur at the interface of such interactions

and may later lead to the development of a pan-
demic. However, the emergence of novel pathogens
can be prevented by studying the human-animal-
ecosystem interface. The One Health approach offers
a great strategy to combat the emergence of infec-
tious diseases (Hassani and Khan 2020). From the
available data, it is evident that SARS-CoV-2 can
adapt to infect a wide range of host species. The
emergence of different SARS-CoV-2 variants with
unique pathobiological characteristics as a conse-
quence of human-to-animal and animal-to-human
transmissions with events of crossing of the species
barrier may pose a challenge to the effectiveness of
the diagnostic techniques, therapeutics, and vaccines
that are currently under development to counter the
COVID-19 pandemic. Adaptation and evolution of
the SARS-CoV-2 are being reported and has been

Figure 5. Electron microscopy findings. (A) Transmission electron micrograph of kidney section showing virus-like particles
(sizes between 70 nm and 110 nm) within podocyte cytoplasm (arrow). (B) The vesicles contain virus-like particles with a ring
of electron-dense granules. (C) Virus-like particles (arrow and insert) within a vesicle that is close to the luminal border. (D)
Cytoplasm of a proximal tubular epithelial cell with vesicle containing virus-like particles (arrow and insert). Reproduced from
Menter et al. (2020) under Creative Commons Attribution (CC BY) licence.
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attributed to the increased genetic diversity among
SARS-CoV-2-infected patients (Shen et al. 2020). The
transmission of SARS-CoV-2 from humans to minks
has already resulted in the emergence of a new
mink-associated virus variant (Figure 6).

The detection of SARS-CoV-2 viral RNA in the air-
borne inhalable dust (contaminated with fecal mat-
ter) collected from the mink farms indicates the
possibility of animal-to-animal and animal-to-human
transmission of SARS-CoV-2 via dust and/or droplets.
Therefore, the workers/employees are subjected to
the risk of SARS-CoV-2 exposure while working on
mink farms. In addition to the countries that have
reported SARS-CoV-2 infection in minks, namely the
USA, the Netherlands, Sweden, Italy, Denmark,
France, Canada, Greece, Lithuania, and Spain, mink
farms are spread across several other countries in
Europe. Therefore, considering the potential for virus
mutation events in minks and evidence of mink-to-
human transmission, strict biosecurity measures
should be implemented to prevent the further trans-
mission of the mink-associated SARS-CoV-2 variant
to human beings. This can be made possible by
increasing awareness among the scientific commu-
nity and the employees/workers of the mink industry
that similar to humans, minks are highly susceptible

to SARS-CoV-2 infection and can pose high public
health concerns via the additional zoonotic transmis-
sion of COVID-19 amidst the ongoing pandemic. The
rapid human-to-human transmission is presently at
its highest with the increasing number of SARS-CoV-
2 confirmed cases, leading to higher global cumula-
tive mortality. It is increasingly difficult to control the
accelerated transmission of the disease owing to the
unavailability of any effective drug and/or vaccine to
combat this pandemic. Further studies and surveil-
lance are warranted to determine and confirm the
role of the different animal species in the zoonotic
and community transmission of SARS-CoV-2 and to
design appropriate strategies to combat
these situations.

The surveillance and monitoring of SARS-CoV-2 in
animals including livestock, companion, pet, and zoo
animals and their handlers as well as other wildlife
species should be strengthened along with the
implementation of a wider One Health approach,
mitigation strategies, and preventive and control
strategies to contain this virus as well as its zoonosis,
the mechanisms of which remains unclear (Dhama
et al. 2013; Bhatia 2020; Leroy et al. 2020; McNamara
et al. 2020; Murdoch and French 2020). Apart from
this, the research and development activities

Figure 6. Potential and established routes of SARS-CoV-2 transmission between humans and animal species.
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involved in investigation of SARS-CoV-2 infection in
animals and their susceptibility should be conducted
with greater emphasis across the globe, which would
aid in the design and modification of appropriate
prevention and control strategies to limit the trans-
mission of this virus as well as help to tackle future
similar pandemics and epidemics of infectious dis-
eases, especially those emerging at animal-
human interfaces.

While the entire world is grappled with the
ongoing COVID-19 pandemic caused by SARS-CoV-2
and as relentless efforts are being directed toward
the development of a potent and successful vaccine
for the prevention and control of the virus, along
with extensive studies on targeted antiviral drugs for
treating patients, the emergence of any new variant
virus may derail the progress made thus far to con-
tain the virus and its transmission. The variant
viruses that can escape the virus-induced immunity
or neutralizing effect of monoclonal antibodies and
the inhibitory effect of antiviral drugs developed
against the wild type virus, may render the newly
developed vaccine or antiviral drug ineffective.
Considering the substantial impact of the newly
emerged variant virus strain of SARS-CoV-2 on public
health and the world economy, the approach of cull-
ing all animals involved in the emergence and trans-
mission of the variant virus may be considered as a
last resort even though this may seem unethical as
well. This approach has been considered in the past
during many disease outbreaks such as the bird flu
in different countries. However, this approach is
highly effective if it is implemented during the early
stage of transmission of the new variant virus when
it is restricted to a specific animal and human popu-
lation in a farm or country. It may not be effective
during the late stage of transmission when the new
variant is already transmitted and spread to consid-
erable human and animal populations across differ-
ent geographical locations. It is also effective if the
variant only circulates in the farmed minks.
Transmission to wild minks may pose a further chal-
lenge in elimination of the variant virus. As the vari-
ant SARS-CoV-2 virus strain has been already
detected in various countries across different conti-
nents, it appears to have already spread across a
large geographical region. The success of preventing
the spread of this variant strain depends on the
coordinated international efforts involving all the
affected countries. Isolated efforts may not yield the
desired result to stop the global spread of the vari-
ant virus. International efforts should include the
ethical and economic aspects of the control strategy
by culling all minks and by involving all the stake-
holders, and it should be governed by acceptable
international laws.

6. Conclusion and future prospects

Since the emergence of the COVID-19 pandemic, nor-
mal human life and economic activities have been
severely affected globally. The return to normalcy
depends on the extent of progress made in the diag-
nostic technique, therapeutic, and vaccine design
aspects to control the pandemic, which can be sus-
tained by preventing the emergence of any new vari-
ant SARS-CoV-2 strains. Scientific evidence-based
control strategies should be adopted to stop the
spread of a new variant strain at the early stage of
identification when it is restricted to a population of
humans or animals. Surveillance and monitoring of
the evolution of new variant viruses should be carried
out routinely in human and animal populations by
considering the One Health approach. In the event of
the identification of a new variant, coordinated inter-
national efforts to contain the spread based on the
One Health approach should be undertaken. The ani-
mal-human interaction, particularly, with wild animals,
such as minks, pangolins, bats, and ferrets should be
avoided. The food habits or economic activities
involving these animals should be prevented to
block/control any possible transmission of pathogens
from one of these species to humans in the future.
Awareness of the One Health approach is warranted
through training and education for all the stakehold-
ers involved in human, animal, and environmental
health policies to address the effective control of
newly emerging diseases such as COVID-19.

Since its emergence, the SARS-CoV-2 continues to
accumulate mutations and evolve progressively.
However, the emergence of a new variant in humans
highlight the role played by minks in accelerating the
process of evolution. The effects of this new SARS-CoV-
2 variant remain unclear at this juncture. However, such
virus variants may pose a threat to the efficacy of
monoclonal antibodies and vaccines that are currently
under development and clinical trials. It is evident that
the mink farms will further play a major role in the
emergence of newer and more virulent variants of
SARS-CoV-2 that may not respond to our therapeutic
strategies. The mink farms house thousands of minks in
close proximity, which is an ideal condition for promo-
tion of the rapid transmission of SARS-CoV-2 under a
closed environment. The rapid spread of SARS-CoV-2
across the mink farms in Europe and North America
calls for an immediate response from the concerned
authorities to devise new strategies to prevent further
spread. Since new SARS-CoV-2 variants can emerge
from mink farms as a consequence of human-to-mink
and mink-to-human transmission, preventive measures
should be established to block the interaction between
the two highly susceptible species. Furthermore, it is
not clear whether SARS-CoV-2 can be transmitted to
other animals such as feral/stray cats living in close
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proximity to the infected mink farms. Therefore, further
studies should be conducted to screen for feral/stray
animals living around the farms and to investigate their
role in promoting cross-species transmission of SARS-
CoV-2.
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