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Abstract

Obijective: This study aimed to investigate the current epidemiological status of HIN2 subtype avian
influenza viruses (AIVs) circulating in several regions of China. By analyzing their genetic evolution and
molecular characteristics, this study sought to elucidate the recent evolutionary patterns of HON2 AlVs and
explore the factors responsible for the loss of hemagglutinating activity in certain HON2 strains, thereby
providing a theoretical basis for risk assessment and optimization of avian influenza prevention and control
strategies.

Methods: A total of 310 swab samples were collected from poultry farms in Shandong, Jiangsu, and
Guangdong provinces between 2022 and 2023 for virus isolation. The isolated HIN2 AlVs were subjected
to whole-genome sequencing. An eight-plasmid reverse genetics rescue system was constructed, and gene
recombination together with site-directed mutagenesis was performed to systematically analyze the factors
leading to the loss of hemagglutinating activity in HON2 AlVs. In addition, viral replication in MDCK cells
and pathogenicity in mice were evaluated to further investigate the effects of these factors on the biological
characteristics of the virus.

Results: Phylogenetic analysis showed that the HA genes of the 11 isolated HIN2 AIlV strains all
belonged to the currently prevalent h9.4.2.5 sublineage, while their internal genes exhibited multiple
reassortment events with H3, H6, and H9 subtype AlVs. Molecular characterization revealed that the HA
cleavage site sequence of all 11 strains was PSRSSR|GLF, which is consistent with the characteristics of
low pathogenic avian influenza viruses. Most strains possessed mutations in the HA protein, including Q226L,
H183N, and A190V/T (H3 numbering), which increase binding affinity to mammalian-type receptors. In
addition, adaptive mutations A588V/I were detected in the PB2 protein. Antigenic analysis revealed antigenic
differences between JM14 (h9.4.2.5/groupl) and FS22 (h9.4.2.5/group2).

Using reverse genetics, recombinant viruses and HA key amino acid mutant viruses were generated to
systematically analyze the effects of reassortment and mutations on hemagglutinating activity, viral
replication  capacity, and cross-host transmission potential of HIN2 AlVs. Using
AJgoose/Shandong/SDA5/2022 (HON2) (AV1572), which had lost hemagglutinating activity, as the parental
strain, mutants with key amino acid substitutions in the receptor-binding region of the HA protein were
rescued. The results demonstrated that the HA protein is the key determinant responsible for the loss of
hemagglutinating activity with chicken red blood cells. Further analysis revealed that amino acid
substitutions N149K, T150A, K205R, and L234Q (H9 numbering) in the receptor-binding region of HA were

the specific molecular determinants affecting hemagglutinating activity. Compared with the parental strain,



the T150A, K205R, and L234Q mutations enhanced viral replication in MDCK cells. Pathogenicity analysis
in BALB/c mice showed that different mutants exhibited varying levels of pathogenicity. Compared with the
parental virus, rAV1572HA-N149K, rAV1572HA-T150A, and rAV1572HA-L234Q showed significantly
higher replication levels in the lungs and nasal turbinates of mice (P < 0.05). These findings indicate that the
N149K, T150A, and L234Q mutations not only affect hemagglutinating activity with chicken red blood cells
but also enhance pathogenicity in mammals.

Conclusion: HAN2 AlVs circulating in regions such as Shandong, Jiangsu, and Guangdong in China
remain predominantly within the h9.4.2.5 sublineage; however, antigenic differences exist among viruses
from different groups within the same lineage. This study demonstrates that amino acid substitutions N149K,
T150A, K205R, and L234Q in the receptor-binding region of the HA protein are key molecular determinants
responsible for the loss of hemagglutinating activity with chicken red blood cells. Moreover, mutations at
N149K, T150A, and L234Q enhance viral pathogenicity in mammals. The results of this study show that the
key mutation sites can be used as molecular monitoring markers to identify high-risk strains with cross-host
transmission potential, and the difference in antigenicity provides a basis for the dynamic update of vaccine
strains. There are also some limitations in the study, including limited sample area coverage and insufficient
representativeness of animal models, and the receptor binding mechanism of related mutations still needs to
be further elucidated. Future research can further expand the scope of monitoring, combined with structural
analysis and receptor binding experiments, to further reveal the molecular adaptation mechanism mediated
by key mutations ; at the same time, the avian and mammalian models were used to evaluate their
transmission capacity and public health risks, providing a more comprehensive scientific basis for the
accurate prevention and control of avian influenza virus and the construction of risk early warning system.

Key words: HIN2 avian influenza virus; epidemiology; hemagglutination activity; pathogenicity;

interspecies transmission
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