Zoonoses and Public Health WI L EY

| oRIGINAL ARTICLE CEIEED

Detection of a Reassortant Swine- and Human-Origin
H3N2 Influenza A Virus in Farmed Mink in British
Columbia, Canada

Kevin S. Kuchinski! @2 | John Tyson!? | Tracy Lee? | Susan Detmer?® | Yohannes Berhane* | Theresa Burns® |
Natalie A. Prystajecky’? | Chelsea G. Himsworth?®

!Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, British Columbia, Canada | 2Public Health Laboratory,
British Columbia Centre for Disease Control, Vancouver, British Columbia, Canada | 3Western College of Veterinary Medicine, University of
Saskatchewan, Saskatoon, Saskatchewan, Canada | “National Centre for Foreign Animal Disease, Canadian Food Inspection Agency, Winnipeg, Manitoba,
Canada | *Animal Health Centre, British Columbia Ministry of Agriculture and Food, Abbotsford, British Columbia, Canada

Correspondence: Kevin S. Kuchinski (kevin.kuchinski@bccdc.ca)
Received: 11 July 2024 | Revised: 18 November 2024 | Accepted: 14 December 2024

Funding: This work was funded by the Genome British Columbia as part of the One Health Genomics: COVID-19 Adaptation investigation in mink (Mink
ALERT, Cov-200).

Keywords: genomics | human influenza | influenza A virus | mink | swine influenza | zoonoses

ABSTRACT

Introduction: In December 2021, influenza A viruses (IAV) were detected in a population of farmed mink in British Columbia,
Canada. Circulation of IAVs in farmed mink populations has raised public health concerns due to similarities between mustelid
and human respiratory physiology, potentially facilitating spillover of zoonotic influenzas from livestock.

Methods: Oropharyngeal specimens were collected from mink as part of a surveillance program for SARS-CoV-2. Diagnostic
RT-qPCR testing was performed using a multiplex assay targeting SARS-CoV-2, IAV, influenza B virus and respiratory syncytial
virus. Whole viral genome sequencing was conducted on IAV-positive specimens, followed by phylogenetic analysis with other
animal and human IAV genome sequences from large global databases.

Results: IAVs were detected in 17 of 65 mink by RT-qPCR. Based on genomic sequencing and phylogenetic analysis, these IAVs
were subtyped as H3N2s that originated from reassortment of swine H3N2 (clade 1990.4 h), human seasonal HIN1 (pdm09) and
swine HIN2 (clade 1A.1.1.3). This reassortant has been subsequently observed in swine in several Midwest American states,
as well as in swine and turkeys in Ontario, suggesting its spillover into farmed mink in British Columbia was incidental to its
broader dissemination in North American swine populations.

Conclusions: These detections reaffirm the need for extensive genomic surveillance of IAVs in swine populations to monitor
reassortments that might become public health concerns. They also highlight the need for closer surveillance of IAVs in mink to
preserve animal health, protect agricultural interests, and monitor potential zoonotic threats.

1 | Introduction by a2,6-linkages (SA «2,6 GAL) within respiratory tract ep-

ithelium are exploited by IAVs for cell attachment and entry
Influenza A viruses (IAVs) infect diverse mammalian hosts in humans and other mammals, notably swine (Zhao and
due to conserved glycosylation of cell surface proteins that act Pu 2022). This has made swine a common source of zoo-
as viral receptors. Specifically, sialic acids linked to galactose notic influenzas, which are often called ‘variant’ influenzas

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original
work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). Zoonoses and Public Health published by Wiley-VCH GmbH.

Zoonoses and Public Health, 2025; 72:293-300 293
https://doi.org/10.1111/zph.13205


https://doi.org/10.1111/zph.13205
https://doi.org/10.1111/zph.13205
mailto:
https://orcid.org/0000-0001-7588-4910
mailto:kevin.kuchinski@bccdc.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/

Summary
» TIAV infections in mink are likely under detected.

« Circulation of TAVs in mink raises public health con-
cerns over zoonotic influenzas.

IAV surveillance in mink can be useful for zoonotic
risk awareness due to their exposure to other livestock
and their physiological similarities to humans.

(Anderson et al. 2021). These are commonly acquired through
occupational exposures to livestock, although recreational
exposures, particularly among youth at petting zoos at agri-
cultural fairs and exhibitions, have also been noted (Jhung
et al. 2013; Greenbaum et al. 2015; Duwell et al. 2018).
Mustelids are another mammalian host with SA «2,6 GAL
on their respiratory epithelium, leading to the common use of
ferrets as an animal model for studying IAV respiratory infec-
tions (Zhao et al. 2019; Ng et al. 2014).

Swine and certain mustelids, notably mink, also have sialic
acid receptors with «2,6 and a2,3 galactose linkages (SA a2,3
GAL) on their intestinal epithelium, the latter of which is the
preferred receptor for IAVs of avian origin (Zhao et al. 2019;
Nelli et al. 2010). Consequently, swine have been recognised
as ‘mixing vessels’ for avian- and mammalian-origin IAVs, im-
plicating them in the emergence of past pandemic IAV strains
(Ma, Kahn, and Richt 2008; Abdelwhab and Mettenleiter 2023;
Ma et al. 2009). Increasingly, a similar mixing vessel role has
been proposed for farmed mink, with suggestions of increased
risk due to the high degree of similarity between human and
mustelid respiratory physiology (Zhao et al. 2019). Indeed, mink
can be infected, both naturally and experimentally, with IAVs
originating from birds, swine and humans (Yagyu et al. 1982;
Gagnon et al. 2009; Clayton et al. 2022; Agiiero et al. 2023).
These general concerns about the role of mink in zoonotic dis-
ease were reinforced during the COVID-19 pandemic by wide-
spread spillover of SARS-CoV-2 into farmed mink populations,
with worries of potential spillback of novel variants into humans
(Pomorska-Mdl et al. 2021; Koopmans 2021). This resulted in
unprecedented surveillance and molecular testing of farmed
mink populations with respiratory disease.

TAVs infections in mink, however, are frequently asymptom-
atic and/or manifest in disease only when there is coinfection
with another viral or bacterial pathogen; therefore, it is likely
that cases and outbreaks are under detected (Liu et al. 2020;
Bo-Shun et al. 2020). The source of TAV infections in farmed
mink is also unclear. It has been hypothesised that contam-
ination of the mink farm environment by wild birds could be
source of infection, as could contact with infected farm workers
(Clayton et al. 2022; Agiliero et al. 2023; Jiang et al. 2017). Most
commonly, infection is suspected to result from feeding raw,
infected pork and poultry products (Gagnon et al. 2009; Jiang
et al. 2017; Peng et al. 2015; Yoon et al. 2012). But overall, rela-
tively little is known about the incidence, origin, or significance
of IAV infections in farmed mink.

In December 2021, IAV infections were incidentally detected in
a population of farmed mink (Neovison vison) in the province

of British Columbia (BC), Canada. This mink herd had been
under surveillance for SARS-CoV-2 following multiple coro-
navirus outbreaks on mink farms in BC (Paiero et al. 2022;
Boyd et al. 2023), and diagnostic testing was conducted at a
public health laboratory where the SARS-CoV-2 assay had
been multiplexed with other human respiratory pathogens to
improve throughput during the COVID-19 pandemic (Hempel
et al. 2024). Following their detection, we performed genomic
characterisation of the IAV associated with this outbreak and
investigated potential sources.

2 | Materials and Methods
2.1 | SARS-CoV-2 Surveillance Program

Surveillance for SARS-CoV-2 in this mink herd began on 2
May 2021 following an outbreak. The outbreak continued until
April 2022, at which point the farm was depopulated. During
the surveillance period, SARS-CoV-2 prevalence and evolu-
tion was monitored by testing a random stratified sample of 65
mink every 2weeks. Testing was conducted by the BC Centre
for Disease Control Public Health Laboratory (PHL). After 2
December 2021, the SARS-CoV-2 assay was multiplexed with
TAV, influenza B virus and respiratory syncytial virus for higher
laboratory throughput during the COVID-19 pandemic.

2.2 | Specimen Collection

Oropharyngeal specimens were collected from manually re-
strained mink by inserting a sterile polyester swab into the
mink's mouth through a gag (either a 3cc syringe tube or a
short length of sterilised 1in. diameter copper pipe). The swab
was swirled several times as far back in the oral cavity as pos-
sible, then placed into viral transport medium for storage and
shipment.

2.3 | Nucleic Acid Extraction and Diagnostic
Testing

Total nucleic acids were extracted from 200uL of inoculated
viral transport medium using the MagMax Express 96 Nucleic
Acid Extractor (Applied Biosystems) and the MagMax Viral/
Pathogen Nucleic Acid Isolation Kit (Thermo Fisher Scientific)
according to the manufacturer's recommendations. Extracted
nucleic acids were assayed by RT-qPCR for SARS-CoV-2, IAYV,
influenza B virus and respiratory syncytial virus as previously
described (Hempel et al. 2024).

2.4 | Genome Sequencing and Bioinformatic
Analysis

Influenza A virus cDNA was generated from specimen RNA
using the amplification method described by Zhou et al. with
modifications to the primers to improve amplicon complexity
and specificity (Zhou et al. 2009). Sequencing libraries were con-
structed from cDNA using the Illumina DNA Prep Kit following
a modified condensed protocol (Hickman et al. 2022). Libraries
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were sequenced in-house on an Illumina MiSeq platform at the
BC Centre for Disease Control Public Health Laboratory (PHL)
using a V2 300 cycle micro kit (MS-103-1002).

Influenza A virus genome segment sequences were generated
using FluViewer (v0.1.9) (https://github.com/KevinKuchinski/
FluViewer). Default parameters were used, except for minimum
read depth for base calling (-D), which was set to 10. Complete
segment sequences (>95% segment coverage and >95% nonam-
biguous base calls) were remotely queried against the NCBI
Nucleotide Collection on 19 Feb 2024 using blastn (v2.14.1+)
with subjects limited to the influenza A virus taxon (txid 11320)
(Camacho et al. 2009). Alignments from blastn were grouped
by subject sequence, then the median bitscore was calculated
for each subject sequence to measure the similarity of each IAV
reference sequence to the IAVs from the mink outbreak collec-
tively. Median bitscores were used to identify the best-matching
reference sequences for each genome segment. This provided
a list of IAVs in GenBank with at least one segment closely re-
lated the IAVs from the mink outbreak. GenBank records for
these closely related IAV strains were manually inspected,
and a sample of them was selected for phylogenetic analy-
sis based on the availability and completeness of all eight ge-
nome segments. Multiple sequence alignments were generated
with MAFFT (v7.526) using the options --maxiterate 1000 and
--localpair (Katoh and Standley 2013). Multiple sequences align-
ments were used to build maximum likelihood phylogenetic
trees with IQTREE2 (v2.3.6) with automated model selection
by ModelFinder and 1000 ultrafast bootstrap replicates (Minh
et al. 2020; Kalyaanamoorthy et al. 2017; Hoang et al. 2018).
Clades for H1 and H3 swine viruses were determined using
the subspecies classification tools for Orthomyxoviridae pro-
vided by the Bacterial and Viral Bioinformatics Resource Centre
(https://www.bv-brc.org).

3 | Results

On 3 December 2021, 17 of 65 mink specimens submitted under
the SARS-CoV-2 surveillance program incidentally tested posi-
tive for IAV. No unusual clinical signs were reported in the herd,
nor was there increased incidence of respiratory disease or mor-
tality at this time. All subsequent surveillance samples from this
herd were IAV-negative. The IAV positivity of mink surveillance
samples before these detections is uncertain as they preceded the
multiplexing of the SARS-CoV-2 and TAV assays. Unfortunately,
they were not available for follow-up testing when preparing this
report as freezer space shortages during the COVID-19 short-
ened specimen retention times.

To confirm these detections and further characterise these IAVs,
whole genome sequencing was conducted. Twelve complete HA
segment sequences and 13 complete NA segment sequences were
obtained. When queried against the NCBI Nucleotide Collection
(Table S1), these HA and NA sequences had their best align-
ments to swine-origin H3 and N2 sequences. We also obtained
65 complete internal segment sequences from these mink speci-
mens (8 PB2, 8 PB1,9 PA, 13 NP, 14 M and 13 NS). These internal
segments had their best alignments to a mixture of swine-origin
and human seasonal IAVs (Table S1), suggesting the H3N2 vi-
ruses detected in these mink originated through reassortment.

To investigate this apparent reassortment, we constructed phy-
logenetic trees for each segment using sequences from the mink
specimens, closely related reference viruses from NCBI, and
unpublished sequences from Canadian swine (Figures S1-S8).
To assess possible epidemiological connections, these trees in-
cluded four H3N2 viruses detected on local BC swine farms over
the preceding 6 years (Figures S1-S8, pink leaves). The phyloge-
nies suggested that the PA, HA, NA, M and NS segments of the
mink viruses were derived from an H3N2 lineage that has been
observed in Saskatchewan swine since 2017 (Figures S1-S8,
purple leaves). This progenitor lineage belonged to clade 1990.4,
also known as Cluster IV, the most prevalent swine H3N2 in
North America in recent years (Olsen et al. 2006; Anderson
et al. 2013; Walia, Anderson, and Vincent 2019). The trees also
indicated that this H3N2 progenitor was itself a reassortant of
earlier swine H3N2 (clade 1990.4) and H1N2 (clade 1A.1.1.3) vi-
ruses circulating in Western Canadian in the preceding years
(Figures S1-S8, red and blue leaves respectively).

Phylogenetic analysis also indicated that the PB2, PB1 and NP
segments of these mink viruses were derived from human sea-
sonal HIN1pdmO09 (Figures S1-S8, green leaves). Their best-
matching human seasonal HIN1pdmO9s circulated in 2018/19,
suggesting reassortment of these segments had occurred 2 to
3years prior to the mink farm outbreak. Temporal separation
between reassortment and infection of these mink was further
supported by the comparatively long branches separating mink-
origin sequences from the human-origin sequences with which
they formed clades.

Figure 1 summarises the proposed series of reassortments
that gave rise to the H3N2 lineage detected in this mink farm
outbreak. This IAV's constellation of genome segments has
been subsequently observed in swine in Iowa and Minnesota
in 2022 as well as turkeys and swine in Ontario in 2022 and
2023 (Figures S1-S8, orange leaves). This pairing of HA and
NA segments was also observed in swine in Missouri in 2021
(Figures S4 and S6, orange leaves), but it is unknown if this was
an additional instance of this full genome constellation or a sub-
sequent reassortant because internal segment sequences were
not submitted for the IAVs from Missouri. Taken together, these
results suggest that the H3N2 lineage detected in the mink out-
break has become widespread in North American swine, and
infection of these mink with this lineage was incidental to its
broader dissemination in swine.

We interviewed the mink producers and their primary care
veterinarians to assess several scenarios by which these minks
could have been exposed to swine-origin IAVs. First, we ruled
out direct contact between mink and infected swine because no
swine were located on the mink farm premises. We also found
no evidence of transmission via fomites; mink farm personnel
could not recall having any contact with swine or visiting any
premises with swine in the months preceding the outbreak.
Exposure via contaminated pork was also considered, but the
producers did not recall feeding the mink any pork products.

Swine-origin H3N2 infections have been reported in turkeys
(Choi et al. 2004), so we also investigated potential direct and
indirect exposures to turkeys. As with swine, there were no tur-
keys on the mink farm premises and no personnel or equipment
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A/swine/Manitoba/D0347/2014(H1N2)
A/swine/Manitoba/D0357/2014(H1N2)
A/swine/Manitoba/D0362/2014(H1N2)
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A/swine/Manitoba/SD0129/2015(H1N2)
A/swine/Manitoba/D0424/2016(H1N2)

A/Connecticut/37/2018(H1N1)
A/Florida/105/2018(H1N1)
A/Florida/93/2018(H1N1)
A/Hawaii/66/2018(H1N1)
A/North Dakota/42/2018(H1N1)
A/North Dakota/43/2018(H1N1)
A/North Dakota/44/2018(H1N1)
A/Washington/196/2018(H1N1)

A/swine/Saskatchewan/SD0136/2016(H1IN2)
A/swine/Saskatchewan/SD0142/2016(H1N2)
A/swine/Saskatchewan/SD0200/2016(H1N2)
A/swine/Saskatchewan/SD0204/2016(H1N2)
A/swine/Manitoba/SD0216/2017(H1N2)

H1N2 1A.1.1.3 (swine)

A/lowa/01/2019(HIN1)

H3N2 1990.4 (swine)
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o
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A/swine/Saskatchewan/SD0012/2013(H3N2)
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A/swine/Saskatchewan/SD0026/2014(H3N2)
A/swine/Saskatchewan/SD0051/2014(H3N2)
A/swine/Saskatchewan/SD0059/2014(H3N2)

FIGURE1 | Simplified schematic of re-assortments resulting in the H3N2 influenza A virus (IAV) detected in farmed mink. The origin of each
genome segment in the mink H3N2 virus (black) was determined based on their best-matching reference sequences and the phylogenies presented
in Figures S1-S8. The PB2, PB1 and NP segments were derived from human season HIN1 pdmo09 c. 2018/19 (green). The PA, HA, NA, M and NS
segments were derived from a swine H3N2 clade 1990.4 virus (purple), which itself was a reassortant of an earlier swine H3N2 clade 1990.4 (red) and

aswine HIN2 clade 1A.1.1.3 (blue). This reassortant that was detected in mink has been subsequently detected in swine and turkeys in Ontario and

American Midwest states (orange).

had been shared with turkey farms. Mink had been fed raw
poultry necks and backs obtained from a local processing plant,
but it was not known if the necks and backs were from turkeys
or other poultry species.

We also considered if the mink had been exposed to humans
or wild birds infected with swine-origin IAVs. There were no
reported cases of humans infected with swine-origin IAVs in
BC in 2021, and no farm personnel could recall any influenza-
like illness around the time of the outbreak. Exposure to birds
infected with swine-origin IAVs seemed equally unlikely; no
swine-origin IAVs were detected through avian influenza sur-
veillance programs during the 2021/22 season. This included
passive surveillance of wild birds as well as novel environmental
surveillance of avian habitats using targeted genomic sequenc-
ing of sediment from local wetlands (Kuchinski et al. 2024).
Several wetlands in the same region as the mink farm were
monitored, resulting in detections of diverse IAVs, but none
were swine-origin. Taken together, this indicated that the mink
were probably not exposed to humans or wild birds infected
with swine-origin IAVs because swine-origin IAVs were not cir-
culating in the human population or local wild bird community.

4 | Discussion

Our investigation could not conclude how these mink became
exposed to swine-origin IAVs. Additional modes of transmission
were considered, but they could not be assessed due to lack of
available data. For instance, wild mustelids have been reported
to visit mink farms and interact with captive animals resulting
in the transmission of viruses (Nituch et al. 2015); it is possible

that wild mustelids may have visited this farm unnoticed after
becoming infected with IAVs on another premise where swine
are raised.

We also considered environmental transmission of IAVs be-
tween local swine and poultry operations and this mink farm.
Shortly before the outbreak, on 14 November 2021, a severe at-
mospheric river system inundated the region where the mink
farm is located (Gillett et al. 2022), resulting in a regional state
of emergency and historic flooding that submerged parts of the
mink farm. It is conceivable that swine or poultry excreta were
transported onto the premises in flood waters. Transmission of
IAVs between birds in aquatic environments is well-established,
and long-term persistence of IAVs in these aquatic environments
has been demonstrated (Ramey et al. 2022, 1934). Water-borne
transmission of IAVs into mammalian livestock has also been
proposed in previous outbreaks (Karasin et al. 2000).

Another potential form of environmental transmission is atmo-
spheric dispersion through wind. Airborne transmission has
been invoked to explain spread between farms in both poul-
try and swine IAV outbreaks, and this has been corroborated
to varying degrees with epidemiologic modelling, detection of
viral RNA in air specimens, and TAV isolation from air spec-
imens by viral culture (Corzo et al. 2013; Scoizec et al. 2018;
Ypma et al. 2013; Ssematimba, Hagenaars, and de Jong 2012;
Jonges et al. 2015). Mathematical modelling has proposed wind-
borne transmission might be possible over distances of up to 25
km (Ssematimba, Hagenaars, and de Jong 2012). We did not find
any reports in the literature of IAV detection in air specimens
further than 2.1km downwind from infected barns, however,
and these were weak detections of viral RNA without successful
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virus isolation (Corzo et al. 2013). Two swine farms were located
within 10km of the site of the mink outbreak; one 2.2km away
and the other 9.0km away. Eleven turkey farms were located
within 10km of the mink farm.

Ultimately, the limited extent of genomic surveillance for IAVs
in local swine and poultry populations constrained our ability
to identify a local source for the outbreak. It also restricted our
ability to assess the plausibility of different transmission routes.
Although TAV is a reportable disease in swine in BC, the local
industry is comparatively small so surveillance is conducted
passively. Combined with the potential for asymptomatic or
unremarkable infections, this means that under-reporting and
under-detection is likely, especially in jurisdictions without
large swine sectors where IAV surveillance in these animals
may be less prioritised. Indeed, only four contemporaneous,
local swine-origin H3N2 IAV genomes were available for anal-
ysis, opportunistically detected through an unrelated research
study, and these viruses were not related to the mink farm out-
break. This suggests that IAV diversity within swine populations
is under-characterised. This was further indicated by limited
detections of IAVs with the same genome constellation as far
afield as Iowa, Minnesota, Missouri and Ontario. This suggests
that this IAV reassortant was able to disseminate across North
America largely unnoticed. The uncomfortable corollary is that
many other reassortant IAVs are likely emerging and dissem-
inating unobserved within large, transnational, commercial
swine populations.

Similarly, this report suggests that IAV spillovers into mink may
be underestimated. After all, these detections were incidental
and relied on: (1) an historic SARS-CoV-2 global pandemic that
led to unprecedented molecular testing of mink with respiratory
signs, and (2) the fortuitous multiplexing of SARS-CoV-2 with
TAV in the laboratory where the mink specimens were tested.
Without these circumstances, this outbreak would likely have
passed unrecognised, suggesting IAV spillovers into mink are
more common than assumed. Indeed, serological evidence for
frequent spillovers of diverse avian, swine, and human seasonal
IAVs into mink has been previously reported (Yagyu et al. 1982;
Gagnon et al. 2009; Clayton et al. 2022; Agiiero et al. 2023; Jiang
et al. 2017; Peng et al. 2015; Yoon et al. 2012; Okazaki et al. 1983;
Sun et al. 2021). For example, a survey of sera collected from
mink slaughterhouses in Eastern China between 2016 and 2019
revealed 47.3% and 11.4% seroconversion to HIN1 and H3N2
IAVs, which were presumed to be human seasonal lineages
due to an association with incidences of these subtypes in local
human populations (Sun et al. 2021). Furthermore, surveys of
sera from mink slaughterhouses and live mink herds between
2013 and 2019, also in Eastern China, showed up to 47.5% se-
roconversion to avian-origin H9N2, the most common subtype
infecting Chinese poultry at the time (Peng et al. 2015; Sun
et al. 2021; Zhang et al. 2015). One of the major limitations of
our work is that it was not conducted as a deliberate study on
IAVs in mink like the aforementioned examples. Consequently,
the epidemiological generalisability of these findings is limited
and they do not contribute to our understanding of the incidence
of IAV outbreaks on North American mink farms, the attack
rates in these outbreaks, prevalence of TAV infections in North
American mink populations, or the clinical spectrum of these
infections.

Spillover of diverse IAVs into mink raise several biosecurity and
infection prevention and control issues. For mink producers,
primary care veterinarians, and agriculture officials, there are
questions of animal welfare and economic impact. It has been
observed that mink infections with IAVs do not typically pro-
duce remarkable disease (Gagnon et al. 2009; Liu et al. 2020;
Bo-Shun et al. 2020), which was indeed the case in this out-
break. This does not preclude severe disease in mink after fu-
ture IAV spillovers, however. Indeed, natural infections of mink
with human season H1N1 and avian-origin H5N1 viruses have
been shown to induce severe disease, especially in kits (Clayton
et al. 2022; Jiang et al. 2017, Akerstedt et al. 2012). It also pos-
sible that IAV impacts on mink are underestimated and largely
unattributed due to limited molecular testing and confirmatory
genomics for mink with respiratory disease.

These spillovers also raise issues for public health officials.
Similarities between human and mustelid respiratory physiol-
ogy suggest overlapping susceptibility to certain IAV lineages,
as evidenced by the apparently frequent spillover of human
seasonal IAVs into mink noted above. This means that IAVs de-
tected in mink must be assessed as potential spillover threats to
humans. Furthermore, the detection of avian- and swine-origin
lineages circulating in mink raises the possibility that these an-
imals may facilitate IAV genome segment reassortment, similar
to the mixing vessel role played by swine (Zhao et al. 2019; Mok
and Qin 2023). High seroconversion rates also suggest that mink
have a larger exposure interface with poultry and swine popula-
tions than humans, which may allow them to serve as a selective
conduit into human populations for reassortants arising in other
livestock.

While this creates spillover risk, it also creates surveillance op-
portunities. The mink industry could be a valuable sentinel for
reassortant zoonotic IAVs, especially those with high potential
to successful replicate within and transmit between human
hosts. Fortunately, no spillover between mink and humans
was observed in this outbreak, and these IAVs were assessed to
pose no immediate threat to public health. They are not related
to other swine-origin H3N2 viruses like the H3N2v lineages
that caused outbreaks in humans attending agricultural fairs
(Jhung et al. 2013; Greenbaum et al. 2015; Duwell et al. 2018).
Furthermore, any hypothetical threat from this particular IAV
lineage via mink would appear trivial when compared to the
threat from the much vaster transnational commercial swine
populations in which this lineage is apparently widespread.

While this study was unable to identify the local source of this
outbreak, it did provide valuable insights. Foremost, it high-
lighted the need for more extensive genomic surveillance of
IAVs in classic livestock hosts like swine and poultry. It also
highlighted the need to expand surveillance to other types of
livestock that are not considered classic IAV hosts, like mink.
Recent reports of highly pathogenic H5N1 avian influenza in-
fections in American dairy cattle further demonstrate that
IAVs may be more widespread in our livestock populations and
food systems than previously imagined (Burrough et al. 2024;
Caserta et al. 2024). Increased surveillance would assist out-
break investigations and further reveal the type of exposures
that are responsible for IAV infections in mink and other
livestock. Drawing these connections may also advance our
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understanding of environmental transmission between farms,
which would improve infection prevention and control practices
for all livestock industries impacted by IAV spillovers. Finally,
heightened genomic surveillance of IAVs in swine and mink
would increase detections of well-adapted reassortments, im-
proving pandemic preparedness.
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