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Abstract: Soil-transmitted helminth (STH) infections are still a considerable challenge in Myanmar. We undertook a con-
trol program for STH infections (especially Trichuris trichiura) among schoolchildren in Myanmar using mass drug admin-
istration (MDA) and health education. Around 1,700 schoolchildren from 15 primary schools in 3 suburban districts (Shwe
Pyi Thar, Twantay, and Kyauktan) of the Yangon Region were subjected in this study during 2017-2019. All of the school-
children in each school were orally administered albendazole (400 mg in a single dose) 2, 3, and 4 times a year in 2017,
2018, and 2019, respectively. The results revealed that the egg positive rate of any intestinal helminths (including STH)
was reduced from 37.6% (649/1,724) in 2017 to 22.8% (352/1,542) in 2019. The egg positive rate of Ascaris lumbricoides
was decreased remarkably from 23.3% (402/1,724) in 2017 to 3.6% (56/1,542) in 2019. However, that of T. trichiura was
only slightly reduced from 26.9% (464/1,724) in 2017 to 20.2% (312/1,542) in 2019. The intensity of infection with A. lum-
bricoides and T. trichiura was both more or less reduced, and the proportion of light infection cases with A. lumbricoides
and T. trichiura increased from 35.6% in 2017 to 64.3% in 2019 and from 70.3% in 2017 to 81.7% in 2019, respectively.
The results indicated that repeated MDAs (2-4 times a year for 3 years) using albendazole on schoolchildren in Myanmar
failed to control T. trichiura infection. For a successful control of trichuriasis in Myanmar, new MDA strategies, using a
modified albendazole regimen (multiple daily doses for 2 or 3 days) or an alternative anthelmintic drug, such as oxantel

pamoate, is strongly recommended.
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INTRODUCTION

More than 1.5 billion people are infected with soil-transmit-
ted helminths (STH) worldwide, which include Ascaris lumbri-
coides (roundworms), Trichuris trichiura (whipworms), Necator
americanus and Ancylostoma duodenale (hookworms), and
Strongyloides stercoralis [1]. Over 267 million preschool-age
children and over 568 million school-age children live in STH
endemic areas and need treatment and preventive/control in-
terventions [1]. Preventive chemotherapy to high-risk popula-
tion groups by a large-scale distribution of anthelminthic
drugs integrated with environmental sanitation and health ed-
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ucation is a core strategy for STH control [2,3].

In Myanmar, after a baseline survey in 2003, large-scale
mass drug administration (MDA) has been implemented us-
ing albendazole twice a year to 12.67 million preschool-age
children and school-age children by the School and Youth
Health Program of the Ministry of Health and Sports [4]. After
the national repeated MDAs, the overall prevalence of STH
showed a significant reduction from 69.7% (ascariasis 48.5%,
trichuriasis 57.5%, and hookworm infections 6.5%) in 2003
t0 20.9% (ascariasis 5.8%, trichuriasis 18.6%, and hookworm
infections 0.3%) in 2012 [4]. In addition, the proportion of
moderate-to-heavy intensity of STH infected cases has been re-
duced from 18.2% at baseline to less than 7% after the na-
tional MDAs [4].

However, in some regions like 3 districts of the Yangon Re-
gion (South Dagon, North Dagon, and Hlaing-thar-yar), the
prevalence of STH infections remained still high, up to 32.5%
among schoolchildren in 2013, despite the national school-
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based MDA programs with health education [5]. It was sug-
gested to be due to a high reinfection rate among the popula-
tion in this region. In order to provide evidence for this sug-
gestion, Chai et al. [6] performed 1-time MDA in different
counties of the same 3 districts targeting a total of 2,227
schoolchildren using albendazole 400 mg in a single dose in
2014-2015, and follow-up fecal examinations were performed
4 months later. The pre-treatment egg positive rate of A. lum-
bricoides infection was 17.2%, and the intensity of infection
was 15,532 in average EPG/person (no. of eggs per gram of fe-
ces/person), and those of T. trichiura were 19.4% and 1,074
EPG/person, respectively [6]. Follow-up fecal examinations
performed 4 months later revealed considerable decreases in
the prevalence and intensity of A. lumbricoides to 8.3% and
12,429 EPG/person, respectively [6]. However, no significant
reduction was obtained in the prevalence and intensity of T.
trichiura which remained at 18.2% and 862 EPG/person, re-
spectively [6]. These results suggested necessity of more effec-
tive MDA strategies for trichuriasis control around the Yangon
Region.

The present study was conducted to establish effective MDA
strategies to control STH infections (in particular, trichuriasis)
among schoolchildren in Myanmar. The strategies applied
were firstly, repeated MDAs (2, 3, or 4 times a year) for a total
of 3 years, and secondly, blanket MDA method (treatment of
all participants in a community) rather than selective MDAs
(treatment of only egg positive individuals, as was done in
[6]). The target areas were 3 districts (Shwe Pyi Thar, Twantay,
and Kyauktan) of the Yangon Region (different districts from
the previous project [6]), where STH infections were found to
be highly prevalent.

MATERIALS AND METHODS

Surveyed areas

Myanmar (formerly Burma) is a developing country border-
ing 5 countries in Southeast Asia with 51.5 million people [7].
The country is divided into 15 administrative states and re-
gions (7 states, 7 regions, and 1 union territory) and represents
a tropical monsoon climate [7]. The country is still prevalent
with STH infections, although large-scale national MDA pro-
grams have been implemented by the government using al-
bendazole (400 mg) twice a year targeting schoolchildren.
Three districts (Shwe Pyi Thar, Twantay, and Kyauktan) of the
Yangon Region were selected for this study (Fig. 1). These dis-

Yangon
region

Fig. 1. Map showing the surveyed areas around the Yangon Re-
gion, Myanmar. Schoolchildren of 15 primary schools in 3 districts
(Shwe Pyi Thar, Twantay, and Kyauktan) were subjected for this
study.

tricts are located in the lower reaches of the Yangon River.

MDA and follow-up fecal examinations

The blanket MDA method was applied targeting all school-
children in each primary school irrespective of the fecal egg
positivity using a single oral dose of 400 mg albendazole
(Burma Pharmaceutical Industry, Yangon, Myanmar). The first
MDA was executed in January 2017, and the subsequent
MDAs were repeated continually targeting the schoolchildren
in the same school, total 9 times until October 2019 which
consisted of 2 times in 2017, 3 times in 2018, and 4 times in
2019 (Fig. 2). The coverage rate of each MDA was checked via
questionnaires to each schoolchild; the rate was low, 75.1% in
2017 but it gradually increased to 89.4% in 2018 and 92.8%
in 2019, which were higher than the WHO’s recommendation
(minimum of 75%) [8].

The target population of the first MDA was about 1,800
schoolchildren in 15 primary schools (4 schools in Shwe Pyi
Thar, 7 schools in Twantay, and 4 schools in Kyauktan) (Fig.
2). After 5 months (in June 2017), the first follow-up fecal ex-
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Fig. 2. Scheme of blanket MDA program for STH control in Myanmar, 2017-2019.

amination was performed on a total of 1,724 schoolchildren
(mean age, 7.4 years) consisting of almost the same numbers
of boys and girls (51:49). In July 2017, the second MDA was
executed, and the second follow-up fecal examination was
performed in November 2017 on 1,410 schoolchildren (mean
age, 7.5 years; gender ratio M:F=53:47) in 15 primary schools
(Fig. 2). The schoolchildren turnover rate was less than 20-
25% between successive follow-up examinations, in other
words, about 75-80% of the schoolchildren remained in the
same class between each follow-up examination.

As the egg positive rate of STH, in particular, T. trichiura, re-
vealed no much decrease by the 2 times’ MDAs in 2017, the
frequency of MDAs was increased to 3 times in 2018 and 4
times in 2019 (Fig. 2). Follow-up monitoring surveys were per-
formed 2 times a year in 2018 and 2019 (Fig. 2). In June 2018,
a total of 1,743 schoolchildren (mean age, 7.0 years; gender
ratio M:F=52:48) were examined, and in November 2018, a
total of 1,635 schoolchildren (mean age, 7.0 years; gender ra-
tio M:F=49:51) were examined. In June 2019, a total of 1,702
schoolchildren (mean age, 6.8 years; gender ratio M:F=49:51)
were examined, and in November 2019, a total of 1,542 school-
children (mean age, 8.0 years; gender ratio M:F=50:50) were ex-
amined.

Collection of fecal samples and examination

Fecal samples were collected from each child in primary
schools and transported to the National Health Laboratory
(NHL) in Yangon, Myanmar. The samples were examined for
the eggs of intestinal helminths using the Kato-Katz thick
smear method, which is useful for a large-scale STH monitor-

ing [2]. One slide per child was prepared and examined under
a microscope in the NHL. The EPG was measured by counting
the number of helminth eggs found on each Kato-Katz fecal
smear multiplied by 24. The intensity of A. lumbricoides and T.
trichiura infection was divided into 3 categories according to
the recommendations by WHO [8]. Light, moderate, and
heavy infections for A. lumbricoides were set at 1-4,999, 5,000-
49,999, and >50,000 EPG and those for T. trichiura were 1-999,
1,000-9,999, and > 10,000 EPG, respectively.

Ethical consideration and data processing

This study was ethically approved by Ethics Review Com-
mittee, the Department of Medical Research (DMR, Yangon),
Ministry of Health and Sports, Myanmar (ERC no. 005117).
The staff of NHL informed of and oriented on the purpose of
this project to each school and each participant. Then, the
written consent was obtained from guardians of the school-
children in the presence of the township medical officer
(TMO) and the representative of each school. The data collect-
ed from 6 follow-up fecal surveys were processed and analyzed
using Excel 2016 (Microsoft, Redmond, Washington, USA)
and were statistically evaluated using the chi-square test. The
level of statistical significance was set at P<0.05.

RESULTS

In the first follow-up fecal examination in June 2017, the
overall helminth egg positive rate (no. examined, 1,724) was
37.6% (28.9% in Shwe Pyi Thar, 52.8% in Twantay, and 17.3%
in Kyauktan), and the average egg positive rate of A. lumbricoi-
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Table 1. Follow-up egg positive rates of intestinal helminths among schoolchildren in 3 districts of the Yangon Region, Myanmar, during
the 3-years of MDAs (2017-2019)

Year Jun. 2017 Nov. 2017 Jun. 2018 Nov. 2018 Jun. 2019 Nov. 2019
No. examined 1,724 1,410 1,743 1,635 1,702 1,642
No. of egg positive cases (egg positive rate)

Any helminth 649 (37.6) 500 (35.5) 624 (35.8) 378 (23.1) 348 (20.4) 352 (22.8)
Ascaris lumbricoides 402 (23.3) 244 (17.3) 301 (17.3) 47 (2.9) 123 (7.2) 56 (3.6)
Trichuris trichiura 464 (26.9) 370 26.2) 477 (27.4) 348 (21.3) 248 (14.5) 312 (20.2)
Hookworms 2(0.1) 1(0.8) 6 (0.3) 0(0.0) 4(0.2) 1(0.1)
Opisthorchis viverrini/MIF? 5(0.3) 6 0.4) 9(0.5) 6 (0.4) 7(0.4) 5(0.9)
Enterobius vermicularis 24 (1.4) 13(0.9) 31(1.8) 8(0.5) 26 (1.5) 18(1.2)
Taenia spp. 2(0.1) 0(0.0) 1(0.1) 0(0.0) 2(0.1) 1(0.1)
Hymenolepis nana 1(0.1) 2(0.1) 2 (0.1) 0(0.0) 4(0.2) 2 (0.1)
Echinostoma sp. 0(0.0) 0(0.0) 1(0.1) 0(0.0) 0(0.0) 0(0.0
Others® 3(0.2) 1(0.1) 2(0.1) 4(0.2) 4(0.2) 1(0.1)

2MIF, minute intestinal flukes, including heterophyids.
°Others include dicrocoelid eggs.

des and T. trichiura was 23.3% and 26.9%, respectively (Table
1). The egg positive rate of hookworms was 0.1%, and those
of other helminths were as follows: Enterobius vermicularis
1.4%, Opisthorchis viverrini 0.3%, Taenia spp. 0.1%, Hymenole-
pis nana 0.1%, and others 0.2% (Table 1). Including the first
fecal survey, total 6 rounds of follow-up fecal surveys were per-
formed (in June and November in 2017, 2018, and 2019) with
the number of schoolchildren examined in each survey rang-
ing from 1,410 to 1,743 (Table 1).

The overall follow-up results revealed that the egg positive
rate of any helminths decreased from av. 37.6% in June 2017
to av. 22.8% in November 2019 (Table 1; Supplementary Fig.
S1). Similar decreasing patterns were observed in 3 districts.
The prevalence of any helminths was not significantly different
between boys and girls (P>0.05) (data not shown). After re-
peated MDAs, the egg positive rate of A. lumbricoides was re-
markably decreased from 23.3% in June 2017 to 3.6% in No-
vember 2019 (P<0.05) (Table 1; Fig. 3A). However, the egg
positive rate of T. trichiura was only slightly decreased from
26.9% in June 2017 to 20.2% in November 2019 (Table 1; Fig.
3B). Among the 3 districts, Twantay revealed the highest preva-
lence of A. lumbricoides, followed by Shwe Pyi Thar and Kyauk-
tan. In the final follow-up, the prevalence of A. lumbricoides
was within the range 1.4-4.9% in the 3 districts (Fig. 3A). With
regard to T. trichiura, the highest prevalence was also noted in
Twantay district, followed by Shwe Pyi Thar and Kyauktan dis-
tricts; in the final follow-up, the prevalence of T. trichiura re-
mained at 10.1-28.8% (Fig. 3B).

The average EPG of A. lumbricoides in the first follow-up ex-

amination was 1,824 in June 2017, which was decreased to
699 in November 2017 (increased to 1,603 in June 2018), to
491 in November 2018, to 536 in June 2019, and to 481 in No-
vember 2019. However, the average EPG of T. trichiura, which
was 63 in June 2017, revealed only slight decreases to 68, 55,
39, 52, and 38 in the successive follow-up examinations.

To estimate the decreasing patterns of the intensity of infec-
tion, the proportions of schoolchildren with light, moderate,
and heavy infections |8] were calculated and presented in Fig.
3C and D. As to A. lumbricoides infection, remarkable changes
in the proportion of light infections with A. lumbricoides were
observed through 6 follow-up studies (Fig. 3C, D). It was
35.6% in June 2017 which was elevated to 64.3% in Novem-
ber 2019, whereas that of moderate and heavy infection cases
was significantly decreased from 64.4% in June 2017 to 35.7%
in November 2019 (P<0.05) (Fig. 3C, D). In the case of T.
trichiura infection, the proportion of light infections was 70.3%
in June 2017 which was elevated to 81.7%, whereas that of
moderate and heavy infections was significantly reduced from
29.7% in June 2017 to 18.3% in November 2019 (P<0.05) (Fig.
3C, D).

DISCUSSION

For the control of STH infections, WHO recommended es-
tablishing the frequency of MDAs according to the prevalence
in each endemic community; MDA once a year for the preva-
lence of 20-50%, and MDA twice a year for the prevalence of
>50% [8]. In our previous study [6], the baseline prevalence
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Fig. 3. Prevalence (A, B) and intensity (C, D) of infection with Ascaris lumbricoides and Trichuris trichiura among schoolchildren in the

Yangon Region, Myanmar, 2017-2019.

of any STH, A. lumbricoides, and T. trichiura in 3 districts (South
Dagon, North Dagon, and Hlaing-thar-yar) of the Yangon Re-
gion was 30.9%, 17.2%, and 19.4%, respectively. Thus, these
districts were classified as the moderate transmission category
by WHO (where the prevalence is 20-50%), and Chai et al. [6]
conducted MDA once a year in 2014-2015. Evaluated at 4
months after the 1-time MDA, the prevalence of A. lumbricoides
decreased remarkably; however, the prevalence of T. trichiura
was not significantly reduced [6].

Another study in Myanmar showed that the reinfection of
STH, including A. lumbricoides, T. trichiura, and hookworms,
persisted among people in Myanmar, and 6-month gap was
time enough for STH prevalence to return to the previous level
(baseline prevalence, 27.9% for any STH) [9]. In the present
study, the baseline prevalence of any STH was 37.6% (28.9%
in Shwe Pyi Thar, 52.8% in Twantay, 17.3% in Kyauktan), and
we thought that at least MDA twice a year would be necessary
for effective control of STH infections in these districts.

We applied a modified scheme of MDA for STH control (es-
pecially T. trichiura) by changing the frequency of MDA from 2
to 4 times a year. In 2017, MDAs were conducted twice a year
using a single dose of albendazole (400 mg). However, the
prevalence of T. trichiura persisted (averaged 26.9% in 3 dis-
tricts in June 2017, and 26.2% in November 2017). Thus, in
2018, MDAs were repeated 3 times a year. The results revealed
only a slight decrease in the prevalence of T. trichiura, being av-
eraged at 21.3% in November 2018. Moreover, in 2019, despite
that MDAs were repeated 4 times a year, the prevalence of T.
trichiura still remained at average 20.2% in 3 districts in No-
vember 2019, probably due to a lowered drug efficacy and
rapid reinfection (Fig. 3B). Meanwhile, the prevalence of A.
lumbricoides decreased significantly from 23.3% in June 2017
to 3.6% in November 2019.

A high coverage rate of MDA in blanket mass chemotherapy
is a crucial element that may lead to successful STH control,
and we evaluated the coverage rate of each MDA on school-
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children in our project program. The coverage rate gradually
increased from 75.1% in 2017, to 92.8% in 2019, which were
higher than the WHO’s recommendation of minimum 75%
[8]. Thus, the MDA coverage applied in this study could be
justified as adequate for control of STH.

One of the reasons for the failure to reduce T. trichiura preva-
lence in this study includes possible lowered efficacy of alben-
dazole against this nematode infection [10,11]. In this respect,
it is worth to mention that the efficacy profiles of benzimid-
azole anthelmintics, in particular, albendazole and mebenda-
zole, against T. trichiura have shown a decreasing tendency
over the past decades [10]. For example, the reported cure rate
of albendazole (400 mg in a single dose) against T. trichiura
was 38.6% (26.2-52.7%) in 1995 but it decreased to 16.4%
(7.7-31.3%; P=0.027) in 2015, and the egg reduction rate,
which was 72.6% (53.7-91.5%) in 1995, decreased to 43.4%
(23.5-63.3%; P=0.049) in 2015 [10,12]. Mebendazole (500
mg in a single dose) also showed reduced efficacy against T.
trichiura; for example, the high egg reduction rate of av. 91.4%
(72.9-100%) in 1995 was reduced to av. 54.7% (34.6-74.8%)
in 2015 [10,12].

An important reason for the lowered efficacy of benzimid-
azoles against trichuriasis is possibly the appearance of drug
resistance of worms [10-12]. Drug resistance against benzimid-
azole anthelmintics has been reported in several human intes-
tinal nematodes, including hookworms (N. americanus), T.
trichiura, and A. lumbricoides, and it might be related with gene
mutation at codon 167, 198 or 200 in the p-tubulin gene of
the worms [11,13]. In T. trichiura, mutation at codon 200 was
suggested to be related with the drug resistance in Haiti, Ke-
nya, and Panama [13]. Until present, however, no mutation at
the B-tubulin gene of Burmese T. trichiura worms/eggs has
been demonstrated in relation to the drug resistance against
benzimidazole anthelmintics. Thus, further studies are re-
quired in Myanmar to identify single nucleotide polymor-
phism (SNP) at position 200 or other locus of the p-tubulin
gene of T. trichiura in association with the drug resistance.

Another reason for the failure to reduce T. trichiura preva-
lence in these areas seems to be rapid reinfection. Challenging
factors which may be associated with rapid reinfection and
sustained prevalence include low socioeconomic status, mi-
grant population, poor sanitary conditions, unsafe water, mal-
nutrition or under-nutrition, and lack of awareness about in-
testinal parasites, all of which may facilitate the transmission
of STH (in particular, T trichiura) infection and reinfection. We

could not perform any measures to improve socioeconomic
and environmental conditions in these areas (except for health
education), for example, supply of clean water system, change
of toilets, prevention from flood, and improvement of sewage
system. This may have exerted negative influence on the con-
trol of trichuriasis.

In the present study, we performed repeated MDAs in com-
bination with health education to control STH infections
among schoolchildren in Myanmar. Health education was
performed using interesting audiovisual materials targeting
schoolchildren, parents, and residents. Also, various other ma-
terials, such as banners, posters, and T-shirts containing health
education content were presented to the schoolchildren,
guardians, and other participants. However, we regret that the
prevalence of T. trichiura is sustained despite all these control
programs.

Myanmar has made considerable progress toward control-
ling STH infections, including A. lumbricoides and hookworms.
However, T. trichiura infection remained to be a public health
concern especially among schoolchildren in suburban areas of
the Yangon Region, Myanmar. STH infections are treated with
albendazole (400 mg in a single dose) or mebendazole (500
mg in a single dose), but both drugs recently showed lowered
efficacy against T. trichiura. Therefore, in order to control trich-
uriasis in Myanmar more effectively, a new MDA strategy, for
example, using higher doses of albendazole (2-3 times a day
for 2-3 days) or changing the drug into a more effective one,
such as oxantel pamoate, seems to be necessary.
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