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Between 31 March and 21 April 2013, 102 laboratory-
confirmed influenza A(H7N9) infections have been 
reported in six provinces of China. Using survey data 
on age-specific rates of exposure to live poultry in 
China, we estimated that risk of serious illness after 
infection is 5.1 times higher in persons 65 years and 
older versus younger ages. Our results suggest that 
many unidentified mild influenza A(H7N9) infections 
may have occurred, with a lower bound of 210–550 
infections to date.

Introduction 
In recent weeks, increasing numbers of avian influ-
enza A(H7N9) virus infections have been identified in 
humans in China [1,2]. Laboratory-confirmed cases 
of influenza A(H7N9) infection have typically suffered 
serious illness [3,4], and there is a notable excess of 
confirmed cases in the elderly [3,5]. In the present 
analysis, we compared the incidence of serious influ-
enza A(H7N9) infections with data on age-specific pat-
terns in exposure to domestic poultry and live poultry 
markets to estimate the relative seriousness of influ-
enza A(H7N9) and obtain a lower bound on the number 
of human infections to date.

Methods

Poultry exposures in China
We obtained unpublished data on poultry exposures 
in Shenzhen, a city in Guangdong province on the bor-
der with Hong Kong, and in Xiuning, a rural county in 
Anhui province in eastern China. In each location, a 
two-stage household-based cluster survey was con-
ducted to assess poultry exposures based on aver-
age annual visits to poultry wet markets (Shenzhen, 
n=2,058), and ownership of backyard poultry (Xiuning, 
n=2,892). Trained investigators conducted each face-
to-face interview with selected households, and every 
family member who met the inclusion criteria (aged 
at least five years, and resident in the study area for 
at least three months) was interviewed. Poultry wet 

markets were defined as places where small animals 
and poultry may be purchased alive or slaughtered just 
before purchase. The surveys were conducted from July 
to September 2007. 

Data on poultry exposures in urban and semi-rural 
areas of Guangzhou, the capital of Guangdong prov-
ince in Southern China, were obtained through face-to-
face interviews, from January through March 2006 [6]. 
Households were selected for interview through strati-
fied cluster sampling in the ten urban districts (n=1,363) 
and two satellite towns (n=187) of Guangzhou. One 
adult per selected household was interviewed. We 
assessed household exposures to retail and domestic 
poultry in both urban and semi-rural locations based 
on average annual visits to poultry wet markets to pur-
chase live poultry, and ownership of backyard poultry 
[6].

Avian influenza A(H7N9) cases
Information on laboratory-confirmed human infec-
tions with influenza A(H5N1) and A(H7N9) was obtained 
from official notifications, including age, geographic 
location, and seriousness of disease (mild/serious). 
The definition for an influenza A(H7N9) case is given 
elsewhere [3]. A serious case was defined as a labo-
ratory-confirmed influenza A(H7N9) case that required 
hospital admission for medical reasons, i.e. with a 
complication such as pneumonia, rather than merely 
for isolation. Cases defined as serious included all 
fatal laboratory-confirmed cases. The age-specific 
populations of provinces in China were obtained from 
the 2010 population census of the People’s Republic of 
China [7].

Statistical analysis
We specified a model for the observed number of seri-
ous influenza A(H7N9) infections under the assumption 
that the risk of infection was directly proportional to 
the risk of exposure, while the seriousness of infection 
varied by age. Specifically, we modelled Xij, the number 
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of serious influenza A(H7N9) infections in age group 
i and area j, as following a Poisson distribution with 
mean Aij×pij×ri, where Aij is the population of persons 
in age group i (i=1 for 0–14 years, 2 for 15–24 years, 3 
for 25–34 years, 4 for 35–44 years, 5 for 45–54 years, 
6 for 55–64 years, 7 for ≥65 years) and area j (1 for 
Anhui-urban, 2 for Beijing-urban, 3 for Henan-rural, 4 
for Jiangsu-urban, 5 for Jiangsu-rural, 6 for Shanghai-
urban, 7 for Zhejiang-urban, 8 for Zhejiang-rural), pij 
represents the incidence rate of infection by age and 
area over the time period covered by our analysis, and 
ri represents the age-specific risk of serious illness if 
infected. For urban areas (δj=1) and rural areas (δj=0), 
we specified pij=δj×Ui×θj+(1-δj)×Vi×θj, where Ui and Vi 
represent the age-specific rates of exposure in urban 
and rural areas, respectively, while θj represents the 
area-specific risk of infection. In our main analysis, 
we modelled the risk of serious illness conditional on 
infection as ri taking value rold for age≥65 years and ryoung 
for age<65 years. We explored other parameterisations 
for ri such as ri=r7×exp(β×(i-7)) in sensitivity analyses.

We used a Bayesian inferential framework to fit the 
model to observed data on Xij, Aij and δj, incorporating 
Uij, and Vij as parameters with strong prior distribu-
tions from the survey data to retain uncertainty (as is 
standard in Bayesian evidence synthesis [8]), and rold 
as a parameter with a strong prior based on observed 
mild and serious influenza A(H7N9) cases. We esti-
mated θj and ryoung using independent uninformative 
uniform priors on the positive real line for each θj and 
on the (0,1) interval for ryoung. Models were fitted with 
the Hamiltonian Monte Carlo sampler NUTS [9] using 
the Stan modelling language in R version 3.0.0 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Convergence of the simulations was assessed using 
the potential scale reduction statistic [10]. 

After fitting the models, posterior estimates of the 
model parameters were used to estimate qij,=Aij×pij 
as the total number of influenza A(H7N9) infections 
for each age group i and area j. This estimate can be 

Figure 1
Geographical location of officially announced serious cases of influenza A(H7N9) virus infection in mainland China, 31 
March–21 April 2013 (n=98)
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Figure 2
Age distribution of laboratory-confirmed human infections with avian influenza A(H5N1) in 2003–2013 (n=43) and 
A(H7N9) notified between 31 March 2013 through 21 April 2013 (n=102), mainland China
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table
Serious influenza A(H7N9) cases reported in six provinces of mainland China, and corresponding population 
denominators, 31 March–21 April 2013 (n=98)a

Province-type Age group (years)

0–14 15–24 25–34 35–44 45–54 55–64 ≥65

Number of serious influenza A(H7N9) cases

Anhui-urban 0 0 0 1 0 2 0

Beijing-urban 1 0 0 0 0 0 0

Henan-rural 0 0 1 1 0 0 1

Jiangsu-urban 0 1 3 1 3 4 6

Jiangsu-rural 0 0 1 0 1 0 2

Shanghai-urban 2 0 1 1 5 5 19

Zhejiang-urban 0 0 0 5 2 6 11

Zhejiang-rural 0 0 0 1 1 3 7

Population sizeb

Anhui-urban 1,617,392 2,299,994 1,965,849 2,512,466 1,671,583 1,135,834 979,469

Beijing-urban 1,311,411 2,968,261 3,513,686 2,657,513 2,278,771 1,485,603 1,347,970

Henan-rural 13,341,020 9,674,352 6,711,837 9,040,458 7,264,034 6,516,703 5,261,768

Jiangsu-urban 3,390,036 6,004,427 5,389,879 5,658,879 4,150,560 3,042,830 2,529,855

Jiangsu-rural 4,421,789 4,517,515 3,459,924 5,406,568 4,789,994 4,443,849 4,249,814

Shanghai-urban 1,483,687 2,821,598 3,660,496 2,797,231 2,809,896 2,267,794 1,800,140

Zhejiang-urban 2,449,320 4,004,494 4,044,383 4,062,503 2,768,791 1,707,271 1,349,532

Zhejiang-rural 2,888,769 2,448,074 2,676,907 3,835,297 3,477,935 2,840,965 2,708,735

a  The four mild cases among the total of 102 cases are not shown in this Table.
b  Population sizes obtained from the 2010 population census of the People’s Republic of China, published on the official website of National 

Bureau of Statistics of China [7].
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Figure 3
Comparison of age-specific cumulative incidence of serious illness associated with laboratory-confirmed influenza A(H7N9) 
virus infection, 31 March–21 April 2013, and age-specific poultry exposures, 2006 and 2007, China

Panels A and B show cumulative incidence and 95% confidence intervals of serious influenza A(H7N9) cases in (A) urban and (B) rural 
populations, based on 98 serious cases reported by 21 April 2013. Panels C to F show rates of exposures to retail and domestic poultry in 
(C) urban Shenzhen in 2007, (D) rural Xiuning in 2007, (E) urban Guangzhou in 2006, and (F) semi-rural Guangzhou in 2006. 
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regarded as a lower bound on the number of influ-
enza A(H7N9) infections because it relies on complete 
ascertainment of all serious influenza A(H7N9) cases, 
and complete ascertainment of all influenza A(H7N9) 
infections in people aged 65 years and older. We also 
estimated βage=rold/ryoung, the relative risk of serious ill-
ness conditional on infection in those aged 65 years 
and older compared with those  younger than 65 years.

Results
Between 31 March and 21 April 2013, 102 laboratory-
confirmed human influenza A(H7N9) cases were offi-
cially announced in six provinces of China. The affected 
areas were the cities and provinces around the city 
of Shanghai on the eastern coast of mainland China 
(Figure 1). 

The age distribution of influenza A(H7N9) cases was 
very different to the age distribution of the 43 influ-
enza A(H5N1) cases reported between 2003 and 2013 
in mainland China (Figure 2). In particular, 56% of the 
influenza A(H7N9) cases were persons aged 60 years 
or older, whereas the majority of influenza A(H5N1) 
cases were young adults aged 20 to 39 years. In the 
eight affected areas, there were a total of 98 serious 
influenza A(H7N9) cases in a total population of 206 
million persons (Table). The cumulative number of seri-
ous influenza A(H7N9) cases increased substantially 
with age particularly in urban locations (Figure 3).
We fitted the model described above to data on the 
incidence rates of serious influenza A(H7N9) cases 
in the six provinces, along with poultry exposures in 
urban and rural locations (Figure 2). In the age group 
of at least 65 years there were 46 serious and one mild 
infection, so we used a beta(47,2) distribution for the 
parameter rold. 

Based on the exposure data from Shenzhen and Xiuning 
to reflect exposures in affected urban and rural areas, 
we obtained the estimate βage=5.06 (95% credibility 
interval (CI): 2.99–8.15), corresponding to a 5.06-fold 
increase in the risk of serious illness for those aged 65 
years and older versus those younger than 65 years. 
The estimated values of pij and the observed values of 
Aij were then used to estimate that there have been at 
least 323 (95% CI: 214–475) total influenza A(H7N9) 
infections in the population, including those reported. 
When we used the exposure data from Guangzhou to 
reflect exposures in affected urban and rural areas, we 
estimated βage=5.95 (95% CI: 3.37–10.00), and an esti-
mated minimum number of 352 (95% CI: 225–541) total 
influenza A(H7N9) infections in adults (because we did 
not have exposure data for children in Guangzhou). 

In sensitivity analyses, results were similar using 
alternative simple parameterisations for the effect of 
age. For example when we used ri=r7×exp(β×(i-7)), we 
obtained an estimated 1.83-fold (95% CI: 1.56–2.18) 
increase in the risk of serious illness for every ten-year 
increase in age, and an estimate of at least 334 (95% 
CI: 239–461) total influenza A(H7N9) infections in the 

population. The small sample size did not allow us to 
examine more complex functional forms for ri. All anal-
yses reported above were based on data available until 
April 25; we repeated the analyses based on data avail-
able until May 6 and the relationship between age and 
seriousness of disease was essentially the same.

Discussion
Our results suggest that the seriousness of influ-
enza A(H7N9) infections increases with age. Previous 
reports also identified increases with older age in the 
seriousness of seasonal influenza [11] and H1N1pdm09 
[12,13], although this may partly be due to the role of 
secondary bacterial pneumonia, whereas many of the 
influenza A(H7N9) deaths have been associated with 
primary viral pneumonia [4]. However, the age distri-
bution of serious human infections with avian influ-
enza A(H5N1) is very different (Figure 1). The patterns 
of exposure to avian influenza A(H5N1) and A(H7N9) 
viruses by age may not be identical because of the high 
degree of pathogenicity of influenza A(H5N1) in poultry 
compared with the absence of disease in poultry with 
influenza A(H7N9) infections [4], at least before to the 
national influenza A(H5N1) vaccination programme in 
poultry was introduced in 2006–07. Exposures to sick 
or dead poultry would be more frequent in farms and 
backyards, compared to live poultry markets. In addi-
tion, healthcare seeking behaviours may also have 
changed over the past 10 years. There are various 
potential explanations for an increased risk of seri-
ous illness for influenza A(H5N1) infections in young 
adults compared to other ages, and these hypotheses 
deserve further investigation [14].

We estimated that a minimum of 210–550 influenza 
A(H7N9) infections have occurred by 21 April 2013, 
assuming that almost all influenza A(H7N9) infections 
are serious in the elderly and that all serious infections 
have been identified. This estimate is therefore a lower 
bound on the number of total influenza A(H7N9) infec-
tions, and for these two reasons the real figure may 
be substantially higher. There could be some under-
ascertainment of serious influenza A(H7N9) infections 
through failure to seek care or failure to be tested early 
enough in the course of disease to permit identifica-
tion of the influenza infection [5]. Our estimate is also 
dependent on the assumption that age-specific pat-
terns of exposure to retail and domestic poultry in 
affected areas of China in 2011 are similar to the pat-
terns measured in Guangzhou, Shenzhen and Xiuning 
in 2006 and 2007. We are not aware of data on age-
specific patterns in poultry exposures from eastern 
China other than our unpublished data from Xiuning, 
and future collection of such data from across China 
(and across South-east Asia) in urban and rural set-
tings would be extremely useful.

Our estimates are limited by the lack of data on expo-
sures in affected urban and rural areas. In particular, 
the higher risk for infection in males compared to 
females could be due to variation in sex-specific rates 
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of exposure by region [5]. Without data on such dif-
ferences, we did not include sex in our models. Most 
confirmed cases report exposure to live poultry [3] 
and this remains the most likely source of infection for 
the majority of influenza A(H7N9) cases. However, the 
exposure distributions used in our analysis may not 
fully capture the age-specific risk profile, if there are 
other sources of infection apart from retail and domes-
tic poultry. As of April 25, we are not aware of provinces 
in China with laboratory-confirmed A(H7N9) cases in 
poultry but not in humans. Finally, no published infor-
mation is available on population levels of immunity to 
influenza A(H7N9), although preliminary investigations 
suggest very low antibody levels against influenza 
A(H7N9) virus in all ages, and we assumed there was no 
heterogeneity in immunity by age. If older persons had 
some degree of immunity against influenza A(H7N9) 
through potential past exposures to avian influenza 
viruses, this would imply an even higher number of 
undetected infections in adults based on our method.

In conclusion, we estimated a lower bound for the 
number of influenza A(H7N9) infections based on the 
possible age distribution of exposures and varying 
seriousness of infection by age. More accurate esti-
mates of the risk of influenza A(H7N9) infection and the 
age-specific seriousness of infection could be provided 
by detailed seroepidemiological studies in affected 
areas [15].
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