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Abstract

Context: Studies from high‐income countries indicates that infants born preterm are

at increased risk of respiratory infections; however in the low and middle‐income

countries (LMICs) data are limited. Our aim was to systematically review the studies

evaluating the risk of respiratory infections in preterm children born in LMICs.

Methods: We searched Medline, PubMed, Cumulative Index of Nursing and Allied

Health Literature, Embase, and Psych‐INFO databases for studies reporting

respiratory outcomes in children born preterm in LMICs. Two authors extracted

the data and evaluated the risk of bias with appropriate assessment methods

independently.

Results: Twelve observational studies evaluating 5969 children were included in

the review. The risk of lower respiratory tract infection varied from 5% to 73.9%.

Similarly, respiratory syncytial virus (RSV) infection risk ranged from 4.4% to

22.7%. The unadjusted relative risk for any respiratory tract infection or lower

respiratory tract infection was significantly higher in the children born preterm

than in children born at term (1.52 [95% confidence interval 1.25–1.85]). We also

noted wide‐ranging risk of respiratory infections requiring in‐hospital or

emergency care (range: 0.5%–27.7%) and hospital stay in children born preterm

(range: 6–14.3 days).

Conclusions: Preterm‐born children in LMICs are at risk of increased respiratory

infections compared to term‐born children; however, the baseline risk is variable,

although substantial; This highlights the need for preventive strategies, including

RSV immunoprophylaxis.
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1 | INTRODUCTION

Each year 15 million infants are born preterm, and the preterm birth

rates vary from as low as 5%–7% in high‐income countries (HICs) to

as high as 15%–18% in low‐ and middle‐income countries (LMICs).1

Most of these infants are born in African and Southeast Asian

countries, contributing to more than 60% of the burden.2 Preterm

infants are at a potential immunological disadvantage,3 have

immature lungs,4 and some have a developmental disability, all of

which make them susceptible to infections, resulting in hospitaliza-

tion, seeking emergency care, and increased utilization of healthcare

costs.3–5 Respiratory infections are of primary concern out of all the

infections and are the leading cause of death during infancy and

childhood.5

Many observational studies and their systematic reviews from

HICs have shown that infants born preterm are at higher risk of

developing respiratory infections, including respiratory syncytial virus

(RSV) infection when followed up during the first few years of life.6

Hence, clinicians tend to follow preterm infants more closely and

offer strategies such as improving nutrition, vaccination, and reduced

exposure to smoke to curtail the risk of such respiratory infections in

these high‐risk children. One particularly strategy includes palivizu-

mab for preventing severe respiratory RSV infection in children,7 as

data from HICs show that RSV infection is common and palivizumab

immunoprophylaxis costs exceed the economic benefit of preventing

RSV‐associated hospitalization in high‐risk children.8 However,

whether such immunoprophylaxis is helpful in children in LMICs is

unknown as the burden of RSV infection in LMICs is undetermined.

Studies from LMICs assessing the risk of developing respiratory

infections, including RSV infections, in children born preterm are

sparse. It is vital to understand the burden of respiratory infections,

the type of respiratory infections, causative organisms, and the

impact on healthcare, including hospitalization and the need for

respiratory support, in LMICs, as the risks are amplified due to

overcrowding, poor vaccination status, suboptimal follow‐up, and

poor nutritional status after discharge.9,10 Hence, a systematic review

is required to assess the burden of respiratory infections in children

born preterm in LMICs. The objective of the systematic review is to

evaluate the risk of respiratory infection (outcome) in children born

preterm (population and exposure) compared to term children

(control) in LMICs (setting).

2 | METHODS

This systematic review was conducted as per the Preferred Reporting

Items for Systematic Reviews and Meta‐analyses (PRISMA) reporting

guideline.11 The protocol was registered with PROSPERO (registra-

tion number, CRD42021272375), the prospective international

register for systematic reviews. The study is described according to

the PRISMA checklist.

2.1 | Search strategy

A systematic search of the literature was conducted using

an appropriate prespecified search strategy across Medline,

PubMed, Cumulative Index of Nursing and Allied Health Litera-

ture, Embase, and Psych‐INFO databases from January 1, 2000,

through July 31, 2021, without language restriction. The details of

the search strategy across each database are provided in the online

Supporting Information. In addition, the reference lists from

studies that were included in the systematic review were also

searched.

2.2 | Eligibility criteria

2.2.1 | Population

Children less than 2‐year‐old born in LMICs were included. Children

with known congenital heart disease, immunodeficiency disorders,

chromosomal disorders, and life‐threatening congenital anomalies

were excluded. We defined LMIC as per World Bank classification

criteria based on Gross National Income (GNI) per capita (current US

$). (a) Low‐income countries: those with GNI per capita, calculated

using the World Bank Atlas method, of $1045 or less. (b) Middle‐

income countries: those with GNI per capita of >$1045 but <

$12736.12

2.2.2 | Exposure

Preterm infants less than 37 weeks of gestational age (GA) born in

LMICs were included.

2.2.3 | Comparator

In observational studies, term infants more than 37 weeks of GA born

in LMICs will serve as a control. Whereas in descriptive studies, there

will be no comparator.

2.2.4 | Study design

We included observational studies (cohort and case–control) com-

paring the outcomes between preterm and term infants born in

LMICs. Descriptive studies providing data on preterm infants without

control were also included. Studies were only included if they

followed up with infants (minimum two follow‐ups, any frequency)

during the first 2 years of life to identify the relevant outcomes. Case

series, narrative reviews, systematic reviews, studies from HICs, and

studies with no follow‐up were excluded.
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2.2.5 | Outcomes

Studies must report one or more following outcomes identified in our

systematic review.

2.3 | Primary outcome

Respiratory infections (as defined by authors) during the first 2

years of life

1. Any respiratory infection (upper or lower respiratory tract

infection), as defined by the authors.

2.4 | Secondary outcomes

1. Any lower respiratory tract infection, including pneumonia,

bronchopneumonia, and bronchiolitis, as defined by the authors.

2. RSV infection (any) during the first 2 years of life.

3. Respiratory infections (any) requiring hospitalization or emer-

gency treatment including ventilatory care during the first 2

years of life.

2.5 | Study selection and data extraction

The authors (S. D./A. R.) searched the literature in the databases

mentioned above and assimilated a final list of literature using a web‐

based reference management platform, Rayyan software (https://

www.rayyan.ai/). Then, S. D. and A. P. screened the titles and

abstracts to determine relevant reports. The shortlisted literature

after the title and abstract screening was assessed by the authors

(S. D., A. P., A. R., and R. S.) independently to determine the eligibility

for inclusion based on the eligibility criteria. Included reports were

examined for all the relevant information, including study design,

population, inclusion and exclusion criteria, outcomes, and risk of

bias, independently by the authors (S. D., A. P., A. R., and R. S.). No

blinding strategies were employed. Any discrepancies were resolved

by discussion and consensus.

2.6 | Assessment of risk of bias

The risk of bias for included studies was evaluated using a modified

Newcastle–Ottawa scale (NOS)13 and modified Leboeuf‐Yde and

Lauritsen tool by Hoy et al.14 for observational studies and

descriptive studies, respectively. The following domains were

evaluated in the modified NOS: selection, comparability, and

outcome. A priori, a score of ≤3/9 was deemed high risk, a score of

4–6/9 was deemed a moderate risk, and a score of ≥7/9 was deemed

a low risk of bias.13 The authors (S. D., A. P., A. R., and R. S.)

independently evaluated the risk of bias and resolved the conflicts

through discussion and consensus. In the modified tool by Hoy

et al.14 a priori, a score of 0–3/9 is deemed low risk, 4–6/9 is deemed

a moderate risk, and 7–9/9 is deemed a high risk of bias.

2.7 | Data synthesis and statistical analysis

The odds ratio risk (OR) with its 95% confidence intervals (CI) and p

value were calculated for each study if the study (comparative studies

only) provided the raw data. There was insufficient data to pool for

meta‐analysis for any of primary or the secondary outcomes.

3 | RESULTS

The study selection log is shown in Figure 1. There were 15552 articles

identified through all databases, and 4081 records were included for the

title and abstract screening. One hundred and one studies were included

for full‐text screening. Eighty‐nine were excluded and 12 studies were

included in the systematic review. The details of the risk of bias

assessment of included studies are provided in Table 1, and all the

studies were adjudged to be at low risk of bias. (Table 2)

The details of the 12 studies included in the systematic review are

presented in Table 1. Three studies were comparative, and nine were

descriptive studies. In addition, 10 studies were carried out prospectively,

while 2 were carried out retrospectively. Of the 12 studies, 2 each were

from Brazil,15,16 Turkey,17,18 Argentina,19,20 and one each from Nepal,21

Peru,22 South Africa,23 Bosnia and Herzegovina,24 Iran,25 and Mexico.26

The majority of studies were conducted in the last decade except for one

study conducted in 2002.17 The sample size across studies ranged from

53 to 495, included infants from 29 weeks and the follow‐up period

varied across studies ranging from 1 week of life to 12 months.

3.1 | Primary outcome

3.1.1 | Any respiratory tract infection

One study provided comparative data, and the unadjusted risk for

any respiratory tract infection was significantly higher in the children

born preterm as compared to children born at term (relative

risk [RR] [95% CI] 1.52 [1.25–1.85]).17 Another study provided that

only risk of respiratory tract infection in preterm infants was 66%

(92/139).19 No meta‐analysis was performed as one was comparative

and another was a descriptive study.

3.2 | Secondary outcomes

3.2.1 | Any lower respiratory tract infection

No meta‐analysis was performed as only one study provided adjusted

risk for any lower respiratory tract infection, which was significantly
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higher in children born preterm as compared to children born at term

(R. R. [95% CI] 1.52 [1.25–1.85]).17 Additionally, five studies provided

data only for preterm infants and the risk of any lower respiratory

tract infection varied from 5% to 73.9%20,25 across the studies.

3.2.2 | RSV infection

Only four studies16,17,24,26 provided the risk data for children born

preterm, and the risk varied from 4.4% to 22.7% across the studies.

3.2.3 | Respiratory infections (any) requiring
hospitalization or emergency treatment

Seven studies16,17,19,20,23,25,26 provided descriptive data for children

born preterm on respiratory infections requiring in‐hospital or

emergency care. The risk varied widely from 0.5% to 27.7%. The

hospital stay in children born preterm ranged from 6 to 14.3 days. No

studies provided data on ventilation days.

4 | DISCUSSION

Our systematic review summarizes the evidence from 12 observa-

tional studies, including 5969 children on the risk of respiratory

infection in children born preterm followed up until the first 2 years

of life in LMICs. The review finds, compared to children born at term,

children born preterm are at significantly higher risk of developing

any respiratory infection (unadjusted comparison, one study) and any

acute lower respiratory infection (adjusted comparison, one study)

during the first 2 years of life. However, it also highlights a substantial

variation in the risk of acute lower respiratory tract infection

(5%–73.9%), RSV infection (4.4%–22.7%), and respiratory infections

F IGURE 1 Flowchart of search results
(adapted from PRISMA 2021). PRISMA, Preferred
Reporting Items for Systematic Reviews and
Meta‐analyses.
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requiring hospitalization or emergency care treatment (0.5%–22.7%)

in children born preterm during the first 2 years of life. Lastly, the

review also finds a considerable increase in length of hospital stay

(6 to 14.3 days) but a small risk of death (0.3%–0.68%) among

children born preterm who require in‐hospital care due to respiratory

infections.

This review is the first systematic review summarizing the risk

of respiratory infections and other vital outcomes in children born

preterm in LMICs. In this systematic review, we sought to find the

risk of respiratory infections in children born preterm in LMICs and

explore differences in the risk compared to HICs. However, we

identified limited studies, mainly descriptive, and hence unable to

quantify the actual burden of respiratory infection in this population

in LMICs. Nonetheless, the review summarizes the available

literature, shows that children born preterm are at increased risk

of infection because they have reduced antimicrobial peptides and

proteins along with abundance of goblet cells and few ciliated cells

in the respiratory tract, and further highlights the considerable

variation in the risk of respiratory infections in the LMIC cohort.

Furthermore, the review also highlights the need for comparative

studies to explore the baseline risk of respiratory infections in

children born preterm in LMICs.

Studies from HICs show preterm infants, compared to term

infants, are at risk of respiratory tract infections, including RSV

infections, and respiratory‐related morbidities, such as prolonged

hospitalization and increased risk of death.27,28 A recent systematic

review and meta‐analysis evaluating 55 studies showed that a

substantial proportion of RSV‐associated morbidity occurred in the

first year of life, with global RSV‐acute respiratory infections (ARI)

hospitalization estimates of 63.85 (95% CI 37.52, 109.70) per 1000

children per year among preterm children <1 year compared to

19.19 (95% CI 15.04, 24.48) per 1000 children per year among

overall children.6 Similarly, other studies show an increased risk of

hospitalizations in preterm infants with varying estimates in

proportion to the GA.

In comparison to term infants, the risk of hospitalization from

bronchiolitis was much higher in very preterm infants (<32 weeks GA;

RR 2.6 [95% CI 2.32–2.89]) than in moderate preterm infants

(32–34 weeks GA; RR 1.9 [95% CI 1.32–1.67]) and late preterm

infants (34 to 36 weeks GA; RR 1.25 [95% CI 11.8–1.33]).27 In LMICs,

the burden of respiratory infection in preterm infants could be just

the tip of the iceberg as only infants who get hospitalized or need

intensive care admission to get reported. Besides, studies evaluating

or reporting such risk or burden in LMICs are limited. Most of the

mild to moderate cases remain untested or underreported, which

could mask the actual burden of all‐cause LRTI in these infants. Lack

of regional/national registry, no standardized definition, and lack of

viral testing facilities add to the under‐reporting issue. We believe

these reasons contribute to the heterogeneity between studies

estimating the risk of respiratory infections in preterm children in

LMICs, as noted in our systematic review.

There is an urgent need to evaluate the burden of respiratory

infections in preterm children in LMICs as they contribute to aT
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substantial economic burden. A study evaluating acute respiratory

illness‐related hospitalization costs has shown the cost can vary from

$54 to $120 in public to $135–$355 in private healthcare settings,

which is relatively high per median per capita income.29 Therefore, it

is crucial to evaluate cost‐effective ARI prevention strategies, such as

vaccination, to reduce the economic burden.

Immunoprophylaxis for preventing RSV has been a center of the

debate over the last few decades, and palivizumab, a humanized

monoclonal antibody against the RSV F glycoprotein, is effective in

reducing RSV hospitalizations from 101 to 50 per 1000 among high‐risk

infants, as compared to placebo.30 Hence, in many countries, such as the

United States, Canada, and the United Kingdom, it has been licensed for

use in preterm infants to reduce the risk of RSV morbidity and

hospitalizations although debate arise about its cost‐effectiveness.31,32

Nonetheless, the cost‐effectiveness of RSV prophylaxis still tends to be

more favorable in populations with greater risk, such as preterm infants.33

Preterm infants in their first 6 months, children with underlying

cardiac or pulmonary disease in the first 2 years, immunocompromised

children are at highest risk of severe RSV infection. These children are

most likely to require RSV prophylaxis because of longer hospital stays

and admission to intensive care unit.10,34 It is important to note that the

cost‐to‐benefit ratio is likely favorable if the baseline risk of RSV disease

or hospitalization is high, and hence it may likely be helpful in LMIC

countries like India, where the RSV disease burden in preterm infants

could be substantial. Other ways to prevent respiratory infection in

children in LMIC are adequate nutrition and hygiene, improving literacy

status, antiviral agents, and vaccines. However, these speculations must

be evaluated prospectively in LMICs on a large scale.

5 | CONCLUSION

The current systematic review of 12 observational studies from

LMICs shows that children born preterm are at significantly higher

risk of developing any respiratory infection and also highlights a

substantial variation in the risk of acute lower respiratory tract

infections, RSV infections, and respiratory infections requiring

hospitalization or emergency care treatment and a considerable

increase in length of hospital stay, which therefore underlines the

need for preventive strategies, including RSV immunoprophylaxis.

5.1 | Strengths and weaknesses

This is the first systematic review summarizing the literature on the

risk of respiratory infection in preterm children until 2 years of age

from LMICs. We searched the literature comprehensively, appraised

the evidence using prespecified eligibility criteria, performed the

methodological assessment using standardized tools, registered the

review prospectively, and reported it using PRISMA guidelines.

However, the review was limited to fewer and heterogeneous

studies, including descriptive studies with no comparative data.

Nonetheless, it summarizes the literature comprehensively from all

LMICs to date and provides an impression of the burden of

respiratory infections in LMICs.

5.2 | Implications for future research

As our review highlights the lack of factual data to evaluate the risk of

respiratory infections in LMICs, it is necessary to study them in the

future. Studies should assess the risk of respiratory infections

prospectively and longitudinally by following children adequately for

at least 2 years. In addition, researchers should attempt to include the

term children parallelly and quantify the risk to provide comparative

data. Furthermore, one should use robust and standard methods to

define and detect respiratory infections, including various organisms

causing respiratory diseases. Finally, immunization programs and

preventive steps must be scrutinized to curtail the risk of respiratory

infections, and studies evaluating the cost‐effectiveness of RSV

immunoprophylaxis in preterm infants in LMICs must be explored.
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