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ABSTRACT

Aim: This review aimed to evaluate the impact of school-based hand hygiene interventions on infectious disease outcomes in
school populations.

Methods: A PROSPERO registered review (CRD42024620293) followed by Cochrane methodology MEDLINE, Embase, PubMed
and ERIC formed the databases that received the search. The study included English-language research from 2014 to the present
that examined school children in educational settings with quantifiable hand hygiene-disease relationships. The screening pro-
cess and appraisal followed the Critical Appraisal Skills Programme (CASP) checklist.

Results: The search produced 4345 records from which 33 studies qualified for inclusion. The interventions included educa-
tional programmes and handwashing facilities together with hand sanitiser distribution and Water, Sanitation and Hygiene
(WASH) programmes that combined multiple components. Education-only interventions reduced upper respiratory infection-
related absences by up to 50%. Soap and water handwashing combined with sanitiser reduced acute gastroenteritis absences by
36%. Integrated WASH programmes lowered diarrhoea and respiratory illness absences. Parental involvement further enhanced
effectiveness.

Conclusions: Hand hygiene programmes are most effective when combining education, resources and behaviour change. Their
success depends on context, infrastructure and delivery. While reducing disease and absenteeism, challenges like dermatitis and
non-compliance remain. Tailored, inclusive approaches and policy-level investment are needed to ensure sustainable, evidence-

based impact in schools.

1 | Introduction

Paediatric infectious disease outbreaks remain a major public
health concern, significantly affecting school attendance and
parental productivity, with broad educational and economic im-
plications [1]. This review assesses the impact of hand hygiene
practices on infectious disease outbreaks in paediatric popula-
tions, focusing on school settings and examines behavioural dif-
ferences influencing disease transmission.

2 | Background

Despite early advancements, handwashing was not widely
adopted until the 1980s, when outbreaks of foodborne ill-
nesses and healthcare-associated infections prompted the U.S.
Centres for Disease Control and Prevention to promote it as
an essential infection control measure. This led to the first
national hand hygiene guidelines, inspiring similar initiatives
globally [2].
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One such initiative has had well-documented success; the Five
Moments for Hand Hygiene programme in hospital settings
demonstrates the transformative impact of structured hand
hygiene initiatives on reducing infection rates [3]. By empha-
sising key moments for hand hygiene: before patient contact,
before aseptic tasks, after exposure to body fluids, after patient
contact, and after contact with patient surroundings, this pro-
gramme has significantly reduced healthcare-associated infec-
tions worldwide. Its effectiveness inspires a model that could be
adapted for school environments to improve hand hygiene prac-
tices and reduce infectious disease transmission [3].

A similar structured approach in schools, targeting moments
such as before meals, after toilet use, and after play, could re-
duce respiratory and gastrointestinal outbreaks, which disrupt
education and compromise child well-being [4, 5]. These out-
breaks remain prevalent in younger age groups, particularly
school-aged children. Globally, paediatric infectious diseases
cause about 1.4 million deaths annually and result in significant
productivity losses and healthcare costs, especially in low- and
middle-income countries [6]. While immunisations, contact
precautions, and school closures help mitigate transmission, the
relationship between children's hand hygiene practices and out-
break prevalence is less thoroughly documented. From this, the
following PICO question was derived:

PICO Question: In paediatric populations, how do
hand hygiene practices impact the prevalence of
paediatric infectious disease outbreaks?

While previous reviews have examined hand hygiene and
infection prevention broadly, many have focused on house-
hold or healthcare settings, preschool populations or have
pooled heterogeneous age groups and contexts. This review
advances existing literature by synthesising contemporary,
school-based evidence in children aged 5-18years, explicitly
examining educational, behavioural and implementation out-
comes alongside infection and absenteeism measures, and by
contextualising findings across World Bank income settings.
In doing so, it provides a more policy-relevant assessment of
how hand hygiene interventions function within real-world
school environments.

3 | Methods

The review followed Cochrane methodology to examine links
between hand hygiene and paediatric respiratory and gastro-
intestinal infections, based on a preregistered PROSPERO pro-
tocol (CRD42024620293) [7]. Although the protocol included
preschool and school-aged children, this manuscript reports
school-aged results only.

3.1 | Search Strategy

A literature search was conducted in the electronic databases
MEDLINE Complete, Embase and PubMed as they cover a wide
range of scientific, medical and healthcare disciplines [8]. In ad-
dition, the Education Resources Information Centre (ERIC)
electronic database permitted literature from the educational

perspective of disease burden, thus adequate for the proposed re-
search question.

The keywords and Medical Subject Headings (MeSH) used
during the search were ‘respiratory tract infection, common
cold, influenza, Coronavirus, respiratory syncytial virus, viral
gastroenteritis, salmonella, campylobacter, Escherichia coli,
shigella and Staphylococcus aureus’. Population-defining terms
used were student, school, preschool, daycare, child, children or
infants. For the intervention, proximity operators were utilised
to within seven words between ‘hand’ and ‘wash, disinfect, san-
itise, clean or hygiene’. The search strategies used for each data-
base are outlined in Appendix S1.

3.2 | Eligibility Criteria

All studies retrieved from the electronic database searches were
imported into EndNote X8 [9], where duplicates were identified
and removed. The search strategy applied database limiters to
include only literature published in English from 1 January 2014
onwards, to ensure relevance and currency.

Only studies published in English were included to ensure fea-
sibility and consistency in screening and data extraction. This
restriction may have introduced language bias, potentially ex-
cluding relevant studies published in other languages, particu-
larly from non-English-speaking regions.

Studies were excluded if the link between hand hygiene and in-
fection outcomes was unclear or unidentifiable. Additional ex-
clusion criteria included review articles, case reports, editorials
and any non-peer-reviewed publications. To enhance the gener-
alisability of the findings to educational environments, studies
conducted in healthcare facilities, households, communities
or other non-educational settings were also excluded. Studies
involving neonates, newborns or children with confounding
health conditions were likewise considered ineligible.

The screening process followed a three-stage exclusion approach.
In the first stage, article titles were reviewed to eliminate studies
with non-relevant interventions or population characteristics. In
the second stage, abstracts were screened for relevance based on
the same criteria. In the third stage, full-text articles were assessed
to ensure that the key variables of interest were identifiable.

Each reviewer independently screened the articles, blinded to the
other's decisions. Separate inclusion lists were compiled and sub-
sequently compared. Articles selected by both reviewers were au-
tomatically included, while those rejected by both were excluded.
For articles selected by only one reviewer, further discussion and
critical appraisal were undertaken using the Critical Appraisal
Skills Programme (CASP) methodology to determine final inclu-
sion [10]. This approach ensures objectivity and rigour in the se-
lection process. The results of the CASP are given in Appendix S2.

3.3 | Risk of Bias Assessment

In assessing the risk of bias for the included studies, 33 articles
were evaluated using the CASP methodology, which was applied
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specifically to each study design. The CASP tool enables the sys-
tematic evaluation of methodological quality by assessing criteria
such as study design, sample size, data collection methods and
analysis techniques. Each article was independently assessed
for potential sources of bias, such as selection bias, performance
bias, detection bias and reporting bias. Discrepancies in risk as-
sessments were discussed among the review team to reach a
consensus. Various tools were used to assess the risk of bias, in-
cluding the Cochrane Risk of Bias 2 (RoB2), the ROBINS-E and
ROBINS-I tools. The data from these assessments are presented
in Appendix S2, with the overall risk of bias mentioned in Table 1.

3.4 | Data Extraction

Data extraction was done following the Cochrane guidelines
[11]. For each included study, data was extracted and tabulated
into a standardised electronic form, including author, year of
publication, title, country, study design, sample size, population
characteristics (e.g., age, setting), intervention details (e.g., type
of hand hygiene, frequency), outcome measures (e.g., infectious
disease incidence, absenteeism) and comment on the major find-
ings. Extracted data was cross-checked by the reviewers and ad-
dressed if missing data was identified. The results of this process
are displayed in Table 1 and Appendix S3.

4 | Results
4.1 | Search Results

Database searches identified a total of 4345 articles from Medline
(n=639), Embase (n=1388), PubMed (n=2263) and ERIC (n=55).
After de-duplication, a total of 3935 articles were screened for the
use of the English language, published since January 2014, and
being full-text articles, identifying 2410 unique records. During
the title and abstract screening, Reviewer 1 (AS) excluded 2287 ar-
ticles, while Reviewer 2 (NS) excluded 2348 articles. Subsequently,
a full-text review was undertaken on 100 and 123 records, respec-
tively, of which 56 studies were found to fulfil the eligibility crite-
ria. Following the CASP appraisal (Appendix S2), 33 studies were
included in the final synthesis (Figure 1).

Figure 2 displays the number of studies in favour, neutral and
against hand hygiene interventions.

« Favour (n=23): Most studies showed a positive impact, such
as reduced absenteeism, fewer infections or improved hy-
giene knowledge/behaviour.

« Neutral/mixed (n=6): Some studies had limited, mixed or
conditional effects often dependent on factors like adher-
ence, infrastructure or additional educational support.

» Against (n=4): A few studies showed either no bene-
fit or unintended harms (e.g., irritant contact dermatitis
[ICD] or increased infection risk due to poor technique or
implementation).

Due to the high heterogeneity of the included studies and the
variability in outcome measures, a meaningful synthesis of the
results was not feasible.

Figure 3 displays the distribution of study outcomes between
favourable, mixed and unfavourable results according to World
Bank income levels.

« High-income countries (n =13): All studies showed favour-
able results, supported by strong infrastructure, resources
(soap, sanitisers) and school engagement.

« Upper-middle-income countries (n=7): Six favourable out-
comes; one mixed result linked to inconsistent implementa-
tion and limited resource support.

« Lower-middle-income countries (n=10): Nine favourable,
one mixed; programmes effective with education and basic
supplies despite structural challenges.

« Low-income countries (n=3): Two favourable, one mixed;
outcomes heavily influenced by water access, sanitation
and programme quality; sustainability affected by infra-
structure gaps.

Most of the studies showed positive results, whereas a few
showed significant implementation barriers such as der-
matitis from excessive washing, supply shortages and
knowledge-practice discrepancies. There were no unfavour-
able interventions.

Figure 4 shows how outcomes from school-based hand hy-
giene interventions are distributed across three key catego-
ries: absenteeism, infection rates and hand hygiene practices,
with each outcome further classified as favourable, neutral or
against.

» Reduced absenteeism: 25 studies reported significant
decreases in school absences following hand hygiene
interventions; 2 studies showed neutral or inconclusive
effects.

« Reduced infection rates: 21 studies demonstrated lower re-
spiratory or gastrointestinal infection rates; 2 studies were
neutral, and 1 reported no benefit, likely due to implemen-
tation or resource constraints.

« Improved hand hygiene practices: 15 studies observed
better handwashing frequency, technique and compli-
ance; 3 studies were neutral, often due to short follow-up
or minimal behaviour change, and 1 reported negative
outcomes linked to dermatitis or poor adherence.

Overall, this supports the conclusion that school-based hand hy-
giene programmes are highly effective, particularly when imple-
mented with proper support, infrastructure and reinforcement
strategies.

4.2 | Study Designs

Overall, 33 studies were focused on school children. Study
designs included 13 cluster randomised controlled trials, 12
cross-sectional studies, 3 Quasi-experimental studies, 2 ob-
servational studies, a non-randomised interventional cohort
study, a case-control study and a longitudinal study.

336

Journal of Paediatrics and Child Health, 2026



(sanunuo))

s19)s0d pue suoIssas
uoneonpa Aysrulaoy

‘Te 39 12211)S

T ‘Zoyoues
‘doysrom y-z e snid -ZIPUBUId, ]
180K OTwIOpEOE Surysempuey rensn SuonoAJUI ‘0 ‘zanbzep
/pI1yo/saposida ¢4°0 pasnoead (D) dnoid K1oyeridsar zaddn -selios 1
JO WIS[99)USSqE Ul [OI)U0D A AIYM 0) 9Np WSIPAIUISq. ‘A ‘BSOOSEIIRD)
9SBAIOAP B PUB STY () 01 ‘I9SITUES puRy 9Y) JO S[00T0S d)BIS [00U0S S9SBAIIIP -s0qo0D ‘g
NP WISIIUISER JO YSLI asn oy} Aq pamor[oy ¢ Surpuayje oSe (D9 88L ‘DD wrerSoxd ‘ZouUnJIeN
SUIIOUOD SUWOS I19MO[] %8S B PRY D +  WSIO9IUSAR [00YDS a1oM 191em pue deog Jo s1edkZI-¥ 878) 9191 103 198D ureds QuarSAy puey 9102 -10Zy 'q ¥
162K JTwIOpeOR
/pITyo/saposida £1°0 s19)s0d pue ‘suoIssas "TB 19 ZOpURUID]
PORVNERIENRET uoneonpa ANYSrulioy -opLiIen ‘q
SIWIAPLIR/PIIYO ‘doysyiom y-z © SILI9)UL01)SES ‘zodoT-zouniey
/saposida ¢1°0 Jo snid Surysempuey 9Inoe 0 aNp T ‘Zoyoues
WIS[9IIUISAE UT S [ensn pasnoexd (D) WIS[99)UISqE [00YIS -ZoUAWILD)
UT 9SBAIODP € pue dnoi3 jonyuoo oy 9onpai 03 urergord “eS0dSEBIIR)
SIILI9)U201)SES 91NJR 03 SIYM ‘IdSTIUES puRy S[00TOS deIS Surysempuey -s0qoD 'q
NP WIS UISE JO NSLI Sursn pamo[[oj a1om G Surpuayje ae (D" 88L ‘DD [eLI0)ORIII[NUL B ‘ZOUNIBN
SUIIOUOD SUWIOS IOMO[ %9 BPRY OH ¢  WSIOIUISQR [00YDS 193em pue deog Jo s1edkZI-¥ 878) 9191 1Y 1931sN[D ureds JO SSOUAAT)OIH 10T -10zy "q €
(%11€)
dnoi3 rejuourtradxa UQIp[IYd [ooydsaid
) Ul IeY) AIM) ur UOI)eSIu0[0d
sem afejuaorad [BIqOIOIW pu®
sy} ‘s309[qns dnoid sanbruyoay anbruyoay n{sn ‘g pue
[OIIUOD Y} JO %/'S9 Ul Surysempuey oruarSAy Surysempuey nodojseq v
PpaseaIour Junod Auojod puey s,pIyo e uo PaIeIISUOUIAP UMO[D suajregiopury uo Surumord Yorrpnany
) ‘UOTIUdAIUT PEBO[ UOIIBSIUO[0D © pue 09pIA e snid 7 Ul pajonpuod (06 94 ‘SOT snnaderay) ‘seg ue[SIRIND
SUIIOUOD JUWIOS 9} JOPU AYI Y« [eL1108g ‘19jem pue deog S1e3K 9 D) S61 109 191D Koyang, JO 109539 YL, 810¢ N ‘ueyLIy 'q 4
sKep [ooyos
JO SSO[ pue 9dUsqe [BL1) PI[[O1IUOD
a) U UOTONpaI PISTWOPUET 19)SN[D
3SH %01 © peY DA V "elqely Ipnes
o) ut sIIS[o00Yds . Ul SUONoaJul
uoneInp K10yeridsar roddn
Apnys o) Surmp o7 S90UASqE [Y () PuE 0) 9Np 0UISq.
) UT STOOYIS Y} [©30) 10J paje[no[es S[1S[ooyas
Ul 19MO] OS] d1oM 9I9M 9)BI dJUISqR s19)s0d pue sawred s[ooyds S[113 Arewrad uo 1peson "IN '] pue
S90U3sqe 1Y Jo sAep pue ‘sAep douasqe 91zznd ‘doysyiom Arewrtad oriqnd uoneonpa eJeIsnN H ‘N
douasqe jo adejusorad Jo adejudorad Jurysempuey y-1 e  Surpuejie €z o4 aua13Ay puey jo ‘elIEpnuIy 'S 'S
SUIIOUOD JUWIOS pUB )BT SOUIPIOUT AT, ‘311 90UIPIOU] snid 101em pue deog SI1BIAZT-9 ‘29T D) 6V 109 191sNn[D ®IQRIY IpNES doueyroduur oy, 810¢ ‘TOYRZIY 'V 'V 1
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awodInQ SONSLIdJORIRYD
uonjerndog

“SOTISLI9)ORIRYD 2INJRISINT |

THTdVL

337

Journal of Paediatrics and Child Health, 2026



(senunuo))

sowp 7' T =Ysu
QATJB[3I pasealdur ue
03 pa3[ Iy} ‘Aep/sawiy
£ < I9snIues puey pasn
PIIYd © JLATUQ "D
asned 0 A[YI] SSI[

JeJ Sem asn IasnIues
pueH ‘(S183£5-0)
uaIp[IYd Jooyosaid
Im paredwiod uaym
api Surdofaaap 10§
ST JO YSH dAIE[RI

© et (S804 7 T-9)
USIP[IYI[0O0YDS
‘QIowLIayINg
Suruadoa1 61-AIAOD
9y} 193Je duaIdAY puey
pasearour 03 anp (Urys
Ayoy pue par1 ‘K1p)
a1 padofaaap %t Tt
se Auew se ‘qD]I Jo

ULIP[IYO UI
SHIJRULIIP JOBIUOD

‘Te 30 Surirafg
‘d “USSNNIA 'S

IasnIues puey USIP[IYD[00YIS JUBILLIT JO YS1I yS1y D ‘Ieurem DL
swojdw£s 1o11d Lue SITJRULIdp paseq-[oyooTe ‘SsA pue Jooyosaxd ® sosned Juruadoar ‘UOSSUT)SIOY ],
SUIIOUOD dUIOS INOYIIM UIP[IYO U] o J9BJU0D JUBILLI] 197eM pue deog ur s1eK71-0 €£L79 [BUO1}995-SS01D) yrewuaq 61-ATAOD 0202 Y ‘yolog T L
[BLI) PI[[OIIUOD
PasIWOpUEI 19)SN[d
® :ysope[Sueg ur
USIP[IYO[00YOS
Suoure ezuanyur
dnoi3 powLITJuU0d
[0I)U0D A UT ULy} -K101€10qR]
dnoi$ uonuaaIajul Suronpax
9} U 19MO] %ES Sem ur suardAy
BZUSN[JUI PAULITFUOD suonejuasad K1oyexidsar pue ‘Te 19 UddATR]
-K101e10qR] pUR BZUSN[JUT PAULITJUOD UOTJUIAIIIUT asn IdznIues puey 'S ‘Ysoyn "
IOMO] %S T SBM SHIIM -A101R10qR] pUR OU "SA UOIBINP (LLOS UIIM UOTIUIAIUL ‘d ‘Tysndoy
-sjuapn)s 0001 Jod (I7T1) ssaufqI ouarSAy A1ojerrdsar 1o0yos Arewrtad OHF ‘8LLS 98ueyd mojaeyaq Y ‘pawIyy
SUIIOUOD SUWIOS 1711 JO 90UdPIOUI YL, AYI[-eZUAN[JUL pue JasnIues pueq ur s1ek01-§ DD) $S80T 1Y 1a1sN[D ysope[Sueg © JO SSOUAAIIIDJJH 6102 ‘N ‘semsig 'd 9
Kep
/uaIp[IYo OOT/sdposida
£°0 JO WISI99)UIsSqe ‘T8 19 ZounIe N
UTQSBAIRPY -ueqajsnues
183K [000S °[ “esodseLIR)
o) Surnp sdnois Te3A dTUIOpEOE -s0qoD H
UOTJUSAIIIUT ) UT S90UIPIOUT arnpaosoxd ue Surmp ‘zoanbzeA-seflog
19mo] Apuesryrusdis suondduI Surysempuey [ensn WIS[99)Udsqe [00YIS TN ‘Zouauif
a1oM sajel (1D pue [eunsajuronses a1} pamor[oy (90) U0 SUOI}0dYUT -Z3[eZU0D
M N) Wsreduasqe pue suondul dnoig jonuod ayy S[00YDS 91BIS G (88L O ‘8T8 uowrwo Jo ‘A ‘ZounIeN
ysSig Paje[aI-uUONIAPUL o K1oyexidsar roddn pue IasnIues pueH 7€ p[o S1BAAT T 90) 9191 109 191sNn[D ureds joedur ay L, 10T 102V 'q S
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awodInQ SONSLIdJORIRYD
uonjerndog

(ponunuo)) | THATAVL

Journal of Paediatrics and Child Health, 2026

338



(senunuo))

794 10y Surues[d Apnis 9ATy 14 )
1910} [BUONIPPE PUE TUAIP[IYI[00YIS
STOOUOS [0IJU0D SNSIdA ‘7Od pue 19H y10q Suoure
II 10 ] ULIE UOT)UIAIIUL yoam Jse| 103 youn| A10Joq WSI99JUISqR
0) pastwopuer WSIA2)UISqe Surysempuey A[rep Paje[aI-SSIU[I pue ‘Te 32 [109s1T
UAIP[IYD[00Y0s Suowe PoJe[aI-SSAU[[I pue KI0jEpUBW PUE SUOSSI| (Ltvee-94 SSAU[I SNOT}OdJUT 3 'V ‘udsine]
SSIU[[I SNOI}OJJUL saposida ssau[1 9 0] G JO PJSISUOD pue LZHT1 20Npal 0 [eLl) g ‘udsauuog "[,
U 90UIJJIP snorodyul ‘sep juauodurod IB[NILIIND S[00YDS £ WOIf -0d ‘1292 PasIwopueI € Jo D ‘USSIOpUY Y
SUIdIUOD JWOS juedyrudis ou punog SSAU[I SNOT}ORJUT QuaISAy puey ay [, Pplo s1eak$1-9 D)D) 8£+8 UOIBN[BAR J09JJH 810C yequad ‘N 'V 11
'UIYD Ul saouraoxd
UID)SOM dATJ WOIJ
S)UIPNJS [BINI
BIOYLIBIP PAOUALIddxa Suowre eaoyrreIp
saniroey Surysem Sunoenuoos jo
puey oYM S[00YDS, SI0)0®J YSII pue
Ul 9S0Y) JO %TL 6% pue Ayrenb pue sanioe) ‘uorjeIIues [0S
Jeaw A19A3 21032q syjuow ¢ snoradxd 191103 ‘saonpoead auarSAy ‘ouar8Ay reuosiad
spuey ysem jou pip, 31} UT 9OUILINII0 ‘SI0JOBJ YSII BAOYILIRID sjuapn)s apeid Jo donoexd OB "M\ PUE NI
SUIIIUOD JWOS oyM 350U} JO %8T0S * BIOYLIBIQ Jo a3pamouyy Uiy ‘pro-1ed£-01-6 0€€T ‘a8parmouyy 1202 7K eUD H A o1
[BLI} PISIWIOPUEI
191800 € reAuay|
‘Q0UIA0I] BZUBAN
ur 9ouasqe [rdnd
dnoig apeis 10 uo werdoxd
Xas AQ PajIIBIIS a1oM urysempuey pue ‘Te 32 1100qeS
BIBP UM dOUISqR (TtLL9e-94 Suruesyo aurnye| °S ‘sIqreqIaI
Juapnys uo joeduir Suruesyd aurne| pue Pue 06+ST Ppaseq-100yds N ‘ureD AT
J[qeInseaw € pey Surysempuey z-0q T0o0yos Jo -0d ‘T0€S © Jo joedur ‘urwRIg ‘D N
SUIIOUOD dWOS UOTIUSAIIUL JOYIIBDN S9OUASqR JUIPNIS ‘Gurysempuey 1-04g 8-1 apeiD D)) ¥9S LT oY) Surssassy $10T ‘osnie) 'v'dq 6
(00L°9%T 1D
%S6 ‘ST'y="q¥) IJorem
pafioqun uryurp
pue {(18°€ ‘€T T 1D %S6
‘L1°7="4Y) uonedarjap BqNYD ‘Q0UIAOIJ
1913e spuey Surysem SeZUejRN Ul
10U (97°S ‘TTTID Kyredorunw
%56 ‘€S T=4¥) opuein
Junes a10Joq spuey Konger woiy
Surysem jou apnour UIP[IYD[00YS
YOIYM SUOT)OJJUT Guowre uoryoayur
onisered [eunsajul onisered [eunsajul zon3Lpoy
YIM PIJRIOOSSE UOIBdIJap Id1Fe YIM PIJRIOOSSE ‘d pue Sap[eA
SUIOU0D $10)9®J 931} PALFIIUPI SUOT)OdJUI pue Sunjes a10joq [ooyas Arewrrad S10)0%] pue ¥ ‘soduren
QUWIOS-MOT SISA[eU® JBLIRAIU[) * onisered [eunsojuy spuey Surysem ul Sp[o-Ted4-6-8 L0T 2oud[eAdId L10T ‘X ‘9jue) Y 8
serq Jo sty sSurpury xofey soanseawr STIE}9P UOIIUIAIIIUL (S8umyas ‘afe) az1s opdures APLL Tedx oy PI
awoanQ SO1ISLId)IRIRYD
uonjerndog

(ponunuo)) | THATAVL

339

Journal of Paediatrics and Child Health, 2026



(senunuo))

[¥9°0-LT'0 1D
%56 ‘v€-0 (A ye) oner
YSL1 pajsn(pe] sjooyds

UOI}93[[0D BIEp
I91J® UONUSAIIUL
o) SurA1e991 DD
pue {(uonejues
+ LAM®dH) SouLIe|
[00Y3s pappe yrm

LM¥dH z-OF prend
1978 Jo A[ddns Suog
-189K B PUE ‘SANI[IOB]

Surysempuey ‘Sururen

Joom ) 10§
saposida eaoy1Ierp

[BLI) PaSIWOpUET
-191SNO Y
reaotyLrelp [idnd
uo swrwrerdoxd
uonejues
pue ‘QuardAy

‘Te 19 duaaIH

[01)U0J "SA UOTIUIAIIUT Jo uorjeInp 19y0ed) Surpnyour (01¥€12-94 Juauneal) pue *q 1 ‘1100qes
Surpuayye sjidnd 10y pue BIOYLIBIP ‘(LAARJH) Juaunjean S[000S GET pue 08sHTT £1ddns 107eM °S ‘SIQ[eqIaI
BIOULIBIP JO YSLI Y} Jo aoudeAdld I191eM pue uonouwold 18 §—f SopeId -DF ‘0€ETT Paseq-[00yds B d ‘uase) L
SUIIOUOD JUWIOS UT QJUIJJIP %SV * porrad yoam-T QuardAy 1-049 ur pjo s1eakg— 9D) 0ZE 01 109 191sNn[D AUy Jojoeduir oy, 10T ‘UBWRAL] D N it
00108
e seale Jurysempuey
[EUNUITWOD Ut
Suneda13uoo sjuapnis
03 anp Ajqrssod ‘(v9'T
-LTTIO 1) oner
sppo 12y31y e pajrodax
Ajreqruars josejep
0JOWNSIBN YL,
‘Gurpunojuod ueder ‘110
astwruIuw 03 a1nsodxa 0JOWNSIBIAl UT
103 Sunsnfpe a1dsop S)UIPNIS [00YIS
‘sgurpury Sunsixa Arewrad Suowre
IIM JU)SISU0IUI BZUIN[JUT [BUOSEIS ‘1B 19 suIIy
(SLT-9€TID S’ T) Jo suzared Y NI
Surysempuey o3 UOISSIWISU B} ‘X ‘Tyseleq
payurp Lpiqridaosns Jurooea pue Jurream Tooyds Arewad WOOISSB[O U22MI2q ‘N ‘BpIyoN
SUIIOUOD SUWOS paseaIou] e«  QOUIPIOUT BZUSN[JUT ysew ‘Surysempuey ur s1BKZ1-§ £2601 [BUOI}03S-SS0ID) ueder pue uryIm 1202 ‘I ‘opuf 'y €1
110409 Surysem-puey
-ou 2y} 03 paredwod 1dA8q ur
110409 Surysempuey UDIP[IYD [00YDS
) UT JOMO] %S T SI pue jooyosaxd
saysexed [eunsajul Suowre s10)o€J YSII
105 2AnIsod Sunsa) jo syIuIuRy PIIRIDOSSE 111} ‘[e 19 38sSag "IN
st oy Jeyy) Surueow 10 eozZOj01d Sunes a10Joq pue [o0Yds pue pue SuoT)oaJul ‘Kmexreys-1q “H
‘68°0 Ajprewirxoxdde Jo suonodyul 19BJU0D [10S 19)J€ 1[I0} [ooyosaid ur onisered [eunsajur ‘IWY "V ‘I[pee[d
SUIIOUOD JUWIOS ST (M) oneI YSLI Ay, onsered [eunsajuy 19)e spuey Surysem SIBIAGT-T 966 [BUOI}03S-SS0ID) 1dA3g JO doudeAdIJ 120T *H ITuoug A\ 71
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awoanQ SONSLIdJORIRYD
uonjerndog

(ponunuo)) | THATAVL

Journal of Paediatrics and Child Health, 2026

340



(sanunuo))

K19)U9sAp 10

aanorpaid jou are Ing

%€ 8L £Q SLI 35BASIP

[BSULIBIP PISBAIIP

Suneqio) pue sjeawt

SUIIOUOD JUWOS 210J0q Surysempuer
ULIP[IYD[00YDS

o) Suowe spuey
pajeuTweIuod ) 10§
UOSEAI A} SeM 1[I0}
AU} Ul pue Uorjels
Surysem ay) je deos
JO A)I[Iqe[TRARTIOU AT,
spuey 119y} Surysem
103 deos pasn A[piey
K9} “uaIpIIYd[00YIS
a3 Suowre paaIdsqo
sem Surysempueyy

SUIIOUOD SUWIOS juenbaiy ySnoyyy

(Anyua Jo0yos

210J2q) S[2A9] SuruIOW
-A11ed 0) pareduwod
‘K1)U3 [00YDS 19)J.
SINOY MOJ B UIYIIM
PI0J-5°z £q paddop
SToAS] QUaI3AY pueH
(t00°0>d

‘TT-¥'8S 1D %56 ‘%L P
190UBIIP) %9°8 O
%¢ ¢z woj Surddorp
UOTJBUTWRIUOD [ITM
‘uonoNpar 19)eard

B POMOUS SJUIPNIS
a[ewd (8¥0°0=d
‘TTIT-TID %S6

‘959°G :9OUIIIIP)
%Y°ST 03 %1€ WOLy
Apyues1TuSIs pasearoap
UO[BUIWIRIUOD PUBRY
‘dnoi3 rejuawrrradxa
Y} Ul sjudpnIs

srew Suowry

SUIIOUOD
QUWIOS-MOT

skep T 1sed a3
UIYIIM BIOYLIBIP
Jo sopostdg

spuey] sjuapnis
uo peoJ eLI1a)oeq
oruaSoyied

[ooyas Surnp
pue a10J9q Spuey
SJUAPNIS UO PeO[

1100 D1YI14YISH

1030®] 9An0Ipa1d

© se Jurysem puey

PpIo s1e2K8T-9 85T [BUOT)23S-SSOI)

[eaur € 910Joq
10 SUnaIo) 193Je
Surysempuey
Jo Aouanbaig

100Y9S J& 6-9

sopeid ur‘o8e z1-6 X8 [BUOI}03S-SSOID)

(sjooyos
K1oyeredaid 67
pue djerpawrIajur
TP ‘AIejudwale
16) SANN[I€] 29T 0791

Surysem puey [BUOTIBAISSqO

elpup

erpur

beir

AATJBIIIUT JUSPNIS B
:seAe[eWIH UBIPUT
oY) Ul uaipqIyd jo

uonendod e ur

S9JeI [RAYLIBID

JO JUSWISSSSY ST0T

UDIpIIYd
SuroS-1ooyos ur
uar3Ay puey
uo uondadrad
pue aqjoxd
[eor3ojoraoeg 610C

bear urayinog
‘douraoxd
BUURYINA
JO s[ooyos ul
JUOWISSISSE
Ayrenb 197em pue
suar3Ay pueH €202

nm "L pue
Wiy Vv L1

eAudefyjes
“I pue nyINN
‘O ‘TewnyLs
g ‘eynaey ‘g 91

YsoOJueH ‘I °S ST

se1q Jo ysry s3urpuiy rofe

sainseawr
awooInQ

STIe19P UOTIUIAINUT (S8umyas ‘afe)
SONSLIdJORIRYD

uonjerndog

az1s ardureg uSrtsap Apnis

Axyuno)

apIL Ieax

Toqny PI

(ponunuo)) | THATAVL

341

Journal of Paediatrics and Child Health, 2026



(sanunuo))
sjuedronaed
Apnys oy} Suoure sajerx
uonojural djisered
Teunsojur Suronpar Gurddro reu
ur 3oedwr Juedryrudis pue Surysempuey]
® aAeY 0) pajrodar Jo1oedwr oy
9I9M SUOTIUDAIIUT pue ‘UIP[IYO
(s€0'0=d ‘s6'0-LT0 page [ooyos
ID %56 ‘IS0 OV) Suowre eaoyLIRIp
Surddro rreuraduy pue ‘erworUe 00Se[IA ‘g
Apyeom pue (100°0=d Suiddip [reu pue (¥6 €-04 ‘suonddur “d pue jueuIq
29°0-0T°0 ID %S6 suonodjul Surysempuey ¢-0F pue s6¢-Dd onsered IO ‘qiqezeg
‘2€°0 90®) deos yim onsered [eunsajur ‘Surddrpo reu z-0q ‘I6 1-94 [BUNSAIUT UdIM)Aq WV 981ds ‘W
M0 Sumysempuey ylog -+ UIM UONORF U ‘Gurysempuey 1-0d s189KGT-9 ‘L8 90) L9€ LOY 198D erdoryg SUOTIRIO0SSY 0202 ‘PAWYRIN VI 0z
ddd1-sod
pue -o1d sagueyd
juedlyIugIs ou punoy
nq (Kep 1od yuspnis
19d 351 $7°0-0°0)
9sN I9STITUES PUBY pUB
%€9 1e dduerdwod
deos uerpaw pajewnso
Surrojiuowr pajewoine
AIYM ‘SapnyIIe
suarSAy surpeseq
Juons pareasar e[MOLIIND Jsod/-a1d
(#2701 =u) syuapnis safueyo arnseaur 0)
996 Jo soAIng o uonuaazdjur jsod JU2Ad HH [ENPIAIPUT
(%8€-%S) UOIIBUIIORA /-o1d Kouanbaiy K1aa9 Surdgoj s10suas uoneonpa
PUR (%LL-%EY) suar34y puey pue im paddinbs 9OUAIOS 00YIS
Jurysempuey] 10y ‘UOTJRUIIOBA PUE sI1osuadsIp 19sTITUES Arewrrad ySnoiyy
uonuaadxd ezuanyjur Surysem puey 03 pue deos pajewoine o) Apnis 110402 SINOIARYDQ pu® ‘T8 19 BOIORI
Jo Surpuejsiopun pajerar uonuaaaid UONIPpPE U ‘UOIIBONPI [EUOTIUdAI)UT sJa119q uonUaAdId ‘ST D O
panroxduir pamoys 'ZULIN[JUI JO uondrrosaid uonuasaxd opeIs Y1y pue pig (sv 04 pastwopuel ezUaN[JuI Jo “H ' ‘surjuaf
yStg sSuimerp Sunyrey, - Surpueiszopun BZUIN[JUT JOIM 9~ ul p[o-1e94-01-8 ‘08 9D) S6 -UON vsn uonowoIq 9102 's ‘dooy 'H 'L 61
[o0tos
je AlrenSar 31 sonoead
03 [Tej jrey ynoqe
‘a1edAep Ul Jiqey sIy)
1ySne) Sureq ayidseq
U2)JO %€ HT puk skemye Aueura ur
08 BUIOP %L°€T UM USIP[IYO [00YS
‘3uryes 21039q [00YDS [o0tos a1} 38 Arewrrad Suowe ‘Te 39 YOI[I0D
Je spuey 1191) Surysem soonoeld auardAy SSOUAIRME SBISIP ‘q ‘uH "Y'V
payrodar (%0°8t) pue sanI[Ioe} SNOTIIJUT PaJe[aI ‘rorowrdure sy
SUIIOU0D ULIP[IYO [00YDS JO Krejrues ay) 03 Qua18Ay puey noqe [001[0s dpeId pue duaI3Ay puey 'S “yorRUY
QWOS-MOT JIey uey) ssa APYSIS o S)ISTA Jo Aouanbaig arreuuonsanb y -pIIy) B U ‘TT-§ 681 [BUOI}03S-SS0ID) Aueurran Jnoqe a8parmouy| 720T "q ‘rery M ST
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awodInQ SONSLIdJORIRYD
uonjerndog

(ponunuo)) | THATAVL

Journal of Paediatrics and Child Health, 2026

342



(senunuo))

swurerdord oy (%S7)
I9)JE pue (%0¢) SuLnp
‘(%1€) 210J0q PIseaIOAP
UOIYM ‘S9JRI 90UISqR
Ppole[aI-eZuUIN[JUI pue

wIsredjuasqe Iy
ojur jySisur ue
)M s1ojooyosaid

“(S0°0>d) @oueuriojrad 3uoy Suoy jo
‘a8parmoury auarSAy douerdwod
puey UT PaAIasqo SIS Surysempuey Apnys uar3Ay puey Sunyd "X ‘M
Q1M sjuawaAoIdwT 1193 pue a3paymousy Qua18Ay puey uo Jooyosaxd [eruawrIadxe o) aaoxdur ‘[ pue Suryd A
SUIIOUOD JUWIOS juesryrudis QuardAy puey suoissos Sururen) je 8189K9-G )8 -1senQ) BUIYD 0y weidoxd v 6102 "LdI01dd T
SYjuowW § (s1oudjregiopury
ur porrad Apnys oy 119y} pue sjuared
I9A0 %TT 01 %S°TT 110q 1o Sururer
W01} PIsLIIINAP N[J 03 uajrediopury QuarSAy puey
Surmo suajresropury WOIJ S9OUISqE pue ySnoay) paonpar
Sunedronted (e Sassau[[I AYI[-N[J urw G4 Sunsey Apnys 9q sudjreSropury Sunyp 'm
Ul $9)BI 20UISqE Jjo swojdwiAs pue uoryeonpa audrdAy udyrediopury [eyusuwrradxa Ul WSIA9)UIsqe o pue Sury)
SUIIOUOD WS SIoud)IESIOpULY sugts pap10day puey Jo SUOISSIS ¢ ur pjo-1eak-9-g 09 -1senQ) BUIYD AI[-N[ UB) 0202 ‘LdI0dd %4
Jueoryrudis Ajjeonsnels
9I9M SUOIIONPAI [[& 10]
S[EAIIIUT QOUIPIFUOD)
sarIurey
a1oym 10§ (%1-) STV
pue (%1€-) BaOYLIRIp SINIUNWIWIOD
Ul PIAISSqO SUOT}INPAIT ueqIn UeIpuy Ul
Teqiuwis yim (%9%-) [eL1} pasiwopuelr
SuoI}o3yul 243 pue ® Sursn soussqe
(%L7—) soouasqe SYooM T 0] [00Yds pue
[00U0S PAL[AI-SSAU[[T uondunsuod deos SWO0IINO YI[BaY ‘T8 19 511990y
“(%ST—) STAV “(%ST—) pue $90U3SqE [00YIS UO UOT)UIAIUT [ "V “UOSIYIBIA
BIOULIBIP JO saposido (STYV) suonoayul deos 9915 Jo uoisiaoxd Surysem puey e ¥ ' ‘pondoy
JomaJ paoudrradxa K1oyexidsar aynoe + owrurerSoxd [001os e (L¥8 DT ‘€€8 JO $199J39 Y} JO BARLEEING
SUIIOUOD SUWIOS dnoi8 uonyuaaIalUY pue eaoyLIeIq UoNEINPI JooM-Tf PO s18aK -G 0D) 0891 1Y 1a1sN[D eIpuy uonesnsaAul Uy 10T ‘UOS[OYDIN "V [ 44
orwepued
6T-AIAOD 2U1 £q
‘uedef ‘0407, Jo
eare uejjodonow
© JO SO 9)I[[oIeS
Ul uaIp[iyd
100128 Y31y Juoure ezuanyyur
Uo1ddJUT BZUIN[JUT Jorun( pue ‘jootos JO sanIAnoR oqnyyo 'L pue
Jo ysir1oears e UOTJBUIOOBA PUE Krejusward aanuaaaid 18ex "N ‘®IeqO
IM PIIRIDOSSE SeM. douaresdid Surieam yseuw aoeJ ‘Jooyosaid e Jo saSueyo 'L ‘ewreesy
SUIOUO0D SWOS Juore Surysem pueyq uonoJJuUI BZUIN[JUT ‘Gurysem pue PIO S1BIAST > 90T¢T TeUOI}03s-SS0I) uedef Ternoraeyag €702 Y ‘epnsieN v 1z
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awoanQ SONSLIdJORIRYD
uonjerndog

(ponunuo)) | THATAVL

343

Journal of Paediatrics and Child Health, 2026



(senunuo))
ST T-¥6'0 ID %S6 “90'T
0111 Q)81 JOUIPIOUT  »
saposide aouasqe
SSQU[I 10 SSAU[[I JO
18uay A ‘ssaufqI
[eunsauIoNses 10 *UOISSAS UOIBINDD
K10yeridsar oy anp JuarSAy puey ssepd
saposida aouasqe -UT UE POAIIIAI D) [BLI) POSIWOpUET
Jo sajex Suronpar pue D yioq pue 19)SN]D € {UdIP[IYD
Ul 9AT}ORJJ Jou ‘SULID) [OOYDS TAJUIM Tootos Arewrrad
SEM SWOOISSE[ Ul ssau[I 31} 10J SWOOISSB[O ur s90Udsqe ‘[e 19 uojunIg ‘D
19suadsIp 1asnTUES eunsajuronses 10 ur s1osuadsip (TvIT ssau[r Suronpair 21004 "\l ‘Sepny
puey paseq-[0Yod[e K1oyeardsar 0y anp JIasnIues puey paseq [00Yos & 0D ‘T0ET 10§ uoisiaoxd M QIZUIIN
MOT ue jo uorsiaoxd oy, o sapostda aouasqy -[oyodre pey Hg SIRIATT-G OH) €vvT LO¥ 180D pue[edZ MON I9snIUeS pueH 10T g[S d LT
UDIPIIYd
198unof Suowre
Aqreroadsa «(so'0>d
£6'S=340) YImoid
[BL19)0kq 12YSIY YIim
Ppajerdosse sem AJuo
197eM UM SUIYSBAY  *
Surysempuey
191103-350d Juanbaiy
$s9 pue (50°0>d Suniq-reu pue
§'7=30) siqey Furyons-roguy oy
TenS1p-1e1o Jo sajel syiqey [ensip-1eIo SnOLINEN ut
19y31y pey 8-9 pade Se [[oMm SE ‘urzosus 1001os Arewrtid
aso) dIym ‘(s0°0>d pue Sunes 19)e (69 Surpuslie uaIpyIyd
(0'7=¥0) Sunes pue 210Jaq saonoerd ‘s189K0T-6 Jo spuey ayj Jo TeAopingy
210J2q SpuUeY ysem qeMS 9} WOoIj orua184y pue sjiqey pue 1€ UOTJBUTWIBJUOD -erfueIrg
0) AJo¥[1] 10T d19M puey ay) uo Surysempuey s,udIpIIyd UDIPJIYD [00YDS ‘S1B9K8-9) [eodey pue ' s pue
SUIIOUOD WS 01-6 pade uaIpryy - Imois [er1e)oeg paururexa Apnjs YL, pIo s1eak01-9 002 [EUOIIBAISSqO SNNLINEN saonoeld suarSAH S102 yInIeped "y 'S 9z
[BTIUDSSD
SI S[OOYDS ATBJUW[D
ur uoreIanpa
Surysempuey paseq
-1opuag pue -opeI19 .
s rISOUOpU] JO
10y 31y Je sK0q yIIm WN[s UBQIN UE Ul
‘saped 1omof ur 100d UDIP[IYD [00YDS
ar1am sdonoead 9say) Kreyuowdpe Suowe Te1e
Jnq ‘UOIIEUTUIBIUOD sarreuuonsanb pue UOTJBUTUIBIUOD TURPIEMEIUTS "N
[B99B] 90NPAI ULD Surjdures ere)oeq [eodey pue ‘LIepURAINMIIS
sowr) ajerrdordde je Spuey] a3 uo peof puey ISIOAYD © Surysempuey T “epeIef]
SUIIOU0D deos yaim sanbruyoe) UONBUIWERIUOD 1109 Suisn uoneAIasqo JO JUSWISSISSE "H ‘eynsady
QWOS-MOT Surysempuey 1odorg DIYOLIdYOSH T8I Surysempuey 9 pue  ‘z 9peID 691 [BUOI}03S-SS0ID) BISOUOPU] aarsuaypidwo) 6102 T eyns1O X 4
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awodInQ SONSLIdJORIRYD
uonjerndog

(panunuo)d) |

THTdVL

Journal of Paediatrics and Child Health, 2026

344



(sanunuo))

JSLI UOT)IJUT PIONPAIT
UIIM PAJRIOOSSE

a1am (61°0="YOF)
S90BJINS PAJRUTWEIU0D
uryono) 193ye Surysem
pue (Ly'0=40®)
Surysempuey juanbaiy
pey oym dnoig a8e
T00Y2s oy} A[uo

‘(s1eak LTS 29 [o0YyDS
pue s1eak—( a5e

1ooyosaxd) sdnoid a3e swojdw4s Jo Josuo Apnjs (01310
0Mm) SULISPISUOD USY A\ * a1} 210J9q sAep £ Y} —3sed © reZUAN[JUI
#0°0=d:29'0=¥0%) uring "sedejIns ornyerpaed
ezUAN[JUI Jsurede pajeurwejuod Suryonoy Sunuaaaxd ‘T 32 AopoDH
10308 9A1d9301d 19)3e Surysem puey Ul S9INSeou -d ‘saune
juedlyrudis e sem pue 9sn I1dsnIULS puey [eonnadewrreyd ‘D ‘e1OIRD [
A[Tep sawn) 9AlJ uey]) S9)BI UOI}OJUT paseq-[oyooye ‘Surysem [00Yds pue -uou jo °[ “e[1ASPIOS
SUIIOUOD dUIOS o1ow spuey Surysep o 'ZUIN[JU] puey jo Aouanbaig 1ooydsaxd 1e L1-0 6€T [011U00-3sR) ureds SSOUAIOYIH S102 N ‘19UI0L, ‘N o€
JSLI uonIul
Suronpar ur uoreoNpa
pue soonoerd susrSAy
Jo souelroduwr
a1 ySIySry
sSurpury osayy,
(s€°0=40V)
SISRIqIOWE. JO eidoryig ‘ouoz
SSQUAIBME PUE JSOA “UMOT, ISTY
(96£°0=40V) ur sjooyos Arewrid
UO1BOJIP 19)JE 9211} woIj
pue (z€'0=¥0V) UDIPIIYD [00TIS
Sunes a10joq Suowre uonyodyur
Surysempuey pue SISRIQOOUIE JNOqE po1d]0ISIY ‘Te 32 ySurs
uonddJul DINAJISTY " SSOUAIRME pU® DQIOWDIUL D 'S ‘snppny
U39M19q SUOIJBIIOSSE USIP[IYD [00YDS UOT)BIJJIP I9)Je JO S10)0€] YSLI N TWIZeH-TV
SUIIOUOD juedryrugIs pajeaar ut adjoIsty g ysem puey ‘Sunes S[00YOS AIBJUIWA[D pajeroosse pue ‘N 'V ‘OSLIg
QWOS-MOT SISA[BUR QJRLIBADNI o JO 9oUdBAI] 910J9q YSem pueH €18 LI-S 1233 [BUOI}03S-SS01D) erdoryg 90UdeAI] 720T ] ‘0109 'd 'O 6C
9511 jo Ayipenb
Paje[aI-yI[eAY pue
Ppajeroosse ‘SUOT)ORIU] [RID0S JO srwapued 6T-prao)
Apueorgrudis Jaquinu ‘INOIABYq oy} Surnp
2I9M INOIARYRQ pue a8pamous| 3y11 Jo Kyfenb
Surysempuey pue Surysempuey pajeaI-yIeay uaspIeyory "y "3
Koe1a)1] yareay saurPping ‘KorIaN yireay pue ‘saInseawr pue uasuiefqro],
pue a3pajmouy sanLIoyINe yIeay ‘$90INOS UOTJBULIOJUT aAnodj01d TIEay 'V ‘peisprereq
Surysempuey pue ) 0) OUAIAYPR [ 119y} U0 ‘KovIaN] yireay M ‘YI9S[OH
SUIIOUOD JUWIOS Kov1any yieay pue agpajmouy| pariodar syuedionreq PIO S1BK6T-9T S0CT [BUOI}03S-SS0ID) KemIioN SIUAIS3[OPY 0202 ENRENIN '] 8T
s®e1q Jo sy sSurpury Jofepy saInseauwr S[IB)9P UOTIUIAIIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anuno) AL Tedx Ioymny PI
awodInQ SONSLIdJORIRYD
uonjerndog

(ponunuo)) | THATAVL

345

Journal of Paediatrics and Child Health, 2026



(100°0>d 01°0=40)
s[ooyos uosrreduwod
SNSI2A UONJUdAIdIUT UT
QOUIS(R JO SPPO I9MO]
PIOJ-0T PAWLIFUOD
S3sATeUe [2AS[NINA
(100°0>d

STO=4Y %P6 'SA
9%¥°T) UOTIONPAI YSLI
PJOJ-UQAJS B [3IM
“B90YIIRIP 0] dNp
$90UISqQL [00IS
Pa110da1-J]9S 19MmO]

sawIr) [BOIILID
e Kouanbaiy

1978 9)edronted
0] paje[s a1om Jnq
UOTJUSAIIUL A}
PRAI2221 124 j0U pey
s[ooyos uosrredwod
91 d[IYM ‘UOTIUSAINUT

sourddijiyg ays
Ul S9)eI BIOYLIRIP
pue seonoerd
‘a8parmouy uo
UOTJUSAIIIUT
suar8Ay pue

‘1€ 39 elIBAOND

Apuedyrudls pey Surysempuey HSVM D¥d a3 9 opei3 0} (269 Lpnys uoneIIues ‘197eM "D ‘17X ‘K1vyoq
SUIIOU0I S[00U[OS UOJUIAIUL pue ‘eooyLIRIp parardwod Apuadar uajredropury ur O ‘60€T [erudwrIadxe Ppaseq-Jooyds & *D ‘TORYSIADIN
QUI0S-MO] ur sjuapnis e 07 NP SAIUISqY PeY S[00YDS 1IN0, PIO S1BATT-S DD) 100T -1senQ) saurddriyq Jojoedur oy, 6102 0 ‘ATTeA 'H €€
Iajsuen)
yInow-o)-puey
pUE UOTJEUTWIBIUOD
puey 0] payUuI] d1oMm
sajer uonsadur SUOISSOS SSAUIIBME
Terre)oeq YSIH  « papusie ATuo dnoid
UOINPAI SSAU[[T %8L JOI)U0D ) AIYM ue)sIyed Ul [00YdS
puE UOTJONPAI [BLI}ORq ‘sTerIajew [euonowold paseq-ageueydio
%6S & pamoys dnoid pue sy ‘s1a3s0d ue ur Apnis y
OI}UOD A} AIYM ‘170D ‘SUOTIBIISN[T ‘SOAPIA 2SI [1qOIOTUI
g wouiy Ljiqeqoxd SUOIJUIAIIIUL ‘SUOISSIS SSAUIIBME pue saonoeld ‘[B 19 uressny
SSIU[I UT 3SBAIIIP auarSAy 1a1ye Surpnyour ‘ouaiSAy puey Surysempuey ‘S ‘euuey)
%00T € PUE UOIoNpal pue 210Joq Spuey Sunowoid senianoe U0 SUOTIUIAINUT N ‘UYNIeys ‘'z
[BLI)0®q %08 UE 0} S,URIP[IYD U ur pajedronied dnoid a8eueydio ue (9¢ o4 JuarSAy puey N ‘pauIy Y
ystg PA[ UOTIUSAIIUI AL, SpEO] [e119)0kyg UOTJUSAINUT Y], ur a8e [ooyds ‘9¢ D)) 8 1.0 191sN[D uelstyed Jo 10eduy $20¢ [omuny, 'y 43
s[001ds uostredwod
Im pareduwod sjooyos
Kxeroryauaq ur IoMmof
o19M oam Ised oy
u1(98°0 ‘S9°0 :ID %S6 saAnenIuI qnpo AudI3AY uoneneAd
‘5L°0 ¥ 0) swoydwAs pue ‘Juawedesus [eurpnjiSuoy v
uonoayur K10)e11dsar JusuwaSeurU [00YDS WSI9AIUISqE.
10 (S8°0 ©09°0 :ID %S6 yoam jsed oy ur ‘Fururen) 1yoea) pue suordyul
‘1L°0 :¥O) BROYLIRID swojdwAs uorodyur ySnoay) suardAy Kioyeridsar
pey Suraey 10 (60 K1oyeridsar pue Sunowoid pue ‘sarjddns “@90YLIRIP UO
‘9670 11D %S6 ‘€L°0 ‘BIOYLIRIP ‘Q0Udsq® HSVM Sunnqrusip weiSoxd suardAy
M 0) BOYIIRIP 0) NP pajrodaI-Jas jo ‘sournje| pue syurod (Lo6Y pue uoTjEIIUES UBWAAI] "N PUE
Juasqe Sureq Sunaodax SAUI00INO AIBPU0IIS 107em Sunjejiqeyal 9 03 ¢ sopeid 0F ‘€T8¥ ‘19)eM paseq Sueyp "H ‘preyd
SUIIOUOD JUWIOS sqidnd jo sppoayy, e douasqe idng 10 Surqreisug woIy STedLET 01 § D) 0£L6 reurpniiuo N -[ooys & Jo joeduwy 10T "V ‘SAIULLL, A 1€
s®eIq Jo STy sSurpury rofey saInseauwr S[IE)9P UOTJUIAIU] (8umas ‘a8e) az1s ardureg uSrtsap Apnis Anjuno) AL Tedx Ioyny PI
awoanQ SONISLIdIORIRYD
uonjerndog

(ponunuo)) | THATAVL

Journal of Paediatrics and Child Health, 2026

346



P
c
2 MEDLINE(R) ALL (n = 635)
Embase (n = 1388)
PubMed (n = 2263)
B ERIC (n=55)
Total (n = 4345)
v
—
Results after duplicate articles Duplications excluded
removed ’ (n=410)
{n = 3835)
Results screened for the use of English Language N Records excluded
(n=3763) = (n=172)
&
£ v
g Results limited to being published after Records excluded
20140101 —-— (n=1342)
(n=2421)
Results screened for Records excluded
Full-text articles ] (n=11)
(n=2410)
~ +
"
Studies eligible after title review Not representing the population or intervention
Reviewer 1 (n = 262) IEm—— Reviewer 1 (n=2148)
Reviewer 2 (n = 219) Reviewer 2 (n = 2229)
z Studies eligible after abstract review Not representing the population or intervention
:‘—_, Revfewer 1(n=123) > Rev@ewer 1(n=139)
i) Reviewer 2 (n = 100) Reviewer 2 (n = 119)
fre}
Studies eligible after full-text review Not included after review
Reviewer 1 (n =39) - Reviewer 1 (n=84)
Reviewer 2 (n = 21) Reviewer 2 (n=79)
Total (n=56) Duplicates removed (n=4)
v
-
Studies included in the synthesis Not included after CASP appraisal
§ School age group (n = 33) > (n=16)
g Preschool age group (n = 11)
N———

FIGURE1 | PRISMA diagram.

4.3 | Settings

The studies were carried out across a diverse range of coun-
tries, Saudi Arabia, Spain, Turkey, Bangladesh, Denmark,
Cuba, Kenya, China, Egypt, Japan, Iraq, India, Germany, the
United States, Ethiopia, Indonesia, Mauritius, New Zealand,
Norway, Mali, Pakistan and the Philippines. 13 (40%) of the
included studies were carried out in high-income economy
countries, 7 (22%) in upper-middle-income countries, 10 (31%)
in lower-middle-income economies and the remaining 3 (7%)

studies were conducted in low-income economies, as classi-
fied by the World Bank [12, 13].

4.4 | Intervention and Outcomes

The implementation of hygiene interventions in schools and
childcare settings effectively decreased illness-related absen-
teeism and improved child health outcomes [14-18]. WASH
(water, sanitation and hygiene) initiatives integrating multiple
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components also yielded positive outcomes, reducing diarrhoeal
and respiratory absences across diverse settings, with girls often
benefiting most [19-22].

School curriculum-based education and parental engage-
ment showed sustained benefits for hygiene knowledge, hand-
washing practices and absenteeism [23-25]. Handwashing
combined with other strategies, such as mask use, nail clip-
ping or structured protocols, further reduced infection-related

absences and reinfection rates [26-28]. Sanitiser provi-
sion alone showed mixed results but was generally more
effective when paired with education and consistent rein-
forcement [29].

Overall, multifaceted interventions combining education, paren-
tal involvement, facility upgrades and behavioural reinforcement
were the most successful in improving hand hygiene and reducing
school absenteeism.
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4.5 | Risk of Bias Assessment

Overall, the risk of bias varied across the included studies.
Approximately half of the studies demonstrated low risk,
particularly cluster randomised controlled trials with robust
allocation, follow-up and outcome measurement procedures.
Several studies exhibited moderate risk, often due to small
sample sizes, reliance on self-reported outcomes or limited
blinding, while a smaller number were assessed as high risk,
typically reflecting non-randomised designs with limited con-
trol for confounding. These variations were considered when
interpreting the findings to ensure conclusions were drawn
cautiously and appropriately.

Considering study design, risk-of-bias assessments, and the
consistency of outcomes across settings, the overall certainty of
the evidence can be rated as moderate. Many controlled studies
support the effectiveness of school-based hand hygiene interven-
tions; however, heterogeneity in intervention approaches, reli-
ance on self-reported outcomes and variable follow-up durations
temper confidence.

Details of the quality assessment for individual studies are pre-
sented in Appendix S2.

5 | Discussion

5.1 | Impact of Hand Hygiene Interventions on
Absenteeism and Infectious Disease Rates

This systematic review of 33 studies across diverse geographical
and economic settings provides consistent evidence that school-
based hand hygiene interventions significantly reduce absentee-
ism and the incidence of respiratory, gastrointestinal and parasitic

infections among children. Multifaceted interventions combining
hygiene education with access to soap or alcohol-based sanitisers
and behavioural reinforcement were particularly effective.

In Spain, Azor-Martinez et al. reported that such a pro-
gramme led to a 36% reduction in acute gastroenteritis-related
absenteeism and a 24% decline in URI-related absences
[16, 17]. Similarly, Indian studies observed a 23%-24% reduc-
tion in both total and respiratory-related absenteeism follow-
ing hygiene education [18]. Structured WASH interventions
in Pakistan and the Philippines produced similar outcomes
[19, 20], while in Kenya and Mali, integrating hygiene mes-
saging with infrastructural improvements significantly de-
creased absenteeism [21, 22].

5.2 | Effectiveness of Educational
and Family-Centred Approaches

Educational programmes alone also proved beneficial. In India,
a handwashing intervention led to significant reductions in
respiratory-related school absences [23]. In Hong Kong, involving
both parents and children in hygiene training reduced flu-like ab-
senteeism from 21.5% to 12% [24], and visual aids like fluorescent
gels further improved handwashing technique and attendance
[25]. Koep et al. found that embedding hygiene promotion into
science curricula led to sustained behavioural improvements over
3months [26].

5.3 | Impact on Intestinal Parasitic Infections
(IPIs)

IPIs remain a serious concern in resource-limited settings.
Studies in Cuba, Egypt and Ethiopia found prevalence rates
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exceeding 50%, attributed to poor hygiene practices around
meals and defecation [27-29]. Mahmud et al. demonstrated that
a combination of handwashing with soap and regular nail clip-
ping significantly reduced reinfection rates [30]. In Himalayan
schools, hygiene promotion led to a 78.3% reduction in diarrheal
illnesses [31].

5.4 | Role of Educators and Age-Appropriate
Strategies

Teacher-led programmes have shown measurable success. In
Kenya, Denbak et al. observed a decline in respiratory and
diarrheal illness-related absenteeism through structured re-
inforcement [32]. Arikan et al. reported that interactive and
visually engaging hygiene demonstrations reduced microbial
colonisation by 50% among schoolers [15]. These findings sup-
port tailoring interventions to developmental stages for max-
imal impact.

5.5 | Implementation Challenges and Unintended
Consequences

Despite overall success, some challenges emerged. Frequent
handwashing was linked to ICD, with Borch et al. document-
ing a 42.4% prevalence, particularly when children washed
hands more than 7-10 times daily [33]. This suggests the need
to balance soap use with sanitisers or moisturisers. In some
low-resource schools, poor infrastructure hindered outcomes.
Hantoosh et al. found E. coli in 12% of treated school water,
and hygiene adherence declined during the school day due to
limited facilities [34].

Priest et al. emphasised that sanitiser-only interventions
showed mixed outcomes, with success depending on strict im-
plementation and adherence [35]. Freeman and Otsuka high-
lighted that schools lacking adequate water infrastructure
struggled to maintain hygiene gains, though improvements in
water access reduced absenteeism by up to 50% [36, 37].

5.6 | Behavioural Gaps and Resource Constraints

Padaruth et al. and Kavitha et al. found extensive bacterial con-
tamination (e.g., E. coli, S. aureus) on children's hands due to
soap shortages despite hygiene education [38, 39]. Klar et al. and
Cha et al. identified disconnects between knowledge and prac-
tice, often attributed to lack of time, soap or role models [40, 41].
These behavioural barriers limit the effectiveness of otherwise
well-designed programmes.

Despite generally positive outcomes, some interventions showed
limited or neutral effects even in well-resourced settings, often
due to inconsistent adherence by students or staff, insufficient
reinforcement of hygiene behaviours, low engagement with ed-
ucational components and lapses in implementation fidelity,
underscoring that even well-designed programmes require sus-
tained behavioural support and supervision to achieve intended
outcomes [35, 36, 39-41].

5.7 | Population-Specific Insights: Age, Gender
and School Environment

Azor-Martinez et al. identified children under five as par-
ticularly vulnerable to URIs, warranting prioritisation in in-
tervention strategies [42]. Endo et al. found that two-thirds
of influenza cases originated within classrooms, supporting
targeted in-class hygiene interventions [43]. Matsuda et al.
showed that combining mask use with handwashing offered
greater protection against influenza outbreaks than either
measure alone [44], while Torner et al. noted a 47% reduction
in flu risk with frequent sanitiser use, though compliance re-
mained variable [45].

5.8 | Influence of Health Literacy
and Socio-Cultural Factors

Health literacy played a critical role. Riiser et al. demonstrated
that adolescents with higher health literacy had better compliance
with COVID-19-related hygiene measures, suggesting the benefits
of integrating health education into school curricula [46]. Gender-
specific effects were observed by Caruso et al. and Freeman et al.,
who reported up to a 50% reduction in absenteeism among girls
due to improved sanitation access [21, 47]. Alzaher et al. showed
that hygiene education alone halved URI-related absences among
Saudi schoolgirls, highlighting the scalability of low-cost interven-
tions in resource-constrained settings [48].

5.9 | Policy and Practice Implications Across
Resource Settings

From a policy and practice perspective, the findings offer
clear, context-specific guidance for both high- and low-
resource school settings. In high-income contexts, where
hygiene infrastructure is typically established, policy efforts
should focus on sustained behavioural reinforcement, integra-
tion of hygiene education into school curricula, and mitigation
of unintended harms such as ICD through balanced hand hy-
giene protocols. In lower-resource settings, the evidence sup-
ports prioritising low-cost, high-impact strategies, including
structured hygiene education, handwashing at key moments,
and incremental WASH improvements, even in the absence
of comprehensive infrastructure. Across all contexts, teacher
engagement, parental involvement and reliable access to basic
supplies emerge as critical implementation levers for reducing
infectious disease transmission and illness-related absentee-
ism in schools.

5.10 | Implications for Practice, Equity and Future
Research

School-based hand hygiene interventions demonstrate consis-
tent benefits across diverse settings, yet several considerations
are critical for effective implementation and sustainability.
Equity considerations are critical, as low-resource schools
often face barriers such as limited water supply, insufficient
soap or sanitisers and inadequate infrastructure. Sustainable
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implementation may require context-specific strategies, in-
cluding resource prioritisation, teacher and parental engage-
ment and low-cost educational materials to maintain hygiene
improvements across diverse socioeconomic settings [19-22,
36, 37]. Even well-designed programmes require consistent
behavioural reinforcement and monitoring to maintain adher-
ence and maximise effectiveness [35, 36, 39-41].

Furthermore, to mitigate against adverse effects, balanced
handwashing frequency, alcohol-based sanitiser options and
moisturiser use are recommended to minimise ICD.

Unlike prior reviews, this study emphasises both behavioural and
infrastructural dimensions, providing a foundation for a concep-
tual framework that integrates education, facility upgrades and
reinforcement strategies to optimise hygiene outcomes.

Future research should examine the long-term sustainability
and cost-effectiveness of these programmes, standardise out-
come measures and evaluate strategies to maintain hygiene
behaviours over time across diverse socioeconomic contexts.
Addressing these considerations will support equitable, scalable
and evidence-informed school health interventions globally.

6 | Limitations
6.1 | Limitations of the Included Evidence

The reviewed studies demonstrated positive results, yet sev-
eral key limitations exist in the primary evidence. The studies
heavily depended on self-reported data about hygiene practices
and illness symptoms, which remain vulnerable to recall and
reporting biases. The studies lacked objective outcome measures
such as microbiological assays or validated attendance registers,
which weakens the validity of their findings. The studies used
different intervention approaches and outcome definitions be-
cause they implemented educational posters as well as complete
WASH programmes that included latrine construction. The di-
verse nature of studies makes it difficult to compare results and
reduces the ability to apply findings to other contexts. The lack
of extended follow-up periods in many studies creates uncer-
tainty about how well health benefits can persist. The results
might have been influenced by the fact that most studies focused
on high-income countries, which possess better infrastructure.
The research included insufficient data about adolescent girls
and gender-specific outcomes, which restricted the ability to un-
derstand subgroup effects.

6.2 | Limitations of the Review Process

The review process requires attention to several methodological
limitations. The review process included thorough screening
and analysis, yet it only considered studies published in English,
which might have omitted important grey or non-English liter-
ature. The process of extracting and synthesising data required
human interpretation, which created potential biases from re-
viewers. The review did not perform a formal meta-analysis be-
cause the studies exhibited significant differences in their designs
and populations, and measurement outcomes.

7 | Conclusion

This review of the evidence at a systematic level shows a large im-
pact of school-based interventions on hand hygiene and WASH
on reducing the burden of communicable disease and absence
from school by children aged between 5 and 18years. In diverse
geographical and socioeconomic contexts, there is evidence of a
decrease in rates of diarrhoeal disease, respiratory infections, and
days missed at school due to promoting correct handwashing be-
haviour and improving personal and communal hygiene facilities
and integration of hygiene teaching into school curricula [49, 50].
These individual health gains extend to educational attainment as
a wider marker of community well-being [51].

Findings provide evidence in support of advocating hand hygiene
promotion as a cost-effective, high-impact strategy of school health
promotion [52]. Governments, teachers and public health stake-
holders will need to collaborate on establishing hygiene practices
through continuous funding, policy direction and intersectoral
efforts under health education, behavioural and infrastructural
dimensions [53]. While limitations of heterogeneity and research
consistency apply at the study level, this cumulative evidence finds
support for schools as key vehicles of public health intervention
[54]. Standardisation of outcomes, long-term sustainability, and
cost-effectiveness need to become research areas of emphasis to
inform scalable, evidence-informed global implementation [55].
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Appendix S1: Hand hygiene practices
in paediatric populations: Search strategy. This appendix provides the
complete search strategy used to identify studies on hand hygiene prac-
tices and interventions in paediatric populations. It includes database
names, search dates, search strings, Boolean operators and any applied
filters or language restrictions. Appendix S2: Hand hygiene: CASP and
risk of bias (RoB) checklist. This appendix presents the results of the
Critical Appraisal Skills Programme (CASP) checklist and the risk of
bias assessments for all included studies. Each criterion is accompanied
by an explanation of how quality judgements were reached. Appendix
$3: Hand hygiene: Data extraction. This appendix contains the full data
extraction tables summarising study characteristics, populations, in-
tervention details, comparator conditions, outcome measures and key
findings for every included study.
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