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Swine infection with HIN2 influenza viruses in China in 2004
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Abstract In 2004, HON2 influenza A viruses were iso-
lated from pigs with respiratory syndrome in commercial
swine farms in Henan province, China. Antigenic and
genetic characterization were performed for seven swine
HON?2 influenza viruses. The hemagglutinin antigenicity of
swine HIN2 viruses was similar to those of avian HON2
viruses of A/duck/Hong Kong/Y280/1997 (Dk/HK/Y280/
97)-like sublineage prevalent in China. It is noteworthy that
the neuraminidase of these isolates had no deletions in the
stalk, which was seldom observed in those viruses of Dk/
HK/Y280/97-like sublineage. Genetic analysis revealed
that all seven isolates had an -R-S-S-R- motif at the HA
cleavage site, which was the same as those of Dk/HK/
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Y280/97-like viruses established in avian population in
China. Phylogenetic analyses showed that the seven swine
HON2 viruses were completely derived from avian influ-
enza viruses of Dk/HK/Y280/97-like sublineage. The
present results indicated that avian-to-pig interspecies
transmission of HON2 viruses continued to exist in China
through 2004; therefore, surveillance of swine influenza
should be given a high priority.
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Introduction

Influenza A viruses are classified into 16 hemagglutinin
(HA) and 9 neuraminidase (NA) subtypes based on anti-
genic differences [1, 2], of which HIN2 subtype virus is a
conspicuous member of the influenza family, because it can
not infect only chickens, ducks, and pigs, but also humans
[3-6]. In China, the HON2 virus was first isolated from a
chicken in 1992 in Guangdong province [7] and is now the
most prevalent subtype of influenza virus in poultry in
China. Pigs are permissive to both avian and human
influenza A viruses because the cells of their respiratory
tract express both the sialic acid-u2,3-galactose (SAc2,3-
Gal) receptors preferred by avian influenza viruses and the
sialic acid-x2,6-galactose (SAo2,6Gal) receptors preferred
by human influenza viruses [8]. As such, pigs are proposed
to be intermediate hosts for adaptation of avian influenza
viruses to replicate in mammals [9]. Surveillance of swine
HON2 influenza viruses as possible sources of pandemic
influenza should be given a high priority.

In 2004, surveillance of HIN1, H3N2, and HON2 sub-
types was conducted in 13 swine farms in Henan province,
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China. Laboratory diagnosis and virus isolation demon-
strated that HON2 influenza viruses were broadly
distributed among these swine farms. Furthermore, 15
swine HIN2 viruses were isolated from 361 tracheal
swabs. In order to elucidate the antigenic and genetic
characteristics of these viruses and the relationships of the
swine HON2 viruses with avian influenza viruses, we
analyzed seven HIN2 swine influenza virus isolates from
11 pig farms antigenically and genetically.

Materials and methods
Viruses

Nasal swabs and lung tissue samples were collected from
the diseased and/or dead swine. Initial isolation of the
viruses from the samples was performed in cultures of
Madin-Darby canine kidney cells in the present of 2.5 pg/
ml trypsin. Supernatant fluids were harvested for sequential
passage and used as stock for sequence analysis. Subtype
identification of these viruses were determined by standard
hemagglutination inhibition (HI) tests and NA inhibition
tests with a panel of reference antisera recommended by
the World Health Organization (http://www.who.Int/csr/
resources/publications/en/#influenza). Reference avian
influenza viruses were employed for HI analysis; A/quail/
Hong Kong/G1/1997 (HIN2) (Qa/HK/G1/97), A/chicken/
Hong Kong/G9/1997 (H9N2) (Ck/HK/G9/97), and A/tur-
key/Wisconsin/1966 (H9N2) (Ty/WI/66) were kindly
provided by Dr. H. Kida, Graduate School of Veterinary
Medicine, Hokkaido University. The seven virus isolates
obtained in this study were named as follows: A/swine/
Henan/2/2004 (Sw/HN/2/04), A/swine/Henan/3/2004 (Sw/
HN/3/04), A/swine/Henan/4/2004 (Sw/HN/4/04), A/swine/
Henan/5/2004 (Sw/HN/5/04), A/swine/Henan/6/2004 (Sw/
HN/6/04), and A/swine/Henan/7/2004 (Sw/HN/7/04).

Antisera and hemagglutination inhibition

The viruses were antigenically analyzed by HI testing by
a panel of hyperimmune chicken antisera. Chicken hyper-
immune sera against Qa/HK/G1/97 (Qa/HK/G1/97,
representing the Qa/HK/G1/97-like sublineage) and Ck/HK/
G9/97 (Ck/HK/G9/97, representing the Dk/HK/Y280/97-
like sublineage) were provided by Dr H. Kida. Chicken
hyperimmune sera against A/chicken/Hebei/1/1996 (HIN2)
(Ck/HB/1/96, isolated by J. H. Liu, seemingly not belonging
to any known HON2 sublineage) and A/swine/Shandong/
FIN/2003 (HON2) (Sw/SD/FIN/03, representing the Sw/SD/
1/03-like sublineage) were prepared in our laboratory. HI
tests were performed as previously described [10].
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Gene sequencing and phylogenetic analysis

Viral RNA was extracted from supernatant fluids using
Trizol reagents (Gibco-BRL). Reverse transcription-PCR
and gene sequencing were done, as described previously
[11]. Assembly of partial sequences, translation of nucle-
otide sequences into amino acid sequences, and initial
multiple sequence alignments were performed with the
Clustal V method using MegAlign software version 1.03
(DNAStar Inc., Madison, WI). The phylogenetic relation-
ships were estimated from the nucleotide sequences of each
HON2 swine influenza viral gene relative to selected HON2
and H5N1 subtype influenza reference strains obtained
from GenBank database (using the PHYLIP software
package (http://www.ddbj.nig.ac.jp/E-mail/clustalw-e.html)).
The phylogenetic tree was drawn using TREEVIEW
(version 1.40, Roderic D. M. Page, 1997). The nucleotide
sequences used for the phylogenetic analysis are as fol-
lows: PB2 1342-2172, PB1 1140-1762, PA 761-1215, HA
172-1185, NP 1120-1444, NA 67-1398, M 81-560, and NS
18-787.

Nucleotide sequence accession numbers

The nucleotide sequences for all HON2 influenza viruses
analyzed in the present study are available from GenBank
under accession numbers DQ981535 to DQ981574 and
DQY81583 to DQY981598.

Results
Antigenic analysis

In order to investigate the antigenic properties of the swine
HON?2 virus isolates in 2004, HI tests were performed with
a panel of anti-H9 hyperimmune sera (Table 1). Antigenic
analysis demonstrated a diversity of reaction patterns
generally corresponding with their phylogenetic relation-
ships determined by sequence comparisons (Fig. 2a). All
the tested HON2 swine viruses reacted well with antisera to
Ck/HK/G9/97, however, they showed middle or low
reactivity to antisera raised against Ck/HB/1/96 and Sw/
SD/FIN/03, indicating that these swine isolates were rela-
ted to the avian viruses of Dk/HK/Y280/97-like sublineage
and there were obvious antigenic variance between swine
influenza virus isolates from Henan and those from Shan-
dong [12]. Also, these Henan HON2 swine virus isolates
did not react to antisera to Qa/HK/G1/97. The present
findings indicated that the HAs of swine HON2 viruses
prevalent in Henan province were similar to those of HON2
viruses of Dk/HK/Y280/97-like sublineage prevalent in
avian population in China.


http://www.who.Int/csr/resources/publications/en/#influenza
http://www.who.Int/csr/resources/publications/en/#influenza
http://www.ddbj.nig.ac.jp/E-mail/clustalw-e.html
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Table 1 Antigenic analysis of - -

HON?2 influenza viruses by HA Virus Antisera

inhibition titer Qa/HK/G1/97 Ck/HK/G9/97 Ck/HB/1/96 Sw/SD/FIN/03
Sw/HN/2/04 <* 5120 320 320
Sw/HN/3/04 < 5120 320 160
Sw/HN/4/04 40 5120 320 320
Sw/HN/5/04 < 10,240 320 160
Sw/HN/6/04 < 5120 160 320
Sw/HN/7/04 < 5120 320 640

Abbreviations: CKk, chicken; Qa, Sw/HN/8/04 < 3120 160 320

quail; Sw, swine; Ty, turkey; Ck/SD/98 80 5120 2560 640

HB, Hebei; HK, Hong Kong; Ck/HB/1/96 40 5120 2560° 640

HN, Henan; SD, Shandong; WI, Ty/WI/66 < 80 40 80

Wi .

Yvisconsin 0 CK/HK/G9/97 160 10,240 2560 640

& <, titer <

e Qa/HK/G1/97 1280° 160 80 80

 Homologous titers in bold

Molecular analysis

proteins were analyzed. We determined the nucleotide
sequences (76-1617, 1542 bp) of the seven H9 HAs of

In order to try to illustrate the possible determinants of
interspecies transmission of HON2 influenza viruses from

avian to pigs, the deduced amino acid sequences of viral

Table 2 Amino acids at the
cleavage site and the receptor-
binding sites of HA of HON2
viruses

Abbreviations: Ck, chicken; Dk,
duck; Qa, quail; Sw, swine; Ty,
turkey; BJ, Beijing; GZ,
Guangzhou; HK, Hong Kong;
HLJ, Heilongjiang; HN, Henan;
HuB, Hubei; SD, Shandong;
SH, Shanghai; WI, Wisconsin

Dots indicate residues identical
to the Ck/BJ/1/94

? Numbered according to H3
HA numbering. Amino acids at
position H-183, E-190, Q-226,
Q-227, and G-228 at the
receptor-binding sites were
considered conserved at these
positions in the avian virus
consensus sequence

swine influenza virus isolates in the present study. The
amino acid sequences at the HA cleavage site of them
possessed an -R-S-S-R- motif, which were the same as

Virus

Amino acid sequence at the cleavage site

Amino acid residue®

183

190

226

227 228

Ck/BJ/1/94
Ty/W1/66
Dk/HK/Y439/97
Qa/HK/G1/97
Ck/HK/G9/97
Dk/HK/Y280/97
Ck/SD/1/98
Sw/HK/10/98
GZ/333/99
CK/HL1/48/01
Ck/HN/43/02
Sw/SD/na/03
Dk/HuB/W 1/04
Dk/SH/08/05
Sw/SD/FNY/03
Sw/SD/FHZ/03
Sw/SD/FIN/03
Sw/SD/FZC/03
Sw/SD/FLS/03
Sw/HN/2/04
Sw/HN/3/04
Sw/HN/4/04
Sw/HN/5/04
Sw/HN/6/04
Sw/HN/7/04
Sw/HN/8/04
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Fig. 1 Deletion of amino acids

in the stalk of the NAs of HON2 CKHK/G/57 3

viruses QuHK/G1/97 31
HK/1073/99 31
DK/HK//Y439/97 31 V..
CK/BJ/1/94 31 ..
Dk/HK/Y280/97 3
SG/408/98 31
Sw/HK/9/98 31 .N...
Sw/SD/FNY/03 31 M....
Sw/SD/FIN/O3 31 M....
Sw/HN/2/04 3
Sw/HN/3/04 3 L.
Sw/HN/4/04 3
Sw/HN/5/04 3L
Sw/HN/6/04 3 L.
SW/HN/7/04 3 ...
Sw/HN/8/04 3L

TTMTLHFKQNECINSSNNQVVPCEPHIERNITEIVHLNSTTLEKEICPKVADYRNWSKP 90

*FRLOOUT.PLooA L N..I...S..... E.K..... 88

LTUP L AL N..I...S..... E.K..... 88
....... SIP........................N..I......G.LE....... 90
AAAAAA S.P....... ... oo 00 UELK L 87
..... S. P E®EE Lo LU ELK L 87
...... S.P.o..oouEEx Lo L ELK L 87
AAAAAAA S.Po.o..ooooouFEEE o Lo L ELK LD 87
....... S. P FEE Lo o U ELK L 87
....... S.Po...EEE Lo U ELK L 87
...... T..........G..................8. ......A.G....... 90
AAAAAA T..........G..................8. ......A.G....... 90
...... T..........G.........D S....A.R..G..A.GC...... 90
...... T..........G..................8.......A.G....... 90
AAAAAA T..........G..................8. ......A.G....... 90
...... T..........G..................8. ......A.G....... 90
...... T..........G..................8.......A.G....... 90

Table 3 Percentage homology (%) of nucleotide sequences of the
eight genes of the seven swine HON2 isolates with themselves and
related sequences available in GenBank

Gene % Homology" Homologous virus” % Homology”
PB2 99.6-100 Ck/HK/KC12/99¢ >99.3
PB1 99.5-100 Ck/China/GX1/00 >99.0
PA 95.4-99.8 Ck/HK/KC12/99 >96.7
HA 99.7-100 Pg/NC/2-0461/00 >98.1
NP 99.1-100 Ck/China/GX1/00 >99.1
NA 98.3-100 Ck/JS/1/00 >98.4
M 97.3-100 Ck/GX/6/00 >98.3
Ck/China/GX17/00
Qa/SH/8/96
NS 96.0-100 Ck/ST/1205/01 >98.7
Dk/JS/nf/02

* The identity among the seven swine HON2 isolates for each of the
gene sequences

° The best match for each gene of the swine HIN2 isolates and the
identity between them

¢ Abbreviations: Ck, chicken; Dk, duck; Pg, pigeon; Qa, quail; GX,
Guangxi; HK, Hong Kong; JS, Jiangsu; NC, Nanchang; SH, Shang-
hai; ST, Shantou

those of Dk/HK/Y280/97-like and Qa/HK/G1/97-like
viruses, -R-S-S-R- established in Asia, but had amino acid
difference from the -R-L-S-R- sequence of Sw/SD/1/03-
like viruses (Table 2). Amino acids at the receptor-binding
sites of the HA are associated with the differences in the
receptor binding specificity [13]. Table 2 shows the amino
acids at the positions 183, 190, 226, 227, and 228, which
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are putative residues for receptor binding sites of the HAs
of HION2 viruses [14]. All of the seven swine isolates
possessed N, V, and Q at amino acid position 183, 190, and
226 (numbering according to H3 HA), respectively, which
are the same as that of Dk/HK/Y280/97-like viruses pre-
valent in avian population in mainland China.

It has been considered that the glycosylation sites might
affect the receptor-binding capacity of HA [15]. Analysis
of the potential glycosylation sites in the HAs of the seven
HON2 virus isolates revealed seven common sites (five in
HA1 and two in HA2) with the -N-X-T/S- motif (in which
X may be any amino acid except proline) in the sequenced
regions of HA genes. The potential glycosylation sites of
the seven isolates (Asnll, 123, 200, 280, 287, 474, and
533, respectively), were conserved in the HAs of Dk/HK/
Y280/97-like viruses.

Fig. 2 Phylogenetic trees of the eight gene segments of influenza P
viruses. Horizontal distances are proportional to the minimum number
of nucleotide differences required to join nodes and sequences.
Vertical distances are for spacing branches and labels. Viruses
isolated in the present study are in bold, and H5 viruses are
underlined. All other viruses are HON2. Abbreviations used in virus
designations are as follows: Ck, chicken; Dk, duck; Gf, guinea fowl;
Gs, goose; Pg, pigeon; Qa, quail; Sb, shorebird; Sw, swine; Ty,
turkey; WDk, wild duck; Ark, Arkansas; BJ, Beijing; CA, California;
DE, Delaware; FJ, Fujian; GD, Guangdong; GX, Guangxi; GZ,
Guangzhou; HB, Hebei; HK, Hong Kong; HLJ, Heilongjiang; HN,
Henan; HuB, Hubei; HZ, Hangzhou; JL, Jilin; JS, Jiangsu; Kor,
Korea; MDJ, Mudanjiang; NC, Nanchang; NM, Neimeng; SD,
Shandong; SH, Shanghai; ST, Shantou; SZ, Shenzhen; WI, Wiscon-
sin; Yok, Yokohama; ZJ, Zhejiang
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Ty/WI/66 Ty/WI/66
DU 439/97 DK/HK/Y439/97
]—Ck/KOr/SZO/04 s /K /581/04
L Ck/Kor/S1/03 - [ WHsor
szor/séggj/g%/méO/m Ck/Kor/S15/03
2L/ 3424/05 Q Qa/ST/13425/05
= o o
Qa/HK/A17/99 ® HK/1073/99
Ck/BJ/1/94 GZ/333/99 - Ck/GD/21/02
HK/2108/03 3 Ck/HN/43/02
GIHK/SSP607/03 | £ _
WL SSroar £ Ck/MDJI/0823/00
2/ST/396/02 3 —— Sw/HN/4/04
CK/JS/199
Ck/HB/1/00 . Sw/HN/6/04
CSHIEIOS 2 Sw/HN/3/04
W, n T
DYZI03/01 E Sw/HN/2/04
n o
Sw/SD/nc/05 Sw/HN/8/04
CK/HB/1/96 ~ Sw/HN/5/04
Ck/SD/1/02 Sw/HN/7/04
4 CK/IS/1/00
CK/GD/10/00
CK/GD/6/97
Sw/SD/1/03 g —|
S SWISDIENY/03 g CK/HK/G9/97
W, 3
Sw/SD/FZC/03 = C/BI/1/54
Sw/SD/FIN/03 3 CK/SH/E/98
CHK Y RD/FLSI03 A Sw/SD/nb/03
DIHKNY280/97 CK/BI/nl/02
Ck/SD/1/9C§d HN/A3/02 Sw/SD/nc/05
Dk/HuB/W 1/04
WIOL s Sw/HK/9/98
som kD102 CK/HB/1/96
W -<
WDL/NC/2-0430/00 S Ck/SD/98
Pe/NCI2-0461/00 g Dk/HuB/W1/04
SW/HE/%}]I (%\?;3/804 z Ck/SD/1/02
W K/HN/2
Sw/HN/2/04 CK/HN/26/00
Sw/HN/4/04 001 WDk/NC/2-0480/00
SN o DK/HK/Y280/97
oo, S
' W, v
a HA b NA
Ty/W1/66 Ty/WI/66
Sb/DE/9/96 |:| Sh/DE/S/96
Qa/ST/3060/04 CI/BI/1/94
Qa/ST/13425/05
CK/HLI/35/00 DK/FI/01/02 HS
CK/HN/26/00 Ck/SD/98
HK/1074/99 Sw/SD/2/03 H5
Qa/HK/G1/97 DK/NC/4-361/01
CKHK/GO/9T DI/EJ/19/00 H5
Dk/HK/Y439/97
Dk/GD/22/02 H5 DK/GD/22/02 H5
HK/212/03 H5 CK/SH/10/01
DK/HK/2986.1/00 H5 Dk/SH/35/02 H5
o i
W, 5
[ DWSH/35/02 HS Sw/SD/nc/05
Sw/SD/na/03 Sw/SD/nb/03
DK/ST/1605/01 CK/SH/F/98
CK/HLI/48/01 HK/2108/03
CHSHIFI98 E— Ty
— CW/HB/1/9%. QuHK/G1/97
— Ck/BJ/1/94 —————— DK/HK/Y439/97
Ck/SD/98 Sw/HK/9/98
Dk/HuB/W1/04 Dk/HK/Y280/97
Dk/HK/Y280/97 CRHN/A3/02
SW/HK/%/]?,%D 2102 Ck/GD/21/02
CK/HN/43/02 Ck/China/GX1/00
CK/HK/KC12/99 Sw/HN/5/04
Sw/HN/7/04 Sw/HN/8/04
Sw/HN/6/04 SW/HN/6/04
Sw/HN/5/04 S
Sw/HN/4/04 w/HN/7/04
Sw/HN/2/04 Sw/HN/3/04
001 Sw/HN/8/04 Sw/HN/2/04
NAY Sw/HN/3/04 0.01 Sw/HN/4/04
C PB2 d PB1
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[ Ck/Kor/S1/03

DK/FJ/19/00 H5
_EE Sw/SD/2/03 H5

C HK/1073/99

Dk/SH/35/02 H5

Ty/W1/66
Sb/DE/9/96

Sw/Kor/S452/04

Ty/W1/66
—] |_— Qa/Ark/299-1/93

Sb/DE/9/96
— Ck/BJ/1/94
Ck/SD/98

Dk/ST/88/01
Ck/China/GX17/00
Dk/HK/Y439/97
Ck/GD/174/04 H5
Dk/Kor/ESD1/03 HS
Dk/Yok/aq10/03 HS

Qa/HK/G1/97
Dk/FJ/01/02 H5

Ck/HLJ/48/01
CKk/SH/F/98
Ck/GD/56/01
Sw/SD/nb/03
Sw/SD/nc/05
Dk/ZJ/03/01
Ck/BJ/1/94
Dk/HK/Y280/97
Ck/SD/98
Ck/HB/1/96

Ck/HB/1/96
Ck/HN/26/00
Dk/HK/Y280/97
Ck/HK/G9/97
Sw/HK/9/98
Sw/HN/2/04
CKk/JL/53/01
Ck/China/GX1/00
Sw/HN/3/04
Sw/HN/4/04
Sw/HN/5/04
Sw/HN/6/04
Sw/HN/7/04
Sw/HN/8/04
Ck/GD/21/02
Ck/China/1/02 H5
Sw/SD/2/03 H5
Dk/NC/4-361/01
Qa/HK/G1/97

Ck/HK/G9/97
Ck/GD/21/02
— Sw/HK/9/98
Ck/HK/SF2/99
Sw/HK/3297/98
[— bird/GX/A1/06
Ck/HK/KC12/99
Sw/HN/8/04

Sw/HN/2/04
, Sw/HN/7/04

Sw/HN/3/04
Sw/HN/4/04
Sw/HN/5/04

Sw/HN/6/04

4 Ck/GD/10/00

Ck/JS/1/00 |0—01|

e PA

Ty/W1/66

HK/1073/99
Dk/HK/2986.1/00 HS
Gs/GD/3/97 H5
Dk/GD/07/00 H5
Dk/HK/Y439/97
Ck/HLJ/48/01
Ck/SH/F/98
Gs/GX/345/05 H5
Sw/HZ/1/06
Ck/GD/174/04 H5
Ck/HN/1/04 HS
Dk/ZJ/03/01
Dk/SH/35/02 HS
Ck/HK/NT873.3/01 H5
Sw/SD/nb/03
Sw/SD/nc/05

f NP

— Ty/CA/189/66

Sb/DE/286/03

4|_|— Ck/Kor/25232-96006/96

Sw/Kor/S452/04

Dk/HK/Y439/97

Dk/ST/1605/01
Ty/WI/66
Ck/Kor/25232-96006/96

Fig. 2 continued
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Sw/SD/nb/03

—_— Qa/ST/3060/04

Qa/HK/G1/97
Ck/BJ/1/94
— Sw/SD/2/03 H5
.|_ - DK/FJ/19/00 H5
Ck/HK/G9/97
Sw/SD/nc/05
Dk/ST/1605/01
Ck/SH/F/98
Sw/HZ/1/06
Ck/SD/98
— Ck/HB/1/96

Qa/ST/3502/03
Ck/GD/21/02
Ck/GD/56/01
Ck/HK/KC12/99
L— Sw/HK/2106/98
I~ Dk/HK/Y280/97

— Ck/HN/62/00
Sw/HN/2/04
“-‘VSWIHN/3/04

Sw/HN/6/04
Ck/GX/6/00

Sw/HN/4/04

Sw/HN/7/04

Sw/HN/5/04

Ck/China/GX17/00

Ck/GD/4/00

Qa/SH/8/96 0.01
Sw/HN/8/04 -

g M

Dk/HK/Y439/97
Ck/NM/ZH/02
HK/1074/99
Qa/HK/G1/97
r Ck/BJ/1/94
Sw/SD/2/03 HS5
Dk/ST/2144/00
Ck/HuB/wn/03 H5
Ck/SD/98
Ck/HK/G9/97
Dk/HK/Y280/97
— Ck/HB/1/96
Ck/SH/F/98
Ck/GD/56/01
Sw/HN/4/04
Dk/IS/nf/02
Sw/HZ/1/06
Sw/SD/nc/05
Sw/SD/nb/03
Sw/HK/9/98
Ck/GD/47/01
Ck/JIL/53/01
Ck/ST/1205/01
Sw/HN/8/04
Sw/HN/2/04
Sw/HN/3/04
Sw/HN/5/04
Sw/HN/7/04
Sw/HN/6/04

h NS
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Analysis of the potential glycosylation sites in the NAs
of the seven HIN2 virus isolates revealed eight common
sites at Asn4d4, 61, 69, 86, 146, 200, 234, and 402, respec-
tively, except for Sw/HN/5/04, which had an additional
glycosylation site at Asn215. Most of the NAs of the Dk/
HK/Y280/97-like viruses contain a deletion of three amino
acid residues at position 63—-65 in the stalk of the protein
compared with those of Ck/HK/G9/97, which resulted in the
loss of one potential glycosylation site (Asn61). However,
the seven 2004 swine HON2 virus isolates had no such
deletion (Fig. 1). Although the functional relevance of the
observed deletion in the NAs of the seven 2004 swine HON2
viruses is not known, the deletion will serve as useful
markers of this lineage of HON2 viruses in China.

Homology analysis of nucleotide sequences of all genes

The identity among the seven swine HON2 isolates for each
of the gene sequences by DNAStar are shown in Table 3.
The homology analysis of the nucleotide sequences of
eight genes of the seven 2004 swine HIN2 virus isolates
compared with other available sequences in GenBank was
performed (Table 3), which showed that they were wholly
avian origin.

Phylogenetic analysis

The phylogenetic relationships of swine HO9N2 viruses
prevalent in Henan province to selected reference strains
were estimated from the nucleotide sequences of each viral
gene. The phylograms for all genes are shown in Fig. 2a—h.
Phylogenetic analysis of the H9 HAs showed that at least
five distinct sublineage HON2 viruses have been defined in
avian population in mainland China, with the prototype
viruses being A/chicken/Beijing/1/1994 (Ck/BJ/1/94), A/
chicken/Shanghai/F/1998 (Ck/SH/F/98), Qa/HK/G1/97,
Dk/HK/Y280/97, and A/Swine/Shandong/1/2003 (Sw/SD/
1/03) [12, 16, 17]. All HAs of the swine HIN2 viruses
(99.7-100% homology) tested in the present study clus-
tered into Dk/HK/Y280/97-like sublineage formed by
recent avian viruses and were most closely related to the A/
pigeon/Nanchang/2-0416/2000 (Pg/NC/2-0461/00 (HON2)),
with above 98% identity. Two HIN2 viruses isolated by
Peiris [14], A/swine/Hong Kong/2106/1998 (Sw/HK/2106/
98) and A/swine/Hong Kong/3297/1998 (Sw/HK/3297/98)
also appeared closely related to contemporary avian viruses
of the Dk/HK/Y280/97-like sublineage. The other swine
HON2 isolates in 1998 (A/swine/Hong Kong/9/1998
(Sw/HK/9/98) and A/swine/Hong Kong/10/1998 (Sw/HK/
10/98)) were more closely related to A/chicken/Guang-
dong/SS/1994 (Ck/GD/SS/94) and A/chicken/Guangdong/
11/1997 (Ck/GD/11/97) and exhibited an outgroup
relationship to Dk/HK/Y280/97 and Sw/SD/1/03-like

sublineage. Since the swine HON2 isolates do not form a
single lineage, the results imply that multiple introductions
from avian hosts to pigs occurred. The phylogeny of the
NA genes paralleled to that of the HA genes, in which
the seven swine isolates still belonged to Dk/HK/Y280/97-
like sublineage. The sequence similarity among seven
swine H9 virus isolates and A/chicken/Jiangsu/1/2000 (Ck/
JS/1/00 (H9N2)) ranged from 98.4% to 99.4% nucleotide
identity.

The results of the previous surveillance and released
data in GenBank revealed that HON2 influenza viruses
were cocirculating with the HSN1 influenza viruses during
the recent past, raising the possibility of genetic exchange
among these viruses [6, 12, 16, 18-21]. Phylogenetic
analysis of the internal genes of the seven swine HIN2
virus isolates showed that these isolates were not closely
related to H5N1 viruses (Fig. 2c-h). Taking these results
together, the seven 2004 swine HON2 virus isolates belong
to Dk/HK/Y280/97-like sublineage and are the result of
transmission of avian HON2 viruses to pigs in toto.

Discussion

In China, HON2 influenza viruses were first isolated from
chickens in Guangdong province in 1992. Subsequently,
sporadic and endemic outbreaks of the HIN2 influenza
have often occurred in many provinces from Northern to
Southern China [5]. Hitherto, HON2 influenza virus infec-
tion has frequently occurred in pig population in China.
Seropositivity to H9 viruses has been reported among pigs
in China [22]. Peiris et al. were the first to identify that
cocirculation of avian HIN2 and contemporary human
H3N2 viruses in pigs had occurred in southeastern China
and predicted that the cocirculation of H9 and H3 viruses in
pigs would provide an opportunity for genetic reassortment
leading to the emergence of viruses with pandemic
potential [14]. It is noteworthy that reassortant viruses
between avian H5N1 and HON2 viruses had caused pig
diseases and death in Shandong province [6, 12]. Since
pigs can serve as intermediate hosts for adaptation of avian
influenza viruses to infect mammals, swine influenza
infections have been the focus of increasing attention.

In 2004, a characteristic respiratory syndrome in pigs
was again observed on many pig farms in Henan province.
The HIN?2 infections in the pigs were diagnosed by virus
isolation and serological tests. Although these viruses
caused apparent clinical disease in pigs, genetic analysis
showed that these viruses had the characteristic of low
pathogenic avian influenza virus. The low pathogenic motif
of -R-S-S-R- at the cleavage site of HA1 and HA2 was
consistent with those of most HIN2 influenza viruses
prevalent in the avian population in mainland China, but
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had an amino acid different from those of Shandong iso-
lates in 2003, -R-L-S-R-. It is not clear whether this amino
acid sequence motif at the cleavage site is related to the
infection, pathogenicity and tissue tropism, although it is
similar to the motif (-R-X-R/K-R-, in which X may be any
amino acid) required for highly pathogenic viruses of the
HS5 and H7 subtypes. One nucleotide substitution could
change the -R-X-S-R- motif to -R-X-R-R- motif, and Guo
[4] suggested that the HON2 viruses prevalent in China are
potentially capable of becoming highly pathogenic viruses.

The host range of influenza viruses is associated with
different amino acids within and around the HA receptor-
binding pocket [23]. In the present study, all swine isolates
possessed amino acids N, V, and Q within the receptor
binding sites of HA at positions 183, 190, and 226,
respectively. Glutamine at position 226 is typical of the
sequences found in avian viruses [24]. The H3 HA pos-
sessing Q-226 binds to the SAx2,3Gal receptors [23]. It has
also been shown that avian HON2 viruses possessing Q-226
preferentially bind to the SA«2,3Gal receptors. In con-
junction with amino acid residue at 226, V at position 190
is reported to have high binding affinity for SA«2,6Gal
receptors [25]. The direct binding assays [26, 27] have
shown that these Henan swine virus isolates displayed not
only a high affinity for the 3’SL-PAA-biotin, but also a
weak affinity for the 6'SL-PAA-biotin (data not shown).
Therefore, it is predicted that the seven swine HON2 virus
isolates have the potential to bind to SAa2,6Gal receptors
found on human cells. This could pose a significant pan-
demic threat to the human population immunologically
naive to the H9 antigen.

The sequence and length of the stalk region are known
to vary among and within NA subtypes [28]. The NA genes
of most of Dk/HK/Y280/97-like viruses had 3 amino acid
deletions at residues 63-65 in the stalk. However, no
deletion was observed in the Henan swine isolates. Guo
et al. [4] considered that acquisition of the small deletion in
the HON2 NA may be related to changes in characteristics
of the HA. Glycosylation of HA and stalk-length of NA
combine to regulate the growth of influenza virus [29].
Further research is needed on the correlations between
deletions in the NAs of HIN2 viruses and viral pathoge-
nicity, the affinity of receptor binding, and the mechanism
on virus crossing interspecies transmission.

At least six different genotypes of HON2 influenza
viruses have been recognized in southeastern China [19].
Phylogenetic analysis of the H9 HAs showed that five
distinct HON2 virus sublineages were maintained in the
avian population in mainland China (Fig. 2a). Consistent
with the antigenic variation, the seven swine HON2 viruses
analyzed in the study belonged to the Dk/HK/Y280/97-like
sublineage. All eight genes were closely related to those of
recent avian H9 viruses, indicating that repeated

@ Springer

interspecies transmission events had occurred from avian
to pigs. Up to date, swine HON2 viruses isolated from Hong
Kong [14], Shandong [12], and Henan (in the present
study) do not form a single lineage, implying that multiple
interspecies transmission events from avian hosts to pigs
occurred in nature. It has been proposed that at least 2% of
blood donors tested were positive for H9 antibody in
southern China [3, 30-32], suggesting that human infection
with HON2 occurred sporadically in this area. Since HON2
virus appears to have the potential to cross the species
barrier to humans more efficiently than the current HSN1
virus by the predicted affinity for SAx2,6Gal receptors [20,
32-35], it is prudent that we enhance surveillance of swine
HON2 influenza viruses as part of overall pandemic pre-
paredness efforts.
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