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Abstract 

Introduction: Since April 2020, when the first SARS-CoV-2 infection was reported in mink and subsequently in mink farm 

workers in the Netherlands, it has been confirmed that human-to-mink and mink-to-human transmission can occur. Later, SARS-CoV-2 

infections in mink were reported in many European and North American countries. Material and methods: Samples from 590 mink from 

a total of 28 farms were tested by real-time RT-PCR. Whole genome sequences from one positive farm were generated and genetic 

relatedness was established. Results: SARS-CoV-2 RNA was detected on a breeder farm with stock of 5,850 mink. Active viraemia 

was confirmed in individually tested samples with Ct values respectively between 19.4 and 29.6 for E and N gene fragments. 

Further testing of samples from culled animals revealed 70% positivity in throat swabs and 30% seropositivity in blood samples. 

Phylogenetic analysis of full-length nucleotide sequences of two SARS-CoV-2 isolates revealed that they belong to the 20B 

Nextstrain clade. Several nucleotide mutations were found in analysed samples compared to the reference Wuhan HU-1 strain and 

some of them were nonsynonymous. Conclusion: We report the infection of mink with SARS-CoV-2 on one farm in Poland and 

the results of subsequent analysis of virus sequences from two isolates. These data can be useful for assessment of the 

epidemiological situation of SARS-CoV-2 in Poland and how it endangers public health. 
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Introduction 

The first identified cases of Covid-19 (coronavirus 

disease 2019) in mink were detected in April 2020 in the 

Netherlands and later in other European countries 

including Spain, Denmark, Italy, Sweden, Greece, 

France and Lithuania (15, 19). In addition, infected mink 

have been detected in several states in the USA (Utah, 

Michigan, Oregon, and Wisconsin) and in Canada (19). 

In most of these cases, animals had an asymptomatic 

disease course, although there were sometimes observed 

mild respiratory symptoms and diarrhoea as well as 

pneumonia and increased mortality (3, 14, 16, 17, 19). 

The source of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) on infected mink farms 

has not been identified, but in a few cases in the 

Netherlands and Denmark it has been clearly 

demonstrated that the virus was transmitted from 

infected humans and then spread among mink (9, 15, 

16). However, the biggest threat was that SARS-CoV-2 

would spill back from mink into the human population 

and that during the passage through mink the virus could 

generate mutations in its genome. Mutations in the gene 

coding the spike protein are particularly threatening 

because they are considered to jeopardize the potential 

efficacy of vaccination and antibody therapy (7). 

Preliminary studies by the Danish Statens Serum Institut 

indicated that SARS-CoV-2 Cluster 5 variant was less 

effectively neutralised by antibodies from humans 

infected with unmutated virus (10). The implemented 

biosecurity procedures on mink farms in most affected 

countries (especially in the Netherlands and Denmark) 

turned out to be insufficient, infections in mink have 

spread on a large scale, and the occurrence of SARS-CoV-2 

in people connected to mink farms has also increased (3). 

Therefore, the European Centre for Disease Prevention 
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and Control, World Health Organization and World 

Organisation for Animal Health (OIE) recommended 

close surveillance of mink farms (5, 18). In response to 

these recommendations, in the autumn of 2020 the 

Polish General Veterinary Inspectorate introduced 

official monitoring of mink farms. Additionally in 

December 2020, the Minister of Agriculture and Rural 

Development changed the law to recognise SARS-CoV-2 

infection in mink as a notifiable disease (6). After the 

preventive elimination of mink farms in Denmark, 

Poland became the largest producer of mink pelts in 

Europe, although the number of active farms had 

decreased from 354 in 2020 to 266 at the beginning of 

2021 (some farms have suspended or definitively 

terminated their activities). 

Material and Methods 

Sample collection and SARS-CoV-2 detection. 

During a period of three months between November 2020 

and January 2021, 900 samples comprising 490 throat 

and 410 rectal swabs collected from 590 mink from 28 

farms located in different regions of Poland were tested 

for SARS-CoV-2. After detection of the virus, additional 

samples from animals from one infected farm were 

tested. In total fifty such throat swabs and 150 serum 

samples from that farm’s mink were tested. Swabs were 

suspended in phosphate buffered saline (Biomed, 

Poland), shaken and centrifuged for 10 minutes at 3000 × g. 

Supernatant in a 140 µL volume was used for RNA 

isolation with a QIAamp Viral RNA Mini Kit (Qiagen, 

Germany) following the manufacturer’s protocol.  

A real-time reverse transcription polymerase chain reaction 

(rRT-PCR) was carried out as previously described for 

amplification of 113 bp, 128 bp and 100 bp lengths of 

the E, N and both RdRp gene fragments respectively (4). 

The QuantiTect Probe RT-PCR Kit (Qiagen) was used 

for all rRT-PCR assays in an ABI 7500 or QuantStudio 6 

instrument (Applied Biosystems, ThermoFisher 

Scientific, USA). An ID Screen SARS-CoV-2 double 

antigen multi-species ELISA commercial test (IDVet, 

France) was used for serological analysis of serum 

samples. To confirm the positive serological results 

obtained from ELISA, a cPass SARS-CoV-2 

Neutralization Antibody Detection Kit (Nanjing 

GenScript Biotech, China) based on recombinant S 

protein fragment was used for virus neutralisation tests. 

Virus sequencing and phylogenetic analysis. The 

attempt at obtaining the complete genome of the 

detected SARS-CoV-2 isolates was undertaken with 

short-read sequencing (Illumina, USA). Viral RNA 

extracted directly from positive throat swab samples was 

reverse transcribed into cDNA using a Superscript IV 

First-Strand cDNA Synthesis Kit (Invitrogen, USA). 

Then the second strand was synthesised with the Klenow 

polymerase (New England Biolabs, USA). The quantity 

and quality of dsDNA were verified with a Qubit 3.0 

fluorometer (Thermo Fisher Scientific) and capillary  

 

electrophoresis with a 5200 Fragment Analyzer 

(Agilent, USA), respectively. Libraries were prepared 

using a Nextera XT sample preparation kit (Illumina). 

Pair-end sequencing (2 × 300 bp) was performed using 

a V3 MiSeq reagent kit (Illumina). Raw reads were 

trimmed with the use of fastp (https://academic.oup.com/ 

bioinformatics/article/34/17/i884/5093234) and viral 

sequences were extracted using BBDuk (sourceforge.net/ 

projects/bbmap/). Reads were mapped to original 

reference for SARS-CoV-2 (Wuhan-Hu-1: MN908947) 

by BWA MEM (12). Phylogenetic analysis was 

undertaken with the use of online tools: GISAID (ver. 

14-02-2021, https://www.epicov.org) and NextClade 

(ver. 14-02-2021, https://nextstrain.org/). 

Results  

The swabs from 27 farms tested negative. However, 

in the examination of 20 swabs from one farm, 4 showed 

the presence of SARS-CoV-2–specific amplicons of all 

gene fragments (4) (Table 1). 

 
Table 1. Results of SARS-CoV-2 testing for E, N and RdRp genes of 

individual throat swabs collected from infected mink 
 

Positive throat 
swab 

3 8 11 12 

E gene 19.4 23.9 22.3 23.9 

N gene 24.9 29.6 27.9 28.9 

RdRp1 29.9 37.8 34.3 36.2 

RdRp2 28.8 36.9 33.6 35.5 

 

The numbers indicate Ct values (defined as the number of cycles where 

the fluorescence generated by the presence of target sequence exceeds 
the background) 

 

 

The infected farm was located in the Pomorskie 

voivodeship (in the north of Poland) and kept about 

5,850 breeder minks which were healthy. After detection 

of SARS-CoV-2 and prior to culling and proper carcass 

disposal 120 blood samples were taken. Together with 

20 throat swab samples from mink carcasses from this 

farm, they comprised sample set 1. Throat swabs were 

also collected from 30 additional animals and blood 

samples were simultaneously taken from the same 30 

animals, these being sample set 2.  

In total 50 throat swabs and 150 serum samples were 

tested. The results are presented in Table 2. 

 
Table 2. Summary of further sample testing from the infected mink 
 

sample set 
throat swabs serum samples 

studied positive studied positive 

1 20 20 120 30 

2 30 15 30 15 

total 50 
35  

(70%) 
150 

45 

(30%) 
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Fig. 1. Phylogenetic tree of SARS-CoV-2 sequenced in the present study. The sequences are available in the EpiCoV GISAID database.  

The SARS-CoV-2 isolates detected in mink in January 2021 are marked with the red box  
 
 

Table 3. Summary of amino acid substitutions identified in two SARS-

CoV-2 genomes detected in infected mink 
 

SARS-CoV-2 
gene 

EPI_ISL_984307 
(210209_3597/2021) 

EPI_ISL_984305 
(210209_3596/2021) 

S 

C1247F C1247F 

D614G D614G 

G75V G75V 

Y453F Y453F 

- M177T 

N 

D343Y D343Y 

G204L G204L 

R203K R203K 

NS3 R126M - 

NS7b L22stop L22stop 

NSP2 

Q275H Q275H 

S138L S138L 

V541I V541I 

NSP3 
D218E D218E 

E869D E869D 

NSP9 
G37E G37E 

P57S P57S 

NSP12 P323L P323L 

NSP13 K94I K94I 

NSP14 
A274S A274S 

M49I M49I 

NSP15 M218T M218T 

                              Strain classification 

GISAID 
clade 

O GR 

PANGO 

lineage 
B.1.1.279 B.1.1.279 

Nextstrain 
clade 

20B 20B 

 

Viable numbers of mapped reads were obtained 

from two samples, 210209_3596 and 210209_3597, and 

were 10,103 and 12,848, respectively. The respective 

average coverage extents of the SARS-CoV-2 genome 

were 9.1 (210209_3596) and 13.8 (210209_3597). 

Variant calling was carried out and consensus sequences 

were found using the BCTtools package (13). Two full-

length SARS-CoV-2 genomes were obtained from 

throat swabs nos 11 and 12 (Table 1) and consisted of 

29,891 nucleotides each. They were submitted to the 

GISAID EpiCoV database with the strain IDs 

EPI_ISL_984305 and EPI_ISL_984307. Phylogenetic 

analysis indicated that these viruses belong to the 20B 

Nextstrain clade (Fig. 1). 

According to GISAID classification, both strains 

were of B.1.1.279 lineage, although of two different 

clades, O and GR. This discrepancy probably results 

from relatively low sequence coverage in one of the 

regions used by the GISAID tool for virus classification. 

In addition, many nucleotide mutations were found 

compared to the genome sequence of the reference strain 

and some of them were nonsynonymous (Table 3). 

Discussion  

SARS-CoV-2 was identified as an emerging 

coronavirus in humans in December 2019. It is now well 

documented that the SARS-CoV-2 virus can be transmitted 

between humans and animals and subsequently circulate 

in infected animals and be transmitted back to humans, 

posing a risk to public health (9, 15, 16). Like the ferret, 

the mink, belongs to the Mustelidae family and is highly 

susceptible to SARS-CoV-2 infection due to the fact that 

they have similarities to humans in lung physiology, 
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cellular receptor distribution and clinical signs of 

infection. The scale of infections in farmed mink which 

is observed just over a year after the outbreak of the 

pandemic is worrying, mainly due to the unlimited 

possibility of the virus to pass through a sometimes large 

population of highly susceptible animals which potentially 

enables it to acquire new traits, including changed 

antigenicity and virulence. Moreover, any escape of 

such animals from a farm can create a SARS-CoV-2 

reservoir in wildlife and as shown by the example of 

highly pathogenic avian influenza, measures to 

minimize or eliminate such a reservoir practically 

doomed to failure. 

In the spike protein of SARS-CoV-2 detected on  

a Polish mink farm, four or five amino acid substitutions 

were identified, depending on the isolate. Among the 

identified changes, only one substitution of tyrosine to 

phenylalanine (Y453F) is located in the receptor-

binding domain (8). This location is not regarded as 

critical for binding to ACE2 receptors but it is described 

as responsible for increased binding affinity to cellular 

receptors in mink (1, 11). This substitution was detected 

in people who had no contact with mink and even in 

countries not connected with the mink industry, such as 

South Africa, the Faroe Islands, Norway and 

Switzerland. It also appears that this change was present 

in SARS-CoV-2–infected Danes several months earlier 

than it was detected in minks. So far it has not been 

identified in people in Poland (GISAID database: 

https://platform.gisaid.org/epi3/). The Y453F S substitution 

and two others, del 69H and 70V, which were 

additionally described in mink in the Cluster 5 variant of 

SARS-CoV-2, were recently detected in a lymphoma 

patient in Russia (2). It is suggested that these changes 

were probably favoured by selection pressure, which is 

common to immunocompromised patients. There is  

a high risk that such changed virus variants can later spill 

over into the human population. So it seems that the 

Y453F substitution should not be treated as mink-

associated. It should also be emphasised that SARS-CoV-2 

isolates identified on a Polish mink farm do not belong 

to any of the “variants of concern” reported so far. 

In summary, in this report we confirmed the 

infection of mink with SARS-CoV-2 on a farm in Poland 

and presented the subsequent analysis of virus sequences 

from two isolates. These data can be useful for future 

assessments of the epidemiological situation of SARS-

CoV-2 in Poland to maintain vigilance for public health. 
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