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Abstract

In contrast to northern and northeastern Thailand, central Thailand was believed not to be
endemic for Opisthorchis viverrini (OV). Fieldwork conducted in a rural area of central Thai-
land revealed that the prevalence and incidence were relatively high compared with regional
average data. We hypothesized that the behavioural-psycho-social background of the study
population might play an important role in the high burden of the infection. As a result, a
qualitative study was conducted to highlight potential social determinants of the infection
dynamics to gain greater understanding of the risk behaviours and their contexts. A qualita-
tive study using focus group discussion and in-depth interviews was conducted in Na-ngam
Village, Chachoengsao Province from 2012—14. Framework analysis was used to explore
associations between infection and thematic content. Social influence showed a strong
impact on infection dynamics of OV infection. Our results revealed that Koi pla (chopped
raw fish salad) remains a popular dish in the community, as the dish itself represents north-
eastern culture. The cultural norm had been transferred from ancestors to their descen-
dants. Some elders complained that discontinuing the consumption of Koi pla went against
old traditions with respect to cultural norms and socialization. In contrast, modern education
teaches about hygiene including OV infection risks, and accordingly teenagers and young
adults were reported to modify their lifestyles including their eating habits. Children are a
potential key to pass knowledge to their parents and school-based education programs can
serve as a practical hub for knowledge dissemination. However, health education alone
might not lead to behavioural change in other age groups. Therefore, more efforts are
needed to support the transformation.
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Introduction

Opisthorchis viverrini (OV), a human liver fluke, is a pathologically and economically impor-
tant food-borne trematode. [1-3] OV infection is endemic in Southeast Asia along the Mekong
Basin [4-7] including Thailand, Lao PDR and Cambodia, where an estimated nine million
people are infected [8-10]. Transmission to humans (and other animals) occurs through the
consumption of uncooked cyprinoid or white-scale freshwater fish containing infective stage
metacercariae [11,12]. After infection, OV survives in the bile duct in the absence of treatment
[13-15]. Many studies have demonstrated that chronic infection is strongly related to a bile
duct cancer, cholangiocarcinoma (CCA) [16-19]. The International Agency for Research on
Cancer has declared that OV is a group 1 agent, carcinogenic to humans [8]. Thailand has the
highest CCA incidence in the world, with estimates ranging from 93.8 to 317.6 /100,000 per-
son-years [13,18,20-22]. However, OV infection is acknowledged as a neglected and underes-
timated disease globally [9,10,23].

In Thailand, endemic areas are confined to locations where intermediate hosts are present
and uncooked fish dishes are consumed [24,25]. The prevalence is high in north and northeast
Thailand where eating habits closely follow local traditions. Incorporated in the National Pub-
lic Health Development Plan from 1987 to 2001, the National Control Strategy was designed
and implemented following three main approaches. [1,26] First, mobile teams provide stool
examination and treatment in communities. Second, heath education promotes cooked fish
consumption and hygienic defecation and last, community members prepare and participate
in health campaigns.

The annual mobile stool examination strategy is used to prioritize case seeking and treat-
ment. When the estimated prevalence has decreased below 10% in any community, the pro-
gram is switched to a passive surveillance strategy National prevalence was estimated to be
63.6% at the start of the 6™ National Public Health Development Plan in 1991, [1]and the pro-
gram succeeded in reducing prevalence. From 1997, the prevalence fell below 10% and
remained below 10% for five consecutive years through 2001. Therefore, the program was con-
sidered to have achieved its goal and then switched to a passive surveillance strategy. From the
9'" National Public Health Development Plan to the current 11"
the control strategy has been merged with rural health services, focusing on targeted areas

plan (2001 up to the present),

where the infection burden remains high. Therefore, the disease control priorities vary by
province. Knowledge, attitudes and perceptions regarding liver fluke infections have been eval-
uated in rural areas of northeastern Thai and neighboring Lao provinces. [25,27] The results
showed that improving health education together with treatment could result in better knowl-
edge and behavioral change concerning liver fluke infections[27]. The Health Belief Model
(HBM) was introduced as a background theory to design a evidence-based systematic pro-
gram.[28] The Behavior Modifying Program for Liver Fluke and CCA Prevention using HBM
and social support was introduced in 1997 by Glanz et al.[29] The program included improv-
ing health education and initiating group activities to achieve behavioral modification and
self-efficacy. The following Lawa Project using an integrative EcoHealth/One Health approach
was later implemented in the northeast as a model using multidisciplinary approaches[30].
Knowledge, attitudes and perceptions played an important role in the behavioral-psycho-social
compartment in these programs. However, the implementation of the program is still limited
to the study area located in a liver fluke endemic area in northeastern Thailand. Incidence of
OV infection was estimated to be 21.6/100 person-years from 2002 to 2004[31] and 21.4/100
person-years from 2007 to 2009[32] in Tha-kradan Subdistrict, Sanamchaikhet District, Cha-
choengsao Province, Central Thailand. The local population is a northeastern-originated com-
munity where local traditions are well-preserved. From questionnaire assessment,

PLOS ONE | https://doi.org/10.1371/journal.pone.0211540 January 31, 2019 2/13


https://doi.org/10.1371/journal.pone.0211540

®PLOS | one

Uncooked fish consumption among those at risk of Opisthorchis viverriniinfection

consumption of Koi pla (a popular northeastern dish in which freshwater fish is instantly
chopped and mixed with spicy ingredients) was determined to present a potential risk factor
for acquiring OV infection [12,31,32].

We hypothesized that the behavioral-psycho-social background of the study population
played an important role in the high burden of OV infection. Therefore, we aimed to evaluate
the ongoing risk behaviors, even in currently purportedly non endemic areas.

Materials and methods

The research protocol of this study was approved by the Ethics Committee of the Royal Thai
Army Medical Department (approval code S045h/54). Study participants or parents of partici-
pants under 18 years of age agreed to join the study after reading the data sheet provided in
Thai and provided their written informed consent.

Study participants were enrolled from fieldwork surveys. A cross-sectional study was con-
ducted in Na-ngam Village to estimate the baseline prevalence of OV infection in 2012. In
2014, follow-up incidence was estimated from a cohort study of participants who tested nega-
tive for OV infection at baseline.

Collecting qualitative data

Research participants were invited to join focus group discussions (FGD). [33] The selection
method was purposive sampling based on basic demographic data including sex, age and occu-
pation and risk behaviors for acquiring the infection obtained from fieldwork surveys.

The enrolled participants were categorized in five groups as shown in Table 1 based on
stool examination results from the 2012 to 14 survey study and health volunteer status. For the
re-infected group, infected cases from the baseline study were treated with praziquantel (40
mg/kg/day, single dose) and assumed to be cured as posttreatment stool examination was not
conducted. When their follow-up stool examination results were positive, they were assumed
to be re-infected during the follow-up period. The local health volunteers who acted as field-
work collaborators were assigned to separate groups to avoid them dominating the discus-
sions. Members making interesting contributions to the group discussions were invited for in-
depth interviews to provide more details. The FGD moderator used open-ended questions
focusing on various aspects relating to OV infection and its risk factors. The flow of FGD was
carried out until no additional contexts observed following these main themes in Table 2.

Data processing and analysis

The conversations were recorded using a smartphone. Data processing and analysis included
multiple approaches to interpret the content of the conversations and exploring and explaining
the situation of OV infection in qualitative aspects. The methods used included direct quota-
tions and selected words to evaluate the actual local discourse used by the participants. The
conversations were recorded in audio files and transferred to computer. Conversation from
each session was manually transcribed to text using a word processing program. Then text-
based data were sorted among predefined main themes[27,29,34,35]; knowledge, attitudes,

Table 1. Categorization for FGD participants based on stool examination results for OV infection and health volunteer status.

Baseline study 2012
Follow-up study 2014

https://doi.org/10.1371/journal.pone.0211540.t001

2 3 4 5
Never infected Previously infected Newly infected Re-infected Local heath volunteers
Positive Negative Positive
Negative Positive Positive
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Table 2. Main themes for focus group discussion.

Knowledge « Basic knowledge of the infection; liver fluke life cycle, mode of transmission
and infection, risk factors, diagnosis and treatment
« Health-related consequences of the infection; role of carcinogens,

cholangiocarcinoma
Attitude o Perceptions towards OV infection and its consequences
« Health concerns about the risk factors and the infection
Uncooked fish consumption « Uncooked fish consumption in the community in all forms such as kind of
behaviors fish, method of cooking and preservation
« Current patterns of consumption behaviors regarding social aspects of the
community
Impact of the infection on the | « Health and social impacts from individual to community levels
community
Management « Roles of the National Control Strategy from the community perspective

« Concerns regarding treatment and control
« Roles of primary prevention
o Accessibility to healthcare services

https://doi.org/10.1371/journal.pone.0211540.t002

uncooked fish consumption behaviors, impact on the community and solutions. In addition,
relevant themes emerging from the analysis were also considered. The analysis included
exploring interactions between factors regarding categorized thematic contents.

Results

A total of 35 study participants were enrolled. FGD sessions were categorized in four groups;
local health volunteers, never infected, newly infected and previously infected groups

(Table 3). Participants in the re-infected group were too few to form a group discussion, so
they were allocated to in-depth interviews to provide information about the recurrence of the
disease.

From a total of 35 participants; 8 were male (22.9%) and 27 were female (77.1%). Overall
mean age of participants was 51.1 years with a range of 7-70 years. Most were agriculture-
related workers. The most common educational achievement level was primary school.

For in-depth interviews, 5 participants from 3 categories were enrolled, i.e., re-infected
(n = 2), previously infected (n = 2) and newly infected groups (n = 1) with an age range of
7-83 years. The major occupation was self-employed. The main educational level was primary
school.

Details from FGD and in-depth interviews are summarized following main themes.

Table 3. Characteristics of FGD participants.

Characteristic Discussion group
Local health volunteer Never infected Newly infected Previously infected
No. of members 12 9 7 7
Sex
Male 1(8.3%) 1(11.1%) 5 (71.4%) 1(14.3%)
Female 11 (91.7%) 8 (88.9%) 2(28.6%) 6 (85.7%)
Mean age (years) 39.8 49.8 62.8 56.0
Age range (years) 36-47 18-64 7-70 48-72
Occupation Agricultural work Agricultural work Agricultural work Agricultural work
Self-employed Self-employed Self-employed
Student
Educational level Primary school Primary school Primary school Primary school

https://doi.org/10.1371/journal.pone.0211540.t003
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Knowledge of the infection

Participants knew that uncooked Cyprinoid fish contained metacercariae, which could lead to
infection. However, some confused the life cycle with that of other parasites, and they per-
ceived that the mode of infection was through the fecal-oral route, the common intestinal hel-
minth life cycle. Teenagers demonstrated better knowledge of OV infection. They knew the
important parts of the life cycle and could explain the mode of infection and transmission.
However, most of their knowledge was acquired from textbooks or the internet. They stated
that they only knew of the parasite without experiencing it which might have affected their
awareness. The adult and elderly groups recognized that OV infection could lead to bile duct
cancer, but some believed it was a result of agricultural insecticide contamination of fish meat
or immunocompromised hosts as evidenced below.

“I don’t see any association between the infection and cancer. In fact, chemical toxins have
affects. I see many people who never smoke, drink or eat raw fish but still die of cancer. I think
it depends on everyone. Of course, these materials have toxins, but if you were strong enough,
you’ll be fine. It doesn’t matter what you take into your body. If your immunity was weak,
you’'ll get cancer even [if] you eat vegetables,” One 70-year-old-man discussed the cause of
cancer. A 62-year-old man from the newly-infected group also reported that, “Some people
have a very healthy lifestyle. Sadly, they died at 40 or 50 years from cancer. It doesn’t make
any sense and it’s proven that they’re related.”

Attitude and perception of OV infection

The villagers perceived that OV infection was a major problem for the community. They
showed informed attitudes about OV infection. Although some might have misunderstood
about the life cycle, they agreed that cooked food was more hygienic and could prevent not
only OV infection but other intestinal parasites as well. Their consumption behaviors might be
difficult to observe in practice, but parents were trying not to let their children consume Koi
pla. After receiving stool examination results, some participants decreased their uncooked fish
consumption. Even when the result was negative, some were still concerned about others’
results or they were afraid that if they chose to continue risk behaviors, one day the result
might be positive. As the villagers perceived that OV infection was a disease, they preferred to
focus on treatment rather than prevention. In addition, some learned that treatment for the
infection was simple and feasible so they were willing to wait for healthcare worker as they
thought it should be the physician’s responsibility to take care of them.

Uncooked fish consumption behaviors

Uncooked fish preparations[25] were classified in two major groups. The first constituted
instantly prepared uncooked fish, a well-known popular dish known as Koi pla (chopped raw
fish salad). This freshwater fish is chopped and mixed with spicy ingredients. Raw fresh meat
is usually denatured by the acidity of lime juice, which dramatically changes the color and tex-
ture of the fish. Koi pla is always consumed instantly. The second dish was extensively fer-
mented fish, known as Pla ra, a freshwater fish preserved in a highly-concentrated salt solution
for 3 to 6 months which metacercariae could not survive [32]. Chunks of fish could be con-
sumed uncooked and the remaining fish sauce was often used as daily ingredient for local
dishes. Most villagers knew that some of their popular fish dishes were uncooked. Some partic-
ipants believed that all uncooked dished could cause OV infection while others knew that only
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fresh fish material could lead to infection. They perceived that the infection was strongly asso-
ciated with consumption behaviors and chronic infection could result in serious outcomes.
However, misunderstandings and misconceptions remained among some villagers.

Impact of the infection on the community

Older adults showed strong attachment to the traditional northeastern values and culture.
Adult participants acknowledged that instantly-prepared uncooked fish could cause infection.
Younger generations loved to eat instantly prepared foods such as instant noodles or ready-to-
eat meals. Some thought it was fashionable to eat what was advertised on the television. Some
knew that Koi pla dish was a risk factor, so they avoided eating Koi pla but sought a substitute
dish. Some believed that all kinds of uncooked fish dishes led to infection, so they chose to con-
tinue their eating behaviors unchanged because modifying a familiar lifestyle was too
complicated.

Koi pla was shown to be strongly related to multiple aspects of their lifestyle representing
traditional values. It was a food frequently eaten with alcoholic drinks especially in male social
drinking. Some stated that eating Koi pla was related to agriculture-related occupations. Some
families in which parents still consumed Koi pla kept their children away from it unless
cooked. Moreover, when children and teenagers consumed Koi pla, they were always from
families with uncooked fish-eating habits. In contrast, Pla ra consumption was popular at all
ages and both sexes. Pla ra was used as a seasoning, food ingredient or even consumed as a
main dish. The roles of Pla ra are various. When mentioning uncooked fish dishes, Pla ra
would be the very first dish they recognized.

Health education provided more insights about the threat of uncooked fish consumption.
The roles of local health volunteers and health campaigns influenced the behavioural patterns
of consumption. High incidence of OV infection triggered concerns about the public health
consequences for the community. However, participants suggested that the infection was typi-
cally asymptomatic and the symptoms that did occur were nonspecific. Because infected indi-
viduals were physically healthy, they might not have been aware of infection.

All groups expressed that they were asked for stool examination because the doctors
(research team) thought it was important. Nobody ever asked for a stool examination at the
local healthcare facility. Teenagers and adults knew that chronic infection could lead to cancer,
but they did not know exactly what kind of cancer resulted from OV infection. Moreover, the
name “liver fluke” (also called in Thai) confused the villagers and that the pathology occurred
in liver tissue. Some believed that consuming Koi pla with alcohol could accelerate the process
of liver cirrhosis. Elderly members thought OV infection was unrelated to cholangiocarci-
noma. They observed that many were still healthy even though they regularly consumed
uncooked fish. From discussions, they suggested uncooked fish consumption needed to be
slowly reduced; as abruptly discontinuing consumption seemed impractical.

Management

When villagers were aware of being infected, two approaches allowed them to receive medica-
tion. Firstly, they waited for the stool examination result from the research team who regularly
visited them. Secondly, they also perceived that anthelminthic medication was available at the
community healthcare centre or they could directly purchase over-the-counter medicine from
the pharmacy at their convenience. Unfortunately, those anthelminthic drugs, such as alben-
dazole or mebendazole, were for intestinal helminths. Praziquantel was not available in the
community pharmacies unless villagers went to the district hospital which was one hour’s
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travel away. However, some who took medicine still recognized praziquantel from its side
effects. Moreover, some stated that a home remedy was available to cure parasitic infection.

The National Control Strategy has focused on reducing consumption of all uncooked fish
dishes to interrupt the infection process; therefore, it could potentially prevent the occurrence
of cholangiocarcinoma from OV infection. However, consumption behaviors were strongly
attached to the local culture. Children had a better understanding about the knowledge of
infection. Some adults and elderly felt more comfortable and hesitated less when educated
from their offspring. Some of participants observed that children could serve as an effective
medium for transferring knowledge. Additionally, they did not want their children to practice
the same habit. Most villagers had toilets in their house. Some installed toilets on their farm.
Otherwise, they would defecate in the field and cover with soil. Just a few people defecated
directly in the natural water resource.

Model framework

The main findings from the predefined framework could be approached with age structure as
children, teenagers, adults and the elderly where we have observed that the process of knowl-
edge and culture transfer showed some interesting characteristics.

A model framework is proposed in Fig 1, illustrating how social components could play a
major role in influencing the infection dynamics regarding behavioral-psycho-social aspects.
Regarding the overall picture, basic knowledge of OV infection required modern education
usually provided by formal resources such as schools. Some traditional beliefs still played
important roles concerning knowledge of infection. Knowledge and attitudes about OV infec-
tion affected risk behaviors and perceptions concerning prevention and control. The pattern
of knowledge transfer was likely to start with children and teenagers when their parents agreed

Modern education Information-based
Children
Knowledge : Teenagers
transfer Culture transfer
Adults
Elderly
Traditional-belief Traditional-based

Fig 1. Model framework for knowledge and culture transfer.
https://doi.org/10.1371/journal.pone.0211540.g001
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to let them have modern education from school. Younger generations could access more infor-
mative sources such as the internet; and therefore, could pass modern knowledge to the older
generation, i.e., their parents and the elderly.

Discussions

The study provided more insight about OV infection dynamics emphasized on uncooked fish
consumption behaviors in a behavioral-psycho-social aspect. However, assumption was
mainly made by data obtained from FGD in 35 participants with majority of female partici-
pants (77.1%), and in-depth interviews in 5 participants. Therefore, strong conclusion should
be aware to reflect the whole picture of rural Thai community, and would be discussed in rela-
tion to the data obtained from this study. Additionally, microscopic-based stool examinations
could not differentiate eggs of O. viverrini from those of minute intestinal flukes in terms of
morphological appearance. The issue has been described in previous cohort study in Na-yao
area, the adjacent community, from 2007 to 09 [32] and molecular study [36] showed that
minute intestinal flukes were not detected by PCR.

In this community, the local northeastern culture still exhibits a strong influence on atti-
tudes and perceptions about risk behaviors passed on from previous generations. This complex
relationship showed that younger generations with modern education tend to have multiple
sources of information and started justifying the risks and benefits from practicing risk behav-
iors. The interaction between modern information and traditional beliefs could be observed
during transitional periods among teenagers and early adults when self-esteem and indepen-
dence start to develop as shown in Fig 1. Importantly, villagers could understand that the
mode of infection was consumption of uncooked fish. The consumption of instantly prepared
dishes such as Koi pla constituted a risk factor. The parasites live in the body for many years,
son infected individual may not be aware of the asymptomatic, chronic infection leading to
cholangiocarcinoma. The risk of infection is higher when practicing risk behaviors, so avoid-
ing uncooked fish consumption was the preferred primary prevention.

It was reported that school played a major role as an information hub equipped with aca-
demic resources such as teachers, books and internet access. Therefore, most health knowledge
among young children and teenagers was likely school-based. Teenager behaviors tend to be
motivated by social influence; they are naturally sensitive to information with respect to physi-
cal and psychological development during puberty. Therefore, they are more likely to follow
social trends including eating habits. From the study, the modern lifestyle leads them to choose
more urbanized food. However, teenagers choose more independently. In terms of eating hab-
its, they might choose to consume uncooked fish when they perceived that their previous gen-
eration was a role-model. From their information-seeking behaviors, they might have to
reconcile the knowledge they had about OV infection and how they imitated others or devel-
oped life-long eating habits. Teenagers and adults also required evidence. For instance, they
asked the research team if they could be shown actual liver flukes or eggs. Data presentation
from health professionals also focused their attention on the infection.

The elderly had barriers to learning new knowledge, especially when new knowledge con-
flicted with their traditional beliefs. This issue also occurred among adults as they did not pay
much attention to the information provided from youth. However, data analysis showed that
age barriers could be minimized. Knowledge transfer could be performed more smoothly by
family members, and adults showed less hesitation when the information was provided by
their offspring. This connection provided the mechanism for the transfer of school-based
knowledge to the community by school children as a medium creating a practical strategy for
knowledge distribution.
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An earlier quantitative study in Na-yao area [32] indicated that the National Control Strat-
egy may have had some issues regarding promoting the prevention of uncooked fish consump-
tion campaign [37,38]. The participants found that avoiding all uncooked fish dishes was
impractical as indicated by the guidelines provided, so they were more likely to continue the
same eating habits resulting in continued Pla ra consumption. Pla ra was widely used as a
main ingredient for local dishes, so the indirect impact from unspecified uncooked fish avoid-
ance campaign resulted in continued Koi pla consumption.

A relationship was established between states of dependence and independence referring to
adulthood and childhood; while they contributed their own decisions. Most forbade their chil-
dren from consuming uncooked fish. In some cases, all family members consumed Koi pla on
a regular basis. Adults were reported to show more concern about physical function than gen-
eral appearance. They had to maintain physical fitness to perform work almost every day.
Moreover, some risk behaviors were considered rewards after a long and hard day at work
such as social drinking or consuming Koi pla considered a tasty dish along with alcohol. Many
chronic diseases begin during adulthood. Some conditions such as hypertension and diabetes
are asymptomatic at the early phase. Study results suggest that OV infection shares this feature
and likely affects public health awareness. Adults were more likely to be concerned about what
would immediately compromise their fitness such as myalgia or trauma. The elderly thought
that healthcare should be under a doctors’ supervision. Their ideas represented a passive
defensive strategy where they only sought healthcare after contracting illness. They also justi-
fied the efforts compared with the benefits for behavioral modification. The benefits from pri-
mary prevention may not be as visible because the disease is prevented rather than when an
illness is cured. However, the elderly also perceived that taking praziquantel as a treatment for
OV infection caused more illness than being infected and remaining asymptomatic. Nausea
and dizziness were unfavorable outcomes.

In some cases, they thought that healthcare should only involve drugs, medical equipment
and healthcare workers. As a result, primary prevention was not regarded as a part of health-
care; and because prevention was less prioritized, treatment became increasingly important.
Lack of motivation was an important issue for both prevention and treatment. Moreover, even
when they understood fatalities resulted from cholangiocarcinoma, it could be a result from
chronic infection occurring many years ago. Considering their remaining years of age, the
elderly calculated having cancer now was unlikely.

Conclusions

Social influence plays an important role in shaping the dynamics of OV infection. The interac-
tion of knowledge and culture transfer across generations provided insights into behavioral-
psycho-social dynamics in affected communities. Koi pla was considered a tasty dish, which
many people considered an important factor in its continued consumption. To some the dish
itself represents northeastern culture. The elderly generation recently migrated from north-
eastern Thailand, so traditional beliefs were transferred from their ancestors to their descen-
dants. They still preserved their traditional lifestyle even though they had migrated. However,
the younger generation was more likely to absorb modern culture and become more urban-
ized. In rural settings, community leaders are important keys in the social structure. As the
local administration is managed by the central and regional authority, governmental staff
might not be aware of local cultural norms. Community leaders could bridge this gap and help
facilitate the government’s strategies.

Medical doctors and healthcare personnel are also considered to be community leaders
looking after villagers’ health. People respect and trust doctors when they are instructed and
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advised regarding their health. However, at present, doctors are not permanently stationed at
some rural health centers. They visit the community once weekly mostly regarding chronic
disease appointments. In Thailand, the shortage of healthcare workers is still a major problem
in rural areas. Local health volunteers played important roles facilitating communication
between villagers and health authorities. They could act as community leaders and role models
for health interventions. Because they are local, they could more easily gain trust and coopera-
tion from the villagers, a crucial part of the sustainability of health campaigns in the commu-
nity [27,35]. Health education alone has been insufficient to motivate the behavioral changes
required throughout the population. More efforts are needed to support this transformation.
Children represent a potential key to pass knowledge to their parents and schools are practical
hubs for knowledge distribution.

Supporting information

S1 File. Interview guide.
(PDF)

S$2 File. Study’s minimal underlying data set. Thematic contents.
(PDF)

Acknowledgments

We would like to thank the research team and members of staff from Department of Parasitol-
ogy and Department of Military and Community Medicine, Phramongkutklao College of
Medicine for cooperation.

We acknowledge and gratefully thank the authorities of The Chachoengsao Provincial
Health Office, The Sanamchaikhet District Health Office, Local health volunteers and all par-
ticipants from Na-ngam Village for their great contributions.

Author Contributions

Conceptualization: Joanne Webster, Steven Riley, Mathirut Mungthin, Christl A. Donnelly.
Formal analysis: Picha Suwannahitatorn.

Methodology: Picha Suwannahitatorn.

Supervision: Joanne Webster, Steven Riley, Mathirut Mungthin, Christl A. Donnelly.
Validation: Mathirut Mungthin.

Writing - original draft: Picha Suwannahitatorn.

Writing - review & editing: Picha Suwannahitatorn, Christl A. Donnelly.

References

1. Jongsuksuntigul P, Imsomboon T. Opisthorchiasis control in Thailand [Internet]. 2003/11/13. Acta Trop.
Department of Disease Control, Ministry of Public Health, Tiwanon Road, Nonthaburi 11000, Thailand.
phasri @hotmail.com; 2003. pp. 229-232. doi:S0001706X03002225 [pii] PMID: 14611877

2. Sripa B. Pathobiology of opisthorchiasis: an update [Internet]. 2003/11/13. Acta Trop. Division of Experi-
mental Pathology, Department of Pathology, Faculty of Medicine, Khon Kaen University, Khon Kaen
40002, Thailand. banchob @kku.ac.th; 2003. pp. 209—220. doi:S0001706X03002201 [pii] PMID:
14611875

3. Kaewkes S. Taxonomy and biology of liver flukes [Internet]. 2003/11/13. Acta Trop. Department of Par-
asitology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand. sasithrn @kku.ac.th;
2003. pp. 177-186. doi:S0001706X03002171 [pii]

PLOS ONE | https://doi.org/10.1371/journal.pone.0211540 January 31, 2019 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211540.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211540.s002
http://www.ncbi.nlm.nih.gov/pubmed/14611877
http://www.ncbi.nlm.nih.gov/pubmed/14611875
https://doi.org/10.1371/journal.pone.0211540

®PLOS | one

Uncooked fish consumption among those at risk of Opisthorchis viverriniinfection

10.

11.

12

13.

14.

15.

16.

17.

Saengsawang P, Promthet S, Bradshaw P. Infection with Opisthorchis viverrini and use of praziquantel
among a working-age population in northeast Thailand [Internet]. 2013/06/28. Asian Pac J Cancer
Prev. Department of Epidemiology, Faculty of Public Health, Khon Kaen University, Thailand.;

2013. pp. 2963-2966. Available: http://www.ncbi.nlm.nih.gov/pubmed/23803062 PMID: 23803062

Chai JY, Han ET, Guk SM, Shin EH, Sohn WM, Yong TS, et al. High prevalence of liver and intestinal
fluke infections among residents of Savannakhet Province in Laos [Internet]. 2007/09/19. Korean J
Parasitol. Department of Parasitology and Tropical Medicine, Seoul National University College of Med-
icine, and Institute of Endemic Diseases, Seoul National University Medical Research Center, Seoul
110-799, Korea. cjy @snu.ac.kr; 2007. pp. 213-218. Available: http://www.ncbi.nlm.nih.gov/pubmed/
17876167 https://doi.org/10.3347/kjp.2007.45.3.213 PMID: 17876167

Saengsawang P, Promthet S, Bradshaw P. Prevalence of OV infection in Yasothon Province, Northeast
Thailand [Internet]. 2012/09/22. Asian Pac J Cancer Prev. Department of Epidemiology, Faculty of Pub-
lic Health, Khon Kaen University, Thailand.; 2012. pp. 3399-3402. Available: http://www.ncbi.nim.nih.
gov/pubmed/22994767 PMID: 22994767

Sithithaworn P, Haswell-Elkins M. Epidemiology of Opisthorchis viverrini [Internet]. 2003/11/13. Acta
Trop. Department of Parasitology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thai-
land. paib_sit@kku.ac.th; 2003. pp. 187—194. doi:S0001706X03002183 [pii] PMID: 14611873

Sithithaworn P, Andrews RH, Nguyen VD, Wongsaroj T, Sinuon M, Odermatt P, et al. The current status
of opisthorchiasis and clonorchiasis in the Mekong Basin [Internet]. 2011/09/07. Parasitol Int. Depart-
ment of Parasitology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand. paib_-
sit@hotmail.com; 2012. pp. 10—16. https://doi.org/10.1016/j.parint.2011.08.014 PMID: 21893213

Kaewpitoon N, Kaewpitoon SJ, Pengsaa P. Opisthorchiasis in Thailand: review and current status
[Internet]. 2008/04/18. World J Gastroenterol. Research and Diagnostic Center for Parasitic Infectious
Diseases, Northeastern Region (RCPNER), College of Medicine and Public Health, Ubon Rajathanee
University, Warinchamrap district, Ubonratchathai province 34190, Thailand. natthawut.k@ubu.ac.th;
2008. pp. 2297-2302. Available: http://www.ncbi.nlm.nih.gov/pubmed/18416453 https://doi.org/10.
3748/wjg.14.2297 PMID: 18416453

Andrews RH, Sithithaworn P, Petney TN. Opisthorchis viverrini: an underestimated parasite in world
health [Internet]. 2008/10/22. Trends Parasitol. University of South Australia, GPO Box 2471, Adelaide
South Australia, Australia 5001, Australia. ross.andrews @ unisa.edu.au; 2008. pp. 497-501. https://doi.
org/10.1016/j.pt.2008.08.011 PMID: 18930439

Furst T, Duthaler U, Sripa B, Utzinger J, Keiser J. Trematode infections: liver and lung flukes [Internet].
2012/05/29. Infect Dis Clin North Am. University of Basel, Petersplatz 1, CH-4003 Basel, Switzerland.;
2012. pp. 399—419. https://doi.org/10.1016/j.idc.2012.03.008 PMID: 22632646

Keiser J, Utzinger J. Food-borne trematodiases [Internet]. 2009/07/15. Clin Microbiol Rev. Department
of Medical Parasitology and Infection Biology, Swiss Tropical Institute, CH-4002 Basel, Switzerland.
jennifer.keiser @ unibas.ch; 2009. pp. 466—483. https://doi.org/10.1128/CMR.00012-09 PMID:
19597009

Sripa B, Bethony JM, Sithithaworn P, Kaewkes S, Mairiang E, Loukas A, et al. Opisthorchiasis and
Opisthorchis-associated cholangiocarcinoma in Thailand and Laos [Internet]. 2010/07/27. Acta Trop.
Tropical Disease Research Laboratory, Department of Pathology, Khon Kaen University, Khon Kaen
40002, Thailand. banchob @kku.ac.th; 2011. pp. S158—68. https://doi.org/10.1016/j.actatropica.2010.
07.006 PMID: 20655862

Kaewpitoon N, Kaewpitoon SJ, Pengsaa P, Sripa B. Opisthorchis viverrini: the carcinogenic human
liver fluke [Internet]. 2008/01/22. World J Gastroenterol. Department of Parasitology, College of Medi-
cine and Public Health, Ubon Rajathanee University, Warin Chamrap District, Ubonratchathani Prov-
ince 34190, Thailand. natthawut.k @ ubu.ac.th; 2008. pp. 666—674. Available: http://www.ncbi.nlm.nih.
gov/pubmed/18205254 https://doi.org/10.3748/wjg.14.666 PMID: 18205254

Sripa B, Kaewkes S, Sithithaworn P, Mairiang E, Laha T, Smout M, et al. Liver fluke induces cholangio-
carcinoma [Internet]. 2007/07/12. PLoS Med. Department of Pathology, Khon Kaen University, Khon
Kaen, Thailand. banchob @kku.ac.th; 2007. p. €201. https://doi.org/10.1371/journal.pmed.0040201
PMID: 17622191

Songserm N, Promthet S, Sithithaworn P, Pientong C, Ekalaksananan T, Chopijitt P, et al. Risk factors
for cholangiocarcinoma in high-risk area of Thailand: role of lifestyle, diet and methylenetetrahydrofolate
reductase polymorphisms [Internet]. 2011/12/23. Cancer Epidemiol. Department of Epidemiology, Fac-
ulty of Public Health, Khon Kaen University, Thailand. songsermn @hotmail.com; 2012. pp. e89-94.
https://doi.org/10.1016/j.canep.2011.11.007 PMID: 22189445

Vennervald BJ, Polman K. Helminths and malignancy [Internet]. 2009/10/15. Parasite Immunol. DBL-
Centre for Health Research and Development, Faculty of Life Sciences, University of Copenhagen,
Frederiksberg C, Denmark. bjv @ life.ku.dk; 2009. pp. 686—696. https://doi.org/10.1111/j.1365-3024.
2009.01163.x PMID: 19825108

PLOS ONE | https://doi.org/10.1371/journal.pone.0211540 January 31, 2019 11/13


http://www.ncbi.nlm.nih.gov/pubmed/23803062
http://www.ncbi.nlm.nih.gov/pubmed/23803062
http://www.ncbi.nlm.nih.gov/pubmed/17876167
http://www.ncbi.nlm.nih.gov/pubmed/17876167
https://doi.org/10.3347/kjp.2007.45.3.213
http://www.ncbi.nlm.nih.gov/pubmed/17876167
http://www.ncbi.nlm.nih.gov/pubmed/22994767
http://www.ncbi.nlm.nih.gov/pubmed/22994767
http://www.ncbi.nlm.nih.gov/pubmed/22994767
http://www.ncbi.nlm.nih.gov/pubmed/14611873
https://doi.org/10.1016/j.parint.2011.08.014
http://www.ncbi.nlm.nih.gov/pubmed/21893213
http://www.ncbi.nlm.nih.gov/pubmed/18416453
https://doi.org/10.3748/wjg.14.2297
https://doi.org/10.3748/wjg.14.2297
http://www.ncbi.nlm.nih.gov/pubmed/18416453
https://doi.org/10.1016/j.pt.2008.08.011
https://doi.org/10.1016/j.pt.2008.08.011
http://www.ncbi.nlm.nih.gov/pubmed/18930439
https://doi.org/10.1016/j.idc.2012.03.008
http://www.ncbi.nlm.nih.gov/pubmed/22632646
https://doi.org/10.1128/CMR.00012-09
http://www.ncbi.nlm.nih.gov/pubmed/19597009
https://doi.org/10.1016/j.actatropica.2010.07.006
https://doi.org/10.1016/j.actatropica.2010.07.006
http://www.ncbi.nlm.nih.gov/pubmed/20655862
http://www.ncbi.nlm.nih.gov/pubmed/18205254
http://www.ncbi.nlm.nih.gov/pubmed/18205254
https://doi.org/10.3748/wjg.14.666
http://www.ncbi.nlm.nih.gov/pubmed/18205254
https://doi.org/10.1371/journal.pmed.0040201
http://www.ncbi.nlm.nih.gov/pubmed/17622191
https://doi.org/10.1016/j.canep.2011.11.007
http://www.ncbi.nlm.nih.gov/pubmed/22189445
https://doi.org/10.1111/j.1365-3024.2009.01163.x
https://doi.org/10.1111/j.1365-3024.2009.01163.x
http://www.ncbi.nlm.nih.gov/pubmed/19825108
https://doi.org/10.1371/journal.pone.0211540

®PLOS | one

Uncooked fish consumption among those at risk of Opisthorchis viverriniinfection

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Sripa B, Pairojkul C. Cholangiocarcinoma: lessons from Thailand [Internet]. 2008/04/15. Curr Opin Gas-
troenterol. Department of Pathology, Faculty of Medicine, Thailand.; 2008. pp. 349-356. https://doi.org/
10.1097/MOG.0b013e3282fbfo9b3 PMID: 18408464

Wongratanacheewin S, Sermswan RW, Sirisinha S. Immunology and molecular biology of Opisthorchis
viverrini infection [Internet]. 2003/11/13. Acta Trop. Department of Microbiology, Faculty of Medicine,
Khon Kaen University, Khon Kaen, Thailand. sura_wng@kku.ac.th; 2003. pp. 195-207. doi:
S0001706X03002195 [pii] PMID: 14611874

Smout MJ, Sripa B, Laha T, Mulvenna J, Gasser RB, Young ND, et al. Infection with the carcinogenic
human liver fluke, Opisthorchis viverrini [Internet]. 2011/02/12. Mol Biosyst. Queensland Tropical Health
Alliance, James Cook University, Cairns, QLD, Australia.; 2011. pp. 1367—1375. https://doi.org/10.
1039/c0mb00295j PMID: 21311794

Fried B, Reddy A, Mayer D. Helminths in human carcinogenesis [Internet]. 2010/07/30. Cancer Lett.
Department of Biology, Lafayette College, Easton, PA 10842, USA. friedb @ lafayette.edu; 2011. pp.
239-249. https://doi.org/10.1016/j.canlet.2010.07.008 PMID: 20667649

Poomphakwaen K, Promthet S, Kamsa-Ard S, Vatanasapt P, Chaveepojnkamjorn W, Klaewkla J, et al.
Risk factors for cholangiocarcinoma in Khon Kaen, Thailand: a nested case-control study [Internet].
2009/06/23. Asian Pac J Cancer Prev. Dept of Epidemiology, Faculty of Public Health, Mahidol Univer-
sity, Bangkok, Thailand.; 2009. pp. 251-258. Available: http://www.ncbi.nIm.nih.gov/pubmed/
19537893 PMID: 19537893

Lim JH. Liver flukes: the malady neglected [Internet]. 2011/05/24. Korean J Radiol. Department of Radi-
ology and Center for Imaging Science, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul 135-710, Korea. jhlim@smc.samsung.co.kr; 2011. pp. 269-279. https://doi.org/10.
3348/kjr.2011.12.3.269 PMID: 21603286

Conlan JV, Sripa B, Attwood S, Newton PN. A review of parasitic zoonoses in a changing Southeast
Asia [Internet]. 2011/08/19. Vet Parasitol. School of Veterinary and Biomedical Sciences, Murdoch Uni-
versity, WA, Australia. James.Conlan @foodstandards.gov.au; 2011. pp. 22—40. https://doi.org/10.
1016/j.vetpar.2011.07.013 PMID: 21846580

Grundy-Warr C, Andrews RH, Sithithaworn P, Petney TN, Sripa B, Laithavewat L, et al. Raw attitudes,
wetland cultures, life-cycles: socio-cultural dynamics relating to Opisthorchis viverrini in the Mekong
Basin [Internet]. 2011/06/30. Parasitol Int. Department of Geography, National University of Singapore,
21 Lower Kent Ridge Road, Singapore 119077, Singapore.; 2012. pp. 65—70. https://doi.org/10.1016/j.
parint.2011.06.015 PMID: 21712097

Jongsuksuntigul P, Manatrakul D, Wongsaroj T, Krisanamara P, Sawatdimongkol S, Wongsaroj S.
Evaluation of the Helminthiasis Control Program in Thailand at the End of the 8th Health Development
Plan, 2001. J Trop Med Parasitol. 2003. pp. 18—45.

Kaewpitoon N, Kaewpitoon SJ, Pengsaa P, Pilasri C. Knowledge, attitude and practice related to liver
fluke infection in northeast Thailand [Internet]. 2007/05/01. World J Gastroenterol. College of Medicine
and Public Health, Ubon Rajathanee University, Ubon Ratchathani Province 34190, Thailand. nattha-
wut.k@ubu.ac.th; 2007. pp. 1837-1840. Available: http://www.ncbi.nlm.nih.gov/pubmed/17465477
https://doi.org/10.3748/wjg.v13.i12.1837 PMID: 17465477

Padchasuwan N, Kaewpitoon SJ, Rujirakul R, Wakkuwattapong P, Norkaew J, Kujapun J, et al. Modify-
ing Health Behavior for Liver Fluke and Cholangiocarcinoma Prevention with the Health Belief Model
and Social Support Theory. Asian Pac J Cancer Prev. 2016; 17: 3721-5. Available: http://www.ncbi.
nim.nih.gov/pubmed/27644606 PMID: 27644606

Wingood GM. Health behavior and health education: Theory, research, and practice, 2nd edition: Glanz
K, Lewis FM, and Rimer BK (Eds.). Jossey-Bass Inc., San Francisco, CA, 1997. Ann Epidemiol. Else-
vier; 1997; 7: 425-426. https://doi.org/10.1016/S1047-2797(97)00049-5

Sripa B, Tangkawattana S, Sangnikul T. The Lawa model: A sustainable, integrated opisthorchiasis
control program using the EcoHealth approach in the Lawa Lake region of Thailand. Parasitol Int. 2017;
66: 346—354. https://doi.org/10.1016/j.parint.2016.11.013 PMID: 27890720

Rangsin R, Mungthin M, Taamasri P, Mongklon S, Aimpun P, Naaglor T, et al. Incidence and risk factors
of Opisthorchis viverrini infections in a rural community in Thailand [Internet]. 2009/06/27. Am J Trop
Med Hyg. Department of Military and Community Medicine, and Department of Parasitology, Phra-
mongkutklao College of Medicine, Bangkok, Thailand. rrangsin @ pmk.ac.th; 2009. pp. 152—155. doi:81/
1/152 [pii]

Suwannahitatorn P, Klomjit S, Naaglor T, Taamasri P, Rangsin R, Leelayoova S, et al. A follow-up
study of Opisthorchis viverrini infection after the implementation of control program in a rural commu-
nity, central Thailand [Internet]. Parasit Vectors. Department of Parasitology, Phramongkutklao College
of Medicine, 315 Ratchawithi Road, Ratchathewi, Bangkok, Thailand. mathirut@pmk.ac.th; 2013. p.
188. https://doi.org/10.1186/1756-3305-6-188 PMID: 23786863

PLOS ONE | https://doi.org/10.1371/journal.pone.0211540 January 31, 2019 12/13


https://doi.org/10.1097/MOG.0b013e3282fbf9b3
https://doi.org/10.1097/MOG.0b013e3282fbf9b3
http://www.ncbi.nlm.nih.gov/pubmed/18408464
http://www.ncbi.nlm.nih.gov/pubmed/14611874
https://doi.org/10.1039/c0mb00295j
https://doi.org/10.1039/c0mb00295j
http://www.ncbi.nlm.nih.gov/pubmed/21311794
https://doi.org/10.1016/j.canlet.2010.07.008
http://www.ncbi.nlm.nih.gov/pubmed/20667649
http://www.ncbi.nlm.nih.gov/pubmed/19537893
http://www.ncbi.nlm.nih.gov/pubmed/19537893
http://www.ncbi.nlm.nih.gov/pubmed/19537893
https://doi.org/10.3348/kjr.2011.12.3.269
https://doi.org/10.3348/kjr.2011.12.3.269
http://www.ncbi.nlm.nih.gov/pubmed/21603286
https://doi.org/10.1016/j.vetpar.2011.07.013
https://doi.org/10.1016/j.vetpar.2011.07.013
http://www.ncbi.nlm.nih.gov/pubmed/21846580
https://doi.org/10.1016/j.parint.2011.06.015
https://doi.org/10.1016/j.parint.2011.06.015
http://www.ncbi.nlm.nih.gov/pubmed/21712097
http://www.ncbi.nlm.nih.gov/pubmed/17465477
https://doi.org/10.3748/wjg.v13.i12.1837
http://www.ncbi.nlm.nih.gov/pubmed/17465477
http://www.ncbi.nlm.nih.gov/pubmed/27644606
http://www.ncbi.nlm.nih.gov/pubmed/27644606
http://www.ncbi.nlm.nih.gov/pubmed/27644606
https://doi.org/10.1016/S1047-2797(97)00049-5
https://doi.org/10.1016/j.parint.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27890720
https://doi.org/10.1186/1756-3305-6-188
http://www.ncbi.nlm.nih.gov/pubmed/23786863
https://doi.org/10.1371/journal.pone.0211540

®PLOS | one

Uncooked fish consumption among those at risk of Opisthorchis viverriniinfection

33.

34.

35.

36.

37.

38.

Green J, Thorogood N. Qualitative Methods for Health Research [Internet]. SAGE Publications; 2004.
Available: https://books.google.co.uk/books?id=_bOFHJCz-_EC

Xayaseng V, Phongluxa K, van Eeuwijk P, Akkhavong K, Odermatt P. Raw fish consumption in liver
fluke endemic areas in rural southern Laos. Acta Trop. 2013; 127: 105—11. https://doi.org/10.1016/.
actatropica.2013.03.016 PMID: 23567553

Strandgaard H, Johansen MV, Aagaard-Hansen J, Petlueng P, Ornbjerg N. Local perceptions and prac-
tices in regard to opisthorchiasis in two villages in Lao PDR [Internet]. 2008/06/24. Southeast Asian J
Trop Med Public Health. DBL-Center for Health Research and Development, Department of Veterinary
Pathobiology, Faculty of Life Sciences, University of Copenhagen, Charlottenlund, Denmark. hstrand-
gaard @hotmail.com; 2008. pp. 19-26. Available: http://www.ncbi.nlm.nih.gov/pubmed/18567439
PMID: 18567439

Traub RJ, Macaranas J, Mungthin M, Leelayoova S, Cribb T, Murrell KD, et al. A new PCR-based
approach indicates the range of Clonorchis sinensis now extends to Central Thailand. Sripa B, editor.
PLoS Negl Trop Dis. 2009; 3: €367. https://doi.org/10.1371/journal.pntd.0000367 PMID: 19156191

Jongsuksuntigul P, Imsomboon T. The impact of a decade long opisthorchiasis control program in
northeastern Thailand [Internet]. 1998/04/30. Southeast Asian J Trop Med Public Health. Department
of Communicable Disease Control, Ministry of Public Health, Nonthaburi, Thailand.; 1997. pp. 551-557.
Available: http://www.ncbi.nIm.nih.gov/pubmed/9561607 PMID: 9561607

Jongsuksuntigul P, Imsomboon T. Epidemiology of opisthorchiasis and national control program in
Thailand [Internet]. 1999/01/14. Southeast Asian J Trop Med Public Health. Department of Communica-
ble Disease Control, Ministry of Public Health, Nonthaburi, Thailand.; 1998. pp. 327-332. Available:
http://www.ncbi.nim.nih.gov/pubmed/9886122 PMID: 9886122

PLOS ONE | https://doi.org/10.1371/journal.pone.0211540 January 31, 2019 13/13


https://books.google.co.uk/books?id=_b0FHJCz-_EC
https://doi.org/10.1016/j.actatropica.2013.03.016
https://doi.org/10.1016/j.actatropica.2013.03.016
http://www.ncbi.nlm.nih.gov/pubmed/23567553
http://www.ncbi.nlm.nih.gov/pubmed/18567439
http://www.ncbi.nlm.nih.gov/pubmed/18567439
https://doi.org/10.1371/journal.pntd.0000367
http://www.ncbi.nlm.nih.gov/pubmed/19156191
http://www.ncbi.nlm.nih.gov/pubmed/9561607
http://www.ncbi.nlm.nih.gov/pubmed/9561607
http://www.ncbi.nlm.nih.gov/pubmed/9886122
http://www.ncbi.nlm.nih.gov/pubmed/9886122
https://doi.org/10.1371/journal.pone.0211540

