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Abstract

Despite significant progress in the last few decades, infectious diseases remain a major

threat to child health in low- and middle-income countries (LMICs)—particularly amongst

more disadvantaged groups. It is imperative to understand the best available evidence con-

cerning which public health interventions reduce morbidity, mortality and health inequalities

in children aged under five years. To address this gap, we carried out an umbrella review (a

systematic reviews of reviews) to identify evidence on the effects of public health interven-

tions (promotion, protection, prevention) on morbidity, mortality and/or health inequalities

due to infectious diseases amongst children in LMICs. Ten databases were searched for

records published between 2014–2021 alongside a manual search of gray literature. Arti-

cles were quality-assessed using the Assessment of Multiple Systematic Reviews tool

(AMSTAR 2). A narrative synthesis was conducted. We identified 60 systematic reviews

synthesizing 453 individual primary studies. A majority of the reviews reported on preventive

interventions (n = 48), with a minority on promotion (n = 17) and almost no reviews covering

health protection interventions (n = 2). Effective interventions for improving child health

across the whole population, as well as the most disadvantaged included communication,

education and social mobilization for specific preventive services or tools, such as immuni-

zation or bed nets. For all other interventions, the effects were either unclear, unknown or

detrimental, either at the overall population level or regarding health inequalities. We found

few reviews reporting health inequalities information and the quality of the evidence base

was generally low. Our umbrella review identified some prevention interventions that might
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be useful in reducing under five mortality from infectious diseases in LMICs, particularly

amongst the most disadvantaged groups.

Introduction

The reduction of child mortality and improvement of child health over the last thirty years has

been one of the greatest successes achieved in global health [1]. Globally, under five mortality

has declined from 85.9 deaths per 1 000 live births in 1990 to 37.1 in 2019 [2–5]. However, this

burden remains unevenly distributed both within and between countries. According to the

Institute for Health Metrics and Evaluation (IHME) Global Burden of Diseases (GBD) esti-

mates for 2019, under-5 mortality represented more than a third of all deaths in low-income

countries whereas it is less than 10% of all deaths globally [5]. Within countries, inequalities in

health have been identified across many socio-economic factors. Household surveys from the

Millennium Development Goals era show that children from the poorest households are

almost twice as likely to die before the age of five compared to their wealthiest counterparts

[1]. Similarly, children born from mothers with no education are almost three times as likely

to die than those born from mothers with secondary or higher education [1]. Inequalities are

not only found between the most privileged and the most deprived groups but also within
deprived groups. For example, a 2018 report by the United Nations Children’s Fund (UNI-

CEF) reveals that inequalities in child health indicators and outcomes not only vary between

rural and urban populations but also within urban populations [6].

Despite major progress in fighting infectious diseases [7, 8], the disease burden in children

under five remains significant, especially in low- and middle-income countries (LMICs) [9].

According to IHME 2019 GBD estimates, lower respiratory infections such as pneumonia,

diarrheal diseases, malaria, HIV/AIDS and even vaccine-preventable diseases like measles

remain among the leading causes of deaths and illness in children under five living in

LMICs [9]. Since effective means of prevention and control for many infectious diseases exist

[10–12], any inequalities in the burden of these diseases between population groups or coun-

tries are an equity issue as they are “avoidable inequalities in health between groups of people

within countries and between countries [arising] from inequalities within and between socie-

ties” [13].

The evidence base concerning the effect of public health interventions on health inequalities

in children is growing globally. However, gaps remain. Among these gaps in the literature on

child health and public health interventions is a persistent lack of explicit or broad focus on

equity issues in systematic reviews [11, 14–17]. Additionally, the majority of available evidence

on equity and public health comes from high-income countries, for children and adults alike

[14, 18–20].

In this umbrella review, we aim to address some of these gaps by searching for public health

interventions that are effective in reducing morbidity, mortality and health inequalities from

infectious diseases (as defined by the 11th International Classification of Diseases [21])

amongst children under five years of age living in LMICs. More specifically, we aim to answer

the following research questions:

• Which public health interventions are effective in reducing morbidity and mortality from

infectious diseases amongst children in LMICs?

• What are the effects of these interventions on health inequalities?
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Model, framework or theory

In line with the concept of population health [22], we defined public health interventions

as policies, programs or actions aiming at “preventing disease, prolonging life and promot-

ing health through the organized efforts of society” [23] and “shift[ing] the distribution of

health risk by addressing the underlying social, economic and environmental conditions”

[24].

The analytical framework of our review (Fig 1) builds on the framework proposed by Bam-

bra et al. [25], itself developed from the health inequalities conceptual literature [26–28]. Using

this framework, we identified four levels of interventions: the structural and macro-policy level
(the macro-economic, cultural and environmental context that influences the living standards

of the whole population), the public policy level (policies that influence the environments in

which people live, work or study), the social networks and community level (the collective

actions that affect the health of communities and local areas by building social cohesion and

mutual support), and the individual or household level (the interventions and strategies target-

ing the health of individual people or households). Then, we identified three conceptual inter-

vention approaches to populations and health inequalities, as well as three equity objectives for

these interventions. These include targeted approaches (directed at specific groups—i.e.

deprived, vulnerable or disadvantaged groups—in a population), universal approaches (inter-

ventions that apply uniformly to the population) or proportionate universalism (interventions

that are applied universally but their intensity and scale is proportionate to the level of disad-

vantage or health gradient across that population) [29]. Following Graham’s typology [26], our

framework identifies three equity objectives for these interventions: “remedying health disad-
vantages”, which addresses the health needs of the most deprived or disadvantaged population;

“narrowing health gaps”, which focuses on reducing the difference in health found between the

most privileged and the most disadvantaged groups; and “reducing health gradients”, which

aims to reduce health differences across the whole population.

To reflect this umbrella review’s focus on public health interventions, our framework was

augmented with the three core public health functions or services identified by the World

Health Organization Regional office for Europe’s (WHO EURO) as essential public health

operations [30]: promoting child health, protecting children from infectious diseases and pre-
venting such diseases. Following WHO EURO’s definition, health promotion is defined as

intersectoral and interdisciplinary operations enabling people to maintain or improve their

health and its determinants. Health protection covers the use of legal, regulatory or enforce-

ment mechanisms to safeguard public health. Finally, prevention involves the targeting of indi-

viduals or populations at risk of developing a disease using public health services within the

Fig 1. Analytical framework to understand the effect of public health interventions on health inequalities in

LMICs [33].

https://doi.org/10.1371/journal.pone.0251905.g001
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health system [30]. However, WHO EURO recognizes that certain actions may overlap

between these three different public health functions [30]. Therefore, we used the Campbell

Collaboration and UNICEF Office of Research- Innocenti evidence mega-map on child wel-

fare [15] and feedback from researchers contacted by the review team to identify and define

broad types of interventions under each of the three core public health functions (see S1

Appendix). Secondary prevention activities (early detection of a disease before it becomes

symptomatic), tertiary prevention activities (involving improving treatment and recovery,

improving the health outcomes in those already affected by a disease) [31] and curative

approaches were excluded.

Materials and methods

We conducted an umbrella review to identify systematic reviews or evidence synthesis of pub-

lic health interventions which reduce morbidity, mortality and/or health inequalities due to

infectious diseases amongst children (aged under five years) in LMICs. An umbrella review,

also called an ‘overview of reviews’ or ‘review of reviews’, involves the compilation and synthe-

sis of evidence from multiple (systematic) reviews into a single, easy-to-use document [32].

The full methodology has been described in a published protocol (see S2 Appendix) [33],

which was also registered with PROSPERO (Registration number: CRD42019141673). The

PRISMA-E checklist [34] for this review is attached in S3 Appendix.

Search strategy

The following databases were searched from January 2000 until January 2021 (by EB): the

Cochrane Library (includes the Cochrane Database of Systematic Reviews, the Cochrane Cen-

tral Register of Controlled Trials and the Cochrane Clinical Answers), Medline (Ovid),

EMBASE (Ovid), the CAB Global Health database (Ovid), Health Evidence (McMaster Uni-

versity), the Campbell Collaboration Library of Systematic Reviews (The Campbell Library),

International Initiative for Impact Evaluation Systematic review repository (International Ini-

tiative for Impact Evaluation - 3ie), Scopus (Scopus), the Social Sciences Citation Index (SSCI,

Web of Science) and Prospero (Centre for Reviews and Dissemination, University of York).

These search dates allowed us to capture the increased efforts in improving child health further

to the adoption of the Millennium Development Goals (MDGs). However, given the number

of reviews captured in the search that had been updated several times within these dates, the

records were later limited to records published from January 2014 (i.e. in the five years before

the initial search) until January 2021 (the date of the updated search). Research librarians

(MRJ, AK) provided guidance and support in the choice of databases and the design of the

search strings. These search strings involved a combination of MeSH terms and free-text key-

words. They were piloted in Medline (via Ovid) and Scopus (see S4 Appendix). Once finalized,

we (EB) adapted the search strings for each database. To facilitate their translation from one

database to the other, we used the Polyglot Search Syntax Translator [35, 36], No restriction of

language was applied.

In addition to the searching of these databases, we (EB) performed a manual search in Goo-

gle Scholar and on the following international organizations’ websites, using selected

keywords:

• UNICEF Office of Research–Innocenti [37]

• UNICEF [38, 39]

• World Health Organization (WHO) [40, 41]
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The full search strategy for both the databases and manual searches can be found in

S5 Appendix.

Finally, and in addition to what was stated in our protocol, we (EB/TM or EB/DS) con-

ducted citation follow-up by searching the reference lists of umbrella reviews captured by this

search for potential additional records. The umbrella reviews themselves were excluded from

our review. For the systematic review protocols captured in our search, we (EB, TM, DS)

searched for the review’s full text or contacted the authors to inquire about the status of the

review.

Selection criteria

The inclusion/exclusion criteria (Table 1) were defined a priori using PICOS:

• Population: children under five years old or households with at least one child under five

years old, living in countries that have been listed as low-, lower middle or upper middle-

income by the World Bank at least once from 2000 to present [42].

• Intervention: public health interventions targeting infectious diseases or associated risk fac-

tors in children, as defined in our framework.

• Comparison/control: systematic reviews and evidence synthesis of primary studies with

control groups or other comparison groups, such as pre- and post- or alternative interven-

tion comparisons. If no control or comparison was provided, the study was excluded.

Table 1. Inclusion/exclusion criteria.

Inclusion Exclusion

The review team has access to the publication’s full text. The publication’s full text cannot be obtained by the

review team (e.g. reviews withdrawn or unpublished)

The article was published after 2014. The article was published before 2014.

The publication is an academic article or a report of a

systematic review (including a meta-analysis) or an

evidence synthesis as defined in PICOS, synthesizing at

least 2 relevant primary studies.

The publication is a primary study, an umbrella review, a

conference proceeding or paper, an abstract, editorial,

letter, comment, erratum, survey, note or a doctoral

thesis; or does not meet one or more of the three key

elements of systematic reviews and evidence syntheses as

defined in PICOS; or does not synthesize at least 2

relevant primary studies.

The publication covers exclusively or synthesizes

separately, studies in countries defined at least once

since 2000 as low-, lower-middle or upper-middle-

income by the World Bank historical classification [42].

The publication only includes interventions in country/

ies the World Bank historical classification has

continuously defined as high-income between 2000 and

2019 [42], or does not synthesize or report on low-,

lower-middle or upper-middle-income countries

separately.

The publication covers interventions targeting children

from livebirth until five years old or households with

children under five years old.

The publication only includes interventions targeting

adults, pregnant women, adolescents or children older

than five years old; or fail to synthesize primary studies’

results for the under-5 age group separately.

The publication covers active, collective health

promotion, health protection or primary prevention

public health interventions addressing or affecting the

burden of infectious diseases or their risk factors.

The publication only includes curative interventions or

secondary or tertiary prevention interventions; is not

addressing or affecting the burden of infectious diseases

or their risk factors; or only report trends in individual

behaviors without any actions aiming at changing or

influencing them.

The publication reports health or health inequalities

outcomes in and between populations, disaggregated by

one or more of the PROGRESS+ factors as defined in

PICOS.

The publication does not include a relevant overall health

outcome or disaggregated information by or between

population groups.

https://doi.org/10.1371/journal.pone.0251905.t001
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• Outcomes: both health and health inequality outcomes reflecting the effectiveness of the

intervention. Primary outcomes included overall population level measures of mortality,

morbidity or service uptake and coverage reflecting the effectiveness of the intervention. Sec-

ondary outcomes included health inequality measures (defined as variations between groups

or populations) in these primary health outcomes according to the Progress + factors [43,

44]: Place of Residence, Race/ ethnicity/ cultural background, Occupation, Gender and sex,

Religion, Education, Social capital, Socio-economic status, Others (e.g. age or health status)

• Study design: systematic reviews (including meta-analyses) and evidence syntheses covering

at least two relevant primary studies and published since 2014. The primary studies covered

by individual reviews included both randomized and non-randomized design. Following the

criteria of the Database of Abstracts of Reviews of Effects (DARE) [45], we identified three

key elements for systematic reviews or evidence syntheses to be included in this umbrella

review: 1) a clear question, 2) a transparent method for the search, selection and appraisal of

evidence or studies and 3) a separate synthesis of the results or evidence meeting this

umbrella review’s scope and inclusion criteria. When a review had been updated, only the

most recent version was included.

Screening

We used Endnote x9 to remove duplicates from the list of citations [46]. The duplicates that

failed to be captured by the software were removed manually during screening. Article screen-

ing was carried out using the software Rayyan [47]. For articles in languages other than

English, reviewers were supported by a translator or a native speaker. One reviewer (EB)

screened citation titles and abstracts. A random ten percent sample was screened indepen-

dently by a second reviewer (KT). Discrepancies were resolved by consensus and with the dis-

cussion with the team (DS, TM, AT). Agreement between reviewers was high (95% of the

articles, kappa score Ƙ = 0.63). All full texts were assessed independently by two reviewers

(first team: TM, EB; second team: DS, EB). Discrepancies were resolved by consensus or with

the arbitration of the third reviewer. Agreement was high (85%of the articles, kappa score Ƙ =

0.63 for the first team, 94% of articles, kappa score Ƙ = 0.65 for the second team).

Data extraction

The extraction template was developed a priori at the same time as the protocol for this review.

This form (S6 Appendix) was piloted by three reviewers (EB, TM, DS) and checked by a fourth

(KT) using a sample of three articles [48–50]. Once the template was finalized, individual arti-

cles were extracted by one reviewer and checked by a second.

Quality appraisal

Each extractor (EB, TM, DS) critically appraised individual articles using the Assessment of

Multiple Systematic Reviews tool (AMSTAR2) at the same time as the data extraction (see S6

Appendix) [51]. Then, this appraisal was checked by a second reviewer (EB, TM, DS). Discrep-

ancies were resolved by consensus.

Overlaps between studies

As part of the extraction, each reviewer listed the relevant primary studies covered by individ-

ual review into a citation matrix developed by Thomson et al. [52] in order to identify overlaps
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(S6 Appendix). This list was checked by a second reviewer alongside the critical appraisal and

extraction sheet.

Data synthesis

The broad scope of interventions, study designs and type of outcomes included in this umbrella

review made quantitative analysis difficult. Hence, the systematic reviews were narratively synthe-

sized using the framework in Fig 1. The results were grouped first by level of interventions, public

health functions, and then by approach to population for analysis. To ensure the comparability of

individual reviews’ results, they were synthesized according to broad types of interventions previ-

ously defined (S1 Appendix). When contradictory or heterogeneous results were found within the

same category, these were explored according to the quality of the review, the quality of the evi-

dence base, the characteristics of the review. the details of the intervention and the detail of the

population and setting of the intervention. The findings of high- and moderate-quality reviews

were also synthesized separately for each category. When narrating findings from reviews synthe-

sizing together different levels of intervention, we took the pragmatic decision to synthesize

together the results for the structural and policy levels, and those for the community, households

and individual levels. Due to the number of reviews covering certain types of interventions, these

were further divided into smaller categories according to their aim or main components.

Ethical approval

This review exclusively worked with anonymous, group-level information available from pub-

lished reviews. As a result, there is no risk to identifying individual data or disclosing confiden-

tial information. This study did not require ethical approval.

Results

As shown in the PRISMA chart (Fig 2), the database searches identified 17 895 citations while

the website searches identified 105 records. After removing duplicates, a total of 8 980 unique

citations were screened for titles and abstracts, leading to 393 full texts being assessed. The ref-

erence lists of umbrella reviews captured by these searches were screened manually but did not

identify any further citations matching our criteria that were not already captured by previous

searches. Finally, 60 systematic reviews reporting on 453 individual primary studies (587 refer-

ences) were included in our qualitative synthesis. The list of excluded records at full text assess-

ment and reasons for exclusions can be found in S7 Appendix.

Of the 453 individual primary studies covered, twenty-one percent were covered in more

than one review (S8 Appendix). For each broad type of intervention, we identified the number

of studies overlapping across reviews using the citation matrix developed by Thomson et al.

[52]. We reported the number of individual studies actually covered in the results, to reflect

the size of the evidence base. Our umbrella review focused on reviews’ syntheses and did not

re-analyze the findings of the primary studies covered. Hence, we did not exclude overlapping

studies from our synthesis. However, these overlaps were reflected in our analysis of the evi-

dence base and heterogeneity of findings on individual intervention’s impact.

Quality of the evidence

Overall, the quality of the reviews was mixed (see Table 2). While 57% of them rating as low or

critically low on the AMSTAR 2 tool, a third were rated as high quality and 10% were of mod-

erate quality. Fig 3 shows the occurrence of methodological and reporting weaknesses from

the AMSTAR 2 checklist found across the 60 reviews we included.
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Summary of studies characteristics

Included reviews covered 23 narrative or qualitative reviews, 20 meta-analyses and 17 mixed-

methods reviews which had both a quantitative and qualitative synthesis. The primary studies

covered 72 different LMICs with four countries–India, Bangladesh, Brazil and Pakistan–

accounting for over a third of the studies (Fig 4).

The vast majority of included reviews covered interventions aiming at preventing infectious

diseases in children [49, 50, 54–59, 62, 64, 65, 68, 69, 71–82, 84–99, 101, 102, 104, 106, 108–

110]. Over a quarter included health promoting interventions [48, 49, 60–64, 66, 67, 70, 72, 78,

Fig 2. PRISMA chart [53].

https://doi.org/10.1371/journal.pone.0251905.g002

Table 2. Quality assessment of included reviews.

Amstar 2 overall rating Number of reviews Reference

High 20 [48, 49, 54–71]

Moderate 6 [72–77]

Low 9 [50, 78–85]

Critically low 25 [86–110]

https://doi.org/10.1371/journal.pone.0251905.t002
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83, 92, 103, 107] and only two covered health protection interventions [100, 105]. The descrip-

tion of the various interventions covered can be found in Tables 3–5.

Looking at the number of included reviews per intervention level, two reviews included

interventions at the structural level [49, 85], twenty-five covered interventions at the public

policy level [49, 55, 58, 62, 64, 68, 69, 72, 78, 81, 83, 85–88, 90, 91, 93, 97, 98, 101, 102, 104, 108,

110], twenty-four at the community level [50, 59, 62, 64, 65, 69, 72–74, 76, 78, 80, 82, 84, 85,

89, 92, 95–97, 99, 100, 106, 109] and twenty-five at the individual level [48, 55–57, 60, 61, 63,

64, 66, 67, 69–71, 75, 77, 79, 80, 84, 90, 92, 94, 99, 103, 105, 107]. As the numbers show, indi-

vidual reviews often included interventions covering several levels. Hence, we took the prag-

matic decision to report together the impact of structural and policy level interventions (found

in 25 reviews), and also combined the impact of community, households and individual level

interventions (found in 44 reviews), under each of our three key public health functions: pro-

motion, prevention, protection. Four reviews also included multilevel interventions that were

analyzed separately [62, 69, 85, 97].

Regarding approaches to health inequalities adopted by the interventions covered, the vast

majority of reviews (forty-five in total) included interventions with a universal approach

Fig 3. Included reviews’ methodological weaknesses identified according to the AMSTAR2 checklist [51]. (�) Items

identified as critical in the AMSTAR2 tool checklist.

https://doi.org/10.1371/journal.pone.0251905.g003

Fig 4. Distribution of the primary studies covered in included reviews, by countries�. � Seven primary studies from

Lamberti et al. [93] were only identified by their country development category and world region. These studies

couldn’t be represented in this map.

https://doi.org/10.1371/journal.pone.0251905.g004
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[48, 50, 55, 58–63, 66–68, 71–74, 77–81, 85–88, 90–102, 104–108, 110]. Twenty-six reviews

included interventions adopting a targeted approach [48, 49, 54, 56, 57, 62–65, 67, 68, 70, 72,

75, 76, 78, 82–85, 89, 92, 97, 99, 103, 109], and ten included a mix of both approaches [48, 62,

63, 68, 72, 78, 85, 92, 97, 99]. None of the included reviews described interventions adopting a

proportionate universalism approach.

Only twenty reviews reported intervention effects across different groups [48, 50, 58, 63, 68,

69, 72, 77, 80, 81, 83, 88, 93, 94, 97, 99, 102, 104, 109, 110]. Another twenty one reviews

reported the interventions’ effect on targeted disadvantaged groups as one population [49, 54,

56, 57, 61–64, 67, 75, 76, 82–85, 88, 89, 92, 97, 99, 103]. In terms of factors of disadvantages or

variations in health covered by these studies, the most common ones found in the reviews are

health-related vulnerabilities or higher needs (e.g. areas with low service coverage, HIV

affected families, disease-endemic areas), the place of residence (and the rural/urban divide in

particular), and the children’s age group (e.g. infant versus children between 1 and 5 years

old). Factors related to socio-economic status, parental education or race were far less

common.

Tables 3–5 summarize the results from the reviews on the effects of the promotion, preven-

tion and protection interventions on child health and health inequalities. A description of all

included reviews is available in S9 Appendix.

Promoting child health

We found seventeen reviews that evaluated interventions promoting child health [48, 49, 60–

64, 66, 67, 70, 72, 78, 83, 85, 92, 103, 107]. Seven covered interventions at the structural and

policy intervention level [49, 62, 64, 72, 78, 83, 85], one included multilevel interventions and

twelve looked at interventions at the community, households and individual level. [48, 60–63,

66, 67, 70, 78, 92, 103, 107], as summarized in Table 3.

Promoting child health—Structural and policy level interventions. Of the twenty-five

reviews that cover interventions at the structural and policy levels, seven looked at interven-

tions promoting child health. These covered two main types of interventions: contracting out

health promotion services to non-governmental service providers, and financial and non-

Table 4. Overview of interventions protecting children from infectious diseases covered by the reviews and their impacts on child health and health inequalities.

Public health

function

Level of

intervention

Approaches to

population and

health inequalities

Intervention

(n = number of

reviews)

Description of the

intervention covered

Impacts on child health at

population level

Impacts on health

inequalities in

children

Protecting

children from

infectious

diseases

Structural and

policy levels

Universal No review found
Targeted No review found

Multilevel

intervention

Universal No review found
Targeted No review found

Community,

households and

individual levels

Universal Improved

cookstoves (n = 2)

Providing improved

cookstoves to households to

reduce household air

pollution (n = 2)

No effect on child morbidity

from pneumonia or acute

respiratory tract infections of

any severity (n = 2)

Unknown

Targeted No review found

(n =): Number of reviews covering this type of intervention.

Green cell: Beneficial intervention effect on the outcome of interest.

Blue cell: Neutral intervention effect on the outcome of interest.

Orange cell: Inconclusive/mixed intervention effect on the outcome of interest.

Red cell: Detrimental intervention effect on the outcome of interest.

https://doi.org/10.1371/journal.pone.0251905.t004
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financial assistance and incentives. All of these interventions had a targeted approach, focusing

on the impacts on the most disadvantaged in society.

Contracting out health promotion services (1 review). One high-quality review covering two

primary studies explored the effects of contracting out health services to non-governmental

service providers to improve service utilization and health outcomes in rural, under-resourced

communities [49]. One study covered by this review includes contracting out child health pro-

motion services in Cambodia, which addressed two factors of disadvantages: residence (rural)

and income (under-resourced communities). The review found low-quality evidence that the

intervention had no effect on diarrhea incidence in children from these vulnerable groups.

Therefore, it can be considered as having a neutral effect on health disadvantages.

Financial and non-financial assistance and incentives (6 reviews). Six reviews reported on

the effects of financial and non-financial assistance and incentives to poor or vulnerable fami-

lies and communities on child immunization coverage and uptake [62, 64, 72, 78, 83, 85]. One

review by Owusu-Addo & Cross [83] also reported on the effect of conditional cash transfer

on morbidity risks in children from selected infectious diseases. Two of these reviews were

assessed as high methodological quality [62, 64], three as low [78, 83, 85] and one as moderate

quality [72].

Among the factors of vulnerabilities addressed by these reviews, five covered interventions

targeting poverty or low socio-economic status, with a particular focus on rural communities.

Higher health needs were also found as factors of disadvantages in studies across all reviews.

Despite covering five of the same programs and four of the same primary studies, the find-

ings of these reviews are mixed or even contradictory. The same trial from India—covered by

three reviews [62, 72, 78]—shows moderate-quality evidence that food incentives can improve

child immunization coverage. This would suggest that food incentives may be effective in

addressing the health disadvantage these communities face in terms of immunization cover-

age. Referring to this trial, Jarrett et al. [72] pointed out that addressing the basic needs of the

community as this intervention did, could be particularly relevant to building trust and

expanding services in underserved and disadvantaged communities. Another study of non-

monetary incentives at immunization visit covered by Johri et al. [62] also found this type of

incentive effective in addressing the health disadvantage of the rural communities covered by

improving immunization coverage.

Five reviews covered monetary incentives such as cash transfers or vouchers, with or with-

out additional services [62, 64, 78, 83, 85]. Owusu-Addo & Cross [83] concluded that condi-

tional cash transfers were effective both in improving child immunization coverage and in

reducing morbidity risks from diarrhea and acute respiratory infections (ARI) in the targeted

communities. Johri et al. [62] and Munk et al. [85] also concluded that selected types of incen-

tives were effective in improving immunization coverage, although they highlighted a high

risk of bias in the included studies and that there was heterogeneity in the results. In contrast,

the reviews by Bright et al. [78] and Oyo-Ita et al. [64] found either mixed or no effect of mone-

tary incentives on child immunization. The cause for these contradictions, including in the

appraisal of the same evidence, is unclear. However, it should be noted that the reviews by

Bright et al., Johri et al. and Oyo-Ita et al. [62, 64, 78] included a wider variety of programs,

including non-conditional cash transfer and vouchers, which may partially explain the dis-

crepancies and heterogeneity. The review by Oyo-Ita et al. [64] also noted that in three of the

programs, children above two years old had no improvement in immunization coverage, thus

suggesting a potential neutral or detrimental effect on inequalities between age groups. Look-

ing specifically at the two high-quality reviews [62, 64], both highlighted the heterogeneity and

uneven quality of the included studies and their findings. This may partially explain the con-

tradictory conclusions these two reviews drew on the effect of incentive-based programs.
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Therefore, we cannot conclude at this point on the effectiveness of such interventions in

addressing health disadvantages.

Promoting child health—Community, household and individual level interventions.

Of the forty-four reviews that cover interventions at the community, households and individ-

ual levels, twelve looked at interventions promoting child health. These covered two main

types of interventions: nutrition supplements and health promotion education given to care-

givers. Of the nine reviews covering nutrition supplements, six included interventions adopt-

ing a universal approach to health equity and four included interventions adopting a mixture

of universal and targeted approaches. The reviews covering health promotion education to

caregivers also adopted a mixture of universal and targeted approaches.

Nutrition supplements (9 reviews). Nine reviews addressed the effect of nutrition supple-

ments on child morbidity and mortality from selected infectious diseases [48, 60, 61, 63, 66,

67, 70, 103, 107]. Seven of these reviews were assessed as high methodological quality [48, 60,

61, 63, 66, 67, 70] and two as critically low quality [103, 107].

Three of the reviews covered eighteen individual studies on zinc supplementation given in

different formats and dosage to children, with or without other nutrition interventions [48, 63,

107]. Two reviews assessed the effect of this intervention on respiratory infection morbidity

(including pneumonia) [63, 107], one on diarrhea incidence [107] and one on otitis morbidity

[48] in the general population. Lassi et al. [63] and Tam et al. [107] reached opposite conclu-

sions on the effect of zinc supplementation on respiratory infections in children. While Lassi

et al. [63] found low-quality evidence that zinc supplementation reduced child morbidity from

pneumonia, Tam et al. [107] found no significant effect of the intervention on lower respira-

tory tract infections (LRTI—including pneumonia, evidence quality unknown). Many factors

may explain this contradiction, including the definition of the outcome observed, the quality

of the reviews (high vs. critically low, respectively) or the year of the search and number of

studies: Tam et al. is more recent and includes 10 new trials compared to Lassi et al. However,

the lack of details on the studies included in Tam et al.’s meta-analysis makes further compari-

son difficult. Since Lassi et al. also highlighted the low-quality of the evidence available, we

conclude that further research is needed to assess the effect of zinc supplementation on respi-

ratory infections in children living in different contexts. Tam et al. [107] also assessed the effect

of this intervention on diarrhea incidence and found a positive effect of zinc supplement on

this outcome, although the meta-analysis showed high heterogeneity. Finally, Gulani and Sach-

dev [48] found no effect of the supplements on otitis morbidity in the general population. If

we are to focus exclusively on the findings of high-quality reviews, there is low-quality evi-

dence that zinc supplementation reduces pneumonia morbidity but has no effect on otitis [48,

63]. Assessing their impacts on health inequalities, these two reviews reported results for some

vulnerable or disadvantaged populations. Lassi et al. [63] found low-quality evidence that zinc

supplementation reduced child morbidity from pneumonia in specific groups such as popula-

tions living in slums, low-economic status neighborhoods or populations affected by HIV.

Gulani and Sachdev [48] found studies which suggested a positive effect of the supplement for

infants or malnourished children. However, Gulani and Sachdev [48] concluded that this evi-

dence is currently insufficient to draw definitive conclusions on the benefits of zinc supple-

mentation for specific vulnerable groups.

Three reviews [60, 61, 107] cover eleven individual randomized controlled trials (RCTs) of

mixed quality giving vitamin A to neonates, infants or children alongside other vitamin sup-

plements or selected vaccines. None of the reviews, including the two-high-quality reviews,

found any effect from the interventions on either morbidity nor mortality from diarrheal

infections, meningitis or respiratory infections (ARI or LRTI). The reviews did not report dis-

aggregated effects of the interventions for different population groups, although the trials
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captured by Haider et al. [60]’s review all took place in populations with high prevalence of

either vitamin A deficiencies or HIV. Whether this review’s finding could inform targeted

nutrition interventions in these groups would require further research.

As for other micronutrient supplementation interventions in the general child population,

Tam et al. [107] found no effect of multiple micronutrient (MMN) supplementation capsules

or tablets, or of iron or iron/Folic acid supplementation on diarrhea morbidity. Finally, Eaton

et al. [66] concluded that there was insufficient evidence to assess the effect of animal-source

foods on infectious disease morbidity outcomes in infants and children across different set-

tings. Neither reviews reported disaggregated effects of the intervention for different popula-

tion groups.

Four reviews included nutrition supplementation interventions that adopted a mixture of

universal and targeted approaches. Three reviews, covering two cross-sectional studies and

twelve RCTs, examined the effects of point-of-use multiple micronutrient powder

(POU-MNP) sachets or fortified flour provided to caregivers to be mixed with infants and chil-

dren’s food before consumption [67, 103, 107]. The findings of these reviews were mixed.

While Carroll et al. [103] found that POU-MNP reduced diarrhea incidence amongst refugee

children, Tam et al. [107] found evidence that the intervention actually increased diarrhea

prevalence in healthy children. Meanwhile, Suchdev et al. [67] found no effect of POU-MNP

in infants living in a variety of settings. The difference in settings and populations may explain

these mixed findings. The reviews by Carroll et al. [103] and Suchdev et al. [67] included stud-

ies in vulnerable populations—such as children living in refugee camps, slums or malaria-

endemic areas, while Tam et al. [107] focused on the general population. Looking at the only

high-quality review, Suchdev et al. [67] concluded that the evidence was currently insufficient

to conclude on the effect of POU-MNP on diarrhea morbidity or on other infectious diseases

outcomes the review explored, such as malaria or upper respiratory tract infections. The fact

that all three reviews acknowledge some contradictions or heterogeneity in their results further

supports Suchdev et al.’s conclusions on insufficient evidence.

The last review looking at nutritional interventions is Imdad et al. [70]’s meta-analysis on

neonatal oral probiotics/synbiotics supplementation added to breast milk and/or formula at

various dosages and frequency. Although the review did not limit its search to specific groups

of newborns, all twenty-one RCTs reporting on neonatal sepsis took place amongst low-birth-

weight or preterm babies, primarily in hospital settings in middle-income countries. The

authors found high-quality evidence that probiotics supplementation reduced the risk of sepsis

amongst these vulnerable groups of neonates. Whether these findings could be extended to the

general population or community settings requires further research. The review did not disag-

gregate the results further according to other factors of vulnerabilities or inequalities.

Health promotion education to caregivers (3 reviews). Three reviews covering 13 individual

studies addressed the effect of health promotion education to caregivers of children under five

years old by health workers at community or individual levels [62, 78, 92]. Two reviews [62,

78], assessed as low and high methodological quality respectively, show mixed results on

immunization uptake and coverage. Both reviews cover the same types of delivery mechanism

(such community health workers, community groups, information session). Johri et al. [62],

where both the review and the studies it covers were assessed as high quality, found these inter-

ventions had a positive effect and there was low heterogeneity among the studies covered.

Conversely, Bright et al. [78], where both the review and its studies were assessed as lower

quality, showed mixed results. It should be noted that several of these studies combined health

promotion education with other interventions, which may explain the discrepancies. Finally,

two studies covered by Flórez et al. [92] showed a positive effect of the intervention on morbid-

ity from diarrhea and one study showed a positive effect on malaria morbidity. As all three

PLOS ONE Umbrella review: Public health interventions, health inequalities and child health in LMICs

PLOS ONE | https://doi.org/10.1371/journal.pone.0251905 June 10, 2021 15 / 33

https://doi.org/10.1371/journal.pone.0251905


reviews brought together both targeted and universal interventions, it is difficult to draw defin-

itive conclusions on the effect of these interventions on health inequalities.

Protecting children from infectious diseases

We found two reviews covering a health protection intervention (Table 4). It was implemented

at the household level and covered the impact of improved cookstoves to households [100, 105].

Improved cookstoves (2 reviews). Only two reviews, assessed as critically low quality, covered

the effectiveness of improved cookstoves to reduce respiratory infection morbidity and mortal-

ity associated with household air pollution [100, 105]. Based on seven studies (six RCTs and a

cohort study) covering almost exclusively rural communities in Latin America, Sub-Saharan

Africa and one study in Nepal, this intervention had no effect on child morbidity from pneu-

monia or ARI of any severity. Due to the geographical and demographic specificities of the

study population, the results may not be generalizable across different populations and coun-

tries. Whether the findings of these reviews may inform similar interventions with a targeted

approach to population would have to be confirmed by further research. The reviews did not

disaggregate the results further according to other factors of vulnerabilities or inequalities.

Preventing infectious diseases in children

We found forty-eight reviews that looked at interventions aiming to prevent infectious diseases

in children (Table 5). Seventeen covered interventions at the structural and policy intervention

levels [49, 55, 58, 68, 81, 86–88, 90, 91, 93, 98, 101, 102, 104, 108, 110], three included multi-

level interventions [62, 69, 97] and thirty-one looked at interventions at the community,

households and individual levels [50, 54–57, 59, 64, 65, 69, 71–77, 79, 80, 82, 84, 85, 89, 90, 92,

94–97, 99, 106, 109].

Preventing infectious diseases in children—Structural and policy levels. Of the twenty-

five reviews that covered interventions at the structural and policy levels, seventeen looked at

infectious disease prevention interventions. These covered three main types of interventions:

improving the water supply infrastructure, introducing new vaccines into national immuniza-

tion programs and contracting out preventive health services.

The reviews covering water supply infrastructure and new vaccine introduction adopted a uni-

versal approach to health equity while the review on contracting out preventive health services

adopted a targeted approach, focusing on a disadvantaged group in the countries of intervention.

Water supply infrastructure (2 reviews). Two reviews [55, 90], assessed as high and critically

low methodological quality respectively, assessed the effect of improving water supply infra-

structure on childhood diarrhea morbidity. Covering a total of six different studies, both

reviews concluded that there was insufficient evidence to decide on the potential effectiveness

of such interventions on childhood diarrhea risk. Neither of them reported results disaggre-

gated by sub-groups or the effect of the interventions on inequalities.

Introduction of new vaccines (14 reviews). Fourteen reviews covered the effect of new vac-

cines, that have been introduced into national immunization programs [58, 68, 81, 86–88, 91,

93, 98, 101, 102, 104, 108, 110]. Among those, two covered Haemophilus influenzae type b

(Hib) vaccines [86, 91], six covered pneumococcal conjugate vaccines (PCV) [58, 81, 87, 91,

104, 110] and eight rotavirus vaccines [68, 88, 91, 93, 98, 101, 102, 108]. With the exception of

the review by de Oliveira et al. [58] and Soares-Weiser et al. [68], all these reviews were assessed

as low [81] or critically low methodological quality [86–88, 91, 93, 98, 101, 102, 104, 110].

The Hib vaccine was found effective in reducing either Hib meningitis mortality [91] or

morbidity [86] in infants (the group targeted by vaccination) in fourteen studies from Bangla-

desh, Pakistan and Brazil. DeAntonio et al. [91] also found that another study from Uruguay
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suggested a potential herd effect of the introduction of the Hib vaccine among children under

three years not targeted by the vaccine. However, the evidence was currently insufficient to

confirm such an effect. The quality of the primary studies covered by the reviews was unclear

and the reviews themselves were assessed as critically low quality, thus calling for caution in

the interpretation of these results. The potential health inequalities effect of the Hib vaccine

introduction is unknown, as neither review covering this vaccine reported any health inequali-

ties measure.

The six reviews covering various types of PCV vaccines from thirty-one primary studies

also found that further to their licensing and introduction into national programs, these vac-

cines were effective in reducing mortality [58] or morbidity [81, 87, 91, 104, 110] from pneu-

mococcal infections in children. Bonner et al. [87], de Oliveira et al. [58] and Ngocho et al.

[81] assessed the studies as fair to high quality. However, it should be noted that half of these

reviews focus exclusively on Latin America [58, 87, 91] while the other half focused on the

African continent only [81, 104, 110]. Hence the generalizability of these results across all

LMICs and continents cannot be confirmed. Looking at the health equity implications of PCV

vaccines, five of the reviews included some measure of health inequalities. Three reviews [58,

81, 104] found a stronger decline of pneumococcal diseases in younger children, the group car-

rying a higher burden of the disease, suggesting that the vaccine may help reduce inequalities

between age groups in the burden of these diseases. The review by Bonner et al. [87] also

focuses on children above the vaccination age and concludes that the implementation of

catch-up doses of PCV vaccines for children above the targeted age at the time of vaccine

introduction was effective in reducing the burden of pneumococcal disease. However, the

review by Vardanjani et al. [110] highlights that PCV vaccines may have a detrimental impact

on health inequalities in another domain. Reviewing case-control studies from South Africa

bringing together HIV infected and uninfected children, Vardanjani et al. not only found that

vaccine effectiveness was lower amongst HIV positive children but that this effect may also

reverse the positive effect on the gap between age groups. Whether these conclusions can be

extended to settings and HIV-affected populations outside of South Africa would require fur-

ther research. Looking at the only high-quality review covering PCV vaccine, findings by de

Oliveira et al. [58] confirm a positive effect of the PCV vaccine on pneumococcal meningitis

mortality and on the gap between younger and older children.

Finally, all eight reviews covering different types of rotavirus vaccines found the vaccine

effective in reducing child mortality [88, 91, 93, 98] or morbidity [68, 88, 93, 98, 101, 102, 108]

due to diarrhea or gastroenteritis, with or without confirmation of rotavirus infection. These

eight reviews covered 104 individual primary studies. DeAntonio et al. [91] also found evi-

dence suggesting a potential herd effect of the vaccine among children under five years above

the vaccination age but concluded that there was currently insufficient evidence to confirm

this finding. However, all but one of these reviews were assessed as critically low quality and

the quality of the primary studies they covered was also mixed. Four out of six of these reviews

were also exclusively focused in Latin America [88, 91, 98, 101], hence the number of overlaps

in the vaccination programs and studies covered. This region is therefore over-represented in

the results. Yet, Soares-Weiser et al. [68], the only high-quality review for this intervention,

found moderate- to high-quality evidence that all three types of rotavirus vaccines approved

by WHO were effective in reducing the burden of rotavirus or all-cause diarrheal diseases

across fifteen low- and middle-income countries. However, the meta-analyses showed statisti-

cal moderate to high heterogeneity and variations in the impact of the vaccine according to the

type of diarrheal disease considered. Looking at the health equity implications of these inter-

ventions, four reviews noted differences in the effectiveness of the vaccine across age groups

and/or contexts and one review reported disaggregated results for selected vulnerable groups.
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Three reviews noted a higher decline of gastroenteritis morbidity/mortality among infants, the

age group carrying a higher disease burden, suggesting a potential reduction of disease burden

inequalities between age groups [68, 88, 102]. Three reviews also highlighted both uneven effi-

cacy and effectiveness of the vaccination between countries and regions [88, 93, 102], with

Chavers et al.’s [88] results suggesting that the vaccine was most effective in countries with

comparatively lower child mortality. These findings may point towards the potential increase

in global inequalities. Yet, the mixed quality of evidence available and uneven geographical

coverage of the reviews suggest that there is currently insufficient evidence to assess the effect

of rotavirus vaccines on global health inequalities. As for the effect of rotavirus vaccination on

disadvantaged groups, the review Soares-Weiser et al. [68] reveals opposite results depending

on the factor of disadvantage considered. While rotavirus vaccination significantly reduced

the burden of diarrheal diseases amongst malnourished children, it had no significant effect

amongst HIV-exposed or -infected children. However, the number of studies supporting these

findings was very small, with one RCT reporting on malnourished children and three on HIV-

exposed or -infected children.

Contracting out preventive services (1 review). The review by Odendaal et al. [49] on con-

tracting out health services to non-governmental service providers also covered the contract-

ing out of preventive services. The authors found moderate-quality evidence that such an

intervention had no effect on immunization uptake in children in neither country of interven-

tion—Cambodia and Guatemala. This suggests that this intervention had a neutral effect on

health disadvantages when it comes to immunization uptake.

Preventing infectious diseases in children—Community, households and individual lev-

els. Of the forty-four reviews that cover interventions at the community, households and

individual levels, thirty-one included infectious disease prevention interventions. The reviews

looked at interventions aiming to increase the use or coverage of preventive tools (immuniza-

tion, bed nets, infant HIV prophylaxis) as well as water, sanitation and hygiene (WASH) inter-

ventions, and hospital-based interventions to prevent infections in vulnerable neonates.

The reviews covering WASH interventions adopted a universal approach to health equity

while the reviews on hospital-based interventions towards vulnerable neonates adopted a tar-

geted approach. Finally, the reviews covering interventions aiming to increase the use or cov-

erage of preventive tools synthesized together interventions with targeted and universal

approaches to health equity.

Increasing child immunization (17 reviews). Seventeen reviews covered interventions at

community or individual levels aiming to improve child immunization uptake and/or cover-

age either by increasing the demand for or the supply of immunization services [50, 59, 64, 65,

72–74, 82, 85, 89, 92, 95–97, 99, 106, 109]. These reviews synthesized 100 individual primary

studies, almost all of which were from Asia and Sub-Saharan Africa, with only three studies

from Latin America. Three of these reviews were assessed as high quality [59, 64, 65] and three

as moderate [72–74]. The other eleven were assessed either as low [50, 82, 85] or critically low

methodological quality [89, 92, 95–97, 99, 106, 109].

All fourteen reviews covering intervention aiming to increase the demand for child immu-

nization -such as immunization education, communication, social mobilization and informa-

tion campaigns, and reminder tools with or without outreach services—found some positive

effect on the coverage or uptake of one or more vaccines [50, 64, 65, 72–74, 82, 85, 89, 92, 95–

97, 106]. However, eight of them also reported at least one study or outcome where the inter-

vention was ineffective [65, 74, 85, 89, 95–97, 106] and seven meta-analyses reported moderate

to high heterogeneity in their results [64, 65, 73, 74, 95, 96, 106]. Neither the type of vaccine

outcome measured nor the sub-type of intervention seem to explain alone these variations.

The quality of the primary studies was also very heterogeneous. A sub-analysis of high- and

PLOS ONE Umbrella review: Public health interventions, health inequalities and child health in LMICs

PLOS ONE | https://doi.org/10.1371/journal.pone.0251905 June 10, 2021 18 / 33

https://doi.org/10.1371/journal.pone.0251905


moderate-quality reviews leads to the same findings, namely, that while this type of interven-

tion is found effective in improving childhood vaccine uptakes and coverage in most studies,

all five reviews raised the issues of the quality of the evidence base and the heterogeneity of

pooled results [64, 65, 72–74]. In terms of health equity, three of these reviews discussed the

effect or suitability of these interventions among different groups or settings [50, 72, 97] and

six reviews focused specifically on a disadvantaged group [64, 65, 72, 82, 89, 97]. The factors of

disadvantage targeted by these interventions included higher health needs (especially low vac-

cination rates) [64, 65, 72, 82], poverty [64, 65, 72, 89], place of residence and type of dwelling

(e.g., rural communities, urban slums, informal settlements or small dwellings) [50, 64, 65, 89,

97], ethnicity [97], and low literacy or education [50, 64]. Overall, the findings suggest that

such interventions may be effective both at population level and in addressing the targeted

populations’ health disadvantage. However, the results’ heterogeneity warrants further

research to confirm such claim. The type of interventions covered also seems to affect their

impact on health equity. For example, three reviews highlighted targeted communication or

education towards pre-identified disadvantaged groups as an effective approach to raising

immunization uptake in those groups [50, 72, 97]. Conversely, the evidence on the potential

effect of mass communication promoting immunization on health inequalities is less clear.

While Yuan et al. [50] concluded that the evidence was unclear and limited (only one study),

Jarrett et al. [72] highlighted the fact that such ‘top-down’ approaches to communication may

not be effective across all groups, depending on the level of vaccine hesitancy–thus potentially

raising inequalities issues.

The eight reviews reporting on interventions targeting the supply of child immunization

services, found mixed results, with variations in effectiveness according to the specifics of the

intervention, the type of vaccine considered or even amongst a similar type of intervention

[59, 64, 72, 82, 85, 97, 99, 109]. The quality of the primary studies included was also uneven

[59, 64, 72, 82, 85, 97, 99]. They covered interventions such as the integration of immunization

with other health services, improving community or outreach services, the introduction of

new technology or strategies, the provision of tools and material to support immunization

health professionals or health professional training, either on their own or as part of multi-

component interventions. The findings of the three high- and moderate-quality reviews were

consistent with those highlighted above. In terms of health equity, two of the eight reviews

reported on the comparative effect of service integration interventions in rural versus urban

areas [97, 99]. Smith et al. [99] reported on one poor-quality study showing that while the inte-

gration of HIV and immunization services had a positive effect on overall population immuni-

zation uptake in urban sites, its effect was detrimental in rural sites due to stigma and concerns

over discrimination. Nelson et al. [97] also highlighted the potential risk of increased rural/

urban disparities with integrated services, reporting on one low-risk-of-bias study showing

that such integration could not address distance issues, thus making it more suitable and effec-

tive to urban contexts rather than rural ones. Both studies took place in Sub-Saharan African

countries. While the evidence from these reviews is mixed, they do point towards a potential

risk for this type of intervention to increase inequalities in service uptake between rural and

urban areas. As for the impact of supply-side interventions on addressing the health disadvan-

tage, the five reviews reporting on interventions adopting a targeted approach to health equity

suggested that the effect of these interventions on addressing various health disadvantages

would require further high-quality studies to be confirmed [64, 82, 97, 99, 109]. Four reviews

focused on areas or communities with higher health needs (e.g., low vaccination rate or high

infectious disease prevalence). The other factors of disadvantages addressed by these interven-

tions were the place of residence (i.e., urban versus rural communities) [64, 97, 99, 109], pov-

erty [64] or families identified as vulnerable in their individual context [99, 109].
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Increasing bed net use (3 reviews). Three reviews covered interventions aiming to increase

bed net use for children under five [54, 76, 96]. The review by Naugle & Hornik, assessed as

critically low methodologically, reported on a single study from Cameroun covering the effect

of a mass media campaign to promote consistent bed net use [96]. It concluded that the evalu-

ation of this campaign provided strong evidence that this intervention was effective in increas-

ing bed net use for children under five. This review only reported the overall population

impact of the intervention and did not report any disaggregated effect of the invention on dif-

ferent groups.

Two reviews, assessed as high and moderate quality methodologically, synthesized six stud-

ies on community outreach education activities on the use of insecticide treated nets (ITNs) and

community health services to mothers and households with children under five [54]. All but one

study took place in Sub-Saharan African countries, in malaria-endemic areas. The reviews found

low-quality evidence that such interventions may be effective in increasing under-5 use of ITNs in

these communities. This suggests that this intervention may reduce the health disadvantage faced

by communities in malaria-endemic areas regarding the burden of that disease.

Preventing HIV transmission (3 reviews). Three reviews assess the effects of preventive HIV

services for a targeted group of infants—those exposed to HIV, with the HIV status of the

mother as the main factor of disadvantage [75, 84, 99]. One review focuses on HIV prophylac-

tic treatment given to breastfed, HIV-exposed infants [75] while the other two focus on how
HIV prophylactic treatment is delivered to HIV-exposed infants. All but one of the twelve

included studies occurred in Sub-Saharan African countries.

The moderate-quality review by White et al. [75] found that compared to standard care,

extending HIV infant prophylaxis throughout the breastfeeding period reduces the rate of

HIV infections amongst HIV-exposed infants, even when the mother is not receiving antire-

trovirals. While these findings are based on a small number of studies in urban sites, the

authors assessed the evidence as moderate to high quality, thus recommending that HIV infant

prophylaxis must continue until weaning.

The two reviews by Puchalski Ritchie et al. [84] and Smith et al. [99], assessed as low and

critically low methodologically respectively, show mixed results on the uptake and coverage of

preventive HIV services for infants exposed to HIV [84, 99]. Both reviews suggested that home

visits by community health workers may be effective in addressing the health disadvantage

faced by infants born to HIV positive mothers, leading to an increase in uptake of HIV pro-

phylaxis. However, the quality of the two primary studies reporting on this type of intervention

was mixed.

As for the integration of prevention of mother-to-child transmission (PMCT) with mother

and child healthcare services, the reviews drew conflicting conclusions. Puchalski Ritchie et al.

[84] found this intervention had either no or even detrimental effect on HIV prophylaxis

uptake at birth from two trials assessed as having a high risk of bias. Smith et al. [99] found fair

to good-quality evidence that integrating PMCT into post-partum care or immunization ser-

vices increased the uptake of HIV prophylaxis. It is unclear whether the setting or the study

design may explain these differences. This leads us to conclude that the effectiveness of service

integration in addressing some of the health risks of HIV exposed children is currently

unclear.

Puchalski Ritchie et al. [84] also covered three other interventions targeting HIV positive

mothers and their infants, including peer-to-peer education, task-shifting and service quality

improvement, none of which showed any effect on HIV prophylaxis uptake at birth. This sug-

gests that these interventions seem to have no effect on addressing the health disadvantage of

HIV exposed infants. The authors also noted the high risk of biases of the three trials testing

these interventions.
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WASH interventions (7 reviews). Seven reviews covered WASH interventions at the com-

munity or household level from 90 individual studies, reporting on their impacts on the overall

population [55, 69, 77, 79, 80, 90, 94]. Two reviews were assessed as high quality [55, 69], one

as moderate review [77] and four reviews as low [79, 80] or critically low methodologically [90,

94].

Three reviews covered 39 individual studies on water quality improvement at point-of-use

[55, 77, 90]. Despite the difference in the quality of each review (rating from critically low to

high), all three reviews found very similar results for individual type of interventions (i.e., chlo-

rination, flocculation, solar disinfection). They concluded that there was low- to moderate-

quality evidence that these interventions were effective in reducing diarrhea morbidity in chil-

dren under five years old at population level. However, the reviews also highlighted the high

heterogeneity of the results. None of the reviews reported disaggregated results by population

groups for these types of interventions, thus providing no information on the potential impact

of the intervention on health inequalities. However, Soboksa et al. [77]’s analysis by world

regions shows significant differences in the effect of solar disinfection between Latin American

and Asian countries, thus raising questions as to the potential implications of such interven-

tions for global health inequalities.

Five reviews covered sanitation and hygiene interventions, such as hygiene promotion and

education, community mobilization and campaigns, with or without the development of a

WASH infrastructure [69, 79, 80, 90, 94]. These reviews showed mixed results of these inter-

ventions on morbidity from selected infectious diseases in children under five. Of the four

reviews reporting on the effect of sanitation and/or hygiene interventions on diarrhea morbid-

ity, only one review found them effective and reported high-quality evidence supporting their

conclusions [79]. The other three showed mixed results depending on the context and the

details of the intervention, also highlighting the low quality and lack of conclusive evidence

[69, 90, 94]. The findings of the only high-quality reviews covering these types of interventions

were consistent with those highlighted here [69].

The two reviews reporting on respiratory infections and pneumonia also had mixed find-

ings. One review by Morita et al. [94] found no conclusive evidence on the effect of hygiene

interventions on this outcome while the second by McGuinness et al. [80] showed mixed

results. Both reviews highlighted the low quality of evidence currently available and were

assessed as low and critically low quality themselves. However, McGuinness et al. [80]

highlighted the result of one high-quality cluster RCT from Pakistan that had found hygiene

education and the provision of hygiene product effective in reducing pneumonia illness rate.

Finally, three reviews explored the effect of these interventions on other infectious diseases

[69, 79, 94]. With the exception of trachoma cases–for which Freeman et al. [79] found moder-

ate to high quality evidence that sanitation and hygiene interventions were effective in reduc-

ing trachoma morbidity, the reviews found either no effect [69, 79] or insufficient evidence

[94] that sanitation and hygiene interventions had any impact on parasitic diseases; or on dys-

entery prevalence [69].

While some of this heterogeneity in results may be explained by variations in intervention

settings, targeted population and the quality of evidence available, these variations also offer

some findings relevant to health inequalities research. McGuinness et al. [80] highlighted that

the effectiveness of hygiene interventions varied according to intervention settings and charac-

teristics (urban child care-based vs. rural home-based interventions) as well as compliance but

was unable to attribute these variations to a specific factor with available evidence. Majorin

et al. [69] reported on one evaluation where the education and hygiene promotion interven-

tion showed a reduction of diarrhea prevalence in rural sites but not in urban slums. Morita

et al. [94] suggested that the effect of these interventions vary according to the child’s age. As
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only Majorin et al. [69]’s review was assessed as high quality, a sub-analysis according to the

quality of the reviews cannot provide further insights into the implications of these interven-

tions for health inequalities. Hence, while some of these reviews suggest that hygiene and sani-

tation interventions may be relevant when studying health inequalities in the burden of child

infectious diseases, the evidence is currently insufficient to conclude on their effect on health

inequalities or the relevant factor of inequalities they affect.

Preventing infections in vulnerable neonates (2 reviews). Two reviews, for which were

assessed as high quality, synthesized the effect of targeted interventions in hospital settings to

reduce the risk of infections in low-birth weight or premature neonates [56, 57]. The higher

health needs of low-birth weight or premature babies was the main factor of disadvantage cov-

ered in these reviews. As all the interventions took place in hospital settings, including neona-

tal specialized units, the generalizability of the results beyond this specific setting is not

possible.

Conde-Agudelo & Diaz-Rossello [57] included seven RCTs from India, Colombia, Ecuador

and Madagascar relevant to this umbrella review. The review assessed the effect of kangaroo

mother care on the risk of illnesses (as defined in individual studies) or selected infectious dis-

eases at six months follow-up as compared to routine care. Based on these trials, the authors

found moderate-quality evidence that this intervention had a positive effect the risks of severe

illness, nosocomial infection/sepsis and lower respiratory tract diseases but no effect on mild/

moderate infection and illness or diarrhea. Thus, this intervention may be effective in address-

ing the higher health risks of selected infectious diseases faced by this vulnerable group of

infants.

The review by Cleminson & McGuire [56] assessed the effect of topical application of mois-

turizing emollients (ointments, creams, or oils) to increase the protective barrier function of

the skin in premature infants and so, prevent infections in this vulnerable group. Of the syn-

thesis of six trials relevant to this review, the authors found no effect of such an intervention

on the incidence of invasive infections, regardless of the type of emollient used. Therefore, this

intervention does not seem effective in addressing the higher health needs of this vulnerable

population.

Preventing infectious diseases in children—Multilevel interventions. We found four

reviews [62, 69, 85, 97] covering preventive, multilevel interventions. All of them reported the

overall population impacts of these interventions–with no equity aspects.

Combined demand-and supply-side interventions for child immunization (3 reviews). Three

reviews [62, 85, 97] covering ten individual studies assessed the effect of combined demand-

and supply-side interventions across levels to improve child immunization coverage and/or

uptake. The quality of the reviews themselves were uneven as Johri et al. [62] was assessed as

high methodological quality while Munk et al. [85] and Nelson et al. [97] were appraised as

low and critically low respectively. Despite these differences, all three reviews found these

interventions effective in improving child immunization but highlighted the heterogeneity of

the result and issues with the quality of some of the studies.

While these interventions themselves did not all follow a targeted population approach by

design, the reviews were focusing on urban populations [97], rural areas [85] or communities

with lagging health or social indicators [62]. Hence the findings may only be relevant to these

groups specifically. Then, these findings may inform targeted approaches addressing the health

disadvantage of urban populations or communities with lagging health or social indicators

regarding immunization. However, further research would be needed to confirm it. None of

the reviews disaggregated their results by subgroup among the study population.

Combined hygiene education and water supply/sanitation infrastructure provision (1 review).
The high-quality review by Majorin et al. [69] synthesized the results of two studies in

PLOS ONE Umbrella review: Public health interventions, health inequalities and child health in LMICs

PLOS ONE | https://doi.org/10.1371/journal.pone.0251905 June 10, 2021 22 / 33

https://doi.org/10.1371/journal.pone.0251905


Bangladesh where rural populations received an intervention combining water and sanitation

infrastructure development with hygiene education and water quality improvement. The

review found very low-quality evidence that such a combined intervention reduced dysentery

and diarrhea prevalence.

Discussion

This umbrella review explored which public health interventions are effective in reducing

morbidity, mortality and health inequalities from infectious diseases amongst children in

LMICs. We found sixty systematic reviews synthesizing 453 individual primary studies. Yet,

only twenty reviews provided results on intervention effectiveness across different groups

while another twenty-one reported their effectiveness on the targeted disadvantaged groups.

Universal approaches to health equity were found in interventions covered by forty-five (75%)

of the reviews while twenty-six reviews (over 40%) included interventions adopting targeted

approaches. No review covered interventions following a proportionate universalism

approach. These trends are in line with those from previous global umbrella reviews [14, 16],

thus highlighting once again the need for a stronger equity lens and systematic reporting of

intervention effects across population groups in systematic reviews.

Reviews covering preventive interventions at community, household or individual levels

were overwhelmingly represented in our review. Hence, proportionally less evidence is avail-

able regarding interventions at structural or policy levels or health promotion and protection

interventions. Evidence on effective health protection interventions is particularly weak as no

such interventions was identified at any policy levels. While how we defined our outcomes of

interest may have contributed to this unbalance, this may also result from the difficulty to con-

clusively link high level or broad health interventions to changes in the burden of specific

diseases.

Main findings on public health interventions reducing morbidity,

mortality and health inequalities from infectious diseases amongst children

in LMICs

Based on their effect, interventions can be grouped in five categories. The first one includes

interventions that may be effective both at population level and in addressing health disadvan-

tages or gaps. This includes communication, education, social mobilization and outreach

interventions to increase the use of certain preventive tools such as immunization or bed nets.

However, the heterogeneity of some of the results suggests that their effectiveness also depends

on the intervention approach and population targeting adopted, and the specific context of

implementation.

A second group covers interventions that are or seem effective at population level but

requires further research, especially regarding their effect(s) on health inequalities. These

include health promoting interventions (such as health promotion education to caregivers and

oral probiotics/synbiotics supplementation), multilevel interventions to promote child immu-

nization or WASH interventions and selected preventive interventions (such as the introduc-

tion of new vaccines into national programs and water quality improvement interventions at

community level). These interventions would benefit from implementing a stronger equity

lens during their evaluation and a more systematic reporting of their impact across different

population groups.

In the third group, we find interventions for which the evidence base on their effectiveness

is mixed or even contradictory both at population level and on specific groups. These include

financial assistance and incentives (such as monetary incentives), selected nutrition
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interventions (such as point-of-use multiple micronutrient powders), sanitation and hygiene

interventions at community or household level, and interventions targeting the supply of child

immunization services (such as service improvement, service integration and healthcare pro-

fessional training). These interventions would require further, high-quality research to better

understand their effects in different settings and the reasons behind this heterogeneity.

A fourth group includes interventions found effective in addressing the health disadvantage

of infants at higher risks of infection but which the potential effect on the wider burden of

infectious diseases in their community is unknown. These include community health workers

home visits to HIV positive mothers after birth and kangaroo mother care for low-birth weight

and premature babies in hospital settings.

Finally, the fifth group includes interventions that have been found ineffective on any of the

outcomes of interest in this review. These include contracting out health services to non-gov-

ernmental service providers for under-served communities, several nutrition supplementation

interventions (such as Vitamin A, iron, multi-micronutrient tablets and capsules, or animal-

source foods), improved cookstoves to reduce indoor air pollution, emollients to prevent infec-

tions in premature infants as well as HIV peer-to-peer education or HIV service improvement

and task shifting.

Three types of preventive intervention–selected new vaccines introduced into national

immunization programs, sanitation and hygiene interventions, and HIV services integration

with other health services–bring to our attention on how an intervention may have a positive

effect according to one factor of health inequalities (e.g., age or health risk) but may be detri-

mental according to another (e.g., place or country of residence). This highlights the impor-

tance for health inequalities research to report results disaggregated across several socio-

demographic dimensions. Research on the introduction of rotavirus vaccines and on water

quality improvement at point-of-use also points towards a risk of increasing global health

inequalities, which raises the question of the multilevel nature of health inequalities.

Implication for research, policy and practice

This umbrella review contributes to fighting infectious diseases and improving child health in

several ways. First, this review can inform strategic decisions about research and research

funding. By identify the areas and outcomes where research is most needed, it can help priori-

tize research in public health and equity in LMICs.

Secondly, this review can help guide the choice of practitioners and policy makers towards

interventions with proven effectiveness. Indeed, this review identifies interventions where evi-

dence is the strongest to address either a specific condition (e.g., diarrheal morbidity) or a

series of a health challenges with a single intervention (e.g., WASH or nutrition interventions).

At the same time, it can help identify areas or interventions where, due to the current state of

the evidence, an intervention may require further adaptations, pilots or experimentation

before being implemented in a new context or scaled up. For example, the evidence behind

interventions targeting HIV-exposed infants or the adoption of the Hib or PCV vaccines

described in this review has been provided by studies from only a handful of countries. Mean-

while, the evidence supporting selected WASH multilevel interventions or nutrition supple-

mentation–although promising–is still insufficient.

Finally, this review can help inform discussions in a context of competing child health pri-

orities. By exploring the effect of individual interventions both at the population level and on

health inequalities, we have further demonstrated the complex relationship between popula-

tion health and health equity goals. For example, we found that interventions addressing the

demand for immunization at the lower policy level can offer a double gain at population level
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and amongst several disadvantaged groups. At the same time, selected interventions such as

child health preventative services integration might be beneficial to one group but not another.

It should be noted again that this review was focused on specific outcomes affecting mor-

bidity, mortality and health inequalities from infectious diseases amongst children in LMICs.

Therefore, the findings presented here should be assessed and understood within the broader

body of public health evidence addressing the needs of children but also other populations or

affecting other causes of ill-health. Additionally, the findings of this review should be inter-

preted within the specific burden of infectious diseases faced by an area, country or region. To

provide this broad overview of the field and identify interventions that can offer health gains

on multiple diseases outcomes, we purposely refrained from a disease- or transmission mode-

specific approach. Yet, these are essential components in the choice of intervention, its design

and its chances of success. Hence, the findings of this review should be carefully interpreted

according to the specific context and public health system in which they are to be used.

Strengths and limitations of the evidence base

The low methodological quality of the reviews available remains a major barrier to the estab-

lishment of a strong evidence base in this field. Although we adopted a strict definition of what

would qualify as a systematic review, more than half of the included reviews were assessed as

low- or critically low-quality. While some of the weaknesses commonly identified in these

reviews may be due to resource constraints (e.g., extraction in duplicate), the two most com-

mon ones affect information reporting on excluded or included studies, thus highlighting the

need for further implementation of existing good practices and checklists. For complex inter-

ventions or reviews covering a wide range of interventions, such weaknesses also limit our

ability to effectively compare the findings of different reviews or explore potential reasons for

contradictory findings. However, for certain types of interventions–such as interventions to

increase immunization at the community, household or individual levels–the reviews them-

selves were limited by the low quality and heterogeneity of the primary studies they covered.

While this limitation does call for further strengthening of the methodology and the applica-

tion of existing guidelines for public health intervention research, it may also reflect the chal-

lenges inherent to assessing real world interventions and natural experiments rather than

RCTs alone. An example of these challenges was the issue raised by certain reviews–such as

those covering sanitation interventions or multi-level interventions for immunization–on the

difficulty of assessing the effectiveness of specific components that were part of wider, complex

interventions.

A second challenge comes from the public health field itself. Heterogeneity of interventions,

study designs and results according to context was a recurring challenge raised by the reviews

we included. This is further illustrated by the number of reviews including narrative synthesis

alongside, or instead of, meta-analysis. This challenge is common in umbrella reviews covering

public health interventions [111]. It has also driven our decision not to attempt a meta-analysis

or compare the effectiveness of various interventions. While this difficulty does not affect the

validity of our conclusions, it calls for careful consideration for the context and intervention

design when applying evidence in a specific setting.

Strengths and limitations of this umbrella review

The scope of our umbrella review was broad in order to provide an exhaustive overview of

available evidence on interventions able to address the burden of infectious diseases and

related health inequalities amongst children in LMICs. Our umbrella review was based on a

comprehensive search of both academic and grey literature on a wide range of interventions.

PLOS ONE Umbrella review: Public health interventions, health inequalities and child health in LMICs

PLOS ONE | https://doi.org/10.1371/journal.pone.0251905 June 10, 2021 25 / 33

https://doi.org/10.1371/journal.pone.0251905


To address the difficulties raised by previous research in identifying systematic reviews with an

equity lens, we adopted a broad definition of health inequalities as variations between groups

and did not include any health inequality-related terms in our search strings. While our

searches were carried out in English, we did not exclude any languages in our screening thus

making sure to capture research from all regions of the global South. Finally, while our defini-

tion of systematic reviews and evidence synthesis according to the DARE criteria may have led

to the exclusion of certain records covering relevant interventions, it has ensured that the pres-

ent review captured the best available evidence on how to reduce child mortality, morbidity

and health inequalities due to infectious diseases in LMICs.

Conclusion

Building a strong evidence base on public health intervention adapted to LMIC context is essential

to inform policy and reduce health inequalities while improving child health at population level.

This umbrella review aimed to respond to that need by synthesizing the best available evidence on

public health interventions effective in reducing mortality, morbidity and health inequalities from

infectious diseases amongst children under five years old living in LMICs. While this review iden-

tified selected interventions providing solid evidence to respond to this challenge, we also identi-

fied a number of gaps, especially regarding their implications for health equity.

We found that communication, education, social mobilization and outreach interventions

are effective in improving the use of preventive tools like immunization or bed nets both at

population level and in addressing the health needs of the most disadvantaged. Such

approaches offer a strong avenue to reduce morbidity and mortality from infectious diseases

in children under five years old.

In contrast, we identified a number of health promoting, health protecting and preventive

interventions that are not effective in reducing child morbidity and mortality from infectious

diseases or addressing the health of disadvantaged populations. These include contracting out

health services to non-governmental service providers for under-served communities, selected

nutrition supplementation to infants and children, improved cookstoves to reduce indoor air

pollution, emollients to prevent infections in premature infants as well as HIV peer-to-peer

education or HIV service improvement and task shifting.

Finally, while none of the interventions covered seem to be detrimental to child health at

the overall population level, some raise concerns as to their potential health equity implica-

tions. These include health service integration, sanitation and hygiene intervention and rotavi-

rus and PCV vaccine introduction. Further research is required to confirm these findings

across various factors of health inequalities. These interventions also highlight the importance

for health inequalities research to report results disaggregated across several socio-demo-

graphic dimensions and consider the equity implication of an intervention not only locally but

across multiple levels.

Our review confirms the need for further, high-quality research in LMICs on the effects of

public health interventions at both the overall population level and especially in terms of

reducing health inequalities. We also found a large gap in the evidence base on the effective-

ness of health protection interventions, which aim at safeguarding children from the risk of

infectious diseases through legal, regulatory or enforcement mechanisms.
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92. Flórez CEP, Dı́az-Quijano DM, Álvarez IY, Mesa DC. Effectiveness of community workers on preven-

tive measures to maternal and child health in low and middle income countries: Systematic review of

the literature. Salud Uninorte. 2015; 31: 309–328.

93. Lamberti LM, Ashraf S, Walker CL, Black RE. A Systematic Review of the Effect of Rotavirus Vaccina-

tion on Diarrhea Outcomes Among Children Younger Than 5 Years. Pediatr Infect Dis J. 2016; 35:

992–8. https://doi.org/10.1097/INF.0000000000001232 PMID: 27254030

94. Morita T, Godfrey S, George C. Systematic review of evidence on the effectiveness of safe child fae-

ces disposal interventions. Trop Med Int Health. 2016; 21: 1403–1419. https://doi.org/10.1111/tmi.

12773 PMID: 27546207

95. Mureed S, Somronghtong R, Kumar R, Ghaffar A, Chapman RS. Enhanced Immunization Coverage

through Interventions for Childhood Cluster Diseases in Developing Countries. J Ayub Med Coll

Abbottabad JAMC. 2015; 27: 223–7. PMID: 26182782

PLOS ONE Umbrella review: Public health interventions, health inequalities and child health in LMICs

PLOS ONE | https://doi.org/10.1371/journal.pone.0251905 June 10, 2021 32 / 33

https://doi.org/10.1186/s12913-017-2180-9
http://www.ncbi.nlm.nih.gov/pubmed/28381276
https://doi.org/10.1016/j.ijheh.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28602619
https://doi.org/10.1111/tmi.13080
https://doi.org/10.1111/tmi.13080
http://www.ncbi.nlm.nih.gov/pubmed/29799658
https://doi.org/10.1371/journal.pone.0212295
https://doi.org/10.1371/journal.pone.0212295
http://www.ncbi.nlm.nih.gov/pubmed/30779801
https://doi.org/10.2196/mhealth.7792
http://www.ncbi.nlm.nih.gov/pubmed/28978495
https://doi.org/10.1007/s00038-014-0570-x
https://doi.org/10.1007/s00038-014-0570-x
http://www.ncbi.nlm.nih.gov/pubmed/24898173
https://doi.org/10.1136/bmjopen-2018-024907
http://www.ncbi.nlm.nih.gov/pubmed/31362959
https://doi.org/10.1186/s12913-019-4468-4
https://doi.org/10.1186/s12913-019-4468-4
http://www.ncbi.nlm.nih.gov/pubmed/31640687
https://doi.org/10.1016/j.vaccine.2018.07.037
http://www.ncbi.nlm.nih.gov/pubmed/30145101
https://doi.org/10.1371/journal.pone.0135270
http://www.ncbi.nlm.nih.gov/pubmed/26332848
https://doi.org/10.1080/14760584.2018.1541409
http://www.ncbi.nlm.nih.gov/pubmed/30365904
https://doi.org/10.1186/s12889-017-4473-7
https://doi.org/10.1186/s12889-017-4473-7
http://www.ncbi.nlm.nih.gov/pubmed/28595624
https://doi.org/10.1186/s12889-017-4746-1
http://www.ncbi.nlm.nih.gov/pubmed/29143638
https://doi.org/10.1080/21645515.2018.1514225
http://www.ncbi.nlm.nih.gov/pubmed/30230953
https://doi.org/10.1097/INF.0000000000001232
http://www.ncbi.nlm.nih.gov/pubmed/27254030
https://doi.org/10.1111/tmi.12773
https://doi.org/10.1111/tmi.12773
http://www.ncbi.nlm.nih.gov/pubmed/27546207
http://www.ncbi.nlm.nih.gov/pubmed/26182782
https://doi.org/10.1371/journal.pone.0251905


96. Naugle DA, Hornik RC. Systematic review of the effectiveness of mass media interventions for child

survival in low- and middle-income countries. J Health Commun. 2014; 19: 190–215. https://doi.org/

10.1080/10810730.2014.918217 PMID: 25207453

97. Nelson KN, Wallace AS, Sodha SV, Daniels D, Dietz V. Assessing strategies for increasing urban rou-

tine immunization coverage of childhood vaccines in low and middle-income countries: A systematic

review of peer-reviewed literature. Vaccine. 2016; 34: 5495–5503. https://doi.org/10.1016/j.vaccine.

2016.09.038 PMID: 27692772

98. Santos VS, Marques DP, Martins-Filho PR, Cuevas LE, Gurgel RQ. Effectiveness of rotavirus vac-

cines against rotavirus infection and hospitalization in Latin America: systematic review and meta-

analysis. Infect Dis Poverty. 2016; 5: 83. https://doi.org/10.1186/s40249-016-0173-2 PMID: 27514855

99. Smith BL, Zizzo S, Amzel A, Wiant S, Pezzulo MC, Konopka S, et al. Integration of Neonatal and Child

Health Interventions with Pediatric HIV Interventions in Global Health. Int J MCH AIDS. 2018; 7: 192–

206. https://doi.org/10.21106/ijma.268 PMID: 30631638

100. Thakur M, Nuyts PAW, Boudewijns EA, Flores Kim J, Faber T, Babu GR, et al. Impact of improved

cookstoves on women’s and child health in low and middle income countries: a systematic review and

meta-analysis. Thorax. 2018; 73: 1026–1040. https://doi.org/10.1136/thoraxjnl-2017-210952 PMID:

29925674

101. Velazquez RF, Linhares AC, Munoz S, Seron P, Lorca P, DeAntonio R, et al. Efficacy, safety and

effectiveness of licensed rotavirus vaccines: a systematic review and meta-analysis for Latin America

and the Caribbean. BMC Pediatr. 2017; 17: 14. https://doi.org/10.1186/s12887-016-0771-y PMID:

28086819

102. Willame C, Vonk Noordegraaf-Schouten M, Gvozdenovic E, Kochems K, Oordt-Speets A, Praet N,

et al. Effectiveness of the Oral Human Attenuated Rotavirus Vaccine: A Systematic Review and Meta-

analysis-2006-2016. Open Forum Infect Dis. 2018; 5: ofy292. https://doi.org/10.1093/ofid/ofy292

PMID: 30539038

103. Carroll G, Lama S, Martinez-Brockman J, Pérez-Escamilla R. Evaluation of nutrition interventions in

children in conflict zones: A narrative review. Adv Nutr. 2017; 8: 584–589. https://doi.org/10.3945/an.

117.016121 PMID: 28916577

104. Onwuchekwa C, Edem B, Williams V, Oga E. Estimating the impact of pneumococcal conjugate vac-

cines on childhood pneumonia in sub-Saharan Africa: A systematic review. F1000Research. 2020; 9:

765. https://doi.org/10.12688/f1000research.25227.2 PMID: 33335713

105. Saleh S, Shepherd W, Jewell C, Lam NL, Balmes J, Bates MN, et al. Air pollution interventions and

respiratory health: a systematic review. Int J Tuberc Lung Dis Off J Int Union Tuberc Lung Dis. 2020;

24: 150–164. https://doi.org/10.5588/ijtld.19.0417 PMID: 32127098

106. Yunusa U, Garba SN, Umar AB, Idris SH, Bello UL, Abdulrashid I, et al. Mobile phone reminders for

enhancing uptake, completeness and timeliness of routine childhood immunization in low and middle

income countries: A systematic review and meta-analysis. Vaccine. 2021; 39: 209–221. https://doi.

org/10.1016/j.vaccine.2020.11.043 PMID: 33277058

107. Tam E, Keats EC, Rind F, Das JK, Bhutta, Zulfiqar A. Micronutrient Supplementation and Fortification

Interventions on Health and Development Outcomes among Children Under-Five in Low- and Middle-

Income Countries: A Systematic Review and Meta-Analysis. Nutrients. 2020;12. Available: http://

ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=N&AN=31973225 https://

doi.org/10.3390/nu12020289 PMID: 31973225

108. Kosova AA, Bashkirova ES, Mashin TI, Chalapa VI. Meta-analysis of the effectiveness of pentavalent

live oral vaccine for the prevention of severe forms of rotavirus gastroenteritis in children. Russ J Infect

Immun. 2020; 10: 686–694.

109. Wang S, Smith H, Peng Z, Xu B, Wang W. Increasing coverage of hepatitis B vaccination in China: A

systematic review of interventions and implementation experiences. Medicine (Baltimore). 2016; 95:

e3693. https://doi.org/10.1097/MD.0000000000003693 PMID: 27175710

110. Vardanjani HM, Borna H, Ahmadi A. Effectiveness of pneumococcal conjugate vaccination against

invasive pneumococcal disease among children with and those without HIV infection: A systematic

review and meta-analysis. Bmc Infect Dis. 2019; 19: 685. https://doi.org/10.1186/s12879-019-4325-4

PMID: 31382917

111. Bambra C, Gibson M. Case Study of Public Health. In: Biondi-Zoccai G, editor. Umbrella Reviews: Evi-

dence Synthesis with Overviews of Reviews and Meta-Epidemiologic Studies. Cham: Springer Inter-

national Publishing; 2016. pp. 343–362. https://doi.org/10.1007/978-3-319-25655-9_20

PLOS ONE Umbrella review: Public health interventions, health inequalities and child health in LMICs

PLOS ONE | https://doi.org/10.1371/journal.pone.0251905 June 10, 2021 33 / 33

https://doi.org/10.1080/10810730.2014.918217
https://doi.org/10.1080/10810730.2014.918217
http://www.ncbi.nlm.nih.gov/pubmed/25207453
https://doi.org/10.1016/j.vaccine.2016.09.038
https://doi.org/10.1016/j.vaccine.2016.09.038
http://www.ncbi.nlm.nih.gov/pubmed/27692772
https://doi.org/10.1186/s40249-016-0173-2
http://www.ncbi.nlm.nih.gov/pubmed/27514855
https://doi.org/10.21106/ijma.268
http://www.ncbi.nlm.nih.gov/pubmed/30631638
https://doi.org/10.1136/thoraxjnl-2017-210952
http://www.ncbi.nlm.nih.gov/pubmed/29925674
https://doi.org/10.1186/s12887-016-0771-y
http://www.ncbi.nlm.nih.gov/pubmed/28086819
https://doi.org/10.1093/ofid/ofy292
http://www.ncbi.nlm.nih.gov/pubmed/30539038
https://doi.org/10.3945/an.117.016121
https://doi.org/10.3945/an.117.016121
http://www.ncbi.nlm.nih.gov/pubmed/28916577
https://doi.org/10.12688/f1000research.25227.2
http://www.ncbi.nlm.nih.gov/pubmed/33335713
https://doi.org/10.5588/ijtld.19.0417
http://www.ncbi.nlm.nih.gov/pubmed/32127098
https://doi.org/10.1016/j.vaccine.2020.11.043
https://doi.org/10.1016/j.vaccine.2020.11.043
http://www.ncbi.nlm.nih.gov/pubmed/33277058
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=N&AN=31973225
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=N&AN=31973225
https://doi.org/10.3390/nu12020289
https://doi.org/10.3390/nu12020289
http://www.ncbi.nlm.nih.gov/pubmed/31973225
https://doi.org/10.1097/MD.0000000000003693
http://www.ncbi.nlm.nih.gov/pubmed/27175710
https://doi.org/10.1186/s12879-019-4325-4
http://www.ncbi.nlm.nih.gov/pubmed/31382917
https://doi.org/10.1007/978-3-319-25655-9_20
https://doi.org/10.1371/journal.pone.0251905

