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Abstract

Background Globally, gastroenteritis (GE) significantly impacts children’s health and contributes to societal,
economic, and health burdens. Previous studies reporting risk factors of GE in children in high-income settings mainly
rely on outbreak investigations, which inherently capture only a fractional representation of the overall spectrum

of GE occurrences. In addition, there is paucity of comprehensive information pertaining to modifiable risk factors

of GE. This scoping review aims to synthesize existing evidence concerning modifiable and behavioural risk factors
associated with GE among children in high-income countries.

Methods PubMed, Embase, CINAHL, and Scopus were the databases from which articles were retrieved. A
descriptive synthesis of the evidence was performed, following the Arksey and O'Malley scoping studies framework
and enhanced by the Preferred Reporting Items for Systematic Reviews and Meta-analysis extension for Scoping
Reviews checklist (PRISMA-ScR).

Results The systematic search identified 13,395 journal articles, which were subsequently screened, and duplicates
removed, resulting in 19 articles for inclusion in the review. The majority of these studies (63.2%) employed a case-
control design and were predominantly conducted in community settings (68.4%). Factors such as parental literacy,
contact with individuals exhibiting gastrointestinal symptoms, and nappy-wearing were identified as significantly
associated with childhood GE within domestic environments. Childcare-related variables, including enrolment size,
mixing of personnel between child groups, the presence of central cleaning stations, and the implementation of
hygiene and disease prevention policies, showed significant association with GE. In addition, the presence of sand
pits, paddling pools, and animals in childcare centers correlated with increased incidences of GE among attending
children.

Conclusions The scoping review reveals a complex and varied research landscape on factors influencing
gastroenteritis (GE) for children in high-income countries. The findings suggest that while some variables are
closely linked to specific pathogens, others may not be, highlighting variability across GE aetiology. The significant
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association between various household level and childcare-related factors and childhood GE points to a valuable

direction for future research and public health intervention.

Keywords Modifiable, Behaviour, Factor, Gastroenteritis, Enteric pathogen, High-income, Scoping review

Text box 1. Contributions to the literature

- It has been a challenge to have a single definition of gas-
troenteritis because there are many causes, symptoms, and
terms used to describe it.

- This review clarifies the use of “gastroenteritis”as a unifying
term in high-income countries, distinguishing it from related
terms like diarrhea or gastric flu, infectious intestinal diseases
thereby standardizing terminology in the literature.

- It also introduces the specific term “modifiable risk factors”
in the context of gastroenteritis (GE) among children, provid-
ing a clear direction for future research and intervention
strategies.

Background

Infectious gastroenteritis (GE) is an illness caused by
infection with pathogenic organisms such as viruses, bac-
teria, and parasites [1], that are transmitted via the fae-
cal-oral route either directly through person-to-person
contact or through contaminated food or water [2, 3].
Foodborne [4, 5] as well as zoonotic [6—8] transmission
pathways also play significant roles. Most cases GE do
not require medical attention [9]. However, some higher
risk populations such as young children and malnour-
ished or immunocompromised people could develop
persistent diarrhoea [10].

GE accounts for approximately 89.5 million disability-
adjusted life years (DALYs) and is ranked fifth among the
major causes of DALYs worldwide [11]. It ranks as the
8th most common cause of death across all age groups,
accounting for 1.65 million fatalities, and is the 5th lead-
ing cause of mortality in children under the age of five,
resulting in 446,000 deaths. The majority of these bur-
dens are in low- and middle-income countries (LMICs)
[12, 13]. In high-income countries, GE is a common
cause of illness, with incidence varying between 0.274
and 1.4 episodes per person per year (pppy). GE com-
monly leads to hospital admissions, particularly among
young children [14]. However, the burden of GE is under-
reported as research shows individuals often don’t seek
medical attention for mild-moderate GE symptoms [15,
16], medical practitioners don't often refer patients for
diagnostic testing [17, 18] and not all pathogens are sub-
ject to mandatory reporting through public health sur-
veillance systems [19].

The incidence of GE varies among high-income coun-
tries because of variation in the population related to
health literacy levels, dietary habits, health behaviour,
and the structure of healthcare services [20-22]. Despite
consistent underreporting of GE [23-26], it is estimated

that there are still 179 million illnesses annually in USA
[19], 16.6 million in Australia [27], 21 million in France
[28], 10. 06 million in Belgium [29], 42.2 million in Ger-
many [14], and 9.4 million in England [4]. In children,
GE is a common reason for emergency department visits
and hospitalizations [30]. In developed countries, chil-
dren under 5 years old experience 1.0 to 2.5 episodes of
diarrhea per child per year. Of these, 0.1 to 0.4 episodes
result in attendance at a general-practice clinic, and 0.001
to 0.003 episodes lead to hospitalization [16, 31, 32]. The
majority of the economic burden in high-income coun-
tries is associated with morbidity and financial impacts
of illness (direct and indirect costs) [11, 33], imposing G
significant monetary costs on communities, and control-
ling childhood GE would lead to considerable health-care
cost savings worldwide [34].

Current knowledge of the epidemiology primarily relies
on cross-sectional studies aimed at estimating the preva-
lence of GE and case-control studies utilized to examine
outbreaks [35-39]. Determinants and associated sources
are usually inferred from data collected during outbreaks
[40], despite outbreaks accounting for less than 10% of
all GE occurrences [41]. While accurate estimates of GE
incidence and prevalence are crucial for the develop-
ment of effective public health policies [11], identifying
behavioural and modifiable risk factors enables the iden-
tification of barriers and facilitators to maximizing public
health compliance and ultimately mitigating transmission
and burden [42]. Better information on modifiable and
behavioural risk factors would also facilitate the design
of models to evaluate of the effectiveness of behavioural
interventions [43].

The epidemiology of gastroenteritis varies between
high-income countries (HICs) and low and middle-
income countries (LMICs). In HICs, the burden of dis-
ease may be more closely linked to specific behavioural
factors such as food handling practices, hygiene behav-
iours, and daycare attendance. In contrast, in LMICs,
the disease burden may be more heavily influenced by
broader structural issues such as access to clean water
and basic sanitation [44—46]. Despite higher standards
of living, better access to healthcare, advanced sanitation
and hygiene infrastructure, and generally higher levels of
public health awareness, gastroenteritis remains a huge
societal burden in high-income countries [27, 45-47].
However, there is a paucity of comprehensive informa-
tion on modifiable and behavioural drivers of gastroen-
teritis in HICs. Since high-income countries often have
the resources to implement comprehensive public health
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campaigns and policy interventions, understanding these
drivers in the context of HICs can inform more effective
and tailored interventions that are appropriate for these
settings.

The aim of this study was to carry out a comprehensive
scoping review of modifiable and behavioural factors in
domestic and childcare settings associated with gastroen-
teritis among children in high-income countries.

Methods

This review adhered to the five iterative stages of the
Arksey and O’Malley scoping studies framework [48],
namely setting the research questions, sourcing studies,
selecting studies, recording data, and summarizing. It
was further enhanced by the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis extension for
Scoping Reviews (PRISMA-ScR) [49] checklist. Due to
the current policy that prohibits the registration of scop-
ing reviews on International Prospective Register Of Sys-
tematic Reviews (PROSPEROQO) [50], this review was not
registered. Furthermore, the quality of studies was not
evaluated.

Research question

The Population, Concept, and Context (PCC) frame-
work was used to develop the research question. The
population was identified as children aged 0—14 years in
high-income countries, and the study settings encom-
pass community, childcare, healthcare, and school. The
research question involves factors associated with GE
that are modifiable, defined as behaviours or set up that
can be changed or manipulated in some way. Those mod-
ifiable factors could be at the individual (e.g. awareness,
handwashing) or community (childcare facility design,
disease control policy etc.) levels. There term gastroen-
teritis is used due to the inconsistent terminology found
in the literature concerning gastrointestinal conditions
such as gastroenteritis, diarrhoea, intestinal infectious
disease, etc. The scoping review aimed to address the
fundamental research question: “What does the existing
body of literature reveal about the modifiable and behav-
ioural factors linked to gastroenteritis in children from
high-income countries? and to what extent do the factors
differ with aetiology?”

Information source and search strategy

” «

Search terms used included “risk factors’, “epidemiology’,
“transmission’, “enteric, pathogen’, “gastroenteritis’, “diar-
rhoea’, “diarrhea’; “cryptosporidiosis’, “campylobacter’,
“giardia’; “child’, “infant’, “preschool’, “developed country”.
A search strategy was developed using the search terms,
comprising a combination of MeSH terms and title/
abstract searches. Boolean operators “AND” and “OR”

were employed to refine the search strategy, ensuring
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relevance and comprehensiveness. Search strategies were
performed using PubMed, EMBASE, EBSCO for Med-
line, CINAHL, and Scopus.

Search results from each database was imported into
EndNote (EndNote 21.0.1 for Windows, Clarivate Plc)
and subsequently transferred to Covidence to elimi-
nate duplicates, screen studies, and extract data. An ini-
tial search was performed in July 2023 and updated in
November 2023 to capture any new relevant studies. No
new article was found. The full search strategy is pro-
vided in a supplementary file (Supplementary material 1).

Study selection
Screening of title and abstract of each paper were con-
ducted within Covidence. Studies were included if they
presented information on modifiable or behavioural
factors associated with sporadic (non-outbreak) GE.
They included household factors (e.g., parental literacy,
hygiene practices), characteristics of childcare facilities
(e.g., facility design, hygiene protocols, policies regarding
exclusion of ill children), and factors such as exposure to
and interactions with animals, and recreational activities.
Inclusion criteria for the studies encompassed those pub-
lished in English, irrespective of the publication date.
Studies solely focused on epidemiological investigation
and factors not categorized as behavioural or modifi-
able were excluded from the review. In addition, studies
investigating risk factors solely within community-wide
or population-based outbreaks of gastroenteritis were
excluded, as such outbreaks represent only a subset of GE
occurrences.

Data charting process

A customized data charting form, adapted from the
Joanna Briggs Institute (JBI) scoping review data extrac-
tion tool, was used for the extraction of data from the
selected studies. This form encompassed the following
principal elements:

Author and publication year.

Country of origin.

Study design.

Study setting.

Study population.

Pathogen/Gastrointestinal condition reported.
Outcome (Modifiable risk factors).
Significance.

S A o e

Collation, summarization, and report of results

This constitutes the conclusive phase of the Arksey and
O’Malley’s methodological framework, wherein articles
underwent compilation and synthesis based on prede-
termined categories. Extracted data were systematically
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summarized into distinct categories, including household
characteristics, childcare attributes, recreational activi-
ties, and interactions with animals. Furthermore, fac-
tors demonstrating significant associations with GE were
elucidated, accompanied by their respective measures of
association for clarity and interpretability.

Results

Study characteristics

We initially retrieved 13,395 studies from various data-
bases: PubMed (2,810), EMBASE (5,923), EBSCO for
Medline and CINAHL (801), Scopus (3,855), and through
citation searching (6). Once duplications were removed,
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8,082 studies were screened by title and abstract. Of
these, 7,985 were deemed irrelevant and excluded, leav-
ing 97 studies for full-text review. After this review, 78
studies were further excluded due to various reasons, as
illustrated in Fig. 1. Finally, 19 studies were selected for
inclusion in the review (Fig. 1).

The majority of the included studies were case con-
trol design (63.2%), based in community settings (68.4%)
and were published in last 15 years (60%). The majority
of included studies featured children as research partici-
pants, although a handful included individuals of all ages
with subgroup analysis of risk factors of GE (Table 1).
Figure 2 below presents the specific citations, including

Studies from databases/registers
(n =13,389)

e  PubMed=2810
o EMBASE=5923
e EBSCO=801

e Scopus=3835

References from other sources (n =6)

Citation searching (n =6)

Grey literature (n =0)

=
(=}
i
=
5]
=
1
=
h=
=
=
L
=
L

References removed (n = 5313)

Y

Duplicates identified manually (n =7)
Duplicates identified by Covidence (n =
5306)

Studies screened (n = 8082)

—>| Studies excluded (n = 7985)

v

Studies sought for retrieval (n = 97)

—2>{ Studies not retrieved (n = 0)

v

Screening

Studies assessed for eligibility (n = 97)

4

Studies included in review (n = 19)

Included

Studies excluded (n = 78)

Ineligible setting (n = 3)
Review article (n = 1)
Worldwide study (n= 1)
Full text unavailable (n = 2)
Non-English full text (n= 1)
Modifiable factors not
measured (n = 56)

All age population (n = 15)

Fig. 1 PRISMA-ScR flow chart for study selection process for a review of a review of modifiable and behavioural factors associated with childhood gastro-
enteritis in high-income countries, 1990-2018. Initially, 13,395 studies were found across four databases and citation searches. After removing duplicates
(5313), 7985 more were excluded based on irrelevant titles and abstracts. 97 articles underwent full text review, with 78 being excluded. Reasons for
exclusion included lack of consideration for modifiable and behavioural factors (56 articles), absence of subgroup analysis for all-age group participants
(15 articles), and other factors such as ineligible study settings, lack of full-text availability, non-English texts, and review articles
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Table 1 Summary of studies on modifiable and behavioural
factors associated with childhood gastroenteritis in high-income
countries, 1990-2018

Characteristics Frequency
(n=19)
% n
Publication year 1990-2000 53 1
2001-2010 526 10
2011-present 421 8
Country The Netherlands 21.1 4
Australia 10.5 2
Denmark 10.5 2
Israel 105 2
Sweden 10.5 2
Germany 53 1
Greek 53 1
New Zealand 53 1
Portugal 53 1
Spain 53 1
Turkey 53 1
United States of America 5.3 1
Study design Case-control 63.2 12
Cross-sectional 21.1 4
Cohort 10.5 2
Case-series 53 1
Population/sample Children 84.2 16
All age group 15.8 3
Setting Community 68.4 13
Childcare facilities 21.1 4
Healthcare facilities 53 1
School 53 1
Enteropathogen/ condi-  Campylobacter 42.1 8
tion studied Giardia 263 5
Cryptosporidium 10.5 2
Yersinia 10.5 2
Salmonella 53 1
Gastroenteritis 53 1
Diarrhoea 53 1

the authors and the year of publication, as well as the
reported enteropathogens or gastrointestinal conditions.
Campylobacter spp. and G. duodenalis rank as the patho-
gens most commonly reported, with Cryptosporidium
species being the next most frequent.

Household factors

Parental literacy

Five included studies reported testing for parental liter-
acy (48, 49, 50, 51, 52), and low parental literacy status
showed significant association with increased rates of
GE in two studies: childhood diarrhea [51], and giardia-
sis [52] (Table 2). The odds of giardiasis were about 4.5
times higher in children of uneducated mothers com-
pared to those with educated mothers. Similarly, chil-
dren of uneducated fathers were 12 times more likely to

Page 5 of 13

have symptomatic giardia infection compared to children
whose fathers were educated [52]. According to Ethel-
berg et al. the odds of diarrhea were 1.39 times higher in
children of parents with ten years or less of basic school-
ing compared to those with more than 10 years of basic
schooling [51].

Contact with symptomatic person

The association between contact with a person with gas-
troenteritis and the risk of gastroenteritis was investi-
gated in six studies [51, 53—57]. Five of studies found a
significant association [51, 54—57], while the remaining
study did not reveal any association [53]. Among the five
studies that found a significant association, two of them
revealed a higher risk of GE among children who had
contact with persons with gastroenteritis in childcare set-
tings [51, 55], while the other two showed that household
member contact increased the risk of acquiring GE [56,
57]. According to Ethelberg et al. the odds of viral diar-
rhea in children who had contact with symptomatic indi-
viduals were respectively 5.8 and 4.1 times higher when
contact occurred “in daycare” and “other places” com-
pared to contacts “at home” [51]. The remaining study
showed that children who had contact with a symptom-
atic person outside the household were at higher odds of
GE [54] (Table 2).

Hygiene, sanitation, and toileting

Five included studies investigated hygiene-related fac-
tors associated with GE. The variables studied include
toileting and diaper use, kitchen hygiene, handwash-
ing after pet contact, and handwashing before eating
[54, 57-60]. The studies reported inconclusive findings
regarding hygiene, specifically kitchen hygiene and hand-
washing. However, significant associations between GE
and diaper use, and the protective role of toilet train-
ing were observed in two studies [58, 61]. According to
Bassal et al. the odds of Campylobacter infection were
7.4 times higher in diapered children compared to non-
diapered ones [54]. Similarly, Tangermann et al. reported
2.9 higher odds of cryptosporidiosis in non-toilet trained
daycare children compared to the trained ones [61]
Handwashing after pet contact did not reduce the risk of
GE in two studies [59, 60]. Similarly, handwashing before
eating was not found to be associated with reduced inci-
dence of GE according to Tenkate et al. [60]. Two stud-
ies reported contradictory findings regarding kitchen
hygiene. While Doorduyn et al. reported significantly
higher odds of Campylobacter infection in the absence
of knife cleaning after use with raw meat and other foods
[54], poor cutting board practices were unexpectedly
associated with a decreased incidence of campylobacte-
riosis in the second study [57]. According to Tenkate et
al. there was no significant association between washing
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Fig. 2 Diagram illustrating relationships between various microorganisms/gastrointestinal conditions indicated by interconnected coloured nodes la-
belled with organism names and corresponding authors and year for a review of modifiable and behavioural factors associated with childhood gastroen-
teritis in high-income countries, 1990-2018 (Image is created using Kumu, data visualization and exploration platform)

utensils between use with raw and cooked food and
Campylobacter infection [60] (Table 2).

In three included studies nappies wearing showed
significant association with GE incidence. The odds of
developing giardiasis [56], cryptosporidiosis [61], and
campylobacteriosis [58] were, respectively, 3, 1.4, and
2.14 times higher among diapered children than toilet-
trained children. In contrast, children who were toilet-
trained had a reduced risk of giardiasis in comparison to
those who were not toilet-trained or only partially toilet-
trained (OR=3.8, 1.8-7.8; P<0.001) [56]. Another study
showed a higher likelihood of intestinal parasitosis in
children who did not use toilet paper or who used water
to clean their anal area after defecation [62] (Table 2).

Childcare facility characteristics

Enrolmentsize Two studies investigated the relationship
between childcare enrolment size (capacity) and the risk
of gastroenteritis. According to Enserink et al. the median
capacity of childcare centers showed a statistically signifi-
cant association with higher incidence rate for all-cause
gastroenteritis and norovirus infection, indicating that a
1% increase in overcrowding rates increased the risk of
gastroenteritis by 0.7% (alRR1-007,95%CI1-003-1-011).
Similarly, Pijnacker et al. reported 3 times higher odds of
norovirus infection in childcare centers with higher capac-
ity compared to those with lower capacity [63] (Table 3).

Mixing of personnel among child groups Enserinketal.
found a significant association between personnel mixing
and staff multitasking with rotavirus infection, and Cryp-
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Table 2 Socio-demographic, hygiene, and toileting behaviours associated with gastroenteritis among children in high-income

countries, 1990-2018

Risk factors Pathogen/Gl condition Study citation Significance
Parental factors
Mother’s literacy G. duodenalis [52] OR=449:95% Cl: 1.20-16.84
Father’s literacy G. duodenalis [52] OR=12.26;,95% Cl: 4.08-36.82
Parent literacy G. duodenalis [63] OR=1.94;95% Cl: 0.89-4.20,p=0.93
Diarrhoea [51] OR=;95% Cl: 1.39(1.11-1.81)
Mother's literacy Intestinal parasite [62] X2=444,p=0.035
Contact with ill person
Contact with a person in household having Giardia [56] OR=11.3,95% Cl: 2.6-35.7; P<0.001
gastroenteritis Campylobacter [57] OR=9.0,95% Cl: 1.10-72.5
Contact with symptomatic persons in childcare centres  Gastroenteritis [55] OR=2.19,95% Cl:1.64-2.92
Diarrhoea [51] OR=2.19,95% Cl:1.64-2.92
Contact with persons with gastroenteritis symptoms“in - Campylobacter [54] OR=1.5,95% Cl: 1.10-1.90
other places”
Hygiene and toileting behaviour
Lack of toilet training and nappy wearing Campylobacter [58] aMOR=7.36,95% Cl: 1.66-32.70,
p<0.01
Nappy wearing Giardia duodenalis [61] OR=3.0,P<0.05
Cryptosporidium [61] aOR=14,95% Cl: 04-7.0
Lack of toilet training Cryptosporidium [61] aOR=2.9,95% Cl:0.90-9.20
Giardia duodenalis [56] OR=3.8,95% Cl: 1.80-7.80, p<0.001
Washing anal area by hand after defecation Intestinal parasite [62] X?=550,p=0019

" Univariate analysis only; Gl condition=Gastrointestinal condition

tosporidium hominis (C. hominis) infection, respectively,
[55], while Pijnacker et al. noted a significantly increased
occurrence of GAB infection [64]. Enserink et al. reported
1.8 times higher adjusted incidence rate rations (aIRRs) of
rotavirus infection in children attending childcare centres
where there is mixing of staff among child groups. Simi-
larly, the aIRRs of C. hominis infection increased by 2.7
times higher when children attended childcare centers
where staff handle multiple daily duties [55]. Conversely,
the other study found no significant association for per-
sonnel mixing and GE [63] (Table 3).

Hygiene and disease control policies Enserink et al.
found that certain childcare hygiene practices like using
chlorine tablets for cleaning and daily toy cleaning were
associated with lower rates of gastroenteritis. The alRRs
in G. lamblia in children decreased by 10% when child-
care centres use chlorine tablets for cleaning. Daily
cleaning of toys on the other hand decreased the alRRs
in astrovirus in children by 50%. The aIRRs of rotavirus
infection decreased by 40% when ill children were pro-
vided with separate toilets during a suspected outbreak.
When mixing of staff members between child groups was
avoided during a suspected outbreak, the aIRRs of norovi-
rus decreases by 60%. However, cleaning vomit with paper
towels alone increased the aIRRs of norovirus by 30% [55]
(Table 3).

Pijnacker et al. supported this, showing that cleaning
child potties in designated areas and using chlorine-based

products for vomit reduced norovirus occurrences. They
also found that extra toy cleaning during outbreaks
and excluding symptomatic children decreased infec-
tions (Table 3). However, no significant links were found
between gastroenteritis and hand or food hygiene or rou-
tine kitchen cleaning [63].

Facility design Sandpits in childcare centres were found
to significantly increase the incidence of G. lamblia, noro-
virus, rotavirus, astrovirus infections [55, 63, 64]. In fact a
significant association was demonstrated only when sand-
pits co-exist with cats in one of the studies [64] (Table 3).
Paddling pools were also identified to be significantly
associated with norovirus and G. lamblia infections [55,
63] (Table 3).

Central cleaning stations, like diaper-changing areas
and laundry rooms, were linked to GAB infection [64].
A central diaper-changing area was also linked to higher
rates of all-cause gastroenteritis [55]. However, central
waste disposal stations and cleaning child potties in a
dedicated sink were associated with lower rates of noro-
virus infection [63] (Table 3).

Childcare ownership of animals was associated with
was associated with increased incidence of all-cause gas-
troenteritis [55]. In the other studies, the significance
couldn’t be demonstrated when presence of sandpits was
controlled [63, 64].
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Table 3 Childcare centre characteristics associated with gastroenteritis among children in high-income countries, 1990-2018

Risk factors

Pathogen/Gl condition

Study citation Significance

Childcare capacity

Norovirus
Personnel mixing between child groups Rotavirus
GAB
Staff multitasking C. hominis
Sandpits Norovirus
Paddling pools GUA
Norovirus
G. lamblia
Central diaper changing area GAB
Central laundry room GAB
Using chlorine tablets to clean vomit G. lamblia
G. lamblia

Using paper towels and detergent for vomit cleanup

All-cause gastroenteritis

All-cause gastroenteritis

55] alRRs=1.001, 95% Cl: 1.001-1.003
55 alRRs=1.001, 95% Cl: 1.001-1.002
aOR=240,95% Cl: 1-61-3-56
55 alRRs=1-80, 95% Cl: 1-00-3-60
65 aOR=4.70,95% Cl: 2.80-8.10

[
(55]
[64]
[

[
[55 alRRs=2-70, 95% Cl: 1-00-7-70
[

[

[

[

[

64

65 aOR=240,95% ClI: 1.10-5.10
55 alRRs=1-50, 95% CI:1-30-1-90
64 OR=4-30,95% Cl: 227-815
64] OR=203,95% Cl:1-16-3-55
aOR=3.60, 95% Cl 1.70-7.60
] aOR=2.30, 95% Cl:1.10-4.90
] alRRs=0.10, 95% Cl: 0.04-0.30
] aOR=0.29, 95% Cl: 0.11-0.76
] alRRs=0.6, 95% Cl: 0.40-0.70
5] alRRs=0.5, 95% Cl: 0.20-0.90
]
]
]
]

]
]
]
55] alRRs=1-90, 95% Cl:1-30-2-80
]
]
]

Daily cleaning of toys Astrovirus
Cryptosporidium 64 aOR=0.27,95% Cl: 0.08-0.92
Cleaning kids'potties in a normal sink Rotavirus 55 alRRs=1-90, 95% Cl: 1-:20-3-00
Daily cleaning of bed linens Norovirus 55 alRRs=0.70, 95% Cl: 0.50-0.90
Cleaning kids'potties at a disposal area Norovirus 64 aOR=0-37,95% Cl: 0-20-0-69
Disease control policies during a suspected outbreak
Extra cleaning of toys G. lamblia [55] alRRs=0.40, 95% Cl: 0.20-0.70
[64] aOR=0.25,95% Cl: 0.11-0.60
Norovirus [64] aOR=0.54, 95% Cl: 0.31-0.94
Excluding personnel with gastroenteritis G. lamblia [55] alRRs=0.50, 95% Cl: 0.30-0.80
All-cause gastroenteritis [55] alRRs=0.50, 95% Cl: 0.40-0.70
Excluding children with gastrointestinal symptoms Cryptosporidium [64] aOR=0.09, 95% Cl: 0.02-0.37
Not mixing of staff members in child groups Norovirus [55] alRRs=0.60, 95% Cl: 0.50-0.90
Separate toilet for ill children Rotavirus [55] alRRs=0.40, 95% Cl: 0.20-0.80

GAB, Giardia Assemblage B, GAA, Giardia Assemblage A, GUA, Giardia Unknown Assemblage

Miscellaneous exposure

Interaction with animals Owning dogs [59, 65], farm
animal ownership [54], visiting farms [54], and exposure
to animal faeces [65] were linked to higher rates of Cam-
pylobacter infection. Symptomatic giardiasis was associ-
ated with exposure to chicken or livestock at home [66].
Children in contact with dogs or cats had increased odds
of Y. enterocolitica infection [67] (Table 4).

Recreational behaviours Playing in the garden [68], soil
[53], and sandbox was linked to higher rates of C. jejuni,
Salmonella typhimurium (S. typhimurium), and Y. entero-
colitica infections, respectively [69] (Table 4).

Bathing in paddling pools [65], swimming in rivers [56],
and using public swimming pools, including eating and
restroom use [56] were associated with Campylobacter,
G. lamblia and Cryptosporidium infections, respectively
(Table 4).

Discussion

This scoping review aimed to chart the landscape of
research on modifiable factors linked to childhood gas-
troenteritis in high-income countries, as well as the
degree to which these factors vary across the aetiologic
agents of gastroenteritis. The study pinpointed sev-
eral modifiable factors within home settings and child-
care centers. Maternal literacy and the facility design
of childcare centers have shown a consistent significant
association with the occurrence of gastroenteritis. None-
theless, it is important to highlight that the importance
of these factors does not remain uniform across the dif-
ferent aetiologies. The review identified that parental lit-
eracy, in particular maternal literacy is associated with an
increased risk of GE is likely to occur through direct and
indirect effects [70]. Low levels of maternal literacy have
been associated with poorer health and nutrition out-
comes in children [62, 71]. This is consistent with previ-
ous studies that have demonstrated an inverse correlation
of parental literacy and childhood infections including
those that are responsible for gastroenteritis [71-73].
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Table 4 Recreational and animal contact behaviours associated with gastroenteritis among children in high-income countries,

1990-2018

Risk factors Pathogen/Gl condition Study citation Significance

Interaction with domestic animals

Contact with dogs or cats Y. enterocolitica [67] aMOR=3.10 95% Cl:1.20-8.30

Having a dog Campylobacter [59] aOR=3.80, 95% Cl: 1.50-9.70, p < 0.001
Campylobacter [66] OR=3.80,95% Cl: 1.10-13.10

Exposure to chicken or livestock G. duodenalis [63] aOR=4.36,95% Cl: 1.62-11.70, p=0.004

Ownership of farm animals Campylobacter [54] OR=240, 95% ClI: 1.40-4.40

Visiting farm animals Campylobacter [54] OR=2.80, 95% Cl:1.20-6.40

Contact with animal faeces Campylobacter [66] OR=62.40, 95% Cl: 8.20-472.60

Recreational behaviours

Playing in soil S. typhimurium [53] aOR=3.00, 95% Cl:1.10-8.17, p=0.032

Playing in garden Campylobacter [68] OR=1.83,95% Cl:1.05-3.19, p=0.033

Playing in a sand box Y. enterocolitica [69] aOR=1.70, 95% Cl:1.30-2.40; p=0.001

Bathing in paddling pools Campylobacter [66] OR=13.6,95% Cl: 1.90-97.00

Swimming in rivers G. lamblia [56] OR=440, 95% Cl:1.20-15.70

Eating at swimming pools Cryptosporidium [56] OR 6.46, 95% Cl: 2.60-16.05; p<0.01

Using the restrooms at pools Cryptosporidium [56] OR 3.40; 95% Cl: 1.42-8.17; p<0.01

The higher odds of G. lamblia infection among children
of mothers with lower literacy could be because mater-
nal literacy can impact child health through differences
in the utilization of health services, and acquisition of
positive childcare behaviours [74], adoption of personal
health practices, and understanding the consequences of
unhealthy lifestyles [75]. Furthermore, literacy level also
influences disease knowledge, transmission awareness,
and attitudes toward disease control [76]. Higher knowl-
edge leads to better adherence to protective behaviours,
indicating a positive link between literacy, awareness, and
compliance with preventive measures [77, 78]. Consider-
ing the significant impact of enhanced maternal literacy
on reducing childhood gastrointestinal infections (GE
[79], health promotion initiatives that target maternal
literacy improvement would be advantageous for disease
control programs.

Our review reports that Giardia lamblia/duodenalis
(G. lamblia/duodenalis) spreads person-to-person, as
seen in cases where contact with another infected person
is a significant factor [56]. This is backed by observations
of higher numbers of GE cases where there’s no com-
mon infection source [80]. Additionally, infection is more
common in younger children with poor personal hygiene
and toilet training [80]. The low infectious dose of as few
as 10 cysts supports the idea that transmission can occur
through contaminated fingers or fomites [81]. Similarly,
the association between Campylobacter infections and
contact with someone who has gastroenteritis in our
review suggests that person-to-person transmission
might be more common than previously thought [54, 57].
Studies comparing the rate of ant-C. jejuni and C. pylori
in institutionalized patients versus healthy controls have
found significantly higher antibody rates in patients [82].

Additionally, endoscopy workers, who were more likely
to be in close contact with infected patients also show
an increased incidence of C. pylori infection compared
to general practitioners [83], supporting the idea of per-
son-to-person transmission of Campylobacter infections.
Therefore, preventive measures against Campylobacter
infections should consider the person-to-person trans-
mission pathway, which is often overlooked.

Our review shows nappy use in young children poses
risks for campylobacteriosis [58], cryptosporidiosis
[61], and giardiasis [56]. Children wear nappies in their
first 2—3 years of life, [84] which is the age most epi-
sodes of gastroenteritis peak. Moreover, staff combin-
ing nappy changing and food preparation duties might
spread infections to other children directly or through
food contact [85]. Improper disposal of nappies could
also contribute to the persistence of diarrheal illnesses
in the home environment [86]. Conversely, it was shown
that using specialized diapering equipment together with
improved carer knowledge, skills, and awareness signifi-
cantly reduced diarrheal illness in children [84]. These
hygiene practices are also concern in childcare settings.
This review also shows that Giardia assemblage B (GAB)
infections were associated with dedicated nappy chang-
ing in a childcare centre. This could highlight the role of
centralizing diaper changing areas in cross infection of
children having their diapers changed, as these central-
ized areas could serve as a ‘hub’ for pathogens [55, 87].
Moreover, the anthroponotic transmission tendency
of GAB infections compared to Giardia assemblage A
(GAA) infections [64] could result in person-to-person
spread in contaminated environments. Similarly, the
significant association between having central laundry
room in a childcare centre and GAB infection [64] and
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diarrhoea [55] could be related to the hub hypothesis.
Additionally, childcare personnel may contract Giar-
dia by handling or washing infected clothes, and in turn
infect susceptible children [64]. Therefore, it is advisable
to take extra precautions regarding the hygiene standards
of these designated areas when a childcare center opts to
centralize nappy-changing operations.

Several characteristics of childcare centers have been
linked to different enteropathogen infections. Specifi-
cally, a larger number of children in a childcare setting
was significantly associated with increased prevalence
of norovirus, underscoring the virus’s significant poten-
tial for person-to-person transmission [55, 63]. The
extent to which a child’s likelihood of encountering infec-
tious agents within the childcare environment is deter-
mined predominantly by the facility’s size and the level
of crowding therein [88]. Increased capacity could result
in increased child/staff ratio and mixing of staff between
child groups. This could potentially decrease the ability
of staff to monitor hygiene closely, consequently raising
the risk of children being exposed to prevalent entero-
pathogens [89] through the chances of contact between
staff and toilet untrained children, leading to cross con-
tamination. Despite existing guidelines for caregiver/
child ratio, there are inconsistencies of compliance. For
example, in Scandinavia, staff that may not directly care
for children (e.g., preschool managers, cleaners, and oth-
ers) are included in the calculation of the average care-
giver/child ratio. This in turn affects the number of staff
that are directly involved in childcare [90].

Temporary exclusion ill children from a childcare cen-
tre reduces GE, but implementing this policy depends on
factors like beliefs about its effectiveness, staft availabil-
ity, parental work pressure, and concerns about exposure
[91]. Not all childcare centres have such policies [92, 93],
and even if they do, they may lack clear procedures to
implement them (e.g. in-house ill-child standard opera-
tional procedures (SOPs) [94]. Moreover, directors some-
times rely on personal judgment to exclude ill children,
leading to inconsistencies and confusion [91, 94]. Work-
ing parents may also struggle to comply due to employ-
ment concerns, as their absence to care for their ill child
may jeopardize their employment [55, 95]. Strict exclu-
sion policies might inadvertently lead parents to enrol
their sick children in childcare centers that have less
stringent disease control protocols [96] .

The significant association of sandpits in the incidence
and clustering of enteropathogens [55, 63] could be due
to the contamination of sandpits with animal faeces
(including free-ranging cats and other animals), or chil-
dren during vomiting or faecal accidents [55, 97]. The
idea that sandpits could be contaminated by animals can
be strengthened by the fact that strong statistical asso-
ciation was observed for gastroenteritis when sandpits
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co-exist with animals in the childcare centre [63, 64].
For some of the enteropathogen infections, this associa-
tion was lost when animal ownership was controlled [55].
Similarly, presence in the childcare centres of paddling
pools was also found to posing significant risk of acquir-
ing GE in children, mainly G. lamblia [63] and norovirus
[55, 63]. Evidence has shown that recreational water acts
as a vehicle for anthroponotic transmission of several
waterborne enteropathogens [98]. Additionally, many of
the enteropathogens survive longer in wet environment
that accommodates viability of the extra-corporeal forms
[56, 65, 69].

Animal contact represents another factor associated
with an increased incidence of Campylobacter [54, 59,
65], Giardia [66], and Yersinia enterocolitica (Y. entero-
colitica) [67] infections in children. Giardia has been
identified in the faeces of livestock [99], and epidemio-
logical evidence has indicated a correlation between
animal exposure and giardiasis [100, 101]. The correla-
tion between participation in activities involving soil and
gardens and the occurrence of GE, as demonstrated in
studies by Arnedo-Pena et al. and Mellou et al. may be
ascribed to the potential contamination of soil and gar-
dens with animal faeces [53, 68]. The substantial increase
in the risk of enteropathogen infection associated with
contact with animals’ faeces has already been substan-
tiated [65]. Consequently, children engaging in such
contact with animals should be under adult supervi-
sion. Emphasizing the importance of adhering to proper
hygiene measures during and after contact with animals
and their faeces, especially for children is imperative [65].

Limitations

The scoping review only included studies published in
English, which means important literature in other lan-
guages might have been left out. Also, the focus was on
gathering existing evidence rather than rigorously assess-
ing the quality of the studies included. This lack of formal
assessment increases the risk of bias in the included stud-
ies, potentially impacting how the results are interpreted.

Conclusion

The scoping review highlights the diverse landscape of
research on modifiable factors associated with gastroen-
teritis, shedding light on the complex interplay between
various pathogens, gastrointestinal conditions, and mea-
sured variables. While heterogeneity exists across stud-
ies, key insights emerge regarding the significant impact
of factors within domestic environments and childcare
settings.

Parental literacy in domestic settings and facility design
in childcare settings stand out as particularly influential
factors in the rate of GE. However, the review under-
scores the nuanced nature of these associations, with
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certain variables exhibiting significant correlations with
specific pathogens while not with others. Despite varia-
tions in findings, the review identifies a range of potential
modifiable factors contributing to gastroenteritis in both
domestic and childcare settings. From literacy levels and
hygiene practices to facility design and policy implemen-
tation, there exists a broad spectrum of variables that can
be targeted for intervention.

Moreover, the consistency of findings regarding the
association between parental literacy, particularly mater-
nal literacy, and gastroenteritis suggests a promising
avenue for future research. Understanding community
awareness, perceptions, and preventive practices related
to gastroenteritis can further elucidate the intricate rela-
tionship between literacy and public health outcomes,
informing more targeted interventions. Moving forward,
engaging with stakeholders to gather their perspectives
on the issue of gastroenteritis will be crucial in develop-
ing effective policies and interventions. By incorporating
diverse viewpoints and aligning strategies with commu-
nity needs, public health efforts can be more respon-
sive and impactful in mitigating the burden of GE and
improving overall community health.
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