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An H9N2 virus lethal to chickens was isolated from an acutely ill chicken flock in 2012. Phylogenetic analyses indicated that this
virus was phylogenetically related to the Y280 lineage. Sequence analysis showed 1 amino acid deletion in HA1 and 3 amino acid
deletions in the NA stalk region.
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H9N2 influenza viruses have been widely circulating in poultry
flocks in Asia and the Middle East, and outbreaks of H9N2

influenza have caused great economic losses (1–4). The H9N2
influenza virus can occasionally transmit to humans, and it was
the internal gene donor of the lethal H5N1 influenza virus in 1997
and the H7N9 influenza viruses in 2013 (5–7). Thus, the surveil-
lance of the H9N2 virus was significantly meaningful to the
poultry industry and to public health. The H9N2 virus has low
pathogenicity to chicken and could not induce obvious signs in
specific-pathogen-free (SPF) chickens under laboratory condi-
tions (8, 9). However, coinfection of H9N2 viruses with bacteria
could enhance the replication of the H9N2 virus in chickens and
cause severe symptoms (10). In an acutely ill chicken flock, we
isolated an H9N2 influenza virus and named the strain A/chicken/
Shandong/818/2012 (SD/818). In lab experiments, 8 of 10
6-week-old SPF chickens were killed within 10 days, inoculated
intravenously with 106 50% egg infective dose (EID50) of the SD/
818 virus. However, no chickens that had been infected with the
same dose of an earlier isolate, A/chicken/Shandong/1024/
2007(H9N2), died.

In order to explore the genome characteristics of the strain, we
sequenced the complete genome of SD/818. The results showed
that the genome constitutes 8 negative-sense RNA segments: the
PB2, PB1, PA, HA, NP, NA, M, and NS genes, with full lengths of
2,341; 2,341; 2,233; 1,739; 1,565; 1,458; 1,027; and 890 nucleo-
tides, respectively. Alignment by BLAST showed that the PB2, PA,
HA, NP, NA, M, and NS genes shared the highest nucleotide ho-
mologies with H9N2 viruses circulating in Eastern China. How-
ever, the PB1 gene of SD/818 shared the highest nucleotide ho-
mologies with an H6N8 strain isolated from ducks in Guangxi and
an H7N9 strain isolated from a human in Zhejiang. Phylogenetic
analyses indicated that the PB1, HA, NA, PA, NP, and NS genes
belonged to the Y280 lineage; the M gene belonged to the G1
lineage; and the PB2 gene belonged to an unknown avian lineage.

SD/818 carried the amino acid sequence PSRSSR2GLF at the
HA cleavage site, a character of LPAIV (11). The 226 amino acids
(aa) and 228 aa (H3 numbering) of HA receptor-binding sites
were Q and L, respectively. The HA carried 8 potential

N-glycosylation sites at 29 aa, 141 aa, 218 aa, 298 aa, 305 aa, 313 aa,
492 aa, and 551 aa, respectively. Alignment by BLAST showed that
the HA protein of SD/818 deleted 1 amino acid at the position of
235, whereas other H9 viruses in GenBank do not show the dele-
tion. The NA showed 3 amino acid deletions at 63 to 65 aa of the
stalk region and carried 6 potential N-glycosylation sites at 69 aa,
86 aa, 164 aa, 200 aa, 234 aa, and 264 aa. There is a substitution of
S31N in the M protein, indicating that this isolate owes its resis-
tance to amantadine (12). The isolate possesses E and D at posi-
tions 627 and 701 of the PB2 protein, which is characteristic of
viruses of avian origin (13, 14).

In this study, we sequenced the whole genome of an H9N2
virus lethal to chickens and analyzed the characteristic of the ge-
nome, which will contribute to exploring the molecular mecha-
nism of the virulence of the H9N2 virus.

Nucleotide sequence accession numbers. The genome se-
quences of A/chicken/Shandong/818/2010 have been deposited in
GenBank under the accession numbers KM285394 to KM285401.

ACKNOWLEDGMENTS

This work was supported by grants from the National Science Foundation
of China (grant 31272535) and from the Poultry Industry Innovation
Team of Modern Agricultural Technology System of Shandong Province
(grant DAIT-13-011-03).

REFERENCES
1. Zhang Y, Yin Y, Bi Y, Wang S, Xu S, Wang J, Zhou S, Sun T, Yoon K-J.

2012. Molecular and antigenic characterization of H9N2 avian influenza
virus isolates from chicken flocks between 1998 and 2007 in China. Vet.
Microbiol. 156:285–293. http://dx.doi.org/10.1016/j.vetmic.2011.11.014.

2. Li C, Yu K, Tian G, Yu D, Liu L, Jing B, Ping J, Chen H. 2005. Evolution
of H9N2 influenza viruses from domestic poultry in Mainland China.
Virology 340:70 – 83. http://dx.doi.org/10.1016/j.virol.2005.06.025.

3. Brown I, Banks J, Manvell R, Essen S, Shell W, Slomka M, Londt B,
Alexander D, Schudel A, Lombard M. 2006. Recent epidemiology and
ecology of influenza A viruses in avian species in Europe and the Middle
East. Presented at the OIE/FAO international scientific conference on
avian influenza, Paris, France, 7– 8 April, 2005.

4. Park KJ, Kwon H-I, Song M-S, Pascua PNQ, Baek YH, Lee JH, Jang
H-L, Lim J-Y, Mo I-P, Moon H-J, Kim C-J, Choi YK. 2011. Rapid
evolution of low-pathogenic H9N2 avian influenza viruses following

crossmark

Genome AnnouncementsNovember/December 2014 Volume 2 Issue 6 e00929-14 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00929-14&domain=pdf&date_stamp=2014-11-26
http://genomea.asm.org


poultry vaccination programmes. J. Gen. Virol. 92:36 –50. http://
dx.doi.org/10.1099/vir.0.024992-0.

5. Guan Y, Shortridge KF, Krauss S, Webster RG. 1999. Molecular char-
acterization of H9N2 influenza viruses: were they the donors of the “in-
ternal” genes of H5N1 viruses in Hong Kong? Proc. Natl. Acad. Sci. USA
96:9363–9367. http://dx.doi.org/10.1073/pnas.96.16.9363.

6. Gao R, Cao B, Hu Y, Feng Z, Wang D, Hu W, Chen J, Jie Z, Qiu H, Xu
K, Xu X, Lu H, Zhu W, Gao Z, Xiang N, Shen Y, He Z, Gu Y, Zhang Z,
Yang Y, Zhao X, Zhou L, Li X, Zou S, Zhang Y, Li X, Yang L, Guo J, Dong
J, Li Q, Dong L, Zhu Y, Bai T, Wang S, Hao P, Yang W, Zhang Y, Han J,
Yu H, Li D, Gao GF, Wu G, Wang Y, Yuan Z, Shu Y. 2013. Human
infection with a novel avian-origin influenza A (H7N9) virus. N. Engl. J. Med.
368:1888–1897. http://dx.doi.org/10.1056/NEJMoa1304459.

7. Peiris M, Yuen KY, Leung CW, Chan KH, Ip PL, Lai RW, Orr WK,
Shortridge KF. 1999. Human infection with influenza H9N2. Lancet 354:
916 –917. http://dx.doi.org/10.1016/S0140-6736(99)03311-5.

8. Bano S, Naeem K, Malik SA. 2003. Evaluation of pathogenic potential of
avian influenza virus serotype H9N2 in chickens. Avian Dis. 47:817– 822.
http://dx.doi.org/10.1637/0005-2086-47.s3.817.

9. Nagarajan S, Rajukumar K, Tosh C, Ramaswamy V, Purohit K, Saxena

G, Behera P, Pattnaik B, Pradhan HK, Dubey SC. 2009. Isolation and
pathotyping of H9N2 avian influenza viruses in Indian poultry. Vet. Mi-
crobiol. 133:154 –163. http://dx.doi.org/10.1016/j.vetmic.2008.06.013.

10. Kishida N, Sakoda Y, Eto M, Sunaga Y, Kida H. 2004. Co-infection of
Staphylococcus aureus or Haemophilus paragallinarum exacerbates H9N2
influenza A virus infection in chickens. Arch. Virol. 149:2095–2104.
http://dx.doi.org/10.1007/s00705-004-0372-1.

11. Alexander DJ. 2000. A review of avian influenza in different bird species. Vet.
Microbiol. 74:3–13. http://dx.doi.org/10.1016/S0378-1135(00)00160-7.

12. Hay A, Wolstenholme A, Skehel J, Smith MH. 1985. The molecular basis
of the specific anti-influenza action of amantadine. EMBO J. 4:3021.

13. Yamada S, Hatta M, Staker BL, Watanabe S, Imai M, Shinya K,
Sakai-Tagawa Y, Ito M, Ozawa M, Watanabe T. 2010. Biological and
structural characterization of a host-adapting amino acid in influenza vi-
rus. PLoS Pathog. 6:e1001034. http://dx.doi.org/10.1371/ journal.p-
pat.1001034.

14. Mehle A, Doudna JA. 2008. An inhibitory activity in human cells restricts
the function of an avian-like influenza virus polymerase. Cell Host Mi-
crobe 4:111–122. http://dx.doi.org/10.1016/j.chom.2008.06.007.

Zhang et al.

Genome Announcements2 genomea.asm.org November/December 2014 Volume 2 Issue 6 e00929-14

http://genomea.asm.org

	Complete Genome Sequence of an H9N2 Influenza Virus Lethal to Chickens
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


