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CHAPTER I 
 

INTRODUCTION 
 

Avian Influenza (AI) is caused by influenza A virus. This virus is an enveloped and 
single-stranded RNA virus belonged to the family Orthomyxoviridae. Avian influenza 
viruses can be classified into a number of subtypes based on sequence similarity of 
Hemagglutinin (HA) and Neuraminidase (NA), two major surface proteins on the 
envelope. There are 16 HA (H1-H16) and 9 NA (N1-N9) subtypes. The possible 
combination of HA and NA are 144 subtypes. Further classifications of AI virus are 
pathotypes based on their ability to cause disease in chickens. There are low pathogenic 
avian influenza (LPAI) and highly pathogenic avian influenza (HPAI). LPAI causes mild 
diseases in some bird species with no noticeable clinical signs. However, HPAI cause 
serious clinical signs on chickens with high mortality rate (nearly 100% within 48 hrs) and 
rapid spreading. Subtypes H5 and H7 are notified as a highly pathogenic avian influenza 
by the World Organization for Animal Health (OIE). HPAI H5N1 virus is highly contagious 
and causes disease in several species of birds, wild birds, food producing birds such as 
chicken, duck, turkey, quail, guinea fowl as well as domestic mammals, feline, canine and 
human (Amonsin et al., 2006; Rimmelzwaan et al., 2006; Songserm et al., 2006a; Abdel-
Ghafar et al., 2008). Wild waterfowls especially ducks are natural reservoirs and important 
sources of influenza A virus infection to domestic birds and poultry (Easterday et al., 
1997). 

 
In Southern China, HPAI H5N1 virus emerged in the mid of 1990s (Li et al., 2004), 

and the first large-scale epidemic took place in the winter of 2003 in East and Southeast 
Asia (Alexander, 2007). Up to date there have been more than 6,500 HPAI H5N1 
outbreaks reports from 63 countries and human cases from 15 countries (WHO, 2010). 
HPAI H5N1 had serious impact on poultry production in Southeast Asia during the last ten 
years (Henning et al., 2009a). The affected countries face with human death as well as 
poultry death and culled to reduce the spread of diseases. In addition, local and 
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international trades ban on poultry and poultry products. Moreover, poultry production 
structures, density of wet markets, local trade patterns, control and preventive efforts are 
believed to influence the virus dissemination (Tiensin et al., 2009). The introduction of AI 
virus to poultry farms mainly occur by direct or indirect contact with infected birds and 
resulting from the movement of wild birds, live poultry, people, vehicles, equipments or 
contaminated materials (Stegeman et al., 2004; Capua and Marangon, 2006). The 
movement of animals also played a key role in disease transmission (Stegeman et al., 
2004; Boender et al., 2007).  

 
In Southeast Asia, poultry and people may be in a close contact and infect with AI 

virus through a complex chain activities of socioeconomic situation concerned with 
raising, buying and selling activities of poultry and poultry products (McLeod et al., 2009). 
The control of HPAI outbreaks in poultry has been attempted as a regional and global 
priority. Hong Kong and Thailand has been reported to be successful in the control of 
HPAI outbreaks by culling of birds on infected premises and intensive surveillance (Sims 
et al., 2003; Tiensin et al., 2005). However, in the case of some countries in Southeast 
Asia including Myanmar where there is a high density of ducks, backyard poultry and 
small poultry enterprises, many difficulties in controlling of disease are still challenging. 

 
Myanmar had been a country free from HPAI until early 2006. The first report of 

HPAI outbreaks occurred in February 2006. There were four epidemic waves of HPAI 
outbreaks in Myanmar during 2006 to 2010. More than 816,000 bird deaths (mortality and 
culling) and a non-fatal human case were recorded from these four waves. The source of 
virus was assumed to be from the migratory birds or water fowls or from the cross-border 
trade of poultry (Mon et al., 2008b). Myanmar is considered as a country with high risk for 
HPAI spread because of backyard poultry production system and sharing border with 
several countries in South and Southeast Asian region while control measures against the 
cross-border trade contact are still weak. The impacts of this disease could be a great 
burden to the national economy relying on the agricultural enterprises and backyard 
livestock husbandry system.  
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Ayeyarwaddy delta region is the main agricultural and rice growing area of the 
country located in Southern West of Myanmar. This region has high density of duck and 
backyard chicken populations with low biosecurity (Mon et al., 2008a). According to the 
report of Myanmar Eco Tourism, Meinmahla Kyun wetland is located in this region with 34 
bird species observed. These bird species and ducks use the paddy field as a feeding 
ground to graze around (Mon et al., 2008a). There have been reported that the paddy 
field is a place of association between HPAI H5N1 virus and free grazing ducks, and a 
critical factor for the persistence and spread of HPAI virus (Gilbert et al., 2006). Most of 
poultry and poultry products from this region are being distributed not only within the 
region but also to other States and Divisions. There have been reported that movement of 
live birds, contaminated transport vehicles and materials increase the chance of HPAI 
spread to poultry (Thomas et al., 2005; Kung et al., 2007; Biswas et al., 2008). Therefore, 
it is essential to conduct the risk factors study in duck farms in Phyarpon township and 
four surrounding townships and the area risk assessment of HPAI in Ayeyarwaddy delta 
region, Myanmar. Risk assessment is one of the component of risk analysis framework, 
which consists of four components, namely hazard identification, risk assessment, risk 
management and risk communication (Muarry et al., 2004). This study was focused on the 
risk assessment in a selected township, Phyarpon. 

 
In this study, risk factors of HPAI in duck farms in five townships and area risk 

assessment of HPAI in Phyarpon township, Ayeyarwaddy delta region and the likelihood 
of introduction and transmission of HPAI virus into the area have been identified to 
provide the risk management and risk communication for HPAI control and prevention in 
Myanmar (Figure 1). The outcomes of this study will provide a partial support to some 
extents in the management for control and prevention of HPAI H5N1 outbreaks in 
Myanmar in the future. 
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Figure 1 Map of study area, Ayeyarwaddy delta region, Myanmar 
 
Objectives of study 
 

1. To identify the risk factors in seropositive duck farms from five townships, 
Ayeyarwaddy delta region, Myanmar. 

2. To conduct the area risk assessment of HPAI in Phyarpon township, Ayeyarwaddy 
delta region, Myanmar. 

 
Research Questions    
 

1. What are the risk factors in HPAI seropositive duck farms from five townships, 
Ayeyarwaddy delta region, Myanmar?      

2. How is the risk of HPAI in Phyarpon township, Ayeyarwaddy delta region, 
Myanmar?      
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Hypothesis of this study 
 
1. Some risk factors in duck farms may associate with HPAI seropositivity in ducks 

from five townships, Ayeyarwaddy delta region. 
2. Area risk assessment in Phyarpon township, Ayeyarwaddy delta region may imply 

the possibility that Phyarpon township is an area of HPAI risk. 
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CHAPTER II 
 

LITERATURE REVIEW 
 

2.1  Morphology of avian influenza H5N1 virus 
 

Influenza viruses are belonged to the family Orthomyxoviridae. These viruses are 
classified into three types namely A, B, and C based on the antigenically related with their 
nucleoprotein (NP) and matrix (M) proteins. Type A influenza viruses naturally infect 
humans, horses, swine, and birds, while in type B and C infect mainly in humans. The 
viruses are irregular spherical particles and the virion envelope is gained from the host cell 
membrane. There are two distinct types of surface spikes as peplomers which one has a 
rod-shaped and the other one is mushroom-shaped. All strains of influenza can agglutinate 
erythrocytes of human, guinea pigs and chickens as well as many other species (Ardans 
and MacLachlan, 2004). There are 16 recognized influenza HA (H1-H16) subtypes, and the 
antibodies against the HA prevent infection of host cells. There are 9 recognized NA (N1-
N9) subtypes. According to their ability to cause disease symptoms and fatality, AI viruses 
can be classified into highly pathogenic avian influenza (HPAI) and low pathogenic avian 
influenza (LPAI). High mortality rate and systematic disease are seen in HPAI-infected 
poultry, whereas only profound morbidity, weight loss and mild symptoms are found in 
LPAI-infected birds (Burgos  and Burgos, 2007).  
 
2.2 Geographical distribution, reservoir, transmission and source of infection 

 
Avian influenza virus especially highly virulent strain is a major threat to the world’s 

poultry industry. Since 2003, the disease has spread widely in 63 countries across Asia, 
Europe, Africa and the Middle East (FAO EMPRES, 2010). In wild birds, virus replication 
mainly occurs in the intestinal tract of hosts. The virus shedding occurs in feces, and 
afterwards, is transmitted by fecal-oral route (Burgos  and Burgos, 2007). The widely 
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acceptable natural reservoirs of HPAI are wild birds, duck and geese without showing any 
symptoms (Hinshaw et al., 1980; Tumpey et al., 2002; Webster, 2002). Some waterfowl 
species are able to shed virus for up to 5 days before showing any disease symptoms. It is 
suggested that these birds are able to potentially spread virus within limited areas without 
being long-term reservoirs of the virus. Migratory birds are the main reservoirs as well as the 
transmission media for HPAI virus. It was supposed that distribution and activities of 
migratory birds may help the spread of HPAI throughout the world recently (Jing et al., 
2007). Wetlands, rivers and lakes are the major habitat sites for several migratory birds, and 
contaminated water and soil are the major transmission sources of HPAI (Jing et al., 2007). 
In addition, globalization, international and domestic trade (legally and illegally), marketing 
practices (live bird markets), farming practices (grazing and farming), as well as the 
presence of the viruses in wild birds can contribute to the spread of AI viruses through 
direct contact with secretion of infected birds, especially feces or through contaminated 
feed, water, equipment, vehicles and clothing.  

 
Disruption of transmission pathway of HPAI and identifying the risk factors of HPAI in 

duck farms are essential to design effective control measures. In Vietnam, insufficient 
vaccination of HPAI, receiving visitors to the farms, geese present in the farm and sharing of 
scavenging areas with ducks from other farms showed that increased risk of HPAI 
outbreaks on small holder duck and chicken farms (Henning et al., 2009b). In Bangladesh 
and Thailand, feeding poultry with the remains of slaughtered purchased chickens, 
proximity to a body water, having contact with pigeons and farms where owners bought live 
chickens from a another backyard farms also found that higher risk of HPAI infection in 
backyard chickens (Biswas et al., 2009; Paul et al., 2011). It have been reported that paddy 
fields are a place of critical factors between HPAI virus and free-grazing ducks (Gilbert et 
al., 2006). Reducing those risks may help prevention and control of HPAI infection in 
poultry. 
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2.3 Avian influenza (H5N1) outbreaks and control measures in Myanmar 
 

In Myanmar, outbreaks of highly pathogenic avian influenza H5N1 have caused the 
economic losses and public health consequences as well as social impacts. The course of 
avian influenza H5N1 in Myanmar consisted of four epidemic waves (Table 1 and Figure 2) 
and repeated disease reoccurrences throughout 2007. The first wave began in central part 
of Myanmar, especially Mandalay and Sagaing Divisions in March 2006 with affected 545 
farms. This first wave was more serious and wider spread than the other three waves but it 
was stopped in a month. The second wave occurred in lower part of Myanmar, Yangon 
Division in March 2007 and the infection spread to Bago Division and Mon State till October 
2007. During this wave, fatal cases of ducks were recorded in Thanatpin township, Bago-
East Division, a specialized duck raising area. The third wave occurred in Eastern-Shan 
State bordering with China and Thailand, starting with movement of ducks from Mong La 
(border area). Village chickens and ducks were affected in this wave and also a non fatal 
human case was recorded (Mon et al., 2008b). The last wave appeared in two townships of 
Yangon and one township of Sagaing Division in February and March 2010. Stamping-out 
policy, quarantine and movement restriction, zoning and compartmentalization, hygienic 
measures, tracing and post-outbreak surveillance were carried out in all outbreak areas 
(e.g., culling poultry and poultry products, zoning and disinfection of premises) according 
to the contingency plan (LBVD, 2007). Movement of poultry, poultry products and related 
materials outside the affected areas was strictly prohibited with the help of local authorities.  

 
After each outbreak, intensive post-outbreak surveillance was conducted by 

Livestock Breeding and Veterinary Department (LBVD) on poultry in the HPAI affected 
townships at 21 days after the last case. In the same areas, regular active surveillance was 
done two times per year, at six month interval according to the FAO guidelines (FAO, 2004). 

 
In Ayeyarwaddy delta region, there was no reported HPAI outbreak during 2006 to 

2010. After the first wave of HPAI outbreaks in central Myanmar, this delta region was 
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identified as a HPAI high risk area according to the high density of duck population (Mon et 
al., 2008a). Since 2007, LBVD conducted regular HPAI active surveillance especially in 
ducks by collecting serum samples and cloacal swabs. In 2008 surveillance, antibodies of 
HPAI were detected from the collected duck serum samples but the virus was not detected 
from all cloacal swabs of seropositive and seronegative ducks.  

 
Table 1 Four epidemic waves of HPAI outbreaks in Myanmar during 2006 to 2010 
 

 First wave Second wave Third wave Fourth wave 

Year 2006 2007 2007 2010 

Outbreak 

areas 

Mandalay Division 

Sagaing Division 

Yangon Division 

Bago Division 

Mon State 

Eastern-Shan State Yangon Division 

Sagaing Division 

Affected 

townships 

13 townships 12 townships 2 townships 3 townships 
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Figure 2 Map of HPAI H5N1 outbreaks States and Divisions in Myanmar, during 2006 to 
2010 (Outbreak States and Divisions are represent in gray color) 
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2.4 Risk assessment  
 

Risk is commonly described as a probability or threat of a damage, injury, loss or 
other negative occurrences that caused by a hazard or a source of danger. Alternatively, 
risk is expressed as a mathematical combination of the probability of the occurrence of 
accidents and the probability of the effect of its consequences (Kaplan, 1997).  

 
Risk assessment is the process of evaluation of the likelihood and biological, 

environmental, economic, and public health consequences of the entry, establishment and 
spread of a disease. It is widely accepted as a systematic process for qualitatively or 
quantitatively describing risk. It consists of four steps, namely release assessment, 
exposure assessment, consequence assessment and risk estimation (Muarry et al., 2004). 
Risk assessment is concerned the determination of quantitative and qualitative value of risk 
which is related to the threat of disease. Qualitative risk assessment measures are allowed 
to quick process to identify potential risk. It is helpful to determine the likelihood of HPAI 
introduction, transmission and its associated consequences. Release assessment seeks to 
identify the likelihood of potential pathways for HPAI virus introduction into a particular 
environment by imported poultry and poultry products being infected or contaminated with 
HPAI virus. Exposure assessment consists of determining the biological pathways of HPAI 
virus leading to exposure of susceptible birds. Consequence assessment aims to describe 
the severity of the event in biologic, as well as economic concerns and public health 
intervention. Risk estimation is the combination of the results from the release assessment, 
exposure assessment and consequence assessment to produce a summary measure of the 
risk associated with HPAI (Muarry et al., 2004).  

 
Risk is characterized with two particular elements such as hazard and uncertainty 

(quantified by probability) (Bedford and Cooke, 2001). Uncertainty is meant lack of certainty 
that a state of having limited knowledge where it is unable to describe existing condition or 
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future outcomes of risk. Risk assessment and multiple type of uncertainty are often 
complicated. 

 
HPAI is considered one of the most important devastating disease of poultry as well 

as a severe trade restriction of poultry and poultry products. Recently, most of the countries 
are considering for the elimination of HPAI virus from domesticated poultry with various 
ways. Qualitative risk assessment is one of most common tool of HPAI risk estimation to 
provide risk management and risk communication. 
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CHAPTER III 
 

MATERIALS AND METHODS 
 

This study consisted of 3 phases; Phase 1: Basic data collection based on records 
in five townships (Pathein, Kangyihtaunt, Myaungmya, Phyarpon and Dedaye) Ayeyarwaddy 
delta region, Myanmar, Phase 2: Questionnaire based observational study, Phase 3: Risk 
factors and qualitative risk assessment analyses. The conceptual framework of this study is 
shown in Figure 3.  

 
In this study, basic data collection based on records was focused on duck 

population from five townships and serological results in duck cross-sectional study in 2009, 
Epidemiological Unit, LBVD. After basic data collection, two questionnaires were developed 
including risk factor questionnaire and poultry supply chain questionnaire. Risk factor 
questionnaire was used to study risk factors in duck farms in five townships including 
Pathein, Kangyihtaunt, Myaungmya, Phyarpon and Dedaye, in Ayeyarwaddy delta region. 
This study was conducted based on case-control study by questionnaire interview with 50 
duck farmers in those five townships and then evaluated the association between factors 
and being HPAI seropositivity in ducks.  

 
Qualitative risk assessment was conducted in Phyarpon township by evaluating the 

information from poultry supply chain study, institutional and epidemiological review of avian 
influenza. Poultry supply chain study was conducted based on focus-group discussion by 
questionnaire interview with 85 respondents in Phyarpon township by using poultry supply 
chain questionnaire. For institutional and epidemiology review, the required data was 
requested from Phyarpon’s LBVD and Epidemiology unit. Finally, qualitative risk assessment 
of HPAI in Phyarpon township was done by analyzing all information. All are explained in 
detail step by step as following. 
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Figure 3 Diagram show the conceptual framework of the study 
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Phase 1: Basic data collection based on records 
 
1.1 Basic data collection based on records in five townships (Pathein, Kangyihtaunt, 

Myaungmya, Phyarpon and Dedaye), Ayeyarwaddy delta region, Myanmar  
(Figure 4 and 5) 

 
The criteria for the selection of five townships to study the risk factors of HPAI for 

being seropositivity in ducks were in accordance: 
1) high density of duck population 
2) major paddy field and water flood areas  
3) moderate movement of poultry and poultry products 

From those five townships, Phyarpon township was selected to study the area risk 
assessment of HPAI with these additional criteria: 

1) close to a wetland (Mainmahla Kyun) 
2)  the history of HPAI seropositive in duck in 2008 surveillance 
3) high movement of poultry and poultry products 

 
Basic data of those five townships were collected from the local veterinarians by 

arranging informal meeting, interviewing and recording. The data records were focused on 
the poultry population, number of duck hatcheries, number of poultry farms, and number of 
feed, day-old chicks, live poultry and egg dealers, number of poultry meat and egg sellers, 
and number of small live bird markets. In addition, duck serological status in 2009 cross-
sectional study was acquired focusing on duck farms examined in each township from the 
epidemiology unit, LBVD. In duck cross sectional study 2009, HI test was used to detect 
antibody of HPAI virus in duck sera. Virus isolation was conducted to detect the virus from 
oropharyngeal swabs if the serum samples showed positive. After collection of data, 
questionnaires were developed for field study. 
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Figure 4 Map of Myanmar, showing the study area, Ayeyarwaddy delta region (gray colour) 
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1.2 Questionnaires development and validation 
 

In this study, two types of questionnaires including risk factor questionnaire and 
poultry supply chain questionnaire were developed. Close-ended questionnaires were used 
as well as face-to-face interview. The questionnaires were tested at field level to cooperate 
with local veterinarians. After implementing the questionnaires, the survey was conducted 
during April to June, 2010. 
 

1.2.1 Risk factor questionnaire (Appendix A) 
 

This questionnaire development was based on including the information of duck 
farms, farm managements, farming systems, environmental factors, biosecurity status and 
farmer’s knowledge of HPAI. The risk factor questionnaire set was included 40 questions. 
This questionnaire was used to interview participants in 5 townships.  
 

1.2.2 Poultry supply chain questionnaire (Appendix B) 
 

This questionnaire was developed including the information of types of poultry and 
poultry products, source, distribution, volume, purchase and selling price of poultry and 
poultry products, type of container and mode of transportation of poultry and poultry 
products. This poultry supply chain questionnaire set was included 13 questions. This 
questionnaire was used to interview participants in Phyarpon township. 
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Phase 2: Questionnaire based observational study  
 
2.1 Risk factors study in five townships (April to June 2010) 

 
 Risk factors study in five townships including Pathein, Kangyihtaunt, Myaungmya, 
Phyarpon and Dedaye were conducted base on case-control study by individual interview 
with risk factor questionnaire to duck farmers (n=50) who participated in the 2009 ducks 
serological study (Figure 5). Case and control selection were based on the results of 2009 
ducks cross-sectional study that requested from Epidemiology Unit, LBVD. The study five 
townships were selected in 2009 ducks cross-sectional study for HPAI surveillance in 
ducks. This cross-sectional was conducted based on multistage sampling. Firstly, five 
village tracts were randomly selected from those townships. Secondly, two ducks farms 
were randomly selected from each selected village tract. From each selected duck farms, 
30 serum samples and oropharyngeal swabs were collected. HI test and virus isolation 
were used to detect the antibodies of HPAI and HPAI virus. Based on HI test results, 
seropositive farms were selected as a case farm and seronegative farms as a control farm. 
Twelve case and 38 control duck farms were selected with a case-control ratio of 1:3. These 
case and control farms did not matched based on their locations. 
 
 Questionnaire interviews were conducted together with five trained veterinarians 
from the Epidemiology Unit, LBVD. Interviews were conducted in Burmese and answers 
were recorded on printed copies of the questionnaire in English. Time consuming for each 
interview was on average 30 minutes.  
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Figure 5 Map of risk factors study area (five townships) in Ayeyarwaddy delta region, 

Myanmar 
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2.2 Poultry supply chain study in Phyarpon township (April to June 2010) 
 

Poultry supply chain study was conducted by focus-group discussion and 
questionnaire interview with poultry supply chain questionnaire to respondents (n=85). 
Eighty five respondents were local veterinarians, market officers, duck hatchery owners, 
poultry farmers, feed, day-old chicks, live poultry and egg dealers, poultry meat and egg 
sellers and duck feather dealers. Field observation and marking GPS points were also 
conducted. The studied types of poultry and poultry products were focused on day-old 
ducks, day-old chicks, day-old quails, feed, chickens (village chickens, layers and broilers), 
ducks, eggs (ducks, chickens and quails), duck and chicken’s feathers. Supply chain 
respondents including commercial duck and chicken farmers were randomly selected. 
Dealers and sellers were selected with the help of market officers and the information 
provided by the commercial duck and chicken farmers. The participants for focus group 
discussion were market officers and local veterinarians who participated in all supply chain 
study. 
 
2.3 Institutional review of Phyarpon township  

 

Institutional review was conducted by data acquisition from LBVD of Phyarpon 
township. The information were collected based on legislation related to poultry farm 
registration and poultry movement, as well as the activities of surveillance, control and 
prevention of HPAI. All this information was supported for risk assessment of HPAI in 
Phyarpon.  

 
2.4 Epidemiological review of HPAI in Phyarpon township  

 
Epidemiological review was carried out by data acquisition from the Epidemiology 

Unit, LBVD. In this review, surveillance activities and outbreak situation of HPAI were 
reviewed with the organization of Epidemiology Unit, LBVD. The information from 
epidemiological review was supported for risk assessment of HPAI in Phyarpon.  
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Phase 3: Risk factors and qualitative risk assessment analyses 
 
3.1 Risk factors analyses 

 
The data from questionnaire was coded and entered into a spread sheet of Microsoft 

Excel and transferred to SPSS statistical software 16.0 for analysis. To examine the 
association and statistical significance between risk factors and HPAI being seropositive in 
duck farms, univariable analysis was computed. Any variables with P value ≤ 0.25 after 
univariate analysis was included for further analysis. Variables was considered for plausible 
biologically relation before further analysis. Multivariable logistic regression was conducted 
for association between risk factors and HPAI being seropositive in duck farms. Final 
multivariable logistic regression model was fitted by a backward stepwise-Wald process. 
Finally, model fit was assessed using Hosmer-Lemeshow goodness-off-fit test and the ratio 
of the deviance to the degree of freedom. An association was considered as a significant if 
the P value is ≤ 0.05. 

 
3.2 Qualitative risk assessment analyses  

 
 Qualitative risk assessment analyses of HPAI in Phyarpon township were conducted 
based on data from three components.  

  A) Poultry supply chain study 
  B) Institutional review 
  C) Epidemiological review cooperated by LBVD and FAO.  

Poultry supply chain study, institutional and epidemiological review were provided the 
required information of imported and exported poultry and poultry products from HPAI 
outbreak areas, poultry and poultry products movement, legislation relating with poultry 
farm registration and checking of poultry and poultry products, HPAI outbreaks information 
and surveillance results to the analysis of qualitative risk assessment. Qualitative risk 
assessment was consisted of four steps including release assessment, exposure 
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assessment, consequence assessment and risk estimation of HPAI (Muarry et al., 2004). 
Overall risk estimation of HPAI in Phyarpon township were conducted by combining release, 
exposure and consequence assessment. The levels of risk estimation were arranged in an 
order to five levels including negligible, low, moderate, high and very high (EFSA, 2006). 
These categories were assessed by mean of the following descriptive scale:    

1) Negligible means the probability is not occur. 
 2) Low means the probability is unlikely.  
 3) Moderate means the probability is likely.  
 4) High means the probability is very likely and 
 5) Very high means the probability is almost certain.  

The estimation of release assessment and exposure assessment was based on mainly HPAI 
outbreaks information, surveillance results, data from poultry supply chain questionnaire 
including duck farms, chicken farms and their biosecurity status, imported and exported 
poultry and poultry products, distribution and volume of poultry and poultry products (Table 
2 and 3) (Kasemsuwan et al., 2009). The consequence assessment was considered the 
impact of HPAI outbreaks, if outbreaks could occur in poultry in Phyarpon township. 
 
Table 2 Classification of qualitative risk categories in the release assessment for facilitation 

of communication and interpretation 
 

Risk 
Frequency of occurrence of HPAI outbreaks 
in township level during 2006-2010 

Seroprevalence 
of HPAI (%) 

Negligible No outbreak  0 
Low 1 time per year 1-5 
Moderate 2-3 times per year 5-10 
High 1 time per month 10-20 
Very high 1 time per  week >20 
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Table 3 Classification of qualitative risk categories in the exposure assessment for 
facilitation of communication and interpretation 

 

Risk 
Probability of transmission of HPAI H5N1 virus that 
introduced into Phyarpon township to domestic poultry   

Negligible 1 % 
Low 2-25 % 
Moderate 26-50 % 
High 51-75 % 
Very high 76-100 % 
 
 The overall risk estimation was identified according to the multiplying of the release 
assessment, exposure assessment and consequence assessment of HPAI in Phyarpon 
township (Table 4). The resulting overall risk was a conditional probability; the risk 
estimation could not be higher than the probability of release risk. If the risk estimation was 
negligible in the release assessment, the risk for exposure assessment and consequence 
assessment would be not considered. In addition to the risk estimation, the levels of 
uncertainty of data (low, moderate, high and not known) were described in the results of this 
risk estimate (Table 5) (EFSA, 2006; Kasemsuwan et al., 2009). 
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Table 4 Combination matrix table for estimation of release, exposure and consequence risk 
assessment for HPAI 

 
  Exposure and consequence assessment 

  Very High High Moderate Low Negligible 

Re
lea

se
 a

ss
es

sm
en

t Very High Very High High Moderate Low Negligible 
High High Moderate Moderate Low Negligible 

Moderate Moderate Moderate Moderate Low Negligible 
Low Low Low Low Negligible Negligible 

Negligible Negligible Negligible Negligible Negligible Negligible 
 
 
Table 5 Qualitative categories of uncertainty related to risk estimates 
 

Uncertainty 
category 

Interpretation 

Low There are solid and complete data available; strong evidence is provided in 
multiple references; authors report similar conclusions. 

Moderate There are some but no complete data available; evidence is provided in 
small number of references; authors report conclusions that vary from one 
another.   

High There is scarce or no data available; evidence is not provided in references 
but rather in unpublished reports or based on observations, or personal 
communication; authors report conclusions that vary considerably between 
them. 

Not known There is no data available, no reference, no personal communication, and 
no experience. 
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CHAPTER IV 
 

RESULTS 
 

1.1  Basic data collection 
 
Basic data collection from five townships including Pathein, Kangyihtaunt, 

Myaungmya, Phyarpon and Dedaye was based on duck population and HPAI serological 
surveillance results in 2009. Based on data of 2009 ducks cross-sectional study, duck 
population were 72,417 in Pathein, 101,184 in Kangyihtaunt, 491,276 in Myaungmya, 81,203 
in Phyarpon and 170,377 in Dedaye township (Figure 6). Firstly, five village tracts were 
randomly selected from each township. And then two duck farms were randomly selected 
from each selected village tract to collect blood samples and oropharyngeal swabs. Ten 
duck farms were selected from each township. Thirty serum samples and 30 oropharyngeal 
swabs were collected from each duck farm. The collected serum samples were detected 
antibodies against HPAI virus using HI test. The collected oropharyngeal swabs were 
detected HPAI virus using egg inoculation. 

 

 
Figure 6 Duck population in study 5 townships, Ayeyarwaddy delta region   
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1.1.1 Serological status of duck farms in five townships, Ayeyarwaddy delta region 

 
HI results of serum samples and cloacal swabs collected from duck farms in five 

townships were showed in Table 6. All townships, except Phyarpon township were found 
HPAI seropositive in ducks. Of these 1,459 serum samples, 156 (10.7%) were detected 
seropositive. Among 50 farms, 12 (24%) were found seropositive. The virus was not 
detected from all oropharyngeal swabs.  

 
Table 6 Serological and virus isolation results of HPAI H5N1 in Pathein, Kangyihtaunt, 

Myaungmya, Phyarpon and Dedaye townships (2009) 
  

Township 
No. of 
Village 

No. of 
farm 

No. of HI 
positive 
farm 

No. of 
sera 

tested 

No. of  HI 
positive sera 

No. of OP 
swab 
tested 

Virus 
 isolation 

Pathein 6 10 5 (50 %) 290 74 (25.5 %) 300 Not detected 
Kangyihtaunt 6 10 5 (50 %) 285 64 (22.5 %)  300 Not detected 

Myaungmya 8 10 1 (10 %) 285 2 (0.7 %) 300 Not detected 

Phyarpon 5 10 - 299 - 300 Not detected 

Dedaye 5 10 1 (10 %) 300 16 (5.3%) 300 Not detected 

Total 30 50 12 (24 %) 1459 156 (10.7%) 1500  
 

All townships did not have the history of HPAI outbreaks. The highest seropositivity 
74 samples (25.5%) in Pathein township and the second highest seropositivity 64 samples 
(22.5%) in Kangyihtaunt township were observed (Table 6). At the flock level, the highest 
seropositivity 5 farms (50%) were detected in Pathein and Kangyihtaunt townships (Table 
6). In HI test, seropositive serum samples were defined as HI titers ≥ 1:16. The profile of 
serological results shows in Figure 7.  
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Figure 7 Results of serological profile with the number of HPAI positive sera by detecting 

antibodies of HPAI H5N1 in five townships (2009)  
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2.1 Risk factor study in five townships 
 
Study of risk factors was conducted by using case-control study to determine the 

association of risk factors with HPAI H5N1 seropositive in ducks in five townships, Pathein, 
Kangyihtaunt, Myaungmya, Phyarpon and Dedaye, Ayeyarwaddy delta region, Myanmar.  

 
Questionnaire data had been collected through personal interview with 50 duck 

farmers. Case and control groups were selected and classified based on the evidence of HI 
test positive against HPAI H5N1 antibodies in 2009 ducks cross sectional study. In this 
study, 12 cases and 38 controls were included and the data from duck farmers collected 
during 1 April 2010 to 30 June 2010.  
 

All of duck farms were local breed layer type of ducks in both case and control 
farms. The average number of ducks in case farms was 1,018 ducks. In control farms was 
approximately 732 ducks. The average age of ducks in case and control farms was 18 and 
12 months, respectively.  
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2.2 Poultry supply chain study in Phyarpon township 
 
 The poultry population in Phyarpon township was approximately 0.114 million birds 
including 61% chickens and 39% ducks (Figure 8), (data source from LBVD Phyarpon, 
2010). The poultry population was dropped in Phyarpon after severe cyclone Nargis in 
2008. There were 64 commercial duck farms with the population of 31,263 (average-500 
ducks/farm) and 19,300 backyard ducks. There were 13 commercial layer farms with the 
population of 7,369 (average-550 birds/farm) and three commercial broiler farms with the 
population of 2,450 (average-800 birds/farm).  

 

 
Figure 8 Poultry population in Phyarpon township including ducks, backyard and 

commercial chickens during 1 April to 30 June 2010 
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Figure 9 shows the directional flow of imported poultry and poultry products into 
Phyarpon as well as exported poultry and poultry products from Phyarpon to neighbouring 
townships or other States or Divisions.  

 

 
Figure 9 Directional flows of imported and exported poultry and poultry products into and 

from Phyarpon township 
 

There were three poultry and poultry products such as feed, day-old chicks and 
quail eggs that supported to Phyarpon from Yangon city (Table 7). Feed for commercial 
layer and broiler chickens were directly supported from Yangon CP Company with two 
dealers but amount of feed was low. Most farmers fed their ducks with local feed such as 
broken rice, prawn meal and water hyacinth. Non-purchased supplemented feed was used 
for backyard chickens. For commercial chicken raising, day-old chicks were supported 
from Yangon CP Company but the capacity was very low. There were no quail farms in 
Phyarpon township. Approximately 200 quail eggs per day were supported from Yangon 
quail farms to Phyarpon township for consumption. 
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Table 7 Import of poultry and poultry products to Phyarpon township based on 
questionnaire during April to June 2010 

 
Items Origin Amount Duration Transportation Dealers Remark 
Day-old 
chicks 

Yangon 
CP 

Data not 
available 

Whole 
year 

Boat, car CP dealer Stop in 
studying 
period 

Feed Yangon 
CP 

Data not 
available 

Whole 
year 

Boat, car CP dealer Stop in 
studying 
period 

Quail eggs Yangon 
 

200 Whole 
year 

Boat Dealer Daily 

 
There were four poultry and poultry products such as day-old ducks, duck eggs, 

chicken eggs and duck feather that sent to neighbouring townships and other States or 
Divisions (Table 8).  

 
There were three main duck hatcheries that supported day-old ducks during the 

hatching season (June to October) approximately 0.336 million for the whole township, 
neighboring townships and other States or Divisions (data source LBVD, 2009). However, 
there were no specific parent stocks, the hatchery owners selected the duck farms and then 
support the male ducks (1 male: 10 female) to selected farms. These duck farms resupplied 
the fertile eggs to hatcheries with special price that more 15 kyats than the current price 115 
kyats. The capacity of these three duck hatcheries was 0.48 million during hatching season. 
The hatchability was approximately 70% (0.336 million). Among then, male and female day-
old duck percentage is nearly the same. These day-old ducks were distributed within 
township, and neighbouring township such as Bogale, Kyeiklatt and Dedaye, Yangon 
Division, Tanintharyi Division and Rakhine State (Table 8 and Figure 9). 
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Commercial duck raising, ducks were set free on the water in canal and in the 
paddy field for nearly two hours in the morning and return to the farm to have the 
supplement feed that include broken rice, prawn meal and water hyacinth, as well as in the 
evening. Normally ducks were laid eggs in the early morning. Point of laying is at five 
months of duck age. The daily egg production rate was nearly 70% (22,000 eggs) in 
commercial duck farms and 50% (9,000) in backyard ducks. There were 15 egg dealers in 
Phyarpon township; eight dealers distributed approximately 19% of duck eggs to retailers in 
Phyarpon and seven dealers sent approximately 8% to Bogale and 73% to Yangon dealers 
(Table 8). There were no imported duck eggs from other places to Phyarpon. Some farmers 
kept their ducks until 2-3 years, after that sold their spent ducks to poultry dealers for meat 
purpose and to other farmers who continue to keep for raising. Amount of live ducks flow for 
meat purpose was low during the study period. 

 
The commercial chicken layer and broiler populations were very low approximately 

8% of poultry population (Figure 7). The biosecurity level of commercial layer and broiler 
farms was very low. The daily egg production rate in these commercial layer farms was 
approximately 80% (5,900 eggs). Approximately 48% of eggs were distributed to Kyeiklatt 
and Hinthada townships by egg dealers and the left 52% were used within the townships. 
There were more backyard chickens approximately 47% (53,586 backyard chickens) of 
poultry population. The backyard chickens were not distributed to other places, used for 
consumption within township. 

 
There was one duck and chicken feathers collector. Approximately 2600 viss of 

feather were collected from duck and chicken meat sellers and sent to Yangon, during 
October to March (data source LBVD, 2009). 
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Table 8 Export of poultry and poultry products from Phyarpon township to neighbouring 
townships and other States or Divisions, based on questionnaire during April to June 
2010 

 

Items Origin Amount Duration Transportation Dealers Destination Remark 
Day-old 
ducks 

3 
hatchery 

Data not 
available 

June to 
October 

Boat, car, 
trishaw 

- Yangon*, 
Tanintharyi*
Rakhine*, 
Dedayeª, 
Bogaleª, 
Kyeiklattª 

Stop in 
studying 
period 

Duck 
eggs 

64 duck 
farms 

25,000 Whole 
year 

Boat, car, 
trishaw, 
motorcycle 

Dealers, 
retailers 

Yangon*, 
Bogaleª 

Daily 

Chicken 
eggs 

13 layer 
farms 

3,000 Whole 
year 

Boat, car, 
trishaw, 
motorcycle 

Dealers, 
retailers 

Hinthadaª, 
Kyeiklattª 

Daily 

Duck & 
chick 
feather 

1 
collector 

Data not 
available 

October 
to March 

Boat, 
motorcycle 

Dealers Yangon* Stop in 
studying 
period 

*State and Division, ªTownship 
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Table 9 Distribution of poultry and poultry products within Phyarpon township based on 
questionnaire during April to June 2010 

 

Items Origin Amount Duration Transportation Dealers Remark 
Backyard 
chickens 

villages 1,000 Whole 
year 

Boat, car, 
bicycle, 
motorcycle 

Village 
collectors, 
dealers, 
retailers 

Daily 

Live ducks 64 duck 
farms and 
villages 

200 Whole 
year 

Boat, car Dealers, 
retailers 

Daily 

Day-old 
ducks 

3 
hatcheries 

Data not 
available 

June to 
October 

Boat, car, 
trishaw 

- Stop in 
studying 
period 

Chicken 
eggs 

13 layer 
farms 

2,500 Whole 
year 

Boat, car, 
trishaw, 
motorcycle 

Dealers, 
retailers 

Daily 

Duck eggs 64 duck 
farms 

6,000 Whole 
year 

Boat, car, 
trishaw, 
motorcycle 

Dealers, 
retailers 

Daily 
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2.3 Institutional review of Phyarpon township 
 

Livestock Breeding and Veterinary Department of Phyarpon township takes some 
actions according to Animal Health and Development Law acted on 25th November, 
1993 by the State Law and Order Restoration Council.  

i) To carry out animal health and development work 
ii) To promote livestock development 
iii) To prevent outbreak of contagious disease in animal and to control the outbreak 

systemically when it occurs 
iv) To inspect imported animal, animal products and animal feed 
v) To issue recommendation certificate concerning animal, animal products and 

animal feeds for export 
vi) To protect animal by law from being ill-treated 

For animal movement, most of the farmers and traders are need PC3 (permission 
certificate 3) from the local veterinary officer who is responsible for monitoring and checking 
the clinical signs of poultry without taking samples or any testing. For raising of poultry, the 
farmers are needed to register at Phyarpon LBVD. Activities concern with HPAI prevention 
and control taking by LBVD of Phyarpon were practically low. 
 
2.4 Epidemiological review of HPAI in Phyarpon township 
 
 Myanmar suffered the first wave of HPAI outbreaks in 2006. After the outbreak, 
LBVD determined the high risk and low risk areas to conduct the regular surveillance 
activities according to OIE and FAO guidelines. Phyarpon township was defined as high risk 
area according to the duck populated area, backyard poultry populated area, being small 
live-bird markets, closeness of wetland and poultry and poultry products movement. The 
surveillance program in Phyarpon township was conducted since 2007. In 2008 surveillance 
in ducks, 1% of tested sera was detected HPAI seropositive but virus was not detected. 
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There is no HPAI outbreak in Phyarpon township. LBVD of Phyarpon township always 
conducts the active and passive clinical surveillance by round checking (Table 10).  
 
Table 10 Epidemiological review of HPAI surveillance in duck in Phyarpon township from 

2006 to May, 2010 
 

Year 2006 2007 2008 2009 May-2010  
Serological 
surveillance 

No 
surveillance 

N = 395 
Not detected  
 

N = 300 
1% of tested 
duck sera 
(+)ve 

N = 300 
Not detected 

No 
surveillance 

Virological 
surveillance 

No 
surveillance 

N = 395  
Not detected 

N = 300  
Not detected 

N = 300  
Not detected  

No 
surveillance 

Clinical  
active & passive 
surveillance 

Yes Yes Yes Yes Yes 
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3.1 Risk factors analyses  
3.1.1 Univariable analyses 
 

Of the 18 factors were assessed in the univariable analyzes, 12 were met the criteria 
for selection of multivariable logistic regression model (P-value ≤ 0.25) (Table 11). These 
were source of ducks, starting of duck’s age for raising, time of flock keeping, egg 
containers, reuse containers, source of feed, source of water, farming system, selling of 
ducks, person who take care ducks and receiving visitors and relatives to the farm. The 
remaining six factors were not met for inclusion in the multivariable logistic regression 
process.  

 
Table 11 Results of univariable analyses of risk factors for highly pathogenic avian influenza 

(H5N1) virus infection in ducks in Ayeyarwaddy delta region 
 

Variables 
Case 

(n=12), n(%) 
Control 

(n=38), n(%) 
OR, 

95% CI 
P-

value 
Source of ducks* 

Ayeyarwaddy 7 (58) 37.5 (99) 0.16 (0.08-0.31) 0.00 
Bago East & Yangon 5 (42) 0.5 (1) 

No. of ducks in the farms     

< one thousand 10 (83) 32 (84) 0.94 (0.16-5.40) 1.00 
> one thousand 2 (17) 6 (16)   

Starting age for raising * 
Day-old ducks 5 (42) 36 (95) 0.04 (0.01-0.25) 0.00 
Pullet ducks 7 (58) 2 (5)  

Time of flock keeping * 
 > 2 years 6 (50) 10 (26) 2.80 (0.73-10.72) 0.163 
 < 2 years                     6 (50) 28 (74)  
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Continue (Table 11) 
 

Variables 
Case 

(n=12), n(%) 
Control 

(n=38), n(%) 
OR, 

95% CI 
P-

value 
Selling of eggs 

Local market 5 (42) 10 (26) 1.64 (0.42-6.45) 0.496 
Dealers 7 (58) 23 (61)   

Egg containers* 
Wooden box 7 (58) 5 (13) 8.12 (1.83-36.00) 0.006 
Bamboo basket & Plastic tray 5 (42) 29 (76)   

Reuse containers *               
After cleaning 4 (33) 26 (68) 0.08 (0.02-0.38) 0.001 
Without cleaning 8 (67) 4 (11)  

Source of feed *     
Phyarpon District 1 (8) 19 (50) 0.10 (0.01-0.82) 

 
0.016 

Pathein & Myaungmya Districts 10 (83) 18 (47)  

Source of water  * 
Reservoir 8 (67) 6 (16) 10.67 (2.42-47.0) 0.002 
Public well 4 (33) 32 (84)  

Setting of ducks* 
Paddy field 7 (58) 10 (26) 3.92 (1.01-15.21) 

 
0.077 

Lake and canal  5 (42) 28 (74)  
Chick & quail farms within 1km radius 

Yes 3 (25) 7 (18) 1.13 (0.23-5.46) 1.00 
No 8 (67) 21 (55)  

Contact with wild birds 
Yes 7 (58) 16 (42) 2.77 (0.61-12.51) 0.284 
No 3 (25) 19 (50)  
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Continue (Table 11) 
 

Variables 
Case 

(n=12), n(%) 
Control 

(n=38), n(%) 
OR, 

95% CI 
P-

value 
Farming system *     

Free-ranging 3 (25) 22 (58) 0.24 (0.06-1.04) 0.095 
Semi-intensive and intensive 9 (75) 16 (42)   

Selling of ducks *     
All in all out 9 (75) 37 (97) 0.08 (0.01-0.87) 0.038 
Partially 3 (25) 1 (3)   

Cleaning duck farm     
Yes 4 (33) 9 (24) 1.39 (0.34-5.76) 0.717 
No 8 (67) 25 (66)   

Person who take care ducks *     
Labour 6 (50) 9 (24) 3.22 (0.83-12.51) 0.146 
Family member 6 (50) 29 (76)   

Receiving visitors and relatives * 
Yes 6 (50) 6 (16) 3.83 (0.90-16.26) 0.128 
No 6 (50) 23 (61)  

Rodents 
Yes 6 (50) 26 (68) 0.46 (0.12-1.73) 0.309 
No 6 (50) 12 (32)  

* Variables included in multivariable logistic regression model. 
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3.1.2 Multivariable analyses 
  

Twelve factors that significant from univariable analyses were subjected for further 
multivariable analyses. The results of multivariable logistic regression model are shown in 
Table 12. Three variables were remained in the final model including egg containers and 
source of water as risk factors, while in reusing container as a protective factor.  
 
Table 12 Results of multivariable logistic regression model for highly pathogenic avian 

influenza H5N1 in ducks in Ayeyarwaddy delta region 
 

Variables OR (95% CI) P-value 

Egg containers    
Wooden box 
Bamboo basket and Plastic card 

52.66 (2.34-1.188x103) 0.013 

Reuse containers             
After cleaning 
Without cleaning 

0.026 (0.00-0.42) 0.01 

Source of water   
Reservoir 
Public well 

30.74 (1.96-481.64) 0.015 
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3.2 Qualitative risk assessment of HPAI in Phyarpon township 

 
The results of release assessment, exposure assessment and consequence 

assessment of HPAI by qualitatively on poultry and poultry products in Phyarpon township 
are showed in Table 13. There were 11 factors to consider for the assessment of qualitative 
risk of HPAI during the study period. Eight factors such as feed, day-old chicks, day-old 
ducks, quail eggs, chicken eggs, duck eggs, layer and broiler, and duck and chicken 
feather were estimated the overall risk as negligible with low to moderate uncertainty, while 
in wild birds was low with moderate uncertainty. However, the overall risk of backyard 
chickens and ducks were estimated as moderate with low uncertainty.  
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Table 13 Results of qualitative risk estimation and associated uncertainties for release, 
exposure and consequence assessment of HPAI on poultry and poultry products 
in Phyarpon township 

 

Factors 
Release Exposure & Consequence Overall risk 

Risk Uncertainty Risk Uncertainty Risk Uncertainty 
Feed* Negligible Moderate - - Negligible Moderate 

Day-old 
chicks* 

Negligible Moderate - - Negligible Moderate 

Day-old 
ducks* 

Negligible Moderate - - Negligible Moderate 

Quail eggs* Negligible Low - - Negligible Low 
Chicken 
eggs* 

Negligible Moderate - - Negligible Moderate 

Duck eggs* Negligible Moderate - - Negligible Moderate 
Layer & 
broiler* 

Negligible Moderate - - Negligible Moderate 

Duck and 
chick 

feather 

Low High Negligible Moderate Negligible Moderate 

Wild birds Low Moderate Moderate Moderate Low Moderate 
Backyard 
chickens 

Moderate Moderate Moderate Low Moderate Low 

Live ducks Moderate Moderate Moderate Low Moderate Low 
*If the result is negligible in release assessment, this factor is not considered for exposure 
and consequences assessment 
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3.2.1 Feed  
Release assessment 
 
The amount of feed that brought into Phyarpon township was considerably low. Most 

of the farmers fed their domestic ducks and backyard chickens with by-horticultural 
products such as broken rice, prawn meal and water hyacinth. For commercial layer and 
broiler chickens, the frequency of commercial feed purchase from Yangon CP Company 
was varied. A large amount of commercial feed were brought and stored in a closed 
container for such long time period. At the time of study period, there was no imported feed 
into Phyarpon township. The risk for the introduction of HPAI virus through feed that entered 
Phyarpon township was estimated as negligible with moderate uncertainty.  
 

Exposure assessment 
 
The exposure assessment of HPAI for feed was not assessed as the release 

assessment was estimated as negligible. 
 

3.2.2 Day-old chicks 
Release assessment  
 
For commercial layer and broiler chickens raising, day-old chicks were provided 

from Yangon CP Company. Commercially produced day-old chicks are unlikely to be 
infected with HPAI virus when they leave from the incubator given properly management 
(Sims and Brown, 2008). However, there is no experimental studies have been conducted 
using eggs contaminated or infected with HPAI virus to prove this and therefore this 
possibility cannot be ruled out (Brugh and Johnson, 1986). If day-old chicks are spreading 
diseases, this is more likely to be via contact with contaminated transport containers or 
through exposure to infection after hatching. This could be facilitated by management 
practice in cleaning containers. The capacity of day-old chicks supported to Phyarpon 
township was very low. During the study period, there were no imported day-old chicks to 
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Phyarpon. The estimated risk for the introduction of HPAI virus through the day-old chicks 
into Phyarpon township was negligible with moderate uncertainty.  

 
Exposure assessment 
 
As the release assessment of HPAI for day-old chicks was estimated as negligible, 

the exposure assessment was not assessed.  
 
3.2.3 Day-old ducks 

Release assessment  
 
In Phyarpon township, most of the duck farmers raised ducks that hatched from the 

three hatcheries. There were no special duck parent stocks for these hatcheries. The 
hatchery owners selected the duck farms and then supported the male ducks to selected 
farms. These duck farms resupplied the fertile eggs to hatcheries. The day-old ducks were 
enough for being raised in the township. There were no imported day-old ducks from the 
previous outbreak areas and recently ducks seropositive areas. One percent of seropositive 
in ducks was occurred but no virus detected in 2008 surveillance. In 2009 surveillance, no 
seropositive ducks were detected (Table 6). However, no studies have been published on 
the effect of maternal antibody to H5 avian influenza viruses on infection and virus excretion 
in day-old duckling. Therefore, the risk estimated for release and introduction of HPAI virus 
into Phyarpon township through day-old ducks was negligible with moderate uncertainty.  

 
Exposure assessment 
 
The estimated risk of HPAI for day-old ducks was negligible, therefore, further 

exposure assessment of HPAI was not considered. 
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3.2.4 Quail eggs 
Release assessment  
 
A little amount of quail eggs was supported to Phyarpon township by one dealer 

from Yangon. There was no quail farm in the study area. Experimentally, quail are highly 
susceptible to infection with HPAI virus (Perkins and Swayne, 2001). The risk for the release 
and introduction HPAI virus into Phyarpon township through the quail eggs was negligible 
with moderate uncertainty.  

 
Exposure assessment 
 
The release assessment of HPAI for quail eggs was estimated as negligible, 

therefore the exposure assessment was not considered. 
 

3.2.5 Chicken eggs 
Release assessment 
 
Chicken eggs were supported from 13 layer farms which have low biosecurity. 

These eggs were not cleaned before being distributed to egg dealers and sellers. HPAI 
virus could potentially contain on the surface of eggs that produced from the infected hens 
but the clinical course of HPAI in chickens is extremely short. It was unlikely that infected 
eggs enter the market chain. The contaminations of eggs with HPAI virus and probability of 
survival on egg shell are very low. There were not imported chicken eggs from the previous 
outbreak areas. Therefore, the estimated risk for release and introduction of HPAI virus 
through the chicken eggs into Phyarpon township was negligible with moderate uncertainty. 

 
Exposure assessment 
 
The release assessment of HPAI for chicken eggs was estimated as negligible, 

therefore the exposure assessment was not considered. 
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3.2.6 Duck eggs 
Release assessment 
 
Duck eggs were supported by commercial and backyard duck farmers for demand 

of markets. Most of the duck farmers were not washed and cleaned the surface of duck 
eggs. No studies have been conducted on the presence of Asian-lineage H5N1 HPAI 
viruses in eggs from infected ducks but, based on experience with other species; egg laid 
by infected ducks could potentially contain some virus (Promkuntod et al., 2006). The 
surface of duck eggs is frequently soiled with faces and since ducks can be subclinically 
infected and pass virus in faces, contaminated eggs pose a potential transmission of risk. 
There were no supported duck eggs from the previous outbreak areas and recently ducks 
seropositive areas. The estimation of risk for release and introduction of HPAI virus through 
the duck eggs into Phyarpon township was negligible with moderate uncertainty.  
 

Exposure assessment 
 
The release assessment of HPAI through the duck eggs was estimated as 

negligible, the exposure assessment of HPAI related with duck eggs was not assessed.  
 

3.2.7 Commercial layer and broiler chickens 
Release assessment 
 
There were 13 layer and three broiler chicken farms, approximately 8% of total 

population, with low biosecurity level. All of these farms are situated in segregated area 
from duck farms. It was not used mix raising system. Disinfection and lime are used before 
entering the farms. People who worked with chickens changed their shoes before entering 
the farms. All farms have net to prevent entering wild and resident birds. There was no 
outbreak information and the history of HPAI seropositive in commercial chickens in 
Phyarpon township. Therefore, the estimation of risk for release and introduction of HPAI 
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virus through commercial chickens into Phyarpon township was negligible with moderate 
uncertainty.  

 
Exposure assessment 
 
As the results of negligible for introduction of HPAI through the commercial layer 

and broiler chickens, the exposure assessment was not considered. 
 
3.2.8 Duck and chicken feather 

Release assessment  
 
Duck and chicken feather collector collected the feather from chicken and duck 

meat sellers during October to March. It is proved that the affected feather can cause 
infection in orally inoculated domestic ducks (Yamamoto et al., 2007). HPAI H5N1 virus can 
replicate in feather epidermal cells in asymptomatic domestic ducks (Yamamoto et al., 
2008). At the time of studying period, collection of feather was stopped because of raining 
season. The estimated risk for release and introduction of HPAI virus through the duck and 
chicken feather into Phyarpon township was low with high uncertainty. 

 
Exposure assessment  
 
The collector delivered these feathers to Yangon by boat, two to three times during 

the collection period. These feathers were dry and stored for certain period. The estimated 
risk for exposure and transmission of HPAI virus through the duck and chicken feather 
within Phyarpon township was negligible with moderate uncertainty. 
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3.2.9 Wild birds 
Release assessment 
 
The species and presence of wild birds observed in Phyarpon township were based 

on data collected by showing the pamphlet of highly pathogenic avian influenza in wild bird 
species that published by the organization of FAO and LBVD, during questionnaire 
interview (Table 14). Most of these observed wild birds can carry or excrete HPAI virus. 
Since, the majority of Phyarpon township located in low land, wild birds were frequently 
found. There was no surveillance of HPAI in wild birds and no outbreaks information in wild 
birds in Phyarpon township. The frequency of wild birds’ presence in Phyarpon township 
was high; the likelihood of those wild birds being infected with HPAI virus was not clear. The 
probability of likelihood of release and introduction of HPAI virus into Phyarpon township 
was low with moderate uncertainty. 
 

Exposure assessment  
 

Most of domestic duck farms were located in paddy field. These ducks were the 
most likely to have direct and indirect contact with wild birds which shared their habitat with 
domestic ducks in paddy fields and wetland. This provided an opportunity for an exchange 
of viruses between these two populations. The probability of likelihood of exposure and 
transmission of HPAI virus to domestic poultry within Phyarpon township through the 
infected wild birds was moderate with low uncertainty. 
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Table 14 List of birds species observed in Phyarpon township 
 

Order Common name Scientific name Report of HPAI  
Anseriformes Lesser whistling duck   Dendrocygna javanica (Photieng and 

Jamjomroon, 2006) 
Ruddy shelduck Tadorna ferruginea  (Kwon et al., 2010) 

Gruiformes Common moorhen Gallinula chloropus - 
Purple swamphen Porphyrio porphyrio - 
Sarus Cranes Grus antigone - 

Charadriiformes Gull Larus canus (Brown et al., 2008) 
Sand piper Ctitis hypoleucos - 
Lapwing Vanellus vanellus - 

Ciconiiformes Painted storks Mycteria leucocephala - 
Herons Ardea herodias (Ellis et al., 2004) 
Egrets Ardea alba (Ellis et al., 2004) 

Passeriformes House crow Corvus splendens (Nishiguchi et al., 2005) 
Common myna Acridotheres tristis (Photieng and 

Jamjomroon, 2006) 
House sparrow Passer domesticus   (Boon et al., 2007) 

Pelecaniformes Cormorant Phalacrocorax carbo Pothieng and  
Jamjomroon 2006 

Falconiformes Shikra Accipiter badius - 
Kite - - 

Columbiformes Rock pigeon Columba livia (Photieng and 
Jamjomroon, 2006) 

Dove Streptopelia chinensis - 
 

http://en.wikipedia.org/wiki/Passeriformes
http://en.wikipedia.org/wiki/Columbiformes
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3.2.10 Backyard chickens 
Release assessment  
 
Backyard chickens raised in Phyarpon are being free-ranging and some are mixed 

with ducks and geese. Geospatial analyses of HPAI outbreaks in Thailand showed that the 
spatial distribution of HPAI outbreaks in chicken and ducks is strongly associated with that 
of free-grazing ducks (Gilbert et al., 2006). Most of rural households have backyard 
chickens that may expose to other residents birds and wild birds. Moreover, the absence of 
fences or other barriers, these chickens roamed freely around the property. Biosecurity level 
and environmental condition and lack of hygiene measures are favored to the introduction 
of HPAI virus into backyard chickens. It is reported that outbreaks of HPAI in backyard 
chickens in Myanmar ((Mon et al., 2008b). The estimated risk for release and introduction of 
HPAI virus through the backyard chickens into Phyarpon township was moderate with 
moderate uncertainty.  

 
Exposure assessment  
 
The movements of backyard chickens were only within the township’s markets. 

Bamboo baskets were mainly used for carrying of backyard chickens and some carried by 
hand. Most of dealers never cleaned these containers. Most of the meat sellers made 
dressing the backyard chickens inside the market and at home, and throw the feathers and 
the waste products into the seawage and dustbin. This behavior is higher chance for 
transmission of HPAI virus to commercial layer and broiler chicken farms. Moreover, the 
absence of fences or barriers, it is a good condition to get exposure of HPAI virus. The 
estimated risk for exposure and transmission of HPAI virus through the backyard chickens 
within Phyarpon township and neighbouring townships or States and Divisions was 
moderate with moderate uncertainty.  
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3.2.11 Free-ranging ducks  
Release assessment  
 
Most of the duck farms with less of biosecurity level were located in the rice fields 

which were favored habitat for wild birds. Some were mixed farming system with backyard 
chickens, geese and pigs. The paddy field, small river split from Ayeyarwaddy river and 
canal were used as a duck grazing area. In 2008 surveillance, 1% HPAI seropositive was 
found in ducks but in 2009, no seropositive was detected (Table 6). The virus also was not 
detected. It is well known that duck is one of the aquatic birds that act as a reservoir for 
HPAI H5N1 virus if they do not exhibit clinical signs. Subclinically infected ducks do not 
shed large amounts of virus into the environment. However, if they show clinical sign, the 
amount of virus shedding is increased (Tumpey et al., 2002). The estimated risk for release 
and introduction of HPAI virus through the free-ranging ducks into Phyarpon township was 
moderate with moderate uncertainty. 

 
Exposure assessment  
 
The free-ranging duck husbandry had a high possibility to play an important role in 

spreading influenza virus because of movement of ducks and healthy reservoir for HPAI 
virus H5N1. Spent ducks and pullet ducks were not distributed to other neighbouring 
townships and States or Divisions; a little mount of duck was selling within township during 
the study period. Most of meat sellers dressed the ducks at the shop in market and at 
home. The duck feathers were collected by the feather collectors but waste products were 
discarded into dustbin and drainage. This practice is more risk for the exposure of HPAI 
virus to commercial layer and broiler chickens. The estimated risk for exposure and 
transmission of HPAI virus through the free-graining ducks within Phyarpon township and 
neighbouring townships or States and Divisions was moderate with moderate uncertainty. 



52 

3.2.12 Consequence assessment of HPAI outbreaks 
 
When HPAI outbreaks occur in domestic poultry in Phyarpon township, various 

control measures and actions are implemented by LBVD of Phyarpon. The magnitude of 
impact would be effect to the economic of chicken and duck farmers and to human health 
especially duck workers, farmers, dealers, sellers and consumers. When HPAI outbreaks 
occur, LBVD of Phyarpon will implement various control measures organizing with head 
quarter of LBVD. The outbreaks can be control within the affected location through the 
movement restriction. The economic impact has to reduce by compartmentalizing the 
affected farms. If the HPAI outbreak occurs, compensation should be considered to pay for 
farmers; otherwise we can not available outbreak information. Moreover, a huge drop in 
market demand can be found for consumer safety as well as market price. This will lead to 
further loss of income for poultry farmers, dealers and retailers. Not only these effects, 
public health, social and environmental effects can be resulted from HPAI outbreaks. 
Therefore the estimated risk for consequence and impact of HPAI outbreak through the 
infected domestic poultry within Phyarpon township and other townships or States and 
Divisions was moderate with low uncertainty. 
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CHAPTER V 
 

DISCUSSION 
 

Four distinct HPAI epidemic waves were recorded in Myanmar during 2006 to 2010 
causing approximately one million birds’ death and one non-fatal human case. The 
outbreaks were occurred in Sagaing, Mandalay, Yangon and Bago Divisions as well as Mon 
and Eastern Shan States. Geographically, most of the outbreaks took place in central 
Myanmar. Affected bird species are commercial layer, backyard chickens, quails and 
guinea fowl. In response to HPAI outbreaks, LBVD implemented containment measures 
including stamping-out policy, quarantine and movement restriction, zoning and 
compartmentalization, hygienic measures, tracing and post-outbreak surveillance 
according to the 2006 and 2007 contingency plan. The consequence of these outbreaks 
relate to the direct impact of economic losses and public health intervention. However, it is 
still need the information of risk of HPAI in Myanmar. This study was aimed to identify the 
risk factors in ducks farms and to assess the area risk of HPAI on poultry and poultry 
products to provide risk management and recommendation for HPAI prevention and control 
in Myanmar. The results of this study show that some critical factors including wooden box-
egg container and source of drinking water are associated with being HPAI seropositivity in 
ducks, while in reuse container after cleaning is associated as a protective factor. The 
results of the overall risk estimation show that the risk of ducks and backyard chickens were 
moderate with low uncertainty, while overall risk for wild birds was low with moderate 
uncertainty. The estimated risk for feed, day-old chicks, commercial layer and broiler 
chickens, chicken eggs, quail eggs, day-old ducks, duck eggs and duck and chicken 
feather were negligible with varying levels of uncertainty. 
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5.1 Serological status of HPAI in duck farms in five townships, Ayeyarwaddy delta region 
 
  Free-living bird species such as ducks, geese, swans, gulls, terns and shore birds 
have been considered as the natural reservoirs for avian influenza viruses (Swayne and 
Halvorson, 2003). The serological surveillance results have showed seropositivity in ducks 
from four townships out of five townships in Ayeyarwaddy delta region ranging from zero to 
24% at farm level and from zero to 10.7 % at individual level. All of these ducks were healthy 
at the time of sampling. The highest seropositivity was occurred in Pathein (25.5%) and 
Kangyihtaunt townships (22.5%). It is interesting that these two townships have no duck 
hatcheries. Most of the farmers order the ducks from the Bago and Yangon Division (H5N1 
outbreak areas) where the 2nd wave of HPAI outbreaks occurred. Therefore, it is more likely, 
the ducks raised in these townships could get exposure of virus from the previous outbreak 
areas. In the other two townships, Dedaye and Myaungmya were found seropositive ducks 
with low positivity (5.3% and 0.7%). These two townships, like Pathein and Kangyihtaunt, 
are heavy ducks raising areas. The reasons for seropositivity are lower than Pathein and 
Kangyihtaunt townships, and the likely source of exposures were not clear. In Phyarpon 
township, unlike other townships, no seropositive ducks were observed. In fact, there are 
three duck hatcheries in the Phyarpon township and no supported day-old ducks and pullet 
ducks from other areas where previous HPAI outbreaks or history of HPAI seropositive in 
ducks.  

 
In this study, the virus was not detected from all oropharyngeal swabs of the 

seropositive and seronegative ducks. It is likely that at the time of sampling the ducks might 
not be shedding the virus. All ducks are healthy at the time of sampling, may be carrying 
low pathogenic or high pathogenic strains of avian influenza. As Ayeyarwaddy delta region 
is rice growing delta area, the paddy fields are used as feeding grounds of ducks. There 
was a report of strong association between H5N1 virus and free-grazing duck in the paddy 
field and it was a critical factor for the persistence and spread of HPAI virus (Gilbert et al., 
2006). 
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5.2 Risk factors of HPAI being seropositive in ducks in five townships, Ayeyarwaddy 
delta region 

 
In this study there was an association between certain risk factors and being 

seropositivity of HPAI H5N1 virus in ducks. Using wooden box-egg containers is 
significantly associated with being HPAI seropositivity in ducks (Odds ratio [OR] 52.66, 95% 
confidence interval [CI] 2.34-1.188x103, P=0.013) compare with bamboo basket and plastic 
card-egg containers. It is also noted that egg trays and vehicles form the markets are 
potential sources of infection to poultry (Biswas et al., 2008). It is possible that these egg 
trays can get contamination with HPAI virus via feces and environment. The types of egg 
tray used in these study areas are wooden boxes, bamboo baskets and plastic cards. 
Wooden box-egg containers are difficult to clean. Therefore, it is possible reason to pose 
high contamination of HPAI virus. Most of the farmers usually share of the egg trays at the 
dealer shops. Sharing of egg tray is a higher chance of getting HPAI infection in poultry. It is 
also reported that the discriminate usage of egg trays by egg dealers who used their trays 
between states and farms is higher risk of infection (Bello et al., 2008).  

 
Reused egg containers after cleaning are negatively associated with being HPAI 

seropositivity in ducks comparing with without cleaning the containers (OR=0.03, 95% 
CI=0.00-0.42, P= 0.01). Two types of egg trays as wooden box and bamboo basket are still 
difficult to conduct appropriate cleaning. The report in the Republic of Korea on the 
outbreaks of HPAI (H5N1) similarly showed that reuse of egg trays without cleaning is 
hampered the prevention and control of disease (Wee et al., 2006). It is to be sure that the 
farmers need to clean and disinfect egg trays before entering or prior to use on the farms. 
There have been reported that some outbreaks and spreading of avian influenza have been 
associated with transfer of virus by carrying egg trays (Thomas et al., 2005). However, the 
equipment used after cleaning, exposing sunlight, dryness and heat, the virus 
contaminations are less likely. 
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The water from canal and small river that used as drinking water for ducks showed 
significant association being of HPAI seropositivity in ducks comparing with the water in 
public well (OR= 30.739, 95% CI=1.96-481.637, P=0.015). Water is considered as a 
potential spread of HPAI, it has been contaminated with HPAI virus. Ayeyarwaddy delta 
region is a water flooded area in the rainy season. There are three seasons including 
summer, rainy and winner with average temperature of 25° C in this delta region. The 
annual rain fall is approximately 127 inches. There are a lot of small rivers and canals that 
split from Ayeyarwaddy river. Infected wild birds and ducks may excrete or transfer HPAI 
virus to wetland, canal and pond. It is reported that HPAI virus can survive three days in 
paddy field water at 25-32° C (Songserm et al., 2006b) and longer in cooler condition 
(Brown et al., 2007). Most of the duck farms in the study area use water from the canal, river 
and pond as well as set the ducks on the water in the canal, paddy field and river.  

 

Ducks raising system in the study area of Ayeyarwaddy delta region are based on 
open house system. In this system, ducks are set free on the water in canal and in the 
paddy field in the morning and return to the farm at noon to have the supplement feed. In 
the evening, duck farmers pick up the ducks again to the field for natural feed and return in 
the late evening. This open duck raising system has higher chance for HPAI infection but 
we found that it was not significant. In Thailand, H5N1 infection was detected in three duck 
raising systems such as open houses, free-ranging (grazing) ducks and backyard system 
(Songserm et al., 2006c). 

 
In this study, the results of 95% confidence interval were showed that a wide range, 

especially in wooden box-egg container (2.34-1.188x103) and using source of water from 
wetland (1.96-481.64). Generally, it may be the effect of small sample size in case and 
control study. This case-control studies are more likely to have selection bias than other 
epidemiologic studies (Geneletti et al., 2009). In this study, case and control duck farms 
classification was based on selection criteria of seropositive and seronegative results of 
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HPAI in ducks to eliminate selection bias. However, we were not sure for recall bias that 
based on farmer ability to recall their memories on the past. 

 
Nevertheless, this study did not find a significant association between HPAI 

seropositivity in ducks and paddy field, receiving visitors, contact wild birds. These factors 
could be potential risk factors for HPAI infection (Gilbert et al., 2006; Henning et al., 2009b; 
Fasina et al., 2011). The reason is the limitations of small sample size for case (12 farms) 
and control (38 farms). Data was not available from some questions to be considered for 
risk factors. 

 
5.3 Poultry supply chain of Phyarpon township 

 
Poultry supply chain results demonstrated that three connections including within 

township, exported and imported poultry and poultry products. Within the township, the 
poultry supply chain is mainly connected with 4 markets that sold poultry and poultry 
products. Backyard chicken and duck flows are mainly found within the township as well as 
day-old ducks, duck and chicken eggs. Through our study, the supply chain of poultry and 
poultry products in Phyarpon township is not complicated. 

 
We found that poultry and poultry products are mostly exported to neighboring 

townships and other States or Divisions, while in imported poultry and poultry products to 
Phyarpon are only from Yangon city. We found that approximately 25,000 duck eggs are 
traded to Yangon city and Bogale township daily. Approximately 3,000 chicken eggs are 
delivered to neighbouring townships, Hinthada and Kyeiklatt in daily. There are three duck 
hatcheries that supported the day-old ducks to neighbouring townships including Dedaye, 
Bogale, and Kyeiklatt and Yangon city, Tanintharyi Division and Rakhine State. This 
supporting is a wide spreading as a whole region of lower Myanmar. At the time of study 
period, the hatching of day-old ducks did not start (hatching season June to October). The 
highlight is the duck feather from Phyarpon that are treaded to Yangon city during October 
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to March but data not available. It is surprise that the flow of ducks and backyard chickens 
to neighbouring townships are not found at the study period. 

 
We also found that day-old chicks, feed and quail eggs are supported to Phyarpon 

from Yangon city. There is no quail farm in Phyarpon. Quail eggs are imported from Yangon 
city. At the study period, the flow of day-old chicks and feed are stopped for a while. Most 
of the poultry and poultry movement occur via dealers on boats, trucks and motorcycle. 
There have been reported that movement of live birds, contaminated transport vehicles and 
materials increase the chance of HPAI virus spread to poultry (Thomas et al., 2005; Kung et 
al., 2007; Biswas et al., 2008). Understanding the movement of poultry and poultry 
products, it is essential to develop the targeted surveillance and appropriate control 
program of HPAI. 

 
5.4 Qualitative risk assessment of HPAI in Phyarpon township 
 

The overall risk estimation of release assessment, exposure assessment and 
consequences assessment of HPAI for live ducks and backyard chickens are moderate 
with low uncertainty, while in case of wild birds is low with moderate uncertainty. The risk 
estimation for feed, day-old chicks, commercial layer and broiler chickens, chicken eggs, 
quail eggs, day-old ducks, duck eggs and duck and chicken feather are negligible with 
varying levels of uncertainty. 

 
The estimated risk for live ducks and backyard chickens are moderate with low 

uncertainty, which means the occurrence of risk is likely with strong evidence. In case of 
wild birds, the risk estimation is low with moderate uncertainty which means the occurrence 
of risk is unlikely with small evidence. The estimated risk for feed, day-old chicks, 
commercial layer and broiler chickens, chicken eggs, quail eggs, day-old ducks, duck 
eggs and duck and chicken feather are negligible with varying levels of uncertainty, which 
means the risk is not occur but cannot be excluded. 
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As Phyarpon township is rice growing delta area and a lot of surface water, small 
river and canal split from Ayeyarwaddy river. Water birds and wild birds can contact with 
ducks in the paddy field. Therefore, free-grazing ducks have a higher chance for 
contamination HPAI virus. In this risk assessment, most of the estimates were associated 
with low to high uncertainly and needed to be interpreted with caution. For estimating risk 
level was combined with epidemiology reviews, information of poultry and poultry products 
supply chain and existing published literatures but scientific evidence is lacking. Through 
qualitative risk assessment for the introduction, transmission and impact of HPAI virus in 
poultry in Phyarpon township was negligible to moderate with low to high level of uncertainty 
during the study period of April-June 2010.  

 
The high level of uncertainty associated with risk estimation is pointed to significant 

gaps in knowledge of the epidemiology of HPAI and poultry supply chain. Therefore, 
extreme cautions are required in the interpretation of the risk estimate. It is needed for the 
targeted data collection to fulfill some of the relevant knowledge gaps. These targeted areas 
should be to do survey for the information of the prevalence of HPAI in ducks, wild and 
resident birds, and backyard chickens. 

 
The risk assessment undertaken in this study were based on the release, exposure 

and consequence assessment by supporting information of poultry supply chain study, 
institutional and epidemiological reviewing. From the release and exposure assessment 
which did not cover all possible introduction and transmission pathways for HPAI virus. The 
complete introduction and transmission of HPAI would include both direct and indirect ways 
including environmental temperature, humidity and geographical region and biological 
factors. Movement of ducks and backyard chickens are considered to play in critical role of 
spreading of infection. The consequence assessment was considered the impact of HPAI 
outbreaks, if outbreaks could occur in poultry in Phyarpon township. The qualitative risk 
assessment conducted on the current study found that overall risk estimation of ducks and 
backyard chickens were moderate for getting HPAI infection and transmission. In contract, 
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the qualitative risk assessment done in Thailand reported that the risk of free-ranging ducks 
was negligible and for live poultry was very low. However, this qualitative risk assessment 
focused on poultry and poultry products, instead of specific species in Phyarpon township. 
This qualitative risk assessment were estimated based on outcomes of sero-surveillance of 
HPAI in ducks and HPAI disease situation, the information of surveillance on other species 
were not included. The estimation consequently needed to be interpreted carefully based 
on specific criteria. Risk assessment is a tool to provide information for risk management, in 
this study the management should be targeted free-grazing ducks and backyard chickens 
sectors. In meantime, the cross-border trade measures should paid attention in cases of 
seropositive and new outbreaks in poultry in neighboring townships.  

 
5.5 Conclusions and suggestions 

 
 This study was conducted to identify the risk factor in ducks farms in five townships 
by case-control study with questionnaire interview. The results showed that: 

- Wooden box-egg container and source of water from wetland were major 
risk factors for being HPAI seropositive in ducks. 

- Reuse container with cleaning resulted that as a protective factor for being 
HPAI seropositive in ducks. 

- Further studies are necessary to extend the risk factors study in ducks 
populated areas like Ayeyarwaddy delta region in Myanmar. 
 

This study also conducted qualitative risk assessment of HPAI in poultry in Phyarpon 
township, Ayeyarwaddy delta region by evaluating the information of poultry supply chain 
study, relevant institutional and epidemiological review of AI in township. The results 
showed that: 

- Overall risk estimation for backyard chickens and ducks were moderate with 
low uncertainty. 

- Overall risk for wild birds was estimated as low with moderate uncertainty. 
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- Overall risk estimation for feed, day-old chicks, commercial layer and broiler 
chickens, chicken eggs, quail eggs, day-old ducks, duck eggs and duck 
feather were negligible with varying levels of uncertainty. 

Suggestion for risk management of HPAI prevention and control are:  
- Encourage to farmers for farm registration 
- Movement control for free-grazing ducks within village 
- Local veterinarian should have sampling and testing program on animal 

movement at the time of selling of poultry 
- Use net or simple pen for backyard chickens 
- Improve biosecurity for commercial chickens 
- Training and public awareness program for HPAI prevention and control for 

poultry farmers  
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Appendix A 
 

Duck Farmer Questionnaire Form 
Section 1: Basic Information 
1.1 Name of Owner …………………………………………………………………… 
1.2 Address of Farm Owner ........................................................................................................................... 

………………………………………………………………………………………… 
1.3 Address of Farm ………………………………………………………………………………………… 
1.4 Location of Farm (GPS) Latitude………………………………………………Longitude……………………. 
 

Section 2: Farm Management 
2.1 Total number of duck in your flock ………………………………… 
2.2  Age  ……..…………………    

2.3 Type  Meat                         Layer   

2.4 Breeds of duck    

 Local Peking Cherry Berry  Others 
Please specify……….. 

2.5 Sources of duck    

 Township………………………………………… Division…………………………………………… 

2.6 Which age of duck do you start for rearing at farm?  
 Day old duck Pullet  First moulting 

 (over 1 year of age) 
Second moulting 
(over 2 year of age) 

2.7 Duration of flock keeping 
 Under 6 months 6-12 months 1-2  years Over 2  years 
2.8 How do you sell your duck/egg to market? 
                 Direct to local market Through the dealer  

Where…………………………………… Which dealer…………………………………  

2.9 What type of containers do you use for duck egg and duck transportation? 
                          Plastic basket Bamboo basket Wooden box  
2.10  Do you reuse this type of containers after cleaning? 

 Yes No   

     

     

     
                                                                                                                            Date of Interview………………… 
Name of Interviewer………………………………………………                Time ……………………………… 
Place of Interview: Township……………………………District………………………Division……………………….. 
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2.11  Do you give any feed supplement to your ducks? 
 Yes No   

       If yes, what kind of feed supplement do you give? ………………………………………………………………… 

      Source of feed   ………… ………………………………………………………………………… 
2.12  Water supply for raising 

 Well                Tube  well Tap water Reservoir 
2.13  Where are you setting your ducks? 
 Wetland Canal Lake Paddy field 
2.14  How far is your farm from water reservoir?  

  …………………Km   

2.15  How far is your farm from the nearest town?  
  …………………Km   

2.16  How far is your farm from the main road that carried live poultry?  
  …………………Km   

2.17  Do you keep the other livestock together with ducks in your farm? 
 Yes No   

       If yes, what sort of livestock do you keep? If no, go to question 2.18. 
 Chicken Quail Pet bird Pig 
 Cattle/Buffalo Sheep/Goat   

2.18  Is there any chicken and quail commercial farm in radius 1km from your flock? 
 Yes No Not sure  

2.19  Do you see any wild birds in contact with your ducks? 
 Yes No Not sure  

        If yes, which type of wild birds have you seen? If no, go to question 2.20. 
      …………………………………………………………………………………………………………… 
2.20  Do you move your flock to another place when the original place becomes dry or shortage of water supply? 

 Yes No   

     If yes, how far from the original place? How to move? Please mention the location of new place. 
     …………………………………………………………………………………………………………… 
2.21  Did you see a mass mortality of ducks (1% mortality) in your duck farm during the last 6 month? 

 Yes No Not sure  

       If yes, what clinical signs did you see? If no, go to Section 4. 
      ………………………………………………………………………………………………………………… 
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Section 3: Biosecurity 
3.1 Duck production system 

 Free ranging   Semi-intensive    Intensive  

3.2 Which system do you use for selling of your ducks? 
 All in all out Partially   

3.3 How do you clean the farm? 
 Everyday One Time/week Other                       .…………………… 

3.4 Do you make disinfection in the 
farm? 

Yes No  

If yes, how do you make? If no, go to question 3.5. 
 One time/week Two time/week Three time/week  

3.5 Who take responsibility for your ducks? 
 Worker  Yourself Family member  
If yes at worker, how many workers are there in your farms? …………………………… 

Where are they staying?  …………………………………………………………………………………… 

3.6 Are there any visitors or relatives come to your farm? 
 Yes No Not sure  

If yes, how often they come? 
 Everyday Once a week Twice a week  

     

Section 4: Farmer Attitude 
4.1 Do you know HPAI? 
 Yes No   

If yes, keep in ask the following questions: 
4.2 Do you know the clinical sign of HPAI? 

 Yes No   

If yes, what clinical signs do you know? …………………………………………………………………………………. 
…………………………………………………………………………………………………………………………………. 
4.3 What do you think the introduction of HPAI into your farm? 
 Wild birds Visitors Contaminated  

materials 
Not sure 

4.4 What do you think the transmission of HPAI from farm to farm? 
 Egg trays Feed bags Visitors  
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4.5 If you have any health problem in your farm, to whom you consult? 
 Local authority 

Duck expert 
Township Vet: Private Vet: Animal Health 

 worker 
 
Section 5: Additional check list for farm environment: 
5.1 No. of housing………………… 
5.2 How far is between farmer house and duck house?  ............................................ 
5.3 Net 

Using 
Yes No   

5.4 Rodent Yes No   

 
Note: 
In 2004, FAO identified poultry production sectors: 
Intensive:  Ducks are kept in total confinement.  All facilities are provided i.e. water and feed in a 
sheltered area or pen.  
Semi Intensive:  Ducks are free to go from pen to an outdoor extension or 'run' during the day where they 
feed freely on insects and worms.  This helps to provide added nutrition and assists in balancing their 
diet.  
Free-ranging: Duck are moved around the property, often over long distance and across the township. 
All facilities are not provided.  
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Interviewer: Please draw location of the duck farm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location of the Duck Farm 
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Appendix B 
Poultry Supply Chain Questionnaire Form 

Section 1: General information 
1.  Name of participant………………………………………………………………… 
2.  Address ……………………………………………………………………………………………..……… 
                   …………………………………………………………………………………………………….. 
3.  What is your occupation? 

1. Meat seller 4. Egg dealer 7. Day old chick dealer 10. Feed dealer 
2. Live poultry dealer 5. Hatchery owner  8. Day old quail dealer 11. Manure collector 
3. Egg seller 6. Day old duck dealer

  
9. Feather dealer  

 
          

Section 2: Supply chain information 
 

 

 

 

 

 

 

 

4. Identify types 
Day old chick  Feed  
Day old duck  Feather  
Day old quail  Manure  

 

5. Source (where do you collect) 
 Where………………………………………............. 
 From whom…………………………………………. 
 How frequent………………………………………. 
 

6. Place of distribution (where do you sell) 
 Outside township……………………………......... 
 Inside township……………………………………. 
 Local market……………………………………….. 
 Home ……………………………………………….. 
 

7. Daily selling volume…………………………………. 
                    …………………………………….. 
                         ……………………………………. 

4. Identify types 
Village chicken  Duck  
Layer  Quail  
Broiler    

 

5. Source (where do you collect) 
 Where………………………………………............. 
 From whom…………………………………………. 
 How frequent………………………………………. 
 

6. Place of distribution (where do you sell) 
 Outside township……………………………......... 
 Inside township……………………………………. 
 Local market……………………………………….. 
 Home ……………………………………………….. 
 

 7. Daily selling volume………………………………… 
                     ……………………………………. 
             ……………………………………. 

If yes in No. 1 to 4, go to left column. If yes in No. 5 to 11, go to right column. 

                                                                                                                                  Date of interview……………… 
Name of interviewer ……………………………………………….                               Time …………………………… 
Place of interview: Township ……………………………District……………………….Division………………………… 
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8. Buying price of live birds /egg: 
 Village chicken………………………kyats/kg  
 Layer…………………………………..kyats/kg 
 Broiler…………………………………kyats/kg 
 Duck…………………………………..kyats/kg 
 Quail…………………………………..kyats/head 
   Chicken egg…………………………kyats/egg 
 Duck egg……………………………..kyats/egg 
 Quail egg……………………………..kyats/egg 
 

9. Selling price of live bird/egg 
 Village chicken………………………kyats/kg 
 Layer…………………………………..kyats/kg 
 Broiler…………………………………kyats/kg 
 Duck…………………………………..kyats/kg 
 Quail…………………………………..kyats/head 
   Chicken egg…………………………kyats/egg 
 Duck egg…………………………….kyats/egg 
 Quail egg…………………………….kyats/egg 
 

10. What kind of containers do you use for 
transport? 
  ..………………………………………………….. 
11. Do you reuse these containers? 
 Yes    No 

If yes, how do you clean the container? 
…………………………………………………….. 

12. How do you transport the poultry and poultry 
products? 
By…………………………………………………. 

13. Peak production time: 
………..………………………………………….. 

 
 

8. Buying price of: 
 Fertile duck egg (hatchery) …………kyats/egg 
 Day old chick………………………....kyats/head 
 Day old duck…………………….…....kyats/head 
 Day old quail……………………….….kyats/head 
 Feed…………………………………….kyats/bag 
 Feather…………………………….……kyats/bag 
 Manure …………………………….……kyats/bag 
 
 

9. Selling price of: 
 Day old chick………………………….kyats/head 
 Day old duck……………………….….kyats/head 
 Day old quail……………………….… kyats/head 
 Feed……………………………….…….kyats/bag 
 Feather………………………….………kyats/bag 
 Manure …………………………….……kyats/bag 
 
 
 

10. What kind of containers do you use for 
transport? 
  ..………………………………………………….. 
11. Do you reuse these containers? 
 Yes    No 

If yes, how do you clean the container? 
…………………………………………………….. 

12. How do you transport the poultry and poultry 
products? 
By…………………………………………………. 

13. Peak production time: 
………..………………………………………….. 
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