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merging influenza variants continue to drive waves of flu
lobally. Notably, the influenza A (H3N2) subclade K (J.2.4.1) is
urrently the dominant strain during the 2025–2026 Northern
emisphere influenza season, spreading rapidly across Asia,
urope, and North America [ 1 ]. These variants exhibit multiple
utations in the hemagglutinin (HA) protein, including key
ubstitutions in regions of antigenic sites A, B, and D, as well as
he receptor binding site (RBS) (Figure 1A ). Notably, glycosylation
hanges at positions 135 (loss) and 144 (gain) may contribute to
ts enhanced adaptability. The rapid spread of subclade K, along
ith early reports of flu outbreaks in countries such as Japan,
he United Kingdom (UK) and the United States (USA), has
rompted public health agencies to prioritize surveillance and
accine updates [ 2, 3 ]. However, the biological characteristics of
he newly emerging subclade K remain unclear. 

n this study, we retrieved all available HA sequences of influenza
 (H3N2) virus belonging to clade J (2a.3a.1) from the Global
nitiative on Sharing All Influenza Data (GISAID) platform.
hese sequences were geographically sourced from Asia, Europe,
nd North America, spanning the period from June 6, 2020 to
anuary 16, 2026. A total of 62,080 HA sequences were obtained,
ncluding 11,014 sequences from the 2025–2026 influenza season.
mong these, 9,795 (88.93%) were classified as subclade K. We
andomly selected 5 viral sequences from each subclade (J, J.1, J.2,
.2.2, J.2.4, K) in each region of the three areas, totaling 90 viral
equences for the study of biological characteristics. 
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Using AlphaFold3, we identified substantial protein conforma-
tional differences between subclade K and other variants in clade
J [ 4 ]. Protein structure alignment analysis revealed a progressive
increase in structural divergence between subclade K and the fol-
lowing variants: J (average root mean square deviation (RMSD):
1.906 Å), J.1 (1.914 Å), J.2 (1.853 Å), J.2.2 (2.167 Å), and J.2.4
(2.482 Å). Notably, the RMSD between subclade K and the 2025–
2026 Northern Hemisphere influenza vaccine reference strain
(A/Croatia/10136RV/2023 (H3N2)-like virus) reached 2.573 Å.
These findings suggest that subclade K has undergone significant
structural alterations, potentially leading to antigenic mismatch
with the current vaccine composition. 

To study the receptor binding capability of subclade K, we
employed molecular docking techniques to simulate the binding
processes of the virus with both α2,6-linked sialic acid receptors
(the primary receptor for human influenza viruses, present in
the human upper respiratory tract) and α2,3-linked sialic acid
receptors (predominantly found in the avian intestinal tract and
the human lower respiratory tract, serving as the primary receptor
for avian influenza viruses) (Figure 1B ). The results suggested
that, compared to all other subclades, the K variant displays
enhanced binding affinity to α2,6-linked sialic acid receptors on
human epithelial cells ( p < 0.0001) (Figure 1C ). For α2,3-linked
sialic acid receptors, the K variant showed a statistically signif-
icant increase in affinity compared to the previous circulating
strain J.2.4 ( p < 0.05). Consistent conclusions based on sequences
from Asia, Europe and North America suggest the universality
of this finding (Figure 1C ). We used surface plasmon resonance
se, which permits use, distribution and reproduction in any medium, provided the 
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FIGURE 1 Adaptive advantage of the emerging seasonal influenza A (H3N2) subclade K. (A) The mutation of the hemagglutinin (HA) protein in 
influenza A (H3N2) subclade K. Red indicates the new mutation sites in subclade K compared to J.2.4. RBS, receptor binding site; ± CHO, gain or loss 
of glycosylation. (B) Molecular docking simulation of the binding of HA proteins from different subclades (J/J.1/J.2/J.2.2/J.2.4/K) to human α2,6-linked 
sialic acid receptors. (C) Binding affinities of HAs from different influenza viruses toward α2,3- and α2,6-linked sialic acid receptors. Molecular docking 
simulation results are presented on the left panel, surface plasmon resonance (SPR) results for α2,6-linked sialic acid receptors are shown on the right 
panel. KD values are from three independent replicates. (D) Dynamic changes in immune escape potential among different influenza virus subclades. 
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SPR) assays to verify the binding affinity between influenza
A proteins and sialic acid receptors. The subclade K displayed
tronger binding affinity to α2,6-linked sialic acid receptor ( p <
.05) but lacks detectable binding to the α2,3-linked sialic acid
eceptor (Figure 1C ). The enhanced receptor binding capacity
f the K variant may contribute to its epidemiological fitness in
uman populations. 

e further employed the EVEscape deep learning model to assess
iral escape. This model combined fitness predictions from a
of 3
deep learning model of historical sequences with biophysical and
structural information. The results indicated that significantly
elevated immune escape potential for subclade K compared to
other variants in clade J (the average escape score increased by
3.02, 2.72, 1.71, 1.77 and 1.51 times compared to subclade J, J.1, J.2,
J.2.2, and J.2.4 respectively) ( p < 0.0001) (Figure 1D ). According to
the report released by WHO, post-infection ferret antisera raised
against northern hemisphere 2025–2026 influenza season vaccine
viruses showed poor recognition of viruses from subclade K [ 5 ].
This suggests that the subclade K evades pre-existing immunity
MedComm, 2026
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ore effectively, thereby contributing to its rapid spread. These
indings align with observed epidemiological trends, hinting at
he value of AI-driven tools in predicting viral evolution and
nforming public health strategies. 

verall, this study adopted a strategy combining computational
rediction with in vitro functional assays, and suggests that
he currently prevalent subclade K possesses enhanced receptor
inding capacity and elevated immune escape potential, provid-
ng additional molecular evidence for the evolutionary variation
nd epidemic risk assessment of H3N2 viruses. The apparent
daptive advantages of subclade K point toward the need for
ontinuous monitoring and proactive prevention and control
trategies, including enhanced influenza vaccination and timely
se of antiviral drugs. The limitation of this study lies in the fact
hat only the correlation trend between antigenic variation and
mmune escape was observed at the overall molecular level, while
he specific key antigenic sites that determine it have not yet been
apped. In future work, we will employ approaches including
ite-directed mutagenesis of epitopes, structural biological analy-
is, and monoclonal antibody binding assays to further precisely
dentify the key antigenic sites and better elucidate the molecular
echanisms underlying immune escape. In addition, NA protein
equencing and functional tests are beyond the scope of current
esearch, and proposed paired HA–NA characterization as a
uture research priority. 
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