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In	 spring	2013,	 influenza	A(H7N9)	 virus	was	 isolated	
from	 an	 apparently	 healthy	 tree	 sparrow	 in	 Chongming	
Dongping	National	Forest	Park,	Shanghai	City,	China.	The	
entire	gene	constellation	of	the	virus	is	similar	to	that	of	iso-
lates	 from	humans,	highlighting	 the	need	 to	monitor	 influ-
enza	A(H7N9)	viruses	in	different	species.

Since its emergence in China in February 2013, avian 
influenza A(H7N9) virus has resulted in 217 human in-

fections and 57 deaths (1). The biological features of the 
virus and its pandemic potential have caused global con-
cern (2). Although the epidemic declined quickly after the 
closure of live poultry markets in China in April 2013, new 
cases in humans have reemerged since October 2013. The 
number of new cases has increased sharply since January 
1, 2014, paralleling the peak of the first wave (1,3,4), indi-
cating that subtype H7N9 viruses were circulating asymp-
tomatically among natural hosts. Sequence data indicated 
that the hemagglutinin gene of this novel subtype H7N9 
virus might originate from a subtype H7N3 virus in ducks 
and that the neuraminidase gene probably originated from 
a subtype H7N9 virus in wild birds (5) or ducks or chick-
ens (6,7). These data suggest that wild birds might play a 
role in the emergence of subtype H7N9 viruses, similar to 
the role they played in the geographic spread of avian sub-
type H5N1 viruses (8). However, although avian influenza 
A(H7N9) viruses have been isolated from chickens and 
pigeons, to our knowledge, none have been isolated from 
wild birds. To better understand the role of wild birds in the 
emergence and potential dissemination of subtype H7N9 

viruses, during spring of 2013, the Shanghai Municipal 
Center for Disease Control and Prevention, in collaboration 
with the Shanghai Wildlife Conservation and Management 
Center, investigated influenza A(H7N9) virus infection 
among wild birds in Shanghai. 

The Study
During April 10–May 15, a total of 2,198 fecal, tis-

sue, cloacal swab, and tracheal swab samples were col-
lected from wild birds in Shanghai. Trained staff captured 
healthy birds with an approved trapping method, collected 
samples, and released the birds. Tissue samples were col-
lected from naturally dead wild birds. Information on bird 
species and sampling places are listed in online Techni-
cal Appendix Tables 1 and 2 (wwwnc.cdc.gov/EID/
article/20/5/13-1707-Techapp1.pdf). RNA was extracted 
from each sample and tested by using influenza A univer-
sal real-time PCR according to the standard operating pro-
cedure of the World Health Organization (9). Influenza A 
virus–positive specimens were further subtyped by reverse 
transcription PCR with an avian influenza A virus subtype 
primer set reported previously (10). Of the 2,198 samples, 
28 were positive for influenza A virus. One tracheal sam-
ple from an apparently healthy tree sparrow was positive 
for the novel subtype H7N9 virus, whereas the cloacal 
swab samples from this bird were negative. The positive 
sample was inoculated into 11-day-old specific pathogen 
free embryonated chicken eggs for virus isolation. The iso-
lated virus was termed A/tree sparrow/Shanghai/01/2013 
(H7N9). The tree sparrow had been collected from a for-
est on Chongming Dongping Forest Park, which is 47 km 
from Dongtan National Nature Reserve, a winter habitat 
for wild migratory birds (Figure 1).

To explore the genetic relationships between this spar-
row-derived influenza A(H7N9) virus and other viruses 
from humans and poultry, we amplified total genomic seg-
ments by using viral RNA directly isolated from the origi-
nal specimen with the primer sets listed in online Tech-
nical Appendix Table 3 and sequenced by Sunny Biotech 
Co., Ltd. (Shanghai, China). The Chinese National Influ-
enza Center performed the sequencing by using RNA from 
chicken embryonated cultured viruses in an ABI 3730xl 
automatic DNA analyzer (Life Technologies, Foster City, 
CA, USA). Full-genome sequences from the original sam-
ple and the embryonated chicken egg isolation were de-
posited in GenBank (accession nos. KF609524–KF609531 
and KJ508887–KJ508894). To facilitate the phylogenetic 
analysis, we downloaded sequences of the novel subtype 
H7N9 viruses from 2013 and the avian subtype H7N9  
viruses from before 2013 from the Global Initiative on 
Sharing Avian Influenza Data (http://platform.gisaid.org/
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epi3/frontend#46b284). Sequence alignments were per-
formed by using the MegAlign method of Lagergene 7.01 
software (www.dnastar.com/t-megalign.aspx). Phylogenetic 
analysis was analyzed by using the neighbor-joining method 
in MEGA software version 5.10 (www.megasoftware.net).

Eight gene segments of the tree sparrow virus shared 
most (>99.3%) similarities with subtype H7N9 virus iso-
lates from humans. Phylogenetic analysis of hemagglutinin 
genes revealed that subtype H7N9 viruses could be clas-
sified into Eurasia and North America lineages. The sub-
type H7N9 virus in this study shared the same influenza 
lineage with all novel subtype H7N9 viruses from humans 
and poultry (Figure 2). Like the hemagglutinin genes, the 
other 7 genes showed the same evolutionary pattern (on-
line Technical Appendix Figure 1). Homology and phylo-
genetic analyses indicated that the genetic constellation of 
the tree sparrow–derived subtype H7N9 virus is similar to 
that of novel subtype H7N9 avian influenza viruses isolated 
from humans and poultry in this region.

According to genetic signatures, the tree sparrow–de-
rived subtype H7N9 virus acquired the ability to bind to 
human-like receptors, for which substitutions G186V and 
Q226L in hemagglutinin protein (H3) are responsible, 
similar to most human and avian subtype H7N9 viruses. A 
69-73–aa deletion was also found in its neuraminidase gene 
(N2). Amino acid 292R was maintained in neuraminidase  

genes, indicating its sensitivity to neuraminidase inhibi-
tors. However, an S31N mutation in the matrix 2 protein 
confers resistance to adamantine. Asp at polymerase basic 
2 protein (PB2) residue 701 was associated with reduced 
transmissibility. Mixed E/K at residue 627 in PB2 and V/I 
at residue 31 in matrix 1 protein were detected from the 
original sample (online Technical Appendix Figure 2). Be-
cause all previously reported influenza A (H7N9) viruses 
isolated from birds or the environment acquired PB2 627E, 
the mixed amino acids of 627E/K in the sample from the 
tree sparrow suggested that the PB2 E627K substitution 
might have occurred during replication of the virus in birds.

Conclusions
The high similarity of genes from the avian influenza 

A(H7N9) virus from an apparently healthy tree sparrow in 
Shanghai and influenza A(H7N9) viruses from humans and 
poultry in this region indicate that avian influenza A(H7N9) 
virus might be transmitted from poultry to tree sparrows or 
vice versa. Earlier reports documented that influenza A vi-
ruses, including subtypes H5N1 and H3N2, have been iso-
lated from sparrows (11,12). A serologic survey also sug-
gested that rates of influenza A virus infection were high 
among sparrows (13), which might result from abundant 
distribution of avian influenza virus receptor SA α2,3Gal in 
the respiratory tracts of sparrows (14). The novel subtype 
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Figure	 1.	 Location	 of	 tree	 sparrow	 from	 which	
novel	avian	influenza	A(H7N9)	virus	was	isolated:	
Chongming	 National	 Dongping	 Forest	 Park	 of	
Shanghai	 (yellow	 solid	 circle),	 which	 is	 located	
in	 the	 Australia–East	 Asia	 migratory	 wild	 bird	
flyway.	Top	 right:	sampling	 locations	 in	Shanghai	
City.	Bottom	 right:	 sampling	 location	 of	 influenza	
A(H7N9)–positive	 tree	 sparrow.	 CM,	 Chongming	
District;	BS,	Baoshan	District;	JD,	Jiading	District;	
SH	center,	Changning,	Putuo,	and	Xuhui	Districts;	
QP,	 Qingpu	 District;	 MH,	 Minhang	 District;	 SJ,	
Songjiang	 District;	 PD,	 Pudong	 District;	 FX,	
Fengxian	District;	JS,	Jinshan	District.	



H7N9 virus expands not only the number of influenza virus 
subtypes that infect tree sparrows but also range of hosts for 
subtype H7N9 viruses. Our finding of only 1 subtype H7N9–
positive sample among 2,198 samples is consistent with re-
cent findings that subtype H7N9 in wild birds is rare (15).

Tree sparrows are abundant and widely distributed 
in China. They are frequently in contact with humans and 
poultry. Prevalence of avian influenza viruses among tree 
sparrows could increase opportunities for them to carry 
influenza viruses from aquatic birds to domestic farms 
and even to humans. Hence, such expansion of influenza 
A(H7N9) virus host ranges undoubtedly increased the seri-
ousness of the threat of this novel subtype.

Tree sparrows have been shown to be susceptible to 
influenza A(H5N1) viruses, and they might have the abil-
ity to disseminate subtype H5N1 viruses (11). Dongping 
National Forest Park, where the novel subtype H7N9–posi-
tive tree sparrow was captured, is on Chongming Island, 
China’s third largest island, which is located in the Aus-
tralia–East Asia migratory wild bird flyway. Dongping 
National Forest Park is adjacent to Dongtan National  
Nature Reserve, where hundreds of species of migratory 

and domestic birds gather for winter. Whether migratory 
birds became infected through contact with tree sparrows 
and then disseminated subtype H7N9 virus to other geo-
graphic regions merits further investigation. Isolation of 
novel influenza A(H7N9) virus in a tree sparrow empha-
sizes the need to expand influenza surveillance to not only 
domestic birds but also wild and terrestrial birds.
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Figure	2.	Phylogenetic	 tree	of	 the	hemagglutinin	 (A)	and	neuraminidase	 (B)	genes	of	 influenza	A(H7N9)	viruses.	Multiple	alignments	
were	constructed	by	using	 the	MUSCLE	algorithm	of	MEGA	software	version	5.10	(www.megasoftware.net).	Phylogenetic	 trees	were	
constructed	by	using	the	neighbor-joining	method	with	bootstrap	analyses	of	1,000	replications.	Bootstrap	values	>60%	are	shown	in	the	
nodes.	Sequences	of	human	influenza	A(H7N9)	viruses	are	shown	in	purple,	novel	subtype	H7N9	viruses	from	poultry	(chickens,	ducks,	
and	pigeons)	in	blue,	novel	subtype	H7N9	viruses	from	the	environment	in	green,	and	novel	subtype	H7N9	viruses	from	wild	birds	in	red.	
Scale	bar	indicates	base	substitutions	per	site.
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Novel Avian Influenza A(H7N9) Virus in Tree Sparrow, Shanghai, 
China, 2013 

Technical Appendix 

Technical Appendix Table 1. The information of sampling places in Shanghai, 2013 

Sources of  

samples 

wild migrate bird wild domestic bird bird in zoo environment unknown 

ardeidae wader bird 

W`ild geese 

and ducks aquatic bird wild chicken sparrow predator owl parrot peacock 

bird living 

environment unknown 

Swab 123 216 0 56 2 778 36 4 10 0 0 16 

Feces 387 0 45 0 0 38 0 0 9 5 58 3 

Tissues 0 0 0 0 2 333 65 4 0 0 0 8 

Total 510 216 45 56 4 1149 101 8 19 5 58 27 
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Technical Appendix Table 2. Geographic distributions of sampling places in this study 

Sampling  

places 

wild migrate bird wild domestic bird bird in zoo environment unknown 

ardeidae wader bird 

wild geese 

and ducks aquatic bird wild chicken sparrow predator owl parrot peacock 

bird living 

environment unknown 

Baoshan district (BS) 50 0 45 0 0 2 1 0 0 5 0 0 

Chongming district (CM) 55 216 0 48 0 313 10 0 0 0 34 0 

Fengxian district (FX) 0 0 0 0 0 20 2 0 0 0 0 2 

Jiading district ( JD) 199 0 0 0 0 0 0 0 0 0 1 0 

Jinshan district (JS) 52 0 0 0 0 0 2 0 0 0 0 0 

Minhang district (MH) 50 0 0 0 0 0 0 0 0 0 0 0 

Pudong district (PD) 28 0 0 6 4 709 82 8 0 0 0 20 

Qingpu district (QP) 26 0 0 0 0 34 2 0 0 0 11 2 

Shanghai center (SH center) 50 0 0 2 0 71 2 0 19 0 12 3 

Total 510 216 45 56 4 1149 101 8 19 5 58 27 
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Technical Appendix Table 3. The primer sets for H7N9 whole genome PCR 

Target 

gene 

1st round 

RT-PCR 

Primers 2nd round PCR Primers 

Forward primer 

name Sequence 

Reverse Primer 

name Sequence 

HA 1F/1680R 1F/693R HA1F ATGAACACTCAAATCCTGGTATTCG HA7-1680R TTATATACAAATAGTGCACCGCATGTTTC 

589F/1157R HA7-589F ACTGCAGAGCAAACCAAGCTATATG HA7-693R TTGTGGTCTCGCTCCTGGACT 

1043F/1218R HA7-1043F TCATTGAAAATGGATGGGAAGG HA7-1218R GTCTATCAACTCAAATTGTTGGTTGGT 

1043F/1680R HA7-1680R TTATATACAAATAGTGCACCGCATGTTTC HA7-1157R TGATCAATTGCCGATTGAGTGC 

NA NA1F/1398

R 

1F/827R NA9-1F ATGAATCCAAATCAGAAGATTCTATGC NA9-827R GAGCATTCTTCAATATGCTTAGCAG 

790F/1271R NA9-790F TCTCTGACTGGAACTGCTAAG NA9-1271R ATCAACTCCACATAAAAACACG 

790F/1398R NA9-1398R TTAGAGGAAGTACTCTATTTTAGCCCC   

PA PA1F/G215

1R 

1F/708R PA-1F ATGGAAGAYTTTGTGCGAC PA-708R GAATCCATCCACATAGGCTCT 

13F/896R PA-13F GTGCGACAGTGCTTCAATCCA PA-896R CTTCGTGGCTCGGGTCCTCA 

688F/1550R PA688F AGAGCCTATGTGGATGGATTC PA-1550R ACGTCGGTATCATTCCTCAA 

1531F/2017R PA1531F TTGAGGAATGATACCGACGT PA-2017R GCTACTCATTGTTCAGGCGCTTA 

G1465F/G2151R PAG1465F TGTAGAACCAAAGAAGGAAGACG PAG2151R CTATCTTAGTGCATGTGTGAGGAAGG 

PB1 PB1F/2274

R 

1F/873R PB1-1F ATGGATGTCAATCCGACTTT PB1-873R AGTCATCATCTTCCTCACAACA 

8F/851R PB1-8F TCAATCCGACTTTACTTTTCT PB1-851R TTTGCCAATTTAGCTTTCTTCTCA 

852F/1774R PB1-852F TGTTGTGAGGAAGATGATGACT PB1-1774R AAACCAACAGTCCTGCCTTC 

1755F/2274R PB1-1755F GAAGGCAGGACTGTTGGTTT PB1-2274R CTATTTTTGCCGTCTGAGCT 

PB2 PB2F/2280

R 

1F/833R PB2-1F ATGGAAAGAATAAAAGAACTAAAGAG PB2-833R GCCAACGGGTCTGCTGATACTGT 

802F/1390R PB2-802F AGAAGAGCAACAGTATCAGCAGA PB2-1390R ATATTCCGATCATCCCCATTACA 

1281F/1796R PB2-1281F GCTAAATCCCATGCATCAACTCCT PB2-1796R AGAACCCTCACGAACCCACTA 

1686F/2221R PB2-1686F TCAATGGTCCCAAGATCCTAC PB2-2221R AGTCCCGTTTCCGTTTCATCACCA 

G1968F/G2208R PB2G1968F CAACTACAACAAGGCAACCAAGAGG PB2GG2208R TTAATTGATGGCCATCCGAATCC 

 PB22280R ATTCGACACTAATTGATGGC   

NP 1F/G1497R 1F/642R NP-1F ATGGCGTCTCAAGGCACCAAACGATC NP-624R CCTTCTTCCATTTTCGCCTCTCCAGA 
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Target 

gene 

1st round 

RT-PCR 

Primers 2nd round PCR Primers 

Forward primer 

name Sequence 

Reverse Primer 

name Sequence 

485F/1081R NP-485F GGATGTGCTCTCTGATGCAAGGAT NP-1081R TAGTGGATAGCTGTCCTCTTGGGA 

926F/1292R NP-926F ACAGCCAGGTCTTTAGTCTCATTA NP-1292R CCTGTAAATGCTGCCATAATGGTTGC 

G1221F/G1497R NPG-1221F CGTTCAACCCACTTTCTCAGTA NP-G1497R TCAATTGTCATACTCCTCTGCATTG 

NS 1F/838R 1F/471R NSF1 ATGGATTCCAATACTGTGTCAAGCT NS471R CTACAATTGCTCCTTCTTCCGTAA 

1F/477R NS447R AGCTCTAAGTAGTATCAGGGCTT NS381F CATCACATTGAAAGCAAATTTC 

381F/838R NS838R TCATTAAATAAGCTGAAACGAG NS342F CCTATGCATTAGAATGGACCAAGC 

342F/791R NS791R CTTATCTCTTGCTCCACTTCAAGC   

M F0/982R 1F/772R MF0 AGCAAAAGCAGGTAGATG M982R TTACTTCAGCTCTATGTTGACA 

1F/521R M1F ATGAGTCTTCTAACCGAGGTCGAA M772R AACGACTAGAGGCTCACTTGAAC 

429F/982R M521R GCTAGTACCATTCTATTCTCATGC M429F TCTTGGACTAGTATGTGCCACTT 

    M982R TTACTTCAGCTCTATGTTGACA   
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Technical Appendix Figure 1. Phylogenetic trees of full-length polymerase basic (PB)2, PB1, polymerase acidic, nucleoprotein, matrix, and nonstructural genes 

of the tree sparrow–derived influenza A (H7N9) viruses in China, 2013. Sequences of human influenza A(H7N9) viruses are shown in purple, novel subtype 

H7N9 viruses from poultry (chickens, ducks, and pigeons) in blue, novel subtype H7N9 viruses from the environment in green, and novel subtype H7N9 viruses 

from wild birds in red. Scale bars indicate base substitutions per site. 
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Technical Appendix Figure 2. Sequencing maps showing mixed population of 627E/K in polymerase basic 2 proteins from influenza A (H7N9) viruses. A, 

adenine phosphate (green); C, cytosine (blue); G, guanine (black).  The square shows mixed nucleotides AAG (amino acid lysine, K) and GAG (amino acid 

glutamic acid, E).  Red and green arrows indicated bidirectional sequencing. 


