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Highlights
• Аn outbreak of SARS-CoV-2 in a mink farm in Bul-
garia. 
• The FY.1.2 variant of SARS-CoV-2 was detected in a 
mink caretaker sample.
• Two variants, FY.1.2 and XBB.1.22, were observed 
in mink samples.
• Genetic analysis revealed the possibility of other 
infected mink farm workers.
• Human-mink two-way transmission is possible.

ABSTRACT 
Introduction: During the COVID-19 pandemic, it 

was observed that SARS-CoV-2 (Severe Acute Respi-
ratory Syndrome Coronavirus 2) can be transmitted 

from humans to various animals. Our study aims to 
examine the genetic evidence for transmission of 
SARS-CoV-2 from humans to mink and potentially 
back to humans in the first reported outbreak on a 
mink farm in Bulgaria.

Materials and methods: Between October 2 and 
29, 2023, 420 oropharyngeal samples from minks on 
a farm in Central Bulgaria were examined for SARS-
CoV-2. Positive samples with Ct <32 were sequenced 
using Oxford Nanopore technologies.

Results: On 18 October 2023, 98 of 118 mink sam-
ples tested positive for SARS-CoV-2. In addition, on  
25 October, a mink caretaker from the same farm 
was confirmed to be infected with SARS-CoV-2. Phy-
logenetic analysis of the isolated SARS-CoV-2 re-
vealed that  the mink caretaker and two minks had 
a variant similar to   FY.1.2   (37.5%), while five other 
minks were infected with a different variant simi-
lar to XBB.1.22 (62.5%). This suggests the presence 
of another source of infection on the farm with the 
XBB.1.22 variant. Furthermore, we identified a sub-
stitution at position I478K in the receptor-binding 
motif (RBM) of the receptor-binding domain (RBD) of 
S-protein in 2 mink samples.

Conclusion: Based on the epidemiological and ge-
netic analysis, our findings suggest a potential for 
human-to-mink and mink-to-human transmission of 
SARS-CoV-2. Tracing the route of transmission from 
an animal host to humans will help elucidate the 
route of origin and causality for the accumulation of 
mutations leading to the emergence of new human 
coronaviruses (HCoVs) and their variants with stron-
ger or weaker pandemic potential.

Keywords: SARS-CoV-2, mink , whole genome se-
quencing, Oxford Nanopore technology, two-way 
transmissions 

INTRODUCTION
Seven human coronaviruses are known so far, four 

of which are endemic: HCoV-229E, HCoV-NL63, HCoV-
OC43 and HCoV-HKU1. These four are a common 
cause of colds. The other three: severe acute respi-
ratory syndrome (SARS-CoV), Middle East respiratory 
syndrome coronavirus (MERS-CoV), and SARS-CoV-2 
can lead to severe pneumonia.[1]. SARS-CoV can be 
easily transmitted from person to person, where-
as MERS-CoV is rarely transmitted [2].SARS-CoV-2, 
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which appeared in the late 2019, has a high trans-
mission rate but reduced pathogenicity compared to   
MERS-CoV and SARS-CoV [2]. The simultaneous in-
fection of a host by different virus strains can lead to 
genetic recombination, creating new viral genomes. 
It is hypothesized that SARS-CoV-2 may have resulted 
from the recombination of pangolin and bat viruses 
in an unknown host. Virologists are concerned about  
recombinations as they could lead to the creation 
of a more dangerous viral strain [3,4]. During the 
COVID-19 pandemic,  transmission of SARS-CoV-2 
from domestic and wild animals, including cats, dogs, 
and minks has been observed [5]. The virus has been 
detected in wild animal zoos [6]. The uncontrolled 
spread of SARS-CoV-2 in different animals can lead 
to the accumulation of multiple mutations during re-
peated passaging. This inevitably leads to the emer-
gence of new variants [7]. On the other hand,  there 
is a risk of  two-way  human-mink-other mammal-hu-
man transmission of SARS-CoV-2 [8]. Passing through 
several different genetic species leads to the accumu-
lation of different mutations, a prerequisite for the 
emergence of a "new coronavirus”.

A study conducted in the Netherlands in 2020 re-
ported a case of a mink infected with SARS-CoV-2, 
with additional infections found in dogs and cats on 
farms [9]. In Denmark, a Cluster 5 variant of SARS-
CoV-2 was identified on a mink farm, showing the 
rapid transmission of the virus between minks and 
humans and the potential for emergence of new vari-
ants [10]. In the Netherlands and Denmark, cases of 
COVID-19 among farm workers occurred before the 
detection of infected minks, indicating that the ani-
mals were likely infected by humans [11]. Infections 
with SARS-CoV-2 in mink farms have been reported 
in several countries, including the Netherlands, Den-
mark, the United States, Greece, Sweden, France, 
Italy, Spain, Poland, Lithuania, and Canada (source: 
https://www.oie.int/en/, accessed 03 February 
2021). The documented cases of SARS-CoV-2 out-
breaks on mink farms worldwide and the evidence 
of transmission between humans and animals raise 
significant concerns. The emergence of a new variant 
could lead to another pandemic, making it essential 
to implement timely measures to control the virus  
spread. Ongoing monitoring of both animals and 
workers is crucial. Our team aims to clarify the trans-

mission pathways of SARS-CoV-2 in the first reported 
outbreak on a Bulgarian mink farm, focusing on the 
potential transfer between humans and minks.

METHODS 
The study was conducted from 2 to 29 October 

2023, when a total of 472 oropharyngeal samples 
were collected from a mink farm located in Central 
Bulgaria and tested for the presence of SARS-CoV-2. 
Following the recommendations of the European 
Centre for Disease Prevention and Control (ECDC), 
a part of the mink population was tested weekly 
for SARS-CoV-2. This routine sampling consisted in 
collecting 118 mink samples each week in order  to 
monitor the spread of SARS-CoV-2 among the mink 
population. The testing was performed  by the De-
partment of Exotic and Emerging Diseases at the Na-
tional Veterinary Institute.   The samples were col-
lected by a veterinarian and stored at 4°C. 

2.1. Extraction and testing 
Mink samples were extracted using the IndiSpin 

Pathogen Kit (QIAGEN GmbH for INDICAL BIOSCI-
ENCE GmbH, Leipzig, Germany). The human sample 
was extracted using the ExiPrep Dx Viral DNA/RNA Kit 
from Bioneer, Daejeon, Republic of Korea.

In the Department of Exotic and Emerging Diseas-
es, mink samples were tested for the presence of 
SARS-CoV-2 nucleic acids with a kit, INStest SARS-
CoV-2 RT-qPCR (ACRO BIOTECH, Inc., California, Unit-
ed States), Rotor-Gene Q PCR (Qiagen, GmbH, Hilden, 
Germany).

To determine viral load before sequencing, 10 mink 
samples and the sample of the mink caretaker were 
retested with a commercial SARS-CoV-2 TaqPath 
COVID-19 CE-IVD PCR kit (Thermo Fisher Scientific, 
Singapore), identifying three regions in the SARS-
CoV-2 genome: N-gene, S-gene and ORF ab. Ampli-
fication was performed using a QuantStudio™ 5 re-
al-time PCR system, 96-well (ThermoFisher Scientific, 
Singapore). All eluates with a cycle threshold (Ct) 
value below 32 were sent to the National Referenve  
Laboratory “Influenza and ARD,” at the National Cen-
ter for Infectious and Parasitic Diseases for sequenc-
ing.

2.2. Sequencing and data analysis
A commercial Midnight RT-PCR Expansion Kit (Ox-

ford Nanopore Technologies, Oxford, UK) with a 
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MinION Mk1C instrument (Oxford Nanopore Tech-
nologies) was used for SARS-CoV-2 sequencing. Nor-
malization of libraries was performed with the Qubit 
4 Fluorometer (Thermo Fisher Scientific, Waltham, 
MA, United States) and Invitrogen™ Quant-iT™ Broad 
Range dsDNA Assay Kit (Invitrogen, Thermo Fisher 
Scientific). 

The genetic sequences of SARS-CoV-2 have been 
deposited in the GISAID database (EPI_ISL_18458688; 
E P I _ I S L _ 1 9 2 1 0 1 0 2 ; E P I _ I S L _ 1 8 4 5 8 6 8 9 ; E -
PI_ISL_19210103;EPI_ISL_18458692;EPI_IS-
L_18489918;EPI_ISL_19210130; EPI_ISL_18458693). 
SARS-CoV-2 variant assignment analysis was con-
ducted using the Nextlade3.8.2c program (https://

clades.nextstrain.org/). Geneious Prime software 
(GraphPad Software, LLC, Boston, MA, USA) was 
used for sequence alignment and phylogenetic tree 
construction. The overall tree design was creat-
ed using Interactive Tree Of Life software (https://
itol.embl.de). Amino acid analysis was performed 
with BioEdit (www.mbio.ncsu.edu/BioEdit/BioEdit.
html) (RRID: SCR_007361).

We used an App called Paired Comparison Plot for 
pairwise comparisons versus Fisher’s least significant 
difference (https://www.originlab.com/). Statistical 
significance was set at 0.05.

Figure 1. Phylogenetic tree based on the analysis of mink complete sequences published in GISAID. The tree 
was rooted against the Bulgarian sequence EPI_ISL_18489887 isolated during the same period marked with 
the symbol “ “. Other GISAID-derived sequences were used as reference strains. The isolated sequence 
from the person who cared for the minks is marked with the symbol “ “ font and is called "Human" for short 
(EPI_ISL_18458688). The mink samples are labeled according to the names given by the veterinary laboratory 
marked with the symbol ” “. "Mink 2" (EPI_ISL_19210102), "Mink 4" (EPI_ISL_18458689), "Mink 5" (EPI_
ISL_19210103), "Mink 7" (EPI_ISL_18458692), "Mink 8" (EPI_ISL_18489918), "Mink 11" (EPI_ISL_19210130), 
and "Mink 12" (EPI_ISL_18458693).
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RESULTS 
3.1. Epidemiological data
Between 2 and 29 October 2023, 472 oropharyn-

geal samples from minks were tested for the pres-
ence of SARS-CoV-2. On 18 October, 98 (83%) of 118 
samples were found positive. However, the exam-
ination of 118 samples from other minks during the 
next week returned negative results. No other minks   
tested positive for SARS-CoV-2 in the  weeks that fol-
lowed.   No deaths due to the infection were regis-
tered  among minks infected with SARS-CoV-2.

On 25 October, the Regional Health Inspectorate 
received a report of a mink caretaker from the same 
farm with slightly elevated temperature of 37.5○C and 
respiratory symptoms, without a cough. A respirato-
ry sample was sent to the National Laboratory "In-
fluenza and ARI", where infection with SARS-CoV-2 
was confirmed. The mink caretaker was a 51-year-old 
man with no known comorbidities. He was quaran-
tined for home treatment. No  contact persons in-
fected with SARS-CoV-2 were  identified.

3.2. Tracing the path of infection by phylogenetic 
analysis 

Initial PCR screening showed that only 10% of SARS-
CoV-2 positive samples were suitable for sequenc-
ing analysis. Therefore, whole genome sequencing 

(WGS) was performed on 10 mink samples and one 
mink caretaker sample on 26 October. The Omicron 
variant of SARS-CoV-2 was identified in the human 
sample and in  seven mink samples. The FY.1.2 sub-
variant was detected in the mink caretaker’s sample 
and two mink samples (37.5%), while a different sub-
variant, XBB.1.22 (62.5%), was observed in five mink 
samples (Figure 1). The genetic integrity of  three 
out of ten mink samples was insufficient to identify 
subvariants of SARS-CoV-2. The remaining positive 
mink samples had Ct values above 32 and were not 
sequenced.

Based on the temporal sequence of events and 
the evolutionary path of the SARS-CoV-2 variants, 
we hypothesize that other mink caretakers or mink 
contacts were infected with the two different variants 
FY.1.2 and XBB.1.22. They have probably transmitted 
the infection to the minks from which these two 
variants of SARS-CoV-2 were islolated.

In addition, the SARS-CoV-2 variant FY.1.2 detect-
ed in the mink caretaker was the same as the one 
found in two of the minks. The minks tested positive 
for SARS-CoV-2 on 18/10/2023, while the caretaker 
- on 25/10/2023. The Regional Health Inspectorate 
also reported that on October 25, 2023, the first signs 
of infection were registered in caretakers of minks. 

Figure 2. Transmission path of the SARS-CoV-2 infection in a mink farm on the territory of Bulgaria. The 
question mark indicates suspected transmission routes based on the comparison of SARS-CoV-2 Ct values ​​
from the mink caretaker and the 10 samples subjected to sequencing analysis. The arrow with a sign „*„ 
indicates the reverse transmission route of infection from mink to human.
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Figure 3. Amino acid analysis of the SARS-CoV-2 spike protein (S) isolated from a mink sample during an 
outbreak on a farm in Central Bulgaria: (a) cross-sections of the S analysis of the spike protein of SARS-
CoV-2 isolated from samples of minks 5, 2, 4, 7, 8, 11, and 12 in the places of established replacement. An 
alignment was performed to the strain isolated from a person caring for these mink (EPI_ISL_18458688). (b) 
The structure of the S-protein; (c) The structure of RBD is depicted in yellow and purple, and the RBM is in 
purple, the site of the established mutation at position 478 is represented in red.
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Based on this, we hypothesize that a transmission 
has occurred from a mink infected with the FY.1.2 
variant to the positive mink caretaker (the path 
indicated by an arrow from mink to human in Figure 
2). Regarding шге viral load, we observed that the 
mink caretaker's Ct value was lower than the mean 
Ct value observed in 10 mink samples that were 
subsequently sequenced (22.2 vs. 29.7 ± 2.9; p = 
0.035). The remaining 88 minks had a Ct value in the 
range of 32 - 38.

3.3. Amino acid analysis
The S protein sequences isolated from seven 

mink samples were compared with those of the 
mink caretaker. The analysis identified five different 
substitutions in four of the mink samples. Specifically, 
one substitution was observed in mink 2 (I478K), 
three in mink 5 (Y200C; V367 F; I478K), two in mink 
7 (E180V; I572T), and one in mink 11 (I572T) (Figure 
3a). The substitutions at positions 367 and 478 were 
located in the receptor-binding domain (RBD) (Figure 
3b). The sequences from minks 2 and 5 harbored a 
substitution at position 478 of the receptor-binding 
motif (RBM) (Figure 3c).

DISCUSSION
During the early stages of COVID-19 pandemic, 

there were reports of SARS-CoV-2 outbreaks on mink 
farms [12,13,14]. Minks are vulnerable to infection 
and can carry the virus without symptoms [13]. Direct 
contact with infected minks poses a risk for SARS-
CoV-2 transmission to humans [11]. This interspecies 
transmission can result in genetic mutations and 
the emergence of new SARS-CoV-2 variants [15]. 
Similar to our study, other researchers have aimed 
to trace the potential transmission routes of SARS-
CoV-2 between humans and minks [6,16,17]. Despite 
existing research on this topic, it remains relevant and 
important. A study reported that human angiotensin-
converting enzyme 2 (ACE2) receptors have a higher 
binding affinity to the SARS-CoV-2 RBD as compared 
to mink ACE2s. Therefore, only SARS-CoV-2 variants 
with a higher binding affinity would contribute to 
viral entry and replication in minks and thus acquire 
higher transmissibility [18]. SARS-CoV-2 is believed to 
have originated from animals in 2019. By the end of 
2020, it had significantly adapted to humans, leading 
to the emergence of the alpha, beta, gamma, delta, 

and Omicron variants. The Omicron variant, which 
appeared in November 2021, caused the largest 
wave of COVID-19, spawning multiple subvariants. 
The XBB line, comprising over 300 subvariants, was 
dominant in 2023 [19]. The XBB.1.22 subvariant was 
found in 71.4% of mink samples in our study. Other 
studies in the Netherlands and Denmark reported 
the transmission of infection from minks to humans 
[20]. Our study identified similar subvariants of SARS-
CoV-2 in some mink samples and a mink caretaker 
(FY.1.2), suggesting an evolutionary mechanism 
of mutation accumulation. Human-to-mink 
transmission of the infection is assumed. Studies 
have shown that the period from the SARS-CoV-2 
infection to the appearance of the first symptoms 
takes an average of 5.6 to 6.7 days [21,22]. People 
diagnosed with COVID-19 can transmit the virus from 
1 - 2 days before, upto 8 - 10 days after the symptoms 
onset (https://www.ecdc.europa.eu/en/infectious-
disease-topics/z-disease-list/covid-19/factsheet-
covid-19). Omicron showed peak virus shedding 3–6 
days after symptom onset, with viable virus cultured 
by day 10 [23]. Our observations suggest that 
another mink caretaker was the primary source of FY 
1.2 infection on the farm, and third parties infected 
with XBB 1.22 likely transmitted the infection to 
minks. The higher SARS-CoV-2 viral load of the mink 
caretaker, along with the eight-day gap between the 
appearance of his symptoms and the detection of 
positive mink samples, suggests the possibility that 
the human was infected by these minks. In support 
of this claim, high viral load coincides with the peak 
development of infection [24]. The farm's minks 
showed attenuation of the infection, and no other 
humans in contact with the mink caretaker were 
identified as infected with SARS-CoV-2. 

The S protein of SARS-CoV-2 is highly variable 
and plays an essential role for viral infectivity and 
virulence [25]. Amino acid analysis was performed to 
identify substitutions that may have occurred during 
potential transmission between humans and minks 
or vice versa [26]. This analysis reveals substitutions 
in the receptor-binding sites. RBM (438–506) directly 
interacts with the ACE2 receptor and plays a crucial 
role in determining its affinity [27]. A substitution 
at position 478 found in two mink samples could 
potentially affect the binding affinity of ACE2. 
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Therefore, we can conclude that the mutations 
were introduced during the possible transmission 
of infection from humans to mink, which changes 
the binding affinity between RBD and ACE2. Other 
studies have reported no such mutation occurring 
I478K. In 2020, mutations Y453F and F486L were 
reported in the sequence of SARS-CoV-2, for which 
the first source was most probably a mink from a 
farm in the Netherlands [24]. Those mutations were 
located in the RBM and were close to the one we 
found. In a subsequent study, the authors reported 
the prevalence of Y453F mutation in human samples 
in Denmark [28]. The transmition of such mutations 
poses a risk because they can affect the neutralizing 
ability of virus-specific antibodies [29].

The emergence of new mutations at receptor-
binding sites is crucial for SARS-CoV-2 transmission 
between humans and animals. However, our study 
has limitations, as only 10% of positive mink samples 
could be sequenced, hindering our understanding of 
the infection pathways. Improved farm monitoring 
and more frequent sampling are necessary for 
future research. Additionally, cycle threshold (Ct) 
measurements may not accurately reflect primer 
amplification efficiency across different detection 
kits. Despite these challenges, the study highlights 
the importance of continuous monitoring and the 
potential of new SARS-CoV-2 variants of to pose 
pandemic threats.

CONCLUSIONS
The genetic analysis of the SARS-CoV-2 genome in 

both minks and humans suggested that there may 
have been other infected workers at the mink farm 
in addition to the caretaker who tested positive. This 
raises the possibility of SARS-CoV-2 being transmitted 
from humans to minks and then back to humans. 
This situation highlights the potential for mutations 
to occur within the spike protein, and affect the 
neutralizing ability of virus-specific antibodies thus 
increasing the public health risks. 
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