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Highly pathogenic avian H5 influenza viruses (HPAI)
have caused more than 957 human infections, but do
not transmit via respiratory droplets among mammals,
although genetically modified HPAI H5 viruses can
acquire this ability.1,2 HPAI H5N1 viruses of clade
2.3.4.4b emerged in Europe in late 2020 and have
caused major outbreaks in multiple continents. Mass
mortality events of 2.3.4.4b clade viruses in mink3 and
sea mammals4 suggest high infectivity and pathoge-
nicity among mammals. A recent study evaluated the
pathogenicity and transmissibility of several clade
2.3.4.4b H5N1 viruses isolated in Canada.5 One of the
H5N1 viruses tested (A/Red Tailed Hawk/ON/FAV-
0473-4/2022) transmitted to five of six contact ferrets
in the same cage, but transmission of infectious virus
via respiratory droplets was not detected. For the clade
2.3.4.4b viruses that caused an outbreak on a mink farm
in Spain, pathogenicity and respiratory droplet trans-
mission among mammals (a prerequisite for causing a
pandemic) are unknown. These viruses did not acquire
the mammalian-adapting PB2-E627K substitution,3 but
encode PB2-271A, which enhances viral polymerase
activity in mammalian cells,6 suggesting high pathoge-
nicity in mammals. Here, we tested the pathogenicity
and potential of the mink viruses to transmit via respi-
ratory droplets among mammals.

We generated two clade 2.3.4.4b mink viruses iso-
lated from the outbreak in Spain (A/mink/Spain/
22VIR12774-13_3869-2/2022 (mink 3869-2), A/mink/
Spain/22VIR12774-14_3869-3/2022 (mink 3869-3))
which differ by several amino acids (Appendix pp. 5)
and intranasally inoculated mice with each virus. Both
viruses were highly virulent with similar mouse lethal
dose 50 values (MLD50s) of 48.1 and 30.0 plaque-
forming units (PFU), respectively; however, their
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MLD50s were higher than that of highly virulent A/
Vietnam/1203/2004 (VN1203) virus (MLD50: 2.2 PFU)
(Appendix pp. 6). In mice infected with 103 PFU of the
mink viruses, we detected high virus titers in the res-
piratory organs as well as systemic spread in the brain,
spleen, liver, colon, kidney, and heart (Appendix pp. 7).
However, the mink virus titers in most organs were
lower than the VN1203 titers.

To test the respiratory droplet transmissibility of the
mink viruses, we intranasally inoculated groups of
three ferrets with 106 PFU of each virus. One day later,
naïve ferrets were placed into neighboring cages that
prevented direct contact between the inoculated and
exposed animals but allowed virus respiratory droplet
transmission through the air. Nasal swab samples
collected after inoculation or exposure revealed robust
virus titers in infected, but not exposed animals
(Fig. 1). Moreover, the exposed animals did not sero-
convert (Appendix pp. 8). In contrast, a human sea-
sonal influenza virus known to transmit efficiently via
respiratory droplets in ferrets (A/Isumi/UT-KK001-01/
2018, H1N1pdm) transmitted in all three pairs of fer-
rets (Fig. 1). In addition, we found that the sera
collected on Day 10 post-infection or Day 9 post-
exposure (before the ferrets were euthanized) showed
high hemagglutination inhibition titers against the
homologous virus (Appendix pp. 8), validating our
experimental setup.

All ferrets infected with mink 3869-2 virus and two
of the three ferrets infected with mink 3869-3 virus
experienced substantial weight loss (ranging from
17.0% to 37.9%; see Appendix pp. 9) or were unable to
remain upright and had to be euthanized on Days 8–10
post-infection. Virus titrations of dissected organs of
these ferrets showed systemic virus replication
(Appendix pp. 9), consistent with the systemic virus
spread in infected ferrets euthanized on Days 3 and 6
post-infection for virus titrations (Appendix pp. 10).
Although the mink virus titers in the non-respiratory
organs including brain, spleen, heart, and liver were
lower than those of VN1203 in ferrets, mink 3869-3 vi-
rus showed higher virus titers in the fecal samples. In
the colon, robust virus titers were detected on Day 6
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Fig. 1: Virulence and transmissibility of clade 2.3.4.4b mink H5N1 viruses in ferrets. Ferrets (three per group) were inoculated with 106

plaque-forming units (PFU) of A/mink/Spain/22VIR12774-13_3869-2/2022 (H5N1, mink 3869-2), A/mink/Spain/22VIR12774-14_3869-3/2022
(H5N1, mink 3869-3), or A/Isumi/UT-KK001-01/2018 (H1N1, H1N1pdm) virus. One day later, naïve animals were placed into cages that allowed
air flow, but no direct contact between the infected and exposed animals. Nasal swab samples were collected at the indicated timepoints and
virus titers were determined by performing plaque assays with MDCK cells. *Ferrets met euthanasia criteria. †Ferrets were euthanized on Day 10
post-infection or Day 9 post-exposure, respectively, because the virus infection had cleared. The dotted line indicates the detection limit (1.0
log10 PFU/ml).
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post-infection for ferrets infected with VN1203 or mink
viruses; no statistically significant differences were
detected among the virus titers. These data suggest
replication of mink viruses in the gastrointestinal tract.

Collectively, our data demonstrate that two different
clade 2.3.4.4b mink viruses are highly virulent in mice
and ferrets but do not transmit to exposed ferrets
through respiratory droplets.
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Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
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