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Dear Editor, predominate lineage from 1994 to 2005; and four viruses,

The low-pathogenic avian influenza subtype of the HON2
virus circulates in domestic poultry and wild birds through-
out the world, causing severe morbidity and mortality in
commercial chickens during coinfection with other patho-
gens, resulting in enormous losses. This kind of virus has
been prevalent since the HIN2 virus was first identified in
China in 1994.

The complete genome of the HON2 virus is composed of
eight negative-sense single-stranded RNA fragments. The
hemagglutinin (HA) protein, the major component of the
spikes on the surface of the viral envelope, is closely related
to the antigenicity of the virus, including its hemagglutina-
tion activity and neutralizing antibodies. HA is also recog-
nized as one of the critical factors in the efficacy of influ-
enza A vaccines [1,2]. Our aim was to comprehensively
clarify the antigenic, genetic, and evolutionary characteris-
tics of HON2 isolates from Shandong Province. The 35 most
prevalent HON2 strains in the area from 1999 to 2013 were
investigated.

The phylogenetic tree of HA gene segments is shown in
Figure 1 and reveals that three HON2 isolates, including
JNOS, belong to the BJ94-like strains, which constituted the
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including JZ00, isolated from 1999 to 2008, belong to the
Y280-like sublineage. Twenty-eight HON2 viruses isolated
in 2010-2013 belong to the S2-like subgenotype, suggesting
that this genotype has been the dominant HON2 strain in
Shandong Province in recent years. Interestingly, a compar-
ison of homologies showed that the strains isolated in
2010-2013 shared higher homology than did the strains
from other years. The HON2 viruses isolated in 2010-2013
share nucleotide homologies (amino acid) of 94.5%-100%
(96.1%-100%), but only homologies of 90.0%-92.5%
(91.8%-95.0%) with the vaccine strain SD-6 isolated in
1996.

An analysis of the key amino acid sites showed that the
HA proteins of the HON2 strains isolated after 2010 share
the cleavage site motif PSRSSR | GL and contain an A-to-S
substitution at residue 334. Moreover, some HIN?2 viruses,
with a leucine residue at amino acid 226 (numbered by H3)
in the hemagglutinin (HA) receptor-binding site (RBS),
display human-virus-like receptor specificity [3]. These
results indicate that the HON2 viruses pose a public health
risk and might have pandemic potential in the future.

Immunization with effective inactivated vaccines is con-
sidered a key strategy and plays a crucial role in preventing
and controlling HON2 avian influenza. However, the rapid
antigenic evolution of these viruses and the mismatches
between different HON2 isolates allow them to readily es-
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Figure 1 Phylogenetic tree based on the nucleotide sequences of the HA genes of HON2 isolates and reference strains selected from GenBank. A indicates
HON?2 isolates determined in this study; red indicates isolates used in an HI assay.
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cape population immunity [4,5]. In this study, to clarify the
relationships among the HON?2 isolates belonging to distinct
sublineages, eight HON2 were selected according to their
genotypes based on the HA gene and the results of a
cross-hemagglutinin-inhibition (HI) assay. Both the R val-
ues and the amino acid homologies are shown in Table S1
in Supporting Information. The results indicate that there is
a close relationship among all eight strains. A significant
level of HI was observed between the strains, and most of
the HI correlation indices (R) exceeded 0.31. Interestingly,
BDOS8 (isolated in 2008), the prevailing strain in China,
shared R values with recent HON2 isolates ranging from
0.57 to 1.0, higher than those of fresh isolates in different
years. However, LC02/13 and HK01/12 shared 97.3% ami-
no acid homology, whereas their R value was only 0.31, the
lowest among these isolates. These data suggest that there is
some antigenic discrepancy between the vaccine-like strain
and the field isolates.

Collectively, these data suggest that immune pressure,
resulting from widespread HIN2 vaccination in China, has
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increased the antigenic variation among the HIN2 strains
isolated in recent years.
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