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Subclinical infection of vaccinated chickens with a high-
ly	pathogenic	avian	influenza	A(H5N2)	virus	was	identified	
through routine surveillance in China. Investigation sug-
gested that the virus has evolved into multiple genotypes. 
To better control transmission of the virus, we recommend 
a strengthened program of education, biosecurity, rapid di-
agnostics, surveillance, and elimination of infected poultry.

Highly pathogenic avian influenza (HPAI) type A vi-
ruses of the subtype H5 have been circulating among 

poultry in several countries of Asia and Africa for many 
years. HPAI viruses of this subtype have also caused hun-
dreds of infections among humans and presented a sub-
stantial threat to public health (1,2). China is one of the 
countries deeply affected by zoonotic viruses of this sub-
type (3). The government of China decided during 2005 
to use a comprehensive strategy to control this zoonosis 
involving mass vaccination of poultry and strict culling of 
infected flocks (2). Although this strategy has played a suc-
cessful role in guaranteeing safety of food supplies, main-
taining the poultry system, and minimizing human infec-
tions, governmental agencies in China are considering how 
to exit from mass vaccination programs, mainly because of 
the tremendous cost of this intervention. We report here an 
investigation of recent subclinical circulation of the HPAI 
virus among egg-laying chickens on a farm in China, to 
provide novel data and views on the evolution of the virus 
and improvement of HPAI control in China.

The Study
During routine surveillance in January 2014, we col-

lected 30 swab samples from chickens on an egg-laying 
chicken farm populated by 12,000 320-day-old and 6,000 
150-day-old chickens without any clinical signs, in Qin-
gdao, Shandong Province, China. Of those, 5 were posi-
tive by real-time reverse transcription PCR for detection 
of the hemagglutinin (HA) gene of H5 HPAI viruses. The 
flock was culled immediately after the diagnosis, and an 
H5N2 subtype HPAI virus was isolated by inoculating spe-
cific-pathogen-free embryonated eggs with the collected 
samples. The entire viral genome of the virus, A/chick-
en/Qingdao/1/2014(H5N2), abbreviated as H5N2qd14, 
was sequenced and analyzed as described (4). The se-
quences were deposited in GenBank under accession nos. 
KJ683877–KJ683884. We used the full-length sequences 
for each gene in phylogenetic analyses.

The HA protein of the H5N2qd14 virus has multiple 
basic amino acid residues (PQIEGRRRKRâGLF) at the 
cleavage site, categorizing it as an HPAI virus. Its intrave-
nous pathogenicity index is 2.84, determined by intrave-
nously inoculating 10 chickens, which were 6 weeks old and 
specific pathogen–free, with 0.1 mL of a 1:10 dilution of 
the H5N2qd14 allantoic fluid. Phylogenetic analysis of the 
HA gene suggested that H5N2qd14 is a variant of clade 7.2 
(Figure); this variant has become predominant in clade 7.2 in 
China since 2011 (5). Re-4, the vaccine strain which corre-
sponds to this clade, was generated in 2006 through reverse 
genetics: the HA gene was derived from the virus A/chicken/
Shanxi/2/2006 (2). As compared with the vaccine strain, 47 
aa mutations occurred in the HA protein of H5N2qd14, of 
which 9 (I124V, H126R, G154E, K155N, L162V, I166T, 
T182A, V189I, D198N) were located on the antigenic epit-
opes of the viral protein, suggesting that H5N2qd14 is likely 
distinct in antigenicity from the vaccine strain (6,7). This 
conclusion is supported by our epidemiologic investigation, 
which revealed that the affected flock had been vaccinated 3 
times with the vaccine strain Re-4. Moreover, we collected 
30 serum samples from the flock simultaneously with the 
swab samples, and analyzed them using the hemagglutina-
tion inhibition (HI) assay. The geometric mean and standard 
deviation of the HI titers of these 30 serum samples were 
250.51 ± 2.93 against the vaccine strain Re-4 and 10.83 ± 
2.79 against H5N2qd14, showing a 23-fold difference. Ad-
ditionally, the geometric mean and standard deviation of 
the HI titers of 20 standard serum specimens specifically 
against the vaccine strain Re-4, which we prepared in-house 
using specific pathogen–free chickens, were 388.02 ± 1.92 
against the vaccine strain Re-4 and only 4.92 ± 1.48 against 
H5N2qd14, with a 78-fold difference.

Phylogenetic analysis of the genomic sequences fur-
ther suggested that the 2 genomic segments of H5N2qd14 
coding the HA and matrix protein genes were likely from 
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recent H5N1 HPAI viruses in clade 7.2, and the remain-
ing 6 genomic segments of H5N2qd14 likely reassorted 
from subtype H9N2 avian influenza virus (Figure, online 
Technical Appendix Figures 1–7 [wwwnc.cdc.gov/EID/
article/20/12/14-0733-Techapp.pdf]). Moreover, analysis of 
the viral genomic sequences available in the Global Initiative 
on Sharing Avian Influenza Data (http://platform.gisaid.org/
epi3/frontend#216031) suggested that H5N2 HPAI viruses 
have evolved into ≥2 HA clades (clades 7.2 and 2.3.4) and 
6 genotypes in China in recent years (Table, online Techni-
cal Appendix Figures 1–7). The genotype corresponding to 
H5N2qd14 has been identified in 2 other provinces, Henan 
and Jiangsu, in China during 2013 (Table). The H5N2 HPAI 
viruses in clade 2.3.4 are also likely vaccine-escape variants 
as suggested by the similar phylogenetic and antigenic anal-
ysis given above (data not shown).

No mutations in the viral HA protein that confer bind-
ing to human-like receptors were identified, suggesting that 
this virus likely cannot bind efficiently to human-like re-
ceptors (8). No mutations in the viral polymerase basic 2 
protein, which are associated with high pathogenicity of the 
virus in mammals, were identified (9). No mutations in the 
viral neuraminidase protein (NA), which confers resistance 
to oseltamivir, were identified (10). However, a mutation 
of S31N occurred in the viral matrix 2 protein, which could 
render the virus resistant to amantadine (11,12).

Our epidemiologic investigation revealed that the 
farm of the affected flock had multiple biosecurity de-
ficiencies. For example, the farm was 80 meters from a 
road on which a high volume of garbage trucks traveled. 
Additionally, the farm had neither procedures for control 
and disinfection of vehicles and pedestrians entering the 
property, nor facilities to exclude rodents and wild birds, 
and many sparrows shared the feed with the egg-laying 
chickens in the poultry house.

Conclusions
HPAI mass vaccination played a crucial role in HPAI 

control in China. However, this study demonstrated mul-
tiple disadvantages of HPAI mass vaccination, which had 
been suspected (13,14). For example, this study showed that 
H5N1 subtype HPAI virus has evolved into multiple H5N2 
genotypes, which are all likely vaccine-escape variants, 
suggesting that this virus can easily evolve into vaccine-
escape variants. This observation suggests that HPAI mass 
vaccination, which is highly effective in the beginning of 
an outbreak, may lose its effectiveness with time unless the 
vaccine strains are updated. Moreover, this study showed 
that vaccinated chicken flocks can be infected with vac-
cine-escape variants without signs of illness. Thus HPAI 
mass vaccination may increase shedding of the virus by in-
fected chickens that otherwise would likely exhibit signs of 
illness and die soon after infection; therefore, HPAI mass 

vaccination may increase spread of a virus that otherwise 
would be easily identified by observation of clinical signs. 

Currently, HPAI mass vaccination in poultry should 
not be stopped; otherwise, many HPAI outbreaks could 
likely occur in poultry farms with limited biosecurity. 
Conversely, HPAI mass vaccination in China cannot be 
expected to have a progressive effect because the practice 
leads to silent spread of vaccine-escape variants selected 
in the host immunologicpressure induced against vaccine 
strains. We propose that the only way out of this dilemma 
is to strengthen the strategy published previously, which 
covers the following components: education, biosecurity, 
rapid diagnostics and surveillance, and elimination of in-
fected poultry (14). Mass vaccination should be used as 
an additional tool within this 4-component strategy, not in 
place of the 4 components.
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Figure.	The	 phylogenetic	 relationships	 among	 some	 subtype	H5	
highly	pathogenic	influenza	viruses	based	on	their	heamagluttinin	
sequences.	The	H5N2	subtype	viruses	identified	in	China	in	recent	
years	are	marked	with	black	triangles.	Bootstrap	values	are	given	
at relevant nodes.
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Table. Six genotypes of highly pathogenic avian influenza type A identified during 2009–2014 calculated through phylogenetic analysis, 
China 

Genotype Representative virus Clade 
Lineage of gene* 

PB2 PB1 PA HA NP NA M NS 
1 H5N2qd14 7.2 A A A B A A B A 
 A/chicken/Jiangsu/1001/2013(H5N2) 7.2 A A A B A A B A 
 A/chicken/Henan/Q7/2013(H5N2) 7.2 A A A B A A B A 
2 A/chicken/Hebei/1102/2010(H5N2) 7.2 A A A B A A A A 
3 A/duck/Hebei/0908/2009(H5N2) 7.2 B B B B B B C B 
4 A/duck/Hebei/2/2011(H5N2) 2.3.4 C C C C C C D C 
5 A/duck/Jiangsu/m234/2012(H5N2) 2.3.4 C B C C C B D C 
6 A/chicken/Tibet/LZ01/2010(H5N2) 2.3.4 D A A D A A A D 
*Lineages of each gene are partially shown in online Technical Appendix Figures 1–7 (wwwnc.cdc.gov/EID/article/20/12/14-0733-Techapp.pdf). Lineage A 
of each gene is likely from H9N2 subtype avian influenza virusess. Any 2 viruses with >1 gene of different lineages belong to different genotypes. PB, 
polymerase basic protein; PA, polymerase acidic protein; HA, hemagglutinin; NP, nucleocapsid protein; NA, neuraminidase; M, matrix protein; NS, 
nonstructural protein. 
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