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a b s t r a c t 

Objectives: Respiratory syncytial virus (RSV) is a leading cause of acute lower respiratory infection (ALRI) 

in young children. With substantial advances in RSV research, we aimed to conduct an updated systematic 

review of risk factors for RSV-ALRI in children under 5 years. 

Methods: We updated our previously published literature search to November 2022 among three English 

databases and additionally searched three Chinese databases (from January 1995) to identify all relevant 

publications. We performed random-effects meta-analyses to estimate the pooled odds ratio (OR) and 95% 

confidence interval (CI) for each risk factor and each outcome (RSV-ALRI in the community and RSV-ALRI 

hospitalization). 

Results: A total of 47 studies were included (26 from the updated search). Indoor air pollution was iden- 

tified as a possible risk factor for RSV-ALRI in the community (OR 1.45, 95% CI: 1.10-1.90). The identified 

risk factors for RSV-ALRI hospitalization fall into four categories: demographic (male sex, Māori and Pa- 

cific ethnicities vs European or other ethnicities), pre- and post-neonatal (prematurity, low birth weight, 

small for gestational age, maternal smoking during pregnancy or lactation, maternal age < 30 years vs 

30-34 years, multiparity, caesarean section vs vaginal), household and environmental (having siblings, 

passive smoking, maternal asthma, daycare centre attendance) and health and medical conditions (any 

chronic diseases, bronchopulmonary dysplasia, HIV infections, congenital heart disease, Down syndrome, 

cystic fibrosis, previous asthma). The pooled ORs ranged from 1.14 to 4.55. 

Conclusion: Our findings on the risk factors for RSV-ALRI help identify RSV high-risk groups, which has 

important implications for RSV prevention at both individual and population levels. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Respiratory syncytial virus (RSV) is the most common viral 

athogen identified in children with acute lower respiratory in- 

ection (ALRI), posing a substantial public health burden world- 

ide [ 1 , 2 ]. It is estimated that there were 33.0 million RSV-ALRI
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pisodes among children younger than 5 years globally in 2019, 

f which 3.6 million were hospitalized, and up to 101,400 deaths 

ould be attributed to RSV [ 3 ]. In addition to proximal acute health

vents, growing evidence has shown that RSV-ALRI in early life is 

ssociated with an increased risk of long-term respiratory diseases, 

ncluding recurrent wheezing, asthma, impaired lung function and 

ven with premature adult death from respiratory disease [ 4-7 ]. 

Despite the absence of specific RSV treatments, significant 

dvances have been made in prophylactic immunization for pro- 

ecting infants. Beyfortus (nirsevimab), a long-acting, single-dose 

onoclonal antibody developed by AstraZeneca/Sanofi, has secured 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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pproval in the European Union (EU), US and UK, providing pro- 

onged RSV prevention for at least 5-6 months during infancy 

 8-10 ]. Pfizer’s ABRYSVO, standing as the first maternal RSV vac- 

ine, was recently licensed in the EU and US, offering neonates 

rotection from birth to 6 months [ 11 , 12 ]. These developments 

arked significant milestones in RSV prophylaxis, underscoring 

he strides in paediatric protective strategies. 

It is therefore important to identify children with risk factors 

or developing RSV-ALRI for optimizing RSV prevention and control 

trategies and for raising awareness of RSV among the general pub- 

ic. We previously published a systematic review and meta-analysis 

n 2015 on the potential risk factors for developing RSV-ALRI in 

hildren under 5 years, based on 27 studies published between 

anuary 1995 and July 2015 [ 13 ]. However, there were several as- 

ects in that review that required further improvement. First, for 

he association between potential risk factors and RSV-ALRI, stud- 

es that reported only odds ratio (OR) obtained from univariate 

nalysis (i.e. not accounting for common confounders) were also 

ncluded in the analysis due to the limited evidence obtained from 

tudies that used multivariable analysis. Second, there was no dif- 

erentiation for RSV-ALRI occurring in the community and being 

ospitalized. Moreover, no subgroup analyses were performed, yet 

ifferences in risk factors for developing RSV-ALRI may exist be- 

ween different populations; for instance, risk factors and their as- 

ociation with RSV-ALRI could vary by different income regions or 

ge groups. 

Since the publication of the previous review, a number of new 

tudies have been published, adding substantially to the under- 

tanding of risk factors for RSV-ALRI. To this end, we conducted an 

pdated systematic literature review and meta-analysis to improve 

he understanding of risk factors for developing RSV-ALRI among 

oung children. 

ethods 

The systematic review was reported following the Preferred Re- 

orting Items for Systematic Reviews and Meta-analyses (PRISMA 

020) reporting checklist ( Supplementary Table S1 ). The study pro- 

ocol was registered with PROSPERO (CRD42021271398). 

iterature search 

Based on the previous systematic review [ 13 ], we conducted 

n updated literature search among three English databases (MED- 

INE, EMBASE and Web of Science) to identify relevant studies 

ublished after 1 August 2015 that reported the association be- 

ween individual-level risk factors and RSV-ALRI. In addition, we 

ncluded three comprehensive and authoritative Chinese databases 

CNKI, Wanfang Data and Chongqing VIP) and identified relevant 

tudies from 1 January 1995. All literature searches in above men- 

ioned databases were conducted on 30 November 2022. No lan- 

uage restrictions were applied. Our search strategy incorporated 

erms related to RSV, respiratory infection, child and risk factors, 

s well as their synonyms. The complete search strategies for all 

atabases are presented in Supplementary Text S1 . 

tudy selection 

After duplicate records were removed, two review groups con- 

isting of four reviewers (SD, ME, FDW and BC) independently 

creened all records by title and abstract to exclude ineligible stud- 

es. The remaining full-text articles and all included articles from 

he previous review were assessed for eligibility according to our 

respecified inclusion and exclusion criteria ( Table 1 ). Unlike the 

revious review, which focused on socio-demographic factors, this 

pdate included all individual-level risk factors to provide more 
2

omprehensive evidence. For the latter step, all excluded stud- 

es (at this stage) and the reasons for their exclusion were doc- 

mented ( Supplementary Table S2 ). Any discrepancies that could 

ot be resolved by consensus were adjudicated by a third reviewer 

YL). 

ata extraction 

For all studies that met the inclusion criteria, one reviewer (SD) 

sed a customized spreadsheet to extract and clean the required 

ata, concerning study characteristics (e.g. study period, study de- 

ign, study site, World Bank income classification [ 14 ]), participant 

haracteristics (e.g. subject age, case and control definition, respi- 

atory specimen and RSV identification methods, sample size) and 

nformation on risk factors (e.g. definition, reference group, effect 

ize). RSV-associated ALRI episodes were identified through lab- 

ratory tests or RSV-specific ICD-9/10 codes ( Supplementary Ta- 

le S3 ). The effect sizes were reported as unadjusted and/or ad- 

usted estimates of relative ratios, hazard ratios and ORs, as well as 

orresponding 95% confidence intervals (CIs) for developing RSV- 

ssociated ALRI in the community or hospital admission among 

igh-risk individuals compared with those not at high risk. We 

alculated unadjusted effect sizes if only frequency data were re- 

orted. Continuous correction was implemented by adding 0.5 to 

ach cell in a 2 by 2 table with at least one zero cell to avoid in-

nite estimates [ 15 ]. In the data cleaning process, risk factors with 

dentical or nearly identical definitions were classified into one cat- 

gory; for example, bronchopulmonary dysplasia (BPD) and chronic 

ung disease arising during the neonatal period were both classi- 

ed as BPD (see Supplementary Table S4 for details). For certain 

isk factors, we switched the reference categories to align them 

ith those in the majority of studies for meta-analysis and re- 

alculated the effect size [ 16 ]. Factors reported in only one study 

ere not included in the analysis. A second reviewer (BC) double- 

hecked the entered data for accuracy, with disagreements re- 

olved through discussions within the review group. 

uality assessment 

Studies were assessed for methodological quality using a self- 

esigned quality scoring form across the following six domains: 

tudy design, study subjects, study size, quality of ‘control’ group 

‘control’ refers to the control group in case-control studies, 

s well as the non-case group in cohort studies and random- 

zed controlled trials), control of confounders and diagnostic test 

 Supplementary Table S5 ). Each domain is scored 1 (higher quality) 

r 0 points (lower quality). Based on the total score, studies were 

raded as low ( ≤2 points), moderate (3-4 points) or high quality 

5-6 points) of evidence. Regardless of the quality of evidence, all 

tudies were included in the main meta-analysis. 

ata analysis 

Outcomes were categorized into two groups: RSV-ALRI in the 

ommunity and RSV-ALRI hospital admission. For each risk factor 

ssociated with each outcome, random-effects meta-analyses were 

onducted if two or more studies were available. When the inci- 

ence rate is low ( < 5%), ORs can be regarded as a valid approxi-

ation of RRs [ 3 ]. Therefore, we approximated RRs and HRs as ORs 

o combine effect estimates. We calculated pooled ORs along with 

heir corresponding 95% CIs to measure the association between 

ach risk factor and each RSV-ALRI outcome. Only ORs reported 

rom multivariable analyses were included in the main analysis. 

or each meta-analysis, a forest plot was generated to visualize 

he estimated effect sizes of individual risk factors. Heterogeneity 

as assessed using the I ² statistic, categorized as negligible (0%), 
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Table 1 

Inclusion and exclusion criteria. 

Inclusion criteria 

Published between 1 August 2015 (1 January 1995 for Chinese databases) and 30 November 2022 

Reporting data in children younger than 5 years 

Including children with a diagnosis of ALRI and laboratory-confirmed RSV illness 

Reporting association between individual-level risk factors and RSV–associated ALRI 

Including at least 50 children under 5 years 

Observational studies using analytic epidemiological study design (i.e. case–control or cohort studies) or randomized controlled trials (placebo arm only) 

Reporting results on risk factors based on univariable (considered only for sensitivity analysis) or multivariable analysis 

Exclusion criteria 

Definitions for ALRI or risk factors not clearly stated or inconsistently applied 

RSV infections confirmed solely by serology 

Reporting risk factors solely among high-risk study population (e.g. preterm babies, children with congenital heart disease, chronic lung disease and 

immunosuppression) 

Ineligible control group (e.g. RSV negative ALRI cases, children hospitalized for acute infections) 

Methods for analysis not clearly reported 

ALRI , acute lower respiratory infections; RSV , respiratory syncytial virus. 
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ow ( < 25%), moderate (25-75%) and high ( > 75%). Publication bias 

as assessed visually by funnel plots and was examined by Egger’s 

egression tests for risk factors reported in more than 10 studies. 

 two-sided P -value < 0.05 was considered statistically significant. 

ubgroup analyses were performed according to finer age groups, 

orld Bank income groups (high-income countries, HICs vs low- 

nd middle-income countries, LMICs), study periods (1990-20 0 0 

s 20 0 0-2010 vs 2010-2020), study designs (cohort vs case-control 

s randomized controlled trial), case definitions (ALRI vs pneumo- 

ia vs bronchiolitis) and RSV identification methods (PCR vs other 

ethods). 

To verify the robustness of our main findings, we conducted 

everal one-way sensitivity analyses: (1) adding ORs reported in 

nivariable analyses; (2) including exclusively ORs reported from 

nivariable analyses (even if ORs from multivariable analysis were 

vailable); (3) excluding studies considered to be of low quality 

defined as quality score ≤2 points). 

All data analyses were conducted by R software (version 4.1.2). 

esults 

tudy identification and characteristics 

The updated literature search initially identified 5924 records. 

fter excluding duplicates, the titles and abstracts of 3637 stud- 

es were screened and 121 studies were subsequently reviewed for 

ull texts, of which 26 studies [17–42] were included. In addition, 

he 27 studies included in the previous systematic review were re- 

ssessed, and 21 ( [43–61] and data contributed by Rasmussen and 

ar [ 13 ]) met our eligibility criteria for inclusion in this analysis. 

s a result, a total of 47 studies were finally included in this sys- 

ematic review ( Figure 1 ). 

The included 47 studies were conducted in 37 sites from 22 

ountries, mostly from HICs (34/47, 72%). Cohort study was the 

ost common study design (34/47, 72%). The majority of the stud- 

es were hospital-based (40/47, 85%). The general characteristics of 

he included studies are summarized in Supplementary Table S6 . 

verall, the methodological quality of the included studies was 

cceptable, with 33 (70%) studies considered to be of moderate 

29 studies) to high (4 studies) quality ( Supplementary Table S7 ). 

nly one risk factor for RSV-ALRI hospital admission, male sex, 

as reported by more than 10 studies (15 in total). The funnel 

lot and the result of Egger’s test indicated no publication bias 

 Supplementary Figure S1 ; P = 0.88). 

isk factors for RSV-ALRI 

A total of 4 potential risk factors for developing RSV-ALRI in the 

ommunity and 24 potential risk factors for hospitalization due to 
3

SV-ALRI were assessed in the main meta-analysis. For ease of re- 

orting, all risk factors (detailed definitions in Supplementary Ta- 

le S4 ) were categorized into four groups: demographic factors, 

re- and post-neonatal factors, household and environmental fac- 

ors and health and medical conditions. Detailed results are pre- 

ented in Tables 2 and 3 , with corresponding forest plots available 

n Supplementary Figures S2 and S3 . 

isk factors for developing RSV-ALRI in the community 

emographic factors 

Based on two studies ( [31] and Rasmussen [ 13 ]), the pooled 

R for male sex compared to females was 0.70 (95% CI: 0.22-2.24, 
2 = 50.4%). Sensitivity analyses yielded consistent results ( Table 2 ; 

upplementary Table S8 ). 

ousehold and environmental factors 

Indoor air pollution was found to be a possible risk factor for 

eveloping RSV-ALRI in children under five (OR 1.45, 95% CI: 1.10- 

.90, I2 = 0%; 3 studies). Neither passive smoking (0.90, 0.72-1.13, 
2 = 0%; 2 studies) nor having one or two siblings compared to 

one (1.35, 0.69-2.66, I2 = 81.2%; 2 studies) was significantly as- 

ociated with RSV-ALRI. All sensitivity analyses yielded consistent 

esults with the main findings ( Table 2 ; Supplementary Table S8 ). 

In subgroup analyses conducted based on income levels, study 

eriods, study designs, case definitions and RSV identification 

ethods, the results were generally consistent with the main anal- 

sis ( Supplementary Figures S4 and S6-S9 ). 

isk factors for RSV-ALRI hospital admission 

emographic factors. Male sex was associated with higher risks 

or RSV-ALRI hospitalization (OR 1.23, 95% CI: 1.19-1.27, I2 = 7.4%; 

5 studies). Māori (4.55, 3.84-5.39, I2 = 0%; 2 studies) and Pa- 

ific (3.42, 2.93-3.98, I2 = 0%; 2 studies) ethnicities were at higher 

isks for RSV-ALRI hospitalization compared to European or other 

thnicities. Rural residence was not associated with higher risks 

or RSV-ALRI hospitalization (1.09, 0.87-1.37, I2 = 9.4%; 4 stud- 

es) compared to urban residence; the sensitivity analysis that 

sed ORs from univariable analysis yielded borderline results (1.15, 

.002-1.33, I2 = 81.2%; 4 studies). All other sensitivity analy- 

es showed consistent findings with the main analysis ( Table 3 ; 

upplementary Table S9 ). 

re- and post-neonatal factors. Despite reporting variations in the 

estational age groupings, prematurity was associated with higher 

isks for RSV-ALRI hospitalization. The pooled ORs ranged from 

.76 (1.62-1.91, I2 = 6.7%; 5 studies) in those of 33-36 weeks of 

estational age (wGA) to 2.49 (2.33-2.66, I2 = 3.3%; 3 studies) in 
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Figure 1. PRISMA flow diagram of study selection. 

Table 2 

Risk factors for RSV-ALRI in the community. 

Risk factor Main analysis: ORs from 

multivariable analysis only 

Sensitivity analysis: ORs from 

multivariable and univariable analysis 

Sensitivity analysis: ORs from 

univariable analysis only 

No. of 

studies 

Pooled OR 

(95% CI) 

No. of studies Pooled OR 

(95% CI) 

No. of studies Pooled OR 

(95% CI) 

Demographic factors 

Male sex 2 0.70 (0.22-2.24) 5 1.04 (0.86-1.24) 4 1.05 (0.88-1.26) 

Pre- and post-neonatal factors 

Prematurity ( < 37 wGA vs ≥37 wGA) 1 1.00 (0.30-3.00) 2 0.79 (0.40-1.56) 2 0.77 (0.39-1.49) 

Low birth weight (birth weight < 2.5 kg) 1 0.90 (0.60-1.40) 3 0.93 (0.68-1.26) 3 0.92 (0.69-1.24) 

Lack of breastfeeding (not exclusive 

breastfeeding) 

1 1.70 (0.60-5.00) 2 1.16 (0.66-2.05) 2 1.16 (0.66-2.05) 

Household and environmental factors 

Indoor air pollution 3 1.45 (1.10-1.90) 4 1.46 (1.12-1.91) 2 1.63 (1.19-2.24) 

Passive smoking 2 0.90 (0.72-1.13) 4 0.95 (0.78-1.15) 2 1.19 (0.68-2.08) 

Crowding ( > 7 persons in the household) 1 1.10 (0.80-1.30) 2 1.13 (0.89-1.43) 2 1.13 (0.91-1.40) 

Having siblings (1-2 vs 0) 2 1.35 (0.69-2.66) 2 1.35 (0.69-2.66) 2 1.22 (0.63-2.37) 

Having siblings (1 vs 0) 1 1.10 (0.90-1.50) 2 1.07 (0.86-1.34) 2 1.21 (0.96-1.52) 

ALRI , acute lower respiratory infection; CI , confidence interval; OR , odds ratio; RSV , respiratory syncytial virus; wGA , weeks of gestational age. 

OR in bold indicates statistical significance. 

4
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Table 3 

Risk factors for RSV-ALRI hospital admission. 

Risk factor Main analysis: ORs from multivariable 

analysis only 

Sensitivity analysis: ORs from 

multivariable and univariable analysis 

Sensitivity analysis: ORs from 

univariable analysis only 

No. of 

studies 

Pooled OR 

(95% CI) 

No. of 

studies 

Pooled OR 

(95% CI) 

No. of 

studies 

Pooled OR 

(95% CI) 

Demographic factors 

Male sex 15 1.23 (1.19-1.27) 21 1.22 (1.19-1.26) 14 1.24 (1.20-1.30) 

Rural residence 4 1.09 (0.87-1.37) 5 1.14 (0.93-1.40) 4 1.15 (1.002-1.33) 

Ethnicity (Māori vs European/Other) 2 4.55 (3.84-5.39) 2 4.55 (3.84-5.39) 1 5.00 (3.35-7.44)- 

Ethnicity (Pacific vs European/Other) 2 3.42 (2.93-3.98) 2 3.42 (2.93-3.98) 1 4.79 (3.12-7.35) 

Pre- and post-neonatal factors 

Apgar score at 5 min (0-7 vs 8-10) 1 1.11 (0.95-1.29) 2 1.48 (0.85-2.59) 2 1.88 (1.68-2.10) 

Intrauterine growth restriction 1 1.26 (1.12-1.42) 2 1.12 (0.82-1.52) 1 0.91 (0.64-1.30) 

Prematurity ( < 37 wGA vs ≥37 wGA) 3 1.85 (1.74-1.97) 9 2.33 (1.82-2.98) 9 2.41 (1.93-3.03) 

Prematurity ( < 33 wGA vs ≥37 wGA) 3 2.32 (1.75-3.09) 8 3.46 (2.43-4.94) 6 4.29 (3.06-6.04) 

Prematurity (33-36 wGA vs ≥37 wGA) 5 1.76 (1.62-1.91) 12 1.92 (1.63-2.25) 9 1.99 (1.61-2.46) 

Prematurity (29-32 wGA vs ≥37 wGA) 3 2.49 (2.33-2.66) 4 2.87 (2.14-3.87) 3 3.53 (1.93-6.45) 

Prematurity ( < 29 wGA vs ≥37 wGA) 3 2.32 (1.73-3.13) 5 3.26 (2.10-5.06) 4 4.49 (2.57-7.88) 

Maternal smoking during pregnancy or 

lactation 

8 1.33 (1.22-1.45) 11 1.34 (1.21-1.48) 5 1.73 (1.13-2.66) 

Maternal alcohol during pregnancy or 

lactation 

1 0.91 (0.80-1.05) 2 0.91 (0.80-1.02) 1 0.89 (0.69-1.13) 

Maternal gestational diabetes mellitus 1 1.06 (1.00-1.12) 2 1.05 (0.99-1.12) 1 0.93 (0.73-1.20) 

Maternal age at delivery ( < 25 vs 30-34 

years) 

3 1.46 (1.39-1.53) 2 1.45 (1.38-1.52) 1 2.32 (1.63-3.29) 

Maternal age at delivery (25-29 vs 30-34 

years) 

3 1.14 (1.10-1.17) 3 1.14 (1.10-1.17) 1 0.95 (0.91-1.00) 

Maternal multiparity 2 2.51 (1.05-5.99) 2 2.51 (1.05-5.99) 1 1.62 (1.18-2.22) 

Multiple births 5 1.03 (0.82-1.30) 7 1.19 (0.91-1.54) 4 1.77 (1.53-2.04) 

Mode of delivery (caesarean section vs 

vaginal) 

2 1.19 (1.07-1.33) 2 1.19 (1.07-1.33) - - 

Mode of delivery (emergency caesarean 

section vs vaginal) 

1 1.09 (1.01-1.17) 2 1.11 (1.06-1.15) 2 1.11 (1.06-1.15) 

Low birth weight (birth weight < 2.5 kg) 3 2.07 (1.51-2.85) 3 2.07 (1.51-2.85) 3 3.00 (2.73-3.30) 

Small for gestational age 3 1.16 (1.02-1.33) 3 1.16 (1.02-1.33) 1 1.25 (1.14-1.38) 

Large for gestational age 3 1.00 (0.93-1.08) 3 1.00 (0.93-1.08) 1 0.95 (0.86-1.04) 

Lack of breastfeeding (not predominantly 

breastfeeding) 

1 2.05 (1.08-3.03) 2 2.43 (1.80-3.30) 1 2.67 (1.83-3.89) 

Household and environmental factors 

Having siblings ( ≥1 vs 0) 4 1.68 (1.14-2.49) 4 1.68 (1.14-2.49) 2 1.75 (0.56-5.45) 

Having siblings (1 vs 0) 4 2.20 (1.69-2.87) 4 2.20 (1.69-2.87) 3 1.76 (1.56-2.00) 

Having siblings ( ≥2 vs 0) 3 3.42 (1.68-6.97) 3 3.42 (1.68-6.97) 2 2.81 (1.39-5.69) 

Having siblings ( ≥2 vs < 2) 1 1.10 (0.92-1.35) 2 1.67 (0.64-4.39) 2 1.85 (0.92-3.70) 

Having siblings ( ≥3 vs < 3) 2 1.47 (1.16-1.87) 2 1.47 (1.16-1.87) 2 1.60 (1.30-1.98) 

Passive smoking 3 1.93 (1.30-2.87) 5 1.63 (1.33-1.98) 4 1.64 (1.33-2.02) 

Maternal asthma 3 1.49 (1.32-1.68) 4 1.50 (1.33-1.70) 1 8.00 (1.00-64.00) 

Low maternal education ( < 12 years) 1 1.20 (1.10-1.30) 2 1.41 (0.91-2.19) 1 1.92 (1.14-3.24) 

Daycare centre attendance 2 1.59 (1.29-1.96) 2 1.59 (1.29-1.96) - - 

Single parenthood 3 1.15 (1.06-1.25) 3 1.15 (1.06-1.25) 1 1.67 (1.21-2.31) 

Health and medical conditions 

Any chronic diseases 4 2.27 (1.79-2.87) 4 2.27 (1.79-2.87) 2 2.46 (1.23-4.89) 

BPD 4 2.38 (0.84-6.75) 6 3.21 (1.52-6.79) 5 5.38 (3.02-9.58) 

Cardiomyopathy 1 2.78 (1.78-4.34) 2 3.03 (2.02-4.54) 1 4.53 (1.73-11.88) 

Cystic fibrosis 2 2.07 (1.43-2.98) 3 3.13 (1.49-6.57) 2 4.82 (2.72-8.55) 

CHD 1 2.80 (2.30-3.30) 4 4.07 (2.82-5.87) 4 4.04 (2.76-5.90) 

HS-CHD 4 2.59 (1.07-6.26) 5 3.00 (1.43-6.28) 4 3.86 (2.39-6.22) 

Down syndrome 3 3.10 (2.73-3.53) 5 4.21 (2.85-6.21) 4 6.26 (5.48-7.15) 

HIV infections (HIV-infected vs 

HIV-uninfected [exposed or unexposed]) 

3 3.74 (2.65-5.27) 5 3.56 (2.69-4.72) 4 3.44 (2.45-4.85) 

HIV infections (HIV-infected vs 

HIV-unexposed uninfected) 

1 2.80 (2.00-3.90) 2 2.32 (1.59-3.40) 2 1.94 (1.40-2.69) 

Pulmonary hypertension 1 3.26 (2.44-4.34) 2 4.97 (1.98-12.46) 1 8.38 (4.28-16.41) 

Previous asthma 2 4.09 (3.01-5.55) 2 4.09 (3.01-5.55) - - 

ALRI , acute lower respiratory infection; BPD , bronchopulmonary dysplasia; CI , confidence interval; HS-CHD , hemodynamically significant congenital heart disease; OR , odds 

ratio; RSV , respiratory syncytial virus; wGA , weeks of gestational age. 

OR in bold indicates statistical significance. ‘-’ indicates data not reported. 
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hose of 29-32 wGA compared to full-term ( ≥37 wGA) children. 

oth low birth weight (2.07, 1.51-2.85, I2 = 6.0%; 3 studies) com- 

ared to birth weight ≥2.5 kg and small for gestational age com- 

ared to appropriate for gestational age (1.16, 1.02-1.33, I2 = 8.0%; 

 studies) were found to be risk factors; by contrast, the pooled OR 

or large for gestational age was not statistically significant. Multi- 

le births were not associated with higher risks for RSV-ALRI hos- 
5

italization (1.03, 0.82-1.30, I2 = 9.5%; 5 studies). Maternal smok- 

ng during pregnancy or lactation, maternal age at delivery < 25 

ears and between 25 and 29 years compared to 30-34 years, ma- 

ernal multiparity, and caesarean section compared to vaginal were 

ll associated with increased risks for RSV-ALRI hospitalization; the 

ooled ORs ranged from 1.14 (1.10-1.17, I2 = 9.6%; 3 studies) for 

aternal age at delivery between 25 and 29 years to 2.51 (1.05- 
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.99, I2 = 9.5%; 2 studies) for maternal multiparity. Results from 

ensitivity analyses were generally consistent to the main analysis 

 Table 3 ; Supplementary Table S9 ). 

ousehold and environmental factors. Having siblings, passive 

moking, maternal asthma, daycare centre attendance and single 

arenthood were all found to be significantly associated with in- 

reased risks for RSV-ALRI hospitalization; the pooled ORs ranged 

rom 1.15 (1.06-1.25, I2 = 5.9%; 3 studies) for single parent- 

ood to 3.42 (1.68-6.97, I2 = 9.9%; 3 studies) for having two or 

ore siblings compared to none. Results from sensitivity analy- 

es generally remained consistent with the main results ( Table 3 ; 

upplementary Table S9 ). 

ealth and medical conditions. We assessed seven health and med- 

cal conditions-related factors in the main analysis: any chronic 

iseases, BPD, HIV infections, congenital heart disease (CHD), 

own syndrome, cystic fibrosis and previous asthma. The point 

stimates of the pooled ORs of all these seven conditions were 

reater than 2 and were all statistically significant except for BPD 

OR 2.38, 95% CI: 0.84-6.75, I2 = 9.8%; 4 studies); the pooled OR 

f BPD was statistically significant in sensitivity analyses that in- 

luded ORs from both multivariable and univariable analyses, and 

hat included ORs from univariable analyses only ( Table 3 ). 

The results of the vast majority of risk factors across all sub- 

roup analyses were consistent with the primary findings, except 

hat in the subgroup analysis based on study periods, rural resi- 

ence was a significant risk factor during 1990-20 0 0 but was no 

onger significant in 2010-2020 ( Supplementary Figures S4-S9 ). 

iscussion 

Based on the latest available evidence, this systematic review 

nd meta-analysis updated the knowledge of risk factors for devel- 

ping RSV-ALRI among children under five. Although existing evi- 

ence from community-based studies is still limited, we identified 

ndoor air pollution as a possible risk factor for developing RSV- 

LRI in the community, increasing the risk by 45%. Besides, a wide 

ange of demographic, pre- and post-neonatal, household and en- 

ironmental and health and medical condition-related factors were 

dentified that increased the risks for RSV-ALRI hospitalization by 

4%-355%. 

Compared to the previously published meta-analysis [ 13 ], 

ur updated analysis has made several improvements. First, we 

dopted stricter inclusion criteria to improve the overall quality 

f the included evidence. Specifically, we excluded cross-sectional 

tudies (which were included in the previous meta-analysis), as 

hey lack predefined comparison groups, making them vulnerable 

o publication bias. Additionally, while certain factors, such as sex, 

ave a clear temporal order with the outcome, the causal tempo- 

ality of other potential confounders may be less clear. We also 

odified the quality assessment approach by incorporating more 

bjective indicators. Despite the use of stricter criteria, with the 

ubstantial volume of published studies in the recent 5 years, the 

otal number of included studies in our review increased by 74% 

from 27 to 47), and the number of assessed factors based on mul- 

ivariable evidence increased by more than threefold (from 7 to 

5). For risk factors with multiple levels such as number of siblings 

nd prematurity, we managed to assess the risk for each level. For 

xample, we further divided the prematurity group (i.e. < 37 wGA) 

nto < 29 wGA, 29-32 wGA and 33-36 wGA, and assessed these 

ubgroups individually; by doing so, we confirmed that even late- 

reterm-born children had a sizeable risk (OR 1.76, 95% CI: 1.62- 

.91) for RSV-ALRI hospitalization compared to children born at 

erm. 
6

In addition to the risk factors identified by the previous review 

 13 ], several other factors were confirmed as risk factors for RSV- 

LRI hospit alization in our review, including Māori or Pacific eth- 

icity, small for gestational age, maternal age < 30 years at delivery, 

aesarean section and maternal multiparity. We also quantified the 

ffect size of several previously well-recognized health and med- 

cal condition-related factors such as BPD [62] , Down syndrome 

63] and CHD [64] . 

Moreover, for the first time, we distinguished the risk factors 

ssociated with RSV-ALRI in community settings from those lead- 

ng to RSV-ALRI hospitalization. Interestingly, while male sex was 

ot shown as a risk factor for developing RSV-ALRI in the commu- 

ity in our analysis, it was associated with an approximately 20% 

ncrease in the risk for RSV-ALRI hospitalization. Such contrasting 

esults might be a result of the differences in the disease sever- 

ty between male and female, although we could not rule out the 

ffect of the limited number of community-based studies. Simi- 

ar to male sex, we found contrasting results for passive smoking, 

hich was shown as a risk factor for hospitalization but not for 

SV-ALRI in the community. This suggests that exposure to pas- 

ive smoking might aggravate RSV diseases. Three studies exam- 

ned the association between indoor air pollution and developing 

SV-ALRI in the community using multivariable analyses; however, 

he definitions were not entirely consistent ( Supplementary Table 

4 ). Among these, only one cohort study found a significant as- 

ociation, which defined indoor air pollution as no window ven- 

ilation in the kitchen. Therefore, we considered indoor air pollu- 

ion as a possible risk factor for developing RSV-ALRI in the com- 

unity, consistent with the 2019 Global Burden of Disease Study 

hat found household air pollution from solid fuels as the second 

eading cause of lower respiratory infection mortality in children 

ounger than 5 years (following child wasting) [65] . 

However, we do acknowledge several limitations in this study. 

irst, the meta-analysis results were largely informed by evidence 

rom HICs (accounting for more than 70% of included studies), al- 

hough subgroup analysis by country income did not yield substan- 

ially different results for risk factors with available data. Second, 

e acknowledged high heterogeneities among the included stud- 

es, including the variations in case definitions of ALRI and RSV 

dentification methods, and variations in defining, measuring and 

eporting risk factors. Moreover, the number of studies included in 

he meta-analysis per risk factor was still limited and we could 

ot rule out type II error (i.e. false negative results). Third, al- 

hough we considered the meta-analysis of individually reported 

Rs from multivariable analyses as the main analysis to account 

or confounding bias in each individual study, including only ORs 

rom multivariable analyses could result in false positive results. 

his is because in some studies, the list of factors included in the 

ultivariable analysis was informed solely by the univariable anal- 

sis, that is only factors that showed statistical significance in the 

nivariable analysis (e.g. determined by the P -value) was selected. 

o help address this limitation, we conducted sensitivity analyses 

hat included results from univariable analysis, which yielded gen- 

rally consistent findings. 

onclusions 

Despite these limitations, our study synthesized the latest evi- 

ence on risk factors for RSV-ALRI in children under 5 years. Our 

ndings did not only update the knowledge on the risk factors of 

SV-ALRI but also could help raise awareness of RSV prevention 

mong the public, especially parents of high-risk children. The re- 

orted effect size of these risk factors in this study provides impor- 

ant input data for estimating the public health impact of reduc- 

ng or eliminating certain risk factors, such as indoor air pollution. 

hese data could also be used to support the development of in- 
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ividual risk prediction models for RSV-ALRI. With novel RSV pro- 

hylactic products targeting protection at infants being available, 

nformation on RSV risk factors could help public health authori- 

ies identify high-risk populations and prioritize the allocation of 

SV prophylactic products in resource-constrained settings. 
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