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H9N2 influenza viruses are panzootic in domestic poultry in Eurasia and since 1999 have caused transient
infections in humans and pigs. To investigate the zoonotic potential of HIN2 viruses, we studied the evolution
of the viruses in live-poultry markets in Hong Kong in 2003. HIN2 was the most prevalent influenza virus
subtype in the live-poultry markets between 2001 and 2003. Antigenic and phylogenetic analysis of hemagglu-
tinin (HA) showed that all of the 19 isolates found except one belonged to the lineage represented by
A/Duck/Hong Kong/Y280/97 (H9N2). The exception was A/Guinea fowl/NT184/03 (HIN2), whose HA is most
closely related to that of the human isolate A/Guangzhou/333/99 (H9N2), a virus belonging to the A/Chicken/
Beijing/1/94-like (HIN2) lineage. At least six different genotypes were recognized. The majority of the viruses
had nonstructural (and HA) genes derived from the A/Duck/Hong Kong/Y280/97-like virus lineage but had
other genes of mixed avian virus origin, including genes similar to those of HSN1 viruses isolated in 2001.
Viruses of all six genotypes of HIN2 found were able to replicate in chickens and mice without adaptation. The
infected chickens showed no signs of disease, but representatives of two viral genotypes were lethal to mice.
Three genotypes of virus replicated in the respiratory tracts of swine, which shed virus for at least 5 days. These
results show an increasing genetic and biologic diversity of HIN2 viruses in Hong Kong and support their

potential role as pandemic influenza agents.

Aquatic birds are the natural reservoir of influenza A viruses
(23, 27). After transfer to new avian or mammalian hosts, the
viruses evolve rapidly and cause mild or occasionally severe
respiratory disease (1, 11, 16). In 1997, 18 humans were in-
fected with avian H5N1 influenza virus, and six died, refocus-
ing global attention on the potential role of avian influenza
viruses as precursors of human pandemic influenza virus
strains (25, 28). Genetic characterization of avian influenza
viruses circulating in China in 1997 revealed that the H5N1
influenza viruses isolated from humans and poultry in Hong
Kong were probably reassortants that had obtained internal
gene segments from either avian HON2 (A/Quail/Hong Kong/
G1/97 [Qa/HK/G1/97]-like) or H6N1 (A/Teal/Hong Kong/
W312/97-like) viruses (6, 7, 14).

HON?2 viruses have become panzootic in Eurasia over the
last decade and have been isolated from different types of
terrestrial poultry worldwide (2, 9, 13). Two distinct lineages of
HO9N2 viruses, represented by the prototype viruses A/Duck/
Hong Kong/Y280/97 (Dk/HK/Y280/97) and Qa/HK/G1/97,
have become established in terrestrial poultry in Asia, predom-
inantly in chickens and quail, respectively (6, 13). Qa/HK/G1/
97-like viruses are thought to have been involved in the gen-
eration of the highly pathogenic HSN1 virus in 1997 (7). Dk/
HK/Y280/97-like viruses were predominantly associated with

* Corresponding author. Mailing address: Division of Virology, De-
partment of Infectious Diseases, Mail Stop 330, St. Jude Children’s
Research Hospital, 332 N. Lauderdale, Memphis, TN 38105-2694.
Phone: (901) 495-3400. Fax: (901) 523-2622. E-mail: robert.webster
(@stjude.org.

8609

infections of chickens that caused mild clinical signs (6). HON2
viruses of both lineages have been isolated from humans (14,
20), and a virus of the Dk/HK/Y280/97-like lineage has been
isolated from pigs in southern China (19). These HON2 influ-
enza viruses have acquired receptor-binding specificity for
sialic acid with a terminal a2-6Gal linkage, as on human cells,
as well as for sialic acid with an a2-3Gal linkage, as on avian
cells (17). Between 2000 and 2001, HIN2 influenza viruses in
southern China were transmitted from terrestrial poultry back
to domestic ducks, in which multiple genotypes were generated
through reassortment (13).

The prevalence of HON2 viruses throughout Asia, along with
their demonstrated ability to infect mammals, puts them high
on the list of influenza viruses with pandemic potential. There-
fore, it is imperative to understand the evolution and proper-
ties of these viruses. Here we describe the genetic and biologic
properties of HIN2 viruses isolated from the live-poultry mar-
kets of Hong Kong in 2003.

MATERIALS AND METHODS

Sampling and virus isolation. Influenza virus strains were isolated from poul-
try in live-poultry markets in Hong Kong, Special Administrative Region, during
2003. Tracheal swabs and fecal samples were collected into tissue culture me-
dium containing penicillin G (2 X 10° U/liter), polymyxin B (2 X 10° U/liter),
gentamicin (250 mg/liter), nystatin (0.5 X 10° Ulliter), ofloxacin HCI (60 mg/
liter), and sulfamethoxazole (0.2 g/liter). Virus isolates were subtyped with a
panel of reference antisera recommended by the World Health Organization
(http://www.who.int/csr/resources/publications/en/#influenza). Nineteen avian
HO viruses, including 15 viruses isolated from chickens, 2 viruses isolated from
guinea fowl, 1 virus isolated from a pheasant, and 1 virus isolated from a pigeon,
were chosen for detailed analysis (Table 1).
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TABLE 1. HIN2 influenza A viruses tested”

Sampling date ~ Location/type of

Virus (mo/day/yr) market sampled Genotype”
A/Ck/HK/CSW153/03 1/16/03 Kow/wholesale D
A/Ck/HK/CSW291/03 1/16/03 Kow/wholesale D
A/Ck/HK/CSW304/03 1/16/03 Kow/wholesale D
A/Ck/HK/FY23/03 1/22/03 Kow/retail C
A/Ck/HK/SF1/03 1/23/03 Kow/retail C
A/Ck/HK/BD90/03 2/13/03 Border D
A/GF/HK/NT101/03 2/17/03 Kow/retail D
A/Ck/HK/AP45/03 2/18/03 HK/retail D
A/Ck/HK/TP38/03 2/20/03 Newt/retail F
A/Pg/HK/WF53/03 2/20/03 Newt/retail E
A/Ph/HK/WF54/03 2/20/03 Newt/retail D
A/Ck/HK/NT142/03 3/20/03 Kow/retail B
A/GF/HK/NT184/03 4/15/03 Kow/retail A
A/Ck/HK/WF126/03 4/22/03 Newt/retail C
A/Ck/HK/WF120/03 4/22/03 Newt/retail C
A/Ck/HK/YU427/03 5/19/03 Newt/retail C
A/Ck/HK/SSP418/03 6/23/03 Kow/retail C
A/Ck/HK/NT366/03 7/17/03 Kow/retail C

“ Abbreviations: Pg, pigeon; Ph, pheasant; Newt, New Territories; Kow,
Kowloon.
® Genotypes are determined by the phylogenetic relationships shown in Fig. 1

Antigenic analysis. A panel of monoclonal antibodies (MAbs) to the hemag-
glutinin (HA) of HIN2 strains was used in hemagglutination inhibition (HI)
assays as previously described (18). We used three MAbs to Qa/HK/G1/97, three
MAbs to A/Chicken/Hong Kong/G9/97 (Ck/HK/G9/97), and 10 MAbs to Dk/
HK/Y280/97.

Genetic and phylogenetic analysis. Viral gene sequencing and analysis were
carried out as described previously (3, 5). For comparison, the phylogenetic
analysis included sequences from HON2 virus lineages established in southern
China since the mid-1990s (including Dk/HK/Y280/97-like and Qa/HK/G1/97-
like viruses), sequences from A/Goose/Guangdong/1/96-like virus (H5SN1), and
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sequences from H5N1 viruses isolated in Hong Kong in 2001 (4). The regions
used in the phylogenetic analyses were as follows: for the PB2 gene, nucleotides
10 to 1262; for the PB1 gene, nucleotides 66 to 1368; for the PA gene, nucleotides
8 to 1290; for the HA gene, nucleotides 1 to 1680; for the NP gene, nucleotides
55 to 962; for the NA gene, nucleotides 41 to 1393; for the M gene, nucleotides
1 to 889; and for the NS gene, nucleotides 1 to 842.

In vivo growth characteristics. Virus replication in chickens (specific-patho-
gen-free white leghorn broilers), mice (BALB/c), and outbred pigs was measured
after intranasal inoculation with virus-infected allantoic fluid (containing 10°
50% tissue culture infective doses [TCIDs] of virus), as previously described (6).
Tracheal swabs were collected from chickens on days 3 through 7 postinoculation
(p.i.), and virus was titrated in 10-day-old embryonated chicken eggs. Ten chick-
ens were inoculated with each virus. The body weights of the inoculated mice
were measured daily on days 0 through 5 p.i., at which time the animals were
killed and virus in the lung tissue was titrated. Two 4-week-old, influenza virus
antibody-free pigs were inoculated intranasally with 10° TCIDs, of A/Guinea
fowl/Hong Kong/WF10/99 (GF/HK/WF10/99), Ck/HK/CSW153/03, Ck/HK/
WF126/03, and GF/HK/NT184/03 virus. Nasal swabs were collected on days 2
through 7 p.i. for virus titration in embryonated eggs. On days 5 and 7 p.i., a pig
from each infection group was euthanized for viral titration in organs and for
pathological examination.

RESULTS

Antigenic analysis. HIN2 viruses continue to be the most
abundant influenza viruses isolated in the Hong Kong live-
poultry market system. Between 2001 and 2003, HON2 viruses
accounted for approximately 75% of all influenza viruses iso-
lated. Antigenically distinct lineages of HIN2 viruses have
been reported to be circulating in Asia. To investigate the
antigenic properties of the HIN2 viruses isolated in 2003, we
performed HI assays with a panel of anti-H9 MAbs (Table 2).
Most of the HIN2 viruses isolated in 2003 reacted well with
MAbs to Ck/HK/G9/97 and Dk/HK/Y280/97 but less well with
MAbs to Qa/HK/G1/97. One isolate, GF/HK/NT184/03,

TABLE 2. Cross-reactivity (HI-determined titers) of the HIN2 viruses isolated in 2003 with MAbs to HON2 viruses

Virus titer determined with indicated MAD to strain”:

Virus® Ck/HK/G9/97 Qa/HK/G1/97 lineage Dk/HK/Y280/97

G9-6 G925 1073-9 26 29 7B10 8C4 15F1 18G4 3D11 4G3 19A10 18B10 2F4 18B1
Ck/HK/G9/97 = = <200 <200 3,200 = 6,400 = 3,200 = 6,400 3,200 3,200 = =
Qa/HK/G1/97 <200 <200 = = = 200 <200 <200 <200 <200 <200 <200 <200 <200 <200
HK/1074/99 <200 <200 = = = <200 200 <200 <200 <200 <200 <200 <200 <200 <200
Dk/HK/Y280/97 3200 6,400 <200 <200 3,200 = = = = = = = > = >
Ck/HK/CSW153/03 = = 3,200 1,600 = = = = = = = = = = =
Ck/HK/AP45/03 = = = 6,400 = = = = = = = = = = =
Ck/HK/BD90/03 = = = = = = = = = = = = = = =
Ck/HK/CSW291/03 = = 1,600 1,600 = = = = = = = = 200 = =
Ck/HK/CSW304/03 = = 3,200 1,600 = = = = = = = = 6,400 = =
Ck/HK/FY23/03 = = = 6,400 = = = = = = = = = = =
GF/HK/NT101/03 = = = 3,200 = = = = = = = = = = =
Ck/HK/NT142/03 = = <200 800 = = = = = = = = 6,400 = =
Ck/HK/SF1/03 = = = 6,400 = = = = = = = = = = =
Ck/HK/SSP101/03 = = = = = = = = = = = = = = =
Ck/HK/TP38/03 = = 3,200 1,600 = = 800 = = = = = 800 = =
Ck/HK/WF126/03 = = 1,600 3,200 = = = = = = 3,200 = = = =
Pg/HK/WF53/03 = 640 6,400 6,400 = = = = = = 800 = = = =
Ph/HK/WF54/03 = = = 6,400 = = = = = = 3,200 = = = =
GF/HK/NT184/03 <200 <200 <200 <200 <200 800 1,600 <200 <200 <200 <200 <200 <200 <200 <200
Ck/HK/WF120/03 = = = 640 = = = = = = = = = = =
Ck/HK/YU427/03 = = 640 640 = = = = = = = = = = =
Ck/HK/SSP418/03 = = 320 320 = = = = = = = = 6,400 = =
Ck/HK/NT366/03 = = 160 320 = = = = = = = = 6,400 = =

“ Abbreviations: Pg, pigeon; Ph, pheasant;
b = titer of =12,800.
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FIG. 1. To determine the genetic diversity of the 19 virus isolates, we compared partial sequences of their eight gene segments. We identified

six different genotypes, designated A, B, C, D, E, and F. Ph, pheasant.

showed little cross-reaction (HI titer, <200) with MAbs to
Ck/HK/G9/97, Dk/HK/Y280/97, and Qa/HK/G1/97. These re-
sults demonstrated that most but not all of the HIN2 viruses
circulating in the live-poultry markets of Hong Kong in 2003
were antigenically similar to Dk/HK/Y280/97-like viruses.

Phylogenetic analysis. Antigenic analysis suggested that 18
of the 19 HIN2 viruses isolated in 2003 were similar to Dk/
HK/Y280/97. To determine the genetic diversity among these
viruses, we compared partial sequences of the eight gene seg-
ments of each virus. We identified six different genotypes,
designated A, B, C, D, E, and F, among the 19 viruses (Fig. 1
and Table 1). Phylogenetic analysis of the HA1 region of the
H9 gene showed that, as predicted by antigenic comparison, all
of the HIN2 viruses isolated in 2003 except GF/HK/NT184/03
belonged to the Dk/HK/Y280/97-like lineage (Fig. 2a). GF/
HK/NT184/03 clustered with A/Chicken/Beijing/1/94 (Ck/Bei-
jing/1/94)-like viruses, which caused an outbreak of disease in
chickens in Guangdong Province in 1994, and with Guang-
zhou/333/99, a human isolate. No Qa/HK/G1/97-like HA genes
were found.

The N2 genes of the viruses isolated in 2003 formed two
main sublineages. Nine viruses clustered with Dk/HK/Y280/97-
like viruses (which contain a three-amino-acid deletion in the
stalk region), and 10 viruses grouped with Ck/HK/G9/97-like
viruses (which do not contain a stalk deletion) (Fig. 2b). As
with the HA genes, no Qa/HK/G1/97-like NA genes were de-
tected.

Phylogenetic analysis of the six internal genes revealed mul-
tiple viral genotypes and showed that reassortment had oc-
curred. The M and PB1 genes of the HON2 viruses isolated in
2003 separated into two groups, the Dk/HK/Y280/97-like and
Qa/HK/G1/97-like lineages (data not shown). There were also
two groups based on the NP gene sequence: one was more
similar to Dk/HK/Y280/97-like viruses and the other was closer

to the H5N1 viruses responsible for outbreaks in chickens in
Hong Kong in 2001. Also included in this H5N1-like cluster
were HIN2 viruses isolated from ducks between 2000 and 2001
(13). The PA genes also showed similarities to those of H5SN1
viruses isolated in 2001.

The PB2 polymerase genes of the recent HIN2 viruses orig-
inated from a number of lineages. The PB2 genes of Ck/HK/
NT184/03 (genotype A) and GF/HK/NT142/03 (genotype B)
belonged to the Qa/HK/G1/97-like group. Seven viruses (ge-
notype C) were part of the Dk/HK/Y280/97-like group. How-
ever, most PB2 genes of the HIN2 viruses isolated in 2003
(genotypes D, E, and F) were similar to those of the HSN1-like
viruses isolated in 2001, as were those of HIN2 viruses isolated
from ducks in 2000 and 2001. The NS genes of the HIN2
viruses isolated in 2003 formed a single group, since all were of
Dk/HK/Y280/97 origin.

Genetic characteristics of the HA gene. Matrosovich and
colleagues (17) recently described avian HIN2 viruses with
human virus-like receptor specificity. To determine the pro-
portion of the viruses isolated in 2003 that had this trait, we
compared the HA amino acid sequences (deduced from the
nucleotide sequences) of these viruses with those of represen-
tative strains. Eighteen of the 19 HONZ2 viruses possessed
leucine at position 226, a feature characteristic of mammalian
viruses as described by Matrosovich et al. GF/HK/NT184/03
had valine at position 190 and glutamine at position 226, as did
avian H9 viruses isolated from ducks in the 1970s and the
earliest viruses of the Dk/HK/Y280/97 lineage, such as Ck/
Beijing/1/94 and Ck/HK/739/94. All of the recent HIN2 iso-
lates maintained the Arg-Ser-Ser-Arg motif at the connecting
peptide of their HA, which is characteristic of H9 viruses of
land-based poultry (13).

In vivo growth properties. The increased genetic diversity of
influenza viruses in the Hong Kong live-bird markets is a cause
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FIG. 2. (a) Phylogenetic analysis of the HA1 region of the H9 gene of the 19 HIN2 viruses isolated in 2003. As predicted by antigenic
comparison, all but GF/HK/NT184/03 belonged to the Dk/HK/Y280/97-like lineage. (b) The N2 genes of the 19 isolates clustered into two main
sublineages. Nine viruses clustered with Dk/HK/Y280/97-like viruses (which contain a three-amino-acid deletion in the stalk region), and 10 viruses
grouped with Ck/HK/G9/97-like viruses (which do not contain a stalk deletion). Isolates in bold type represent isolates sequenced in this study.

Ph, pheasant.

for some concern. To determine whether this genetic hetero-
geneity is accompanied by biologic heterogeneity, we com-
pared the levels of replication of six of the HON2 viruses
isolated in 2003 (GF/HK/NT184/03, Ck/HK/NT142/03, Ck/HK/
WF126/03, Ck/HK/CSW153/03, A/Pigeon/Hong Kong/WF53/03
[Pg/HK/WEF53/03], and Ck/HK/TP38/03), each of which repre-
sented one of the genotypes A, B, C, D, E, or F in avian and
mammalian hosts. GF/HK/WF10/99 (HIN2) (Qa/HK/G1/97-
like lineage) was used for comparison.

Growth in chickens. None of the HIN2 viruses tested in-
duced signs of disease in inoculated chickens over the duration
of the experiment (7 days). However, all of the viruses repli-
cated in the respiratory tracts of the infected birds; titers were
=2.3 log;, 50% egg infective doses (EIDs;)/0.1 ml in tracheal
swabs at day 3 p.i. (Table 3). Chickens inoculated with Ck/HK/
TP38/03 (genotype F) had a higher lung virus titer (5.3 log,,
EID;y/0.1 ml) on day 4 p.i. than did those inoculated with other
genotypes (3.7 to 4.3 log,, EID5,/0.1 ml). Virus was detected in
tracheal swabs for at least 6 days p.i. Although most of the
tracheal swabs were negative on day 7 p.i., traces of virus (1.5
log,, EIDs,/0.1 ml) were found in birds inoculated with GF/
HK/NT184/03 (genotype A).

Growth in mice. All genotypes of HIN2 viruses were able to
replicate well in mice without prior adaptation. Virus titers in
lungs ranged from 4.3 to 5.3 log,, EID5,/0.1 ml on day 5 p.i.
Death was observed after inoculation of mice with GF/HK/
WF10/99 (Qa/HK/G1/97-like) or GF/HK/NT184/03 viruses
(Table 3). Mice inoculated with the other genotypes lost body
weight over the first 5 days p.i.

Growth in swine. Qa/HK/G1/97-like viruses have been iso-
lated from humans (14, 20), and a virus of the Dk/HK/Y280/
97-like lineage has been isolated from pigs in southern China

(19). To investigate the ability of our isolates to infect swine,
we intranasally inoculated two 4-week-old influenza virus an-
tibody-free pigs with GF/HK/NT184/03 (genotype A), Ck/HK/
WEF126/03 (genotype C), Ck/HK/CSW153/03 (genotype D), or
GF/HK/WF10/99 virus. All viruses replicated well in the respi-
ratory tract; the titers on day 2 p.i. were =2.3 log,, EID5,/0.1
ml in nasal swabs, and virus was shed for at least 5 days (Table
3). Virus titers of nasal swabs peaked on day 3 p.i. at 2.5 to 3.5
log,, EID5,/0.1 ml. Mild cough and elevated body temperature
were observed on days 2 through 4 p.i. in all inoculated pigs.
Ck/HK/WF126/03 and Ck/HK/CSW153/03 caused moderate
interstitial pneumonia, as observed on days 5 and 7 p.i.,
whereas the other viruses caused less severe gross lung dam-
age. No virus was detected in spleens, kidneys, livers, or intes-
tines.

DISCUSSION

HON2 influenza viruses are evolving and circulating widely in
the Hong Kong live-poultry markets. The most recent study of
HO9N?2 viruses from these markets, in 1999, detected two geno-
types: Qa/HK/G1/97-like viruses isolated primarily from quail
and Dk/HK/Y280/97-like viruses isolated primarily from chick-
ens (6). We were unable to identify any Qa/HK/G1/97-like
viruses circulating in the markets in 2003. Live quail have been
banned from the poultry markets since the 1999 study (21), and
the Qa/HK/G1/97-like viruses have apparently disappeared. It
is encouraging to note that such changes in marketing practices
can significantly reduce the presence of specific viruses. How-
ever, individual gene segments (from the PB2, PB1, NP, NA,
and M genes) similar to those of the Qa/HK/G1/97-like viruses
were found in numerous isolates, although no isolate con-
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tained more than four of these genes. Our identification of
multiple genotypes of HIN2 viruses in 2003 was markedly
unlike the findings of the 1999 study but was similar to those of
a recent study of ducks in poultry markets in China’s Guang-
dong province (13). Despite the multiple genotypes identified
in this study and by Li et al., there did not appear to be
genotypes of virus common to both studies; this finding sug-
gests a high degree of diversity among the HON2 viruses in the
region. It is also worth noting that all six of the virus genotypes
identified in this study were isolated within a 4-month period of
2003; therefore, they were cocirculating rather than appearing
in a stepwise fashion. The suggestion by Li and colleagues that
a two-way transmission occurs between ducks and poultry is a
plausible explanation for the emergence of multiple genotypes.
It is likely that reassortment events would be more frequent in
the aquatic bird reservoir, where the virus burden is greater.
Such reassortants could then transmit back to domestic poultry
species and create the diversity of HIN2 viruses seen in the
present study. This genetic heterogeneity is of some concern in
view of the prevalence of HIN2 viruses in Hong Kong and
Asia. HIN2 viruses have infected humans, but there has been
little evidence of human-to-human transmission (26). Al-
though we do not know which viral factors are necessary for
successful human-to-human spread, reassortment is certain to
increase the chance that a transmissible virus will be generated.
The different phenotypic characteristics of the HIN2 geno-
types support this premise. Although some early Ck/Beijing/1/
94-like HIN2 viruses induced mortality rates as high as 80% in
infected birds (9), none of the viruses tested in this study
caused signs of disease in chickens, not even GF/HK/NT184/
03, which has an HA protein that is 96.6% homologous to that
of Ck/Beijing/1/94. The amount of virus shed by HON2-infected
chickens was similar to that previously described for Qa/HK/
G1/97 (6). In BALB/c mice and swine, virulence depended on
the virus genotype. In swine, viruses of different genotypes
induced different degrees of gross lung pathology and had
different kinetics of growth. GF/HK/WF10/99 and GF/HK/
NT184/03 caused the death of infected mice without prior
adaptation, as H5N1 viruses and Qa/HK/G1/97 (HON2) virus
have been reported to do (8, 9, 15). Viruses of the other HON2
genotypes did not kill infected mice, although loss of body
weight was observed. The gene segments common to GF/HK/
WF10/99 and GF/HK/NT184/03 are those from the PB2, PBI1,
NA, and M genes, suggesting that the mouse virulence factors
reside within these genes. Conversely, the presence of the same
lineage of PB2, PB1, NA, and M genes in CkK/HK/NT142/03, a
virus not lethal to mice, argues against this hypothesis. Previ-
ous studies have shown that single-amino-acid changes can
dramatically alter the virulence of influenza viruses (10, 24);
therefore, hypotheses based on whole-gene homology may be
misleading.

The HI9N2 viruses isolated in 2003 have maintained the
mammalian virus-like receptor HA signatures described by
Matrosovich et al. in HON2 viruses isolated in Hong Kong in
1997 and 1999 (17). Although the relative importance of this
receptor trait and the potential for transmission are unknown,
the viruses isolated in 2003 are able to replicate well in swine.
HOYN?2 viruses have been reported to be found in swine in Asia,
although their prevalence was apparently not high (19). Al-
though the amount of virus shed from the HON2-infected pigs
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was not as large as that previously reported for some adapted
swine H3N2 viruses (22, 29), it was similar to titers obtained
with other avian, human, and swine viruses upon experimental
infection (12). Additional surveillance is needed to determine
whether the prevalence of HON2 viruses in swine in Asia has
increased along with the diversity of circulating avian viruses.
The importance of swine in the ecology of human influenza
viruses clearly makes evaluation of HON2 activity in swine in
Asia a high priority.

The Qa/HK/G1/97-like viruses disappeared after the re-
moval of quail from the Hong Kong bird markets and have
been replaced by a genetically and biologically diverse group of
viruses. One can only speculate on the factors that have in-
duced this evolutionary burst. It is possible that Qa/HK/G1/97-
like viruses were previously successful in competing with these
reassortant viruses, but this possibility seems dubious consid-
ering that the Qa/HK/G1/97-like viruses were restricted pri-
marily to quail, whereas the new viruses appear in chickens. It
is also possible that the reintroduction of HON2 viruses from
domestic poultry into ducks (13) has promoted the emergence
of the multiple reassortant viruses. Certainly the immense di-
versity of viruses within the wild aquatic bird reservoir would
support the creation of multiple reassortants. Whatever may
have caused the change in HON2 viruses in the Hong Kong
markets, the change is sure to be attributable to the intrinsic
tendency of influenza viruses to constantly evolve in multiple
and unpredictable directions.
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