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Abstract 

Introduction: Many countries have reported severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) infections in 

mink, and transmission back to humans has raised the concern of novel variants emerging in these animals. The monitoring system 

on Polish mink farms detected SARS-CoV-2 infection first in January 2021 and has been kept in place since then. Material and 

Methods: Oral swab samples collected between February 2021 and March 2022 from 11,853 mink from 594 farms in different 

regions of Poland were screened molecularly for SARS-CoV-2. Isolates from those with the highest loads of viral genetic material 

from positive farms were sequenced and phylogenetically analysed. Serological studies were also carried out for one positive farm 

in order to follow the antibody response after infection. Results: SARS-CoV-2 RNA was detected in mink on 11 farms in 8 out of 

16 Polish administrative regions. Whole genome sequences were obtained for 19 SARS-CoV-2 strains from 10 out of 11 positive 

farms. These genomes belonged to four different variants of concern (VOC) – VOC-Gamma (20B), VOC-Delta (21J), VOC-Alpha 

(20I) and VOC-Omicron (21L) – and seven different Pango lineages – B.1.1.464, B.1.1.7, AY.43, AY.122, AY.126, B.1.617.2 and 

BA.2. One of the nucleotide and amino acid mutations specific for persistent strains found in the analysed samples was the Y453F 

host adaptation mutation. Serological testing of blood samples revealed a high rate of seroprevalence on the single mink farm 

studied. Conclusion: Farmed mink are highly susceptible to infection with SARS-CoV-2 of different lineages, including Omicron 

BA.2 VOC. As these infections were asymptomatic, mink may become an unnoticeable virus reservoir generating new variants 

potentially threatening human health. Therefore, real-time monitoring of mink is extremely important in the context of the One 

Health approach. 
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Introduction 

Since the emergence of severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) infection in 

humans, reverse zoonotic transmission has been identified 

in 23 different animal species in the Americas, Africa, 

Asia and Europe. Among these species are domestic 

animals (including cats, dogs and hamsters), farmed 

animals (mink), wild animals kept in zoos (gorillas, 

lions, snow leopards and hippopotamuses), and wild 

animals in their natural habitat (white-tailed deer) (29). 

The detection of the virus in wildlife populations is 

particularly alarming (12, 26). Although the exact routes 

of introduction remain to be determined, the observations 

raise concern about the establishment of new reservoirs 

in which SARS-CoV-2 can mutate during repeated 

passages leading to the emergence of further variants 

(21). There is also a risk that it could recombine with 

other species-specific coronaviruses and then spread to 

other animals or even humans (18). 

The American mink (Neovison vison) is the animal 

species with the highest number of documented 

individual SARS-CoV-2 introductions and the only non-

human species for which SARS-CoV-2 infection was 

recorded as associated with significant morbidity and 

mortality (5, 9, 17, 19, 20, 22). Thorough molecular and 

epidemiological studies in the Netherlands revealed that 

the virus was transmitted to mink from humans and then 
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spread between mink and spilled back to humans, but 

that cats and dogs on mink farms were also infected with 

SARS-CoV-2 (19). Shortly thereafter, a so-called cluster 

5 variant was identified on mink farms in Denmark 

containing a combination of a some number of mutations 

in the S protein that were considered to threaten the 

potential efficacy of vaccine-induced antibody therapy (13). 

Following these observations, all mink farmed in 

Denmark (>15,000,000) and in the Netherlands were 

culled (15). 

The events in these countries have raised concern 

about the potential of mink as a SARS-CoV-2 reservoir 

and source of viral mutations that may thwart medical 

countermeasures in the global battle against COVID-19. 

Therefore, international organisations have called for 

mink to be an animal species monitored for SARS-CoV-2 

in order to make early detection of the virus and the 

taking of appropriate preventive measures possible (8). 

Since the beginning of the pandemic, the Polish State 

Veterinary Inspectorate and the laboratories of the 

National Veterinary Research Institute in Puławy have 

implemented monitoring of SARS-CoV-2 infections in 

mink as part of the SARS-CoV-2 elimination programme. 

This brought about the first detection of SARS-CoV-2 

infection in mink in Poland in January 2021 (4). The 

infected farm was located in the Pomorskie voivodeship 

in the north of Poland and kept about 5,850 healthy 

breeder mink. Phylogenetic analysis of full-length 

nucleotide sequences of two SARS-CoV-2 isolates 

revealed that they belonged to the B.1.1 Pango lineage. 

Moreover, subsequent studies revealed SARS-CoV-2 

infection in a farm worker, and whole genome 

sequencing (WGS) identified several mutations in the  

S gene suspected of adapting the virus to mink. The most 

probable source of the infection detected in a farm 

worker was SARS-CoV-2 transmission from mink (23). 

We report the results of further SARS-CoV-2 

monitoring on mink farms in Poland conducted during 

the 14-month period of February 2021 to March 2022. 

Material and Methods 

Sample collection. From February 2021 until the 

end of March 2022, 11,853 oral swabs collected from 

mink housed on a total of 594 farms located in different 

regions of Poland were tested. These farms were mainly 

in the northeastern and central parts of the country, 

where more than 80% of the Polish mink industry is 

located. Detailed information on the tested animal farms 

is provided in Table 1. In abidance with the monitoring 

rules in the Polish legislation of the time, 20 swabs from 

any symptomatic mink, supplemented by samples from 

asymptomatic ones if required, were taken from each 

farm in 2021. From 2022, EU legislation was adopted 

and samples were collected for testing according to the 

scheme in EU Commission Decision 2021/788 (usually 

the first alternative plan involving sampling of dead or 

diseased animals). When positive farms were retested 

after a 90-day quarantine period, swabs from 60 or 90 

mink were taken. The samples were collected using dry 

swabs or swabs with viral transport medium. The swabs 

were transported to the laboratory at the National 

Veterinary Research Institute in the shortest possible 

time under temperature-controlled conditions. 

Additionally, 60 serum samples from one positive mink 

farm were included for screening for antibodies against 

SARS-CoV-2. 

Molecular and serological tests. Dry swabs were 

immersed in 1 mL of phosphate-buffered saline 

(Biomed, Lublin, Poland) and incubated for 30 min  

at room temperature. Oral swabs immersed in viral 

transport medium were processed immediately without 

any pre-treatment. Five swab liquid samples per farm 

were pooled prior to RNA isolation; however, in the case 

of a positive result, the samples were retested 

individually as described below. RNA was extracted 

manually using the QIAamp Viral RNA Mini Kit 

(Qiagen, Hilden, Germany) following the manufacturer’s 

protocol or automatically using the IndiMaq Pathogen 

Kit, for extraction of viral RNA/DNA with an IndiMag 

48 magnetic particle processor (Indical Bioscience, 

Leipzig, Germany). The samples were tested for SARS-

CoV-2 RNA presence by a real-time RT-PCR assay with 

primers and a probe targeting E gene fragments of 

sarbecoviruses, in the case of positive samples followed 

by testing by assays targeting N and RdRp gene 

fragments (3). The QuantiTect Probe RT-PCR Kit 

(Qiagen) was used for all real-time RT-PCR assays on 

an ABI 7500 or QuantStudio 6 instrument (Applied 

Biosystems, Foster City, CA, USA). For serological 

testing of commercially available serum samples, the 

INgezim COVID 19 S VET indirect ELISA was utilised 

(Eurofins-Ingenasa, Madrid, Spain). To confirm positive 

serological results, virus neutralisation (VN) tests based 

on pseudovirus were carried out (cPass SARS-CoV-2 

Neutralization Antibody Detection Kit; GenScript 

Biotech., Nanjing, China). 

Virus sequencing and analysis. Whole-genome 

sequencing of SARS-CoV-2 strains detected in June in 

Wisznice in the Lubelskie voivodeship in eastern Poland 

was performed at the Erasmus Medical Centre, 

Rotterdam, the Netherlands with the support of the 

World Health Organisation. Viral RNA extracted 

directly from positive throat swab samples was reverse 

transcribed into cDNA using a Superscript IV First-

Strand cDNA Synthesis Kit (Invitrogen, Waltham, MA, 

USA). Then the second strand was synthesised with the 

Klenow fragment of polymerase (New England Biolabs, 

Ipswich, MA, USA). The quantity and quality of dsDNA 

were verified with a Qubit 3.0 fluorometer (Thermo 

Fisher Scientific, Waltham, MA, USA) and capillary 

electrophoresis in a 5200 Fragment Analyzer System, 

(Agilent Technologies, Santa Clara, CA, USA), 

respectively. Sequencing libraries were prepared  

via KAPA HyperPrep with KAPA HyperCap (Roche, 

Basel, Switzerland). Pair-end sequencing (2×150 bp) 

was performed on a NextSeq 550 System (Illumina, San 

Diego, CA, USA) with the Midi V2.5 kit (Illumina). 

Quality control was carried out using fastp software (2). 
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The reads were deduplicated via the MarkDuplicates 

Picard tool (https://gatk.broadinstitute.org/hc/en-us/articles/ 

360037052812-MarkDuplicates-Picard-). Sequences were 

mapped to MN996528.1 (Wuhan-Hu-1) with the 

Burrows–Wheeler Aligner (16). Sequences of SARS-

CoV-2 were analysed with use of online tools: the 

Nextstrain database (https://nextstrain.org), Pangolin 

(https://Pangolin.cog-uk.io/), the Global Initiative on 

Sharing All Influenza Data (GISAID – 

https://www.gisaid.org/) and the University of 

California Santa Cruz Genome Browser 

(https://hgwdev.gi.ucsc.edu/index.html). Phylogenetic 

analysis, determination of the clade and lineage 

affiliation of individual virus strains and matching of the 

most closely related genomes were performed in the 

GISAID EpiCoV database (https://www.epicov.org/, 

version 2022-04-05) and verified in Nextstrain 

(https://clades.nextstrain.org/) databases (v1.14.0). 

Results  

During the 14-month period, 11,853 samples 

collected from 594 farms located in different regions of 

Poland were examined. On average, every farm was 

examined twice (236 farms registered as active in 

September 2021, personal information from the State 

Veterinary Inspectorate) and the largest numbers of 

farms were examined in the Wielkopolskie, 

Mazowieckie and Zachodniopomorskie voivodeships, 

where over 43%, 13% and 10% of all mink farms in 

Poland are located, respectively. The presence of  

SARS-CoV-2 RNA was detected on 11 farms (Table 1). 

These positive farms were located in 8 out of  

16 voivodeships (Fig. 1). The highest numbers of positive 

mink farms were located in Zachodniopomorskie (n = 3) 

and Lubelskie (n = 2). Taking into account all farms 

screened and found positive since the beginning of the 

COVID-19 pandemic, two such farms were also 

identified in Pomorskie, the detection on the first farm 

predating the period of this report. In 

Zachodniopomorskie, all three farms were located in the 

same county, approximately 10–13 km apart, and were 

sampled at the same time. On the other hand, the positive 

farms in Lubelskie were identified six months apart and 

were more than 85 km distant from each other (Fig. 1). 

Single SARS-CoV-2–positive mink farms were located 

in the Podkarpackie, Wielkopolskie, Kujawsko-

Pomorskie, Podlaskie and Łódzkie voivodeships. The 

animals on all these farms were healthy. The number of 

positive animals and the obtained threshold cycle (Ct) 

value ranges on individual farms are given in Table 2. 

The totals of positive animals per house on the farms 

varied, ranging from 1 to 19–20 minks per 20 tested 

animals in Wisznice (house 2) in Lubelskie or 

Zieleniewo in Zachodniopomorskie and Kościuki 

(Podlaskie) and Ołużna (Zachodniopomorskie) or 

Janowiec (Podkarpackie), respectively. The Ct values 

obtained also varied over a wide range. On some farms, 

they were higher than 30, indicating low viral loads in 

positive samples (Kościuki in Podlaskie or Wisznice 

(house 2) in Lubelskie), but on most farms the Ct values 

were low, indicating an active viraemic state of infection. 

In compliance with the newly adopted rules, the 

positive farms were left for observation and tested after 

90 days and 104 days for the presence of viral RNA in 

samples from the animals kept there. During this time, 

these farms were isolated and closely monitored, as were 

all contacts with them. Strict biosecurity and hygiene 

measures were implemented for people in contact with 

the animals (mandatory use of personal protective 

equipment (coverings, masks, goggles and gloves), 

frequent disinfection of tools, hands, etc.). The farms’ 

owners, workers, and visitors were also tested, 

regardless of health status, for the presence of SARS-

CoV-2. No SARS-CoV-2 RNA was detected in any of 

the subsequent tests. One of the positive farms was 

subjected to testing with a shorter interval to monitor the 

evolution of the outbreak (Wisznice in Lubelskie)  

(Table 3). Here, the virus could still be detected during 

the second testing round after one month, but only in one 

animal house. An ELISA test performed two weeks later 

showed the presence of specific antibodies in all kittens 

and in more than 93% of mink dams screened (Table 3). 

Almost complete concordance between ELISA and VN 

tests was obtained (one serum negative in the ELISA 

was positive in the VN test). Interestingly, the 

serological response to virus infection was visibly 

stronger in adult than in young animals. The mink on the 

farm were skinned in late autumn and the mothers were 

left to breed. The animals in both buildings were then 

tested repeatedly. None of the biweekly samples 

collected over a three-month period between January 

and March 2022 showed the presence of the virus. 

Nineteen full-length SARS-CoV-2 genomes of 

positive samples were successfully obtained and 

deposited in the GISAID EpiCoV database 

(www.gisaid.org) (Table 4). In addition, the raw reads 

from the NextSeq 550 System (Illumina, San Diego, CA, 

USA) were deposited in the ENA database. 

Unfortunately, the sequences of viruses detected in 

houses 1 and 2 from the second sampling on the farm in 

Wisznice, and from the Zieleniewo2 farm were not 

obtained. As shown in Table 4 and Fig. 2, molecular 

analysis indicates that SARS-CoV-2 isolated from ten 

Polish mink farms belonged to 4 different lineages – 

Gamma (GR-20B), Delta (GK-21J), Alpha (GRY-20I) 

and Omicron (GRA-21L) – and seven different Pango 

lineages – B.1.1.464, B.1.1.7, AY.43, AY.122, AY.126, 

B.1.617.2 and BA.2. It should be added that currently 

B.1.617.2 and BA.2 are variants of concern (VOC) and 

all of them have been identified as such, although some 

of them are in the state of de-escalation (B.1.1.7). The 

most frequently detected lineage was Delta, which 

included four Pango lineages: AY.43 identified on four 

farms (two in Zachodniopomorskie and one each in 

Wielkopolskie and Kujawsko-Pomorskie), AY.122 and 

AY.126 identified on individual farms in Lubelskie and 

Podkarpackie, respectively, and B.1.617.2 detected on  

a farm in Pomorskie. Subsequent clades were 
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represented by single Pango lineages detected on single 

farms, the Gamma lineage represented by B.1.1.464 

(Lubelskie), the Alpha lineage represented by B.1.1.7 

(Podlaskie), and the Omicron lineage represented by 

BA.2 (Łódzkie). When analysing the emergence in 

Poland of the different lineages over time, it should be 

noted that the Gamma lineage emerged in June 2021, 

while the viruses belonging to the Delta lineage emerged 

between November and December 2021. The next 

SARS-CoV-2 lineage detected in January 2022 was 

classified as the Omicron clade. Interestingly, a virus 

from the Alpha clade was identified in mid-December 

2021, while the last detection of the Alpha lineage in 

Poland in humans was confirmed three months earlier. 

Admittedly, the Alpha lineage was detected four further 

times in humans in Poland but the viruses from these 

cases were genetically distinct from the virus found in mink. 

Analysis of whole genome SARS-CoV-2 sequences 

revealed many nucleotide and amino acid mutations 

compared to the genome sequence of the Wuhan-Hu1 

reference strain (NC_045512). A summary of nucleotide 

and amino acid mutation is given in Tables 4 and 5. The 

highest numbers of mutations were found in Pango 

lineage AY.126 Delta clade viruses (Janowiec, 

Podkarpackie) and lineage BA.2 Omicron clade viruses 

(72–74 substitutions and 53 deletions), and the lowest in 

clade GR/20B viruses of June 2021 (only 31 

substitutions, no deletions). The Delta clade viruses 

presented 50–51 substitutions and 104–107 deletions. 

Most changes were identified within the S protein; 

however, these changes seemed to be clade-specific. The 

substitution at position 681 was present in 17 SARS-

CoV-2 isolates, albeit with different amino acids 

substituted in the different clades, P681R in Delta 

viruses and P681H in Alpha and Omicron viruses. 

Interestingly, the “mink” mutation at Y453F position 

was only found in three isolates in two different SARS-

CoV-2 lineages: WT and Alpha. 

Subsequently, the GISAID database was searched 

using the AudacityInstant tool in an analysis performed 

on 04/05/2022 for the most similar genomes to help to 

determine the likely source of the mink farms’ infection. 

Probable sources were determined for five farms 

(Kraczki, Ołużna, Zieleniewo, Biadki and Janowiec). In 

these cases, a minimum genetic distance of 0–2 as found 

by the AudacityInstant tool was observed with human 

SARS-CoV-2 isolates detected at a given time and in  

a close location in the same district as the positive mink 

farm. On the other hand, for three subsequent farms 

(Leźno, Kłoczew and Stefanów) the identified virus 

strains with the closest genetic relationships were 

collected from people in sometimes very distant places, 

e.g. in Germany, the UK, the Netherlands or even the 

USA. In the cases of the two SARS-CoV-2 strains 

identified on the farm in Wisznice and Kościuki, even 

the most permissive parameters of the search criterion 

did not detect related genomes. It should be noted, 

however, that in the period from the beginning of the 

pandemic to the end of March 2022, there were 82,146 

SARS-CoV-2 sequences from Poles in the GISAID 

database (including 29,341 Delta and 13,463 Alpha 

variants). In comparison, in the Netherlands, a country 

7.5 times smaller and 2.1 times less populous than 

Poland, the total of all sequences was 115,614 (44,741 

Delta and 28,115 Alpha variants). Thus, it seems that the 

number of human samples tested in Poland may not 

reflect the real epidemiological situation, and the search 

for the origin of these viruses may yield a misleading answer.  
 

 
Table 1. Summary of mink farm SARS-CoV-2 monitoring data amassed during a period of 14 months 

Voivodeship 

2021  

(February–December) 

2022 

(January–March) 
Total 

Number of 
positive farms No. of 

farms 

No. of 

swabs 

No. of 

farms 

No. of 

swabs 
No. of farms 

No. of 

swabs 

Mazowieckie 58 1,160 28 420 86 1,580 0 

Podkarpackie 8 160 5 75 13 235 1 

Lubuskie 35 700 19 295 54 995 0 

Wielkopolskie 117 2,340 87 1,472 204 3,812 1 

Zachodniopomorskie 54 1,080 8 420 62 1,500 3 

Pomorskie 19 380 1 20 20 400 1 

Dolnośląskie 14 280 0 0 14 280 0 

Kujawsko-Pomorskie 24 480 0 0 24 480 1 

Lubelskie 36 1,120 22 356 58 1,476 2 

Łódzkie 6 120 1 15 7 135 1 

Małopolskie 7 140 1 15 8 155 0 

Opolskie 6 120 0 0 6 120 0 

Podlaskie 10 200 0 0 10 200 1 

Świętokrzyskie 6 120 13 185 19 305 0 

Warmińsko-Mazurskie 1 20 0 0 1 20 0 

Śląskie 8 160 0 0 8 160 0 

Total 409 8,580 185 3,273 594 11,853 11 
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Fig. 1. Locations of inspected mink farms (marked as grey dots) and those which were SARS-CoV-2 positive (marked as red dots) 
 

 
Fig. 2. Maximum-likelihood phylogenic tree constructed using the SARS-CoV-2 sequences from all Polish mink farms obtained in this  

and previous studies. The tree was processed with the Nextclade open source tool (https://clades.nextstrain.org/tree) 
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Table 2. A summary of the analysis of positive mink farms 

No. 
Date of sample 

collection 
Voivodeship Location 

rRT-PCR 

Positive/Tested Ct value range* 

1 16/06/2021 Lubelskie 
Wisznice (house 1) 2/20 21.8–25.5 

Wisznice (house 2) 1/20 28.9 

2 22/11/2021 Kujawsko-Pomorskie Kraczki 1/20 28.9 

3 

30/11/2021 Zachodniopomorskie 

Zieleniewo1 1/20 30.5 

4 Zieleniewo2 13/20 24.7–36.8 

5 Ołużna 19/20 18.9–37.3 

6 01/12/2021 Wielkopolskie Biadki 18/20 17.6–36.4 

7 14/12/2021 Podkarpackie Janowiec 20/20 28.1–30.4 

8 15/12/2021 Podlaskie Kościuki 2/20 32.1–35.3 

9 20/12/2021 Pomorskie Leźno 10/20 19.1–26.3 

10 20/12/2021 Lubelskie Kłoczew 5/20 28.9–30.2 

11 20/01/2022 Łódzkie Stefanów 2/20 20.5–21.8 

Ct – threshold cycle; * – results for E gene rRT-PCR 
 

 
Table 3. Results of oral swab and serum sample analysis collected in two houses in Wisznice in the Lubelskie voivodeship 

House 
Date of sample 

collection 
Sample 

Number 
Results* 

Prevalence 

(%) Collected Positive 

1 

16/06/2021 
Oral swab 

20 2 21.8–25.5 10 

19/07/2021 90 1 28.8 1.1 

02/08/2021 
Serum of kitten 15 15 1.25 100 

Serum of adult 15 14 1.64 93.3 

2 

16/06/2021 
Oral swab 

20 2 28.5–30.7 10 

19/07/2021 60 0 - 0 

02/08/2021 
Serum of kitten 15 15 1.04 100 

Serum of adult 15 14 1.25 93.3 

* – results for E gene rRT-PCR/mean OD values obtained using Ingezim ELISA test 
 

 
Table 4. Molecular characteristics of SARS-CoV-2 detected in farmed mink in Poland in the studied period 

No. Mink farm Gisaid_ID Clade Pango lineage 
Nucleotide 

Frame shifts 
Amino acid 

substit. delet. substit. delet. 

1 
Wisznice, house 2, 

Lubelskie 

EPI_ISL_3218555 
GR/20B B.1.1 

31 0 0 18 0 

EPI_ISL_3218557 31 0 0 18 0 

2 
Kraczki, Kujawsko-

Pomorskie 
EPI_ISL_7721854 GK/21J (Delta) AY.43 44 13 0 34 4 

3 
Ołużna, 

Zachodniopomorskie 

EPI_ISL_8693906 

GK/21J (Delta) AY.43 

38 13 0 33 4 

EPI_ISL_8693911 40 14 1 34 4 

EPI_ISL_8693912 38 13 0 33 4 

4 
Zieleniewo1, 

Zachodniopomorskie 
EPI_ISL_8693816 GK/21J (Delta) AY.43 38 13 0 33 4 

5 
Biadki, 

Wielkopolskie 

EPI_ISL_8693913 

GK/21J (Delta) AY.43 

41 13 0 34 4 

EPI_ISL_8693914 41 13 0 34 4 

EPI_ISL_8693915 41 13 0 34 4 

6 
Janowiec, 

Podkarpackie 

EPI_ISL_9640028 

GK/21J (Delta) AY.126 

51 104 1 37 34 

EPI_ISL_9640033 50 107 1 37 34 

EPI_ISL_9640052 50 107 1 37 34 

7 Kościuki, Podlaskie EPI_ISL_9640055 GRY/20I (Alpha, V1) B.1.1.7 52 37 0 30 11 

8 Leźno, Pomorskie 
EPI_ISL_9640059 

GK/21J (Delta) B.1.617.2 
47 16 0 37 5 

EPI_ISL_9640062 45 47 1 36 12 

9 Kłoczew, Lubelskie EPI_ISL_9640065 GK/21J (Delta) AY.122 41 16 0 32 4 

10 Stefanów, Łódzkie 
EPI_ISL_10337406 

GRA/21L (Omicron) BA.2 
74 53 0 51 12 

EPI_ISL_10337127 72 53 0 51 12 
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Table 5. Sequence mutations in SARS-CoV-2 detected in farmed mink in Poland in the studied period  

No. Mink farm Pango lineage 
Nonsynonymous mutations in the S protein  

in comparison to the Wuhan reference strain 

1 
Wisznice, house 2, 

Lubelskie 
B.1.1 Q183R, Y453F, K558N, D614G, C1236F 

2 
Kraczki, Kujawsko-
Pomorskie 

AY.43 
T19R, E96A, G142D, R158G, L452R, T478K, D614G, P681R, D950N, 

E156-, F157- 

3 
Ołużna, 

Zachodniopomorskie 
AY.43 

T19R, G142D, R158G, L452R, T478K, D614G, P681R, D950N, 

E156-, F157- 

4 
Zieleniewo1, 

Zachodniopomorskie 
AY.43 

T19R, G142D, R158G, L452R, T478K, D614G, P681R, D950N, 

E156-, F157- 

5 Biadki, Wielkopolskie AY.43 
T19R, G142D, R158G, L452R, T478K, D614G, P681R, D950N, 

E156-, F157- 

6 Janowiec, Podkarpackie AY.126 

T19R, T95I, G142D, R158G, G181V, L452R, T478K, N532S, D614G, P681R, I850L, 

D950N, K1045N 
E156-, F157- 

7 Kościuki, Podlaskie B.1.1.7 
S94F, Y453F, N501Y, A570D, D614G, P681H, T716I, S982A, D1118H 

H69-, Y144-, H245-, S247-, V70-, L244-, R246-, Y248- 

8 Leźno, Pomorskie B.1.617.2 
T19R, T95I, G142D, R158G, L452R, T478K, D614G, P681R, D950N, 

E156-, F157- 

9 Kłoczew, Lubelskie AY.122 
T19R, G142D, R158G, L452R, T478K, D614G, P681R, D950N 

E156-, F157- 

10 Stefanów, Łódzkie BA.2 

T19I, A27S, G142D, V213G, G339D, S371F, S373P, S375F, T376A, D405N, R408S, 

K417N, N440K, S477N, T478K, E484A, Q493R, Q498R, N501Y, Y505H, D614G, 
H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K 

L24-, P25-, P26- 

bold – Y453F mutation; italic and bold – D614G mutation; underlined – substitutions in position 681 

 

 

Discussion  

In this report we describe the findings of the SARS-

CoV-2 surveillance of mink farms in Poland conducted 

during a 14-month period. With the culling of all mink 

in Denmark and the Netherlands, Poland has become the 

leading producer of mink in Europe and the second in 

the world after China, although it should be noted that 

the COVID-19 pandemic has stifled mink production in 

Poland, as only 236 farms were active in August 2021 

compared to 350 farms at the end of 2019. Reports on 

the possibility of SARS-CoV-2 infection in animals, but 

especially reports from several countries concerning the 

spread of SARS-CoV-2 between mink on farms as well 

as human-to-animal and animal-to-human transmission 

alerted the Polish veterinary services to the danger. 

Since the beginning of the COVID-19 pandemic, the 

State Veterinary Inspectorate in Poland has been 

monitoring the SARS-CoV-2 infection situation in 

animals, paying particular attention to farmed mink  

(6, 10), doing so by means of the SARS-CoV-2 detection 

and analysis system implemented at the National 

Veterinary Research Institute in Puławy. In October 

2020, a pilot study of SARS-CoV-2 presence in mink 

populations was undertaken in areas with a high density 

of breeding farms (Wielkopolskie, Lubuskie, 

Mazowieckie and Podkarpackie). In the following 

months, monitoring of SARS-CoV-2 infections on mink 

farms was introduced, through the issuance of relevant 

ordinances by the Polish Ministry of Agriculture and 

Rural Development detailing the principles of 

surveillance of the country’s mink farms (11). Changes 

in these regulations resulted from new scientific reports 

on SARS-CoV-2 infections in animals of this species 

and also took into account EU legislation (7, 8). The 

monitoring rules in place resulted in the detection of 

SARS-CoV-2 infection on 12 farms. 

The first infection reported earlier and not included 

in this study occurred in January 2021 on a farm in 

Leźno (Pomorskie) (4). According to the current Pango 

classification, the strains detected were the B.1.1.464 

Gamma lineage (amended from the B.1.1.279 lineage 

defined in March 2021). This farm had already been 

diagnosed in November 2020 in a study outside the 

official monitoring of infections with SARS-CoV-2 in 

mink (24). A subsequent epidemiological investigation 

resulted in the detection of SARS-CoV-2 infection in 

one of the farm’s employees, and based on thorough 

molecular testing, the detected virus was determined to 

be of mink origin (23). This is the third report of the 

spillover of viral infections from mink to humans, 

following reports from the Netherlands and Denmark 

(13, 19). As required under the legislation enforced  

at that time in Poland, all animals on the farm were 

culled in February 2021. Further SARS-CoV-2–infected 

farms were identified at 11 locations as monitoring of 

SARS-CoV-2 infections continued. One of them was 

detected in the Leźno region again on 20 December, 

2021, i.e. one year after the first infection. Both positive 

farms were located a few kilometres from each other and 

the owners were in the same family. However, the virus 

detected in December belonged to the Delta lineage 

(lineage B.1.1.617.2), indicating that this was a new 

introduction from the human population. Detection of  

a subsequent infection on a farm in the same locality 

indicated inadequate implementation of the biosecurity 

system, despite previous infections in the area. Of the 

three consecutive Delta variant lineages, the same one – 

AY.43 – was identified on four farms, two in 

Zachodniopomorskie and one each in Wielkopolskie and 



456 K. Domańska-Blicharz et al./J Vet Res/66 (2022) 449-458 

 

Kujawsko-Pomorskie. The farms in Zachodniopomorskie 

were in close proximity to each other (a few kilometres) 

and while no direct links were shown, they cannot be 

completely ruled out and may possibly have been feral 

cats, escaped mink or other animals. On the other hand, 

two other farms infected with this virus lineage were  

160 km apart and at a distance of 350 km from the two 

farms in Zachodniopomorskie, and no links to other 

farms were identified. 

As in the rest of the world, the Delta variant viruses 

were dominant in Poland’s human patients from June to 

almost the end of December (https://mocos.pl/pl/ 

variants.html). According to the GISAID database, the 

Pango lineage B.1.1.617.2 VOC strains were some of the 

dominant variants causing human disease in Poland with 

a cumulative count of approximately 2,250 sequences. 

Most variants detected on Polish mink farms in 

December also belonged to the Delta lineage, namely 

AY.122, AY.126 and AY.43, which are all regarded as 

VOC. These SARS-CoV-2 variants were also dominant 

in Poland in people in this period, with cumulative 

counts of 4,177, 853 and 3,192 sequences, respectively. 

Moreover, a GISAID database search for the most 

related genomes found them at an appropriate time in  

a close location, i.e. in the same area as the one 

associated with a positive mink farm. Additionally, the 

genetic distance between these SARS-CoV-2 strains 

identified in mink and humans was 0, which means 

100% identical sequences. 

In samples collected in Kościuki (Podlaskie) on  

15 December, 2021, the detected strain belonged to the 

Alpha virus B.1.1.7. This Alpha variant emerged in 

September 2020 and was originally treated as a VOC 

because of increased disease transmissibility and 

severity, but it is now considered a de-escalated variant, 

the circulation of which in the EU has significantly 

reduced. Although the number of strains of this variant 

identified recently in Poland has also definitely 

decreased and other mainly Delta-clade VOCs have 

overtaken it, its detection level in Poland seems to be 

high. Interestingly, no similar sequence to that detected 

in mink was found in the GISAID database. The reason 

for this may be that not all human infections are reported 

to medical services. This implies that the search for the 

origin of SARS-CoV-2 in mink may yield a misleading 

answer. Only scaling up  of human sampling and deep 

analysis of sample isolates can take epidemiological 

investigations forward, which is why the One Health 

approach is important. However, it also cannot be ruled 

out that the infection occurred earlier, when this virus 

variant was prevalent in humans, and persisted on a mink 

farm for almost a year. A similar situation was recently 

suggested in deer in Michigan (18). This may also 

suggest insufficient sensitivity in the ongoing 

monitoring of virus infection in mink. Perhaps the 

introduction of additional serological tests having  

a longer window of detection would allow identification 

of older SARS-CoV-2 infection. 

The last SARS-CoV-2 isolates identified in Polish 

farmed mink in January 2022 belong to the Omicron 

clade and Pango lineage BA.2. The detection of the 

Omicron VOC in animals is of particular importance. 

Some mutations in the Omicron spike protein seem to be 

associated with adaptation in mice and, based on in silico 

investigations, it has been suggested that this clade of 

viruses evolved in mice before spilling back into humans 

(28). The detection of Omicron strains in Polish farmed 

mink is the first such to be reported in animals. Another 

Omicron virus was identified in deer on New York’s 

Staten Island in February 2022, and this is in turn the 

first time the strain has been found in a wild animal (27). 

Therefore, the Advisory Group of the World 

Organisation for Animal Health (OIE) encourages the 

surveillance of potential hosts for SARS-CoV-2 

infection and continuous monitoring of SARS-CoV-2 

mutations in animals. Such studies have allowed the 

identification of different SARS-CoV-2 variants in deer 

populations in the USA and Canada  and in hamsters in 

Hong Kong. 

In this study, mink SARS-CoV-2 infections were 

traced back to dominant variants in human samples 

during the COVID-19 epidemic in Poland, but one of the 

Alpha variants was detected many months after the 

epidemic’s peak. Careful tracing of the S protein amino 

acid sequences of the strains identified in mink showed 

that only mutations specific to individual SARS-CoV-2 

variants were observed. A low number of mutations 

were found in some strains, and they were mutations 

which had previously been detected in other mink 

samples and were indicated to be possibly related to 

adaptation from the human to the mink ACE2 receptor 

(1, 14, 17, 26). The Y453F mutation was identified in 

only three strains, while the F486L and F452M 

mutations were not found. In contrast, a change was 

identified at position 501 of the S protein in three strains, 

but it was an N to Y change rather than an N to T change, 

a feature that likely increases the affinity for mink. 

The only serological tests carried out on the farm in 

Wisznice revealed that almost all mink showed SARS-

CoV-2 specific antibodies, and the absence of the virus 

in sporadic samples collected after this time point 

suggested effective elimination of the virus from the 

body and from the herds. The stronger serological 

response observed in dams than in kittens could be  

a consequence of a more mature immune system or  

a more extensive infection, similar to what has been 

observed in humans. Subsequent tests over several 

months also failed to detect the presence of the virus, 

unlike the reprised tests on the only surviving farm in 

Denmark, where a second round of infection was 

observed (25). 

In conclusion, farmed mink are highly susceptible 

to infection with SARS-CoV-2 belonging to different 

clades and lineages. Although we found SARS-CoV-2 

on several different mink farms in the same region, we 

did not observe transmission of the virus from one farm 

to another, in contrast to what has been observed in  
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the Netherlands, for instance. This indicates that the 

biosecurity controls put in place have been effective. 

Only a few Polish mink isolates of the virus possessed 

molecular features in the S protein which potentially 

increased the virus’ affinity to mink. The infections 

identified on farms in Poland were asymptomatic. One 

mink farm was infected with a variant that was prevalent 

in humans more than a year earlier, which may suggest 

the persistence of the infection over a long period of 

time. This in turn confirms that mink may become  

a virus reservoir generating new, potentially dangerous 

variants. Only continuous monitoring of these farms 

allows rapid detection of SARS-CoV-2 infections; 

however, it seems the surveillance strategy might have 

to be strengthened and additional serology included. 
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