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Abstract

Purpose Intestinal protozoan parasites among Asian schoolchildren are a subject of concern due to their prevalence and
potential health impact. Understanding and addressing this issue is crucial for public health in the region.

Methods We conducted a comprehensive search for articles published up to December 2023 across four databases, including
Scopus, PubMed, ProQuest, and Web of Science. To estimate the combined prevalence, a random-effects model with a 95%
confidence interval (CI) was applied, and the statistical analysis was performed using meta-analysis packages in R version
(3.6.1). This study is registered with PROSPERO (CRD42023481146).

Results Among 131 eligible articles, the prevalence of intestinal protozoan parasites was 0.208 (95% CI=0.180-0.238).
Lebanon and Tajikistan had the highest country-level prevalence at 0.851 and 0.836, respectively, with Giardia duodenalis
being the most prevalent species at 0.082.

Conclusion In summary, our study highlights the urgent public health issue of protozoan parasites among Asian schoolchil-
dren due to poor sanitation and water quality. Immediate interventions are essential, considering climate and socioeconomic
factors, to combat these infections and improve overall health.
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Introduction

Intestinal parasites pose a significant health challenge in
developing nations, where they cause substantial morbidity
and mortality rates. Among those most severely impacted
are children from economically disadvantaged families. It
is noteworthy that more than 267 million preschool-aged
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children and 568 million school-aged children reside in areas
characterized by the widespread and intense transmission of
these parasites [1-3].

These children frequently find themselves in situations
where they need the means to obtain uncontaminated and
safe drinking water, proper sanitation facilities, or even basic
toilets in their homes. This leaves them exceptionally sus-
ceptible to various health risks and challenges [4, 5].

On a global scale, the prevalence of intestinal proto-
zoan parasites (IPPs) affects nearly 3.5 billion individuals,
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highlighting the extent of this problem. Furthermore, these
parasites contribute significantly to the high annual inci-
dence of over one billion cases of diarrheal illnesses [6].

These parasites are ubiquitous in regions characterized
by tropical and subtropical climates, which often include
countries in the developing world. In such areas, the
environmental conditions are conducive to the proliferation
of these parasites, making them a significant health concern.
The challenges posed by these infections are particularly
pronounced in developing nations, where limited access to
clean water, sanitation facilities, and healthcare resources
can exacerbate the impact of these parasites on the
population's health and well-being [4, 7, 8].

Among intestinal protozoan parasites, Cryptosporidium
spp., Entamoeba histolytica, and Giardia duodenalis are the
predominant sources of infections in the human population
[9, 10].

The symptomatic infection manifests as diarrhea,
abdominal discomfort, and malabsorption, resulting in
malnutrition and weight reduction, especially in children
[11].

The most commonly utilized methods for detecting IPPs
from stool samples include direct smear microscopy and
various concentration techniques [12].

Nowadays, more precise methods such as copro-
parasitological exams and DNA-based techniques are
employed for more accurate identification of these infections
[13].

In recent years, an escalating apprehension has arisen
regarding the welfare of children in Asia, with a specific
focus on the menace of parasitic infections. The presence
of IPPs represents a significant public health challenge,
emphasizing the need for a comprehensive understanding
of their prevalence and geographical distribution among
preschool and school-age children. These insights are
essential for crafting precise and effective intervention
strategies. The primary aim of this systematic review and
meta-analysis is to address the substantial gap in our current
knowledge by collecting and analyzing existing data to shed
light on the current situation.

Methods
Search strategy

The current study followed the guidelines outlined by
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) [14]. We conducted an
extensive search across four databases (including PubMed,
Scopus, Web of Science, and ProQuest) to retrieve relevant
papers published up to December 2023, without time
limitation (Supplementary Table 1). Our search employed

@ Springer

terms related to the prevalence, frequency, epidemiology,
incidence, parasitic diseases, parasites, parasitic infections,
protozoan parasites, protozoan infections, protozoan
diseases, protozoan pathogens, intestinal protozoans,
preschool and/or school-age children, and Asia, using
both AND and/or Boolean operators. The names of the 48
countries in Asia were also included in the search terms
list.

Duplicate papers were automatically excluded using
EndNote software X9 version. Additionally, we manually
scrutinized the reference lists to identify any pertinent
studies that may not have been accessible through the
database search. Two authors independently conducted
the searches, evaluated titles and abstracts, and thoroughly
reviewed the full-text articles.

Inclusion and exclusion criteria

Full-text articles were considered eligible upon satisfying
the inclusion criteria outlined below:

1- They included cross-sectional research that reported the
presence of IPPs among Asian schoolchildren.

2- They were original articles published in peer-reviewed
journals.

3- Both the full-text and abstract of the articles were
available in English.

4- The articles provided information on the total sample
size and the precise number of individuals who tested
positive for intestinal protozoan parasites.

Studies that fell into the category of case series, case
reports, letters, editorials, publications without original
data, review articles, articles with inconclusive findings,
non-English-language publications, and studies reporting
IPPs in samples from sources other than human subjects
were excluded from the analysis conducted in this study.
Microsoft Excel® version 2016 was used to systematically
gather the following data from the included articles: author
names, publication year, climate, annual precipitation,
humidity levels, annual rainfall, average temperature,
gender, educational status, the Global Burden of Disease
(GBD) regions, district/city/province, age, mean age,
income level, source of sample, diagnostic method, and
type of IPPs (Tables 1, 2, 3).

Quality assessment

We employed the Newcastle-Ottawa Scale to evaluate the
quality of the study, as detailed in Supplementary Table 2



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

bijquin] (uoney
pIpivry p -USWIp3g)
Andsip pqaout uonenuad
-njur] / DIYL]o] -uo)) %
VIN -S1Yf bqaoumjuy £6 SI-9 129 061 Teaws 1oa1(q TeLyeys el 100C—000C 000¢ Iqeyeys 9
biquin]
pipio1y
pubYU XU
-ljopud ¥y
npyosimq
pGaoWDPO]
» 1]02 pqaOWL
-vur B Avdsip
pqaoWDIUT] (uonejuaw
/ PoukjoIsY -1pag) uon
VIN vqaouviug - - €et 00¢ -enudouo)  ndiereyeq redoN 6661 000T [e 30 Suox S
bijquin] (uoney
vipiv1o) P -uouwIIpas)
Andsip pqaout uonenuad
-vjus] / DIYL]o] -uo) %
VIN -Sty bqaouviuz - 9-1 9L 0T¢ Teaws 1oal1l(q snqeN. aunssed 000¢ qelo %
VIN pHquiv] vIpivIo - 11-9 €91 CITT JTesws 1o UBIY3L, uel] - 000¢ [e 39 logey €
pubu
xpuirjopusg
» HYosing
pgaouwpoy
» 1]02 pqaOUL (uonejuow
DIy %y -Ipas) uon
V/N Dijquin] vIpivID) - - 0¢ 9  -enuaduopn tdseSoy  sourddryq - 000¢ e 19 59T C
bijquin]
vipio1y) p (uoneror)
Apdsip pqaout UoneIUdD
-ppuz / pI1LI0] -uo) 2
VIN -$IY bqaowmuzg - <9 981 6CC] IBaws 102l erpbred ounsared - 000¢ forpnysy !
uonerndod uon
q10a@) uBoZO} Pa109[as poyiow douraoxd -eorqnd
Iaynuapy 109[qQ euSig  -oxd jo seroadg oS uroy Jo oSy paoyuy ozis ojdwes  omsouderq /AiD0InsIq Anuno) Ie9x ApmS  JO IBOX oyiny ON ApmS

UQIP[IYD[00Yds uelsy Suowe sdisered ueozojoid reunsaur jo aouaresard ay) Suntodar sarpnis papn[oul ay) JO SONSLIvORIRYD UIR]A | d|qel

pringer

As



A. Abdoli et al.

pubu
xpuirjopusg
P nrusaut
Xusvwony?
y mpyosing
pgaoupoy
P 1]00 DqaOWL
-Djuy % viq
-] DIpAvIY
2 undsip
DGI0WDIUT (uonejuow
/ DI1LjoIsTY -1pag) uon
VIN bqaowmIuz - - 99¢ 0I0T  -enuaduocyH ueN puetey - T00C [0 [nSeyrep I
npyosing
pgaouwpoy
P 1]00 bqaOWL
“DIuy ¥ vllq
-] IpAvIY
2 4ndsip
pgaouvus (uonejuat
/ Pouk]oIs1Y -1pag) uon weys
VIN bqaowviiy - - LE 167 -enuoduo)  -Suodwey]  eIpOqUIE) - 002 [B19ddT 0l
(uon
-e10[) uon
V/N biquin] DIpIDID - 4! I ¢8¢  -enuaduoy Iseyedq eIsauopuy 000T 00¢ Te 10 €3N 6
bijquin]
pIpiv1o) P (uonelorq)
Andsip pqaout uonenuad
-vjus] / DIYL]o] -uo) 2%
VIN -S1y bqaouniuzg - el=< I8 L9¢ Teaws 13311 unepng erpuy 000¢ 100¢ [e 10 greg 8
sunuoy
sys€ooisv1g
¥ piqu]
pipiv1y) g1
VIN 1]02 pqaowniug €8 S1-9 y Gyl JTeows 10211 BUBSUBAIURJN ~ EBMUERT LIS 000C BUISRIPURYD L
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

010°90"+00¢ eo1doneloe
‘f9101°01

VIN
VIN

VIN

VIN

snuoy s1s£o
-o01sv|g ¥ 1109
Dga0WDIUT
¥ piqu]
vIpiv10) %P
Apds1p pqaowt
-z / pI11£]0)
-S1y DQIOWDIUT
1usaul
Xusvwony?
y myosing
vqaownpoy
2 1702 PqaOW
DIy %y
bijquin] DIpADID
bijquin] DIpADID
suoy
suskooisnyg
P PUPU XDUL
-fjopud %y
11USUL X1ISDUL
-opy) % dds
§138£0004DS
P 1702 PqaOW
-Djuy ¥ viq
-] IpAvID
2 4ndsip
Dga0WDIUT
/ poukjosy
Dqa0WDIUT
bijquin]
vIpivro p
Apdsip pqaout
-pjus] / DI1L]0]
-S1y DQIOWDIUT

S1+¢68 -

- Y1-9
- S1-9

- e1=<

(uoney
-uSuIIpag)
uonenuad

-uop »

60T'61 Teaws 1211

88¢C ueIya],

(uonejuaw
-Ipag) uon

12 1€ -enuaduo)

157 €6S Ieows 021  Indepeygq

(uonejuow
-Ipag) uon
-BIUdUOD)

61 301 [eIN Suery)

96 6F1 Teaws 101 dioys

uely 8661

Yeppa[ vIqey Ipnes -

[edoN €002

PUe[ley L 8661-L66I

ysope[3ueg 6661

¥00¢

¥00¢
£00¢

£00T

[e 30 UelRWON 91

feyey pauyy SI

e 30 12YY) al

[e 19 refSuelg €l

e

€00 UTBSOH JeMBUOI 4

1o
Toynuapy 199[qQ [eNsIq

ue0z0)
-o1d jo soroadg

uonendod
P109[as

93 ueolN Jo a3y

poyjow souraoxd

pajooquy  ozis ojdwes  onsouselq /ADANISI

Anuno) 1edx Apms

uon
-eorqnd
Jo 180X

Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

s
XUSDWOY)
¥ npyosing
pgaouvpoy

¥ DULU XDU
-ljopuy ¥ 102
pgaownIUg

P vyquiv]
DIpiv1O) %P

Andsip pqaout (uonejuow
-pyuz / po1L0] -1pas) uon e
VIN -S1y bqaouniuz - 61-9 16l TPS  -enuaduo) IRy Suery) pue[ley ] £00¢—<00C #00C JuedwesLisyeg 0T
npyosing
pqaouvpoy
» wupuY
DGI0WDIUT
P 1]00 DqIOWL
DIy % vlq
-un] PIPIVID (uoney
2 4ndsip -UQuIIpas)
pGaoWDIUT uonenuad
/ poukjoIsty -uo) 2 e
VIN bqaowviiy - 61—¥ Syl €eg Jeaws ol npuewyiesy] TedoN - 00T BUWLIRYS BUYSLIY 61
(uoney
-USuIIpas)
102 uonenuad
PGIoWDIUT B -uo) %
Y9—¥-8SYCILY1/9811°01 DIjquiv] vIpIDIY LTTFHE 01 - 6 9Gp TBalls 10all(] upAy Ao, - ¥00¢ e 10 Ke£O 81
oo
Dq0WDIUT] (uonejuaw
¥ piqu] -IpeS ®
vIpivr p uoneIoL])
Andsip pqaow uonenudd
-vjug / DI1IK]0) -uo) %
[-€C1=700-9€¥008/L00T"01  -$1Y pga0owDIu] - 11-9 96¢ OLET Teauls 103l SIUNOA Ueyy ounsaed  €00C—c00¢ ¥00¢ [eISY L1
uonendod uon
T10Q) uBoZO} Pa109[as poyjow doutaoxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

prjquin]
pIpiv1o) %
Apdsip pqaout (uoneyuow
-Diug / po1kjol -1pag) uon
V/N -$1Y bqaouvjuy €1l - L1 68L  -enuaduoyn — epoque) 6661-8661 900C  [e 39 epyeyyd 9T
uoy BB
V/N p1jquv] vipiv1o - L=S 811 IOy JTedws o2l -yes jnueg Pue[leyL, +00C—C00C G007  uouepurlSuopm 54
1709
pgaowvIUg
P piquiv] (uone)
pipivIy % -uauIIpag)
Apds1p pqaous uonenud
-z / pI13K]0) -uo) %
VIN -$1Y bqaowvjuy - SI—v1 (44 LT Tedws 3991l loueH weweIA - $002—¢00¢ €00¢C LRER0 ¢
suuoy
sys€oois1g
P mpyosing
DGaoWDPO]
P piquiv] (uomne)
vipivry % -uauIIpag)
Apdsip pqaout UoneIUdD
-z / pI1IL]0) -uo) %
VIN -$1Y bqaowvjuyg - 9-¢ €01 LEE Tedws 151l JYSepAIR]A uelf - €00¢C [e 32 1pellpes €C
prjquiv]
pIpiv1) %
Apds1p pqaow
-vjug / PI11£]0) e
V/N -$1y bqaouvjuyg 88 e1e 160C JTeaws 30a11(J - [edoN 00T S00C Teyyayserpueyn C
sunoy
s1s€oo1s1g
» upyosmg (uoney
pgaounpoy -UowIIpas)
P 1]00 DqaOWL uonenuad
DU B -uop ®
V/N p1quin] vipivio - €I-L 61¢ 0LOT Teaws 302l [1qepry uelp €00¢T S00T [e 30 uekreq 1T
uonendod uon
10Q) uroz0) Po109[9s poylowt Qouraoxd -eorjqnd
1aynuapy 109[qQ euSiq  -oxd jo seroadg oS uvoy Jo a8y paoyuy ozis ofdwes  omsouderq /AiD/0InsIq Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

Hnpyosing
pgaouppoy

» WuUPULIDY
pqaouvIUT

¥ pupy XPUW
-Tjopud ¥ 1102

pGaowWDIUT
P S0y
sus£oo1sv]g Suurerg
P viquiv] 29 (uone)
vipiv1y -uSuIIpas)
Apdsip pqaowt uonenuad
-vjug / DI11£]0) -uo) %
VIN -Sty bqaouniuzg - vi-L co¢ LTIT Teaws 1oa1(q Irzy Aoy, £00C L00T e 30 Kosxy Ie
sunuoy
sus€ooisv)g » amn) woyled
V/IN pHquiv] vIpivIo - el-L €01 P18 Ieallis 1oall(] uoyyeN pue[rey L, ¥00¢ 900C [B 19 Usoleydtey 0¢
pubu
XDuopuy p
stunuoy s1s£o
-01sD]g P 1109 (uonejuow
pga0wWDIUT %P -1pag) uon e 19
VIN pHquiv] vIpivIo - cl—¢ LE LEOT  -BHUIdUOD - pue[rey], 00T 900 Iuedwestisyeg 6¢
1102
DGI0WDIUT
¥ vyquiv]
vIpiv1o) %P
Apdsip pqaows
-z / 1211810}
VIN -S1y bqaouviuz - 01-6 LST ¢y Tealls 1oall(q eliyeteq uewio  c00¢—¥00¢ 900¢ [e 39 [91ed 8¢
bijquin]
vipiv1y
Apdsip pqaout
-vjug / PI1L]0] Surureyg %
VIN -S1y bqoouniuyg - 11-9 ¥9 ey Teaws 1211 'ZRD aunssfed £00¢ 900¢ [ERERSELD | LT
uonerndod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

Hnpyosing
pgaowppoy

» WuUPULIDY
pqaouvIUT

¥ pupy XPUW
-Tjopud ¥ 1102

pGaoWDIUT
¥ piqu] (uoney
pIpvI) p -UQWIPaG)
Apdsip pqaout uonenudd
-ppuz / PI1LI0} -uo) % nreq e
VIN -SIy bqaoumjuz 6L 09 001 Teswsoall@  -BUIY BIOY] eIsKe[e] 900C—S00T 800C  [OSUeN ZzyeH 122
suoy
sysfooisv1g
P pupU XPUL
-ljopuy ¥ 102
DGa0WDIUT
¥ piqu] (uoney
vipio1n) p -UdWIpag)
4pdsip pqaout uoneIudd
-ppuz / DIUAJO] -uo) 2 woyeq e
VIN -$IY bqaouvuy =L S0¢ 0C61 Ieaws 1ol uoyeN pue[rey], 00T LO0T MO[WIESUURISN €€
Hnpyosing
pgaouwpoy
P DUDU XDUL
-ljopuy ¥y (uoney
siunuoy s1so -uouwIIpas)
-01sD]g ¥ 1709 uonenudd
PGIOWDIUT -uo) ®
V/N Dplquin] vIpiDID) - oIt €6¢ Teaws ool uturere Uel]  100C-000C LOOT T[B 19 yopezulry [43
uonerndod uon
T10Q) uBoZO} Pa109[as poyjow doutaoxd -eorqnd
1oynuapy 199[qQ rendiq  -oid jo soroadg Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

dds wm Surure)§ 2
-priodsordfa) (uonejuaw
P piquiv] -IpeS ®
pIpiv1y uonejory)
4pdsip pqaout UoneIUD
-vjug / PI1IL]0) -uo) %
VIN -1y bqaowvjuyg - (4 rd 68 I8 Ieawis 3011 Jnqe], elqely Ipneg 600¢ 010¢ LRERAN 6¢
Surure)s 2
(uonejofy)
UoTEIUD
dds win -uo) 2%
VIN  -puodsoyddi) - [4i] LYC CIL Teaws JoaIl(q [ALAN usweX - £00T—900¢C 0T0C [® 30 LmeyS-1v 8¢
prjquiv] (uone)
pIpivLy p -uouwIIpag)
Apdsip pqaout UoneIUdD
-vjuz / PI1IL]0) -uo) %
VIN -1y bqaouvjuyg - (0] i 4 £3 81 Ieaws 3oaI1q uereyq [edoN  8007-L00T 600¢ [e 30 I[emeAn LE
suuoy
sysfooisv1g
P qusowt
Xysvuony?)
» myosing
pqaownpoy
P 1UUDWIIDY
pqaowDIUT
¥ PUDU XDUL
-ljopuy ¥ 105
pQaowDIUT
P viquiv]
ipiv1y %
Apds1p pqaous
-vjus] / DIUL]o]
VIN -$1Y bqaouvjuy - c1-9 1ve 6971 Jeaws Joall  snoseuwe(q eLIAS 900¢ 800¢C [B 39 2IPWY 9¢
stnuoy s1s€o
-oIsv|g ¥ 1109
pgaowmIUg
P piquiv] (uoney
pIpiv1o) -uauIIpag)
Andsip pqaow uonenuad
-vjug / DI1IK]0) -uo) %
9L8LITX806S8YICT/6LIT 0T -S1Y pqaowvuyy S8 - LY1E 60C°61 Teaws 1021 uerey], uelp - 800C  [® 19 uenewaN Se
uonendod uon
10Q) uroz0) Po109[9s poylowt Qouraoxd -eorqnd
1aynuapy 109[qQ euSiq  -oxd jo seroadg oS uvoy Jo a8y paoyuy ozis ofdwes  omsouderq /AiD/0InsIq Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

stuoy
s1sfooislg
P qusowt
Xnsouonyy
» myosing
pqaowvpor
» wupugDY
pqaowvIUg
P DUDU XDUW
-ljopuy ¥ 105
pqaowWDIUT
P viquiv]
pIpivI %
Apds1p pqaowt
-z / vI118]0)
S61—1-S0EC—9SLI/98TT 01 -S1Y pqaowvIuy
npyosing
pqaowvpoy
snuoy ss€o
-01sD]g B 1102
pgaowWDIUT
P piquiv]
vIpiv1o %
Apds1p pqaow
-vjug / PI11]0)
T6T89'6C6V—LLEO/COTY 01  -S1Y DqaowDIU]
V/N p1quiv] vipivio
oo
pgaowmIUg
P piquiv]
pIpiv1
Apdsip pqaout
-pjus] / DI1L]0]
V/N -$1y bqaouvjuy

(uonejuow
-Ipag) uon
1L L6V 65 -BNUAOUOD

=< 09
14 0Y 9¢

G61 ITeoaws 30211

16 Teaws 1021

IeSeung

43 09¢ Teows Pang  yrsIpuey)

uessmyIfe], 600C 110

erpuy 01oc
BIpU]  €00C—200C oroc

erpuy L00T 010¢

e 10 sAuneN 57

[® 19 uekey w
[e 10 y3urg 8%

RSB EELEN o

(T0Q) ueozo)
1oynuapy 199[qQ rendiq  -oid jo soroadg

uonendod
P109[as
Jo a8y parojuy ozrs ojdweg

poyjow

Qouraoxd

onsouserq /KIDAINSIA

uon
-eorqnd
Anuno) Ie9x ApmS  JO IBOX

Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

1702

pGa0WDIUT
P smunoy
susooisv)g
¥ Hpyosing
pgaouwpoy
P vquiv]
pIpiv1o) %P
Apdsip nqaout
-z / pI11K]0)
VIN -S1y bqaouviuz - -9 9¢l 9 Iealls 10all(q oy erpuy - 11oc [B 10 IoyY 8
(uone)
-UQuIIpag)
uonenuId
-uo) ® yMoyd
V/N piquin] vIpiDID - - 1C 09¢ Teaws joaxiq  -ueredoraesy edoN  600¢-800T 110C  [e3e Liepueyq Ly
1709
DGa0WDIUT
» SypUISIIUL (uoney
SPUOUOYILL] -UQuIIpas)
P 11USIUL X1 uonenuad
-sowonyy) p -uop ®
VIN pHquiv] vIpivro ¥'8 - SLIT 691¢C Ieaws 102l - uelf L00T 1102 [ 19 LIsye], 9y
bijquin] (uone)
pIpiv1O) %P -uSuIIpas)
Adsip pqaout uonenuad
-z / p211£]0) -uo) %
VIN -S1y bqaouniuzy - (45 0L €16 JTeaus 10aIlqg pepyseq bexr  0107-600C 11oc Iojjae[ pades Sy
AOd
RELULN
bijquin] 29 (uone)
vipiv1y) -uQuIIpag)
Apdsip pqaout uonenudd
X'4L9T0°010C9S1E  -piug / pInsjor -uop ®
—S9ET[ITTIT01 sty pqaouwuy $'6 el-L 101 GEL Teaus 1oaIlqg snqeN aunssfed 800¢ 110T utossny ‘S 144
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

suoy
sysfooisv1g
¥ viqu] (uoney
pIpivry p -UdWIpag)
4pdsip pqaowut UuoneInudd
STIT6ITTTIOTSald  -pauy 7 voudjop -uop »
/€T6E°01  -S1Y Dga0owDIU] S8 (45| 60¢ 008 Teaws 1021l uejsajony uell [10C-010C Cl0e [B 10 TWe)Soy 39
bijquin]
vipiv1y %
4pdsip vqaou
-viug / DI11£]0) [epuen
VIN -S1y bqaouniuzy - 69 [43 PCI TBQWS 1091l BIBWI[[ON BIPUL  600C—800C (4144 [e 1o epueq 143
1102 pgaouL
-pjur ¥ puvu
Xouirjopuzy
P SIULOY
s1s€o01s1g
P vijquv] (uoney
vipiv1y -uAuIIpag)
Andsip pqaow uonenudd
-vjug / PI1IK]0) -uo) ¥
VIN -S1y bqaouniuyg - 144 e IBaWs 109l [[nypurs [edoN 110c TI0T  Te30 BATpIn 5%
sunuoy Sururelg
susdooisnyg 29 (uone)
¥ DUDU XD -UQWIpas)
-1j0pu ¥ 102 uonenuad
PGIoOUDIUT B -uo) %
010°S0°T10TYunsI[/9101°01 »1quiv] VIpavID £ TF 7901 vi-L 96¢ 00IT JTeauls 102l Leg el 0I0C—600C cloc [e 30 Tuekre( 0S
siunuoy
susooisnyg
P vijquiv]
vipiv1y
Apdsip pqaout
07€000T10Z811E00S  -piug / Itsjo1 aImno 7
/LTOT°OT  -S1Y bqaouiuy 6 ¢I-9 9¢l 00¢ Teaws 15211 - ersKefey 010C CI0T [& 10 Wefes[npqy 14
uonerndod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

1102
DGI0WDIUT
P viquiv] (uone)
vIpiv1o) %P -uSuIIpas)
Andsip pqaout uonenuad
-z / pI11£]0) -uo) %
VIN -S1y bqaouviuz 19 8¢ Op[ Teaws 1oa1l(q BIEpOpEA erpuy - €10C [e 3o ueyde] [ 6S
brquivy (uoney
vipio1y p -U_uIpag)
Apdsip pqaout UoneIUD
-pyuz / pI1K0] -uo) 2 e
VIN -Sty bqaouviug SI—¢ 6 001 Teaws 15211 eleyyod [edoN  T10T-T10C €10C  eypeyyf ySurg 8¢
bijquin]
vipiv1y) P
Apds1p pqaowt
-z / pI118]0) [e1
EVITCI'0L0S—6CCC/E01V 01 -S1Y bqaowmiuy S il LE 00¢ Teaws 1oa1I(q Lreyelf [edoN  Z10T-110C €10C  UeS ueysyeqig LS
Surureig
2 (uone)
-UduIpag)
uonenuad
9152000 pud -uop » g1
“TeumolyTLe1°01 viquv] DIpavID cl-L €8 PLE TedWs 151l Sueqed eIsKe[e 010T £10¢ Je[UN-TV 9¢
bijquin]
vipiv1y
4pdsip nqaou
-vjug / PI11]0) [e1
VIN -S1y bqaouniuzy 01=¢ 6 001 Teaws 1oa1I(g nnuegqg ueisiyed  110¢-010¢ (4144 ueys| qreoys 199
oo
pgaowmIUg
P vijquv] (uoney
vipiv1y -uQuIIpag)
Andsip pqaow uonenudd
-vjug / DI1IK]0) -uo) %
VIN -Sty bqaouviuyg 01-+> or 09¢ Teaws 1oa1I(q Sun[Seg [edoN  1102-010T CI0C  [BI° BPSAIYS ¥S
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 199[qQ rendiq  -oid jo soroadg Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

dds wnt
VIN  -puodsoidAin - pI—¢ 9 00§ duluelg  eysnuyq TedoN T10T €102 [2 10 ABpEX 9
VIN pHquiv] vIpivIo - (454 el 0cG Teaws ool  eInyp[aped [edoN 0102-600C €107 [e12 Lemi], fey 9
bijquin]
vipiv1y
Andsip pqaout
-vjug / PI1IK]0)
VIN -S1y bqaouniuyg - SI=¢I LE 00C Teaws Joa1I(g Lreyelf [edoN  ¢10T-110T £10T [e 19 yes €9
sunuoy
s1yskooisv1g
2 dds piods
-0196) » 1100
DqaowDIUT Suurerg
P vijqu] 29 (uone)
ipio1y p -U_uIIPag)
Apdsip pqaout UoneIudd
-ppuz / pI1KI0} -uo) 2
6¥—9-00S0—9SLI1/9811°01 -$1Y pqaowvus - SI=¢ 681 CoCl Teaws 102l andye TedoN 110T €10C [0 Iejnpue], 9
1102
DGaoWDIUT
¥ viqu] (uoney
pIpivry p -USWIPSS)
4pdsip pqaout UoneIudD
-ppuz / DIULI0] -uo) 2
TS99T[was/G6LLT 0T -1y Pqaowmuy  11°CF8'8 I8 80T Ieaws 10211 wemdefewry eIpuf 900¢ €10T [B 19 JOysy 19
pubU XOUW
-ljopuy ¥ 1102
DGa0WDIUT
P vijquv] (uoney
vipiv1y -uQuIIpag)
Andsip pqaow uonenud ey,
TITI'09(EDSH9L  -piug / pIusjor -uop ® wntyped g1
—S661S/9101°01 -5y pga0wvIu - [45” 1c C0C Tealls o9l Suenpy puerey], 010C €10 TeyorUEIRAIY] 09
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

bnqui]
ipio1y p
Apdsip pqaout
-vjus] / DI1L]0]
VIN -S1y Dqaouniuyg
prquivy
Ipi1o) P
Apds1p pqaout
-Djur] / DIYL]0]
VIN -S1y bqaouniuzy
brquiv]
vipiv1y
Apdsip pqaout
-vjug / PI1IK]0)
VIN -$1Y bqaowniuzy
bnqui]
pIpivry p
Apdsip pqaowut
-vjus] / DIUL]0]
V/N -S1y pqaownjusg
brquivy
pIpivID
Apds1p pqaowt
-vjug / DI11K]0)
VIN -$1Y bqaouniuzy
oo
pqaowvIUT
P vijquiv]
vipiv1y
Apdsip pqaout
-vjug / PI1IK]0)

8-1'1°5/all/z6921°0T  -S1y vqaowmuz

- SI—v

4! €91

IcI 336)

78 00¢

L9 00C

123 Y61

0C (444

Teaws 10211 Dysey]

Jeauwis 193l uereyqg

Jequws 1011 redoyg
(uoney
-uouIIpag)
uonenud

-uo) %
Teows o211 weindejeury

TeQuws 109I1(]  NPUBWYIEY]

eAMIP[UN

Suturess % -Ued
Teqws 10311 199ATY

[edoN  €102-2102 ¥10C

[edoN  8002—L00C ¥10¢

erpuy £10T ¥10¢

BIPUL  #10C—€10C ¥10¢

[edoN T10T ¥10T

ueisjed 010C ¥10¢

e 30 [emsref 1L

RS

yes ueysie[rq 0L

e 30 ueary| 69

[& 10 efewped 89

e 10 ueypeIg L9

[ 39 e[l 99

(10Q) ur0Z0)

1oynuapy 199[qQ rendiq  -oid jo soroadg

uonendod
P109[as
93 ueolN Jo a3y

pajooquy  oz1s ojdwes

poyow Qouraoxd
onsouserq /KIDAINSIA

uon
-eorqnd
Anuno) Ie9x ApmS  JO IBOX

Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

suuoy
sus€ooysv)g 2
dds winipriods
-01dK1D) 2 1700

pgaowWDIUT Sururey§
P viquv] 29 (uone)
pIpivID -uouIIpag)
Adsip pqaout uonenud
-vjug / pI11]0) -uo) %
VIN -Sty bqaouniuzyg - yi—¢ LL L0G Tesws 103l npuellyies] [edoN ¥10¢ GI0C  [e)9 Liepueyg LL
puvu X
-ljopuy ¥y 102
DGa0WDIUT
¥ viqu] (uoney
pIpivty p -USWIPSS)
Apdsip pqaout UuoneIudD
-ppuz / PIULJO] -uo) 2
VIN -S1y bqaouiuzyg - 810 Iy 96¢ TeaWs 1ol  npueluyled] [edoN C10¢ SI0T [B 19 Ueyoeneyyg 9L
Surure)§ 2 [e1
V/IN pHquiv] DIpAvIo - - 6L €¢S Teauls 102l eoMISIx Ay, Z107-600C S10C  Teiky zounpy SL
(uoney
-UQuIIpas)
p1jquID] uonenuad
S—T€8°09(S18081 DIpivIO % -uop ®
—¢TTTS/OI01°01 102 pga0wvIuy - SI=L 14 CSE TeaWs 102Il@  yo[nuesiyd PUe[ley] 010C-600C S10¢ [B 19 B[393S]0d YL
bijquin] (uone)
pIpiv1O) %P -uSuIIpas)
Andsip pqaout uonenuad
L—98°09(ST)808T  -viur / pItkjor -uo) %
—¢CTCS/O101°01 -1y bqaowmiuy - - 6 00¢ TeawWs Joall(q npuewuyed] [edoN ¥10¢ S10T [e 10 Kopueq €L
dds wn
-priodsord{i) Suurelg
P vijquiv] 29 (uone)
vipiv1y -uQuIIpag)
Andsip pqaow uonenud
¥L0€000 Pyud  -piuy / pO1LG0I -uo) %
Tewmol/ LET°0T  -S1y Pqaouy - -9 LET 861 TBAWS 102l Sueyed ersKe[ey (414 10T 1€ 12 AWrepa-1v L
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd

Toynuapy 199[qQ [eNsIq

-o1d jo soroadg

93e ueoly

Jo a8y parojuy ozris ojdweg

onsouserq /KIDAInSIA

Anuno) 1edx Apmis

Jo JB9X oymny ON ApmiS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

brjqui]
ipiv1n) p
4pdsip pqaout (uonejuaw
-ppuz] / DIUKJO] -1pag) uon uoy
VIN -S1y bqaouniuzg (454 (44 L1y -BOUdUODH  -EN UoyeS pue[leyl ¥10C-€10C 910¢ [e10 10 8
dds wimn
-priodsordqs)
P S0y
sysfooisv1g
P pL0dso]o£o
P 1]00 pqaOWL
“DIuH % vilq Suurerg
-un] vIpAvIY 2 (uone)
2 undsip -UQuWIIpas)
DGa0WDIUT uonenuad
9 / PoukjoIs1y -uop
—LLYE9T0—¥900%5/9811°01 bqaowviy SI=¢ 9¢l 009 Ieaws 1oalld npuelyed] TedoN €10¢ 910¢ [e 39 [eyda 18
Surureyg
(uonejuaUx
-IpaS ®
uonelory)
uonenuad
dds wny -uo) %
VIN  -prodsoid{i) [4 53 S L8] TedWs o3I npuellyjesd] [edoN 910C [® 39 pueydIays 08
sunuoy
sis€ooisv1g
2 dds piods
-0196) » 1100
DGI0WDIUT
P vquiv] (uoney
pIpivID -uSuIIpag)
Apds1p pqaow uonenud
-vjug / PI11]0) -uo) ¥
VIN -S1y bqaouniuzy L1=C 0S ¥81 Teswspoarq  Indepyeyg [edoN €10¢ 910C  [BI9eyIsalIyS 6L
dds wnr
-puodso)dA1)
P vijquiv]
vipiv1y
Apdsip pqaout
-vjug / PI1L]0] Surureyg %
VIN -S1y bqaouniuyg 0I-9 691 LOS Teaws1oall@ npuewyjes [edoN ¥10C 910¢ [ 19 ABpBA 8L
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 199[qQ rendiq  -oid jo soroadg Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

brquivy (uoney
pipio1y p -UQuIIPaG)
Apdsip pqaout UuoneIudd
900°01°ST0Z pewml  -»1uz 7 po1L01 -uop ®
‘To101°01 -8ty vg20WvINT - SI-8 8vl 8GC TeaWs 10l 991 LELON 010T 910T [B 19 2reqns[y Y 88
bijquin] (uoney
pIpiv10) P -USuIpag)
Andsip pqaout uonenuad
-vjus] / DIYL]0) -uo)) %
VIN -S1y bqaouniuzy - Sl—+ [4 LIT Teaws 1311 urqum-y [edoN ¢10T 910¢ [0 [euey L8
i quv] (uoney
pipio1y -uQuIIpag)
Andsip pqaow uonenudId
-vjug / PI1K]0] -uo) ¥ |RE]
¥989TTI'9961CETI/F09S01  -S1Y pgaowviuy - 81-L L6 00S Teaws 15211 - ueISIUeYSyY  $10¢-€10T 9I0C  DISMOIULZIo}y 98
ammn)
29 (uone)
-uQuIIpag)
snuoy uonenuId
60L9¢10ouod  susooisvlg ¥ -uo) % |LRE
Tewmol/TLE1°0T pyquiv] IpavLD - [45'” 881 09LT Teauls 102l - ersKe[eN  €10C-C10T 910¢ peweAYIN ]
noo
pgaowDIUT
» suuoy
sus£oo1s0]g Sururer§
P vquiv] 2 (uone)
vipiv1y -USuIIpag)
Andsip pqaout uonenuad
-y / PI11]0) -uo) %
1€2reudeo/1011201  -S1y pqoowmiug — #'1F16°L =< 6C [Ly Teaws Joall(q eAyeinyy Aoy, ¥10¢ 910¢ [e )9 UByLIY 78
dds wn
-priodsordf.a)
» sipsvif
pqa0wWDIUAL]
P siupuoy d0d ®
96t+000'PIud  susroiso)g P Suturerg 2
Tewmol/Le1°0T pyquw] Vit L'TFE0T 91-¢ [4%4 6vC Teaws 102l roduy, uoueqa £10¢ 910¢ [e 1o UeWSQ €8
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

pubu
XDujopus (uone)
stunuoy s1s€o -uouwIIpas)
-01sD]g ¥ 1709 uonenudd
PGIoWDIUT P -uo) ®
Seepe—Twole/g6/L/1°0T pHquIv] DIPADLD - 6¢ €0¢ Teaws ool Iyaysng Uel] Zl10c-110¢ L10T  [e39 ysozereq ¥6
dod ®
suoy amn)
V/IN sus€ooisvlg  TIFY'S 11-9 Se 89% Teaws 10aIlq e[S Aoy, ¥10¢ L10T [e 1o In3jues €6
§IusIU Sururerg
Xysvwopy? p 2 (uone)
stunuoy s1s£o -UaWIpPas)
-01sv]g ¥ 1702 uonenuad
9  pgaowvIUT ¥ -uo) % seqqy
—C980—910-6£9CIS/LO0T 01 PIquiv] DIpIvID 6 Y1-9 16 SOp1 Teaws 1 Tepueq uel] 910¢ L10T [e3o ML 6
do0d ®
1€0T10/1/¥788/9659 stunuoy aImny %
—CrL1/8801°01 suso01s]g - <9 69 9C1 Ieaws 152l e)eyef eIsauopuy L10T [e 19 Bj[nZ 16
1102
DGI0WDIUT
¥ viqu]
ipiv1n) P
Apdsip pqaows
-njus] / DIYL]0]
¥9C0910CHAdI/L68S 01 -S1Y DGa0owvjuy - LT 00¢ Teaws 1021l aloye] uejsiyed 910¢ [e 19 TueyH 06
bijquin] (uone
vIpivr p -uQuIIpag)
Andsip pqaow uonenudd
600'80'910¢ eordoneide  -vjuz / po1k]o; -uop ®
‘To101°01 -1y pgaowmILT €6 SI=¢ 8SY PIT] Ieawlsdang ERDLN U C10T—€10¢ 910C [e 19 Je[PPIN-TV 68
uonendod uon
T10Q) uBoZO} Pa109[as poyjow doutaoxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

brquiv]
pIpivIy) p
4pdsip pqaout
-vjuyg / PI1L]0)
VIN -S1y bqaouniuyg - 19 8 €0 Teaws 1521l opezZ beip S10¢ L10T [B 19 [ooWef 66
pubu
xpuirjopusg
¥ Hpyosmq
Dqa0oUWDPO] (uone)
siunuoy s1so -uouwIIpas)
-01sD]g ¥ 1709 uonenud
PGIoUDIUT B -uo) %
V/N Dpiquin] vIpinID) el SI=L evl 00 Teaws 1oall(q fepueueg uelry S10T L10T  [B1° luewuyeqg 86
brjqui]
pIpivry p
4pdsip pqaowut
20100 70" 10T wowl  -ppuzy 7 pa1kjop
/90¥ST°01  -$1Y DgaowvIuy - 9l—¥ YL 6S¢ TBaWS 102l wiyyog redoN 910¢ L10¢ [LRERLS. | L6
snuoy s1s€o
-01sv]g % 1109
DGI0WDIUT
P vijquv] (uoney
vipiv1y -uSuIIpag)
Apdsip pqaout uonenuad
-vjug / PI1IK]0) -uo) %
92€0rWll/ZI8S 01  -$1y pgaouvusy - -9 88 90¢ Tealls 1oall(] ZeAqy uely ¥10¢ L10T [e 19 Bjes 96
smunuoy sys£o
-01sD]g ¥ 1709 dod ®
PGIoOWDIUT X amn) »
10oxury/fedon/g601°01 v1quv] DIPAVLD - 19 I Teaws Joalq E)eyef eIsauopuy L10T [e 39 LIeg S6
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

suoy
suysfoois1g
¥ DUDU XDWL

-ljopuy ¥ 102

DGI0WDIUT
P vyquiv] (uone)
vIpiv1o) %P -uSuIIpas)
Andsip pqaout uonenuad
-y / vI11£]0) -uo)) %
VIN -S1Y bqaounjug ¢ 19811 L1-6 9¢ CGC TeaWis 109l LInqgeyoley puerey 810C 810C [e 30 meky| €01
n1eq
vaodsos|
dds wnipiiods
-03dL1) % viq
-] vIpAvIY
2 4ndsip
DGI0WDIUT
1000810¢doft 7 poudjorsny ulrelg %
‘T6ce—61£c/c0C81°01 bgaowviuy €91 +9CI 81-¢ €Ll O¥CI ITeaws 1oal(q - BIpU]  910C—CS10C 810¢C [e 319 [[eus], 01
(uonejuaw
brjquiv] -IpeS ®
pIpivty p uoneIol)
4pdsip pqaout uonenud
-ppuz / pIUKJO] -uo) 2
VIN -S1y bqaouniuzg - el-L LT 0S1 Teaws o1 unyeue], [edoN 910¢ L10¢ [B 10 [emsief 101
Hnpyosing
pgaouwpoy
P nusaut
xysvwony) x» (uoney
siunuoy s1so -uouwIIpas)
-01sD]g ¥ 1709 uonenudd
6v61°cL1cT LI0Tdl  pgaowviug -uo) ¥
/8€0CT 01 viquiv] vIpIvL)  6TTFLOT vi-L 78 00C Teaws J1oa1(q ysen uely 991°0T L10T [e39 Iueyeqeyq 001
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
93 ueolN Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

1oynuapy 199[qQ rendiq  -oid jo soroadg

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

dds wn
-priodsordf.a) Sururel§
P vquiv] 29 (uone)
vipiv1y -uSuIIpag)
Apdsip pqaowt uonenudd
-vjug / PI11K]0) -uo) %
VIN -S1Yy pqaouwmjuyg  [STF9TL - 08 9y IedWS J0aIl  YSOqIYSTY erpuy - 810C [e 19 [esueq 601
sunuoy
suskooisnlg
P pUPU XDUL
-ljopuy % 102
pGa0wDIUT ammn)
P vijquv] 29 (uone)
ipio1y p -UQuIIPIG)
Apdsip pqaout UuoneIudd
-pjur] / DI1L]0] -uo) % e 19 uooq
0FT0—LTyunle/69gt 01 -S1y vgaoumiug — GTF6'L SI—v L €9¢ Teaws 1ol Lnqereg pue[rey], 910T 810¢ -redSuodeaessy 801
suoy
VIN sus€ooisvig - €1-9 6C €01 JTeaus 1521l red eIsauopuy 910¢ 810C  [e 3o lumylIelq L0l
bijquin]
vIpivro p
Apdsip pqaout
-vjug / PI1IK]0) |BE]
81 68 oduylodwiylyco1401 -1y vgaowmILg - 8¢l IL 0§T Teaws yoari Ipndexeuy erpuy L10T 810¢ ueuysineredon 901
(uoney
-UdWIpag)
sunuoy uonenuad
¢ susooisvig ¥ -u0) 29  Jerewwey],
—€C09-810-688CIS/98I1°01 PIquv] DIpIVID - =L L1 66C TBaWS oIl IS UOUNEN pue[rey], 910T 810C [B 19 pemesund SoI1
dds niod
-50128) P 1102 AOd
pqa0wWDIUT 29 Surure)g
P vijquiv] 29 (uone)
vipiv1y) -uQuIIpag)
Apdsip pqaout uonenudd
G -vug / voukjoy -uo) ®
—90LS=LT0~9¢00S/LO0T 0T  -8$1Y bqaouwmiug - SI-0 89 €e¢ IedWls 10all  npuewiyesy] [edoN 910T 810C  [e1° Iejnpue], Y01
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /AND0MISIQ Anuno) Iedx ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

bijquin] (uoney
pIpivIy) p -UAuIpag)
Andsip pqaow uonenuad
-ppuz / pIUAI0] -uo) 2
88¢7ISAudN/0LTTT 0T  -S1y Pqaowviu - 91-9 191 00¢ Teaws 1021l 991 Usax 810¢ 020¢ [& 19 WaseQ) SII
stuoy
s1sooisv)g ¥ Sururey %
1TL 6107 swlweo/688¢°01 vHquiv] IpvLD - - 61 PCI Teaws 10211 Uepa eIsauopuy 810¢ 610¢ [ 30 s1qn] 141!
siunuoy
susdooisoyg (uone)
2 DUDU XD -UaWIIpas)
-1j0pusg ¥ 1702 uonenuad
PGIOWDIUT B -uo) %
100612061 U3/ 166701 PHquD] DIPAVID 8 TF 6911 91-9 S¢ 138G Teaws JoaI(q yeppsf elqely Ipne§ 9[10C-S10C 610C [e10 UeULIEYEH ell
(uonejuow
-IpaS ®
uone10L)
uonenuad
-uop »
L600"€F"sUlU/6801°01 1109 BqaOWEIUT - - (4 091 Teaws 109l npuewuyles] [edoN L10T 610¢ [e 30 Suning 41!
biquin]
vipio1y
Andsip pqaow (uoneyuow
-Diug / po1Lj01 -1pag) uon
V/IN -Sty bqaouiyg - 91-¢ I 0¢l  -enuasuon Jrugses| eIpuy 010T 610¢ [e 19 Ioyiey ITI
muDuLIDY
pgaowDIUT
» suuoy
s1s€o01s1g
P DUDU XDUL
-ljopuy % 102
pgaowmIUg
P vijquv] (uoney
vipiv1y -uQuIIpag)
Andsip pqaow uonenudd
-vjug / DI1IK]0) -uo) %
LEITT TILANGSRI/9TIE 0T  -S1Y pgaouus - - 191 0cg JTeaWs 1ol  npuewuyey] [edoN - 610C &30 DY ewedn Ort1
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

suuoy
s1s€oo1so]g
» 1]00 PqaOUL
-v1ug ¥ Apdsip
DGa0WDIUT
/ Pouk]0Is1Y Suturelg %
€PPTTI0TA [Wa/7956T°01 pqaowIUy - #1-9 LT LTT Tedus 12211( 1ejokog  eISOUOPUL  OZOT-610T 120 [e 10 nuekelipm (44!
(uoney
Apdsip -UaWIpas)
DGI0WDIUT uonenuad
/ Pouk]oIsY -uod %
6917C€99/120¢/SSTT01 bqaoumiuz - 11-9 € 00 Teaws 1oall(] uereyd [edoN  6102-810¢ 120C [0 elpsalys IcI
bijquin] (uoney
pIpvr p -uQuIIpag)
Apdsip vqaout UuoneIudd
-ppuz / pI1LI0} -uo) 2 wey
120" 10T pyualr [/TeZ8T°0T  -s1y pqaoumiuy - L1-S € 6GT Teowsyoorq  -pindyeuef TedoN 810C 120C [2 0 yes 0TI
suuoy
susooisn)g ¥ Surure)§ 2
TTLS T20T swlweo/688¢°0T v1quiv] DIp4LD - 11-9 [43 LST Teawus 1931 BlEYRf eIsauopuy 910¢ 1coc [e 10 LIeg 6l1
dds wnr Surure)g 2
V/N  -puodsoidAr) - S 99 00€ Teous 19211 npreys uelsoied  L102-910C 120T [e 10 IpLyY 811
bijquin] (uone)
pIpiv1O) %P -uSuIIpas)
Andsip pqaout uonenuad
650020z Wwedydand  -viuy / 214101 -uop »
/7E6€°01  -S1Y DgaowDIUy - SI-=L IL C8¢ Ieauls 1oaIlg Zret, Usuox 610¢ 0c0C  [eI9 IZRIRY[Y LI1
oo
pgaowmIUg
¥ piqu] (uoney
vIpivr p -uQuIIpag)
Andsip pqaow uonenudd
19200  -viug / vI1ULJ01 -uo) %
—0C0—C8II¥S/98IT°01 -S1y bqaouviuy - SI=¢ 98 86T Tealus 193l Leides [edoN L10T 020¢ e 30 eidng 911
uonendod uon
T10Q) uBoZO} Pa109[as poyjow doutaoxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

sunuoy
sys€ooisv1g
P vquiv] (uone)
vIpiv1o) %P -UouwIIpas)
Andsip pqaout uonenuad
-z / pI11]0) -uo) %
§'T°ST'TTOT PoNls/z8997°01  -S1 pqaowvIUg - 19 (443 CLIT Teaws 1oa1(q Joyng beirr zzoz-120C (444 [e 10 yifes 8CI
(uoney
Apdsip -uQuIIpas)
pGa0wWDIUT uonenuad
/ voukjoIsy -uop ®
$S0TI120Tsals (/910101 bgaowjuy  GO'CF I L1701 I P81 IeawWs 121l 11 om0 uejsiyed 910T a0t [& 19 UBy3| LTl
bijquin]
vIpiv10) %P
Apds1p pqaowt
-z / pI11K]0)
VIN -S1y bqaouviuzg - €16 9 €L1 Teaws 1021l B eueg Usuox 1c0¢ (444 [€ 19 s33Ipy 9Cl
vIjquin] (uoney
pipiv1y -uQuIIpag)
Andsip pqaow uonenud
-pjur] / vI1L]0] -uo) %
SETTT0TTosWMIQI9TS 0T  -S1y PGa0owmIUZ - S1-9 cle 09¢ Teaws 1021l uelury uawX - 720¢—120¢ a0c [€ 19 Sealpyq 4!
bijquin]
ipiv1n) P
Apds1p pqaows
-vjur] / DIYL]O]
LTO9F THea w9z e Q1 -s1y pqoowiug - 81-¢ 8¢ 60 TedWs 1ol npuellyjed] [edoN 120¢ (444 [e 39 [eyed 4!
bijquin] (uoney
vipiv1y -uQuIIpag)
Andsip pqaow uonenud
-vjug / PI1K]0) -uo) %
C€00—CCOTW_™Y/BLYC O -S1Y DGaouDIuy - SI-9 94! 8Ly Teaws 193l ey, Usuo X 610C a0t [zeleyry €Cl
uonendod uorn
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /AND0MISIQ Anuno) Iedx ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

AQs



Prevalence of intestinal protozoan parasites among Asian schoolchildren: a systematic review...

(V/N) a1qeordde 10N

bijquin]
ipiv1y) P
4pdsip pqaout
-y / PI1L]0)
¥0'€c0gsedwlyz/14€°01  -s1y pqaouiuzg - [45u% 6 0y Teawss 1021l Temeleq uejsiyed 610C £20¢ [e 19 Ueyqng Iel
vijquI] (uone)y
vIpiv1O) %P -uSuIIpas)
Andsip pqaout uonenuad
-pyuz / vo1L0] -uo) % e
LOE9S TILAZIU/9TTE 01 -S1Y pgaowbus - - 6C 061 Tesws oo  Indepneyg [edoN  0T0T-610T €70C  eAregoeuiiey (31
n1eq
piodsos|  dds
p10dsojo)
dds wmpiiods
-01d£1) 2 v11q Suurerg
-uv] vIpAvLY 29 (uone)
» updsip -uQuWIIPas)
pgaowmIUg uonenudd
/ poukjoisty -uo) % |RE]
€6 €18a1dn/0LzTT 01 pqaowiy  6'TFTS6 [45'” Iel 00 Teaws Joal(q B BUES Usuo X [44\r¢ €0C  UR[PPINTV 6cl
uonendod uon
T10Q) uBoZO} Pa109[as poyow dourroxd -eorqnd
1oynuapy 109[qQ 1endiq  -oxd jo soroadg oS ueopy Jo a3y pajooquy ozis ojdweg  omsoulerq /ANDA0ISIQ Anuno) Ie9x ApmS  JO IBOX Joyiny ON ApmS

(ponunuoo) | sjqey

pringer

As



A. Abdoli et al.

Table 2 Sub-group analysis based on annual precipitation, humidity, annual rainfall, average temperature, climate, countries, income level, diag-
nostic method, source of samples, GBD geographies regions, and educational level in included studies

Variables No studies Sample size Infected Pooled prevalence Heterogeneity
(95% CI)

P p-value
Annual precipitation
<20 39 63,883 12,887 0.2579 (0.2046-0.3151) 99 0.0400 P<.001
> 100 13 2708 584 0.2359 (0.1510-0.3328) 96 0.0370 P<.001
20-100 79 39,634 6759 0.1771 (0.1452-0.2115) 98 0.0375 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Humidity (%)
<40 24 54,098 11,165 0.3245 (0.2548-0.3983) 99 0.0362 P<.001
40-75 102 49,050 8377 0.1764 (0.1489-0.2055) 98 0.0352 P<.001
>75 5 3077 688 0.3007 (0.1685-0.4524) 98 0.0312 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Annual rainfall (mm)
<400 36 60,971 12,407 0.2608 (0.2038-0.3222) 99 0.0391 P<.001
400-1000 15 8426 1745 0.1939 (0.0954-0.3167) 98 0.642 P<.001
1001-1500 13 11,525 1404 0.1431 (0.0688-0.2385) 99 0.0400 P<.001
> 1500 67 25,303 4674 0.1933 (0.1590-0.2300) 97 0.0325 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Average temperature (°C)
10-20 70 75,938 15,074  0.2052 (0.1691-0.2439) 98 0.0381 P<.001
>20 61 30,287 5156 0.2069 (0.1661-0.2508) 98 0.0421 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Climate
Tropical rainforest climate 14 4334 1026 0.2916 (0.1929-0.4013) 98 0.0464 P<.001
Semi-desert climate 20 53,904 10,113 0.2438 (0.1930-0.2984) 99 0.0191 P<.001
Monsoon-influenced humid subtropical climate 37 14,810 2372 0.1469 (0.1109-0.1870) 97 0.0266 P<.001
Tropical wet and dry climate 14 5119 1092 0.2390 (0.1816-0.3015) 95 0.0169 P<.001
Tropical savanna climate 15 12,565 1588 0.1461 (0.0856-0.2193) 99 0.0345 P<.001
desert climate 24 11,699 3233 0.2428 (0.1635-0.3320) 98 0.0597 P<.001
Hot-summer Mediterranean climate 7 3794 806 0.2222 (0.0637-0.4407) 99 0.0996 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Countries
Palestine 5 4086 683 0.1845 (0.1202-0.2589) 92 0.0100 P<.001
Philippines 1 64 30 0.4688 (0.3518-0.5893) - - -
Tran 15 49,818 9430 0.2644 (0.2022-0.3318) 99 0.0207 P<.001
Nepal 35 14,444 2294 0.1431 (0.1069-0.1835) 97 0.0260 P<.001
Indonesia 7 1093 248 0.2246 (0.0983-0.3835) 97 0.0525 P<.001
Sri Lanka 1 145 44 0.3034 (0.2345-0.3826) - - -
India 14 5119 1092 0.2390 (0.1816-0.3015) 95 0.0169 P<.001
Saudi Arabia 3 1624 105 0.0657 (0.0410-0.0956) 76 0.0018 P<.001
Cambodia 2 1040 184 0.1715 (0.1366-0.2094) 49 0.0006 P<.001
Thailand 13 11,525 1404 0.1431 (0.0752-0.2280) 99 0.0400 P<.001
Bangladesh 1 149 56 0.3758 (0.3021-0.4558) - - -
Turkey 5 3045 497 0.1259 (0.0655-0.2022) 97 0.0134 P<.001
Malaysia 5 3032 704 0.3557 (0.1831-0.5502) 99 0.0490 P<.001
Vietnam 1 217 22 0.1014 (0.0679-0.1487) - - -
Oman 1 436 157 0.3601 (0.3164-0.4062) - - -
Syria 1 1469 341 0.2321 (0.2113-0.2544) - - -
Yemen 9 4280 1735 0.4310 (0.2944-0.5731) 98 0.0467 P<.001
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Table 2 (continued)

Variables No studies Sample size Infected Pooled prevalence Heterogeneity
(95% CI)
P p-value

Tajikistan 1 594 497 0.8367 (0.8048-0.8642) - — -
Iraq 3 1788 400 0.1590 (0.0659-0.2821) 96 0.0163 P<.001
Pakistan 6 1508 215 0.1066 (0.0434-0.1926) 95 0.0215 P<.001
Lebanon 1 249 212 0.8514 (0.8019-0.8902) - - -
Afghanistan 1 500 97 0.1940 (0.1617-0.2309) - - -
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Income level
High income 4 2060 262 0.1228 (0.0274-0.2719) 98 0.0369 P<.001
Upper middle income 32 19,311 2931 0.1831 (0.1299-0.2432) 98 0.0435 P<.001
Lower middle income 85 79,105 14961 0.01977 (0.1677-0.2295) 98 0.0321 P<.001
Low income level 10 5749 2076 0.4096 (0.2824-0.5433) 98 0.0460 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Diagnostic method
Direct smear & Concentration (Sedimentation) 50 60,743 12,070  0.2142 (0.1641-0.2689) 99 0.0519 P<.001
Direct smear 29 16,590 2387 0.1836 (0.1417-0.2295) 98 0.0231 P<.001
Concentration (Sedimentation) 12 5768 1477 0.2438 (0.1492-0.3529) 98 0.0434 P<.001
Concentration (Flotation) 1 285 1 0.0035 (0.0006-0.0196) - - -
Direct smear & Concentration (Flotation & 3 1680 285 0.1088 (0.0153-0.2682) 96 0.0322 P<.001

Sedimentation)
Direct smear & Concentration (Sedimentation) & Staining 2 1068 169 0.1676 (0.1095-0.2351) 87 0.0031 P<.001

& PCR
Direct smear & Staining 9 103,638 659 0.1829 (0.1315-0.2405) 93 0.0106 P<.001
Direct smear & Culture 2 1114 239 0.2735 (0.0329-0.6298) 99 0.0690 P<.001
Direct smear & Concentration (Sedimentation) & Staining 11 8395 1614 0.2011 (0.1354-0.2760) 98 0.0217 P<.001
Direct smear & Concentration (Flotation) & Staining 1 712 247 0.3469 (0.3129-0.3826) - - -
Direct smear & Concentration (Flotation) 2 1696 267 0.1766 (0.1065-0.2599) 92 0.0049 P<.001
Direct smear & Concentration (Sedimentation) & Culture 2 2023 260 0.1812 (0.0505-0.3681) 97 0.0228 P<.001
Staining 1 500 64 0.1280 (0.1015-0.1601) - - -
Direct smear & Staining & PCR 1 249 212 0.8514 (0.8019-0.8902) - - -
Direct smear & Concentration (Flotation & 2 999 114 0.1670 (0.0154-0.4290) 98 0.0436 P<.001

Sedimentation) & Staining
Direct smear & Culture & PCR 3 765 165 0.2931 (0.0758-0.5782) 98 0.0645 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
GBD geographies regions
South Asia 56 21,220 3657 0.1645 (0.1333-0.1982) 96 0.0266 P<.001
North Africa and Middle East 44 67,295 13,657 0.2566 (0.2031-0.3140) 99 0.0456 P<.001
Southeast Asia 30 17,116 2636 0.2067 (0.1472-0.2733) 98 0.0460 P<.001
Central Asia 1 594 280 0.8367 (0.8048-0.8642) - — -
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
Educational level
Primary School 35 40,815 7753 0.2247 (0.1838-0.2684) 98 0.0225 P<.001
Elementary School 6 3519 1482 0.2527 (0.1131-0.4248) 99 0.0509 P<.001
Secondary school 2 4231 140 0.0583 (0.0085-0.1466) 94 0.0108 P<.001
School Children 88 57,660 10,855 0.1998 (0.1648-0.2372) 98 0.0458 P<.001
Total 131 106,225 20,230 0.2085 (0.1801-0.2383) 98 0.0426 P<.001
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Table 3 Sub-group analysis based on type of protozoan parasites

Type of intestinal protozoan parasites No studies Sample size Infected Pooled prevalence Heterogeneity
(95% CI)

P 72 p-value
Blastocystis hominis 46 64,110 3149 0.0794 (0.0519-0.1120) 98 0.0356 P<.001
Entamoeba histolytica / dispar 92 81,981 3450 0.0647 (0.0488-0.0825) 98 0.0265 P<.001
Entamoeba coli 55 66,772 2474 0.0510 (0.0340-0.0711) 98 0.0238 P<.001
Cryptosporidium spp. 13 6979 541 0.0679 (0.0253-0.1286) 98 0.0349 P<.001
Giardia duodenalis 121 103,228 10,607 0.0824 (0.0702-0.0955) 97 0.0155 P<.001
Endolimax nana 22 12,828 340 0.0281 (0.0160-0.0434) 94 0.0086 P<.001
Chilomastix mesnili 9 8083 221 0.0100 (0.0012-0.0258) 98 0.0078 P<.001
Iodamoeba butschlii 19 9340 120 0.0137 (0.0051-0.0260) 87 0.0076 P<.001
Balantidium coli 1 184 1 0.0054 (0.0000-0.0232) - - -
Sarcocystis spp 1 403 0.0025 (0.0000-0.0106) - - -
Isospora belli 2 1646 7 0.0043 (0.0008-0.0100) 25 0.0002 P<.001
Cyclospora spp 5 2909 49 0.0161 (0.0078-0.0270) 62 0.0012 P<.001
Entamoeba hartmanni 6 4153 81 0.0259 (0.0060-0.0581) 95 0.0093 P<.001
Trichomonas intestinalis 1 2169 3 0.0014 (0.0002-0.0035) - - -
[15]. The scoring system was based on the following com- Results

ponents and their respective score ranges:

Selection (up to a maximum of 5 stars).
Comparability (up to a maximum of 2 stars).
Outcome (up to a maximum of 3 stars).

Data synthesis and statistical analysis

Multiple statistical methods were employed to
comprehensively analyze data concerning the prevalence
of IPPs among schoolchildren in Asia. A 95% confidence
interval (95% CI) was used to calculate the overall pooled
prevalence. To estimate this pooled prevalence, a random-
effects model with a Freeman-Tukey double arcsine
transformation was utilized. To assess potential publication
bias, Begg's rank test was applied, and publication bias
was also evaluated using the Luis Furuya-Kanamori (LFK)
index and the Doi plot [16]. An LFK index falling outside
the+2,+2, and+ 1 range was considered significantly
asymmetrical, slightly asymmetrical, and symmetrical
(indicating the absence of publication bias), respectively.

Additionally, heterogeneity among the included
studies was evaluated using Cochrane's Q test and the
inconsistency index (/2 statistics), where I2 values of
0-25% were classified as low heterogeneity, 25-50% as
moderate heterogeneity, and 50-75% as high heterogeneity.
Statistical significance was defined as a p-value less than
0.05. All statistical analyses were conducted using the meta
and metasens packages in R (version 3.6.1) [17]. This review
was registered in PROSPERO (CRD42023481146).

@ Springer

Characteristics of included studies

The current study involved a systematic search that resulted
in the identification of 10,767 articles, out of which 195 full-
text papers were selected for a detailed assessment to deter-
mine their eligibility. After our evaluations, we excluded
eight studies due to lack of sufficient data, three studies that
contained overlapping data, six studies that lacked essen-
tial participant details, and 47 studies that did not present
original data, such as letters, reviews, workshops, and the-
ses. Finally, 131 papers met the critical appraisal criteria for
inclusion in the meta-analysis (Fig. 1).

The prevalence of IPPs among schoolchildren has been
reported in thirty-two Asian countries. The largest number
of reports were related to Nepal (35 studies), followed by
Iran (15 studies) (Table 2).

The estimated pooled prevalence of IPPs among Asian
schoolchildren was 0.208 (95% CI=0.180-0.238) (Fig. 2).

The studies included in this review employed parasitology
techniques comprising microscopic methods (concentration
with and without flotation or sedimentation, and other direct
smear techniques), culture method, molecular approach
(conventional PCR and real-time PCR), and staining
methods (Lugol's iodine, trichrome, and Ziehl-Neelsen)
(Table 2).

Based on our included studies, we designed a map using
QGIS3 software (https://qgis.org/en/site/) to display the
prevalence of IPPs among schoolchildren in different regions
of Asia (Fig. 3).


https://qgis.org/en/site/
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Records identified through English (PubMed, Scopus, ProQuest, and

Web of Science) databases (n=10,767)

Records after duplicates removed (n=923)

Records excluded
(n=728)

E—

Full-text articles excluded with reasons: 64
*  Papers without sufficient data (n=8)
*  Multiple studies with overlapping data (n=3)
*  Lack of participant information (n=6)
*  Studies with no original data, including: letters,
reviews, workshops, or theses (n=47)
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Studies included in quantitative synthesis (n=131)

Pooled prevalence based on the type of intestinal
protozoan parasites, source of samples, gender,
and diagnostic techniques

The pooled prevalence of IPPs among Asian schoolchildren
was estimated as follows; 0.082 (95% CI=0.070-0.095)
for G. duodenalis with heterogeneity (I2 =97: t2=0.015;
p<0.001), 0.079 (95% CI=0.051-0.112) for Blastocystis
hominis with heterogeneity (I =98; t2=0.035; p<0.001),
0.067 (95% CI=0.025-0.128) for Cryptosporidium spp.
with heterogeneity (I =98; ©>=0.034; p<0.001), 0.064
(95% CI=0.048-0.082) for E. histolytica/dispar with
heterogeneity (I” =98; t>=0.026; p<0.001), 0.051 (95%
CI=0.034-0.071) for E. coli with heterogeneity (I* =98;
12=0.023; p<0.001), 0.028 (95% CI=0.016-0.043) for
Endolimax nana with heterogeneity (I2 =94; t2=0.008;

p<0.001), 0.025 (95% CI1=0.006-0.058) for E. hartmanni
with heterogeneity (I*=95; 1>=0.009; p<0.001), 0.016
(95% CI=0.007-0.027) for Cyclospora cayetanensis
with heterogeneity (I°=62; t2=0.001; p <0.001),
0.013 (95% CI=0.005-0.026) for Iodamoeba buetschlii
with heterogeneity (I°=87; t>=0.007; p <0.001),
0.010 (95% CI=0.001-0.025) for Chilomastix mesnili
with heterogeneity (I°=98; t2=0.007; p<0.001),
0.005 (95% CI=0-0.023) for Balantidium coli, 0.004
(95% CI=0.0008-0.010) for Cystoisospora belli with
heterogeneity (I =25; t>=0.0002; p<0.001), and 0.002
(95% CI=0-0.010) for Sarcocystis spp. (Table 3).

The highest pooled prevalence estimated based on the
source of samples was 0.208 (95% CI=0.180-0.237) with
heterogeneity (I°=98; t>=0.039; p <0.001) for stool
(Table 2).
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Fig.2 Forest plots for random-effects meta-analysis of intestinal pro- »

tozoan parasites among Asian schoolchildren (the box indicate the
effect size of the studies (prevalance) and the whiskers indicate its
confidence interval for corresponding effect size. There is no specific
difference between white and black bars, only studies with a very nar-
row confidence interval are shown in white. In the case of diamonds,
their size indicates the size of the effect, and their length indicate con-
fidence intervals)

The results of this study show that the male/female ratio
is approximately equal for both sexes (OR: 1.019, 95% CI,
0.842-1.234) (Supplementary Fig. 1).

Based on the diagnostic techniques, the highest pooled
prevalence (0.851, 95% CI=0.801-0.890) was related to
studies that employed a combined direct smear, staining,
and PCR methods (Table 2).

Pooled prevalence based on GBD regions, country,
socio-economic status, and educational level

According to different GBD regions, the pooled
prevalence ranged from 0.836% to 0.164%, including
0.836 (95% CI=0.804-0.864) for Central Asia, 0.256
(95% CI=0.203-0.314) for North Africa and Middle
East with heterogeneity (I =99; t2=0.045; p<0.001),
0.206 (95% CI=0.147-0.273) for Southeast Asia with
heterogeneity (I =98; t2=0.046; p<0.001), and 0.164
(95% CI=0.133-0.198) for South Asia with heterogeneity
(P =96; 1=0.026; p<0.001) (Table 2).

At the country level, the highest pooled prevalence was
observed for Lebanon (0.851, 95% CI=0.801-0.890) and
Tajikistan (0.836, 95% CI=0.804-0.864), both with one
study (Table 2).

The pooled prevalence estimated based on income level
ranged from 0.122 to 0.409, with the highest rate related to
the low-income group (0.409, 95% CI=0.282-0.543) with
heterogeneity (I =98; t2=0.046; p<0.001) (Table 2).
Furthermore, based on educational level, the IPPs were
most prevalent in the elementary school group (0.252, 95%
CI=0.113-0.424) with heterogeneity (I*=99; t°>=0.050;
p<0.001) (Table 2).

Pooled prevalence based on climate variables

Our analyses indicated that IPPs were most prevalent in
schoolchildren in regions with annual rainfall of <400
mm (0.260, 95% CI=0.203-0.322) and humidity of <30
(0.324 (95% C1=0.254-0.398) with heterogeneities (P=99;
2=0.039; p<0.001) and (*=99; ©2=0.036; p <0.001),
respectively (Table 2).

Moreover, regions with an average temperature of > 20
°C represent the highest rate of prevalence (0.206, 95%
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Fig.4 A meta-regression graph for the prevalnce of intestinal proto-
zoan parasites among Asian schoolchildren based on humidity (A),
and year of publication (B). The pink line is the regression line,

CI=0.166-0.250) with heterogeneity (I*=98; t>=0.042;
p<0.001) (Table 2).

Based on climate, we found that regions with tropical
rainforest climate had the highest pooled prevalence
(0.291, 95% CI=0.192-0.401) with heterogeneity (P=98:;
72=0.046; p<0.001) (Table 2).

Meta-regression

Heterogeneity was observed for humidity and year of pub-
lication. Accordingly, the test showed a statistically signifi-
cance result for humidity (slop=0.0009, p<0.0061) and
year of publication (slop=0.0044, p <0.0065) for all studies
included in the current review (Fig. 4A, B).
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which was plotted based on the intercept and the slope of the reges-
sion model. The different colour bubbles represent the countries
under study and their sizes indicates the effect size of each study

Publication bias and sensitivity analysis

There was no significant publication bias according to
Egger’s test (t=1.10, p=0.271). Based on the Doi plot
test, there was a minor asymmetry (LFK index: 1.27)
(Fig. 5A, B). The sensitivity analysis results indicated
that the impact of each study on the overall estimates of
the current meta-analysis was not statistically significant
(Supplementary Fig. 2).

A Sankey plot is designed using R software (version
3.6.1) to represent the taxa of intestinal protozoan parasites
studies in Asian schoolchildren per taxonomic order, family,
and genus (Supplementary Fig. 3).
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Quality assessment

Following the quality assessment, it was revealed that among
the 131 studies, 95 were classified as high quality (score of
7-9 points), and 36 were categorized as moderate quality
(score of 4-6 points) (Supplementary Table 2).

Discussion

Protozoan parasites play a substantial role in the global
public health challenge, particularly affecting developing
regions where these infections are prevalent and pose a
significant threat to community well-being, with children
at heightened risk [1, 18].

To the best of our knowledge, this is the first systematic
review and meta-analysis assessing the IPP prevalence
among schoolchildren in Asia across the continent. In this
study, the prevalence of IPPs among schoolchildren was
determined to be relatively high (0.208%), which may be
attributable to inadequate hygiene practices among these
populations.

Although public health measures are generally stricter
in developed countries compared to developing ones,
minority groups, institutionalized individuals, and the
immunocompromised remain at very high risk. This
risk can extend to the broader population, making these
groups a public health priority. Giardia duodenalis,
Cryptosporidium spp., and Entamoeba spp. are the most
frequently reported protozoa linked to enteric infections,
and are primarily associated with outbreaks originating
from food and water sources. Other protozoa, such
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as C. cayetanensis, B. coli, C. belli, and Blastocystis
spp., are becoming significant causes of illness,
particularly affecting travelers to developing regions,
immunocompromised individuals, and young children. [1].
The public health sectors recommendations can be affected
by the severity and pathogenesis of infections caused
by protozoan parasites. The serious clinical symptoms,
such as dehydration, malnutrition, or organ damage may
lead to public health authorities prioritizing approaches
for prevention, detection, and treatment. For instance, in
regions with a high prevalence of water- and foodborne
protozoan parasites like Giardia and Cryptosporidium, and
outbreaks are possible, recommendations may prioritize
measures such as enhancing food safety, improving water
treatment and sanitation, and educating the public on
hygiene practices [19-21].

Our results follow a prior study conducted among Asian
children, which documented that G. duodenalis (15.1%) was
the predominant intestinal parasite [22].

G. duodenalis is known to infect around 200 million
people globally, with a higher prevalence rate among
schoolchildren and in daycare centers [23]. The primary
mode of transmission for G. duodenalis is through
the fecal-oral route [24], and the primary sources of
transmission include drinking water, food, and vegetables
contaminated with cysts of the parasite [25, 26].

In a recent meta-analysis, the study revealed that the
factors associated with an increased risk of giardiasis
include being exposed to sewage or wastewater, consuming
untreated drinking water, and engaging in recreational
activities in water. Remarkably, the study also found that
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having contact with pets was a significant risk factor for
giardiasis, particularly in children. Moreover, traveling
to foreign countries was identified as another risk factor,
especially in industrialized nations [22]. In children under
the age of five, giardiasis can result in the development of
severe, acute diarrhea, and several research studies have put
evidence suggesting that chronic giardiasis, if left untreated
or recurrent, may have lasting consequences in terms of
growth retardation, impacting the long-term physical
development of affected individuals [27]. This highlights
the significance of addressing and managing giardiasis,
especially in young children, to mitigate potential health
and growth-related issues.

Our country-based analysis revealed that Lebanon and
Tajikistan represent the highest prevalence rates of IPPs.
However, we need to interpret it cautiously due to the low
number of studies related to these two countries, which may
cause bias in the results towards a higher prevalence rate. In
Lebanon, many households lack adequate sanitation systems,
leading to fecal contamination through ground seepage.

Lebanon faced an issue regarding wastewater
management, which resulted in large-scale water pollution.
According to research, nearly 74% of samples collected from
rivers, which are the primary source of irrigation water in
the country, surpassed the microbiological acceptability
standards for this purpose. Moreover, in this country, the
water sources are poorly managed, and freshwater is scarce,
leading farmers to rely highly on untreated water sources
[28].

In Tajikistan, it is estimated that approximately half of
the rural households rely on untreated water sources for
drinking, and this failure to meet the drinking water and poor
sanitation standards in the country can partly be attributed
to the contaminated water supply, which is associated with
transmission of both waterborne and foodborne parasitic
protozoa [29, 30].

Our findings based on different GBD regions found that
Central Asia accounted for the highest prevalence rate of
IPPs, which was in parallel with our country-based results.
In this part of Asia, in Kyrgyzstan, a survey on children
between the ages of 6 and 15 revealed that the overall
prevalence of IPPs was found to be relatively high (41%)
[31].

In Central Asian countries, the limited availability of
high-quality drinking water is one of several issues related
to public health. The aging and poor condition of water
pipeline networks lead people to resort to alternative, often
untreated, water sources. Additional factors also contribute
significantly to the problem, including contamination of
the water supply sources discharges from industrial and
agricultural activities [32].

The infection rate is directly linked to factors such as
sanitation, proper disposal of feces with good hygiene

practices, access to safe drinking water, and other related
factors [33, 34]. In regions with poor sanitary settings,
public tap or standpipes as a source of drinking water supply
emerged as a protective factor against IPPs, particularly
concerning giardiasis [35].

Multiple reports have consistently highlighted the
increased occurrence of IPPs in poor communities residing
in countries with low to lower-middle income status, with
a particular focus on various Asian nations. As anticipated,
our review showed that the most significant incidence of
IPPs in schoolchildren occurred in countries characterized
by low and lower-middle income levels [36, 37].

Our review highlighted that regions with a tropical
rainforest climate had the highest incidence of IPPs among
schoolchildren in Asia, underscoring the significance
of climate conditions as essential factors that affect the
prevalence of IPPs in this context.

Parasitic intestinal infections are prevalent in tropical
and subtropical regions, particularly in areas like Sub-
Saharan Africa, Latin America, China, and East Asia. The
warm and humid climate in these regions creates favorable
conditions for the transmission and distribution of parasites,
contributing to the high prevalence of these infections [6].
Furthermore, these regions experience significant population
growth coupled with elevated poverty rates, which further
escalates the risk of parasite transmission [38—40].

In the current study, the highest prevalence of IPPs was
related to primary and elementary school-aged children,
which might be attributed to their weaker immune systems,
increased contact with soil and other contaminated materials,
and their limited adherence to health standards [41].

Based on our analysis of various methods, the highest
prevalence was related to the studies that employed a
combination of direct smear, staining, and PCR techniques
that are regarded as an approach for the qualitative
diagnosis of intestinal protozoan parasites. PCR offers a
higher detection sensitivity than light microscopy, making
it particularly valuable for identifying a low number of
parasites in stool samples [42]. Nevertheless, using a
combination of microscopy with immunoassay or molecular
methods has resulted in a notable improvement in both
sensitivity and specificity over the last two decades [43].

Limitations

This study has faced particular limitations that should be
noted. Firstly, there were limitations in the number of studies
available for specific subgroups of Asian schoolchildren. In
some cases, only one article addressed the prevalence of
protozoan parasites for certain types of parasites. Secondly,
our analyses might have been influenced by publication bias,
stemming from the absence of or a limited number of studies
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available from specific geographical regions. Lastly, some
of the studies in our analyses exhibited small-study effects,
which can be attributed to factors such as limited sample size
and the absence of a susceptible highly sensitive diagnostic
technique. Despite these limitations, it's essential to
acknowledge that this study offers the most comprehensive
insights into the prevalence of intestinal protozoan parasites
among Asian schoolchildren.

Conclusion

The final remarks summarize the findings of the examination
and meta-analysis, affirming the prevailing risk factors
like climate and socioeconomic aspects in certain Asian
countries. This underscores the ongoing risk of protozoan
infections to children, along with the necessity to monitor
the protozoan infection trends/patterns. It is imperative to
update public health recommendations for surveillance of
protozoan infections particularly given the emerging links
between certain protozoan pathogenesis and other chronic
diseases, and infections.
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