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To study human-to-human transmissibility of the avian 
influenza A (H7N9) virus in China, household contact 
information was collected for 125 index cases during 
the spring wave (February to May 2013), and for 187 
index cases during the winter wave (October 2013 to 
March 2014). Using a statistical model, we found evi-
dence for human-to-human transmission, but such 
transmission is not sustainable. Under plausible 
assumptions about the natural history of disease and 
the relative transmission frequencies in settings other 
than household, we estimate the household second-
ary attack rate (SAR) among humans to be 1.4% (95% 
CI: 0.8 to 2.3), and the basic reproductive number R0 
to be 0.08 (95% CI: 0.05 to 0.13). The estimates range 
from 1.3% to 2.2% for SAR and from 0.07 to 0.12 for 
R0  with reasonable changes in the assumptions. There 
was no significant change in the human-to-human 
transmissibility of the virus between the two waves, 
although a minor increase was observed in the winter 
wave. No sex or age difference in the risk of infection 
from a human source was found. Human-to-human 
transmissibility of H7N9 continues to be limited, but 
it needs to be closely monitored for potential increase 
via genetic reassortment or mutation.

Introduction
Influenza A (H7N9) was first detected among humans in 
eastern China in February 2013 and, as of 7 December 
2014, had caused 453 laboratory-confirmed clinical 
human infections with 178 deaths in China, according to 
the Chinese Center for Disease Control and Prevention 
(Chinese CDC). The virus is a reassortant of avian H7, 
N9 and H9N2 strains [1] with evidence of the capacity 
to bind to mammalian cells [2,3] and limited airborne 
transmission in animal models [4,5]. Currently, the 
virus is not pathogenic in birds, but highly pathogenic 
and virulent in humans [6-9]. Normally, the influenza 
season in humans in the northern hemisphere runs 

from October to April with some variation in timing 
[10,11]. After a relative hiatus in the number of human 
H7N9 cases over the summer of 2013 in China (e.g. only 
two cases reported in July 2013), a second large wave 
of cases appeared, starting in October 2013 [12].

While the ongoing sporadic reporting of cases (per 
communication with the Chinese CDC) implies the 
H7N9 virus has not yet reached the stage of efficient 
human-to-human transmission, an animal model has 
shown another H7 virus was able to transmit among 
co-housed ferrets without much loss of virulence, with 
a few mutations obtained after 10 serial passages [13]. 
It is therefore highly relevant to assess the risks of 
human-to-human transmission using available data.

The household is a setting well suited to investigat-
ing human-to-human transmission of many infectious 
agents, including influenza viruses [14]. So far, no 
quantitative analysis of household transmission of 
H7N9 virus has been reported, though qualitative epi-
demiological descriptions of possible transmissions in 
a few families with more than one laboratory-confirmed 
case have been presented [15-18]. We use household 
information on laboratory-confirmed cases collected 
by the Chinese CDC to estimate the household second-
ary attack rate (SAR), i.e. the probability that a typi-
cal index case infects a given household member. In 
addition, the basic reproductive number, R0, defined as 
the number of people a typical infected person would 
infect in a completely susceptible population, is esti-
mated from the SAR in conjunction with assumptions 
about the contribution of schools and the general com-
munity relative to households in future epidemics. 
Other investigators estimated R0 to be 0.10 using the 
sequence of reported cases during the spring outbreak 
of 2013 [19]. We provide the first rigorous evaluation of 
R0 based on transmissibility in the household setting.
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Methods

Household study
Contact data were collected by the Chinese CDC on 
households with laboratory-confirmed symptomatic 
cases over the two distinct waves of the epidemic, 125 
households during the first wave in the spring of 2013, 
and another 187 households from the second wave in 
the winter and spring of 2013–14, offering a unique 
opportunity to examine the potential change in human-
to-human transmissibility of the virus. This investiga-
tion was part of the public health emergency response 
of Chinese CDC, and therefore no informed consent of 
the household members was required.
 
A household in this study was defined as a group of 
related family members living in the same building 
structure and in daily close contact with each other (our 
definition of close contact is given below). The case 
definitions for clinical and confirmed human infections 
with H7N9 were similar to the H5N1 case definitions 
suggested by the World Health Organization in 2006. 
Data of both laboratory-confirmed clinical cases and 
their close contacts, including household members, 
were obtained from a review of medical records and 
interviews with relatives, contacts and health-care pro-
viders. Close contacts of a confirmed case were moni-
tored for seven days for symptoms, and throat swabs 
were collected from contacts with respiratory symp-
toms for laboratory testing. Throat swabs were also 
collected from some close contacts without symptoms. 
Details of the case definition, laboratory methods and 
data collection were described previously [18].

Households of laboratory-confirmed clinical cases 
from all 10 provinces (Shanghai, Zhejiang, Jiangsu, 
Anhui, Jiangxi, Shandong, Beijing, Henan, Hunan 
and Fujian) affected by the first wave were included. 
Households from three provinces (Zhejiang, Hunan 
and Guangdong) affected by the second wave during 
October 2013 to March, 2014, were added. Age, sex 

and dates of symptom onset, hospitalisation, death 
and recovery (if known) were collected for all family 
members. In addition, the following types of contact 
with the index case were recorded for each family mem-
ber: (i) dining together; (ii) living in the same housing 
unit; (iii) sharing utensils, towels, toys, etc.; (iv) having 
contact with excreta (excrement and urine) of cases; (v) 
providing care; (vi) visiting; and (vii) other contacts. We 
define close contact as all contact types except for (vi) 
and (vii). Non-close contacts were excluded from our 
analysis.

Natural history of avian influenza A(H7N9) in 
human cases
There is limited information on the natural history of 
infection in humans caused by the H7N9 virus, as the 
exposure dates cannot be clearly identified for most 
cases. However, to estimate transmission probabili-
ties, distributional assumptions often have to be made 
about the natural history, in particular the distributions 
of the incubation period (i.e. time from infection to the 
onset of influenza symptoms), the latent period (i.e. 
time from infection to the onset of infectiousness) and 
the infectious period (i.e. time that an infected person 
is infectious to others). However, there are little data 
about these periods.

Incubation and latent periods
Cowling et al. estimated the mean incubation period 
of H7N9 to be 3.1 days [6]. Chen et al. reported a 3-, 
6- and 8-day lag between last exposure to live poultry 
and symptom onset in three patients, an average of 5.8 
days [20]. Huang et al. found even longer incubation 
periods, a median of six days (range: 2–10) among 10 
patients with a single self-reported exposure day and 
7.5 days among 12 patients with multiple self-reported 
exposure days [21]. In contrast, former results about 
historical seasonal influenza suggested average incu-
bation periods of those viruses of around two to three 
days [22].

Table 1
Assumptions about probability distributions for the incubation period and relative infectiousness since symptom onset  
(day 1) for the infectious period for avian influenza A(H7N9) in human cases

Duration
Probability distributions for the incubation period in days

 Mean
1 2 3 4 5 6 7 8 9 10 11 12

Short 0.1 0.2 0.3 0.25 0.1 0.05 – – – – – – 3.2

Medium – 0.05 0.1 0.2 0.3 0.2 0.1 0.05 – – – – 5
Long – 0.025 0.025 0.05 0.1 0.15 0.3 0.15 0.1 0.05 0.025 0.025 7

Duration
Relative infectiousness since symptom onset (day 1) for the infectious period in days

–
1–3 4 5 6 7 8 9 10 11 12 13 14

Short 1 0.8 0.6 0.3 0.1 – – – – – – – –
Medium 1 1 0.9 0.8 0.7 0.5 0.3 0.1 – – – – – 
Long 1 1 1 1 0.9 0.8 0.7 0.6 0.5 0.3 0.2 0.1 – 

These assumptions are used in all our subsequent analyses.
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We consider three possible distributions for our analy-
sis (upper panel of Table 1). For the primary analysis, 
we adopt a minimum (dmin) of two days and a maximum 
(dmax) of eight days, with a probability mass distribu-
tion of 
For influenza, the latent period and the incubation 
period are similar [23], and we assume the two periods 
overlap.

Infectious period
While the average time from symptom onset to recovery 
could be as long as 15 days (based on the surveillance 
data provided by the Chinese CDC), the actual duration 
of the infectious period is likely to be much shorter. 
For seasonal influenza, symptoms usually resolve in a 
week, and previous studies on seasonal and pandemic 
influenza A (H1N1) suggested a likely range of 7–10 
days after symptom onset for the viral load to become 
undetectable [24-26]. Information on pathological and 
immunological response regarding the avian H7N9 
is scarce. In a study of mice infected with H7N9 virus 
isolated from humans and ducks, viral titres were not 
detectable after day 8 post infection [27].

We explore three settings for the infectious period, 
each setting given by a fixed duration with decaying 
relative infectivity (lower panel of Table 1). We assume 
the infectious period starts from the day of symptom 
onset (day 1). The medium setting is adopted for the 
primary analysis, i.e. the duration of the infectious 
period is D = 10 days, and the relative infectivity levels 
are
 This setting gives a mean serial interval of approxi-
mately 9.4 days, slightly longer than the crude esti-
mate of 7.5 days (see Results).

Human-to-human transmissibility
A likelihood-based statistical transmission model is 
used to test the hypothesis of no human-to-human 
transmission and to estimate the SAR and R0 [22,28]. 
Suppose we observe an epidemic from day 1 to day 
T among a population of N individuals in H house-
holds. Person-to-person transmissibility of the virus is 
measured by the probability that an infectious person 
infects his or her susceptible household contact in one 
day, denoted by p. The transmission probability can be 
adjusted for covariates via a logistic regression model 
given by                                                  where      is 
the vector of covariates associated with an infectious 
person j and a susceptible person i on day t. We let β 
be the vector of coefficients, where eβ is interpreted 
as the odds ratios. To account for exposure to an envi-
ronmental reservoir such as poultry and to unknown 
casual contacts with human sources outside of the 
household, we assume that a susceptible person is 
infected by external sources during one day with prob-
ability b. Suppose that we have observed households 
ascertained by index cases. Let h(i) be the collection 
of members of the household of individual i, and let 

be the symptom onset day of individual i. Then, the 

probability that susceptible individual i escapes infec-
tion during day t is

Where   (k) is the relative infectiousness of day k of 
the infectious period. We define         to be the collec-
tion of observed symptom onset days of all members in 
the household of individual i. Let θ(k) be the probabil-
ity that the incubation period is k days. The likelihood 
contribution of individual i is

We embed the same likelihood structure in a resa-
mpling-based approach to test the null hypothesis  
H0: p = 0   [29].

The SAR over an infectious period of D days is

The SAR specific to a covariate value X is given by 
replacing p with logit−1 [logit(p) + X’ β]. To estimate R0, 
the fact that the probability of becoming an index case 
differs across age groups has to be considered, as it is 
known that older people have a higher chance of visit-
ing high-risk areas such as live poultry markets [6,30]. 
For a population partitioned into three age groups: 
0–19, 20–59 and ≥ 60 years, the basic reproductive 
number is given by

Where πj is the probability that an index case belongs 
to age group j, nj the average household size if the index 
case is from age group j, and ρS and ρC are the relative 
contact frequencies of an infectious person in school 
and the community compared with within household, 
respectively. The community refers to all places other 
than households and schools where transmission 
occurs. Lacking the data to determine the ρS and ρC 
specific to China, we use the information in a previous 
study of influenza A(H1N1)pdm09 in the United States 
[22], where the plausible ranges for the local reproduc-
tive numbers in households (RH) and schools (RS) were 
0.6–0.9 and 2.0–2.5, respectively, and the correspond-
ing range for ρS =RS/RH  was 2–4, which is used in our 
analysis. Another previous study of influenza pandem-
ics in the United States showed that the community 
at large generally accounts for somewhat fewer trans-
missions of influenza virus than within households 
[14]. The values 0, 0.5 and 1.0 were used for ρC in the 
A(H1N1)pdm09 study [22]. In our analysis for H7N9, we 
use 0.5, 1.0 and 1.5 for ρC to reflect the higher popula-
tion density in public places in China.

We estimate πj using a conditional Poisson model, in 
which temporal and spatial heterogeneity are con-
trolled for by aggregating the data by appropriate 
location and time, e.g. by prefecture and week. Let 
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Figure 1
Laboratory-confirmed avian influenza A(H7N9) cases in humans from (A) February–May 2013 (125 households, 130 cases) 
and (B) October 2013–March 2014 (187 households, 196 cases), household data, China 
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Yktj be the number of cases in age group j in prefec-
ture k with symptom onset during week t. We assume 

 with the intensity 
where Nkj is the population size in age group j of prefec-
ture k, and exp(γkt) is the rate of a single person in the 
reference age group of prefecture k becoming a case 
during week t. For the parameters to be identifiable, 
we set β3 = 0, i.e., setting the age group ≥ 60 years as 
the reference group. Conditioning on the total number 
of cases Ykt=∑jYktj , the vector (Ykt1, Ykt2, Ykt3) follows a 
multinomial distribution with size Ykt and probabilities 

The maximum likelihood estimates of  and 
denoted by   and are found by maximising the 
log-likelihood 

A reasonable estimate for πj is 

where and            Due to data availabil-
ity, we used surveillance data up to 27 January 2014 to 
estimate πj.

Table 2
Estimates of secondary attack rate and basic reproductive number based on household clusters of avian influenza A(H7N9) 
cases in humans, ignoring poultry-to-human transmission, China, February–May 2013 (113 households, 118 cases) and 
October 2013–March 2014 (181 households, 190 cases)

Incubation
period

Infectious
period Value

Relative contact frequency within hospital vs within household, α
1.0 0.5 0.1

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

Short

Short
SAR 1.3% (0.74 to 2.2) 1.4% (0.79 to 2.3) 1.4% (0.84 to 2.5)

R0 0.072 (0.042 to 0.12) 0.076 (0.044 to 0.13) 0.081 (0.047 to 0.14)
p value 0.16 – –

Medium
SAR 1.4% (0.82 to 2.3) 1.6% (0.95 to 2.7) 1.8% (1.1 to 3.0)
R0 0.078 (0.046 to 0.13) 0.089 (0.053 to 0.15) 0.10 (0.060 to 0.17)

p value 0.0005 – –

Long
SAR 1.4% (0.83 to 2.4) 1.8% (1.0 to 2.9) 2.2% (1.3 to 3.7)
R0 0.079 (0.047 to 0.13) 0.098 (0.058 to 0.17) 0.12 (0.073 to 0.21)

p value 0.0015 – –

Medium

Short
SAR 1.4% (0.82 to 2.3) 1.5% (0.87 to 2.5) 1.6% (0.92 to 2.6)
R0 0.077 (0.046 to 0.13) 0.082 (0.049 to 0.14) 0.087 (0.052 to 0.15)

p value 0.0175 – –

Medium
SAR 1.4% (0.82 to 2.3) 1.6% (0.95 to 2.7) 1.8% (1.1 to 3.0)
R0 0.078 (0.046 to 0.13) 0.090 (0.053 to 0.15) 0.10 (0.060 to 0.17)

p value 0.0035 – –

Long
SAR 1.4% (0.84 to 2.4) 1.8% (1.0 to 2.9) 2.2% (1.3 to 3.7)
R0 0.079 (0.047 to 0.13) 0.098 (0.058 to 0.17) 0.12 (0.073 to 0.21)

p value 0.020 – –

Long

Short
SAR 1.4% (0.82 to 2.3) 1.5% (0.87 to 2.5) 1.6% (0.92 to 2.6)
R0 0.077 (0.046 to 0.13) 0.083 (0.049 to 0.14) 0.087 (0.052 to 0.15)

p value 0.047 – –

Medium
SAR 1.4% (0.82 to 2.3) 1.6% (0.95 to 2.7) 1.8% (1.1 to 3.0)
R0 0.078 (0.046 to 0.13) 0.090 (0.053 to 0.15) 0.10 (0.061 to 0.17)

p value 0.10  – –

Long
SAR 1.4% (0.84 to 2.4) 1.8% (1.0 to 2.9) 2.2% (1.3 to 3.7)
R0 0.079 (0.047 to 0.13) 0.099 (0.058 to 0.17) 0.12 (0.073 to 0.21)

p value 0.44  – –

b: daily probability of infection by external sources; CI: confidence interval; R0: basic reproductive number; ρC: relative contact frequency in 
the community; ρS: relative contact frequency in schools; SAR: secondary attack rate. 

Results are based on the assumption of b = 0 (i.e. ignoring poultry-to-human transmission) and stratified by the duration of the incubation 
and infectious periods (duration settings are given in Table 1) and the relative contact frequency between a case and their household 
members within a hospital compared with within the household (α). Relative contact frequencies in schools and the community are set to 
ρS= 3 and ρC = 1. The test of p = 0 (no human-to-human transmission) is performed when α = 1. 
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Results
We collected household data for 130 laboratory-con-
firmed clinical cases in 125 households in 10 provinces 
for February to May 2013 and for 196 laboratory-con-
firmed clinical cases in 187 households in Hunan, 
Zhejiang and Guangdong provinces for October 2013 to 
March 2014. The epidemic curves of the cases in these 
households during the two waves are shown in Figure 1 
(panels A and B). Interestingly, multi-case households 
appeared from the very beginning of the 2013 wave. 
After excluding households without close contacts, 118 
cases in 113 households in the first wave and 190 cases 
in 181 households in the second were used in this anal-
ysis. There was an asymptomatic infection identified in 
one household in the first wave, but this person was 
considered a non-case in our analysis; i.e., we only 
focus on laboratory-confirmed infections with clinical 
symptoms, because (i) it is not clear whether asympto-
matic hosts can transmit the virus or not, and (ii) prob-
ably not all asymptomatic infections were detected.
 
Under the assumption that all non-index cases were 
infected by the index cases, an estimate of the mean 
serial interval is 7.5 days (95% confidence interval 
(CI): 4.9 to 9.0). There was no difference in the distri-
bution of the serial interval between the two waves 
(p value = 0.31 based on the two-sample Wilcoxon 
test). Using the transmission model, we first test the 
hypothesis of no human-to-human transmission, and 
we then estimate the SAR and R0 without adjusting for 
any covariate (Table 2). The estimation of R0 is based 
on the estimates of  

and  

obtained from the conditional Poisson model. In addi-
tion to taking into account the uncertainty in the nat-
ural history of disease, the results are also stratified 
by the relative contact frequency between a case and 
his or her household members within a hospital com-
pared with within the household, denoted by α. When α 
is assumed unknown, its estimate varies dramatically 
from well below one to well above one, depending on 
the assumption about the natural history of disease. 
This indicates a lack of information about α in the data. 
Consequently, we assume α is known and examine 
results at three levels of α: 1.0, 0.5 and 0.1, based on 
the rationale that a family member was more likely to 
be cautious in having contact with an infected person 
who was hospitalised. Hypothesis testing is performed 
only under α = 1. The statistical evidence for human-
to-human transmission is significant for most plausible 
distributions of the incubation and infectious periods 
except when both of them are short or both are long. 
The daily probability of infection by external sources, 
b, is estimable only under the setting of both the incu-
bation and infectious periods being short. In all other 
settings, the maximum likelihood estimate (MLE) of b 
is given by the boundary value 0. As a result, we set  

b = 0 for estimating SAR and R0 in the primary analysis. 
Given α = 1, regardless of the assumption of the natu-
ral history, the estimates for SAR and R0 are generally 
low and stable. Using median incubation and infectious 
periods as the primary setting, we estimate SAR as 
1.4% (95% CI: 0.8 to 2.3) and R0 as 0.08 (95% CI: 0.05 
to 0.13), respectively, i.e. the probability that an H7N9 
case infects another household contact is 0.014, and 
an H7N9 case infects an average of 0.08 other people. 
Lower values of α correspond to slightly higher esti-
mates for SAR and R0, and the estimates appear higher 
with longer infectious periods but are insensitive to the 
incubation period. With α = 0.1 and a long infectious 
period, the estimates reach 2.2% for SAR and 0.12 for 
R0. The interpretation of the estimates for SAR and R0 
under α < 1 is limited to the household setting, i.e. as if 
the infected person will not be hospitalised.

The above results assume the relative contact frequen-
cies in schools and the community are fixed at ρS = 3 
and ρC = 1. A sensitivity analysis for R0 with respect to 
ρS and ρC is shown in Figure 2, where three levels cho-
sen from previous work [22] are considered for each 
parameter. These estimates are not sensitive to ρS, 
but are sensitive to ρC, which is likely due to the fact 
that ρS  is only associated with children and children 
are the least exposed to the environmental reservoir as 
compared with other age groups. Under long incuba-
tion and infectious periods and α = 0.1, ρC = 1.5 could 
yield estimates as high as 0.15 for R0. On the other 
hand, under short incubation and infectious periods,  
α = 1, and ρC = 0.5, the estimate for R0 could be as low 
as 0.05. Overall, R0  is well below one, so that sustained 
person-to-person transmission will not take place.

With limited data about secondary transmission, we 
examine whether the household transmissibility of 
the virus changed between the two waves. In addi-
tion, possible heterogeneity in the risk of infection 
from a human source between the sexes and between 
age groups (adults (18 years or older) versus children 
(under 18 years)) are tested using the logistic regres-
sion in the chain binomial model. The results are sum-
marised in Table 3, suggesting that the estimated odds 
ratios of within-household secondary transmission are 
relatively robust to assumptions about the natural his-
tory of the disease and the relative contact frequency 
in the hospital versus in the household. None of these 
factors have a significant effect on secondary trans-
mission, possibly due to the lack of a sufficient number 
of secondary transmissions. However, males appeared 
to have a somewhat higher risk of infection from a 
human source compared with females, the odds ratio 
being 2.24 (95% CI: 0.69 to 7.26), though not statisti-
cally significant, under a medium length of incubation 
and infectious periods and α = 1. There was no signifi-
cant difference in the risk between adults and children, 
the odds ratio being 0.66 (95% CI: 0.20 to 2.19). The 
odds ratio between the second and the first waves was 
1.3 (95% CI: 0.4 to 4.27), suggesting the virus did not 



7www.eurosurveillance.org

gain much human-to-human transmissibility between 
the two waves.

Two of the families in the second wave may have had 
multiple index cases, since symptom onsets in the first 
and second cases were only two days apart, and both 
cases were believed to have had exposure to live poul-
try. A sensitivity analysis was performed assuming the 
first two cases in each of these two families were both 
index cases. This assumption of multiple index cases 
removes the short serial intervals, leading to a longer 

mean serial interval of 8.4 days (95% CI: 6.8 to 9.6). 
In the setting of medium-length incubation and infec-
tious periods and α=1, estimates for the SAR and R0 
are slightly lowered, to 1.2% (95% CI: 0.68 to 2.1) and 
0.067 (95% CI: 0.038 to 0.12), respectively. The differ-
ences in transmissibility between waves and in the risk 
of infection between adults and children further dimin-
ish with the odds ratios, to 1.0 (95% CI: 0.29 to 3.48) 
and 0.93 (95% CI: 0.25 to 3.51), respectively.

Figure 2
Stratified estimates of basic reproductive number based on household clusters of avian influenza A(H7N9) cases in humans, 
China, February–May 2013 (113 households, 118 cases) and October 2013–March 2014 (181 households, 190 cases) 
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infectious periods (duration settings are given in Table 1), the relative contact frequency between a case and their household members 
within a hospital compared with within the household (α), and the relative contact frequencies in schools and the community, ρS  and ρC. 
Bars represent 95% confidence intervals.
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Thus far, we have assumed b = 0 , i.e. all secondary 
cases were infected by the index cases. To assess how 
sensitive the estimates of SAR and R0 are to the value of 
b and to allow for the possibility of imported cases dur-
ing each household outbreak, another set of analyses 
were conducted with b = 9.67 × 10−5, the only non-zero 
MLE obtained when both the incubation and infec-
tious periods are short. As expected, the estimates 
of both the SAR and R0 are slightly lowered (Table 4). 
The ranges of the point estimates are 1.1–2.0% for the 
SAR and 0.06–0.11 for R0, compared with 1.3–2.2% and 
0.07–0.12, respectively, when b = 0. Large values for b 
would further reduce the estimates of SAR and R0 but 

may not be reasonable assumptions as b is generally 
much smaller than p and the estimates of p in our anal-
yses are at the 10−3 scale.

Discussion
We found statistical evidence of human-to-human 
transmission of the avian influenza A (H7N9) virus, but 
it is clear that such transmission is not sustainable. 
Our estimate of the household SAR is below 2%, and 
the estimate of R0 = 0.08 is way below the threshold 
1. In contrast, for seasonal human influenza, the esti-
mates for the household SAR mostly range from 10% 
to 30% [22], and the R0 estimates vary from 1.1 to 1.6 

Table 3
Estimates of odds ratios of within-household secondary transmission with regard to the wave indicator (second wave to first 
wave), sex (men to women) and age group (adults to children)a based on household clusters of avian influenza A(H7N9) 
cases in humans, China, February–May 2013 (113 households, 118 cases) and October 2013–March 2014 (181 households, 
190 cases) 

Incubation
period

Infectious
period Value

Relative contact frequency within hospital vs within household, α
1.0 0.5 0.1

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

Short

Short
Wave 1.56 (0.45 to 5.39) 1.57 (0.46 to 5.39) 1.57 (0.46 to 5.39)
Sex 2.65 (0.78 to 9.0) 2.63 (0.78 to 8.89) 2.60 (0.77 to 8.80)
Age 0.51 (0.15 to 1.74) 0.49 (0.15 to 1.69) 0.48 (0.14 to 1.65)

Medium
Wave 1.30 (0.40 to 4.27) 1.31 (0.40 to 4.27) 1.31 (0.40 to 4.26)
Sex 2.24 (0.69 to 7.24) 2.21 (0.69 to 7.12) 2.18 (0.68 to 7.0)
Age 0.66 (0.20 to 2.18) 0.64 (0.19 to 2.10) 0.62 (0.19 to 2.01)

Long
Wave 1.30 (0.40 to 4.26) 1.30 (0.40 to 4.25) 1.31 (0.40 to 4.23)
Sex 2.23 (0.69 to 7.20) 2.20 (0.68 to 7.07) 2.17 (0.68 to 6.92)
Age 0.66 (0.20 to 2.17) 0.64 (0.19 to 2.08) 0.61 (0.19 to 1.98)

Medium

Short
Wave 1.30 (0.40 to 4.29) 1.31 (0.40 to 4.31) 1.32 (0.40 to 4.32)
Sex 2.25 (0.69 to 7.29) 2.23 (0.69 to 7.21) 2.21 (0.68 to 7.15)
Age 0.66 (0.20 to 2.20) 0.64 (0.20 to 2.13) 0.63 (0.19 to 2.07)

Medium
Wave 1.30 (0.40 to 4.27) 1.31 (0.40 to 4.27) 1.31 (0.40 to 4.26)
Sex 2.24 (0.69 to 7.26) 2.22 (0.69 to 7.14) 2.19 (0.68 to 7.02)
Age 0.66 (0.20 to 2.19) 0.64 (0.19 to 2.10) 0.62 (0.19 to 2.01)

Long
Wave 1.30 (0.40 to 4.26) 1.30 (0.40 to 4.25) 1.30 (0.40 to 4.23)
Sex 2.23 (0.69 to 7.22) 2.21 (0.69 to 7.09) 2.17 (0.68 to 6.94)
Age 0.66 (0.20 to 2.17) 0.64 (0.19 to  2.08) 0.61 (0.19 to 1.98)

Long

Short
Wave 1.30 (0.40 to 4.29) 1.31 (0.40 to 4.30) 1.32 (0.40 to 4.31)
Sex 2.26 (0.70 to 7.32) 2.24 (0.69 to 7.24) 2.22 (0.69 to 7.18)
Age 0.66 (0.20 to 2.20) 0.65 (0.20 to 2.13) 0.63 (0.19 to 2.07)

Medium
Wave 1.30 (0.39 to 4.27) 1.30 (0.40 to 4.26) 1.31 (0.40 to 4.25)
Sex 2.25 (0.69 to 7.29) 2.22 (0.69 to 7.16) 2.19 (0.68 to 7.04)
Age 0.66 (0.20 to 2.19) 0.64 (0.19 to 2.10) 0.62 (0.19 to 2.01)

Long
Wave 1.30 (0.40 to 4.26) 1.30 (0.40 to 4.24) 1.30 (0.40 to 4.22)
Sex 2.24 (0.69 to 7.24) 2.21 (0.69 to 7.11) 2.18 (0.68 to 6.96)
Age 0.66 (0.20 to 2.17) 0.64 (0.19 to 2.09) 0.61 (0.19 to 1.98)

CI: confidence interval.

Results are based on the assumption that the daily probability of infection by external sources (b) = 0 (i.e. ignoring poultry-to-human 
transmission) and stratified by distributions of the incubation and infectious periods (duration settings are given in Table 1) and the relative 
contact frequency between a case and their household members within a hospital compared with within the household.

a Adults: 18 years or older; children: under 18 years.
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[31]. For past pandemic influenza strains, R0  estimates 
are somewhat higher, e.g. from 1.3 to 1.7 for A(H1N1)
pdm09, 1.5 to 1.8 for H2N2 and H3N2 in the late 1950s 
and 60s, and 1.8 to 2.4 for H1N1 in 1918 [22,32]. Our R0  
estimate for H7N9 is similar to a previous estimate of 
0.10 [19]. However, our estimate is based on compre-
hensive household data covering two epidemic waves 
and partially accounts for heterogeneity in clustering 
pattern across age groups, whereas the previous esti-
mate was made using only data from the first wave 
under the simplified but unrealistic assumption of ran-
dom mixing of the whole population. Our estimate is 
relatively robust to uncertainty in the natural history 
of the disease but is somewhat sensitive to the rela-
tive transmission intensity in the community at large. 
Obtained via a Bayesian approach, the previous esti-
mate had a credible interval of 0.01 to 0.49, much 
wider than our CIs, even with the uncertainty in ρC and 
ρS factored in, and was sensitive to the prior distribu-
tion of R0. In addition, we provide the first estimate for 
the household SAR, which could be useful in future 
simulation studies involving household transmission.

In the resampling-based testing of p = 0, we implicitly 
assume that b is constant over time. This assumption 

is unlikely to be true, as the exposure to zoonotic 
infection was substantially reduced when live poultry 
markets were closed in heavily affected areas from mid-
April to June in 2013 and from late January to February 
in 2014 to control the spread [33]. Due to the difficulty 
of the resampling-based test in handling covariates, 
we used an asymptotic test [34] to address this issue. 
The effect of market closure on b has to be assumed 
known to implement this test, and we explored three 
values for the odds ratio (1.0, 0.5 and 0.1) for market 
closure versus without closure. The value of 0.1, or 
90% reduction, is close to previous estimates [33]. The 
p values are all less than 0.001, consistent with the sta-
tistical significance of human-to-human transmission. 
However, the significance level should not be over-
interpreted, as the asymptotic test may not be suitable 
for sparse data [29].

We did not find statistical evidence for sex or age dif-
ferences in the risk of human-to-human transmission, 
which could be due to the lack of power to detect such 
differences. Higher risk of poultry-to-human transmis-
sion in males was previously noticed during the first 
wave [6] and was also reflected in the male-to-female 
ratio of index case numbers in our household data: 

Table 4
Estimates of secondary attack rate and basic reproductive number based on household clusters of avian H7N9 cases in 
humans, taking into account the probability of infection by external sources, China, February–May 2013 (113 households, 
118 cases) and October 2013–March 2014 (181 households, 190 cases)

Incubation
period

Infectious
period Value

Relative contact frequency within hospital vs within household, α
1.0 0.5 0.1

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

Short

Short
SAR 1.1% (0.58 to 2.0) 1.1% (0.61 to 2.1) 1.2% (0.60 to 2.2)

R0 0.061 (0.033 to 0.11) 0.064 (0.034 to 0.12) 0.065 (0.034 to 0.12)

Medium
SAR 1.3% (0.71 to 2.2) 1.4% (0.79 to 2.5) 1.5% (0.79 to 2.7)
R0 0.070 (0.040 to 0.12) 0.079 (0.044 to 0.14) 0.082 (0.044 to 0.15)

Long
SAR 1.3% (0.74 to 2.3) 1.6% (0.90 to 2.8) 1.9% (1.0 to 3.4)
R0 0.073 (0.041 to 0.13) 0.090 (0.051 to 0.16) 0.10 (0.056 to 0.19)

Medium

Short
SAR 1.2% (0.69 to 2.2) 1.3% (0.72 to 2.3) 1.3% (0.75 to 2.4)
R0 0.069 (0.038 to 0.12) 0.072 (0.040 to 0.13) 0.075 (0.042 to 0.14)

Medium
SAR 1.3% (0.73 to 2.2) 1.5% (0.83 to 2.6) 1.6% (0.90 to 2.9)
R0 0.072 (0.041 to 0.13) 0.082 (0.046 to 0.15) 0.090 (0.051 to 0.16)

Long
SAR 1.3% (0.72 to 2.3) 1.6% (0.90 to 2.8) 2.0% (1.1 to 3.5)
R0 0.072 (0.040 to 0.13) 0.090 (0.051 to 0.16) 0.11 (0.061 to 0.20)

Long

Short
SAR 1.3% (0.75 to 2.3) 1.4% (0.80 to 2.4) 1.5% (0.84 to 2.5)
R0 0.073 (0.042 to 0.13) 0.078 (0.045 to 0.14) 0.082 (0.047 to 0.14)

Medium
SAR 1.3% (0.73 to 2.3) 1.5% (0.85 to 2.6) 1.7% (0.97 to 3.0)
R0 0.072 (0.041 to 0.13) 0.084 (0.048 to 0.15) 0.095 (0.054 to 0.17)

Long
SAR 1.3% (0.72 to 2.3) 1.6% (0.92 to 2.8) 2.0% (1.2 to 3.5)
R0 0.072 (0.040 to 0.13) 0.091 (0.051 to 0.16) 0.11 (0.065 to 0.20)

CI: confidence interval; R0: basic reproductive number; SAR: secondary attack rate. 

Results are based on the assumption that the daily probability of infection by external sources (b) = 9.67 × 10−5  and are stratified by the 
duration of the incubation and infectious periods (duration settings are given in Table 1) and the relative contact frequency between a case 
and their household members within a hospital compared with within the household (α). Relative contact frequencies in schools and the 
community are set respectively to ρS = 3 and ρC  = 1. 
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88/37 during the first wave and 124/65 during the sec-
ond. One hypothesis for such a difference between the 
sexes is that in the Yangtze River Delta, in particular 
Shanghai, where the first wave originated from, old 
men more frequently visit live poultry markets than 
women. In our analysis, male household contacts 
appeared to have a somewhat higher risk of infection 
than female contacts. If this sex difference was true, it 
might imply that the majority of non-index cases were 
infected by zoonotic rather than human sources. On 
the other hand, if there were truly no age difference, 
it implies that most non-index household cases were 
infected by human sources, or otherwise more adult 
non-index cases would have been observed in house-
holds, because adults were believed to be more prone 
to infection by poultry due to increased exposure 
[6,30]. The lack of age difference in human-to-human 
transmission is also consistent with the fact that most 
people were naive to this novel virus [35]. More house-
hold data in future outbreaks should be collected to 
re-examine the sex and age effects on the human-to-
human transmissibility of the virus.

Our analysis could be improved if we had genetic 
sequences and/or exposure and contact tracing infor-
mation to help narrow the source of infection. Genetic 
linkage has been established in a couple of house-
holds included in our data [15-17]. However, similar viral 
genetic sequences do not necessarily imply human-
to-human transmission, as the same virus could have 
been contracted from the same animal source. On the 
other hand, a certain level of heterogeneity in genetic 
sequences would imply impossible direct transmission 
pairs. Exposure and contact tracing information was 
obtained for some but not all cases in our study, but 
such data lack details and are subject to recall bias. 
Moreover, simultaneous testing of both human cases 
and possible animal sources would be helpful, but it is 
often difficult to trace the animal source, e.g. poultry 
purchased as food, or to coordinate between admin-
istrative units in charge of human health and those 
responsible for animal surveillance.

The human-to-human transmissibility of H7N9 
remained not only limited but also temporally stable. 
We observed only a minor increase in the SAR estimates 
between the two successive waves, which is likely just 
a stochastic effect. However, some recent studies sug-
gested genetic changes in the RNA segments of NS, NP 
and PB of the viral samples in Guangdong Province of 
southern China during the second wave as compared 
with sequences in eastern and central China from the 
first wave [36]. In addition, these segments are similar 
to the influenza A(H9N2) viruses circulating in the same 
province, giving rise to concern about reassortment 
of H7N9 with viruses that could lead to more efficient 
human-to-human transmission. Therefore, the efforts 
on collecting and analysing household transmission 
data should be continued in addition to the routine 
surveillance and contact tracing. Should human H7N9 
transmissibility increase to the level of that of seasonal 

human influenza, it would be very important to deploy 
antivirals agents and vaccines in areas where human 
cases are occurring. Human H7N9-inactivated vaccines 
are being developed by government agencies and pri-
vate pharmaceutical companies [37]. These vaccines 
are currently in phase I and II safety and immunogenic-
ity trials. The use of antiviral agents and vaccines 
needs to be incorporated into a comprehensive pro-
gramme for the assessment of transmissibility and 
intervention effectiveness.
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