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INTRODUCTION

Helminth infections are prevalent in Lao People’s Demo-
cratic Republic (Lao PDR), and according to the nationwide 
survey of primary school children conducted from 2000 to 
2002, the overall prevalence of intestinal helminth infection 
was 61.9% [1]. In each province, the prevalence ranged from 
27.5% to 96.0%, and compositions of helminth infection dif-
fered widely. Another nationwide survey conducted from 2007 
to 2011 revealed that the overall prevalence was 71.9% [2]. 
Most of the positive cases were Opisthorchis viverrini and min-
ute intestinal flukes (Ov/MIF) infection (55.6%), while cases 

positive for Ov/MIF infection were only 9.3% for individuals 
from northern Lao PDR including Phongsaly, Luang Prabang 
and Xieng Khouang province in the study. Instead of Ov/MIF, 
hookworm infection was the most prevalent (39.5%) in 
northern Lao PDR.

Taeniasis is another parasitic infection characterized by a 
high degree of variation in different groups. A nationwide sur-
vey of schoolchildren reported the prevalence of taeniasis was 
0.6% [1], while another nationwide survey of individuals with 
unspecified age reported the prevalence was 4.8%, ranging 
from 0 to 8.6% in different provinces [2]. In Champasack 
Province in southern Lao PDR, the prevalence was as low as 
0.1% [3].

Studies conducted in northern Lao PDR revealed a high 
prevalence of hookworm infection and taeniasis. A survey con-
ducted in Oudomxay province located in the northern moun-
tainous area showed the prevalence of hookworm infection 
and taeniasis was more than 50% [4] and more than 13% [5], 
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respectively. Another survey in Phongsaly province, a moun-
tainous area bordering Vietnam, revealed hookworm infection 
and taeniasis prevalence of 56% and 18%, respectively [6].

This study aimed to investigate helminth infection, especial-
ly taeniasis, in the remote mountainous area in northern Lao 
PDR, where intervention was not conducted before. A cross-
sectional survey was conducted in 3 villages in the Beng Dis-
trict of Oudomxay province to assess the prevalence of hel-
minth infections and their risk factors.

MATERIALS AND METHODS

Ethics statement
The study was approved by the Lao National Ethics Com-

mittee for Health Research (NECHR), Ministry of Health, 
Vientiane, Lao PDR (reference No. 014/NECHR). All proce-
dures were explained to provincial, district, and village author-
ities, and their approval was obtained. Study participants were 
informed on study procedures, benefits, and risks of the study 
as well as their rights to withdraw at any time. Those infected 
with helminth were treated with a single 400 mg dose of al-
bendazole and 40 mg/kg of praziquantel free of charge, ac-
cording to the Lao national treatment guidelines [7].

Study area
The study was conducted in 3 villages, Namcheem, Pasak, 

and Nangua, which are situated in a remote mountainous re-
gion of Beng District, Oudomxay Province, Lao PDR (Fig. 1). 
Water supply is from small streams nearby, and the majority 
of residents were farmers. The Hmong ethnic group formed 
the majority of the population in Namcheem and Pasak vil-
lages and the Leu ethnic group in Nangua village. No prior 
mass drug administration was performed in these villages.

Study design and field procedure
The present study was performed in the dry season in Janu-

ary 2017. Participants who were older than 18 and agreed to 
submit stool samples and/or undergo interviews, were recruit-
ed. They were fully explained by personnel who can commu-
nicate with the residents in their local languages before the 
study. The questionnaire, translated into the villager’s mother 
tongue, was used to assess the villager’s lifestyle, including de-
mographic information, medical history, eating habits, owner-
ship of livestock, and hygiene. The interviews were conducted 
by trained personnel, and the questionnaires were filled out by 

them. Stool samples of 198 people were collected, and 171 in-
dividuals underwent interviews. Complete sets of stool sam-
ples and interviews from 161 individuals were available for 
further evaluation. The study protocol was reviewed and ap-
proved by the Lao National Ethics Committee for Health Re-
search (NECHR), Ministry of Health, Vientiane, Lao PDR (Trial 
No. 014/NECHR).

Stool examination
A single stool sample was collected from each participant, 

and the specimens were examined by the Kato-Katz (KK) 
method [8]. Briefly, stool samples were filtered through a fine 
mesh into templates that hold 41.7 mg per test. Each fecal 
sample was then covered by a cellophane strip, which was 
dipped in glycerol and malachite green in advance, and was 
then pressed gently and evenly over a slide glass. One slide was 
prepared from each stool specimen to be examined under the 
microscope.

Statistical analysis
The categorical data were analyzed by the Chi-square test or 

the Fisher exact test. Risk factors were evaluated by estimating 
the odds ratio by logistic regression analysis. In the case of zero 
egg count, Firth logistic regression was utilized. Statistical anal-
yses were conducted using SPSS 23.0 (SPSS Inc., Chicago, Illi-
nois, USA) except for Firth logistic regression, which was con-
ducted using R software [9].

Fig. 1. Study villages (white circles) in Beng district (brown), Ou-
domxay, Lao PDR (images from Google Map).
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RESULTS

Characteristics of the study population
Stool samples from 198 people were included for analysis, 

and 97 participants (49.0%) were male with the mean age of 
46.8±15.3 years (range: 19-89). Mean ages by sex were 
47.7±15.2 years (range: 19-89) for males and 46.0±15.4 
years (range: 18-78) for females. Among 198 participants, 161 
people responded to the questionnaire and were included for 
risk factor analysis. Among them, 52.2% were male, and the 
mean age was 49.2±14.6 years (range: 19-89). Mean ages by 
sex were 48.5±15.6 years (range: 19-89) for males and 
50.0±13.5 years (range: 19-78) for females.

Prevalence of helminth infection
Intestinal helminth infections were prevalent in the study 

population, and the cumulative prevalence was 75.8%. The 
eggs of hookworm, Opisthorchis viverrini and minute intestinal 
flukes (Ov/MIF), and Taenia spp. were detected in 63.1%, 
17.7%, and 15.2% of stool samples, respectively (Table 1). In 
contrast, egg positive rates of Ascaris lumbricoides, Trichuris trich-

iura, and Enterobius vermicularis, were less than 2.0% (Table 1). 
The cumulative prevalence of intestinal helminths was not sig-
nificantly different between males (78.4%) and females 
(73.3%) (P=0.404), but hookworm was more prevalent in 
males (71.1%) than in females (55.4%) (P=0.022).

Multiparasitism of up to 3 species was detected: more than 
a quarter of the infected people (29.3%) were positive for 2 
helminth species or more (Table 2). There was no significant 
difference between males and females in multiparasitism 
(P=0.817). Among individuals with multiparasitism, the most 
common coinfection was with hookworm and Ov/MIF 
(47.7%). Among Ov/MIF-infected individuals, 60% were co-
infected with hookworm. Among 21 individuals co-infected 
with hookworm and Ov/MIF, 5 individuals were additionally 

positive for another helminth species: 4 for Taenia spp. and 
one for E. vermicularis.

Regarding taeniasis, a history of the expulsion of proglottids 
was also surveyed to detect tapeworm carriers [10,11]. Among 
161 individuals interviewed, 123 individuals had a history of 
proglottids expulsion during defecation, and 17.1% of them 
were egg-positive for Taenia spp., whereas only 7.9% among 
individuals without a history of proglottids expulsion were 
egg-positive for Taenia spp.

Risk factors for hookworm infection and taeniasis
Among the study population, 161 individuals were inter-

viewed to evaluate risk factors for helminth infection. After an 
initial univariate logistic regression analysis for predicting any 
positivity for helminth infection, the following variables were 
included in the multivariate logistic regression: sex, age, eth-
nicity, food consumption habits, livestock, and presence of la-
trine. According to the multivariate logistic regression analysis, 
males were more susceptible to hookworm infection com-
pared to females (OR=2.120, P=0.025; Table 3). The pres-
ence of latrine decreased the risk for hookworm infection 
(OR=0.278, P=0.006; Table 3), and it was closely related to 
other variables found related by univariate logistic analysis: 
ethnicity, the consumption of fermented vegetables, and own-
ership of pig or duck, respectively (P<0.001). In contrast, the 
consumption of raw meat was the only variable related to tae-
niasis (OR=11.750, P=0.011; Table 3). All other variables, in-
cluding the presence of latrine or raising pigs without caging, 

Table 1. Prevalence of helminth infection in northern Lao PDR, Beng district, 2017

Parasite Total (n=198) Male (n=97) Female (n=101) P-value

Hookworm 63.1% 71.1% 55.4% 0.022
Taenia spp. 15.2% 13.4% 16.8% 0.501
Trichuris trichiura 2.0% 3.1% 1.0% 0.361b

Enterobius vermicularis 1.0% 1.0% 1.0% 1.000b

Ascaris lumbricoides 1.5% 1.0% 2.0% 1.000b

Opisthorchis viverrini/MIFa 17.7% 13.4% 21.8% 0.122
Cumulative prevalence 75.8% 78.4% 73.3% 0.404

aminute intestinal flukes (mostly Haplorchis taichui), bFisher-exact test.

Table 2. Distribution of mixed helminth infections in Beng district, 
2017

Total (n=198) Male (n=97) Female (n=101)

One species 53.5% 55.7% 51.5%
Two species 19.7% 20.6% 18.8%
Three species 2.5% 2.1% 3.0%
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were not related. Most of the open defecation and free-range 
pig farming was found in the Hmong ethnic group, but there 
was no difference in taeniasis prevalence between the 2 ethnic 
groups.

DISCUSSION

In this study, we investigated helminth infections in the re-
mote mountainous area in northern Lao PDR by analyzing 
stool samples from 198 people. The cumulative egg positive 
rate was 75.8%, among which 29.3% accounts for multipara-
sitism. Hookworm was the most common helminth with a 
prevalence of 63.1%. Males had a higher risk for hookworm 
infection than females, and the presence of latrine decreased 
the risk of hookworm infection. Taeniasis was detected in 
15.2% of the individuals, and consumption of raw meat was 
found to increase the risk of the infection.

The prevalence of hookworm infection in the present study 
was 63.1%, which was higher than in the previous study, in 
which the prevalence was 12.3% among primary school chil-
dren in Oudomxay [1]. As the prevalence of hookworm infec-
tion is known to increase with age [12], the high prevalence in 
this study could be associated with the age composition of the 
study subjects. Besides, the prompt preparation and examina-
tion of stool samples might have enabled optimal evaluation 
of the hookworm eggs. In contrast to the previous study where 
fecal specimens were collected and stored in refrigerators prior 
to examination [1], we could evaluate the stool samples with-
in 12 hours after collection, leaving no time for hatch of hook-
worm eggs. Prevalence estimates by delayed stool examination 
often measured lower than actual hookworm prevalence. Al-
though the KK method cannot differentiate the species of 
hookworms, Necator americanus might be the dominant hook-
worm species in this area, according to the previous study [4].

The lifespan of hookworms is estimated to be 5-7 years [13]. 
Due to its relatively short lifespan, persistent hookworm infec-
tion can only be established by repeated exposure to soil con-
taminated by the filariform larvae of hookworm [14]. In ac-
cordance with other studies [15,16], the presence of latrine 
was found protective against hookworm infection in this 
study. However, more than half of individuals having latrines 
at their houses were still positive for hookworm infection in 
this study, which leads to the assumption that the defecation 
site was not the only source of exposure. As the villages in this 
study rely mainly on agriculture for their living, exposure to 

the soil during farming could be another source of infection, 
which is supported by the finding that males had higher risk 
for hookworm infection than females in this study. The previ-
ous study suggested that dogs had a role in hookworm trans-
mission to humans as N. americanus has been found in dogs 
as well as Ancylostoma ceylanicum as a dominant species [4]. 
These risk factors should be carefully modulated to control 
hookworm infection because a previous mass drug adminis-
tration in Lao PDR showed a significant effect on the preva-
lence of A. lumbricoides and T. trichiura but minimal effect on 
hookworm prevalence [17]. It is necessary to strengthen STH 
control programs, especially paying more attention to control 
hookworm infections in Lao PDR.

The overall prevalence of Ov/MIF infection in Lao PDR was 
found to be 40% with a higher infection rate in southern prov-
inces, according to a study conducted in 1992 [18]. In north-
ern Lao PDR, the prevalence varied widely, ranging from 0% 
[19] to 15% [20,21]. The highest prevalence of Ov/MIF infec-
tions in northern Lao PDR was reported in the villages where 
rivers run through [20]. Conducting a study with villages in 
high altitudes and long distances from freshwater bodies, we 
expected a lower prevalence of Ov/MIF infection, as shown in 
another study [22]; however, the prevalence of Ov/MIF infec-
tion in this study was rather high (17.7%). Further evaluation 
of other risk factors, including raw fish consumption, and sur-
vey of the infection status of fish are needed to elaborate on 
our findings.

The prevalence of taeniasis is known to differ between 
adults and children. In one study conducted in Oudomxay 
showed that the prevalence was 1.2% in children aged 6-11 
years [1]. Another study conducted in southern Lao PDR, the 
prevalence was about 6% in individuals below 15 years of age, 
while it was higher among adult age groups [23]. The preva-
lence of taeniasis is the lowest in young children, and this is 
probably due to lower prevalence of the risky behavior of con-
suming raw meat and less cumulative exposure to the raw 
meat than adults [24]. In this study, where individuals older 
than 18 were investigated, the prevalence of taeniasis was 
15.2%.

The consumption of raw meat was the only factor that in-
creases the risk of taeniasis. Although there were villages where 
open defecation and free-range pig farming were relatively fre-
quent, the prevalence was not high in those villages with more 
chances of transmission. Besides, 24 individuals who did not 
consume raw meat were found egg negative for Taenia spp. 
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These findings suggest that consumption of well-cooked meat 
can prevent taeniasis even in endemic areas.

The prevalence of A. lumbricoides and T. trichiura in this study 
was only 1.5% and 2.0%, respectively, which is extremely low 
compared to previous studies conducted in the area. The egg 
positive rate of A. lumbricoides and T. trichiura was 62.6% and 
39.8% in 2000-2002 [1], and 24.5% and 45.6% in another 
survey in 2009 [4], respectively. In a neighboring province, it 
decreased to 33.8% and 27.7% in 2008, and 7.5% and 16.5% 
in another neighboring province in 2011 [2], respectively. Al-
though the target population of previous studies was not the 
same as the present study, the prevalence showed a tendency 
to decrease, and this study showed a much lower prevalence of 
A. lumbricoides and T. trichiura. The discrepancy in prevalence 
results from the difference in the age composition of the study 
population: all participants were older than 18 in this study. 
Children aged 5-15 years are risk groups of soil-transmitted 
helminths, including A. lumbricoides and T. trichiura [13], but 
this age group was not included in this survey, as taeniasis was 
the major target for the study.

This study has limitations in evaluating the prevalence of in-
testinal helminthiasis. Although the KK method used in this 
study is the standard technique to detect intestinal parasites, it 
is challenging to identify O. viverrini eggs from MIF eggs [22]. 
As Haplorchis sp. was more common than O. viverrini in north-
ern Lao PDR [20,25,26], most of the Ov/MIF infection in this 
study was considered as MIF infection. Also, single KK smear 
was read in this study instead of 2 KK smears, and eggs were 
not counted, as the present study was mainly focused on in-
vestigating the prevalence of taeniasis and proglottids were re-
covered from the infected persons after praziquantel treat-
ment. The KK method is less sensitive in the detection of tae-
niasis [27]. In this study, 76.4% of the study population had a 
history of proglottids expulsion during defecation, but the 
prevalence of taeniasis evaluated by the KK method was only 
15.2%. It is known that repeated examinations can improve 
the sensitivity [28], and copro-antigen and copro-DNA detec-
tion can increase the sensitivity and specificity for detecting 
tapeworm carriers [29]. Indeed, one study conducted in north-
ern Lao PDR revealed 27.9% positivity by copro-antigen ELISA 
on fecal samples [30], which is much higher than the data pre-
sented in this study.

Although the sample size for the study was not considered 
large, it was demonstrated that a high prevalence of hook-
worm, Taenia spp., and Ov/MIF infection were observed in the 

remote mountainous areas in northern Lao PDR, where no 
prior intervention such as mass drug administration was con-
ducted. Risk factor analysis revealed that being an adult male 
and having no latrine markedly increase the risk of hookworm 
infection, while consuming raw meat increases that of taenia-
sis. Appropriate programs to control intestinal helminth infec-
tion are required in remote mountainous villages of northern 
Lao PDR, and interventions on latrine availability and health 
education for changing meat consumption behavior should 
be integrated to the control programs.
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