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ABSTRACT

Coronaviruses (CoVs), which are enveloped, positive-sense RNA viruses, may cause infections in mam-
mals and birds. Apart from the respiratory manifestations, CoVs are also responsible for infections of
the gastrointestinal tract and nervous systems. Their propensity to recombine allows them to easily
transmit and adapt to new hosts. The emergence of a new CoV in humans, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), which is attributed to a zoonotic origin, has provoked numerous
studies to assess its pathogenicity for different animal species (pets, farm and wild animals). Available
results indicate that numerous animal species are susceptible to infection with SARS-CoV-2. From
April 2020, when the first SARS-CoV-2 infection in minks was reported in the Netherlands, to the end
of January 2021, further outbreaks have been confirmed in Denmark, Italy, Spain, Sweden, the United
States, Greece, France, Canada, Lithuania and Poland. It has also been established that human-to-minks
and minks-to-human transmission may occur. The results obtained to date indicate that the virus was
originally introduced into the minks population by humans, possibly at the start of the pandemic and
had been circulating in the population for several weeks before detection. Recent data indicate that minks
are highly susceptible to SARS-CoV-2 infection, but the route or routes of virus transmission between
farms, other than by direct contact with infected humans, have not been identified. In minks, infection
can occur in clinical and subclinical form, making it possibly difficult to detect. Therefore, minks could
represent potentially dangerous, not always recognized, animal reservoir for SARS-CoV-2. The current
data indicate that further studies on minks and other Mustelidae are needed to clarify whether they

may be a potential reservoir for SARS-CoV-2, and if so, how and whether this can be prevented.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Implications

Introduction

This paper reviews the knowledge of severe acute respiratory
syndrome coronavirus 2 infection in farmed minks. Recent data
indicate that minks are highly susceptible to severe acute respira-
tory syndrome coronavirus 2 infection. Analysis of clinical and lab-
oratory findings from infected farms indicates that infection in
minks can occur in both clinical and subclinical forms, making it
possibly difficult to detect. Thus, minks farms may potentially rep-
resent an unrecognized source of severe acute respiratory syn-
drome coronavirus 2. We emphasize the need for further
research on minks and other Mustelidae to understand whether
these species may be potential vectors and reservoirs of severe
acute respiratory syndrome coronavirus 2 and, if so to prevent its
establishment.
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Coronaviruses (CoVs) are enveloped positive-sense RNA viruses.
They belong to the Coronaviridae family, order Nidovirales (Woo
et al., 2006; Turlewicz-Podbielska and Pomorska-Mol, 2021). CoVs
are pathogenic for mammals and birds, in which they cause infec-
tions manifested by a range of clinical signs (from respiratory, gas-
trointestinal and nervous systems) as well as subclinical infections
(Herrewegh et al., 1998; Woo et al., 2006). To date, four genera of
CoVs can be identified: Alphacoronavirus, Betacoronavirus, Gamma-
coronavirus and Deltacoronavirus (Chen et al., 2020). Their propen-
sity to recombine allows them to easily transmit and adapt to new
hosts (Herrewegh et al., 1998; Woo et al., 2006; Turlewicz-
Podbielska and Pomorska-Moél, 2021).

In December 2019, a new CoV, belonging to the genus Betacoro-
navirus, subgenus Sarbecovirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was identified to induce a global pan-
demic (Zhu et al., 2020; Malik et al., 2020). SARS-CoV-2 in humans

1751-7311/© 2021 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.animal.2021.100272&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.animal.2021.100272
http://creativecommons.org/licenses/by/4.0/
mailto:mpomorska@up.poznan.pl
https://doi.org/10.1016/j.animal.2021.100272
http://www.sciencedirect.com/science/journal/17517311

M. Pomorska-Mol, J. Wiodarek, M. Gogulski et al.

causes a disease called COVID-19 (Zhu et al., 2020; Malik et al.,
2020). The appearance of new Betacoronavirus in humans, which
is attributed to a zoonotic origin, has provoked numerous studies
to assess its pathogenicity for different animal species (pets, farm
and wild animals) (Halfmann et al., 2020; Mykytyn et al., 2020;
Richard et al., 2020; Sia et al., 2020; Shi et al., 2020; Zhao et al.,
2020; Turlewicz-Podbielska and Pomorska-Mél, 2021). Due to the
similarities of the SARS-CoV-2 to the SARS-CoV identified in
2003, it has been suspected from the beginning that the original
outbreak was of zoonotic origin, possibly linked to a market in
Wuhan, which sold a variety of animals including wild birds, poul-
try, fish, shellfish and other exotic species (Oude Munnink et al.,
2021).

SARS-CoV-2 is another, after SARS-CoV and MERS-CoV, zoonotic
CoV pathogenic to humans (Hemida et al., 2017; Dhama et al.,
2020). Both previously discovered CoVs are thought to have been
transmitted to humans via a mammalian intermediate host
(Hemida et al., 2017). There is speculation that SARS-CoV-2 may
also have emerged in the human population after crossing the spe-
cies barrier, probably from a reservoir host (bats) via intermediate
hosts (not yet confirmed, possibly pangolins or snakes) to humans
(Malik et al., 2020). It has been shown that sarbecoviruses undergo
common recombination and show significant genetic variation,
however, SARS-CoV-2 is not a recombinant of any of the currently
known sarbecoviruses (Boni et al., 2020). Its receptor-binding
motif appears to be a feature derived from an ancestor shared with
bat viruses. There is currently no indication that this is a trait
acquired by recombination in the recent past (Boni et al., 2020).

Closely related CoVs identified in bats and pangolins (Han,
2020; Lam et al, 2020; Zhou et al.,, 2020) share the highest
sequence identity with novel SARS-CoV-2, but the most likely time
of the divergence of SARS-CoV-2 from the closest related bat CoV is
estimated to be around 1948-1982 (Boni et al., 2020), suggesting
that the lineage that gave rise to SARS-CoV-2 circulated in the
bat population undetected for years. (Boni et al., 2020). The most
probable hypothesis for the genesis of SARS-CoV-2 is a more com-
plicated viral pathway beginning with a bat, through another ani-
mal(s) ending with a human. The animal reservoir(s) of SARS-CoV-
2 has not yet been definitively identified (Oude Munnink et al.,
2021). Susceptibility of various animals to natural and/or experi-
mental infection by SARS-CoV-2 with the possible role of a range
of species in the transmission of SARS-CoV-2 is presented in Fig. 1.

Like the previously identified sarbecovirus, SARS-CoV-2 binds to
the host angiotensin 2 (ACE2) receptor. Based on the similarities of
ACE2, a number of animal species have been selected for experi-
mental infections: rhesus macaques (Munster et al., 2020), cats
(Shi et al., 2020; Halfmann et al, 2020; Ruiz-Arrondo et al.,
2021), dogs (Shi et al., 2020), ferrets (Richard et al., 2020), hamsters
(Sia et al., 2020), tree shrews (Zhao et al., 2020), African green
monkey (Woolsey et al., 2021), marmosets (Lu et al., 2020) rabbits
(Mykytyn et al., 2020), fruit bats (Schlottau et al., 2020) and mice
deer (Fagre et al., 2020). Experimental infections revealed that
many species are susceptible to SARS-CoV-2, and that cats, tree
shrews, mice deer, hamsters and ferrets can shed the virus. Other
species, such as pigs and poultry, appear resistant (Schlottau
et al., 2020; Shi et al., 2020; Suarez et al., 2020). Cattle show low
susceptibility to SARS-CoV-2 infection and no intraspecies trans-
mission to in-contact cattle has been observed (Ulrich et al.,
2020). These findings indicate that the virus has a restricted host
range.

SARS-CoV-2 has also been identified in naturally infected ani-
mals. SARS-CoV-2 RNA has been detected in dogs (Sit et al,
2020; Patterson et al., 2020) and cats (Sailleau et al., 2020; Shi
et al., 2020; Segalés et al., 2020). Furthermore, SARS-CoV-2 has
been found in tigers and lions at the New York Zoo (Gollakner
and Capua, 2020). The antibodies specific to SARS-CoV-2 have been
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detected in cats in Italy, the Netherlands, China and Germany
(Patterson et al., 2020; Zhang et al., 2020). SARS-CoV-2 has also
been detected in American (Neovison vison) minks in several coun-
tries (Oude Munnink et al., 2021; Boklund et al., 2021b; Sharun
et al,, 2021).

At present, there is no direct reference to farmed minks and
SARS-CoV-2 infection in the World Organisation for Animal Health
(OIE) Terrestrial Animal Health Code, and the reporting of infection
in minks by member countries is based on a definition of ‘emerging
disease’ in animals (OIE, 2019). The OIE is now working to establish
appropriate legislation to facilitate the control and eradication of
this emerging disease in minks (OIE, 2019). Work is underway to
enable the inclusion of minks in the World Animal Health Informa-
tion Database and to encourage member countries to submit rele-
vant data for this species, which will improve the monitoring of the
epidemiological situation worldwide.

Occurrence of SARS-CoV-2 infections in minks

Since April 2020, when the first SARS-CoV-2 infection in minks
was reported in the Netherlands, to date (February 2021) further
outbreaks have been confirmed in Denmark, Italy, Spain, Sweden,
the United States, Greece, France, Canada, Lithuania and Poland
(Oreshkova et al., 2020; Molenaar et al., 2020; ProMED 2020a-d,
2020h, 2020i and 2021; Oude Munnink et al., 2021) (Fig. 2). It
has also been established that human-to-minks and minks-to-
human transmission may occur (Oude Munnink et al., 2021;
Boklund et al., 2021b).

The Netherlands

The first outbreaks of SARS-CoV-2 were confirmed in April 2020
on two minks farms (Oude Munnink et al, 2021). Following the
detection of SARS-CoV-2 on minks farms, in-depth analyses were
initiated to identify potential transmission routes and to assess
the environmental and occupational risks. Unfortunately, despite
the introduction of rigorous biosecurity requirements, there have
been further outbreaks of SARS-CoV-2 infection on minks farms
at different time intervals.

In the response to SARS-CoV-2 infection on minks farms, a
national zoonotic disease response system was launched. Already
in May 2020, minks farmers, veterinarians and diagnostic laborato-
ries were accordingly obliged to report all cases of signs that may
indicate minks infection with SARS-CoV-2 or positive results
obtained in laboratories to the Netherlands Food and Consumer
Product Safety Authority and an extensive surveillance system
was established (Netherlands Food and Consumer Product Safety
Authority, 2020; Sikkema et al., 2020).

When interviewed as part of the epidemiological investigation
on the first farm where minks infections were confirmed, four of
the five farmworkers reported that they had developed respiratory
signs prior to the outbreak in minks, but none of them had been
tested for SARS-CoV-2. To date, detailed epidemiological findings
from the first 16 outbreaks in the Netherlands minks farms have
been published (Oude Munnink et al., 2021). A total of 97 individ-
uals were tested by serological and/or reverse transcription-PCR
(RT-PCR) tests as part of the investigation. 43 of 88 (49%) upper
respiratory tract samples were positive by RT-PCR, while 38 of
75 (51%) serum samples were positive for SARS-CoV-2-specific
antibodies. In total, 66 of 97 individuals (68%) were considered to
be contacted with SARS-CoV-2 (Oude Munnink et al., 2021). Iso-
lates obtained from 16 minks and one isolate from a farm worker
have been sequenced (Oude Munnink et al., 2021).

A retrospective analysis on the second farm showed that one of
its workers had been hospitalized on March 31 due to SARS-CoV-2.
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Fig. 1. Susceptibility of various animals to natural and/or experimental infection by SARS-CoV-2 with possible role of a range of species in the transmission of SARS-CoV-2.

Samples from eight workers taken after the infection was identi-
fied in minks were negative in RT-PCR but positive in serological
tests. The virus sequence obtained from the animals was different
from that on the first positive farm (Oude Munnink et al., 2021). On
another farm with SARS-CoV-2 infection in minks, all workers had
initially tested negative for the presence of SARS-CoV-2 RNA, but
2-3 weeks later, five of the seven persons working or living on
the farm tested positive for SARS-CoV-2 showing clinical signs of
COVID-19 (Oude Munnink et al., 2021).

Sequence analysis of isolates from humans and minks, together
with the initial negative test result and the subsequent appearance
of COVID-19 signs in humans, indicates that workers were infected
after the minks were infected. In addition, the epidemiological
investigation showed likely further transmission of the virus to
further persons not in contact with the minks, but only with the
infected workers (Oude Munnink et al., 2021). Occurrence of zoo-
notic infection in humans was noted also on other farms (Oude
Munnink et al., 2021).

Phylogenetic analysis of the SARS-CoV-2 minks genomes
showed that sequences of isolates obtained from minks from 16
farms were grouped into five different clusters (Oude Munnink
et al., 2021). Some of the farms from which isolates were included
in a given cluster had the same owner; however, in most cases, a
common factor could not be identified for the different farms
and it was not possible to explain the presence in a given cluster
on a given farm (Oude Munnink et al., 2021). Additionally, 18
sequences were generated from minks farmworkers or close con-
tacts from few farms. In most cases, the human sequences were
almost identical to those obtained from minks from the same farm
(Oude Munnink et al., 2021). Several non-synonymous mutations
were found among the minks sequences compared to the Wuhan
reference sequence NC_045512.2 (Oude Munnink et al., 2021).
However, no specific amino acid substitutions were found in sam-
ples from minks. It is worth noting that three of the five clusters
had the 614G variant (clusters A, C, E) and two (B, D) had the orig-
inal variant. To date, no significant differences have been found

over the course of the disease in animals or humans caused by
viruses grouped in different clusters (Oude Munnink et al., 2021).

In studies conducted by Oude Munnink et al. (2021), a high
diversity of SARS-CoV-2 sequences was observed for some minks
farms, which may indicate that the virus had been circulating on
minks farms for some time or that multiple introductions of the
virus had taken place (Candido et al., 2020; Oude Munnink et al.,
2021). However, relatively high sequence variation was also
observed in farms that were negative 1 week earlier, which may
indicate a more rapid evolution of the virus in the minks popula-
tion. The SARS-CoV-2 substitution rate in humans is estimated to
be about 1.16 - 107 substitutions/location/year (about one muta-
tion every 2 weeks) but minks live in high-density populations,
which may favour virus transmission (Candido et al., 2020; Oude
Munnink et al., 2021). The Dutch services have so far failed to iden-
tify common factors that could explain the spread of SARS-CoV-2
from farm to farm.

Denmark

Cases of SARS-CoV-2 infection in minks have also been reported
in Denmark. In June, despite the animals not showing any symp-
toms, three of the first farms were culled (ProMED, 2020b, Larsen
et al., 2021). On 4 November, it was decided to cull all minks in
the country to prevent human infection. Most minks have been
culled and most farms have closed, at least until the end of 2021
(Boklund et al., 2021a). The Act on the killing of and temporary
ban on keeping minks (until 31 December 2021) took effect on
15 January 2021 (Boklund et al., 2021a).

In 2018, Denmark, as one of the largest producers in the world,
had 1 500 farms that produced skins worth €1.1 billion. The first
case of SARS-CoV-2 infection in minks on Danish farms was con-
firmed in June 2020 on a farm in North Jutland (ProMED, 2020b;
OIE, 2019; Larsen et al., 2021). Samples were collected after some
minks were reported to have respiratory symptoms. Positive
results for SARS-CoV-2 were obtained from samples taken from
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Fig. 2. Countries with SARS-CoV-2 outbreaks in farmed minks (marked in green).

animals and one worker (ProMED, 2020b). Finally, almost 11 000
animals from the farm were culled (ProMED, 2020b).

In order to be able to monitor the situation in Denmark, the
Ministry of Environment and Food issued a decree with the aim
of ensuring that the health of fur animals could be monitored in
the context of SARS-CoV-2 infections. Through this decree, veteri-
nary services can take samples from minks, as well as implement
infection prevention measures (ProMED, 2020e). The regulations
introduced required that any suspicion of SARS-CoV-2 infection
in fur animals be notified to the competent services. A veterinarian
should be called if a fur animal develops symptoms such as diar-
rhoea, vomiting, respiratory signs or an elevated rectal tempera-
ture. If a veterinarian suspects COVID-19 in a fur animal, they
must also inform the relevant services and collect samples for lab-
oratory testing (ProMED, 2020e). A total of 287 SARS-CoV-2
infected farms have been detected in Denmark (Boklund et al.,
2021b). By November 2020, Denmark has reported 214 human
infections with SARS-CoV-2 variants related to those found in
minks (OIE, 2019; ProMED, 2020e; European Centre for Disease
Prevention and Control, 2020; Boklund et al., 2021b).

The SARS-CoV-2 variants detected in Denmark belonged to at
least five clusters, which may indicate several introductions of
the virus into the farms and subsequent transmission from farm
to farm (Boklund et al, 2021a). The mutation Y453F in the
receptor-binding domain (RBD) of the spike protein has been
observed in many of the SARS-CoV-2 strains in Denmark, indepen-
dently of the clustering (Boklund et al., 2021a; Oude Munnink
et al., 2020). This mutation has also been observed in SARS-CoV-
2 strains associated with minks, e.g. in The Netherlands, Greece
and Sweden (Boklund et al., 2021a). However, it should be noted
that the Y453F has also been observed in human cases not related
to minks (Boklund et al., 2021a).

Each cluster contained minks-associated variants that were
identified in both humans and farm animals in the same Danish
region. One of the clusters (cluster 5), which mainly circulated in
August and September 2020, is associated with a variant that
showed four genetic changes: three substitutions and one deletion
in the S protein (OIE, 2019; Mallapaty, 2020; ProMED, 2020e). To
date however, it is not clear whether all the minks-associated
mutations in human actually originated in minks. Given that the
S protein contains the RBD and is a major target of the immune
response, mutations in this area may affect pathogenicity to differ-
ent human and animal species, virus seeding and spread and anti-
genic properties. Some researchers highlight that the Cluster-5
variant appears to be a ‘dead end’ in people, as it has not spread
widely in the human population (Mallapaty, 2020). The majority
of the people infected with this variant had worked on farms and
were probably exposed to a high dose of the virus. Additionally,
the variant has not been found in human samples since September
2020, despite the sequencing of an increasing number of isolates
(Mallapaty, 2020). The emergence and spread of strains with
increasing alterations in the functional domains of protein S could
potentially affect the diagnostics and the effectiveness of immuno-
prophylaxis. Research is currently underway to help clarify the
likelihood of these possible consequences (OIE, 2019; Mallapaty,
2020; ProMED, 2020e).

Since the decision announced on November 4th to cull all minks
in Denmark, over 13 million minks have been culled. During the
first cull period, approximately 25% of farms had been infected
with SARS-CoV-2 (Boklund et al.,, 2021b). No new SARS-CoV-2
occurrences have been detected since 7 December 2020 (Boklund
et al., 2021a). In December 2020, the Danish authorities introduced
a temporary ban on minks farming (until the end of 2021). Despite
the fact that the ban on minks farming in Denmark is temporary,
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and that the law introduced provides the possibility of a return to
farming once the COVID-19 pandemic is brought under control, it
seems unlikely that Danish minks farming will regain its full
potential, given both the manner in which minks farming has been
ended, the uncertain circumstances surrounding the course of the
pandemic and the actions of animal rights activists.

Spain

Further reports of SARS-CoV-2 infection in minks come from
Spain where CoV was found on a farm in the Aragon region
(ProMED 2020a; OIE, 2019). None of the animals on the farm
showed any signs of disease and no elevated mortality was
observed in the herd. Veterinary services were called by the farmer
after his wife and several farmworkers tested positive for SARS-
CoV-2 (ProMED 2020a). The first tests in minks, with negative
results, were conducted 1 week after the positive results in work-
ers have been confirmed (ProMED 2020a). A positive result in
minks was confirmed after more than 3 weeks from first sampling.
After another 2 weeks, more than 80% of the minks tested were
positive. Although it could not be definitively established whether
the infection was transmitted from humans to animals or from ani-
mals to human, the authorities decided to cull all minks on the
farm (ProMED 2020a).

United States

In August 2020, United States Department of Agriculture
(USDA) National Veterinary Services Laboratories (NVSL)
announced the first confirmed cases of SARS-CoV-2 in minks on
two farms in Utah. The affected farms also reported positive cases
of COVID-19 in people who had contact with the minks (Animal
and Plant Health Inspection Service, 2020; Cahan, 2020). In Utah,
the first problems on a minks farm became apparent on August
6, when farmers informed the state USDA of a huge increase in
mortality. Mortality continued to rise, prompting the authorities
to take diagnostic measures. The results of pathological examina-
tions showed the presence of inflammatory lesions in the lungs.
The lesions were similar to those observed in minks in Europe in
which SARS-CoV-2 infection had been confirmed (severe pneumo-
nia, swollen, dark red, moist, not collapsed lung lobes) (Molenaar
et al., 2020). The results of laboratory tests confirmed that the ani-
mals were infected with the SARS-CoV-2. Analysis of the situation
on the farm has shown that minks, like humans, have a variable
clinical course of the disease. Only some of them undergo the acute
form of the disease, while in others, the disease is subclinical or
with weak symptoms (Animal and Plant Health Inspection
Service, 2020; Cahan, 2020).

In all cases confirmed to date in the United States, it is most
likely that humans were the vector introducing the virus into the
minks population; the reverse route of transmission has not yet
been confirmed (Animal and Plant Health Inspection Service,
2020; Cahan, 2020). It is estimated that between August and
mid-November, more than 15 000 minks died as a result of
SARS-CoV-2 infection in the US. For the time being, the competent
services and authorities in the states, where SARS-CoV-2 has been
confirmed in minks, have stated that they do not plan to slaughter
the animals and are continuously monitoring the situation (Animal
and Plant Health Inspection Service, 2020; Cahan, 2020).

Italy

In Italy, an outbreak on minks farm caused by SARS-CoV-2 was
confirmed in August 2020. According to available information, at
least two minks samples from one farm tested positive for SARS-
CoV-2 genetic material (ProMED 2020f; OIE, 2019). More detailed
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information on this outbreak and the epizootic situation in the
country is currently not available.

Sweden

The first outbreak in Sweden was detected at the end of October
2020, with the first case of SARS-CoV-2 infection confirmed on a
farm in the south-east of the country, in Blekinge County
(ProMED 2020g; OIE, 2019). Almost half of Sweden’s minks farms
are located in this area. The affected farm reared approximately
9 500 minks. The infection was detected by implementing a mon-
itoring programme for SARS-CoV-2 infection in this species. The
material from dead minks was tested by real-time PCR as part of
a monitoring and surveillance programme implemented in Swe-
den. On 16.10.2020, one of the three minks was found to be weak
positive after the examination of an oral and pharyngeal swab. The
tissue samples from all animals were negative. 1 week later, sam-
ples from other five dead minks were positive. In parallel, a slight
increase in mortality could be observed on the farm, but no other
clinical signs of disease were identified (ProMED, 2020g). The
source of infection has not yet been established, but both the farm
owner and his father, who were tested for SARS-CoV-2 on 21 Octo-
ber, tested positive. Further analysis is currently underway to
assess the similarities between the virus strains detected in sam-
ples taken from minks and humans. The veterinary services have
implemented procedures, including movement restrictions and
biosecurity measures, and do not intend to cull animals at this
stage. Strict surveillance of minks farms has also been introduced
(ProMED, 2020g).

Greece

Greece is the next country where minks infected with SARS-
CoV-2 have been confirmed. The first outbreaks in minks were con-
firmed in November 2020 in Kozani and Kastoria regions (ProMED,
2020c). The Y453F mutation, observed in Denmark and The
Netherlands, has been also confirmed in the virus found in samples
from minks in Greece (Boklund et al., 2021a). Since SARS-CoV-2
infection was confirmed in the owner of one farm, local authority
decided to test the remaining farmworkers. Finally, 2 500 minks
on a farm in northern Kozani have been culled (ProMED, 2020c).

France

On 22 November, the French Ministry of Agriculture reported
the first case of SARS-CoV-2 infection in minks in France
(ProMED, 2020d; OIE, 2019). A minks infected with SARS-CoV-2
was found on a farm in the Eure-et-Loire region of western France,
in a herd where 1 000 minks were being reared. It was decided to
cull all minks from the farm (ProMED, 2020d). France started test-
ing the minks in mid-November 2020. So far, tests have shown that
the virus is circulating in only one of four farms registered in
France (ProMED, 2020d).

Lithuania

Lithuania reported the first outbreak of COVID-19 in minks on
30 November 2020 (OIE, 2019; ProMED, 2020h). The presence of
the new CoV was confirmed on a farm located in Jonava district.
Increased minks mortality had been observed on the infected farm
since 24 November. Samples from dead minks were collected as
part of the passive monitoring related to the observed increase in
mortality. A total of 169 dead minks were found from which 10
samples were randomly collected and tested positive for SARS-
CoV-2 by PCR. A further 22 dead animals were sampled the follow-
ing day and all tested positive for SARS-CoV-2 by PCR. The results
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of the epidemiological investigation carried out by the veterinary
authorities do not exclude that the SARS-CoV-2 could have been
transmitted to minks by a farm worker. The farm was closed, and
any removal of animals, feed, or other animal products from the
infected holding was prohibited. A decision was also made to cull
infected minks. Unlike Denmark and Ireland, Lithuania has made
no plans for a mass culling of minks (ProMED, 2020h).

Canada

The first notification of SARS-CoV-2 infection in Canadian minks
was confirmed in December 2020 (ProMED, 2020i; OIE, 2019). The
infected farm is located in Fraser Valley, British Columbia. The
results of the epidemiological investigation indicate that human
was the probable source of infection since COVID-19-positive
minks farmworkers were diagnosed on 3 December 2020. The
minks did not display clinical signs at that time. Minks sampled
during the first days of December tested positive for SARS-CoV-2
by PCR. In the days following sampling, there was an increase in
mortality (around 1%). From that time, few other outbreaks have
been reported from Canada. The near complete genome sequences
of SARS-CoV-2 were obtained for minks samples from the second
minks farm (approx. 99.7% genome coverage). Sequence analysis
identified at least three single nucleotide polymorphisms com-
pared to the SARS-CoV-2 sequences from the first minks farm
and other sequences reported in the Global Initiative on Sharing
Avian Influenza Data. The three new minks sequences belong to
SARS-CoV-2 lineage B.1.1.73, which is a lineage consisting primar-
ily of North American sequences. The whole genome sequencing of
the virus found in minks and humans at the beginning of the out-
break at the minks farm revealed that the people and animals were
infected with an identical or nearly identical strain. The strain
detected has been circulating in people in this region, indicating
COVID-19 spread from people to animals and not the other way
around (BC Centre for Disease Control, 2020).

Poland

In Poland, one of the world’s top producers of minks fur, the first
outbreak of SARS-CoV-2 in minks was confirmed on 30 January
2021, based on the results of laboratory tests carried out by
national reference laboratory (ProMED, 2021; OIE, 2021;
Domanska-Blicharz et al., 2021). The SARS-CoV-2 outbreak was
detected on a holding with more than 5 800 of American minks
at time of the outbreak, located in Pomeranian voivodeship. Sam-
ples (the nasopharyngeal swabs taken from 20 minks) were col-
lected on January 27 during active monitoring, in accordance
with applicable national regulations. Positive results were
obtained from four animals. No clinical signs or increased mortality
has been observed (ProMED, 2021; OIE, 2021). In the spike protein
of SARS-CoV-2 detected in minks in Poland, four or five amino acid
substitutions were identified, depending on the isolate tested.
However, only one substitution (Y453F) is located in the RBD
(Domanska-Blicharz et al., 2021). This location is found to be
responsible for increased binding affinity to cellular receptors in
minks (Andersen et al.,, 2020; Lauring and Hodcroft, 2021). In
November 2020, the Polish Veterinary Authorities introduced offi-
cial monitoring of minks farms (Domanska-Blicharz et al., 2021). 1
month later, the new legislation declaring SARS-CoV-2 infection in
minks as a notifiable disease has been introduced (Domanska-
Blicharz et al., 2021).

Course of infection in minks - case reports

In minks, the virus caused both clinical disease, mainly with
respiratory signs and increased mortality, and subclinical infection
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(Oreshkova et al., 2020; Molenaar et al., 2020; Boklund et al.,
2021b). The summary of clinical course observed in minks with
SARS-CoV-2 infection is presented in Table 1. So far, the course
of the disease in four Dutch and 215 Danish minks farms has been
described (Molenaar et al., 2020; Boklund et al., 2021b).

Molenaar et al. (2020) described the epidemiological situation
on four minks farms in The Netherlands. The minks population
on the farms ranged from 1 550 to 12 000 females. The farms
had been positive for Aleutian minks disease but there were no sig-
nificant clinical problems as a result. On two farms, increased mor-
tality and symptoms from the respiratory tract were observed in
some minks on 19 and 20 April 2020. Histopathological examina-
tion revealed interstitial pneumonia. Molecular testing (PCR)
results for SARS-CoV-2 were positive. Investigation for influenza
A virus and distemper virus gave negative results. No growth of
bacterial pathogens was detected. On May 6 2020, the same results
were obtained for next two farms. In contrast to the first three
farms, on farm 4, no clinical symptoms were noted at the time
the diagnostic tests were performed. Clinical signs appeared later
on this farm (Molenaar et al., 2020).

On all farms, difficult breathing and watery or mucous dis-
charge from the nose, with varying degrees of severity, were
observed in minks. Some animals developed a loss of appetite after
1-2 days of such signs and were found dead after a further 24-48
h. Animals with moderate to severe clinical signs died within 2-
3 days of the first symptoms appearing. At the peak of the infec-
tion, the morbidity was 2-3 times higher than the daily mortality.
The average duration of the disease on each farm was 4 weeks, dur-
ing which time a successive increase in mortality was observed
(Molenaar et al., 2020). Most of the animals with clinical signs
showed severe pneumonia, but good general body condition in
postmortem examination. All lung lobes were swollen, dark red,
moist, not collapsed. In the gastrointestinal tract, only small
amounts or no digestive contents were observed. In some minks,
bloody nasal discharge was found. Apart from diffuse reddish-
brown foci in the lungs, observed in less than 10% of kits, no visible
macroscopic changes were found in the offspring (Molenaar et al.,
2020). Immunohistochemical studies confirmed the presence of
SARS-CoV-2 antigen in the lungs in four of 11 adult minks and in
one of five kits. In adult minks, viral antigens were also found in
the trachea and nasal auricles (Molenaar et al., 2020). The study
showed that all minks that were positive after examination of rec-
tal swabs were also positive in throat swabs, but not all minks that
were positive in throat swabs were positive in rectal swabs. CT val-
ues in pharyngeal swabs were always lower than in nasal swabs
(taken from the same animal) indicating that in pharyngeal swabs,
more virus was present. By examining throat swabs with a PCR
test, the authors were able to detect SARS-CoV-2 even after the
clinical form of the disease had disappeared. Moreover, positive
results of throat swabs were observed even in animals in which
pathological changes in the lungs were no longer detected
(Molenaar et al., 2020).

Researchers from Denmark described prevalence and clinical
data from 215 infected minks farms (Boklund et al., 2021b).
According to the procedure implemented in this study, during
the first visit on farm suspected of being infected with SARS-
CoV-2, samples (throat swabs and blood) were collected from ani-
mals showing respiratory symptoms. If no symptoms were
observed, samples were collected in a way that ensured monitor-
ing of each sector of farm. During the second visit on farms, sam-
ples were taken randomly from alive and dead minks. Fur, air,
water and feed samples were additionally taken on some farms.
Samples from other animal species (cats, dogs, horses, dead birds
found, dead rats found, flies) were also collected on several farms.
Anti-SARS-CoV-2 antibodies and/or SARS-CoV-2 genetic material
were analysed in collected samples (Boklund et al., 2021b).
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Table 1
Clinical findings in farmed minks infected by SARS-CoV-2.
Country Date of first outbreak Course of infection Observed clinical symptoms References
Respiratory signs Mortality Other
The Nederland 26/04/2020 Clinical Yes yes no Molenaar et al. (2020)
Denmark 17/06/2020 clinical and subclinical in some herds in some herds no Boklund et al. (2020)
Spain 16/07/2020 Subclinical No no no ProMED (2020a); OIE (2019)
us 06/08/2020 Clinical Yes yes no Cahan (2020); Animal and Plant Health
Inspection Service (2020); OIE (2019)
Italy 30/10/2020 Nd nd nd nd ProMED (2020f); OIE (2019)
Sweden 29/10/2020 Subclinical no slight no ProMED (2020g); OIE (2019)
Greece 16/11/2020 Subclinical no no no ProMED (2020c); OIE (2019)
France 25/11/2020 Subclinical no no no ProMED (2020d); OIE (2019)
Lithuania 30/11/2020 Clinical no yes no ProMED (2020h); OIE (2019)
Canada 09/12/2020 Subclinical no yes no ProMED (2020i); OIE (2019)
Poland 31/01/2021 Subclinical no no no ProMED (2021); OIE (2021)
nd - no data.
A clinical course of infection was observed on about 70% of the Conclusion

farms. The remaining infected farms showed a subclinical course of
disease. The most frequently observed signs included decreased
feed intake, increased mortality and respiratory symptoms
(Boklund et al., 2021b). Clinical signs were present in both young
(juveniles) and adult minks. The most common clinical signs were
nasal discharge (on 25% of farms), sneezing (on 23% of farms),
other respiratory signs (on 31% of farms), depression (on 7% of
farms) and diarrhoea (on 5% of infected farms). Decreased feed
intake and increased mortality were recorded on 54% and 63% of
infected farms, respectively. Increased mortality was observed for
a period of approximately 10 days (Boklund et al., 2021b).

Studies have shown that the virus is rapidly spreading in minks.
More than half of the farms had 100% SARS-CoV-2 prevalence at
the first sampling and only 12% of the farms had SARS-CoV-2
prevalence lower than 50% (Boklund et al., 2021b).

100% prevalence was more frequently observed on farms with a
clinical course of infection. On 69% of the farms, specific antibodies
were detected in all animals sampled on the first visit. On the sec-
ond visit, 100% seroprevalence was present in all the farms studied
and the frequency of positive samples for the virus was much
lower than at the first sampling (the time interval between the first
and second visits varied from 2 to 17 days) (Boklund et al., 2021b).
The presence of SARS-CoV-2 genetic material was confirmed in air
samples, fur, flies and water. Feed tests were negative. In addition,
infection was confirmed in four dogs from infected farms and in
one cat (Boklund et al., 2021b). No virus was detected in samples
taken from rabbits, chickens and horses from the same farms and
from wild animals in the vicinity of infected farms (Boklund
et al., 2021b). Flies collected from one out of two sampled farms
were positive by real-time RT-PCR, but with high Ct values. A haz-
ard analysis conducted by Boklund et al. (2021b) showed that farm
size and minimum distance from the nearest detected infected
farm were significantly correlated with the chance of being
infected with SARS-CoV-2. The risk of infection increased with
increasing farm size as well as with decreasing distance from the
infected farm.

The current data indicate that a high prevalence of virus (up to
100%) and seroprevalence have been observed on farms with clin-
ical signs. However, the prevalence and seroprevalence were also
high on farms without a clinical manifestation of the disease
(Boklund et al., 2021b; Hammer et al., 2021). Both findings suggest
a very rapid spread of the virus within the farm or a delayed diag-
nosis of the disease in minks (Boklund et al., 2021b; Hammer et al.,
2021; Oude Munnink et al., 2021). The rapid spread may indicate
that SARS-CoV-2 has adapted to minks, increasing the transmission
rate among minks (Hammer et al., 2021).

Animal experiments have shown that SARS-CoV-2 infection can
occur in primates, cats, ferrets, hamsters, rabbits, mice deer and
bats (Shi et al., 2020; Halfmann et al., 2020; Farge et al., 2020).
In addition, SARS-CoV-2 has been detected in some animal species,
e.g. cats, dogs and minks, which have been infected naturally
(through contact with infected humans or animals) (Shi et al.,
2020; Patterson et al., 2020; Segalés et al., 2020). The results sug-
gest that SARS-CoV-2 was probably introduced into the minks pop-
ulation by humans and had been circulating unnoticed in the
population of minks for some time before detection (Boklund
et al., 2021b; Hammer et al., 2021; Oude Munnink et al., 2021).
In the Netherlands, Denmark or Canada, despite increased biosecu-
rity, surveillance, early warning and immediate culling of infected
animals, transmission of SARS-CoV-2 between minks farms could
not be stopped in many places.

Recent data indicate that minks are highly susceptible to
SARS-CoV-2 infection, but the route or routes of virus transmis-
sion between farms, other than by direct contact with infected
humans, have not been identified. At this point, it is worth men-
tioning that SARS-CoV-2 transmission was observed between
minks farms located close to each other. Epidemiological investi-
gations to date have shown that a large proportion of minks on
farms can become infected with SARS-CoV-2 within a few days,
which may provide major virus exposure to farmworkers or vet-
erinarians (Boklund et al., 2021b; Hammer et al.,, 2021; Oude
Munnink et al., 2021). The scale of infection in minks on minks
farms is worrying, mainly because of the ability of the virus to
pass through a large population of highly susceptible animals,
potentially allowing the emergence of new, dangerous mutations
and/or the acquisition of new biological properties (Domanska-
Blicharz et al., 2021).

The analysis of the clinical situation of the described cases in
combination with the laboratory results obtained indicates that
in minks, clinical and subclinical form of infection with SARS-
CoV-2 can occur, making it potentially problematic to detect
(Molenaar et al., 2020; Boklund et al., 2021b; Oude Munnink
et al., 2021). Therefore, minks farms could represent a possibly
dangerous, not always recognized, animal reservoir for SARS-
CoV-2. To date, there is no evidence for the spread of the virus out-
side of farms, except by infected persons. However, the risk of virus
transmission to persons working with infected minks as well as to
their contacts cannot be excluded. Current results showed that
contact persons were confirmed to be infected with strains present
in minks which, together with other epidemiological circum-
stances, provides evidence of the transmission of SARS-CoV-2 from
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animals to humans within minks farms (Boklund et al., 2021b;
Hammer et al., 2021; Oude Munnink et al., 2021).

Furthermore, the results obtained indicate that in animals with
clinical signs of SARS-CoV-2 infection, molecular testing of pharyn-
geal swabs combined with histopathological examination of the
lungs should be recommended for diagnostic purposes. For moni-
toring purposes, in animals without clinical disease manifestation,
molecular testing of throat swabs from dead minks is recom-
mended, even in the absence of postmortem lesions (Molenaar
et al.,, 2020). The current data indicate that further studies on
minks and other Mustelidae are needed to clarify whether they
may be a potential reservoir for SARS-CoV-2 virus, and if so, how
and whether this can be prevented.
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