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The aim of this study was to explain the social network of the backyard chickens in
areas with a higher of HPAI H5N1. Firstly, the study investigated outbreaks of HPAI H5N1
in Thailand between January 2004 and November 2005 using kernel smoothing and
Kulldorff’s scan statistics. The results showed that the high-risk areas were located in the
central and lower northern parts of Thailand, which confirmed that central Thailand had the
highest risk for HPAI H5N1 outbreaks. Secondly, this study described the movement and
trading patterns of the backyard chickens in Ratchaburi province by using social network
analysis with an egocentric approach. The results showed that there was a close relationship
between chicken owners’ houses and fresh markets. This relationship needed attention from
authorities to prevent future outbreaks of avian flu. Thirdly, the study explained the social
networks of the backyard chickens in Ratchaburi, Suphan Buri and Nakhon Pathom
Provinces as a partial network. From 557 questionnaires collected from the nodes, the
degree and closeness centralities of Nakhon Pathom were significantly higher than those of
the others (P < 0.001). Compared with the remaining provinces, Nakhon Pathom was more
quickly connected to many links. If the avian influenza virus subtype H5N1 was released
into the network, the disease would spread throughout Nakhon Pathom more rapidly than in
Ratchaburi and Suphan Buri. The betweenness centrality did not differ between these
provinces (P > 0.05). In this study, the nodes that play an important role in all networks
were farmers who raised consumable chicken, farmers who raised both consumable chicken
and fighting cocks, farmers’ households that connected with dominant nodes, and the
owners and observers of fighting cocks at arenas and training fields. Finally, the results
correspond with logit p* modeling of social network. This study suggested that activities
between the important nodes must receive special attention for disease control in the future

disease outbreaks.
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SOCIAL NETWORK ANALYSIS FOR ASSESSMENT OF
HIGHLY PATHOGENIC AVIAN INFLUENZA SUBTYPE H5N1
SPREAD AND TRADING PATTERN OF BACKYARD
CHICKENS IN RATCHABURI, SUPHAN BURI
AND NAKHON PATHOM PROVINCES

INTRODUCTION

Highly pathogenic avian influenza subtype H5N1 (HPAI H5N1) is an
important zoonotic disease affecting both human health and poultry industry over the
last decade. This viral disease was a worldwide pandemic, and especially HPAI
H5N1 may cause a fatal disease in affected patients. The virus has been shown to
infect many avian species and mammals, including humans. The first case report of
poultry-to-human transmission was in Hong Kong in 1997 (Li et al., 2004). After this
incident, HPAI H5N1 has emerged in countries worldwide, causing a severe
economic loss (Lubroth, 2007). Until the end of January 2013, there have been 615
confirmed human cases and 364 out of these cases were resulted in death (World
Health Organization (WHO), 2013). The outbreaks of this disease have caused
worldwide panic, especially concerning the transmission between humans. The first
official report of human-to-human transmission of HPAI H5N1 occurred in June of
2006, when an infected boy passed the virus to his father. The direct transmission
was confirmed after the same virus strain was detected in both patients (Lam et al.,
2008; Yang et al., 2007). These occurrences tend to make a more significant impact
on human health. Thus, it is important to expedite the detection process and institute
control measures at early stages of an HPAI H5N1 outbreak. This is especially true
for the animal population, which is most likely the source of the HPAI H5N1

outbreak.

The disease, however, has been presented in Thailand because several
predisposing etiologic factors such as infected migratory birds are found countrywide.

Firstly, the Department of Livestock Development (DLD) officer of Thailand,



Thanapongthram and Noimoh (a personnal communication) were conducted and
analyzed the data of HPAI H5N1 outbreaks from 2004 to 2006, the results indicated
that HPAI H5N1 is more likely to occur in the central part of Thailand than other
regions. An analysis of outbreak data, the researchers found that over 50% of the
confirmed cases were from backyard chickens (Tiensin et al., 2005). In addition, one
of major risk factor for HPAI H5NL1 in the central part of Thailand is these areas have
highest rice production where free-grazing ducks were raised. This is harmonizing
with Paul et al. (2010). There is also a high frequency of the migratory birds from
neighboring countries entering into the country and the lifestyle of backyard chicken
farming is unsecure for disease spreading (Kasemsuwan et al., 2008). Therefore, the
studies of the pattern of risk factors are necessary to define the risky pathway for
disease occurring and spreading in Thailand.

One problem of backyard farming system is a good practice of biosecurity
system (DLD, 2007a; 2007b). The chicken owners always raise their poultry as free
ranging around their houses. This is a traditional behavior of Thai villagers who own
backyard chickens. Besides this way, if the disease occurs in the area, it is very
difficult to control the spread of the disease effectively. In addition, some backyard
chickens are intended for sports as fighting cocks which is increasing the risk of
spread of the disease. Because their activities such as training or fighting make them
more often to move in and out to several areas. If those fighting cocks have become
the infected birds, they could easily spread the disease to other healthy chicken. This
indicates that the cock fighting activity might play an important risk factor of HPAI
spread. New methodology could be employed to assess the data collecting from cock
fighting activity. The method may provide a useful information to understand the
pattern of this disease and may help to improve control measures. A social network
analysis (SNA) is introduced to use as a tool to elucidate the trade or movement
pattern of backyard chickens. These types of studies will help us to understand the
risk factors and to prepare for a potential pandemic in the future. In this study, social
network analysis will be based on data from questionnaires and secondary data in the

provinces of Ratchaburi, Suphan Buri and Nakhon Pathom which have higher risk



area for HPAI H5N1. The results from this study will be very useful to improve

performance of control measures of HPAI H5N1 in Thailand.



OBJECTIVES

1. To study and assess the movement pattern of backyard chickens for the
disease occurrence and spread focusing on HPAI H5N1 in Ratchaburi, Suphan Buri
and Nakhon Pathom provinces by using social network analysis.

1.1 Investigate the outbreak density and examine the local spatial-

point clustering to determine the high-risk areas for HPAI H5N1.

1.2 Study the movement and trading patterns of backyard chickens in
the high risk area for HPAI H5N1.

1.3 Assessment of the movement pattern of backyard chickens for the
occurrence and spread of HPAI H5N1.

2. Generate a logit model to understand the structure of backyard chicken
network in Ratchaburi, Suphan Buri and Nakhon Pathom provinces.



LITERATURE REVIEW

1. Epidemiology of highly pathogenic avian influenza subtype H5N1 (HPAI
H5N1)

The first worldwide appearance of the HPAI H5N1 virus was found in China
in 1996 (Li et al., 2004), and a large-scale outbreak in Asia had begun by late 1997
(Sandrock and Kelly, 2007). From the end of 2003 to 12 March 2013, the chain of
infection has recently affected in 51 countries worldwide (World Organization for
Animal Health (OIE), 2013). The virus has since been isolated from many species of
poultry as well as pigs, horses, mink, mice, ferrets, cynomolgus macaques, cats,
leopards, tigers, marine mammals and a wide range of domestic birds (Rimmelzwaan
et al., 2007; Sandrock and Kelly, 2007; Songserm et al., 2006a; Songserm et al.,
2006b; Thanawongnuwech et al., 2005). HPAI H5N1 virus is in Type A
orthomyxoviruses containing 15 haemagglutinin (HA) and 9 neuraminidase (NA)
subtypes (Swayne et al., 2000). The viruses are pleomorphic, enveloped RNA. There
are 8 single-stranded wits of h 10 proteins. The major components of viral protein are
nucleoprotein (NP), three subunit of polymerase (PA, PB1 and PB2), which in form
the ribonucleoprotein (RNP) complex. M protein is a matrix protein that along with
the surface protein of HA and NA. Based on the different of NP and M proteins,
H5N1 has been separately classified from influenza types B and C (de Jong and Hien,
2006). The virus can be persisting in the environment such as natural water source
which is focused critical for virus transmission in bird population (Webster et al.,
1978). There are two kind of H5N1 virus classified by the ability of the virus to
produce disease, HPAI H5N1 and low pathogenic avian influenza (LPAI). In this

dissertation, an author is mainly focused on the HPAI H5N1.

In Thailand, the first official outbreak of HPAI H5N1 was reported in the
Suphan Buri province in the beginning of 2004. While the original source of the
infection is unclear, it is suspected of being caused by an infection from immigrating
birds originated from neighboring countries (Tiensin et al., 2005). In this outbreak,
the Thai National Institute of Animal Health had confirmed and isolated the HPAI



H5N1 virus from a chicken farm in the Suphan Buri province (Tiensin et al., 2005;
OIE, 2004). Until now, the last outbreak occurred in the Uthai Thani province on
November 11, 2008 (OIE, 2008).

Thailand has recently had seven epidemic waves with clearly separated
periods. The first wave was reported from January to March of 2004. During this
wave, there were 190 confirmed outbreaks in 42 provinces. The number of animals
that were killed reached 60 million birds. Five radius kilometers from outbreak point
was stamped out in a preemptive culling campaign of suspected poultry, and active
surveillance using x-rays was the major control measure against an outbreak. In all
risk areas, a 10 kilometer restriction was placed on animal movements, a 50 kilometer
passive surveillance was employed, and carcass disposal and a public awareness
campaign were undertaken to control the spread of the disease. The largest epidemic
wave was the second wave. It began in July of 2004 and lasted until April of 2005.
The DLD reported that 1,539 outbreak points 51 provinces were infected during the
outbreak. Furthermore, at least 3 million poultry were killed. The same measurement
was performed to limit the spread of the disease. In response, the DLD implemented
a control measure to clean and disinfect the infected areas. The third wave of H5N1
resulted in 75 outbreaks occurring between July and November of 2005 in 11
provinces. During this wave, approximately 400,000 animals were killed. The fourth
wave was between July and August of 2006. Fewer than 10,000 animals were killed
from three outbreaks in two provinces. In the third and fourth waves, the DLD
applied the same control measures for the disease as it had previously. The fifth, sixth
and seventh waves of H5N1 outbreaks were small and in isolated areas. These
outbreaks occurred in three provinces between January and June of 2007, two
outbreaks in two provinces in January 2008, and two outbreaks in two provinces in
November of 2008, respectively (Figure 1). In total, over 141,000 animals were
killed during all three waves. The major outbreaks of HPAI H5N1 in Thailand were
the first and second waves in year 2004 continuing to 2005. The temporal patterns of
these outbreaks are illustrated in Figure 2. The first wave occurred in early January
2004. During the outbreak, the DLD implemented x-ray campaigns in addition to

preemptive culling in late January. It re-implemented these control methods from the



middle of February to the beginning of March. For following the successful
intervention, the DLD planned to use this campaign to stop the outbreak of HPAI
H5N1 as much as two to three times per year as an additional control measure (DLD,
2008)

In the third, fourth, fifth and seventh waves, there was a dramatic decrease in
the number of outbreaks (Figure 2, showed only wave I11). Other waves did not show
this decrease because of the small number of outbreaks. As previously shown, the
major risk factors are free-grazing ducks, rice production and backyard chicken
husbandry (Gilbert et al., 2006; Gilbert et al., 2008). For free-grazing ducks, the
cycle is connected with rice production because rice farming provides the ducks with
food. The paddy fields after the harvesting of rice are high-risk areas, as infected
ducks feeding in the area can pass the virus to other animals. This is a major cause of
disease spreading. Paul et al. (2010) confirmed this relationship; they found that
2,462 subdistricts presenting the ducks which have the relative risk (RR) ratio greater
than 10. Most of them are located in the area of the central part of Thailand. All of
these coincide with the harvesting of the first rice crops in the central part of Thailand
(Gilbert et al., 2006; Gilbert et al., 2008). The owner of the ducks will then take the
animals to find food in the paddy fields, which may assist in spreading the virus to a
new area. If no animals are exposed to the virus, a new outbreak should be prevented
in the new area. Alternatively, the virus can be spread to other animals by mechanical
transmission. Duck equipment such as egg trays can carry the virus to neighboring
areas or poultry farms. For these reasons, it is important to show why the disease has
been occurring after rice harvesting in central Thailand (Gilbert et al., 2007). For the
second major risk factor, Kasemsuwan et al. (2008), found the irrigation water or
flood areas were proposed to be significant factors for the spread of HPAI H5N1. In
the household, Thai people keep backyard chickens as a source of food, especially in
rural areas. During the rainy season, water was considered to be a virus carrier in
some areas, allowing the disease to spread to neighboring households through
irrigation water or via flooding. The central part of Thailand is lowland in several
provinces Thailand (Gilbert et al., 2007). In fact, flooding can come from the

mountains or after heavy raining in the forest. For this reason, when the virus is
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Figure 1 Spatial distributions of HPAI H5N1 in Thailand for the first (2004) through
the fifth (2008) epidemic years are illustrated in left map through right map,

respectively.
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present in the area, disease could be spreading to the other areas via flooding. The
peaks in the epidemic curve in waves | to Il are higher during the late of rainy
season. In addition, rainy season (June to October) and winter (November to
February), there were more chance to occurring the HPAI H5N1 than in summer
(March to May) as the odd ratios (OR) are 3.8 (95% CI 2.4-6.2) and 5.0 (95% ClI 3.1-

8.1), respectively (Thanapongthram and Noimoh, personnel communication).

During the first wave (January to May 2004), HPAI H5N1 had become widely
spread throughout the country. During the second wave, the disease cluster patterns
are clearly observed in central Thailand, meaning that the etiologies are the same or
have some relationship in this area. Likewise, the third wave had the same pattern but
was smaller than the second wave. Gilbert (2005) investigated risk factors such as
land utilization, animal husbandry patterns and other anthropogenic variables during
the second wave. They found a relationship between free-grazing duck husbandry and
rice paddy fields to be major risk factors, and they found that central Thailand has a
higher rate of duck movement from field to field. This activity was a critical factor in
disease persistence and the spread to other areas. Thanapongthram and Noimoh
(personnel communication) were conducted and analyzed the data of HPAI H5N1
outbreaks since 2004 to 2006, the results of the OR indicated that HPAI H5N1
prevalence was 4.5 (95% CI 4.0-5.0) more likely to occur in the central part of
Thailand than other regions. In addition, over 50% of the confirmed cases were from
backyard chickens (Tiensin et al., 2005). Both of these risk factors play an important
role in disease spreading. For the fourth to the seventh epidemic waves, it is not
possible to clearly determine the reasons why individual cases occurred in small
separated areas. It is possible that the immunity level of the population at risk in
those areas was able to protect the host from the agents. Control measures, such as
the x-ray, have effectively destroyed the remaining virus, and other measures are

monitoring and preventing a new introduction of the virus into these areas.

Various risk factors of HPAI H5N1 have been reported. These include
environmental, mechanical transmission and factors related to the introduction of an

agent into the area such as the presence of a live bird market, peak consumption of
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poultry, lack of veterinary services evaluating birds before sale, movement of poultry,
the presence of wild birds, the presence of free-grazing ducks, low biosecurity
systems in the production of poultry, and the remnants of HPAI H5NL1 virus in re-
used poultry husbandry products. Most likely potential risk factors, however, were
reviewed in the literature. It appears as though the movement of animals between
different areas is considered to be the most important risk factor (Pfeiffer et al., 2007).
Gilbert et al. (2007) showed a strong association between HPAI H5N1 outbreaks and
the density of free-grazing ducks in Thailand that involved the frequency of field
movements of flocks from one region to another. This was considered to be a key
factor in the maintenance and spread of the disease. On this way, Gilbert et al. (2008)
was explored the data of HPAI H5N1 outbreaks during the 1 to 3 waves. The results
showed that the presence of free-grazing duck is significantly associated with HPAI
H5N1 occurrence in Thailand. Moreover, Kasemsuwan et al. (2008) described the
risk factor by using a quantitative risk assessment tool to evaluate the probability of
introducing the HPAI H5N1 virus into free-grazing ducks. They found that the
probability was 0.4 (95% C1=9.6 x 10 to 1.2) per year. In detail, the most variable
factor that affected the outcome of their findings was the introduction of the virus into
free-grazing duck equipment such as egg trays. When the prevalence of the HPAI
H5N1 virus in the equipment was high, the chance of the disease occurring and
spreading into the farming system also increased. The probability of introducing the
HPAI H5NL1 virus into a backyard chicken in the village was found to be 3 x 10
(95% Cl=1 x 10 to 1.2) per year. The important factor affecting the outcome was the
prevalence of the HPAI H5N1 virus in irrigated water or flooding in the village and
rural areas. When the prevalence of the HPAI H5N1 virus in the water supply for the
village was high, the chance of the disease occurring and spreading in this village and
neighboring villages also increased. The most significant risk factors are presented
below in terms of spatiotemporal patterns. Rukkwamsuk et al. (2007) employed a
logistic regression model to evaluate risk factors between temperature, humidity,
rainfall, evaporation, time of day and HPAI H5N1 occurrence in Thailand by using
geographical and meteorological information. Using 1-kilometer divisions, they
found that as the distance between villages and stagnant water resources decreased, an
increase in the risk of HPAI H5N1 occurred by a factor of 1.1 (95% Cl=1.0-1.2).
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Furthermore, they did not find a relationship between meteorological factors and
HPAI H5N1 occurrence in Thailand.

In all areas, the control measures were similar to those employed during
previous outbreaks (Table 1). In other countries, a vaccination program was used for
disease control. The DLD had also assessed the consequences of this program for
disease control. Several experts have expressed worries regarding the impact of the
vaccination program after using vaccination to control the HPAI H5N1 outbreak. The
major concern regarding the use of vaccinations is the large number of HA subtypes,
which could possibly lead to unsuccessful control of the outbreak. There are 16
known HA subtypes that can cause the disease, and there is no vaccine that will
provide complete protection. The other issue is how to create a vaccine that will
obtain a high rate of coverage on target populations. If vaccination used improperly,
the disease could lead to a pandemic outbreak in vaccinated birds. Moreover,
problems in law enforcement could lead to unsuccessful implementations of
vaccination in certain areas. For these reasons, the vaccination program is still
prohibited in Thailand (DLD, 2008).



Table 1 Thailand HPAI outbreak waves and their relevance

12

Number of Number
Wave Date affected of -Number of Control
orovinces S birds affected measurements
1 January, 2004 - 42 190 > 60 million - Stamping out,
March, 2004 - Preemptive
culling
- Active
surveillance (x-
ray)
- Restriction in
animal movement,
- Monitoring
system
- Carcass disposal
- Public awareness
2 July, 2004 - 51 1,539 >3 million  Same as in wave 1
April, 2005
3 July, 2005 - 11 75 > 0.4 million  Same as in wave 1
November, 2005
4 July, 2006 - 2 3 < 10,000 Same as in wave 1
August, 2006
5 January, 2007 - 4 4 < 60,000 Same as in wave 1
June, 2007
6 January, 2008 2 2 < 60,000 Same as in wave 1
7 November 2008 2 2 <21,000 Same as in wave 1
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In an effort to describe the molecular epidemiology of the virus’s spatial
patterns, Poovorawan (2007) isolated the first whole genome of the virus, which was
isolated from chickens during the first epidemic of H5N1 influenza in Thailand. They
showed a relationship between the hemagglutinin sequences of most of the highly
pathogenic forms of the avian influenza virus that circulated between the avian and
mammalian species. In Thailand, the H5N1 influenza virus can be separated into
clade 1 and clade 2 of subclade 3 of the phylogenic analysis (Figure 3). The
phylogenic analysis also indicated that the viruses isolated from mammalian species
(for example, dog, cat and tiger) in Suphan Buri during 2004 are in clade 1, which is
more closely related to H5N1 strains that have been circulating in chickens from

Nakhon Pathom, Laos, Vietnam, and China and in quail from Malaysia.

The viral re-assortment (antigenic shift) and mutation (antigenic drift) within a
host of avian influenza have the ability to cross the species barrier and cause severe
disease epidemics in birds, humans and other mammals. The factors that may affect
host switching are environmental and genetic factors, including the host’s
susceptibility. The difference of HPAI distribution in Thailand between 2004 and
2008 showed the relationship between the timing of the outbreak and the route of
transmission. Using phylogenic analysis, the origin, evolution of the virus and the risk
factors of HPAI transmission in Thailand can be understood. The results showed an
increasing chance of infection due to the possibility that the majority of virus strains
being circulated in central Thailand originate from free-grazing ducks. Gilbert et al.
(2008) were predict the probability of HPAI H5N1 occurrence in Thailand by using
the significantly parameters such as duck density, number of rice crop harvest,
chicken density. The study indicated that mostly high risk areas are located in the

central part of Thailand (Figure 4).
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Figure 3 Phylogenic analysis of the hemagglutinin gene obtained from HPAI H5N1
virus strains between 2004 and 2007.

Source: Poovorawan (2007)
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Figure 4 A risk mapping of HPAI H5N1 in Thailand based on the second wave data.

Source: Gilbert et al. (2008)

2. Social network analysis (SNA)

The SNA is a term that refers to elements in a group that may or may not be
related to each other in some ways. Node (or actor) and tie (or link) are two major
components of SNA (Martinez-Lopez et al., 2009; Scott, 2000). Network data focus
on the relations among nodes with or without their attributes. This means that the
nodes are common not sampled independently. This is supposed to be studying
friendship ties. For example, Mr. A has been selected to be in targeted population.
When the author asks him, Mr. A identifies five friends. The author needs to follow
their relationship in each of them. The author also asks Mr. A’s friends for the person
who have a relationship with them. This is a tie. Normally, the ties have three ways
to approach. The first one is that the researchers collect information about each
node’s ties with all other nodes. This is full network method. The Second is that in
case involving attempts to collect information about some nodes which called a partial
network method. A sampling method for this kind of study is snowball sampling. A
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snowball sampling may begin with a focal node. Each of these nodes is needed to
identify information using to track and get more information. The last one is that the
researchers may collect only a key node, this method is ego-centric approach (Prell,
2011). Generally, the SNA aims to describe the relationships between elements
within a group or network (Wasserman and Faust, 1994). More recently, Ortiz-Pelaez
et al. (2006) has used SNA for describing cattle movement patterns, which were
related to an epidemic of foot and mouth disease in UK. They found that the farm
located in the central part of UK is a source of infection (Figure 5). Researchers have
also used this tool to explain the trade of cattle and thus evaluated the risk of animal
diseases in Denmark, Italy, and Argentina (Aznar et al., 2011; Bigras-Poulin et al.,
2006; Natale et al., 2009). Corner et al. (2003) predicted the patterns of bovine
tuberculosis in captive possums. They found that the infected possums have a higher
value of closeness and flow-betweenness with a source of infection than healthy
possums. For the poultry farming, Van Kerkhove et al. (2009) found that poultry
movement through live bird markets via poultry traders was a potential hub for the
spread of HPAI H5N1 in Cambodia. Moreover, Soares Magalhaes et al. (2010) found
that a pathway from the poultry traders to live bird markets was the key to HPAI
H5N1 transmission in Vietnam. The results show that live poultry trader is a key

person for HPAI H5N1 transmission and may spread the virus into many communes.

Knoke and Yang (2008) explained the parameters that used to analyze the
network data. Centrality, a parameter reflects a position of each node in the network.
There usually are degree, closeness and betweenness. This is an analysis of
individual node. In this way, nodes possible have some links in a small group of the
nodes. This might be a subgroup in the network. To understand this kind of structure,
for example, subgroup is analyzed in term of components, cut-points and bridge. An
analysis of network structure such as density, clustering coefficient and reachability
are the parameters reflected network style in each set of data. Generally, SNA
presents in those of parameters and its graph format. The graph is called sociogram.
This is a two-dimensional diagram for displaying the relations among nodes. In
sociogram, there are represented by a set of nodes with the line or ties. If a line has

no arrowhead, the relation is nondirected or mutual. A network represents this kind of
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lines is called undirectional network. If relations are directed from one node to
another, the result is a directed graph or digraph. This kind of network is called
directional network. A pair of node with different directional ties is different
meaning. For example, a link from A to B is different from a link from B to A. Ifa
pair of node has an arrow on both sides of the ties ending. This means a pair of node
has a relation together. A kind of tie is depending on research hypothesis (Prell,
2011). All of these analyses are descriptive statistics of the network. In addition, the
basic form of SNA data for statistical analysis is a tabular display or matrix table, the
sociomatrix (or called adjacency matrix), regularly a data array of numerical elements

arranged in row and columns (Knoke and Yang, 2008).



Figure 5 A sociogram of FMD distribution in United Kingdom. The central region

of the country is an important node for disease spreading.

Source: Ortiz-Pelaez et al. (2006)

3. Network modeling

Statistical network modeling has been using to investigate the structure of
animal disease network. Hamede et al. (2009) have described contact networks in a
wild Tasmanian devil population. They were generated the model using permuted
matrices to calculate the interaction between animals. The study was focused on its

behavior which related with infectious tumors. They found that all devils were

18
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connected in a giant component. This would be allowed the disease to spread
throughout the devil network. Ayyalasomayajula et al. (2008) used network
modeling to study and predict the transmission of the H5N1 virus in cats of United
States. They found that domestic cats possible provide a connection for HSN1 from
birds to human. Recently, Fournié et al. (2011) developed a transmission model to
estimate the live poultry market operating impacts on the H5N1 spreading in Hong
Kong. The result show that HSN1 virus could be remaining in this kind of market.
Basically, the model aimed to evaluate a relationship between nodes in the network.
This relationship possible calculates either stochastic process or non-stochastic
process. In case of the data have a much more uncertainty factor, the stochastic
process is pretty good to use as a tool for examination (Carrington et al., 2005; Prell,
2011). First generation of stochastic network modeling runs with the distribution of
various network parameters. This is usually called null models. The second
generation dealt with the probability of ties. The log-linear technics were applied to
this one. This latest procedure is works on Markov random graphs. This is a new
generation of stochastic network modeling (Frank and Strauss, 1986; Strauss and
Ikeda, 1990; Wasserman and Pattison, 1996). The most widely usages model name
Exponential Random Graph Models (ERGMSs). There are subtype of this kind of
model such as the p1 and p*. Other models such as actor-based models, Quadratic
Assignment Procedure (QAP) were used in some kind of research (Prell, 2011).
However, ERGMs is in modern popular usage, especially in p* model (Carrington et
al., 2005).

In term of social network, the scientists defined a set of nodes as N, and g
represent an each of node. So, an author lets N ={7,2,3,....,¢}. A relationship
between pairs of nodes or ties, this is defined as r. A binary relation, X, is a set of
ordered pairs. If an author puts the symbol iXj which means node i has a relational tie
to node j or a legend is, i —j. Sometime, ties have a direction. This meansi — |
differ from j — i and it may have a value. All of these, a relationship can be
represented by a g x g sociomatrix, X, where node (i, j) entry in this matrix that it

denotes by X(i, j) or Xij for binary data. For a valued data, X(i, j) = c, that an author
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assumes c is a number of relationship of pairs of nodes. (c €0, 1, 2, 3,.....,c-
1);(Wasserman and Pattison, 1996). An author lets

1 i i
X(i, j) = { 1)

0 otherwise

a pair of nodes and all the ties between them that are usual called dyad. In
binary data, there possible are four events on them: null (no ties), two asymmetric (Xij
or Xji) and mutual (Xij and Xji). Frequently, there are multi-relational cases that mean
many pairs of nodes have some links together. These relations, y1, 42, 73, ...., 1,
have associated sociomatrices X7, X2, X3, ....., Xr. These will be assumed that the
socimatrices have random quantities. In case of directed network, the directional
relationship will be concerned. On the ties, there are ties sent (2 X(i,j)) and ties
received (Xi X(i,j)); the number of ties, L = 2i,j X(i,j), and the number of reciprocated
ties or mutual dyads (X(i,j) = X(j,i) = 1). Numbers of multiple ties from one nodes to
others possible are {i —J, i —k; 2-out-stars}, {j—i, k —i; 2-in-stars}, {i »j, k -
I; 2-mixed-stars} or {i — J, J =k, k — i; cyclic triads}. An author defines the
equation for single relation of mutual dyads (M), 2-out-stars (S) and cyclic triads (T)

as below, respectively (Wasserman and Pattison, 1996).

M= 2 %G, )XG, D) @)
i<j

s= 2 X(, )X, k) 3)
i

T =2 %G, )XG, KXk i) (@)
i

For 2-in-stars is similar to 2-out-stars in different direction according to the
nodes. A directional path of length from i to j is a sequence of nodes {i=i1, i2,
i3,....,id+1 = j}, so that
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X(i1, 12) X(iz, i3) X(i3, i4), ... X(ig, ig+1) =1 (5)

the geodesic distance is a shortest path (d) between any dyads (Wasserman
and Pattison, 1996). This is can be define its function as

dij = minimum value of k for which
X(io, |1) X(il, |2) X(iz, ig), X(ik.l, Ik) =1 (6)

where ip =i and ik = j. Some distance cannot defines cause of the ties
disappear. An author will lets v and @ be symbols to represent logits or log odds
ratios. This is comparing log of the probability of one outcome variable to log of the
probability of another outcome randomly (Holland and Leinhardt, 1981; Wasserman
and Pattison, 1996). This model has ties as a stochastic function. It’s based on
original model name p1 and p* model which are developed by Holland and Leinhardt
(1981) Frank and Strauss (1986) Strauss and Ikeda (1990). According to p1 model,
standard maximum likelihood (ML) is used to fit the model. However, there is
assumption on each data points (xij) that all of them is independent. The p* model
developed by using a generalization of maximum likelihood is called
pseudolikelihood (MP) to estimate likelihood function. In this way, the MP has no
assumptions of the dyadic independence (Frank and Strauss, 1986). In addition, in
term of p* model, in the logistic regression computational procedures, the MP can be
kindly used for network model fitting (Wasserman and Pattison, 1996). The p*
model, a specific of exponential family, which contains Markov random graphs,
represents some notations here. From X, the sociomatrix for a single, binary, directed
relation, an author defines X"ij (Xij = 1) for the relationship from X where the tie from
i to j to be presented, X'ij (Xij = 0) as absence in their relation. The XSij is
complementary relationship between node i and j. All of these are subject to p*. In
addition, the p* model can be examined on undirected network as well. The p* can
be write in logit formulation which start with log-linear models as below (Wasserman
and Pattison, 1996).
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exp{f'z(x 7
Pr(X = x) :—pi[ﬁ']( )} ()

Where 6 is a probability vector of model parameter and z(x) is a vector of
network statistics. This is an exponential family form for the numerator. The
denominator, k() is a constant of the vector with proper distribution. In this model,
the @ parameters are the weights distribution of the linear combination that always
needs to estimate by the researchers. A simple model can be rewritten as below
(Wasserman and Pattison, 1996).

exp{oL) @)
k(6)

Pr(X=x) =

Where L is the number of ties. This model is likeness to simple Bernoulli
distribution. Strauss and Ikeda (1990) showed that a turning of log-linear model to

logit model using binary nature of the random variable Xij. So,

Pr(X = x:}' ©)
Pr(X =x})+ Pr(X = x

Pr(X,; = 1|X5) =

where X"ij, X'ij and X“ij mean present, absent and complement ties of dyad
nodes that an author described above. This model is in probability distribution which

almost similarity with log-linear model as following (Wasserman and Pattison, 1996).

IO e €0 u
P = ) = @G + e (@)

When an author needs to consider the odds ratio for logit function, the model

have been changed to (Wasserman and Pattison, 1996)
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Pr(X, = 11X7) _ exp{8'z(x})}
Pr (X:-}. = l:llX;J.:] EXP{E'IZ(I;.)}

= exp{f'[z [x; — z[x;)]} (11)

which can be generated the simple log odds ratio or logit model as
(Wasserman and Pattison, 1996):

(12)

b Pr (Xi.?' - 1|X;i" _ar + -
o, = o8| =) = '[x(x8) - 23]

it sxij) = [2(x5) = 2(x3)] then the logit model is equal to aij = 0'&xij).
Then, &Xxij) is the vector of network statistics that arises when the Xij changes from 1
to 0. This model may be represented as the logit p* for single and binary relation.
This is assumed to influence the log odds of a tie existence present or absent. As the
p* model is no needs to assume dyad independency, the sociogram of the network
would be called dependence graph. This relationship is conditionally independent
which means there are relational ties in the network. For the dependence structure of
a random directed graph, the nodes in the network have possible ties in the original
relation and whose specific ties that are called conditionally dependent. This is the
remaining relational ties. In addition, a logit p* is supposed to affect the log odds of a
tie being present to absent. The model depends on the hypothesis of the network.
Usually, the researchers use the parameters model for estimating network structure.
In this dissertation, the author mainly focuses on undirectional network modeling
(Wasserman and Pattison, 1996).

The undirectional network models by logit p*, needs to specify the vector of
network statistics z(x) with confine to parameter . The Markov graph model is
depended on the number of cyclic triads (three nodes have links together like a cycle)
and the number of k-stars (a central node have many connection which is a subgraph).
The k-stars are possible the highest number as g-1, where g is the number of

components in the network. And the lowest number of k-stars is possible 1. By the
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way, the p* in this article is focused on homogeneity network. Frank and Strauss
(1986) explained about triad model that depended on the number of ties, L, the
number of 2-stars, S, and the number of cyclic triads, T. Strauss and Ikeda (1990)

mentioned the model for this as below;

(13)

o PRy = 11X
Y Pr(X,; = 0|Xf)

} =6+ p(x;) + & + B,
where 8, p, a and S are network constant and Xij is the valued from 0 or 1.
For more information, the homogenous network, the parameters and graph statistics

of the logit p* model for undirectional ties is present in Wasserman and Pattison
(1996).

It is possible that the network displays clustering; the nodes degree should be
at least k cluster, and there might be some variation. So, that means there are some
variations for connectedness of node pairs. This possible is the difference of
connectedness including some centrality for network level comparing to node level.
This is supported that why the researchers need to evaluate the parameters of network
structure. Anderson et al. (1999) showed that the application of logit p* model of
student network. They found that in some model, the odds of a tie being present as
6.1 times more than absent tie. For the fifth year student, the odds ratio for girl-girl
(9g) dyads represents the highest ties which have the highest mutuality.
Centralization is highest value in the fifth year student. The transitivity is also highest
in the fifth year student. This reflects that the ties of triad nodes which mean a pair of
the fifth year student have a relationship to another student in the class more than 1.7

times comparing to remaining of student in other years.



MATERIALS AND METHODS

1. The movement pattern of backyard chickens for the disease occurrence and
spread focusing on HPAI H5N1 in Ratchaburi, Suphan Buri and Nakhon

Pathom provinces.

1.1 Investigate the outbreak density and examine the local spatial-point

clustering to determine the high-risk areas for HPAI H5N1.

1.1.1 Data collection

The national outbreak data were based on the DLD, which also
served as the database for the present study. The data were collected between January
23, 2004 and November 9, 2005 during that time there were three outbreak waves of
HPAI H5N1: January 2004—June 2004 (wave 1), July 2004—June 2005 (wave 2) and
July 2005-November 2005 (wave 3). The outbreak data contained the date of disease
detection, the location and coordinate points. The poultry population census was
collected from the DLD website (http://www.dld.go.th). To analyze the data for the
whole study period and the second wave, the average from the poultry census for
2004 and 2005 was used. For the first and third waves, the number of poultry in 2004
and 2005 was used, respectively. A map of Thailand was also obtained from the

DLD.

1.1.2 Statistical analysis

Kernel smoothing is a nonparametric estimation of the probability

density function that can be used for spatial point processing. The present study
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analyzed all outbreak points in each wave as well as the total outbreaks in Thailand.
The default grid cells was used, bandwidth and the nearest neighbor pyramid re-

sampling method in ArcGIS, version 10 (ESRI, USA), for the technique calculation
and mapping at the provincial level. Barreto et al. (2008), Bailey and Gatrell (1995)

and Gatrell et al. (1996) and previously described the calculation formula as below

A (s)= Z—k((s‘s )j A

T

where /i, () = the kernel density estimator that estimates the outbreak areas, r = the

bandwidth or smoothing parameter, k() = the kernel weighting function, s = the center

of the outbreak area and s; = the location of each outbreak point.

A spatial cluster analysis for infectious diseases is used to
investigate questions related to causal risk factors. A disease cluster means that there
is a localized risk factor. Normally, spatial processes can be characterized in terms of
first-order and second-order properties (Bailey and Gatrell, 1995). The first-order
properties are associated with studies that examine the entire region of interest.
However, both first-order and second-order properties are involved in studies that take
place within a specific study period. The second-order properties imply a relationship
between the number of events and a sub-region. The present study used Kulldorft’s
spatial scan statistics to detect the second-order properties of the HPAI HS5N1
outbreak pattern (Kulldorff and Nargarwalla, 1995). Similar to the kernel smoothing

analysis, an overall outbreak status and each individual outbreak wave were
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calculated. The unit of interest was the district level, and the test statistic was based
on the previously described discrete Poisson models (Dohoo et al., 2010). SatScan,
version 9.1 (Kulldorff, 2009) was used, to calculate the spatial scan test. The software
detected all the outbreak points by simulated circular based on geography. The
circular scans were used on all the areas that had the outbreak points. The circular
size ran from zero to the maximal default using the space-time permutation in the

exponential model as below (Bivand et al., 2008)

0, 0,-0,
K= max(oz ] (OJr =% J (15)
= E,-E,

e

where K = Kulldorf’s statistic, z = the outbreak point of Z; in each cluster, O = the
observed outbreak points in each cluster, E = the expected outbreak points in each

cluster and max indicates that this model uses the highest value of the likelihood ratio.

Kulldorf’s statistic calculates the radius of clusters as an outcome.
The relative risk is used to compare the outbreak points inside the circle, which is then
divided by the outbreak points outside the circle. The null hypothesis is no clustering
that will illustrate the relative risk as one. In case of the relative risk is higher than
one, this means that the outbreak points in the circle are clustering (Bivand et al.,

2008).

1.2 Study the movement and trading patterns of backyard chickens in the high
risk area for HPAI H5N1.
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1.2.1 Data collection using questionnaires

This study focused on an HPAI H5N1 outbreak that occurred in
Thailand. The authors focused on Ratchaburi, a province which places in the central
part of Thailand. The reasons for selecting the province, there is one province in area
of high risk for HPAI H5N1 and the authors getting a good cooperative work from
local officers. A cross-sectional survey using questionnaires was carried out in 19
villages of the Ratchaburi province (Figure 6). The questionnaire was developed in
consultation with eight researchers working on HPAI H5N1. It comprised both open
and closed questions, asking respondents by face-to-face interviews to explain their
involvement in backyard movement between January 2009 and December 2009.
Trade was also included. The questionnaire also asked respondents about their
relationships with backyard chicken traders. Data collection focused on owners of
backyard chickens. For data collection purposes, the starting location was selected
based on advice of a local. A snowball sampling method was applied for the
additional locations (Wasserman and Faust, 1994). This technique was used to
quantify individuals in the sample without a sampling frame. Finally, 151
questionnaires were collected for data analysis following the calculation of sample
size using Yamane’s method on the basis of 10% precision levels, where confidence

interval is 95% and 5% of a-error (Yamane, 1967).

1.2.2 Backyard chicken movement and trading patterns

All movements of backyard chickens were counted as ties.

Movement refers to events in which the farmers did not take their animals along, but
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the farmers were exposed to chickens before moving. Trading pattern refers to selling
and buying chickens by the farmers. A relationship between movements and the

trading pattern was identified and included both in the ties.

1.2.3 Network properties and statistical analyses

Data collection using questionnaires followed the egocentric SNA
approach, using backyard chicken owners as the centroid. This node is the ego. In
this study, the nodes are bimodal data. There are locations that are related to
backyard chicken activities. These include chicken owners’ houses, certified fighting
arenas, uncertified fighting arenas, training fields for fighting cocks, certified
slaughterhouses, uncertified slaughterhouses, animal markets, fresh markets (live
markets), commercial poultry farms, rice paddy fields with free-grazing ducks, birds’
nests, and backyard chicken traders (Kasemsuwan et al., 2009). Normally, an author
refer to a set of nodes that are not the ego as ‘alters’. For the ties, questions were
designed to ask backyard chicken owners about their poultries’ movement to these
alters. For each event, the answers were recorded as binary data using a matrix table.
The network of backyard chickens was mapped using Ucinet 6 (Borgatti et al., 2002)
with an undirected static network. It was assessed for individual parameters of the

egocentric methods as follows (Hanneman and Riddle, 2005).

Size is the number of nodes to which the ego is directly connected.

This refers to nodes that played an important role for the ego.
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Ties are the total number of backyard chicken movements in and

away from the node.

Pairs are the total number of pairs of alters in the network. This
refers to how many possible ties appear in each node. For example, the ego has three

nodes connecting; the pairs are 3 x 2.

Average geodesic distance is the mean number of backyard

chicken movements in the shortest possible connection from the ego to alter.

Betweenness is the centrality, a deviation of the largest value for all
nodes in the network. Betweenness centrality identifies as interesting a node that has
geodesic paths to all others. The ego betweenness represent the percentage of all

geodesic paths from neighbor to neighbor that pass through ego.

Hierarchical clustering analysis was performed using NCSS 2007
(Hintze, 2007). The nearest neighbours with Euclidean distance type were selected.
The results of this method are shown as a dendrogram (Ward and Carpenter, 2000;

Hawthorne et al., 2004).
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1.3 Assessment of the movement pattern of backyard chickens for the

occurrence and spread of HPAI H5N1.

1.3.1 Questionnaire design

A group of researchers working on HPAI H5N1 in Thailand
checked the questionnaire. A reliability test using item analysis was then applied to
the questionnaire (Hintze, 2007). The approved questionnaire was discussed with
experts to clarify the questions before starting the data collection. The questionnaire
contained both open and closed questions that asked people potentially involved in
connecting the identified nodes to explain the places of in and out of backyard
movement and all activities related to backyard chicken farming from January 2009 to
December 2009. The definition of “backyard chicken” in the questionnaire followed
Dolberg (2008). Each node was a group of persons or places (e.g., the fighting arenas
as identified below) that related to backyard chickens in each targeted area. The
nodes were designed as a two-mode model. The first mode is a group of nodes that
include the following: consumable chicken farmers, fighting cock farmers, bantam
farmers, traders, slaughterhouses with permission, slaughterhouses without
permission, arenas, training fields, owners or observers at the arenas or training fields,
retail shops for feed/drugs/eggs/equipment, independent egg shops, mills, places that
sell wild birds, fresh markets, flea markets, supermarkets, chicken butchers, buyers at
all markets, boiler farms, layer farms, authorizing officers, public health or livestock
volunteers, freelance veterinarians or animal keepers, and households that have
backyard chickens (Kasemsuwan et al., 2009; Soares Magalhaes et al., 2010). The
second mode is similar to the first one, but the authors specified the details of
locations, such as the name of the province, district, sub-district, and village. In cases
where locations could not be identified, the nodes were grouped as unidentified or as
neighbors of a node (Table 2). After the researchers completed the first location, the
respondents were asked to give details about their destinations to create the
connecting nodes. Questions about trade patterns and additional information on the
characteristics of the nodes (e.g., sex, age and occupation) in each node were also

included.
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The ties are all activities related to backyard chickens in the nodes.
This pattern includes events in which the people in the nodes do not take their animals
along, but they may have been exposed to the chickens before going in and out of
their locations. In cases where the node connected to others without any risk of the
spread of H5N1, the tie was removed from the network. Additionally, “trading
pattern” refers to selling or giving and buying or receiving chickens and transporting
them from one place to another place. The authors identified the relationships
between each of these patterns and included them in the activities.

1.3.2 Data collection

A cross-sectional study was carried out from June 2010 to
September 2011, using questionnaires in Ratchaburi, Suphan Buri, and Nakhon
Pathom provinces (Figure 7). The researchers began with the data collection from the
fighting arenas. A snowball sampling method was applied to the places and/or people
that the cocks’ owners or observers at the arena referred to in their answers to the
questionnaires (Wasserman and Faust, 1994). In each location, the authors collected
samples randomly from more than 10% of the targeted population based on advice
from local veterinarians. In cases where an answer indicated that there were links to
locations outside the study areas, the authors did not collect data on these locations.
Finally, 577 questionnaires were collected for data analysis following the calculation

of sample size, which used Yamane’s method (Yamane, 1967).

1.3.3 Statistical analyses

A binary partial network was analyzed using Ucinet 6 (Borgatti et
al., 2002) with an undirectional static network. The parameters of the network were
calculated as follows (Hanneman and Riddle, 2005; Knoke and Yang, 2008; Ward
and Carpenter, 2000):

Centrality, this parameter relates to the importance of each node.

Centrality measures, such as degree, closeness, and betweenness, were determined as



34

a function of the centrality of the individual nodes in the network. The Kruskal-
Wallis one-way ANOVA and Dunn’s tests were performed using NCSS 2007
software (Hintze, 2007) to find differences among the provinces’ centrality. In this

study, the author assumed that the individual nodes are independent.

Subgroups, parameters, such as components, cut-points, and
bridges, were performed for analysis. These subgroups reflect a group of nodes in the
network that interact with others.

Analysis of network structure, density, clustering coefficient, and
multidimensional scaling (MDS) were used to evaluate the structure of the backyard

chicken network.



Table 2 Nodes designed using a two-mode model
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Figure 7 The map showed the sites of data collection in Ratchaburi, Suphan Buri and

Nakhon Pathom provinces.

2. A logit model to understand the structure of backyard chicken network in

Ratchaburi, Suphan Buri and Nakhon Pathom provinces.

The network structure was calculated using the ERGMs or logit p* model. In
this study, the partial network data were obtained from Ratchaburi, Suphan Buri and
Nakhon Pathom provinces. A total 577 questionnaires presenting 375 nodes with 535
ties have been used for calculation as network data. The data is the same as
presenting in third study about partial network of those provinces. In the step of data
preparation, the author was designed the data as undirectional network with symmetry
matrices. This process is using Ucinet 6 (Borgatti et al., 2002). Then, the StocNet
(Boer et al., 2006) was performed for ERGMs analysis. The Markov Chain Monte

Carlo (MCMC) simulations were used with 10,000 iterations. This software is
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computed the uncertainty of the parameters by approximation of the maximum
likelihood estimate with Bayesian interface. In this study, ties in the distribution were
assumed to be random. The tie is represented as 1 or O for presence and absence,
respectively. The Markov graph model was assumed that the nodes have connected
ties as conditionally dependent. By this way, all nodes in the network are
homogeneity. The selected parameters for these models were network density,
average degree, the number of edges, transitive triads, 2-star and 3-stars (Knoke and
Yang, 2008; Prell, 2011).



RESULTS AND DISCUSSION

1. The movement pattern of backyard chickens for the disease occurrence and
spread focusing on HPAI H5N1 in Ratchaburi, Suphan Buri and Nakhon
Pathom provinces.

1.1 Investigate the outbreak density and examine the local spatial-point

clustering to determine the high-risk areas for HPAI H5N1.

A total of 1,493 HPAI H5N1 outbreak points in 288 districts from 60
provinces in Thailand were recorded. Nine records from three districts were removed

from the analysis because of incomplete data.

1.1.1 Mapping and spatial variation

Kernel smoothing was used to calculate the first-order spatial
property for HPAI H5N1 outbreaks in Thailand between January 2004 and November
2005. An overall distribution of outbreak points was projected on the central and
lower northern parts of Thailand. The four provinces with the highest risk were
Phitsanulok, Pijitr, Suphan Buri and Angthong. When each epidemic wave was
considered, it was found that Phitsanulok had the highest density area in the first and
second waves, while Suphan Buri had a high density of HSN1 cases in the second and
third waves. Other provinces, including Samutprakarn, Bangkok, Chonburi,
Angthong, Kamphaengpetch and Saraburi only experienced one wave of HPAI H5N1
outbreak. Figure 8 shows that most of the outbreaks occurred in the central and lower
northern parts of Thailand; therefore, it was confirmed previous studies by showing
that these provinces were high-risk areas (Tiensin et al., 2007; Paul et al., 2010).
Moreover, these results correlated with Gilbert et al. (2007) who indicated that high-
risk areas have more free-grazing ducks due to the paddy fields in the regions. Based
on this analysis, the governmental authority should provide an early warning system
and institute special disease control measures to prevent outbreaks in these areas. To

this end, an active surveillance system must be implemented for disease detection.
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Previous studies have used the empirical Bayes smoothing
method to measure the incidence of HPAI H5N1 in Thailand (Tiensin et al., 2009).
This technique is suitable for aggregated data; however, this study analyzed point
data. Therefore, kernel smoothing was a more suitable method (this study did not use
kernel smoothing for the adjusted disease rates because it was lacked of high-quality
data about the at-risk populations). Savill et al. (2006) used the kernel density based
on Euclidean distance to detect the spatial pattern of transport links during the
outbreak of foot and mouth disease in UK. The researchers found that the multiplicity
of transmission routes was a significant factor for the spreading of diseases. In terms
of human epidemic diseases, Barreto et al. (2008) used these technigues to evaluate
the pattern of the spreading dengue epidemic in Brazil. The results show that the
disease occurred in common areas. Furthermore, Chaikaew et al. (2009) predicted the

areas where diarrhea would be prevalent in Chiang Mai, Thailand.

The advantage of the kernel smoothing method is to perform
analyses with optimal bandwidth. Hjort and Walker (2001) found that if a result lies
outside the confidence interval, around the empirical distribution function, with
probability tending to one as the sample size increases. To avoid this problem, the

researcher should not provide an optimal bandwidth when analyzing the data.

1.1.2 Local point clustering

Table 3 presents the results for Kulldorff’s spatial scan statistics
at the district level. Throughout the study period, ten disease clusters were found in
various regions of Thailand. The highest clustering or the most likely cluster was
cluster 1, which was located in the Ko Sichang district in Chonburi province. This
cluster had a high strength of association (relative risk >100, P <0.001), which means
that a member district in the cluster has a significantly greater risk of being infected
(i.e., more than 100-times greater risk). Furthermore, this was an isolated district with
81 outbreaks during the study period. It is important to note that the disease is easier
to control when the outbreaks occur in isolated districts. However, when the avian

population of the area was consider, only 626 birds in cluster 1 were found.



40

Therefore, the number of outbreaks in Ko Sichang seemed very high given the low
avian population. Alternatively, there could have been a problem in the data
collection for the avian census. The local officials may have misunderstood the case
definition. For example, they may have counted a chicken as one outbreak equally, or
one geographical point may have had multiple outbreaks during the same period.
This reflects to this studied which have a highest number of the relative risk. This
point should be considered in the disease reporting system. Most of the other
significant clusters were located in districts in the central part of Thailand; however,
some were located in the lower northern part of the country and elsewhere. The
radiuses of the clusters ranged from 11.6 km to more than 100 km, except for clusters
6 and 10. The disease was more widely spread in the clusters with larger areas. The
number of poultry in the different areas varied from 626 to 6,956,465 birds. Some
areas had lower numbers of infected districts but higher numbers of outbreaks with

smaller populations. These areas may have had more backyard poultry.

For the first wave, four clusters were found located in the central
part of Thailand connected to the lower northern part of Thailand. The most likely
cluster was cluster 1, which was located in the Bangkoknoi district in Bangkok
province and the Bangphi district in the Samutprakarn province with a 31.5-km
radius. This cluster had a relative risk that was greater than 100 (P < 0.001) and the
interpretation was similar to that previously described. In addition, districts in one
cluster could share risk factors with districts in another cluster. Furthermore, the

number of poultry in the first wave varied from 9,196 to 371,236 birds.

In the second wave, six clusters were found throughout
Thailand. The most likely cluster was cluster 1, which was located in the Ko Sichang
district in Chonburi province. This cluster had a relative risk that was greater than
100 (P < 0.001) and one outbreak. In addition, the number of poultry in the second
wave varied from 626 to 15,206,646 birds. In the third wave, three clusters were
found, most of which were located in the central part of Thailand. The most likely
cluster was cluster 1, which included eight districts in three provinces with a radius
greater than 100 km. This cluster had a relative risk value that is greater than 100 (P
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<0.001) and 29 outbreaks. Furthermore, the number of poultry in the third wave
varied from 312,999 to 889,509 birds (Table 3).

Previous studies have shown that most clusters at the sub-district
level were located in the central part of Thailand (Tiensin et al., 2009). This study
confirms these results. The outbreak points in the same cluster indicate that each
point could share the same risk factors of disease occurrence. In terms of disease
control and prevention, the related authorities should implement control measures for
all outbreak points in the cluster. For example, the DLD must destroy all poultry in
the cluster within the radius indicated in Table 3. These results may indicate the
benefits of using spatial tools for disease control. However, the authorities must also
consider control measures for the entire country. The results of both studies are
valuable for improving the knowledge and understanding the spatial patterns of HPAI
H5N1 by indicating that the disease is likely to occur in specific areas. In addition,
Tiensin et al. (2009) suggest that the disease may spread across Thailand during the
first wave, but is likely to spread locally after thereafter. In a similar way, Viel et al.
(2000) use Kulldorff’s statistic to evaluate the cases of soft-tissue sarcoma and non-
Hodgkin’s lymphoma in France. It was found that the most likely cluster was located
around the municipal solid waste incinerator. In veterinary science, researchers have
conducted similar studies on infectious diseases. For example, Schwermer and Heim
(2007) detected clusters of bovine spongiform encephalopathy surrounding feed
producers. However, a purely spatial analysis should be applied to future analyses,
because the method is not suitable for calculating many years of data due to the low
power of statistical analysis. This is especially true for detecting diseases in an
emerging cluster. Space-time scan statistics are suitable for analyzing many years of
data (Kulldorff, 2001).
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Figure 8 A spatial distribution of HPAI H5N1 outbreaks in Thailand between

January 2004 and November 2005 (1a—4a) and a comparison of kernel
smoothing (1b—4b) in the whole period (1), the first wave (2), the second
wave (3) and the third wave (4). The outbreak points are represented by

different colors for each analysis.
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Table 3 Results of Kulldorff’s spatial scan statistics showing significant clusters of
HPAI H5N1 outbreaks in Thailand between January 2004 and November

2005.
Number Number of
Cluster  of districts  districtsin ~ Number of Cluster Relative P-

Study period . radius .

number in the the poultry (km) risk value
cluster outbreak

Jan 04 — Nov 05 1 1 81 626 0 >100 <0.001
(whole period) 2 47 260 6,264,557  >100 6.0 <0.001
3 8 42 31,731 19.6 >100 <0.001
4 7 108 2,578,012 27.3 5.4 <0.001
5 42 165 6,956,465  >100 3.1 <0.001
6 1 32 626,535 0 6.2 <0.001
7 5 11 151,986 224 8.7 <0.001
8 2 12 244,637 11.6 5.9 0.002
9 12 31 1,423,489  >100 2.6 0.004
10 1 9 182,500 0 5.9 0.024
Jan 04 —Jun 04 1 2 2 13,868 315 >100 <0.001
(first wave) 2 6 6 371,236 68.5 12.5 <0.001
3 4 4 68,138 68.2 14.6 <0.001
4 2 2 9,196 40.9 53.3 0.003
Jul 04 — Jun 05 1 1 81 626 0 >100 <0.001
(second wave) 2 71 375 15,206,646  >100 4.0 <0.001
3 45 164 5,839,376  >100 3.6 <0.001
4 7 21 17,862 19.6 >100 <0.001
5 2 12 244,637 11.6 5.6 0.003
6 1 9 182,500 0 5.6 0.040
Jul 05 — Nov 05 1 8 29 662,859 >100 8.2 <0.001
(third wave) 2 7 12 312,999 >100 5.6 <0.001
3 3 16 889,509 22.6 2.6 0.045
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1.2 Study the movement and trading patterns of backyard chickens in the high
risk area for HPAI H5N1.

Most of questionnaire respondents were men (58.3%), and the average
age was 41 years. Their main occupations were agriculture (37.1%), general employee
(33.8%), commerce (9.9%), and others (19.2%). Most listed backyard chicken
farming as a supplementary career. Their experience in raising backyard chickens fell
into three ranges: 1 to 5 years (29.3%), 6 to 10 years (29.9%) and 16 to 20 years
(15.0%). Moreover, respondents raised their backyard chickens for multiple reasons:
consumption only (62.7%), fighting only (9.3%) and both (28.0%). Almost all
backyard chickens (93.4%) were freely ranging in the farmers’ houses (Table 4).

Chicken owners’ houses were selected as centroids of the network. It was
found that the nodes connected to the ego included certified fighting arenas,
uncertified fighting arenas, training fields for fighting cocks, animal markets, fresh
markets, rice paddy fields with free-grazing duck, birds’ nests, and backyard chicken
traders. However, certified slaughterhouses, uncertified slaughterhouses, and
commercial poultry farms were not involved, according to the backyard chicken
farmers (Figure 9). The chicken owners’ houses and fresh markets were the largest
and the second-largest nodes in the network. This indicated that these nodes
constitute the center of the backyard farming system. In the case of an HPAI H5N1
virus outbreak in the network, chickens in owners’ houses and those in fresh markets
will be affected. Both of them played an important role in disease spread. This
reflects ties between chicken owners’ houses and fresh markets. The tie between
them is overcrowding. This gives the virus easy access from one node to another. In
other words, the virus will spread easily from chickens in one node to those in the
other. Relevant authorities should make it their top priority to formulate control

measures for disease transmission in this pathway.

Figure 9 shows social relations among members of the backyard chicken
network. Ties were indicated by lines, the thickness of which indicates the strength of

the connection between chicken owners’ houses and fresh markets. In addition,
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chicken owners’ houses have a strong secondary connection with backyard chicken
traders. Chicken owners’ houses had a less strong connection to training fields for
cock fighting, certified fighting arenas, and birds’ nests. In addition, fresh markets
were slightly connected also to birds’ nests. Authorities also need to examine other
pathways, such as the connections between chicken owners’ houses and backyard
chicken traders, chicken owners’ houses and certified fighting arenas, chicken
owners’ houses and birds’ nests and chicken owners’ houses and training fields for
fighting cocks. The link between fresh markets and birds’ nests should be also be

examined.

For network parameters, chicken owners’ houses were the true center of
the network, and the size of this largest network had a value of 8. The second-biggest
network was the fresh market (6). This shows that both of them are more likely to
have the risk of disease transmission through many ways than other locations because
they have more variety link to much kind of nodes. In terms of ties, the chicken
owners’ houses had the highest value (20). The fresh markets, uncertified fighting
arenas, and training fields for fighting cocks followed, with a value of 16. This shows
that all of them are more likely to have the risk of disease transmission then other
locations because their high activities. Moreover, chicken owners’ houses and fresh
markets had the highest value for pairs (56 and 30, respectively). This shows that
those two locations are more likely to have faster disease transmission than other
locations. Fresh markets had the highest average geodesic distance (1.5).
Additionally, chicken owners’ houses and fresh markets had the highest values for

betweenness (13.2 and 3.5, respectively);(Table 5).

The results in this study are similar to previous studies using different
methods for data analysis (Kasemsuwan et al., 2009; Prakarnkamanant et al., 2010).
However, it is noteworthy that this study found the highest values of average geodesic
distance at fresh markets. This indicates the simplicity of communicating with the
ego and may explain why the disease spread so rapidly in the 2004—2008 outbreak in
Ratchaburi and connecting areas. Moreover, chicken owners’ houses had the highest

value of betweenness. This indicates that node is an important indicator of control
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over backyard movement within a network. This supports the idea that authorities
should focus on the pathway between chicken owners’ houses and fresh markets
(Table 5 and Figure 9). Additionally, identifying relationships between traders and
slaughterhouses is an area for further investigation.

Using cluster analysis in Figure 10 showed the relationship of clusters in
different nodes. This dendrogram indicates that there are three clusters in the network
(dissimilarity value = 0.3). First, there are rice paddy fields with free-grazing ducks,
animal markets, commercial poultry farms, uncertified slaughterhouses and certified
slaughterhouses in close proximity. Uncertified fighting arenas were a separate
cluster. The second cluster comprises backyard chicken traders, birds’ nests and
training fields for fighting cocks. However, the most important cluster is fresh
markets and owners’ houses because this cluster has more backyard movement
activities than any other cluster. In the focus point, the chicken owners’ houses are
close to fresh markets. This is consistent with the network in figure 9. Both of these
locations should be highlighted because their relationship encourages faster spread of

the disease.



Table 4 General information provided by survey respondents
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Demographics of respondents Result

Gender

Male (%) 58.3

Female (%) 41.7
Age (Average, year) 41

Maximum (year) 96

Minimum (year) 12
Main occupation

Agriculture (%) 37.1

General employee (%) 33.8

Commerce (%) 9.9

Other (%) 19.2
Experience in animal husbandry

Less than 1 year (%) 7.4

1-5 years (%) 29.3

610 years (%) 29.9

11-15 years (%) 10.2

16-20 years (%) 15.0

More than 21 years (%) 8.2
Type of chicken husbandry

Consumption only (%) 62.7

Fighting only (%) 9.3

Consumption and fighting (%) 28.0
Husbandry characteristics

Free-range (%) 934

Caged (%) 6.6
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®p5
®p6

Figure 9 The egocentric network of movement and trading patterns in backyard
chicken farming in Thailand. P1 refers to a chicken owner’s house; P2, a
certified fighting arena; P3, an uncertified fighting arena; P4, a training
field for fighting cocks; P5, a certified slaughterhouse; P6, an uncertified
slaughterhouse; P7, an animal market; P8, a fresh market; P9, a commercial
poultry farm; P10, a rice paddy field with free-grazing ducks; P11, a bird’s
nest; and P12, backyard chicken traders.



49

Node
Paddy field
Animal market

Comm farm

Uncer slaughter
Cer slaughter

Uncer arena

Trader
Bird's nest

Training field

Cer arena
[ Fresh market

Owner's house

2.00 1.50 1.00

0.50 0.00

Figure 10 Dendrogram showing the dissimilarity of nodes in relation to the

movement of backyard chickens. “Paddy field” refers to a rice paddy field

with free-grazing ducks; “Comm farm”, a commercial poultry farm;

“Uncer slaughter”, an uncertified slaughterhouse; “Cer slaughter”, a

certified slaughterhouse; “Uncer arena”, an uncertified fighting arena;

“Trader”, a backyard chicken trader; “Training field”, a training field for

fighting cocks; “Cer arena”, a certified fighting arena; and “Owner’s

house” a chicken owner’s house.



50

Table 5 Statistical parametric values of the egocentric network

Nodes Size Ties Pairs AvgDis' Betweenness

Chicken owner’s house 8 20 56 na’ 13.2
Certified fighting arena 4 12 12 1.0 0
Uncertified fighting arena 5 16 20 1.2 0.7
Training field for fighting

cocks 5 16 20 1.2 0.7
Certified slaughterhouse 0 0 0 0 0
Uncertified slaughterhouse 0 0 0 0 0
Animal market 2 2 2 1.0 0
Fresh market 6 16 30 1.5 3.5
Commercial poultry farm 0 0 0 0 0
Rice paddy field

with free-grazing ducks 3 6 6 1.0 0
Bird’s nest 2 2 2 1.0 0
Backyard chicken trader 1 0 0 0 0

! Average geodesic distance

2 Calculation was not determined because it is the ego
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1.3 Assessment of the movement pattern of backyard chickens for the

occurrence and spread of HPAI H5N1.

The total number of respondents was 577, who were sampled by the
snowball technique, which was appropriate to the objective of finding the hidden
population. This study might not have been completely successful because some
respondents were uncooperative in providing information. Some respondents (less
than 10) refused to give information because they feared the potential impact upon
their public career, especially some of the traders. For this reason, the sampling was
not continuous, which may have affected the data analysis (Etter and Perneger, 2000;
Heckathorn, 2002). However, after analyzing the network reliability by sampling 50
percent of the collected questionnaires, it was found that the parameters of the
network in the three provinces were very similar. This result indicates that the
networks were likely to provide homogeneous information. Table 6 shows that most
of respondents were male (71.4%). Most respondents were aged 41-60 years
(44.7%), 21-40 years (29.3%), and more than 61 years (21.3%). Therefore, most
respondents were aged more than 41 years old. The level of education of most
respondents was primary school (39.3%), followed by secondary school (29.6%).
More than 50% had a degree of education lower than secondary school. More
respondents worked in commerce (21.5%) than in other occupations. All respondents
in this study had a backyard chicken in their household, the chickens are raised for
either consumption or fighting activities. In some cases, they had chickens for both
activities, and a few raised bantams as pets in their households. This study suggests
that the social networks of backyard chickens have high complexity when the number

of nodes and ties is considered.

The network of backyard chickens in the three provinces presented 375
nodes with 535 ties. Regarding the nodes in each province, there were 207, 160, and
126 in Ratchaburi, Suphan Buri, and Nakhon Pathom, respectively. The ties in each
province were 287, 180, and 148, respectively. Table 7 shows that Nakhon Pathom
had a median of closeness centrality significantly greater than the others did

(P<0.001). In addition, the median of closeness centrality in Ratchaburi was greater
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than in Suphan Buri (P<0.001). This reflects that the activities between nodes in
Nakhon Pathom have closer relationships than in Ratchaburi and Suphan Buri. The
betweenness centrality was not different, which indicates that the nodes in the three
provinces need to take steps to move from one to another equally. Furthermore, no
different median of degree centrality was found in all provinces. Regarding whether
to include a node in the network, the owners/observers at arenas and training fields
were the most valuable. The node with the highest value of degree centrality was also
the node with the largest closeness and betweenness centralities (Table 7). There
were three components in the relationships within the network (Figure 11). In the
main network, the node, farmers who raise consumable chickens only (Figure 11;
FC), had the highest, strongest connection to neighbor households (Figure 11; HN).
The ties in this connection are very dense. The node, neighbor household, is strongly
connected to farmers who raised consumable chickens and fighting cocks (Figure 11;
FCF), owners and observers at the arenas and training fields (Figure 11; OB), and
farmers who raised fighting cocks (Figure 11; FF). The second component comprised
the nodes of health or livestock volunteers (Figure 11; VOL), officers of the
Department of Livestock Developments (Figure 11; DLD), and areas of both nodes
that were working out (Figure 11; SUB). This component is a fragment that is
disconnected from the main network. This study found that shops selling feed, animal
drugs, small amounts of eggs, and equipment for chickens comprised an isolated node
(Figure 11; SH). In addition, in an analysis of sub-graphs using cut-point and bridge,
which included provincial-level analysis, the authors found that no node on this

network had those characteristics.

In an analysis of all network parameters, the density was found to be
0.009. Thus, only 0.9% of all possible ties were found. The overall clustering
coefficient of the network was extremely low (close to 0). This means that this
network is completely random. Figure 15 shows the relationship of clusters in the
network using the MDS technique. This result reflects similarities among the nodes
through visualization, confirming that the main network as shown in Figure 11 was a
major cluster in this network, which is shown in Figure 12 as a group of nodes in a

circle.



Table 6 Attributes of the respondents involved with backyard chickens

Variable Number of respondents (%)
Sex
Male 412 (71.4)
Female 165 (28.6)
Age
Less than 20 years 25 (4.3)
21-40 years 169 (29.3)
41-60 years 258 (44.7)
More than 61 years 123 (21.3)
No answered 2 (0.4)
Education
Less than primary school 19 (3.3)
Primary school 227 (39.3)
Secondary school 171 (29.6)
Bachelor’s degree 58 (10.1)
Higher than Bachelor’s degree 10 (1.7)
No response 92 (16.0)
Main occupation
Crops 115 (19.9)
Livestock 55 (9.5)
Government officer 81 (14.0)
Private sector 14 (2.4)
Own business 124 (21.5)
General employee 109 (18.9)
Housekeeper 37 (6.4)
Student 7(1.2)
Other/no response 35 (6.2)
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Table 7 A comparison of centrality values in Ratchaburi, Suphan Buri and Nakhon

Pathom
Degree Closeness Betweenness
Provinces/ _ - :
Mean Median Mean Median Mean Median
Parameters
(SD)  (Q1,Q3)  (SD) (Q1, Q3) (SD) (Q1, Q3)
_ 1.35 0.48° 4.88 5.21° 1.01 0.00
Ratchaburi
(2.90) (0.48,0.97) (1.19) (5.11,5.22) (3.92) (0.00,0.13)
) 1.42 0.63° 2.15 2.55" 0.99 0.00
Suphan Buri
(2.61) (0.63,1.26) (0.77)  (2.53,2.58) (2.22) (0.00,0.09)
1.88 0.80° 1P-52 12.67° 2.22 0.00
Nakhon Pathom
(2.89) (0.80,0.80) (2.01) (12.25,13.03) (6.12) (0.00, 0.00)

ac gtatistically significant (P<0.001) differences from other provinces.

Table 8 The first five nodes with higher values of centrality

Node Degree Closeness Betweenness
Owners/observers at the arenas/training fields 23.53 15.02 35.36
Farmers who raised consumable chicken only 15.78 14.59 19.22
Traders 9.36 14.32 13.89
Farmers who raised fighting cocks
and consumable chicken 9.09 14.24 8.44
Farmers who raised fighting cocks only 8.82 14.43 10.26




°SH

Figure 11 Sociogram of nodes with a value of degree centrality (higher value represents with a bigger size of node) related to backyard
chickens in Ratchaburi, Suphan Buri, and Nakhon Pathom. OB refers to owners and observers at the arenas and training fields;
FF, farmers who raised fighting cocks, FCF, farmers who raised consumable chickens and fighting cocks, FC, farmers who raise
consumable chickens only, HN, neighbor households, SH, small amounts of eggs, and equipment for chickens, VOL, health or
livestock volunteers, SUB, areas of VOL and DLD that were working out, and DLD identifies officers of the Department of

Livestock Developments.

GG
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Figure 12 MDS represents the similarity of nodes in relation to the activities related
to backyard chickens. OB refers to owners and observers at the arenas and
training fields, HN, neighbor households, SH, small amounts of eggs, and
equipment for chickens, VOL, health or livestock volunteers, SUB, areas
of VOL and DLD that were working out, and DLD identifies officers of

the Department of Livestock Developments.
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The results showed that the backyard chicken system is correlated with a
rural community. The results corresponded to a previous study in Cambodia (Ly et
al., 2007), which suggested that authorities should improve the practices of animal
handling among people who keep backyard poultry. During the data collection for
this study, it is found that Thai have almost the knowledge about H5N1 as
Cambodians have. However, the former have paid little attention to disease
prevention and control. The long absence of disease in the country has contributed to
a disregard for biosecurity, especially in backyard farming systems. Hence, in
Thailand, attitudes and practices are more important than knowledge for HSN1
prevention and control. Therefore, the relevant agencies need to understand these

phenomena.

The network analyses of backyard chickens in the three provinces found
that degrees are significantly different. The results showed that Nakhon Pathom has
many more links than Ratchaburi and Suphan Buri, which means that the province has
a variety of ways to connect from one node to another, indicating multiple routes that
spread the disease from one point to another. In Cambodia, a distribution of degree
centrality for the chicken network showed a dispersal (Van Kerkhove et al., 2009)
difference in that the degree distribution skewed to the right, that is, the median was
less than the mean (Table 7). The results show that although some nodes have
relatively few connections, a few have many connections. Nakhon Pathom has the
highest significant closeness centrality. These values demonstrate that if an outbreak
occurred in Nakhon Pathom, the disease would spread faster than in other provinces.
Therefore, guidelines to calm and control avian influenza quickly in Nakhon Pathom
should focus on a group of nodes with high betweenness. A previous study in New
Zealand showed the smallest betweenness centrality in a poultry industry network,
reflecting fewer steps connecting important nodes in the network (Lockhart et al.,
2010). However, in this study, the betweenness centrality was much higher; this
difference followed the type of farming system. Table 8 and Figure 11 present an
overview of the communication between the nodes in the three provinces. Table 8
indicates that farmers who raise chickens for consumption only, farmers who raise

chickens for consumption and fighting cocks, neighbors with backyard poultry, and
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the owners or observers at the arenas and training fields are important nodes in the
spread of avian influenza. Previous studies in Cambodia, Vietnam, and China (Martin
et al., 2011; Soares Magalhaes et al., 2010; VVan Kerkhove et al., 2009) showed that
traders and live poultry markets are potential hubs for the spread of HSN1. However,
traders in Thailand had less power in the network because they were a hidden
population. Furthermore, the proportion of traders and other nodes in Cambodia is
greater than in Thailand, and most of them are retail traders connected with many
communities. In contrast, there are only a few retail traders in Thailand, and all
conduct businesses only in the area of their village. Because of the economic scale,
selling or buying live chickens in faraway villages is not feasible. In addition,
Thailand has few live poultry markets. The sociogram in Figure 11 shows a dense line
indicating the speed of the spread of disease. A variety of lines reflects the diversity
of the route that the disease will take when spreading among the nodes. The results of
the present study indicate that these nodes are key players in the spread of HSN1

throughout the backyard farming system.

Although the data were explored for each province, the backyard chicken
network shows low density and a low clustering coefficient, which means the network
has a random pattern. If the virus enters the network, the disease would reach both
neighbor nodes and distant nodes. Moreover, the MDS technique allowed us to
visualize the data in the network. This study reflects similarities among the nodes in
the main network, which confirms that the nodes are located more closely to each
other (Knoke and Yang, 2008).

One of the most useful applications of SNA is to identify key players,
which can rapidly control outbreaks. The spread of disease can be limited by
removing infected nodes, which will break down the network. In conservative disease
control, preventative measures are applied according to area. However, the disease
can spread rapidly and the infected locations are difficult to identify, which consumes
both time and budget. In addition, Ratchaburi, Suphan Buri, and Nakhon Pathom
might vary according to the period of outbreaks. If an outbreak occurs in an initial

phase, the goal of disease control should focus on preventing other nodes in the
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network from becoming infected. The authorities must determine the infected nodes
as quickly as possible. However, in some situations, it is very difficult to find an
infected node. Therefore, the authorities should focus on the key players in the
network, such as farmers who raise chickens for consumption only, farmers who raise
chickens for consumption and fighting cocks, neighbors with backyard poultry, and
owners or observers at arenas and training fields. In the case of widespread disease,
the goal of disease control is to reduce the magnitude of the outbreak. Thus, the key
node must be controlled.

2. A logit model to understand the structure of backyard chicken network in

Ratchaburi, Suphan Buri and Nakhon Pathom provinces.

The logit p* model showed that network density is extremely low (0.006).
This result is similar to descriptive network analysis as the author presenting in
previous result. The result shows that the network has a few edges (394; a specific
term of ties for undirectional network) meaning that there were a small number of
connections in the network. This result was consistent with the result of average
degree (2.10) meaning that the nodes have 2 ties. Pair of nodes, dyad, has totally
70,125 pairs. It means there is a lot of pair of nodes which reflects nodes have a lot of
one step connection together. In term of HPAI H5N1 spreading throughout the
network, it’s easier to control the disease than the network that has a few numbers of
dyads. The number of transitive triads is zero which mean does not have a relation of
three nodes like a triangle relationship (node A has tie with node B, node B has a tie
with node C and node A have a tie with C). This correlates with the result of edges.
In term of the disease, this was a good situation for disease control. Because the
result reflected that the virus was a bit hard for disease spreading especially from a
pair of node to the others. The transitivity is zero because transitive triad is zero.
Transitivity refers to the situation triad in the network. The parameter of 2-stars
reflects to degree of nodes, there are 4,679 of 2-stars in the network. Comparing to 3-
stars parameter, there are many 3-stars which refer to small hub. Because of many
nodes represent themselves as a center of small hub. However, there are many nodes

have only a link to the others. This reflects the fact that there is no hub in the network
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(Table 9). This result of logit model clearly identifies a same result of descriptive

network analysis.

Table 9 Results of the p* model for backyard chicken network in Ratchaburi, Suphan

Buri and Nakhon Pathom provinces.

Network parameters Parameters value
Network density 0.005
Number of edges 394
Average degree 2.10
Total dyad 70,125
Number of transitive triads 0
2-stars 4,679

3-stars 47,182




CONCLUSION AND RECOMMENDATION

Two technigques were used to confirm that the central and connected lower
northern areas of Thailand were high-risk areas. The focus was on two provinces—
Suphan Buri and Phitsanulok—that require an early warning system. The human
network for the rapid reporting and monitoring of diseases is an easy and effective
potential method. The cluster detection demonstrated that disease control measures
must be improved. In particular, the radius around the infected area for preemptive
culling and restricted animal movement should be varied in different areas because
the disease pattern is usually spatially different. The results from this study will be
useful for effectively controlling HPAI H5N1 in Thailand. Future studies should
focus on a disease pattern that makes use of advanced spatial methods. Furthermore,
it is necessary to construct a model for disease prediction that can be used to describe

spatial variability.

Social network analyses provide a useful tool for understanding the movement
and trading patterns of backyard chickens. The movement and trading patterns
between backyard chicken owners’ houses and fresh markets must receive special
attention. Regarding virus release to the backyard farming system, it is indicated that
disease will be spread in pattern of local spreading outwardly. Therefore, control
measures should be applied to the pathway between chicken owners’ houses and fresh

markets to control and prevent HPAI H5N1 in the backyard farming system.

This study describes a pattern of movement and trading in backyard chicken
farming and related activities in the Ratchaburi, Suphan Buri, and Nakhon Pathom
provinces. The SNA shows the communication between the nodes of the backyard
chicken system. Movement activities between nodes can cause the spread of disease
throughout the neighborhood and other areas. These types of studies will assist the
authorities to implement more effective disease control measures despite restricted
manpower. The authorities should first focus on the key nodes in the network. In
addition, disease control measures based on SNA would support the authorities to

focus on the places that need different, special control measures. Because the factors
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in each region pose different levels of risk, control measures based on SNA would be
more effective than control measures that are the same in all areas,. In order to
respond effectively to avian influenza, the measures used to control it must be
flexible. In this study, the results of the static network analysis would not be accurate
if the behavior of nodes in the network were changes. Therefore, the dynamic

network of backyard poultry farming should be investigated by further analyses.

The ERGMs model is usually used for cross-sectional data. This study
showed that the parameters give the result corresponding with the descriptive network
analysis. However, this model is usage for a static model. It’s possible that a
behavior of the nodes will be changed. To evaluate the structure of this, actor-based
model should be implemented into the network. So, the longitudinal data must be

kept for continuing study.

An output of this study is useful to control avian influenza. However, other
diseases that have similar spread pattern can be using all conclusion and

recommendation for disease control and prevention.
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Remark: Only specific questions are used principally as a network data.
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Appendix B
Permission for implementation of the study in Ratchaburi, Suphan Buri and Nakhon
Pathom Provinces from the Department of Livestock Development, Thai Ministry of
Agriculture and co-operative (in Thai).
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