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Extensive research in Vietnam and elsewhere has shown that live bird markets (LBMs) 
play a significant role in the ecology and zoonotic transmission of avian influenzas (AIs) 
including H5N1 and H7N9. Vietnam has a large number of LBMs reflecting the consumer 
preferences for live poultry. Under pressure to mitigate risks for H7N9 and other zoonotic 
AIs, Vietnam is considering, among other mitigation measures, temporary closures of 
LBMs as a policy to reduce risk of AI outbreaks. However, the efficacy of market closure 
is debated, particularly because little is known about how poultry traders may react, 
and whether trading may emerge outside formal marketplaces. Combining efforts of 
anthropologists, economists, sociologists, and veterinarians can be useful to elucidate 
the drivers behind poultry traders’ reactions and better understanding the barriers to 
implementing risk mitigation measures. In this paper, we present results from a stake-
holder survey of LBM stakeholders in Vietnam. Our qualitative data show that trading 
outside formal markets is very likely to occur in the event of a temporary LBM market clo-
sure. Our data show that the poultry value chain in Vietnam remains highly flexible, with 
traders willing and able to trade poultry in many possible locations. Our results indicate 
that simplification of the poultry value chain along with strict enforcement, engagement 
of stakeholders, and adequate communication would be a necessary prerequisite before 
market closure could be an effective policy.

Keywords: avian influenza, live bird market, market closure, trader opinion, poultry value chain, risk mitigation

iNtrOductiON aNd purpOSE

A number of studies point to the significance of live bird markets (LBMs) in the maintenance, 
transmission, and spread of avian influenza (AI) viruses in poultry populations, and highlight the 
role of LBMs in transmission of zoonotic influenza viruses to human populations (1–7). Studies 
in Vietnam have shown that LBMs are at high risk for presence of AI viruses (8), and market 
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practices were significantly associated with AI virus contamina-
tion (9–11). In China, epidemiological studies have indicated 
that exposure to live poultry or contaminated environments, 
especially markets where live birds are sold, were significant risk 
factors for influenza A (H7N9) infection in human (6, 12). In a 
number of Chinese cities, government authorities have closed 
live poultry markets as part of the effort to control the epidemic.1

Emerging subtypes or clades of highly pathogenic avian 
influenza (HPAI) viruses could be detected in Vietnam months or 
years after similar viruses were detected in China, e.g., H5N1 clade 
1 and clade 2.3.2.1a and H5N6. Cross-border trade in poultry is 
suspected to be an important mechanism for the introduction of 
new zoonotic and HPAI viruses into Vietnam (14). The govern-
ment of Vietnam is considering closure of LBMs as a possible 
emergency intervention if H7N9 or other zoonotic influenza 
viruses are detected in the market or in a person who has visited 
the market. Besides reducing direct contact between poultry and 
people, temporary market closure would enable cleaning and 
disinfection aimed at reducing virus accumulation, amplification, 
and spread among poultry population and transmit to humans. 
Market closure would include culling and disposal of all poultry 
on the day of closure, and the prohibition of holding or selling 
poultry in the market for 7 days while cleaning and disinfection 
would be conducted [Vietnam Ministry of Agriculture and Rural 
Development Action Plan (2014) on Emergency Response to 
Dangerous Avian Influenza Virus Strains with Potential Infection 
on Humans].

Although scientific consensus exists about the role of LBMs 
in the ecology of AI, significant debate remains about whether 
closure of LBMs will effectively transform this viral ecology and 
reduce risk of AI transmission. Both qualitative and quantita-
tive studies of China’s 2013 LBM closures suggested that they 
were effective in reducing the number of human infections 
with H7N9 (15–16). Studies in Hong Kong, in particular, have 
shown that emergency closure can transform the ecology of 
AI and reduce risk of transmission (17, 18). However, Fournié 
and Pfeiffer (19) question whether market closure can be an 
effective long-term strategy or can be utilized in resource-poor 
settings. In particular, they suggest that closure may not be as 
effective in a future epidemic if informal marketing channels 
develop. Parallel informal trade routes could spread the virus 
to new locations, transform the structure of viral transmission 
networks, and worst of all, render existing targeted surveillance 
and risk management activities less effective (13). Fournié and 
Pfeiffer (19) highlight the importance of assessing the feasibility 
of closing markets and the likelihood of unintended adverse 
results, before implementing such a measure.

Although previous studies analyzed the natural ecology of 
poultry and AI viruses in LBMs, they left unanswered this fun-
damental question about the feasibility of market interventions: 

1 The strategy of live bird market closure is based in part on the earlier experiences 
of Hong Kong. The 1997 outbreak of H5N1 in Hong Kong continues to provide a 
standing example of the potential for reduction or even eradication of avian influ-
enza viruses through closure of markets coupled with poultry culls. However, as 
the Hong Kong case also demonstrates, the ability to eradicate AI from one city or 
region does not ensure protection against the later reintroduction of the virus (13).

how will poultry traders and LBM market managers respond 
to market interventions, including temporary market closure? 
This study aims to answer this question through a qualitative, 
participatory survey of the perceptions and opinions of LBM 
stakeholders toward disease risk in LBMs and toward tem-
porary market closure as part of government risk mitigation 
interventions.

Previous surveys in LBMs focused on hygiene practices and 
risk behaviors (20), quantifying trader scale, and analyzing 
market chains (9, 11, 21), but provided minimal information 
about the perceptions and motivations of traders or market 
managers. To date, a few studies have analyzed social and cul-
tural factors impacting the ecology of AI, focusing on farmers 
(22, 23) or consumers (24). This study fills this remaining gap in 
the understanding of social and cultural factors that are relevant 
for the ecological dynamics of AI through an in-depth survey 
of the perceptions and opinions of poultry traders and market 
managers in LBMs, with a particular focus on their perceptions 
toward temporary market closures. The aim of this study is 
to provide policy makers with field evidence for developing 
adequate risk mitigation policies in response to new introduc-
tions or detection of zoonotic AI viruses.

mEtHOdOlOGy

prospective participatory Stakeholder 
research
The study employed a participatory stakeholder approach that 
investigates perceptions and opinions of stakeholders about 
problems and policies (25). Participatory research can be defined 
as “systematic inquiry, with the collaboration of those affected 
by the issue being studied, for the purposes of education and 
taking action or effecting change” (26). Previous research has 
shown that early stakeholder involvement in the response to 
an environment or health problem is more effective in terms of 
reducing negative impact and adverse reactions than post  hoc 
surveys of stakeholder reactions to a policy intervention (25, 27). 
In this study, we adopted a prospective approach by surveying the 
opinions and perceptions of stakeholders in advance of policy 
implementation.

The study was designed by an interdisciplinary team of trained 
anthropologists and sociologists, including both Vietnamese 
and international researchers, and in consultation with experts 
in animal health and AI. Guiding questions were prepared and 
pretested in one of the LBMs in Ha Noi, which are similar in 
structure and trading operations with LBMs in survey areas. 
The piloting markets were excluded from the survey. The inter-
views conducted by a team of three researchers with in-depth 
experience in participatory survey methods. The interviewers 
exchanged information at the end of each interview day in the 
field to ensure consistency of the field interviews. Questions were 
addressing aspects related to market closures such as reaction of 
stakeholders, impact of market closure on the livelihoods, other 
trading options for poultry in case of market closure, reaction 
on compulsory culling of poultry, and willingness of stakehold-
ers to collaborate and under which conditions traders would 
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taBlE 1 | Number of traders in survey markets.

market name location Number of traders

Ha Vi Ha Noi city 190
Bac Thang Long Ha Noi city 60
Re market Hai Phong city 13
Dam Chieu Hai Phong city 10
Tuc Duyen Thai Nguyen province 45
Ba Hang Thai Nguyen province 55
Gieng Vuong Lang Son province 67
That Khe Lang Son province 59
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comply with government policy on market closure. Interviews 
were conducted from February to March 2014. In total, 91 face-
to-face interviews were conducted with poultry wholesalers, 
middlemen, transporters, and retailers. The interviewees were 
selected randomly in the survey markets. Notes were taken by 
the interviewers, and data were subsequently analyzed by coding 
of interviews. Interviews were also conducted with market man-
agement boards in six of eight LBMs. Two markets did not have 
market management boards, as they were open street markets.

During interviews, stakeholders were presented with the 
possibility that markets would be closed by the government for 
a temporary period of time, either 7 or 21  days, based on the 
Vietnam action plan on emergency response to dangerous AI 
virus strains with potential infection on humans. Under this plan, 
the decision between 7 and 21 days closure should be based on 
the magnitude of the disease situation. While a closure of 7 days 
would apply as emergency control response in markets in a small 
geographic area, a 21-day closure would come into force in case 
of geographic spread of the disease and would include markets in 
a wider geographic area. These stakeholder groups were defined 
as follows: (1) a market manager appointed by local government 
to manage the market; (2) a wholesaler trades a high volume of 
poultry, primarily purchasing from farms and selling to other 
traders; (3) a middleman trades a small to medium volume of 
poultry, purchased from wholesalers and sold to other traders; 
(4) a retailer trades a small volume of poultry and sells directly to 
the end user (consumer); and (5) a consumer is a purchaser and 
end user of poultry.

research Setting: the lBms
Interviews were conducted in eight LBMs in four provinces: Ha Vi 
and Bac Thang Long markets (Ha Noi), Re Market (Hai Phong), 
Dam Chieu (Hai Phong), Tuc Duyen (Thai Nguyen), Ba Hang 
(Thai Nguyen), Gieng Vuong (Lang Son), and That Khe (Lang 
Son). The markets were selected to represent diversity in scale, 
management, trading operations, and mode of construction, 
which would need to be considered by government interventions 
in case of HPAI outbreaks.

The term “traders” (Table 1) includes live poultry wholesalers, 
middlemen, and retailers. The number of live poultry traders 
in each market range from 10 to 190, with a mean of 62 and 
a median of 57. The largest market is Ha Vi market, with 190 
wholesalers and middlemen trading over 30,000 birds per day.

All the surveyed markets operate 7 days per week. Three out 
of the eight markets are sheltered or roofed and enclosed. Traders 
with permanent stalls in the market pay a monthly hygiene fee 
of about 50,000 VND2 to the market management board, which 
hires cleaners to clean the market at the end of each day. In 
addition, investments have been made in two of these markets 
to improve the hygienic situation. For example, Ha Vi market 
was built during 2007–2011 with funds from the World Bank 
through the Vietnam Animal and Human Influenza Control and 
Preparedness (VAHIP) project. The VAHIP invested in a waste 
water treatment and drainage system. However, in all three of 

2 Equivalent to 2.2 USD.

these markets, drainage systems remained clogged by solid wastes 
and therefore ineffective.

Four of the eight markets located on open streets. In these 
street markets, traders pay a daily market fee of about 3,000–5,000 
VND3 per trader. Some of these street markets are nearby to 
official, enclosed marketplaces that do not sell live poultry. One 
market is neither indoors nor on a public street, but on an area of 
barren land. When it rains, the ground turns to mud.

rESultS

In response to the possible 7-day market closure, all stakeholders 
pointed to the likelihood that parallel trading outside the market 
would emerge. At the same time, responses to parallel trading 
diverged according to the scale of the traders’ operations. The 
opinion of stakeholders on market closure for 7  days is sum-
marized in Table 2.

However, in response to the possible 21-day market closure, 
the divergence of opinions shifted. In this case, middlemen and 
retailers joined wholesalers in declaring that they would halt trad-
ing of live poultry altogether. They stated that with such a long, 
and probably widespread closure of markets, the market demand 
for poultry would likely decline sharply. Many traders suggested 
they would temporarily shift to other jobs, such as agricultural 
work, or trading other products (vegetables, rice, pork, kittens, 
puppies, etc.). In addition, they would request for exemption or 
reduction of taxes and other charges (market fee and charges). 
Market managers remained consistent in declaring they would 
comply with regulations, and also noted that they would request 
remissions of taxes or revenue charges.

Although wholesalers had declared they would halt poultry 
operations during both 7- and 21-day market closures, further 
inquiry revealed that they disagreed with compulsory culling of 
poultry associated with market closures in case of market closures 
as specified in the Vietnam action plan. Wholesalers argued that 
their birds have been carefully selected and have farm origin 
and vaccination certificates issued by animal health authorities. 
Therefore, they believed the birds could not be responsible for any 
AI outbreaks, and therefore should not be culled. If the authori-
ties forcibly cull poultry, wholesalers argue that they should be 
compensated according to the purchase (farm) price or at 50–70% 
of the birds’ market value. In addition, they called for assistance, 
such as preferential loans, following the end of the outbreak and 

3 Equivalent to 0.12–0.22 USD.
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taBlE 2 | Opinion of stakeholders on market closure for a duration of 7 days.

Stakeholder Opinion reaction concern

Retailer Would follow government regulation and 
would not trade poultry in the market

→ Would continue to sell poultry at home, 
nearby streets or make door-to-door 
deliveries

Worry that regulations do not apply equally to all retailers 
leading to business disadvantages

Middlemen Would follow government regulation → Would collect poultry from other 
markets or directly from farms and sell 
to other markets or other places such as 
street intersections

Worry about losing trading networks

Wholesaler Would follow regulation → Would stop poultry trading Worry about losing trading networks

Market manager Insist they would follow the regulation Worry about retailers continuing to trade live poultry outside 
markets and in public streets
Stress that it would be necessary to have close coordination 
between various levels of the government to ensure strict 
enforcement and monitoring
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the resumption of normal market activities. Middlemen and 
retailers also disagreed with the culling policy, in particular the 
culling of “healthy looking” birds. Both groups of stakeholders 
called on the government to compensate for any culled birds at 
market or farm price. Retailers also suggested that they might try 
to bring birds home to avoid being culled. The market managers 
worried that traders would protest against any culling of poultry. 
They suggested that any decision to cull poultry should combine 
strict enforcement with good communication and explanation. 
They noted that the government does have a mechanism for assis-
tance and compensation in the case of poultry culls and suggested 
it should be used to enhance compliance of traders.

If a zoonotic influenza virus is detected in a market, the 
veterinary authorities will also need to go beyond local market 
interventions and rapidly identify the source of the infection to 
focus control measures at the origin. When reporting about the 
willingness and ability to locate the farms of origin, responses 
varied according to the scale and structure of trader operations. 
Wholesalers claimed that tracing their poultry back to the farm 
of origin would be easy since their poultry typically have origin 
and vaccination certificates issued by animal health authorities. 
Wholesalers would be able and willing to provide the addresses 
of the farms of origin.

Middlemen claimed they purchased birds both directly from 
farms and from other markets or street vendors. Birds purchased 
directly from farms would be easy to trace, but it would be diffi-
cult or impossible to trace birds purchased at markets or on roads. 
Finally, retailers suggested that it would be difficult or impossible 
to trace the origin farm of their birds, because they purchase birds 
from different sources.

diScuSSiON: ValuE cHaiN FlEXiBility 
aNd tHE EcOlOGy OF ai

Research in Vietnam indicates that markets connected through 
trade networks can contribute to large-scale epidemics, while 
providing opportunities for effective control as well. Targeting 
network hubs for surveillance, hygiene and biosecurity interven-
tions at LBMs could reduce the transmission of virus through 
the network (11, 28) for China (4). The results of our study reveal 
that despite their position as hubs in trade networks, temporary 

“emergency” market closures of 7 days in case of new detection of 
AI viruses are unlikely to reduce the spread of AI viruses. Poultry 
traders, in particular middlemen and retailers, maintain a highly 
flexible practice of market transactions along the poultry value 
chain. The physical location of the LBM is only one among many 
possible transaction sites. Our results showed that temporary 
market closure for 7  days is likely to lead to establishment of 
parallel, informal, and uncontrolled live poultry trade, which 
could lead to virus introduction into non-affected areas (29). 
Our study concludes that given the structure of Vietnam’s poultry 
value chain, which remains highly flexible with numerous mid-
dlemen between producer and consumer, closure of LBMs, unless 
implemented on a longer term and in a larger geographical area 
or nationwide, will be an ineffective strategy for reducing the risk 
of AI. However, decisions on longer term closures, would need to 
take into consideration the economic effects on the poultry sector 
(30). The importance of timely and appropriate compensation 
following simple procedures for culled birds appeared consist-
ently among the responses of all the stakeholders. While current 
Vietnam government regulations do foresee financial compensa-
tion for compulsory culling of poultry at farms, there is at present 
no provision for compensation for poultry culled at markets. If 
stakeholders do not perceive culling as a justified measure, they 
will be more prone to disobey regulations and trade their poultry 
through unofficial channels. Proper communication of compen-
sation schemes has shown to be crucial to improve compliance 
and avoid unintended effects (31, 32).

The results of our study demonstrated that poultry value 
chains in northern Vietnam contain a high degree of flexibility. 
In an agricultural value chain, “actors are connected along a 
chain producing, transforming, and bringing goods and services 
to end-consumers through a sequenced set of activities” (33). 
Value chain analysis has tended to provide formalistic accounts 
of market relationships, focusing on the vertical links that bring a 
product “from farm to fork.” We propose the concept of the “flex-
ibility” of the value chain to describe the capacity of a value chain 
to shift spatially, or to forge new transaction links, in the event that 
a particular site or relationship of exchange is eliminated (e.g., 
through market closure). Our study exposed the high degree of 
flexibility of the value chain in Vietnam. The flexibility of market 
transactions far exceeds the physical space of the marketplace, i.e., 
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the LBM. If the LBM is closed for 7 days, trading would continue 
in other forms and locations. At the same time, this flexibility 
itself was not shared equally by all stakeholders. Wholesalers, due 
to the large scale of their operations, were more closely bound 
to the institutional setting and physical site of the formal LBM 
marketplace. Furthermore, they reported that they purchase 
poultry with official certification of farm of origin, indicating a 
relatively stable and traceable part of the value chain. Small retail-
ers, by contrast, purchase birds from middlemen or wholesalers 
each day and sell them again, often on the side of small streets 
or by delivering them to small restaurants. Middlemen buy and 
sell poultry with the highest degree of flexibility: they report that 
they could easily shift operations to other markets in the event of 
market closure for 7 days. The restructuring and simplification 
of the poultry value chain as suggested by several poultry value 
chain studies conducted in Vietnam (FAO unpublished data), 
by reducing the number of middlemen and small-scale traders, 
could decrease the overall flexibility of trading and therefore 
improve the effectiveness of market closure. The flexibility of the 
poultry value chain explains why market closure may not be an 
effective strategy for reducing the spread of AI or AI incursion 
risk. The closure of the marketplace is intended to eliminate a key 
node in the network of AI transmission. But LBM traders do not 
necessarily confine their trading to the LBM. As traders exploit 
the flexibility of the value chain and shift transactions to parallel 
trading sites, live poultry trading networks may expand and frag-
ment, increasing rather than reducing AI transmission and risk.

Finally, our results also revealed important limits to the 
flexibility of the poultry value chain. A minor limit exists in the 
length of market closure. During a 7-day closure, all stakeholders 
described how they would adapt by shifting market operations 
to other locations, but during closure of minimum 21 days, all 
stakeholders reported that they would halt trading operations. 
Rather than trading live poultry in alternate locations along the 
value chain, they reported that they would shift to other forms of 
economic activity: trading non-poultry products or even return-
ing to farm work. However, prolonged market closures may result 
in high economic losses and impact livelihoods in the poultry 
production sector (34).

cONcluSiON

The present study shows that analyzing perceptions of stakehold-
ers regarding risk mitigation interventions, such as the temporary 
closures of markets, are crucial for the design of effective policies 
and to avoid adverse results.

To date, the implementation of market closures has been 
based on viral surveillance data relying on virus detection alone. 

Neglecting the fact that LBMs are human, social and cultural 
institutions may render disease control policy ineffective. In 
fact, the role of LBMs in the chain of influenza transmission is 
conditioned by the practices and perceptions of LBM stakehold-
ers. As a result, although market places may be closed, marketing 
practices and networks may continue to operate in a shifted 
form and facilitate AI virus spread. The position of LBMs in 
the poultry value chain in the North of Vietnam exemplify how 
the natural ecology of AI is shaped as a consequence of human 
perceptions and reflexive practices (35). In such cases, under-
standing the ecology of the virus and how to manage its risks 
relies on understanding the human stakeholders that construct, 
and can unexpectedly reconstruct, the links in the chains of viral 
transmission.

Stakeholder participation should be an integral part of the 
development of science-based policy interventions, not only for 
reasons of equity and ownership but also more importantly to 
provide accurate knowledge about natural ecology itself (25) and 
to ensure planning and implementation of more effective risk 
mitigation measures.

EtHicS StatEmENt

The study was considered low risk as the main risks to study 
respondents were believed to be abreact of confidentiality and 
privacy. To mitigate these risks, the following safeguards were 
put in place. Verbal informed consent was received from study 
participants during the recruitment process. Another verbal 
informed consent was received from participants before each 
interview or group discussion after clear explanation about the 
objectives and content of the study. Each study participant was 
assigned a code to maintain confidentiality during data collection 
and analysis. No personal identifiers, including names, were col-
lected at any time throughout the study.

autHOr cONtriButiONS

All the authors: substantial contributions to the design of the 
study, collecting data in the field, and analysis and interpretation 
of the data; drafting the report; approval of the version to be 
published; and agreement to be accountable for all aspects of the 
manuscript.

FuNdiNG

This study was financially supported by the United States Agency 
for International Development (USAID) under grant number 
GHA-A-00-06-00001.

rEFErENcES

1. Shortridge KF, Butterfield WK, Webster RG, Campbell CH. Isolation and 
characterization of influenza A viruses from avian species in Hong Kong. Bull 
World Health Organ (1977) 55(1):15–20. 

2. Wang M, Di B, Zhou DH, Zheng BJ, Jing H, Lin YP, et al. Food markets with 
live birds as source of avian influenza. Emerg Infect Dis (2006) 12(11):1773–5. 
doi:10.3201/eid1211.060675 

3. Wan XF, Wan F, Dong L, Lan Y, Long LP, Xu C, et  al. Indications that 
live poultry markets are a major source of human H5N1 influenza virus  
infection in China. J Virol (2011) 85(24):13432–8. doi:10.1128/JVI. 
05266-11 

4. Martin V, Zhou X, Marshall E, Jia B, Fusheng G, Franco-Dixon MA, et al. Risk-
based surveillance for avian influenza control along poultry market chains 
in South China: the value of social network analysis. Prev Vet Med (2011) 
1(102):196–205. doi:10.1016/j.prevetmed.2011.07.007 

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
https://doi.org/10.3201/eid1211.060675
https://doi.org/10.1128/JVI.05266-11
https://doi.org/10.1128/JVI.05266-11
https://doi.org/10.1016/j.prevetmed.2011.07.007


6

Nguyen et al. Stakeholder’s Opinions on Market Closure

Frontiers in Veterinary Science | www.frontiersin.org August 2017 | Volume 4 | Article 136

5. Soares Magalhães RJ, Zhou X, Jia B, Guo F, Pfeiffer DU, Martin V. Live poultry 
trade in southern China Provinces and HPAIV H5N1 infection in humans 
and poultry: the role of Chinese New Year festivities. PLoS One (2012) 
7(11):e49712. doi:10.1371/journal.pone.0049712 

6. Bao CJ, Cui LB, Zhou MH. Live animal markets and influenza A (H7N9) virus 
infection. N Engl J Med (2013) 368(24):2337–9. doi:10.1056/NEJMc1306100 

7. Indriani R, Samaan G, Gultom A, Loth L, Irianti S, Adjid R, et al. Environmental 
sampling for avian influenza virus A (H5N1) in live-bird markets, Indonesia. 
Emerg Infect Dis (2010) 16(12):1889–95. doi:10.3201/eid1612.100402 

8. Phan MQ, Henry W, Bui CB, Do DH, Hoang NV, Thu NT, et al. Detection 
of HPAI H5N1 viruses in ducks sampled from live bird markets in Vietnam. 
Epidemiol Infect (2013) 141(3):601–11. doi:10.1017/S0950268812001112 

9. Soares Magalhães RJ, Ortiz-Pelaez A, Thi KL, Dinh QH, Otte J, Pfeiffer DU. 
Association between attributes of live poultry trade and HPAI H5N1 out-
breaks: a descriptive and network analysis study in northern Vietnam. BMC 
Vet Res (2010) 6:10. doi:10.1186/1746-6148-6-10 

10. Fournié G, Guitian J, Desvaux S, Mangtani P, Ly S, Vu CC, et al. Identifying 
live bird markets with the potential to act as reservoirs of avian influenza A 
(H5N1) virus: a survey in northern Vietnam and Cambodia. PLoS One (2012) 
7(6):e37986. doi:10.1371/journal.pone.0037986 

11. Fournié G, Guitian J, Desvaux S, Vu CC, Do HD, Pfeiffer DU, et  al. 
Interventions for avian influenza A (H5N1) risk management in live bird mar-
ket networks. Proc Natl Acad Sci U S A (2013) 110(22):9177–82. doi:10.1073/
pnas.1220815110 

12. Liu B, Havers F, Chen E, Yuan Z, Yuan H, Ou J, et al. Risk factors for influ-
enza A (H7N9) disease – China, 2013. Clin Infect Dis (2014) 59(6):787–94. 
doi:10.1093/cid/ciu423 

13. Webster RG. Wet markets: a continuing source of severe acute respiratory 
syndrome and avian influenza? Lancet (2004) 363:234–6. doi:10.1016/
S0140-6736(03)15329-9 

14. Okamatsu M, Nishi T, Nomura N, Yamamoto N, Sakoda Y, Sakurai K, et al. 
The genetic and antigenic diversity of avian influenza viruses isolated from 
domestic ducks, Muscovy ducks, and chickens in northern and southern 
Vietnam, 2010-2012. Virus Genes (2013) 47(2):317–29. doi:10.1007/
s11262-013-0954-7 

15. Yu H, Wu JT, Cowling BJ, Liao Q, Fang VJ, Zhou S, et al. Effect of closure of 
live poultry markets on poultry-to-person transmission of avian influenza A 
H7N9 virus: an ecological study. Lancet (2014) 383(9916):541–8. doi:10.1016/
S0140-6736(13)61904-2 

16. He Y, Liu P, Tang S, Chen Y, Pei E, Zhao B, et al. Live poultry market closure 
and control of avian influenza A (H7N9), Shanghai, China. Emerg Infect Dis 
(2014) 20(9):1565–6. doi:10.3201/eid2009.131243 

17. Lau EH, Leung YH, Zhang LJ, Cowling BJ, Mak SP, Guan Y, et al. Effect of 
interventions on influenza A (H9N2) isolation in Hong Kong’ live poultry 
markets, 1999–2005. Emerg Infect Dis (2007) 13(9):1340–7. doi:10.3201/
eid1309.061549 

18. Leung C, Lau E, Zang LJ, Guan Y, Cowling B, Peiris M. Avian influenza and 
ban on overnight poultry storage in live poultry markets, Hong Kong. Emerg 
Infect Dis (2012) 18(8):1339–41. doi:10.3201/eid1808.111879 

19. Fournié G, Pfeiffer DU. Can closure of live poultry markets halt the 
spread of H7N9? Lancet (2014) 383(9916):496–7. doi:10.1016/S0140-6736 
(13)62109-1 

20. Kuo PC, Huang JH, Liu MD. Avian influenza risk perception and preventive 
behavior among traditional market workers and shoppers in Taiwan: practi-
cal implications for prevention. PLoS One (2011) 6(9):e24157. doi:10.1371/
journal.pone.0024157 

21. Martin V, Zhou XY, Marshall E, Jia B, Fusheng G, FrancoDixon MA, et al. 
Risk-based surveillance for avian influenza control along poultry market 

chains in South China: the value of social network analysis. Prev Vet Med 
(2011) 102(3):196–205. doi:10.1016/j.prevetmed.2011.07.007

22. Sultana R, Rimi NA, Azad S, Islam MS, Khan MS, Gurley ES, et al. Bangladeshi 
backyard poultry raisers’ perceptions and practices related to zoonotic trans-
mission of avian influenza. J Infect Dev Ctries (2012) 6(2):156–65. doi:10.3855/
jidc.2242 

23. Rimi NA, Sultana R, Ishtiak-Ahmed K, Khan SU, Sharker MA, Uz Zaman R,  
et al. Poultry slaughtering practices in rural communities of Bangladesh and 
risk of avian influenza transmission: a qualitative study. Ecohealth (2013) 
11(1):83–93. doi:10.1007/s10393-013-0885-8 

24. Fielding R, Lam W. Reducing avian influenza risk: a qualitative exploration 
of issues in Hong Kong. Health Educ (2007) 107(5):437–47. doi:10.1108/ 
09654280710778574 

25. Burger J. Introduction: stakeholders and science. In:  Burger  J, editor. 
Stakeholders and Scientists: Achieving Implantable Solutions to Energy and 
Environmental Issues. New York, NY: Springer (2011) p. 1–25.

26. Green LW, Mercer SL. Can public health researchers and agencies reconcile 
the push from funding bodies and the pull from communities? Am J Public 
Health (2001) 91(12):1926–9. doi:10.2105/AJPH.91.12.1926 

27. Burger J, Gochfield M, Fote T. Stakeholder participation in research design 
and decisions: scientists, fishers, and mercury in saltwater fish. Ecohealth 
(2013) 10:21–30. doi:10.1007/s10393-013-0816-8 

28. Fournié G, Tripodi A, Nguyen TTT, Nguyen VT, Tran TT, Bisson A, et  al. 
Investigating poultry trade patterns to guide avian influenza surveillance 
and control: a case study in Vietnam. Sci Rep (2016) 6:29463. doi:10.1038/
srep29463 

29. Wu J, Lu J, Faria NR, Zeng X, Song Y, Zou L, et al. Effect of live poultry market 
interventions on influenza A (H7N9) virus, Guangdong, China. Emerg Infect 
Dis (2016) 22(12):2104–12. doi:10.3201/eid2212.160450 

30. Qi X, Jiang D, Wang H, Zhuang D, Ma J, Fu J, et al. Calculating the burden 
of disease of avian-origin H7N9 infections in China. BMJ Open (2014) 
4(1):e004189. doi:10.1136/bmjopen-2013-004189 

31. World Bank. Enhancing Control of Highly Pathogenic Avian Influenza in 
Developing Countries through Compensation: Issues and Good Practices. 
Washington, DC: World Bank (2006).

32. Tago D, Hammitt JK, Thomas A, Raboisson D. The impact of farmers’ stra-
tegic behavior on the spread of animal infectious diseases. PLoS One (2016) 
11(6):e0157450. doi:10.1371/journal.pone.0157450 

33. UNIDO. Pro-Poor Value Chain Development: 25 Guiding Questions for 
Designing and Implementing Agroindustry Projects. Vienna, Austria: United 
Nations Industrial Development Organization (UNIDO) (2011).

34. Wu Y, Gao GF. Lessons learnt from the human infections of avian-origin 
influenza A H7N9 virus: live free markets and human health. Sci China Life 
Sci (2013) 56(6):493–4. doi:10.1007/s11427-013-4496-y 

35. Simms L, Jeggo M. Avian influenza from an ecohealth perspective. Ecohealth 
(2014) 11:4–14. doi:10.1007/s10393-014-0927-x 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Nguyen, Fearnley, Dinh, Tran, Tran, Nguyen, Tago, Padungtod, 
Newman and Tripodi. This is an open-access article distributed under the terms of 
the Creative Commons Attribution License (CC BY). The use, distribution or repro-
duction in other forums is permitted, provided the original author(s) or licensor are 
credited and that the original publication in this journal is cited, in accordance with 
accepted academic practice. No use, distribution or reproduction is permitted which 
does not comply with these terms.

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
https://doi.org/10.1371/journal.pone.0049712
https://doi.org/10.1056/NEJMc1306100
https://doi.org/10.3201/eid1612.100402
https://doi.org/10.1017/S0950268812001112
https://doi.org/10.1186/1746-6148-6-10
https://doi.org/10.1371/journal.pone.0037986
https://doi.org/10.1073/pnas.1220815110
https://doi.org/10.1073/pnas.1220815110
https://doi.org/10.1093/cid/ciu423
https://doi.org/10.1016/S0140-6736(03)15329-9
https://doi.org/10.1016/S0140-6736(03)15329-9
https://doi.org/10.1007/s11262-013-0954-7
https://doi.org/10.1007/s11262-013-0954-7
https://doi.org/10.1016/S0140-6736(13)61904-2
https://doi.org/10.1016/S0140-6736(13)61904-2
https://doi.org/10.3201/eid2009.131243
https://doi.org/10.3201/eid1309.061549
https://doi.org/10.3201/eid1309.061549
https://doi.org/10.3201/eid1808.111879
https://doi.org/10.1016/S0140-6736
(13)62109-1
https://doi.org/10.1016/S0140-6736
(13)62109-1
https://doi.org/10.1371/journal.pone.0024157
https://doi.org/10.1371/journal.pone.0024157
https://doi.org/10.1016/j.prevetmed.2011.07.007
https://doi.org/10.3855/jidc.2242
https://doi.org/10.3855/jidc.2242
https://doi.org/10.1007/s10393-013-0885-8
https://doi.org/10.1108/
09654280710778574
https://doi.org/10.1108/
09654280710778574
https://doi.org/10.2105/AJPH.91.12.1926
https://doi.org/10.1007/s10393-013-0816-8
https://doi.org/10.1038/srep29463
https://doi.org/10.1038/srep29463
https://doi.org/10.3201/eid2212.160450
https://doi.org/10.1136/bmjopen-2013-004189
https://doi.org/10.1371/journal.pone.0157450
https://doi.org/10.1007/s11427-013-4496-y
https://doi.org/10.1007/s10393-014-0927-x
http://creativecommons.org/licenses/by/4.0/

	A Stakeholder Survey on Live Bird Market Closures Policy for Controlling Highly Pathogenic Avian Influenza in Vietnam
	Introduction and Purpose
	Methodology
	Prospective Participatory Stakeholder Research
	Research Setting: The LBMs

	Results
	Discussion: Value Chain Flexibility and the Ecology of AI
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	References


