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 277 

Figure 3: Phylogenetic analysis of SARS-CoV-2 strains detected in the 5 mink farm clusters. The 278 

sequences derived from different farms are depicted in different colors. Scale bar represents units of 279 

substitutions per site. 280 
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 281 

Figure 4. Geographical overview of SARS-CoV-2 positive mink farms per municipality affected. The 282 

proportion of SARS-CoV-2 positive mink farms over the total number of mink farms (CBS, 2019) is 283 

indicated. Symbols for positive farms are colored by cluster and shapes indicate farms with a same 284 

owner.  285 
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Within farm diversity 287 

SARS-CoV-2 was detected on mink farm NB1-NB4 after reports of respiratory symptoms and 288 

increased mortality in mink. The sequences from farm NB1 had between 0 and 9 nucleotides 289 

differences (average 3.9 nucleotides) and from NB2 between 0 and 8 nucleotides differences 290 

(average of 3.6), which is much more than what has been observed in outbreaks in human 291 

settings. The sequences from NB3 had 0 to 2 nucleotides difference suggesting that the virus 292 

was recently introduced, in line with the observed disease in humans, which occurred in the 293 

weeks post diagnosis of the infection in mink. After the initial detection of SARS-CoV-2 on 294 

mink farms, farms were screened weekly. The first, second, fifth and sixth weekly screening 295 

yielded new positives. The sequences of mink at NB6 had between 0 and 12 nucleotides 296 

differences, whereas diversity was lower for the subsequent farm sequences (Table 2). 297 

Several non-synonymous mutations were identified among the mink sequences 298 

compared to the Wuhan reference sequence NC_045512.2. However, no particular amino 299 

acid substitutions were found in all mink samples (Figure 5). Of note, three of the clusters had 300 

the position 614G variant (clusters A, C and E), and 2 had the original variant. There were no 301 

obvious differences in the presentation of disease in animals or humans between clusters 302 

based on the data available at this stage, but further data collection and analysis, also for cases 303 

after NB16, are ongoing to investigate this further.  The observed mutations can also be found 304 

in the general population and the same mutations also were found in human cases which were 305 

related to the mink farms. 306 
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307 

Figure 5. Overview of the specific amino acid mutations found in mink farms. Above the x-axis the 308 

open reading frames (ORF) are indicated and on the x-axis the amino acid position within each 309 

ORF is indicated. On the y-axis the sequence names are indicated and on the right side of the 310 
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graph the cluster numbers and specific farm identifiers and the type of host are used to group 311 

the samples. 312 

 313 

Discussion 314 

Here we show ongoing SARS-CoV-2 transmission in mink farms and spill-over events to 315 

humans. To the best of our knowledge, these are the first animal to human SARS-CoV-2 316 

transmission events documented. More research in minks and other mustelid species, to 317 

demonstrate if these species can be a true reservoir of SARS-CoV-2 although from our 318 

observations we consider this likely. After the detection of SARS-CoV-2 on mink farms, 68% of 319 

the tested farm workers and/or relatives or contacts were shown to be infected with SARS-320 

CoV-2, indicating that contact with SARS-CoV-2 infected mink is a risk factor for contracting 321 

COVID-19. 322 

A high diversity in the sequences from some mink farms was observed which most 323 

likely can be explained by many generations of infected animals before an increase in 324 

mortality was observed. The current estimates are that the substitution rate of SARS-CoV-2 is 325 

around 1.16*10^-3 substitutions/site/year (53), which corresponds to around one mutation 326 

per two weeks. This could mean that the virus was already circulating in mink farms for some 327 

time. However, there was also a relatively high sequence diversity observed in farms which 328 

still tested negative one week prior, hinting towards a faster evolution of the virus in the mink 329 

population. This can indicate that the virus might replicate more efficiently in mink or might 330 

have acquired mutations which makes the virus more virulent. However, no specific mutations 331 

were found in all mink samples, making increased virulence less likely. In addition, mink farms 332 

have large populations of animals which could lead to very efficient virus transmission. 333 

Generation intervals for SARS-CoV-2 in humans have been estimated to be around 4-5 334 
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days(54), but with high dose exposure in a high-density farm could potentially be shorter. 335 

Recently, a specific mutation in the spike protein (D614G) was shown to result in an increased 336 

virulence in vitro (55), while it was not associated an increased growth rate for cluster nor an 337 

increased mortality (56).  This mutation was present in farm clusters A, C and E, but no obvious 338 

differences in clinical presentation, disease severity, or rate of transmission to humans was 339 

observed.   340 

While we found sequences matching with the animal sequences on several farms, not 341 

all of these can be considered direct zoonotic transmissions. For instance, the two employees 342 

from mink farm NB3 were most likely infected while working at the mink farm given the 343 

specific clustering in the phylogenetic tree and the timing of infection. Subsequent human 344 

infections may have originated from additional zoonotic infections, or from human to human 345 

transmission within their household. Further proof that animals were the most likely source 346 

of infection was provided by the clear phylogenetic separation between farm related human 347 

cases and animal cases, from sequences from cases within the same 4-digit postal code area. 348 

Spill-back into the community living in the same 4-digit postal code area was not observed 349 

using sequence data, but cannot be entirely ruled out as the testing strategy during April and 350 

May was focusing on health care workers, persons with more severe symptoms, and persons 351 

at risk for complications, rather than monitoring community transmission and milder cases.  352 

While the number of SARS-CoV-2 infected individuals was decreasing in the 353 

Netherlands in May and June, an increase in detection of SARS-CoV-2 in mink farms was 354 

observed. Based on WGS these sequences are part of multiple individual transmission chains 355 

linked to the mink farms and are not a reflection of the situation in the human population 356 

during this time. In some cases, the farms had the same owner but in other cases no 357 

epidemiological link could be established. People coming to the different farms might be a 358 
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source but also semi-wild cats roaming around the farms or wildlife might play a role (27). So 359 

far, the investigation failed to identify common factors that might explain farm to farm spread.  360 

During interviews, it became clear that farms had occasionally hired temporary workers that 361 

had not been included in the testing and were lost to follow-up, stressing the need for vigorous 362 

biosecurity and occupational health guidance. Since our observation, SARS-CoV-2 infections 363 

have also been described in mink farms in Denmark, Spain and the USA (57–59), and mink 364 

farming is common in other regions of the world as well, also in China where around 26 million 365 

mink pelts are produced on a  yearly basis (60). The population size and the structure of mink 366 

farms is such that it is conceivable that SARS-CoV-2 – once introduced – could continue to 367 

circulate. Therefore, continued monitoring and cooperation between human and animal 368 

health services is crucial to prevent the animals serving as a reservoir for continued infection 369 

in humans. 370 

 371 
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Supplementary Figure 1: Number of mink farms per municipality in the Netherlands. 650 

Overview of the total number of mink farms per municipality (CBS, 2019). Municipalities 651 

with SARS-CoV-2 affected farms by June 21st 2020 are shown in red. 652 
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