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We conducted an epidemiological study of intestinal parasitic infection in 572 schoolchildren aged 4 to
12 years old from six elementary schools in Sakon Nakhon Province, Thailand from June 2013 to August
2014. We collected fecal, blood, and urine samples to investigate parasitic infection and conducted a
questionnaire survey. Soil samples were examined for egg contamination. Fecal examination, using the
formalin-ether sedimentation method, revealed that 39% of schoolchildren were infected with eight
genera and eight species of parasites; three nematodes, two trematodes, one cestode, and two protozoa.
Prevalence rates across the six schools (schools A through F) were: A (13%), B (15%), C (53%), D (11%),
E (20%), and F (43%). Schools C and F showed significantly higher prevalence rates than the other
schools (p<0.05). In school C, Necator americanus was detected in 49% of schoolchildren tested, while in
school F a high prevalence of Opisthorchis viverrini and Heterophyes heterophyes, at a rate of 23% and
21%, respectively, was detected. The questionnaire survey revealed that health, hygiene practices and
awareness were poor in school C. However, school F showed high levels of cognizance and practices
relating to the prevention of infection. The schoolchildren ate a staple diet of undercooked river fish and
the results revealed a high rate of fish-borne parasites. Soil samples showed Toxocara sp. contamination in
and around the campus. Toxocara antibodies were detected in over 6% of schoolchildren. The use of urine
samples, as opposed to serum samples, was found to be effective for antibody testing.

INTRODUCTION

Infection with intestinal parasites is most common in developing countries in tropical and sub-tropical areas,
particularly in Sub-Saharan Africa, Asia, Latin America, and the Caribbean, where high prevalence rates have
been recorded (de Silva et al, 2003). Currently, approximately 3.5 billion people worldwide suffer from this type
of infection, with one report suggesting that 450 million children are infected with intestinal parasites but are
asymptomatic. These extremely high rates of infection result in considerable social and economic losses (WHO,
2014). One of the factors common among all of the endemic regions is the warm and humid climate that
promotes the development of infection (Tesana et al, 1987). In addition to this geographical factor, poverty, poor
environmental conditions and other social factors such as a lack of public health measures, need to be considered
(Raso et al, 2005; Ziegelbauer et al, 2012).

The rates of infection with intestinal parasites are high in Southeast Asian countries, where they present a
major public health problem. The prevalence rates of Ascaris lumbricoides and Trichuris trichiura in Laos,
Myanmar, and Vietnam are 36% and 21%, 29% and 18%, and 54% and 22%, respectively (UNICEF, 2003). In
1957 in Thailand, the Ministry of Health introduced a control program for parasitic infection and the prevalence
rates dropped from 63% in 1957 to 23% in 2001, with a further decrease to 18% in 2009 indicating the
effectiveness of this program (Anantaphruti et al, 2004; Wongsaroj et al, 2014). Although a number of studies
have been carried out, the current rates of parasitic infection in Thailand are unclear as results vary among
studies (Anantaphruti et a/, 2002; Boonjarasinyo et al, 2013; Saksirisampant et al, 2006; Waikagul et al, 2002).
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One reason for these differences seems to be the use of only one or two parameters, i.e. feces examination and/or
a questionnaire survey. Few epidemiological studies have analyzed multiple parameters simultaneously.

In this study, we examined parasitic infection among schoolchildren in Sakon Nakhon Province, Thailand
using the following parameters. Fecal and soil samples were used for egg detection, urine and blood samples
were used for antibody examinations, and a questionnaire survey was used for understanding the lifestyle of
local inhabitants. Using this five-parameter approach, we attempted to accurately determine and clarify the
current situation regarding intestinal parasitic and zoonotic infections in this region of Thailand.

MATERIALS AND METHODS

Survey area and study period

The study was conducted over a 15-month period from June 2013 to August 2014. A total of 572 elementary
schoolchildren aged 4 to 12 years were selected from six elementary schools in Panna Nikhom and Akat Amnuai
District, Sakon Nakhon Province, located in the northeast of the country approximately 500 km from the Thai
capital Bangkok (hereafter referred to as schools A through F) (Fig. 1).

w

Fig. 1. Map of Thailand showing Bangkok and Sakon Nakhon Province. Six elementary schools (A through F) in
Panna Nikom and Akat Amnuai District were examined in this survey.

The residents in this region comprised four main ethnic groups. In general, children of “So” heritage attended
school A and B, children of “Bru” heritage attended school C, children of “Phu Thai” heritage attended schools
D and E, and children of “Thai Nyaw” heritage attended school F. The average annual temperature in the region
is 31.7°C with an annual rainfall of 1,645 mm and an annual average relative humidity of 73% (Thai
Meteorological Department, 2004; http://www.tmd.go.th/en/). The residents in this region mainly make a living
from agriculture, livestock, and revenue generated from the sale of fish caught in the local rivers.

Fecal examination

Fecal samples of approximately 5 to 10 g were collected from a total of 417 schoolchildren. Fecal
examination was conducted using the formalin-ether sedimentation method. The agar plate method was used to
examine Strongyloides stercoralis and the filter paper culture method was used to identify the species of
hookworm.

Soil collection and examination

To investigate egg contamination of the soil, a total of 117 samples (41 samples taken from around the
school zone, 37 from around the places of residence, and 39 from inside the school) were collected. The
collected soil samples were dried for 1 day at room temperature, after which, they were filtered using a 150-um
metal mesh and 2 g of sand particles were retained. Filtered soil samples were stored at 4°C and tested within 2
weeks using a centrifugal flotation method with a sucrose solution at a specific gravity of 1.20 (Uga et al, 1993).
The soil samples were collected in the dry season (Mar. and Apr. 2013) and the rainy season (Sep. 2013 and Aug.
2014).
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Urine and blood examination

Urine (361) and blood (286) samples were collected and subjected to an enzyme linked immunosorbent assay
(ELISA) to determine Toxocara antibody titers. Approximately 5 ml of the collected urine was stored at room
temperature in a solution containing 0.1% of sodium azide. The blood samples (maximum of 0.5 ml) were
collected from the fingertips of schoolchildren using a lancet. The collected blood samples were absorbed into
filter paper (Toyo Roshi, ADVANTEC, Tokyo, Japan), dried, and stored at room temperature. The blood-soaked
filter paper was then cut into 5 mm squares and the serum was extracted in PBS-tween, left overnight, and the
obtained extracts of serum was used. A 96-well microplate was sensitized at 25°C overnight with 500-fold
diluted (5 pg/ml) excretory-secretory antigen from the 3rd-stage larvae of Toxocara canis. The second reaction
was conducted at 37°C for 1 h using 4,000-fold diluted peroxidase-conjugated goat anti-human IgG (Tago,
Camarillo, CA, USA). After triplicate washes, the plate was incubated with ABTS (KPL, Inc., Gaithersburg, MD,
USA) for 1 h at 37°C. The absorbance (415 nm) was measured using a microplate ELISA reader and was
expressed as units (Itoh et al, 2001).
Questionnaire survey and data analysis

We conducted a lifestyle survey of 352 schoolchildren (62% of the total participants). The questionnaire
contained 12 items relating to daily habits and activities, such as hand washing and bowel movements. Statistical
analysis of the data to compare two groups was performed using the 2 test. When only a small dataset was
available, the Fisher test was used. The significance level was set at p<0.05%.
Ethical considerations

This study was carried out with the approval of Kobe University Graduate School of Medicine, Japan
(approval number 256) and the Ethics Committee of the Faculty of Science and Technology at Thammasat
University in Thailand. Fully informed consent was also obtained from the principals of the participating schools.
Permission was granted by the Ministry of Agriculture, Forestry and Fisheries, Kobe Plant Protection Station (25
shin-shoku No. 373), to bring the soil samples into Japan for analysis.

RESULTS

Fecal examination

Of the 417 fecal samples examined, 163 (39%) were positive for at least one of the intestinal parasites. In
total, eight genera and eight species (three nematodes, two trematodes, one cestode, and two protozoa) of
parasites were detected (Table I). The most prevalent species were found to be Opisthorchis viverrini and
Entamoeba sp. (each 10%), Necator americanus and Heterophyes heterophyes (each 9%). Of the 37 hookworm
egg-positive samples, eight were cultured and identified and all were found to be N. americanus. 1t is worth
noting that Gongylonema sp. eggs were detected in one sample (Fig. 2). The eggs displayed a clear, thick shell,
of approximately 75x40 pm in size, with a “lid-like” shape at both ends. During observation, the eggs were
found to be embryonated. An additional 98 specimens were examined for S. stercoralis using the agar plate
method and all were found to be negative. During this study, A. lumbricoides eggs were not detected.

Species No. of positive Positive rate (%)
Table I.
Prevalence of Necator americanus® 37 9
intestinal parasites
m S?hOOIChlldren Trichuris trichiura 1 0
of six elementary
schools Gongylonema sp. 1 0
Opistorchis viverrini 42 10
Heterophyes heterophyes 37 9
Taenia sp. 3 1
Entamoeba sp. 41 10
Giardia intestinalis 1 0
Total 163 39

The 417 fecal samples were examined.
*: Result of eight samples.
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Fig. 2. Egg of Gongylonema sp.

School prevalence rates and the questionnaire survey

The prevalence rates of infection with intestinal parasites specific to each of the six schools are shown in
Table II.

Table II. Prevalence rates of infection with intestinal parasites and species of recovered parasites in schools A through F

No. of samples No. of positive (%)
School  examined positive % N.A T.T G.sp oV H.H T.sp E.sp G.I
A 70 9 13 3@ 1) 5(7)
B 79 12 15 6 (8) 1) 5 (6)
C 55 29 53* 27 (49) 36) 2@ 7(13)
D 28 3 11 2 (7 1(4)
E 20 4 20 1(5) 1(5) 1(5) 1(5)
F 165 71 43%* 1(0) 38(23) 34 (2D 22(13) 1(0)

N.A: Necator americanus, T.T: Trichuris trichiura, G.sp: Gongylonema sp., O.V: Opisthorchis viverrini,
H.H: Heterophyes heterophyes, T.sp: Taenia sp., E.sp: Entamoeba sp., G.I: Giardia intestinalis
*: p<0.05 by x2 test (Cvs A, B,D, E, F)  **: p<0.05 by x2 test (F vs A, B, C, D,E)

They ranged from 11 to 53%. Schools C (53%) and F (43%) had significantly higher prevalence rates than
the other schools (p<0.05). Entamoeba sp. was detected in all six schools, however, O. viverrini and H.
heterophyes were mainly found in schools C and F, while 7. trichiura was detected only in school B. Necator
americanus had a prevalence rate of 49% in school C. School F showed a high prevalence of the fish-borne
parasites O. viverrini (23%) and H. heterophyes (21%). We analyzed the data from the questionnaire survey to
better understand possible factors that may cause these high rates in schools C and F (Table III).
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Table II1. Results of questionnaire in schools C and F, and correlation between school C/F and other schools

School C School F
Factor . . . .
% of schoolchildren % of schoolchildren % of schoolchildren % of schoolchildren
answered "yes" answered "No" answered "yes" answered "No"

Having a toilet 83 84
Washing hands before eating 38 (a)* 87 (a)**
Eating with hands 66 (2)* 64 (a)**
Drinking without tap water 83 (b)* 69
Washing hands after defecating 50 81(a)**
Ever pass stools outside 97 (a)* 71
Wearing shoes outside 7 (b)* 97
Keeping animals in the house 97 95

*: p<0.05 Correlation between school C and other schools by X2 test (a) or Fisher test (b).
**: p<0.05 Correlation between school F and other schools by x2 test (a).

In answer to questions such as “How often do you eat by hand?”, “How often do you drink water from
sources other than tap water?”, and “How often do you have bowel movements in an area not designated as a
toilet area?”, the frequency of positive answers from school C was found to be significantly higher (p<0.05) than
in other schools (66%, 83%, and 97%, respectively). These figures strongly suggest a low level of understanding
and awareness regarding the prevention of parasitic infection. The data obtained from school F on questions such
as “How often do you wash your hands before eating?”, “How often do you wash your hands after defecating?”,
and “How often do you not eat using your hands?” showed a significantly higher (p<0.05) cognizant with regard
to infection prevention and hygiene (81%, 87%, and 64%, respectively). The education of the Thai Nyaw, which
includes home economics classes with the handling and cooking of river fish, and the lifestyle which is centered
around river fishing, all increase the possibility for direct contact with infection sources potentially making them
more susceptible to infection, which may partially explain the disparity in the results.

Egg contamination of soil

Fourteen (12%) of the 117 soil samples were positive for Toxocara sp. eggs, a known causative agent of
larva migrans. Of these 14, six were from around the school zone (6/41; 15%), five out of 37 were from around
places of residence (5/37; 14%), and three were from inside the school (3/39; 8%) (Table IV). The contamination

Table IV. Recovery of Toxocara sp. eggs from soil samples in different sites
and seasonal changes of contamination rate with Toxicara sp. eggs

No. of Toxocara sp. No. of Toxocara sp. eggs

Site Total samples % . %
eggs in season

1/14 (DS*) 7

the sehool poge 1 6 15
5/27 (RS**) 19

Outside the school

1/10 (DS) 10

the residenes 37 5 14
4/27 (RS) 15
2/26 (DS) 8

Inside the school 39 3 8
1/13 (RS) 8
4/50 (DS) 8

Total 117 14 12
10/67 (RS) 15

*DS: dry season (Mar. and Apr. 2013)
**RS: rainy season (Sep. 2013 and Aug. 2014)
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rate with Toxocara sp. eggs was higher in the rainy season (15%) than in the dry season (8%), but this difference
was not statistically significant (p>0.05). Throughout the soil survey, no eggs other than Toxocara sp. eggs were
detected.

Antibody distribution

To investigate the distribution of antibodies against Toxocara sp., urine samples from 361 schoolchildren
were examined (Fig. 3). Despite the relatively small sample size, two distinct groups were detected. Assuming a
maximum titer of 3,000 U for the negative group, with a cut-off titer around 3,200 to 3,400 U, 6% (23/361) of
samples were considered to be positive (peak at 5,200 U), and 94% (338/361) of samples were considered to be
negative (peak at 200 U) (Fig. 3).

250

200 l

Frequency

22 26 30 34 38 42 46 50 54 58 62 66 70 74
1gG Unit (x102)

Fig. 3. Frequency distribution of ELISA values in urine samples.

Finally, we measured and compared the ELISA values of the serum and the urine antibody titer using the
Pearson Correlation Coefficient test and the ELISA values of both were well correlated (R = 0.843, P <0.05)
(Fig. 4).

4.0

Fig. 4.
Correlation of ELISA values
between serum and urine
samples.

Serum : log (1+unit)
r
o

y = 0.5356x + 1.4235
R =0.843

1.0
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DISCUSSION

As a result of fecal examination of 572 schoolchildren from six elementary schools in northeast Thailand,
39% of schoolchildren tested positive for intestinal parasites. Of the parasites detected, eight genera and eight
species were identified. The prevalence rates varied between schools, with schools C and F showing significantly
higher prevalence rates. Necator americanus was the dominant species in school C with a significantly higher
rate of prevalence compared with the other schools. It has been suggested that one of the main factors affecting
these results may be the lifestyle of the “Bru” population living in this region. The poverty in which they live
may partially explain the endemic of N. americanus among this population. Hookworm infection causes physical
growth disorder, mental retardation, and iron deficiency anemia, etc. in schoolchildren, and there is a report that
the future potential income for these people has been reduced by 43% due to hookworm infection (Bleakey,
2007). This continued poverty compounds the potential for further hookworm infection leading to a vicious
cycle among the people in this region. By contrast, School F comprised mainly schoolchildren from “Thai
Nyaw” heritage who reside close to the river and eat a staple diet of uncooked river fish. Both in home
economics classes and in the family home, river fish is often cooked and eaten. Any increase in potential contact
with fresh water fish needs to be carefully considered. The eating habits of the parents are reported to increase
the risk of O. viverrini infection in children (Tomokawa ef al., 2008). In addition, it is estimated that the number
of people infected in Thailand with O. viverrini, which is known to induce liver cirrhosis and cancer of the bile
duct system (Haswell-Elikins ez al., 1994), is about seven million (Sithithaworn et al., 2003), suggested that
public health measures for not only schoolchildren but also their families and communities are necessary for
prevention of this illness.

In this study, we detected one Gongylonema sp. egg among our samples. Gongylonema sp. is distributed
worldwide, however, human infection is rare. There have, to date, been fewer than 60 cases reported worldwide
(Pesson et al., 2013). The intermediate hosts of this parasite are the common beetle, dung beetles, and cockroach.
In our study, we observed local people cooking and eating dung beetles collected from around the home.
Additionally in an interview with one of the schoolchildren we detected Gongylonema sp. egg from feces, we
learned that there was a history of refractory stomatitis with mobility. Pasuralertsakul ez al. (2008) reported nine
Thai patients who had been found to be infected with Gongylonema sp. due to the detection of eggs in their feces.
However, they concluded that these were not examples of actual human infection with Gongylonema sp. They
suspected that the eggs detected in the feces were due to the consumption of infected chicken and the subsequent
excretion of eggs. In our study, we did find one patient who had been directly infected with Gongylonema sp.
Unlike participants in previous studies, as mentioned earlier our participant had a history of refractory stomatitis
and was living in an area where the dung beetle was present and often eaten on a regular basis. Given the unique
lifestyle circumstances, participants’ history and information collected from interviews, this seems to be the first
reported case of human Gongylonema sp. infection in Thailand (Doi et al., 2014).

In our study, we did not detect the presence of any A. lumbricoides eggs. One of the reasons for this may be
attributed to the control programs carried out by the Ministry of Public Health in Thailand (Anantaphruti ef al.,
2004; Wongsaroj et al., 2014). However, it remains unclear why this widely spread soil-transmitted nematode
was not detected. Similar results were reported by Ngrenngarmlert et al. (2003) and Wongsaroj ef al. (2014) in
other studies in northeast Thailand.

Fourteen (12%) out of the 117 soil samples from Sakon Nakhon Province were positive for Toxocara sp.
eggs. Eggs were detected from samples taken inside elementary school campuses, indicating that fecal
contamination from dogs and cats is widespread. Soil contamination with Toxocara eggs was also reported in
Songkhla Province (positivity rate of 19%; Uga et al., 1997) and Bangkok (6%; Wiwanitkit et al., 2004). Future
health measures should include controlling the breeding of domestic animals to prevent the spread of zoonotic
parasites, particularly larva migrans.

In this study, more than 6% of schoolchildren tested were considered to be positive for Toxocara antibodies.
Uga et al. (1990) reported similar results in schoolchildren in Japan (6%), and similar results have also been
reported in Malaysia (6%; Romano et al., 2010) and Korea (9%; Kim et al., 2014). Taken together, these
findings indicate that the sero-prevalence rates of Toxocara range from 6 to 10% across the Asian region. The
reasons for the similarities in rates across these countries remain unclear and future research could consider
clarifying these factors. Uga et al. (1989) and Itoh et al. (2001) conducted a urine ELISA using schistosomiasis
and filariasis patients, respectively. The use of urine instead of blood for sero-epidemiology is advantageous
because it is less invasive and raises fewer ethical concerns. In this study, we performed ELISA using urine and
serum and the antibody titers were compared. The results showed a strong correlation suggesting that urine can
be used effectively for Toxocara studies in this type of research. The use of urine has the additional benefit of
being easy to collect as it does not require a skilled practitioner for sample collection, facilitating the design and
plausibility of studies with large sample sizes.

E126



EPIDEMIOLOGICAL INVESTIGATION OF PARASITIC INFECTION

In summary, our findings indicated that the parasite epidemic in this region of Thailand is affected by a
number of factors, for example, poor hygiene in school C, eating habits in school F, and uncontrolled breeding of
domestic cats and dogs as exemplified by the egg contamination of soil. The most prevalent and widely
distributed parasitic disease was toxocariasis with 6% of the schoolchildren being infected. The results from this
study also confirm the benefits of adopting a multi-parameter approach to research offering a more
comprehensive and accurate dataset with a view to enabling future prevention and control programs to be
designed in a more appropriate and effective manner.
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