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Soil-transmitted helminths (STH) is a major healthcare challenge in the pediatric age
group affecting poor and deprived parts of our community. The main species that
infect people are roundworm (AL, Ascaris lumbricoides), whipworm (TT, Trichuris
trichiura), and hookworms (HW, Ancylostoma duodenale and Necator americanus). We
aimed to estimate the pooled prevalence of STH infections in India in the pediatric age
group (< 18 years) and assess the risk factors associated with STH in this age group.
Three databases were searched (PubMed, Scopus, and Embase) up to February 16,
2021 with deliberate and inclusive search terms for original research articles estimating
the prevalence of either of the three STH in India. Data extracted included individual
prevalence of the three STH, prevalence of double or triple infections, and associated
risk factors.

We identified systematically 1,408 publications, of which 44 were included for the final
analysis, including studies from 20 states covering 34,590 children. In our study, the
prevalence of AL ranged from 0.8 to 91% with a pooled prevalence of 25%, prevalence
of TT ranged from 0.3 to 72% with a pooled prevalence of 13%, and for HW prevalence
ranged from 0.2 to 80% with pooled prevalence of 10%. Two most important risk
factors with higher odds ratio were open defecation practices or open latrine (odds
ratio: 5.2) and washing hands without soap using water only (odds ratio: 2.49).
Knowledge of areas with high prevalence of STH and associated risk factors would help
in designing effective control strategies in the high-risk groups to prevent infection and
aid in a drastic reduction of morbidity in children.
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Introduction

Soil-transmitted helminths (STH) contribute significantly to
intestinal helminthic infections and is a major healthcare
challenge in pediatric age group. The main species that
infect people are the roundworm (AL, Ascaris lumbricoides),
the whipworm (TT, Trichuris trichiura), and hookworm
(HW, Ancylostoma duodenale and Necator americanus).
They constitute those nematodes/roundworms that are
transmitted through soil contaminated with fecal matter.
Adult worms live in the intestine and produce thousands of
eggs every day. STH infections are transmitted by eggs and
larvae present in human feces that contaminate soil in areas
with poor sanitation. Roundworm and whipworm eggs are
infective, whereas HW egg has to develop in larval form to
be infective to humans. The eggs are ingested while con-
suming fruits and vegetables that are not properly washed
or cooked or from contaminated water sources or due to
poor hygiene of children who come more often in contact
with soil and put hands in their mouth. The eggs of HW
hatch in the soil and release larvae that mature into a form
that actively penetrates the skin to cause infection. There-
fore, people who have habit of walking barefoot on con-
taminated soil are more prone to HW infection. The
preschool-aged children, school-aged children, and women
of childbearing age are mainly at high risk of STH infections.
Since these worms do not multiply in the human host,
reinfection may occur only as a result of contact with
infective stages in the environment. STH can be diagnosed
by examination of stool sample using microscope for the
presence of eggs. The risk of STH infection cannot be linked
with any one factor because of coexistence and combined
effect of multiple factors including environmental, behav-
ioral, social, and biological, both at individual and commu-
nity level.

STH infections are a major public health problem in
tropical and subtropical countries affecting the poor and
deprived parts of the community. Around 1.5 billion people
globally are infected with STH infections. Worldwide 819
million people approximately are infected with Ascaris, 464
million with Trichuris, and 438 million with HW. More than
267 million preschool children and over 568 million school
going children live in areas with increased transmission of
these infections and thus are in need of preventive measures
as well as treatment.' Asia contributes to almost 70% of the
global prevalence of STH and within Asia the highest preva-
lence is seen in India (21%) followed by China (18%).%3
Infection is generally most prevalent among rural commu-
nities in warm and humid equatorial regions and where
sanitation facilities are inadequate. However, infection can
also occur in urban areas. Disability-adjusted life years
caused by STHs are 5.2 million, and the majority 3.23 million
(62%) are attributable to HW.*

To control the STH infections, it is important to target the
high-risk population as well as areas where the prevalence is
high. It can be achieved by periodic treatment that can
reduce the intensity of infection of at-risk population living
in these endemic areas. The World Health Organization
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(WHO) recommends periodic treatment with antihelmin-
tics, without any previous diagnosis to all the at-risk people
living in endemic areas. In 2018, more than 676 million
school-aged children were given antihelminthics medicines
in endemic countries that correspond to 53% of all children at
risk." Along with deworming, STH infections can be pre-
vented by educating the community on healthy and hygienic
practices and provision of access to basic sanitation facilities,
though that may sometimes be difficult specially in resource
poor settings.

With an objective of deworming all preschool and school-
aged children between 1 and 19 years of age through schools
and Anganwadi centers, the Ministry of Health and Family
Welfare, Government of India launched the National
Deworming Day on February 10 each year. The first round
of this was conducted in February 2015.

Although previous studies or reviews are available on
prevalence of STH in India, none of them conducted a meta-
analysis and that too in children, the group that is at higher
risk. Due to the high morbidity caused by STH infections, we
intended to review, assess, and synthesize the literature on
prevalence and risk factors of the three STH infections among
children (< 18 years) in India. To the best of our knowledge,
this is the first systematic review and meta-analysis address-
ing both the prevalence and risk factors of STH infections in
the Indian context in this age group. This study will help in
identifying the areas most affected with STH infections and
identification of the most important risk factors to develop
targeted prevention strategies.

Objective

We aimed to conduct a systematic review and meta-analysis
to estimate the pooled prevalence of STH infections in India
in pediatric age group (< 18 years). Our secondary objective
was to assess the risk factors associated with STH in this age
group.

Methods

This review was conducted in accordance with “Preferred
Reporting Items for Systematic reviews and Meta-analysis—
Protocols” (PRISMA-P)> and the “Meta-analysis of Observa-
tional Studies in Epidemiology’ (MOOSE)" guidelines.® This
study was registered with the International prospective
register of systematic reviews “PROSPERO” [Registration
no. CRD42021234126].

Eligibility Criteria
Criteria were established for eligibility of articles in the
review before beginning the search.

Inclusion Criteria

All community-based observational studies reporting the
prevalence of at least one STH among children (0—18 years)
in India were included. Ascaris (AL), Trichuris (TT), and HW
(Ancylostoma mostly found in India) were the three STH for
which prevalence was noted.
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Exclusion Criteria

Case reports, clinical/intervention studies, hospital-based
studies, and review articles were excluded. Only communi-
ty-based studies were included where the subjects were not
having any previous diagnosis. Moreover, articles that were
not fully accessible were excluded because of the inability to
assess the quality of articles in the absence of full text.

Search Strategy and Data Extraction

Three databases were searched (PubMed, Scopus, and
Embase) up to February 16, 2021 to do the literature search
with the following search terms: (prevalence or incidence or
epidemiology or risk factor or causal factor) and (helminth or
STH or Ascaris or Trichuris or HW) and (India or Indian) and
(pediatric or child or kid or baby). The reference lists of
relevant articles obtained were screened for its suitability to
be recruited into this review. No filters were used. Duplicates
were removed. Two authors (PC and SS) independently
conducted the search and screened the study title and
abstract. The studies selected after screening the title and
abstract were then screened further by full text selection. For
articles related to the prevalence of STH—any one or all three,
AL or TT or HW in the title and/or abstract, the full text was
assessed further. Full-text selection was done with approval
of both the authors. Disagreements during full-text selection
were resolved by discussion and reaching consensus in the
presence of third author (VKD).

The two authors (PC and SS) extracted the data and
performed quality assessment of included studies using
Microsoft Excel. One of the reviewers recorded the data
from the selected studies into the extraction form using
Excel, while the second reviewer verified the accuracy and
completeness of the extracted data. Data was extracted
under the headings: first author, year of publication, place,
author of the study, age of study subjects, setting, month and
year in which it was conducted, duration of the study, type of
study, individual prevalence of the three STH, prevalence of
double or triple infections, and the stool processing method
used. The associated risk factors with the number of cases
infected and not infected with STH both in exposed and
nonexposed groups were noted. In studies where all age
groups were included, data for pediatric age group was
extracted and rest were excluded. For studies with multiple
intestinal parasites, data for the STH (any available or all
three) was extracted.

Quality Assessment:

The studies were assessed for the methodological quality
based on the tool developed by Wong et al also used in a few
other studies.”® The checklist quality assessment tool for
systematic reviews of observational studies (QATSO)
(=Supplementary Table S1) was used to assess the quality
of searched articles by two independent investigators (PC
and SS). The tool consists of 6 items that assess components
in observation studies and whenever the information pro-
vided was not enough to assist in making judgement for a
certain item, we agreed to grade that item with a “0” meaning
high risk of bias. Each article’s quality was graded as “good” if
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the score was 5 or 6 out of 6; or graded as “satisfactory” if the
score was 3 or 4 out of 6, and “poor” if the score was 0, 1, or 2
out of 6. The studies were not excluded on basis of their
quality.

Ethical approval was not required in this review as the
work consisted of secondary data collection and analysis.

Data Analysis:

The analysis was done by STATA/se Version 13.0 statistical
software. We presented results with tables and forest plots.
The pooled prevalence of each STH was estimated with a
random effect model by generating the pooled 95% confi-
dence interval (CI) using the Der Simonian and Laird’s
methods. Heterogeneity among studies was assessed by
calculating p-values for Higgins I?- statistics. I> index (low
is < 25%, moderate 25-50%, and high > 50%) indicated the
percent of total discrepancy due to variation between the
studies. The risk factors for STH infection were reported in
odds ratio (OR) with 95% CI by using a random effect model.
Begg’s funnel plot was used for evaluating the possibility of
publication bias (=~Supplementary Fig. S1).

Results:

Literature Searches and Selection

We identified systematically 1,408 publications, of which 44
were included for the final analyses. The details of our search
strategy are depicted in =~Supplementary Table S2 and the
flow of selection of studies for the review is shown in =Fig. 1.
Our initial search of electronic databases such as PubMed,
Scopus, and Embase yielded 1,388 articles and 20 articles
from other sources including extensive search of references
of studies. Out of 1,408 articles, 436 were found to be in
duplicate and were removed. Further on the basis of title and
abstract, 861 articles were excluded. These were not found
suitable according to our inclusion criteria. From the remain-
ing studies that were selected, 48 full-text articles could not
be obtained and had to be excluded. Sixty-three studies were
initially selected. Full text for each of these 63 studies was
read carefully. Nineteen articles were further excluded due to
various reasons. Two were hospital-based/intervention stud-
ies, five had no separate data for pediatric population, three
were lacking data for STH, and nine had to be excluded due to
different reasons like data discrepancy in text and tables of
articles. Finally, 44 articles published between 1968 and
2020 fulfilling the inclusion criteria were included. These
studies reported the prevalence of at least one STH among
pediatric age group in India.

The characteristics of selected studies included in system-
atic review and meta-analysis are shown in =Table 1. The
sample size of the included studies ranged from 52° to
6,421'% with a total number of 34,590 participants for which
stool samples were examined for the presence of one or more
intestinal parasites. Data specifically matching our inclusion
and exclusion criteria was extracted. Total of 18 studies had
the data of prevalence for all three STH, 21 studies had data
for at least two parasites, 2 studies had data only for AL, 1
only for TT, and 2 only for HW. For stool examination, the
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Records identified through

database search
(n=1,388)

A

Y

PubMed/Medline: 520
Embase: 575

Identification

v

Additional Records identified

through other sources
(n=20)

Scopus: 293

Records screened
(n = 1,408)

Records excluded (n = 1,344)
e Titles and abstract
irrelevant to the study

Screening

A 4

(861)
»| * Duplicates (436)
*  Full text articles not

Full text articles assessed for
eligibility
(n=63)

available (48)

Full text articles excluded

Eligibility

A 4

(n=19)
Reasons for exclusion:
* Hospital/Intervention

Studies included in
quantitative synthesis
(n=44)

studies (2)

* Data unavailable for our
age group (5)

* Data for STH not
available (3)

* Datadiscrepancy/ not
appropriate for study (9)

Fig. 1 Flowchart of selection of studies for the review. STH, soil transmitted helminths.

researchers in the given studies used direct microscopy by
wet mount (saline and iodine), Kato-Katz technique and
microscopy after stool concentration with methods like
salt flotation, formol ether concentration, mini-FLOTAC,
and zinc sulphate for parasite detection. Maximum number
of studies, 18 (42% of the studies) were from North India, of
which 8 were from Jammu and Kashmir, 3 from Delhi, 4 from
Uttar Pradesh, 2 from Uttarakhand, and 1 from Haryana.
From Northeast 3 (6.8%) studies were included, 2 from
Sikkim, and 1 from Assam. In the central India only, two
(4.5%) studies were included, one each from Chhattisgarh
and Madhya Pradesh. Five (12.5%) studies were from Eastern
India, three from West Bengal and one from Bihar and Orissa
each. One of the studies was partly carried out in Uttar
Pradesh and partly in Jharkhand. From the west part of India,
4 (9.1%) studies were included, two from Gujarat and one
from Maharashtra and Rajasthan each. From the southern
part of India, 11 (25%) studies were included, five from Tamil
Nadu, three from Andhra Pradesh, two from Karnataka, and
one from Puducherry. Children from all age groups 0 to less
than 18 years were included in the studies.

Quality Assessment

According to our quality assessment criteria, 32 publications
out of 44 had score 3 or 4 indicating they were of moderate
quality, 10 had a score of 5 or 6 indicating high quality, and
the remaining 2 were of low quality with a score of zero or
one or two. The results of quality assessment of studies are
shown in =Supplementary Table S3.
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Population Characteristics

A total of 34,590 children from different studies were included
in this analysis. Twenty-nine out of 44 studies (66% of total
studies) were done on school children. The pooled prevalence
of AL was estimated to be (n =41 studies) 25% (95% CI: 16-35%)
with substantial heterogeneity (I2=99.7%, p <0.05); for TT
(n=31 studies) 13% (95% CI: 8-18%) with substantial hetero-
geneity (1> = 99.4%, p < 0.05); and for HW (n =29 studies) 10%
(95% CI: 4-18%) with substantial heterogeneity (I =99.6%,
p < 0.05). Prevalence of double infections (n = 12 studies) was
11% (95% Cl. 7-25%) with substantial heterogeneity
(I2=99.09%, p < 0.05), triple infection (n =4 studies) 1% (95%
CI: 0-4%) with substantial heterogeneity (I = 97.0%, p < 0.05).
Forest plots of pooled prevalence are given in ~Fig. 2. Preva-
lence of AL ranged from 0.8 to 91%.'! For TT, the prevalence
ranged from 0.3'? to 72%.'" For HW, the prevalence ranged
from 0.2'3 to 80%.'% Regional distribution of the three STH has
been plotted in ~Figs. 3-5.

Pooled prevalence from studies in different parts of India
is as shown in =~Supplementary Table S4. Maximum preva-
lence of AL was seen in Northeast and northern parts of India
that are 46 and 35%, respectively. TT was found to be
maximum in southern India and constituted 19% of the
study population. Highest prevalence of HW was seen in
eastern part of India (49%).

Risk Factors Analysis
Risk factors associated with STH were analyzed in this meta-
analysis. Though previous studies reported association of

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.

7



Chopra et al.

8 Prevalence of STH in Children in India

uoljeljuaduod

13y3a-uljewloy 193uad S|
pue uoljejeoly 3eyns wouy 910z | [euonpoas
Juiz pue Jeaws 32311q JIN 61l YAlA 9-G'0 ZS | [ebuag isap ‘Bupalieq ualpiyd das-910z bny YY) 66102/Ie 33 seq zlL
UOI3BI1IUIDUO0D
uonejeoly jeyd|ns Jwaysey| |BUOI329S
dulZ pue Jeaus 1311Q L'ze 9.°0€ | €269 SL-v r4k3 3 nwiwe( ‘esemdny) ss01D | ¢(9)£00Z/|e 39 1uem LL
1e3Ws YdIy3 z3eY Jwysey g nwwe| ualpiyd 8007 1990120 | [euUOI3I3S
-01ey| pue Jeaws jdwis IIN | v9z | 81LL SL-1 € | ‘elodipueg ‘A3jjea zainn [ooyas -800Z AInf $s01D | ,c010Z/ B 39 1ue oL
Juaysey|
3 nwwe[ “ebeuls seale
UOoI3BI13UIdUO0D pue ‘ewem|nd ‘etemdny ueqin pue
uopejeoy djeydns ‘webpng ‘efjnweseg |ednJ wouy £00Z | |euoidas
JUlz pue Jesuws 33311q - 8L 1IN 6°LC €89 SL-0 96¢¢ ‘beujueuy Ualp|iyd | AON-£00T Yd1eiN ssoid | |.(9)800z/|e32 1uEM 6
anbiuysa3 buunod
bba |e3s g uoiesuad
-uod uopejeoy jeyd|ns Juwysey| ualpiyd 9007 | [euonoas
Julz pue Jesws 13311q I'N 6 ¥'8¢ -G 1S 13 nwuwe[ sebeulss |ooyds 10-900¢ |Hdy ssoi) | () L00Z/|e 39 lueMm 8
leaws
z1ey-01e)| ‘uonen Jwaysey| ualpiyd 600C | |euoi}das
-U32U0J 13Y33 UljeLLloS JIN (43 675 y1-€ 96¢ 3 nwwe[ ‘webpng |ooyds AON-600Z AN YY) 6z1 10Z/|B 39 U0 /
Jwiysey| g nwiwe|
UOI3R1IUIdUO0D aebeulls pue ‘ewem
uoijejeoy ajeydins -Ind ‘elemdny| ‘webpng uaupiyd 900¢ | |euond9s
Suiz pue Jeaws 32311q 97'6¢€ ¥S €9 SL-G 433 ‘e|jnwe.eg ‘beujueuy |ooyds AON-9007Z AN sso1) | 4.(2) 800Z/IB 32 1UEM 9
UOI3BI1IUIDUO0D
uonejeoy a3eydins Jiwyses)| uaipjiyd €10 | |euondss ,z9L0Z/uiuy
Sulz pue Jeaws 1311g IIN '92 8Ll SL-¥ 413 3 nwuwe[ ‘uveidoys |ooyds AON-£10Z AeN (1YeXp) pue 1uepp S
UOoI3R1IUIDU0D
uonejeoy ajeydins Jwiyses| usJpiyd L00cC | |euol3d>9s 97600¢
Julz pue Jesuwis 133117 IIN 9'LE 869 vl-g 661 B nwiwe[ ‘ewem|ng |o0YdS 1P0-£00 |Hdy $S0.1D [pewyy pue 1uep 14
UOI3BI1IUIDUO0D
J13Y33 ujjew ualpiyd 8007 | [euonoas
-10} pue Jeaws 32311Q L'l 6l €9 €1-G 6201 wessy ‘ylebniqiqg |ooyds das-800z goA ss01) ¢,6002/1n2q €
UO0I3B13UIDUO0D
13Y39 uljew.oy ‘yunou ualpjiyd 9L0¢C | |euondas 21020C
oulpo| pue suljes IIN €0 € 8L-§ 00€ wibp|Is 1sey |ooYydS 390-910z uef $S01D [ybuis pue eqqns 4
UOI3RI1IUdUO0D |BUOI}D3S
1ay3a—uljewlod - 8°9¢ - 0L-0 891 wessy ‘yiebniqig abeyjiA 8661-9661 $S01D <z000Z/|e 32 uteseN L
Jul Jul
d1duL | 219no@ | MH - w (A) dnoib EY4 ubisap
anbiuydaj %HLS aby | ajdwes uonedlo] bunias uoneanp Apnis Apmis 1eak[ioyny | ‘ou |
(P =N) sisA|eue-e3oWw pue M3IA3I J[3BWIISAS Y3 Ul PIpN|DUl SIIPN3s Pa1I3Ias JO SIIIsLvldeIeY) | 3|qel

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.

Journal of Laboratory Physicians



9

Chopra et al.

Prevalence of STH in Children in India

(panuizuod)
eale wnjs
40 ua.pjiys |euol3d9s op8L6L/I 32
deaws 129lid L'C vl '8 S-0 135144 I4led |ooydsald LL6L SS01D diuegeljed 9¢
ualp|iyd €L0Z | |euondas ccS102/|e 39
anbjuydal ziey-oey L€ L€ 18 SL-§ LYE yiea |ooyds ue[-z10zZ AON $501D uefuey (¥4
Uo[3e13uUIdU0D
J9Y33 uljewloy ‘Junow uaJp|iyd |euoi3das ¢S Loz/ e 3@
19M 3UIpol pue suljes €olL I'N 61l SL-9 0S¢ ysebsimeyyd bing [00YdS $S0.1D pueyd 174
UOIBUILLEXD uaJp|iyd |euoi323s +Z6L6 L/le 3
Jeaws 32a11q 6 LL G'8 [ 65 ysapeld 1e1n ‘ylebyy |ooyds 1161 YeJlp) SNUNA €C
pueyeyl ‘nunyy
"UOI}BIIUIDUOD pue ysapeld 1exn |BUOI3D3S ¢z8002/1e 1
13y3e—uljewloy 6°¢ 9C (43 Z-S0 606 ‘uebeN sepiaey jues eale |einy $S0.1D yisemy 44
uoljeljuaduod Iayia
ul|ewwlo) pue Junow 39m ysapeld uaJp|iyd 600C | |euonIas
auipol [obn7 pue auljes L 8L €C rL-L 133 lenn ‘peqeizeyn | Ayunwwod 59@-800¢ aun[ $S01D 161102/ B39 2ysig 1z
ua.piyd GLOoZ 3snbny | |euoi3des o_tom\_m iC]
Zie)-o3e) 9|qnod L0°0 '8 | 9°¢C 9'v 9'69 SL> LZv9 ysopeid 1eyn |ooyas -510z Aey SS01D Ainbuen 0c¢
S19]juad
ipemuebue
uopjeujwexa woly 6661 AIn[ | jeuondas 0cL661/12 39
leaws 1alq - - 611 S-Sl 0v0L | ysapeid Je3in ‘mouydny ua.p|Iyd -G66Luef $501D) 1yIsemy 6l
junouw aulpol g auljes
pue uonn|os jjes pajel ualpjiyd |euo1}d9s g18L0Z/Ie 39
-njes Aq uones3uaduo) L'z I'N 80 oL> L9t [ pueyyelenin ‘ysyjiysry |o0YdS $S01D |esueg 8L
pueypjeleiin ualp|iys |euoildes
Z3e)-03e) payIpoN 14 Ls 6L 8'8¢ 0L-6 LST ‘|lemyen Lineq eale A||iH 500z bny $S0.1D <9002 /|e 32 BlOg Ll
Z3e)-038)| uaipjiyd SGLOC | |euon>as ,10202/1e 39
pue Jeaws 33311q so'es | so1 [IN 8'G Sl-¢ 09¢€ eYSIPO ‘lemsaueqnyg wn|s 120-5102 ey sso1D) eijedeyep 9l
leyig ‘fuebjedon
pue indieyeznpy uaup|iyd L10Z | |euol3das 91 L0z/Ie 3@
z3e)-03e) PaYIPON 8’1 L9Z w S zs LI~V LSLL ‘peqebueiny ‘etiely |ooyos gaj-11ozuel $501D puejuaain Gl
1B3WIS-H)DIY3 Z3B)-03BY|
3y} 4O uopedyIpOWw 0/61 | |euondas »e8L6L[1 32
lanesg-uipiey €89 g1 4! LL-1 8L0% [ebuag 3sap ‘e3ey||oy eale [Ny | 230-6961 YdIen $501D DisuljemenN vl
uol3e3o|} 3jes |BUOI3D3S »18961/1e 39
pue Jeaws 33311 08 - - S1-0 192 |ebuag 359 ‘e3e|0Y eale |elny €961-1961 sso1D) ?:%\so;u €1
Jul jul
d1duy | si9noa | mH — e (A) dnoib 9zIs ubisap
anbiuyda) %HLS aby | sjdwes uoned’o] bunyes uonzeanp Apnis Apnis 1eafkfioyiny | -ou s
(panupuod) L 3jqel

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.

Journal of Laboratory Physicians



Chopra et al.

10 Prevalence of STH in Children in India

(A AIVEIILEN
J3y39 uljew

-10} ‘JUNOW J9M 3UIpOl npeN [iwejg uaipiyd SLoz An[ | |euondas £,0202/ 1839
pue junouwl 3am auljes 0 L0 69 71-9 019 ‘alojequiiod |jooyds -G10¢Z AON -$50.4D uefey nisyd L
uojjeulwexs npeN |lwej uaJip|iyd L10C Y21BN | [BuO13I9S _mwvom\_m 19
J1doasoidiw 39311Q e 1IN e 81-€1 0sz ‘weindaaydue)y| |ooyds -/10z Atenue[ ssol) ueuysiniejedon oy
buiuaalids
buiunod 663 193sew
yojew ‘uonesedald uaJpiyd 600Z 3snbny |043U0D Omiom\_m 19
19M aUlpol pue auljes €9 80 L v1-9 90L€ NPeN [iwe] ‘a10||aA [ooydS [ -800¢ tequwdeQ —-ase) e|npey 6€
anbiuysa3 bununod
b6 |j015 JuEND) ‘Ya9y Ayunw
5u0) apAysp|eLIoy -wod [e1nos |BUOI}D3S
|ulpol a1e|olylIBN S0¢€ €79 €09 45! (94 npen |iwe] ‘leuusyd usizyid $S01D mvvwm: suRy3 8¢
uoljejeoyy apu
-0|Yd> WnIpos pajelnies npeN [lwe] ualpjiyd |BUOI329S apl Loz/|le 1@
pue Adodsoudiw 30a11g oL 6°¢€l 8'8¢ 0L-§ 8G¢ ‘weindaayduey jooyas 800¢ ue[ NYelp) luewinquy L€
unow 3am e1jyseseyely ualpjiyd |BUOI3D3S wl Loz/
auipol [obn7 pue auljes 60 6L Z1-9 29 ‘sebeupawayy |jooyds $S01D lulen} pue 1ayy 9¢
UOI3BIIUIDUO0D ysapeid ualpjiyd 900z 3snbny | |euoi3des 9 cLoz/le 1
1339 uljewio4 96°0 'S It 6'C €1-9 80¢ elypuy ‘weindejewy |ooyds -900z aun| $so.) 1ebeyerebuey 13
uo[3eIUAWIPIS ysapeld eiypuy ualpjiyd |BUOI}D3S <666 L/le 1
9383328 |AU33 Uljewlo] 8 L0S 6 99 €L €l-L L1T ‘weujedeyeysip [ooyds 7661-€661 $S01D |ned Y€
uoleudWIpas ysapeld eiypuy ualpiyd 8661 | [BuOnI9S :voom\_m iC]
134313 uljew.oy paylpon S L 16 6-G 0¢ ‘weujedeyeysip |ooyds 330-/661 22d ssol) ysieN €¢
uo|3eI3UDdU0D uaupiyd €L0C | |euol3d9s wC Loz/
19y3e uljewliod (4 L0 9t -9 ol jesefnd ‘eipopep |jooyas POo-gLozaun| $S01D |E 39 luepfen [43
UOI3RIIUIDUO0D 13]]omp 8007 | [euonpoas omm_om\_m 19
13y3L uljewnod IIN I'N S¢ vl-1 81§ jeselnn | wnjs ueqin 290-800¢ 9°4 $S01D eyqoys Le
UOI3BI1IUIDUO0D 110z | |euondas 4 Loz/|le 1@
19y3s uljewoy 9'L 8'S SL-0 ocl ueysseley andiepn 9911 |iyg 3das-110Z 0 $S01D esiqnoyo 0€
UOIIRUILLIEXD ysapeid ualpiyd €10z 3snbny | |euoi3dss vagm\_m 19
Jeaws 12aliq [don74 - 786 -9 00€ eAypep ‘|edoyg |o0YdS -eLoz Ainf $S01D 1yzedi] 6C
usIpiyp [eUOND3S 1,0202/Ie 32
1eaws 30311q S [IN Il 0L-9 00€ eueAieH “yeiyoy Jjooyds $S01D eyeyqg 87
ualp|iy> 910¢ | [euon3I9s m_omom\ e 3o
anbjuyaay z3ey-038Y vy IIN 8V ¥'vS 71-9 0S¢ ylea | Ayunwwod 390-910z uef $S01D e1dnn LT
Jul Jul
SRbL || Ay MH o v (A) dnoib EV4 ubisap
anbiuydaj %HLS aby | ajdwes uonedlo] bunias uoneanp Apnis Apmis 1eak[ioyny | ‘ou |
(panunuod) 1 3jqey

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.

Journal of Laboratory Physicians



Table 1 (Continued)

@
4 - +
o .E ¢ oS 17}
2 ® O 2 v 2
v ER v £ ]
'EBE' £® o £
BCa |BES|E
2 = [ =t
cEC|[=8%
v TUOo=0|lu= BT
3 csg=|ec -Eflc
=2 o w Y Y] ©
e T o 2 o -
c Voo g|lyuCc E|YC
= C OV g c 3 .= c 3
g SE£E|58%|5¢8
= WAaTI|[REX|VE
2
.%u— (a2
FE|o
9
E
O 4= | ®
oL |~
= 0 ~ )
~N ! )
T - — <
< <
E |w S |
9
2|, |
== ~ -
wn | < — (=] 1
—_
>
=
=%
=] o ~
[ — — o))
D = | | |
< o LN © ©
<
= ~
E o ~ ) <
g N — N ~N
v wn — ~ —
v
=
-
£
L ° E
© ] ]
o -
o o -
c c o
G G ]
- N N p
o [ o £
c a = —_ wv
o = =l i) =
b= =] © ] ©
o 3 (o) [w)] +
[¥] o c c =
o juu} o o o
= a ") o0 A
T
-
)
5
c c c
o J— —_ — =
c 5 2 g o Y| 32
=1 o T o T oo | £
pary c = = = )
L] G = (o= o= =
(%] wnv o wnv o (2} o
“n
=
2
-
5 5 2 g
[
2 7 g |8 |
® © | - =
= o ™M 0 =
= o o S N
- : S S £
3 S w0 o™ Nal| o
2 53 sc |88 2
a = 2K [aWN S
o
=
© © © o
c , € .5 .| 2
> o n 9 n 9 wol| T
o 0w S w5 aj) .
28 (2§ |2% |E%| %
wn T O on O on U n hS]
S
L
=
0
£
=
w
o~ -
— wn -
© EN < = S
% =9 oy %]
> = = S 4+ <<
= ER=) N U, -
) c N — o -
£ 3% 2 Al
= — o
2 T o Q © O a
<< & o (&) a N 5
2
o 9
o >
c 2
— o [} o
] < < )
<

Journal of Laboratory Physicians
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multiple risk factors with STH and other intestinal parasitic
infections, data specific to our inclusion criteria is shown
here. The more commonly studied risk factors included gender
(10 articles),'®'315-22 place of defecation whether in open
or sanitary latrines (7 articles),'%13-1>-17.23.24 hand washing
after defecation with water only or soap and water
(6 articles),'%1315-17.23 sgcjoeconomic status (SES) upper and
middle versus lower (4 au"ticles),m'n’w’24 mother’s education
(4 articles),'%131019 parefoot walking (4 articles),'317:1924
recent deworming(4 articles),'®1317:19 hygiene of finger nails
(3 articles),’>'%2*  flooring earthen or cemented
(3 articles),'%131° religion (3 articles),'*®'? and hand wash-
ing before eating (3 articles).'>'®1% OR was calculated and has
been given in =~Table 2. For the factors including use of open
defecation practices as compared to sanitary latrine, hand
washing with water only versus with soap and water after
defecation and having an earthen flooring in comparison to
cemented flooring had OR more than 2 for getting STH
infections. Forest plots for the risk factors associated with
STH are as shown in =Fig. 6. Males and females did not have
higher odds over each other for getting STH infections. For the
less commonly studied factors (in < 3 studies), OR of more than
2 was obtained in children with presence of anemia,?* pica'®in
comparison to its absence, living in rural area on comparison
with staying in urban area,'® not attending school.'® Absence
of running water in latrine'® and using a community bin rather
than door to door disposal of waste'® had higher odds of
getting STH. Other factors like joint versus nuclear family,'>'°
father’s education,'”"'® consumption of unwashed fruits and
vegetables,'? and using tap water over hand pump'>% did not
have any association with STH infection and had OR around 1 or
less than 1. Having a poor hygieneB’1 ?in terms of not washing
fruits and vegetables before eating and eating something that
falls on floor and overcrowding'® had higher odds of STH, 1.87
(95%Cl: 0.31-11.37)and 1.83 (95% CI: 1.02-3.26), respectively.

Discussion

STH infections are common cause of morbidity in children of
developing countries like India. According to the World
Health Organization, around 24% of world population is
infected with STH. Two-hundred and forty-one million chil-
dren between the ages of 1 and 14 years are at risk of parasitic
intestinal worms in India. This study covers all the published
literature on STH, covering studies from all parts of India in
pediatric population (0—18 years). Prevalence percentage of
STH is a major determinant of routine deworming practices
in a geographical area. The National Deworming Day is an
initiative of Ministry of Health and Family Welfare, Govern-
ment of India to make every child in the country worm-free.
It is a large-scale public health program reaching huge
number of children in a short period of time. Deworming
twice a year is recommended in the states with prevalence of
STH more than 20% and once a year in other states with less
than 20% prevalence. Calculation of pooled prevalence of STH
in pediatric population in different geographical areas of
India obtained in this study will help in better implementa-
tion of such deworming practices.

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.
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In our study among the three STH, AL was most prevalent.
A meta-analysis from South America showed a similar
overall high burden of ascariasis.” In contrast, in a meta-
analysis study from sub-Saharan Africa, HW was found to be
the commonest STH infection.>® In a systematic review
published in 2016, the prevalence of AL, Ancylostoma duo-
denale and TT in 18 selected studies in India was in range
between 0.4 and 71.87%, 0.14 and 42%, and 0.3 and 29.57%,
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respectively.”” In our study, the prevalence of AL ranged from
0.8'8 to 91%"" with a pooled prevalence of 25%. For TT, the
prevalence ranged from 0.3'? to 72%'" with a pooled preva-
lence of 13%. For HW, the prevalence ranged from 0.2'3 to
80%'* with pooled prevalence of 10%. Another review was
from India by Salam et al 2017,°® which aimed to understand
the spatial distribution and identify the high-risk zones in
India. They included 39 studies from all over India estimating
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the prevalence of AL infection in the range of 0.6 to 91%, TT in
the ranged of 0.7 to 72% and HW ranging from 0.02 to 52%.
Our study showed similar results except for HW that ranged
from 0.2'3 to 80%,'* higher than that reported by Salam et al.
However, the previous studies®> were done on all age groups
as compared to ours that included pediatric population only,
which is a better representative of disease burden in more
susceptible population at risk.

Journal of Laboratory Physicians

Our analysis included studies from 20 states/union terri-
tories (UT) from India; however, some areas were completely
missed due to lack of published literature from those regions.
It would be helpful if all the states/UT have their own data to
have even more accurate estimate of overall prevalence in
those regions as well as India as a whole. Maximum number
of studies were from North India and South India. The study
selection and data extraction might cause bias in calculation

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.
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of STH because of this. We tried to include as many studies as
possible; however, some of them had to be excluded due to
unavailability of full texts. Also, to obtain the prevalence,
only community-based studies were selected including sub-
jects who did not have any symptom related to STH. The
hospital based or intervention studies were excluded to
remove the bias since the symptomatic individuals or those
with a previous diagnosis could not be included. The search

Journal of Laboratory Physicians

Indian Ocean

NICOBAR ISLANDS
a

%

00

strategy was very broad and included broad search query
terms. For all the studies that did not report the presence of a
particular helminth in an area, it was not clear whether it
was not seen in their population or whether they did not look
for it. This might have led to under reporting of the preva-
lence of individual helminths in those cases.

Regional variation in prevalence of the three organisms
was seen. Local factors can play a role in their epidemiology.

Vol. 15 No. 1/2023 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.
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Table 2 Risk factors associated with STH

Variables Number of | Odds ratio 12 (%); p-value
articles (95% CI)

Males vs. females 10 1.14 (0.88-1.46) | 78;0.001
Open latrine vs. sanitary latrine 7 5.2 (1.35-20.16) | 97.9; 0.001
Hand washing after defecation with water only vs. with soap and water | 6 2.49 (1.51-4.12) | 92.3; 0.001
SES lower vs. SES upper and middle 4 1.01 (0.74-1.38) | 41.1; 0.165
Mother education below primary/illiterate vs. above primary 4 1.07 (0.77-1.47) | 72.6; 0.012
Walking barefoot vs. walking with footwear 4 1.73 (0.92-3.28) | 61.1; 0.052
Recent deworming negative to recent deworming done 4 1.41 (0.87-2.28) | 72.1;0.013
Nails untrimmed vs. trimmed 3 1.52 (0.43-5.45) | 82.5;0.003
Flooring earthen vs. cemented 3 2.02 (1.33-3.06) | 60.2; 0.08
Religion: Hindu vs. other religions 3 1.27 (0.65-2.47) | 82.2; 0.004
Poor hand wash habits vs. good hand wash 3 1.55 (0.61-3.92) | 92.1; 0.001

Abbreviations: Cl, confidence interval; SES, socioeconomic status; STH, soil-transmitted helminths.

Our study gave results similar to the previous data and
studies; Western India has the lowest prevalence of all three
STH.>>® Pooled prevalence from northern and northeastern
India for AL is higher as compared to other two organisms,
whereas southern India had higher prevalence for TT. Eastern
India had higher prevalence of HW. However, very high
heterogeneity between studies as shown by higher I2 values
restricts us from making conclusive remarks regarding this
epidemiology. Overall, prevalence of STH (AL=25%,
TT =13%, AD =10%) as found in our study was comparable
to other studies in different part of world.”” The tropical and
subtropical warm climate with humid environment in India
provides ideal environment for the survival of parasitic eggs
in moist soils. Besides, higher prevalence of STH in regions
that are not hot and moist like Jammu and Kashmir?®-33
points towards role of other factors than climate including
socioeconomic and behavioral factors. The unhealthy socio-
behavioral habits due to poverty and poor personal and
environmental hygiene, underlying socioeconomic factors,
underdeveloped sanitation, lack of adequate water supply,
increasing population, illiteracy, and poor sociobehavioral
habits, and a large section of people living below poverty line
play arole in spread of infections as seen from many studies.
This meta-analysis includes data from children only as
compared to previous studies that had diverse study popu-
lation including children and adults both. Children in partic-
ular are more prone to these infections due to direct contact
with soil while playing, poor hygiene, habits of playing or
handling of contaminated soils, eating with soiled hands,
unhygienic toilet practices, drinking and eating of contami-
nated water and food, and illiteracy of the care giver or
mother. These specific risk factor for children makes them
more susceptible to get STH infections that is a major cause of
morbidity in pediatric age group. Cumulative OR of the risk
factors from different studies calculated in our study would
help in designing a better preventive care at different levels.
Also, a superior assessment of the risk factors of STH would
require meticulous country-specific data, preferably from

Journal of Laboratory Physicians

nationally representative epidemiological surveys in various
communities and geographical areas.

Two risk factors with higher OR were open defecation
practices or open latrine (OR: 5.2) and washing hands
without soap using water only (OR: 2.49) also point towards
poor sanitation services as well as behavior related factors
that play a very important role in STH infection in pediatric
population. Earthen flooring with OR of 2.2 and walking
barefoot with OR 1.73 are also an important risk factor for
STH. Other risk factors studied, including sex predisposition
(OR: 1.14), economic status (1.01), and mother’s education
(1.07), were not found to be significantly associated with
STH. However, education of parents specially the mother or
the caregiver is important in terms of general awareness and
knowledge of following hygienic practices. Though pica'®
and anemia®* were two risk factors studied in one study
only, they had very high odds of having STH.

The prevalence and estimate of STH burden also depend
on the diagnostic method used for the assessment.>® Kato-
Katz method has been described as the best method by the
WHO as reliable diagnostic tool with better efficacy, accu-
racy, and predictive value than other techniques in resource
poor settings. Only 7 out of 44 studies (16%) used Kato-Katz
method for detection. Most studies relied upon direct
microscopy and concentration techniques as preferred
method. Using standard procedure for parasite detection
can further increase the sensitivity of studies and help in
better understanding of problem. Most of the studies
performed only one stool examination, which may result
in underreporting of the prevalence. Prevalence and inten-
sity of STH infection are the only tool for preventive
chemotherapy and to assess the effect of ongoing deworm-
ing program.

The control of STH comes with various challenges like
improvement in sanitary conditions and accessibility to safe
drinking water. These factors may reduce chances of infec-
tion or reinfection, hence decreasing the morbidity in chil-
dren caused due to STH. In resource-poor settings, educating
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the people regarding healthy and hygienic practices, imple-
mentation, and expansion of mass deworming intervention
to all the children can prove to be very effective. Targeting the
teachers and caregivers of children for educating the kids
about STH, motivating them for a behavioral change and
adopting healthy practices such as washing hands with soap
and water before handling food products and after using
toilet, wearing protective footwear, thorough washing of raw
vegetables and fruits with water before eating and sanitary
disposal of human excreta can be very useful. These may
further amplify the control measures and help to cut down
STH transmission.

Conclusion

In our study, we tried to estimate the prevalence of STH in
children by analyzing 44 studies from different regions in
India. The studies differed from each other due to their
heterogeneous sample size, study population, methods
used to select, identify parasites, and also the parasites
included by them. The pooled prevalence obtained for AL,
TT, and HW in India in pediatric population is 25, 13, and 10%,
respectively. The risk factors for STH were analyzed. This
study may be useful for prevention and control strategies
that will help the plan makers to concentrate on the high-risk
groups at areas with high prevalence. Also, effective strate-
gies can be designed keeping the most important risk factors
in mind.
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