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ABSTRACT 

Respiratory syncytial virus associated acute lower respiratory infection (RSV-ALRI) constitutes a 

substantial disease burden in young children. We aimed to identify all studies investigating the risk 

factors of RSV-ALRI poor outcome or mortality in young children. 

We carried out a systematic literature review across 7 databases with data from studies published from 

January 1995 to December 2019. We defined poor outcome as need for prolonged hospital stay, oxygen 

supplementation, mechanical ventilation or intensive care unit (ICU) admission. Quality of all eligible 

studies was assessed according to modified GRADE criteria. We conducted meta–analyses to estimate 

odds ratio (OR) with 95% confidence intervals (CI) for individual risk factors.  

We identified 27 eligible studies, which investigated 20 risk factors for RSV-ALRI poor outcome and/or 

mortality in children younger than 5 years old, in comparison to those with RSV-ALRI who did not 

have poor outcome or mortality. Among those risk factors, 6 had statistically significant associations 

with RSV-ALRI poor outcome: any comorbidity (OR 2.69 (95% CI 1.89-3.83)), congenital heart 

disease (3.40 (95% CI 2.14-5.40)), prematurity with gestational age (GA) <37 weeks (1.75 (95% CI 

1.31-2.36)), prematurity with GA ≤32 weeks (2.68 (95% CI 1.43-5.04)), age <3 months (4.91 (95% CI 

1.64-14.71)), age <6 months (2.02 (95% CI 1.73-2.35)). Apart from age <3 months, the meta-estimate 

ORs for all other risk factors were based on studies using multivariable analysis. For mortality, only 

prematurity with GA <37 weeks had a significant meta-estimate of OR 3.81 (95% CI 1.68-8.63) based 

on univariable analysis. 

This study represents a comprehensive report of the association between various risk factors and RSV-

ALRI poor outcome and mortality in young children. More research should be carried out to elucidate 

risk factors associated with poor outcome and mortality using multivariable analysis. 

Key words: risk factor, RSV, poor outcome, mortality  
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INTRODUCTION 

Globally, respiratory syncytial virus (RSV) is the most common pathogen identified in young children 

with acute lower respiratory infection (ALRI), as well as an important cause of hospital admissions. It 

is estimated that in 2015 there were about 33.1 million new episodes of RSV-ALRI cases in children 

younger than 5 years globally and about 10% of these were severe enough to warrant hospitalisation 

[1]. It is also estimated that in 2015 RSV attributable mortality in children younger than 5 years was 

around 59 600 in–hospital deaths globally and 118 200 overall deaths, with 99% of these occurring in 

developing countries. 

RSV is known to be more likely to have a severe outcome in children with certain pre–existing chronic 

medical conditions, resulting in a higher rate of hospitalisation (with odds ratio 6.25) and higher risk of 

death (2-37% compared to <1% in otherwise healthy children) [2, 3]. The high incidence of RSV 

infection, as well as its potentially severe outcome, makes it important to identify and prioritise children 

with RSV-ALRI at high risk of developing poor outcomes. A retrospective case series with 358 children 

indicated that a substantial proportion of children with RSV-related death had comorbidities [4]. Studies 

summarising the evidence of the role of comorbidity (and its strength of association) in RSV-related 

death or poor outcome (e.g. prolonged hospital stay, oxygen supplementation, mechanical ventilation 

and ICU admission) is needed. Previously we provided a comprehensive report on the association 

between various risk factors and RSV-ALRI hospitalisation in young children but did not focus on those 

with poor outcome [5]. Therefore, in this review we aim to present summary meta-estimates of the 

associations between multiple risk factors and RSV-ALRI poor outcome and mortality to identify high 

risk population. 

METHODS 

Search strategy and selection criteria 

We conducted a systematic review across 7 databases (including 3 Chinese databases) following the 

approach detailed in the PRISMA guidelines [6]. Tailored search strategies were developed and applied 



Risk factors for RSV-ALRI poor outcome and mortality 

4 
 

to search Medline, Embase, Global Health, LILACS, China National Knowledge Infrastructure (CNKI), 

Wanfang Data and Chongqing VIP databases (Supplementary Table 1). All searches were limited to 

articles with publication dates between January 1995 and December 2019. No publication status criteria 

or language restrictions were applied. We included studies that fulfilled the following selection criteria 

(Supplementary Panel 1).  

Three investigators (TS, SV and SM) conducted the search in the databases independently and extracted 

data using standardised data extraction templates. Any disagreements were resolved after discussion.  

The protocol of this review was published in PROSPERO database (registration CRD42019160804). 

Definitions 

As previously [1], the study population was defined as RSV associated ALRI, which includes clinical 

pneumonia and bronchiolitis. This was adapted from WHO Integrated Management of Childhood 

Illnesses (IMCI) pneumonia case definitions to include laboratory confirmation of RSV [7]. The case 

group was defined as children with RSV-ALRI who had poor outcome or mortality. Poor outcome is 

defined as need for prolonged hospital stay, oxygen supplementation, mechanical ventilation or 

intensive care unit (ICU) admission. The control group was defined as children with RSV-ALRI who 

did not have poor outcome or die. We categorised countries as industrialised or developing regions on 

the basis of UNICEF’s classification 2015 [8, 9].  

Statistical analysis 

We standardized the results of all the included studies as odds ratios (ORs) of having poor outcome or 

mortality in children with RSV-ALRI compared to the control group (without poor outcome) with 

accompanying 95% confidence intervals (95% CIs) to facilitate interpretation and comparison. We 

applied a continuity correction of 0.0005 if the outcome was detected in one group but not the other 

[10]. This allowed calculation of an OR for these instances and enabled inclusion in subsequent meta-

analyses. ORs from univariable analysis and adjusted ORs from multivariable analysis were both 

extracted and reported separately.  
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Using STATA (version 13.0), we performed a meta-analysis of risk factor-specific ORs and reported 

pooled estimates with corresponding 95% CIs using the random effects model (DerSimonian-Laird 

method) because the included studies are heterogeneous in various aspects and thus are assumed to have 

different effect sizes [11]. Meta-analysis was only carried out when there were at least 3 studies 

available.  

Quality assessment 

Quality assessment at the individual study level was carried out using a modified GRADE scoring 

system [12] focusing on the following seven aspects: study design, quality of control group, sample 

size, analysis method, bias, confounding factor, and geographical spread of studies (Supplementary 

Table 2). We calculated the score for each study after assessing each criterion as listed above. The 

overall maximum score is 14.  

RESULTS 

We identified 2612 records and that 27 articles fulfilled our selection criteria (Supplementary Figure 1) 

[13-39]. Most studies (14) were retrospective, 9 were prospective, and 4 were cross-sectional. Twenty-

six studies reported risk factors for RSV-ALRI poor outcome while 8 studies reported risk factors for 

RSV-ALRI mortality. The study population of the included studies were all from hospital inpatient 

populations. Although we included data in children younger than five years old, 67% of them were 

focusing on younger age groups (8 studies were in infants and 10 were in under 2 years old). Fifteen 

studies came from industrialised countries and 12 from developing countries. According to the modified 

GRADE scoring system, the scores of included studies varied from 4.5 to 11 (Supplementary Table 3). 

A map of locations of these 27 study sites is available in Supplementary Figure 2. The full descriptions 

of the study characteristics and reported risk factors and outcomes are available in Supplementary Table 

4.  
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Poor outcome 

The meta-analysis result of each risk factor for poor outcome is available in Table 1, stratified by studies 

using multivariable analysis and univariable analysis. Details are described below.  

Any comorbidity 

Any comorbidity was defined as children with any underlying conditions including prematurity, chronic 

lung disease, congenital heart disease and so on. Five studies reported any comorbidity as risk factors 

for poor outcome using multivariable analysis and another 5 using univariable analysis. The meta-

estimate of OR was 2.69 (95% CI 1.89-3.83) for multivariable and 3.21 (95% CI 1.97-5.24) for 

univariable analysis. In each category, 3 studies came from developing countries and 2 from 

industrialised countries. In addition to this, there were studies reporting the role of a specific 

comorbidity in RSV-ALRI poor outcome, which are described below.  

Chronic lung disease (CLD) 

CLD definition varied slightly across studies, from bronchopulmonary dysplasia (BPD), any underlying 

respiratory diseases to chronic lung disease with prematurity. Three studies (1 in a developing country 

and 2 in industrialised countries) reported CLD as risk factors for poor outcome using multivariable 

analysis and 5 (2 in developing countries and 3 in industrialised countries) using univariable analysis. 

The OR meta-estimates were 3.20 (95% CI 0.97-10.57) and 4.17 (95% CI 0.78-22.21) respectively.  

Congenital heart disease (CHD) 

Six studies reported CHD as risk factors for poor outcome using multivariable analysis and 8 using 

univariable analysis. The overall OR meta-estimates were 3.40 (95% CI 2.14-5.40) and 4.84 (95% CI 

3.16-7.42) respectively. 

Down syndrome 
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Down syndrome was reported as a risk factor for poor outcome in 2 studies using multivariable analysis 

and 3 studies using univariable analysis. The OR meta-estimate for the latter was 2.29 (95% CI 0.91-

5.76). 

Prematurity with GA <37 weeks & Prematurity with GA ≤32 weeks 

Six studies reported prematurity with GA <37 weeks as a risk factor for poor outcome using 

multivariable analysis and 9 using univariable analysis. The OR meta-estimates were 1.75 (95% CI 

1.31-2.36) and 2.73 (95% CI 1.92-3.87) respectively. Three studies reported prematurity with GA ≤32 

weeks as a risk factor for poor outcome using multivariable analysis and another 3 using univariable 

analysis. The OR meta-estimates were 2.68 (95% CI 1.43-5.04) and 5.90 (95% CI 2.35-14.83) 

respectively.  

Co-infection 

Co-infection was defined presence of another pathogen (e.g. any other respiratory viruses including 

adenovirus and human metapneumovirus). Two studies reported co-infection with at least one other 

pathogen as a risk factor for poor outcome using multivariable analysis while 3 studies were based on 

univariable analysis. The latter resulted in meta-estimate of OR 3.11 (95% CI 0.56-17.27). 

Sex (male)  

Five studies reported male gender as a risk factor for poor outcome based on multivariable analysis and 

7 were based on univariable analysis. The OR meta-estimates were 1.39 (95% CI 0.95-2.04) and 1.13 

(95% CI 0.95-1.35) respectively.  

Age <3 months at time of the RSV-ALRI 

Age <3 months was defined as less than 3 months at the time of RSV season. Two studies reported age 

<3 months during the RSV season as a risk factor for poor outcomes using multivariable analysis and 

3 using univariable analysis. The latter resulted in OR meta-estimate 4.91 (95% CI 1.64-14.71).  
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Age <6 months at time of the RSV-ALRI 

Three studies reported age <6 months during the RSV season as a risk factor for poor outcome using 

multivariable analysis and another 3 using univariable analysis. The resulting OR meta-estimates were 

2.02 (95% CI 1.73-2.35) and 2.15 (95% CI 1.34-3.46) respectively. 

Other risk factors 

There were a few other risk factors reported in the included studies. However, due to the small number 

of studies (<3) or substantially different definitions used for these risk factors, meta-analysis was not 

carried out. Only one study reported HIV as a risk factor for poor outcome in young children with RSV-

ALRI [28]. OR was 4.00 (95%CI 1.50-10.60) based on multivariable analysis and 4.20 (95% CI 2.40-

7.70) based on univariable analysis. Another study reported immunocompromised status as a risk factor 

with OR 2.08 (95% CI 0.60-7.25) using univariable analysis [27]. Only two studies reported 

neurological disease as a risk factor [17, 27]. OR was 9.92 (95% CI 2.24-38.32) from one study based 

on multivariable analysis and lower from another two studies based on univariable analysis (one OR 

being significant). The definition of low birth weight varied across studies, from <2500g, <1500g to 

≤10th centile [17, 19, 25, 34]. Two studies were based on multivariable analysis and four used 

univariable analysis (3 out of 4 reported significant ORs). Underweight was defined as weight-for-age 

z score of ≤ -2 SD, <5th percentile or weight <3rd centile for age in 3 studies [15, 17, 30]. All of them 

reported significant associations with ORs varying from 1.13 to 6.41. Two studies reported malnutrition 

as a risk factor based on multivariable analysis with ORs 1.63-1.71 (one being significant) [31, 32]. 

There were 4 studies reporting lack of exclusive breastfeeding or no breastfeeding as the risk factor (2 

using multivariable analysis and another 2 using univariable analysis) [17, 20, 29, 39]. The ORs varied 

from 1.74 to 3.91 and three of them reported significant associations. Effect of tobacco smoking at 

home was also estimated in 2 studies and one of them reported a significant OR [17, 20]. Two studies 

reported family history of atopy as a risk factor and one of them had a significant OR [14, 17]. One 

study reported household use of wood as a cooking fuel as a significant risk factor [31]. Another study 
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reported multiple births and number of other children living in the house as risk factors but the 

associations were not significant [19].   

Mortality 

The meta-estimates for mortality are only available for prematurity with GA <37 weeks from 3 studies 

using univariable analysis (OR 3.81 (95% CI 1.68-8.63)). Other risk factors were also reported. Due to 

the same reason mentioned above, we were unable to conduct a meta-analysis. One study reported any 

comorbidity as a significant risk factor with OR 59.83 (95% CI 13.25-270.43) using univariable 

analysis. Two studies reported CLD as a risk factor using univariable analysis and 1 study using 

multivariable analysis. Two of them reported significant ORs. Two studies reported CHD as a risk 

factor using univariable analysis and one of them reported a significant OR. Co-infection was reported 

in one study with OR 1.76 (95% CI 0.37-8.47). One study reported Down syndrome with OR 13.01 

(95% CI 2.24-57.98). HIV was reported to have a significant association with mortality in two studies 

with ORs 12.70 (95% CI 3.90-41.10) and 22.20 (95% CI 4.80-102.00). One study reported prematurity 

with GA ≤32 weeks with OR 6.37 (95% CI 0.98-33.15). One study reported low birth weight (<1500g) 

with OR 11.34 (95% CI 2.09-61.65). One study reported underweight with OR 1.75 (95% CI 0.54-

5.65). Two studies reported age <6 months at time of the RSV-ALRI as the risk factor with non-

significant ORs.  
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DISCUSSION 1 

This is the first systematic review to evaluate and summarise the available evidence on 20 risk factors 2 

for poor outcome and mortality for RSV-ALRI in children under five years old. Our review summarised 3 

data from about 109 440 cases of RSV-ALRI from 27 studies and generated OR meta-estimates for 10 4 

risk factors. Among them, six are estimated to have statistically significant associations with RSV-5 

ALRI poor outcome (any comorbidity, CHD, prematurity with GA <37 weeks, prematurity with GA 6 

≤32 weeks, age <3 months at time of the RSV-ALRI, age <6 months) at the time of the RSV-ALRI. 7 

Prematurity with GA <37 weeks was significantly associated with RSV-ALRI mortality.  8 

The association between prematurity and RSV-ALRI poor outcome varied between early and late 9 

prematurity. Prematurity with GA ≤32 weeks showed stronger associations with poor outcome in 10 

children with RSV-ALRI, compared to prematurity with GA <37 weeks, although they had overlapping 11 

confidence intervals. In addition, there were two studies reporting prematurity with GA <28 weeks as 12 

a risk factor with statistically significant ORs (17.60 (95% CI 11.20-27.60) and 7.47 (95% CI 3.92-13 

14.16)) [13, 34]. Both were higher than ORs in prematurity with GA ≤32 weeks. This indicates that 14 

prematurity is strongly associated with RSV-ALRI poor outcome mostly driven by extremely preterm 15 

babies. Similar finding was observed for age. The association between age and RSV-ALRI poor 16 

outcome was higher in children aged <3 months, compared to children aged <6 months.  17 

There were potential bias and confounding among the 27 included studies. Some studies [13, 17-20, 24, 18 

27, 28] used questionnaires or interviews to gather information on various risk factors, which could 19 

introduce several biases, including response bias, recall bias, interviewer bias, and misclassification 20 

bias. Not all studies provided details of laboratory test and a few used International Classification of 21 

Diseases (ICD) codes instead, which could lead to misclassification bias of RSV diagnosis. In addition, 22 

differential loss to follow up bias might exist in cohort studies. Also, substantial bias could be present 23 

in the selection of controls since most studies did not use matched control groups. In addition, six studies 24 

[13, 24, 33, 36, 38, 39] only used univariable analysis to generate the odds ratio without adjusting for 25 

any confounders. For remaining studies using multivariable analysis, the number and details of 26 
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confounders adjusted in each study varied (e.g. age, premature status, year, admission severity score, 27 

clinical complications). Studies using multivariable analysis reported lower OR association between 28 

most risk factors and RSV-ALRI poor outcome (with overlapping confidence intervals).     29 

There are a few limitations of this study. First, due to the limited number of included studies in each 30 

analysis group, we did not have sufficient studies to carry out subgroup analysis by region or narrow 31 

age bands. Second, meta-analyses were not conducted for a few risk factors due to the fact that 32 

substantially different definitions were applied in each study (Supplementary Table 5). Thus a 33 

descriptive analysis was used to summarise existing evidence for these risk factors. More studies using 34 

standardised definitions are required to improve the comparability of these studies and clarify the roles 35 

of these risk factors. Third, within studies included in the meta-analyses, the definitions for each risk 36 

factor varied slightly across the included studies. Fourth, the definitions for the poor outcome also varied 37 

slightly across the included studies. Within studies included in meta-analysis, the majority of studies 38 

(20 out of 26) used mechanical ventilation or ICU admission as the parameters to define poor outcome. 39 

Some used oxygen supplementation (8), length of hospital stay (2), respiratory failure (2) etc. as the 40 

indication for poor outcome. More studies are needed to investigate the associations between risk 41 

factors and individual poor outcome. We acknowledge that differences in healthcare systems and 42 

culture might impact hospital management practice (e.g. the threshold for oxygen supplementation). 43 

The oxygen saturation level used as a guide for starting supplemental oxygen therapy varied from <90% 44 

to <95% among 27 bronchiolitis clinical practice guidelines according to a systematic review [40]. 45 

Moreover, the analysis was carried out for poor outcome and mortality respectively and the definition 46 

of poor outcome did not include mortality because the majority studies reported these two outcomes 47 

separately and it is not possible to combine both outcomes with aggregate data provided by the studies. 48 

Fifth, according to our quality assessment results, the quality score of the included studies varied, which 49 

might affect the robustness of this study. However, considering this is a mainly subjective exercise, we 50 

choose not to exclude any studies. The selection of studies was strictly carried out based on inclusion 51 

and exclusion criteria as listed in Supplementary Panel 1. Also the quality assessment tool did not 52 

address all aspects related to study quality since it only looked into 7 aspects: study design, quality of 53 
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control group, sample size, analysis method, bias, confounding factors and geographical spread of 54 

studies. More detailed and appropriate quality assessment tools should be applied. Sixth, the sample 55 

size of the included studies varied from 123 to 39546. Studies with small sample sizes might not have 56 

enough power to generate accurate results. Last, we did not have access to individual patient data on 57 

risk factors for RSV-ALRI poor outcome and mortality, which could help to further understand the role 58 

of each risk factor in severe outcome and adjust for possible confounders in a pooled analysis.  59 

In conclusion, this study provides a review of the existing evidence regarding risk factors for RSV-60 

ALRI poor outcome and mortality in young children. However, the evidence base is limited by a paucity 61 

of standardised data. Further research should be carried out to better understand the role of possible risk 62 

factors for RSV-ALRI poor outcome and mortality in diverse settings and in narrower age bands. We 63 

also need to explore whether these risk factors are specific for RSV.  64 
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Table 1: Meta-estimate of odds ratio for risk factors in children with RSV-ALRI poor outcome 84 

Risk factor No. of 
studies 

Meta-analysis from 
studies using 

multivariable analysis 

I-
squared 

No. of 
studies 

Meta-analysis from 
studies using 

univariable analysis 

I-
squared 

Any 
comorbidity 

5 2.69 (1.89-3.83) 0.0% 5 3.21 (1.97-5.24) 73.2% 

Chronic lung 
disease 

3 3.20 (0.97-10.57) 79.8% 5 4.17 (0.78-22.21) 96.9% 

Congenital 
heart disease 

6 3.40 (2.14-5.40) 64.1% 8 4.84 (3.16-7.42) 73.8% 

Down 
syndrome 

2 NA  3 2.29 (0.91-5.76) 67.9% 

Prematurity 
(GA <37 
weeks) 

6 1.75 (1.31-2.36) 61.5% 9 2.73 (1.92-3.87) 81.4% 

Prematurity 
(GA ≤32 
weeks) 

3 2.68 (1.43-5.04) 46.7% 3 5.90 (2.35-14.83) 92.2% 

Co-infection 2 NA  3 3.11 (0.56-17.27) 94.4% 

Sex (male) 5 1.39 (0.95-2.04) 44.7% 7 1.13 (0.95-1.35) 41.5% 

Age <3 
months 

2 NA  4 4.91 (1.64-14.71) 82.0% 

Age <6 
months 

3 2.02 (1.73-2.35) 0.0% 3 2.15 (1.34-3.46) 63.9% 

GA= gestational age. NA= not available.   85 
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