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Abstract

Since 2003, highly pathogenic avian influenza (HPAI), subtype H5N1, has spread across the
Asian, African and European continents at an exceptional rate. To date, HSN1 remains
primarily a pandemic within poultry populations with limited onward transmission to humans.
Since there have been a limited number of human cases throughout the world, epidemiologic
uncertainties exist regarding the extent of contact necessary to result in successful
transmission between infected poultry and humans. In this thesis I undertook two large-scale
surveys to evaluate poultry movement and the extent of interaction between humans and
poultry to better define the risks of sustained transmission of H5N1 in poultry and onward

transmission to humans.

The thesis begins with a review of current knowledge on the epidemiology of HPAI,
specifically subtype HSN1, and current options for its control worldwide and specifically
within Cambodia. The first half of the thesis presents the methodology and results from a
large-scale cross sectional survey of 3,600 rural subjects from 115 villages in six provinces
throughout Cambodia. The results from this survey are used to explore animal ownership
and husbandry, poultry mortality experienced and poultry mortality reporting, and the extent
and frequency of poultry handling behaviours of subjects and how they differ by age and

gender.

The second half of the thesis presents results from a second cross-sectional survey of 715
rural villagers, 123 rural, peri-urban and urban market sellers and 139 middlemen from six
Provinces and Phnom Penh, which was conducted to evaluate poultry movement and trading
practices. The results from this survey are used to construct poultry movement networks
using social network analysis techniques, to identify critical points for surveillance and to
understand the potential transmission and control of HPAI over this network and to identify a
spatial model to predict poultry movements. Finally in the last chapter the key findings are

presented and discussed in the context of HPAI transmission in the region.
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Chapter 1 Introduction

1.1 Research Aims and Objectives of the PhD Thesis

The overall aim of this thesis is to evaluate poultry movement and the extent of interaction
between humans and poultry in Cambodia to better define the risks of sustained transmission

of H5N1 in poultry and onward potential transmission to humans.

HPAI/H5N1 outbreaks in poultry populations have far outweighed the number of reported
human cases of HSN1 (FAO 2008). Given that exposure to HSN1 infected poultry is believed
to be the main route of transmission of H5SN1 from poultry-to-humans (Writing Committee of
the Second World Health Organization Consultation on Clinical Aspects of Human Infection
with Avian Influenza 2008) and that a large proportion of the developing world may be living
in close proximity to poultry (Epprecht & Robinson 2007; Gilbert et al. 2007), there is
substantial risk for further human cases. To date, transmission of H5N1 from poultry-to-

humans has been limited; however the extent of interaction between poultry and humans is

unknown.

The first aim of my PhD thesis is to identify populations living in rural Cambodia with the

highest H5SN1 (or other subtypes of avian influenza) exposure potential.

Research Question 1: What is the frequency and extent of exposure to poultry in the

general as well as occupationally exposed populations in Cambodia?

The specific objectives are to:

e Determine the extent and frequency of poultry handling behaviours of rural adult

males, adult females and children and how they differ by age and gender;

e Determine the extent and frequency of poultry handling behaviours of poultry

traders (i.e., poultry market sellers and middlemen); and

e Use risk assessment methods and the study subjects’ patterns of contact with

poultry to generate risk indices of potential HSN1 transmission to different

populations in contact with poultry.
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Additionally, despite their likely role in the circulation and spread of HPAI in South East
Asia, little is understood about the poultry market chains, legal or illegal trade of poultry or
the types and frequencies of contact that exist between rural people raising poultry, local
markets and large-national poultry markets in the major cities. The connectedness of animal
networks via poultry can lead to large and widespread epidemics of disease and an
understanding of human and animal movement and their contact structures could be used to
design more targeted surveillance activities and inform models of disease spread which could
result in more cost-effective disease prevention and control (Dent et al. 2008; Green et al.
2008; Kiss et al. 2008; Truscott et al. 2007). Because trade of poultry may be responsible for
some transmission of HSN1 within countries (Normile 2005a; WHO 2006-2009), controlling

the movement of live poultry and poultry products could contain or reduce the spread of the

VITUS.

The second aim of this thesis is to describe the current movements of poultry throughout
Cambodia and determine how these movements influence the potential spread of HPAI at

local, regional and national levels.

Research Question 2: How do current movements of poultry influence the potential spread
of HPAI at local, regional and national levels? What are the implications of these

movements for control and containment of H5N1 in poultry and/or human populations?

The specific objectives are to:

e Identify poultry selling markets and their trading characteristics in rural Cambodia

and Phnom Penh;

e Identify market sellers and middlemen responsible for commercial trade of
poultry;

e Characterize poultry trading practices of rural Cambodians, market sellers and

middlemen;

e Identify and characterize the poultry (chickens and ducks) selling network in

Southern Cambodia;

e Characterize the potential role of networks in HPAI/HSNI1 virus circulation using

social network analysis methods; and

e Identify a spatial model that can predict poultry movement patterns.
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1.2 Structure of the PhD Thesis

Chapter 2 describes the current state of knowledge on the epidemiology of highly pathogenic
avian influenza (HPALI), specifically subtype H5N1, with a focus on transmission in wild and
domestic bird populations and the zoonotic transmission risk from poultry to humans. The
chapter also reviews the importance of animal movement in disease circulation, current
options for controlling HSN1 in poultry populations and in context of the PhD thesis
presented. the chapter summarizes the occurrence of H5N1 in Cambodia prior to the initiation
my field work in 2006. Chapter 3 presents the methodology of a large-scale cross sectional
survey of 3,600 rural subjects from 115 villages in six provinces throughout Cambodia.
Chapter 4 describes animal ownership and husbandry, poultry mortality experienced and
reporting of rural Cambodians, as well as the study subjects understanding of avian influenza.
The chapter also explores redefining FAO’s poultry sectors in the context of countries with
large sector 4 holdings and offers newly defined categories for such countries, which

dominate some of Asia and most of Africa.

Chapter 5 describes the extent and frequency of poultry handling behaviours of subjects and
how they differ by age and gender. Using risk assessment methods, patterns of contact with
poultry were used to generate risk indices of potential HSN1 transmission to different
populations in contact with poultry. Chapter 6 presents the results of a second cross-sectional
survey of 715 rural villagers, 123 rural, peri-urban and urban market sellers and 139
middlemen from six Provinces and Phnom Penh, which was conducted to evaluate poultry
movement and trading practices. This chapter describes the current movements of poultry
throughout the study areas and examines how these movements influence the potential spread
of HPAI at local, regional and national levels. In addition, the results of this study were used
to inform the Cambodia’s HPALI strategies. Chapter 7 explores the driving forces that may be
behind poultry movement by using gravity model theory and Chapter 8 presents the key
findings of the thesis, how the results of the thesis have been disseminated and used by local

collaborators and interpretation of results in context of HPAI in the Mekong Delta Region.

1.3 Role of the Author

This PhD work has been developed and carried out by the doctorial candidate and principal
investigator (PI), Maria Van Kerkhove, in collaboration with my PhD advisory committee,

the Insititut Pasteur du Cambodge (IPC; host institution), UNICEF (funding organization)
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and the National Veterinary Rescarch Institute (NaVRI), Ministry of Agriculture, Fisheries
and Forestry (MAFF; collaborating institution).

All fieldwork for the studies was conducted in Cambodia between April 2006 and December
2007, under the field supervision of Sirenda Vong, MD, Head of Epidemiology Unit, IPC.

The field work was led by me with assistance from IPC, Cambodian interviewers, village

chiefs and district, provincial and national veterinarians.

All of the results presented in this thesis and manuscripts resulting from the PhD (Appendix
A) were written under the supervision of Azra Ghani, Punam Mangtani, Javier Guitian and
Sirenda Vong, but are entirely my own work. I received input from Azra Ghani, Tini Garske

and James Truscott on the analysis using gravity model theory (Chapter 7).

LSHTM | Van Kerkhove MD PhD Thesis 20



Chapter 2 Highly Pathogenic Avian Influenza
(HPAI/H5N1) and the Risk of Onward
Transmission to Humans

Highly pathogenic avian influenza, subtype HSN1(HPAI/H5NI1) first crossed the species
barrier in 1997 when an outbreak of 18 human cases resulting in six deaths was identified in
Hong Kong (Claas et al. 1998; Lee et al. 1999). In late 2003, H5N1 crossed the species
barrier a second time infecting a family from Hong Kong that had recently travelled to Fujian
Province in China (WHO 2008b). Since 2003, H5N1 has been confirmed in domestic poultry
and/or wild birds in 61 countries throughout Asia, Africa and Europe—largely in Vietnam,
Thailand and Egypt (OIE 2008¢)—and in 391 humans in 15 countries—Ilargely in Indonesia
and Vietnam (WHO 2006-2009).

The first half of this Chapter reviews the epidemiology of HPAI in poultry and humans,
focusing on H5N1 but drawing on lessons learned from outbreaks of other highly pathogenic
strains of avian influenza such as the H7 outbreaks in poultry and humans in the Netherlands
and in poultry in Italy. The second half of this Chapter summarizes the situation of
HPAI/H5N1 in Cambodia prior to the start of my PhD in early 2006 with some additional

updates during the course of my studies.

2.1 Influenza A Biology

There are three types of influenza viruses — A, B and C — within the Influenzavirus genus and
Orthomyxovirdae family. Only type A is capable of causing severe infections and pandemics
in human populations (Webster et al. 1992), although type B can cause severe morbidity and
mortality particularly in children (Jefferson et al. 2008). The central core of influenza A
viruses contain eight single-stranded RNA gene segments surrounded by the surface
glycoproteins hemagglutinin (HA) and neuraminidase (NA) (Figure 2-1) (de Jong et al. 2000;
Lee et al. 2006; Oxford 2000). Influenza A viruses are classified into subtypes based on the
antigenicity of HA and NA glycoproteins. There are 16 HA and nine NA subtypes. Only
three HA (H1, H2, H3) and two NA subtypes (N1, N2) are known to have been widely

present in humans (Horimoto & Kawaoka 2001).
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Figure 2-1 lllustration of the structure of influenza A virus
Source (de Jong et al. 2000)

Influenza A viruses can infect several animal species including birds, pigs, horses, seals,
cattle, and whales (Table 2-1). The natural host of all HA and NA subtypes are aquatic birds
mainly ducks, gulls and water birds (Horimoto & Kawaoka 2001; Webster et al. 1992;
Webster et al. 2006a).

Table 2-1 Reservoir for HA and NA subtypes

Host HA Subtypes NA Subtypes
Human H1, H2, H3, H5, H7, N1, N2, N3, N7
Pig H1, H3, H4, H9 N1, N2
Waterfowl All 16 subtypes All 9 subtypes
Horse H3, H7 N7, N8

Seal H4, H7 N7

Cattle H3 N2

Whale H3, H13 N2, N9

Cat, Tiger HS N1

The variability of influenza A viruses depends on the evolution of the virus through point
mutations (antigenic drift) and genetic reassortment (antigenic shift) (Alexander & Brown
2000; Horimoto & Kawaoka 2001). Minor changes in the surface glycoproteins occur from
point mutations due to the absence of proofreading mechanisms of RNA molecules as the
virus replicates in the host. These point mutations occur often resulting in annual variation in
the human influenza strains circulating the globe. It is these changes that require the

production of new human seasonal influenza vaccines each year (Jennings & Read 2006).

Humans are naturally protected from avian influenza viruses because we lack certain receptor

binding sites (a 2-3 receptors) in our respiratory tracks that are required for infection to occur.
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Humans possess a 2-6 receptors, which are susceptible to human influenza viruses (e.g.,
HINI. H3N2) but not avian influenza viruses. Pigs are susceptible to both human and avian
influenza viruses because they possess receptors for both avian and human influenza viruses
(a0 2-3 receptors and a 2-6 receptors, respectively), and therefore can serve as an intermediate
host (1.e., mixing vessel) (Figure 2-2). Antigenic shift results from the reassortment of two
distinct influenza A viruses (e.g., avian and human influenza viruses) within a single host
(¢.g., pigs) and represents a major change in viral composition. This can result in the

formation of novel viruses (Capua & Alexander 2002; Horimoto & Kawaoka 2001; Tambyah
& Leung 2006).

Avian Avian
Virus reassortant
virus

A/HK156/97

K‘ Rk
A A_J - A
Goose/Guangdong/1/96 (H5N1) . !

Reassortment
Avian Human in humans

virus

Model of the
emergence
of a pandemic
influenza virus

Reassortment
in swine

Figure 2-2 lllustration of antigenic shift or genetic reassortment of influenza A viruses

Source: Centers for Disease Control; image courtesy of S. Vong, IPC

2.1.1 Clinical Manifestations of HSN1 in Birds

Influenza A viruses occurring in birds are collectively termed avian influenza. Avian
influenza strains are categorized as having high (HPAI) or low pathogencity (LPAI) based on
the severity of disease and mortality caused in birds. LPAI strains are capable of mutating
into HPAI as occurred in the Italian H7N1 outbreak in 1999-2000 (Capua & Alexander 2006;
Capua & Marangon 2000; Mannelli et al. 2006).
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HPAI/H5N1 has been further categorized into genetic clades. Phylogenetic analysis of the H5
NA genes circulating since 2003 indicate that Clade 1 strains have been circulating in
Thailand, Vietnam and Cambodia whereas Clade 2 (and several subclades 2.1-2.3) have been

circulating in Indonesia (subclade 2.1), Europe, the Middle East and A frica (subclade 2.2)
and China, Japan and South Korea (subclade 2.3) (WHO 2005).

HPAI strains (always of the HS or H7 subtypes) replicate rapidly in the gastrointestinal tract
of birds and can systematically spread and replicate in multiple organs often resulting in rapid
death (Capua & Alexander 2006; Mannelli et al. 2006). Chickens (order Galliformes) are
more susceptible to influenza A viruses than ducks, geese and swans (order Anseriformes)

and therefore are more likely to be diseased and die from infection (Swayne & Suarez 2000).

Symptoms of HPAI/H5N]1 in birds range from asymptomatic, mild disease (anorexia,
depression, weight loss) to severe neurological symptoms (e.g., tremors, shaking, lack of
coordination, spinning, seizures) and sudden death (Pantin-Jackwood et al. 2007). Severe

disease 1s usually caused by systemic virus replication affecting organs and tissues (Ellis et al.

2004a: Hulse-Post et al. 2005; Sturm-Ramirez et al. 2004; Sturm-Ramirez et al. 2005).

Experimental studies, which typically infect animals with high doses of virus, have
demonstrated that chickens are almost always susceptible to HPAI/H5N1 infection with 80-
100% mortality occurring within 1-5 days post inoculation (dpi) (Saito et al. 2009; Spickler et
al. 2008; Tian et al. 2005; Webster et al. 2006b). Experimental evidence has shown that the
pathogenicity and mortality of HPAI/HS5N1 in ducks has changed since 2002 and varies
depending on the infecting strain (Chen et al. 2004; Hulse-Post et al. 2005; Pantin-Jackwood
et al. 2007; Sturm-Ramirez et al. 2005).

Mortality can occur faster in chickens (within 1-5 days) (Tian et al. 2005; Webster et al.
2006b) than ducks (6-7 days) (Beato et al. 2007; Hulse-Post et al. 2005; Tian et al. 2005).
Morbidity and mortality of HPAI/H5N1 infection in ducks also varies by age (Pantin-
Jackwood et al. 2007). During an outbreak of HPAI (H5N1) commercial domestic ducks in
South Korea in 2003-2004, morbidity and mortality was higher in younger ducks as

compared to older animals (Kwon et al. 2005).

Clinical signs are almost always present in chickens infected with HPAI/H5N1 with onset
typically from 2-5 dpi until death (Mase et al. 2005; Shortridge et al. 1998; Tian et al. 2005;
Tumpey et al. 2002). Tracheal viral shedding and cloacal/faecal viral shedding have been
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experimentally shown to begin on or before day 2 (1-3) dpi (Bublot et al. 2007; Perkins &
Swayne 2001: Swayne & Beck 2005; Tian et al. 2005).

Although the susceptibility of chickens to HPAI/HSN1 almost always leads to clinical
symptoms and death, the susceptibility of wild birds and domestic ducks depends on several
factors including the circulating strain (Hulse-Post et al. 2005; Sturm-Ramirez et al. 2005)
and the age of the ducks. This indicates that the pathogenicity with HPA/HSNT1 in ducks is
somewhat inconsistent (Pantin-Jackwood et al. 2007) and may be a factor in the observed

differences in geographic distribution of poultry outbreaks.

In experimental studies of ducks, the onset of clinical symptoms occurs 2-10 dpi (Beato et al.
2007 Middleton et al. 2007) and oropharyngeal and cloacal shedding can occur from 2-7 or
up to 11-17 dpi (Hulse-Post et al. 2005; Shortridge et al. 1998). The infectious period of
ducks 1s estimated to be 4.3 days (95% CI 3.8-4.8) (van der Goot et al. 2008). Virus titers
have been found to be highest 1-3 dpi and reduce to undetectable levels by 13-20 dpi (Hulse-
Post et al. 2005; van der Goot et al. 2008). Typically virus shedding is higher in symptomatic
ducks. In experimental and in field settings, HSN1 virus has been detected in cloacal, tracheal

and blood samples of asymptomatic ducks (Vong et al. 2006).

In wild ducks and waterfowl, HSN1 has been found to replicate in the gastrointestinal tract
and can shed the virus for up to 30 days (Claas et al. 1998; Sturm-Ramirez et al. 2005). Some
avian viruses are shed in higher doses in the pharynx than in faeces of wild ducks and
mallards (Keawcharoen et al. 2008; Normile 2006; Sturm-Ramirez et al. 2005). However,
many LPAI are shed at higher titres in faeces.

The stability of HPAI/H5NI1 in poultry faeces is not well understood. Experimental evidence
suggests that H5N1 loses infectivity in chicken faecal manure within 24 hours at 25°C and
within 15 minutes at 40°C (Chumpolbanchorn et al. 2006), indicating that the infectiousness
of contaminated faecal manure may be shorter in warmer climates. However, another study
suggests that HSN1 is viable in faeces for 2 days at 37°C (Shortridge et al. 1998) highlighting
that further experimental study is necessary to understand the persistence of H5N1 in the

environment under various environmental conditions.

Data on the persistence of HPAI/H5NI1 virus in tissues is limited. An experimental study of
ducks challenged with HPAI/H5N1 demonstrated that the virus is detectable in breast and
thigh tissue at 3-7 dpi, in the liver and intestine at 3-4 dpi and in the lung at 3-6 dpi. An
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experimental study of chickens challenged with HPAI/HSN1 found virus detectible in the
trachea. lung, bone, breast meat and thigh tissue at 1-5 dpi (Swayne & Beck 2005). These
results suggest that systemic infection occurs at a faster rate in chickens than ducks and

provides insight on why HPAI appears to be more virulent in chickens.

Since wild ducks, domestic ducks and geese infected with HPAIHSN1 can be asymptomatic,
they may act as silent vectors for transmission and represent a major challenge in controlling

the spread of HPAI (Chen et al. 2004; Hulse-Post et al. 2005; Keawcharoen et al. 2008).
2.1.2  Clinical Manifestations of HPAI in Humans

The pathogenicity of HPAI/H5N1 and HPAI/H7N7 in humans ranges from undetected
asymptomatic or sub-clinical to severe disease resulting in death. Although the CFR of
HPAI/HS5NI is high, this may be an overestimate of the true CFR since relatively few
seroprevalence studies have been carried out to determine the number of subclinical or
asymptomatic cases in countries affected by HSN1 outbreaks in humans, domestic or wild

poultry populations.

The incubation period of HSN1 in humans is believed to be less than 7 days (range: 2-9 days)
(Areechokchai et al. 2006; Huai et al. 2008; Writing Committee of the Second World Health
Organization Consultation on Clinical Aspects of Human Infection with Avian Influenza
2008). The first symptoms of H5N1 disease—typical of seasonal influenza (fever, dyspnoea,
cough, sore throat) and pneumonia but sometimes including gastrointestinal symptoms
(abdominal pain, diarrhoea, or vomiting)—usually appear within 1-4 days after exposure,
although they can take up to 8 days to appear. Among severely affected patients, severe
respiratory distress syndrome can occur as well as bilateral pneumonia and multiorgan failure
(Gambotto et al. 2008; Uyeki 2008; Writing Committee of the Second World Health
Organization Consultation on Clinical Aspects of Human Infection with Avian Influenza

2008).

The pathogenicity of HPAI/H7N7 in humans following an outbreak in commercial poultry
farms in the Netherlands resulted in 89 infected subjects who suffered mostly from mild
illness including conjunctivitis (87.6% n=78), influenza like illness (2.2% n=2), or both
conjunctivitis and influenza like illness (5.6% n=5). However one subject (1.1%) died of

acute respiratory distress syndrome and pneumonia (Fouchier et al. 2004).
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2.1.3 HSNI1 Detection Methods

HPAT'HS5NT infection can be detected through virologic and/or serologic testing methods.
Serological tests (e.g., haemagglutination inhibition [HI] test, microneutralisation test, agar
gel diffusion [AGID] test, enzyme-linked immunosorbent assay [ELISA]) detect antibodies
indicating that an individual or bird has been infected in the past but cannot determine when
infection occurred and are therefore indirect markers for infection (Katz et al. 1999; Rowe et
al. 1999; Suarez & Schultz-Cherry 2000). Virological testing (e.g., rapid antigen detection
tests, polymerase chain reaction [PCR] for nucleic acid detection, virus isolation after
inoculation into cell cultures or embryonated eggs) assesses the presence of influenza A

viruses and allows subsequent identification of specific viral subtypes (Chen et al. 2007).

Typically, suspect specimens are first tested to determine the presence of influenza A viruses
or influenza A antibodies. If positive for influenza A virus or M gene detection, specimens
undergo further testing to determine the subtype of the infecting strain (e.g., HSN1, HON2,
H3N2. etc). There are various tests that can be used to identify the presence of H5N1 virus.
However, some methods are not appropriate for all settings because most techniques require
highly trained staff to carry out the tests, and others also require bio-safety level 3
laboratories (BSL-3) because they involve handling live HPAI viruses (e.g., virus isolation,

microneutralisation tests) (Peiris et al. 2007).
2.1.3.1 Sample collection

From all suspected H5N1 human cases, guidelines from WHO recommend collecting
samples from the upper respiratory tract (e.g., nasopharyngeal and/or throat swabs) and blood
samples (for serology and/or nucleic acid detection). If the patient is hospitalized and
intubated, samples from the lower respiratory tract (e.g. tracheal aspirates, broncho-alveolar
lavage) should be collected (WHO 2006f). For suspected HSN1 in poultry populations,
guidelines from OIE recommend collecting oropharyngeal samples and cloacal samples (or
fresh faeces) from live birds, and organ tissue (e.g., trachea, lungs, air sacs, intestine, spleen,

kidney, brain, liver and heart) from dead birds (Alexander 2008).

Throat or nasopharyngeal swabs from suspect humans and oropharyngeal or cloacal samples
from suspect birds should ideally be taken as soon as possible for the detection of H5N1 virus
(Alexander 2008; WHO 2006f). Because antibodies require a few days to a week to develop
in birds (Suarez & Schultz-Cherry 2000) and sometimes more than 14 days to develop in
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humans (Katz et al. 1999; Rowe et al. 1999), the timing of serum sample collection for anti-

HS5NI antibody detection should be considered as antibodies are not immediately present

following infection.

2.1.3.2 Detection of influenza A viruses and anti-H5N] antibodies

Detection in suspect cases: The following procedures can be used to detect H5N1 virus from

human and poultry specimens.

Rapid antigen tests are useful tools for influenza A virus screening. For humans specimens,
rapid antigen detection using immunofluorescence assay (IFA) or enzyme immunoassay
(EIA) methods are used to detect exposure to influenza A viruses (Peiris et al. 2007). AGID
tests and ELISA are used to test for exposure to influenza A viruses from poultry specimens
(Suarez & Schultz-Cherry 2000). These tests cannot distinguish between subtypes, rather

they detect past or current exposure to all subtypes of avian and human influenza A viruses

(Chan et al. 2007: Xu et al. 2005).

Several rapid influenza A antigen detection tests are available for field investigations of
poultry outbreaks. An evaluation of five commercially available influenza A and H5 specific
rapid antigen detection tests used during poultry outbreak investigations in Hong Kong
between 2001 and 2003 revealed that the sensitivity of the detection tests (i.e., the proportion
of true positives identified correctly) were higher when used on diseased bird specimens than
for specimens from birds that appeared healthy. These results demonstrate that rapid antigen
detection tests may be more appropriate for quick detection of HSN1 during outbreaks rather

than routine surveillance of poultry flocks (Chua et al. 2007).

Furthermore, the clinical sensitivity and specificity of rapid antigen tests vary depending on
the species tested (Chen et al. 2008; Peiris et al. 2007) and are poor for the detection of H5SN1
in human and animal specimens (Beigel et al. 2005; Kandun et al. 2006; Oner et al. 2006).

Therefore further testing is required to confirm the result and to determine the subtype of the

virus present in human or poultry specimens.

RT-PCR or virus isolation in chicken embryos are methods used to test for the presence of
H5N1 (Alexander 2008; Chan et al. 2007; WHO 2007). Viruses can be cultured using egg
inoculation methods in which the allantoic fluid of embryonated fowl eggs are inoculated

with specimens and incubated at 35-37°C for several days. Virus culture is typically

LSHTM | Van Kerkhove MD PhD Thesis 28



considered the gold standard for the detection of HSN1 , but these methods are labour
intensive and require BSL-3 laboratories (Peiris et al. 2007). RT-PCR can detect viral RNA
and can specifically test for the presence of the H5N1 subtype by using specific primers
targeting HS and N1 genes within a few hours, thus this method is used most often to test for
the presence of HSN1 (Chen et al. 2007; Lee et al. 2001). The World Health Organization
only recognizes positive RT-PCR test results for human samples from WHO Collaborative

Centres for Influenza, WHO HS Reference Laboratories and from some National Influenza

Centres (WHO 2008a).

Population Screening: Because immunity to influenza is long-lived, the presence of anti-
HSNT1 antibodies can be used to indicate that an individual or animal has previously been
infected with an influenza virus and thus are useful for population screening. Serological tests
for the presence of influenza A antibodies in human specimens include the HI, enzyme
immunoassay (EIA), microneutralisation and virus neutralization tests (Katz et al. 1999;
Rowe et al. 1999). HI, neuraminidase inhibition (NI) tests, AGID and ELISAs are methods
used for the detection of influenza A antibodies in poultry (Shafer et al. 1998; Suarez &
Schultz-Cherry 2000; Swayne et al. 1998; Zhou et al. 1998).

Human sera tested using an H5N1 virus specific microneutralisation assays are considered
positive for anti-H5N1 neutralizing antibodies when titers are >1:80 (Katz et al. 1999). For
poultry specimens, sera is considered positive for anti-H5N1 antibodies when titers are >1:16
(OIE 2005b). Human sera that test positive for anti-H5N1 antibodies are then tested using
Western Blot techniques or HI tests using horse red blood cells. Sensitivity and specificity is
highest when a combination of microneutralisation and Western Blot testing techniques are
used (sensitivity 80-88%, specificity 96-100% depending on the age of the patient) (Rowe et
al. 1999). The WHO requires a positive test result for both microneutralisation and
confirmation with Western Blot or HI to be considered positive for anti-HS antibodies (Katz

et al. 1999; Rowe et al. 1999; WHO 2007).

2.2 Epidemiology and Transmission of HPAI/H5N1 in Birds
2.2.1 History of HPAI Pandemics in Birds
All strains of influenza A viruses naturally infect a large variety of wild birds, including wild

ducks and waterfowl, but do not usually cause disease (Horimoto & Kawaoka 2001).

However, there have been several instances of major outbreaks of HPAI in poultry over the
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last two and a half decades (Table 2-2) (CIRDAP 2006; Horimoto & Kawaoka 2001).
HPALHSNI was first detected in Hong Kong in 1997, but since 2003, HPAI/H5N1 has been
confirmed in birds in 61 countries in Asia, Africa and Europe (Figure 2-3) (FAO 2008).

Table 2-2 Major outbreaks of HPAI (H5, H7) in poultry

. Approximate number of
Year Location Subtype pgsltry culled or dead
1983 PA, USA H5N2 17 million (culled)
1994-2003 Mexico H5N2 1 billion

1995-2003 Pakistan H7N3 3.2 million (dead)

1997 Hong Kong H5N1 1.5 million (culled in 3 days)
1999-2000 Italy H7N1 16 million birds (culled)
2003 The Netherlands H7N7 30 million (killed)

2004 British Columbia, Canada H7N3 >19 million (culled)
2003-present  Asia, Europe, Africa HS5N1 220+ million (culled or dead)

Source: (CIRDAP 2006: Horimoto & Kawaoka 2001)

2.2.2 Expanding Geographic and Host Range of HSN1

Since 2003, the geographic and host range of HPAI/HSNI1 has spread. Figure 2-3 illustrates
the countries which have reported H5N1 outbreaks in wild and domestic bird populations
since 2003.

B #:e0s reporting occurence in poulry
| Asmas reporting accurence only i wikd birds

Figure 2-3 Countries reporting confirmed H5N1 in (left) domestic and wild birds from 2003 to 3
October 2008 and (right) humans from 2003 to 10 Sept 2008

Source: (WHO 2006-2009)

Approximately 6,500 H5N1 poultry outbreaks have been reported thus far, resulting n
hundreds of millions of poultry culled (FAO 2008; OIE 2009a). Most outbreaks have been
reported in Asia (65.6% of the outbreaks reported), and to a lesser extent in Africa, the
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Middle East and Europe (FAO 2008). No outbreaks of H5N1 in domestic or wild birds have

been reported in Australia, the Pacific Islands or the Americas.

The numbers of reported outbreaks reported in 2003-2008 among countries with the ten
highest numbers of total outbreaks according to the World Organization for Animal Health
(OIE) are shown in Figure 2-4. This graph also shows the cumulative number of reported
outbreaks according to OIE (turquoise bar) and Food and Agriculture Organization (FAO)
(orange bar), which vary significantly from each other making it difficult to fully understand
the extent of outbreaks in wild and domestic bird populations. Differences in rates of
detection of HPAI/HSN1 between countries may depend on the active and passive HPAI
surveillance systems established and whether the focus of the surveillance system in place, if
any, is on the commercial or backyard sector of poultry production. It has been suggested that
it is more likely that HPAI will be detected in commercial farms as opposed to backyard
flocks (Graham et al. 2008).

3500

H 2005-2006
3000
m2007-2008
® Total Outbreaks {OIE) 2005-2008

» Total Outbreaks (FAO) 2003-2008

Number of Poultry Outbreaks Reported to
O|E and FAO

li_,J.ﬁL_I,lL_I_L

Vietnam Egypt  Thailand Indonesia Myanmar Nigeria Bangladesh Russia Turkey
Figure 2-4 Number of poultry outbreaks reported to OIE and FAO

Note: Only countries that have the ten highest numbers of cumulative outbreaks according to OIE are included in this figure. Also note the
higher number of reported outbreaks reported by OIE despite a smaller number of years included in the total
Source: (FAO 2008; OIE 2009a)

HPAL/HSN1 was first detected in a goose in Guangdong Province in China in 1996 and
spread to Hong Kong in 1997. In late 2003, H5N1 was first detected in a family from Hong
Kong that had recently travelled to Fujian Province in China. Within the first six months of
2004, H5N1 was reported among poultry in Korea, Thailand, Vietnam, Cambodia, Laos,
Japan, and Indonesia. Between July 2004 and July 2005, H5SN1 was repeatedly detected in
poultry in Thailand, Hong Kong, Indonesia, Vietnam and Cambodia (W HO 2008b). During

this same time period, H5SN1 expanded its host range to dogs, palm civits, ferrets, mice, and

LSHTM | Van Kerkhove MD PhD Thesis 31



small and large cats (Webster et al. 2007). Natural infection of HPAIHSN1 was identified in
tigers in a Thailand zoo who were likely infected from being fed contaminated poultry

(Thanawongnuwech et al. 2005; WHO 2008b).

Since 2003, widespread outbreaks in domestic ducks in China may have lead to the endemic
situation in ducks in many countries throughout South East Asia (Chen et al. 2004; Hulse-
Post et al. 2005). Additionally, human cases were often identified before outbreaks in poultry
within many countries in Asia. This delayed detection may have also contributed to the

endemic or recurrent situation in these countries (Sims 2007).

HPAI'H5NI was first detected in Europe in July 2005 in Russia and in the Middle East in
early 2006. Within eight months (July 2005- February 2006), H5N1 spread to domestic or
wild poultry in 22 countries/territories including Kazakhstan, Turkey, Mongolia, Romania,
Ukraine. the United Kingdom, Iraq, Italy, Slovenia, Kuwait, Bulgaria Croatia, Egypt, France,
Germany, Austria. Hungary, Bosnia-Herzegovina, Slovakia, Azerbaijan, Georgia, and the

West Bank/Gaza Strip (WHO 2008Db).

H5N1 outbreaks in Europe have been more sporadic and to date, have only occurred in
animal populations. Early detection in these countries is likely due to sufficient infrastructure
and ample preparation time to establish surveillance systems for the early detection of
incursion of H5N1 in their countries. Conversely, some countries where HSN1 has been
detected have been affected by conflict or war (e.g., Afghanistan, Pakistan, West Bank/Gaza
Strip). This has prevented proper HPAI surveillance due to limited financial resources, weak
veterinary infrastructure and lack of access to some areas within these countries (Sims 2007).
Within the Near East/North Africa region, the greatest number of outbreaks have occurred in
Egypt, which has had outbreaks confirmed in poultry populations from almost all

administrative regions in the country (MOH 2007).

In sub-Saharan Africa HPAI/H5N1 was first detected in Nigeria (Joannis et al. 2006)—
possibly transmitted to the country through migratory birds or trade of live day-old chickens
(Cecchi et al. 2008; Ducatez et al. 2006)—in January 2006 and has sporadically spread to
domestic and/or wild birds in Cameroon, Burkina Faso, Sudan, Cote d’Ivoire, Djibouti, and
Benin (WHO 2008b). Only two human cases of HSN1 have been identified throughout the
whole of Africa, which occurred in Nigeria in early 2007 and in Djibouti in 2006. Since 2007,

no further outbreaks in poultry and/or humans have been reported in Nigeria and no human
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cases have been reported from any of the above named countries that have reported HSN1

outbreaks in poultry populations.
2.2.2.1 A Role for Wild Birds in Geographic Spread?

In 2005. H5N1 outbreaks occurred in wild migratory birds in Qinghai Lake, China (Chen et
al. 2005). Because wild birds are believed to be the main reservoir of H5N1 and since all
infected birds excrete high concentrations of virus in faeces (Claas et al. 1998; de Jong et al.
2000; Sturm-Ramirez et al. 2005; Webster 2002), it has been suggested that migratory birds
are responsible for transporting HPAI/HSN1 to domesticated poultry in some countries in
Asia (¢.g.. Japan, Republic of Korea (Sims 2007)) and to many countries in Europe, the
Middle East and Africa (Figure 2-5) (Chen et al. 2005; Normile 2005a).

This suggestion is highly contested since data on wild bird outbreaks is largely incomplete
and often incorrect (Yasue et al. 2006). It also assumes that infected birds are asymptomatic
during migration since the impact of the disease on the fitness of the bird would be significant
(Webber & Stillanakis 2007). Thus, it is unlikely that infected and symptomatic or
asymptomatic, infected and virus-shedding birds are physically capable of carrying the virus

over long distances (Webber & Stillanakis 2007).

HSN1 Outbreaks in 2005 and Major Flyways of Migratory Birds
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Figure 2-5 Major pathways of migratory birds
Source: (Normile 2005a)

Studies of wild birds and HPAI have largely focused on large scale influenza A (LPAI and
HPATI) surveillance programs and have been implemented in various parts of the world
including China, Northern Europe, North America, and Africa (Gaidet et al. 2007; Krauss et
al. 2007; Parmley et al. 2008). Surveillance activities attempt to understand the viral-host
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ecology, geographic dispersion (spatial patterns Figure 2-5), seasonality (temporal patterns)
and host range of influenza A virus strains (Munster et al. 2007). Studies have included the
sampling of tens of thousands of wild birds and have identified several previously unknown
hosts for influenza A viruses (Munster et al. 2007) indicating that the natural host range of
influenza A viruses has been expanding. Surveillance studics have suggested that wild
migratory birds may have been responsible for the introduction of HPAI/H5N1 into western
Europe (Bragstad et al. 2007; Starick et al. 2008) and Africa (Cecchi et al. 2008),

demonstrating that wild birds may have had a role transmitting HSN1 between continents.

2.2.4 Animal-to-Animal Transmission of HSN1

Animal-to-animal transmission of H5N1 can be direct via the faecal-oral route (OIE 2008a)
or indirect through contaminated feed, clothing, and equipment (fomites) (FAO 2005). Live
markets may also be an important reservoir for HSN1 (Woo et al. 2006), as seen in H5N1
outbreaks in Vietnam, Thailand and Hong Kong (Amonsin et al. 2008; Kung et al. 2003a;
Kung et al. 2007; Nguyen et al. 2005; Wang et al. 2006) (discussed later).

Movements of domestic poultry may also play a substantial role in viral spread. A study of
the spatial distribution of HPAI outbreaks in Thailand showed a strong relationship between
free-grazing ducks 1in rice fields and viral spread (Gilbert et al. 2006). Large bodies of water
such as lakes that serve as resting places for wild aquatic birds may also play a role in
transmission (Horimoto & Kawaoka 2001) because all birds shed virus in facces (de Jong et
al. 2000; Sturm-Ramirez et al. 2005; Webster 2002). Experimental evidence has suggested
that influenza A viruses are detectible in water and wet faeces for up to 6 days at 37°C
(Brown et al. 2007b) and H5N1 can survive in carcasses for several days at room temperature

and longer in cooler (+4°C) temperatures (OIE 2008a; WHO 2006-2009).

It is also possible that trade of commercial and domestic poultry and poultry products, often
occurring across long distances is responsible for transmission between and within countries
(Chen et al. 2005; Normile 2005a; Sims 2007; WHO 2006-2009). Transmission is also likely

to be occurring between wild and domestic bird populations in both directions (Normile

2006).

2.2.5 Current Options for Controlling HSN1 in Poultry Populations

Control methods for HPAI/H5NI1 in poultry focus on reducing between-flock and pouliry-to-

human transmission and include increasing biosecurity measures, restricting poultry
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movement, culling or stamping out infected and/or susceptible flocks, and prophylactic or

emergency vaccination of at-risk poultry.

Before discussing each of these control options, it is important to describe how FAO

categorizes the poultry production systems. FAO has classified poultry production into four

sectors (Table 2-3) in which Sector 1 is described as the poultry production system for

“industrial integrated” production system; Sectors 2 and 3 describe “commercial poultry

production system” with decreasing levels of biosecurity, respectively; and Sector 4 describes

“village or backyard poultry production” (FAO 2006).

Table 2-3 FAO defined poultry production sectors

. Industrial and Village or
Poultry Product . 9
Systerr)rl\ rocuction integrated Commercial poultry production backyard
production production
Sectors Sector 1 Sector 2 Sector 3 Sector 4
Biosecurity High Mod-High Low Low
Market outputs Export and urban Urban/rural Live urban/rural Rural/urban
Dependence on . . .
market for inputs High High High Low
Dependence on . . .
goods roads High High High Low
Everywhere.

Location

Birds kept

Shed

Contact with other
chicken

Contact with ducks

Contact with other
domestic birds

Contact with wildlife

Veterinary service

Source of medicine
and vaccine

Source of technical
information

Breed of poultry

Food security of
owner

Near capital and
major cities

Indoors
Closed
None
None
None
None

Own
Veterinarian

Market

Company and
associates

Commercial

High

Near capital and
major cities

Indoors
Closed
None
None
None

None

Pays for
veterinary
service

Market

Sellers of inputs

Commercial

Ok

Smaller towns
and rural areas

Indoors/Part-time
outdoors

Closed/Open
Yes
Yes
Yes

Yes

Pays for
veterinary
service

Market

Sellers of inputs

Commercial

Ok

Dominates in
remote areas

QOut most of the
day

Open
Yes
Yes
Yes

Yes

Irregular,
depends on govt
vet service

Government and
market

Government
extension
service

Native

From ok to bad

Adapted from (FAO 2006): The values describing each criteria have not been modified.
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HPAI/HSNI has been detected primarily among Sector 4 poultry holdings in Asia and Africa
(e.g.. (Gilbert et al. 2006; OIE 2006b; Tiensin et al. 2007; Vong et al. 2006), but has affected
commercial poultry farms in many countries (De Benedictis et al. 2007; Kwon et al. 2005; Mase
et al. 2005; Team 2007a; Team 2007b). The options for controlling HPAI will depend on the

poultry production system since the husbandry practices vary between production sectors.

2.2.5.1 Enhancing biosecurity measures

Biosecurity includes three major components: isolation, traffic control and sanitation (WHO
2006¢). The use of biosecurity in poultry rearing according to FAO varies from high (closed,
controlled heating and cooling system), to medium (open system, netting to prevent entrance
of outside birds), to low (fences around poultry areas, poultry roam free in specified areas) to
nonexistent (free ranging animals) (FAO 2006). In many resource-poor countries where the

virus is or may be endemic. little or no biosecurity is employed in poultry farming (Desvaux
et al. 2006; VSF 2004).

Improving biosecurity by restricting domestic and wild bird mixing, separating poultry areas
from other domestic animal areas and separating poultry and human areas greatly reduces the
likelihood of transmission between animals (FAO 2005; Kung et al. 2007). Also, practicing
an “all in/all out” production system, which does not allow the introduction of new birds into
the flock, and minimizing the number of people entering the farm or the amount of equipment
shared between farms, reduces the potential of the virus from entering the farm either through
infected animals or fomites (Meroz & Samberg 1995). Restricting poultry movement by
fencing or caging animals is often difficult to implement in resource limited areas with free-
ranging or organic farming because many farmers rely on animals to forage for their own
food. It is also difficult to restrict poultry movement in international border areas because

they are often open and uncontrolled.

2.2.5.2 Stamping out of infected and at-risk poultry

Mass culling has largely been successful at curbing transmission among commercial poultry
in previous HPAI outbreaks in the Netherlands (H7N7) (Koopmans et al. 2004; Stegeman et
al. 2004), Italy (H7N1) and Hong Kong (H5NT1) (Capua & Marangon 2000; Capua et al.
2002; Ellis et al. 2004a; Mannelli et al. 2006). However, the economic costs associated with
the loss of production and reduced livelihood are high (MOH 2007; Smith 2005).
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Culling often focuses on the infected flock and uninfected, susceptible flocks (preemptive
culling) located within a specific radius (usually between one or three km) around the
infected farm (ring culling) or a larger area (e.g., all poultry in Hong Kong) (Rennie 2001).
One modelling exercise suggested that immediate culling of infected flocks has greater
efficacy in controlling viral spread than culling surrounding flocks (Le Menach et al. 2006).
Another modelling exercise suggested that localized culling may have a limited impact on

controlling viral spread and should include a larger radius around the infected premises

(Truscott et al. 2007).
2.2.5.3 Controlling poultry movement

The economic forces driving the trade of animals and animal products have been shown to
lead to wide spread and often uncontrolled/illegal movement of animals over large distances,
particularly in regions of the world where movement is not regulated (Sims 2007). Non-
regulated regions make movement exceedingly difficult to control. The movement of animals
has played a key role in disease transmission for other animal disease outbreaks including the
2001 Foot and Mouth Disease (FMD) epidemics in the United Kingdom (Chis Ster &
Ferguson 2007; Ferguson et al. 2001; Kao et al. 2006; Ortiz-Pelaez et al. 2006) and HPAI
(H7N7) outbreaks in the Netherlands (Boender et al. 2007; Stegeman et al. 2004).

The connectedness of animal networks can lead to large and widespread epidemics of disease
and an understanding of human and animal movement and their contact structures can be
used to design more targeted surveillance activities and inform models of disease spread
which could result in more cost-effective disease prevention and control (Colizza V et al.
2007; Dent et al. 2008; Green et al. 2008; Kiss et al. 2008; Truscott et al. 2007). For example,
during the FMD outbreak in the UK, the movements of livestock facilitated the long-distance
spread of the disease within a few months resulting in over 8.5 million animals slaughtered
(Anderson 2002). The rapid analyses of livestock movements lead to the prompt
implementation of control measures including restricting livestock movement that aided the

control of the epidemic (Chis Ster & Ferguson 2007; Ferguson et al. 2001; Kao et al. 2006;
Ortiz-Pelaez et al. 2006).

Poultry movement restrictions have been used within Europe, Asia and Africa following the
detection of H5SN1 (EU 2006; OIE 2006a; OIE 2009a). For example in England, following
the detection of HSN1 in poultry in 2007, in addition to other outbreak control methods, a
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three km *‘protection zone” was put in place around the location of the outbreak indicating
that all poultry within the protection zone must be tested and kept indoors. In addition a ten
km “'surveillance zone” was put in place around the location of the outbreak prohibiting the
movement of poultry to and from the area, restricted live bird markets in this zone, and
placing footpath restrictions on free-range poultry farms within the zone (EU 2006). Upon
detection of H5N, other countries including Nigeria and Hong Kong restricted poultry
movement outside their own country Kong (OIE 2006a; OIE 2008c). Local movement
restrictions are also common. For example, a temporary restriction of poultry trade outside

the province was implemented following the most recent HSN1 outbreak in Cambodia (pers.
comm. NaVRI).

Despite their likely role in the circulation and spread of HPAI in South East Asia, little is
understood about the poultry market chains, legal or illegal trade of poultry or the types and
frequencies of contact that exist between rural people raising poultry, local markets and large-
national poultry markets in the major cities. Because trade of poultry may be responsible for
some transmission of HSN1 within countries (Chen et al. 2005; Normile 2005a; WHO 2006-
2009), controlling the movement of live poultry and poultry products could contain or reduce
the spread of the virus. However, it is virtually impossible to restrict all illegal cross-border

movement of poultry between countries with large and uncontrolled land borders (Sims 2007).
2.2.5.4 Live bird markets

Live bird markets (LBM) are common in Asian countries because of a cultural preference to
consume freshly slaughtered meat (Webster 2004; Woo et al. 2006). The dense concentration
of live birds and a high turn-over rate of birds (i.e., hosts) in these markets provide ample
conditions for virus amplification (Webster 2004) and may be an important reservoir for
HPAI or “hub” for circulation (Senne et al. 1992). Additionally, LBM are an ideal
environment for transmission of avian influenza viruses from poultry-to-humans since they

are frequented by large numbers of people (Woo et al. 2006).

It is unclear what role LBM has played in the circulation of HPAI/H5N1 in many Asian
countries where LBM are prevalent. The close contact with live animals at such markets has
been identified as a risk factor for SARS (Guan et al. 2003) and HPAI/H5N1 (Mounts et al.
1999). It has been demonstrated from investigations of past and current outbreaks and from

HPALI surveillance programs in Vietnam, Thailand, Cambodia, China and Hong Kong, that
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HPAI/HSNI is circulating in the LBM (Amonsin et al. 2008; Guan et al. 2002; Kung et al.
2003a; Kung et al. 2007: MAFF Unpublished Data; Nguyen et al. 2005; Wang et al. 20006). It

can also be assumed that HPAI/HSN1 may be circulating undetected in the markets of many

other countries.

The movement of poultry through LBM has been shown to be an important factor in the
circulation and spread of HPAI (Kung et al. 2007; Sims et al. 2003). In early 2002 in Hong
Kong, an investigation into an outbreak first identified in LBM led to the discovery of the
virus on rural farms that had sold chickens to the LBM (Sims et al. 2003). Further work
determined that the contact between the retail market and chicken farms via humans was a

significant risk factor for infection among chicken farms (Kung et al. 2007).

Control of avian influenza viruses within LBM focuses on implementing rest days, in which
poultry stalls are emptied, cleaned and restocked. These efforts, which have been
implemented in Hong Kong, have shown to reduce transmission of HPAI (HYN2) and other

viruses among birds in LBM (Kung et al. 2003a).
2.2.5.5 Vaccination in poultry

There are several vaccines that have been used or are being developed to “prevent, manage or
eradicate avian influenza.” The two most common vaccines used are oil-based emulsion
inactivated whole low- or high-pathogenic virus vaccines and recombinant fowlpox virus-
vector vaccines. Other vaccines include those based on reverse genetics or recombinant
poultry vaccines made with HPAI and Newcastle diseases viruses (Swayne 2006; Swayne &
Suarez 2007). When used correctly, vaccines have been shown to reduce infection rates,
reduce morbidity and mortality rates, reduce viral shedding of the virus, and increase
resistance to avian influenza virus infection by stimulating an immune response to the HA
protein (Beato et al. 2007; Ellis et al. 2004b; Kim et al. 2008; Middleton et al. 2007; Peyre et
al. 2009; Qiao et al.; Swayne 2006; Swayne et al. 2006; Swayne 2008; Tian et al. 2005; van
der Goot et al. 2008; Webster et al. 2006b). Effective protection is conferred by the

production of neutralizing antibodies of the NA protein and reached when clinical signs of

disease are absent and mortality is prevented (Swayne 2008).

Vaccination can be implemented prophylactically, which could result in protective immunity
in a susceptible population (usually applied in endemic situations), as a preventative measure

for at-risk poultry, or as an emergency (reactive) measure during times of outbreaks or in
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areas where widespread vaccination is impractical (Capua & Marangon 2006a; Capua &
Marangon 2006b; EC 2006). Emergency vaccination, in which only high risk poultry are
vaccinated, is used in combination with culling of infected and suspected poultry. The DIVA
(Differentiating Infected from Vaccinated Animals) strategy uses sentinel birds (e.g., non-
vaccinated) to monitor viral activity within the flock by placing unvaccinated sentinel birds
on the same premises of vaccinated flocks to differentiate naturally infected from vaccinated

birds (Capua & Marangon 2006a; Capua et al. 2003; EC 2006).

A number of experimental studies have been conducted to evaluate the effectiveness of HPAI
vaccination in individual birds (Ellis et al. 2004b; Kim et al. 2008; Swayne et al. 2006; Tian
et al. 2005: Webster et al. 2006b). Experimental studies have evaluated the protection
provided by vaccines by challenging vaccinated birds with HSN1 and evaluating clinical
signs, mortality, antibody response and viral shedding. These have demonstrated that clinical
signs, mortality, and viral shedding are all reduced in vaccinated birds (Table 2-4 and Table

2-5) (Ellis et al. 2004b; Kim et al. 2008; Peyre et al. 2009; Swayne et al. 2006; Swayne 2008;
Tian et al. 2005: Webster et al. 2006b).
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Table 2-4 Summary of experimental studies of vaccine efficacy in chickens

Vaccine type/ Study type : - . : :
Study Challengg gtrain (experimental  Mortality Morbidity Viral Shedding Antibody Response
or field)
. Outbreak Reduction at 9-18 no evidence of
Ellis et al Single dose killed inactivated feSDONSE in dpv and mortality ~ clinical disease . 81.7% of chickens had H5
2004 H5N2 virus / H5N1 Hong Kong Hor?g Kong ceased at 18+ in vaccinated antibody titerz16 by 22 dpv
dpv chickens
Single dose reverse genetics- . linical si Tracheal shedding : 2/75 at 3 _
Webster et gerived vaccine containing HA-  Experimental  "°.Mortality at 3, Pocl)lgvlvr:r:g S9"% " and 5 pdc; 0/75at 10, 14dpc  100% had H5 antibody
al 2006 H5 and NA-H3 virus/ H5N 1 57,10, 14dpc -~ iation Cloacal shedding (chickens): no titer216 at 21 dpv
Vietnam Sheddlng at 3,5,7,10, 14 de
Tian et al H5N1 inactivated vaccine/ . no mortality at no disease signs 3/40 had low doses of
: Experimental oropharyngeal shedding 3 dpc -
2005 H5N1 China 2,3, 43 dpv at 2,3,43 wpc no cloacal shedding at 3,5,7 dpc
s t . . . . ' 90-100% Cloacal shedding present in . .
wayne et H5N2 mactwat.ed vaccine / Experimental 90% protection protection from 6/20 at 2 dpc 100% had H5 antibody
al 2006 H5N1 Indonesia from mortality clinical sians oropharyngeal shedding in titer=10 at 21 dpv
9 11/20 at 2 dpc
. Recombinant fowlpox virus o . no viral shedding in vaccinated L .
?6%% etal vector-based vaccine/ H5N1 Experimental ;rg?‘,]/"mpc;:’tﬁﬁt'on - birds at 4 dpc when challenged \l;lv' antibody titer >6.3 at 3
China y at1, 2 and 40 wpv pv
-- Not reported

dpv = days post vaccination; wpv = weeks post vaccination

dpc = days post challenge; wpc = weeks post challenge
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Table 2-5 Summary of experimental studies of vaccine efficacy in ducks

Study

Vaccine type/
Challenge Strain

Study type
(experimental
or field)

Mortality

Morbidity

Viral Shedding

Antibody Response

Kim et al 2008

Beato et al.,
2006

Middleton et al
2007

Tian et al 2005

Webster et al
2006

van der Goot et
al., 2008

1 g of HA protein in a
single dose of inactivated oil
emulsion whole-virus H5
influenza vaccines (3
different vaccines) / HSN1
Laos

2 dose whole virus
inactivated oil emulsion
vaccine (H5N2 Potsdam)/
H5N1 Vietnam

HS5N3 reassortant virus
vaccine and bivalent (HSN9
[Italy]+H7N1) vaccine/ HSN1
Vietnam

H5N1 inactivated vaccine/
H5N1 China

Single dose reverse
genetics-derived vaccine
containing HA-H5 and NA-H3
virus /H5N1 Vietnam

Single or double vaccination
with Inactivated oil emulsion
vaccine based on Mexico
H5N2 / H5N1 China

Experimental

Experimental

Experimental

Experimental

Experimental

Experimental

no mortality in
vaccinated ducks;
90% of controls
died

no mortality in
vaccinated ducks

no mortality at 6
wpv

no mortality at 3
wpv

no mortality at 3,
5,7, 10, 14 dpc

Mortality was
reduced in
vaccinated ducks

no disease signs in
any of the
vaccinated ducks

no disease signs in
any of the
vaccinated ducks

no disease signs in
any of the
vaccinated ducks

no disease signs in
any of the
vaccinated ducks

no disease signs in
any of the
vaccinated ducks

pc

90% protection from
clinical signs 7 dpv;
80% protection from
clinical symptoms at
14 dpv

no viral shedding in
vaccinated birds at
3,5,70r10dpc

low levels of viral
shedding at days 3,
5, 10 days post
infection no viral
shedding after 21
dpv

no virus shedding at
5
and 7 dpc

no orophayngeal or
cloacal shedding at
3,5,7 dpc

no tracheal
shedding at
3,5,10,17 dpc

no cloacal shedding
at 3,5,7,10, 14 dpc

Tracheal shedding
reduced after 7 dpv

100% of ducks given 2 of
the vaccines and 40%
given the 3rd vaccine had
H5 antibody titer=16 at 3
weeks p.v.

HI titers were significantly
higher after second
vaccination and detectible
until day 135 of life

no antibody response to
challenge virus

100% of vaccinated
chickens and ducks had
H5 antibody titer=16 at 21
dpv; titers rise after re-
vaccination

HI titers with H5 antigen
detectible in 2/20 ducks 7
dpc; in 3/20 ducks 14 dpc

-- Not reported

dpv = days post vaccination; wpv = weeks post vaccination
dpc = days post challenge; wpc = weeks post challenge
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Vaccines against HPAI/H5N1 have been implemented in control programs in several
countries including Hong Kong, Vietnam, Indonesia, China, India, Russia, Egypt, and
Pakistan (Peyre et al. 2009; Swayne 2008). However, vaccine coverage and evaluation of
vaccination effectiveness at the flock level is more difficult to conduct and there have been
few studies published on the subject (Peyre et al. 2009). Vaccination is difficult to implement,
especially in low-resource settings because currently available vaccines are administered by
needle injection, often requiring multiple doses and commonly involving the direct handling
of infected poultry. An ideal vaccine, which does not yet exist, would be a single dose

vaccine given orally that is efficient for a number species and does not require refrigeration,

especially relevant for developing countries with limited resources (Peyre et al. 2009).

In poultry, poorly implemented vaccination can mask the disease by reducing symptoms but
not viral shedding, thus allowing the virus to circulate undetected and increasing the risk of
antigenic shift (Tian et al. 2005). Vaccination coverage in Indonesia, for example, has not
been universally applied throughout the country but implemented to strategically cover high
risk regions of the country because of budgetary constraints and a limited vaccine supply.
Although the vaccines available have been reported to be of “good quality,” they have not
been “fully protective against some of the circulating strains in the country” (Siregar &
Darminto 2008). Similarly, vaccine coverage in Vietnam has been incomplete and studies of
vaccinated flocks suggest that protection is lower in southern areas of the country and that

overall protection ranges from 28-55% (Nguyen 2008).

It is recommended that vaccination be used in conjunction with other HPAI control methods,
including increased surveillance and detection (including both serologic and virologic testing),
education for the public, culling of at risk poultry and enhanced biosecurity measures (Capua
& Alexander 2006; Capua & Marangon 2006a; Capua & Marangon 2006b; EC 2006; Fasina
et al. 2007; Guan et al. 2007; Peyre et al. 2009; Swayne 2006). Countries that have
implemented a combination of control measures, including vaccination, restricting poultry
movement, and culling of infected and susceptible poultry have been successful in controlling
outbreaks of HPAI (Brown et al. 2007a; Ellis et al. 2004a; Henning et al. 2009; Tiensin et al.
2005), However, the results of these control measures are temporary as outbreaks continue to
be reported (OIE 2009a). For example, in conjunction with other control measures, Vietnam
introduced mass vaccination of over 100 million poultry in 2005 and experienced

approximately one year without any outbreaks, However, in December 2006, several
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outbreaks were reported and subsequently these have continued to be reported throughout

2007-2008, among unvaccinated flocks (ducks and geese) (Henning et al. 2009; Peyre et al.
2009).

As with any control strategy, there are advantages and disadvantages to vaccination. Table

2-6 outlines the major advantages and disadvantages for current control options for HPAI in

poultry.

Table 2-6 Advantages and disadvantages of control options for HPAI in poultry
Control

Methods Advantages Disadvantages
Increased Easy to implement in e Difficult in settings with limited resources
biosecurity moderate, high income R

Difficult in settings with free-ranging farms

countries
e Cost burden on farmer
Restricting Effective in industrialised e Difficult to implement and monitor in limited resource
movement poultry settings settings
Culling Fast, easy to implement e Cost burden on farmer; compensation not always
provided
- e Lossof potentially healthy flocks
Vaccination Decreased mortality ¢ Difficult to implement

Decreased viral shedding

Often requires multiple doses of vaccination

Time required for vaccine to become effective (e.g., 3
weeks)

May “mask” presence of disease in flocks; difficult to
identify infection

Differences in immune response by species
Vaccine strain must be appropriate

Inappropriate/incomplete vaccination will not reduce
viral shedding

Possible economic repercussions on farmers

2.3 Epidemiology and Transmission of HPAI/H5N1 in Humans

2.3.1 History of Influenza A Pandemics in Humans

New human pandemics arise when a novel NA subtype emerges amongst a susceptible
human population with the ability for effective and sustained human-to-human transmission
(Peiris et al. 2007). Table 2-7 below summarises the human pandemics of influenza A viruses
over the last 150 years. The pandemic of 1918-1919 (HIN1) was particularly lethal in young,
otherwise healthy adults, killing an estimated 40-50 million people worldwide (Horimoto &
Kawaoka 2001; Hsieh et al. 2006; Kilbourne 2006; Webster et al. 1992). Genetic analyses of

specimens collected from victims preserved in the arctic suggests that the strain was a novel
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avian-like virus that adapted to humans (Taubenberger et al. 2005). The Asian Influenza
Pandemic (H2N2) in 1957 and Hong Kong Influenza Pandemic (H3N2) in 1968 were less

lethal and resulted from avian-human reassortment (Horimoto & Kawaoka 2001; Hsieh et al.
2006).

Table 2-7 Human pandemics and epidemics of the last 150 years
Estimated Total

Count
Year of Origr%,n Serotype Global Mortality Source/Emergence
(human)
Europe?
1889 China? H2N2 1-6 million Unknown
1898 Europe H3N2 500,000 Unknown
1917-1919 Europe? US? H1N1 40 million Novel avian-like virus
1957 Asia (China)  H2N2 6 million g";zgé"r't‘r‘nrgi’t‘
1968 Asia (China)  H3N2 2 million g"ggg’tfn”;’t‘

Source: (Gross 1996; Kilbourne 2006; Oxford 2000; WHO 2006-2009)

Since 1977 two subtypes (HIN1 and H3N2) have been circulating in humans worldwide. The
isolation of H5N1 from a 3-year-old boy in Hong Kong in 1997 was the first occurrence of
this novel strain in humans and signalled the emergence of a potentially new pandemic strain
of avian influenza (Claas et al. 1998). H5N1 in Hong Kong in humans in 1997 did not
emerge from reassortment; all of the genes found in this viral strain originated from an avian

virus (Claas et al. 1998; Horimoto & Kawaoka 2001).

As of 30 December 2008, HPAI/HSN1 has infected 387 individuals in 15 countries (WHO
2006-2009). The number of cases is not evenly distributed throughout the world. By far, the
largest number of human cases reported has been from Indonesia and Vietnam each having
reported more than 100 cases (Table 2-8). No human cases have yet been reported in

Western Europe or the Americas.

Table 2-8 reports the number of cases and fatalities in each country affected by H5N1 in
humans, the clade or subclade that is circulating in the country and the median age and
gender (% male) of the cases (WHO 2009b; Writing Committee of the Second World Health
Organization Consultation on Clinical Aspects of Human Infection with Avian Influenza

2008). The overall case fatality rate (CFR) is 63.1% (median 62.5% IQR: 33.3-74.6) and
varies by country (WHO 2009b).
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Table 2-8 Case fatality rate of H5N1 in humans by country as of 30 December 2008

Total

Country Case Fatality Clade or Median age of % Male
Cases Deaths Rate (CFR)% Subclade cases (range) n/ total (%)
Azerbaijan 8 5 62.5 2.2
Turkey 12 4 33.3 22 16.:5-10 (5-20) * 9116 (56)*
Bangladesh 1 0 0 22 16 mo (--) 1/1 (100)
China 30 20 66.7 2.3 30 (12-41)* 3/8 (38)*
Dijibouti 1 0 0 2.2 2 (-) 0/1 (0)
Egypt 50 22 44.0 22 12.5 (1-75) ° 12/38 (32) °
Indonesia 137 112 81.8 2.1 18.5 (1.5-45)* 33/54 (61)"
Iraq 3 2 66.7 2.2 15 (3-39) 2/3 (66.7)
Lao People's
Democratic 2 2 100 23 28.5 (15-42) 0/2 (0)
Republic
Myanmar 1 0 0 NR 7 (--) 0/1 (0)
Nigeria 1 1 100 2.2 22 (-) 0/1 (0)
Pakistan 3 1 33.3 NR 25 (22-27) 3/3 (100)
Cambodia 7 7 100 1
Thailand 25 17 68.0 1 14-22 (2-58)" 19/41 (46)"
Vietnam 106 52 49.1 1
Cambodia'™ 8 7 85.7 1 16(3-28) 3/8 (37.5) 1
Total 387 245 63.1 -- - --

Adapted from (Biswas et al. 2008; WER 2008; WHO 2006-2009; Writing Committee of the Second World Health Organization
Consultation on Clinical Aspects of Human Infection with Avian Influenza 2008)

TData from 2004-2005 cases only

{Data from 2005-20006 cases only

“Data from 2006-2007 cases only

“Data from 2006 cases only

™ Data from all cases (n=8)

NR= Not released

2.3.2 Modes of Transmission of HSN1 in Human Populations

The investigations of human H5N1 outbreaks in the field—usually in rural locations of
developing countries—are difficult to conduct and have often involved collection of only
basic information about exposures. Thus data on exposure are typically limited to “recent
contact with infected poultry” (WHO 2004) or the preparation of sick birds for consumption
(WHO 2006d). The specific mode of transmission from exposure to infected poultry remains
unknown and the lack of exposure information has limited our ability to evaluate risk factors
for infection. In addition, the lack of large-scale seroprevalence studies in areas where HSN1

is recurrent has limited our understanding of the extent of infection in these countries.
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Bird and Farrar have proposed a data collection form that details the minimum amount of
information that should be collected from suspected human HSN1 cases, and which includes
questions on direct and indirect contact with poultry and the timings of such contact (Bird &
Farrar 2008). However, this questionnaire covers only general exposure information (e.g.,
handling sick or dead poultry, handling faeces or fertiliser from sick or dead poultry,

slaughtering poultry) and does not include any potential transmission via the environment

(e.g., contaminated water).

An illustration of known pathways of poultry-to-human infection of HPAI, particularly
subtype H5N1. is shown in Figure 2-6. Transmission of HSN1 can occur via direct or indirect
contact with an infected bird. Direct routes include contact with infected blood or bodily
fluids via food preparation practices (Greiner et al. 2007) (e.g., slaughtering, boiling,
defeathering, cutting meat, cleaning meat, removing and/or cleaning internal organs of
poultry); ingesting undercooked or uncooked poultry products (e.g., eggs, meat, blood);
through the care of poultry (either commercially or domestically); cleaning poultry cages or
their designated areas; or using poultry faeces for fertilizer. Little is understood about HSN1
transmission via indirect routes, though recent studies have suggested an association between
exposure to a contaminated environment (e.g., water) either through ingestion, conjuctival or
intranasal inoculation of contaminated water (de Jong et al. 2005; Vong et al. 2008) or via
fomites, such as shared equipment or vehicles transporting products between farms (FAO

2004a). Other pathways may exist but are currently unknown.

Poultry

(domeslic or
wild birds)

Direct Indirect
contact contact

Direct contact of

Fnvironmental

infected blocd and/or Contamination Fomites t
bodily MNuids
Care of poultry Consumption :
Conjunctiva
Food (2.5 Teeding Using of Slaughterin
preparation nd Lpoihend poultry | undercooked pgultry ¢ Ingestion of e Contaminatian
(eg m::: ':Z:; waste/ of uncooked (g, during contaminated mmf"u i from vehicle or
dahiering, athering cggs scrap as poultry culling water* Lo foot traffic, or
boling, .'L,...a.g posliny fertilizer products o el es comamm?ted harod
deleathwring, acas, removing {eg., spas, meal, WERET eguipment
oning/ washing $e<ess L),
meat, removing
o1y

Figure 2-6 Known and suggested pathways to infection from poultry to humans

*via swimming/bathing in water frequently used by domestic and/or wild poultry pr _ )
+Fomites are inanimate objects that can become contaminated are capable of carrying infectious organisms
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HPAI is transmissible from poultry-to-humans directly via contact with contaminated
environments, through close contact with infected poultry or possibly through another animal
species (e.g., pig, cat, dog, tiger) that serves as an intermediate host or mixing vessel
(Alexander & Brown 2000; CDC 2005: Koopmans et al. 2004; Lipatov et al. 2008;
Thanawongnuwech et al. 2005). Intimate contact with infected poultry (e.g., slaughtering,
removing internal organs, licking wounds of bloody fighting cocks) is believed to be required
for transmission of HSN1 from poultry to humans (Dinh et al. 2006; WHO 2006-2009).
However, the extent of these behaviours is currently unknown and there is reluctance of
individuals to disclose information on possible exposure from illegal activities. For example,
an outbreak investigation in Azerbaijan in early 2006 found that the likely source of H5N1 in
nine (eight confirmed, one probable) human cases was infected wild swans, with transmission

probably occurring as a result of the illegal activity of de-feathering these birds (Gilsdorf et al.
2006).

A limited number of epidemiologic studies have been conducted throughout Asia and Africa
to evaluate risk factors for human HSN1 infection. Most of these have been of a case-control
design where they have evaluated exposure to poultry via visiting live poultry markets,
through food preparation or caring or feeding poultry or contact with a confirmed human case.
All of these studies, the results of which are summarized in Table 2-9, have included small

numbers of subjects thus limiting the precision of their results.

Table 2-9 Risk factors for H5N1 infection: summary of published case-control studies

HPAI Risk Factors

Study, year Study Population

Subtype RR, OR, 95%CI
Hong Kong . .
Mounts et al. Exposure to poultry at live/wet markets was associated
959 HON1 - 15casesdimatched it 2 4-fold increased risk
controls
Univariate Analysis: preparing/cooking unhealthy
poultry (OR=31, 2.4-1150), having sick or dead poultry
in the household (OR=7 .41, 2.7-59), presence of
. sick/dead poultry in the neighborhood (OR=3.9, 1.0-
(Dinh et al. Vietnam h 55.7), no indoor water source in the household
2006) H5N1 28 cases 106 matches (OR=5.0, 1.3-77.0)
controls Multivariate Analysis: No water in the household
(OR=6.5, 1.2-34.8), sick or dead pouliry in the
household (OR=4.9, 1.2-20.2), prepare and cook sick
or dead poultry (OR=9.0, 0.98-82.0)
Thailand
(Areechokchai N1 Matched case control Direct touching of unexpectedly dead poultry OR 29.0
et al. 2006) H5 study of 16 cases and 64 ( 2.7--308.2)
controls
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To date, a few small-scale human seroprevalence studies have been conducted in Hong Kong,
China, Thailand, Nigeria, Cambodia, and Vietnam to determine the frequency of
asymptomatic or subclinical infection and evaluate risk factors for HPAI/HSNI1 virus
infection (Apisarnthanarak et al. 2005; Bridges et al. 2000; Bridges et al. 2002; Katz et al.
1999: Ortiz et al. 2007; Schultsz et al. 2005; Thanh Liem et al. 2005; Vong et al. 2006; Vong
ct al. 2009). These studies are summarized in Table 2-10 and can be categorized by the study
populations evaluated in each study: occupationally exposed individuals (health care workers

or poultry workers) or non-poultry related occupational settings (subjects living or working in

close proximity to confirmed H5N1 case):
Occupationally exposed persons: poultry workers

The following three studies evaluated the frequency of asymptomatic or subclinical infection
and evaluate poultry-to-human risk factors for HSN1 and H7N1 virus infection among

poultry workers:

* Bridges et al 2002: The risk of HSN1 was evaluated among poultry workers involved
in the culling of all poultry in Hong Kong following the first reported human H5N1
case 1n a child in Hong Kong in 1997. Among the 1525 poultry workers and 293
government workers enrolled, 83 (5.3%) poultry workers and nine (3.1%) government
workers tested positive for HSN1 antibodies by both microneutralisation and Western

Blot.

A nested case-control study evaluated the risk factors for infection among the poultry
workers (n=81) when compared to unmatched controls. Risk factors associated with
infection included work in retail vs. wholesale/hatchery/farm/other poultry industry
OR=2.7 (95% CI 1.5-4.9); >10% mortality among poultry with which they had
worked in the previous two months OR=2.2 (95% CI 1.3-3.7); butchering poultry
OR=3.1 (95% CI 1.6-5.9); feeding poultry OR=2.4 (95% CI 1.4-4.1); and preparing
poultry for restaurants OR=1.7 (95% CI 1.1-2.7). The study found that subjects
exposed to intense contact with poultry during the culling processes were at an
increased risk for infection with H5N1. It also found that exposure through trading

poultry at retail markets was associated with increased risk of H5N1 infection.
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 Ortiz et al 2007: Upon confirmation of a H5N1 outbreak in poultry in Nigeria in
2006, the risk of H5N1 infection among poultry workers and laboratory workers in
contact with HSN1 was evaluated. Two-hundred and ninety-five poultry workers who
had been exposed to infected poultry occupationally and domestically participated in
the study. Home exposure to poultry included owning any (54%) or sick poultry
(42%) or touching live or dead poultry (81%). None of the 295 poultry workers or 25
laboratory workers tested positive for HSN1 antibodies by microneutralization and HI
assay using horse red blood cells. This study found no evidence of poultry-to-human

transmission among poultry and laboratory workers in contact with infected poultry.

* Puzelli et al 2005: The risk of HPAI/H7N1 and LPAI/H7N3 was evaluated among
Italian poultry workers of farms affected by an outbreak of HPAI/H7N1 between
1999 and 2003. No serum samples tested positive for HPAI/H7N1 (0/672).

Occupationally exposed persons: health care workers

The following four studies evaluated the frequency of asymptomatic or subclinical infection
and evaluated human-to-human transmission risk factors for HSN1 virus infection among

health care workers:

* Bridges et al 2000: The risk of HSN1 among health care workers involved in the care
of confirmed H5N1 patients in Hong Kong in 1997 was compared to health care
workers without known exposure to confirmed cases but with similar patient
responsibilities. Because diagnosis was delayed, infection control procedures were not
immediately initiated. Risk factor data were collected on exposure to the case patient
(provided direct care to case, physical contact, face-to-face talking, worked within
two metres of patients, recalled patient coughing/sneezing, suctioned respiratory
secretions from or administered breathing treatments to patients, changed bed linens
or bathed patient), age, sex, occupation and exposure to poultry (shopped at live

poultry market, had live or freshly cut poultry in their home in the weeks before

interview).

Among the exposed and unexposed health care workers enrolled, 4% (8/217) and
0.7% (2/309) tested positive for HSN1 antibodies using microneutralisation and
Western Blot techniques, respectively. Risk factors for infection included changing

bed linens (no OR provided) and did not include exposure to poultry (no results
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provided). It was suggested by the authors that the severity of illness in the H5N'1
patients may have been more likely to result in transmission from humans-to-humans

because of higher viral concentrations found in respiratory specimens.

Apisarnthanarak et al 2005: Occupational exposure to HSN1 of 49 health care
workers exposed to a confirmed HSN1 patient in a university hospital setting in
Thailand was evaluated in a seroprevalence study. Health care workers were classified
as exposed (n=25) and non-exposed (n=24) to the patient and did not differ by
demographic characteristics or exposure to poultry (contact with ill poultry, shopping
at live poultry market, had live or freshly cut poultry in their home in the two weeks
before interview or history of living on a poultry farm). The use of personal protective
equipment (PPE, surgical mask, gown and gloves) was not initiated until 48 hours
after the case was admitted to the hospital. No health care workers tested positive for
H5NI antibodies using microneutralisation and Western Blot techniques and thus

there was no evidence of person-to-person transmission of H5N1 in this study.

Schultsz et al 2005: Occupational exposure to HSN1 was evaluated among health care
workers exposed to confirmed HSN1 patients in a Ho Chi Minh City hospital,
Vietnam. None of the 60 health care workers involved in the care of H5N1 patients
tested positive for HSN1 antibodies using ELISA or microneutralisation and Western
Blot techniques despite 25.4% having reported contact with the patients secretions,
approximately half (29/59) reporting to have spent >12 hours with the patient and
limited use of control measures or personal protective equipment (e.g., gloves). No
evidence of human-to-human or poultry-to-human transmission of H5N1 occurred

among health care workers.

Thanh Lim et al 2005: Occupational exposure to HSN1 of health care workers
exposed to four confirmed and one probable H5N1 patients in a Hanoi hospital was
evaluated in a seroprevalence study. None of the 83 health care workers who
provided a single blood sample and completed a questionnaire to obtain information
on demographic characteristics, medical history, use of protective equipment while in
contact with the case, exposure to the cases, or exposure to poultry tested positive for

HSN1 antibodies using microneutralisation and Western Blot techniques.
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The use of PPE was high among subjects with 94.8% reporting that they always wore
a mask while examining or caring for H5N1 patients, while 31.6% reported that they

always wore eye protection, 61.5% reported that they always wore gloves while in

contact with HSN1 patients.
Non-occupational exposure: household and social contacts

The following four studies evaluated the frequency of asymptomatic or subclinical infection
and evaluate poultry-to-human risk factors for HPAI/H5N1 virus infection among subjects
living or working in close proximity to confirmed H5N1 outbreaks in human and domestic

poultry populations:

* Katz et al 1999: The frequency of asymptomatic or sub-clinical HSN1 infection was
evaluated among household or social contacts of 17 confirmed human H5N1 cases in
Hong Kong. Six of the 51 household contacts and none of the 26 social contacts (26
social contacts who participated in a 4 day tour with one case plus 23 co-workers)
tested positive for HSN1 antibodies using microneutralisation and Western Blot
techniques. Although not statistically significant, the authors suggest that exposure to
poultry in their homes was a likely risk factor for infection (21% of seropositive
subjects had contact with poultry versus 5% of seropositive subjects with no poultry

contact, p=0.13).

e Vong et al 2006: The frequency of asymptomatic or sub-clinical H5N1 infection was
evaluated among residents living within a 1km radius where a man was confirmed
with H5N1 infection in Cambodia. Three-hundred and fifty one subjects were
recruited in the study; however none tested positive for HSN1 antibodies using
microneutralisation and Western Blot techniques despite frequent contact with poultry

and 96 of 262 (36.6%) households with probable HSN1 infection in chickens.

o Vong et al 2009: The frequency of asymptomatic or sub-clinical HSN1 infection was
evaluated among residents living within a 1km radius of two human H5N1 cases in
two rural villages in Cambodia. Among the 674 subjects recruited, seven (1.0%)
tested positive for HSN1 antibodies by microneutralisation and Western Blot. All
seven cases were <18 years old and six of the seven were male (85.7%). Risk factors
for infection—including handling poultry, practices involved in the preparation of

food, contact with confirmed cases, hand hygiene after contact with poultry and
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general health—were evaluated in a retrospective matched case-control study of the

scven subjects and 24 matched controls (for sex, age [+3 yrs], village of residence and
households with H5N1).

Risk factors associated with testing positive for HSN1 antibodies included swimming
or bathing in ponds OR=11.3 (95% CI 1.25-102.18) and gathering poultry and placing
them in cages or designated areas OR=5.8 (95% CI 0.98-34.12). These results taken
in conjunction with recent evidence of HSN1 virus in the surrounding areas where
poultry died from H5N1 infection (Vong et al. 2008) indicate that swimming or
bathing in ponds located around the household where poultry typically have access
may be a risk factor for infection. It is worth noting that one case had only spent five
days in the village during the study period (approximately three months) and had

reported preparing poultry for consumption and cleaning poultry faeces in his house

yard during that 5-day period.

Hinjoy et al, 2008: A seroprevalence studies in rural Thailand (Hinjoy et al. 2008)
was conducted to evaluate asymptomatic infection among poultry farmers in rural
areas where HSN1 outbreaks had been confirmed. No farmers in rural Thailand

(n=322) farmers tested positive for anti-HS antibodies by microneutralisation and

Western Blot techniques.
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Table 2-10 Results of seroprevalence studies to determine the frequency of asymptomatic or subclinical infection of H5N1 virus

Reference

Study Population &
Year of Outbreak

Transmission
Evaluated

Seroprevalence Results
(% seropositive)

Risk Factors
RR, OR, 95%CI

Comments

Occupationally Exposed Persons: Poultry Workers

(Bridges et al. Poultry workers,
2002) Hong Kong
1997

(Ortiz et al. 2007)

Poultry workers,
Kano Nigeria
2006

Poultry-to-
humans

Poultry-to-
humans

9/293 (3%) government
workers were seropositive
81/1525 (5.3%) poultry
workers tested positive for
HS5N1 antibodies

Nested case-control study
conducted among 81 cases
and 1231 controls

0/295 poultry workers with
median 14 days exposure to
H5N1

0/25 laboratory workers with
exposure to H5N1

Work in retail vs. wholesale/

hatchery/farm/other poultry industry 2.7

(1.5-4.9)

>10% mortality among poultry 2.2 (1.3-

3.7)

Jobs:
- Butchering poultry 3.1 (1.6-5.9)
- Feeding poultry 2.4 (1.4-4.1)
- Handling money 1.6 (1.0-2.5)

- Preparing poultry for restaurants 1.7

(1.1-2.7)
Controlled for age-group
None

Limited poultry-to-human
transmission among poultry and
government workers involved in
poultry culling operations

No evidence of HSN1 infection with
subjects with repeated exposure to
infected poultry

Occupationally Exposed Persons: Health Care Workers

(Bridges et al. Health care
2000) workers, Hong
Kong
1997
(Apisarnthanarak et Health care

al. 2005)

(Thanh Liem et al.
2005)

(Schuitsz et al.
2005)

workers, Thailand
2004

Health care
workers, Vietham
2004

Health care
workers, Vietnam
2004

Human-to-
human; poultry-
to-human

Human-to-
human; poultry-
to-human

Human-to-
human; poultry-
to-human

Human-to-
human; poultry-
to-human

10/526 (8/21 exposed; 2/309
non exposed HCW)

0/25 among health care
workers in direct contact with
HS5N1 patient

0/83 among health care
workers, 95% of which had
direct contact with confirmed
H5N1 patients

0/60 healthcare workers in
contact with confirmed H5N1
patients

Changing the bed linen of cases (no
OR provided); controlled for poultry
exposure

None

None

None

Limited human-to-human
transmission

No serologic evidence of H5N1
among health care workers with
direct contact with human H5N1
patient

No serologic evidence of HSN1
among health care workers with
direct contact with human H5N1
patient

No serologic evidence of HSN1
among health care workers with
direct contact with human H5N1
patient
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Study Population &

Reference Year of Outbreak

Transmission
Evaluated

Seroprevalence Results
(% seropositive)

Risk Factors
RR, OR, 95%CI

Comments

Non-Occupational Exposure: Household and Social Contacts

(Katz et al. 1999) Household and
Social contacts of
HS5N1 patients,
Hong Kong

1997

Rural villagers living
in the same villages
as two confirmed
H5N1 human cases
2005

Rural villagers living
in the same villages
as confirmed H5N1
human case

2006

(Vong et al. 2006)

(Vong et al. 2009)

(Hinjoy et al. 2008)  Rural poultry
farmers in Thailand,

2004

Human-to-
human; poultry-
to-human

Poultry-to-
human

Poultry-to-
human

Poultry-to-
human

6/51 (12%) household
contacts 0/47 co-workers
tested positive for H5
antibodies

0/351 villagers tested
positive for HSN1 antibodies

7/674 (1%) seropositive for
H5N1 antibodies 21:80

85.7% (6/7) male
All €18 years old

Matched case-control study
conducted with 7 cases and
24 controls

0/322 farmers tested
positive for HSN1 antibodies

None significant; however 21% of

seropositive had contact to poultry vs.

5% of seropositive with no poultry
contact, p=0.13

None

Swim/bathe in ponds OR 11.3 (1.25-
102.2)

Water source 6.8 (0.68-66.4)
Gathered poultry and placed in cages
or designated areas 5.8 (0.98-34.1)

Removed/cleaned faeces from cages
or poultry areas 5.0 (0.69-36.3)

None

Human-to-human transmission was
limited

No evidence of H5N1 infection
among subjects living in villages with
conformed H5N1 in domestic poultry
flocks; poultry-to-human transmission
was low in this setting

Poultry-to-human transmission was
low; possible transmission from the
environment to humans via
contaminated water

No evidence of H5N1 infection
among subjects living in villages with
conformed H5N1 in domestic poultry
flocks

PPE = personal protective equipment including masks, gloves, eye protection
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2.3.2.2 Clusters of H5NI in Humans

Suspected clusters of epidemiologic linked H5N1 cases have occurred among blood relatives
in several countries, including Indonesia, China, Turkey, Azerbaijan, Vietnam and Thailand,
suggesting that human-to-human transmission between family members may have occurred
(Gilsdorf et al. 2006; Kandun et al. 2008; Kandun et al. 2006; Olsen et al. 2005; Oner et al.
2006; Ungchusak et al. 2005; Wang et al. 2008). An early Investigation in Vietnam, suggested
that between January 2004 and July 2005, 15 suspected family clusters occurred among the
first 109 cases, of which nine clusters had at least two laboratory confirmed H5N1 cases. These
results suggested that in three of the laboratory confirmed clusters exposure to a common

source was unlikely as the timing of infections exceeded one week of each other (Olsen et al.

2005).

A family cluster in mainland China occurred in a father and son, the former likely infected
through close, unprotected contact via care at a hospital of his son during his illness (Wang et
al. 2008). Similarly in Thailand, a mother and aunt of an infected patient likely became
infected through unprotected hospital care of their daughter/niece (Ungchusak et al. 2005). In
Turkey, several members of the same family became infected with HSN1, however
transmission likely occurred from poultry-to-human rather than human-to-human since they all

shared the same living space with poultry (Oner et al. 2006).

In Indonesia, there have been 11 clusters of HSN1 among blood relatives with each cluster
involving 2-7 blood relatives (Kandun et al. 2008; Kandun et al. 2006). Among the first three
clusters, which occurred in 2005, limited human-to-human transmission may have occurred in
two of the three clusters. Exposure to the virus via a contaminated environment, through
contact with contaminated manure or with infected poultry could not be ruled out (Kandun et al.
2006). In a detailed analysis of all human HS5N1 cases in Indonesia, the authors examined
direct and indirect exposure to poultry and could not rule out a common source of infection in
the clusters since families may have similar opportunities for exposure to the virus. While there
may have been limited human-to-human transmission in some clusters, the authors suggest that
genetic variation in families could result in the occurrence of clusters because of a

predisposition to infection (Kandun et al. 2008). Cluster investigations have suggested that
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some individuals may be more genetically susceptible to infection, Interpretations of the family

clusters are often difficult because all of the suspected patients may not have been tested for
HS5NI1.

2.3.3 Indirect-Transmission of HSN1 to Humans

It is possible for HPAI/HSNI1 to be transmitted to humans indirectly via contact with fomites or
through the environment (de Jong et al. 2005; FAO 2004a; Vong et al. 2008; Vong et al. 2009;
WHO 2006g). Since birds are known to shed high concentrations of virus into water sources,
transmission from poultry-to-humans through contaminated water is possible (WHO 2006g).
The epidemiologic investigation of two H5N1 related cases in Vietnam suggested that
exposure to possibly contaminated canal water via swimming or washing may have played a
role in the acquisition of infection. However, the role of water in transmission could not be
confirmed nor extrapolated since no further follow-up studies were conducted (de Jong et al.
2005). More recently, results from environmental sampling within a village with confirmed
H5N1 in domestic poultry flocks and one human case as well as results from a human
seroprevalence study from the same villages in Cambodia identified contaminated water as a

potential risk factor for H5N1 infection (Vong et al. 2008; Vong et al. 2009).
2.3.4 Summary of Epidemiology Studies

Epidemiologic studies of HSN1 in humans have identified several risk factors for infection
including close contact with poultry and transmission via the environment. However, despite
frequent and widespread contact with poultry, transmission from poultry to humans is rare. A
small number of cases resulting from human-to-human transmission are likely to have occurred
among blood relatives. However poultry exposure could not completely be ruled out in some

cases. It is likely that there are genetic and/or immunological factors that render some more

susceptible to infection than others.

Several important data gaps currently limit our understanding of the epidemiology of H5N1 in
humans. There remains considerable scope for underreporting of human cases. We currently
lack sufficient exposure data from the confirmed H5N1 cases around the world to fully

evaluate other potential risk factors (e.g., the environment) for infection. The seroprevalence
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studies that have evaluated the frequency of asymptomatic or subclinical infection and risk
factors for HSN1 infection have identified few asymptomatic individuals with anti-H5N1
antibodies, indicating previous infection with H5N1, However, it is not possible to determine
whether this is a true reflection of HPAI/H5N1 infection given the limited geographical scope
of such studies to date. There may be other factors that limit transmission to humans including
differences by age in intrinsic susceptibility to infection, pre-existing cross immunity arising
from previous exposure to other human influenza A virus and/or clinical presentation of

disease.

2.4 Review of HPAI/H5N1 in Cambodia Prior to 2006

The remainder of this chapter describes HPAI/H5N1 research carried out in Cambodia prior to
the start of my field work in April 2006. The first few months of my field work in Cambodia
were spent identifying, obtaining and reviewing all available research conducted on H5N1 in
the country in order to evaluate the research carried out to date and to develop research

questions that would address data gaps.

Cambodia is located in South East Asia, sharing borders with Thailand, Laos and Vietnam, and
is administratively split into 24 provinces. Two major rivers, the Mekong and Tonle Sap, bisect
the country. The population is approximately 14.2 million, 80% of which live in rural areas of
the country (Figure 2-7). Agriculture (mainly rice farming), fisheries and forestry are the
dominant industries. Temperature varies very little during the dry (December to April) and

rainy (May to November) seasons.
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Figure 2-7 Population densiiy in Cambodia

Map generated using data from a Columbia University population study done originally in 2005 and updated in 2006, and is a 2010 projection
(pers. Comm.)

2.4.1 Data on HPAI/H5N1 in Cambodia
2.4.1.1 HPAI/H5N1 in poultry in Cambodia

Data on H5N1 in poultry is available in the form of outbreak investigations, HPAI surveillance
activities, and knowledge attitudes and practice (KAP) surveys (Table 2-11). The Food and
Agriculture Organization (FAQO), along with National Veterinary Research Institute (NaVRI),
have funded enhanced passive surveillance systems of domestic poultry in several provinces
using village animal health workers (VAHW) who are trained to identify and report acute high
mortality in chicken (>60% mortality) and duck flocks (>30%).
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Table 2-11 Summary of existing data on H5N1 in Cambodia in 2006

Data _
Type of Study Source Description of data Location Date
Outbreak investigations;
Backyard poultry Multiple outbreaks (~20. PV, KgC,
(ducks/chickens) IPC confirmed H5N1) Questionnaire/  Kampot, Kg  Multiple dates
Serology Speu
Ducks/chickens/ fighting | KAP/ Serology, Ta Sen village,
cocks PC So Tip commune, Choeung Prey KgC Feb 06
__district
HPAI surveillance T
programme in Cambodia MAFF Poultry density by province All 2002
(Desvaux et al. 2006)
Poultry ownership and -
handling behaviour(Ly et IPC KAP Survey in 25 villages PV, KgC Jan ‘06
al. 2007)
250 of 333 (76%) households
Sentinel duck surveillance surveyed, 16% of households .
survey IPC raised ducks; 80% duck flocks PV Oct 5-8, 05
_ .. . freeranging
. . Active surveillance system of
Village animal health . . . KgC, PV, K ,
WorEer training MAFF poultry mortgluty using trained 9 Speu* 9 Ongoing
L paraprofessionals |
Impact on HPAI on poultry Survey of poultry producers
producers _VSI; production B MA" 2004
Environmental sampling IPC Approx. 30 water, soil samples Kg Cham, 200§ &
per outbreak area PV ongoing

*each month, new villages are included in training of VAHW
PV= Prey Veng, KgC = Kampong Cham; Kg Speu = Kampong Speu; All = entire country

2.4.1.2 Confirmed H5N1 infection in poultry

Outbreaks of HSN1 in poultry were first reported in poultry in early 2004 (Desvaux et al. 2006,

OIE 2009a) and since then, at least 20-25 outbreaks have been confirmed in Cambodia (Figure

2-8) (MAFF Unpublished Data; OIE 2009a). HPAI/H5N1 mortality has been high in infected
chicken flocks, often exceeding 90%, whereas HPAI/H5SN1 mortality within duck flocks has

ranged from relatively low mortality (<30%) to as high as 80-90%.

LSHTM | Van Kerkhove MD PhD Thesis

60



L
L}

Figure 2-8 Locations of confirmed H5N1 outbreaks in poultry and humans

Locations of poultry outbreaks indentified by blue dots; human outbreaks by red dots

2.4.1.3 Sentinel duck surveillance

In October 2005, a sentinel duck surveillance program was started in three villages near Kdey
Boung Lake in Kampong Cham Province. In each village, 10 ducks from three flocks (300
ducks in total) were tagged and sampled (blood; cloacal and tracheal swabs) bimonthly. One
month into the program (i.e., the second sampling), however H5N1 was isolated from one
flock and as a result all duck flocks in the villages were subsequently culled and the program
was stopped. Any mortality occurred in 54% of flocks and occurred in young populations

(median age at death 3 months; range 1-24 months).

2.4.1.4 Environmental sampling

IPC has been actively involved in collecting environmental samples from villages with
confirmed poultry H5SN1 infection and has recently published their findings (Vong et al. 2008).
In a survey conducted in a village where the 5™ 6™ and 7th human H5N1 cases occurred, a total
of 167 environmental samples (including soil, mud, faeces, soil swab specimens, swabs of
feathers from poultry that recently died, and water plants around the household) were collected

from 43 households. Twenty seven of 77 samples tested positive for HSN1 by RT-PCR and
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viral RNA was found in 50% of poultry faeces samples, 50% of soil swab specimens samples,

50% of water plants samples, 50% of swabs from feathers and 29% of mud samples.

2.42 Research in Human Populations

Since 2005 there have been eight human cases (87.5% fatality) of HSN1 in Cambodia.
However it is likely that some human cases have gone undetected (Normile 2005b; WHO
2006a). All cases occurred in individuals that lived in southern Cambodia (4 had occurred prior
to the initiation of my PhD; Figure 2-8) and all had possible exposure to sick/dead poultry
(WHO 2006b: WHO 2006¢). The majority of cases were female (37.5% male) and the median
age of the cases 1s 16 years old (range 3-28). Prior to the initiation of my PhD work, research
on H5N1 in human populations had been conducted in three ways: KAP surveys, outbreak
investigations and seroprevalence studies. Table 2-12 summarises studies undertaken since

January 2004.

Table 2-12 Summary of existing data on H5N1 in human populations in Cambodia in 2006

Data o . . Serology

Typeofdata o .. Description of data Location(s) Date (YIN)
Serology of cases and -
) Within 1 day

Outbreak MOH,  close contacts; Kampot, PV, of PCR
. o IPC, questionnaire of exposure . Y
investigations Kg Speu confirmation

WHO to poultry, occurrence of

. from IPC
_ o poultry mortality
Influenza-lik Purpose is to understand Takeo,
I;:n:ss Z'al_'ll © WHO epidemiology of influenza Battambang, Start
S rve'll( ge MOH, in Cambodia, help the MoH  Siem Reap, Kg Aug '06 Y
Su t ran IPC, target control measures Cham, Phnom
ystem and detect outbreaks early Penh
Seroprevalence .
Three cross-sectional
surveys (Vong et IPC antibody seroprevalence Kampot, PV, May ‘06 Y
al. 2006; Vong et survey (n=1,025) Kg Speu
~al.2009) T T

IPC, Poultry ownership and PV, Kg Speu,
KAP Surveys(Ly  \yo, handling behaviour in Kg Cham, Jan ‘06 N
etal. 2007) NAPHIC  backyard poultry owners Kampot

PV=Prey Veng, Kg Cham= Kampong Cham; Kg Speu= Kampong Speu

2.4.2.1 Transmission from poultry to humans

Seroprevalence studies have been conducted since 2005 in villages where human cases

occurred (Kampot 2005, Prey Veng and Kampong Speu 2006). These have been described in
the previous section (Vong ¢t al. 2006; Vong et al. 2009).
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2.4.2.2 KAP survey of rural Cambodians January 2006

A knowledge-attitudes-practice (KAP) study was conducted in Kampong Cham and Prey Veng
provinces to determine the extent of exposure to backyard animals and to obtain an in-depth
understanding of the behaviour of people domestically exposed to poultry (Ly et al. 2007). The
results confirmed previous data showing that poultry ownership is high (97% and 39% owned
chickens and ducks, respectively), but flock size is small (median flock size ten and six for
chickens and ducks, respectively). Species mixing was common and almost all flocks were
free ranging (100% and 96% for chickens and ducks, respectively). In the six months prior to
sampling, 60% of households (n=269) experienced any poultry mortality, however only 7%
reported this to authorities. The sampling population used in this survey only included adult
farmers (n= 460), thus limiting the comparisons that could be made across age groups and

occupations.
2.4.3 Control and Containment of HPAI in Cambodia

Control of HPAI/H5N1 in poultry in Cambodia is managed by national and provincial
veterinarians from the National Veterinary Research Institute (NaVRI), which is part of the
Ministry of Agriculture, Fisheries and Forestry (MAFF) and Department of Animal Health and
Production (DAHP). A national campaign to educate rural farmers in avian influenza
symptoms in poultry and ways to protect against infection began in 2006 and continues into
2009. This program trains village animal health workers (VAHW), who are lay persons living
in rural villages, to recognize and report high mortality in poultry. The training teaches
VAHW to recognize high mortality in chicken (>60% over 1-2 days) and/or duck (>30%)
flocks and inform the Provincial level health department, who in turn informs NaVRI of the
potentially infected flock. Duck and chicken samples (blood, cloacal, tracheal) are taken from
the infected flock and tested using egg inoculation (for the presence of influenza A, subtype HS

virus) at NaVRI in Phnom Penh. Positive samples are confirmed by RT-PCR at IPC,

Cambodia’s National Influenza Centre.
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Upon confirmation, NaVRI conducts a formal outbreak investigation (retrospective poultry
mortality survey) within a one km radius of the infected flock. A questionnaire assesses poultry
ownership and mortality and blood, cloacal and tracheal samples are collected from a
convenient selection of ten ducks and any noticeably sick chickens from each flock within the
1km radius. Culling of all poultry within a one km radius will commence only after
confirmation of HSN1 by RT-PCR, typically 2-3 days after infection in the flock/village is

detected (Figure 2-9). Vaccination has not been introduced in Cambodia and the government

does not offer compensation for culled flocks.

In December 2008, H5N1 was reported in Cambodia’s 8" human case. Follow-up
investigations by NaVRI found H5N1 in poultry in the village in Kandal where this case lived

and subsequently culled 300+ chickens and ducks. Control procedures also included movement

restrictions on poultry from Kandal Province for three months.

Figure 2-9 Culling operations in Cambodia following detection of H5N1 in pouitry

i i i i firmation of HSN1 in poultry in Prey Veng Province in August 2006.
hs were taken during the culling operations followmg con . : : n At
g:S;hI:)It’g;ag}r)ipoxsl the bottom right illustrates an example of the environmental sampling that takes place during outbreak investigations.
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2.5 Review of Research Questions

As stated in Chapter 1, the overall aim of this thesis is to evaluate poultry movement and the
extent of 1nteraction between humans and poultry in Cambodia to better define the risks of
sustained transmission of HSN1 in poultry and onward potential transmission to humans. Two

research questions (below) were designed to address gaps in knowledge of HPAI/H5N1:

Research Question 1: What is the frequency and extent of exposure to poultry in the general as

well as occupationally exposed populations in Cambodia?

Research Question 2: How do current movements of poultry influence the potential spread of
HPAI at local, regional and national levels? What are the implications of these movements for

control and containment of H5N1 in poultry and/or human populations?
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Chapter 3 Cross-Sectional Survey of Rural

Cambodians: Study Methods and Subject
Characteristics

3.1 Introduction

As described in Chapter 2, Cambodia is located in SE Asia sharing borders with Thailand,
Laos and Vietnam. The capital of Cambodia is Phnom Penh and the Mekong and Tonle Sap
rivers bisect the country intersecting in the capital. Temperature varies little during the dry
(December to April) and rainy (May to November) seasons. The population is approximately
14.2 million and approximately 84.3% of the population lives in rural areas (NIS 2002). Life
expectancy in Cambodia is approximately 60 years for men and 64 years for women (CIA

2008).

Cambodia is administratively split into 24 provinces (20 provinces and 4 municipalities,
including Phnom Penh), 183 districts, 1,609 communes and 13,406 villages. The country has a
democratic government under a constitutional monarchy and is composed of three sides of
government: the Judiciary; the National Assembly, which holds legislative powers; and the
Royal Government, which is composed of a Council of Ministers (25 Ministries) and is headed

by Prime Minister.

The National Veterinary Research Institut (NaVRI) in the Department of Animal Health and
Production (DAHP), which is a department within the Ministry of Agriculture, Fisheries and
Forestry (MAFF), is responsible for all policies and planning regarding the health of animals in
Cambodia. The DAHP is composed mainly of veterinarians that are stationed in Phnom Penh,
and have offices in all province and some district centres. DAHP staff are responsible for
monitoring the health of animals within their province and/or district geographic boundaries.

This research was conducted in collaboration with the DAHP.

At the time this PhD proposal was designed, only a limited number of seroprevalence studies
had been conducted and although it was hypothesized that recent contact with infected poultry

was the main transmission route from poultry to humans, the specific mode of transmission
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from animal to human was unknown (Bridges et al. 2002; Katz et al. 1999; Mounts et al. 1999;
Vong et al. 2006). Previous surveys in Cambodia determined that domestic poultry ownership
is high in rural areas of Cambodia (Ly et al. 2007). However none evaluated the current extent
of exposure to poultry among the population. Therefore a large-scale cross-sectional survey of
adults and children living in rural areas throughout Cambodia was designed to evaluate poultry
contact patterns and address the first research question of my PhD thesis: What is the frequency

and extent of exposure to poultry in the general as well as occupationally exposed

populations?
3.1.1 Objectives of the Chapter

The objectives of this chapter are to:

* Describe the methods used in the cross-sectional survey of rural Cambodians which
recruited and interviewed 3.600 rural Cambodians and 115 village chiefs from six

provinces; and

* Describe the demographic characteristics and village characteristics of the recruited

subjects.

3.2 Methods

3.2.1 Study Population

My first cross-sectional survey was carried out in six Cambodian provinces using a two-stage
clustered sampling design (Bennett et al. 1991). All provinces and districts included in the
study were 1dentified for inclusion from a preliminary assessment of high poultry ownership
and human population density (Figure 3-1) (NIS 1999; NIS 2002). Provinces located in the
north-eastern (Steung Treang, Ratanakiri, Mondolkiri and Krecheh provinces), far eastern
(Kach Kong, Palin) and south-eastern regions of Cambodia (Kach Kong and Kampong Som)
were excluded from the study because they are largely mountainous, isolated and sparsely
populated (Figure 3-1). Additionally, Kampot province, located in southern Cambodia and the
location where 4 human H5N1 cases were confirmed, was not included in the study because

prior to my involvement in Cambodia, almost all avian influenza related activities were

focused in this province.
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Figure 3-1 Population density in Cambodia

Map generated using data from a Columbia University population study done originally in 2005 and updated in 2006, and is a 2010 projection
(pers. Comm.)

3.2.1.1 Description of the included study districts

Table 3-1 shows the number of villages and median population sizes in the included study
districts. In addition to selecting districts with high poultry/human population density, districts
were chosen for inclusion because of their potential cross-border trading activities with

Thailand or Vietnam, or potential for wild bird mixing (Figure 3-2).

Table 3-1 Baseline population data of study areas

Villages within

; Districts ; Mean village Population
FRBATIE Included dllgti Iil::fse?g) population size range
Banteay Meanchey (BM) 3 195 761 105- 24,322
Kampong Cham (KC) 4 518 815 28 —-2,721
Prey Veng (PV) 3 378 755 134 - 2,882
Pursat (PR) 3 367 589 169 — 4,517
Svay Rieng (SV) 3 154 705 70 -2,831
Takeo (TK) 8 907 621 81-4,724
Total 24 2519 708 70-24,322

Source (NIS 1999)
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Figure 3-2 Map of Cambodia showing study areas

Location of main roads (thick red lines) and district borders (thin black lines)

The districts in Pursat (Bakan, Kandieng, Krakor) were chosen for inclusion because of their
proximity to the Tonle Sap Lake and the potential for wild bird mixing with domestic flocks.
During the development phase of this study, discussions with members of NaVRI had
indicated that it was possible that a large number of wild birds (e.g., wild ducks, turkeys) lived
in the region of the lake. The western two-thirds of Pursat are largely mountainous and

sparsely populated.

Banteay Meanchey is a province located in the north-west corner of Cambodia bordering
Thailand. The districts in Banteay Meanchey (Chrov, Svay Chek, Serei Saephoan) were chosen
for inclusion because of their potential cross-border trading activities with Thailand. The
districts in Takeo (all), Prey Veng (Kampong Trabaek, MeSang, Prey Veng), Kampong Cham
(Batheay, Kampong Siem, Memot, Ponhea Kraek) and Svay Rieng (Svay Rieng, Kampong

Rou, Chantrea) provinces were selected because of their potential cross-border trading

activities with Vietnam (Figure 3-2).
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Twenty villages were included per province based on feasibility assessments (1.e., time
constraints because of distance and road conditions, budget) using four interviewer teams. A
random sample of 120 clusters (i.e., villages; 20 in each province) were selected using
probability proportion to population size (PPS) methodology (Bennett et al. 1991). PPS was

used because it was not feasible to conduct a study of a random sample of all rural Cambodians

from all villages in each province.

Of special note is that at the time of data collection, HSN1 had not been suspected nor
confirmed in poultry or humans in any of the villages in the study areas. However it had been
confirmed in poultry and humans in one district where villages were randomly selected in
Kampong Cham (Memot district) and one district in Prey Veng Province (Kampong Trabeak)
(WHO 2006-2009). The locations of the randomly selected villages are shown in Figure 3-3.

Figure 3-3 Map of Cambodia showing study districts (grey), the locations of the included
villages (blue dots), and locations of the 8 human H5N1 cases

3.2.1.2 Sample size calculations

Sample size calculations were based on the precision with which an estimate of an exposure/
behaviour (e.g., slaughter poultry) could be obtained assuming that the exposure/behaviour is
50% (resulting in a conservative estimate of the required sample size) (Figure 3-4). These

calculations were applied separately to adult males (>15 years old), adult females and children

LSHTM | Van Kerkhove MD PhD Thesis 70



- 1 .
(£15 years old") because these groups are of particular interest in terms of different poultry-

handling practices resulting in potentially different exposures.

Figure 3-4 Sample size calculations

Formula to calculate the required sample size is shown below (Epilnfo v6.04)

DEFF XN Xpx§
d?2

le‘“/ 2

n=

X(N—1)+p x4

Design effect 2

Population size Estimated to be 1000000

Estimated proportion in the target population with the Estimated at 50% (conservative estimate)
event of interest

1-0.5 0.5
Absolute precision 0.05
97.5 percentile of the standardized normal distribution 1.96

N= 2*1000000*0.5*0.5 = 768
((0.05)*2/1.96)*(1000000-1) + (0.5%0.5)

Therefore, to estimate the behaviour with a precision of +5 %, 6.4 (768 / 120 clusters) individuals in each
group should be included from each village. This value was rounded up to 10 individuals per cluster to
facilitate data collection.

Increasing the precision to +1% (d=0.01) increased the sample size to 19,025/120 = 158.5 per cluster,
which was not feasible. The village population sizes in the study areas precluded us from including 476
people (i.e., 159 adult males + 159 adult females + 159 children) per village.

The precision in my study using 3,600 subjects (10 adult females x 10 adult males x 10 children x 120
villages) is +2.3%.

Therefore, to estimate the behaviour with a precision of £2.3%, 10 individuals in each group
(i.e., 30 individuals in total) were included from each village. Therefore the total number of
subjects planned for inclusion in the study was 3,600 (30 subjects X 120 villages), in which
1,200 would be children <15 years old, 1,200 adult (>15 years old) males and 1,200 adult (>15

years old) females.

I Previous surveys conducted in Cambodia have classified adults as >15 years old. As such, children were defined
as <15 years old.
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A breakdown of included study provinces, districts, villages and quantity of study subjects is
provided in Table 3-2. Data collection was conducted in two phases (1) November-December
2006 and (2) November- December 2007, which is the start of Cambodia’s dry season, to
minimize problems of village accessibility from heavy rains. During the first phase of data
collection (November-December 2006), four provinces were surveyed (Banteay Meanchey,
Svay Rieng, Takeo and Pursat provinces). During the second phase of data collection
(November-December 2007), two provinces (Kampong Cham and Prey Veng) were surveyed.

Data collection for phase two took place exactly one year after phase one to minimize any

seasonal differences in practices.

Table 3-2 Recruitment of rural Cambodians

Recruited Subjects

Province Districts Villages Village )
(N) : Subjects
Chiefs
Banteay O-Chrov, Svay Chek, Serei 17 17 600 (200 adult males, 200 adult
Meanchey Saephoan females, 200 children)
Kampong Batheay, Kampong Siem, 19 19 600 (200 adult males, 200 adult
Cham Memot, Ponhea Kraek females, 200 children)
Kampong Trabaek, a 600 (200 adult males, 200 adult
Prey Veng MeSang, Prey Veng 19 19 females, 200 children)
. 600 (200 adult males, 200 adult
Pursat Bakan, Kandieng, Krakor 20 20 females, 200 children)
. Svay Rieng, Kampong 600 (200 adult males, 200 adult
Svay Rieng Rou, Chantrea 20 20 females, 200 children)
Kiri Vong, Kaoh Andaet,
Takeo Doun Kaev, Treang, Tram 20 20 600 (200 adult males, 200 adult
Kak, Angkor Borei, females, 200 children)

Samraong, Prey Kabbas

3,600 (1200 adult males, 1200
Total 6 24 115 115 Ldult females, 1200 children)

 Within Kampong Cham and Prey Veng, 1 village was selected by PPS twice because of its large population. In these villages 60 subjects and
1 village chief were interviewed; One village in Banteay Meancheay was selected 4 times using PPS and therefore 120 residents and 1 village

chief were included from this village.

3.2.2 Questionnaire Development

Four separate standardized questionnaires were developed for the 1) village chief, 2) head of
the household, 3) adult family members and 4) children. All questionnaires are provided in
Appendix B. The aims of the questionnaires were to obtain information on poultry contact
patterns and understanding of avian influenza at an individual level. All closed-ended questions
were recorded as binary (yes/no) responses and frequencies of contact when evaluated were

recorded as always, sometimes or never. All questions were precoded for ease of data entry.
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A one-page questionnaire was designed for the village chiefs to collect demographic

information on the village (population, number of households) and the use of middlemen to

trade poultry from their village (discussed further in Chapter 6).

3.2.2.2 Adult subjects
Subjects >15 years old were asked questions on the following topics:

Demographic Characteristics: Demographic variables included age (years old), gender, address
(village, commune, district, province), occupation, the highest level of education completed
(never attended school, primary, secondary, high school, higher), the country they were born in
(Cambodia, Thailand and Vietnam) and religion. Each subject’s ability to read and write was
assessed by their competency to write and read a sentence in the presence of the interviewer.

With the exception of occupation, all questions were closed-ended questions.

Poultry Contact: Subjects were asked if they had direct contact with domestic poultry through
food preparation (slaughter poultry, remove or clean internal organs, cut or wash meat), caring
for domestic poultry or fighting cocks (feed, clean animals or cages) and other activities (e.g.,
collect dead domestic/wild poultry for food, eat wild birds, remove feathers from sick poultry,
attend fighting cock events). The nature of how Cambodians prepare poultry for consumption
and care for poultry was evaluated by direct observation and informal questioning of adults
living in rural Cambodia by myself in the field prior to piloting the questionnaires. The
questionnaire also asked if they had indirect contact with poultry—as a proxy measure of
exposure—in the immediate environment around the home and village via water sources (e.g.,
bathe/swim in ponds where poultry had access). All poultry contact questions and frequency of

activity were asked as closed-ended questions.

A series of questions assessed awareness of avian influenza: source of Al information;
knowledge of poultry-to-poultry, poultry-to-human, and human-to-human transmission; and
knowledge of symptoms of Al in humans. Source of Al information and transmission

questions were asked as closed-ended (yes/no) questions.
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Poultry Mortality: Poultry mortality was evaluated as whether the household experienced
poultry mortality since the Khmer New Year (closed-ended question; binary response) and the
quantity of chickens and ducks raised, became sick and/or died from illness since the Khmer
New Year. Through field visits, I learned that sickness in poultry is recognized by most
villagers if their poultry suffer from seizures, have white eyes or become motionless. Subjects
were asked if they reported poultry mortality, to whom they reported poultry mortality and the
symptoms that poultry experienced that would warrant them to report poultry mortality.
Poultry owners were asked about practices when poultry were sick and died from illness (e.g.,
prepare for household consumption, how were poultry carcasses disposed). They were also
asked what they did with the poultry from a sick flock that remained healthy (e.g., prepare for
household consumption, how were poultry carcasses disposed). With the exception of quantity

questions, all poultry mortality questions were asked as closed-ended questions.

In addition, a series of knowledge and attitude questions about poultry mortality followed this
section of the questionnaire and addressed whether subjects felt it was important to report
poultry mortality and what would encourage and discourage poultry mortality reporting.
Knowledge and attitude questions were asked as open-ended questions with some pre-recorded
answers in the questionnaire. Pre-coded responses were several frequently stated responses to
the knowledge and attitude questions identified during piloting of the questionnaires. We
therefore included these responses as pre-recorded answers in the questionnaires with the
addition of an answer of “Other, please specify” to minimize the amount of time to record any

anticipated answers.

Basic Hygiene Questions: Basic hygiene questions including hand washing, household water
source and the presence/absence of soap in the household were assessed via closed-ended

questions and frequency was noted as always, sometimes or never.

Observation: At the end of each adult and head of household questionnaire, the interviewer
was instructed to observe the household surroundings and fill in approximately 10 questions
regarding chicken and duck ownership (e.g., do you see chickens/ducks in the house yard?)

and if the flocks were not caged, the locations they were allowed to forage for food.

The adult questionnaire took approximately 30 minutes to administer.
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3.2.2.3 Heads of household

In addition to all questions included in the adult questionnaire (as described above), the head of

the household was asked questions about the following:

Household characteristics: Characteristics of the household, including the total number of people
living in the house, total number of children <15 years old living in the house, house composition,
and household asset ownership. With the exception of quantity questions, all household

characteristic questions were asked as closed-ended questions.

Poultry and other animal ownership: The quantity of animals owned was collected differently
for Phase 1 and Phase 2 of the data collection. During Phase 1, the quantity of animals owned by
the household was collected as the total number of animals in the household at the time of the
interview. During Phase 2, the quantity of animals owned by the household was collected as the
total number of animals raised since the Khmer New Year (an 8-month time period [justification
for this time period is described in Section 3.2.4]). Animal husbandry was assessed by asking
and observing whether poultry flocks were free-ranging, mixed with other poultry and/or animals
in the house yard and where flocks were allowed to forage for food (e.g., pond, rice fields). With
the exception of quantity questions, animal husbandry questions were asked as closed-ended

questions.

Fighting cock ownership: Fighting cock ownership, trading, morbidity and mortality were
evaluated at the household level. The location(s) where fighting cocks were purchased and sold
were asked as open-ended questions. Questions about the attendance at fighting cock events,
where fighting cocks are kept in relation to the house, and frequency of fighting cock morbidity

and mortality during the previous 8-month period were asked as closed-ended questions.

Poultry selling/trading practices (discussed further in Chapter 6): Poultry trading practices of
the household were evaluated as the quantity and frequency of chickens sold to locations inside
and outside of their village during the previous 8-month period. The use of middlemen for
trading poultry was also assessed and the destination of the sale of poultry was recorded. The
mechanism by which subjects transported poultry (e.g., truck, motorbike, bicycle) and the use of

cages to transport poultry for trade was assessed. The destination and quantity of chicken and
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duck sale was asked as an open-ended question. All other poultry trading practice questions were

asked as closed-ended questions.

Wild bird miving: Questions were included to address the extent of wild and domestic birds
mixing. The head of the household was asked if their flock(s) mixed with wild birds, where they

mixed (location around the house yard) and the species (if known) of the wild birds that mixed
with their flocks.

Economic importance of poultry raising in the household: The head of the household was asked
if their main source of income was from poultry raising, the total income generated from poultry
raising per year and the affect on the household economy if they were to stop selling poultry.
During Phase 2 of the data collection, I added a question to assess the proportion of households

that vaccinated their flocks against H5N1.2

The head of household questionnaire took approximately 40-45 minutes to administer.
3.2.2.4 Children

A short questionnaire for children was developed to collect demographic information as well as
basic direct and indirect domestic and wild bird poultry contact patterns. Interviewers were
instructed to administer the questionnaire directly to the child. If they were unable to answer for

themselves, the parent/guardian answered for them.

Poultry contact: Children were asked several questions regarding the care of domestic poultry
and fighting cocks at their home; food preparation practices of domestic poultry; collecting,
hunting and playing with domestic or wild birds, playing with sick or dead birds; and bathing in

ponds which are accessed by poultry. All poultry contact questions were asked as closed-ended

questions.

2 Vaccination for HSN1 has not been implemented in Cambodia however I wanted to evaluate the perception of
vaccination by poultry owners since there are non-government individuals in rural areas of Cambodia claiming to

have bird flu vaccines for sale.
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Knowledge of avian influenza: Seven questions about the child’s understanding of Al were
included in the questionnaire. Only children that were able to directly be interviewed without the
assistance of a parent/guardian were asked knowledge of Al questions. With the exception of

have you heard of bird flu, can you get bird flu, and can you tell if poultry are sick, all

knowledge questions were asked as open-ended questions.
The child questionnaire took approximately 10 minutes to administer.

3.2.3 Questionnaire Translation

All questionnaires were translated into Khmer by Institut Pasteur of Cambodia (IPC) staff
involved in the study and back translated into English by IPC staff unrelated to the study. Any
discrepancies were evaluated by myself and corrected by Khmer IPC staff.

3.2.4 Recruitment of Staff, Interviewer Training and Questionnaire Piloting

Sixteen Cambodian interviewers (all university-level educated sociology students) were
recruited and trained to administer the questionnaires in Khmer. A two-day training course was
held prior to data collection, which included an introduction to avian influenza and objectives
of the study; a thorough run through the questionnaires to ensure understanding of each
question contained in the four questionnaires and piloting the questionnaires by the study teams.
The two-day training focused on how to conduct structured interviews to minimize interviewer
and information bias (Armstrong et al. 1992). The training manual provided to all interviewers

1s provided in Appendix C.

Questionnaire piloting was conducted first in Kampong Cham by myself and IPC staff prior to
the two -day staff training and secondly in Kandal province by interviewer teams. In both
instances, piloting was conducted to evaluate the content, wording, understanding, order and
relevance of each question (Armstrong et al. 1992). During piloting of the questionnaires, we
identified substantial difficulties with subjects recalling periods of time such as In the past two
months, have you ...?. We found that subjects needed to be reminded of a major event in order
to recall events and therefore, we piloted asking recall periods since a major Cambodian
holiday and chose the Khmer New Year (mid-April annually) to refer the subjects to. When

asking about an event that occurred in the past, subjects were asked to recall the event or
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practice within the previous 8-months, i.e., between the time of the interview and the Khmer
New Year Holiday period (mid-April annually). Therefore, in the finalized questionnaires,
recall questions were asked as Since the Khmer New Year, have you...? Few other substantial
changes were made to household surveys after piloting; however instructions (e.g., skip

patterns) and questions (primarily to correct translation) were modified as needed.

3.2.5 Ethical Considerations

3.2.5.1 Informed consent

Two levels of consent were obtained for the survey. The first level of consent was for the
village to participate in the study. Along with a representative from IPC and/or National
Veterinary Research Institute (NaVRI), I met with the village chief to explain the purpose and
methods of the study. Participation by the village was based on the independent decision of the
chief. This level of consent is required before individuals living in villages are allowed to give

individual informed consent to participate in a study.

The second level of consent was individual informed consent for participation in the study.
Subjects or their parents/legal guardians (for subjects <18 years old) were informed in Khmer
about purpose of the study, benefits and possible risks to the subjects, study procedures,
voluntary participation and withdrawal, contact for answers to questions regarding the study,

and confidentiality of subject records.

Informed consent was documented by the use of a written consent form approved by the
Cambodian and LSHTM Ethics Committees and signed or fingerprinted’ and dated by the
participant/parents, and by the trained interviewer (Appendix D). The signature/fingerprint
confirms that the consent is based on information that has been understood. Each subject’s
signed informed consent form has been kept on file in a locked storage area at IPC and each

subject or guardian received a copy of the information sheet.

3 In Cambodia, signing documents with a fingerprint is considered more rigorous than a signature. Cambodians
believe that anyone can sign their name, but cannot reproduce their fingerprint.
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3.2.5.2 Ethical approval

Ethical approval was granted from the Cambodian Ministry of Health and LSHTM. Copies of
ethical approval are provided in Appendix E.

3.2.6 Data Collection

Prior to data collection, field visits were conducted by myself and a representative from IPC or
the NaVRI in each of the 115 study villages. Meetings were held with provincial veterinarians

and village chiefs to inform them of the study objectives and obtain verbal approval to conduct

the interview in their districts and villages, respectively.

Four teams of five individuals (1 team leader, 3 interviewers and 1 local village guide)
conducted structured interviews in Khmer with participants at their homes. At the start of each
day, the team leader met with the village chief to draw a map of the village, identify village
boundaries and identify a local guide to accompany the team around the village for the day.
Within each village, the first household was chosen randomly from the centre of the village.
Subsequent households were then systematically sampled using a sampling interval having
been chosen at random by myself (using random number generation from 1 to 10) for each
village until thirty people (i.e., 10 adult [>15 years old] males, 10 adult females and 10 children
[<15 years old]) plus 1 village chief were interviewed. Inclusion criteria for individuals
included a) residence in village >6 months, b) minimum age of >1 year old and c) ability of

adult subjects to hear and speak.

For the first five households visited in each village, team leaders were instructed to include one
adult as the head of household. The remaining 15 adults included in the village were
administered the adult questionnaire. I made no preference as to the gender of the head of
household questionnaire as long as the 20 adults included in each village were composed of 10

males and 10 females. The team leaders were provided with a tally sheet to keep track of

gender and subject type for each village (Figure 3-5).
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Village Tally

Village
Head of Household Adult Child Interviews
Household Male Female Male Female | Male/Female Com: leted per
ouse
1
2
3
4
5
6
7
8
S
10
Total
Total Adult Male Total Head Of Household| |

Total Adult Female]

Total Child|

Figure 3-5 Team leader subject tally sheet used during field collection

Therefore for each village, among the 20 adult subjects required for inclusion, 15 were
administered the adult questionnaire and five were administered the head of household
questionnaire. As mentioned above the adult and head of household questionnaire were
identical in all poultry handling behaviour questions with the exception that the head of
household questionnaire included additional sections on household animal ownership,
husbandry practices, fighting cock ownership and the economic importance of poultry raising

in the household.

Interviewers were instructed to interview all household members that were present at the time
of visit. For residents not at home at the time of initial visit, team leaders made an appointment
to interview absent subjects later that day. Team leaders checked questionnaires for
completeness and accuracy in recording by the interviewers at the end of each household visit.
Any missing or unclear values on the questionnaire were corrected before the team left their
allocated village each day. During each day of the data collection, I visited each study team in
their allocated villages to monitor progress and address any questions by my field staff. At the

end of each day, I checked the questionnaire data and discrepancies were corrected with the

interviewers.
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3.2.7 Constraints of Data Collection

Because of feasibility and safety issues (i.e., poor road conditions, distance of remote villages
and increased potential for theft at night), each team had only one day (daylight hours
approximately 6:30am — 5:30pm) to complete the 31 interviews in their allocated village. It
was not possible to return to the villages the following day because of the distance of villages,
road conditions, availability of interviewing staff and budget constraints. All villages were

approximately 4 — 12 hrs away by 4X4 from Phnom Penh and 1-2 hrs from the district centres.

The mterviewer teams did not have any problems completing the 31 interviews each day,
although some teams needed to remain in the villages until late afternoon to complete
interviews of returning subjects (mostly adult males) from work in the rice fields. It took one
week to complete interviews of 600 subjects in each province (30 subjects x 20 villages) and
therefore six weeks to complete interviews in all six provinces (4 interviewer teams x 30

subjects/village x S villages/week x 6 weeks = 3,600 interviews).

Figure 3-6 shows interviews that were conducted during the study. Verbal permission to take
pictures and use them in presentations and/or reports was obtained from the interviewers,

subjects and/or guardians.
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Figure 3-6 Interviews of subjects recruited and included in the first cross-sectional survey of
rural Cambodians

Verbal permission to take pictures and use them in presentations and/or reports was obtained from the interviewers, subjects and/or guardians.

3.2.8 Compensation

Each participant received an “avian influenza compensation kit” containing reusable rubber

gloves and one bar of soap (worth approximately US$1). Compensation kits were provided by

UNICEF.

3.2.9 Data Entry

Two data entry analysts participated in the two-day training described in section 3.2.4 and were
provided training on how to use EpiData v3.1 (EpiData association, Odense, Denmark) for data
entry. The questionnaires were brought back to Phnom Penh where the two data analysts
translated any open-ended questions recorded in Khmer into English and organized

questionnaires by village and questionnaire type (head of household, adult male, adult female,
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children, and village chief). All questionnaires were double entered into EpiData by the two
data entry analysts and verified by checking discrepancies between the two data sets. Any
discrepancies were checked against the original questionnaires and corrected. Additionally, the

GPS codes of all surveyed households were entered into ArcGIS, version 9.0 (ESRI Systems,
Redlands, CA, USA).

3.2.10 Statistical Methods

In general all numerical values were illustrated using frequency distribution and summarized
by presenting the median and interquartile range (IQR) of the variable. All distributions were
compared using non-parametric tests. Associations between categorical variables were tested

using contingency table analysis.
3.2.10.1 Demographic and socioeconomic characteristics of rural Cambodians

The study population is described as the number of subjects recruited and interviewed for each
subject type (head of household, adult subject, child subject, and village chief). Descriptive
data on age is presented as median and IQR and is presented for both male and female subjects.
Age distributions were compared using Wilcoxon rank sum tests for males and females
separately. Gender is presented as the number and percent male for each subject type.
Household composition and asset ownership are presented as numbers and percentages and
compared across geographic regions. Associations between categorical variables were tested
by cross-tabulation in a contingency table and chi-square tests or Fishers exact tests were used

for statistical tests of significance as appropriate.

Socioeconomic characteristics (education level, ability to read and write, asset ownership, and
house composition) are reported as number and percentages. Chi-square or Fisher’s exact tests
(as appropriate) were used to test whether these variables were differently distributed between

age groups, for males and females separately.

3.2.10.2 Poultry contact behaviour

All poultry contact practices were evaluated as binary (yes/no) questions. Descriptive

information in the form of numbers and percentages are presented on individual level poultry
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contact behaviour. All analyses of poultry contact variables were stratified by age and gender.
The distribution of food preparation variables by age among males and females is presented
graphically. For categorical variables, chi-square tests were used to test whether these

characteristics were differently distributed between age groups for males and females

separately.
3.2.10.3 Knowledge and attitude questions

All knowledge and attitude questions that were addressed as closed-ended questions are
reported as number and percentages by gender. Chi-square or Fisher’s exact tests (as

appropriate) were used to test whether these variables were differently distributed between age

groups, for males and females separately.

3.3 Results

The demographic characteristics of the 115 village chiefs and 3,600 rural Cambodian subjects
and the characteristics of the 115 randomly selected villages are presented below. Further
results from the data collected by methods described in this chapter are presented in Chapter 4

(animal ownership, morbidity and mortality) and Chapter 5 (poultry contact patterns).
3.3.1 Subject and Living Characteristics

A total of 3,715 subjects were recruited and interviewed in the first cross-sectional survey,
including 3,600 rural subjects (1,200 adult (=15 years old) males, 1,200 adult females and
1,200 children) and 115 village chiefs (Table 3-3). There were no refusals from village chiefs
and the refusal rate of rural Cambodians was low (<1%). Reasons for refusal included illness
or that they were “too busy” to complete the interview. Refusals were replaced by further

subjects.
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Table 3-3 Recruited subjects for the cross-sectional survey of rural Cambodians

Recruited Subjects

Province Districts anzzg);es Village
Chiefs Pouitry Owners Questionnaires Used
Bakan, 200 adult males
Pursat Kandieng, 20 20 600 < 200 adult females | 00 Neads of household
Krakor , 300 adults
, (200 children
O-Chrov, Sva (200 adult males
Banteay » SVay
Meanchey Chek, Serei 170 17 600 < 200 adult females 100 heads of household
Saephoan . 300 adults
. ; [ 200 children
. Svay Rieng, 200 adult males
Svay Rieng Kampong Rou, 20 20 600 < 200 adult females [, 00 Neads of household
Chantrea 200 children 300 adults
Kiri Vong, Kaoh
Andaet, Doun 20 20
Kaev, Treang, 200 adult males
Takeo Tram Kak, 600 200 adult females }100 heads of household
Angkor Borei, 200 children 300 adults
Samraong,
Prey Kabbas
Batheay 19° 19
' 2 dult mal
Kampong Kampong Siem, 600 288 adult ;’na els 100 heads of household
Cham Memot, Ponhea a u emales 300 adults
Kraek 200 children
Kampong 19° 19 200 adult mal
Prey Veng  |rabaek, 600 < 200 :dlljlt ;Ziznses }100 heads of household
MeSang, Prey ) 300 adults
Veng 200 children
1200 adult males }200 heads of
1200 adult ousehold
Total 115 15 3800 fomales 1800 adults

1200 children 1200 children

* Within Kampong Cham and Prey Veng, 1 village was selected by PPS twice times because of its large population in the village selected
twice 60 subjects and 1 village chief were interviewed; One village in Banteay Meancheay was selected 4 times using PPS and therefore 120
residents and 1 village were included from this village.

3.3.2 Village Demographics

Village characteristics were enumerated from the village chief questionnaires (n=115). The
median population size of the villages included in the study was 951 (IQR: 643-1460, max
24,332; Figure 3-7). The median number of households in each village varied greatly (185;
IQR: 120-294, max 7,000). The largest villages were located in Poipet, Banteay Meanchey

(bordering Thailand).
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Figure 3-7 Distribution of village populations
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The median distance from a village to the nearest health centre and hospital was 3.0 km (IQR:
2-5 km) and 11 km (IQR: 6-19 km), respectively. Roads between villages and health centres
were most often made of dirt (74.8%); less common were paved roads (24.4%) and rivers

(0.9%).

Household characteristics were enumerated from the head of household questionnaires (n=600).
The median number of household members was 5 (IQR: 4-7, max 16). The median number of
children <15 years old living in each house was 2 (IQR: 1-3, max 7). The majority of subjects
lived in households that were built on piles above the ground (77.3%) and mainly composed of
wood (70.2%); however 20.3% of subjects lived in households made of a combination of

wood/straw, wood/cement (5.2%), cement only (4.3%), or mud/straw (3.0%) built on the

ground.

The majority of households owned a bicycle (82.8%), approximately half owned a motorbike
(45.8%), and few households owned a car (3.3%). Sixty-eight percent of households own a TV,
and 52.8% own a radio. Ownership of bicycles (X2=20.2, p=0.001), motorcycles (X2=33.1,
p<0.001), telephones (X*=33.2, p<0.001) varied by province whereas ownership of cars
(X*=7.9, p=0.16), televisions (X*=9.2, p=0.10) and radios (X*= 10.0, p=0.8) did not.
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The demographic characteristics of subjects are shown in Table 3-4. Village chiefs were

predominately male (n=108/1135, 93.9%) and classified themselves as farmers®,

of village chiefs (67.5%

Table 3-4 Characteristics of study subjects

The majority

) reported having only completed primary-level education and their
median age was 52 (IQR: 48-58).

. Village Chief
Characteristic (nsi 115) Adults (n=2,400) Children (n=1,200)
Age
median (range) 52(37-72) 36 (16-87) 9 (1-15)
Gender
n (% male) 1080939 ) _ 1:201(50) 612 (51)
Total Males Females Total Males Females
o __n=114¢ (n=2,399)t  (n=1,201)  (n=1,198) | (n=864)° (n=445) (n=419)
Education
n (%) reporting
Never attended 1 431 100 331
school (0.9) (18.0) (8.3) (27.6)
. 77 1164 539 625
Primary (67.5) (48.5) (44.9) (52.2) G5 av 104
27 568 381 187
Secondary (23.7) (23.7) (31.7) (15.6) (94.7) (95.3) (94.0)
. 7 144 41
High school 6.1) 185 (7.7) (12.0) (3.4)
Higher - 26 (1.1) 17 (1.4) 9 (0.8)°
Pagoda ~2(18) | 25(1.0) 20(1.7) 5(4.2) B i
Literacy ° = = = - - -
(%) reporting n=2,400 n=1,201 n=1,198
C d 1,594 952 642 _ _ B
an rea . (66.4) (79.2) (53.5)°
C it 1288 813 475 _ _ .
an write _ ] _esn_ (618 (396 |
. n=115
Occupation 97 1463 733 730 - - -
n (% farmer) (84.4) (61.8) (61.0) (60.9)

+ Education level was not obtained from one female adult and one village chief
* reported attending school (yes/no) among subjects >6 yrs old;
*X? p value <0.001 comparing adult males vs. adult females; _ _ '
¢ The ability to read and write was assessed by asking the subject to read and write a sentence for the interviewer, respectively (see Adult
Questionnaire in Appendix B)

-- not evaluated

* In Cambodia, the use of the word farmer for occupation is based on their own personal classiﬁcat.ion of their
occupation, rather than the individual actually owning a working farm and r.alsing animals or growing cr”ops for
profit in the commercial sector. In the majority of cases, subjects that glass1ﬁef1 them§elves as “farmers” are
actually rice farmers, rather than farmers raising animals. However I did not distinguish farmer type (e.g. rice,

animal) in the questionnaire.
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Among the rural Cambodians recruited in the study, half of the subjects were males (by study
design), farmers (55%), predominantly Buddhist (99%) and born in Cambodia (99%). Age
data were available for 3,598 of the 3,600 rural Cambodian subjects (99.9%). The age and
gender of the household subjects and village chiefs is provided in Figure 3-8. The median age
of the rural Cambodians in the study was 23.5 (IQR: 12-43). Among adult subjects, i.e., those
older than 15 years of age, the median age was 36 (IQR: 24-49). The median age of adult men
was 35 (IQR: 23-49; n=1,199), which was slightly less than the median age of adult women
(37 [IQR: 25-49], n=1,199) (Wilcoxon p-value=0.04).

Among children, 1.e., those less than 16 years of age, the median age was 9 (IQR: 5-12). The
median age of boys was 9 (IQR: 5-12.5, n=612), which was not significantly different from the
girls median age (8 [IQR: 5-12], n=588, Wilcoxon p-value=0.37).

500 -

m Males

B Females

= Village Chiels

Frequency

09 ‘019 20-29 3039 4C49 5359 6063 70-79 E0-89

Age Group
Figure 3-8 Age and gender breakdown of study subjects included in the survey (n=3,713)

Education level (X*=265.2, p<0.001) and the ability to read (X*=178.0, p<0.001) and write
(X2=190.9, p<0.001) were significantly higher among adult males compared to adult females
and the ability to write was highest among adult respondents in Svay Rieng (63.0%) and lowest

in Kampong Cham (41.5%, p<0.001). There were no differences by gender in education level

among children ages 6-15 years old (X*=2.5, p=0.12).
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3.4 Discussion

This study is the first large-scale cross-sectional survey of a randomly selected population to
evaluate the poultry handling behaviours of a population in regular contact with poultry and is
the first study to evaluate poultry contact patterns of children. Direct contact with infected
birds is assumed to be the main source of infection to humans (Writing Committee of the
Second World Health Organization Consultation on Clinical Aspects of Human Infection with
Avian Influenza 2008) although the specific mode of effective transmission from animal-to-
human is not fully understood and the absence of detailed exposure data from the
approximately 400 human H5N1 cases makes it impossible to ascertain the true risk factors for
human H5N1 cases. To fully evaluate risk factors for H5N1 infection, a large-scale
seroprevalence study testing for antibodies of HSN1 would have been ideal; however at the
time this thesis was developed, the funds available to conduct such a study were limited and
there was reluctance among ethics review boards to grant approval for a study that could have
possibly resulted identifying few, if any, seropositive individuals as had been the case in a

previous seroprevalence study conducted in Cambodia (Vong et al. 2006).

Thus is the first study that has been conducted to evaluate detailed poultry contact patterns of a
large random sample of people living in daily contact with poultry. With the questionnaires
designed for this study, [ was able to capture detailed information on individual level contact
patterns of a large random sample of rural Cambodians. As will be shown in the subsequent
chapters, this study has captured information on how individuals come into contact with
poultry and gender and age differences in poultry contact patterns. The results of this study can
be used to inform any future HPAI/HSNI1 seroprevalence studies.

This study has combined self-reported and observational data collection, particularly on
questions regarding raising poultry. A short observation based questionnaire should
accompany questionnaires that evaluate animal ownership and husbandry practices. Although,
I found no differences in the proportion of households that self-reported owning chickens or
ducks or if domestic flocks were free-ranging, there were difficulties in households reporting
ownership of fighting cocks since fighting cocks are often raised by other individuals who are

hired to care for the birds but do not actually own the birds themselves. Households that raised
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and cared for fighting cocks reported owning no fighting cocks and thus the quantity of

animals owned was reported as the number of fighting cocks observed in the household.

There are several limitations inherent to any studies with a cross-sectional design. Although we
included a random selection of individuals from 24 districts in six provinces and Phnom Penh,
we did not include subjects from Cambodia’s 17 additional provinces. In particular, we did not
include the indigenous tribes that reside in Cambodia’s North-Eastern provinces, who may
have different customs and rituals resulting in different contact patterns with poultry.
Therefore I cannot assert that the results of this study are representative of all Cambodia, but
they are likely to be representative of the provinces initially identified as having high poultry

ownership and human population density and hence typical of populations with high backyard

poultry ownership (for their own consumption).

Secondly, the accuracy of the responses of children needs to be treated with caution.
Interviewers were instructed to administer the questionnaire directly to the child and although I
monitored the technique of each interviewer who was responsible for interviewing children and
was satisfied with their technique, I was not able to witness every child interview. Children
were asked about their daily activities as they relate to contact with domestic and wild poultry
and although I did not ask them to recall practices over any past period of time, the accuracy of
74% of children that answered questions directly may vary due to intraindividual variability in
recall of regular activities (e.g., (Stein et al. 1991)). Conversely, the accuracy of the child’s
reported practices by a surrogate (i.e., parent or guardian) may vary as well (e.g., (Daly et al.

1994)).

After analyzing the data and having participated in several IPC H5N1 activities during my time
in Cambodia, including a human and poultry outbreak investigation, two human
seroprevalence studies and a case-control study to identify risk factors of HSN1 infection
(Vong et al. 2009), I realized that several additional questions should have been included in the

questionnaire. These include:

e The collection of quantity of cats owned by the household.
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The collection of more specific information on the grazing patterns of domestic flocks
outside of the village i.e., the location where and frequency in which domestic flocks,
specifically ducks, forage for food. Without this, I was only able to state whether flocks
were free-ranging or not and if they were allowed to graze in rice fields. I did not,
however, address where those rice fields were or the type of rice fields in which domestic

ducks graze (rain fed low- or uplands, areas of deepwater/floating cultivation, or dry

season 1rrigated land) (FAO 2004b).

The collection of farmer type for self-reported occupation. The self-reported description
of occupation should have included the type of farmer rather than just farmer. Without this
information, it is impossible to distinguish between animal farmers vs. rice farmers. The

predominant occupation in rural Cambodia is rice farming (FAO 2004b).

The collection of household income. I intentionally did not collect household income
because during piloting of the questionnaire we found that this was a sensitive issue and
that subjects were reluctant to provide this information. Therefore, this variable was
intentionally excluded from the head of household questionnaire. However this would

have been an obvious indicator of socioeconomic status.

The extent and frequency of swimming, bathing and fishing in ponds by adult subjects was
not captured for all adult subjects included in this study. It was added into the
questionnaires used in Phase 2 of the data collection and therefore is only available for 800

of the 2,400 adults included in the study.

The collection of data on the type of farm equipment used, the proportion of households
that share farm equipment and the frequency and locations in which the farm equipment is
shared. Within Cambodia, the use of farm equipment is virtually nonexistent however,
when it is used during rice harvesting season, it is often shared to minimize costs among
rice farmers. Spreading of HPAI could be facilitated by the sharing of farm equipment
(FAO 2005). The extent of the use and sharing of farm equipment should be further

explored to adequately determine the potential risk of transmission of HPAI from farm-to-

farm.
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Criteria used by FAO to define poultry production sectors (FAO 2006). Although I
collected some data on the following of FAQ’s criteria: biosecurity, birds kept, shed,
contact with other chickens, contact with other ducks, contact with other domestic birds,
contact with wild life and some information on market outputs, I did not collect data on the
following criteria: veterinary service, source of medicine and vaccine, source of technical
information, breed of poultry, and food security of owner. These data would have allowed

me to fully describe the poultry sectors in rural Cambodia according to FAO.

Results from this study are presented in the following two chapters. Chapter 4 presents data on
animal ownership and husbandry, poultry mortality experienced and poultry mortality
reporting of rural Cambodians. The chapter also explores poultry ownership in rural Cambodia
using poultry sector definitions from FAO (FAO 2006) and proposes newly defined categories
within Sector 4 holdings to describe the heterogeneity in husbandry practices within this sector.

Chapter 5 describes the extent and frequency of poultry handling behaviours of subjects and
how they differ by age and gender. Using risk assessment methods, patterns of contact with
poultry were used to generate risk indices of potential HSN1 transmission to different

populations in contact with poultry.
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Chapter 4 Results 1 of the Cross-Sectional
Survey of Rural Cambodians: Animal

Ownership and Husbandry, Poultry Mortality
and Understanding of Avian Influenza

4.1 Introduction

Millions of people around the world, particularly in Asia and many parts of Africa, live in
close proximity to domestic poultry (Epprecht & Robinson 2007; Gilbert et al. 2007). Although
ownership of domestic poultry is believed to be common, flock size is usually small and
primarily raised for household consumption (Burgos et al. 2008; Omiti & Okuthe; Sumiarto &
Arnifin 2008). Such flocks commonly mix with other domestic species such as pigs, cattle, dogs

and cats increasing the possibility of reassortment of H5N1.

The Food and Agriculture Organization (FAO) has classified poultry production systems into
four sectors (Table 2-4) in which they describe Sector 1 as the poultry production system for
industrial integrated production; Sectors 2 and 3 describe commercial poultry production with
decreasing levels of biosecurity, respectively, and Sector 4 describes village or backyard
poultry production (FAO 2006). These definitions are most applicable in describing the poultry

sectors of countries involved in varying levels of commercial poultry production.

They may not, however, be adequate to distinguish between the heterogeneous practices of
backyard poultry holdings within countries throughout SE Asia and Africa, areas which in
which HPAI/H5N1 has spread in domestic poultry populations (FAO 2008). Although it has
been suggested that backyard poultry may be responsible for the sustained transmission of
H5N1 within domestic and to/from wild-bird populations (e.g., (Gilbert et al. 2006; Grain
2006)), detailed information regarding the husbandry practices of countries with predominant
backyard poultry holdings (FAO Sector 4) has not been provided. Without understanding the
diversity of husbandry practices of Sector 4 farms, control policies that are typically developed
for the average farmer may be inappropriate for a large majority of households that keep

poultry (Chambers et al. 1993; Dent et al. 1994; Dent & Thornton 1998).
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In this chapter, I describe the husbandry practices of households raising poultry and propose
new subgroups for Sector 4 (village or backyard poultry) within the context of the current FAO

sector definitions using data collected from my first cross-sectional survey of rural

Cambodians. Data on poultry mortality occurring in the study areas are also presented as well

as poultry mortality reporting practices.

4.1.1 Objectives of the Chapter

The objectives of this chapter are to:

* Describe poultry ownership and husbandry practices of study subjects in the context of
FAQ’s poultry production sector definitions;

* Describe poultry mortality experienced and poultry mortality reporting practices of
poultry owners:

* Describe the understanding of avian influenza of study subjects by age and gender; and

e Discuss the extent to which the rural poultry sector may have influenced HPAI
circulation in Cambodia

4.2 Methods

The methods used to collected data used in this chapter have been presented in Chapter 3.

Statistical analyses used in this chapter are provided below.
4.2.1 Animal Ownership and Husbandry Practices

Descriptive statistics were obtained for quantitative and qualitative variables related to animal
ownership and husbandry practices. Keeping poultry fenced and separated from other domestic
and wild animals was used as an indicator of biosecure husbandry. After evaluating the
distributions of household chicken and duck ownership, chicken flocks where divided into four

size categories (none, 1-10, 11-50 and >50 animals) and duck flocks into five categories (none,

1-10, 11-100, 101-1,000 and >1000 animals).

The hypothesis that flock size differs between geographic areas was tested by Kruskal-Wallis
test. The hypotheses that the proportion of biosecure farms and the proportion of flocks

mixing with wildbirds differs between geographic areas was tested by Chi-square and Fisher’s

exact tests (as appropriate).
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4.2.2  Poultry Production Systems in Cambodia

Poultry production in rural Cambodia was classified under FAO’s definitions for poultry
production sectors (Table 2-4) using data from the 600 heads of household. In the
questionnaires, I collected data on the following FAO criteria: “birds kept”, “shed”, “contact
with other chickens™, “contact with other ducks”, “contact with other domestic birds”, “contact
with wild life” and some information on “market outputs” (described further in Chapter 6).
According to the FAO classification system, “biosecurity” is listed as “high”, “moderate-high”
or “low™ although definitions of these levels of biosecurity are not indicated. In their
classification of poultry sectors, FAO includes criteria that are clearly part of the concept of
biosecurity (shed, contact with other chickens, contact with other ducks, contact with other

domestic birds, and contact with wild life); indicating that these criteria overlap with the term

“biosecurity.”

I collected information on what I believe are the key parameters that define biosecurity, i.e.,
how birds are kept (always indoors, free ranging) and contact with other animals (domestic and

2 <6

wild birds). I did not collect data on the following criteria: “veterinary service”, “source of
medicine and vaccine”, “source of technical information”, “breed of poultry” (other than
chickens or ducks), and “food security of owner”. Definitions of these criteria have not been

provided in any FAO reports.
4.2.2.1 Evaluating the heterogeneity in Cambodia’s Sector 4 holdings

To explore and evaluate the heterogeneity of Sector 4 holdings in Cambodia, new criteria are
proposed to describe backyard flocks of subjects recruited in this study. Table 4-1 provides
definitions of proposed subcategories within Sector 4 holdings (sub-categories A, B, C and D)
using FAO defined variables (FAO poultry sector, description of poultry production) some
modified FAO criteria (where birds are kept and contact with other domestic and wild animals)
and newly proposed criteria (predominant species raised, flock size, and selling characteristics).

FAO uses “market outputs” as a criterion but this is not well defined.
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Table 4-1 Proposed subcategories within sector 4 poultry production

Proposed sub-categories

Criteria Sub-category A Sub-category B Sub-category C Sub-category D
FAO Poultry
©
0 2 Sector 4 4 4 4
< : - SN R R - ———— PR — p—— T e e i 222 e 15 0 e etesmecnee oo . e [
L 3 Poultry . : :
S Production Village/ backyard Village/ backyard Village/ backyard Village/ backyard
Bigseggrit‘yj ‘ ___Minimal None Mmlmal AAAAAAA o None
" Gontact with other animals e G L
o Domestic .
5 poulty Some Yes Some Yes
é Wild birds ~__Some Some Some N Somé
> Other -
5 dqmestic Some Yes Some Yes
b4 animals
o S
K] Indoors Closed Indoors Closed
o . System or: Outdoors System or Outdoors
Birds Kept Kept osed part
ept enclosed pa ) ) . Kept enclosed part Open - Free-
L of the day Open - Free-ranging of the day ranging
Predominant
Species Duck Duck Chicken Chicken
w Owned*
g .2 — S P prowew. pre—
% » Flock Size' Med/Large Small Med/Large Small
g & (median,
x§ range) >0 150 >%0 0
2 g Selling Characteristics
Sell eggs Some No or rarely Some No or rarely
Sell birds* Some No or rarely Some No or rarely

*Biosecurity is newly defined as minimal and none using the criteria “‘contact with other animals” and where “birds are kept.” The cells shaded
in yellow are modified FAO criteria; the cells shaded in red are newly proposed criteria.

"Flock Size: Small= 1-50 animals, Medium = 500-1,000, Large = 1001-10,000

' For households that owned both chickens and ducks, the quantity of birds owned determined whether the household reared predominantly
ducks (Subcategory A, B) or chickens (Subcategory C, D).

1 Selling birds outside of the home village, (i.e., birds entering live poultry markets)

4.2.2.2 Definitions of the proposed sub-categories

Subcategory A are medium sized duck flocks (>50 birds) with minimal bio-security (birds are
kept indoors or allowed to be free-ranging for part of the day/kept indoors or fenced in at night)
and some input into the poultry market chain (poultry may be sold outside of their home
village); Sector 4 Subcategory B are small duck flocks (<50 birds) with no biosecurity (all
birds are free-ranging and may mix with other domestic and wild animals) and minimal input
into the poultry market chain (i.e., rarely sell poultry); Sector 4 Subcategory C are medium

sized chicken flocks (>50 birds) with minimal biosecurity and some input into the poultry
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market chain; and Sector 4 Subcategory D are small chicken flocks (<50 birds) with no

biosecurity and no input into the poultry market chain.
4.2.3 Poultry Morbidity and Mortality

For each of the studied flocks, the proportion of birds that became ill and the proportion
of birds that died within the flock during the previous 8-month period (Since the Khmer
New Year-...)> were calculated to obtain an estimate of background patterns of morbidity
and mortality experienced when an outbreak of HPAI/H5N1 is not suspected or reported.
Questionnaires used for adult and head of household subjects were edited for Phase 2 of
the data collection (Kampong Cham and Prey Veng, Nov-Dec 2007) to more accurately
obtain the necessary data. Illness among chickens and ducks was defined as illness
perceived by the subject.® The proportion of the flock that reportedly became ill or died

during the previous 8-month period were calculated as:

Proportion of flock that became ill since the Khmer New Year:

Total # of birds that became ill since the Khmer New Year
B Total birds owned since the Khmer New Year

Proportion of flock that died since the Khmer New Year:

Total # of birds that died since the Khmer New Year
- Total birds owned since the Khmer New Year

Within-flock morbidity and mortality are numerically and graphically summarized and the
hypothesis that they differ between geographic areas was assessed using chi-square or Fisher’s
exact tests, as appropriate. The proportion of households reporting poultry mortality were
evaluated by within-flock mortality rates and was also evaluated after categorizing households

as experiencing >60% mortality in a chicken flock or >30% mortality in a duck flock.

5 As described in Section 3.2, the questionnaires used in phase two of the data collection (N qv-Dec 2.007) were

modified to collect information on the quantity of chickens, hens and ducks owned, became ill and died from

illness within an 8 month period of time. Therefore, morbidity and mortality rates were calculated for these two
rovinces (Kampong Cham and Prey Veng) only. _ . .

g)During ﬁgl(d viIs,its and piloting, we learned that illness among chickens and ducks is recognized by most

villagers if their poultry suffer from seizures, have white eyes or become motionless.
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To whom subjects reported poultry mortality was evaluated between geographic areas using
chi-square or Fisher’s exact tests, as appropriate. Reasons for reporting poultry mortality were

evaluated by geographic region using chi-square or Fisher’s exact tests, as appropriate.

4.2.4 Understanding of Al

All knowledge and attitude questions that related to the subjects understanding of how Al
affected their flocks—including the attitudes about poultry mortality reporting, practices of
poultry owners when poultry were ill or died, and knowledge of Al symptoms in flocks—that
were addressed as closed-ended questions summarized as absolute and relative frequency of
responses, by gender. Chi-square or Fisher’s exact tests (as appropriate) were used to test

whether these variables were differently distributed between age groups, for males and females

separately.
4.2.5 Economic Importance of Poultry Rearing in the Household

The proportion of households that report to base their income on poultry raising and the annual

income reported to be based on poultry raising is summarized as the median and range.

4.3 Results

4.3.1 Animal Ownership, Husbandry and Home/Farm Biosecurity

Most households included in the study owned chickens (83.7%) or ducks (35.7%) (33.2%
owned both chickens and ducks), however most poultry flocks were small (Table 4-2).
Prevalence of other bird ownership (geese, singing birds, fighting cocks) was low, while most

households owned pigs (55%), cattle/water buffalo (63.5%) and dogs (75.5%).
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Table 4-2 Animal ownership among households in rural Cambodia (n=600)

& _m Households i

Astimal raising (%) flognke:i?: (n) IGR Max
Chickens' 502 (83.7) 14 7-25 150
Ducks? 214 (35.7) 7 3-15 1,900
Fighting cocks 23 (3.8) 2 1-5 30
Geese 3(0.5) 3 2-6 6
Singing birds 20 (3.3) 1 1-1 6
Pigs 330 (55.0) 2 1-4 40
Dogs 453 (75.5) 2 1-3 12
Cattle/buffalo 381 (63.5) 3 2-5 20
Chickens and ducks 199 (33.2) -- - -
Chicken or ducks and pigs 323 (53.8) - - as

*Ownership of cats was not assessed
"Most chickens are local breeds (Sampov, Moan Prey, Red Jungle fowl, Kragnas)
P\Most ducks are local breeds (Muscovy. Tear Angkam [layer), Tear Sampov [layer/meat])

Chicken and duck flock size varied by geographic region with the largest size chicken flocks
located in Prey Veng Province (median flock size=20; Kruskal-Wallis p<0.001) and the largest
duck flocks were located in Takeo Province (median flock size=12; Kruskal-Wallis p<0.001)

(Figure 4-1).
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Meanchey Cham

Figure 4-1 Median chicken and duck flock size by province

The distributions of chicken and duck flock sizes using flock size groupings are shown by
province in Figure 4-2. The largest chicken flocks were located in the southern provinces of
Svay Rieng and Takeo Provinces (maximum flock size=150) and the largest duck flocks

(maximum flock size=1,900) were located in Takeo and Pursat provinces.
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a) Chicken Flocks

Figure 4-2 Chicken (a) and duck (b) flock size by province

LSHTM | Van Kerkhove MD PhD Thesis 100



4.3.1.1 Biosecurity

Approximately one quarter of households had fences (135/600, 22.5%), however only 8.9%

(12/135) of fences were sealant to poultry. Almost all domestic poultry flocks were free

ranging (97.8% of chicken flocks; 90.7% of duck flocks, Figure 4-3) and mixing with pigs and

other domestic animals was reported to be common (53.8% of households owned poultry and

pigs. Table 4-2). The proportion of households that kept birds enclosed in buildings at all

times (4.7% and 0.8% of household raising ducks and chickens, respectively) or allowed to be

free-ranging for part of the day/kept indoors at night was low (4.7% and 3.3%, respectively)

(Figure 4-4).

Kept in Mix of free- _ .
enclosed rangind and Kept in Mix of free-
building. fenced. enclosed rangind and

0.8% 3.3% building, fin;"ebc"
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g

Free '~
Ranging, .

Figure 4-3 Husbandry characteristics used in chicken (left) and duck (right) raising
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Figure 4-4 Husbandry practices of duck flocks

The top two photographs provide examples of free-ranging flocks and the bottom two examples of duck flocks and the use of fencing to
restrict the area where ducks forage for food; however the water sources where these ducks roam are shared spaces with other flocks.

The proportion of households keeping free ranging chickens or ducks did not differ by
geographic region (chicken flocks X>=8.0 p=0.16; duck flocks X*=8.5 p=0.13). Free-ranging
poultry are allowed to forage for food in and around the house yard and in nearby rice fields
but did not generally roam outside of their home village (observation only). Less than one
percent (0.8%) of chicken flocks and 4.7% of duck flocks were always kept contained. The
distribution of flock size stratified by where birds are kept (flocks that are free ranging vs.

always kept enclosed) are shown in Figure 4-5.
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a) Chicken Flocks b) Duck Flocks
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4.3.1.2 Domestic poultry access to household water supply

Within the study areas, the primary water source of households is located outside of the home
and includes water wells with a pump (46.3%), ponds (26.5%), open water wells (27.0%),
lakes (2.5%) and rivers (3.3%). Poultry have access to many of these water sources, including
ponds (44.6%: Table 4-3).

Table 4-3 Household water source and poultry access

Primary water source =~ Water Source with

Water Source of households poultry access
n (%) n (%)

Pond 159 (26.5) 70/157 (44.6)

Lake 15 (2.5) 5/15 (33.3)

River 20 (3.3) 18/20 (90.0)

Open water well 162 (27.0) -

Water well with pump 278 (46.3) -

Water tap 35 (5.8) --

-- no access possible

4.3.1.3 Vaccinated flocks

As described in Chapter 3, vaccination status of domestic poultry flocks was evaluated from
households in Kampong Cham and Prey Veng only. Among these households (n=200), 3% of
the heads of the household reported that they had vaccinated poultry flocks against AI. Among
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those (n=6), 3 reported that they vaccinated their chicken flocks and 3 reported vaccinating

both chicken and ducks against avian influenza.’
4.3.2 Extent of Wild Bird Mixing with Domestic Flocks

Among households that raise poultry (chickens or ducks, n=517), 25.3% (n=131) of the heads
of household reported that their domestic flocks sometimes mix with wild birds, while 14.7%
(n=76) reported that their flocks always (i.e., everyday) mix with wild birds. The proportion of
households reporting domestic and wild bird populations (sometimes or always) mixing varied
by geographic region with the highest proportion reported in Svay Rieng (65.2% 58/89),
followed by Banteay Meanchey (56.5% 35/62), Takeo (54.1% 53/98), Pursat (50.6% 44/87),
Kampong Cham (13.3% 11/83) and Prey Veng (6.1% 6/98) (X*=109.1 p<0.001).

The wild bird species that were most commonly reported that mix with domestic flocks were
“singing birds” (49.8%, 102/205) and egrets (19.5% 40/205). The locations where domestic
flocks mix with wild birds include lakes (1.5%, 3/206), rice fields (60.7%, 125/206), and in the
household farm yard (38.8% 80/206).

4.3.3 Overview of Cambodia’s Poultry Sector in Rural Cambodia

Using data from the 600 heads of household and FAQ’s definitions for poultry productions
systems (Error! Reference source not found.), 98.3% of poultry flocks fall within Sector 4

holdings and the remaining 1.7% of poultry flocks fall within Sector 3 holdings.

The same data on poultry ownership at the household level is categorized using the proposed
sub-category Sector 4 definitions provided in Table 4-1. Using the proposed definitions,
poultry raising in the study areas can be described as 1.7% Sector 3 (semi-commercial), 0.7%
Sector 4 Subcategory A (medium sized duck flocks with minimal bio-security; some input into
the poultry market chain), 6.3% Sector 4 Subcategory B (small duck flocks with no biosecurity,
no input into the poultry market chain), 0.2% Sector 4 Subcategory C (medium sized chicken

flocks with minimal bio-security; some input into the poultry market chain), and 91.2% Sector

7 Note that there are currently no authorized vaccines for HSN1 available in Cambodia. However there may be
non-government individuals that claim to have “vaccines” for poultry diseases.

LSHTM [ Van Kerkhove MD PhD Thesis 104



4 Subcategory D (small chicken flocks with no biosecurity, no input into the poultry market

chain) indicating that the majority of households involved in raising poultry in rural Cambodia

keep a very small number of free-ranging chickens.

4.3.4  Poultry Mortality and Reporting

Among households that owned poultry (n=517), 56.3% reported that they experienced poultry
mortality (of any quantity) within the previous 8-months (since the Khmer New Year [April 14-
16]). The proportion of households that experienced poultry mortality differed by province

(A7=25.0, p<0.001) with the highest proportion observed in Pursat (75.9%), followed by Svay

Rieng (61.8%). Banteay Meancheay (59.7%), Prey Veng (52.0%), Kampong Cham (48.2%),
and the lowest in Takeo (42.9%).

4.3.4.1 Poultry morbidity and mortality

Within flock morbidity and mortality was calculated using data from the households owning

poultry in Kampong Cham and Prey Veng provinces only (Table 4-4).

Table 4-4 Characteristics of reported poultry morbidity and mortality in Kampong Cham and
Prey Veng, 2007

Province
Characteristics Kampong Cham Prey Veng Total
of Mortality (n=83) (n=98) (n=181)*
Households experiencing any poultry mortality among:
n (%
( )Chicken Flocks 36 (43.4) 41 (41.8) 77 (42.5)
Duck Flocks 5 (6.0) 13 (13.3) 18 (9.9)

Within Flock Morbidity (=[total number of birds that were ill/total flock size]*100%)
median % (IQR)

: 50.0 50.0 50.0
Chicken Flocks (24.0-83.3) (20.0-75.0) (24.0-75.0)
62.5 50.0 50.0
Duck Flocks (29.1-875)  (25.0-77.8) (25.0-77.8)

Within Flock Mortality (=[total number of birds that died/total flock size]*100%)

median % (IQR) 0.0 50.0 50
50. .

Chicken Flocks (25.0-77.8) (20.0-66.7) (23.3-75.0)
66.7 50.0 53.6
Duck Flocks (60.5-75.0) (25.0-77.8) (25.0-77.8)

*Limited to households raising poultry only . . -
*Illness among chickens and ducks was evaluated according to the subject and is recognized by most villagers if their poultry suffer from

seizures, have white eyes or become motionless
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In Kampong Cham and Prey Veng Provinces, chicken mortality was common with 42.5% of
households reporting at least one chicken having died within the previous 8-month period
(since the Khmer New Year). Duck mortality was much less common with approximately
10% of households reporting that at least one duck died within the previous 8-month period.
When mortality occurred in a poultry flock, approximately half of the chickens within the

chicken flock (50% IQR: 24-75%) and half of the ducks within the duck flock (54% IQR: 25-
77.8%) were reported to have died.

There were no linear or log-linear correlations found between mortality and flock size among
chicken (r=0.103) or duck flocks (r=-0.028), or when comparing mortality >60% among
chicken flocks (r=0.049) or >30% among duck flocks (r=-0.230).

4.3.4.1 Poultry mortality reporting

Despite 93.7% of adult respondents (2,247/2,398) believing that it is important to report
poultry mortality and half (56%) of households experiencing any mortality, only 16.8%
reported poultry mortality to the authorities (Figure 4-6). The proportion of households
reporting poultry mortality differed by region with the highest reporting occurring in Svay
Rieng and the lowest in Banteay Meanchey (X*=23.6 p<0.001). No relationships were found
between the proportion of households that reported poultry mortality and increasing chicken
(Fishers exact p=0.58) or duck (X*=47.1 p=0.17) mortality rates in Kampong Cham and Prey

Veng Provinces; however these results are based on very small sample sizes (Table 4-5).

Total 56.3%
i % houscholcs that
Vv experienced
gy mortality
Bantcay Mcanchey
Takeo
Pursat 75.9%
Seay Ricng 61.8%
0.0% 25.0% 50.0% 75.0% 100.0%

Figure 4-6 Poultry mortality vs. mortality reporting by province
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Table 4-5 Within-flock mortality and poultry mortality reporting in Kampong Cham and Prey
Veng provinces, 2007

Chicken Flocks
Within-flock : ol
mortality* n households reporting poultry mortality to
authorities / n households reporting mortality 2X%

250% 7141 (17.1) 2/11 (18.2)

260% 6/30 (20.0) 1/8 (12.5)

275% 5/21 (23.8) 0/6 (0)

100% 0/6 (0) 0/2 (0)
*Total number of birds within the household that died during the previous 8 months/ total number of birds owned during the previous 8
months

Subjects most often reported poultry mortality to village chiefs or village animal health
workers (VAHW). To whom subjects reported to differed by province (Figure 4-7). For
example. reporting to village animal health workers (VAHW) ranged from 9.1% in Banteay
Meancheay province to 52.2% in Pursat province (X*=13.4, p=0.02); and reporting to village
chiefs ranged from 28.3% in Pursat province to 76% in Takeo province (X*=23.0, p<0.001).

Figure 4-7 Poultry mortality reporting by province (To whom did you report?)
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More than half of the adult respondents (n=2,398) felt that A/ education (52.8%) would

encourage poultry mortality reporting, while 21.7% stated that if they were asked to report by
authorities, they would (Figure 4-8). Reasons that discouraged reporting included not knowing
where or to whom to report (26.8%), that poultry are not as important as compared to
cattle/water buffalo (21.6%), and that they keep poultry to eat (10%). Very few respondents

feared culling or panic in the village as a result of reporting. Other responses to this open

question are provided in Figure 4-8 below.

Al education 52.8%
He p from autheritics*
Ask them o report
Don't know
Incontives 53% * Zncourages “eporling
Compensation for culling M Discourages reporling

Don't know where/ towhom...
No Answor or No Opinion

26.8%

24.13%
Keep poultry for cating

Fear of culling
Too busy o report

Dont believedealth is duc lo... 1.5%
Fcar of panic in village 1.5%
Problems with selling 1.1%

Figure 4-8 Poultry mortality reporting (What would encourage/discourage you from reporting?
open question)

"Help from authorities in the form of drugs, food, and/or training

Adult subjects (n=2,400) were asked via open-ended questions what they expected if they were
asked to report poultry mortality to authorities; 12% expected medicine for poultry to be
provided by veterinarians, while 5% mentioned that authorities would check for symptoms in
poultry after reporting. When asked what they expected if their poultry were culled, 46.2%
responded that they expected nothing, while more than half of the subjects expected some help
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from authorities either by replacing poultry (25.4%) or providing money to replace poultry
(31.8%)

Eighty-eight percent of poultry owners (n=1,325%) reported that they buried animals that died
from illness. 29.1% prepared dead poultry as food for their family, 12.1% throw dead poultry

into water sources, 17.8% throw in areas around the house yard and 21.6% burned dead birds.

Few subjects reported having prepared poultry that had died from illness for sale (<1%) or used
them for feed for other animals (5.5%). Figure 4-9 shows the responses of subjects that had
reported experiencing poultry mortality since the Khmer New year (n=1,325).

Sick poultry were treated similarly to poultry that died in that 26.8% prepared sick poultry for
food for family, however 47.6% of respondents reported quarantining poultry (duration not
recorded) from other household animals (e.g., pigs, dogs, other birds), 26.8% prepared poultry
that died from illness for household consumption and 8.9% sold sick poultry alive.

I separately evaluated what poultry owners did with the animals in the sick flock that did not

become ill (i.e., the remaining healthy flock). The majority of adult respondents reported

8 1,325 indicate the total number of subjects (adults + heads of household) that owned poultry since the Khmer
New Year
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preparing these animals for food (73.6%), 50% sold poultry and 41.1% reported quarantining

the flock from other animals (duration of quarantine was not recorded).

4.3.5 Avian Influenza and Poultry Flocks

Sixty-nine percent of adults believe that their poultry flocks are at risk of infection from Al and
30% believe they can tell if their flock is infected with HSN1 (Figure 4-10). Respondents felt
that they knew Al symptoms better if Al were affecting chickens (66-86% depending on
province) than ducks (22-42% depending on province), however most symptoms that they
believed were due to Al are common to other poultry infections (e.g., Newcastle Disease) with
the exception of sudden death and death in large numbers. Twenty-six percent thought that
sudden death and 4% thought death in large numbers were symptoms of Al in chickens; 41%

and 15% of respondents believed sudden death and death in large numbers were Al symptoms

in ducks, respectively.

mAll
M Prey Ven
Do you think your s y gCham
flock is at risk for AI?t ampong

M Banteay Meanchey
M Pursat

B Svay Rieng

M Takeo

Could you tell if your
flock were infected
with AI?%

Do you know Al : 86.3
symptoms in
chickens?t

Do you know Al
symptoms in ducks?t

: 50.0 75.0 100.0
oy =9 % Reporting
Figure 4-10 Perception of risk in domestic poultry by adults (n=2,398)
" X2 test p<0.001; * X* test p=0.002

T 1
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4.3.6 Economic Importance of Poultry Rearing in the Household

Among heads of household (n=600), 29.2% (n=175) reported that their income was primarily
based on poultry raising, and another 43% reported that they generated some income from
raising poultry. The median annual income generated from poultry raising was reported as
100,000 riel/year ($25/year; range= 20,000- 1,000,000 riel [$5-250]/year; n=174,). When
asked how their household income would be affected if they stopped selling poultry, 32%

reported it would decrease most of their income while 22% reported it would decrease their

income by half.

4.4 Discussion

Most rural households in the study areas keep small flocks of less than a dozen chickens and/or
ducks with outdoor access at least during part of the day. More than 90% of Cambodia’s
backyard poultry holdings consist of small chicken holdings (<50), which are reared for
household consumption, rather than sold into the poultry market chain (discussed further in
Chapter 6) and despite the fact that most flocks are allowed to roam freely to forage for food,
the flocks in villages may not be dense enough to sustain transmission. This is discussed

further in Chapter 6 after presentation of the results from the second cross-sectional survey.

Exploring the diversity of poultry holdings in the study population that fall within FAO’s
Sector 4 classification and the newly proposed subcategories within Sector 4 has allowed for a
more informative description of the diversity in poultry holdings in Cambodia. Although using
these proposed definitions allowed explanation of a small proportion of poultry ownership in
rural Cambodia, I suspect that this would vary by country as there may be heterogeneity in the

characteristics of poultry ownership in other countries with large Sector 4 holdings.

The proposed Sector 4, Sub-category A—which contains flocks of predominantly ducks and
have a minimal level of biosecurity—and Sector 4, Sub- category B—which contain flocks

predominantly of ducks that are allowed to forage for food throughout the village and

® UNFPA estimates that the “annual average per capita income of Cambodia is less than $290” UNFPA. 2008
Background on Cambodia. Website: http://www.unfpa.org/focus/cambodia/background.htm. Last accessed 24

October 2008.
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sometimes in rice fields, mix with domestic animals and have the potential to mix with wild
birds—have the greatest potential for sustaining H5N1 transmission in rural areas of Cambodia
(Gilbert et al. 2006; Gilbert et al. 2007). A sentinel duck surveillance program that began in
2006 of this exact category of ducks had to be stopped after only one month because H5N1

was found circulating in the flocks and all duck flocks were subsequently culled (as discussed

in Section 2.5.1.3) (IPC Unpublished Data).

Wild bird mixing does not seem to be a major risk factor for animal-to-animal transmission
either from wild birds to domestic flocks or vice versa as the most common species of wild
bird that was reported to mix with domestic flocks was the singing bird. However
approximately 20% of poultry owners reported that their domestic flocks commonly mix with
egrets, a species that has recently been identified as infected with HSN1 in Hong Kong (OIE
2008d). The predominance of free-ranging poultry flocks in rural areas of Cambodia requires
further evaluation into the extent domestic poultry flocks forage for food outside of their home
village. including more detailed information about the specific location(s) and the frequency
with which they roam, the extent of village overlap of free-ranging animals, the extent free
ranging birds frequent large ponds and lakes within Cambodia and the extent to which this
changes during the rainy and dry seasons. This study found very little wild bird mixing among
households living in the three included districts in Pursat Province along the Tonle Sap lake,
reportedly due to changes in the frequency of wild birds stopping over on the lake throughout
the year (MAFF Unpublished Data).

Forty three percent and 10% of households reported mortality at any level within their chicken
or duck flocks, respectively. Of note is that the upper range of within-flock mortality often
exceeded 50% - 75% —which would indicate that these birds might have died under suspect
conditions; conditions that should have been reported to village animal health workers

(VAHW) as part of Cambodia’s current passive HPAI surveillance program.

Since episodes of high poultry morbidity and mortality in backyard poultry flocks are not
uncommon and because it was difficult for study subjects to distinguish symptoms of Al from
other poultry diseases (e.8., Newecastle disease), rural poultry owners should be instructed to

report any and all mortality to individuals who have been trained to have a greater
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understanding of the disease in animals (i.e., trained VAHW). Because other poultry diseases
can have morbidity and mortality rates as high as 90% or 100% (e.g., Newcastle Disease (OIE
2008b)), it should be the responsibility of VAHW and NaVRI who are trained to recognize key
diseases such as avian influenza and Newcastle disease in poultry to determine whether the
flock died under suspect conditions (e.g., high mortality, rapid onset of death) that warrant
further reporting and follow-up. Without VAHW, officials from NaVRI may be called upon to
investigate numerous instances of poultry mortality that may not be necessary. Focusing on
high mortality events above a certain threshold, possibly events with greater than 60% within
flock mortality, would help officials differentiate common poultry mortality from more suspect
mortality events. For example, using data from this study, if a threshold of 60% within flock
mortality were assumed to be the basis for which VAHW called upon ministry officials to
investigate, 38 households would have been visited within the 8-month study period to
investigate 30 instances of >60% mortality within a chicken flock and 8 occurrences of >60%

mortality within a duck flock.

This study found less than 20% of those that experienced poultry mortality reported this to the
authorities and no increase in reporting occurred with increasing mortality rates. Only 17.1%
(7/41) and 18.2% (2/11) of households that experienced more than 50% mortality within their
chicken or duck flocks, respectively, reported this to the authorities. Only 23.8% (5/21) and 0%
(0/6) of households that experienced more than 75% mortality in their chicken or duck flocks,
respectively, reported this to the authorities. Although reporting of mortality was low, when it
did occur villagers reported to their village chief and thus village chiefs should be included in
Al education training sessions that are frequently run by FAO and NaVRI and if possible

special training sessions should be held with village chiefs as well as VAHW.

Surprisingly, less than half of the study subjects stated that they did not expect any
compensation from authorities when poultry died, despite approximately one third of
households claiming their income is primarily based on poultry raising. Compensation from the
government is not provided to individuals who have had poultry flocks culled as a result of

H5N1 infection. It is possible that rural Cambodians are unaware that compensation is offered

in neighbouring countries.
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This study found that the use of biosecurity in animal raising should be improved to a
minimum level by restricting poultry to be free ranging in specified areas (e.g., fenced in rice
fields, making home fences sealant to animals) or by separating human areas from poultry. A
reduction in free ranging poultry flocks, domestic/wild species mixing and domestic poultry
and increase in the practice of separating domestic animals (poultry species, pigs, other
animals) could not only result in the potential reduction of H5N1 poultry-to-poultry

transmission but may also result in a reduction of overall poultry mortality experienced by the
households.

It would be valuable to examine how the results (e.g., poultry ownership, husbandry practices,
poultry mortality experienced and reported) of this study differ from other countries in the
Mekong Delta Region; in particular, to compare these results with other countries with
predominant Sector 4 holdings (e.g., Vietnam, Laos, Myanmar, Indonesia, Malaysia, etc) and
across Africa (e.g., Nigeria (Adene & Oguntade 2006), Mali). These sub-categories may be
helpful in describing the poultry production system where HSN1 domestic poultry outbreaks
have been frequent (e.g., Vietnam and Thailand) to assess if there is an association between the
poultry sector, and therefore husbandry practices of backyard poultry flocks, and the frequency
of H5N1 outbreaks.

Backyard poultry rearing is very important to the livelihood of Cambodians as well as
individuals in many countries throughout the world. However, since backyard poultry are an
important element for the sustainability of HPAI infection, this type of poultry system makes
controlling HPAI extremely challenging (Cecchi et al. 2008; Cristalli & Capua 2007;
Songserm et al. 2006). Effective control measures would benefit from a better appreciation of
the heterogeneity within this Sector, which is missed by FAO’s classification. My results
provide detailed information on this key sector and provide better understanding of how

heterogeneous backyard poultry holdings can be. These heterogeneities should be considered

when designing HPAI control strategies.

LSHTM | Van Kerkhove MD PhD Thesis 114



Chapter 5 Frequency and Patterns of Contact
with Domestic Poultry and Potential Risk of
HSN1 Transmission to Humans Living in Rural
Cambodia

5.1 Introduction

Several epidemiologic studies have evaluated the risk of transmission of HPAI from poultry-
to-humans (Apisarnthanarak et al. 2005; Bridges et al. 2000; Bridges et al. 2002; Hinjoy et al.
2008: Katz et al. 1999: Lu et al. 2008; Ortiz et al. 2007; Schultsz et al. 2005; Thanh Liem et al.
2005: Vong et al. 2006; Vong et al. 2009). These studies have identified several risk factors
that may be associated with infection including close direct contact with poultry and indirect
transmission via the environment. However, despite frequent and widespread contact with

poultry, transmission from poultry to humans is rare.

Transmission of HPAI/HS5N1 from poultry-to-human is most likely to occur through direct
contact with aerosolized virus, infected poultry organ tissue, blood, nasopharyngeal secretions,
or faeces under poor hygienic conditions, or possibly through the ingestion of contaminated
water (WHO 2006g; Writing Committee of the Second World Health Organization
Consultation on Clinical Aspects of Human Infection with Avian Influenza 2008). The risk of
transmission will be influenced by the nature and frequency of contact with contaminated cells,
tissue, blood or secretions in which the virus replicates (Beato et al. 2007; Isoda et al. 2006;
Mase et al. 2006). Most of the H5N1 laboratory confirmed human cases to date have reported

recent contact with infected poultry although the specific nature of the contact was not

recorded (WHO 2006-2009).

Direct routes may include contact with infected blood or bodily fluids via food preparation
practices (Greiner et al. 2007) (e.g., slaughtering, boiling, defeathering, cutting meat, cleaning
meat, removing and/or cleaning internal organs of poultry); consuming uncooked poultry
products (e.g., raw duck blood) (Apisarnthanarak et al. 2005; Beigel et al. 2005; de Jong et al.
2005) or through the care of poultry (either commercially or domestically). Little is understood
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about H5N1 transmission via indirect routes, though recent studies have suggested an
association between exposure to a contaminated environment (e.g., water; cleaning poultry
cages or their designated areas; using poultry feces for fertilizer) and infection either through
ingestion, conjuctival or intranasal inoculation of contaminated water, soil (de Jong et al. 2005;
Vong et al. 2008) or via fomites on shared equipment or vehicles transporting products

between farms (FAO 2004a). Other pathways may exist but are currently unknown.

At present there are an excess of reported cases in children and young adults (Ji-Ming et al.
2007). However, in the absence of detailed exposure data it is not possible to ascertain whether
these represent increased exposure, susceptibility to infection, susceptibility to severe disease
or a combination of all three. Case-control and seroprevalence studies have been conducted to
explore risk factors for infection (Areechokchai et al. 2006; Bridges et al. 2000; Bridges et al.
2002: Dinh et al. 2006; Katz et al. 1999; Mounts et al. 1999; Ortiz et al. 2007; Schultsz et al.
2005: Thanh Liem et al. 2005; Vong et al. 2006; Vong et al. 2009). Direct contact with sick
and dying poultry was noted as an important risk factor in one study (Dinh et al. 2006) but only
38% of the population risk of AI could be attributable to this exposure because of the relatively
low prevalence of reporting of this practice. The power of these studies is limited because of
their small sample size and there is a lack of reference data on how preparation of sick and

dying poultry and other potential exposures differ within and between countries.

As described in Chapter 2, HSN1 outbreaks have been recurrent in domestic poultry and
humans in Cambodia since 2004, mainly in villages located in Southern Cambodia (Buchy et al.
2007). Since household ownership of backyard poultry (FAO Sector 4 poultry production) in
rural Cambodia is high (Chapter 4) an understanding of the extent and frequency of poultry
handling behaviours in backyard poultry farming settings is necessary to assess the risk
associated with different practices and formulate sensible recommendations to mitigate this
risk. Data collected from my first cross-sectional survey was therefore used to explore patterns
of human contact with poultry among rural Cambodians to identify populations with the

highest H5N1 (and other HPAI) exposure potential.
5.1.1 Objectives of the Chapter

The objectives of this chapter are to:
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* Describe the extent and frequency of poultry handling behaviours of rural adult males,

adult females and children and how they differ by age and gender;
* Describe the understanding of avian influenza of adults and children; and

¢ Use risk assessment methods and the study subjects patterns of contact with poultry to

generate risk indices of potential HSN1 transmission to different populations in contact

with poultry.
5.2 Methods

5.2.1 Risk Assessment Framework

A conceptual pathway was developed within the risk assessment framework (1999; OIE
2005a) describing the steps to infection with HSN1 in humans from contact with poultry
(Figure 5-1). The pathway includes the probability that an animal is infected with HSN1 (P),
the probability that an individual comes in contact with an infected animal (C), and the
probability of effective transmission of H5N1 from poultry to human in the absence of

protective clothing ().

Several important data gaps and uncertainties currently exist—namely the persistence of HSN1
in domestic/wild poultry populations and in the environment under different atmospheric
conditions, virus survival in poultry meat, organs, tissue and blood, exposure quantification of
H5N1 from poultry, and empirical data on risk factors for transmission from poultry to
humans—making it difficult to perform a complete quantitative risk assessment (FAO et al.
2007; Greiner et al. 2007) at this time. In this analysis, my field data are used to help with such

an assessment focusing on the modules outlined in bold (patterns of contact that could result in

effective transmission).
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Figure 5-1 Conceptual pathway for transmission of H5N1 from poultry to humans via contact
with poultry

5.2.2 Statistical Methods

5.2.2.1 Prevalence of poultry handling behaviours

Poultry contact patterns were analyzed by gender and age using non-parametric tests (chi-

square tests or Fisher’s exact tests) as appropriate (as mentioned Chapter 3).

5.2.2.2 Principal components analysis of food preparation variables

To reduce the number of variables that describe contact with poultry, principal component
analysis (PCA) was undertaken (STATA v10). Principal component analysis is a non-
parametric method of reducing the number of variables in a dataset that describe similar
practices by extracting the factors that account for the most variance in the responses of the

study subjects. Since there are several stages of food preparation (e.g., boil poultry, slaughter
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poultry, cut poultry meat, wash poultry meat, remove internal organs and wash internal organs),
PCA can determine the best possible combination of these variables (called components) that

explain the overall observed variation in the responses on food preparation practices
(Kirkwood & Sterne 2003).

Using PCA, a set of eigenvalues and eigenvectors are calculated for each of the factors
describing food preparation (i.e., cook poultry, boil poultry, slaughter poultry, cut poultry meat,
wash poultry meat, remove internal organs and wash internal organs). Eigenvalues represent
the variance of the principal components where the first principal component accounts for the
greatest variance in practices between individuals in the study, the second principal component
accounts for the second greatest variance, and so on. For each principal component, a set of
eigenvectors or coefficients ((n1, 0 n2, An3, 0ng, Cns, e, & n7) €Xist for each of the 7 food
preparation variables. Scree plots (Cattell 1966) are used to determine the number of principal
components to retain. New variables representing each component (principal component 1
(PC,), principal component 2 (PC;) ... principal component n (PCy)) are created for each

subject in the study using eigenvectors as weights, where:

PCi=a;;1 X1 + 012X12 + a13X3 + 014Xis + a15Xi1s + a16Xi6 T 017X17

PCr=07: X721 + 022X22 + 23X23 + 024X04 + 025X25 + 026X26 + 027X27

PC =0y Xa1 + 0n2Xn2 + 03 Xn3 + 054 Xna + 055 Xans + 0n6Xn6 T 0n7Xn7

Where X,;= cook poultry, Xn2=boil poultry, Xns=slaughter poultry, Xys= cut poultry meat,
Xas=wash poultry meat, X¢=remove internal organs and X,7;=wash internal organs. These
newly created variables (PC; and PC,) were subsequently analyzed by gender and age group

using t-tests or Wilcoxon rank-sum tests as appropriate.
5.2.2.3 Estimates of human exposure risk

Risk profiles were generated for each subject using their individual poultry handling contact
patterns. The probability of effective viral transmission following a certain type of contact is
assumed to be high, moderate or low as indicated in Table 5-1. A transmission risk weighting

score () was applied to quantify the risk associated with high and moderate risk practices

LSHTM | Van Kerkhove MD PhD Thesis 119



compared to low risk practices. Practices listed in group 1 are believed to have a higher
potential transmission risk based on the nature of contact and potential H5N1 exposure than
practices listed in 2 or 3 while practices listed in group 2 have a higher potential transmission
risk than practices in group 3. In the analysis presented here, I used values p1 =10, p2=2 and
B3=1. The values I chose for §1, 2 and 3 are used in this analysis as an illustration of
weighting exposures and are based on available data on the pathogencity of H5N1 in poultry
tissues (Beato et al. 2007; Das A 2008; FAO 1999; Hulse-Post et al. 2005; Mase et al. 2006;
Pantin-Jackwood et al. 2007; Perkins & Swayne 2001; Swayne & Beck 2005; Swayne 2007;
Webster et al. 2007; WHO 2006g). As more epidemiologic and virologic data about the

persistence of H5N1 in poultry are collected, more precise estimates for the B values may

become available.

Estimates of human exposure risk for each study participant (n=3,600) were then obtained by
multiplying each reported practice with the transmission risk-weighting factor and summing
these over all practices reported by each individual (3 8C). In addition, sensitivity analyses
were conducted by varying the weightings of #1, 2 and 3 (e.g., f1 =1, f2=1 and f3=1; and
B1 =20, f2=5 and f3=1) to determine the effect on the human exposure risk scores.

The exposure risks were analyzed by age and gender using t-tests or Wilcoxon rank-sum tests
as appropriate. P-values of <0.05 were considered statistically significant. All statistical

analyses were performed using STATA (v.10) (StataCorp, College Station, Texas).

5.3 Results

5.3.1 Poultry Handling Behaviours of Adults and Children

Contact patterns with domestic poultry are provided in Table 5-1.
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Table 5-1 Prevalence of practice associated with poultry in rural Cambodian households, main

sources of potential exposure and weighted transmission risk potential (8)

L nle i
Probability of Adult Adult . | ia
?lgen(::\:ies;’il::]l Practice Males Females (Cnr::dzro%r)\ ’ p-value Po\;?rr;tl !
: _(n=1201)  (n=t,199) ¢ . Exposure
(5 Grouping) Adult males vs.  Adults vs.
>15 yrs old s15yrsold ' aguit females  Children
Remove internal organs (poultry) 733 (61.0) 588(49.0) 156 (13.0) i <0.001 <0.001 O,B
Blow into beak (FC) 19 (1.6) 1(0.1) 6 (0.5) <0.001 0.27 NS, B
Kiss, suck, lick wounds (FC) 10 (0.8) 0 (0) 6 (0.5) 0.002 0.72 B
High Share water from the same bottle (FC) 21 (1.8) 4 (0.3) 21 (1.75) 0.001 0.07 NS, B
$1) Clean trachea (FC) 44 (3.7) 1(0.1) 16(1.3)  <0.001 0.235 NS, B
Clean feathers (FC) 52 (4.3) 6 (0.5) 34 (2.8) , <0.001 0.46 B, F
Wash internal organs (poultry) 745 (62.0) 775(64.6) 249 (20.0) | 0.185 <0.001 0,B
Slaughter poultry 655 (54.5)  224(18.7) 138 (11.5) ! <0.001 <0001  B,F
Touch/play with sick poultry orpoultry that 57 49.7) 485 (405)  90(75) |  <0.001 <0.001 B, F
Use poultry faeces as manure 664 (55.3) 678 (56.6) -- | 0.534 -— F
Cut poultry meat 716 (69.6) 917 (76.5) 152 (12.7) <0.001 <0.001 B
Wash poultry meat 772 (64.3) 906 (75.6) 234 (19.5) <0.001 <0.001 B
Mo(}e;)ate ﬁxg‘;bcfgss'f” water source where poultry 55 440y 41(103)  196(16.3) . 0.113 0.01 F. NS
Remove feathers from sick poultry® 76 (19.0) 101 (25.3) 102 (8.5) 0.04 0.001 NS, B, F
Cleaning/sweeping poultry areas 843 (70.2) 903 (75.1) 442 (36.8) 0.005 <0.001 F
Shopping at wet/live market for poultry 141 (11.7) 126 (10.5) -- 0.341 — B, F
Boil poultry 673 (56.0) 898(74.9) 228 (19.0) <0.001 <0.001 B,F
Low Living in a household with poultry (raised 1,039
B3) chickgens or ducks within prpevio;i(8 months) 517 (86.7)° (86.6) o 0.81 F
Key: FC= Fighting Cocks; B=Blood, F= Faeces, NS= Nasopharyngeal secretions; O=Organ tissue; --not assessed
' This practice was only evaluated in adults from 2 provinces n=400 adult males and 400 adult females
‘Evaluated from head of household questionnaire only (n=600)
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5.3.1.1 Food preparation practices

Preparing poultry for consumption consists of a series of steps including slaughtering the

animal by breaking the neck or cutting the throat, bleeding, boiling, defeathering, removing

and washing internal organs, and cutting and washing meat. Although family members as
young as two years old reported being involved in the preparation of poultry for consumption

during the study periods, these practices were primarily the responsibility of family members
1660 years old (Figure 5-2).

100 , '™Bil
m Slaughter
W Cut meat
- M Wash meat
M Remove internal organs
- M Wash Internal organs
§ so
-
2
o
a
25
0
0-10 1115 16-25 26-40 41-60 61+ All Ages
Age Group

Figure 5-2 Food preparation practices by age group

Both men and women were involved in each of the stages of food preparation (Table 5-2),
however overall, the proportion of adult subjects involved in all practices related to food
preparation was higher than child subjects (Table 5-2). Among adults (n=2,400) significantly
more men than women slaughter poultry and remove internal organs whereas adult women

more often boil poultry, cut meat and wash meat.
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Table 5-2 Food preparation practices by age group (n=3,600)

Adults 216 y(?ars old , Children <16 years old
- (% rela\;)olrtlng) X p-value (% reporting)
ota ale  Female 3 £
kean o : A Total X p-value
(n=2400) (n=1201) (n=1199) el farmalo) (n=1200) (adult v. child)

Slaughter/ bleed 36.6 54.5 18.7 332.3  <0.001 11.5 2491 <0.001

Boil 65.5 56 74.9 94 .4 <0.001 19 690.7 <0.001
Remove internal

organs 55 61 49 349 <0.001 13 584.4 <0.001
Wash internal

organs 63.3 62 64.6 1.7 0.185 20 601.2 <0.001
Cut meat 68 59.6 76.5 78.5 <0.001 12.7 981.3 <0.001
Wash meat 69.9 64.3 75.6 36.3 <0.001 19.5 816.6 <0.001

Among children, more males than females slaughtered poultry (17.0% vs. 5.8%, p<0.001)
and removed internal organs (15.7% vs.10.2%, p=0.005), while more females than males are
responsible for boiling poultry (22.3% vs.15.9%, p=0.005) and cutting meat (15.7% vs.9.8%,
p=0.002).

5.3.2 Principal Component Analysis of Food Preparation Variables

Using PCA, a set of eigenvectors and eigenvalues were calculated for each of the factors (i.e.,
cook, slaughter, boil, remove internal organs, wash internal organs, cut meat, wash meat)
describing food preparation. Two principal components were retained on the basis of the
scree plot (i.e., the number of components to use in further analyses is indicated by the

inflection point in the graph; Figure 5-3).
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Figure 5-3 Scree plot of eigenvalue (primary axis), proportion of the variance explained

(secondary axis) by principal component
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The first principal component (PC) or practice 1), which accounts for approximately 70% of
the total variation in practices between individuals in the survey, consisted of all seven of the
original food preparation variables (cook, boil, slaughter, cut meat, wash meat, remove

internal organs, wash organs) and hence can be interpreted as general food preparation.

The second principal component (PC,, practice 2), which accounts for a further 12% of the

variation, was dominated by the practice of slaughtering (highlighted in red in Table 5-3).

Table 5-3 Eigenvectors for each principal component

Principal Component

Variable a 1 a 2

Cook a;  0.3368 a,; -0.3832
Boil a;; 0.3780 a,, -0.3141
Slaughter a;3  0.2792 03 0.7462
Cut Meat a4 0.4105 a, -0.2213
Wash Meat a;s  0.4200 as -0.1359
Remove Internal Organs a;s  0.3922 Oy 0.3332
Wash Internal Organs a;; 0.4087 057 0.1388

Two new variables were created using eigenvectors as weights (Table 5-3), where practice 1
(PCi=a1 X711 + 012X )2 + a13Xy3 + 014X14 + 015 X5 + a16X16 + 017X7) and practice

(PCr=021X51 + 022X27 + 023X03 + 024X24 + 025X25 + 026X26 + 027X27). The frequency of
practice 1 (general food preparation, 71% variation) follows a similar age pattern in males

and females with the highest scores between the ages of 16-25, 26-40, and 41-60 (Figure 5-4).

Subjects >60 years old had lower practice scores than children between the ages of 11-15

years old.

Practice 2 (slaughtering and removing internal organs) shows greater differences by gender
with this practice predominately undertaken by males (Figure 5-5). There are significant
differences in practice 2 by gender among subjects with males reporting higher scores than

females across all age groupings (two-sample t-test p<0.001).
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Figure 5-4 Practice 1-general food preparation-by age and gender

Note: the median value is indicated by the horizontal bar inside the box, the upper and lower edges of the box are the 75" and 25%
percentiles, respectively: the * are outliers (>1.5 times the IQR); the upper and lower edges of the whiskers (lines) are the largest and

smallest non-outlier values

Figure 5-5 Practice 2-slaughtering and removing internal organs-by age and gender

i is indi i insi dges of the box are the 75" and 25"
: dian value is indicated by the horizontal bar inside the box, the upper and lower e ; .
;Ic(;::ec;}ilfe;mrze;;!;ctivcly; the * are outliers (>1.5 times the IQR); the upper and lower edges of the whiskers (lines) are the largest and

smallest non-outlier values
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5.3.3 Other Poultry Contacts of Adults and Children

Regular contact with poultry for adult subjects (n=2,400) also includes using faeces for
manure (55.9%; no variation by gender), touching sick or dead poultry with bare hands
(49.7% in males vs. 40.6% in females, X*=20.8, p<0.001), caring for fighting cocks (5.0% in

males vs. 1.4% in females, X’=24.7, p<0.001), and preparing wild birds for food (36.4% in
males vs. 19.3% in females, X*=87.6, p<0.001).

Among children (n=1,200) household responsibilities include feeding poultry (77.3%),
gathering poultry and placing in designated areas or cages (43.5%), gathering/touching eggs
(45.6%), cleaning poultry faeces (44.2% in males vs. 37.4% in females, X*=5.1, p=0.02) and
treating sick poultry with traditional medicines (18.5%).

Within the recall period, 35.9% of children reported that they had usually played with birds
that were alive (42.5% male vs. 29.0% female, X*=23.8, p<0.001), 2.7% reported playing
with sick birds and 4.2% reported playing with dead birds (no gender difference). Thirty-two
percent of children reported removing feathers from sick/dead birds (no gender difference),
and 16.3% of children bathed or swam in ponds (no gender difference) in which poultry have
access: of those 37.8% reported doing this every day. Twelve percent of adults (n=799)
reported swimming, bathing or fishing in ponds where poultry have access (did not vary by
gender). This reported activity was highest in children between the ages of 11-15 (16.5%)
followed by children between the ages of 1-10 (16.2%) compared to adults.

A small number of child subjects were involved in the care of fighting cocks (5.7%; n=68;
Table 5-1). Among children (n=1,200) 6.7% feed fighting cocks; 2.6% touch bloody fighting
cocks; 2.8% clean feathers; 1.3% clean trachea with a swab or feather; 1.8% share water from
the same bottle; 0.5% kiss, suck or lick wounds; and 0.5% blow into the beak of a fighting
cock (the latter three are practices that occur during fighting cock matches). Twenty-cight
percent of child subjects reported attending fighting cock matches compared with 11.3% of
adult subjects (X°=157.9, p<0.001). Among children, attendance at fighting cock matches
was higher among males than females (35.0% vs. 20.6%; X*=30.7, p<0.001). Adults reported
attending matches on average once per week with the highest proportion of attendance among

males between the ages of 16 and 25 years old (31.7%).
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5.3.4 Use of Personal Protective Equipment when Handling Poultry

The use of personal protective equipment (e.g., gloves, rubber boots, face masks, aprons)

among those that came in contact with poultry in a domestic setting was low. Few
individuals had these items in their homes (as was observed by interviewers) however, more

than half of the subjects reported (but were not observed) wearing such items when handling

poultry (Table 5-4).

Table 5-4 Reported use of PPE by subjects caring for poultry (n=1746)

% reporting used

Protective Equipment % Yes Everyday Sometimes
Gloves in household 7.2

Use Gloves when touching poultry (n=125) 65.1 250
Boots in household - 6.8

Use boots when touching poultry (n=118) 48.3 26.7
Apron in household 7.3
- VlﬂJsVejapron when touching poultry (n=127) 64.3 32.5
Mask in household 26.4 -

Use mask when touching poultry (n=461) 61.5 25.2

" Restricted to adults that cared for poultry

5.3.5 Awareness of Avian Influenza

5.3.5.1 Adults

Awareness of “bird flu” is high among adults (98.9%). The primary source of information
for adults (n=2,400) is TV (89%), radio (76%) and posters (20%), however significantly
more adult males than adult females report hearing/learning about Al from TV (90.8% vs.
87.2%; X*=7.9, p=0.005), radio (82.5% vs. 69.2%; X?=57.3, p<0.001), newspapers (3.5% vs.
2.0%, X*=4.9, p=0.03), posters (22.9% vs. 16.9%, X’=15.2, p<0.001), village vet staff (6.4%
vs. 4.1%, X*=6.4, p=0.01), and NGO health education sessions (11.6% vs. 8.4%, X'=6.9,

p=0.009).

Figure 5-6 illustrates the differences in the source of bird flu information in the six provinces.

Of special note is the large variation in the proportion of subjects that learn about AI from

television (76-96% depending on province) and radio (54-84% depending on province).
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Figure 5-6 Source of Al information among adults by province (2 16 years old, n=2,400)
BM=Banteay Meanchey; KC = Kampong Cham; PR=Pursat; PV= Prey Veng; SV=Svay Rieng; TK=Takeo

5.3.5.2 Children

Among child respondents (n=890'"), awareness of “bird flu” is high (94%); however the
proportion of children that had heard of “bird flu” increased by age (68.2% 1-4 yrs old.
89.9% 5-9 years old, 98.0% 10-15 years old); X2=73.7, p<0.001). The main sources of their
Al information include TV (91%), radio (55%) and school (29%; Figure 5-7). Despite high
awareness of Al, approximately half (45.8%) of the children believe that they cannot become

infected with AI, however this varied by age group (29.0% 1-4 yrs old. 30.2% 5-9 years old,
52.6% 10-15 years old); X?>=47.0, p<0.001). Less than half of the children interviewed (41%)

1% Only children who were able to respond to the questions themselves (i.e., without the assistance of a parent or
guardian) were asked knowledge and attitude questions about Al (n=890/1,200; 74%)

LSHTM [ Van Kerkhove MD PhD Thesis 128



believe they can be infected with Al by touching (any) poultry or by touching sick or dead
(died from illness) poultry (38.4%).

L “ 90.9%
Radio ERSRRRIRRD AR RN 54 0%

School/tcacher _ 29.3%
Poster NN 18.4%

Family 11.5%

Village Chief h 2.3%

Village Vet El.?%

0% 25% 50% 75% 100%

Percent Reporting
Figure 5-7 Source of Al information among children (1-15 years old)

5.3.5.3 Transmission of avian influenza

Adult subjects were asked a series of questions about possible modes of AI transmission

(human-to-human, animal-to-human transmission). Their responses are shown in Figure 5-8.

For example, 76% of adults believe that they can become infected with Al from swimming in

ponds. Eighty-three percent of adults believe they can become infected with Al by touching

poultry faeces, however this was believed by significantly more men (86%) than women

(79%; X*=18.8, p<0.001). Of note, approximately 60% of the adults surveyed believe that Al

can be transmitted via sexual contact similar to HIV transmission and 89% believe that Al

comes from poultry raised outside of Cambodia whereas 31% believe that AI can be found in

locally raised species.

Approximately 97% of adults believe that Al can be transmitted through undercooked poultry

products, while only 10% believe that Al can be transmitted via well-cooked poultry products.

Seventy-four percent of adults believe risky practices include touching wild birds (74.2%),

eating wild birds (76%), touching poultry blood (91%), eating eggs from healthy poultry
(62.5%), touching healthy poultry (8%), touching sick or dead poultry with bare hands

(96.5%), or from other people (8.2%).
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Figure 5-8 Beliefs on transmission of Al among adults (Do you think Al can be transmitted
by...; n=2,398)

" X? test p<0.001; ¢ X? test p=0.001

5.3.6 [Estimates of Exposure Risk

Based on the identified patterns of contact and assumptions of transmission risk (f; Table
5-1), estimates of exposure risk were calculated for each subject and analyzed stratified by
age and gender (Figure 5-9). Overall, exposure risk was higher among males than females for
subjects above the age of 10 (11-15 age group, p=0.002; 16-25 age group p<0.001; 26-40 age
group, p<0.001; 41-60 age group, p<0.001; 61+, p<0.001). In both males and females
exposure risk varies by age with the greatest risks among males between the ages of 26-40

and 16-25 (Figure 5-9). There was also a high degree of variability in risk (as seen in the
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large confidence intervals). Of the 3,600 subjects, there were 590 subjects with an exposure

risk score above the 90™ percentile of the sample. These subjects were predominately male
(72.6%) with a median age of 30 (IQR range 21-42).

Figure 5-9 Exposure risk scores by age and gender

Note: the median value is indicated by the horizontal bar inside the box, the upper and lower edges of the box are the 75™ and 25"
percentiles, respectively; the * are outliers (>1.5 times the IQR); the upper and lower edges of the whiskers (lines) are the largest and
smallest non-outlier values

5.3.6.18ensitivity analysis of B weightings

Exposure risk scores were also created using identical methods as described in section 5.2.2.2
but with different f weightings. Figure 5-10a shows the results of the exposure risk scored
by age and gender using a 1:1:1 ratio for 1, 2 and f3 and Figure 5-10b shows the results of
the exposure risk scored by age and gender using a 20:5:1 ratio for #1, 2 and 3. These
results find a similar risk pattern with respect to age and gender among subjects. The highest

risk scores are among males between the ages of 26-40 followed closely by males between

the ages of 16-25.
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Figure 5-10 (a) Exposure Risk Scores by Age and Gender weighting 1, B2, f3=1 and (b)
Exposure Risk Scores by Age and Gender weighting $1=20, B2=5, f3=1

5.4 Discussion

These results demonstrate that most of the population in rural Cambodia is in frequent contact
with domestic poultry, with an estimated 52% of the population carrying out on a regular
basis at least one of the practices that one might consider high risk of effective transmission if
the bird is infected. I also found that the frequency of exposure to poultry was higher in this
study population than that reported in the control subjects used in the Vietnamese (Dinh et al.
2006) and Thai (Areechokchai et al. 2006) case-control studies, suggesting that contact

patterns in Cambodia may differ to those in these neighbouring countries. However, at
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present there are no other similar studies from these countries to enable a direct comparison
to be made. Given the widespread exposure to poultry, it is perhaps surprising that only a
small number of H5N1 cases have been reported in Cambodia. Although there is considerable
scope for under-reporting of human cases the small number may be due to several factors—
the lower density of poultry per km? in Cambodia as compared to Thailand and Vietnam
(FAOSTATS 2008), the low probability of people dealing with an infected domestic bird (i.e.

M

low H5N1 prevalence and/or a short duration of infectiousness), and a low probability of

effective viral transmission.

Within Cambodia, the typical diet consists primarily of white rice and fish products; animal
products compose less than 8% of the daily energy supply (FAO 1999). Eating poultry as a
source of protein is usually reserved for special occasions, typically weddings and national

holidays (e.g., Khmer New Year [April], Chinese New Year [January/February]) and

frequency food preparation of poultry therefore differs seasonally.

It is assumed that the probability of risk from preparing and consuming poultry is negligible
if food preparation is conducted under strict hygienic conditions (Greiner et al. 2007).
However. the use of personal protective equipment (i.e., gloves, rubber boots, face masks,
aprons) of the subjects in these study areas when in contact with poultry was negligible. Few
individuals were observed to have these items in their homes with less than 5% of subjects
reporting wearing such items when handling poultry. Inactivation of HSN1 on the surface of
poultry can occur when the animal is boiled, therefore if poultry are boiled before
defeathering as is the case in Cambodia, the risk of exposure during defeathering is reduced.
Furthermore, WHO guidelines state that cooking above temperatures of 70°C will inactivate
H5NI in meats and organs therefore boiling before defeathering would also reduce the
exposure potential of individuals cutting/washing meat or internal organs (WHO &

INFOSAN 2005).

Although awareness of Al was high among the study subjects, understanding of bird flu was
low, especially among children, and at risk poultry handling behaviour continues to be
common in rural areas. Despite more than 94% of children 15 years old and younger saying
that they have heard of “bird flu,” almost half of them do not believe they are at risk of
infection from H5N1. Public awareness campaigns and risk behaviour modification

intervention programs should therefore be targeted accordingly.
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Even though poultry contact was widespread, there was substantial variation in the frequency
of different practices, which although they differed in magnitude according to practice,
provide evidence that the potential risk of transmission of H5N1 from poultry to humans is
not uniform across age and gender even amongst populations living in close proximity to
poultry. Males between the ages of 26-40 reported practices of contact with poultry that give
rise to the highest HSN1 transmission risk potential, followed closely by males between the
ages of 16-25. This population group differs from the age and sex distribution of the 387
confirmed H5N1 human cases that occurred up to 30 December 2008, in which an excess of
cases were observed in children and no differences observed between genders(Writing
Committee of the Second World Health Organization Consultation on Clinical Aspects of
Human Infection with Avian Influenza 2008). However the group with highest exposure in
our study is more similar to the age/sex distribution of the confirmed Thai cases (n=25). The
mean age of cases was 22 years and 64% of cases were male (WHO 2006-2009). Such socio-
demographic differences in human cases of H5N1 may be because contact patterns with
poultry differ between countries. It is also possible that there may be differences by age in
intrinsic immunologic susceptibility to infection, pre-existing immunity against human

influenza A virus and/or clinical presentation of disease.

This semi-quantitative risk assessment has several limitations and lacks the power of a formal
quantitative risk assessment because of epidemiologic data gaps and uncertainties of H5N1
pathogenesis in the host species. To improve future assessments a number of areas would
need to be strengthened. First, data are urgently needed on the prevalence of HSN1 in poultry
species in regions where H5N1 is recurrent or endemic in domestic poultry flocks. These
data are likely to be influenced by the use of biosecurity measures used on farms and in
backyard farming settings. While HSN1 poultry outbreaks in countries are reported, because
infection may remain asymptomatic in some host species (e.g. ducks), it is difficult to infer
prevalence from poultry outbreak reports alone. Prevalence estimates in poultry will allow a

greater understanding of the probability that a farm or animal is infected with HPAI/H5N1 (P,
Figure 5-1).

Secondly, improved knowledge is needed on all the potential routes of transmission of H5N1
from poultry-to-humans and the prevalence of such practices in human populations. I have
evaluated what I believe are the main potential routes in which people can become infected

with H5N1, however we currently lack sufficient data from the confirmed H5N1 cases
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around the world to fully evaluate other potential risk factors for infection such as what role
water and other environmental factors play in transmission. Transmission could also include
oral ingestion, conjunctival or intranasal inoculation from contaminated water while drinking,
swimming or bathing or from faeces while caring for poultry (Vong et al. 2009) and may
explain why more children than adults are infected. Furthermore, asymptomatic cases may

occur because of low concentrations of viruses in the environment.

Thirdly, an understanding of the influence of genetic and/or immunological factors on
transmission is urgently needed since there has been limited yet inefficient human-to-human
transmission. There have been several suspected clusters of HSN1 among blood relatives in

Indonesia and other countries, however these have been rare occurrences to date (Kandun et
al. 2008).

Lastly. virus transmission potential should not be treated as equal across contact practices.
Empirical data are needed on virus survival in poultry during food preparation practices, in
poultry waste (1.e., poultry scrap, faeces), in soil and in water under different environmental
conditions. In addition, data—either experimentally produced or collected during field
investigations—are urgently needed on the persistence of HSN1 in poultry tissues.
Specifically, which organ, tissue or secretion, if any, has the greatest potential for poultry-to-
human transmission. One way of estimating this is to quantify the viral concentrations in
various tissues under a variety of conditions (e.g., days post infection, whether or not the

animal is exhibiting symptoms, by vaccination status, etc).

Collaboration between human and animal health sectors is essential to understand the risk of
transmission between domestic poultry and humans. Current exposure estimates are too
general to explain the current pattern or to predict future cases of H5SN1 infection in human
populations. Rapid, systematic and standardized collection of detailed information on poultry

contact patterns in suspected human outbreaks of HSN1 would improve our understanding of

transmission from poultry to humans.
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Chapter 6 Poultry Contact Networks in
Cambodia: Implications for Improving Highly

Pathogenic Avian Influenza (HPAI/H5N1)
Surveillance and Control

6.1 Introduction

In past epidemics of infectious disease, the movement of humans and animals has been
instrumental in the transmission of the disease over great distances. Beginning around
1350AD and for the next 300 years, the transmission of the “Black Death” throughout Europe
and Asia can be traced to the movements of humans on foot, horseback and boat (Scott &
Duncan 2005). More recently, the worldwide epidemic of SARS illustrated our global
connectedness via air travel (Hollingsworth et al. 2007; Hufnagel et al. 2004).

The movement of animals has played a key role in disease transmission as was seen in the
2001 Foot and Mouth Disease epidemics in the United Kingdom (Chis Ster & Ferguson
2007; Ferguson et al. 2001; Ortiz-Pelaez et al. 2006) and HPAI outbreak in the Netherlands
(Boender et al. 2007; Stegeman et al. 2004). An understanding of human and animal
movement and their contact structures—that is the links between premises via people,
animals and equipment—can be used to design more targeted surveillance activities and
inform models of disease spread which could result in more cost-effective disease prevention
and control (Colizza V et al. 2007; Dent et al. 2008; Green et al. 2008; Hollingsworth et al.
2007; Hufnagel et al. 2004; Kiss et al. 2008; Truscott et al. 2007). Such targeted surveillance

are particularly useful in resource limited settings (Stark et al. 2006).

Live bird markets are an important reservoir for HPAI (Woo et al. 2006), as seen in previous
outbreaks in the US, Vietnam and Hong Kong (Hayden & Croisier 2005; Horimoto &
Kawaoka 2001; Kung et al. 2003a; Nguyen et al. 2005; Wang et al. 2006) and as such, the

movement of poultry through markets is potentially important in the circulation and spread of

HPAI(Kung et al. 2007; Sims et al. 2003).

Within many countries in Asia, including China, Thailand, Vietnam and Cambodia, some
HPAI/H5N1 surveillance programs have focused on live bird markets in which samples are

taken and tested for influenza A viruses and/or antibodies on a routine basis. These activities
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have shown that H5N1 is circulating in live bird markets (Amonsin et al. 2008; MAFF;
Nguyen et al. 2005; Wang et al. 2006). Research has suggested, however, that implementing
rest days, in which poultry stalls are emptied, cleaned and restocked can reduce transmission
of HPAT and other viruses among birds in live markets(Kung et al. 2003a). Despite their
likely role in the circulation and spread of HPAI in South East Asia, little is understood about
the poultry market chains or the types and frequencies of contact that exist between rural

people raising poultry, local markets and large-national poultry markets in the major cities.

A second cross-sectional survey of rural, peri-urban and urban market sellers and middlemen
(i... poultry traders) was conducted in Phnom Penh and the same six Provinces (Kampong
Cham, Prey Veng, Svay Rieng, Takeo, Pursat, Banteay Meanchey) to evaluate their weekly
trading practices and assess seasonal changes in trading and/or poultry movement. The

overall aim of the second study is to describe the current movements of poultry throughout
Cambodia and examine how these movements influence the potential spread of HPAI at local,

regional and national levels.

In addition, the results of this study are used to inform the Cambodia’s HPAI surveillance
strategies. Within Cambodia, the financial and personnel resources of the veterinary services
have been limited and unable to implement nationwide continuous surveillance and/or
vaccination programs. Risk based surveillance recommendations take into account financial
and human resources constraints by the veterinary infrastructure (Snow et al. 2007; Stark et al.

2006).

Three months before data collection ended for this study (September 2007), NaVRI in
collaboration with FAO Cambodia began to survey ducks in 14 markets located in 6
Provinces, increasing to 24 markets in 11 Provinces. Their aim was to detect the “presence of
HPAI/H5N1 in the major duck producing regions of Cambodia, to estimate the level of risk
that ducks pose to poultry (chickens and ducks in traditional and commercial enterprises, to
enhance the public awareness of Avian Influenza in poultry markets and to reduce the risks of
transmission from ducks to poultry and humans by greater understanding of the epidemiology

of HPAI in ducks and the development of effective control measures” (MAFF Unpublished
Data).

6.1.1 Objectives of the Chapter

The objectives of this chapter are:
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¢ Identify all poultry markets within Phnom Penh and the 6 study areas;

* Describe and map basic selling characteristics of markets;

 Identify middlemen responsible for transporting li : . .
g live poultry in the 6 d int
and out of Phnom Penh:; pouliry provinces and into

) De;ermine the extent and frequency of occupational poultry handling behaviour of study
subjects;

* Characterize and illustrate poultry trading practices of rural Cambodians, market sellers
and middlemen;:

* Characterize the potential role of networks in HPAI/HSN1 virus circulation; and

* Highlight where interventions need to be targeted in the case of poultry outbreaks or if
possible where vaccination should take place.

6.2 Methods and Materials
6.2.1 Data Collection: Rural Cambodians

Poultry movement and trading data from rural Cambodians was collected during the first
cross-sectional survey of rural Cambodians in six provinces (Kampong Cham, Prey Veng,
Svay Rieng, Takeo, Pursat, Banteay Meanchey) from November — December 2006 and
November-December 2007 as described in Chapter 3. The survey included 115 village chiefs
(1 per village) and 600 heads of households (100 per province).

In summary, standardized questionnaires were administered by trained interviewers in Khmer.
In addition to the topics of questions described in Chapter 3, additional questions were
included in the questionnaires for the heads of household and village chiefs to collect data on
poultry trading practices from within and outside of their home village. Questionnaires for the
Head of Household and village chiefs are provided in Appendix B. The additional questions

on poultry trading practices are described below:

Village Chiefs: Variables included the frequency of poultry trading via middlemen from their

village and destination where the poultry were sold.

Heads of Household: Variables included the frequency of selling poultry within and outside
of their village, the destination where poultry were sold, the quantity of poultry sold (by

species) to each destination, and the use of middlemen for trading poultry.
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6.2.2 Data Collection: Poultry Traders
6.2.2.1 Identification of poultry traders and markets

In rural areas of the above provinces and in Phnom Penh, meetings were held with provincial
and district level veterinarians to identify all markets located within the study districts that
sold poultry. Visits were made to each named market and discussions were held with local
market sellers to determine 1) if poultry were sold at the markets 2) the time of day poultry
sellers sold at the market, 3) if middlemen worked at the market and if s0, 4) when and where
they were likely to frequent the market. For the purposes of this study, I defined an eligible
poultry market as those that contain >3 poultry selling stalls. Return visits were made to all

eligible markets to interview all available market sellers and middlemen.

Snowball sampling methods (Wasserman & Faust 1994) were utilized to identify poultry
selling markets, poultry sellers and middlemen responsible for trading poultry in the study
areas and into Phnom Penh. Snowball sampling techniques are used when the quantity of
individuals in the sample (e.g., poultry markets, market sellers and middlemen) are unknown.
There are no known lists of markets, market sellers or poultry traders available from the
Ministry of Agriculture, Fisheries and Forestry or any other source. To obtain information on
poultry markets in Phnom Penh and the trading of poultry into Phnom Penh, a focus group
discussion was conducted with Phnom Penh market veterinary inspectors. Twenty-one vet
inspectors from 15 markets were split into two groups and both discussed the two main
objectives, which were to identify all markets selling poultry within Phnom Penh and gain
insight into how to identify middlemen responsible for trading poultry at these markets
(Figure 6-1). Market lists prepared by the two groups were compared and a final list of

markets was created.

Figure 6-1 Focus group discussions with Phnom Penh market vet inspectors
Permission was obtained from all subjects to take and use photographs in reports.
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All markets identified through the focus group discussions were visited by field staff to
collect basic data on the market selling characteristics, including the animals sold at the
market (chickens, ducks, geese, cattle, pigs, fish, other), the number of live and “prepared”

(i.e., boiled and defeathered at home prior to sale at the market) poultry stalls, and if poultry

sold at the market were caged, tied together or free-ranging.

Veterinary inspectors who formed the focus-groups were not able to identify middlemen
trading poultry with Phnom Penh markets, but provided contact details of members of the
Office of Animal Health and Production in Phnom Penh. The Office of Animal Health and
Production in Phnom Penh holds similar responsibilities for animal health as NaVR] except
that they are responsible for animal health in Phnom Penh whereas NaVRI is responsible for
animal health throughout the entire country. In-depth face-to-face semi-structured interviews
were held with the Chief of Animal Movement in Phnom Penh and his staff who provided
information about animal movement into the capital. During these interviews, information
was obtained on poultry movements into Phnom Penh, the number of middlemen thought to
be responsible for trading poultry in the six study provinces as well as into Phnom Penh and
the transport patterns of middlemen, which were used to determine the most likely locations

for interviews with middlemen.

Following interviews, field visits were made to veterinary inspection points located along all
six national roads leading into Phnom Penh and three poultry markets in Phnom Penh
identified as the “main poultry selling markets” (i.e., Orussey, Chba Ampov and Deum Kor
Markets). As a result of my interviews with vet inspectors from these three markets and
middlemen, approximately one dozen poultry stock houses located near these three main
poultry selling market in Phnom Penh and 16 semi-commercial poultry farms were identified
as being integral in the movement patterns of poultry. Field visits were also made to each of

these locations.
6.2.2.2 Interviews of market sellers and middlemen

Structured interviews with middlemen took place during field visits to markets which
coincided with the known and suspected times the middlemen traded at each market,
inspection points along national roads, stock houses in Phnom Penh and semi-commercial
farms in Phnom Penh between October 2006-April 2007 and October-December 2007

(Figure 6-2). Structured interviews of market sellers took place during field visits at the time
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of day when market sellers were known to sell poultry (identified by district veterinarians and
discussions with market sellers) and included all available market sellers at the markets.

Repeat visits to the three main markets in Phnom Penh were made until one market seller per

stall was interviewed.

¥ o —

¥ .
Figure 6-2 Interview of middlemen at inspection point along National Road No. 6

Permission was obtained from all subjects to take and use photographs in reports.

The questionnaires for the market sellers and middlemen are provided in Appendix F. The

variables included in each questionnaire are described below.

6.2.2.3 Questionnaires for poultry market sellers
Questionnaires were designed for poultry market sellers to address:

Market Level Questions: The first page of the poultry market seller questionnaire was
observational and aimed to collect information at the market level and the stall level.
Variables included: GPS coordinates of the market; which animals were sold at the market
(yes/no; chickens, geese, singing birds, fighting cocks, ducks, pigs, cattle, fish, other); how
each species was sold at the market (observed; alive, dead, sold whole or in part and whether
organs of the animal are sold); the number of stalls at the market that sold live poultry and
prepared (slaughtered away from the market) poultry (observed and supplemented by asking

other market sellers); characteristics of how the birds were kept at the market (observed;

LSHTM [ Van Kerkhove MD PhD Thesis

141



free-ranging, caged, tied together); and if poultry faeces were visible on the ground of the
market (observed; yes/no).

Stall Level Questions: With the exception of how many poultry stalls were at the market, the

same set of observations that addressed characteristics of the market were used to addressed

the characteristics of the market sellers poultry stall.

Demographic Information of the Market Seller: Variables included: age (years old) and
gender of the market seller: number of years they had traded at the market; and what type of
trade was conducted at the market (bought only, sold only, bought and sold). Permission was

sought to contact the market seller again and a mobile phone number was recorded if they

owned a mobile phone.

Poultry Selling Characteristics: Variables addressed to the market seller included: number of
people by gender that were working at the stall on the day of interview; quantity of people
(by gender) responsible for preparing poultry for sale; quantity of people (by gender)
responsible for boiling, bleeding, defeathering, removing internal organs, butchering of their
poultry; the location (home or at market) where boiling, bleeding, defeathering, removing
internal organs, butchering of their poultry took place; the use of gloves, boots, aprons, face
masks (plastic or cotton) or other PPE on the day of interview (observed and recorded as
yes/no); the number of times per week they cleaned their poultry cages and selling areas; and

the use of disinfectant when cleaning their stall (yes/no) (Figure 6-3).
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Figure 6-3 Market seller from Poipet (ak) Market, ; Banteay Meanchey prin Cbodia

Permission was obtained from all subjects to take and use photographs in reports. Note the cage for live poultry, poultry scrap pile and
resting quarters behind the selling platform.

Use of middlemen in poultry trade: Variables included: number of days per week live
chickens and ducks were received from middlemen; quantity of animals they received per
shipment (if the subject was not able to provide an absolute quantity, a range of animals was

recorded); and method of transportation of their poultry shipments (motorbike, car, truck,

other).

Origin of poultry: Variables included: number of middlemen they purchased poultry from
(interviewers recorded “0” if market sellers did not use middlemen and purchased poultry

themselves); and the origin of the poultry they sold (country, province, district, village and/or

market).

Seasonality of trading: Market sellers were asked to list periods of increased trading (e.g.,
holidays or festivals). Variables included: the name of the holiday or festival that was
responsible for increased trading; and quantity of chickens and ducks sold in the 4 weeks

prior to the listed holiday (if the subject was not able to provide an absolute quantity, a range

of animals was recorded).

LSHTM | Van Kerkhove MD PhD Thesis 143



Questionnaires were designed for poultry market sellers (Appendix F) to address:

Demographic information of subject: Variables included: age (years old), gender, number of
years employed as middleman; and the number of villages visited each day (#) and week #)
to purchase poultry. Permission was asked to contact the market seller again and a mobile

phone number was recorded if they owned a mobile phone. In addition, GPS coordinates

were taken at the location of the interview.

Origin of poultry: Variables included: the location(s) of origin where poultry was purchased
(country, province, district, village and/or market); the number of visits each week to the
named location(s); the quantity of chickens and ducks purchased at each location; the state of
the poultry at the time of purchase (alive, prepared [i.e., dead: boiled, defeathered, internal

organs removed] or dead and not prepared).

Destination poultry were sold: Variables included: the number of locations to which they sold
poultry; the name of the locations(s) where poultry were sold (i.e., destination: country,
province, district, village and/or market); the estimated distance between the origin and
destination of each poultry trade (km); the quantity of chickens and/or ducks sold to each
destination each week. Middlemen were also asked if they purchased poultry from or sold
poultry to Vietnam (yes/no) and Thailand (yes/no); and if they purchased dead or sick

animals (yes/no).

Poultry Transport: Variables included: mode of transportation used for chickens and/or ducks
(moto, car, truck, other specified); if chickens and/or ducks were transported alive, dead or
both alive and dead; if chickens and ducks were mixed during transport (yes/no); the quantity
of chickens and/or ducks carried on their vehicle; the use of cages during transport (yes/no).
If cages were used, middlemen were asked what the cages were made of (wood, plastic, or
metal); if cages were stacked on their vehicle (yes/no); if there were trays to catch faecal

matter beneath each cage (yes/no); and if cages were cleaned after each transport (yes/no).

Selling Practices: Variables included: if all poultry traded by the middleman each day was
sold on the same day (always, sometimes, never); and what they did with poultry that they

were unable to sell during the day (bring home, send them to slaughter, bring to other markets,

bring back to other farms or other).
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Seasonality of Trading: Middlemen were asked to list periods of increased trading (e.g.
holidays or festivals). Variables included: the name of the holiday or festival that was
responsible for increased trading; quantity of chickens and ducks sold in the 4 weeks prior to

the listed holiday (if the subject was not able to provide an absolute quantity, a range of

animals was recorded).

Hllustration of Movement via Middlemen: At the end of each questionnaire, interviewers were
instructed to sketch the path of poultry from origin to final destination. This was included in
the questionnaire as a method to verify that the data collected via the questions would
represent the actual path of movement from the point of origin to the point of destination. An

example of this is shown in Figure 6-4 below.

HEN1 Survey of Middlemen
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Figure 6-4 Example of a sketch of poultry movement collected from a study subject

This illustration provides an example of how the movement of live chickens from Takeo Market, Takeo Province to Olympic Market in
Phnom Penh was captured in the questionnaire.

6.2.3 Recruitment of Staff, Interviewer Training and Questionnaire Piloting

Three interviewers were trained to administer the questionnaires in Khmer. Piloting of the
questionnaires took place in rural poultry selling markets to determine the best approach of
administering the questionnaire so as to minimize disruption of selling and how to structure
the questions to best obtain origin of purchase and final destination where the poultry were
sold. We encountered difficulties in identifying the appropriate time to administer the
questionnaire since poultry sellers were very busy while at the markets. I found that the best

approach was to be at the markets before they began selling and remain in the market until

LSHTM [ Van Kerkhove MD PhD Thesis 145



after they finished selling their poultry to wait for moments where they were free to spend a

few minutes to be interviewed.

The questionnaires were modified to improve the nature in which poultry origin and

destination information was recorded. I found that it was best to include a table format

(Figure 6-5) to capture these data.

ID Code: | |

H5N1 Survey of Middlemen
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Figure 6-5 Table in middlemen questionnaire to obtain poultry origin data

6.2.4 Data Entry and Analyses

All data were entered into EpiData v 3.2 and analyzed using STATA v10 (StataCorp, College

Station, Texas).

The study population is described as the number of subjects recruited and interviewed for
each subject type (head of household, village chief, market seller and middleman). Gender is
presented as the number and percent male for each subject type. Descriptive data on age 1s
presented as median and IQR and is presented for both male and female subjects. Age
distributions were compared using Wilcoxon rank sum tests for males and females separately.
Binary questions of poultry selling characteristic are presented as numbers and percentages
and compared across geographic regions. Associations between categorical variables were
tested by cross-tabulating them in a contingency table and chi-square tests or Fishers exact

tests were used for statistical tests of significance as appropriate.
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The use of personal protective equipment by market sellers was analyzed by gender and

geographic region using chi-squared or Fisher’s exact tests, as appropriate.

Reported distances from the point of origin where poultry were purchased to the destination
where poultry sold via middlemen were summarized using the median and IQR. Distance was
also aggregated into 50 km categories (e.g., 0 [traded within the same district], 1-50, 50-99,
100-149, 150-199. 200-249 and 250+ km) and the median and IQR of the number of poultry

transported for each journey was calculated.
6.2.4.1 Transforming data on quantity of poultry trade

During the data collection, my interviewers found that some subjects felt it was easier to
quantify the amount of birds sold in kilograms (kg) rather than the number of birds. Any data
on quantity of poultry that was collected as weight (kg) sold per week was converted to
number of birds using the average weight of chickens and ducks sold at Orussey Market in
April 2008 (average weight of chickens was 1.2 kg/chicken; 1.8 kg/duck) (personal
communication with the Office of Animal Health and Production, Phnom Penh). For data on
the quantity of poultry that was reported as a range, I felt that the minimum value provided by
subjects was a more accurate estimate of the quantity and thus the minimum value was used

in the analyses among those that provided a range.
6.2.5 Contact Network Analyses and Interpretation

Social network methods were used to characterize the network of poultry movements in the
study areas (Scott 2000; Wasserman & Faust 1994). Data on the origin of purchase,
destination of sale, and weekly quantities of chickens and ducks traded between the two
locations were used to create a directed network of chicken and duck movements by market

sellers and middlemen within and into Cambodia.

The locations where poultry were purchased and sold for each subject were reformatted into
source-destination pairs that included the quantity of poultry (chickens and ducks) traded
each week across each source-destination pairing using STATA v10 (StataCorp, College
Station, Texas). Poultry quantity data was aggregated for each identical source-destination

pair. Poultry network adjacency matrices (Figure 6-6) were developed separately for chicken

and duck movement.
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Figure 6-6 Example of an adjacency matrix

The letters A-S in the first column represent the source and A’-J’ in the first row represent the destination, where A=A’, B=B’ etc. The value
in the cells between the source and destination (e.g., F=B’) indicated the quantity of animals (chickens and ducks, e.g., 156) that are traded
between the source and destination on a weekly basis. The chicken and duck adjacency matrices were composed of 175 X 175 locations.

6.2.5.1 Visualization of the networks

The networks were illustrated using NetDraw v2.055 (Borgatti 2002). In the resulting
networks. nodes indicate locations and were weighted using in- and out-degree. The colours
of the nodes indicate location type (e.g., market, stock house, rural farm or household,
commercial farm, semi-commercial farm, foreign source). Edges or ties linking nodes
illustrate the direction of poultry movement as indicated by arrows and tie strength is
indicated by the thickness of arrows (i.e., the thicker the arrow, the more poultry passing

between from the two points).

In Figure 6-7 below, which is an illustration showing an example of a directed network, the

dots represent nodes (i.e., locations) and the links are represented by directional arrows.

Figure 6-7 lllustration of an example o a

The dots in this figure represent nodes and ties are directed as shown by arrows
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6.2.5.2 Characterization of a network

The group and sub-group structure of the networks were explored by examining the number
of components (i.e., the number of connected groups) within each trade network: the core and
periphery, which is a way to measure areas of low and high cohesion in the network: the cut-
points, which if removed would divide the network; and centralization, which is the extent to

which the network revolves around a single node (Figure 6-8) (Scott 2000; Wasserman &

Faust 1994).

Figure 6-8 Examples of (a) a highly centralized network and (b) a network with clear cut points

In figure b, the nodes in red, if removed would clearly divide the network in half

As a measure of how well connected the nodes (locations) are within the network I calculated
the in-degree (quantity of birds terminating at the node) and out-degree (quantity of birds
originating from the node) for each network using UCINet software (Borgatti et al. 2002).
Degree 1s the number of nodes adjacent to a given node, however in directed network degree
1s measured as in-degree, i.e., the number of links terminating at the node; and out-degree, i.c.,
the number of links that originate from the node (Scott 2000; Wasserman & Faust 1994). In
my analyses, in-degree measures the quantity of birds terminating at the node and out-degree
measures the quantity of birds originating from the node. In Figure 6-8b, the red node on the

right hand side of the diagram has an in-degree of 2 and an out-degree of 1. Degree is

calculated as Z a,; where a= adjacency matrix.
j

Betweenness is a measure of the number of shortest paths between other points in the

network that a node lies on and is a measure of the importance of the node in connecting

; g
other nodes (Scott 2000; Wasserman & Faust 1994). Betweenness is calculated as Z—’k
i,j 8i

where g, is the number of geodesics (i.e., shortest path between nodes 7 and /) including the

node of interest (k) and gj; is the total number of geodesics between 7 and .

6.2.6 Risk-Based HPAI Surveillance Recommendations
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Targeted surveillance recommendations were developed for the National Veterinary Research
Institute (NaVRI) to improve their active HPAI surveillance activities. Recommendations
were developed to identify locations in which early detection of infection is most likely to
prevent transmission from poultry-to-humans and interrupt poultry-to-poultry transmission.

The recommendations developed for NaVRI were based on the following objectives of the

surveillance:
1. Objective 1: Monitor the HPAI status of poultry populations in rural areas

e Nodes with the highest in-degree were enumerated as those most likely to detect

HPAI if it were present in the market chain.

2. Objective 2: Early detection of incursion in nodes (markets) with high potential for spread

e Nodes that are most likely to interrupt poultry-to-poultry transmission are those with

greatest number of connections and the highest out-degree scores.
6.2.6.1 Connectedness of the networks: evaluation of the potential for spread of H5NI

In addition, I also explored the potential spread of HSN1 outbreak across the network by
seeding a hypothetical HSN1 outbreak at various premises in the networks and examining
how a disease might spread across a network via links of poultry trade. Figure 6-9 below is an
example of how a disease might spread across a network via links of poultry trade. In this
example, the virus was seeded in the node identified by the black circle. The gray nodes

indicate the potential spread of the disease via directed trade links between the nodes.

Figure 6-9 Example of disease spread across duck network

Node colour indicates infected (grey) or uninfected (black) premises; black circle indicates the premises where H5N1 is hypothetically
detected

The undirected links of the networks were viewed as potential infectious links between nodes.

Likely routes of transmission included faecal-oral route via viral shedding of infected poultry
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and/or environmental contamination in the market by fomites, people and/or viral shedding of
birds. However, I assumed that each of the directed links resulted in the effective
transmission of the virus via the birds, fomites or people moving between the two nodes. No
transmission dynamics were included in this exercise; however I treated the duck and chicken

networks separately because of the difference in pathogenicity and presence of symptoms in

the two species (for example (Saito et al. 2009)).

This exercise was repeated by seeding a HPAI outbreak in each of the 15 highest out-degree
locations (which included locations in Vietnam) and separately if an outbreak were detected
in the location with the highest in-degree value (Orussey Market). The total outbreak size of

each seeded outbreak was calculated as the total number of nodes connected to the infected

premises.
6.2.7 Ethical Considerations

Ethical approval was granted from the Cambodian Ministry of Health and London School of
Hygiene and Tropical Medicine ethical committees. Prior to sampling, field visits were
conducted and meetings were held with provincial veterinarians and market veterinary
inspectors to explain the study objectives and procedures. Written informed consent was
obtained from all rural Cambodians. Verbal consent was obtained from all village chiefs,

market sellers and middlemen prior to interview.

6.3 Results

6.3.1 Subject and Market Characteristics
6.3.1.1 Poultry market identification

A total of 122 markets were identified in the study districts, of which 102 were identified as
markets selling poultry (Figure 6-10), including 43 markets in Phnom Penbh, five in Banteay
Meanchey, six in Pursat, 11 in Kampong Cham, 15 in Takeo, 15 in Prey Veng and seven in
Svay Rieng. An additional nine poultry selling markets were identified by middlemen that
were outside of the provinces surveyed including one in Kampong Chhnang, one in Kampong
Speu, one in Kampot, two in Kampong Thom, three in Kandal and one in Vietnam. Figure
6-11 shows images of the poultry selling areas of the three main poultry selling markets—

Orussey, Deum Kor, and Chba Ampov markets—in Phnom Penh.
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The median number of markets identified per district was 3 (IQR [1-4]; n=102); within
Phnom Penh the median number of markets per district was 4 (IQR 4-8.5; n=42).

Figure 6-10 Markets locations (blue dots) identified in study districts (shaded gray) in
Cambodia; the inset identifies market locations in Phnom Penh
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Figure 6-11 Poultry markets in Phnom Penh

Upper left: Orussey Market slaughtering area; upper right and lower left: Deum Kor poultry selling areas; bottom right: live bird selling area
of Chba Ampov Market

Detailed selling characteristics were collected from 62 markets. All sold prepared or live
chickens and prepared cattle, 64.5% (n=40) sold live or prepared ducks, none sold geese or
fighting cocks, and almost all sold prepared pigs (96.8%, n=60) and fish (95.2%, n=59).
Among markets that sold live chickens or ducks (n=31/62; 50%), 32.2% (n=10/31) kept live
poultry caged together while 67.8% (n=21/31) kept poultry together at the markets.

The median number of stalls selling poultry (live or prepared) at the markets was 5 (IQR 3-7,
max 34, n=62). All of the identified markets in Phnom Penh (n=43) sold prepared (boiled and
de-feathered) poultry and approximately half (46.3%) sold live poultry and slaughtered
poultry on the premises, i.e., are considered live animal wet markets. Approximately 10%

(6/62) allowed poultry to be free-ranging in the markets. However there were poultry faeces

visible on the ground at the market in 35.5% (n=22) of markets.
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6.3.1.2 Subject recruitment

A total of 115 village chiefs and 600 heads of households (100 from each study province)
from 115 villages were recruited and interviewed, as were 120 middlemen, and 102 market
sellers from the study provinces and in Phnom Penh. There were no refusals to participate in
the study by village chiefs, heads of household and market sellers. There were a few (<5)
refusals among middlemen because they felt they were too busy to be interviewed; among
those, most agreed to provide their province of origin (poultry source) and allowed

observational data (e.g., gender, species trading, mode of transport) to be collected. These

data were included in the relevant analyses.

Village chiefs, heads of household and middlemen were predominately male, while market

sellers were predominately female (84.3%; Table 6-1).

Table 6-1 Characteristics of poultry traders recruited

. . Market Village Heads of
Characteristic Middlemen Sellers Chiefs Household
N 120 102 115 600
Gender
(n [%)] male) 78 (65.0) 16 (15.7) 108 (93.9) 378 (63.0)
Age i ] _
(median, IQR) 35 (29-42) 40 (28-48) 52 (48-58) 46 (37-56)
Home r.esudence 9 8 6 6
(n provinces) (n=111)

Length of occupation years ) 9 _ .

(median, IQR) 10 (5-14) 10 (5-20)

Villages visited each week _£\a . _ _

(median, IQR) 3(2-9)

Selling characteristics n (%)

Sell any poultry 120 (100) 102 (100) P 24 (4.0)°
Chickens 102 (85.0) 96 (94.1) - 23 (3.8)
Ducks 29 (24.2) 53 (52.0) -- 3(0.5)
Chickens & ducks 19 (15.8) 49 (48.0) -- 2(0.3)

®n=110; -- not assessed; IQR=Interquartile Range
®Village Chiefs reported on selling practices of the village rather than self
¢Sell poultry outside of home village

6.3.1.3 Preparation of poultry for sale

The median number of males and females per stall responsible for preparing poultry for sale
(boiling, bleeding, defeathering, removing internal organs, butchering at the market) was 2
(IQR: 1-3, range 1-7) and 1 (IQR: 1-2; range 1-5), respectively. Table 6-2 summarizes those

responsible for each individual practice involved in preparing poultry for sale at the markets.
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Table 6-2 Numbers of people responsible for the practices associated wit '
for sale at markets ed with preparing poultry

Practice Males Females
median (range) median (range)
Boil pouitry 1.5 (1-7) 1 (1-5)
Bleed poultry* 1(1-7) 1(1-5)
Defeather poultry 2(1-7) 1(1-5)
Remove internal organs 2(1-7) 1(1-5)
Butcher (cut meat) poultry 2(1-7) 1(1-5)

*Slaughter by cutting the throat and bleeding poultry

6.3.1.4 Use of personal protective equipment by market sellers

The use of personal protective equipment (PPE) by poultry market sellers was minimal or
non-existent. The largest number of subjects using any PPE were from markets in Phnom
Penh (n=67) where 17.9% of market sellers were observed wearing gloves while handling
poultry, 13.4% were wearing face masks, 7.5% were wearing rubber boots and 7.5% were
wearing aprons. Only one market seller from outside of Phnom Penh (1/53) was observed
wearing any PPE while handling poultry. Eighty-nine percent of market sellers (83/93)
reported cleaning their selling stalls at least once per day, however only 18.1% (n=15)

reported cleaning with disinfectant.
6.3.2 Characterizing Poultry Movement
6.3.2.1 Poultry traders

Few of the 600 rural Cambodians interviewed reported selling chickens (3.8%) or ducks
(0.5%) outside of their home village during the previous eight-month period (Table 6-1).
None used middlemen to sell poultry and none were able to provide the locations where
poultry were sold. Eighty-one percent of village chiefs (n=142) provided information on the
destination of poultry sale via middlemen from their village, but were not able to quantify the

number or specify the species of birds traded.

Focus group discussions and in-depth semi-structured interviews with animal health officials
suggested that approximately 80-90 middlemen transported poultry into Phnom Penh on a
daily basis. However, our field investigations identified and interviewed 120 middlemen.
Almost all market sellers were able to provide the origin (i.e., source) of the poultry they
traded. Therefore, poultry movement data from village chiefs in the 24 districts sampled,
market sellers in the study areas and Phnom Penh and middlemen identified through
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terviews with market sellers, vet inspectors and recruited at markets in the 24 districts and

Phnom Penh and on the main routes to Phnom Penh were available for use in the network

analyses.

Additionally, 16 semi-commercial farms near Phnom Penh, which were identified from vet
inspectors and middlemen interviews with holdings of 2,000-4,500 chickens or 400-2,000
ducks (no mixed species farms were identified), were visited and the owners were
interviewed. These farms do not practice an all in/all out system. Rather there is a
“continuous flow of stock” (Kung et al. 2007) moving through the farm each week. The
predominant sources of ducks from these farms were from Vietnam, which are purchased at
1-2 days old and are unvaccinated for HSN1. Farm owners reported that these ducks are

reared for approximately two months before selling to markets in Phnom Penh.

Furthermore, approximately one dozen stock houses were identified throughout Phnom Penh
from interviews with Phnom Penh veterinarians, market sellers and middlemen. The function
of these homes is to collect (purchase) poultry from middlemen trading poultry from
provinces outside of Phnom Penh, usually having travelled >50 km, and then sell to markets
in Phnom Penh directly. These homes are equipped with large cages used to store live poultry.
All stock house owners interviewed reported that poultry were sold to markets in Phnom

Penh on the same day of purchase. Thus poultry were not kept in the cages for more than 8

hours before being sold onto markets in Phnom Penh.
6.3.2.2 Distances moved

Poultry is transported by middlemen from nine Cambodian provinces and across the borders
from Vietnam and Thailand. The median distance that poultry travelled from its source was
70 km (IQR 15.5-99.5) and the majority (84.3%) of poultry movement via middlemen was
>10 km from the source and directed into Phnom Penh. The quantity of poultry transported
each week by distance the poultry was traded (distance between the point of purchase and

point of sale) is shown in Figure 6-12.

LSHTM [ Van Kerkhove MD PhD Thesis 156



Figure 6- otal number of poultry traded each week by distance and the median number o
poultry carried on each journey

fDistance=0 indicates trading within a district

Using the data collected on poultry trading, a conceptual framework of the poultry market
chain in Cambodia was developed and is illustrated in Figure 6-13. Poultry is predominantly
transported throughout and into Cambodia by middlemen on motorbikes and trucks (Figure
6-14) and are generally traded from more rural sources to more urban/provincial locations
(e.g., markets restaurants). Localized poultry movement, i.e., within a rural district, is
conducted by middlemen travelling to up to 20 villages each day within a district to purchase
poultry. Approximately half of the middlemen interviewed (46.4%) visited at least one
village each day with median 3 villages visited per day (IQR: 2-5, Table 6-1) and sold this
poultry to markets, largely in Phnom Penh. The remaining middlemen purchased poultry

from markets and sold to other markets.
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Figure 6- oultry market chain in Cambodia

The arrows represent the movement of poultry via trade. The dotted lines in the figure represent a one-time movement of poultry from one
location to a second location. Birds will rarely be traded from their point of origin beyond a second location before slaughter.

Poultry rarely spend more than one day in the market chain before slaughter and commonly
move from their point of origin (village or rural market) to a second location (e.g., a
provincial/national market) but are rarely traded beyond a second location. For example, it
would be unusual for a bird to be traded from a village to a district market and then from that
district market via middlemen to national market. Rather birds are sold to markets and on the
same day are either purchased by local people for consumption or by local restaurants for

slaughter.

Eighty four percent of middlemen reported that they always sold all of their poultry each day.
Among market sellers who do not sell all of their poultry during the day 2.1% brought
poultry home overnight and back to the market the following day to sell, 54.3% brought them
home (to slaughter), 20.2% slaughter them, and 23.4% sold them to restaurants.
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Figure 6-14 Poultry carried via middlemen on trucks (left) and motorbikes (right)

Permission was obtained from all subjects to take and use photographs in reports.

6.3.2.3 Chicken movement

With empirical data on weekly poultry selling and transport patterns, directed networks of

chicken and duck movements within and into Cambodia were constructed.

Chicken movement is shown in Figure 6-15 and is composed of 133 unique nodes. The
network of chicken movement shows great connectivity with 94% of nodes (n=125) within a
single component. Three smaller isolated components (2-4 nodes each) were not linked with

the main network that links to markets in Phnom Penh.

The directed links in the figures illustrate weekly trading of poultry between locations and the

median number of chickens traded between any two locations by middlemen each week is

281.3 (IQR: 140.7-410; n=113).

The core of the chicken network includes markets in Phnom Penh as well as rest houses and
semi-commercial farms in Phnom Penh. The total number of chickens transported

throughout the network during an average week of trading (i.e., not prior to a national

holiday) is 82,655.
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Figure 6-15 Chicken trading network in Cambodia

The figure illustrates (above) node sizes weighted by IN- degree and below the same network weights nodes by OUT-degree. Node colour
indicates location type (black=market, purple=stock house, red = rural farm or household, light green = commercial farm, grey=semi-
commercial farm, yellow= foreign source), ties show direction as indicated by the arrow and tie strength is indicated by the thickness of the

arrow (the thicker the arrow, the more poultry passing between from the two points).
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6.3.2.4 Duck Movement

The network of duck movement (Figure 6-16) is composed of 76 unique nodes and also
shows great connectivity with 80.3% of nodes (n=61) within a single component, and six
smaller (2-4 nodes) isolated components. Isolated networks of duck movement were found in
Banteay Meanchey connected to Thailand, in Pursat, and in Kampong Cham. The main
network includes nodes from markets from eight provinces and Vietnam and had direct links

into markets in Phnom Penh. Poultry from Thailand does not link with the main network.

The directed links in the figure illustrate weekly trading between two locations and the
median number of ducks traded between any two locations by middlemen each week is 145
(IQR: 33.3-1000:; n=42). The total number of ducks transported throughout the network in
one week is 35,049. The total weekly number of ducks transported from sources outside of
Cambodia is 16,245 (99.8% from Vietnam) mostly as day old ducks to semi-commercial

farms around Phnom Penh, which is approximately half (46.2%) of the ducks in the total
network.
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Figure 6-16 Duck trading network in Cambodia

The figure illustrates (above) node sizes weighted by IN- degree and below the same network weights nodes by OUT-degree. Node colour
indicates location type (black=market, purple=stock house, red = rural farm or household, light green = commercial farm, grey=semi-
commercial farm, yellow= foreign source), ties show direction as indicated by the arrow and tie strength is indicated by the thickness of the

arrow (the thicker the arrow, the more poultry passing between from the two points).
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The cores of both the chicken and duck networks include markets in Phnom Penh, stock
houses and semi-commercial farms in Phnom Penh. The markets with the biggest influence in
the poultry networks are all located in Phnom Penh. Figure 6-17 illustrates the quantity of
poultry sold to these three markets each week. The secondary axis reports the poultry source

as the number of provinces the poultry are traded from. For example, poultry from 11

provinces are sold directly to Orussey market each week.
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Figure 6-17 Weekly trading of poultry into Phnom Penh markets

6.3.2.5 Centrality measures of the networks

The locations with the highest in- and out-degree measures for the chicken network are
shown in Table 6-3 and the distribution of in/out degree is shown in Figure 6-18. Within the
chicken trading network, the nodes with the highest out-degree values, that is the locations
that are most influential, were from Charoen Pokphand (“CP Company” a Thai based
commercial poultry company) and five districts in Prey Veng Province. Three markets in
Phnom Penh receive the most chickens (in-degree) each week and include Orussey Market,

Chba Ampov Market, and Deum Kor Market.
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Table 6-3 Locations with the highest in- and out-degree measures in the chicken network

H * out' -

Location Degree Location* In-Degree

Chicken Network

Ang Snuol (CP Company) 9283 Orussey market, Phnom Penh 34742

Ba Phnom District, Prey Veng 6235 Phnom Penh' 12519

Prey Veng District, Prey Veng 4777 Chba Ampov Market, Phnom Penh 5101

MeSang District, Prey Veng 3531 Deum Kor Market, Phnom Penh 4413

B Stock house hear Chba Ampov
Takmao District, P
akmao District, Kandal 3500 Markst, Phnom Penh 3561

Kampong Trabeak, Prey Veng 3383 Kandal 3500

Pea Rang, Prey Veng 3349 Kandal Market, Kandal 2186

Kandal Province 3347 Kro Kor Market, Pursat 1300
Russey Keo (Mean Chay) District,

Kampong Speu 3189 Phnom Penh 1803

Ang Roka Market, Takeo 2388 A Kak Market, Banteay Meanchey 1140

Takeo Brovincs 2999 Stock House near Orussey market, 844
Phnom Penh

Ang Tasom, Takeo 2222 Olympic Market, Phnom Penh 801

Tram Kak District, Takeo 2093 Tuol Tompoung Market, Phnom Penh 752
Stock House hear Deum Kor Market,

Ang Tasom Market, Takeo 2049 Phnom Benk 700

Romeas Hek , Svay Rieng 1738 Pursat Market, Pursat 620

*The top 15 locations are shown

TA destination listed as “Phnom Penh” was collected from middlemen who were too busy to provide specific market names within Phnom

Penh.

37500

Degree

Note: The x-axis represents locations and the data provided in the figure has been sorted by out-degree.

B CRUSSZY MARKET

CHEA AMPOV
NMARKET

—&— Out Degrese
——In Degree

DEUM KOR MARK=T

Location
Figure 6-18 In-degree and out-degree of the nodes in the chicken network

The locations with the highest in- and out-degree measures for the duck network are shown in

Table 6-4. Within the duck network, the node with the highest out-degree value was located
outside of Cambodia (Vietnam); within Cambodia the locations with high duck output

include districts in Takeo, Kandal and Kampong Cham provinces.
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Locations with the highest in-degree were all located in Phnom Penh and included two main

poultry selling markets and semi-commercial farms. The distribution of in/out degree for the

duck network is shown in Figure 6-19.

Table 6-4 Locations with the highest in- and out-degree measures in the duck network

Location*® Out Degree Location* In Degree
Duck Network
Vietnam 14110 l;rt:ﬁz?/ PKeer:)h(Mean Chay) District, 11400
Tram Kak District, Takeo 2983 Orussey market, Phnom Penh 9317
7 Makara District, Phnom Penh 2500 Chba Ampov Market, Phnom Penh 5166
Prek Phnov Market, Kandal 2400 Dong Kour District, Phnom Penh 3000
Prey Angkor Market, Vietnam 2100 Phnom Penh 1910
Takeo 1709 Takeo 1500
Stock ho h
Pea Rang, Prey Veng 1300 Market, I;jr?r?on?ege(r:\rtlba AP 813
Batheay, Kampong Cham 1200 ?’Lo:okag:zi near Qrussey market, 400
Cheung Prey, Kampong Cham 803 Deum Kor Market, Phnom Penh 355
Mean Chey District, Phnom Penh 840 Stock House near 7 Makara market, 280
Phnom Penh
Koh Andeok District, Takeo 500 Serei Sophoan, Banteay Meanchey 210
Treang District, Takeo 500 A Kak Market, Banteay Meancheay 145
Prey Veng 488 Ang Tasom Market, Takeo 110
Kampong Trabeak, Prey Veng 365 Ang Roka Market, Takeo 97
CP Company 310 Kro Kor Market, Pursat 60

*The top 13 locations are shown
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14000 Vietnam
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Figure 6-19 In-degree and out-degree of the nodes in the duck network

en sorted by out-degree.
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6.3.2.6 Betweenness of the networks

Because the networks are highly centralized, measures of betweenness are far less important
than 1f the networks contained many intermediary steps before reaching Phnom Penh.

Therefore betweenness were calculated but are not informative in further analyses including

in making recommendations for surveillance
6.3.2.7 Core/periphery of the networks

The k-cores of the chicken and duck network are provided in Table 6-5. The k-core indicates
those nodes with at least k connections. In the duck network, for example, there are four
nodes with four or more connections, seven nodes with three connections, 19 nodes with two
connections and the majority of the nodes in the network have one connection (60.5%). In
the chicken network, more than half (52.6%) of the nodes have only one connection to

another node, whereas 21.1% have two connections, 15% have three connections and 11.3

have four or more connections.

Table 6-5 Number of connections of each node in the networks

Network
Duck (Total Nodes = 76) Chicken (Total Nodes = 133)
K-core n (%) n (%)
4 4 (5.3) 15 (11.3)
3 7(9.2) 20 (15.0)
2 19 (25) 28 (21.1)
1 46 (60.5) 70 (52.6)

K-core is the number of connections to each node: e.g., k=core = 1, means the node has only 1 connection, 2= 2 connections, 3= 3
connections, 4= at least 4 connections.

For illustrative purposes, Figure 6-20 presents an image of the chicken network highlighting
nodes in the core and periphery of the network. Nodes around the outside represent locations
in the periphery of the network (i.e., low k-core scores), while nodes inside represent the core

of the network (i.e., highest k-core scores).
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Figure 6-20 Core and periphery of the chicken network

This network is identical to the chicken trading network shown in Figure 6-15 with nodes weighted as out-degree. Nodes in the inside
represent nodes within the core of the network and represent markets in Phnom Penh, CP Farms, rural locations in Prey Veng and markets
and rural locations in Takeo, while nodes along the edge represent nodes in the periphery of the network.

Node colour indicates location type (black=market, purple=stock house, red = rural farm or household, light green = commercial farm,
grey=semi-commercial farm, yellow= foreign source), ties show direction as indicated by the arrow and tie strength is indicated by the
thickness of the arrow (the thicker the arrow, the more poultry passing between from the two points).

6.3.3 Seasonality of Poultry Movement

Several annual festivals were noted among market sellers and middlemen as increased
periods for poultry trade. The two main annual holidays are Chinese New Year, which
occurs each year in late Jan/early Feb and the Khmer New Year, which occurs in each
year in mid-April. Subjects also noted several other holidays where poultry trade

increases (Table 6-6).
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Table 6-6 Temporal trends in poultry trading by market sellers and middlemen in Cambodia

Subjects reporting % Median Increase (IQR) in

Occasion Month Occazl‘;)l:\“:sl ;:\ac(;':ased Poultry Trade
n (%) (n=262) Chickens Ducks

Chinese New Year® E;i Janfearly 204 (77.9) s ;2127% - o1 Ny .
Khmer New Year®  mid-April 71(27.1) . 9?17957_7)ﬂ (636_;_216:94_1 ;
Pchum Ben® 15 days in Sept 36 (13.7) - -
Sen Kbal Teuk® 1 day in Sept 43 (16.4) - -
"Wedding" Season® October-April 46 (17.6) - -
Chheng Meng' April 1- 5 40 (15.3) - -
Islam New Year® late Decfearly

Jan 1(0.4) - -

* Lunar New Year; ° Cambodian New Year; ¢ Cambodian ceremony offering food to spirits; ¢ Chinese ceremony offer food to spirits; ©
Period of increased occurrence of weddings due to cooler weather; f Offering to the spirits; & Islamic New Year
tn=47; {n=6; ™n=7; "n=2: -- not available

Middlemen and market sellers reported higher periods of trade during the 1-4 weeks
prior to these festivals. The links and direction of poultry movement do not change
during these festivals (i.e., the networks do not change). However, the volume of birds

traded each week increases.

For example, middlemen reported a median increase in chicken and duck trading of
122.2% (IQR: 48.5 - 170.7; n=47) and 50.0% (IQR: 32.3 - 921.7; n=6), respectively,
during the weeks prior to the Chinese New Year, and a median increase in chicken and
duck trading of 97.5% (IQR: 89.9-197.7; n=7) and 1,265.8% (IQR: 636.5-1895.1; n=2),

respectively, during the weeks prior to the Khmer New Year.
6.3.4 Potential for HPAI Viral Spread Across the Poultry Networks

Both the chicken and duck networks showed a high degree of connectedness and centrality
with directional movements from rural areas into nodes in Phnom Penh. Figure 6-21
illustrates the potential spread of HSN1 in four hypothetical outbreaks, each with different
locations where the outbreak was seeded (indicated by the black circle). The red nodes
indicate the potential spread of the disease via directed trade links between the nodes. Node

shape differentiates between premises type (e.g., rural source, market, semi-commercial farm,

etc).
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Figure 6-22 summarizes results of seeding the outbreak in various nodes throughout the
network and the spread via the connectedness of the trade links. The figure shows the total

number of locations potentially infected based on where H5NT is identified.

Figure 6-21 Connectedness of the network: a-d) Potential for disease spread across duck
network by seeding the outbreak in a) Kampong Cham Market b) Svay Rieng Market c) Ang
Roka Market, Takeo Province and d) a semi-commercial farm in Phnom Penh

The red nodes indicate infected premises; blue node uninfected; node shape differentiates between premises type (e.g., circle =market,
square = rural source, triangle= semi-commercial farm)

Figure 6-22 The number of locations potentially infected based on the location o
identification

The horizontal line = median value 5
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6.3.5 Risk-Based Surveillance Recommendations

Since the structures of the poultry networks in Cambodia are highly centralized and represent
a spoke-and-wheel type structure with unidirectional movement into Phnom Penh, I identified
markets with the highest in-degree as those most likely to detect HPAI if present in many
areas of the country due to the large catchment area. The recommendations for risk-based
surveillance are based on the objectives of the surveillance system and I have recommended

to NaVRI that their active surveillance activities of HPAI be prioritized into two tiers (Table
6-7).

The purpose of the Tier 1 recommended locations for surveillance is to identify locations
where HPAI can be rapidly detected if the virus is in the market system and would indirectly
allow NaVRI to monitor the HPAI status of poultry populations in rural areas. These
recommended locations include those with the highest in-degree values, and include markets

in Phnom Penh, semi-commercial farms and stock houses in Phnom Penh.

The purpose of tier 2 recommendations is to identify locations that are most likely to interrupt
poultry-to-poultry transmission of HPAI. These are locations with greatest number of
connections and the highest out-degree scores. Using these criteria, four districts in Prey
Veng, four markets in Takeo, one market in Kampong Cham, one market in Kampot province

and poultry from CP farms should be included in HPAI active surveillance activities.
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Table 6-7 Recommended priorities for active HPAI surveillance in Cambodia

Location Description

Justification for
inclusion in surveillance

Tier 1 Purpose: To identify locations where HPAI can be rapidly defected if in the market system

1 Markets in Phnom Penh: Orussey Market, Chba Markets with the greatest numbers of poultry trading, largest
Ampov Market and Deum Kor Markets wet markets in Phnom Penh
. . . - 16 semi-commercial farms near Phnom Penh, which have
2 Semi-commercial Farms in Russey Keo District, g dings of 2,004,500 chicken or 400-2,000 ducks; Ducks

are day old ducks from Vietnam and unvaccinated for HSN1
Approximately 12 stock houses that serve as an intermediary
. . between middlemen from provinces outside of Phnom Penh
kh :
3 Stock houses near major poultry markets in Phnom and the markets in Phnom Penh.” Owners keep live poultry in
Penh .
cages for less than 8 hrs before selling onto markets. Some
stock houses slaughter poultry before bringing to markets.

Highest in-degree, most
connections within both
the chicken and duck
networks

Tier 2 Purpose: To identify locations that are most likely to interrupt poultry-to-poultry transmission

’ Prey Veng: Prey Veng, Ba Phnom, MeSang, Most chickens come from rural sources in these 4 districts
Kampong Trabeak Prey Veng, most ducks come from Prey Veng Market

2 Markets in Takeo: Takeo Market, Tram Kak Market, = Most ducks come from these markets in Takeo and are traded
Ang Roka Market, Ang Tasom Market to markets in Phnom Penh

3 Market in Kampong Cham: Kampong Cham (Thom)  Most ducks come from this markets in Kampong Cham and are
Market traded to markets in Phnom Penh

4 Market in Kampot: Chhouk Market Most chickens and ducks come from this market in Chhouk

into Phnom Penh.

Commercial poultry facility with locations in Kampong Speu
5 CP Company and Kandal Province}

Nodes with greatest
number of connections
and the highest out-
degree scores.

¥ Further research is needed to identify ALL stock houses in Phnom Penh
! Further research is needed on CP farms
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6.4 Discussion

My results have demonstrated that live poultry movement in Southern Cambodia is
unidirectional, highly connected and centralized. 1 found that the premises involved in poultry
trade are closely linked via middlemen carrying live poultry over long distances and that the
unidirectional movement of poultry into Phnom Penh make these markets in Phnom Penh a

potential hub for the spread of H5N1, and thus ideal for HPAI surveillance and control.

Approximately half of the live ducks and most live chickens entering into Phnom Penh come
from rural areas of Cambodia with backyard poultry holdings (Sector 4 poultry production
(FAO 2006)). Localized movement, i.e., <5-10 km radius of the source, was not fully captured
by the network analysis as rural Cambodians are not in the regular habit of selling poultry
outside of their villages. Rather backyard poultry are entering the market chain by middlemen
who reported visiting up to 20 villages a day to obtain enough poultry to sell to a market. This
pattern of multiple and routine visits to villages by middlemen presents a major limitation of
the control and surveillance of HPAI in Cambodia because their vehicles could serve as the
potential mechanism to spread the virus from village to village before they reach markets or

from markets back to their home village if they visited an infected market.

Approximately 85% of middlemen trade live birds >10 km from where they purchased the
animals. Guidelines in the European Union and United States recommend restricting the
movement poultry for the control of HSN1 (2006; USDA/APHIS), a policy that would likely
be difficult to administer in Cambodia and unlikely to fully stop poultry movement into Phnom
Penh.

Poultry movements within the province bordering Thailand (Banteay Meanchey) and into this
province from Thailand are separated from the main network linking Phnom Penh. Of
importance to highlight, however, is the dominance of ducks traded from Vietnam into the
Cambodian market chain. Cross-border movement of poultry is currently illegal, however this
research identified more than 16,000 ducklings entering the Cambodian market chain weekly,
composing the other half of the total duck network. Ducks from Vietnam are sold directly to

semi-commercial farms and markets located in Phnom Penh, all of which should be included in

routine HPAI surveillance activities.
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Though this study was not able to capture localized cross-border trading activities by rural
Cambodians, it is possible that low levels of trading poultry across international borders is
occurring (IPC Unpublished Data) and likely at an increased rate around the time of the
Chinese and Khmer New Year festivals when there may be a large differential between the cost
of poultry on either side of the border. Although the extent of this trading is unknown, I am
aware of several incidents of illegal trading of live chickens and ducks across the border

around the Chinese and Khmer New Years (MAFF Unpublished Data).

This is further supported by the remarkable increase that is reported in live poultry trading via
market sellers and middlemen in the weeks prior to the Chinese and Khmer New Years
festivals. Although my results are based on small sample sizes, the magnitude of the increase
indicates that there are significant increases in trade volume during the weeks prior to these
holidays. All of the human cases and approximately half of the domestic poultry outbreaks in
Cambodia have occurred between the Chinese and Khmer New Year festivals (OIE 2008a;
WHO 2006-2009), times in which the consumption of poultry increases. Increases in H5N1
poultry outbreaks in Nigeria in 2006-2007 may have been linked to increased periods of
trading (Joannis et al. 2008).

My results have also identified the need to improve the working conditions of poultry selling
markets, which can be greatly enhanced by implementing basic improvements in the hygiene
of the markets and the use of protective equipment by market sellers and by individuals
responsible for slaughtering poultry at the markets. Although I found that poultry spend at most
one day in the market chain before slaughter, the conditions in the live birds selling areas and
slaughtering areas could facilitate a viable environment for HPAI to survive and/or persist
(Kung et al. 2007; Kung et al. 2003b; Nguyen et al. 2005; Webster 2004). Since the
implementation of rest days in live bird selling markets has been successful in markets in Hong
Kong (Kung et al. 2003b) and recent evidence from NaVRI has identified asymptomatic ducks
with HSN1 antibodies in several markets in Cambodia (MAFF Unpublished Data),
implementing routine monthly disinfection in the wet markets with the largest influx of poultry

might be important in reducing the potential for animal-to-animal and animal-to-human HPAI

transmission.
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As of 25 July 2008, 1,137 H5N1 outbreaks in domestic poultry have been confirmed in
Thailand, 2,490 in Vietnam and 22 in Cambodia (OIE 2008e). There are several possible
explanations why H5NT is not more widely spread within Cambodia. First, the estimates of
poultry density in Cambodia and neighbouring countries vary significantly. Poultry density is
believed to be highest in Thailand (approximately 509-1,637 poultry per km?) followed by
Vietnam (approximately 663-787 poultry per km?*), Cambodia (approximately 99-175 poultry
per km®) and Laos PDR (approximately 73 poultry per km®) (Burgos 2008; Dung 2007). It may
be possible that poultry density in Cambodia is not high enough to sustain virus circulation.
However it is more likely that the structure of Cambodia’s poultry production system with
predominant free-ranging backyard poultry ownership and lack of semi-commercial farms
throughout the country are limiting the circulation of HPAI (Chapter 4). In addition it is likely
that asymptomatic HPAI infection in duck flocks may have occurred in addition to

underreporting of poultry mortality due to HPAI in rural regions of Cambodia (Chapter 4).

Secondly, at present, it is difficult to determine the probability that a diseased bird will enter
into the market chain in Cambodia. Nearly all (99%) middlemen I interviewed stated that they
do not trade visibly sick poultry, which does not exclude introduction of asymptomatic but
infectious ducks in the market chain. Furthermore, rural households experiencing poultry
mortality due to illness typically prepare sick or dead poultry for household consumption or
give away to neighbours within their village rather than selling to a market or middleman
(Chapter 4) making it possible that an outbreak would occur within or between villages with

limited spread.

As with all cross-sectional surveys, it is possible that I did not capture all relevant poultry
movements. The high connectivity I found in the poultry networks could be the result of my
sampling frame as I did not survey all markets within Cambodia, particularly in Northern
Cambodia. I do believe, however, that this study has captured a fairly complete network of live
poultry movement in study areas and their connections into and out of Phnom Penh.
Furthermore, I am confident that this study has identified the bulk of live poultry movement
into Phnom Penh because, in addition to sampling markets and 115 villages in 24 districts in
six provinces, I interviewed middlemen on multiple occasions along all six national roads into

Phnom Penh, at stock houses located next to the three main poultry selling markets, at semi-
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commercial farms in Phnom Penh and at markets in Phnom Penh. This study did not find
poultry trade links with Siem Reap (Northwest Cambodia) or areas in the far-western and
north-eastern provinces (areas that are highly mountainous and sparsely populated) of

Cambodia. Thus while my network does not represent movement in these areas, I am confident

that these poultry do not reach Phnom Penh.

Given the rapid global spread of HPAI/HS5NI in recent years, surveillance of poultry
populations will remain a high priority, particularly in the Mekong Delta Region where a
considerable number of human deaths have occurred. This study has been able to identify
critical points for active HPAI surveillance and has informed Cambodia’s HPAI surveillance
activities. However this does not replace the need for passive surveillance, which should be
strengthened in rural areas of Cambodia by encouraging poultry owners to report any and all

poultry mortality to village animal health workers and their village chiefs.

Since active surveillance in markets is likely to remain a component of the surveillance and
control efforts for HPAI in Cambodia and elsewhere, my results can be used to inform the
selection of markets that best suits particular objectives of the surveillance system, in particular
whether the objective is monitoring of the HPAI status of poultry populations in rural areas or
early detection of incursion in markets with high potential for spread. Collection of similar data

in other countries could prevent outbreaks or incursions of HPAI within their borders.
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Chapter 7 Fitting Gravity Models to Poultry
Movement Data in Cambodia

7.1 Introduction

Previous studies have demonstrated that the connectedness of animal networks can result in
large and widespread epidemics of disease (Dent et al. 2008; Green et al. 2008; Kiss et al.
2008: Truscott et al. 2007).. In Chapter 6, I showed how knowledge of poultry movement
networks can be used to design more targeted surveillance activities and inform models of
disease spread. My results demonstrated that poultry movement in the research study areas is
highly connected, unidirectional and centralized. In this Chapter a gravity model is fit to these
poultry movement data using population data as an indicator of potential trade between the
source where poultry are reared and destination of where poultry are sold to attempt to

understand the potential driving forces behind the poultry movement patterns observed.

Gravity models have been used to describe and predict movement based on the characteristics
of, for example, economic size as defined by GDP, income level or population size of two
locations and the distance between two locations, and have been largely utilized in
transportation planning (Erlander & Stewart 1990) and in the field of economics to predict
international trade flow (O'Kelly 1999). The general theory of gravity models is represented as

NPN/?
C,=0——
I} d;

where Cj; represents workflow or trade between i and j, dj; is the distance between location i
and j; N is a characteristic of location i orj (e.g., population size), 8 is a constant and the

exponents P, € and y are model parameters (Xia et al. 2004).

Few examples of the use of gravity model theory outside of economics and transportation
planning exist. However, gravity models have been applied infectious diseases to evaluate the
relationships between disease spread, population sizes and distance (Viboud et al. 2006; Xia et

al. 2004). For example, Viboud et al. 2006 use a gravity model to describe transmission of
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influenza between states by fitting such a model to work flow data, 1.e., movement and distance
between home and work (Viboud et al. 2006). In their model they assume that movement

predicted by the model is proportional to county population size and Euclidean distance

between the residence and work county centres:

B £
Residence P work

P
residence,work

F 10wResidence—>work

Using predicted workflow between states as calculated by the gravity model, the authors
simulated the spread of influenza across states and compared the epidemic spread predicted by
the gravity model to real epidemics of seasonal influenza. They found that epidemic spread is
more rapid between well connected states (e.g., California) as compared to more isolated and
less populated states (Viboud et al. 2006). Similarly, Xia et al. used a gravity model motivated
by their use in modelling population movement and then fit the parameters of the model to
match the spatio-temporal dynamics of measles outbreak data in the UK (Xia et al. 2004). They

combine a gravity model:

N,
Movement(j, k) =——"—

where dy’ is the distance between communities (distance measure not provided) and N, and N;
are the population sizes of community k and ; at time t, with a transmission model of measles
using weekly case reports for approximately 1000 communities in England and Wales, to

predict the spatial characteristics of measles (Xia et al. 2004).

Both studies found that gravity model theory was useful in predicting epidemic spread based
on distance between communities (or states) but found that other factors underlying host
movement (e.g., age of those moving between communities) were important to understand
local as compared to long range spread (Viboud et al. 2006; Xia et al. 2004). Viboud et al
found that the exponent parameter estimates for population sizes for both the residence and
work countries were less than 1 indicating that individuals in small populations (e.g., cases of

seasonal influenza) may be proportionately more important for disease spread.
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The main advantage of using a gravity model within transmission models rather than relying
on the underlying movement data is that it can be applied outside the study areas. Thus, by
fitting a model to the poultry movement data from Cambodia, it may be possible to predict
trade flows in areas not covered by the study as well as in the wider Mekong Delta Region
which would be informative for HPAI contro] programs. Furthermore, as gravity models use
information on the underlying populations, they should in theory be able to predict changes in

movement patterns following underlying changes in the population, although such predictions

have yet to be validated within an infectious disease context.
7.1.1  Objectives of the Chapter

The objective of this chapter is to

* Develop a series of spatial models that describe the driving forces behind poultry

movement in Cambodia; and

¢ Evaluate the fit of the spatial models to the poultry movement data collected in this

study.
7.2 Methods
7.2.1 Model Structure
The model assumes that the movement of poultry is determined by a function of the distance

between the two locations (the spatial kernel) and the populations at the source i and

destination ;. Thus the flow of poultry at distance dj, f{d}) is given by the equation:
()= avente (4,

where N; is an attribute of source location i (here either the human or poultry population), N; is
an attribute of destination location j, k*(d;) is the normalised spatial kernel, ¢ and £ are
parameters which scale the influence of the source and destination populations, respectively,

and G is a scaling parameter.

I considered two potential functions for the spatial kernel. The first was that the flow of

poultry would decline exponentially with distance and thus the spatial kernel k(djy) is given by:
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k(dij) = e:xp(—dij /ﬂ,)

where A is the kernel parameter. This is illustrated in Figure 7-1

Figure 7-1 The probability of movement declines exponentially with distance
(parameters A= 1, 0.2 and 0.025 and Distance 0-20km)

The second was a power law function which has been used extensively in other disease models

(e.g.. (Chis Ster & Ferguson 2007; Ferguson et al. 2005)) with the spatial kernel given by:

dyj)
k(dij) =(l+—/{‘J

where A and y are kernel parameters. This is illustrated in Figure 7-2.

Figure 7-2 The probability of movement as a function of distance as given

function
For parameters A=5, 10, 15and y=0.5, 1.5, 3.0 and distance 0-50 km
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The normalised kernel k*(d);) was obtained by dividing the spatial kernel by its integral over

two-dimensional space up to a maximum distance D (assumed here to be equal to 200,000 km)

For the exponential spatial kernel the bottom term of this €quation is given by:

k(d.
k*(dy) = _Md)
J: re M dr
where:
fredr =27

0
For the power law spatial kernel the bottom term of this equation is given by:

k(d,)

k*(dij) = )
Iork(r)dr

where:

Ojrk(r)drz(1_7)’1(2_7)[,1—(“%) 7 (,1+(7—1)D)}

As poultry population data were not initially available, I first considered using human
population data as an indicator of potential trade between the source and destination. Thus
under this model I let N;=H; and N,=H; where H; and H; are the human population estimates at
locations i and j respectively. After obtaining poultry data from ministry officials at NaVRI, I
considered an alternative model where the supply from location i would depend on the number
of poultry at N;=P;, while the demand would depend on the number of people at destination
N=H,

Thus after poultry data were obtained, the models were fit using estimates of poultry
population at the source (supply) and human population at the destination (demand) separately

using a normalized exponential function and a normalized power law function.
7.2.2 Evaluation of Model Fit
The fit of the models was evaluated using the deviance statistic:

Deviance =-2*(LogLikelihood (model)) — (LogLikelihood (saturated model))
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Under a Poisson likelihood this is given by:
Do _2Z[Oif In(E,) - £, -0, In(0;) + Oij]
i

where Ojj is the observed poultry (chickens and ducks) traded between locations i and jas
collected from the questionnaires of market sellers and middlemen and Ej; 1s the expected
poultry traded as calculated by the model, E; = f{d};). The solver function in Excel was utilized

to minimize the deviance by changing the kernel parameter values (y, ), power parameters (g,

B) and the scaling parameter (G).

The model fit was assessed by comparing the deviance for each model and also for individual
data points to identify outliers. As each model has the same number of parameters, the
deviance statistic could be compared directly and the model with the lower deviance selected
as the best fitting. Visual fit was assessed in two ways. First, the cumulative normalized
distribution of the observed and expected quantities of poultry traded by distance were plotted
using Kaplan Meier methods. Second, scatter plots of the observed and expected poultry flow
were plotted with the line y=x used to aid the identification of outliers. Correlations between
the observed and expected data were calculated using Pearson’s correlation coefficient (r) in

STATA v10.
7.2.3 Description of Data

Human population data: The most recently available data on province and district level human
populations were obtained from a 1998 census conducted by the National Institute of Statistics
in the Ministry of Planning (NIS 1999; NIS 2002). The human population sizes of the districts
in the 24 study districts and Phnom Penh are presented in Figure 7-3.
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District
Figure 7-3 Human and poultry population size by district, Cambodia

The figure shows human population data in Black: Banteay Meanchey; Red: Kampong Cham; Gray: Pursat; Green: Prey Veng; Purple: Svay
Rieng; Blue: Takeo; and poultry population data in lighter shades: Pink: Kampong Cham; Light Gray: Pursat; Light Green: Prey Veng; Light
Purple: Svay Rieng; Light Blue: Takeo.

Poultry population data: Poultry population data are not available at the district level from any

known source, although an estimate of the poultry (chickens and ducks) population at the

province level was provided by NaVRI (MAFF Unpublished Data). Poultry populations at the

district level were calculated as:

i ——
Poultry population atN, = H .. N, X_Prowc_N

Province™ " i

Where:

e  Hp.rie N;= Human population at the district level of N; (NIS 2002)
e Pp,.ince Ni = Poultry population at the provincial level of N; (MAFF Unpublished Data)

e Pp,yince N; = Human population at the provincial level of N; (NIS 2002)

Calculated poultry population sizes of the districts included in the analyses are shown in Figure

7-3.
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Poultrv movement data: Data on poultry movement was reformatted into the district of origin (i
1.e., location where the poultry were purchased by market sellers and middlemen) and the
district of destination (j, i.e., the destination where poultry were sold by market sellers and
middlemen) pairings (i, ;) using STATA v10. The observed quantity of chickens, ducks and
total poultry (chickens + ducks) sold between the each (4, /) pairing was recorded. Pairings in
which no poultry were traded between were not included in this analysis. For identical (;, ;)

pairings, the quantity of poultry traded was aggregated.

Euclidean distance between locations where poultry are traded: The Euclidean distance
between each (i, j) pair was calculated using GPS coordinates. The GPS coordinates of most
locations were obtained during the study. GPS coordinates for locations which were not visited
during the study were obtained from the 1998 Cambodian census data, and represent the GPS
coordinates of the district centre (NIS 1999). The Euclidean distance between the two locations
(Xi, Y;) and (X, Y;) was calculated as:

Distance (in kilometres) = \/ (Xj -X. )2 + (Yj -Y, )2

Calculated road distance between locations where poultry are traded: Road distances between
(i, /) pairs were calculated in ArcGIS 9 using GPS coordinates, road networks and ferry
crossings in Cambodia. To calculate road distances using this method, a network analyst data
set using the Cambodian road network was built in ArcGIS using the GPS points of all of the
locations. Using the network analyst “solve” function, the calculated network distances
between each GPS point and every other GPS location were calculated to create a cross-

tabulation distance matrix (ArcGIS 2006). Calculated road distances were then abstracted from

the cross-tabulation distance matrix.

Travel times between locations where poultry are traded: A third measure of distance between
each (i, j) pair was the estimated driving time, which takes into account road distance, road
conditions, traffic, and ferry crossings. Estimates of the driving time were obtained from three
drivers and one epidemiologist from Institut Pasteur Cambodia and represent driving by car.

Driving time estimates via motorbikes were not obtained.
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Included/excluded data: Only poultry movement data originating from the 24 included study
districts (Figure 3.3) are included in this analysis since they represent a reasonably complete
network in these districts, whereas poultry movement data from areas outside of the 24 study
districts are incomplete. Thus, poultry originating from locations outside Cambodia (i.e.,
Vietnam. Thailand) are not included in these analyses. A total of 60 matched origin and
destination pairs (7, j) were available for use in this analysis, however 15 of these were
excluded from model fitting because i =j (poultry were traded within the district and therefore
distance=0). Therefore these analyses are based on 45 pairs with associated quantities of

poultry traded. All 45 pairs represent unidirectional movement. There was no bi-directional

movement observed (see Chapter 6).

7.3 Results

Figure 7-4 illustrates the contact networks of chicken and duck movement as shown in Chapter
6 overlaid onto human population density maps. This is a crude indication that large amounts

of poultry may be traded from areas with higher human population density.
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Figure 7-4 Directed network of chicken (above) and duck (below) trading in Cambodia shown on
map of human population density
The colour of the nodes represents location type (red= rural source, black=market, yellow= foreign source, green=commercial farm (CP farms),

pink = semi-commercial farm) and are weighed by out-degree. The links are directional as indicated by the arrow and the tie strength is
weighted by the number of birds traded between nodes (larger arrows indicate a larger quantity of birds traded between the two locations).
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Among poultry traded to locations outside of the district where poultry were raised, the median
distance poultry are traded is 54.8 km (IQR: 30.2-82 km; last row in Table 7-1). The median
number of chickens, ducks and total poultry traded each week between any two locations is
350.4 (IQR: 80-1559.4), 0 (IQR: 16.2-249.8), and 540 (IQR: 148-1774.2), respectively. The

quantity of poultry traded within districts was smaller than the poultry traded to locations

outside of the home district.

Table 7-1 Summary statistics of poultry movement for 45 j, j pairs

Median Quantity of birds traded
Number Median ity ras frade

Data Grouping: of i, j Distance from fto /
distance traded pairs (IQR) n (IQR)
Chickens Ducks Total Poultry
. = B 50.0 25 85.0
Distance =0 15 0(-) (14.50 156.25) (0-23.3) (18.8-161.5)
| 54.8 350.4 0 540
Distance #0 km 45 (30.2-82.5) (80-1550.4)  (16.2-249.8)  (148-1774.2)

7.3.1 Model Fitting
7.3.1.1 Model fitting using human population data

Figure 7-5 shows a gravity model fitted to the observed poultry movement using human
population data and the exponential spatial kernel. Figure 7-6 shows the same model using the

power law spatial kernel. Parameter estimates for these models are shown in Table 7-2.
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Figure 7-5 Cumulative distribution of poultry movement by distance fitted to a gravity model
using human population data and an exponential spatial kernel

The plot shows the model f{d, H, H) = H* Hf k*(d;) fitted to observed poultry movement data where distance # 0 and human population data
atiandj .
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Figure 7-6 Cumulative of poultry movement by distance fitted to a model using human
population data and a power law spatial kernel

The plot shows the model f{d, H;, H)) = H Hf k*(d;), fitted to observed poultry movement data where distance # 0 and human population
data at 7and; .
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"Ij'able 7-2 Parameter estimates for models fitted to poultry movement and human population
ata

Spatial Kernel

Parameter Estimates

Model using an Model using a
exponential function power law function

G 0.1154 0.5097
Epsilon (g) 0.50 0.46

Beta (B) 0.9459 0.9048
Lambda (A) 120.0848 4052.9756
Gamma (Y) - 31.9928
Deviance 53235.94 55146.02

The deviance is lower for the model using an exponential spatial kernel compared to the model
using a power law spatial kernel indicating an overall better fit of the model using the

exponential spatial kernel. Thus, the results provided below are of models fitted to data using

an exponential spatial kernel.
7.3.1.2 Models Fitted to Poultry and Human Population Estimates

As the model using human population data alone did not appear to fit the data, I subsequently
fitted the model using data on the poultry at the source and human population at the destination
to try to improve the model fit. The results of the model fitting using poultry and human
population data and an exponential spatial kernel are shown in Figure 7-7 with corresponding
parameter estimates in Table 7-3. A single model appears to fit all distances and hence the

model was not stratified any further.

Table 7-3 Parameter estimates for model using Euclidean distance

Parameter Best fit estimate
G 0.0473

Beta (B) 0.9756
Epsilon (€) 0.6068
Lambda (A) 91.060
Deviance 48176.96
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Figure 7-7 Cumulative distribution of poultry movement by Euclidian distance

The plot shows the model Ad, P,, H,)=GPH} k*(d;) fitted to all data where distance # 0

From Figure 7-7 it is noticeable that there is a divergence between the observed and model
predicted distributions which begins at approximately 50-75 km where the observed number of
poultry traded at these long distances is less than predicted by the model and again at distances
greater than approximately 100 km where the observed number of poultry traded is larger than
predicted by the model. One possible reason for this may be that poultry traded at long
distances follows a different economic model to that traded at short distances. For example,
one hypothesis would be that at short distances most poultry can be traded by middlemen on
motorbikes but at longer distances this is no longer feasible and thus fewer poultry are traded

because of a relative lack of availability of trucks.
7.3.1.3 Model Fitting Using Calculated Road Distances

Using Euclidean distances has many limitations particularly in Cambodia where there are
relatively few good quality roads. The same analysis was therefore performed using calculated

road distances as a more relevant measure of the trading distance between two locations.

There is a strong correlation between Euclidean distances and calculated road distances (r=

0.89) although there is a tendency for calculated road distances to be longer than Euclidean

distances (Figure 7-8).
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Figure 7-8 Euclidean distance (km) vs. calculated road distance (km)

A model was fit using data on the poultry at the source, human population at the destination,
calculated road distances between i and J and an exponential spatial kernel (Figure 7-9). A
single model appears to fit all distances and hence the model was not stratified any further.

Parameter estimates of the model are provided in Table 7-4.
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Figure 7-9 Cumulative distribution of poultry movement using calculated road distances
The plot shows the model f{d, P,, H,)= GP,FH,-ﬁ k*(d;) fitted to all data where calculated road distance # 0

From Figure 7-9 the same divergence in seen between the observed and predicted poultry flow
at distances between 50-100 km and above 125 km indicating that that poultry traded at long

distances, this time above 125 km follows a different economic model to that traded at short

distances (<125 km).
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Table 7-4 Parameter estimates for model using calculated road distances

Parameter Best fit estimate
G 0.5002

Beta (B) 0.9339
Epsilon (g) 0.5427
Lambda (A) 167.4561
Likelihood ratio statistic 53293.8044

7.3.1.4 Model Fitted to Distance Measured as Journey Time

The estimates for the journey time were strongly correlated with Euclidean distances (1=

0.7699; Figure 7-10 left), although this correlation was not as strong as that between calculated
road distance and time (r=0.89; Figure 7-10 right).
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Figure 7-10 Euclidean distance (km) vs. Time to travel between iand j (min; left) and Calculated
road distance (km) vs. Time to travel between iand j (min; right)

The results of the model fitted using travel times as a measure of distance is shown in Figure
7-11 with corresponding parameter estimates for the model in Table 7-5. A single model

appears to fit all distances and hence the model was not stratified any further.

Table 7-5 Parameter estimates for model using journey time between / and j

Parameter Best fit estimate
G 2.6839

Beta () 0.9240

Epsilon (g) 0.46670
Lambda (A) 240.3828
Deviance 54534.09
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Figure 7-11 Cumulative distribution of poultry movement using distance as a function of time

7.3.2 Evaluation of the model fits

The parameter estimates and deviance for all three models using the three measures of distance
(Euclidean distance, calculated road distance and journey time) are shown in Table 7-6 and the
fitted spatial parameters for all three models are shown in Figure 7-12.

Table 7-6 Parameter estimates for models using Euclidean distance, calculated road distance
and journey time

Estimates for models using:
Human Population Data

Parameter and Exponential Euclidean Calculated Road Journey Time
Spatial Kernel Distance Distance Distance

G 0.1154 0.0473 0.5002 2.6839

Beta (B) 0.9459 0.9756 0.9339 0.9240

Epsilon (g) 0.50 0.6068 0.5427 0.4670

Lambda (A) 120.0848 91.0604 167.4561 240.3828

Deviance 53235.94 48176.96 53293.80 54534.09
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Figure 7-12 Fitted spatial kernel parameters plotted for models using Euclidean distance,
calculated road distance and journey time

The model using the Euclidean distance best fits to the observed poultry movement data
(lowest deviance of all the models), while there was little difference in the fitted spatial kernels
of the three models indicating that the quantity of poultry traded rapidly declines with distance.
To further evaluate the fit of the model the observed quantities of poultry flow are plotted
against the model predicted quantities for all poultry movement and an y=x line (Figure 7-13).
There is a strong correlation between the observed and predicted data (r= 0.61) indicating that
a reasonably high degree of variation in the data is being explained by the model. However, a

number of outliers are noticeable in this plot.
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Figure 7-13 Observed vs. predicted poultry flow between i — j using Euclidean distance

This plot shows the observed vs. predicted poultry flow along with a y=x line.
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All of the data points highlighted in orange and grey represent poultry movement into Phnom
Penh from Prey Veng (orange, n=4) and Svay Rieng (grey, n=1) provinces. All journeys from
these provinces must cross the Mekong River at a ferry crossing at Neak Leung, Prey Veng to
reach Phnom Penh, which can add up to one hour wait time to any journey crossing the river.
Thus, this may explain why the number of poultry predicted by the model is higher than that
observed (i.e.. 3 nodes above the y=x line). However this does not explain why the number of

poultry predicted by the model is lower than observed (2 nodes below the y=x line).

The data points highlighted in red and green represent poultry movement from Takeo province
into Phnom Penh. The location identified in green represents poultry trading from a large
poultry market in Tram Kak, Takeo along National Road 3 into Phnom Penh with over 12188
birds (76.6% chickens. 23.4% ducks) traded weekly. There may be large quantities of poultry
from Kampot proyince; which borders this area of Takeo, that are traded at this market and
onto Phnom Penh via middlemen, although market sellers and middlemen purchasing poultry
from this area did not indicate this. This is clearly an outlier in the dataset. However the

parameter values did not change when removing this data point from the analysis.

Figure 7-14 shows the corresponding data using a log scale and colouring the data points for
poultry movement into Phnom Penh (blue) and localized poultry movement to and from

locations outside of Phnom Penh (yellow).
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Figure 7-14 Observed vs. predicted poultry flow using a log scale for the model using Euclidean
distances
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The data points in yellow represent poultry trading in rural regions of the country (e.g., within
Banteay Meanchey province, within Pursat province, within Svay Rieng province and within
Takeo Province). There was less variation in the predicted poultry flow for localized poultry
trading and poultry movement into Phnom Penh than was observed. The model appears to
under-estimate the amount of poultry flow occurring for approximately half of these locations
(n=9/22) while over-estimating the amount of poultry flow for the other half of these locations
(n=11/22). A similar pattern of predicted flow is seen for trading to locations in Phnom Penh.
However, there were no improvements seen in the model fit after adjusting for trading to
locations in Phnom Penh indicating that there are other cost factors that are affecting locally

traded poultry versus poultry traded to locations in Phnom Penh.

7.4 Discussion

These results illustrate that poultry movement is best described using poultry populations at the
source (1.e., the supply of poultry) and human population at the destination (i.e., the demand for
poultry). Regardless of the distance measure used in the model fitting, the parameter estimates
for the poultry population (¢) and human population () in the model remained relatively
constant. Epsilon (g) ranged from 0.47 — 0.61 and P ranged from 0.92 — 0.98 under the different
models. Epsilon is a parameter which scales the influence of the source population and if equal
to 0 would indicate that every source location (i.e., district in this dataset) sells a constant
number of chickens and ducks regardless of poultry population size. If e=1 then poultry are
sold proportionately to the poultry population size of the source location, whereas if €>1, this
would indicate that relatively more poultry are sold from districts with larger poultry
population sizes than from districts with smaller poultry population sizes. An £>1 may signify
that these areas may keep poultry to sell as part of their livelihood, which from my studies has
been shown to rarely occur in rural areas of the country (Chapter 6). However, for all of the
models, the parameter estimates for £ were less than one which may indicate that relatively
fewer poultry are being sold from districts with larger poultry population sizes than from
districts with smaller poultry population sizes. This may suggest that individuals in rural areas

are only able to sell poultry when they have a surplus, a situation which rarely occurs in rural

Cambodian households (Chapter 6).
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Beta is a parameter which scales the influence of the destination population (i.e., demand). A B
>1 would indicate that large human populations may be buying proportionately more poultry
than small populations, which is what one would expect if larger populations are located in
more urban areas and therefore there is a greater demand for poultry from individuals living in
more densely populated areas as compared to rural areas. All of the B parameter estimates for

the models were close to 1 indicating the human populations at the destination are buying

proportional to the size of their population.

Presentation of the model fit using scatter plots was an informative tool to evaluate the fit of
each model and was especially useful in identifying possible outliers. It would not have been
possible to identify possible outliers if I had only produced the cumulative distance distribution
graphs for each model. Local knowledge of the poultry trading system in Cambodia has been

helpful in interpreting these results, especially with respect to the characteristics of the outliers.

As was expected, these results show that there is not a linear relationship between poultry
quantity traded and distance travelled, and the models were sensitive to instances where large
quantities of poultry are traded short distances (e.g., 3500 poultry traded <20 km) and
conversely when small quantities of poultry are traded over long distances (e.g., 281 birds
traded >130 km; 309 birds traded approximately 170 km). Within Cambodia, it is not
uncommon for large quantities of poultry to be traded over short distances because there were
several large markets located within 20 km from Phnom Penh. Therefore there may be a

different economic model for poultry traded locally versus traded into Phnom Penh.

The models seem to suggest that there may be different cost factors for localized poultry
movement, i.e., poultry traded to locations outside of the home district but within the same
province of origin than for poultry traded into markets and other locations in Phnom Penh.
Possible explanations for this trend may be that there are different economic drivers for poultry
traded for longer distances as compared to shorter distances or that the mode of transportation
(e.g., motorbike vs. truck/van) makes longer distances possible for some middlemen. It is
possible that separate models are required for shorter and longer poultry movements, however
because my data covered poultry movements over a relatively short distance (up to 200 km), I

saw no evidence using the deviance statistic of a better fit in the models by distance and did not

LSHTM | Van Kerkhove MD PhD Thesis 196



find evidence of a better fit when categorizing poultry trading at different distance thresholds
(e.8., <75 km vs. >75 km using Euclidean distance; <125 km vs. >125 km using calculated

road distance; data not shown). A measure of the mode of transportation (e.g., motorbike, truck,
bicycle, foot) would be useful to incorporate into the analysis to evaluate the fit of the models

and changes in parameter estimates (e.g., B> than 1 for poultry traded to locations in Phnom

Penh and B<1 for localized trading).

Using the Euclidean distance provided models with the best fit to the observed data, which was
an unexpected finding since calculated road distances are a more exact measure of the
distances travelled between each location. Although the values for calculated road distances
were highly correlated with Euclidean distance and also with journey time, there may have
been some inaccuracies in the values obtained for calculated road distance and journey time.
For example for the calculated road distances, the road network in ArcGIS did not originally
include any bridged or ferry crossings and in order to obtain a more accurate calculation of
road distances I provided an approximate location of the ferry crossing at Neak Leung and an
important bridge linking National Road 1 and Phnom Penh. Without this information,
calculated road distances from locations in Prey Veng and Svay Rieng were 3-4 times larger
than they should have been as compared to road distances calculated by the Ministry of Public
Works and Transport (MPWT 2009).

Although calculated distances are a more accurate representation of the distances travelled,
they still did not capture the “costs” associated with each journey. In using a measure of the
time to make the journey between each location, the measure is able to take into account the
road conditions, which if they are made of dirt are virtually impassable for several months out
of the year; traffic, which in some areas leading into Phnom Penh can delay a journey for 15-
60 minutes depending on the time of day; and the use of a ferry to cross the Mekong River,
which is required for all journeys originating in Prey Veng, and Svay Rieng Province (and
including Vietnam). Ideally this measure should include the vehicle type (e.g., car, truck,
motorbike, bicycle) if it were to truly capture the journey times made by poultry traders in this

region. However, there was no evidence of a better fit of the model when using journey time as
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the distance measure, which may indicate that there are inaccuracies with the estimates I

obtained.

Some movements are not well captured by any of the models, specifically poultry traded into
Phnom Penh and some poultry traded to Peam Ro which is the ferry crossing at Neak Leung in
Prey Veng Province. This may be because these models fitted to poultry movement data in
Cambodia do not take into consideration the costs associated with trading poultry. For example,
the cost of diesel may prohibit some traders from making longer journeys into Phnom Penh
especially if they are carrying only a small number of live birds on their motorbikes each week
thus limiting the profit they are able to make with each journey. On the other hand, if
middlemen use trucks for transportation, they can carry thousands of live chickens and ducks
each week, resulting in the marginal cost of diesel compared to the profit made by the sale of
their poultry. There are often multiple middlemen transporting poultry on the same truck,
which would further reduce the cost of diesel if they were dividing the cost. An estimate of
how poultry are traded for each journey may explain some of the variation in the poultry flows

predicted by the model.

Since the poultry network is highly centralized, a large proportion of the locations where
poultry are sold are in Phnom Penh (24 of the 45 pairs), where the population size is larger by a
factor of ten compared to districts in rural areas. Because the population sizes for all identical
destinations are the same, there may be other factors not accounted for in the model that are
driving poultry movement. Again, an estimate of the cost/profit made from poultry sold locally
as compared to poultry sold to locations in Phnom Penh would be important to incorporate into
the model. However, I did not collect this information from my subjects and I am unaware of

any existing data that could address these issues.

These analyses were limited by the use of districts as the origin and destination rather than the
actual location where poultry were purchased and sold (e.g., village or market). This was

decided because I had GPS coordinates for all nodes either obtained during visits to the actual
locations or from GIS software. When GIS software was required, the district centre was used

instead of the actual location. Although the included districts are not large, this may have
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impacted the results since district centres tend to be location along paved roads whereas

villages and some smaller poultry markets may be located along dirt roads.

The use of disaggregated data of poultry traded between identical locations is warranted to
determine if identical journeys that are made by multiple individuals shed light on other factors
driving poultry trade. It is unclear what effect these differences may have had on the results;

however further analyses are necessary since there were only a small number of such pairs

available for model fitting (n=45).

Another limitation of this analysis is that I only considered pairs of locations in which
movement was observed to occur (n=24 districts) and therefore, the current models did not
capture the lack of movements to other locations nor the movements between districts that
were not sampled (n=159 districts). This may result in biased estimates of the model
parameters. For example, 1if there were a nearby district with a large human population to
which poultry did not move, including this would have the effect of reducing the estimate of
the power parameter on the human population. Future analyses will incorporate this additional
information. However, in order to do so, it will be necessary to condition the analysis (using a
multinomial rather than Poisson likelihood) on the number of poultry observed to leave the
study populations as the survey did not fully capture movements from other locations.
However, this would result in a model that no longer predicts the factors driving the source
population (i.e. the number of poultry at the source population) which limits the application of

the model to other settings with different underlying poultry population distributions.

These analyses are also limited by estimates of human and poultry populations that are unable
to be verified. The last census conducted in Cambodia was conducted in 1998 and therefore do
not take into account growth rates, which vary disproportionately throughout the country (CIA
2008), nor do they take into account changes in rural/urban living. In addition, there was no
way for me to assess the quality of estimates of poultry population at the provincial level since
the methods by which these values were collected were not provided by NaVRI. A more

accurate estimate of poultry populations at the district level are needed.

LSHTM | Van Kerkhove MD PhD Thesis 199



Despite these limitations, using gravity models has been useful to uncover relationships
between poultry movement, distance and human/poultry populations at the source and
destination. These results have demonstrated that gravity model theory can be applied to
poultry movement data. This is a novel application of the use of gravity model theory as there

are no studies that have fitted gravity models to animal movement data.

Once validated, these results may be able to predict trade flows not covered by the study areas
and elucidate poultry movements within the Mekong Delta Region. Since it is not feasible to
collect the movement of poultry for the entire Mekong Delta Region, gravity model theory is a
useful tool to predict poultry movement in a wider area to gain insight on how these

movements could be controlled to prevent the spread of HPALI

LSHTM | Van Kerkhove MD PhD Thesis 200



Chapter 8 Conclusions and Future Work

8.1 Key Findings

My PhD research involved the collection of novel and original data from rural Cambodians,
rural, peri-urban and urban market sellers and poultry middlemen from six provinces and
Phnom Penh between April 2006 and December 2007. In my first large-scale survey of
randomly selected adults and children living in rural areas of Cambodia, I evaluated poultry
ownership and husbandry practices, poultry mortality experienced and poultry mortality
reporting. This study also evaluated the extent and frequency of poultry handling behaviours of
each subject and how these practices differ by age and gender. This is the first study to
evaluate poultry contact patterns at an individual level and the first to evaluate poultry contact
patterns of children. My second study identified and interviewed rural, peri-urban and urban
poultry market sellers and middlemen to evaluate their poultry trading patterns. Through these
two studies, this thesis has evaluated poultry movement and the extent of interaction between
humans and poultry in Cambodia to better understand the risks of sustained transmission of

H5NI1 in poultry and onward potential transmission to humans.
8.1.1 HPAI and Poultry Populations

The results from my first study demonstrated that most rural Cambodians own small quantities
of chickens and/or ducks. Although a large majority of backyard flocks generally consist of
less than a dozen chickens, most domestic poultry often mix with other domestic animals,
including pigs, water buffalo, and dogs. Thus there is the potential for genetic mixing of an

avian and non-avian influenza virus in these species (Alexander & Brown 2000; Horimoto &

Kawaoka 2001).

The use of bio-security on farms with backyard poultry was found to be minimal or non-
existent and could be readily improved to a minimum level by keeping poultry species
separated from other domestic species, separate from human areas, and restricted to forage for
food within a specified and controlled area. One way to reduce the proportion of free-ranging

animals and thus the potential for HPAI transmission between flocks is to improve the sealant
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properties of fences and netting that are used by approximately 25% of households in rural
areas of the country. However, feasible options for providing feed to enclosed flocks would be

necessary as flocks would no longer be allowed to freely forage for food. This presents a major

challenge to HPAI control in developing countries.

My research has highlighted the heterogeneity in poultry raising practices that would normally
be classified as Sector 4 Poultry Production according to FAO definitions (FAO 2006). In
order to have more transparent and more informative descriptions of poultry raising in
countries with predominant Sector 4 holdings and to design effective control measures for
HPAL, further information is required, such as the size of poultry flocks, the species raised, and

the output into the poultry market chain.

In Cambodia, more than 90% of backyard flocks are composed of small numbers of free-
ranging chickens (Sector 4, Subcategory A). However among households that raise poultry in
Cambodia, approximately 1% of households included in my study rear ducks (n>50) using a
minimal level of bio-security (birds are kept indoors or allowed to be free-ranging for part of
the day and kept indoors or fenced in at night; Sector 4, Subcategory B), whereas
approximately 6% of households raise small numbers of free ranging ducks (Sector 4,
Subcategory B). These two subcategories represent the greatest potential for sustaining HSN1
circulation in rural Cambodia since infected ducks can silently spread the virus (Chen et al.
2004; Hulse-Post et al. 2005). This is supported by research from Thailand, which has shown
that free-grazing ducks were strongly associated with HPAI outbreaks in villages and thus were
crucial for the persistence and spread of HPAI in Thailand in 2004 (Gilbert et al. 2006; Gilbert
et al. 2007). Thus, it is especially important for HPAI surveillance to monitor the HPAI status
of Sector 4, Subcategories A and B holdings since they represent the greatest HPAI risk.
Control efforts in Thailand that focused on regulating movement and monitoring H5N1

infection via serologic and virologic testing of duck flocks may have led to the reduction of

H5N1 outbreaks in 2006 (Webster et al. 2007).

My research has also revealed that it is not uncommon for households to experience poultry
mortality, with more than half of the households experiencing some degree of poultry mortality

within the previous 8-month period. A key finding is that respondents reported an average of
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50% within-flock mortality among both chicken and duck flocks over the study’s recall period.
Of cause for concern is that this level of mortality was not normally treated as suspect by
villagers, even when within-flock mortality exceeded 50%, 60% or 75%. It is probable that
there has been considerable underreporting of HPAI in poultry populations in rural areas of the
country and therefore there remains a strong need to improve the passive HPAI surveillance
system in Cambodia. The current system relies on village animal health workers (VAHW),
who have been trained by FAO and NaVRI, to identify suspect poultry mortality. Given that
my study population reported difficulties in distinguishing symptoms of Al from other poultry
diseases including Newcastle disease, VAHW would provide a necessary link between rural
subjects and NaVRI by providing information to the subject on Al and determining whether it
is necessary to report the mortality event onwards to officials at NaVRI for follow-up. Without
the VAHW, it would be increasingly difficult for subjects to know where or how to report
poultry mortality.

It would be prudent to focus passive HPAI surveillance on high mortality events above a
specified within-flock mortality threshold. For example setting a threshold of within-flock
mortality at >60% in chicken flocks or at >30% in duck flocks would help officials
differentiate common poultry mortality from suspect mortality events. Using data from this
study, if a threshold of 60% within-flock mortality were assumed to be the basis for which
VAHW called upon ministry officials to investigate, 38 households should have been visited
within the 8-month study period to investigate 30 occurrences of >60% mortality within a
chicken flock and 8 occurrences of >30% mortality within a duck flock events. Given the
current limited personnel and financial resources of NaVRI, investigating 38 occurrences of
suspect mortality that occurred in two provinces within an 8-month period would be difficult to

achieve, even more unattainable would be to investigate suspect mortality events at the

national scale.
8.1.1.1 Poultry movement and HPAI

My second study evaluated poultry movement via middlemen and market sellers and illustrated
that networks of poultry movement via trading in Cambodia are highly centralised, connected

and unidirectional. Most poultry movement occurs into Phnom Penh making the markets in
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Phnom Penh a potential hub for the spread of HSN1 and ideal for surveillance and control.
Research has shown that live bird markets are an important reservoir for HPAT and an ideal
environment for reassortment and transmission of HPAI from poultry-to-humans (Amonsin et
al. 2008; Kung et al. 2003a; Kung et al. 2007; Nguyen et al. 2005; Wang et al. 2006, Woo et al.
2006). Thus, the movement of poultry through these markets are potentially important in the
circulation and spread of HPAI (Kung et al. 2007; Sims et al. 2003). Domestic poultry
outbreaks of HSN1 have occurred in areas of the main network and therefore Phnom Penh

markets, namely wet markets, would be ideal for routine surveillance activities and control

interventions.

Illegal cross-border trading of live poultry was also identified in this study, namely from
Vietnam and to a lesser extent from Thailand. Live day-old ducks from Vietnam are directly
traded with influential locations in Phnom Penh, including markets and semi-commercial farms,
and make up approximately half of the total number of ducks traded weekly in Cambodia. Live
and prepared poultry (birds that have been slaughtered, boiled, and defeathered) from Thailand
are traded to markets in Banteay Meanchey province, but these movements are separated from

the main network and I did not identify any direct links between Thailand and Phnom Penh.

Based on the results of this study, targeted surveillance recommendations were developed for
NaVRI to improve their active HPAI surveillance activities. Two tiers of recommendations
were developed to 1) monitor the HPAI status of poultry populations in rural areas (Tier 1
recommendations), and 2) identify locations that would allow for the early detection of HPAI

incursion in markets which have a high potential for spread throughout the network (Tier 2

recommendations, Table 6-7).

The purpose of the Tier 1 recommended locations for surveillance is to directly identify
locations where HPAI can be rapidly detected if the virus is in the market system and would
indirectly allow NaVRI to monitor the HPAI status of poultry populations in rural areas. These
recommended locations include those with the highest in-degree values, and include markets,
semi-commercial farms and stock houses in Phnom Penh. If HPAT is identified in any of the

Tier 1 recommended locations, an investigation to trace-back poultry back to its origin should

be undertaken.
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The purpose of the Tier 2 recommended locations is to 1dentify locations that are most likely to
interrupt poultry-to-poultry transmission of HPAI. The active surveillance of the locations that
fall within Tier 2 would allow for the early detection of HPAI incursion in markets that have a
high potential for spread. The Tier 2 recommended locations are those with the greatest
number of connections and the largest out-degree scores. If HPAI is identified in any of the
Tier 2 recommended locations, an investigation to trace-back and trace-forward poultry should
be undertaken. This would require minimal effort to trace poultry forward as most are sold to
markets in Phnom Penh and a moderate effort to trace poultry back to its origin as most are

sold from nearby villages and markets.

An important finding of my second study, particularly when considering transmission
dynamics of HPAI across the networks, is that poultry rarely spend more than 8 hours in the
market chain before they are slaughtered. This reduces the likelihood that active HPAI
surveillance activities will capture an infected or diseased bird in the markets since poultry
traders did not report selling visibly sick poultry. The wet markets in Cambodia provide an
ample environment for HPAI viruses to persist (Amonsin et al. 2008; Kung et al. 2003a; Kung
et al. 2007: Nguyen et al. 2005; Wang et al. 2006; Woo et al. 2006) and therefore the market
environment should be included in the routine HPAI monitoring activities. This is supported by
an investigation of live bird markets in China where investigators found no positive H5N1
samples from cloacal swabs of several bird species from several markets, but found one
positive environmental sample from a goose cage (Wang et al. 2006). Therefore, further it
would be prudent for NaVRI to consider including monthly disinfection of wet market selling
areas (e.g., stalls, selling platforms, locations where poultry are slaughtered) at the three main
live poultry selling markets in Phnom Penh (Orussey, Chba Ampov, and Deum Kor markets)

in their HPAI control strategies.

A gravity model was fit to poultry movement data using population data as an indicator of
potential trade between the source where poultry are reared and destination of where poultry
are sold to attempt to understand the potential driving forces behind the poultry movement
patterns observed. These results illustrated that poultry movement is best described using
poultry populations at the source (representing the supply of poultry) and human population at

the destination (representing the demand for poultry). The models also suggest that there may
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be different cost factors for poultry movement at different distances. A possible explanation for
this trend may be that there are different economic drivers (e.g., mode of transportation, cost of
diesel, profits from sale of poultry, journey time) for poultry traded over greater distances
(poultry traded into Phnom Penh) as compared to shorter distances (localised poultry trading).
This 1s a useful tool to predict poultry movement in wider areas and once validated, could be

used to gain insight on how these movements could be controlled to prevent the spread of
HPAI

Recent unpublished evidence (presented at the Cambodia Workshop on Avian Influenza
Research Activities, Sihanoukville, Cambodia 8-10 October 2008) from NaVRI’s active HPAI
surveillance programme, which is currently being conducted in 13 markets has revealed that
HS5N1 may have been circulating in markets in 2007-2008. Influenza A viruses were isolated
from cloacal and tracheal swabs of birds in Phnom Penh markets in 2007 (RT-PCR influenza
type a positive, HS negative) and from birds in markets in Phnom Penh, Takeo, Pursat,
Sihanoukville, Banteay Meanchey and Siem Reap (RT-PCR influenza type A positive, HS
negative) in 2008. Also in 2008, influenza A viruses, subtype H5 (RT-PCR influenza type A
positive, HS positive) were isolated from cloacal and tracheal swabs of birds from a market in

Svay Rieng.

In 2007, antibodies for HSN1 were identified in poultry from markets in Phnom Penh (2/434
samples) and Takeo (16/166 samples) and in 2008, in poultry from markets in Phnom Penh
(82/1155 samples), Takeo (59/390 samples), Kampong Cham (26/330 samples), Pursat (10/497
samples), Battambang (16/435 samples), Siem Reap (29/450 samples), Kampot (59/232
samples), Kandal (18/130 samples) and Sihanoukville (26/240 samples). Overall H5N1
antibodies were detected in 1.7% (18/1065 samples) of poultry tested from seven markets in
2007 and in 7.9% (325/4124 samples) poultry tested from 13 markets in 2008. These results
indicate that H5N1 is circulating in the Cambodian market system. This supports the

assumption that H5SN1 infection has gone largely unreported in rural regions of Cambodia.

8.1.2 HPAI Transmission Risks at the Human/Animal Interface
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The results from my large-scale cross-sectional survey demonstrated that most of the
population in rural Cambodia is in frequent contact with domestic poultry. About half of the
rural population sampled carried out, on a regular basis, at least one of the practices considered
to be high risk for effective transmission if the bird is infected (e.g., slaughtering poultry,
sharing water with fighting cocks, blowing into the beak of fighting cocks).

There was substantial variation in the frequency of different practices and thus the potential
risk of transmission of HSN1 from poultry-to-humans is not uniform across age and gender
even amongst populations living in close proximity to poultry. In conducting a semi-
quantitative risk assessment of the transmission potential of HSN1 from poultry-to-humans
among rural Cambodians, I determined that males between the ages of 26-40, followed closely
by males between the ages of 16-25 reported practices of contact with poultry that give rise to
the greatest HSN1 transmission risk potential. Of the 3,600 subjects included in this assessment,
approximately 16.2% (n=583) had exposure risk scores above the 90™ percentile and were
largely male (72.3%) and had a median age of 29 (IQR: 21-42; range 6-69). These rural
subjects have the greatest potential non-occupational risk for poultry-to-human transmission of

HPAI

As discussed in Chapter 5, this population group differs from the age and sex distribution of
the total number of confirmed HSN1 human cases that occurred up to 30 December 2008, in
which an excess of cases was observed in children and no differences observed between
genders (Writing Committee of the Second World Health Organization Consultation on
Clinical Aspects of Human Infection with Avian Influenza 2008). However the group with
highest exposure in this study is more similar to the age/sex distribution of the confirmed Thai
cases (n=25). The mean age of cases was 22 years and 64% of cases were male (WHO 2006-

2009) indicating that similar poultry contact patterns may exist in Thailand.

Such socio-demographic differences in human cases of HSN1 may be because contact patterns
with poultry differ between countries. However, it is also suggestive that the variation in H5N1
incidence by age may not be due to exposure alone and that there may be differences by age in
intrinsic immunologic susceptibility to infection, pre-existing immunity against human

influenza A virus and/or clinical presentation of disease. As my study is the first study to
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evaluate individual-level behaviour of a large and randomly selected population, it would be
useful to evaluate the poultry contact patterns of individuals living in rural areas of Vietnam,
Thaitland, Laos, China and other Asian and African countries to evaluate whether behaviour
differs among these populations living in similarly close contact with poultry. No comparable
studies have been conducted from which comparisons of regional contact patterns can be made,

although contact with poultry is likely to be widespread.

This research found that poultry traders (i.e., poultry market sellers and middlemen) are in
highly-concentrated contact with poultry and therefore have a greater potential poultry-to-
human transmission risk as compared to rural Cambodians. All of the poultry traders included
in my study reported practices that are considered to be high risk for effective transmission of
H5N1 if a bird is infected with HSN1 since their daily activities regularly include contact with
blood and bodily fluids through the practices of slaughtering, bleeding and handling internal

organs of poultry without the use of personal protective equipment.
8.2 Limitations of the Research

There are several additional questions that I would have liked to include in the questionnaires
to better understand the potential transmission risk of HPAI between flocks. For example, it
would have been useful to obtain specific information on the grazing patterns of domestic duck
flocks to evaluate if grazing patterns differ by region or among areas with reported outbreaks.
It would also have been useful to address the frequency of use and extent of sharing of farm
equipment. These data are needed to determine the risk of HPAI transmission within and
between villages that share equipment and would be important to understand in order to design

appropriate HPAI control strategies.

Secondly, I did not collect sufficient information to evaluate risk factors for within-flock
mortality because of the nature in which the data on poultry mortality were collected. My study
subjects had difficulty with the recall periods that were originally included in the
questionnaires (e.g., within the past two weeks, how many poultry died?; within the past two
months, how many poultry died?). Therefore, questions addressing poultry mortality captured
the proportion of poultry that died over an 8-month period among the total number of poultry
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owned during that same time period rather than the number of birds that died within each flock

owned over a shorter, more specified time period.

Additionally, to better evaluate transmission risk of HPAI from poultry-to-humans, I would
have liked to obtained estimates of the extent and frequency of swimming/bathing/fishing in
ponds by adults from all 6 provinces. I only collected information on swimming/bathing/
fishing among residents in two provinces. Among these 800 adults, 97 reported regularly
swimming/bathing/fishing in water sources where poultry have access. These practices were
most often reported by 16-25 year old males. This information may provide insight on the age

and sex distribution of the confirmed H5N1 cases that have occurred to date.

This research would have been enhanced if I had included a component in the study design to
test for the presence of antibodies of HSN1 of the study participants. By testing my study
subjects for anti-HS antibodies, I may have been able to identify risk factors for infection.
However in 2006, very few non-health care worker related studies had been conducted or
resulted in finding any seropositive individuals (Bridges et al. 2002; Katz et al. 1999; Vong et

al. 2006) and it was deemed not financially feasible to include this component in this study.

Similarly. my study of poultry movement would have been enhanced if I had included
virologic and serologic testing of live poultry at the poultry markets included in my study
(n=102). Given that NaVRI identified antibodies in approximately 8% of live bird samples
from 13 markets in 2008, it is likely that I would have identified poultry with antibodies in
some of the markets included in my study. These data could have been used to evaluate
practices of the markets (e.g., how birds are kept, environmental conditions of the markets) to

determine if any practices are associated with the presence of HPAL

My semi-quantitative risk assessment had several limitations, largely because several
epidemiologic data gaps remain. These data gaps include: a lack of understanding of the
prevalence rates of H5N1 in poultry species in regions where H5N1 is endemic or recurrent; a
lack of knowledge on all potential transmission routes from poultry-to-humans including by
indirect means via the environment; a lack of understanding on the influence of genetic and/or

immunological factors on transmission; and a lack of knowledge on the persistence of the virus
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in poultry blood, bodily fluids, organs and tissues. As these data become available, the

estimates of B may become more refined.

There are several limitations of my study of poultry traders. First, this study did not attempt to
find and interview all poultry markets or all middlemen responsible for trading poultry in
Cambodia. Thus, the results of the network analysis only represent poultry movement within
my study areas, specifically within the 24 districts in 6 provinces included in the study.
Although the connections into Phnom Penh may be fairly complete and represent regular
trading into the capital, there are important hubs of poultry movement—particularly around
Siem Reap—that would be important to uncover in order to provide more comprehensive

active HPAI surveillance recommendations to NaVRI.

Secondly, although this study identified illegal cross-border poultry trading with Vietnam and
Thailand, it did not capture the small-scale localized poultry trading that may be important in
understanding the circulation of HPAI in the Mekong Delta Region. The extent of small scale,
cross-border trading of poultry, which has been illegal since 2004, is not well understood but is
occurring in many areas along Cambodia’s permeable border with Vietnam, and in some cases
involve district veterinarians in border areas (MAFF Unpublished Data). This movement needs

to be fully examined before it can be controlled.

Phylogenetic analyses of circulating poultry and human H5N1 strains in Vietnam, Cambodia
and Thailand since 2004 have indicated that HSN1 may have been introduced into Cambodia
in early 2004 from Thailand and since then has been circulating back and forth across the
Vietnamese/Cambodian border (IPC Unpublished Data). Phylogenetic analyses of H5N1
stains circulating in Vietnam from 2001 to 2007 suggest that there have been at least six
introductions of H5N1 into Vietnam, possibly first introduced into Vietnam from cross-border
trading activities with China (Wan et al. 2008). It is likely that the cross-border trading of small
numbers of live backyard chickens and/or ducks may be a critical factor in HPAI circulation

and persistence throughout the Mekong Delta Region.

8.3 Dissemination of Findings
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The dissemination of study information throughout the various stages of the PhD—
development, implementation, interim results and final results—was an important feature of
my thesis work and therefore [ regularly met with local partners to update them on the progress
of the studies. For example, interim and final results of the cross-sectional study of rural
Cambodians were presented to UNICEF in the form of an oral presentation and report at the

end of the first phase (April 2007 (Van Kerkhove et al. 2007)) and second phase (March 2008
(Van Kerkhove et al. 2008)) of the study.

The results of this study have been used by UNICEF to improve their risk communication
materials on avian influenza, specifically in school education. FAO Cambodia used the results
on poultry mortality reporting to design a follow-up anthropological study to understand why
subjects were reluctant to report poultry mortality to officials. IPC has used these results to
design intervention studies in rural Cambodia to reduce the risk of transmission from poultry-

to-humans by focusing on improvements in biosecurity on rural farms.

Detailed interim and final results of the cross-sectional study evaluating poultry movement
were presented to local partners (IPC and NaVRI) in Cambodia in December 2007, October
2008 and March 2009 (planned) and provided as a report for NaVRI in early 2009. The results
of this research have also been presented to members of Cambodia’s avian influenza task force,
which includes representatives from the WHO, FAO and the Ministry of Human Health in

Cambodia.
8.4 Future Research

Despite numerous studies that have been published on H5N1 since 2003, there still remain
important data gaps that must be filled to fully understand the epidemiology and pathogenicity
of H5N1 in birds and humans. For example, risk factors for HSN1 human infection are still
largely unknown and the persistence of H5NI1 in different poultry species, within poultry

populations and in the environment are not fully understood.

8.4.1 Persistence of H5N1 in Poultry Populations
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There is a lack of knowledge of LPAI and HPAI virus persistence in poultry blood, bodily
fluids, organs and tissues. To fully evaluate the transmission potential of HSN1 from poultry to
humans, it would be useful to have a clear understanding of the pathogenicity of the circulating
HSNI1 stains in different species of vaccinated and unvaccinated birds, in assorted tissues and
organs. and in the blood and bodily fluids at various days post infection. There have been
numerous experimental studies that have evaluated the pathogenicity of H5N1 in different
domestic and wild bird species, however these studies have largely been conducted on a small
number of birds under controlled conditions (e.g., (Beato et al. 2007; Das et al. 2008; Hulse-
Post et al. 2005; Spickler et al. 2008)). Since the pathogenicity of HSN1 in wild birds and
domestic duck species has changed since 2003 (Pantin-Jackwood et al. 2007; Swayne 2007), it
would be useful to have data collected from H5N1 outbreak investigations in domestic,
commercial or wild bird populations (e.g., (Kwon et al. 2005)) as these data are essential for
understanding the conditions that may be required for the effective transmission of HSN1 from

poultry-to-humans.

There is also a lack of knowledge on the persistence of HSN1 strains and how transmission is
sustained within poultry populations. There is likely considerable underreporting of HPAI in
poultry in rural areas of many countries where backyard poultry is common (FAO Sector 4). It
would therefore be useful to examine the poultry production systems of countries where H5N1
is present, for example by using the Sector 4 Sub-categories A through D that I described in
Chapter 4. These sub-categories may be helpful in describing the poultry production systems
where HSN1 outbreaks have been frequent (e.g., Vietnam, Thailand, Egypt) and less frequent
(e.g., Laos, Malaysia, Benin) to determine if there is a relationship between husbandry
practices and the frequency of HSN1 outbreaks or the risk of HPAI infection. While free-
ranging duck flocks—which may be silent carriers of HPAI and have the potential to transmit
the virus freely and undetected—are an important risk factor for the persistence of HPAI
(Gilbert et al. 2006), semi-commercial farms may be at a higher risk for infection than
backyard flocks (Graham et al. 2008; Sims 2007). However this could be the result of higher
outbreak ascertainment in commercial poultry production settings (Graham et al. 2008).

Therefore, understanding the poultry production system of countries with recurrent HPAI 1s

vital for developing appropriate control programs.
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The effects of control measures (e.g., vaccination, stamping out, restricting movement,
improving bio-security measures), which have been implemented in many countries to control
the spread of HSN 1, are not well understood as there are few peer-reviewed and published
reports that have evaluated such control programs. There is some information available from
government and international organizational reports (MOH 2007; Otte et al. 2008) and
presentations at conferences (Nguyen 2008; Siregar & Darminto 2008). However, it would be
useful to obtain more specific information on which control strategies were used, the methods

that were used to implement strategies, and results from post-vaccination surveillance and/or

other evaluation programs.

The persistence of LPAI and HPAI strains in the environment under various climatic
conditions—including those that resemble live bird markets, wet markets and poultry farms—
is unclear. The often damp and dark conditions of wet markets are believed to be ideal for the
persistence of HSN1 virus (Woo et al. 2006), and the conditions in the live birds selling areas
and slaughtering areas could facilitate a viable environment for HPAI to survive and/or persist
(Kung et al. 2007; Kung et al. 2003b; Nguyen et al. 2005; Wang et al. 2006; Webster 2004).
There is some experimental evidence that suggests that influenza A viruses are detectable in
water and wet faeces for up to 6 days at 37°C (Brown et al. 2007b) and that HSN1 can survive
in carcasses for several days at room temperature (OIE 2008a; WHO 2006-2009). However
further experimental studies are needed to evaluate the viability of H5N1 in various controlled
climatic conditions with varying temperature, humidity, and UV light. These results would be
useful to help understand the duration H5N1 is transmissible and detectable in various
environments. Since my results found that birds spend less than 8 hours in market before they
are slaughtered, it would be useful to evaluate the cost-benefit of including environmental

sampling in HPAI surveillance programs conducted in markets, especially in resource limited

countries.

8.4.2 Epidemiologic Data Gaps

Several important data gaps remain in the understanding of the epidemiology of H5N1 in
humans. First, there remains considerable scope for underreporting of human and poultry

H5N1 outbreaks and therefore data is still lacking on the risk factors for human H5N1 infection.
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Since 2003, a small number of seroprevalence studies have evaluated the frequency of
asymptomatic or subclinical infection and risk factors for HSN1 infection (Apisarnthanarak et
al. 20035; Ortiz et al. 2007; Schultsz et al. 2005; Thanh Liem et al. 2005; Vong et al. 2009).
However, only one of these studies has identified asymptomatic individuals with anti-H5N1
antibodies, indicating previous infection with HSN1. The interpretations from this study are

limited because of the small numbers of cases (7) and matched controls (24) available for study.

It would be constructive to conduct a large-scale seroprevalence study of individuals who are
in regular contact with poultry blood, tissues and bodily fluids. Given that anti-H5N1
antibodies were found in approximately 8% of live bird samples tested in 2008 (MAFF
Unpublished Data), and that seroprevalence rates among birds at markets vary (Amonsin et al.
2008: Joannis et al. 2008; Wang et al. 2006) and could be higher, a human seroprevalence
study should be conducted to evaluate the presence of HPAI (H5 and H7 subtypes) antibodies
among poultry market sellers. This study should include poultry workers, especially
individuals that are responsible for preparing poultry to be sold at the market (i.e., market
sellers that slaughter, boil, defeather, handle internal organs, and cut meat) from multiple
countries where H5N1 1s recurrent. The inclusion of poultry market workers from several
countries may allow for the evaluation of seroprevalence and/or risk factors by region. This
study could evaluate the risk factors identified during my thesis work (and include risk factors
evaluated in previous studies of poultry workers (Bridges et al. 2002; Ortiz et al. 2007)) and
the extent and frequency of specific exposures to poultry that occur during the preparation of
poultry for trading (e.g., slaughtering and bleeding poultry, boiling and defeathering poultry,
removing and washing internal organs, etc) as well as other at risk practices involving direct
and indirect contact with poultry in non-occupational settings. Careful attention to sample size
should be considered when designing this study to adequately evaluate risk factors for infection
since published studies have identified only a small percentage, if any, of individuals with anti-

H5 antibodies (Bridges et al. 2002; Ortiz et al. 2007; Wang et al. 2000).

Second, the influence of genetic and/or immunological factors on transmission is poorly
understood. Although there have been several suspected clusters of H5N1 infection (largely
among blood relatives) where HSN1 may have been transmitted between humans, the clusters

are difficult to interpret because all suspected family members may not have been tested for
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HS5NI1. In an analysis of 11 suspected clusters of HSN1 among blood relatives in Indonesia, the
authors suggest that there may have been limited human-to-human transmission in some
clusters. However genetic variation in families could result in the occurrence of clusters

because of a predisposition to infection (Kandun et al. 2008).

While no health care workers exposed to HSN1 patients in Vietnam or Thailand were infected
from the care of these patients (Apisarnthanarak et al. 2005; Thanh Liem et al. 2005), a father
may have been infected through contact during the care of his dying son infected with H5N1 at
a hospital in China (Wang et al. 2008), and a mother and aunt may have become infected from
similar contact with their dying daughter/niece in a hospital in Thailand (Ungchusak et al.
2005). In order to fully evaluate the occurrence of human-to-human transmission, a detailed
exposure history needs to be collected from a// suspected cases and their contacts. Bird and
Farrar have developed a data collection form that could be used during all future human
outbreak investigations, which includes not only information on contact with poultry and a
suspect case, but includes questions regarding the timing of the contact (Bird & Farrar 2008).
However this questionnaire covers only general exposure information (e.g., handling sick or
dead poultry, handling faeces or fertiliser from sick or dead poultry, slaughtering poultry) and
does not include any potential transmission via the environment (e.g., contaminated water). In
order to build a database from which more robust analysis can be conducted, detailed exposure

information should be systematically collected from all suspect cases.

Third, improved knowledge is needed on all potential routes of transmission of H5SN1 from
poultry-to-humans and the prevalence of such practices in human populations. I have evaluated
what [ believe are the main potential routes in which people can become infected with HSN1,
but we currently lack sufficient data from the confirmed H5NT1 cases around the world to fully
evaluate other potential risk factors for infection such as the role of water and other
environmental factors. Transmission could also include oral ingestion, conjunctival or
intranasal inoculation from contaminated water while drinking, swimming or bathing or from
faeces while caring for poultry (Vong et al. 2009) and may explain why more children than

adults are infected. Furthermore, asymptomatic cases may occur because of low concentrations

of viruses in the environment.
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8.5 Conclusions

To fully understand and attempt to control a zoonotic disease like HPAI/H5NT1, it is essential
for animal and human health bodies to work effectively together to study HPAI in poultry and
humans, especially at the animal/human interface. Collaboration between animal and human
health sectors is essential to understand the risk of transmission between poultry and humans
and to develop effective programs to control and prevent the spread of HPAI within poultry
populations and onwards to humans. The exposure information that is currently cd]lected from
suspect HSN1 cases is too general to explain the current pattern or to predict future cases of

HS5NT1 infection in human populations, and therefore need to be more systematic and

standardized.

Outbreaks in human and poultry populations continue to occur. During the first two months of
2009, H5N1 was identified in humans in China and Egypt (WHO 2009a) and in poultry in
Bangladesh, India, Nepal, Togo, China and Vietnam (OIE 2009b). HSN1 is often identified in
human before poultry populations thus exposing the limitations of the current HPAI
surveillance systems in many Asian countries where H5SN1 is recurrent or endemic.

Improvements in passive HPAI surveillance programs are urgently needed in these countries.
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DISPATCHES

Interaction
Between Humans
and Poultry, Rural

Cambodia

Sowath Ly,* Maria D. Van Kerkhove,t
Davun Holl,1 Yves Froehlich,§
and Sirenda Vong*

Because avian influenza H5N1 infection risks are
associated with exposure to infected poultry, we conducted
a knowledge, attitudes, and practices survey of poultry-
handling behavior among villagers in rural Cambodia.
Despite widespread knowledge of avian influenza and per-
sonal protection measures, most rural Cambodians still
have a high level of at-risk poultry handling.

he circulation of the highly pathogenic H5N1 avian

influenza (Al) strain throughout Asia since late 2003
(1), and more recently in Europe and Africa, has resulted
in considerable concern for the potential of a new pandem-
ic. In Cambodia, outbreaks of HPAI A/HSN1 infection
were first reported in poultry in early 2004 (2). Since 2005,
6 human cases have occurred (100% fatal); the 2 most
recent cases occurred in early 2006 (3,4).

Most Cambodians live in rural areas and raise animals
for consumption (2), typically keeping poultry, swine, or
cattle close to the home. Because H5N1 infection has been
associated with exposure to infected poultry (5—70) and lit-
tle is understood of the perceptions of rural farmers regard-
ing Al (/1), we conducted a knowledge, attitude, and
practices survey of poultry handling in rural Cambodia to
estimate the extent of interactions between humans and
poultry, to understand practices in poultry handling among
villagers, and to develop interventions designed to increase
reports of poultry deaths and safe poultry handling.

The Study

We conducted a 2-stage household based cluster sur-
vey (12) with a goal of 500 participants: 20 persons >15
years of age in each of 25 villages from Prey Veng and
Kampong Cham Provinces. The sampling frame of eligible
villages within these provinces were those located in
H5N1 high-risk communes, as defined by the Food and

*Pasteur Institute in Cambodia, Phnom Penh, Cambodia; tLondon
School of Hygiene and Tropical Medicine, London, United
Kingdom; tMinistry of Agriculture, Forestry and Fisheries, Phnom
Penh, Cambodia; and §Food and Agriculture Organization of the
United Nations, Phnom Penh, Cambodia

130 Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 13, No.

Agriculture Organization of the United Nations training
program for village animal health workers. The villages
were selected with probability proportional to size. For the
second stage, we randomly selected the first household
within each village. Subsequently, households were select-
ed by proximity until 20 eligible participants were enrolled
in each cluster.

Verbal consent was obtained from all participants. All
were interviewed by using a structured questionnaire
designed to collect information on demographics, basic
hygiene practices, quantity of poultry owned, poultry
death reporting, practices when deaths occurred, knowl-
edge and attitude of sick and dead poultry, and knowledge
of Al

Twenty-three villages were included in Kampong
Cham (/1) and Prey Veng (12) Provinces (Figure 1). Four
hundred sixty respondents from 269 households complet-
ed the questionnaire. Most were women (60%), farmers
(88%), and persons who had completed less than primary
schooling (57%). The median number of household mem-
bers was 5 (range 1-16), and 77% of all households
included children <15 years of age.

Many households owned chickens (97%) and ducks
(39%) (Figure 2), although the size of most poultry flocks
was small (Table). Almost all poultry were free ranging
(100% of chicken flocks; 96% of duck flocks), and mixing
of the poultry with pigs and other domestic animals was
common. Respondents reported that they use poultry feces
for manure (77%), touch sick/dead poultry with bare hands
(75%), eat poultry that died from illness (45%), eat wild
birds (33%), let children touch sick/dead poultry with bare
hands (20%), and gather dead wild birds for consumption
(8%).

During the previous 6 months, of the 260 households
that owned poultry, 162 (62%) experienced poultry deaths;
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Figure 1. Distribution of selected communes in Kampong Cham
and Prey Veng provinces, Cambodia, 2006.
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Figure 2. Proportions of animals raised in the household (n = 269),
rural Cambodia.

however, only 18 (7%) reported these deaths to local
authorities. Half of the respondents (n = 231) believed that
it was important to report any poultry deaths because the
death may be due to Al (61%) or because the poultry own-
ers may receive management advice from the village vet-
erinarians (39%). Among these 231 respondents, many did
not report poultry deaths because they did not know how
(41%), were 1n the habit of not reporting poultry deaths
(31%), believed they would have a problem selling poultry
if they reported deaths (18%), did not know the risks of Al
(7%), or feared poultry culling (5%). Among those respon-
dents who did not believe reporting deaths was important,
the reasons provided included the following: “the number
of poultry deaths were too few” (62%), “poultry are not as
important as cattle” (18%), “no help would be provided
from veterinary staff or authorities” (13%), or “because
mortality was similar to previous years” (7%). Of respon-
dents that experienced poultry deaths, 62% buried or
burned dead poultry, 53% prepared them for food, 22%
threw away the dead poultry, 3% used them to feed other
animals, and 2% prepared them for sale or gave them to
their neighbors.

Participants had learned about Al from television
(81%) and radio (78%). Thirty-one percent of respondents

Table. Poultry raising and flock characteristics, rural Cambodia

Chickens Ducks

Flock characteristics (n = 261) (n=97)
Median number per flock 10 (1-110) 6 (1-800)
(range)

1-25 83% 93%

26-50 15% 3%

91-100 2% 0%

>100 0.4% 4%
Animal age when raising 0 (0-15) 0 (0-12)
begins (months)
Type of raising

Free ranging 100% 96%
Raising purpose (noncumulative)

Household needs 73% 70%

Meat for sale 54% 42%

Eggs for sale 1% 16%

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 13, No. 1, January 2007
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were able to describe Al symptoms in humans, and 72%
believed that Al is a fatal disease among poultry that can
be transmitted to humans. Most respondents believed it is
unsafe to touch sick or dead poultry with bare hands
(67%), eat wild birds (70%), let children touch sick or dead
birds with bare hands (83%), and eat meat or eggs that are
not fully cooked (86%). Sixty-one percent of respondents
mentioned at least 1 of the recommended behavioral prac-
tices that protect against Al infection.

Conclusions

General media reports about Al through radio and tel-
evision broadcasts appear to have been effective at reach-
ing rural people. However, despite high awareness and
widespread knowledge about Al and personal protection
measures, most rural Cambodians still often practice at-
risk poultry handling. Anecdotally, we also reported that
family members of H5NI-infected patients, who knew
about Al risks, still prepared dead or sick poultry for
household consumption during massive die-offs, because
they observed that neighbors with the same behavior did
not become sick (Institute Pasteur in Cambodia, unpub.
data). These findings provide evidence that high awareness
does not necessary lead to behavior change. Behavior
change involves comprehensive and multidisciplinary
intervention, which combines risk perception communica-
tion and feasible and practical recommendations, including
economic considerations. We speculate that it is hardly
feasible to sustain good poultry-handling practices if
access to personal protective equipment is cost prohibitive,
particularly when disease occurrence poultry die-offs are
common. Further studies are needed to determine appro-
priate behavior change strategies in Cambodia.

We did find that many of the villagers were willing to
report poultry deaths but did not know how. However, this
finding should be interpreted in light of some limitations.
We observed difficulties and frustrations among farmers
whose flocks underwent culling after identification of
H5N1 viruses in their flocks because compensation has
not yet been approved by the government of Cambodia. In
contrast, Thailand and Vietnam have introduced compen-
sation along with the introduction of poultry vaccination
in Vietnam and the reduction of backyard poultry owner-
ship in Thailand in an effort to protect the commercial
poultry industry. Thus, it is difficult to envision effective
control strategies in Cambodia based exclusively on
culling. Coincidentally, Vietnam has reported far fewer
H5N1 outbreaks in poultry and humans since the intro-
duction of the vaccination program, while Cambodia
detected 4 outbreak sites in domestic poultry and 2 unre-
lated human cases in 2006. The real effect of a no-com-
pensation policy on willingness to report poultry deaths
needs to be assessed.
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DISPATCHES

Not surprisingly, direct contact with poultry and poul-
try products was common among household members.
Transmission of H3N1 from poultry to humans, even in
circumstances in which human—poultry interactions are
regular and intense has been limited; however, as the virus
continue to circulate and evolve among poultry, bird-to-
human transmission may increase. In this context,
improvement in risky practices can only be achieved
through relentless behavior change efforts. Because lack of
knowledge does not appear to be a factor, intervention pro-
grams must include feasible options for resource-poor set-
tings that have limited materials for personal protection
(water. soap, rubber gloves, masks) and must offer farmers
alternative methods to safely work with poultry on a daily
basis.
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Background Since 2004, H5N1 outbreaks have been recurrent in
domestic poultry and humans in Cambodia. To date, seven
human cases (100% CFR) and 22 outbreaks in poultry have been
confirmed. Household ownership of backyard poultry (FAO
Sector 4 poultry production) in rural Cambodia is high. An
understanding of the extent and frequency of poultry handing
behaviors in these settings is necessary to assess the risk associated
with different practices and to formulate sensible
recommendations to mitigate this risk. We collected new data
from six geographic regions to examine patterns of human
contact with poultry among rural farmers in Cambodia and
identify populations with the highest potential exposure to H5N1.

Methods and Findings A cross-sectional survey was undertaken in
which 3,600 backyard poultry owners from 115 randomly selected
villages in six provinces throughout Cambodia were interviewed.
Using risk assessment methods, patterns of contact with poultry as
surrogate measures of exposure to H5N1 were used to generate
risk indices of potential H5N1 transmission to different
populations in contact with poultry. Estimates of human exposure
risk for each study participant (n = 3600) were obtained by
multiplying each reported practice with a transmission risk-
weighting factor and summing these over all practices reported by

each individual. Exposure risk estimates were then examined
stratified by age and gender. Subjects reported high contact with
domestic poultry (chickens and ducks) through the daily care and
food preparation practices, however contact patterns varied by
gender and age. Males between the ages of 26-40 reported
practices of contact with poultry that give rise to the highest
H5NI1 transmission risk potential, followed closely by males
between the ages of 16-25. Overall, males had a higher exposure
risk potential than females across all age groups (p < 0-001).

Conclusions Our results demonstrate that most of the population
in rural Cambodia is in frequent contact with domestic poultry.
About half of the population in this study carried out on a
regular basis at least one of the practices considered to be high
risk for the effective transmission if the bird is infected. There was
however substantial variation in the frequency of different
practices and thus the potential risk of transmission of H5N1
from poultry to humans is not uniform across age and gender
even amongst populations living in close proximity to poultry.

Keywords Animal-human interface, Cambodia, H5N1, risk
analysis, semi-quantitative risk assessment, transmission risk.

Please cite this paper as: Van Kerkhove et al. (2008) Frequency and patterns of contact with domestic poultry and potential risk of H5N1 transmission to
humans living in rural Cambodia. Influenza and Other Respiratory Viruses 2(5), 155-163.

Background

Since late 2003, highly pathogenic avian influenza
(HPAI/H5N1) has spread globally within wild and
domestic bird populations and now appears endemic in
many parts of Asia and Africa. Millions of people in
South-East Asia and around the world live in close prox-
imity to domestic poultry and although direct contact
with infected birds is assumed to be the main source of

infection to humans,' neither the specific mode of effec-
tive transmission from animal to human nor the role of
water or other environmental factors® is fully understood.
Transmission of H5N1 from poultry to human is thought
to most likely occur following direct contact with infected
poultry organ tissue, blood, nasopharyngeal secretions or
faeces under poor hygienic conditions; however, it could
also include ingestion of contaminated water.” The risk
of transmission will be influenced by the nature and

© 2008 The Authors

Journal Compilation © 2008 Blackwell Publishing Ltd, Influenza and Other Resp

iratory Viruses, 2, 155-163

155

245



van Kerkhove et al.

frequency of contact with contaminated cells, tissue,
blood or secretions in which the virus replicates.*® Most
of the H5N1 laboratory-confirmed human cases to date
have reported recent contact with infected poultry
although the specific nature of the contact was not
recorded.” At present there are an excess of reported
cases in children and young adults.® However, in the
absence of detailed exposure data it is not possible to
ascertain whether these represent increased exposure, sus-
ceptibility to infection, susceptibility to severe disease or
a combination of all three. To date three case—control
studies have been conducted in Thailand, Vietnam and
Cambodia™®'® to explore risk factors for infection. Expo-
sure from the preparation of sick and dying poultry was
noted as an important risk factor in one study'® but only
38% of the population risk of Al could be attributable to
this exposure because of the relatively low prevalence of
reporting of this practice. However, the power of these
studies is limited because of their small sample size. In
addition, there is a lack of reference data on how prepa-
ration of sick and dying poultry and other potential
exposures differ within and between countries.

Within Cambodia, H5N1 outbreaks have been recurrent
since 2004 in domestic poultry and humans. To date, seven
human cases, all of which have been fatal,'' and 22 out-
breaks in poultry have been confirmed in villages mainly
located in Southern Cambodia. Household ownership of
backyard poultry (FAO Sector 4 poultry production) in

rural Cambodia is high.'? An understanding of the extent
and frequency of poultry handling behaviours in backyard
poultry farming settings is necessary to assess the risk asso-
ciated with different practices and formulate sensible rec-
ommendations to mitigate this risk. Here we present data
collected from six geographical regions in Cambodia in
which we explore patterns of human contact with poultry
among rural farmers to identify populations with the high-

est H5N1 (or other subtypes of avian influenza) exposure
potential.

Methods

Risk assessment framework

A conceptual pathway was developed within the risk assess-
ment framework'»'* and is illustrated in Figure 1. It
describes the steps to infection with H5N1 in humans from
contact with poultry. The pathway includes the probability
that an animal is infected with H5N1 (P), the probability
that an individual comes in contact with an infected animal
(C), and the probability of effective transmission of H5N1
from poultry to human in the absence of protective cloth-
ing (B).

Several important data gaps and uncertainties currently
exist — namely the persistence of H5N1 in domestic/wild
poultry populations and in the environment under differ-
ent atmospheric conditions, virus survival in poultry spe-
cies during food preparation practices, exposure

Steps in risk Pathway Influenced by:
assessment
g Highly pathogenic avian
entification
“ influenza of the HSN1 subtype
v
2 » Influenced by prevalence of H5N1
P) AAnlmaI (ppultry) = in poultry by species, vaccination
infected with HSN1 status, poultry density, flock size
& patterns of interactions of birds
L with the environment
Contact with infected Influenced by patterns of
Exposure (C) animal before e contact
sssesament detection of HSN1
Influenced by genetic and
L immunologic characteristics of the
individual; virus concentration in
Effective viral contact tissue; & ability of HSN1
U’) transmission from AT replication within host
i i May be influenced by virus
persistence and concentration in
/\ the environment
Hazard Sub-clinical, mild or Disease
characterization asymptomatic symptomatic infection
infection

Figure 1. Conceptual pathway for transmission of H5NT from poultry to humans via contact with poultry.
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Figure 2. Study areas (districts shaded in
grey, ational roads indicated in red).

quantification of H5N1 from poultry and empirical data
on risk factors for transmission from poultry to humans —
making it difficult to perform a complete quantitative risk
assessment.'>'® In this analysis, we contribute new field
data to help with such an assessment focusing on the mod-
ules outlined in bold (patterns of contact that could result
in effective transmission).

Data collection

A cross-sectional survey was carried out in six provinces
using a two-stage clustered sampling method.'” Provinces
and districts were identified for inclusion in the study from
a preliminary assessment of high poultry ownership and
human population density;'® potential cross-border trading
activities, and wild bird mixing (Figure 2). H5N1 has not
been suspected nor confirmed in poultry or humans in any
of the 115 villages in the study areas; however, it has been
confirmed in poultry and humans in one district in Kam-
pong Cham and one district in Prey Veng Province.” A
random sample of 20 villages per province were selected
using probability proportion to population size methodol-
ogy (village population range 100 to >24 000).'” Subse-
quent households were then systematically sampled using a
sampling interval having been chosen at random for each
village until 30 people [10 male adults (>15 years old), 10
female adults (>15 years old) and 10 children (<15 years
old)] plus one village chief were interviewed. Individuals
21 year old, resident in village 26 months and medically fit
to be interviewed directly or via an adult guardian were
included. Ethical approval was granted from the Cambo-

Transmission potential of H5N1 from poultry to humans

dian Ministry of Health and London School of Hygiene
and Tropical Medicine. Prior to sampling, field visits were
conducted and meetings were held with provincial veteri-
narians and village chiefs. Sixteen Cambodian interviewers
were trained to administer the questionnaires in Khmer.
Informed written consent was obtained from all subjects or
their guardians prior to interview.

Three separate standardized closed-ended questionnaires
for the head of household, adult family members and chil-
dren were administered to collect information on the types
of direct and indirect contact with domestic and wild poul-
try. Heads of households were asked about poultry and
other animal ownership (quantity of animals owned, hus-
bandry practices, selling/trading practices) while all sub-
jects, including all adults and children, were asked if they
had direct contact with domestic poultry through food
preparation (slaughter poultry, remove or clean internal
organs, cut or wash meat) or other activities (e.g. collect
dead domestic/wild poultry for food, eat wild birds,
remove feathers from sick poultry, attend fighting cock
events), cared for domestic poultry or fighting cocks (feed,
clean animals or cages), and in the case of children, played
with domestic and/or wild poultry. The nature of how
Cambodians prepare poultry for consumption was evalu-
ated by direct observation and informal questioning of
adults living in rural Cambodia by the researchers (M.V.K,,
S.L.) in the field prior to piloting the questionnaires. The
questionnaires for all subjects also asked if they had indi-
rect contact with poultry — as a proxy measure of exposure
— in the immediate environment around the home and vil-

© 2008 The Authors
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lage via water sources (e.g. bathe/swim in ponds where
poultry had access). Subjects were asked to recall practices
within the previous 8 months, i.e. between the time of the
interview and the Khmer New Year Holiday period (April
15). All responses to poultry contact questions were
recorded as binary (yes/no) responses and frequencies of
contact (when evaluated) were recorded as always, some-
times OF NeVer.

Questionnaires were checked daily and discrepancies
checked with interviewers/observers prior to double entry
into EpiData v3-1 (EpiData Association, Odense,
Denmark).

Statistical methods

Prevalence of poultry handling behaviours
Poultry contact patterns were analysed by gender and age
using chi-squared tests or Fisher’s exact tests as appropri-

ate. As a large number of food preparation variables were
obtained, principal components analysis (PCA) was used to
identify key practices that accounted for the variation
observed across the population. Using PCA, a set of eigen-
vectors and eigenvalues were calculated for each of the fac-
tors (i.e. slaughter, boil, remove/wash internal organs,
wash/cut meat) describing food preparation. Each principal
component is a weighted combination of the original vari-
ables. Scree plots' were used to retain those components
contributing substantially to the overall sample variation.
The newly created practice scores created from these prin-
cipal components were subsequently analysed by gender

and age group using t-tests or Wilcoxon rank-sum tests as
appropriate.

Estimates of human exposure risk
Risk profiles were generated for each subject using their
individual poultry handling contact patterns. The probabil-

158 Journal Compilation © 2008 Blackwell Publishing Ltd,
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ity of effective viral transmission following a certain type of
contact is assumed to be high, moderate or low as indi-
cated in Table 1. A transmission risk weighting score (f)
was applied to quantify the risk associated with high and
moderate practices compared with low practices. Practices
listed in group 1 are believed to have a higher potential
transmission risk based on the nature of contact and
potential H5N1 exposure than practices listed in 2 or 3
whereas practices listed in group 2 have a higher potential
transmission risk than practices in group 3. In the analysis
presented here, we used values fI =10, B2 =2 and
B3 = 1. These values for f1, B2 and B3 are used in this
analysis as an illustration of weighting exposures and are
based on available data on the pathogenicity of H5N1 in
poultry tissues.”***®** As more epidemiologic and viro-
logic data about the persistence of H5N1 in poultry are
collected, more precise estimates for these values may
become available. Estimates of human exposure risk for
each study participant (n = 3600) were then obtained by
multiplying each reported practice with the transmission
risk-weighting factor and summing these over all practices
reported by each individual () BC). The exposure risks
were analysed by age and gender using t-tests or Wilcoxon
rank-sum tests as appropriate. P-values of <0-05 were con-
sidered statistically significant. All statistical analyses were
performed using Stata (v 9-2) (StataCorp, College Station,
TX, USA).

Results

Poultry handling behaviours of adults and

children

A total of 3600 household members [1200 adult (>15 years
old) males, adult (>15) females and children (<15)] were
interviewed. The refusal rate was low (<1%). The median
age of adult and child subjects was 36 years (range: 16-87)
and 9 years (range 1-15), respectively. The prevalence of
poultry ownership is high in the study areas with 83-7% of
households owning chickens, 357% owning ducks and

Transmission potential of HSN1 from poultry to humans |

332% owning both chickens and ducks, although most
poultry flocks are small [median chicken flock size (inter-
quartile range IQR) = 14 (7-25); duck = 7 (3-15)].
Fighting cock ownership is low (3:8%), whereas owner-
ship of pigs (55%), cattle/water buffalo (63:5%) and dogs
(75:5%) is high. Mixing of domestic animals (53:8% of
households owned pigs and poultry) is common. In rural
areas of Cambodia, chickens and ducks are primarily
raised for household consumption. Approximately 11% of
adults reported shopping in wet/live markets for poultry.
Few households reported selling domestic chickens [3-8%
(23/600)] or ducks [0-5% (3/600)] outside their home vil-
lage or to a market during the previous 8 months. Con-

tact patterns with domestic poultry are provided in
Table 1.

Food preparation practices

Preparing poultry for consumption consists of a series of
steps including slaughtering the animal by breaking the
neck or cutting the throat, bleeding, boiling, defeathering,
removing and washing internal organs, and cutting and
washing meat. Although family members as young as
2 years old reported that they had prepared poultry for
consumption during the study periods, these practices were
primarily the responsibility of family members 1660 years
old (Figure 3).

Both men and women were involved in each stage of
preparation (Figure 2); however, overall, the proportion of
adults involved in all practices related to food preparation
was higher than children. Among adults (n = 2400) signifi-
cantly more men than women slaughter poultry and
remove internal organs whereas adult women more often
boil poultry, cut meat and wash meat.

Among children, more males than females practice
slaughtering (17-0% versus 5-8%, P < 0-001) and removing
internal organs (15:7% versus 10-2%, P = 0-005), while
more females than males are responsible for boiling poultry
(22-3% versus 15:9%, P = 0-005) and cutting meat (15-7%
versus 9-8%, P = 0-002).

AQURS 216 years oid Children <16 years old

Steps in poultry preparation s reporting] (% reporing}
Tols Makw Female ¥ pvalue Tolsl '  pvalve
(A= MOO) ¢n = 1201} (A - 1195) iadurmalev st (n - 1200]  {sdulvihba)
Practice o v e
Staughter/ e 8 187 123 <0001 | 115 2881 <0001
um SN o st S et s~ S e,
Bt %5 560 149 944 <001 | w0  ew7 <0001
RomoverWash |  Remove 580 810 w0 M9 «0pO? 130 5844 <ODDY
ntornal organs intemal argans
wash mnlemal 633 6290 646 [N 0188 2090 & 7 <000t
argans ] R .
Cut meat e e 165 788 <0001 | 121 9813 <0401
Figure 3. Food preparation practices by age et e w3 ey wooor | ws  aiee <0800
group (N = 3600).
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Figure 4. (A) Practice 1 — general food preparation by age and
gender. (B) Practice 2 - slaughtering and removing internal organs by
age ard gender.

Principal component analysis of food preparation variables
The first principal component (practice 1), which accounts
for approximately 71% of the total variation in practices
between individuals in the survey, consisted of all six of the
original food preparation variables (boil, slaughter, cut
meat, wash meat, remove internal organs, wash organs)
and hence can be interpreted as general food preparation.
The second principal component (practice 2), which
accounts for a further 13% of the variation, was dominated
by the practices of slaughtering and removing internal
organs.

The frequency of practice 1 (general food preparation,
71% variation) follows a similar age pattern in males and
females with the highest scores between the ages of 16-25,
2640 and 41-60 (Figure 4A). Subjects >60 years old had
lower practice scores than children between the ages of
11 and 15 years.

Practice 2 (slaughtering and removing internal organs)
shows greater differences by gender with this practice pre-
dOminately undertaken by males (Figure 4B). There are sig-

nificant differences in practice 2 by gender among subjects
with males reporting higher scores than females across all
age groupings (two-sample t-test P < 0-001).

Other poultry contacts of adults and children

Regular contact with poultry for adult subjects (n = 2400)
also includes using faeces for manure (56:6%; no variation
by gender), touching sick or dead poultry with bare hands
(49:7% in males versus 40-6% in females, P < 0-001), car-
ing for fighting cocks (5:0% in males versus 14% in
females, P < 0-001), and preparing wild birds for food
(364% in males versus 19-3% in females, P < 0-001).

Among children (n = 1200) household responsibilities
include feeding poultry (77:3%), gathering poultry and
placing in designated areas or cages (43-5%), gather-
ing/touching eggs (45:6%), cleaning poultry faeces (44-2%
in males versus 37-4% in females, P = 0-02) and treating
sick poultry with traditional medicines (18:5%).

Within the recall period, 35:9% of children reported that
they had usually played with birds that were alive (42:5%
male versus 29-:0% female, P < 0-001), 2-7% reported play-
ing with sick birds and 4:2% reported playing with dead
birds (no gender difference). Thirty-two per cent of chil-
dren removed feathers from sick/dead birds (no gender
difference) and 16:3% of children bathed or swam in ponds
(no gender difference) in which poultry had access; of
those 37-:8% reported doing this every day. Twelve per cent
of adults (n = 799) reported swimming, bathing or fishing
in ponds where poultry have access. Among all subjects who
responded to this question (n = 1999), there are no gender
differences in reported swimming/bathing in ponds; how-
ever, this reported activity was highest in children between
the ages of 11 and 15 (16:5%) followed by children between
the ages of 1 and 10 (16:2%) compared with adults.

A small number of children were involved in the care of
fighting cocks (57%; n = 68; Table 1). Among children

0-10 11-15 16-2526-4041-60 61+ 0-10 11-15 16-25 26-4041-60 61+
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Figure 5. Exposure risk scores by age and gender.
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(n=1200) 6:7% feed fighting cocks; 2:6% touch bloody
fighting cocks; 2:8% clean feathers; 1-3% clean trachea with
a swab or feather; 1-8% share water from the same bottle;
0-5% kiss, suck or lick wounds; and 0-5% blow into the
beak of a fighting cock (the latter three are practices that
occur during fighting cock matches). Twenty-eight per cent
of children reported attending fighting cock matches com-
pared with 11-3% of adults (P < 0-001) (Correction added
after publication 20 November 2008: the words ‘adults’ and
‘children” were inadvertently transposed). Among children,
attendance at fighting cock matches was higher among
males than females (35:0% versus 20:6%; P < 0-001).
Adults reported attending matches on average once per
week with the highest proportion of attendance among
males between the ages of 16 and 25 years (31:7%).

Estimates of exposure risk

Based on the identified patterns of contact and assump-
tions of transmission risk (f; Table 1), estimates of expo-
sure risk were calculated for each subject and analysed
stratified by age and gender (Figure 5). Overall, the expo-
sure risk was higher among males than females for subjects
above the age of 10 (11-15 age group, P = 0-002; 16-25
age group P < 0-001; 26—0 age group, P < 0-001; 41-60
age group, P < 0-001; 61+, P < 0-001). In both males and
females exposure risk varies by age with the greatest risks
among males between the ages of 2640 and 16-25 (Fig-
ure 5). We also observed a high degree of variability in risk
(as seen in the large confidence intervals). Of the 3600 sub-
jects, there were 590 subjects with an exposure risk score
above the 90th percentile of the sample. These subjects
were predominately male (72:6%) with a median age of 30
(IQR range 21-42).

Discussion

Our results demonstrate that most of the population in
rural Cambodia is in frequent contact with domestic poul-
try, with an estimated 52% of the population carrying out
on a regular basis at least one of the practices that we con-
sidered of high risk of effective transmission if the bird is
infected. We also found that the frequency of exposure to
poultry was higher in our study population than that
reported in the control subjects used in the Vietnamese'°
and Thai® case—control studies, suggesting that contact pat-
terns in Cambodia may differ from those in these neigh-
bouring countries. However, at present there are no other
similar studies from these countries to enable a direct com-
parison to be made. Given the widespread exposure to
poultry, it is perhaps surprising that only a small number
of H5N1 cases have been reported in Cambodia (seven to
date). Although there is considerable scope for under-
reporting of human cases the small number of cases may

Transmission potential of HSN1 from poultry to humans |

be glue to several factors ~ the lower density of poultry per
km® in Cambodia compared to Thailand and Vietnam,%
the low probability of people dealing with an infected
domestic bird (i.e. low H5N1 prevalence and/or a short
duration of infectiousness), and a low probability of effec-
tive viral transmission.

Within Cambodia, the typical diet consists primarily of
white rice and fish products; animal products compose less
than 8% of the daily energy supply.? Eating poultry as a
source of protein is usually reserved for special occasions,
typically weddings and national holidays [e.g. Khmer New
Year (April), Chinese New Year (January/February)] and
food preparation of poultry therefore differs seasonally.

It is assumed that the probability of risk from preparing
and consuming poultry is negligible if food preparation is
conducted under strict hygienic conditions.'® The use of
personal protective equipment (i.e. gloves, rubber boots,
face masks, aprons) of the subjects in our study areas when
in contact with poultry was negligible. Few individuals were
in possession of these items in their homes with less than
5% of subjects reported wearing such items when handling
poultry. Inactivation of H5N1 on the surface of poultry
can occur when the animal is boiled, therefore if poultry
are boiled before defeathering as is the case in Cambodia,
the risk of exposure during defeathering is reduced. Fur-
thermore, WHO guidelines state that cooking above tem-
peratures of 70°C will inactivate H5N1 in meats and
organs, therefore boiling before defeathering would also
reduce exposure potential of individuals cutting/washing
meat or internal organs.”’

Even though contact was widespread, there was substan-
tial variation in the frequency of different practices, which
although differing in magnitude according to practice pro-
vided evidence that the potential risk of transmission of
H5N1 from poultry to humans is not uniform across age
and gender even amongst populations living in close prox-
imity to poultry. Public awareness campaigns and risk
behaviour modification intervention programmes should
therefore be targeted accordingly.

Males between the age of 26 and 40 reported practices of
contact with poultry that give rise to the highest H5N1
transmission risk potential, followed closely by males
between the age of 16 and 25. This population group dif-
fers from the age and sex distribution of the 357 confirmed
H5N1 human cases that occurred up to 29 January 2008,
in which an excess of cases were observed in children and
no differences observed between genders; however, the
group with the highest exposure in our study is more simi-
lar to the age/sex distribution of the confirmed Thai cases
(n = 25). The mean age of cases was 22 years and 64% of
cases were male.” Such socio-demographic differences in
human cases of H5N1 may be because contact patterns
with poultry differ between countries; however, it is also
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suggestive that the variation in H5N1 incidence by age may
not be due to exposure alone and that there may be differ-
ences by age in intrinsic immunologic susceptibility to
infection, pre-existing immunity against human influenza
A virus and/or clinical presentation of disease.

This semi-quantitative risk assessment has several limi-
tations and lacks the power of a formal quantitative risk
assessment because of epidemiological data gaps and
uncertainties of H5N1 pathogenesis in the host species.
To improve future assessments a number of areas would
need to be strengthened. First, data are urgently needed
on the prevalence of H5N1 in poultry species in regions
where H5N1 is recurrent or endemic in domestic poultry
flocks. These data are likely to be influenced by the use
of biosecurity measures on farms and in backyard farming
settings. While HSN1 poultry outbreaks in countries are
reported, because infection may remain asymptomatic in
some host species (e.g. ducks), it is difficult to infer prev-
alence from poultry outbreak reports alone. Prevalence
estimates in poultry will allow us to fully understand the
probability that a farm or animal is infected with H5N1
(P, Figure 1).

Secondly, improved knowledge is needed on all the
potential routes of transmission of H5SN1 from poultry to
humans and the prevalence of such practices in human
populations. We have evaluated what we believe are the
main potential routes in which people can become infected
with H5N1; however, we currently lack sufficient data from
the confirmed H5N1 cases around the world to fully evalu-
ate other potential risk factors for infection such as the role
water and other environmental factors play in transmis-
sion.”® Transmission could also include oral ingestion, con-
junctival or intranasal inoculation from contaminated
water while drinking, swimming or bathing or from faeces
while caring for poultry”® and may explain why more chil-
dren than adults are infected. Furthermore, asymptomatic
cases may occur because of low concentrations of viruses
in the environment.

Thirdly, an understanding of the influence of genetic
and/or immunological factors on transmission is urgently
needed since there has been limited yet inefficient human-
to-human transmission.*® Lastly, virus transmission poten-
tial should not be treated as equal across contact practices.
Empirical data are needed on virus survival in poultry dur-
ing food preparation practices, in poultry waste (i.e. poul-
try scrap, faeces), in soil and in water under different
environmental conditions. In addition, data — either experi-
mentally produced or collected during field investigations —
are urgently needed on the persistence of H5N1 in poultry
tissues. Specifically, which organ, tissue or secretion, if any,
has the greatest potential for poultry-to-human transmis-
sion. One way of estimating this is to quantify the viral
concentrations in various tissues under a variety of condi-

tions (e.g. days post-infection, whether or not the animal is
exhibiting symptoms, by vaccination status, etc.).

Collaboration between human and animal health sectors
is essential to understand the risk of transmission between
domestic poultry and humans. Current exposure estimates
are too general to explain the current pattern or to predict
future cases of H5N1 infection in human populations.
Rapid, systematic and standardized collection of detailed
information on poultry contact patterns in suspected
human outbreaks of H5N1 would improve our understand-
ing of transmission from poultry to humans.
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Appendix B: Questionnaires for rural Cambodians:
Village Chief
Head of Household
Adult Subjects
Child Subjects
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H5N1 survey among backyard poultry farmers
Questionnaire for Village Chief

firnigr induwmend
Today Date: / / Interviewer's name
village: 78 Province 13f]

Instructions to Interviewer:

mifanginintgneg

Aranigne TNNUNIUTENE 1 A ENSRIRISIN 84 imumianginumieigs iimattnigg afinigr 1 uRRGIGLITNUgiEUManT 84 mufinumgr
[ EemeRANRATMA TN 1 i i A g

EUE LR AN EREIEEEE IR yugiin@fgwiel ims tiij iwneiwe012 802 475 y sel wame wii itwngiz 012 322 031

AR TINMRAMNSISTAR Y pYgRInRgRANAgIYm R RieinySywe nnidsiigiyme |

1 Family Name: B1g{fifjiy

2 First Name: 819:%8
3 Sex in8 1] Male (ytu 2[] Female (fd
4 Age muy L | yearsold m
5 Address Village r,1§ 6 Occupation  §31u1
Commune lq 7 Education level reached : ﬁ?ﬁmuﬁqp
District [fyf 0[ ] Never attended school #sitimigsians 3[_] High school ?s,jm}m
Province 13§ 1[_] Primary DLEDT 4 ] Higher AU
2[ ] Secondary  ©HjEIAN 50 ] Pagoda 1jgislig
8 In what country were you born? gnimnisisnm?
1[_] Cambodia ngm 2[_] Vietnam 1ﬂﬁnmg 3[_] Thailand i 9[_] Other (specify) quuunyﬁ
9 What is the primary religion of your village? t"ﬁwmﬁqhgﬁmrﬁgﬁ maFEmMsEIE?
1[ ] Buddhist  [n:ng§ 2[ ] Muslim #danyg 3] Catholic nnmmLEm 9[_] Other (specify) n‘ghunyﬁ
10 How many people live in your village? tﬁgﬁmn}gnmsmﬁms@gmmﬁ? || | | people Y i [ S [ |
11 How many households are in your village? RinSungnneg:igsgh? ||| | | households Yean [ 8|S s e [bas]
12 When was this data collected? L

RRuUshil gagtislinuam?

| If 0 or DK, skip to 17

§n?

13 How many middlemen bought poultry from you village during the last month? 99[_] Don't know
ghruin 913 ghimuwis: 1@ negnidifmunes mugs Ug18eIf ynghndun
14 and ducks?

How often do they visit your village to purchase chickens t‘ﬁgnmgmenmﬁmmémgmjﬁwn}gﬁ ygisti fhoman?

[a] |
[b] o e

15  Where do they take the poultry? 1RQAiA whAwEs Huuyuinms 18IUAURIS

For chickens w8 | times aweek 99[ ] Don't know

For ducks 81 | times a week 99[ ] Don't know

ihnmgs (ingnsgpg. 58, i, (M 99[ ] Don't know

[c]

[al [b]

16 Can you identify them by name and/or phone number? 1REARNNT NS (UAN U 1U2g1RJY TUAIATA 32187 1[ ] Yes, Continue  O[_1No, Go to Q#17

What are their names? From which villages? Do you know how to contact them?

nRIAINN:53:? nRiAYATHEAM3:? U2 IR IUAIYRIA?
[a] [b] Village [# [c] Phone
[d] [e] Village n# [l Phone
(<] [h] Village n# [l  Phone
1] K] Vilage 58 [l  Phone
[m] [n] Vilage n# [o] Phone
17 Would you be willing and able to find out this information? 1[_] Yes 0[_] No
isiugan @gnmo annegigain AERN: (U0 &t 1U3gINIY MBYIS?
[ |

18 How far is the nearest public health center (km)? 1fi gnQAs3mn HuRnmbmnesmwigsAgiv(n ne18:?

18a  What is the name of this public health center? 1ﬁunqmq2mnls1:lnm:§? e R e i

alth center made of? 1?'1gmwnummlsmnfumﬁnmuml1: faNhHOG?

18b  What are the roads leading to the nearest public he

1[_] Dirt gm 2[ ] Paved gimetuqh y 1rig 3[] River ﬁﬁ'“ 9L ] Others igpuopf ____—————

| | km

°
°

19 How far is the nearest hospital (km)? ifi uﬁnnsﬁumﬁnﬁmmﬁgmﬁq figies?

198 What is the name of this hospital? iR nnggzin:E? A SIS TP

Thank you for answering my questions

amonfuumefungs jupidhg

H5N1 Survey- Village Chief

|PC Van Kerkhove2%§| 2007



ID Code | | Il | Il

HS5N1 KAP survey among backyard poultry farmers
Questionnaire for Head of Household

ﬁlﬂfﬂ@"ﬂﬂﬂtﬁ[ﬁﬂ]l
By ba: ! { Interviewer's name: | [
Provi i i i
GPS | | | I | | I | vince  Village Family ~ Subject number

IDiCode soe 8 SE sk |

| | | | | | | | l . l |
(PV=Prey Veng; KC = Kampong Cham; Exp. KC010105)

to Interviewer: mﬁuns’minﬁgnng:

. e . o e » .)\) N o L % e = 5
RIS UANUATHNSUTENEANT 1 18 [FANTMENYIN U (1 1 gumspirkgienm f fmumiangigumnansioasiss igimatnmisiy iafimeigr
ERREIIBNUNSIRuMINT 8 yuRiuargr iTEsmneRMSR MR mwiuh 9

o Y -~ e oW o ) o ° y
WERNRNENE ISTERSWID ORI SNISYHOTURRRMAIST 1 MINTTRITSHE18s N8N SNEAMAS HmsmGhIgLIuRimg Sugimsisg imgnithwig)n
gaRnEmIUImUSSSt |

=

ST HANISERS SENSURTIAIGT IEGIRINGF s g a o
[URISIUH ONNEISINMY JEFOONRGIET 1AM D] IRUELe 0ol Gol ¢ U 19 e wif iBwmsiug 0ok mbk omo 1

IMTERTINNRMRSIEUAO [RY QUSHIIPGRMNSIMyumhumnagnug8ywe wnsistigiswe 1 vaifimady irye i thEIsmInmMGes |

gRRIMSIgiHRTR:
REAINAME NS S EUIERMIKANIUAIDNS 1 MATNSYEMINgINneuRtgarnmes B [ganiumyn 1 gursmEwiFmajne posymuttn mugieing
[FUSKIMIUAIERGRIHA SR [HIGAMMIRING 1 ITHRNSEEN U Sswinigisudnsn wumis S8ummmhd |

UISs SEMUIR BRI

Demographic information of respondent NSMISHILS UM HAIEW
Respondent: | | (Record only surname)
1Sex 1Ag 1] Male [y 2[ ] Female LETI
2Age mty || | vyearsold g
3 Address mﬁm@s [a] Village fji? | I [c] Distict fon | I
[b] Commune i | | [d] Province 12§ | I

4 Occupation RO | I

5 Education level reached: AR
O[] Never attended school 1[_] Primary 2[ ] Secondary 3[ ] High school 4[] Higher 5[] Pagoda
datgmspmiis Ui BN Hgig NIt Tgndits gRuEMAN 1jaislin
Sinntaigh[UIenAym
6 Can you read "l live in Cambodia"? JHHAMSUNES 2 | IJ i3 7 1] Yes 0[ ] No
tarnysnaBunaEe
7 Can you write "Cambodia has many palm trees"? Y HARITTRITNISS i gl A 1[]Yes 0[] No
8 Where were you born? 1[ ] Cambodia 2[ ] Vietman 3[ ] Thailand 9[ ] Other (specify)
e iaamy i IRG]E, WA
IgnIARIgIgAM? mgm i g
9 What is your religion? Buddhist Muslim Catholic Other (specify)
d - 1] 2[ ] 3] 9]
IRERMIANINT? AN NG FNEIHANY ANRIENTFR] g, uin
YIS SIS AU{UIGAEM
v 3 5 7
] FIITEdT
H5N1 Survey- Head of Household Questionnaire IPC, Van Kerkhove et al. 2007
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ID Code | | I I I I Il |

—
EA, QUESTIONS TO HEAD OF FAMILY ONLY higminfmmmnm

N

Jow many people in total live in the house? tﬁmntﬁmsasm‘jgﬁﬂﬂﬁiﬁglsmﬁm'jtmﬁaﬁgtgg?

v v )

Jow many children 15 years old and younger live in the house ? HA0IN WISIHNEW MUNom Gei{my ﬁmsmﬁm‘jgmﬁwoism

a8y

Nhat is your house made of? iﬁgzinﬁigﬁmﬂm&ﬁﬁs}?

1[] Wooden house 2[] Cement house 3] Straw/wood 4[] wood and cement 9[] Other (specify)

eI ey BRI 0 gy

RG], uemA

s the house built on piles high up above the ground? INRIURIHRRMAY NSITuaaT gﬁiq}ﬁﬁﬁ 'ftii‘gtg? 1] Yes 0[] No

nyour house, do you have (check all that apply)? PR TURI A, tﬁmssjﬁmsanmnﬁ;ﬁmmﬁunmsz‘fﬁgtg?
[a] Bicycle i) 1] Yes 0[ ] No [e] Telephone GIRI0) 1L ] Yes 0[] No
[b] Motorcycle i) 101 Yes 0[] No [ Television  gigng;d 1] Yes 0[] No
[c] Car ans 1] Yes 0[_] No [g] Radio ?QJ 1] Yes 0[] No
[d] Cart 183 1] Yes 0[] No
sthere an open water well in the houseyard? (observatio 5 ISIRsIURIHA BISHAMII U1G ? 1] Yes 0[] No
s there a water pump in the houseyard? (observation) 1§ ts'igsmﬁ'njﬁ msmgtifgﬁi Uig ? 1] Yes 0[_] No
sthere a pond in the houseyard? (observation) 19 19I8sIURIER D18 (RO U [rosEn 18Iyig 2 101 Yes OL]No  IfNO, Goto
Is pond water used in your household for bathing? 1] Yes 0[] No R

i GRBHERIAMY / [z 192 ERTRNUEY IsinRsuREn orute 2

Is pond water used in your household for wa‘shing clothes? 1] Yes 0[] No
ih REGR[AMY / [z 1908 B DRINGIMRRRTZNT ISIRYBIUREA EIe 2

Is pond water used in your household for cooking? ‘ 1] Yes 0[] No
i SAEBMSATAY / (s 112 BRDRNUER isinutauaiEn Ee 2

Is pond water used for your animals (drinking', bathing, playing)? 1] Yes 0[] No
i# giSA(AMY / (s 1912 SNURGIURIER TRIWS (8. AnmMRG, wETR, Ga) 2

Do ducks or geese have access to your pond (ducks from neighbourhood are applicable) ? 1] Yes 0[] No
i DISRIGS U M8 GeieY ARSATRMEY / (3 TURTHR TRITe 2

Does your pond providd y'our family with food e.g. animals (fish, frog, shrimp, ...) or vegetables? 1] Yes 0[] No
if (A / (9 18 (F U W5 (Ataw, A ) 1 uTgigjhe NG EaniusiEn WhBMEYU IHHS 2

Do you raise fish in your pond (natural fish is not applicable) ? 1] Yes O[] No
18 BRI U iiguEe / (s 19 RIS ?

ﬂvgmng to ask you some questions about your poultry flocks. gn;ungmgmﬁsuﬁumémfﬁmgﬁﬁnju
Vhat animals have you raised since the Khmer New Year? MUAMOUANSUETSIUA RER NS umEHes. S§SUMS?
I Chickens #| | [e] Singing birds ~ #]____ | [i] Pigs S R
€18 AIRUTA, TRIF, RIIM TR0 4 [
TOucks — #| | [f] Pigeon #l____ | [i] Dogs gl o
B o i%
[g] Kruoch #| [k] Vaccinated dogs agains rabies #|
{06 igtgunsnifisoimimitiiggn
1Geese #| | [n] Fighting cocks ~ #|___ | [] Cattle /buffalo  #|____ |
ms ST 1M U {70
[m] Other animal #] | Specify
[n] Other animal #]| | Specify

e e e S R S S

IPC, Van Kerkhove et al 2007
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ID Code | | Il | I | I | |

if no chickens or ducks
fr Skip of respondent does not own ducks
tions related to poultry raisi &M 3 i .
Ques pouftryraising  MIGMY ®8 841 M Chickens g Ducks @
\7|What was their age at purchase (ave flock age in months)?
) a| | weeks 99[ 1 DK a| | weeks 99[ ] DK
HSnUMASMYIUY MEMeSMEHNg? i :
m pang g JUSS R 0L] <1 week R 0L ] <1 week
\8|Where were they purchased? In your village b[] b[]
RRRGURTGMgHMSs? nugEiEu g
In your district c[] (]
R E e D IR RBUEIE (gEi
In your province (] d[]
AERIBGINIE ( [rnigyin
In other province e[ ] Province: e[ ] Province:
SmuntiBnIg 125 | 25 |
In other country f[ 1 Country: f[] Country:
SMERNUISHITT [Uiges | Ui |
Born here from the last generation gll] gll]
g R ReIuR SRy
Buy from market for raising h[] h[]
SmORNIEABMY
9Type of raise : Birds always kept in closed building i[] i[]
;mjﬁ%cﬁgmém Erﬁﬁmﬁﬁﬂ@ﬂtﬁjgaﬁmiig
Birds raised in fenced park i ]
(nwmEnaE BMuhATYSNTetn
Birds free ranging in farmyard k[] 2L
TSR WAk uTiantgs
Birds free ranging in and outside farmyard L] I[]
TR REWIRT 2wy 84 swninl titiangs
Birds allowed to go to rice fields or lake m[] m[]
injmBnnamuhuips g muth
0[What was the lifespan of your last flock of poultry? n|____ |months n|____|months
ngist EASMEMas twnuugeis IGUMEUA § YUne? = e
- - o 9 If NO, Go to
2 uhgiRaiLInig? :
1 Does your house have a fence around it? iﬁEi i el o 101 Yes OLjNe QAATS
2 Do the fences keep your poultry inside your property? tﬁmtjﬁgt}?mmtjuﬁtjaﬁﬁsﬂjﬁjgmrﬂgmmsfﬁigtg? 1] Yes 0[] No
?mng practices mInfgIun U]
F!Oing to ask you some questions about your poultry selling practices. Q’rgmgmgmﬁabsbmmﬁgmémmmgn
3 Doyou sell chickens or ducks? ~ 1RgARNIA M3 U 9 iBIYIS? 1] Yes 0T No HHO akgiaeR

4 [a] Since the Khmer New Year, have you sold CHICKENS from your home? 1] Yes 0[] No If NO, skip to A19

Ramtaiufiynnsrgisren igidags Hynmn o fRire 2

[b] How many times? [c] Do you sell chickens alive, prepared or both?

AR 018 menstutity Armumuiuangrgisun?
|___ | times since Khmer New Year

G9a1iin

Brustuuam? 16, 15w g ghouni?
1] Only live 2[ ] Onlyprepared 3[] Both
RITITEIE RAtRIE I glbuny

i IPC, Van Kerkhove et al 2007
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IDCode|___ | e | |

. -
---—fA15 To whom do you sell? a[] People in your villager c[] Middlemen from Vietnam e[ ] Other (specify)
FaneRtaig ETmgs? HRINEInhASthytm AUEYAD 1ifnames IRingin
b[ ] Middlemen from outside village d] Middlemen from Thailand

If used a middleman:

LIRS

iynanieig) ngeismdi@mmuns

AYAG i

G t;low rTwa:\y:imes since the Khmer New Year did you use a middleman to sell poultry [CHICKENS]? [ |times  If0, skip to A19
ARTUNHAYANGURTHRIEN [RHRUR D8 108 1818jmiRiiEn neymasie B
AT :Iow rT\a.nyamiddlemen did you sell to since Khmer New Year? | | middlemen 99[ ] Don't know
PREIURRNYANEUFRIEN 1§ HAUE ¢ TURTHN 1918] numumsmii
A18 What is the name of the midddlemen that you use? u Where are they from (Village, Province)? What is their phone #?
IRATCIEUHRUS 018 wwaiEn 1918] mstameigs? HAQenme srtidamas? (78, 18 RIS
[a] Name: [b] [c]
[d Name: [e] [f]
__[g] _Name: [h] [i]

A19  [a] Since the Khmer New Year, have you sold DUCKS from your home?

RRBURAYAN S EeEn 1si8uss Banus o ttie 0

[b] How many times?

CE RN BRI RERN A BRI SR N A

1[] Yes O[] No If NO, skip to A24

[c] Do you sell DUCKS alive, prepared or both?
whuAtuum? i, it u s

| |times since Khmer New Year 1] Only live 2[ ] Onlyprepared 3[] Both
B8N RIRTRIA WAt ETEII gt
A20 To whom do you sell? al ] People in your villager c[ ] Middlemen from Vietnam e[ ] Other (specify)
EER G| FRI R FnIRSinn Sty ATCIEAD 1{jaam IRpNg]E
b[ ] Middlemen from outside village d[ ] Middlemen from Thailand

If used a middleman:

SRR R it

iignnriteld] agmisand@gmuss

ATMUAN I8

A21 How many times since the Khmer New Year did you use a middleman to sell poultry [DUCKS]? | times a month If 0, skip to A24
AemUmatiuEgteIsn HEnun @ e gn gigjauaiziSn nsumanh?
A22 How many middlemen did you sell to since Khmer New Year? | | middlemen 99[ ] Don't know
ARmUmanyNEUEieun 1§ grws @ ugn 1918 AUCUMsmA2
A23 What is the name of the midddlemen that you use? Where are they from (Village, Province)? What is their phone #?
RAITIRUERUA N8e 1URHR 1918] msmmsigs? ihageknme wntisamgs? (58, 12m Rl L)
[a] Name: [b] [c]
[ Name: [e] [f]
[g] Name: [h] [i]
A24  [a] Do you sell chickens at the market or outside of your village? 1] Yes 0[ ] No If NO, skip to A26

RgRA D8 giwrisitns y sehipgSuaan tige?

[b] How many times since the Khmer New Year did you sell chickens?

hgnws meimstmdin Famimutyusugismne
| |times since Khmer New Year

59816

[c] Do you sell chickens alive, prepared or both?
IRUATUUAM? 160, s§ITI § Sulbhne
3[ ] Both
gitintny

2[ ] Only prepared
RTETRITID

1] Only live
RTEIE

A25 During the last 2 months, where did you sell your chickens [market and anywhere else outside the village]?

B femrimmias Banmsws ma 1ginighnmes? (msthipi g nightisimigs

(g UHRIRIGHRUT [a], [b], [c]... ttﬁmﬁmrﬂnﬁmsgﬂ (11, 121, 3

[1] If Market, Name: [2] Quantity [3] Province [4] District [5] Village [6] Distance (km)
al ] Vietnam
b[ ] Thailand
c[] Location 1
d[] Location 2
e[ ] Location 3
bl Location 4
ane gl ] Location 5

H5N1 HOH Questionnaire
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426 [a] Do you sell DUCKS at the market or outside of your village ? 1] Yes

| 0L]No If NO, skip to A28
YN @ giunsitn g isigmigSiuags tiee

[b] How many times since the Khmer New Year did you sell ducks? [c] Do you sell chickens alive, prepared or both?

IRHHUR MeYMSBOTID Famdnidiuuguogieuse whnfitunam? 16, o gl
| | times since Khmer New Year 1] Only live

il S e T : 2[ ] Only prepared 3[_] Both
BSSTURRRETNNAYNSURHBIER RIS

TR It gty

\27 During the last 2 months, where did you sell your ducks [market and anywhere else ouside the village]?

b fegIMuIS: IMPAMSWA A 1ginigaamgs? cneh  nigasisimaih CRJEERIRIGUAIT [a]), [b], [c]... WhwtnmaRmsaY (1], 2, 3]

LR Mearist, Hants: (2] Quantity _ [[3] Province [4] District [5] Village [6] Distance (km)
al ] Vietnam
b[] Thailand
c[] Location 1
dl ] Location 2
e[ ] Location 3
fll Location 4
gl ] Location §
\28 In general, do you ever sell the whole flock together? hgigi IRHANG N8R Hfﬁﬁ[gﬂ fﬁigtg ONTLDH 1] Yes 0[ 1No
\29 How long usually is your husbandry for before you sell out the flock? t%’gﬁ%;ﬁy alele] mj;mm{?g]g‘{gigﬁmsmﬁmmaﬂ? | | months
\30 Do you sell poultry viscera? INHAMUA IR UANEE9 i8iyie? 1] Yes 0L ] No
\31 Do you sell poultry feathers? IRHALT AU U NS D89 IRie? 1L] Yes 0[] No
\32 Do you sell poultry's eggs ? IRHAMLA MS g oH ivigie? 1] Yes 0[_] No If NO, Go to Q# A33
32a Do you wash them before selling ? 1] Always wash 2[ ] Sometimes O[] Never
IRERNSANUATNG MM U nhie iBiyreysiumn? ANBNAEY ANYER T Battuanin
b
kil transport practices minememan
Egmvgoing to ask you some questions about your poultry transporting practices. g"n'xsngmgmﬁguﬁumﬂﬂﬁrgﬂmémmnign
\33 Do you transport poultry by vehicle totrade ?  1RgRMSERTINS B12 U § wrtglwf Bigie? 111 Yes 0[] No If NO, Go to Q# B1
34 [a] Chickens BR%mS |32 1] Yes 0[_]No [b] Ducks Eﬁﬁngs R? 1] Yes 0[_]No
\35 What type of vehicle do you use ? tﬁgﬁt‘[ﬁmsﬁﬁsgﬁ?ﬂﬁaﬁﬁmm (ﬁtmmmﬁmmms. rjmaﬁtmm)
a[ ] Bicycle A c[] Owncar  gns®Aigs e[ ] Other (specify)
bl] Motorbike i dl] Taxi gnsages  If Taxi, Go to Q#A37 Tjgfa
\36 How often do you wash your vehicle after trade ? 1] Everytime 2[ ] Sometimes 0[] Never
hgRMeMER MANStEIunigA NAEY IRITIGINARUTAUATY? ANMNATEY ANYEHEI EENIGIE
37 What is the longest distance to your trade destination ? | | kilomerters
demmsimmehae Eurirmagugiud metnwimsieisn THsiuaHn?
138 How many birds can you carry on your vehicle? a Chickens | b Ducks |
HgnmeERmInmetgennuRNAERontno? gaHa 3851
= = B1
139 Do you use cages to transport birds? RyRmai{gy menunmBRts? 1L]Yes 2[INo If No Go to Q#
M0 How often do you use cages to transport birds? 1] Everytime 2[ ] Sometimes 0[] Never
i 5 ' : y HeitnTAn:
IRERNLIHgY Nasey uig punuintmamaan? NAEH HUEIU
bl What‘ are they made| of? a[ ] Wood b[ ] Plastic c[] Metal d[_] Other (specify) -
I e = 5 : Higii (BT HGAIES)
ihguigmgRIfAnoERtmS 1G5A0H? 15 i1 AN TRjig] 1
3 2 ,
w2 Do you stack cages on your vehicle? 11 Yes O[] No
1hign MAgaERnTE iimeEhinugRtnmagtgivn?
s Do you have a tray to catch faecal matter underneath each cage? 1] Yes 0[_] No
1Ryn MSMAUAINTE AINGEIANERNEIEITIG?
\d4 1L] Yes 0[] No

Do you clean cages used for transport after each time you transport birds?

AgRmsINURmA(gaNaEY IBIYIe U ERTAMATY?

IPC, Van Kerkhove et al . 2007
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B. QUESTIONS ABOUT FIGHTING COCK OWNERSHIP (Head of the family only) nigifeuBumIBy mase

grguryiug@mneBamiBely mane waign

81 How many fighting cocks do you have at home? G DR R | | If0, Go to Q#C1
id you buy any new fighting cocks within th ?
B2 Did you buy any ghting ithin the last 2 months? 101 Yes 0[] No If NO, Go to Q# B5S
manmedmmnsnatiginig mwon bis wirmeoes?
How many did you buy?  tRgndmnstigigspriseigis | |
B4 Where did you buy them from? tﬁsjﬁ@rﬂméﬁmgﬁﬁﬁﬁfgﬂmgs? [day / month/ year] iz 1s g
al ] VtetT\am [b]  When did you buy? / /
c[] Thailand [d]  When? / /
e[ ] Home village [ When? / /
gl ] Other1 (Village/District/Province) [h]  When? / /
i[] Other2 (Village/District/Province) i When? / /
k[ ] Other3 (Village/District/Province) [l When? / /
m[_ ] Other4 (Village/District/Province) [n]  When? / /
BS Do you sell fighting cocks? IHNNSUAMSNEMeeg? 101 Yes 0[] No If NO, Go to Q# B8
B6 How many did you sell in the past 2 months? RERURIBMMITNSANA FHitw: N bis shimuwiss? | | B8SANa
B7 Where did you sell them? igRuRsmiginighnmes?
a[ ] Vietnam [d] Other1 (Village/District/Province)
b[ ] Thailand [e] Other2 (village, district, province)
c[ ] Home village [f] Other3 (village, district, province)
B8 Have any of your fighting cocks been sick since the Khmer New Year? 1] Yes 0[] No If NO, Go to Q# B12
HMSNMIURI R D1SAD218 ARMUMMIUAN]SRFIgIER?
B9 What were the symptoms ~ TRENSEAITEUING IEINARONHESS?
B10 How many sick fighting cocks died since the Khmer New Year? e A ]
masmmumasisnad Hmsimennuing Famiuniaiyugugieen? GgsmSnaituATinG
B11 What do you do with dead cocks?  TRERWAMSHMTHUAGTNTIGHEE? (GutrmsmaEs, fmatubm
a[ ] Eat b[ ] Sell c[ ] Bury d[ ] Burn e[ ] Other (specify)
1Ry it AUTEI ERNOTY R
B12 Where do you keep your fighting cock? 1] Inhouse 2[ ] Under house 3[]Inyard 4[ ] Other places
RgnsmunSsinfsiniganm? AviGe I{MY 8 UM mgIRg]a
BI3  Are they kept separately from other poultry at home? BHRAMETN hiithwignh Ma Higitiye? 1] Yes 0L1No
B14 Do you attend cock fighting events? tﬁijﬁ THCAEMS %ﬁigtg? 1] Yes 0[_]No If NO, Go to Q# C1
B15 How many times a week do you attend a cock fight? trﬂﬁjﬁ TNSIMS ﬁglsﬁﬂgjﬂgmgﬁj? | |  Times per week
0[_] less than once a week
B16 How many different fighting rings cockpits do your cocks fight during the last two months?

qait:a0 iz saimmss ignwnndieitigiinsue? || ugsnjs

B17 Where is your most frequented cockpit? 1[] Inside village G
iRgjstewgreuBanmsigitamamsiom? RN igli{maBIuHnA

2[ ] Outside the village
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ID Code | |

C. QUESTIONS TO HOUSEHOLD MEMBERS NgIing nwninggans gred

mortality reporting miadafudn ngmdernt

m now going to ask you some questions about poultry mortality.

gnyurgrugefesBimigaitiiud maant

C1 Have you experience poultry mortality in the since the Khmer New year?

iH MAS WAHR Msintgae Rnmtwmaiyagogitesn o

1] Yes

0[] No

If NO, Go to Q# C7

What is the total number of birds raised since the Khmer New Year? (the subject may need some time to think about their answer)

bt 1S SERMA MIU TRWSHTY SHRTNeRNN Buhyayugigsn al] Chickens Ggawdmy ||
e NS SRR NI RRMSEY SMETRINN nUfyajygitgune bl] Ducks G384 fuju JLacat™
qr IS SERITE MIU THOWSEDY esmsip motyayugienne c[] Hens BESIHWS Iy ||
Of those, how many of each species were sick from illness since the Khmer New Year?
- mms o8 fiend ousERTDSNL? al] Chickens G338 05 L
ks hne o fHuad myueETnSN? bl ] Ducks  $g3q nf ]
- nms 1w THend wyusRTnsp? c[] Hens GgeiEme s ||
Of those that were sick from illness, how many died from illness since the Khmer New Year?
o s meind thodl sngmsnpe? al] Chickens fgsm@ng ||
o s onnd thotd sagnsnnu? bl] Ducks  Ggsgnnt oS
o s mding sthotl soumenn? oLl Hens  Ggsiswdindg ||
C5 Did you report poultry's mortality ? 1] Yes 0[] No If NO, Go to Q# C7
16 FAMSNWMINAMUERAM IR1YIe {50 D89 URHER NG 2
cé To whom do you report? 16 FRWaNWMIAAmTEHRImes? (GritrmEmatEa, fratuim
a[ ] Village chief [‘Umgf‘j% d[ ] District vet staff INGJRIG (RS

b[ ] Village health staff / Health center tngjtj% 1] isdﬁm_mjrqamn

c[ ] Village animal health worker / Vet staff tngjmgﬁjtﬁ?iﬁm

BIE U NgJuans

e[ ] Provincial vet staff  ingjaisiies

f[] Other (specify) ifji11g]si

C7 If there is poultry mortality, whatwould make you report poultry mortality?

iglnmsmng @400 1§ mefgsenym iR jEmeinwminial mie suriyn tang 2

a[ ] Sudden death
#1881 NUINAIINRA
b[ ] Half of flock die
891 MUHAIMARAMALY

C8 If there is a wild bird death, would you report it? 1] Yes

pisifigrtuss mgrnuiiewng fgnsmginwmind i8ie 2

c[ ] Whole flock die

(GubmamerEe, fmatubm

AN FUUINTHATTH

d[ ] Other:

igpgn
0[] No

H5N1 HOH Questionnaire
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ID Code | I [ I [ I [

sctices when mortality occurred MIngIMeinu;me mdgwnd
€9 If you encounter poultry mortality in your flocks, what do you do with dead poultry?
ISHINUINES MISTINURNRIUAHER INHRWH N8N WRHH 0T 191E 780 .
: Bas GEEEGTD
[a] Bin IS saRinyg 1] Yes 0[ ] No
Bu )
[b] ry RUIHIN 1] Yes 0[] No If no, skip to d
¢] Can you point i
[a] y pooun :)ut where you buried them? [CheckYes only when they can show you where they buried poultry]1[_] Yes O[] No
UUUMQMSNNUEANSAY [ §0 YES ishomamismmmsmnmmign |
[d Bum NG ) 1] Yes 0[] No If no, skip to f
[e] Can you point out where you burned them? [CheckYes only when they can show you where they burned poulti 1[_] Yes O[] No
WBUINMAISNEOEANSES [ § YES ishnunmiguismsmnmaigass |
[l Feedotheranimals  IMSTFWAHIRRIN 1L1Yes  0O[INo
[g] Prepare forselling %R 1] Yes 0[] No If no, skip to i
[h] Where did you sell? iﬁijﬁ WRtgA 1siaam? (Village, Commune, District, Province)
] Prepare for food WAYAGHSIEYY 1L] Yes 0[] No
[l Sell carcass WATISGUNTSMYR 1] Yes 0[] No If no, skip to |
[k] Where did you sell? tﬁgﬁ WHtgaH 1glaam? (Village, Commune, District, Province)
[l Giveaway to neighbor  §jigi HALRZW 10 ] Yes 0[_] No
[m] Throw into water sources  imsimwIIginyGn 10 ] Yes 0[] No
[n] Throw away Lﬁfs’mmm 1] Yes 0[] No
[o] Other (specify) GGG
C10 What do you do iffiwhen you have sick poultry in your flocks ?
IShnmiZnms MS9AD pussIUHEN IREARWH ST IAHN NS 19hi§Hgs? Cgwenatindim
Would you:
[a] Quarantine separately from other in the flocks? i TS EUAD mﬁimuj'fgjﬁﬁ mémé?gtgjﬁ 1[] Yes 0[ ] No
it Y, oG If no, skip to
b] Slaughter for selling?  EIANGIIRANGIH 1L1Yes  OL1No e
[c] Where did yousell? ihgftymigiuAiginam? (vilage, commune, district, Province)
[d Did you use a middleman?  iignmsmtigignmitiSquninitimse? 1L1Yes  OLINo
[e] Slaughter for food? f&nﬂﬁmﬁhﬂfitggﬁ tEyes OLTNo
[l Give to neighbors for consumption? jSmgﬁaﬁmtﬂmﬁtmtggﬁ 101 Yes QIEHHG
of 1N If no, skip to
o] Sellalive? g AL Y
[h] Where did you sell? ifgrtumigimfigianm? (vilage, commune, district, Province)
[l Did you use a middleman? 1?1sjﬁmsmﬁisﬁéjngrmﬁﬁrgmémtmgtg? 1[]Yes OLINo
; - o o ; 1] Yes 0[] No
(1 Donothing? HIMSIEHANHAT & &
[k] Other (specify) 1G]

IPC, Van Kerkhove et al. 2007
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I
¢11 What do you do with remaining poultry that survived in the flock ?
RN W8N WK RSN g iehifies

(RIYHRGIN
Would you: . g
a] Quarantine separately from other in the flocks? 5 S IBNS 2 gt e
) N DS IBAG tisehwigyan msmétgtgjﬁ 10] Yes 0[ ] No
[b] Slaughter for selling? R ANU RS i
1] Yes 0L 1No :: o, skip o
[c] Where did you sell? INHRwRIgiRigianm?  (village, commune, district, Province)
d] Did i < : Y et
[d] Did you use a middleman? tﬁgﬁmsmﬁmajmgmtﬁsgmmsmmsgtg? 1] Yes 0[] No
] Slaughter for food? RIANTINANGIS
el BEYY 10] Yes 0[] No
Give to neighbors for consumption? =
M 9 ption Sjssigﬁaﬁmﬂmﬁtmsggu 1] Yes 0[] No
llalive? ' QIRGMIR
[g] Sellalive NN 1[ ] Yes 0[_] No If no, skip to j
[h]  Where did you sell? xﬁgﬁmmg’imﬁisﬁnum? (village, commune, district, Province)
[l Did you use a middleman? mgnmswieiganmtidnniaizigs? 101 Yes 0[] No
[ Donothing? BSWSIEHGWHA 1] Yes 0L 1No
[ Other (specify)  IRjNgjn
;Mg- and attitude sinsih 84 fitmue
€12 Do you think it's important to report poultry mortality? 1] Yes If VES, Go to Q# C12b
HERARDMINWITIAN #0 M8 Y mean:inSiviuig? 0[] No If NO, Go to Q# C12a
9[ ] Don't know If DK, Go to Q# C13
Ci2a IfNO, Why is it not important? INHHNShERARDMINwMIAN #0 Msa it Sama aniring? (GetrnBmatEe, fmetnbm
al] No help from vet staff or authorities  1{neBIMSNSWRING]RE U MEI dl] Don'tknow BB
b] Toofewdeath  i{MsMSUNURHES e[ ] Other (specify) IBjng]R
c[ ] Poultry are not important (like pigs or cattles..) th:mémESﬁimégﬁmgimLﬁﬁts
CI2bIfYES, Whyisitimportant?  TNRFWSRERRANMINWMIAN A0 V8GN MY 8 ANI:AISE 2 (GultrmnsmatEs, fmatubm
al] ltcoudbe Al  sgmemumetiHsMWUR] cl] Dontknow  Fsf
bl ] We can have advices from VAHWs  1{msRntmEggmmsminnsinyamning s dl] Other (specify)  ij11g]
C13 If you report mortality, what do you expect in return? ﬁ?sjﬁnmmmﬁ iﬁijﬁﬁiﬁﬁle}g:LﬁmﬁHﬁ?m?
33  Andfromwhom?  1RHAGHMSOHAAM?
C14 What do you think discourages villagers to report poultry mortality?
MU R s Eaang S Besiginwmind ANMSAREUMG? (G nEmBIES, fmatutom
a[ ] Fear of poultry culling c[ ] Fear of panic in the village e[ ] Don't know where/to whom to report
NHIRYRRINUNESGURIQATHHA 21515 smIAt [HAEUSigHGY Bermgl mugnam, isignm
b ] Problems with selling d[] Don't know fl] Poultry are not important like cattle

ABUASNIVUNS Bt ' NENDWEEEME SIRNSEIM (UG

gl ] Other? (specify) tﬁjhtgjﬁ

C15 What, do you think, would help encourage farmers to report poultry's mortality ?
mEtmusIuR s FAgsEnmEsnantannnBE] tginwmind AimagREmnG? (GUTIINGNAIEA, FHAGIT)
g[] Askthem to report

a[ ] Awareness / education on the risk of Al d[ ] Incentive f = ' )
mistiATmenATAMERaSAHeManwur] mIgRthINSERERginwmInn 1 ei g metginmind
bl ] Help from authorities (drug, food, training...) e[ ] Buying sick or dead poultry at lower price h[] Other (specify)
fgwiimehes (a: 8, sAnwg, fauAsuAma...) gwdmendaite ab g o AR L) Injngi

c[ ] Compensation in case of culling f[ ] Don't know

msmn'mnughﬁmﬁninnﬁmém EEGH
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C16 what do you think authorities would do if you reported mortality in your flocks?
IRRNRIDEIRNEEGS ishnmituEn iginwmind ftmnaaitmnge
C17 If your poultry were culled, what do you expect?
Ui MEGUURIHN B IRANG OE DRI IR IS I e P . ST
, 3 (SIUNEMLIES, FHAGHT)
a[ ] Replace poultry ai{ith W85 , s
86 wnim cl] Don'tknow  fgiy e[] Other(specify)  IBjHIg]R
b Money b : Sl e !
0 ey back FINT Aty wRi d[] Nothing Favtimsfigiunm
CTICES mingly
attend cock fighti o 5 LS
C18 Do you cock fighting events?  thgnigituy y it mdtte? 1[] Yes 0[] No
ou care or help care for fighti ?
) Koy B SHeS SSE AOnng Srcks? 10Yes  OLINo IfNO,Go toQ#
INHATEATES) AIMEWSNN (¥ funduissimana teing? =
CiSa  How many days perweek you take care of your cocks?  sfigmidnins) simnmdnn Gmais nuoman? |____|times per week
0[ ] <1 time a week
C19 Do you wear gloves or masks when caring your cocks? 1] Always 311 Somefimes L i
IRERMIMATANETE U D iyt ishinnttnamSniss Mnsmanme MATES AT Batmnane
C20a Do you: Touch bloody cocks? tﬁgﬁmsﬁ:mn}méﬁmfﬁmmsmimg itiuig 2 1] Yes 0[] No
C200 Blow the beak? IHHAWS § SoemSne it 2 1] Yes 0[] No
(C20c Kiss, Suck or lick wounds? HEnINS THmann iRigis 2 1L] Yes 0[] No
C20d Share water from the same bottle used for drinking or spraying?  iRHRAWS 1{HSAIEM YT LIS 2 1] Yes 0[] No
C20e Clean the trachea by swab or feather?  TRHAMS AIMATNNR NSTW WWRGS] § ANURNA 8IS 2 1] Yes 0L]No
c2of Clean feathers?  1RHAES (IMANY 34 NE A[maned iiyss 2 1L Yes OL]No
i mingin
I'm now going to ask you some questions about your daily life. {zlrgmgmgmﬁauiu Mapwigoaygn
C21 Do you touch sick or dead poultry with bare hands ? ifgn D3N S9N U NG whwingis itiuig? 100 Yes OLINo
C22 Do children in your household play (touch and catch) with poultry? 1] Yes 0[] No 9[ IDK
IRnNoISinURIURIER I9Gma g 1 hywmea IHius?
C23 Do your children swim in ducks ponds ?  1&pgiuriyn 1§yt fnnuGniwh mupusiswmsas: iRigs? 1] Yes 0[JNo  9[IDK
C23a Do you swim or fish in water (ponds ...) where poultry have access? 1] Yes 0[] No 9[ DK
1A 9n8n U 1wadn g mein(h oudn (a. (s, Ao g G .o dwmaags time?
C24 Do you take dead chicken or poultry from yard for food ? iRgRmsiinwn HSSREWING mﬁﬁﬁtﬁggﬁ igigig? 100 Yes 0[ ] No
C24a Do you remove feathers from sick poultry? 1R INEINY NSNIEUD (15YU..) TIYIS? 10 Yes O[]No
ild bi d? & STRItOR AIETITENTMUN WRYATE Y TEIUe? 101 Yes O[INo
C25 Do you take dead wild birds from field for food?  iRHRABISTIAIWR AT e U
5 . - o OLIN
C26 Do you eat wild birds? ~ {RHAUUANGRIGANTIE BIIS? 11 Yes Elidia
; = = 20
C27 In your family, are you responsible for going to the market (buying food) ? ingrigigpismyy ige? - 10 Yes O[] No
- a ] 2 20 O[]N
C27a Have you ever bought poultry from the market for food ? TRHAMSGMEIISNNNI BRIEHY 1IUi8? 1[] Yes [1No
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2 Do you cook or help in cooking poultry for your family ? 1[] Everyday 2[_] Sometimes O[] Never
ifgn 1530 ¥ sy e naig EREL Beigninn

xDoyou: Boil birds? NHA INISHSIAN ima? 1[] Yes 0L1No

i Slaughter/ bleed birds? WRHR 1IN Y B8e iipee 1L ] Yes 0[] No

B Cut meat? W MU.IMS MBS NG Tiye? 1L0Yes  O[]No

% Wash meat? INHA Y NGNS B9 ige? 10 ] Yes 0[ ] No

X Remove internal organs from birds* tﬁgﬁ ismﬁtiﬁjﬂgﬂ 8N ‘t‘h’igtg? 1] Yes 0[ ] No

e Wash internal organs? TRHA A TR D8e itigie 1] Yes 0L]No

f—; you eat raw or half cooked chicken eggs (eggs with runny yokes)? nHn YU U u)a anmgisl u sis igitng ity 2 1] Yes 0[_] No

i Doyou eat rawchicken meat? &N WU YUTHWIGH answg 151 iy 2 1] Yes 0[] No

1 Do you eatchicken meat that is pink in color (has "pink spots")? ﬁisjﬁ mﬁm usas 19lis Lﬁtﬂﬁ@‘) ’i’ﬁiy_tg 9 1[ ] Yes 0[] No
Do you eat raw or half cooked duck eggs (eggs with runny yokes)? tﬁsjﬁ WU U U6 OgnsEl u 1S tmﬁﬁm '{ﬁigtg 2 10 ] Yes 0[] No
Do you eat raw duck meat? R Yy gij‘fﬁmtgam—m’] 5wl ‘{gilﬁg 5 10 ] Yes 0[] No

¢« Doyou eatduck meat that is pink in color (has "pink spots")? {ﬁ';jﬁ o NG NG HES 1911 Lﬁmggg 't’ﬁigtg 9 1[] Yes 0[ ] No

0 Have you ever prepared wild birds for food?  REAHY 1§ MU MBRTNUINSASIEYY iiyie? 1[ ] Yes 0[_] No

31 Do you prepare poultry near pond, river, water well? 1] Yes 0[] No 9[ ] No pond/rever/ open water well
ifign mewAmsangh sfiny Ems inn oig g sagh iRigie? BsE18 (A (A 618 U HADY

12 Do wash poultry products directly in the water source (pond/river)? 1] Yes 0[] No 9[ 1 No pond/rever
iHign mewnsseng] anamha 1sigk [ iR g eig iRie? B [0 1A U 918

13 Do you care or help care for poultry? ifigf MSgwiBwitg) Man infiig? 1[] Yes 0[] No If NO, go to Q35

Ja How many times a week do you clean your poultry cages/areas ? t?ﬁjﬁ ke [ﬁtjmém ﬁglsﬁﬂgﬂ@m?‘,ﬁj? | |times per week

° Sl ie ; ' 0[ ] <1 time a week

34 When caring for poultry: 1STNIRIHA 189 MG [GITSH

la Do you wear plastic bags over hands?  fagfR MISMABHAA mimiiglis idigie? 1] Yes O[] No

d Do you have any gloves in your household?  ifizn meifpnuinhi igigs isigugswaign? 101 Yes 0L JNo IfNO, Go to C34d

ke How often do wear gloves when touching poultry? 1[_] Everyday 2[_] Sometimes 0[_] Never

1Hgn mATENEIE nuEuiEe o Tsmmmsa? MANEY MABHIN BEtRMMATANS
o If NO, Go to
d Do you have any rubber boots in your household? iﬁijﬁ msfmjﬁtgﬁﬁi 7 154 1HI1y1g tsigtitjz? 1 ]1Yes O[]No C34f
le How oftern do you wear rubber boots when caring for poultry? 1[ ] Everyday  2[ ] Sometimes 0[_] Never
1hgn AT [ i nesEMiBIUg 1IN E NI MA{GIISN? MANLEY MATHEL BeigmeATaNe
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i Do you have any aprons in your housenold? t?i}_iﬁ mSmimimi fﬂigtg 191 AR IR 12 1] Yes 0[] No If NO, Go to C34h
g How oftern do you wear an apron when caring for poultry? 1] Evéryday 2[_] Sometimes O[_] Never

N mAmimins neguitige 19nutmes e mga? MANAIEY MAYHEN satdmmaans

o n W 2

h Do you have any masks in you household? iy sithal ity itryie ieigussionian? 10 Yes OL]No  IfNO, GotoC35
" How often do you wear face mask when caring for poultry? 1[_]IEveryday 2[ ] Sometimes O[] Never

NHN MATA TUNYS) MIMT NSRS inutsme 86 mgqe MANAIEY AU dsidmmdians
5 Do you, personally, feed your poultry ? N ajﬁuﬁ WS4 1Etwgsiy uig? 1[] Yes O JNo  IfNO, Go to C36

a How many times a week do you, personally, feed poultry? T Sjt'inﬁ B89 UMSHY naomas? | | Times O[] <1 time a week

6 Do your poultry go in rice fields or lake ?  1indguuaiREMIRIAG Mmuhat U Uy ieigig? 10] Yes 0[] No

7Doyou use poultry faeces for manure ?  tRgntHANERNSH BNHIEY ioigig? 10] Yes 0[ ] No

8 Have you ever been to Vietnam ?  1fign mitgidmpigaiiinoms idiue?

10 ] Yes O[]No IfNO, Go to C39
a How many times per month do you go to Vietman? 1hHn 19109188 veis? | | times per month O[] <1 time a month
N . o= : = If no, go to
b Do you go there for trade (sell or buy) poultry or poultry products? HA 1GITHY] R | 80 IS IHIY8YIG? 101 Yes 0[] No caol
¢ Which provinces do you go to sell/buy? Hi tgmn’nagjmngg?
9 Have you ever been to Thailand ? t%gﬁ gwﬁtmﬂn'jlmgm‘irs ?ﬁip_tg? 1] Yes O[ JNo  [f NO, Go to C40s
a How many times per month do you go to Thailand? tﬁgﬁ tgiﬁgnsﬁti gﬂ@‘t’e? | | times per month 0[_] <1 time a month
g o = , = If no, go to
b Do you go there for trade (sell or buy) poultry or poultry products?  #f IGIHRHE][UT . GIM ¥ISA IHTHSYIS? 1[] Yes O[] No C40
¢ Which provinces do you go to sell/buy? Hf 1618m125AMes?
ih!hn practices mixgin HnEwhyuthe
s Do you have soap in your household? 1§ #AtNSANG UG 19InURIURIHA 2 101 Yes O[] No
0 Do you wash your hands with soap after you touch poultry? 1] Yes O[ INo  [fNO, Go to C40b
Rgn aiEmEwanG RIge imwuTaminsa?
3 Howoften? 1fign it hywand neisuttne? 101 Everytime 2[] Sometimes 3[1 Rarely
0 If you have no soap or run out of soap, what do you use instead of soap to wash your hand?
1RMSANG 1hxn 1T ACew Andanis?
1 Which water source do you usually use in your household? RgA WAGHE BR0Am RNUT D AT (AN (BUUNGMLIES)
a[ ] Open water well c[ ] Ponds e[ ] Lake g[ ] Other (specify)
GRHEMNBTNG Greemi, (s Gniuy HENE Y
b[ ] Water well with pump d[ ] Watertap fl]1 River
GRHANUMT Gnmas gngig

IPC, Van Kerkhove et al. 2007
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“Ta2 If pond or lake or river does, poultry has access to those water sources as well?

h 9 1] Yes 0[ ] No 9[ ] Don't Know
fff (At T U 918 18 18 01400 paiginuanimeitigie?
;4; Which water source do you used to bathe? 1hgn YRGnRE 19ioam (BHTMGNLIES
a[ ] Open water well c[ ] Ponds e[ ] Lake g[ ] Other (specify)
GRHITLNY gnnnmi, (e gritn NG
b[ ] Water well with pump d[ ] Watertap flL]1 River
EREIELYY LI anaig
Cazb If pond or lake or river, do poultry have access to these water sources? 1] Yes 0[] No 9[ ] Don’t Know

3 el T2 U 918 18 918 9189 garginu@nimeiniyie?

about Al / bird flu

trnnsthAn S methanwur

now going to ask you some questions about avian influenza.

gryurgrugafigndh thmemantun

C43 Have you heard of Al / bird flu? 1R#RMGHHN Hpshanwun idigie?

1] Yes O[] No

44 Where did you hear that information from?  tRgRmUGHN MR HSHANWYR] BRiAmgs?
a[ ] Village vet staffs

If NO, Go to C47

(GultmsmnaTEa, fmatubom

d[ ] Radio gl ] Public poster i1 Someone in the family
NGJREHS 1g] wjumnETimEEe WERAEANT
b[ ] Health staff / health center e[ ] Television h[ ] Brochures k[ ] Other (specify)
NSJAE U 191 8UNEmN 816338 fergfitmatigse i
c[ ] Village chiefs f[ ] Newspaper i[ ] NGO health education sessions
NRELE mirs IAHUTIUA HYMIND
44| What would you consider to be your MAIN source of Al information? (open question)
THEIMEUANSIN: IR UANEwAM IRUHRRAT NSRHNRNSAT HANWUT] 2HR MEN TR
45 Have you taught your children about # IR gRMUUIH{S FS9HA U 17419 AOnAEsmhanwunj B1ge? 10]Yes O[] No g:lso, ok
C45a

What have you taught them (open question)

HER{IMG ASHN LMGEIYEEgs?

C46 In your own words, what is bird flu ?  MUIENURITAHEA 15 A psthanwun] ti?

(ErimmumarEa, fmatin

a[ ] Poultry disease (duck/chicken...) c[] Human disease e[ ] Pig disease gl ] Can be transmitted to human
tHms @ ttiusag tefe HIGENEAYSA] IS
b[ ] Can kill poultry d[ ] Can kill human f[ ] Wild bird disease h{ ] Other (specify) iﬁ‘}tﬁgjﬁ
MBAMNT 18 O M HGRIANG BSAI) 1S meiuganuim
C47 Could you tell if your flock were infected by Al? 1L]Yes O[INo  9[] Don'tknow
Fardam maquungn nomssatipsmanwun] Tysen iRiyie?
48 Do you think your poultry are are at risk of being infected with Al? 1[]Yes O[INo  9[] Don'tknow

Fgnfannsauumgnmesat e ] H1ye?
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9 When chickens are sick, Do you know what are SYMPTOMS that make you suspect of Al infection in CHICKENS?
ghinwe MAaS 1§ HRRINRR ISR AR D8 Gnims

%50 What are SYMPTOMS that make you suspect of Al infection in CHICKENS?
if mann SgsiRIEE RS D8 TS eims st Eshants

a[]

bL]

e

di

e[ ]

Sudden death (1-2 days)
mimgje "o - b ig”

Sudden death in large number
munj st asgsEsnn
Motionless / éleepiness

ainn / 18

Seizure / Spining

s 7 1@iiwo

Bleeding

WAy

gl]

fL] Stop laying eggs

AN

Eat less / Stop eating
tuhrgt U sed0A

il Eye/nose discharge
WjIdntan/Auiniim

1] Yes
0[] No
9] Don't know

matfipemanw s ifamgo If NO, Go to C51

If DK, Go to C51

cEubmmsmare, fmatidm
k[] White / cloudy / blind eyes
thne
I'[ ] Difficult/Fast Breathing

nntngiy
h[] Violet/swollen combs and wattles / head m [ ] Leg weakness
TumIg 84 G g1t
i[] Neck Twist n[ ] Diarrhea
a8n y usin ne

o[ ] Raffled feathers
[HeRNY U TNy
p[] Other (Specify)
gy

51 When ducks are sick, Do you know what are SYMPTOMS that make you suspect of Al infection in DUCKS?
st Ins MAd & grandms BEeERaiut @ s msnipethanwur] eivie

52 What are SYMPTOMS that make you suspect of Al infection in DUCKS?
if AR FesiRuiEajERm S @ iBuaeinme matipsmanwure

al]

Sudden death (1-2 days)
niis "9 -wig”

f[] Stop laying eggs

ABTON

1] Yes
O[] No If NO, Go to C53
9[ ] Don't know If DK, Go to C53

CElmMEMeLEe, fmetubo
k[1 White /cloudy / blind eyes
innn

b[] Sudden death in large number gl]
it} sifitwpusgst SN

c[] Motionless / éleepiness h[]
AR / 18

d[] Seizure / Spining i[]
UmE / B9

e[ ] Bleeding i

IEMAMY

Eat less / Stop eating
tuheg? U HRASAA

Violet / swollen combs and wattles / head

I[] Difficult/Fast Breathing
nwngntify

m[_] Leg weakness

T einna 84 Ainnd 98Ity

Neck Twist n[] Diarrhea

gsn U URA nA

Eye / nose discharge o[ ] Raffled feathers
jIgntan/sujIdim {Hsany U N

p[] Other (Specify) itjugjs

93 How is Al spread among poultry / birds? TSR [pSthaNwU] SUNAUtUTREAMY Nd 9 hwnyjuam?

(I MEMeIEa, fmatibm

a[] Contact with another infected/sick birds d[ ] Contact with virius brought in by people, their clothing or footware
TN EmSa mi iwnb? BISESRIBATI{T IwnshUiEnamugsyAEn?

b[] Contact ;vnh infected faeces? e[ ] Don't know
UsnthywansRmEe mi iBung? st

¢[] Contact with other contaminated feed f[ ] Other (Specify)
mitsmea & GaNrEEsANRIEUMSERTEING G
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——

? S =
54 Can humans get Al mssgrq;mﬁgaﬁﬁms@mmumtmgtg? 1[1Yes O[]No 9[] Don't know i e BV rae A o

055 How can humans catch Al? i penANmURjEEREN] hwigjuam?
al ] Contact with sick/dead poultry c[ ] Eating undercooked poultry products
MITEMANSNATYANT MR EINETN  ant fin
b ] Contact with poultry feces dl] |

(BT MEENAIER, fmatiim
e[ ] Contact with contaminated farm equipment
mItsmARimI: e MemIYING
Eating raw poultry products (eggs / blood pudding) f[ ] Don't know
MM BB uimntgl © @G s g L iy

gl] Other (Specify) irji1ig]n

cs6 Do you think Bird flu can kill (is fatal for) humans? wngnnn® SHReMAWUR] muRnGYsagme kg2 101Yes  0LINo 9[] Don'tknow
57 In Cambodia, Have there been any fatal human cases of Al?

nsusupnthe SHpshanwur] Rige s ennyibie 1]Yes O[JNo  9[] Don'tknow
058 Do you think Al can be transmitted to HUMANS by... myrnnt SHRSHANURjEYERESag ME...

[l Eating well cooked poultry's products ? UUANS [H N8NTHUNLEHITSN? 1] Yes OL]No  9[ ]Don't know
] Eating undercooked poultry's products ? UG {5 N8R SHsigin Beke? 10] Yes O[ JNo  9[ ] Don't know
[c] Eating poultry eggs from healthy chickens? U“mnﬂmé nIs? 1] Yes O[ JNo  9[ ]Don't know
[d] Eating poultry bought from market? YUANENEN ESmuAERNRNI? 1] Yes OL]JNo  9[ ]Don't know
] Eating your own poultry prepared at home? YUANSDSa iRuMe S 1 mhwgen 1[ ] Yes OLJNo  9[]Don'tknow
[l Eating poultry imported from outside Cambodia? U‘]ﬁﬁnfsmém ’i’ﬂmsﬁgmﬁﬁﬁt[‘mwigmﬁgm? 1] Yes 0[_]No 9[ ] Don't know
[ Swimming in ponds? ERTLEIE 1[ ] Yes O[JNo  9[]Don't know
] Touching wild birds ? GeneBRISANUIN? 1] Yes O[]No  9[]Don'tknow
[l Eating wild birds? YURNGRIFINUTN? 10] Yes OLI1No  9[]Don't know
[l From other people? fusryn 19 Mfigin 10] Yes OLINo  9[]Don't know
Kl Touching healthy poultry ? RHUNN g HEMLNE? 1[ ] Yes O[]No  9[ ]Don't know
Il Touching sick or dead poultry with bare hands? RHAUNsEERlles 3RS NG 1w iteig? 10] Yes O[ ]No  9[ ]Don't know
[m]  Touching poultry faeces? {jzmn'jmigmnmﬁnstjmém? 1L ] Yes O[JNo  9[]Don't know
[n] From sexual contact? mMyMITeIng 1] Yes O[JNo  9[]Don't know
[o] Touching poultry blood? temathyts AN B ESN? 1] Yes OL]No  9[]Dont know
[l Slaughtering poultry ? f{mnﬁmémtf}igﬁ? 1] Yes OL]1No  9[]Don'tknow
[f Using the same cutting board for poultry and food products? 1L] Yes O ]No  9[]Don't know

i Emino ju Nt mntmd & 8 uig ans (FUEE Bigigin?

Cs i i N by touching / playing with sick / dead poultry (with bare hands)?
9 Do you think Al can be transmitted to CHILDREN by g/ playing L VG e

FignAnt neiny mesutfpemnanwur] 1w frsenel 1 1o TP DIGTH AD J N0 THYS?

C60 Do you know any Al / Bird Flu sings and symptoms in HUMANS? 1[] Yes O[ JNo  IfNO, Go to C61
wgnapsinarmefpemanmu ] @igigs S8 fHy18?
C60a  What are those signs and symptoms? LIRSS tﬁmﬁmqglg’mtmsmm;g?.? (Erlmmsmatfe, fnatubm
a[ ] Difficult/fast breathing c[ ] Cough e[ ] Sore throat
fmnentidy fif AG T
b[ ] Fever d[ ] Muscle Ache f[] Other (Specify)
L ATANGS RHEIE
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61 Do you believe you can protect your poultry and yourself from Al? 10 ] Yes OL] No oL ] Dont know

M T HRMEMIMI N8N TWRIHN 84 gsunmm Begmmipethanwun] na e

o "
62 Do you think touching sick/dead poultry can cause fever? L] ves o INo

fgnRnt mivsme eide iR y indihwannl meugunoismem e

c62a Have you experience any fever after touching sick or dead (died from illness) poultry? 1] Yes 0[ ] No If NO, Go to D1
mgnmu npsi iRigie imwinetame mde Road y indimwanms o
c62b Did you seek medical treatment for your symptoms? 1L ] Yes 0[ ] No
I8 15 ishinine gnmsinvmminpwessidam it 2

D QUESTIONS ON WILD BIRD MIXING (For head of the household only)

mianmgjmihi nde 3 mganuifn cindtamugann

, I'd like to ask you a few qustions about wild bid mixing with your flocks.

ngmiu mianwgimiht maguunign 8 myanuim

D1 Do your poultry mix with wild birds? 1] Everyday 2[] Sometimes TR If NEVER, Go to D2
HRNENTURHR UsmOmYwAENUnGigiRige? navig B fistemiang

Dla  Whatkind of wild birds?  1RRBANUI[MINEDRET?

D1b Where do they mix? al ] Lake b[ ] Rice field c[ ] Farm
INNSNURIHA 11 TANWE NYEWHHNUI NI 1gloam? ik hestqe AumNe U RS
D2 Have you noticed any dead wild birds around your poultry areas? 1] Yes 0[] No i

mgnmsidundnuBaNTiE indiginotaungRitgge
D3 Do other animals (e.g. dogs, cats) carry dead wild birds onto your property? 1] Yes 0[] No 9[_] Don't know
A8 in @ M esnUiniEeng susRniTTtsuRgRRIge?

QUESTIONS ON ECONOMIC IMPACT OF BIRD FLU (For head of

i} snlunurtimehanmufidtimagan: cinttmugann
= = - S LT o v LI, TS
, I'd like to ask you a few questions about income from poultry. GH[MIes SAIEAITHA[MABANAITURIEHT IV MAEANMIGMEMAR
E1 Is your income mainly from poultry raising? 1] Yes 0[] No

1f (MASADRY TURI[HANTHA MATBENSyRimIBMumae usyig ?
If NO or Don't know, skip to

E2 How much income do you generate per year from the sale of poultry? 99[ ] Don't know  E2b
YO HAMGIRMASANUTSTNS HMIUA NSN IURTHA? Add currency (Reil, Bath, Dollar) Hafu
£2a What do you mainly spend it on? BHREAM [MATBUMSER AMILH N8 URHR 1giubEgs?
a[ ] New poultry b[ ] School fee c[ ] Medical fee d[ ] Repaying loan e[ ] Pagoda f[ ] Clothes gl ] Food
igammandmnuntiy igmIism (s iganmnd BRI 1515 igritngiRgmA iggumum

h[] Other (Specify) ifjigjs

£y, | you stopped selling poultry, how would it affect your household economy? TRISMERATTEMY NS IRHASUMA[MAGAYUIESAINAM?
1] No problem 2[ ] Decrease half of income 3[ ] Decrease most of income 4[] Lose all income 9[ ] Don't know
s L 5 e 5 o o
maum WA [MABANUMARAN WHR{MABAYL OMET MHAMABAUSIN{FIN EEpx
If NO or Don't know, go to Observation
E3 Have you ever vaccinated your poultry against Al? 1] Yes OL]No  9[]1DK section

MERmUmemA hAni miminaa wrgn ssatimhanwun] 86 2

E3a If yes, which flocks? 1[_] Chicken flocks only 2[ ] Duck Flocks only 3[_] Both Chicken and duck flocks

mﬁajsﬁﬂmé ebleg)

®ftuum 2 mAgfiama BINGJiHe

dlike to thank you for taking the time to answer my questions. Your involvement ir.l this. study is very important.
ase accept this token of our appreciation as a thank you. (Hand out compensation kit)

Qmemnﬁniamiuﬂainﬁm gG182 SRIBHIAAN tHasgnmasamenasian 1GAigIeinHRIRs 1

mIgRyBsGHTIURIgn fathnanns:Aednmed 1 gryugancpues grnigsannfin 1
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I(;SERVA'“ON Interviewer: Please take a few moments and fill in the following observational survey.
i nyudnqiEBsmy e mitme nudidangs
01 See any DUCKS in the property ~ niiming @ tsiga'étp 1] Yes 0[] No If NO, Go to Q# 05
02 Ducks in pond nmms o iS’igﬂLﬁtﬁﬂgﬁ 10] Yes OLJNo o[ ]Don'thavepond  mS[FMUGH
03 Ducks are free raging nimns o ithwiedd mmEe 1L] Yes 0[ ] No
04 Ducks have contact pigs Qs o ighisianwejhyms 1] Yes 0] No
05 See any CHICKENS in the property iHg;s 08 1sipdm 10] Yes 0[] No If NO, Go to Q# 08
06 Chickens are free ranging nmmns M e pamss 1] Yes 0[INo
o7 Chickens have contact with pigs ni“jrgms ns mtsﬁnnmgjmigm[g}ﬁ 1] Yes 0[] No
08 See poultry scrap (feathers...) on the property NI MIENATIENN 9inudm v, 1] Yes OL1No
09 See poultry faeces on the property uﬁrgrmt;ﬁmém N tsifjh‘égw 1[] Yes O[] No

iy

TrgymtST wu y i Eahy

AEMHERANNAT IR (NS ITWMIMNA W MAMIMI

010 See any protective material (used or not used) in the property, as listed:

a[ ] Gloves b[ ] Rubber boots c[ ] Masks

nimnsam:mAmns aaeid g Feid 1einhgs geeh:
e[ ] None

d[ ] Apron

Himims

011 See anyone wearing protective material while caring for or preparing poultry for foo 1[ ] Yes

BandmmnefgHe

0[] No

o

F. Dengue Questions (For head of household only)

aigr eAgvRumIEgnREd 1itErpenmy

Materials of activities

NEE U AIREma
F1 Impregnated bednet
F2 Abate (larvicide agent)
F3 Jar's lid (normal or impregnated)
F4 Spraying in the household
F5 Dengue education session

F6 Dengue posters or brochures

HHRUAT)

BIHIUR

RIUEMY (218 U N8 [RURTED
mIssMASIYA

miGsHUT MUt U 58

Fgumn U [Rdnaes #ii

MENMSSSURET: U wRgmnHsT geifundawnmuiss i8ius 1ginns g a(gant iuaign ?

[a] This year [2007]

waegn fug boon

1] Yes 0[] No
1] Yes 0[] No
1] Yes 0[] No
1] Yes 0[] No
1[L] Yes 0[] No
1] Yes 0[] No

Have you received any of these materials or activities for dengue control in your household or your village ?

9[ ] DK
9[ ] DK
9[ ] DK
9[ ] DK
9[ ] DK

9[ ] DK

[b] Previous years
[before 2007]

maggu yag Bood

1[] Yes 0[] No
1[] Yes 0[_] No
1] Yes 0[] No
1[] Yes 0[] No
1] Yes O[ ] No
1[8]Yes 0[] No

9[ ] DK
9[ ] DK
9[ ]DK
9[ ] DK
9[ ] DK

9[ ] DK
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H5N1 Survey- Adult Family Member Questionnaire

ID Code | | Il [ Il |

HSN1 KAP survey among backyard poultry farmers
Questionnaire for Adult Family Member

RIIAIGT AING MEDA{EANT Shuaaggot

Today Date: / / Interviewer's name: | |
Province  Village Family Interviewed member
GPS | | | | | | | | ID Code | | || | Il | Il | |
| | | | | | | | (TK= Takeo, SV = Svey Rieng; PR=Pursat; BM=Banteay Meancheay; Exp. KC010105)
tructions to Interviewer: mitanginindgnags

ArnigneIAINGAT MERR{EANT TEuthusagtaies § RENR[HANS MBEIN U {1 1 UMSRUAISISIHHA BY IS mumianginumitensiaaiss
iimSTERTR]ND 18ARINGT 1 yupSIBInbgiEunen 8 utinusisr 1§ Eemerandnmitnsion 1
RERITRITIEHE SRR AN SHISYWOIUARIMAIST 1 MINTNIURHRS: MIan:Ha1game) imethéiryeiurfinmg Suginssg osmhmign

o v

gaSnEmIumuSgS 4

=

[URSITHANSEIUIRROSRGHSURINNIST NEGINNORGIIS] tame §nif TBwmsine ook dok onlg U 191 1ans iR WSz 0ok mk omo 9

RVEUTIRINARMNEING R JUGRANERRMGIMymmiRwmaeimutRyw 9 inassbuiigiuwe 1 vnifimetu shgefugimssmanmess 1

—

HRRINSTIGIH AR

v v

AERINME SIS [EFUIETMISANIUAIELE 1 Slyhdyuriiginnsuigsanmes &4 paniuniEn 1 guisnioi§ngnepodgmett mugieing |
[PUSITIIUAERGMEN SHRigAmmMINNG 1 iiynnesyn y Sswimgisvdnsmg gumis iy 1

guis: SEMUTRERL:

Demographic information of respondent nﬁmsghn'igs TURTHAE
Respondent: | | (Record only surname)
1 Sex I/g 1] Male Ut 2[ ] Female Lffi
2Age mm ||| yearsold &
3 Address RIS [a] Village L I [c] Distict fon | |
[b] Commune u; | | [d] Province 12§ | |

4 Occupation 23117 | 1

5 Education level reached: 0[] Never attended school 1] Primary 2[ ] Secondary 3[] High school 4[] Higher
Finfinp Batemmssmiis Ui BRnN ngigneiw Tgnit Tmuiig Nty
gianaighrennys
6 Can you read "l live in Cambodia"? ﬁgHgﬁ?ﬂSﬁ_ﬂiSs ¥ u- [ 7 1] Yes 0[_] No
gunythnadumniEe
7 Can you write "Cambodia has many palm trees"? qHﬁﬁ@iS: [ q 1] Yes 0[] No
8 Where were you born? 1] Cambodia 2[ ] Vietman 3[] Thailand 9[ ] Other (specify)
. = o Ay 1janmy i8 IRJIG]R, UIMA
ngRIAGIgISAM? K
i igi i i Catholic Other (specify)
9 What is your religion? il Buddhist 21 Muslim 3] oL
Sunma 5 : iy ANEI{RA IRMIg]E. UEMA
IRHAMSRNIANH? ANEIAN[EI:E)S ANAIEIHE I ]
SiE1S1 HIUIGIRYEM
R QIaNSIAN; :
]
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C. QUESTIONS TO HOUSEHOLD MEMBERS ngIinG nwinggans gred

try mortality reporting migaRnfiusn nynaaint

! ' fmw going to ask you some questions about poultry mortality.

gryunyugneuBamigaRafindd maswnt

T

Have you experience poultry mortality in the since the Khmer New year?

i . O A e | 101 Yes 0[] No If NO, Go to Q# C7
1 MM WAHEN Meinvgg Rnmuuniutiysugitsmn

What is the total number of birds raised since the Khmer New Year? (the subject may need some time to think about their answer)
NS SRRWA WY IRUWSETY FURNYNIANM HUNUNjEEIen?

caT al ] Chickens égsmé Iy [ |
- HHS BRAE MU THAUMSEMY TMHNYHIRNU MEOYANjuuFieune b[] Ducks 5884 fIY | |
CAT THES ENIHTA MY THUWSHINYE TWHNTNSANL MONYAjEugieune c[] Hens BESIHMG [T | |
Of those, how many of each species were sick from illness since the Khmer New Year?
- g wa el muahENTneN? a[] Chickens Ggsms b | |
= s o il prusiENTneRN? b[ ] Ducks 389 A | |
cs oS TEEA THwnd wyusRTneRNU? c[] Hens fggwmdni ||
Of those that were sick from illness, how many died from illness since the Khmer New Year?
- iHins maind wheotl sinenn? al] Chickens GgsmaMi | |
& 1Hms gund oot sgmsAn? bl] Ducks  Ggsgnnt | |
o EoRwmding thed argmennw? c[] Hens Sgmwmding ||
C5 Did you report poultry's mortality ? 1] Yes 0[] No If NO, Go to Q# C7
if gRmSNWMIN{MUERAM IRIYS #0 M8 uRER Hing 2
cé To whom do you report? iH HRUMSNWMINAMTIE HRmas? (GUTtINENAIER, fmasulon
a[ ] Village chief Lﬁtnsj:i% d[ ] District vet staff INGJG{RIT
b[ ] Village health staff / Health center mg_jzjf; U tsiﬁngquamn e[ ] Provincial vet staff ingjfnien
¢[ ] Village animal health worker / Vet staff  ingjRSRI{FBHMUGE U INgJR5HE f] Other (specify) iRjitig]n
C7 If there is poultry mortality, whatwould make you report poultry mortality? (ﬁtfﬁmmﬁmmﬁi’s. fjmﬂﬁtiﬁm)
ighionmems o 1F medg:danym G Emanwmniah M8a wHER iRmnt 2
a[ ] Sudden death c[ ] Whole flock die
N4g) NUININA 49 SMURHNTHEIIHH
b[ ] Half of flock die d[ ] Other:
1491 INUHIIMARAMUY iRpg]e
C8 If there is a wild bird death, would you report it? 1] Yes 0[] No

pRsFgntupe: meanuipigmng fgnsmeinmmind it 2
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ID Code | | Il | I | I

when mortality occurred MIRRIMSIOUNE nagin

€9 If you encounter poultry mortality in your flocks, what do you do with dead poultry?

EhiNUIRING MSTINURUNSTURER RERWR NAN TUROHR BT 19hiE T s

(R HRRGIT)
[a] Bin IS sany 1] Yes 0[] No
Bu i
[b] ry AUTEI 1] Yes 0[] No If no, skip to d
[c] Can you point out where you buried them? [CheckYes only when they can show you where they buried poultry]1[ ] Yes O[] No
EUIMMASNEUERISAT [ 5 YES 1SlinmamiBmnmsmnmnisnt |
[d Bumn NN 101 Yes 0[] No If no, skip to f
[e] Can you point out where you burned them? [CheckYes only when they can show you where they burned poulti1[_] Yes 0[] No
WEUINOASIEUERNSES [ §A YES ighnuamissamsumnmaisits |
[l Feedotheranimals  IMsTMWNIHIRHIN 1L1Yes  0O[]No
[g] Prepare for selling it‘:;'njr'i 1[] Yes 0[] No If no, skip to i
[h] Where did yousell? ifign wigiwn istaam?  (Village, Commune, District, Province)
il Prepare for food WABABHSITYY 10 ] Yes 0[] No
1 Sell carcass mﬁmémmﬁgﬁm“;m 1] Yes 0[] No If no, skip to |
[kl Where did you sell? iﬁsjﬁ WitglwaA 1ginam? (Village, Commune, District, Province)
[l Give away to neighbor éjigi gﬁaﬁmﬂ 1] Yes 0[] No
[m] Throw into water sources  IWIELIGIANGH 1] Yes O[] No
[n] Throw away ]‘_‘ﬁ'fi’ MW 1] Yes 0[ ] No
[o] Other (specify) ijig]s
€10 What do you do iffwhen you have sick poultry in your flocks ?
ISNRIR TS MSSINT AUEITRIER IRHRR DIS IUMHA 18D 1915 Hgs? G ERE T
Would you:
[l Quarantine separately from other in the flocks? i MISH iBIns mﬁtmtij‘fgj i) mémé?QiGjﬁ 1] Yes 0[] No
Sl vl If no, skip to
b] Slaughter for selling?  EIANUIRANGIOH 1L1Yes  OLINo e
[c] Wheredidyousell? ihnntmglmwnigianm? (vilage, commune, district, Province)
[d] Did you use a middleman?  ihgnmewmigigumitiGqmiaitiygs? 1[]Yes  OLINo
[e] Slaughter for food? RIANTAIMBIEYY fisiies OLJHo
[l Give to neighbors for consumption? éjtmgﬁaﬁmﬂmﬁimtggﬁ 101 Yes OL1No
If no, skip to

[a] Sellalive? IRAONIET 1[ ] Yes 0[ ] No

]

[h] Where did you sell? iGgntufigiuAgiaam? (vilage, commune, district, Province)

[l Did you use a middleman? tﬁgﬁmsmﬁtma_]ngrgtaﬁmmémtmgtg? 1L Yes OL1No

= S e . O N
1 Donothing? HBIMSITHIWHAI 10 ] Yes [ ]No

[l Other (specify) 5G]
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ID Code | | Il I [ | I | |

rciu What do you do with remalnl'ng poultry that survived in the Tlock 7

INHRON WG AN IRMSIBTD § it 1ehif s

N v (h'lﬂmﬂﬁ"mm)
[a] Quarantine separately from other in the flocks? i 8% IBAG mf;tmm'{gjﬁﬁ mémé\{gtg‘jﬁ 1] Yes OLIN
o
b] Slaughter for selling? R0 SR
[b] g B AT LLI 3 RO RO T If no, skip to

1] Yes 0[] No o

c] Wh i ? 8 : ;
(c] eredidyousell?  IaynRWNGIURMSIAAM?  (village, commune, district, Province)

d Did yo i 2 = : a e
(d] you use a middleman? imEnnesumSgumitidmmasitige? 10] Yes 0L] No

[e] Slaughter for food? RIANULIREANGIE Y
Y 1[] Yes 0[] No

[l  Give to neighbors for consumption? 2
ajxmgﬁaﬁmumﬁmtggﬁ 1[] Yes 0[] No
[g Sellalive? ' pRGWIM i
10] Yes 0[] No ;f no, skip to
[h]  Where did you sell? i%gﬁmmmmﬁtmnnm? (village, commune, district, Province)
i D . o - o v 0
il id you use a middleman? sﬁsjﬁmsmmgiajmgmtﬁsgrﬂmsmmigtg? 1] Yes 0[] No
[l Donothing? JSWSITEHIWIHA 10] Yes OLIN
o
[K] Other (specify) iRjIS{a
Knowledge and attitude tiansty 8b dinue
C12 Do you think it's important to report poultry mortality? 1] Yes If YES, Go to Q# C12b
IRERARIMINWMIA #0 NSN NG MenRNSRiyg? 0[] No If NO, Go to Q# C12a
9[_] Don't know If DK, Go to Q# C13
C12a IfNO, Why is it not important? RHMsthERERnIMINWmINA #0 w4 int Same aniaing? (BUTMGMALES, fmnasbm
a[ ] No help from vet staff or authorities ingﬁsmsﬁgmﬁtnstg U MRE d[ ] Don'tknow  BSBH
b[] Toofewdeath  {[M:NESUNTHTEHE e[ ] Other (specify) iRjiigjs
c[ ] Poultry are not important (like pigs or cattles..) TngmémT?Sﬁ}mé‘éﬁmgimLﬁﬁfG
C12b IfYES,  Whyisitimportant?  tgEmStERARnIMMWmMIAA #0 91861 G D8 ani:nie 2 (GBMENRIEA, fnatubm
al] Iltcouldbe Al  fmsmEEStHEHSMANWUR] c[] Don'tknow  §sti
bl ] We can have advices from VAHWs  i{sRn1mGggumemitansiiyalaingas dl] Other (specify) iG]
C13 If you report mortality, what do you expect in return? tﬁgﬁﬂmmiﬂﬁ t%ﬁjﬁﬁﬁﬁ]ﬁi}gs[ﬁfﬁﬁﬁﬁ?m?
C13a And fromwhom?  {RgnGIMSTEAAM?
C14 What do you think discourages villagers to report poultry mortality?
MEMUAITHHRA t‘%:}g:?&mtﬁé{lgﬁrj%ss&mnmmmﬁ ANMSeENG? (GrimmemetEs, fnetiion
a[ ] Fear of poultry culling c[ ] Fear of panic in the village e[ ] Don't know where/to whom to report
SIGIAYARIANG AU RAHA glm?;_'ajmsmsﬁm[gm@ﬁn'ﬁsigmﬁ Safimigijmignam, ssigam
b[ ] Problems with selling d[_] Don't know fl] Poultry are not important like cattle

NBURMEASTINS fialu ' NENMAIBEEME SINSTEIM (R0

gl ] Other? (specify) 1Hjg{H

C15 What, do you think, would help encourage farmers to report poultry's mortality ?
muttmurioEn e AgstEmEtGnEntaRAY B8] tginwmini AAmSSiBnnG? (Erlmmemara, fnatubm
g[] Askthem toreport

a[ ] Awareness / education on the risk of Al d[_] Incentive

mintiaT RNt Fehn WU migRtIngRw g N mind 1R gmatginwmind
b[ ] Help from authorities (drug, food, training...) e[ ] Buying sick or dead poultry at lower price h[] Other (specify)
fawfimehas (a: B, SAME. IFUAEUANA...) pmmemsait o g ind IR IHAY RS )

c[ ] Compensation in case of culling f[] Don't know

msmninnagumnﬁn}nnﬁmém TR

: : t al. 2007
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C16 what do you think authorities would do if you reported mortality in your flocks?
RN ERNEHYS 1hnuiBuEs i nwmind SHmsaiEninge

C17 If your poultry were culled, what do you expect?

nunidll MEURNHREINANT FEntnsinsfgsheimnamutunine s =0 fmatis
] HE 1 (G MGNAIEA, Amadubo

a[_] Replace pOUltry hﬁ!m B’lég‘l Eﬁ?m C[_] Don't know E’QEH eL] Other(specify) tﬁl}{ﬁgjﬁ
bl] Money back SEMIGRTHY) d] Nothing Hendmefeiuna
CTICES mingiy
C18 Do you attend cock fighting events?  1Rynigliuy y iSnsnimattige? 1L] Yes 0[] No
C19 Do you care or help care for fighting cocks? 1L] Yes 0[] No If NO, Go to Q#f
IRgnEUINE) Almamani (y fuidnisgimann ttime? o
Ci9a How many days per week you take care of your cocks? INHMEUTEE AMam&tn Hoeis pHoMEH]? | | times per week
‘ 0[] <1 time a week
C1% Do you wear gloves or masks when caring your cocks? 1] Always 2[ ] Sometimes O[] Never
IRERNINMENGIE U D8 IRms isinuitngminiss Smnandmns NATES MAYHEIN Batematans
C20a Do you: Touch bloody cocks?  thignmstsmMAMSBMIENmSYINY iRiuts 2 10] Yes 0[ ] No
C20b Blow the beak? IHHRME § Snsmana iRy 2 1] Yes 0L]No
C20¢ Kiss, Suck or lick wounds? G R f'jﬁngmméﬂn'j iIyis 2 1] Yes 0[ ] No
C20d Share water from the same bottle used for drinking or spraying?  ifigfims I[ﬁgﬁiﬁmﬁmméﬁrﬁ igiig ? 1] Yes 0[] No
C20e Clean the trachea by swab or feather?  1RHANS AMATINA DISHA EWWRRG] U AUANM 8IS 2 1] Yes 0[] No
c20f Clean feathers?  1RHAMS AIMAANY 84 Ny §jn&nes iRims 2 1] Yes 0[] No
mingin
I'm now going to ask you some questions about your daily life. gn;ﬂrgmgmﬁsuiu Mnpwigonygn
C21 Do you touch sick or dead poultry with bare hands ? 16N Gemi MSGND U NG ihewitsis iime? 101 Yes OL]No
€22 Do children in your household play (touch and catch) with poultry? 1] Yes 0[] No 9[_IDK

THnoIgingIUA R MG ¥ 1wk hywnds iRime?
C23 Do your children swim in ducks ponds ?  1RRgiumiHEn 14T TSy pagwsidumsass iRige? 101 Yes OLJNo  9[IDK

C23a Do you swim or fish in water (ponds ...) where poultry have access? 1] Yes 0[] No 9[_IDK

o

1fign un8n U twadn U weIRH oudn (a. s, (M g T .o Bwneaes iHige?

1 ~

C24 Do you take dead chicken or poultry from yard forfood ?  iGgnsiinwn MASREMNG WRBRMEYD igiyts? 101 Yes 0[_]No
C24a Do you remove feathers from sick poultry? 1Ban eIy NGRS Gy, (Re? 1] Yes 0[] No
C25 Do you take dead wild birds from field for food?  1RHRMSiTAIR aEiiRmnGmEhu WARYATEYD IHIYIE? 101 Yes OL]No

C26 Do you eat wild birds? ~ TREAUUANGROGINUIH TEITIS? 1]Yes  OL]No

C27 In your family, are you responsible for going to the market (buying food) ? tﬁgﬁtmﬁpiﬁl‘g‘gﬁ iigig? 100 Yes 0[] No

C27a Have you ever bought poultry from the market for food ? IRgRMeSMMSNNT BRIEYY IHIUI6? 1] Yes 0[] No

’ IPC, Van Kerkhove et al. 2007
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28 Do you cook or help in cooking poultry for your family ? 1[] Everyday 2[ ] Sometimes O[_] Never
sign 155U U tosiyu ttige nasig HE) Fatnmiang

2 Doyou: Boil birds? RN NISHSNSN tigig? 1]Yes  0[]No

S Slaughter/ bleed birds? WHN MIH ST W& idiyige 1L] Yes 0[] No

% Cut meat? NHA MU.UNE NGNS NS HEE 1L] Yes 0[] No

9% Wash meat? RHN ANY ANBIS ANt tiig? 101 Yes 0L No

o Remove internal organs from birds" ifixn s’:mﬁt[jﬁuga N8 tdiyig? 1L ] Yes 0[ ] No

% Wash internal organs? RN A TGN M8 e 1] Yes 0L ] No

f Doyou eat raw or half cooked chicken eggs (eggs with runny yokes)? tﬁijﬁ Ulu g U NMMSisE i} GHY tsﬁﬁg_ﬂ %Higig ? 1] Yes 0[] No

9 Do you eat raw chicken meat? 1&g )y yulRaiEd ansng 1w tigie 2 101 Yes 0[] No

h Do you eatchicken meat that is pink in color (has "pink spots")? ;ﬁgjﬁ uu NGNS IEUEHS isliE Lﬁtﬂm?‘z‘ 'f'digts 9 10] Yes 0[] No
i Do you eat raw or half cooked duck eggs (eggs with runny yokes)? tﬁsjﬁ U U)E OGN i} GHS IEﬂﬁﬁgﬁ 'f&igtg 9 1[] Yes 0[] No
j Do you eat raw duck meat? tﬁgﬁ Uy igu‘fﬁmtgﬁﬁn_fjm ¥y ‘fﬂigtg ? 1] Yes 0[] No
k Do you eatduck meat that is pink in color (has "pink spots")? i?ﬂ;ﬁﬁ Uy B3 I0GHS 19115 Lﬁmggg ‘fgjgtg 9 1[ ] Yes 0[_] No
3 Have you ever prepared wild birds for food?  sfigngd 1§.mu mnswganuinsasiEyy e 11 Yes 0[] No
31 Do you prepare poultry near pond, river, water well? 1] Yes 0[] No 9[_ ] No pond/rever/ open water well
ihign MswamSenghy isfing [ in eig g snga inie? BRI (i (R 915 U HAf
32 Do wash poultry products directly in the water source (pond/river)? 1] Yes 0[] No 9[ ] No pond/rever
ifign BswRmSeue] A isiny [mrv inn g gig iRiue? Bams [aei ion g 918
33 Do you care or help care for poultry? ifign mssuidwise més iihig? 1] Yes 0L]No If NO, go to Q35
2] How many times a week do you clean your poultry cages/areas ? & (i [GHISH UNIENFHOMER]? |___|times per week
o SR ; ' 0[_] <1 time a week
4 When caring for poultry: ISHOUTEHER 1891 MG [GUBSH
fa Do you wear plastic bags over hands? 1&g msmAsdmdn minssiis idiuie? 101 Yes O[] No
b Do you have any gloves in your household?  ifign mSijanuinis itiug igigugerunign? - 100 Yes OL1No  IfNO, Go to C34d
de How often do wear gloves when touching poultry? 1[_] Everyday 2[ ] Sometimes 0[_] Never
1BgA MATEANEIE NUEMTRITS 1shnwismimsa? NANMEY MAGIEL gsigenfens
If NO, Go to
d Do you have any rubber boots in your household? g mstrmittis m 1y iige 18iie? 1L0Yes OLINO  (aye
e How oftern do you wear rubber boots when caring for poultry? 1[] Everyday  2[ ] Sometimes 0[_] Never
ifgn mAtaygmiSain a iy niguiiue sl mimma(gumnaan? ANAEY MABHE BatnmAtans

i IPC, Van Kerkhove et al. 2007
H5N1 Survey- Adult Family Member Questionnaire

278



ID Code | | [l |

uf Do you have any aprons in your housenold? tﬁgﬁ MSMImimg fﬁigtg IS bR IUR A 1L ] Yes O[JNo IfNO, Go to C34h
i How oftern do you wear an apron when caring for poultry? 118 Evéryday 2[ ] Sometimes O[] Never

Hyn mAmimims NRBNIRIYTG 1SinmTemes 186 mam? MANEY MAEN N BeigumATane
& Do you have any masks in you household? 1 m13fa) ¢ TUMYe) TRIUIG 19InutsIURER? 1] ] Yes OL]No  IfNO, Goto C35
Wi How often do you wear face mask when caring for poultry? 1[_]IEveryday 2[_] Sometimes O[_] Never

WHN MATIA (niae) mims nesiteis enutmes e naae MANAIEY MAEHYIN gatBmumatans
35 Do you, personally, feed your poultry ? t‘ﬁ'gﬁ Sjt'inﬁ lle) tmtﬁgsmﬂ utg? 1] Yes 0[ ] No If NO, Go to C36
;2 How many times a week do you, personally, feed poultry? 1§z qIEn M8 UM promdnge | | Times 0[] <1 time a week
3 Do your poultry go in rice fields or lake ?  fRSuURIHMEMIENRG muhwip u 5 ttigie? 10 Yes OLINo
37 Doyou use poultry faeces for manure ?  tignIIANERNS BNGIET Tiyie? 101 Yes OLINo
38 Have you ever been to Vietnam ?  1fign mineigaieniiinumy itie? 101 Yes OLINo  IfNO, Goto C39

3a How many times per month do you go to Vietman? HHn 1g1UMeey fuois?

| | times per month

0[] <1 time a month

B Do you go there for trade (sell or buy) poultry or poultry products? i 1ghiflgjaf . 3m nae 1ivayie? 1L] Yes ot R 9%;;
3 Which provinces do you go to sell/buy? HA 1918TBHAMYs?
19 Have you ever been to Thailand ?  tiigR MUTGiEMpISAIS TRIgIg? 10 Yes OLI1No  IfNO, Go to C40s

la How many times per month do you go to Thailand? ihgn 1giumesy puoie? I

% Do you go there for trade (sell or buy) poultry or poultry products? tmtﬁﬁjmﬁ : §r1] B89 t?ﬁﬁsgtS?

i Which provinces do you go to sell/buy? HA 1918M12HAMes?

| times per month

0[] <1 time a month

1] Yes O[] No

1

If no, go to|

C40s]

gm practices minsin AnEwthyuthe
s Do you have soap in your household?  1f HR¥SANT UG 1SIHHBIVAIHT 2 1] Yes 0[] No
10 Do you wash your hands with soap after you touch poultry? 1] Yes OLINo  If NO, Go to C40b

RER MBIEREWanG HIWS IMEInUTsmTnSa?

Ja How often? tﬁi;iﬁ sl ﬁligmﬁﬂij ﬂn'jﬂ-ti‘fﬂigtg? 1] Everytime 2[ ] Sometimes 3[ ] Rarely
b If you have no soap or run out of soap, what do you use instead of soap to wash your hand?
WERMIaNT thgn 1D ANSN ANUMIE?
H Which water source do you usually use in your household? TRER WAGHT BACLM f&ﬂﬁtﬁ‘jmﬁigﬂ[ﬁﬁm? (BT MGNSIES)

a[ ] Open water well c[ ] Ponds e[ ] Lake g[ ] Other (specify)
GREANITNY Graemy, (s Grin iRjuga

b[ ] Water'well with pump d[ ] Water tap fL] River
ELEIEL) Gnmas Grgig

H5N1 Survey- Adult Family Member Questionnaire
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=742 If pond or lake or river does, poultry has access to those water sources as well? 1] Yes 0[] No 9[ ] Don't Know
5 e T g 918 16 B8 wae g;stgigaﬁﬁtmsfaigtg?
o422 Which water source do you used to bathe? 1hgR YRGnHE teiaam 2 (G NENNED
a[ ] Open water well c[ ] Ponds e[ ] Lake g[ ] Other (specify)
ERENIBNgE SRR, (e anity RHENET
b[ ] Water well with pump d[ ] Watertap fL1 River
EREINELYY Gnuas gnaig
C42b If pond or lake or river, do poultry have access to these water sources? 1] Yes 0[ ] No 9[ ] Don’t Know

5 i T U 918 18 318 e ynginhdmasitine?

about Al / bird flu

trnnsthadn B methanmur

now going to ask you some questions about avian influenza.

gnyunyugaAenn SR pemnun]

c43 Have you heard of Al / bird flu? REnmUNHN tHpehanwurj tiyie?

1] Yes 0[] No

c44  Where did you hear that information from?

al ]

WERNULHN Ry} srnimes?
Village vet staffs

If NO, Go to C47

(GrlmmEnetEa. fmetuin

d[ ] Radio gl ] Public poster i1 Someone in the family
NE LR g ERE N EEhE AERAEANT
b[ ] Health staff / health center e[ ] Television h[ ] Brochures k[ ] Other (specify)
NSJAE U 191 BANUNIEMN 3i6m}8 AsifitAiatige? B
c[ ] Village chiefs f[.1 Newspaper i[ ] NGO health education sessions
[UmsE Mt TR EI RIS
441 What would you consider to be your MAIN source of Al information? (open question)
RuSIMEUANSIINS RUATEHAM UERRGH NSEUNRNSAT NAWUR] BOHN DeiESTwE 2
5 Have you taught your children about £ [EHRIUUIRS §E95A U tnuo ANtHpsmnanwur] idigie? 101 Yes 0[INo 'é:‘f’ ey
C45a

What have you taught them (open question)

IHER{MY FI0HA LNEEIYESS?

046 In your own words, what is bird flu 2 murtmusiunEA 1§ SHEshanwur) ti?

(GrltmemasEs, famatt

a[ ] Poultry disease (duck/chicken...) c[] Human disease e[ ] Pig disease gl ] Can be transmitted to human
s @ thtfiusn) DA i HIGEUEAYSANS
b[ ] Can kill poultry d[ ] Can kill human f[ ] Wild bird disease h( ] Other (specify) IRpNS]H
MGG 814 9 WS HGAIANG B9} WS siSwganuip
C47 Could you tell if your flock were infected by Al? 1L]Yes O[LINo 9[] Don'tknow
Funden maeurgn momsgatipsnnwor] Hyssn By
“48 Do you think your poultry are are at risk of being infected with Al? 1 ]1Yes O[]No 9[ ] Don't know

Fanfannsaungnmesatipshanmun] iBie?
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IDConal Lol o - e s b

49 When chickens are sick, Do you know what are SYMPTOMS that make you suspect of Al infection in CHICKENS?

- o 3 @ i - 1U Yes
giNS MIAAD 15 FranenRne EaEag it ma s meniEshnws itgs

0[] No
9] Don't know

If NO, Go to C51
cs0 What are SYMPTOMS that make you suspect of Al infection in CHICKENS? i DK, Go to C51
if e HEsTRTER] vt 08 Teuabeiims matipemanwu

a] Sudden death (1-2 days)

mugjs "o - b ig”

(GuBmmEmnae, fmatibm

fL] Stop laying eggs k[] White / cloudy / blind eyes

ABTOY

bl ] Sudden death in large number 9[] Eatless/ Stop eating I[] ;L:f::jun/;:ast Breathing
mmm‘jsuﬁmgm}gsxfssnpm TR U HERSAR Smnenty

c[] Motionless / Sleepiness h[] Violet/swollen combs and wattles / head m [ ] Leg weakness
Rinh / 180 WYmRN 84 Hinnd ggitiy

d[ ] Seizure / Spining i[] Neck Twist n[] Diarrhea
ums / Wil gan U Usin nA

e[ ] Bleeding il] Eye/nose discharge o[ ] Raffled feathers
THIANY WNjIgnian/tufinim [HeaNU U iny

p[] Other (Specify)
Ijgjn

251 When ducks are sick, Do you know what are SYMPTOMS that make you suspect of Al infection in DUCKS?
isinwns Sl 1§ gnanamse EEAEn U S o gimms matfips oy ities

10 ] Yes
O[ ]No If NO, Go to C53

9[ ] Don'tknow If DK, Go to C53
352 What are SYMPTOMS that make you suspect of Al infection in DUCKS?

i AR HgsiRIEg RS @ Bwadeinm: matipsmmwur
a[ ] Sudden death (1-2 days)

CBUBIHENLIER, fmatidm

f[] Stop laying eggs k[L] White/cloudy / blind eyes

s 9 -Big" DY inn
b[ ] Sudden death in large number g[] Eatless/ Stop eating I'] Difficult/Fast Breathing
eSSt Eenne tshirgd U HRRSIA Onngntiis
¢ ] Motionless / éleepiness h[] Violet/swollen combs and wattles / head m[_] Leg weakness
finA / 1 EtigNo 84 G gSitin
d[ ] Seizure / Spining i[] Neck Twist n[] Diarrhea
ums / 18w gan U Unin na
e[ ] Bleeding j[1 Eye/ nose discharge o[ ] Raffled feathers
ey i njigmian/iunjidim [HsanU U iy

p[1 Other (Specify) ifnjig]s

53 How is Al spread among poultry / birds? RS [RSHANWUR] SINUUTISIAME N8 O thwnyjuam?

a[ ] Contact with another infected/sick birds

UsnAmEmas mh iBwnG?

b[ ] Contact with infected faeces?

(GriimMmEMetEe, et

d[ ] Contact with virius brought in by people, their clothing or footware
HISYSRHRMIT I MSMUTHINAMYSSHUEA?

e[ ] Don't know

Usmithywansnnge mi iBund? Histi
c[] Contact with other contaminated feed f[.] Other (Specify)
mivsme i SaNa s BarnaitumesntEIng iG]
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DCode | __ |__ I | |y 1|

cs4 Can humans get AI?  tRusnpmustipethanwurjidigia? 11Yes O[]No 9[] Don'tknow If No or Don't know, skip to C56
55 How can humans catch Al? mniRehanwuRj s unyang e igiuam? (GHTINGHRIES, fnatii
al ] Contact with sick/dead poultry c[1 Eating undercooked poultry products e[ ] Contact with contaminated farm equipment
PRERIERIWIIER MRS TSNS " 0 R Ml MR MI: RS MSBATHING
b ] Contact with poultry feces d[ ] 5 :

Eating raw poultry products (eggs / blood pudding) f[ ] Don't know
MIGNATENEE Y vhmetE  @n S L Hath

g1 Other (Specify) ijig]s

56 Do you think Bird flu can kill (is fatal for) humans? MHRARY DR ESHAWUR] MEMUYIayWs I8iyie? 101Yes  O[LINo 9[] Don'tknow

c57 In Cambodia, Have there been any fatal human cases of Al?

FmneusnjANGIhw SHHsHANwuR 8y 191 g EEE? 11Yes O[JNo  9[] Don'tknow

58 Do you think Al can be transmitted to HUMANS by...  tignfint SH{pshanwufjgusnugag my..

[ Eating well cooked poultry's products ? UURNS {5 NGNEUNLS HIR? 1[ ] Yes OL]No  9[]Don't know
b Eating undercooked poultry’s products ? UUANS [ MR sHgigi Beken? 1] Yes OLINo  9[]Don'tknow
[ Eating poultry eggs from healthy chickens? WUNHEE M2 1[] Yes O[]No  9[ ]Don't know
[d Eating poultry bought from market? USSR IESMuAERNRNI? 1] Yes OLINo  9[]Don't know
] Eating your own poultry prepared at home? NUANSTEE BTy 81 15 iwesum? 111 Yes OL]No  9[ ]Don't know
[l Eating poultry imported from outside Cambodia? YuANEIE IBwsiguentimennym? 10 Yes OLINo  9[]Don't know
[g Swimming in ponds? yRGns 1L ] Yes O JNo  9[]Don't know
bl Touching wild birds ? D mBRISENUIT? 1] Yes O[JNo  9[]Don't know
[l Eating wild birds? t@ﬁﬁﬂﬁﬁjgfg’]ﬁ\fm? 1[] Yes O[ JNo  9[]Don't know
[l From other people? fiusaymi 191 |iRigia 1L1Yes  O[INo  9[]Don'tknow
K Touching healthy poultry ? Gemmrgnde sHmanh? 1L ] Yes O[]No  9[]Don't know
1 Touching sick or dead poultry with bare hands? RHUGIEE ) $B0nT NG hwingis? 1] Yes O[JNo  9[]Don't know
[m]  Touching poultry faeces? ﬁsmrﬁmqmnnﬁﬁmgmém? 1[] Yes O[]No  9[ ]Don't know
[Nl From sexual contact? MymMIjeing 1] Yes 0[_]1No 9[_] Don't know
[o(] Touching poultry blood? Gemamyts AMBIGESN? 1[] Yes O JNo  9[]Don't know
] Slaughtering poultry ? n&mﬁmémtﬁgn? 1] Yes O[]No  9[]Don't know
[d Using the same cutting board for poultry and food products? 10] Yes O[]JNo  9[ ] Don't know

i Eatee 18 find anG;d & 8n uig ané (AUYS Bigign?

i i by touching / playing with sick / dead poultry (with bare hands)?
C59 Do you think Al can be transmitted to CHILDREN by g/ playing e NS T

Bgndnt guiny mogutipemanmur] faened 7 100 EW DEGHEU A § M0 1HIgE?

C60 Do you know any Al / Bird Flu sings and symptoms in HUMANS? 10 ] Yes 0[ ] No If NO, Go to C61
gnapdnarmefpemanwor] wigugs SRAY {yte?
C60a  What are those signs and symptoms? LRSS tﬁtnﬁmr%ng'immsmss}g:? (Eidmmemarie, fmatiim
a[ ] Difficult/fast breathing c[ ] Cough e[ ] Sore throat
fmneneidy ol A
b[ ] Fever d[ ] Muscle Ache f[ ] Other (Specify)
GEL AT ANGE iipngin

i IPC, Van Kerkhove et al. 2007
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et S R N N [ [

lieve yo
To1 Do you beli you can protect your poultry and yourself from Al? 1] Yes 0[] No 9[ ] Don't know

RN HFRMEMIMI N8N TURHN $ genmwD %sajgaﬁﬁttjs@ﬁnmﬁﬁ] M8 iBiig?

062 Do you think touching sick/dead poultry can cause fever?

) 1] Yes 0[] No
TRHRRRT MIVMA 96 TR § indithwanitl msuysmaFngsi Rige:

c62a Have you experience any fever after touching sick or dead (died from iliness) poultry? 1] Yes 0[] No If NO, Go to D1

fEnmy mHame iRie mwivetme nde B y mndihwanid 2

062b Did you seek medical treatment for your symptoms? 1[ ] Yes 0[ ] No

18 1R ishinin: Fnusigimminpnosiam e

like to thank you for taking the time to answer my questions. Your involvement in this study is very important.
accept this token of our appreciation as a thank you. (Hand out compensation kit)

gueUMUNgIEARITiL guies grguniman fnynwesameaaan Hosgreismies +

MIRE RS HTmIUAEN GRthmaans:iednmel 4 gryuganmite: gnihigsgagnfie 1

ATION Interviewer: Please take a few moments and fill in the following observational survey.
Mt LR O o R tmmtﬁm:mtgmm;]nu?tmngs
01 See any DUCKS in the property niqws o tsﬂga‘g’gn 1L ] Yes 0[ ] No If NO, Go to Q# 05
02 Ducks in pond Wmms o SRR 101 Yes OLINo  9[]Don'thavepond  mafnciuGn
03  Ducks are free raging iqene o @nmwied gapse 11 Yes 0LINo
04  Ducks have contact pigs nmws 9 ighgianweithywgs 101 Yes OLINo
05 See any CHICKENS in the property nnms 018 19iguim 1] Yes OLINo If NO, Go to Q# 08
06  Chickens are free ranging MmN w18 EnRwid ghmes 101 Yes OLINo
07 Chickens have contact with pigs nimms M8 ighsimnwsithyw{gn 1] Yes 0[] No
08 See poultry scrap (feathers...) on the property 1 MedumtiiEmse tmgﬂﬁg‘l (AN, 1[ ] Yes 0[ ] No
08 See poultry faeces on the property ttﬁmmgﬁmém plavinlen 1811;‘.1«:!3@ 1[] Yes O[INo
010 See any protective material (used or not used) in the property, as listed: WISy NAMIMT Gfeid u B 19iis gem:
a[ ] Gloves b[ ] Rubber boots c[ ] Masks d[ ] Apron e[_] None
T trgmidtuils wu g n iy s mimins Fandmmaisinmg
011 See anyone wearing protective material while ‘caring for or preparing poultry for fooc 1[_] Yes 0O[_] No
NIMEAROAMA{GHISS) 1T MamaA [m:mAmIm

IPC, Van Kerkhove et al. 2007
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DCode |__|__ j__|_

H5N1 KAP survey among backyard poultry farmers
Child Questionnaire

RIEIRT RINGRMT M o & ¥ Futhi

Today Date: / / Interviewer's name
Village 03 Province 13y
GPS I I l I I | I I

Province  Village Family
I | I I I I I I ID Code | I | ] | |l

(

Interviewed member

I [ | | I
TK = Takeo, SV = Svey Rieng; PR=Pursat; BM=Banteay Meancheay; Exp. KC010105)

Instructions to Interviewer: mitanginintgrings
freignastRINGAIT WM OF § § Huthiy 1 yEMSRURgIainn &y iEmumiagipumianaiaRgs eimatgnie Tefmner
pERREITITIG NN MSAT 8 Wuiivung iiSsmetusamubmmi 9

wERmAIRUERH 1SiEnawG e SRiSYwouRRINGT 1 MINTRIvRRtS NS NGAM mendiseIurArier Supitsien ihwgnithwig)n
geduEmIumudgim 1

DRSITERNSEHIR9NRGURIRNNY MEGIRNARgg s B idumnaine 012 802 475 g 191 s aif sz 012 322 031 1
WIS TINARMNSIETNNRY MUIRANRRMEMEnMINURnSenyR8ywe aeissiziuwe 1 unifimadu shiseugimsmainmg 4

| A U VR . B B9 T e O M e T O BT e S T 0 e oM RS . Y L T W

F. Questions for children only (IST [INURET
[Poultry Handling Behavior in Children RIUNUSTURITET GHMIT:MUINEN
Who is responding to this questionnaire?  1& sImmymfwsh agreIhis:? al ] child f&it  b[] parent §nf y g

N.B. IF THE PARENT IS ANSWERING QUESTIONS: g 1§adath $nngnunfuwinaigreinie:
ALL QUESTIONS REFER TO THE CHILD (e.g., Do you go to school? Means does the child go to school?)

naiNgIgiegrATANT (amnmi g1t digngaueiine? weswo dignigidsiugie)

Read to respondent: | would like to ask you a few questions about your daily life._ If you do not un'derstand a
question or | am speaking too fast, please let me know and | will repeat the question. Ok, lets begin:

éﬁﬁn?n;xgﬁ gifI§13:9HNNIN(UGTIBIUAIYAY ITAIBYATEWN U gsunwmﬂsmﬁ JUEN(MU2 3B Ay IIGIIR: ghig)n4
RItg1 B1:

¥

Q90

Child's Surname (only)

ngzne

! Sexofchild 1ngfuRIREs 1] Male [y 2[ ] Female (i
2 Ageofchild mururIneI || |yearsold g

3 Do you go to school? wgngfstdiwyisi? 10] Yes 0[] No
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ID Code | [

4 Do you have poultry at home? wgsys wsdnju ws o fHiyer 1] Yes 0[] No If NO, Go to Q#6
5 Do you help take care of poultry? imgnwesgwisimg m fHiye? 1] Yes 0[] No
I you: READ Q5a-5e
5a Gather and place poultry in cages? t?ign NBWHTNEN ﬂlﬁqh[gﬁi'ﬂns? 1] Yes oL INo
s Feedpoulty? (fwmsguiunwenfimssitie? 1L Yes oL INo
sc Treatsick poultry with medicine? NS GWINg v MRS nTitiig? 10 ] Yes 0[] No
5d Clean poultry faeces? ygnnsjwamnghnanitig? 1] Yes 0[] No
50  Toucheggs?  tRgnwsGwWiiny nhws nhe {Hrie? 111 Yes 0[] No
6 Do you have fighting cocks at home? 1higye wsdijy Mgnn itryie? 1] Yes 0L1No
7 Doyou care for fighting cocks?  1fRgnmefuiduisr manns iHns? 1[] Yes Ol INo  READ ALL Q7a-7g
7a Feed fighting cocks? tfiys MBHWGAR NN {nyie? 1] Yes OL]No
7b Touch bloody cocks?  IRERMUUIMNUINNYINSRNTHIE? 1L] Yes 0[ ] No
7c Blow the beak? (fignmuTndn:manniitse? 1] Yes 0[] No
7d Kiss, Suck or lick wounds? IWYAHIO U6 ryonsdniitie? 1] Yes 0[_] No
Te Share water from the same bottle used for drinking or spraying?
wgnmoigedn nuumwSnngnn ftie? 10] Yes 0[] No
7 Clean trachea with swab or feathers? WERHUGNITMaUNAN nénniinne? 1] Yes 0[_] No
7g Clean feathers?  (REAGIUGH Wb AIMBINBNSRNTHIS? 1L] Yes 0[] No
8 Do you wear protective equipments (gloves, boots, aprons) when you care for poultry? 1] Yes 0[] No 9] If no poultry
wgnmAFmImnesiinuidugnicia mén? If NO, Go to Q#9
Do you wear: Rgama (fgumeﬁlr['iw)
8a gloves 1{anyin 1[_] Yes 0[_] No
e boots irymiRhAith 1] Yes O[] No
HBC apron 131MIMIMI{UENF 10 ] Yes 0[] No
8d face mask MABIIYS 1[ ] Yes 0[_] No
9 Do you collect dead birds from outside of your home? 1] Yes OLINo  IfNO, Goto Q#10
s nimuRjmuisiinig: fgniduiicvwnengaidgs?
%  Arethese wmurjiun g urjin? 1L] domestic poultry ~ rugufijiun 2L wildbirds ~ ugufijign 9 ] Don't Know
10 Do you remove feathers from birds?  (AyAmIUINGING N8 iH18? 101 Yes O[] No If NO, Go to Q#11
10a Have you ever removed feathers from sick/dead birds?
RgnmUInGiny wée HunGT mothwal fHie? 1[_] Yes 0[_] No
11 Do you help prepare poultry for family meals? x‘ﬁgngwt‘ﬁmémn}nfn‘ﬁgufmm 1[] Yes 0[] No
READ ALL 11a-11g
a Doyou: Boil birds? (AyANBGWIANTNE9THI18? 1L Yes OEifNo
11b Slaughter/bleed poultry?  (Rynmsgwmin NNy 0é 8 fuie? 101 Yes OLIiNo
e Cut poultry meat? {AyANBGW MUANG €18 9 {41182 1] Yes OL1No
11d Wash poultry meat? Hgnmsgw b N8 8 {dne? 101 Yes OL]iNa
11e Remove internal organs from birds? iHgnnsgw i:wm[,ti]uqhmémfuns? 1] Yes 0[] No
1f Wash internal organs? 1Hignnegw nnhn?mm[ﬁ]hqhmémi’mm? 1L] Yes 0[] No

H5N1 Survey Children
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ID Code | | Il | I I

12 Do you hunt/catch wild birds? wHRMmMIn UG uRitinitis
gnmn gurgty ? 101 Yes 0[_] No If NO, Go to Q#13

12a Do you catch wild birds with bare hands? iwgnm Uy ujinaninsteite? 1[ ] Yes 0[] No
13 Do you:
13a Touch/Play with birds that are alive? INYABITBIB (100) tuhitiye? 1] Yes 0[_] No
13 Touch/Play with sick birds? wyntuhhywnssindite? 10 ] Yes 0[] No
13c Touch/Play with dead birds? mynnsiin menMU whenmuh fHiys? 1] Yes 0[_] No
13d Attend cock fighting matches? mygnnsslidutnsitng? 1[] Yes 0[] No
14 Do you have bath or swim in ponds where poultry have access to?

tﬁgn{gn"rfmmﬁﬁguLm:fummsmémfmmxmhfuns? 10] Yes 0[] No If NO, Go to Q#15
142 How many times per week? Wmo wgnhniinuogIsthghomsn?

1L 1-3 uh 2[ 13-5 th 3156 Hh 4[ Jeveryday  nmuig

15 Do you wash your hands after touching poultry? 9[ ] If no poultry

dgRnnbitmennidh fHns mwinuimunsnge? 1[] Always 2[ ] Sometimes  O[ ] Never If Never, Go to Q#16
152 Do you use soap? lﬁgﬁrmtl mywaniy ms nn‘mugts? 1] Always 2[ ] Sometimes O[] Never

if parent is answering for the child wWmamnpoumgnfwigunes (duighinn yeun)ormugifivis:

Attitudes
16 Can you tell if poultry is sick/ill?  1igndht) y16s) nmnd mss nmEsnie? 1] Yes 0[] No 9[ ] Don't Know

If NO or DK, Go to Q#17

16a If Yes, how can you see that a chicken or ducks is sick? 881 g tﬁﬁlﬁqgu'hﬂ(étjg:?

17 Have you ever heard of bird flu?  tRgAmUGHT GEHAnwur] Hns? 1] Yes O[JNo  IfNO, Go to Q#19
18  Where did you hear about bird flu? (check all that apply) thignmsuninmgs?

a[ ] family wmAn[Eag e[ ] TV g18nyje

b[ ] school/teacher annnif)in fl] Village chief tund

c[ ] poster gihjumand gl ] Village Vet uynminngjugns

d[_] radio 18] h[_] others 19
19 Can you get bird flu? 1fiysfinG geys moghiimanwudii mes fdiyts? 1L] Yes 0[] No 9[ ] Don't Know
20 How can you get bird flu? (open question)  1TMGEHH xﬁgsﬁﬁmﬁguengs munm, Ghunhy6Ige? If NO or DK, Go to Q#21
21 How can you protect yourself from getting bird flu? ~ tRiys grifuigoiysgs Agimmiginwghiipanwurj vngsysms?
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Phase 1: November — December 2006

ﬂ Phase 2: November — December 2007

INSTITUT PASTEUR
DU CAMBODGE

Interviewer Training Manual

K~owLepce, Arrirupes anp Pracrices (KAP) survey
OF BACKYARD POULTRY OWNERS AND THEIR FAMILIES

Instructions

You have been hired to participate in a KAP survey of backyard poultry owners and their
families. Your principal role is to conduct interviews with the study participants. Your
role 1s very important for this study.

The purpose of the survey is to evaluate poultry handling behaviors of backyard poultry
owners and their understanding of avian influenza (“bird flu”). Your task is to interview
the subjects included in this study. The quality of your data collection is directly
responsible for the quality of the data that will be used in this study.

You will be working in teams and your team responsibilities include:
e Inform village chief of purpose of study and obtain permission to include his
village
Identify households in village (5-6 households per village) to include in study
Data collection: interview subjects
Keep study files in order
Maintain appropriate time schedule
Report questions/problems to supervisor
Provide feedback to supervisor

This manual provides details of your responsibilities. Please read this manl}al carefully.
You can refer to this throughout the duration of the study if you have questions. You

may also contact the supervisors at:

Maria Van Kerkhove
012 802 475

Sowath Ly
012 322 031

Interviewer Training Manual — HSNI Survey in 6 Geographic Areas
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Phase 2: November — December 2007

Please enter your information here:

Name:

Phone number:

Email address:

Interviewer Training Manual — HSN1 Survey in 6 Geographic Areas
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Phase 1: November — December 2006
Phase 2: November — December 2007

Procedures

Ygu will be -working in teams of 5 (1 team leader, 3 interviewers and 1 local guide). Each team
will be provided a car and driver. Your role as a team is to administer the questionnaires to thirty
pgqple per village per day. Below is an outline of your procedures for each village your team
visits. You and your team will be responsible for completing 5 villages per week (1 village [30
Interviews] per day). Each step is described in detail below this flowchart.

Team A

Meet wi{h village chief
Team leader will explain study objectives
Team leader will ask for verbal consent to use village for survey
Team leader will administer village chief questionnaire

|

ID Households to Question
Team leader will identify households to include in study (e.g., every 3™ household)

|

House 1:
Team leader will read Information Sheet to entire family
Team leader will identify head of household and other members of the household to question (at
least one other adult and one child)
Team will ask for written informed consent from all identified persons
Team will record GPS reading and record on head of household questionnaire

— N T—

Team leader Team member B Team member C Team member D
Informed Consent Head of Household Adult (of opposite sex) Child
Provide 1 compeisation kit per respondent

House 2
House 3

House 4 ...

At the end of the day, team leader will pay compensation to local guide ($5)
At the end of each day, you must have completed 10 male and 10 female adults (5 head of
household and 15 adult) and 10 children

Interviewer Training Manual — HSN1 Survey in 6 Geographic Areas
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Phase 1: November — December 2006
Phase 2: November — December 2007

Procedures in detail:

Step 1: Meet with village chief, explain study objectives to the village chief,

get verbal consent to include his village, administer the “village chief’
questionnaire

Each momipg. you gnd your team will be driven to your assigned village. You must first find
and meet with the village chief or vice village chief. Prior to your visit, the village chief will be
contacted by [PC staff who will provide background of the study and arrange your visit.

The team leader will explain to the village chief that we would like to include their village in this

KAP study of poultry handling behavior. In your explanation, you should include the following
information:

*  We would like to include 30 people from his village in the study,

»  We will need one day to complete the questionnaires,

= There are no risks to his villagers to participate in the survey, and

= That we will compensate each participant for his or her time. Compensation includes a kit of
thick rubber gloves and a bar of soap (worth approximately $1).

Once the village chief agrees, the team leader will administer the VILLAGE CHIEF
QUESTIONNAIRE (Appendix A). This is a short, one-page questionnaire. Ask the village
chief to sketch an outline of the village, identifying roads, location of houses and boundaries of
village.

Ask the village chief if he would like to accompany you as the local guide for the day. Ifhe
cannot, ask if he can provide a local guide. The local guide will be compensated $5/day.

Interviewer Training Manual — H5NI Survey in 6 Geographic Areas
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Village Boundary
Major Road
Minor Road

3 House
Figure 1. Example sketch of village

Step 2: Identify households to include in study

After you’ve obtained verbal consent from the village chief and administered the VILLAGE
CHIEF QUESTIONNAIRE, ask your local guide to bring you to the center of the village. From
the center of the village, choose a direction to work through the village by spinning a pen on a
flat surface. In that direction, you will choose ever N™ house.

The sampling plan for:
= Team A — include every 9™ house
=  Team B — include every 3™ house
= Team C — include every 6™ house
= Team D — include every 9™ house

Using the example of the village sketch shown in Figure 1, we can show movement of Team B
in orange. Houses are numbered from the center of the village, House 1, House 2, House 3, etc.
Households 3, 6, 9, 12, etc (colored in red) should be included in the study.

Interviewer Training Manual — H5N1 Survey in 6 Geographic Areas
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] House E3
——¥ Team Direction

Village Boundary

Major Road
Minor Road

Figure 2. Selection of households

Within each village you must complete a questionnaire for 10 adult (16 yrs old and older)
males, 10 adult (16 yrs old and older) females and 10 children (15 and younger).

e For example, if you interview 6 people/household, you must visit 5 households to

complete 30 interviews.
e For example, if you interview 5 people/household, you must visit 6 households to

complete 30 interviews.
Step 3: Obtain informed consent from household participants
Go as a team to your first household.

Team Leader:

Parents or guardians (e.g., grandparents) must be at home. If parents or guardians are not home,
g0 to the next assigned household. The team leader will read the information sheet (Appendix
B) to the entire family and identify the head of household and at least four other household
members (adults and children) to include in the study. After you read the inform?ttion sheet to the
family, have each participant sign the informed consent form. If the pa.rt?cipant is 17 years old or
younger, the parent or guardian must sign the consent form for the paI'.tICIPaI.lt. Each study
participant must have a signed informed consent form before the interview takes place.

Once signed, store all informed consent forms in the team leaders binder.

Interviewer Training Manual — H5N1 Survey in 6 Geographic Areas

293



Phase 1: November — December 2006
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Step 4: Administer Questionnaires

At each house, the team should interview all residents that are present. These should include: 1
h.ezgi of household (adult male or female), and any adults (either gender) and children (boy or
girl).

The team leader is responsible for making sure that at the end of each day, your team has
completed:

(1) 1 Village Chief Questionnaire

(2) 5 Head of Household Questionnaires } 10 Adult Male
(3) 15 Adult Questionnaires 10 Adult Female
(4) 10 Child Questionnaires

Team leader: Your team only needs to complete 5 Head of Household Questionnaires per day.
If vou visit more than 5 households per day, you only need to interview adults and children at the
remaining households to reach your goal of 31 interviews per village.

Four questionnaires have been created for this survey. Below is a description of each
questionnaire:

1- Village Chief Questionnaire (Appendix C)

A one—page questionnaire should be filled out by the team leader. These short questionnaires
aim to collect basic information about the village (e.g., number of households, nearest health
center) and data on middlemen that visit the village. The team leader will fill out 1 village chief

questionnaire per village.

2- Head of household questionnaires (Appendix D)

This questionnaire is intended for the head of the household (an adult male or female) living in
the house. This questionnaire is long and is intended for only ONE (1) family member per
household. This questionnaire contains questions on addressing questions of poultry ownership,
raising, mixing, movement (trading, selling and transport), fighting cock ownership, extent of
wild bird mixing; poultry handling behavior, mortality reporting, knowledge and attitudes about
Al One interviewer (Interviewer #1) will be responsible for administering the head of

household questionnaire only (5/day).

3- Adult family member, not head of household, who is 15 years old or older (Appendix

E) e
This questionnaire is intended for all other adults (not the head of household) residing in the
household. This questionnaire contains some of the same questions as ‘Fhe “heaq of househo}d
questionnaire” however it is shorter in length. The questionnaire contains questions addressing

poultry handling behavior, mortality reporting, knowledge and attitudes about AI. The
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remaining two interviewers (Interviewer #2 and #3) will be responsible for administering 7-8 the
adult family member questionnaires per day.

4- Children under 15 years old (Appendix F )
The third questionnaire is very short and intended only for children less than 15 years old
specifically addressing poultry handling behavior. Your objective is to ask the child thesé
questions directly, however if the child cannot answer questions directly, you should address

ques.ti(-)ns to the parent or guardian. The remaining two interviewers will be responsible for
adminustering 5 child questionnaires each per day.

Filling in the Questionnaire

Questionnaire ID coding

At the top of each questionnaire, there is a location where the interviewer should fill in the
participant ID. For each participant you should fill in a two letter ID for PROVINCE, where
PV code for Prey Veng KC code for Kampong Cham

A two digit ID for VILLAGE 01 — 20 (see attached list for Village)

A two-digit code for FAMILY. For example, the first family you interview should be coded 01,
the second family you visit should be coded 02, etc.

A two-digit code for INTERVIEWED MEMBER. For example, the first person you interview
in the household should be coded 01, the second family member should be coded 02.

Members of the same household will have the SAME family code, but different interviewed
member code. For example, during your first household visit in Banteay Meanchey, village 01,
you should code the head of household family member:

| B I M_| |01 O ji1— |01
Province Village Family Interviewed Member

The second family member should be coded:

_ B I_M_| |Lo_J_1_I Lol 1| |_0]2_|
Province Village Family Interviewed Member
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GPS Coding

With your GPS meter, record the coordinates at the front door of the house you are visiting.

These coordinates _should be written on the questionnaire in the box indicated below. Be sure to
record these coordinates on the head of household questionnaire.

GPS | |
I |

Procedures for asking questions in structured interviewers

Your role as an interviewer is to conduct structured interviews with backyard poultry owners.
You need to ensure uniform answers from ALL respondents. We want to make sure that all

interviews are conducted exactly the same way. Steps 1-8 below provide instructions on how to
conduct structured interviews. !

1) Read the questions exactly as they are worded in the questionnaire

2) Read each question slowly
3) Ask the questions in the order that they are presented in the questionnaire

4) Ask every question that applies to the respondent (all questions that are not appropriate
for the respondent will be indicated with “skip” instructions)

5) Repeat the whole question if it is misheard or misunderstood
6) Use only allowable probes. For example:

a. If a respondent does not answer a question completely, you can ask “What do you
mean exactly?” or say “I don’t think that [ understand.” “Could you explain that a
little?”

b. Other allowable probes include: For questions that ask to define quantity, if the
respondent it too vague (e.g., once or twice a month) you can ask “Can you be
more exact?” For open-ended questions, if you feel the respondent has provided
an incomplete answer, you can ask “Is there anything else that you can think of?”

7) Do not add apologies or explanations for questions unless they are printed in the
questionnaire

8) Provide feedback to the respondent. For example, say “thank you,” “uh-huh” or “ok”
while the respondent is answering questions.

! Adapted from Armstrong BK, While E and Saracci R. Principles of Exposure Measurement in Epidemiology,
Monographs on Epidemiology and Biostatistics, Oxford University Press, 1995.
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Step 5: Review and store completed forms

Before you and your team leave the household, all team members should take a few minutes to
look over their completed questionnaires. The team leader is responsible to ensure that:
o There is an answer for EVERY question that is appropriate for the respondent in the
questionnaire. If you do not, you will need to re-ask the participant.

The participants ID code is written in the top right hand corner of each page of their
questionnaire.

The GPS code for the household is written on the front page of each questionnaire filled
out at that household.

All completed forms (consent forms, questionnaires) should be stored in the “COMPLETED
FORMS™ binder. Keep all forms for each household together and clip together with a paper clip.

Maintaining interviewing timing

The team leader is responsible for maintaining time throughout the day. It will be essential to
keep your team on schedule throughout the data collection. Your team will be responsible for

completing 5 villages per week; this means completing 1 village (30 interviews) each day. We
only have one week to complete each study area.
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Check List:

Below is a list of the tasks you must complete during each household visit.
Check when Description of task

complete

Obtain informed Consent
The village chief has given verbal consent

The team leader has read the information sheet to all household members and
answered any questions of the family

| have a signed informed consent sheet from ALL participants in the household
| have filed all signed informed consent sheets in the team Ieaders binder

Make appointment for household members not at home durlng |n|tial V|S|t

F|II out questlonnalre

| have wrltten my initials in the space prowded at the top of the questionnaire

| have assrgned an D number to each part|C|pant

| have written the ID number on the top of each page of the part|C|pants
questionnaire

| have recorded the GPS coordlnates for the house and written the coordlnates
on each parhcrpant from this household

Interwewer 1 has administered a head of household questionnalre

Interviewer 2 has administered a household adult questionnaire #1

Interviewer 3 has administered a chi|d questionnaire #1

Interwewer 2 has administered a Chl|d questlonnalre #2

Intervnewer 3 has admlnistered a household adult questlonnaire #2

The team has completed 5 questlonnaires from this house

I have given a compensation kit to each partrcrpant

Checking the questlonnalre

All questionnaires have been checked for completeness -

Storlng questionnalres

I have stored all completed questionnaires in my b|nder

At the end of each day B
My team has completed 31 interviews, mcludrng

e 10 adult males > 15 years old

e 10 adult females >15 years old

o 10 children < 15 years old

e 1 village chief
e Team leader, provide compensation ($5) for local guide
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K~owLepce, Attirupes anp Pracrices (KAP) survey
OF BACKYARD POULTRY OWNERS AND THEIR FAMILIES

Contract For Interviewer

| agree to work as an interviewer in the Knowledge, Attitudes and Practices
(KAP) Survey of Backyard poultry owners and their families. I understand my responsibilities

described in the training manual. By signing this contract, I agree to:

1. Work as a team to interview 30 adults and children in one village each day

(]

To complete S villages per week
3. To work all four weeks of the survey

a. Kampong Cham: 28 November — 3 December 2007
b. Rest day: 4 December
c. Prey Veng: 5 December — 9 December 2007

4. I understand that I will be paid $15/day; including travel days and that I will be paid half
of the amount earned each week of the survey ($45). My remaining salary will be paid at
the completion of data collection.

5. The cost of travel will be taken care of by IPC.
6. I understand that the cost of food and guest house is my own responsibility

Signed

Maria Van Kerkhove
Institut Pasteur du Cambodge
Date: 21 Nov 2007

Name Printed:

Interviewer
Date: 21 Nov 2007
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Nationwide KAP Al Study

Knowledge Attitudes and Practice (KAP) Survey
INFORMATION SHEET FOR PARTICIPANTS

Investigator's statement:

We are gsking you to be in a research study about bird flu. The purpose of the consent form is to give
you thp information you need to help you decide whether or not you want to participate in the study
We will read the consent form to you. You should also read the Information Sheet and the Consent'
Form ca.refully. You may ask questions about the purpose of the study, what we are asking you to do
the possible risks and benefits from the study, your rights as volunteer, and anything else about the ,
study or the Consent Form that is not clear. When all your questions have been answered, you can
decide whether you want to participate. This process is called "informed consent". In addition, we also
would like you to know that your village Chief has been contacted. He approved that we conduct the
study in your village among those who are willing to participate.

Contact details of investigator:
Maria Van Kerkhove
Institut Pasteur du Cambodge
Epidemiology Unit
Phnom Penh, Cambodia
maria@pasteur-kh.org
Mobile: (855) 12 802 475

Reason for the Study:

You are being asked to participate in a study to find out how adults and children interact with
backyard poultry. If you wish to participate, you will be asked a series of questions about
poultry ownership and raising practices, poultry handling behavior, poultry mortality
reporting, and knowledge and attitudes about bird flu.

There are no risks to joining this study.
If you have any questions throughout the study, you can ask the study team when they visit you.

Right to Refuse or Withdraw:
You are free to join the study or not. If you choose to join the study, you are free to drop out later. If
you do not join the study, you can still get medical treatment as you have done in the past.

Confidentiality: . . ' .
We will not record your name on the questionnaires. Personal information and information related to

your behavior will be kept private and will not be shared with anyone other thaq the p.rincipal .
investigator. The Institut Pasteur, Cambodia will assign a number to your questlonnalre‘and Wlll keep
this information in a secure place. Any facts that we collect about you will be labeled with this number.

We will not have any way of knowing what number is assigned to you.

Cost / payment to participate:
There is no cost to you for participating in the study. '
“compensation kit” containing rubber gloves and soap wi

your time.

Y ou will not be paid for joining the study but a
11 be provided to you as a compensation of

Ethical Considerations: ' .
The Cambodian Ethical Committee, Ministry of Health and the London School of Hygiene an

Tropical Medicine Ethical Committee have approved this study.
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Nationwide KAP Al Study

Knowledge Attitudes and Practice (KAP) Survey
CONSENT FORM

I have read the information sheet concerning this study or have understood the verbal

explanation and understand what will be required of me and what wi .
part in the study. 9 what will happen to me if I take

My questions have been answered by project staff.

In understand that at any time I may withdraw from this study without giving a reason.

PARTICIPANTS 18 YEARS OLD AND OLDER

I AGREE TO BE PART OF THIS STUDY. I UNDERSTAND THAT BEING PART OF THIS

STUDY IS MY CHOICE. ]l UNDERSTAND THAT I CAN REFUSE TO BE PART OF THE
STUDY AT ANY TIME WITHOUT PENALTY.

Parents or guardians' signature Date

FOR CHILDREN UNDER 18 YEARS OF AGE:

I AGREE FOR MY CHILD TO BE PART OF THIS STUDY. I UNDERSTAND THAT BEING
PART OF THIS STUDY IS MY CHOICE. I UNDERSTAND THAT I CAN REFUSE TO
HAVE MY CHILD BE PART OF THE STUDY AT ANY TIME WITHOUT PENALTY.

Parents or guardians' signature Date

Child’s Name (printed)

Investigator signature Date

Sy
INSTITUT PASTHUR
DU CAMBODGE

Unicef logo
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Dr. Sirenda Vong
Principal Investigator

Project: Knowledge, Attitudes and practice survey to evaluate poultry handling behaviour

among backyard poultry owners and their families and poultry market merchants : a cross-
sectional survey of 4 geographicareas

Reference: November 3, 2006 NEC meeting minute

Dear Dr. Sirenda Vong,

[ am please to notify you that your project entitled "Knowledge. Attitudes and practice survey to
evaluate poultry handling behaviour among backyard poultry owners and their families and poultry
market merchants: a cross-sectional survey of 4 geographic areas” has been approved by the National
Ethics Committee for Health Research in the meeting on November 3. 2006.

The principal investigator of the project shall also submit a copy of the progress and final report to
the committee's seciciariat at the Nauional Institute of Public Health at #2 Kim [l Sung Blvd.. Khan
Tuol Kok. Phnom Penh, Cambodia.( Tel: 855-23-880-345. Fax: 855-23-880-346 )=

="

_/‘—’
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{
L ETEL
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LONDON SCHOOL OF HYGIENE
& TROPICAL MEDICINE

ETHICS COMMITTEE

APPROVAL FORM
Application number: 5064

Name of Principal Investigator  Maria Van Kerkhove

Department Epidemiology and Population Health
Head of Department Pat Doyle
Title: The epidemiology of highly pathogenic avian influenza in Cambodia:

Evaluating the movement of poultry and the extent of interaction
between poultry and humans as measures of the risks of sustained
transmissions in poultry and onward transmission to humans

Approval of this study is granted by the Committee.
Chair Ak v

Professor Tom Meade

Approval is dependent on local ethical approval having been received.

Any subsequent changes to the consent form must be re-submitted to the
Committee.
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IDCode |___|__ J__|_ |

HS5N1 Survey of Wet/Live Market Merchants

Today Date: / / Interviewer's name: |__|

Questions for wet market/ live market workers

Name of Market

Province  Village Market Subject #

Village ID Code | | | I | | | | I
. (TK = Takeo, SV = Svey Rieng; PR=Pursat; BM=Banteay Meancheay)
District GPS | |

[h iy I
Province

Instructions to intervewer

e following series of questions are to be filled out by the you through observations of the market. You must obtain
informed verbal consent before observations are recorded.

Do not record the respondant's name anywhere on the questionnaire.
rite the ID Code at the top of each page of this questionnaire in the space provided (upper right hand corner of the page).

Observational Questions: Market Level Alive Dead Whole Part Organs
1.What animals are sold at this market? [ Chickens O [ O O O
O Geese O O O O |
[ Singing birds O O O O O
[ Fighting cocks O O O O O
[0 Ducks | (] O [m] (]
O Pigs O O a O O
0 Cows a s (] (] O
O Fish | O | O g
IOheranimals ........c.uowcnmsmeimisinmsme O O O | O
1a. How many stalls are selling poultry at this market? | | stalls
2. Are multiple species of birds caged together at this market? 1] Yes O[]No
3. How are birds stored at this market? 1[_]Caged 2[ ]Tied together 3[_]Poultry is already dead
4. Are ANY birds roaming freely at this market? 1 ]Yes O[]No
5. Are there faeces an the gound at the market? 1 ]Yes 0O[ ] No
The remaining questions should be answered at the STALL level, not the market level.
Location of Stall
6. Identification features of Stall (location)
Observational Questions: Stall Level Alive Dead Whole Part _Organs |
7. What animals are sold at this stall? [J Chickens O O O O O
O Geese O a O O O
[J Singing birds O O g O O
[ Fighting cocks O O O O O
[ Ducks O O O O O
O Pigs O a | O O
[J Cows a O O d a
[ Fish a Ol o] | O
[0 Other animals .......ccccovveeimneeicimaenannn. O O O O O
8. Are multiple species of birds kept together at this stall? 1[]Yes O[]No
9. How are birds stored at this stall? ~ 1[_] All Caged 2[ ] Free roaming  3[ JPoultry is already dead
4[_] Some caged/some free roaming 5[_] Tied together
9a If caged, are there trays to catch faecal matter underneath each cage? 1 ]Yes O[]No
10. Are there faeces an the ground at the stall? 1[ ]Yes O[ ] No

H5N1 Survey of Wet/Live Poultry Market Merchants
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ID Code | | Il |

Instructions to Inteviewer:

following questi i
The - £|]|?>e ekstlotns are to t?e askeq directly tg the stall worker. Assure the merchant that the answers to the following
uestions WI. ep oor?ﬁdentlal. Their name will not appear anywhere on this questionnaire and their information will not
be shared with anyone without their consent.
11. Respondent: 1] Male O[ ] Female
12. Age | | years old
13. How long have you been trading at this market?
1[ ] less than 1 yr 2[_|Between 1-2 yrs 3[ ] Between 2-3 yrs 4
= M
14. What type of trade do you do at this market? : Liiate 0y
1[_] Sell poultry only 1[] Buy poultry only 1[] Sell & buy poultry
: Male Female
15. How many people are working at the stall today? J SO | |
15a How many people are responsible for preparing poultry for sale? ] | | I S|
. How many M/F are
Is his done at the market or at home? responsible for each task?
15b Boiling [0 home [ market ] | | S [ |
15¢ Bleeding (0 home [ market ] | O | F |
15d Defeathering [0 home [ market S | D | |
15e Removing internal organs [0 home [ market { SO SO | O | S|
15f Butchering [0 home [ market ] | 1 |
15g Evisceration before selling? [0 home [ market | o0 A |
16. Are birds boiled (scalded) before defeathering? 1 ]Yes O[]No 9[ ]DK
17. Are there separate areas for each of the above tasks? 1 ]Yes O[]JNo 9[]DK
18. Are the merchants wearing
18a [ gloves 1] Yes O[_]No
18b [ boots 1] Yes O[ ]No
18c ] aprons 1] Yes O[]No
18d [ face mask (plastic) 1] Yes O[]No
18e [ face mask (cotton) 1]1Yes O[]No
18f U other 1] Yes O[]No
19. Are equipment cleaned after each use (after each bird)? 1 ]Yes O[]No 9[]DK
20. Are butchering surfaces cleaned after each use (after each bird)? 1 JYes O[]No 9[]DK
21. Is there a separate area for slaughtering and selling? 1 ]Yes O[]J]No 9[]DK
22. How are carcasses and other waste disposed of? 9[ ] DK
—_— T T — i
23.How many times a week do you clean your poultry cages/areas? | |timesaweek 99[ ] Never
23a When you clean, do you use disinfectant? 1 1Yes O] ]No
24. How many middlemen do you buy from? ||| | 0ifthe obtain poultry themselves
24a Where do they/you bring poultry from? 9[ ] DK
Province District Village
1Ll vietnam
2L1| Thailand
SU|cambodia
4LJ|cambodia
25.Where were your chickens last purchased from? :
Province District Village
L[ vietnam
2[]| Thailand
3L|cambodia
4[J|cambodia
26.Where were your ducks last purchased from? 3
Province District V'IESE
L[ vietnam
2[]f Thailand
3LJ|cambodia
4L ]{Cambodia

H5N1 Survey of Wet/Live Poultry Market Merchants
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IDCode |_|___ J__|_

27.How many times a week do you receive live animals?
27a Chickens | | answer 7 for everyday 27b Ducks | |
28.How many animals do you receive in each shipment?

28aChickens |__ | | |- |__|_ | | 28b Ducks || |
29.How are your animals transported? R

Origin of Poultry

30. During the last two months, did you always receive animals from the same location?

ETRY.
30a If no, where do you receive animals from? LI

1[ ] Yes

answer 7 for everyday

[ S e ]
29a Chickens 1[_]Moto 2[ ]Car 3[ ] Truck 29b Ducks 1[ JMoto 2[ ] Car 3[ ] Truck

0[] No
0[] No

Province District Chickens#| Ducks # | Other (#)

1 [] Vietnam

2 [ ] Thailand

3 [] Cambodia

4 [_] Cambodia

5 [ ] Cambodia

6 [ ] Cambodia

7 [ ] Cambodia

Selling Practices
31. How many chickens do you sell a day? S == | | N | R MO [ Dk
32. How many ducks do you sell a day? J | ) S = | B [ [ RO [ D
33. What do you do with poultry that you are unable to sell during the day?

1[ ] bring home 2 [ ] slaughter/kill 3[ ] Other:

33a Where do you live: Province: Village:

34 During the last 6 months, have you received or sold poultry to other places you havent mentioned?

1] Yes
34a If yes, where?

0[ ] No

Province District Village |Chickens

Ducks

11| Vietnam

2[ ]| Thailand

3[ ]{Cambodia

4[_]|Cambodia

Seasonality in pou_ltry trading activities
35. Which months are peak seasons (l.e., seasons when you sell more than the normal amount of poultry)?

Month Maximum # (or range) of Chickens and Ducks sold during this month
a Chickens: | [- | | Ducks | |- | |
b Chickens: | [-- ] | Ducks | |- | [
c Chickens: | [-- | | Ducks | [ | |
d Chickens: | [-- | | Ducks | |- | |
36 Do you have a mobile phone number? | |
36a May we contact you again? 1 ]Yes O[]No

H5N1 Survey of Wet/Live Poultry Market Merchants
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H5N1 Survey of Middlemen

Today Date: / / Interviewer's name: |

\Verbal consent given? 1[ ] Yes 0[ ] No Signature of Interviewer |

Questions for MIDDLEMEN

Province Subject Number
ID Code | | | | |

Location of Interview: 1[_] Market Specify:

| | | | I | I I 0[_] Other Specify:

Demographic information of respondent

pisex @PT 1 mae Rbuyt2tl Femae RSI
D2 Age Gayl 1 lyearsold ( naM
D3 Address Gas%yda[a] Village PUI

[b] Commune Xu |

[c] Distict Rsi

[d] Province extl

H5N1 Middleman Survey
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H5N1 Survey of Middlemen

ID Code: |

Page 2
1. How long have you worked as a middleman transporting poultry? ||| years
2a. How many villages do you visit each day? | | villages/day >>>>> |2b. How many villages do you visit each week? | | | villages/week
Quantity purchased
3 Where are the villages located where you BUY chickens and ducks? # visits each week? Are animals (1) alive, (2) prepared,
each (3) dead, not prepared when
Province District Village week Chickens  Ducks purchased?
3a 1[ ] Vietnam | i Il | 1JA 2[]JP 3[]D/NP
3b 2[ ] Thailand | || il LA 2[]P  3[]D/NP
3c 3[_] Cambodia #1 | ) If , 1JA 2[JP  3[]D/NP
3d 4[ ] Cambodia #2 | 1l Il (1A 201P  BLJDNP
3e 5[ ] Cambodia #3 | I I (‘A 2L1P  3[]D/NP
3f 6[] Cambodia #4 | If Il (1A 20]P  BLIDNP
3g 7[] Cambodia #5 | Il 1l (1A 201P  3L]DINP
3h 8[] Cambodia #6 | If 1l (1A 201P  3[]DINP
3i 9 ] Cambodia #7 | If Il (1A 201P  3LIDINP
3j 10[_] Cambodia #8 1l Il (1A 201P  3LIDINP
3k 11[_] Cambodia #9 1l Il (1A 201P  3L1DINP
31 12[_] Cambodia #10 | If i (1A 201P  3L]DINP
Transporting poultry
4 How are your animals transported? >S>>>5>355>>55555>>5>>>>> 5. Do you transport birds dead or alive or both?
4a. Chickens 1[_] Moto 2[ ]Car 3[]Truck 4[] Other 5a Chickens 1[ JAlive 2[ ]Dead  3[ ] Both
4b. Ducks 1[_] Moto 2[ ]Car 3[ ] Truck 4[] Other 5b Ducks 1[ ] Alive 2[ ] Dead 3[_] Both
6 Are chickens and ducks mixed during transport? 1[_1Yes O[] No 7 How many birds can you carry on your vehicle? 7a Chickens: | |
7b Ducks: | [
8 Do you use cages to transport birds? 1] Yes O[]No >>>>>> 8a If yes, what are they made of? 1[_]Wood 2[_JPlastic 3[_IMetal
9 Do you stack cages on your vehicle? 1] Yes O[_]No >> >9a If yes, is there a tray to catch faecal matter underneath each cage? 1] Yes O[_] No
9b Do you clean cages used for transport (remove faecal matter) after each time you transport birds? 1Q Yes OQ No
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10 How many locations (market or house) do you SELL poultry? | |
T . T i this & , How many animals do
Where are the locations and how far are they from your purchasing village? Distance (km) | yoy sell each week?
[M]arket or | from village
Province District Village [H]louse? purchased |Chickens Ducks
10a 1[_] Vietnam LMDH - km ] - |
10b 2[ ] Thailand LMD km ) L] I
10c 3[_] Cambodia Loc1 L L R | Ll |
10d 4[] Cambodia Loc2 N L L] |
10e 5[ ] Cambodia Loc3 UM DH ) km || || |
10f 6] Cambodia Loc4 LM LIH ) jkm ] | |
10g  7[ ] Cambodia Loc5 8O T T R T [ R
11a Do you sell (to a market or house) on the same day that you purchase poultry? 1L]1Aways  2[ ] Sometimes O[] Never
11b  What do you do with poultry that you are unable to sell during the day?
1 [] bring home 2 [ ] send them to slaughter >>55>5>> 11c Where?
3 [_] bring to other markets >>>>>>>>>>>>>>> 11d Where?
4 [ ] bring them back to other farms >>>>>>>>>>>>>>> 11e Where?
5[] other >>>>>>>>>>>>>>> 11f Where?
Purchasing animals
12a Do you purchase poultry in Vietnam? 1 ]Yes O[ ]No 14a At what weight do you purchase CHICKENS? [ Wk
12b Do you sell poultry to Vietnam? 1 ]Yes O[ ]No 14b At what weight do you purchase DUCKS? [N kg
13a Do you purchase poultry to Thailand? 1 ]Yes O[]No 15a Do you purchase dead animals? 1 ]Yes O[]No
13b Do you sell poultry to Thailand? 1 ]Yes O[ JNo 15b Do you purchase sick animals? 1 ]J]Yes O[ ]No
16 Are there any other purchasing criteria? Please explain:

Seasonality in poultry trading activities
17. Which months are peak seasons (l.e., seasons when you sell more than the normal amount of poultry)?

Month Maximum # (or range) of Chickens and Ducks sold during this month
a Chickens: | | --mmm--- | | Ducks: | | ---mm-- | |
b Chickens: | | -—mme-- [ | Ducks: | | =-mmmmm- [ |
c Chickens: | | == | | Ducks: | | ==mmmm-- | |
d Chickens: | e | | Ducks: | e | |

18 Do you have a mobile phone number? I l

19 May we contact you again? 1] Yes O[]No
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Sketch poultry movement of subject
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