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Since the first confirmed human infection with avian influenza A(H5N1) virus was reported in Hong Kong SAR (China) in 
1997, sporadic zoonotic avian influenza viruses causing human illness have been identified globally with the World Health 
Organization (WHO) Western Pacific Region as a hotspot. A resurgence of A(H5N1) occurred in humans and animals in 
November 2003. Between November 2003 and September 2017, WHO received reports of 1838 human infections with 
avian influenza viruses A(H5N1), A(H5N6), A(H6N1), A(H7N9), A(H9N2) and A(H10N8) in the Western Pacific Region. 
Most of the infections were with A(H7N9) (n = 1562, 85%) and A(H5N1) (n = 238, 13%) viruses, and most (n = 1583, 
86%) were reported from December through April. In poultry and wild birds, A(H5N1) and A(H5N6)  subtypes were the 
most widely distributed, with outbreaks reported from 10 and eight countries and areas, respectively.

Regional analyses of human infections with avian influenza subtypes revealed distinct epidemiologic patterns that varied 
across countries, age and time. Such epidemiologic patterns may not be apparent from aggregated global summaries or 
country reports; regional assessment can offer additional insight that can inform risk assessment and response efforts. As 
infected animals and contaminated environments are the primary source of human infections, regional analyses that bring 
together human and animal surveillance data are an important basis for exposure and transmission risk assessment and 
public health action. Combining sustained event-based surveillance with enhanced collaboration between public health, 
veterinary (domestic and wildlife) and environmental sectors will provide a basis to inform joint risk assessment and 
coordinated response activities.

Avian influenza viruses occur naturally among wild 
aquatic birds and cause occasional outbreaks in 
domestic poultry and other animal species.1 They 

do not normally infect humans, though certain subtypes, 
such as avian influenza A(H5), A(H7) and A(H9) have 
caused sporadic human infections. Clinical outcomes 
range from mild illness to death.2 Co-circulation of 
influenza A viruses in human and animal reservoirs in 
shared habitats provides opportunities for these viruses 
to reassort and acquire a genetic composition that could 
facilitate sustained human-to-human transmission with 
potential pandemic consequences.3,4

The pandemic potential of avian influenza viruses 
gained larger recognition in 1997 when the first known 

human infection with avian influenza A(H5N1) virus was 
reported in Hong Kong SAR (China).5 During this event, 
18 human infections, including six deaths, were report-
ed.6 Thereafter, the number of countries reporting human 
infections with A(H5N1) virus increased, especially be-
tween 2003 and 2008. As of September 2017, outbreaks 
associated with A(H5N1) viruses in domestic poultry and 
wild birds have occurred in more than 60 countries, and 
sporadic human infections with A(H5N1) viruses have 
been reported in 16 countries. A 53% case fatality has 
been reported among human cases of A(H5N1), which 
has been associated with severe pneumonia.7 In addition 
to A(H5N1), other novel zoonotic influenza viruses infect-
ing humans have emerged, including A(H5N6), A(H7N9), 
A(H10N8), A(H6N1) and a novel A(H1N2) variant.1,8 
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Pacific Region, GISRS includes three WHO collaborating 
centres, six H5 reference laboratories and 21 national in-
fluenza centres (NICs) in 15 countries and areas.18 WHO 
regularly produces global and regional updates on avian 
influenza virus activity and publishes timely information 
on novel human infections with zoonotic influenza viruses 
through Disease Outbreak News.7,19–21

While reports of human infections with A(H5N1) 
virus have declined since 2013, notifications of human 
infections with A(H7N9) and other avian influenza viruses 
have increased, highlighting the continued threat posed 
by these A(HxNy) viruses. Analyses of avian influenza 
virus infections in humans and outbreaks in birds can 
provide a basis for multisectoral risk assessments. This 
report summarizes the descriptive epidemiology of re-
ported laboratory-confirmed human infection with avian 
influenza viruses in the Western Pacific Region along 
with reported outbreaks of these viruses in birds from 
the resurgence of A(H5N1) activity in November 2003 
through the fifth epidemic of A(H7N9) ending on 30 
September 2017.

METHODS

Data on human infections with avian influenza virus 
subtypes were summarized by person, place and time; 
bird infections were summarized by place and time. The 
starting date for this analysis was November 2003 when 
there was a resurgence in reported A(H5N1) activity in 
both humans and animals across several countries.22

Data on human infections with onset dates from 
November 2003 through September 2017 in the West-
ern Pacific Region were based on official notifications 
to WHO under IHR. These notifications were primarily 
reported from National IHR Focal Points to the West-
ern Pacific Regional IHR Contact Point. Notifications 
included the avian influenza virus subtype, demographic 
and epidemiologic information available at the time of 
reporting; information on virus clade was not included 
in reports. Infections notified and summarized in this 
analysis were with avian influenza subtypes A(H5N1), 
A(H5N6), A(H6N1), A(H7N9), A(H9N2) and A(H10N8). 
For A(H7N9), information regarding clusters of infection 
and virus pathogenicity in poultry was also included.

Data on infections with these influenza virus 
subtypes in birds in the Western Pacific Region were 

The Western Pacific Region has reported more than one 
quarter (238/860) of global A(H5N1) cases and is the 
second most affected region.9 Moreover, the recently 
identified zoonotic strains A(H7N9), A(H5N6), A(H6N1) 
and A(H10N8) emerged in the Western Pacific Region.10

Regional and international tools and frameworks 
have been implemented to address the threat of pan-
demic influenza and other emerging diseases. Regional 
and country-specific analyses are important as case 
fatality, demographic characteristics, seasonality and 
the clade or subclade of viruses have been observed to 
vary across regions.11 In the Western Pacific Region, the 
Asia Pacific Strategy for Emerging Diseases and Public 
Health Emergencies (APSED III) is an action framework 
to strengthen public health sector capacity to manage 
and respond to emerging disease threats and to support 
progress towards implementation of the International 
Health Regulations (2005) (IHR).12 APSED III promotes 
the sharing and use of information from multiple data 
sources for surveillance and risk assessment and aligns 
with global initiatives such as the One Health approach 
for multisectoral collaboration and communication in 
public health.13 Member State notification to the World 
Health Organization (WHO) of zoonotic influenza virus 
infections in humans is mandated under the IHR, and 
WHO has maintained an epidemiologic database of hu-
man infections with zoonotic influenza viruses reported 
since 2003. Infections with highly pathogenic avian 
influenza A virus in birds and low pathogenic influenza 
H5 and H7 viruses in poultry are notifiable to the World 
Organisation for Animal Health (OIE) under the Terres-
trial Animal Health Code.14 Data on animal outbreaks 
are available through OIE and the Food and Agriculture 
Organization of the United Nations (FAO) Global Animal 
Disease Information System (EMPRES-i).15,16 EMPRES-i 
consolidates disease events worldwide using information 
from official and unofficial sources including reports by 
OIE chief veterinary officers.15 The public availability 
of these data contributes to the compilation, analysis, 
interpretation and dissemination of information on avian 
influenza viruses in humans and animals.

In addition to these international frameworks, the 
WHO Global Influenza Surveillance and Response Sys-
tem (GISRS) is a laboratory network that collects data 
on influenza viruses circulating globally to inform vaccine 
composition recommendations, conduct risk assessments 
and monitor antiviral susceptibility.17 In the Western 
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Human infections with avian influenza 
A(H5N1) viruses

From November 2003 through September 2017, 238 
laboratory-confirmed human infections with avian influ-
enza A(H5N1) were reported to WHO from four countries 
in the Western Pacific Region: Cambodia (n = 56), China 
(including Hong Kong SAR) (n = 53), the Lao People’s 
Democratic Republic (n = 2) and Viet Nam (n = 127) 
(Table 1). The most recently reported A(H5N1) human 
infection in the Western Pacific Region had symptom on-
set in December 2015 and was from China. The overall 
case fatality rate (CFR) at the time of report was 56% 
(134/238) with 37 deaths in Cambodia (CFR 66%), 31 
deaths in China (CFR 58%) and 64 deaths in Viet Nam 
(CFR 50%). Both cases in the Lao People’s Democratic 
Republic were reported as fatal. Seasonally, the majority 
of cases (n = 142, 60%) occurred from January through 
March (Fig. 2). Reports of A(H5N1) infections in humans 
peaked from November 2003 through December 2005 
(n = 106) when notifications from Viet Nam (n = 93) 
surged and later from January 2013 through March 
2014 when there was an outbreak in Cambodia (n = 35) 
(Fig. 1).

Across the Region, 50% (n = 119) of A(H5N1) 
cases were female;  the sex distribution was similar 
when stratified by country, with females comprising 
49% (n = 62) of cases in Viet Nam, 47% (n = 25) 
in China and 54% (n = 30) in Cambodia. In the Lao 
People’s Democratic Republic both cases were female. 
The overall median age of cases was 20 years (range: 
<1–81 years), but age distributions differed by country 
(Fig. 4). The median age of cases in Cambodia (6 years, 
range: <1–58 years) was considerably lower than that 
observed in China (27 years, range: 2–75 years), Viet 
Nam (23 years, range: <1–81 years) and the Lao 
People’s Democratic Republic (15 and 42 years). These 
differences in age distributions remained when strati-
fied by sex, with a predominance of paediatric cases in 
Cambodia regardless of sex (Fig. 4). For all countries, 
however, female cases tended to be younger than male 
cases (Fig. 4). Data on poultry exposure were available 
for 152 of 238 (64%) cases; of these cases, 95% 
(n = 145) reported contact with poultry. 

extracted from the EMPRES-i database, which includes 
reports of avian influenza events involving both low and 
highly pathogenic viruses—the former cause few or 
no clinical signs and the latter, severe clinical signs in 
poultry. The database was queried for confirmed events 
in domestic, wild and captive birds observed from Janu-
ary 2003 through September 2017. For low and highly 
pathogenic H5 and H7 viruses notifiable to OIE,14 records 
reported by official sources including national authorities, 
OIE, FAO or laboratories were extracted. For non-H5 and 
non-H7 low pathogenic viruses not notifiable to OIE, such 
as A(H6N1), A(H9N2) and A(H10N8), outbreaks and 
detections reported in publications were also extracted 
from EMPRES-i. Data were summarized and analysed in 
SAS (University Edition, Cary, NC, USA) and Microsoft 
Excel and mapped in ArcGIS (Esri, Redlands, CA, USA) 
to describe the demographic, temporal and spatial char-
acteristics of avian influenza virus activity in the Region.

RESULTS

From November 2003 through September 2017, 1838 
human infections with six avian influenza viruses in the 
Western Pacific Region were reported to WHO. The 
majority of infections were with A(H7N9) (n = 1562, 
85%) and A(H5N1) (n = 238, 13%) viruses. Infections 
with A(H5N1) predominated until 2013 when reports 
of A(H7N9) emerged in China (Fig. 1). The majority 
(n = 1583, 86%) of human infections were reported 
from December through April. While this seasonality was 
largely driven by A(H7N9) and A(H5N1) cases, most 
A(H5N6) and A(H9N2) cases (n = 22, 65%) and all three 
A(H10N8) cases were also reported during this period 
(Fig. 2). With the exception of A(H5N1) and A(H6N1) 
viruses, all human infections in the Region were reported 
from, or associated with history of travel to, China.

In birds, A(H5N1) and A(H5N6) viruses were the 
most widely distributed in the Western Pacific Region, 
and outbreaks were reported from 10 and eight countries 
and areas, respectively (Fig. 3). Low pathogenic avian 
influenza (LPAI) A(H9N2) viruses have been detected in 
poultry populations of five Western Pacific Region coun-
tries and areas since 2004. As of 30 September 2017, 
poultry infections with A(H7N9) virus have not been 
reported in the Western Pacific Region outside of China.
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Human infections with avian influenza 
A(H5N6) viruses

As of 30 September 2017, 16 laboratory-confirmed 
human infections with avian influenza A(H5N6) virus 
had been reported to WHO from China. At the time the 
cases were reported, four (25%) cases had died. The 
first human case was reported in May 2014 in Sichuan 
province and was associated with infected poultry.23 
Subsequent infections were detected between December 
2014 and November 2016 from the eastern province of 
Anhui (n = 1), the southern provinces of Hunan (n = 3), 
Guangdong (n = 7), Guangxi (n = 1), Yunnan (n = 2) 
and the central province of Hubei (n = 1) (Fig. 3).

Ages ranged from 11 to 65 years (median 40 years). 
Males (7 of 16 cases) were older compared to females 
(Table 1). Contact with poultry or wild birds was reported 
in all 13 cases for whom exposure history was known.

Avian influenza A(H5N1) virus in birds

Since late 2003, high mortality associated with A(H5N1) 
virus has been observed in poultry and wild birds in the 
Western Pacific Region. All reported viruses were highly 
pathogenic. Events (n = 5344) were reported from 10 
countries and areas (Table 1, Fig. 3). The majority 
(n = 4037, 76%) were reported in Viet Nam during 
2004 and 2005. The reported number of events in avian 
populations decreased steadily from 2004 to 2006, rose 
slightly in 2007 and has since declined. In March 2017, 
however, Malaysia reported its first A(H5N1) poultry 
outbreak since 2006. Events were reported year-round 
but most frequently (n = 4597, 86%) from November 
through February, coinciding with the months when 
A(H5N1) infections in humans were most frequently 
reported (Fig. 2).
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Fig. 1. Timeline of human infections with avian influenza virus subtypes in the Western Pacific Region, May 1997–
September 2017
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Fig. 2. Reported human infections with avian influenza viruses and events in birds in the Western Pacific Region 
by month, November 2003–September 2017*

* Scales differ between graphs A, B and C. Events in birds are only plotted for viruses notifiable to OIE (i.e. highly pathogenic influenza 
A infections in birds and low pathogenic H5 and H7 in poultry).
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Fig. 3. Map of avian influenza virus detections reported in humans and birds in the Western Pacific Region, 
November 2003–September 2017*

* This map displays human infections with avian influenza viruses reported to WHO and detections and outbreaks of these viruses in animal populations recorded in 
the EMPRES-i system based on place of report. Detections reported through other channels are not included. Low pathogenic H6N1, H9N2 and H10N8 are not 
notifiable to OIE.

HPAI, highly pathogenic avian influenza; LPAI, low pathogenic avian influenza.
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Fig. 4. Reported cases of human infections with avian influenza A(H5N1) virus in Cambodia, China and Viet Nam 
by age and sex, November 2003–September 2017

 Influenza A virus subtype

 H5N1 H7N9 H5N6 H9N2 H10N8 H6N1

Human infections, n 238 1562 16 18 3 1

Median age (range), 
years 20 (<1–81) 57 (<1–91) 40 (11–65) 3 (<1–86) 73 (55–75) 20

Male 23 (<1- 81) 57 (1–91) 44 (25–58) 2 (<1–86) 75 –

Female 18 (<1–75) 56 (<1–85) 37 (11–65) 4 (<1–57) 55, 73 20

Geographic spread* 

Countries/areas 
affected
(humans)

Cambodia, China, 
Lao People’s 

Democratic Republic, 
Viet Nam

China, 
Malaysia 

(travel 
history to 
mainland 

China)

China China (including 
Hong Kong 
SAR with 

travel history to 
mainland China)

China China, 
Taiwan, China

Countries/areas 
affected
(birds)

Cambodia, China 
(including Hong Kong 

SAR and Taiwan, 
China), Japan, Lao 

People’s Democratic 
Republic, Malaysia, 
Mongolia, Republic 
of Korea, Viet Nam

China 
(including 

Hong Kong 
SAR, Macao 

SAR and 
Taiwan, 
China)

China (including 
Hong Kong SAR 

and Taiwan, 
China), Japan, 
Lao People’s 
Democratic 
Republic, 

Philippines, 
Republic of 
Korea, and 
Viet Nam

China (including 
Hong Kong 

SAR), Japan, 
Republic of 
Korea and 
Viet Nam

No 
reports in 

EMPRES-i

No reports in 
EMPRES-i

Table 1. Demographic, geographic and temporal characteristics of avian influenza virus subtypes reported in the 
Western Pacific Region, November 2003–September 2017
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cases occurring during the summer months (Fig. 2). The 
peak of A(H7N9) infections was in January, with the ex-
ception of 2013 when notifications peaked in April. The 
majority of cases were reported from Zhejiang (n = 310, 
20%), Guangdong (n = 258, 16%) and Jiangsu (n = 252, 
16%) provinces on China’s eastern coast (Fig. 5).

The median age of cases was 57 years (range: <1–
91 years), and 67% (n = 1054) of cases were aged 50 
years and older. Overall, approximately 70% of A(H7N9) 
cases were male (Table 2), but the proportion differed 
by age; among those aged 0–24 years, males comprised 
49% (n = 38) of cases, but among those 25 years of age 
and older, 67% (n = 1055) were male. Among the latter, 
further age group stratification (25–34, 35–44, 45–54, 
55–64, 65+ years) indicated that the predominance of 
males was similar across these age groups (range: 68% 
to 72%).

The sex and age distribution of cases were similar 
across epidemics with infections in men reported more 
frequently than in women (Table 2). However, shifts in the 
frequency as well as temporal and geographic distribution 
of cases were observed (Table 2, Fig. 5). The second 
epidemic year (1 October 2013–30 September 2014) 
was considerably higher in amplitude compared to the 
first and peaked in January rather than April. During the 
third (1 October 2014–30 September 2015) and fourth 
(1 October 2015–30 September 2016) epidemic years, 
the number of human infections reported declined, but 
there was no major change in the temporal distribution of 
cases compared to the second epidemic year (Table 2).

The fifth epidemic year of A(H7N9) activity in hu-
mans saw an epidemic that surpassed all previous years 
in amplitude and number of cases reported (n = 766), 
with peak activity observed in January 2017 consistent 
with trends observed in the second to fourth epidemic 
years. However, the increase in notifications started ear-
lier than in previous years and expanded to the north and 
west with Jiangsu reporting the greatest number of cases 
(n = 148, 19%) and nine administrative regions (Chong-
qing, Gansu, Inner Mongolia, Shaanxi, Shanxi, Sichuan, 
Tibet, Yunnan provinces and Macao SAR) reporting cases 
for the first time.

As of 30 September 2017, WHO received reports of 
39 clusters, three of which involved multiple provinces: 
two from Beijing and Hebei and one from Fujian and Zhe-

Avian influenza A(H5N6) virus in birds

The first outbreaks of A(H5N6) virus in poultry were report-
ed in March 2014 in Xayabury, Lao People’s Democratic 
Republic and in Sichuan, China in May 2014. However, 
the virus had been isolated in December 2013 from an 
environmental sample collected in a live poultry market in 
Jiangsu Province.24 Since then, the geographic distribu-
tion of reported events gradually expanded, affecting eight 
countries and areas by September 2017 (Table 1, Fig. 3). 
All events involved highly pathogenic avian influenza (HPAI) 
A(H5N6), except for two events involving LPAI A(H5N6) in 
Hunan Province, China and Louangphabang, Lao People’s 
Democratic Republic. A(H5N6) events in birds were wide-
spread in most of the affected countries (Fig. 3).  

The majority of events were reported from the 
Republic of Korea (n = 386, 43%) followed by mainland 
China (n = 260, 9%). Across the Region, events were 
reported year-round with some variation in circulation 
among countries. In mainland China, Japan and the 
Republic of Korea, the largest number (n = 417, 46%) of 
events occurred in December. The Lao People’s Demo-
cratic Republic reported three events in March, July and 
October. In Viet Nam events were reported every month 
of the year with no clear seasonality. The Philippines 
reported its first A(H5N6) outbreaks in July and August 
2017.

Human infections with avian influenza 
A(H7N9) viruses

Between 31 March 2013 and 30 September 2017, 
1564 laboratory-confirmed human infections with avian 
influenza A(H7N9) virus were reported to WHO, occur-
ring in five annual epidemics (defined as reported case 
onset from 1 October to 30 September of the following 
year). The outbreak began in China in March 2013 with 
two patients from Shanghai and one from Anhui. The 
geographic distribution of reported cases has shifted 
and expanded over time with cases reported from 27 
mainland China provinces and municipalities, several of 
which are along international borders, as well as from 
Hong Kong SAR, Macao SAR and Taiwan, China (Fig. 5). 
In addition, cases associated with travel to China were 
reported in Malaysia (n = 1) and Canada (n = 2).7

The majority (n = 1381, 88%) of cases occurred 
from December to April each year with a few sporadic 
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Fig. 5. Geographic distribution of reported cases of human infections with avian influenza A(H7N9) virus in the 
Western Pacific Region, March 2013–September 2017*

* Epidemics are defined as 1 October to 30 September of the following year with the exception of the first epidemic that started in April 2013. Maps are based on the 
provinces where the cases were reported.



WPSAR Vol 9, No 3, 2018  | doi: 10.5365/wpsar.2018.9.2.001 www.wpro.who.int/wpsar10

Hamid et alAvian influenza regional analysis

A(H7N9) was reported for the first time through active 
surveillance in a live bird market in Guangdong province 
and on a layer farm in Hunan province. Subsequent 
outbreaks were reported in nine other provinces in China. 
While the majority of A(H7N9) detections are LPAI vi-
ruses, recent viral changes found in human, poultry and 
environmental samples are associated with high patho-
genicity in poultry.26 Since it was first detected in 2013, 
low and/or  highly pathogenic A(H7N9) viruses have been 
detected in poultry in 31 administrative areas of China, 
including Hong Kong SAR and Macao SAR. The number 
of provinces reporting virus detections has gradually 
increased over time (Table 2). However, some provinces 
that reported A(H7N9) detections in earlier years did not 
report infections in subsequent years.

Detections of LPAI A(H7N9) have been most fre-
quent in the southern and eastern provinces, but reports 
have stemmed from 26 mainland administrative areas, 
from the northern province of Liaoning to the southern 
province of Hainan and the western provinces of Qinghai, 
Ningxia and Sichuan (Fig. 3). As of September 2017, the 
strain of A(H7N9) virus circulating in China has not been 
detected in poultry in other countries. Virus detections 
were most frequently reported between January and 
June.

Other avian influenza A virus subtypes infect-
ing humans and poultry

Other avian influenza viruses infecting humans in the 
Western Pacific Region include A(H9N2), A(H10N8) and 
A(H6N1).

jiang.  Most were two-person clusters (n = 35, 90%), but 
three-person clusters also occurred (n = 4, 10%). With 
the exception of four clusters in health-care settings, all 
clusters involved household or family contacts. Clusters 
often involved cases that had exposure to live poultry 
or their environments; thus, it was not always possible 
to determine whether human-to-human transmission or 
common poultry exposure was the source of infection. 
Clusters increased in number but not in the size in the 
fifth epidemic (Table 2) with no apparent change in 
human-to-human transmission risk.25

While IHR notifications do not typically include virus 
pathogenicity, on 18 February 2017, the National Health 
and Family Planning Commission of China notified WHO 
of two previously reported human infections with viral 
sequences with changes at the haemagglutinin gene 
cleavage site that are associated with a transition from 
low to high pathogenicity in poultry. Since this announce-
ment, 28 human cases have been identified with HPAI 
A(H7N9) from Guangdong, Guangxi, Hunan, Shaanxi 
and Hebei provinces, and Taiwan, China. Viral sequenc-
ing from one person in a family cluster of two sisters in 
Guangdong during the fifth epidemic was found to have 
these HPAI genetic markers. However, no viral samples 
from the other sister were available to determine if these 
markers were present in both cases.

Avian influenza A(H7N9) virus in birds

Poultry surveillance for LPAI A(H7N9) has relied on 
targeted sampling because, by definition, infected poultry 
show little to no clinical signs of infection. In 2017, HPAI 

Table 2. Characteristics of A(H7N9) epidemics, March 2013–September 2017

 Epidemic (year)*

 2013 2013–2014 2014–2015 2015–2016 2016–2017

Human infections, n 135 320 224 119 766

Male, n (%) 97 (72) 218 (68) 154 (69) 78 (66) 546 (71)

Median age (range), years 61 (2–91) 57 (<1–88) 56 (1–88) 58 (13–91) 57 (3–91)

Clusters, n 4 9 6 6 14

Month of peak notifications April January January January January

Provinces** reporting human 
infections, n

13 17 15 15 30

Provinces** reporting detections 
in birds, n

11 12 14 10 27

* Epidemics are defined as 1 October to 30 September of the following year with the exception of the first epidemic that started in April 2013.

** Within China, provinces refer to China’s provincial administrative units, which include province, autonomous region, municipality and special administrative region. 
Information on detections in birds is based on data in the EMPRES-i system as of November 2017.
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and commonly circulates in the domestic bird popula-
tion.30–32 It is not a notifiable disease in animals, and no 
events were recorded in the EMPRES-i system.

DISCUSSION

Our regional analysis of human infection with avian 
influenza viruses reported from November 2003 through 
September 2017 revealed common patterns as well as 
variations in epidemiology across countries, age and time 
that may not be apparent from pooled global summaries 
or isolated country reports. In addition, assessing sur-
veillance data from both the human and animal sectors 
provided a more complete overview of zoonotic influenza 
virus activity that can inform regional risk assessment 
and response efforts.

Temporal trends

During the analysis period, notifications of human A(H5N1) 
infections followed similar temporal trends to those of 
A(H5N1) poultry outbreaks with initial increases in re-
ports followed by declines by 2005. Reports of human 
A(H5N1) infections have remained low despite enhanced 
surveillance, awareness and reporting following the detec-
tion of other avian influenza virus subtypes. Declines in 
reported human and poultry infections despite enhanced 
surveillance activities indicate that a surveillance or report-
ing artefact is unlikely to explain the observed decline in 
A(H5N1).

While the incidences of human and animal A(H5N1) 
infections have likely declined, A(H7N9) has emerged as 
a new threat. The fifth A(H7N9) epidemic had the larg-
est number of reported human infections to date with an 
earlier start and longer period of activity than previous 
seasons.33 Human A(H7N9) infections occurred season-
ally, coinciding with peak influenza detection in poultry 
as observed with A(H5N1) in other regions,4,14 and 
similar to A(H5N1), A(H5N6), A(H9N2) and A(H10N8) 
in the Western Pacific Region. While the temporal cor-
relation between human infections and poultry events 
may be due to increased influenza virus activity in 
birds that increases transmission potential to humans, 
surveillance bias could play a role (i.e. if surveillance is 
enhanced in humans once a poultry outbreak occurs 
or vice versa). Given the predominantly low pathogenic 
nature of A(H7N9) and the systematic targeted poultry 
sampling, this bias is unlikely. Enhanced surveillance 

Between December 2008 and September 2017, 
18 human infections with avian influenza A(H9N2) virus 
were officially notified to WHO from China. Cases were 
reported from nine administrative areas: Hong Kong SAR 
(n = 3; all with travel history to Guangdong Province), 
Anhui (n = 1), Beijing (n = 1), Gansu (n = 1), Guangdong 
(n = 4), Henan (n = 1), Hunan (n = 5), Sichuan (n = 1) 
and Yunnan (n = 1) provinces. Cases had a median age 
of 33 years (range: <1–86 years) and seven (39%) were 
male. At the time of notification, nine (50%) patients had 
been hospitalized and three manifested serious illness; 
none was fatal at the time of reporting.

LPAI A(H9N2) viruses circulate endemically among 
poultry in Asia. Since 2004, they have been detected in 
China (including Hong Kong SAR), Japan, the Republic 
of Korea and Viet Nam. A(H9N2) infections in poultry 
have been widespread in China (the EMPRES-i database 
includes international reference laboratory reports of 
detections from 23 of 34 administrative units from 2010 
through 2014), but they have been found predominantly 
in eastern provinces. As of September 2017, no avian 
events had been reported in the Western Pacific Region 
since 2014.

Avian influenza A(H10N8) was responsible for 
three human infections in the Region as of March 2017. 
The first human infection was reported in a 73-year-old 
female in Jiangxi, China in December 2013; it was fol-
lowed by two cases in the same province: a 55-year-old 
woman in January and a 75-year-old man in February 
2014. All cases had poultry exposure and required 
hospitalization.

As a low pathogenic virus in birds, A(H10N8) is 
not notifiable to OIE and no events were recorded in the 
EMPRES-i system. However, isolation of A(H10N8) vi-
ruses from poultry and environmental samples, including 
in Jiangxi Province following detections in humans, has 
been reported in the scientific literature.27–29

In June 2013, a case of human A(H6N1) infection 
was reported to WHO from Taiwan, China. This was the 
first reported human infection with the virus. The case 
was a 20-year-old female hospitalized with mild pneumo-
nia in May 2013. She had no known exposure to poultry 
and fully recovered.

Avian influenza A(H6N1) is an LPAI virus in birds 
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humans reported from China, the age and sex distribu-
tions also varied. Relative to A(H5N1) cases, A(H7N9) 
cases tended to be skewed towards older males, and, al-
though numbers were small, A(H5N6) cases also tended 
to be older while A(H9N2) cases tended to be younger 
with more females. Explanations proposed for the dif-
ference in age and sex distribution of human A(H5N1) 
and A(H7N9) in China include differences in exposure 
patterns, increased susceptibility to serious disease after 
infection with A(H7N9) and case ascertainment bias.38–40 
Serological and epidemiologic data indicate that A(H5N1) 
infections may be more severe than A(H7N9) infections; 
A(H7N9) illness severity increases with patient age, and 
mild A(H7N9) infections in younger people may be un-
derascertained.41–43 While further studies are required to 
understand the factors and exposure patterns driving the 
epidemiology and to inform targeted prevention activities, 
basic surveillance data and descriptive epidemiology will 
continue to inform operational research and response. 
Population-level observations, particularly those related 
to poultry rearing and purchasing practices, will help 
generate preliminary hypotheses regarding risk factors for 
infection.

Limitations

Interpretations based on surveillance data represent an 
important limitation in our assessments. While H5 and H7 
serosurveys suggest limited asymptomatic illness,41,44–46 
even a low seroprevalence may indicate a substantial 
number of undetected cases and underestimations of the 
true burden and spectrum of zoonotic influenza infec-
tions. Surveillance and laboratory capacities vary among 
countries and between human and animal sectors; thus, 
country-level comparisons require caution. Moreover, 
within each country, the capacity to detect influenza 
viruses has evolved through national and partner support 
for influenza surveillance strengthening.47 Surveillance 
biases may have affected the observed geographic dis-
tribution of cases as previously affected areas may have 
more complete surveillance and reporting. For example, 
regional variations in China in surveillance for pneumonia 
of unknown etiology led to increased surveillance in areas 
in which A(H7N9) cases had been detected relative to 
areas in which they had not.48 While recognizing the role 
of possible ascertainment bias, surveillance and reporting 
enhancements have led to a more comprehensive under-
standing of the epidemiology of various influenza viruses 
circulating in the Region.

and control measures at live bird markets, particularly 
during the cooler, drier months, could potentially reduce 
the risk of coinfection and reassortment.

HPAI A(H7N9) viruses have been detected recently; 
preliminary analyses based on eight cases indicated simi-
lar epidemiologic characteristics among humans infected 
with both low and highly pathogenic A(H7N9).34 Animal 
studies have shown that HPAI A(H7N9) viruses can be 
transmitted through respiratory droplets,35 but additional 
research is needed to determine the likelihood of this 
mode of transmission in humans.

Geographic trends

Despite the extensive regional distribution of both A(H5N1) 
and A(H5N6) events in birds, only A(H5N1) has been 
reported in humans outside of China, excluding travel-
associated A(H7N9) cases.36 The absence of reported 
human or animal A(H7N9) infections in neighbouring 
countries that trade live poultry with China suggests that 
the A(H7N9) virus is currently limited to China. Based 
on live-bird trade patterns, the likelihood of A(H7N9) 
virus entry is considered moderate for the Lao People’s 
Democratic Republic and Viet Nam and negligible for 
Cambodia, which has no known live poultry trade with 
China.37 Nevertheless, the spatial distribution of reported 
A(H7N9) cases within China across epidemics and the 
presence of provinces in which only human cases have 
been detected may suggest undetected poultry infections.

Demographic characteristics

Demographic characteristics of reported human infections 
varied. Aggregated age and sex distributions of human 
infections with A(H5N1) viruses in the Western Pacific 
Region were similar to global averages,7 but epidemiologic 
patterns differed among countries. Accounting for sex, 
younger age groups were reported in Cambodia compared 
to China, the Lao People’s Democratic Republic and Viet 
Nam; these differences were too large to be explained 
solely by differences in population age distributions. In 
addition, age distributions differed by sex; male cases 
tended to be older than their female counterparts. Such 
differences could arise from differential poultry exposure, 
health-care-seeking behaviour, case ascertainment or 
illness severity.

For non-A(H5N1) avian influenza virus infections in 
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and other avian influenza viruses have been detected in 
recent years. In China, country of the origin of recently 
identified avian influenza virus strains, the poultry indus-
try has expanded greatly in the past two decades.58 In 
many areas, the close proximity of humans and animals 
increases the risk of human exposure to zoonotic influ-
enza viruses.3 As infected animals or contaminated en-
vironments are the primary sources for human infection, 
risk assessments should incorporate a One Health ap-
proach and gather information from all relevant sectors. 
Continued surveillance at the human–animal interface is 
imperative for all avian influenza viruses. Every sporadic 
human infection provides a virus with an opportunity 
to change its genetic makeup, increasing the possibility 
of an influenza virus with pandemic potential to arise. 
Strengthened communication and collaboration between 
animal and human health sectors at subnational, national, 
regional and global levels are necessary to monitor the 
dynamics of influenza virus activity. An APSED approach 
that aligns with One Health initiatives combining sus-
tained event-based surveillance with enhanced collabora-
tion between the human, animal (domestic and wildlife) 
and environmental sectors will provide a basis to inform 
joint risk assessment and coordinate response capacities.

Acknowledgements

We would like to thank Member States of the WHO West-
ern Pacific Region for reporting and sharing information 
on human infections with avian influenza viruses. We 
would also like to acknowledge the tireless efforts of the 
many people, past and present, who have been part of 
the WHO Regional Office for the Western Pacific (WPRO), 
Health Emergencies Programme Team since 2003. We 
would also like to specifically thank the surveillance 
officers of the WHO Health Emergency Programme at 
WPRO for their ongoing support in maintaining regional 
databases, and Don Rivada for producing the maps for 
this article.

References

1. Olsen B, Munster VJ, Wallensten A, Waldenström J, Osterhaus 
AD, Fouchier RA. Global patterns of influenza a virus in wild 
birds. Science. 2006 Apr 21;312(5772):384–8. doi:10.1126/sci-
ence.1122438 pmid:16627734

2. Horimoto T, Kawaoka Y. Pandemic threat posed by avian influenza A 
viruses. Clin Microbiol Rev. 2001 Jan;14(1):129–49. doi:10.1128/
CMR.14.1.129-149.2001 pmid:11148006

3. Reperant LA, Kuiken T, Osterhaus AD. Adaptive pathways of zo-
onotic influenza viruses: from exposure to establishment in hu-
mans. Vaccine. 2012 Jun 22;30(30):4419–34. doi:10.1016/j.vac-
cine.2012.04.049 pmid:22537992

Event notification through IHR facilitates timely 
information sharing, greater understanding of an event as 
it unfolds and collaborative risk assessment to reduce the 
potential for international disease spread. Similarly, re-
porting to OIE is designed to facilitate information sharing 
and early warning and response to transboundary animal 
diseases. Thus, official IHR/OIE notifications include 
information available at the time of reporting that may not 
include sufficient exposure or outcome history to allow for 
an in-depth assessment.

Another limitation is potential missing data. Reports 
to WHO or OIE might not include all cases of detected hu-
man infections and poultry outbreaks. IHR (2005), which 
mandates the reporting of human infections with novel 
influenza viruses, did not come into effect until 2007. 
Thus, cases occurring before 2007 may not have been 
officially reported to WHO.49–54 There are also human 
infections with avian influenza viruses after 2007 that are 
reported in the literature that have not been confirmed 
by national authorities or officially reported under the 
IHR.55,56

Duplicate event reports in the EMPRES-i database 
are another possibility. We did not include EMPRES-i re-
cords from publications for H5 and H7 viruses, which are 
notifiable to OIE, to avoid possible duplication of events 
officially reported by OIE, FAO or national authorities. As 
a result, events involving notifiable subtypes reported in 
scientific publications but not through official reports are 
not included in our summary.

CONCLUSIONS

Despite these limitations, disseminating regional analy-
ses can improve Member States’ situational awareness, 
knowledge of the epidemiology in neighbouring countries 
as well as of the broader regional perspective, and risk 
assessment and response efforts. This analysis specifi-
cally demonstrates the usefulness of combining multiple 
sources of surveillance data for better informed risk as-
sessments, including those based on the WHO Tool for 
Influenza Pandemic Risk Assessment.57 Moreover, using 
multiple sources of information helps to assess potential 
surveillance biases, thereby improving decision-making.

Further sporadic human infections with avian influ-
enza viruses are likely to occur. Although A(H5N1) inci-
dence may have declined, A(H7N9) virus has emerged, 

https://doi.org/10.1126/science.1122438
https://doi.org/10.1126/science.1122438
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16627734&dopt=Abstract
https://doi.org/10.1128/CMR.14.1.129-149.2001
https://doi.org/10.1128/CMR.14.1.129-149.2001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11148006&dopt=Abstract
https://doi.org/10.1016/j.vaccine.2012.04.049
https://doi.org/10.1016/j.vaccine.2012.04.049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22537992&dopt=Abstract


WPSAR Vol 9, No 3, 2018  | doi: 10.5365/wpsar.2018.9.2.001 www.wpro.who.int/wpsar14

Hamid et alAvian influenza regional analysis

20. Hammond A, Vandemaele K, Fitzner J. Human cases of influenza at 
the human-animal interface, January 2014-April 2015. Wkly Epi-
demiol Rec. 2015 Jul 10;90(28):349–62. pmid:26164867

21. Avian Influenza weekly report. Manila: World Health Organization 
Regional Office for the Western Pacific; 2017 (http://www.wpro.
who.int/emerging_diseases/AvianInfluenza/en/).

22. H5N1 avian influenza: Timeline of major events 2011. Geneva: 
World Health Organization; 2011 (http://www.who.int/influenza/
human_animal_interface/avian_influenza/H5N1_avian_influenza_
update.pdf).

23. WHO China statement on H5N6. Manila: World Health Organi-
zation Regional Office for the Western Pacific; 2014 (http://
www.wpro.who.int/china/mediacentre/releases/2014/20140507/
en/).

24. Qi X, Cui L, Yu H, Ge Y, Tang F. Whole-genome sequence of a reas-
sortant H5N6 avian influenza virus isolated from a live poultry mar-
ket in China, 2013. Genome Announc. 2014 Sep 11;2(5):e00706–
14. doi:10.1128/genomeA.00706-14 pmid:25212611

25. Zhou L, Chen E, Bao C, Xiang N, Wu J, Wu S, et al. Clusters of hu-
man infection and human-to-human transmission of avian influenza 
A(H7N9) virus, 2013-2017. Emerg Infect Dis. 2018 Feb;24(2):397–
400. doi:10.3201/eid2402.171565 pmid:29165238

26. Human infection with avian influenza A(H7N9) virus – China. Ge-
neva: World Health Organization; 2017 (http://www.who.int/csr/
don/27-february-2017-ah7n9-china/en/, accessed 27 September 
2017).

27. Zhang T, Bi Y, Tian H, Li X, Liu D, Wu Y, et al. Human infection 
with influenza virus A(H10N8) from live poultry markets, China, 
2014. Emerg Infect Dis. 2014 Dec;20(12):2076–9. doi:10.3201/
eid2012.140911 pmid:25425075

28. Zhang H, Xu B, Chen Q, Chen J, Chen Z. Characterization of an 
H10N8 influenza virus isolated from Dongting lake wetland. Vi-
rol J. 2011 Jan 27;8(1):42. doi:10.1186/1743-422X-8-42 
pmid:21272297

29. Jiao P, Cao L, Yuan R, Wei L, Song Y, Shen D, et al. Complete ge-
nome sequence of an H10N8 avian influenza virus isolated from a 
live bird market in Southern China. J Virol. 2012 Jul;86(14):7716. 
doi:10.1128/JVI.00959-12 pmid:22733881

30. Huang K, Zhu H, Fan X, Wang J, Cheung CL, Duan L, et al. Estab-
lishment and lineage replacement of H6 influenza viruses in domes-
tic ducks in southern China. J Virol. 2012 Jun;86(11):6075–83. 
doi:10.1128/JVI.06389-11 pmid:22438558

31. Chin PS, Hoffmann E, Webby R, Webster RG, Guan Y, Peiris M, 
et al. Molecular evolution of H6 influenza viruses from poultry in 
Southeastern China: prevalence of H6N1 influenza viruses possess-
ing seven A/Hong Kong/156/97 (H5N1)-like genes in poultry. J Vi-
rol. 2002 Jan;76(2):507–16. doi:10.1128/JVI.76.2.507-516.2002 
pmid:11752141

32. Zhao G, Lu X, Gu X, Zhao K, Song Q, Pan J, et al. Molecular evolu-
tion of the H6 subtype influenza A viruses from poultry in east-
ern China from 2002 to 2010. Virol J. 2011 Oct 14;8(1):470. 
doi:10.1186/1743-422X-8-470 pmid:21999472

33. Zhou L, Ren R, Yang L, Bao C, Wu J, Wang D, et al. Sudden in-
crease in human infection with avian influenza A(H7N9) virus in 
China, September-December 2016. West Pac Surveill Response. 
2017 Jan 18;8(1):6–14. doi:10.5365/wpsar.2017.8.1.001 
pmid:28409054

34. Zhou L, Tan Y, Kang M, Liu F, Ren R, Wang Y, et al. Prelimi-
nary epidemiology of human infections with highly pathogen-
ic avian influenza A(H7N9) virus, China, 2017. Emerg Infect 
Dis. 2017 08;23(8):1355–9. doi:10.3201/eid2308.170640 
pmid:28580900

35. Imai M, Watanabe T, Kiso M, Nakajima N, Yamayoshi S, Iwatsuki-
Horimoto K, et al. A highly pathogenic avian H7N9 influenza virus 

4. Durand LO, Glew P, Gross D, Kasper M, Trock S, Kim IK, et al. 
Timing of influenza A(H5N1) in poultry and humans and sea-
sonal influenza activity worldwide, 2004-2013. Emerg Infect 
Dis. 2015 Feb;21(2):202–8. doi:10.3201/eid2102.140877 
pmid:25625302

5. Centers for Disease Control and Prevention (CDC). Update: isola-
tion of avian influenza A(H5N1) viruses from humans–Hong Kong, 
1997-1998. MMWR Morb Mortal Wkly Rep. 1998 Jan 9;46(52-
53):1245–7. pmid:9436713

6. Tam JS. Influenza A (H5N1) in Hong Kong: an overview. Vac-
cine. 2002 May 15;20 Suppl 2:S77–81. doi:10.1016/S0264-
410X(02)00137-8 pmid:12110265

7. Hammond A, Fitzner J, Collins L, Ong SKV. Human cases of influenza 
at the human-animal interface, January 2015–April 2017. Wkly Epi-
demiol Rec. 2017 Aug 18;92(33):460–75. pmid:28819964

8. Bui CM, Chughtai AA, Adam DC, MacIntyre CR. An overview 
of the epidemiology and emergence of influenza A infection in 
humans over time. Arch Public Health. 2017 Mar 27;75(1):15. 
doi:10.1186/s13690-017-0182-z pmid:28352464

9. Cumulative number of confirmed human cases for avian influenza 
A(H5N1) reported to WHO, 2003-2017. Geneva: World Health 
Organization; 2017 (http://www.who.int/influenza/human_ani-
mal_interface/2017_03_16_tableH5N1.pdf?ua=1; accessed 30 
September 2017). 

10. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman 
JL, et al. Global trends in emerging infectious diseases. Nature. 
2008 Feb 21;451(7181):990–3. doi:10.1038/nature06536 
pmid:18288193

11. Lai S, Qin Y, Cowling BJ, Ren X, Wardrop NA, Gilbert M, et al. 
Global epidemiology of avian influenza A H5N1 virus infection in 
humans, 1997-2015: a systematic review of individual case data. 
Lancet Infect Dis. 2016 Jul;16(7):e108–18. doi:10.1016/S1473-
3099(16)00153-5 pmid:27211899

12. Asia Pacific Strategy for Emerging Diseases and Public Health 
Emergencies (APSED III): Advancing implementation of the Inter-
national Health Regulations (2005). Manila: World Health Organi-
zation Regional Office for the Western Pacific; 2017.

13. One Health. Geneva: World Health Organization; 2017 ( http://
www.who.int/features/qa/one-health/en/).

14. Avian influenza (infection with avian influenza viruses). In: Manual 
of diagnostic tests and vaccines for terrestrial animals [Internet]. 
Paris: World Organisation for Animal Health; 2017 (http://www.
oie.int/standard-setting/terrestrial-manual/access-online/).

15. EMPRES-i Global Animal Disease Information System. Rome: 
Food and Agriculture Organization of the United Nations; 2014 
(http://empres-i.fao.org/eipws3g/).

16. Claes F, Kuznetsov D, Liechti R, Von Dobschuetz S, Truong 
BD, Gleizes A, et al. The EMPRES-i genetic module: a nov-
el tool linking epidemiological outbreak information and ge-
netic characteristics of influenza viruses. Database (Oxford). 
2014 Mar 6;2014(0):bau008. doi:10.1093/database/bau008 
pmid:24608033

17. Global Influenza Surveillance and Response System (GISRS). Ge-
neva: World Health Organization; 2018 (http://www.who.int/influ-
enza/gisrs_laboratory/en/, accessed 30 September 2017).

18. Members of the WHO Western Pacific Region Global Influenza 
Surveillance and Response System. Epidemiological and virologi-
cal characteristics of seasonal influenza in the Western Pacific 
Region of the World Health Organization, 2011-2015. West Pac 
Surveill Response. 2017 Mar 28;8(1):40–9. doi:10.5365/wp-
sar.2017.8.1.004 pmid:28409059

19. WHO. Update on human cases of influenza at the human – animal 
interface, 2012. Wkly Epidemiol Rec. 2013 Mar 29;88(13):137–
44. pmid:23586138

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26164867&dopt=Abstract
https://doi.org/10.1128/genomeA.00706-14
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25212611&dopt=Abstract
https://doi.org/10.3201/eid2402.171565
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29165238&dopt=Abstract
http://www.who.int/csr/don/27-february-2017-ah7n9-china/en/
http://www.who.int/csr/don/27-february-2017-ah7n9-china/en/
https://doi.org/10.3201/eid2012.140911
https://doi.org/10.3201/eid2012.140911
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25425075&dopt=Abstract
https://doi.org/10.1186/1743-422X-8-42
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21272297&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21272297&dopt=Abstract
https://doi.org/10.1128/JVI.00959-12
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22733881&dopt=Abstract
https://doi.org/10.1128/JVI.06389-11
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22438558&dopt=Abstract
https://doi.org/10.1128/JVI.76.2.507-516.2002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11752141&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11752141&dopt=Abstract
https://doi.org/10.1186/1743-422X-8-470
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21999472&dopt=Abstract
https://doi.org/10.5365/wpsar.2017.8.1.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28409054&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28409054&dopt=Abstract
https://doi.org/10.3201/eid2308.170640
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28580900&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28580900&dopt=Abstract
https://doi.org/10.3201/eid2102.140877
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25625302&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25625302&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9436713&dopt=Abstract
https://doi.org/10.1016/S0264-410X(02)00137-8
https://doi.org/10.1016/S0264-410X(02)00137-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12110265&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28819964&dopt=Abstract
https://doi.org/10.1186/s13690-017-0182-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28352464&dopt=Abstract
http://www.who.int/influenza/human_animal_interface/2017_03_16_tableH5N1.pdf?ua=1
http://www.who.int/influenza/human_animal_interface/2017_03_16_tableH5N1.pdf?ua=1
https://doi.org/10.1038/nature06536
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18288193&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18288193&dopt=Abstract
https://doi.org/10.1016/S1473-3099(16)00153-5
https://doi.org/10.1016/S1473-3099(16)00153-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27211899&dopt=Abstract
https://doi.org/10.1093/database/bau008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24608033&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24608033&dopt=Abstract
https://doi.org/10.5365/wpsar.2017.8.1.004
https://doi.org/10.5365/wpsar.2017.8.1.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28409059&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23586138&dopt=Abstract


WPSAR Vol 9, No 3, 2018  | doi: 10.5365/wpsar.2018.9.2.001www.wpro.who.int/wpsar 15

Avian influenza regional analysisHamid et al

ologic study of influenza A(H7N9) infection among exposed popu-
lations, China 2013-2014. Influenza Other Respir Viruses. 2017 
Mar;11(2):170–6. doi:10.1111/irv.12435 pmid:27762061

47. Polansky LS, Outin-Blenman S, Moen AC. Improved global capacity 
for influenza surveillance. Emerg Infect Dis. 2016 Jun;22(6):993–
1001. doi:10.3201/eid2206.151521 pmid:27192395

48. Xiang N, Havers F, Chen T, Song Y, Tu W, Li L, et al. Use of 
national pneumonia surveillance to describe influenza A(H7N9) 
virus epidemiology, China, 2004-2013. Emerg Infect Dis. 
2013 Nov;19(11):1784–90. doi:10.3201/eid1911.130865 
pmid:24206646

49. Butt KM, Smith GJ, Chen H, Zhang LJ, Leung YH, Xu KM, et al. Hu-
man infection with an avian H9N2 influenza A virus in Hong Kong 
in 2003. J Clin Microbiol. 2005 Nov;43(11):5760–7. doi:10.1128/
JCM.43.11.5760-5767.2005 pmid:16272514

50. Uyeki TM, Chong YH, Katz JM, Lim W, Ho YY, Wang SS, et al. 
Lack of evidence for human-to-human transmission of avian in-
fluenza A (H9N2) viruses in Hong Kong, China 1999. Emerg In-
fect Dis. 2002 Feb;8(2):154–9. doi:10.3201/eid0802.010148 
pmid:11897066

51. Gou Y, Xie J, Wang M. [A strain of influenza A H9N2 virus repeat-
edly isolated from human population in China]. Zhonghua Shi Yan 
He Lin Chuang Bing Du Xue Za Zhi. 2000 Sep;14(3):209–12 (in 
Chinese). pmid:11498680

52. Guo Y, Li J, Cheng X. [Discovery of men infected by avian in-
fluenza A (H9N2) virus]. Zhonghua Shi Yan He Lin Chuang 
Bing Du Xue Za Zhi. 1999 Jun 30;13(2):105–8 (in Chinese). 
pmid:12569771

53. Guo Y, Xie J, Wu K, Dong J, Wang M, Zhang Y, et al. [Characteriza-
tion of genome of A/Guangzhou/333/99(H9N2) virus]. Zhonghua 
Shi Yan He Lin Chuang Bing Du Xue Za Zhi. 2002 Jun;16(2):142–
5 (in Chinese). pmid:12196825

54. Saito T, Lim W, Suzuki T, Suzuki Y, Kida H, Nishimura SI, et al. 
Characterization of a human H9N2 influenza virus isolated in 
Hong Kong. Vaccine. 2001 Oct 12;20(1-2):125–33. doi:10.1016/
S0264-410X(01)00279-1 pmid:11567756

55. Sun Y, Liu J. H9N2 influenza virus in China: a cause of concern. 
Protein Cell. 2015 Jan;6(1):18–25. doi:10.1007/s13238-014-
0111-7 pmid:25384439

56. Chen T, Zhang R. Symptoms seem to be mild in children in-
fected with avian influenza A (H5N6) and other subtypes. J In-
fect. 2015 Dec;71(6):702–3. doi:10.1016/j.jinf.2015.09.004 
pmid:26380897

57. WHO. Tool for Influenza Pandemic Risk Assessment. Geneva: 
World Health Organization; 2016.

58. National data. Beijing: National Bureau of Statistics of China; 
2017  (http://data.stats.gov.cn/easyquery.htm?cn=C01, accessed 
15 May 2017).

isolated from a human is lethal in some ferrets infected via respira-
tory droplets. Cell Host Microbe. 2017 Nov 8;22(5):615–626.e8. 
doi:10.1016/j.chom.2017.09.008 pmid:29056430

36. Millman AJ, Havers F, Iuliano AD, Davis CT, Sar B, Sovann L, 
et al. Detecting spread of avian influenza A(H7N9) virus beyond 
China. Emerg Infect Dis. 2015 May;21(5):741–9. doi:10.3201/
eid2105.141756 pmid:25897654

37. Chinese Origin H7N9 highly pathogenic avian influenza. Rome: 
Food and Agriculture Organization of the United Nations; 2017 
(http://www.fao.org/3/a-i7611e.pdf).

38. Arima Y, Zu R, Murhekar M, Vong S, Shimada T; World Health 
Organization Outbreak Response Team. Human infections with 
avian influenza A(H7N9) virus in China: preliminary assessments 
of the age and sex distribution. West Pac Surveill Response. 
2013 Apr 20;4(2):1–3. doi:10.5365/wpsar.2013.4.2.005 
pmid:24015363

39. Cowling BJ, Jin L, Lau EH, Liao Q, Wu P, Jiang H, et al. Compara-
tive epidemiology of human infections with avian influenza A H7N9 
and H5N1 viruses in China: a population-based study of labora-
tory-confirmed cases. Lancet. 2013 Jul 13;382(9887):129–37. 
doi:10.1016/S0140-6736(13)61171-X pmid:23803488

40. Wang L, Cowling BJ, Wu P, Yu J, Li F, Zeng L, et al. Human exposure 
to live poultry and psychological and behavioral responses to influ-
enza A(H7N9), China. Emerg Infect Dis. 2014 Aug;20(8):1296–
305. doi:10.3201/eid2008.131821 pmid:25076186

41. Yang S, Chen Y, Cui D, Yao H, Lou J, Huo Z, et al. Avian-origin 
influenza A(H7N9) infection in influenza A(H7N9)-affected areas of 
China: a serological study. J Infect Dis. 2014 Jan 15;209(2):265–
9. doi:10.1093/infdis/jit430 pmid:23935201

42. Cowling BJ, Freeman G, Wong JY, Wu P, Liao Q, Lau EH, et al. 
Preliminary inferences on the age-specific seriousness of human 
disease caused by avian influenza A(H7N9) infections in China, 
March to April 2013. Euro Surveill. 2013 May 9;18(19):20475. 
pmid:23725807

43. Yu H, Cowling BJ, Feng L, Lau EH, Liao Q, Tsang TK, et al. Hu-
man infection with avian influenza A H7N9 virus: an assessment 
of clinical severity. Lancet. 2013 Jul 13;382(9887):138–45. 
doi:10.1016/S0140-6736(13)61207-6 pmid:23803487

44. Van Kerkhove MD, Mumford E, Mounts AW, Bresee J, Ly S, 
Bridges CB, et al. Highly pathogenic avian influenza (H5N1): path-
ways of exposure at the animal-human interface, a systematic re-
view. PLoS One. 2011 Jan 24;6(1):e14582. doi:10.1371/journal.
pone.0014582 pmid:21283678

45. Lin YP, Yang ZF, Liang Y, Li ZT, Bond HS, Chua H, et al. Popula-
tion seroprevalence of antibody to influenza A(H7N9) virus, Guang-
zhou, China. BMC Infect Dis. 2016 11 4;16(1):632. doi:10.1186/
s12879-016-1983-3 pmid:27814756

46. Xiang N, Bai T, Kang K, Yuan H, Zhou S, Ren R, et al. Sero-epidemi-

https://doi.org/10.1111/irv.12435
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27762061&dopt=Abstract
https://doi.org/10.3201/eid2206.151521
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27192395&dopt=Abstract
https://doi.org/10.3201/eid1911.130865
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24206646&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24206646&dopt=Abstract
https://doi.org/10.1128/JCM.43.11.5760-5767.2005
https://doi.org/10.1128/JCM.43.11.5760-5767.2005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16272514&dopt=Abstract
https://doi.org/10.3201/eid0802.010148
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11897066&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11897066&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11498680&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12569771&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12196825&dopt=Abstract
https://doi.org/10.1016/S0264-410X(01)00279-1
https://doi.org/10.1016/S0264-410X(01)00279-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11567756&dopt=Abstract
https://doi.org/10.1007/s13238-014-0111-7
https://doi.org/10.1007/s13238-014-0111-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25384439&dopt=Abstract
https://doi.org/10.1016/j.jinf.2015.09.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26380897&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26380897&dopt=Abstract
http://data.stats.gov.cn/easyquery.htm?cn=C01
https://doi.org/10.1016/j.chom.2017.09.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29056430&dopt=Abstract
https://doi.org/10.3201/eid2105.141756
https://doi.org/10.3201/eid2105.141756
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25897654&dopt=Abstract
https://doi.org/10.5365/wpsar.2013.4.2.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24015363&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24015363&dopt=Abstract
https://doi.org/10.1016/S0140-6736(13)61171-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23803488&dopt=Abstract
https://doi.org/10.3201/eid2008.131821
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25076186&dopt=Abstract
https://doi.org/10.1093/infdis/jit430
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23935201&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23725807&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23725807&dopt=Abstract
https://doi.org/10.1016/S0140-6736(13)61207-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23803487&dopt=Abstract
https://doi.org/10.1371/journal.pone.0014582
https://doi.org/10.1371/journal.pone.0014582
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21283678&dopt=Abstract
https://doi.org/10.1186/s12879-016-1983-3
https://doi.org/10.1186/s12879-016-1983-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27814756&dopt=Abstract

