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S U M MA R Y

Severe respiratory syncytial virus (RSV) infection in infancy is associated with substantial morbidity worldwide;

whether it is a risk factor for childhoodasthma is contentious. A systematic review of 28 articles was conducted,

summarizing estimates of asthma risk after RSV hospitalization during infancy. Prevalence estimates of asthma,

among those hospitalized for RSV in infancy, were from 8% to 63%, 10% to 92%, and 37%, at ages <5, 5 to 11, and

�12 years, respectively. These rates were higher than those among non-hospitalizedcomparisons. The attributable

risk of asthma due to RSV ranged from 13% to 22% and from11% to 27% among children aged �5 and aged 5 to 11,

respectively, andwas32%among children�12years of age. Overall, 59%of asthma prevalence estimates from those

previously hospitalized for RSV exceeded 20%, compared to only 6% of non-hospitalized comparison estimates.

Despite variability in asthma prevalence estimates after RSV-related hospitalization, available data suggest a link

between severe RSV infection in infancy and childhood asthma.

© 2012 Elsevier Ltd. All rights reserved.

Introduction

Severerespiratory syncytial virus (RSV) infection is a leading cause of

hospitalization for bronchiolitis among infants in both industrialized

and developing nations. 1 Many investigators have shown that the

risk ofdeveloping childhood chronic respiratoryconditions, including

asthma, is elevated among those hospitalized for RSV disease in

infancy, 2–6 and that the increasedrisk may persist into adulthood. 3,7

Rates of asthma among those previously hospitalized for RSV disease

appearhigher thanasthma ratesfromthegeneralpopulation of North

America andEurope. 8

There is substantial variability in published asthma prevalence

estimates among those hospitalized for RSV disease in infancy,

however. 2–4,6,7,9–31 Summarizing the evidence on asthma risk is

challenging,as estimates are derivedfromstudieswith heterogeneity

in study design, duration, and outcome definition; andmany studies

included small samples underpowered to detect significant differ-

ences in outcomes, particularly over lengthy follow-up. Only one

recentsystematic reviewhas evaluatedasthma risk among thosewith

severe RSV disease, 32 and reported an association based on twelve

studies (which did not require that individuals be hospitalized). As

effective prophylactic strategies against severe RSV disease exist,
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particularly for babies in high-risk subgroups such as those born

premature, 33 accurate estimates of the association between severe

RSV and asthma are critical to understanding whether the upfront

investment in prophylaxis is offset by cost savings over the long term.

Updated estimates are also important, given recent reports of

elevated asthma risk among cohorts hospitalized for RSV in infancy,

followed for 20 to 30 years. 3,7 However, a thorough and recent

synthesisof age-specificestimates of asthmarisk afterhospitalization

for RSV disease in infancy is lacking.

The objective of this studywas to summarize estimates of asthma

risk among those hospitalized for severe RSV disease during infancy,

from the published literature. The synthesis provides ranges of

asthma prevalence among those hospitalized for RSV disease during

infancy, and considers the impact of heterogeneity in disease defini-

tions andsources of report on those estimates of risk. These estimates

are useful for quantifying increased asthma risk after hospitalization

for severe RSV disease in infancy, and target populations with

increasedsusceptibility.

Methods

A systematic reviewwas conducted, synthesizing asthma prevalence

and increased risk estimates, among those hospitalized for severe

RSV disease in infancy, according to age and the period over which

asthmawasmeasured.

1526-0542/$ – see front matter© 2012 Elsevier Ltd. All rights reserved.
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Study selection

During search strategy development, chronic respiratory morbidity

was broadly defined to include asthma or recurrent wheezing, to

ensure all relevant articles were identified. References from 1950

onwards listed in the MEDLINE, EMBASE, and the Cochrane Library

databases were searched through July 2010. Reference lists of

retrievedarticles were hand-searchedto identify additional relevant

articles.

Study selection involved a preliminary review of identified ab-

stracts, followed by an in-depth review of full-text articles meeting

the inclusion criteria. These were: (1) original article, in English;

(2) hospitalization for confirmed RSV disease during the first two

yearsof life; (3) reporting on recurrentwheezing,chronic bronchitis,

or asthma, by physicians, parents, or self; and (4) at least 18 months

of follow-up after RSV-related hospitalization. Consensus on study

eligibility was reachedby two independentreviewers.

The focus was on studies evaluating the association between

hospitalization for RSV disease and subsequent asthma, from rep-

resentative North American or European samples. To maximize

generalizability and minimize the opportunity for selection bias to

affect synthesizedestimates, articles focusing on highly specific target

populations (e.g., Alaskan First Nations) or with objectives other

than measuring the association between RSV hospitalization and

asthma, were excluded. No studies were excluded based on design

or sample size.

Data extraction

Double data extraction was conducted by two independent re-

viewers. Asthma was classified according to the definition used

by the investigators from the original publication. Prevalence was

considered according to three age categories, based on guidelines

for the diagnosis and management of asthma: (i) <5; (ii) 5 to 11;

and (iii) �12 years of age. 34 Asthma prevalence estimates were

grouped according to whether they were calculated cumulatively

over the period, or described current symptoms (over the preceding

12 months). Study groups could contribute multiple prevalence

estimates within the same age category from separate publications,

provided the estimates were measured after differing lengths of

follow-up.For studies reporting multiple outcome measures, diaries

were prioritized over questionnaires. Studies reporting risks of

asthma that spanned age categories were assigned to the oldest age

category. 23

Threeadditional potential covariateswereevaluated:(i) age atRSV-

relatedhospitalization (<12 or <24 months), (ii) inclusion of infantsat

high risk of severe RSV disease, 33 and (iii) source of report (parent/

self or physician).

Analysis

Risk estimates from those previously hospitalized for RSV disease,

and from non-hospitalized comparison samples from the same

studies, were graphed and visually compared. Prevalence estimates

in each age categorywere summarized by ranges and scatterplots to

explore between-study variability. The differences in the frequency

of estimates above commonly observed asthma prevalences from

the general population (>10%, >20%) 8 were compared between

those hospitalized and those not hospitalized for RSV disease using

histograms. Among the studies with non-hospitalized comparison

groups,estimates of the increasedrisk of asthma in those previously

hospitalized for RSV disease were summarized using published

relative risks or odds ratios, and calculated risk differences (i.e.,

attributable risks). 35

As a sensitivity analysis, articles describing severe recurrent

wheezing, that could potentially be misclassified asthma, 36 were

also included. The outcome measures employed to classify recurrent

wheezing by the original investigators were reviewed by two

physiciansexperiencedin the diagnosis andmanagement of pediatric

asthma. Those articles reporting recurrent wheezing considered

sufficiently severe to potentially be indicative of asthma (usually

physician-confirmedor multiple episodes of documented wheezing)

were included in a second stage of (sensitivity) analysis.

Results

The search identified 2,544 potentially eligible abstracts; 28 of those

were eligible (Figure 1). Prevalence estimates from those 28 studies

evaluating the association between hospitalization for RSVdisease in

infancy and asthma, according to age at follow-up, are summarized

below. 2–4,6,7,9–31 No major trend was seen according to age at RSV-

relatedhospitalization, the inclusion of high-risk infants, or source of

report (data not shown).

Younger than 5 years of age

Cumulative estimates of asthma prevalence (Figure 2; n = 6) among

those 2 to 4 years of age hospitalized for RSV disease during

infancy rangedfrom8% to 63%. 9,10,12,17,18,31 Five estimates (83%) were

>10% prevalence, and three (50%) were >20%. The 8% prevalence

estimate was from a study measuring asthma by prescription

reimbursement, and lacked a healthy comparison group. 18 The

63% prevalence estimate came from a study that also reported a

13% asthma prevalence among a comparison group hospitalized for

rotavirus,whereonly 52% of the sample completed the assessment. 31

The remaining four estimates of cumulative asthma prevalence

ranged from 10% 17 to 32% 9 for those <5 years of age hospitalized for

RSVduring infancy.

Twostudiescompared RSV-relatedasthma risk to non-hospitalized

groups. Both cumulative prevalence estimates among non-hospita-

lized comparison groupswere1% (vs. 15% 12 and 23% 10 for RSV). The

attributable risk (Table 1) of asthma due to RSVdisease among those

<5 years of age rangedfrom 13% 12 to 22%. 10

Two studies without non-hospitalized comparison groups esti-

mated current asthma prevalence among those 3 or 4 years of age

(Figure 2). One study reported two estimates; 78% for ‘symptoms

suggestive of asthma’, and 43% for physician-diagnosed asthma. 15

The other reported a lower prevalence (22%) based on >3 episodes

of physician-diagnosed wheezing, with pre-existing wheezing or

medications. 20

5 to 11 years of age

Cumulative estimates of asthma prevalence (Figure 2; n = 7) among

individuals 5 to 11 years of age hospitalized for RSV disease

during infancy ranged from 10% to 92%. 4,11,12,14,15,17,19 All estimates

were >10%, and six (86%) were >20%. The study reporting the

92% prevalence estimate classified asthma using an incomparable

definition (any symptoms over a series of follow-up visits). 15 The

remaining six estimates of cumulative asthma prevalence ranged

from 10% 17 to 57% 14 for those 5 to 11 years of age hospitalized for

RSVdisease during infancy.

Three studies compared cumulative prevalence estimates to those

from non-hospitalized groups. Asthma estimates among those not

hospitalizedforRSVdiseaseduringinfancy rangedfrom3% 11 to 20%, 4

compared to 26% to 38% among those hospitalized for RSV, fromthe

samestudies.The attributable risk (Table 1) of cumulative asthmadue

toRSVdiseaseamong those in the 5 to11 yearsof age category ranged

from11% 12 to 27%. 11

Current asthma prevalence estimates (Figure 2; n= 11) among

those 5 to 11 years of age hospitalized for RSVdisease during infancy
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Primary analysis included 34

articles reporting asthma

Sensitivity analysis included 43

articles reporting asthma (or

wheezing sufficiently severe to be

included with asthma)

6 excluded because duplicate results were

reported in other studies

7 excluded because reported wheeze only

240 excluded for the following reasons:

� 51 review articles or editorials

� 2 non-

-

English publications

� 4 no laboratory confirmation of RSV

� 116 inappropriate exposure or age

� 22 inadequate follow up duration

� 36 no outcomes of interest

� 4 inaccessible or other reason

294 articles chosen for full text

review

257 duplicate records removed

2,287 abstracts for screening

against inclusion/exclusion

criteria

55 additional records identified

through other sources

2 additional studies

published in 2010

2,489 abstracts identified by search

strategy

56 full texts articles underwent

data extraction (asthma, wheeze,

bronchitis)

Figure1. Schematic of study selection for the systematic review.
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Figure2. Prevalence estimates(%) from studies reporting on (A) the cumulative riskand (B) the current risk of asthma among those previouslyhospitalized for RSV disease, and

non-hospitalized comparison groups, in the <5 years,5 to 11 years, and�12 yearsage categories.

ranged from 6% to 62%. 6,11,13–16,21,23 ,24,26,27 Eight estimates (73%)

were >10%, and five (45%) were >20%. Three studies provided esti-

mates of current asthma prevalence of 6%, 6,13,27 which were higher

(although not significantly so) than estimates fromnon-hospitalized

comparison groups from the same studies (3%, 13 5%, 6 and 2% 27).

Two studies provided estimates >60%, without non-hospitalized

comparisons, 15,16 and both employed two asthma definitions, with

the prevalencesassociated with the more restrictive definition being

lower. 15,16 The remaining six estimates of currentasthma prevalence

ranged from10% to 23% for those 5 to 11 years of age hospitalized for

RSVdisease during infancy. 11,14,21,23,23,26

Five studies compared current prevalence estimates to those from

non-hospitalized groups. 6,11,13,16,27 Current prevalence estimates

rangedfrom2% 11 to 8% 16 among those not previouslyhospitalized for

RSVdisease (compared to 11% and 60% among those hospitalized for

RSV during infancy from the same studies, p<0.01). The attributable

risk (Table 1) of current asthma due to RSV disease among those in

the 5 to 11 years of age category ranged from2% 6 to 52%. 16
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Table 1

Prevalence, relative,and attributable riskof asthma due to severeRSV diseaseduring infancy from 12 studies including groups of individualspreviously hospitalized
for RSV disease,and non-hospitalized comparisons

Study RSV

Number Prevalence (%)

Non-hospitalized

comparison

Number Prevalence (%)

Odds ratio

(95%CI)

Relative risk

(95%CI)

Risk difference

[Attributable

riska] (%)

p-value b

<5 years

Cumulativemeasure

Sigurset al. 1995 10 47 23.4 93 1.1 − 21.8 (2.9–163.6) 22.3 <0.001

Juntti et al. 2003 12 76 14.5 76 1.3 − 11.0 (1.5–83.1) c 13.2 nr

Current measure

(No study available)

5 to 11 years

Cumulativemeasure

Sigurset al. 2000 11 47 29.8 93 3.2 − 9.2 (2.8–30.6) 26.6 <0.0001

Henderson et al.2005 4 73 38.4 8039 20.1 2.5 (1.4–4.3) − 18.3 0.002

Juntti 2003 12 76 26.3 76 15.8 1.9 (0.9–4.2) − 10.5 0.11

Current measure

Sigurset al. 2000 11 47 23.4 93 2.2 − 10.9 (2.5–47.1) 21.2 <0.001

Mok and Simpson 1982 13 100 6.0 200 2.5 − 2.4 (0.8–7.7)c 3.5 nr

Pullan andHey 1982 6 130 6.2 111 4.5 − 1.4 (0.5–4.1)c 1.7 ns

Fjaerli et al.2005 16 35 60.0d 64 7.8d − 7.7 (3.2–18.6) c 52.2 nr

Korppi et al. 1994 27 32 6.3 52 1.9 − 3.3 (0.3–34.4)c 4.4 ns

�12 years

Cumulativemeasure

Sigurset al. 2005 2 46 37.0 92 5.4 − 6.8 (2.7–17.3) 31.6 <0.001

Current measure

Sigurset al. 2005 2 46 28.3 92 3.3 − 8.7 (2.6–28.9) 25.0 <0.001

Sigurset al. 2010 3 46 32.6 92 6.5 − 5.0 (2.1–12.0)c 26.1 <0.001

Goksor et al. 2006 25 25 48.0 294 15.0 1.3 (0.5–3.4) − 33.0 nr

Korppi et al. 2004 29 36 16.7 45 11.1 1.6 (0.4–5.7) − 5.6 ns

Ruotsalainen et al. 2010 7 40 30.0 80 3.8 11.4 (3.0–44.1) − 26.2 significante

95%CI, 95% confidence interval.
a Attributable riskwascalculated as % prevalenceRSV-hospitalized group − % prevalencenon-hospitalized comparison.
b ns, not significant; nr, not reported.
c Calculated by reviewauthors.
d Two outcomes presented, currently under supervisionfor asthma (rather than use of asthmamedication) was included here.
e Reported p<0.05 comparing hospitalized group (with and without RSV disease)vs. non-hospitalized group.

Note: only one additional estimate (by Henderson 2005 et al, for the <5 yearsof age category) wasadded in sensitivityanalysis,reportinga current asthma prevalence of

18.9% (RSV-hospitalized group) vs. 6.8% (non-hospitalized comparison).

12 years of age or older

Only one study estimated the cumulative prevalence of asthma

among those 12 years of age or older, at 37% among those 13 years

of age hospitalized for RSV disease during infancy (compared to

5% among those not hospitalized; Figure 2). 2 The attributable risk of

asthma due to RSV was 32%.

Currentasthma prevalence estimates (Figure 2, n= 7) among those

�12 years of age hospitalized for RSV disease during infancy ranged

from 17% to 48%. 2,3,7,22,25,28,29 One study used two definitions, 28

and one measured asthma over two periods (preceding 12 or

24 months). 7 Two study groups contributed estimates at different

ages within this category: the first, at 13 and 18 years; 2,3 and the

second, at 13–16, 18–20, and 26–29 years of age. 2,7,28 All estimates

were >10%, and four (57%) were >20%. There was one notably high

estimate (48% for previous RSV hospitalization vs. 15% in the non-

hospitalized comparison) from a follow-up study at 17–20 years

where the outcome waswheezing or asthma and/or the need for anti-

asthmatic treatment during the preceding 12 months. 25 The remaining

six estimates of current asthma prevalence ranged from 17% to 33%

for those �12 years of age hospitalized for RSV disease during

infancy. 2,3,7,22,28,29

Five studies estimated current asthma prevalence among non-

hospitalized samples, at 3% to 15% (compared to 17% to 48% among

those previously hospitalized for RSV, from the same studies). The

attributable risk (Table 1) of currentasthma duetoRSVdiseaseamong

thosein the�12yearsof age categoryrangedfrom6% to33%. 2,3,7,25,29

Asthma, overall

Figure 3 shows the frequency of asthma prevalence estimates above

each 10%-increment prevalence threshold for those hospitalized

for RSV disease during infancy and the non-hospitalized com-

parisons. While 88% of asthma estimates from those hospitalized

for RSV disease during infancy were in excess of 10%, only 25%

of estimates from non-hospitalized comparison groups exceeded

that threshold. Similarly, 59% of asthma prevalence estimates from

those hospitalized for RSV disease during infancy were over 20%;

only 6% of estimates from non-hospitalized comparisons exceeded

that threshold.This trendwasconsistent when stratifiedby age (data

not shown).

Figure 4 presents current asthma prevalence estimates from three

longitudinal studies. 2,3,7,10,11,20–22,27–29 In the first series, prevalence

increased from 23% (3 years) to 33% (18 years) in those hospitalized

for RSV disease during infancy – vs. from 1% to 7% in the non-

hospitalized comparison over the same period. 2,3,10,11 The second

series reported increasing prevalences from 6% (8 to 9 years) to

30% (26 to 29 years), vs. 2% to 4% in the non-hospitalizedcomparison

group. 7,27–29 The third series reported current asthma prevalence to

be stable among children previously hospitalized for RSV disease
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Figure3. Frequencyof prevalenceestimatesof asthma, overeach % threshold, for those

previouslyhospitalized forRSV disease, and non-hospitalized comparison groups.

(22% at 3 years to 20% at 11 years); no non-hospitalized comparison

wasincluded. 20–22

Sensitivity analysis

All articles reporting recurrent wheezing (but not asthma) were

reviewed. An additional four articles wherein wheezing was suffi-

ciently severe to potentially indicate asthma, 37–40 as well as one

already reviewed for asthma that estimated recurrent wheezing

among younger children, 4 wereincluded.

Two additional estimates (one cumulative 38 and one current4)

of asthma prevalence in the <5 years of age category and three

cumulative 37,39,40 and two current estimates 37,40 in the 5 to 11

years category were included. Inclusion of the prevalence estimates

from these additional studies did not change the results; and upper

and lower limits of the calculated estimates remained the same

(Figure5).

Discussion

Chronic respiratoryconditions in children andadolescents contribute

a substantial clinical and economic burden globally, 41 and hos-

pitalization for RSV disease during infancy may be an important

risk factor. 2–4,6,7,9–31 This systematic review demonstrated that

asthma prevalence among individuals hospitalized for RSV disease

during infancy were higher – frequently, significantly and clinically

meaningfully so – than among non-hospitalized comparison groups.

While 60% of asthma prevalence estimates after RSV hospitalization

in infancy were in excess of 20%, only 5% of estimates from non-

hospitalized comparison groups exceeded that threshold. 8 Unlike

other reviews, 1,32 we did not find that asthma risk after RSV-

hospitalization dissipated with time; indeed, follow-up to almost

30 years of age demonstrated continued substantial increased

risks. 3,7 Themost recent studies conclude that RSVhospitalization in

infancy is a significant independent risk factor for adult asthma. 7

To assess excess risk, asthma prevalenceamong those hospitalized

and those not hospitalized for RSV disease in infancywas compared.

While many studies did not include non-hospitalized comparisons,

asthma prevalence estimates from those that did 2–4,6,7,10–13,16,25,27,29

were consistent with other asthma estimates from the general

population. The majority of asthma prevalence estimates from non-

hospitalized groups were <20%; only 5% of estimates exceeded this

0

10

20

30

40

50

0 5 10 15 20 25 30

Pr
ev

al
en

ce
 o

f c
ur

re
nt

 a
st

hm
a 

(%
)

Age at follow up (years)

Sigurs et al.,2,3,10,11 RSV+ hospitalized

Sigurs et al.,2,3,10,11 non-hosp comparison

Reijonen et al.,20–22 RSV+ hospitalized

Korppi et al.,7,27–29,54 RSV+ hospitalized

Korppi et al.,7,27–29,54
 non-hosp comparison

Figure 4. Prevalence estimates of current asthma, from three longitudinal studies. *Only longitudinal studies that defined asthma consistently were plotted. For the Korppi

et al.series,data fromKuikka1994 26 werenot plotted as a different asthma definitionwasused comparedwith the other three publications from that series.7,27–29

Wheeze articles included in asthma sensitivity analysis

0

20

40

60

80

100

. . . . . . . . . . . . . . . . . . . . . . .

<5 5 to 11 ≥12

Pr
ev

al
en

ce
 (%

)

 

0

20

40

60

80

100

. . . . . . . . . . . . . . . . . .

<5 5 to 11 ≥12

Pr
ev

al
en

ce
 (%

)

(B)(A) Age at follow-up (years) Age at follow-up (years)

RSV+RSV+
Non-hosp comparisonNon-hosp comparison

CumulativeCurrent

Figure5. Prevalence estimates %) from studies reporting on (A) the current risk and (B) the cumulative risk of asthma among those previouslyhospitalized for RSV disease, and

non-hospitalized comparison groups, in the <5 years,5 to 11 years,and�12 yearsage categories;estimatesfrom articleswithrecurrentwheezing sufficientlysevereto potentially

indicate asthma are circled.



S14 S.M. Szaboet al. / PaediatricRespiratoryReviews 13S2 (2012) S9–S15

threshold. This was consistent with findings from the International

Study of Asthma and Allergy in Childhood, whichmeasured cumula-

tive asthma prevalences of 22.5% and 16.3% among 13–14-year-olds

in North America and Europe. 8 Differential estimates of risk among

non-hospitalized comparisons may be due to the known geographic

variability in underlying asthma risk. 8

Despite mounting evidence of the importance of RSV-related

hospitalization as a risk factor for asthma, including frompopulation-

based studies such as the Tucson 42 and ALSPAC 4 birth cohorts,

the long-term impact of severe RSV disease remains unclear.1,43,44

Synthesizing evidence from the literature is challenging due to

heterogeneity in exposure and outcome measurement, and differ-

ences in study design. One recent systematic review of twelve

studies confirmed the association between RSV (not necessarily

hospitalization) in infancy and asthma risk, although they suspected

it dissipated with age. 32 This supposition originates from two sets

of reports; the first, from older studies by Sigurs et al., which

reported declining (but still significantly elevated) increased risks of

asthmaover time. 2,10,11 The second set consisted of two small studies

reporting lesser asthma prevalences at older ages 12,29 than other

(unrelated)studies reporting asthmarisk at earlier time periodsusing

different definitions. Subsequent publications by those investigators

have demonstrated increased risk well into adulthood, 3,7 in part

due to the development of late-onset asthma not evident at earlier

visits. 2,3,11 The most recent evidence concludes that asthma risk is

significantly elevated among those hospitalized for RSV disease in

infancy; that these elevated risks are sustained into adulthood; and

that RSV-related hospitalization in infancy is a significant risk factor

for adult asthma. 3,7

Part of the uncertainty around themagnitude of increased asthma

risk after RSV-relatedhospitalization is dueto the small sample sizes

of contributing studies, which could cause even large differences

in prevalence to be statistically insignificant. Meta-analysis is one

approach to synthesizing estimates from underpowered studies.

However, unlike randomized trials which provide an unbiased

estimate of an association’s effect size, estimates from observational

studies may deviate due to the effects of confounding, bias, or

both. 45,46 As a result, meta-analysis of observational studies may

produce very precise, but spurious results, particularly when great

heterogeneity in outcome measures is present, limiting the validity

of estimating a combined outcome. Despite the restrictions imposed

within the present review, the designsand results of included studies

remainedsufficiently heterogeneousto question the validity of meta-

analysis. The qualitative approach to data synthesis undertaken

here, however, can be valid and informative for exploring and

understandingdriversof variability, andhypothesis generating. 45,46

Another source of uncertainty in synthesizing asthma estimates

was due to the lack of consistency in asthma definitions from the

original studies; and the high degree of overlap between definitions

for asthma and recurrent wheezing. To minimize the effects of

differing definitions, we focused only on asthma (whichwas defined

with a higher consistency), and included severe recurrent wheezing

as a sensitivity analysis. This approach maximized the sensitivity of

the outcome of ‘asthma’ for detecting chronic and severerespiratory

conditions, which is important for studies reporting on younger

childrenwhere difficulties in measuring pulmonary function would

prevent definitive asthma diagnoses. The overlap in definitions

questionswhetherasthmaand recurrentwheezingaretruly differing

constructs; or if varied definitions reflect geographic variability in

terminology alongside challenges in accurately diagnosing asthma

in young children. 47,48 Future epidemiologic studies may measure

the first age-specific occurrence of asthma or recurrentwheezing, in

addition to considering the outcomes separately.

An important consideration forstudies examining the link between

RSV and asthma relates to the etiology of respiratory symptoms.

It is unclear whether RSV hospitalization causes a form of asthma,

or if RSV and asthma are on the same causal pathway from a

common distal cause. 1,43,44,49,50 Distinguishing a causative role for

RSV in the pathogenesis of asthma is challenging because ‘asthma’

represents an umbrella for phenotypically distinct diagnoses, 51

within which an RSV-specific phenotype may be grouped. While

impossible to disentangle in the context of this systematic review,

the issue of causation highlights two missing pieces of the RSV/

asthma puzzle. First, a precise and population-based quantification

of the risk of asthma due to RSV is required. Second, an estimate of

the effectiveness of RSV prophylaxis for decreasing asthma risk via

preventing RSV hospitalizations is lacking.

Overall, the validity of the synthesis was limited by the features of

studydesign employed in the original articles. As the review included

mostly observational studies, there was the potential for selection

bias, information bias, and confounding to have affected the results

of the original studies (and therefore the synthesis). 35 Many studies

did not include healthy comparison groups. Furthermore, the study

samples differed in the distributions of other factors known to be

associatedwith asthma,such as daycareattendance or smoking in the

household;52 these factors were inconsistently measured and could

not be adjusted for between studies.

To our knowledge, this work represents the most thorough

systematic reviewof asthma risk afterhospitalization forRSV disease

during infancy. Misclassification on exposure was minimized by

limiting inclusion to studies where RSV disease was confirmed on

laboratory testing, and wherein all subjects were hospitalized. 32

To maximize the generalizability, a broad approach was employed

that included studieswithout non-hospitalizedsamples; recognizing

that this limited the ability to make comparisons. Prevalence was

consideredaccordingto thelevels of potentially important covariates,

includingwhether individualswereinitially at high risk of,andtiming

of, RSV-related hospitalization; and according to the source (parent

or physician) of report. To minimize the effects of heterogeneity in

follow-up periods, estimates of risk were compared within three

clinically relevant age categories, 34 stratified according to whether

themeasurewas assessedcumulatively, or reflected current asthma

symptoms.

This review characterized the prevalence, and increased risk,

of asthma among those previously hospitalized for RSV disease,

providing age-specific ranges of asthma prevalence. Despite the

variability in estimates from the studies reviewed, the evidence

continually suggests an increased risk of childhood asthma after

hospitalization for RSVdiseaseduringinfancy, maintainedinto adult-

hood. Nonetheless, the literature reporting on this association would

benefit from a population-based study employing standardized

definitions to provide accurate, robust, and representative estimates

of the increased risk of asthma among those hospitalized for RSV

disease in infancy, particularly among those at higher risk of severe

respiratory infections or morbidity.
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