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Abstract

Live poultry markets (LPMs) are crucial places for human infection of influenza A (H7N9 virus). In Yangtze River 
Delta, LPMs were closed after the outbreak of human infection with avian influenza A (H7N9) virus, and then reopened 
when no case was found. Our purpose was to quantify the effect of LPMs’ operations in this region on the transmission 
of influenza A (H7N9) virus. We obtained information about dates of symptom onset and locations for all human 
influenza A (H7N9) cases reported from Shanghai, Jiangsu and Zhejiang provinces by May 31, 2014, and acquired 
dates of closures and reopening of LPMs from official media. A two-phase Bayesian model was fitted by Markov Chain 
Monte Carlo methods to process the spatial and temporal influence of human cases. A total of 235 cases of influenza 
A (H7N9) were confirmed in Shanghai, Jiangsu and Zhejiang by May 31, 2014. Using these data, our analysis showed 
that, after LPM closures, the influenza A (H7N9) outbreak disappeared within two weeks in Shanghai, one week in 
Jiangsu, and one week in Zhejiang, respectively. Local authorities reopened LPMs when there was no outbreak of 
influenza A (H7N9), which did not lead to reemergence of human influenza A (H7N9). LPM closures were effective in 
controlling the H7N9 outbreak. Reopening of LPM in summer did not increase the risk of human infection with H7N9. 
Our findings showed that LPMs should be closed immediately in areas where the H7N9 virus is confirmed in LPM. 
When there is no outbreak of H7N9 virus, LPMs can be reopened to satisfy the Chinese traditional culture of buying 
live poultry. In the long term, local authorities should take a cautious attitude in permanent LPM closure.
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Introduction

In March 2013, cases of human infection with a novel 
avian influenza A (H7N9) virus emerged in China[1-7]. 
Until May 31, 2014, two waves of human influenza 

A (H7N9) epidemic affected China, and caused 399 
cases. The confirmed infection cases were concentrated 
in eastern China, including the Yangtze River Delta 
region and Beijing. Most H7N9 virus-infected patients 
developed severe pneumonia and acute respiratory 
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distress syndrome[8] with an approximate mortality of 
30%[9-10]. Chinese health authorities reported that H7N9 
virus was found in domestic poultries, such as chick-
ens, pigeons, and ducks[11-12]. Since there is no evidence 
of human-to-human transmission so far[13-14], the main 
focus of intervention measure is to reduce transmission 
from poultry to humans[15-17].

Live poultry was known as a potential source of human 
infection of H7N9 virus as 75% of H7N9 virus-infected 
patients reported recent exposures to poultry[6]. The 
most likely locations for poultry-to- human transmis-
sion of H7N9 were considered as live poultry markets  
(LPMs)[4-6,18-20]. In China, LPMs are common places. A 
survey in Guangzhou in 2006 showed that 80% of house-
holds reported visit to LPMs at least once a year[21]. Even 
in 2013, 47% of respondents in Guangzhou reported 
visiting LPMs more than one time per year[22]. Studies in 
Hong Kong indicated that LPMs were high risk regions 
of human infection with H5N1 virus[23-24]. Recently, a 
research on 8,943 LPMs in China has shown a strong 
positive association between market-level H7N9 pres-
ence and local density of LPMs[25].

In April 2013, closures of LPMs in four cities were 
tried as an effective measure in curtailing the spread of 
H7N9 virus[20]. However, closures of LPMs were only 
temporary, and LPMs were reopened in June 2013. The 
influence of reopening LPMs on H7N9 virus transmis-
sion is still lack of analysis. Since H7N9 virus was ini-
tially detected in the Yangtze River Delta, we aimed to 
assess the effects of closing and reopening LPMs around 
this area. In this study, we proposed a two-phase Bayesian 
network, which may provide scientific evidence for 
authorities to employ more comprehensive measures to 
LPMs in those regions affected by H7N9 virus.

Materials and methods

Data source

Shanghai and two adjacent provinces, Jiangsu and 
Zhejiang, were selected as the region for the current study. 
As of 31 May 2014, a total of 235  laboratory-confirmed 
human cases of H7N9 had occurred in the region. For 
each case, we collected information about the dates 
of symptom onset and locations from H7N9 epidemic 
report released by the National Health and Family 
Planning Commission of the People's Republic of China 
(NHFPC). By the same way, we obtained the dates of 
closing and reopening of LPMs in the region.

Spatial and temporal analysis

To assess the effect of LPMs' operations on the epi-
demic of H7N9, we proposed a two-phase Bayesian 
model. We segmented the human cases of each province 

into time series. For convenience, we treated the first 
week in 2013 as the first week in our study. Let Xi,t 
denote the number of cases at the tth week in province 
i, and Zi,t denote the phase of epidemic in city or prov-
ince i, where Zi,t = 0,1 corresponds to the non-outbreak 
phase and outbreak phase, respectively. Index i = 1, 2, 3 
denotes Shanghai, Jiangsu, and Zhejiang, respectively.

To measure the effect of LPM closure and reopening 
in each specified city or province, we firstly assumed 
that the weekly numbers of human cases obey the con-
ditional Poisson distribution under the given phase Z 
for each specified city or province. Then, we introduced 
the spatial and temporal dependence on the phases of 
all provinces.

For Shanghai, we supposed that the observation X1,t 
obeys a Poisson distribution under the given phase Z1,t. 
Given Z1,t = 0, which denotes that there is no outbreak 
of influenza A (H7N9):

 X1,t ~ pois(λ1,t) (1)

where λ1,t denotes the mean number of H7N9 cases 
when there is no outbreak of H7N9, where the mean 
number refers to the mean number of H7N9 cases 
every week. Since Shanghai closed LPMs in the 14th 
and 53th week, and reopened in the 25th and 70th week, 
respectively, we segmented λ1,t into five different time 
periods as below:
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When Z1,t = 1, which means the presence of outbreak of 
H7N9, we assumed:

 X1,t ~ Pois(λ1,t + ρ1,t) (3)

where ρ1,t denotes the infection force of H7N9 
transmission. Similarly, we segmented ρ1,t like λ1,t:
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In the same way as (1)-(4), we constructed the 
conditional Poisson distribution of X2,t and X3,t for 
Jiangsu and Zhejiang, respectively.
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To investigate the patterns of H7N9 outbreak, we 
adopted the spatial and temporal dependence into the 
model, where the phase Z1,t for Shanghai at week t was 
not only dependent on its previous phase Z1,t-1, but also 
on its adjacent provinces. This pattern can be described 
by a generalized linear model[26]. For province i at week t, 
the probability of Zi,t is defined as follows:
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where Θ and Φ were parameter matrices that denoted 
the temporal and spatial influences. Since phase Z takes 
only two possible values, the Θ is a 2 × 2 matrix. Θm,n 
measures the possibility that phase Zi,t takes value n 
given the previous phase Zi,t-1 equals to m. The matrix 
Φ is also a 2 × 2 matrix, in which Φl,k denotes the 
possibility that phase Zi,t takes value k given that the 
phase of the adjacent location Zj,t equals to l. Each 
element in Θ and Φ obeys a zero-mean Gaussian prior 
distribution.

The sequence of state Z for a specific city reflects 
the local effect of LPM closure or reopening. This 
Bayesian model is similar to models previously used to 
detect the influenza from Twitter[26]. We compute all the 
parameters by Markov Chain Monte Carlo methods in 
R software (Version 3.2.0).

Results

As of 31 May 2014, there were 235 laboratory- 
confirmed human cases of H7N9 reported in the study 
areas, 41 cases in Shanghai, 55 cases in Jiangsu, and 
139 cases in Zhejiang, respectively (Fig. 1). The first 
epidemic wave occurred between19 February 2013 
and 5 April 2013 and led to 107 cases, and the second 
wave caused 128 cases between 7 October 2013 and 
22 May 2014. 

For prevention of the first epidemic wave in 2013, 
local authorities closed LPMs in Shanghai on April 6, 
in Jiangsu on April 16, and in Zhejiang on April 22, 
respectively. When this wave ended, LPMs reopened in 
Shanghai on June 20, Jiangsu on June 1, and Zhejiang 
on May 27, respectively. For the second epidemic 
wave in 2014, the three provinces have taken different 
strategies on LPMs based on their epidemic situations. 
Shanghai closed and reopened LPMs on January 3 and 
April 30 in 2014, respectively. Jiangsu did not close 
LPMs during the second epidemic wave. Zhejiang 
closed all LPMs on February 8 in 2014, which never 
reopened. The details of dates of closing and opening 
of LPMs are shown in Table 1.

The analysis of phase and estimated number of 
H7N9 cases

Based on the two-phase Bayesian model, we esti-
mated the phases for each province. The Kruskal-
Wallis test with chi-squared = 88.728, df = 1, P-value 
<2.2e-16 showed a significant difference between the 
outbreak-phase and the non-outbreak phase.

The number of cases and phases of H7N9 epidemic 
for Shanghai are shown in Fig. 2. Outbreak phases in 
Shanghai only occurred among the 13th and 15th week. 

Table 1 The dates of closing and reopening of live poultry markets (LPMs) in Shanghai, Jiangsu and Zhejiang provinces.
Location Date of first closure Date of first opening Date of second closure Date of second opening

Shanghai April 6, 2013 (the 14th week)* June 20, 2013 (the 25th week)* January 3, 2014 (the 53th week)* April 30, 2014 (the 70th week)*

Jiangsu April 16, 2013 (the 15th week)* June 1, 2013 (the 22th week)* -** -**

Zhejiang April 22, 2013 (the 16th week)* May 27, 2013 (the 21th week)* February 8, 2014 (the 58th week)* -**

*Data in parentheses are corresponding week of LPM closure (opening), where we treated the first week in 2013 as the 1st week of our model. 

**There is no closure or reopening of LPMs.

Fig. 1 Weekly distribution of human influenza A (H7N9) cases. The 
weekly number of H7N9 in Shanghai, Jiangsu, and Zhejiang are plotted, 
where we treat the first week in 2013 as the 1st week of our model.
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The date of first closure of LPMs in Shanghai was the 
14th week. For the first closure of LPMs, the number of 
cases decreased from 8.5 at the 14th week to 6.2 at the 
15th week. From the 16th week to 25th week, the number 
of H7N9 cases was estimated at 0.07. The estimated 
mean number of H7N9 cases before and after the first 

reopening of LPMs was 0.07 and 0.14, respectively. 
The estimated mean number of H7N9 cases before and 
after the second reopening of LPMs was 0.18 and 0.19, 
respectively. The box-plot analysis and details of the 
estimated mean number of H7N9 cases are shown in 
Fig. 3 and Table 2, respectively.

Fig. 2 Number of human influenza A (H7N9) cases and phases of 
epidemic in Shanghai. The blue line denotes the number of human 
cases, and the red circles and green circles denotes the outbreak phase 
and non-outbreak phase of Shanghai, respectively. In our model, 
Shanghai only occurred one wave of H7N9 epidemic from the 13th week 
to the 15th week.
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Fig. 3 The box-plot of mean number of human influenza A (H7N9) 
cases in Shanghai. The mean numbers of H7N9 cases before and after 
live poultry markets were open or closed in Shanghai were analyzed.
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Table 2 Estimated mean number of human influenza A (H7N9) cases in different time period segmented by the closures 
and reopening LPMs of Shanghai, Jiangsu and Zhejiang.

Location Exposure time
Estimation of mean number of H7N9  

cases under the non-outbreak phase (95% CI)
Estimation of mean number of H7N9  

cases under the outbreak phase (95% CI)

Shanghai Before the first closure of LPMs 0.8448 (0.8277-0.8618) 8.5227 (8.414-8.6313)

After the first closure of LPMs 0.0655 (0.0576-0.0735) 6.2444 (6.115-6.3739)

After the first reopening of LPMs 0.1307 (0.1263-0.1351) No outbreak phases were found after the  
first reopening

After the second closure of LPMs 0.1804 (0.1745-0.1864) No outbreak phase were found after the 
second closure

After the second reopening of 
LPMs

0.1892 (0.1748-0.2035) No outbreak phase were found after the 
second reopening

Jiangsu Before the first closure of LPMs 0.2410 (0.2295-0.2525) 6.4883 (6.3945-6.5821)

After the first closure of LPMs 0.5684 (0.5502-0.5866) No outbreak phases were found after the first 
closure

After the first reopening of LPMs 0.5406 (0.5343-0.5469) No outbreak phases were found after the first 
reopening

Zhejiang Before the first closure of LPMs 0.5854 (0.5722-0.5986) 9.8736 (9.8189-9.9283)

After the first closure of LPMs 0.1433 (0.1324-0.1543) No outbreak phases were found after the  
first closure

After the first reopening of LPMs 0.4276 (0.4185-0.4367) 10.1064 (10.0852-10.1367) 

After the second closure of LPMs 0.2505 (0.2427-0.2582) No outbreak phases were found after the second 
closure

CI: confidence interval.
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The numbers of cases and phases of H7N9 epidemic 
for Jiangsu are shown in Fig. 4, where the outbreak 
phases only occurred between the 12th and 15th week. 
The da e of he firs closure of LPMs in Jiangsu was the 
15th week. The number of H7N9 cases before and after 
the first closure was 6.5 and 0.57, respectively. The 
estimated mean number of H7N9 cases before and after 
the first reopening was 0.57 and 0.54, respectively. The 
box-plot analysis and details of the estimated mean 
number of H7N9 cases are shown in Fig. 5 and Table 2, 
respectively.

The number of cases and phases of H7N9 cases for 
Zhejiang are shown in Fig. 6. The outbreak phases in 
Zhejiang occurred among the 14th-16th week, and the 
53th-58th week. The dates of the first and second closure 
of LPMs were the 16th and 58th week, respectively. For 
the first closure, the estimated mean number of H7N9 
cases decreased from 9.9 to 0.14. The estimated mean 
number of H7N9 cases before and after the second 
closure was 10.1 and 0.25, respectively. The estimated 
mean number of H7N9 cases before and after the first 
reopening was 0.14 and 0.43, respectively. The box-
plot analysis and details of the estimated mean num-
ber of H7N9 cases are shown in Fig. 7 and Table 2, 
respectively.

Relationships between temperature and 
H7N9 cases

The relationships between the number of H7N9 
cases and temperature are shown in Fig. 8, which plots 
the daily lowest and highest temperatures as well as the 

number of cases in Shanghai, Jiangsu, and Zhejiang 
between February 2013 and May 2014. The highest 
temperature ranged from 3°C to 29°C, and the lowest 
temperature ranged from -4°C to 15°C.

Spatial and temporal dependence

Our model analyzed the spatial and temporal 
dependence for the cases of H7N9 in Shanghai, 
Jiangsu, and Zhejiang provinces. We estimated the 
temporal dependence of phase Z. When there was no 
outbreak of H7N9 at the (t-1)th week, the probability 
of no outbreak of H7N9 at the tth week was 0.97 (95% 
CI: 0.9671-0.9686). When there happened an out-
break of H7N9 at the (t-1)th week, the probability of 
the outbreak of H7N9 at the tth week was 0.72 (95% 
CI: 0.7143-0.7279). The spatial dependence of phase Z 
was also considered. The province had a high probabil-
ity of 0.96 (95% CI: 0.9607-0.9617) of the no-outbreak 
phase when there was no outbreak of H7N9 at adjacent 
provinces. The probability of outbreak phase was 0.21 
(95% CI: 0.2049-0.2099) when adjacent provinces had 
outbreak of H7N9.

Discussion

Our model systematically evaluated the effects of 
intervention measures to the LPMs on the epidemic 
of H7N9 in the study areas. According to our find-
ings, Shanghai and Jiangsu had one wave of H7N9 
epidemic, while Zhejiang had two waves of epi-
demic. The H7N9 epidemic in Shanghai started at 
the 13th week, and LPMs were shut down on the next 
week. Then, the H7N9 epidemic faded after the 15th 
week. Our model showed that the closure of LPMs 

Fig. 4 Number of human influenza A (H7N9) cases and phases of 
epidemic in Jiangsu. The blue line denotes the number of human 
cases, and the red circles and green circles denotes the outbreak phase 
and no-outbreak phase of Jiangsu, respectively. In our model, Jiangsu 
only occurred one wave of H7N9 epidemic from the 12th week to the 
15th week.
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reduced the mean number of H7N9 cases from 8.5277 
at the 13th-14th week to 0.07 at the 16th-25th week. 
Furthermore, the effectiveness of closures of LPMs in 
Jiangsu and Zhejiang can also be found by our model 
in a similar way. This result supported the idea that 
LPMs have a major role in poultry-to-human trans-
mission of H7N9 virus[20,27]. From the public health 
standpoint, once signs of outbreak of human infection 
with H7N9 virus are detected by routine monitor-
ing, especially in winter and spring, local authorities 
should decisively close LPMs as soon as possible to 
block the epidemic.

Conversely, we found that reopening LPMs in the 
non-outbreak phase did not increase the risk of human 
infections with H7N9 virus. As mentioned before, 
Shanghai reopened the LPMs twice, while Jiangsu and 
Zhejiang reopened LPMs once. The date of the first 
reopening of LPMs in Shanghai was June 20, 2013. 
In our model, Shanghai remained in the non-outbreak 
phases of H7N9 epidemic after reopening. The mean 
number of H7N9 cases before and after the reopening 
was estimated at 0.07 and 0.14, respectively. Similarly, 
the second reopening of LPMs in Shanghai, and reo-
pening of LPMs in Jiangsu and Zhejiang did not lead 
to outbreak of H7N9 epidemic. Climate conditions in 
the hot summer may not be suitable for H7N9 virus 
to survive. Many experimental studies on H5N1 have 
revealed that temperature can affect the survival time of 
the H5N1 virus[28-29]. It is also reported that H7N9 virus 

is inactivated in high temperature[30]. Analysis of H7N9 
cases and their corresponding temperature showed that 
there were no cases when the lowest daily temperature 
were less than 15°C or the highest daily temperature 
exceeded over 29°C. In this case, closing LPMs would 
not be a wise decision to the local authorities, taking 
into account the heavy cost.

The spatial and temporal dependence of the outbreak 
of H7N9 epidemic was discussed in our model. Analysis 
of temporal dependence showed that, in the same prov-
ince, the phases of the adjacent weeks showed strong 
correlations. That is, if the outbreak phase of H7N9 epi-
demic was found at the present, the probability of occur-
ring of H7N9 at the next week was as high as 0.97. This 
result suggested that, when the H7N9 epidemic was in 
the outbreak phase, LPMs should be rapidly closed to 
protect against poultry-to-human transmission. Spatial 
analysis revealed that, in the same week, the phases of 
the adjacent provinces showed mild correlations. This 
result was from the analysis of all cases between 2013 
and 2014. In 2013, the first wave of H7N9 occurred 
almost on the same week in Shanghai, Jiangsu and 
Zhejiang. This phenomenon in 2013 reflected a strong 
spatial correlation on the epidemic outbreak among 
adjacent provinces. But after effective precautionary 
measures were taken in 2014, only Zhejiang detected 
the outbreak of H7N9 cases in the 53rd-58th week. No 
outbreak of H7N9 occurred in Shanghai and Jiangsu. 
This phenomenon in 2014 showed that the spatial corre-
lation in epidemic outbreak among adjacent provinces 
was weak. Combining all outbreak phases in 2013 and 
2014, the spatial analysis of our model showed a mild 
spatial correlation.

Fig. 6 Number of human influenza A (H7N9) cases and phases of 
epidemic in Zhejiang. The blue line denotes the number of human 
cases, and the red circles and green circles denotes the outbreak phase 
and no-outbreak phase of Zhejiang, respectively. In our model, Zhejiang 
had two waves of H7N9 epidemic. The first wave happened from the 
14th week to 16th week, and the second wave from the 53th week to the 
58th week.
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Currently, the considerations of permanent LPM 
closure and central slaughtering for the poultry supply 
chain are fiercely discussed. Although the evidence has 
shown that LPM closures can dramatically cut down 
H7N9 cases, the policymakers should also consider the 
social and economic impacts of LPM closures. At the 
end of June 2013, the first wave of epidemic caused 
60 billion RMB loss in China's poultry industry, and 
more than 50 million enterprises and farmers suffered 
losses[10]. Based on our findings, we propose that local 
authorities should be more reasonable in using the 
strategy of closing LPMs.

Limitations of our study have to be addressed here. 
Firstly, we made a simple assumption that LPMs of 
each province were closed on the same week. In fact, 
even in the same province, the dates of LPM closures 
in different cities may have one week's bias. In Jiangsu, 
the provincial government started Level 4 Emergency 
Response to avian influenza on April 3, 2013[31]. Based 
on this response, LPMs were shut down on April 8 
(the 14th week) in Nanjing and Suzhou, on April 9 (the 
14th week) in Zhenjiang, on April 16 (the 15th week) in 
Yancheng and Xuzhou. Our model assumed 15th week 
as the date of LPM closures for Jiangsu. This assump-
tion may have certain impact on effective analysis 
of LPM closures. To deal with this situation, a more 
complex model needs to be considered. Secondly, we 
targeted our surveys to three provinces in the Yangtze 
River delta region, where most H7N9 cases occurred. 
We were unable to examine the effect of LPM closure 
and reopening in other Chinese provinces which had 
small numbers of H7N9 cases.

Despite these limitations, it is noteworthy that we have 
analyzed the effectiveness of closing and reopening of 

LPMs by using the H7N9 epidemic phases which were 
built through a two-phase Bayesian model. The result 
can provide a basis for local authorities for taking proper 
control strategies on LPMs.
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