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Abstract. This study aimed to determine the prevalence and intensity of intestinal helminth
infections (IHIs) among rural villagers in Waeng Noi district, Khon Kaen Province, northeastern
Thailand. A cross-sectional study was conducted between March 1 and July 30, 2018, among
rural villagers from 30 rural villages in 2 subdistricts. The participants were selected from the
village enrollment list after proportional allocation of the total sample size. The background
characteristic data were collected using a structured questionnaire. Specimens from patients
with IHIs were prepared by concentration with a Faecal Parasite Concentrator–Solvent-Free
(Mini Parasep® SF), and helminths were then detected using a light microscope. Of the 400
faecal specimens examined, 23 were positive for at least one intestinal helminth, resulting in
a prevalence of 5.75%. The most prevalent helminths were Taenia spp., 10 (2.50%); followed
by hookworm, 5 (1.25%); Trichuris trichiura, 4 (1.0%); Ascaris lumbricoides, 3(0.50%); and
Opisthorchis viverrini, 1 (0.25%). All infected participants had a light intensity of IHI. Location
(adjusted OR=2.52; 95% CI=1.30–3.52; P =0.042) showed a significant association with the
prevalence of intestinal helminths. This study reveals that IHIs, particularly those with food-
borne and soil-transmitted species of helminths, are prevalent in adults in rural subdistricts.
A greater focus on interventions to improve personal hygiene and sanitation to prevent the
spread of IHIs is required. Further studies should be performed to implement interdisciplinary
research approaches in the study area.

INTRODUCTION

Intestinal helminth infections are considered
neglected tropical diseases (NTDs).
Statistics indicate that more than 1.5 billion
people, or 24% of the world’s population, are
infected with soil-transmitted helminths
(STHs). Infections are widely distributed in
tropical and subtropical areas, with the
greatest numbers occurring in sub-Saharan
Africa, the Americas, China and East Asia
(World Health Organization, 2018). In the
ASEAN countries, it is estimated that 300

million people are infected with IHIs caused
by STHs that are also known as geohelminths;
specifically, 126.7 million people are infected
with Ascaris lumbricoides, 115.3 million are
infected with Trichuris trichiura, and 77.0
million have hookworm infections (Hotez et

al., 2015). Humans become infected by the
accidental ingestion of eggs at infective
stages or through the penetration of the skin
by infected larvae in soil, depending on the
nematode species. People with infections
of heavier intensity can exhibit a range of
symptoms, including intestinal mani-
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festations, abdominal pain and diarrhea,
general malaise and weakness, malnutrition,
and impaired growth and physical develop-
ment. Infections of very high intensity can
cause intestinal obstruction that should be
treated surgically. Patients with a light
infection intensity usually do not suffer from
the infection (World Health Organization,
2018). The global target is to eliminate
morbidity due to STHs in children by 2020.
This goal will be attained by regularly
treating at least 75% of children in endemic
areas (an estimated 836 million in 2016)
(World Health Organization, 2018). More
than 10 million people in ASEAN countries
(particularly Thailand, Lao’s People Demo-
cratic Republic, Cambodia, and Vietnam)
suffer from either liver or intestinal fluke
infections caused by foodborne helminths
(FBHs) (Hotez et al., 2015). The liver flukes
Opisthorchis viverrini and Clonorchis

sinensis are classified as group 1 carcinogens
by the World Health Organization’s Inter-
national Agency for Research on Cancer
(International Agency for Research on
Cancer, 2011). O. viverrini infection is
associated with cholangitis, gallstones,
hepatomegaly, cholecystitis, and cholangio-
carcinoma (CCA) (Thamavit et al., 1978;
Harinasuta et al., 1984; Jongsuksuntigul
and Imsomboon, 2003; Sripa et al., 2007;
Sripa, 2008; Shin et al., 2010; Feng and Cheng,
2017). Infection by these liver flukes is rarely
diagnosed in early stages and is thus
frequently asymptomatic. Persistent and
chronic infection can cause severe cancer
complications, particularly CCA and other
gastroenterological diseases (Wongsaroj et

al., 2014).
In 2014, the national prevalence rate of

IHIs was 18.1% among 15,555 Thais, with a
high prevalence rate of liver fluke and
hookworm infections in certain areas of the
country. There is an urgent need to expand
surveillance activities in rural areas of
Thailand and to ensure that mass drug
administration is provided to populations
at risk for intestinal helminth and fluke
infections. With prominent research
institutions and universities and their
regional offices, participating organizations
could implement important public health

improvements through NTD control and
elimination in the coming decade (Suntara-
vitun and Dokmaikaw, 2014; Hotez et al.,

2015).
Various parts of the country still have

a high prevalence of intestinal helminth
and fluke infections, especially O. viverrini

infection, which is high in northeast Thailand,
where the traditional practice of eating raw
or undercooked cyprinoid fish products
continues. Meanwhile, penetrating hook-
worm and Strongyloides stercoralis

infection remains high in southern Thailand,
particularly in wetland rural areas, where a
large proportion of the community works in
agriculture. Previous studies have assessed
the prevalence of O. viverrini infection
among villagers in the border areas of three
provinces in northeastern Thailand. In the
978 participants screened, O. viverrini

infection was found in 1.74%, and the majority
of positive cases were found in participants
who lived in the Khon Sawan district (8.43%).
There was no infection in Waeng Noi district,
Khon Kaen Province (Kaewpitoon et al.,
2016). From this updated report, no
information was available regarding the
prevalence and intensity of IHIs among the
residents at the subdistrict level in Waeng
Noi district, Khon Kaen Province. Conse-
quently, this study was undertaken to deter-
mine the prevalence and intensity of IHIs
among people living in the Lahan Na and Kan
Lueang subdistricts, Waeng Noi district,
Khon Kaen Province, in the northern region
of Thailand. These data are useful for further
intervention and research approaches in the
study area.

MATERIALS AND METHODS

Ethics statements

This study was approved by the Ethics
Committee for Research Involving Human
Subjects of Suranaree University of Tech-
nology, Thailand (EC- 59-38).

Study design and area

A cross-sectional survey was carried out
from March to July 2018 and included people
living in 30 rural villages located in the Lahan
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Na (16 villages) and Kan Lueang (14 villages)
subdistricts, Waeng Noi district, Khon Kaen
province, northeastern Thailand. The study
area is located 377 km northeast of Bangkok
and covers an area of 99.30 km2, with a
geographical location of 15°482133 N,
102°242573 E (Figure 1). Participants were
selected from each village using a voluntary
sampling method. A total of 400 volunteers
were recruited. Data on sociodemographic
characteristics were collected using a
questionnaire. All participants provided their
own written consent before submitting stool
specimens.

Faecal collection and examination

Clean plastic containers were distributed to
the participants at enrollment with detailed
instructions about the procedure for faecal
specimen collection. All faecal samples were
collected early in the morning and stored
in coolers before transportation to the
laboratory at the Parasitic Disease Research
Center (PDRC), Institute of Medicine,
Suranaree University of Technology. Each
specimen was prepared and examined for the
presence of intestinal helminth organisms by

a Faecal Parasite Concentrator–Solvent-Free
(Mini Parasep® SF) (Kaewpitoon et al., 2016;
Kaewpitoon et al., 2018). Each specimen
was examined under a microscope and
initially screened with a 10× objective; the
magnification of the low, medium, and high
power objectives was 4×, 10×, and 40×,
respectively. Suspected intestinal helminth
objects were subsequently examined under
a high-power objective. All samples were
examined by two laboratory technologists
from the PDRC. Patients who were infected
with intestinal helminths and other known
parasites were treated with anti-intestinal
helminthic drugs and asked to attend health
education sessions.

Statistical analysis

Statistical analyses were performed using
the computer program STATA for Windows,
version 13 (StataCorp LLC, Lakeway Drive,
College Station, Texas, USA). The socio-
demographic characteristics of the parti-
cipants are presented as frequencies and
percentages for categorical variables. The
number of eggs per gram of feces (epg) was
calculated as follows: (number of eggs/drop

Figure 1. Map of Thailand showing the study area in Waeng Noi district, Khon Kaen
Province, Thailand.
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× total number of drops of fecal solution)/
(g of feces). The intensity of infection was
expressed as eggs per gram (epg) of feces
for each participant. According to the WHO
guidelines, the intensity of infection was
classified as “light”, “moderate” or “heavy”
on the basis of fecal egg count (Elkins et al.,
1991; Montresor et al., 1998). The differences
in infection between the categorical
variables were assessed using the Chi-
square test. Multivariable logistic regression
analysis was performed to estimate the odds
ratios (OR) and 95% confidence intervals
(95% CI) to assess the associations between
potential risk factors and the prevalence of
IHIs. A P-value of <0.05 was considered
statistically significant.

RESULTS

A total of 400 participants (169 male, 231
female) were included. The overall pre-
valence of IHIs was 5.75% (23/400). The
overall prevalence rate was 8.23% (14/169)
in males and 3.9% (9/231) in females.
Participants aged 51–60 years had a higher
prevalence rate, 7.31% (12/164), than
participants in the other age groups. When
the participants were classified by education
level, the highest prevalence rate was 7.14%
(1/14), in those with an academic education.
When the participants were classified by
occupation, IHIs were most frequent among
employed workers, at 19.3% (11/57). A high
prevalence of intestinal helminths was found
in participants with an income of less than
5,000 Baht/month (7.23%, 22/304). The
influence of sociodemographic charac-
teristics on the prevalence of intestinal
helminths is shown in Table 1.

Five species of intestinal helminths were
identified from the fecal specimens of the
study participants; 3 species were identified
as STHs, and the other 2 species were FBHs
(Figure 2). The prevalence of intestinal
helminths was 5.7% (23/400). STHs were
among the most common intestinal
helminths, including hookworms, at 1.25%
(5/400); T. trichiura, at 1.0% (4/400); and
A. lumbricoides, at 0.75% (3/400). FBHs

were identified as Taenia spp., at 2.50%
(10/400); and O. viverrini, at 0.25% (1/400);
respectively. The types of IHIs are shown
in Table 2. The summary of IHI intensity in
Table 3 shows that there were no heavy or
moderate infections. Of the 23 infected
participants, all had light infection with T.

trichiura, A. lumbricoides, Taenia spp. or
O. viverrini.

The socio-demographic characteristics
of the participants and IHIs were analyzed
for each variable using the Chi-square test;
there were no significant differences between
the prevalence of intestinal helminths for
each characteristic (Table 1). However,
sociodemographic characteristics asso-
ciated with IHIs were analyzed using multi-
variable logistic regression analysis, as
shown in Table 4. No significant association
was found between IHIs and the participants’
sex, age, educational level, job status, or
monthly income (P >0.05). However, one
factor, namely, Location (adjusted OR=2.52;
95% CI=1.30–3.52; P =0.042), showed a
significant association with the prevalence
of intestinal helminths.

DISCUSSION

IHIs are an important public health problem
in tropical countries. Unlike in developed
countries, where efficient control, urbaniza-
tion and other socioeconomic factors have
created conditions favoring a decline in
the prevalence of IHIs, these infections,
particularly STHs, which have been
recognized as important public health
problems in many developing countries,
continue to be a major health problem in
the third world countries (Chan et al., 1994;
Tefera et al., 2017). The public health
problems caused by IHIs have been
neglected in rural areas of Thailand, where
there remains a lack of hygiene and an
inadequate supply of sanitary water
(Boonjaraspinyo et al., 2013). Studies
conducted with participants living through-
out Thailand during a national survey of
IHIs in Thailand have reported that the overall
prevalence of IHIs was 18.1% (Wongsaroj et
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Table 1. Positive rate of intestinal helminthic eggs categorized by general characteristics (n=400)

Variable
No. Samples, No. positive, Infection

P-value 95% CI
n (%) n (%) rate (%)

Sex
Male 169 (42.25) 14 (8.30) 3.50 0.218 1.20-2.33
Female 231(57.75) 9 (3.90) 2.25

Age (yr)
21–30 9 (2.25) 2 (22.22) 0.50 0.725   0.26-7.50
31–40 45 (11.25) 3 (6.66) 0.75
41–50 100 (25.00) 4 (4.00) 1.00
51–60 164 (41.00) 12 (7.31) 3.00
> 60 82 (20.50) 2 (2.43) 0.50

Illiterate
Education 15 (3.75) 0 (0.00) 0.00
Primary 282 (70.50) 16 (5.67) 4.00 0.058 0.23-2.37
Secondary 89 (22.25) 6 (6.74) 1.50
Academic 14 (3.5) 1 (7.14) 0.25
Job Status

Employed 57 (14.25) 11 (19.30) 2.75
Farmer 321 (80.25) 10 (3.11) 2.50 0.548 0.221-2.014
Trade 9 (2.25) 1 (11.11) 0.25
Housewife 8 (2.00) 0 (0.00) 0.00
Government officer 1 (0.25) 1 (100.00) 0.25
Other 4 (1.00) 0 (0.00) 0.00

Family Income ($, per month)
<5,000 304 (76.00) 22 (7.23) 5.5
5,001-10,000 57 (14.25) 0 (0.00) 0.00 0.832 0.401-4.00
10,001-15,000 10 (2.50) 0 (0.00) 0.00
15,001-20,000 3 (0.75) 0 (0.00) 0.00
>20,000 6 (1.5) 1 (16.66) 0.25
Unknown 20 (5.00) 0 (0.00) 0.00

Location
Lahan Na 240 (60.00) 13 (5.41) 3.25 0.332 0.06-2.57
Kan Lueang 160 (40.00) 10 (6.25) 2.50

Table 2. Intestinal helminth infection among 400 rural villagers in Khon
Kaen province, northeastern Thailand. (n=400)

Type of Intestinal Helminth No. positive Prevalence (%)

Taenia spp. 10 2.50
Hookworm 5 1.25
Trichuris trichiura 4 1.00
Ascaris lumbricoides 3 0.75
Opisthorchis viverrini 1 0.25

Total 23 5.75
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Table 3. Egg counts (eggs per gram of feces) used to describe the intensity
of infection (n=400)

Type of Intestinal Helminth
Intensity of infection Level of
(egg count per gram) intensity

Ascaris lumbricoides 73.33 Light
Hookworm 70.40 Light
Taenia spp. 47.20 Light
Opisthorchis viverrini 40.00 Light
Trichuris trichiura 38.50 Light

Figure 2. Morphology of intestinal helminth eggs identified by light microscopy in
faecal samples. (A) Taenia spp. egg (×400). (B) Hookworm egg (×400). (C)
Trichuris trichiura egg (×400). (D) Ascaris lumbricoides egg (×400). (E)
Opisthorchis viverrini egg (×400).
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al., 2014). Here, the overall prevalence of IHIs
among the entire tested participant group
living in rural communities in the Lahan Na
and Kan Lueang subdistricts, Waeng Noi
district, Khon Kaen Province was 5.75%. This
result was slightly lower or comparable to
the findings of a current national survey of
IHIs in Thailand. These results were
compared to those of other studies, and the
recent infection rates reported in these
studies were lower than those previously
reported among gardeners who were studied
in Nakhon Ratchasima (Kaewpitoon et al.,
2012), Khon Kaen (Kaewpitoon et al., 2015),
and Chachoengsao provinces (Suntaravitun
and Dokmaikaw, 2018). Our study demon-
strated that STHs and FBHs were found
frequently in both sexes. Sex was no
significantly associated with the prevalence
of intestinal helminths. The infection rate
was slightly higher in males than in females.
This result was similar to previous findings
(Chan et al., 1994; Hotez et al., 2015; Tefera
et al., 2017). The sex difference may be due
to male-specific behavioral factors (Zuk
and Mckean, 1996; Songserm et al., 2012),
such as drinking alcohol with colleagues,
eating raw meat, and taking risks with their
work on the farm (Zuk and Mckean, 1996;
Boonjaraspinyo et al., 2013). In our study,
the prevalence of IHIs in older people was
higher than that in young people (age <51
years). This result is similar to that of
previous studies showing that older people
need to be screened for IHIs. Suntaravitun and
Dokmaikaw (2018) and Boonjaraspinyo et al.
(2013) reported that the prevalence of IHIs
was higher in male participants >40 years of
age than in young people. In addition, Rangsin
et al. (2009) reported that the prevalence of
O. viverrini infection was correlated with
an age of >60 years. This correlation may
arise because older people have poorer
education, live in conditions of poor
sanitation, and partake in the culturally
embedded habit of eating uncooked food
(Songserm et al., 2012). Health education
programs should target this group and teach
the individuals about the benefits of wearing
shoes and discontinuing risky eating habits.
In the stratification by educational level, the
highest prevalence rate was found for those

with an academic education. However, many
studies indicate that people in the community
have a low level of education and a relatively
high prevalence of parasites (Chan et al.,
1994; Boonjaraspinyo et al., 2013). The
highest prevalence rate was found in the
academic education group, which may be
because of the lower sample size in this
group and a lack of credible data. However,
health education programs should target this
group of individuals with high academic
educational levels and teach them about the
correct prevention and control of IHIs.

The possible association of IHIs with
potential risk factors among the participants
was assessed in this study. Location showed
a significant association with the prevalence
of intestinal helminths. The IHI infection
prevalence was higher in the Lahan Na
subdistrict than in the Kan Lueang subdistrict.
The Lahan Na subdistrict is located on lower
land near the Laha Na fresh water reservoir,
which covers 11.2 kilometers2. Our results
support the hypothesis that different
environmental conditions in the study area
favored IHIs, thus influencing the predicted
geographical distribution of human infection
with these helminth species in Khon Kaen
Province, Thailand. Our results indicated
that lower elevation was associated with a
higher infection rate than higher elevations.
Compared to other soil types, loam and clay
loam soils are associated with lower odds of
A. lumbricoides infection, while sandy loam
soils are associated with increased odds of
Necator americanus infection (Wardell et

al., 2017). The porosity of sand provides a
favorable environment for hookworm
survival, offering drainage during wet
conditions to prevent hookworm larvae from
being waterlogged, while also enabling
hookworm larvae to migrate downward to
prevent desiccation during hot and dry
conditions (Wardell et al., 2017; Brooker and
Michael, 2000). Our results are similar to
those of previous studies. Villages on higher
ground generally had a lower level of
opisthorchiasis than those on lower ground,
while a significant negative correlation was
detected between O. viverrini prevalence
and farmland with a low water content (P =
0.028), indicating the potential influence of
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agricultural lands with drought-tolerant
crops (Wang et al., 2013). Ribas et al. (2017)
reported intestinal parasitic infections and
environmental water contamination in a
rural village of northern Lao’s PDR. The level
of microbial pathogen contamination was
associated with human activity, with greater
levels of contamination found at the
downstream site than at the village and
upstream sites, and the microbial population
included several pathogenic microbes that
were detected in the local river, a natural
water source for consumption in the
village. Therefore, more efforts from local
administration, particularly health education
campaigns for villagers, are required for
prevention strategies to minimize IHIs to
improve sanitation conditions and conse-
quently the general health of the villagers.

Five species of intestinal helminths were
identified from the fecal specimens of the
study participants; 3 species were identified
as STHs, and the other 2 species were FBHs.
However, the infection rate of STHs and FBHs
was not significantly different. Taenia spp.
infection had the highest prevalence in this
study, and the prevalence of this was is higher
than that reported in a previous study. In a
total of 199 fecal samples submitted for
routine examination in the clinical pathology
laboratory of Suranaree University of
Technology Hospital, Nakhon Ratchasima
Province, Thailand, from August to October
2015, the prevalence of Taenia spp. infection
was 0.5% (Kaewpitoon et al., 2016). In
addition, in 209 fecal samples analyzed in
rural areas of Nakhon Ratchasiam Province,
Thailand, and the prevalence of Taenia spp.
infection was 0.48% (Kaewpitoon et al.,
2015). These results indicate that people still
have the culturally embedded habit of eating
uncooked meat and have poor education.
Health education programs should target this
group and teach the individuals about risky
eating habits. The findings from our study
demonstrated that the most prevalent STHs
found in human feces were hookworms
(1.25%), which were also the most prevalent
nematode in the studies in Thailand by
Suntaravitun and Dokmaikaw3, Wongsaroj
et al. (2014), Kaewpitoon et al. (2016), and
Boonjaraspinyo et al. (2013). Punsawad et

al. (2017) also reported the prevalence of
intestinal parasitic infection and associated
risk factors among village health volunteers
in rural communities of southern Thailand.
These studies showed that hookworm
infection is more prevalent than other types
of STH infection. This STH has a direct life
cycle, and the main route of exposure is
contact with larvae-contaminated soil due
to a lack of footwear (Ribas et al., 2017).
Other STHs with significant prevalence were
T. trichiura (1.0%) and A. lumbricoides

(0.75%). The prevalence of infection with
these prevalent STHs was lower than that
reported in other studies in Thailand,
mainly Suntaravitun and Dokmaikaw (2018)
reported that the most common intestinal
parasites were hookworms (6.7%), followed
by Strongyloides stercoralis, (5.0%), A.

lumbricoides (1.3%) and T. trichiura (1.3%).
Comparison of our current data and the
national survey of Thailand in 2014
(Wongsaroj et al., 2014) showed that our
study found a slightly higher prevalence of
A. lumbricoides (0.5%) but lower prevalence
of T. trichiura (1.2%) than that study.
Therefore, preventive measures should be
taken to improve the health of the people
against such helminths. FBHs were also
identified as Taenia spp. 2.50% and O.

viverrini 0.25%, which is concerning
because O. viverrini is a carcinogenic liver
fluke and a serious problem in Thailand.
Our data showed a lower prevalence of O.

viverrini infection than data from previous
studies in Thailand. Laoraksawong et al.
(2018) reported the current prevalence of
O. viverrini infection in rural communities
in the Mueang Khon Kaen district in Khon
Kaen Province, northeastern Thailand. The
prevalence of O. viverrini infection was
19.4%. The previous study demonstrated that
the most recent prevalence of O. viverrini

infection is still high in rural communities
in northeastern Thailand. In addition,
Kaewpitoon et al. (2018) reported that the
prevalence of O. viverrini infection among
a rural Thai population of 560 individuals
from Nakhon Ratchasima, Khonkaen, and
Chaiyaphum provinces was found to be
2.86%. Kaewpitoon et al. (2016) also reported
that O. viverrini infection was found in
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people in the border areas of three provinces
in northeastern Thailand, including Kaeng
Sanam Nang district of Nakhon Ratchasima
Province, Waeng Noi district of Khon Kaen
Province, and Khon Sawan district of
Chaiyaphum Province, Thailand. Of the
total of 978 participants screened, O.

viverrini infection was found in 1.74%. These
results indicate that O. viverrini is still a
problem in Thailand; these liver flukes still
exist, which raises concerns regarding
public health. The intensity of the IHIs shows
that there were no heavy or moderate
infections. Of the 23 infected participants,
all had light infection with T. trichiura, A.

lumbricoides, Taenia spp. or O. viverrini.
These results indicated that the majority of
the participants had a light infection by STHs
and FBHs. None of the participants had a
heavy IHI. The light intensity of IHIs in the
present study may be due to differences in
the study population, general living
conditions, and the accessibility of health
services. In general, the majority of people
infected with IHIs have a light infection
intensity and have no symptoms. The
participants who were infected with these
IHIs were informed and treated following
the Centers for Disease Control and
Prevention recommendations regarding
the types of IHIs. In Thailand, the cost of
anti-parasitic drugs is generally low
(Suntaravitun and Dokmaikaw et al., 2018;
Boonjaraspinyo et al., 2013; Punsawad et al.,
2017).

In this study, we used the Mini Parasep®
SF, a new diagnostic tool used to detect
intestinal parasitic infections. This method
is simple and useful for isolating and
identifying helminth eggs and larvae and
protozoal cysts. The closed concentration
system allows the rapid, reliable, and safe
detection of intestinal parasites by
inexperienced technologists (Saez et al.,

2011; Useh et al., 2011; Zeeshan et al., 2011).
A previous study indicated that the Mini
Parasep® SF is suitable for intestinal
helminths (Kaewpitoon et al., 2016). How-
ever, other studies show that this method,
which is used in the field in Thailand, exhibits

a low quality of detection for some intestinal
helminths, particularly O. viverrini sensu

lato (Laoprom et al., 2016). This detection
method may thus affect and be a limitation
of this study. Therefore, a large-scale
sample is required for O. viverrini infection
to prove the advantage of this method.

CONCLUSIONS

In conclusion, our results show a prevalence
rate of IHIs among adults living in the rural
communities of the Lahan Na and Kan Lueang
subdistricts, Waeng Noi district, Khon Kaen
Province, northeastern Thailand. These
infections result mainly from foodborne
helminths and skin-penetrating nematodes.
Therefore, interventions should concentrate
on the personal hygiene of the population
and improving sanitation to reduce IHIs in
this area. Further studies and works should
be performed with an interdisciplinary
research approach, namely, One Health,
which is implemented in the study area and
includes public health officers, local
governors of administrative organizations,
village leaders, village health volunteers,
veterinary parasitologists, environmentalists,
and social scientists, for local public health
improvement.
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