
OR I G I N A L A R T I C L E

Asthma and Rhinitis

Asthma and lung function in adulthood after a viral wheezing
episode in early childhood

K. Backman1 | H. Ollikainen2 | E. Piippo-Savolainen1 | K. Nuolivirta3 | M. Korppi4

1Department of Pediatrics, Kuopio

University Hospital, Kuopio, Finland

2Child Welfare Clinic and School Health

Care, Health Care Center, Pediatrics,

Kuopio, Finland

3Department of Pediatrics, Sein€ajoki Central

Hospital, Sein€ajoki, Finland

4Pediatric Research Centre, Tampere

University and Tampere University Hospital,

Tampere, Finland

Correspondence

Katri Backman, Department of Pediatrics,

Kuopio University Hospital, Kuopio, Finland.

Email. katri.backman@kuh.fi

Funding information

Kuopio University Hospital (EVO grant, code

440076), The National Foundation for

Pediatric Research in Finland, The National

Graduate School of Clinical Investigation in

Finland, and Tampere Tuberculosis

Foundation

Summary

Background: Viral aetiology of infection has a significant role in the long-term out-

come of early-childhood wheezing.

Objective: This study examines asthma and lung function in adulthood after early-

childhood wheezing induced by respiratory syncytial virus (RSV) and rhinovirus (RV).

Methods: A total of 100 children were hospitalized for a wheezing episode at less

than 24 months of age from 1992 to 1993 in Kuopio University Hospital (Finland).

Adenovirus, influenza A and B virus, parainfluenza (1-3) virus, and RSV were tested

on admission using antigen detection and antibody assays, and RSV and RV were

tested by polymerase chain reaction (PCR). In 2010, 49 cases and 60 population

controls attended a follow-up study, which included spirometry with bronchodilation

test and fractionally exhaled nitric oxide (FENO) measurements.

Results: Current asthma was present in 64% of the cases with RV-induced wheez-

ing (OR 17.0 [95%CI 3.9-75.3] vs controls), in 43% of the cases with RSV-induced

wheezing episode (6.1 [1.5-24.9] vs controls), and in 12% of the controls. The RV

group showed significantly higher mean FENO values than the RSV group and con-

trols. RV-positive cases had lower MEF50 before bronchodilation and higher

MEF50, FEV1, and FEV1/FVC bronchodilation responses than controls. RSV-posi-

tive cases had lower FVC than controls before bronchodilation.

Conclusion: Cases with RV- and RSV-induced early-childhood wheezing had

increased risk for asthma in adulthood, and RV-positive cases had significantly

higher FENO values than RSV-positive cases and controls. Compared to controls,

RV-positive cases showed more bronchial reactivity, and RSV-positive cases showed

lower FVC before bronchodilation in lung function testing.

Clinical relevance: Children with RV- or RSV-induced wheezing in early childhood

have an increased risk for asthma and lung function abnormalities in adulthood.
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1 | INTRODUCTION

Hospitalization for wheezing in early childhood has been associated

with the development of asthma and reduced lung function in adult-

hood.1-4 Respiratory syncytial virus (RSV) and rhinovirus (RV) are the

most common viruses that cause wheezing in young children.5 In

most previous studies, viral aetiology of the first wheezing episode

has been crucial when evaluating later outcomes in children with

wheezing in early childhood.6-10 There is strong evidence that the

prevalence of asthma is increased during childhood after RSV-
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induced wheezing,6-10 but later outcomes are controversial.4,11,12

Wheezing induced by RV appears to be linked to individual predis-

position to asthma and atopic diseases,6,13 and there is an even

higher risk of asthma in childhood compared to wheezing induced by

RSV or other viruses.8 However, it is not known whether this associ-

ation is still present in adults.

We have prospectively followed a cohort of children who were

hospitalized for wheezing from 1992 to 1993 in Kuopio University

Hospital, Finland.14 This cohort has been evaluated in several follow-

up visits from early childhood to adolescence.14-17 We previously

documented an increased risk for childhood asthma after hospitaliza-

tion for wheezing at age under 2 years and demonstrated that the

risk was highest among children with a history of RV-induced

wheezing.8 The aim of this study was to evaluate asthma and lung

function 18 years after the first hospitalization for wheezing. In addi-

tion, we evaluated whether or not these outcomes are related to

viral aetiology of the early-childhood wheezing episode.

2 | SUBJECTS AND METHODS

2.1 | Original study design and previous follow-up

A total of 100 children were hospitalized for wheezing at age less

than 24 months from 1992 to 1993 in Kuopio University Hospital.18

All study subjects presented with wheezing and respiratory distress

during respiratory tract infection, which was severe enough to

require hospitalization. Of these children, 85% had presented with

wheezing for the first time, and all were hospitalized for the first

time.14

Seven viruses were studied using antigen detection in the

nasopharyngeal aspirate (NPA) on admission and by antibody assays

in paired sera. Adenoviruses, influenza A and B virus, parainfluenza

1, 2, and 3 virus, and RSV were assayed.14 Later, 81 frozen NPA

samples taken on admission were used in polymerase chain reaction

(PCR) to test for RSV and picornaviruses like RV.8 After infancy, this

cohort was evaluated in several clinical studies at mean ages of 4, 7

and 12 years.8,15,17

2.2 | Follow-up study in 2010

In 2010, 49 (49%) cases with a history of early-childhood wheezing

attended the clinical follow-up study. Viral PCR had been performed

for 40 of them during the initial wheezing episode. A questionnaire

about asthma and allergy symptoms was mailed to all attendees. Doc-

toral interviews and examinations, flow-volume spirometry including

both a pre-bronchodilation (pre-BD) and post-BD measurements, and

two-week monitoring of home peak expiratory flow (PEF) were per-

formed for all study subjects. An invitation to the study was also sent

with a ratio of 4:1 to unselected population-based controls matched

by sex and age who were born in the hospital district of Kuopio

University Hospital. Of those invited, 60 control subjects participated

in the study. Characteristics of cases with early-childhood wheezing

episode who attended and did not attend were compared. There were

no significant differences between groups in viral aetiology of the ini-

tial wheezing episode, age in admission to hospital, sex distribution,

presence of atopic dermatitis in admission, or parental characteristics

including parental asthma and atopy. There was no possibility to com-

pare the characteristics of controls who attended or did not attend.

2.3 | Methods

PEF was measured using a Mini-Wright PEF meter (Clement-Clarke

International LTD, Harlow, Essex, UK) three times every morning and

every evening for 2 weeks, and after bronchodilator inhalations

(Salbutamol 0.4 mg, Buventol Easyhaler 0.1 mg/dos, Orion Pharma,

Espoo, Finland) in the morning during the second week.19 Daily PEF

variability of 20% or more or an improvement in PEF of 15% or

more after bronchodilator inhalation at least twice during the moni-

toring period was considered as abnormal.20

FENO was measured with a NIOX MINO Airway Inflammation

Monitor (Aerocrine AB, Solna, Sweden) according to current stan-

dards in all subjects except for one control.21 Skin prick tests (SPTs)

(ALK Soluprick, Copenhagen, Denmark) were performed with the fol-

lowing allergens: birch, common alder, timothy grass and mugwort

pollen, dog, cat, horse and cow dander, three dust mites (Der-

matophagoides pteronyssinus, Dermatophagoides farinae and Acarus

siro), and spores of one mould (Cladosporium herbarum). Allergic rhini-

tis and conjunctivitis were defined as the presence of seasonal

symptoms or symptoms triggered by animal contacts during the pre-

ceding 12 months. Atopic eczema was defined as itchy eczema at

typical locations. Current allergy was defined by the presence of

allergic rhinitis, conjunctivitis, or atopic eczema, in combination with

atopic sensitization (one or more positive SPT results).

Spirometry measurements (SpiroStar USB spirometer Medikro,

Kuopio, Finland) that met the standards used was obtained from all

49 cases and 58 controls.19 The measured indices were forced vital

capacity (FVC), forced expiratory volume in one-second (FEV1), and

maximum expiratory flow at 50% FVC (MEF50). The spirometry

indices are presented as percentages of the means of age- and sex-

specific, height-related reference values that were used in Finland at

the time of the clinical study.22 Spirometry was performed before

(pre-BD values) and 15 minutes after (post-BD values) inhalations of

0.4 mg of salbutamol (Ventoline Evohaler 0.1 mg/dos, GlaxoSmithK-

line).

Repeated wheezing episodes (more than 2 episodes during the

last 12 months), chronic night cough, and prolonged cough for more

than 4 weeks apart from infection were regarded as asthma-pre-

sumptive symptoms. For current asthma, previously diagnosed

asthma combined with asthma symptoms or ongoing regular mainte-

nance medication with inhaled corticosteroids (ICS), during the last

12 months, were required. In addition, study subjects were regarded

as having asthma if they presented an abnormal result in the home

PEF monitoring, and also reported asthma-presumptive symptoms or

repeated use of bronchodilators.
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2.4 | Statistics

The data were analysed using SPSS 21.0 software (SPSS Inc., Chi-

cago, IL, USA). Chi-square and Fisher’s exact tests were used in the

analyses of the categorized data. Logistic regression was used in the

multivariate analyses of categorized data, and the results are pre-

sented as odds ratios (OR) and their 95% confidence intervals (95%

CI). Analysis of variance (ANOVA) was used in the analysis of contin-

uous lung function test data. Study subjects with early-childhood

wheezing were divided into three groups positive for RV, RSV, and

other viruses. Those 40 study subjects with PCR tests performed

during the initial wheezing episode were included in the post hoc

analysis to compare these viral wheezing groups. In post hoc analy-

ses, all groups were compared to the control group, and viral wheez-

ing groups were also compared to each other in paired comparisons.

2.5 | Ethics

The study was approved by the Ethics Committee of the Pohjois-

Savo Health Care District (Permission number 76/2009, dated 20th

January 2010). Informed written consent was obtained from all

study subjects.

3 | RESULTS

3.1 | Respiratory symptoms and asthma

There were no statistically significant differences between cases and

controls in terms of age and sex distribution or current daily smoking

(Table 1). Likewise, there were no statistically significant differences

in asthma-presumptive symptoms between cases with early-child-

hood wheezing and controls (Table 1). However, the use of on-

demand bronchodilators and the use of continuous ICS during the

past 12 months were more common in cases than in controls

(Table 1). Atopic sensitization to animal dander but not to seasonal

pollens was more common in cases than in controls (Table 1).

Current asthma was present in 53% of cases compared to 12%

of controls (Table 1). In line with this, cases had significantly higher

FENO values (mean [95%CI]; 29.2 ppb [19.0-39.6 ppb]) compared to

controls (18.0 [14.5 - 21.3], P = .027). Pathological findings in the

home PEF monitoring were present in 19% of cases and 9% of con-

trols (P = .184).

3.2 | Viral findings in early childhood as risk factors
for asthma and allergy

Among the 40 cases hospitalized for wheezing in early childhood

with viral PCR available, RSV was detected in 14 cases (8 single RSV

and 6 mixed infections). RV was detected in 18 cases (14 single RV

and 4 mixed infections). Other detected viruses were parainfluenza 3

virus in 7 cases (4 single and 3 mixed infections), enterovirus in 3

cases (1 single and 2 mixed infections), and adenovirus in 3 cases

(all mixed infections). The associations between viral aetiology of

early-childhood wheezing and asthma or atopy in adulthood were

studied in three groups. The RV group consisted of 14 cases with

RV alone. The RSV group consisted of 8 cases with RSV alone and 6

cases with mixed infections (parainfluenza 3 virus in 2 cases, entero-

virus in 2 cases, RV in 1 case, and adenovirus and parainfluenza 3

virus in 1 case). The other viral aetiology group consisted of 4 cases

with parainfluenza 3 infection, 2 cases with adenovirus and RV

infection, 2 cases with enterovirus and RV infection, 1 case with

enterovirus infection, and 4 cases with no detected viral aetiology.

Compared to controls, there was a higher risk for current asthma

in study subjects with RV aetiology, RSV aetiology, and other viral

TABLE 1 Basic characteristics, allergy, and asthma at age 17-
20 years in study subjects with history of early-childhood wheezing
episode compared to controls

Early-childhood
wheezing
episode
(N = 49)
N (%)

Controls
(N = 60)
N (%) OR (95% CI)a

Age, mean

(95%CI)

18.8

(18.6-19.1)

18.7

(18.5-19.0)

P = .403

Sex (female) 19 (39) 33 (55) 0.52 (0.24-1.12)

Current daily

smoking

16 (33) 18 (30) 1.97 (0.81-4.80)

Repeated

wheezingb
16 (33) 12 (20) 2.72 (1.05-7.05)

Prolonged coughc 6 (12) 7 (12) 1.21 (0.35-4.22)

Repeated or

chronic night

cough

5 (10) 7 (12) 0.68 (0.18-2.54)

On-demand

bronchodilatorsd
23 (47) 8 (13) 6.92 (2.57-18.62)

Inhaled

corticosteroidse
10 (20) 5 (8) 3.38 (1.03-11.13)

Allergic rhinitis 27 (55) 30 (50) 1.53 (0.68-3.43)

Allergic

conjunctivitis

24 (49) 25 (42) 1.56 (0.71-3.46)

Atopic eczema 16 (33) 14 (23) 1.97 (0.79-4.87)

Atopic sensitizationf 34 (69) 31 (52) 2.08 (0.90-4.79)

Sensitization to

animal danderf
30 (61) 18 (30) 3.51 (1.54-7.99)

Sensitization to

seasonal pollensf
25 (51) 28 (47) 1.06 (0.48-2.38)

Current allergyg 28 (57) 27 (45) 1.72 (0.78-3.82)

Current asthma 26 (53) 7 (12) 11.4 (3.8-34.2)

aOR, odds ratio; CI, confidence interval; all variables are adjusted for age,

sex, current daily smoking, and in case of current asthma adjusted for

age, sex, current daily smoking, and current allergy.
bmore than 2 episodes during the last 12 mos.
c4 wks or more apart from infection.
duse of on-demand bronchodilators during the preceding 12 mos.
euse of continuous inhaled corticosteroids during the preceding 12 mos.
fpositive skin prick test reaction.
gallergic disease and atopic sensitization combined.
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aetiology of early-childhood wheezing (Table 2). There were no sta-

tistically significant differences between viral wheezing groups in

paired comparisons (data not shown). Sensitization to animal dander

was more common in study subjects with RV aetiology of initial

wheezing compared to controls, but there were no statistically sig-

nificant differences between the viral wheezing groups in atopic

sensitization or current allergy (Table 2). FENO values were signifi-

cantly higher in cases with RV aetiology of early-childhood wheez-

ing compared to controls and to the RSV aetiology group

(Figure 1).

3.3 | Lung function

There were no significant differences between subjects hospital-

ized for wheezing in early childhood and controls in FVC, FEV1,

or FEV1/FVC before or after bronchodilator inhalation (Figure 2).

Pre-BD MEF50 was significantly lower in cases than in controls

(Figure 2). In the bronchodilation test, the mean FVC response

was 0.3% (95% CI, �0.5 - 1.1) in cases and �0.2% (�1.0 - 0.6) in

controls (P = .367, adjusted for current daily smoking). Respective

responses in FEV1 were 4.7% (3.3 - 6.2) in cases and 3.2% (1.7 -

4.6) in controls (P = .109), in FEV1/FVC 4.5% (3.2 - 5.9) in cases

and 3.7% (2.3 - 5.0) in controls (P = .344), and in MEF50 16.8%

(11.9 - 21.7) in cases and 12.0% (7.2 - 16.9) in controls

(P = .140).

3.4 | Lung function in relation to viral aetiology of
early-childhood wheezing illness

Lung function was evaluated in relation to the causative viral agent

of early-childhood wheezing. Rhinovirus-positive cases had signifi-

cantly lower pre-BD MEF50 (Table 3) and significantly higher

MEF50 responses to bronchodilators than controls (Table 4). Fur-

thermore, FEV1 and FEV1/FVC responses to bronchodilators were

higher in cases with RV-induced wheezing in early childhood com-

pared to controls (Table 4). RSV-positive cases had significantly

lower pre-BD FVC values compared to controls (Table 3), but there

were no significant differences between RSV group and controls in

responses to bronchodilators (Table 4). There were no significant dif-

ferences in lung function between the three viral wheezing groups

(data not shown).

TABLE 2 Adulthood outcomes of early-childhood wheezing in relation to viral aetiology of initial wheezing episode in early childhood

Viral aetiology of the wheezing episode

Controls
N = 60
N (%)

RVa

N = 14
N (%) OR
(95%CI)

RSVb

N = 14
N (%) OR
(95%CI)

Other viruses
N = 12
N (%)OR
(95%CI)

Current asthmac 9 (64)

17.0 (3.9-75.3)
6 (43)

6.1 (1.5-24.9)
7 (58)

16.3 (2.9-91.4)

7 (12)

Atopic sensitizationd 10 (71)

2.2 (0.6-8.0)

8 (57)

1.3 (0.4-4.2)

7 (75)

2.0 (0.5-8.8)

31 (52)

Sensitization to animal danderd 9 (64)

4.1 (1.2-14.1)
7 (50)

2.3 (0.7-7.7)

8 (67)

3.5 (0.9-14.0)

18 (30)

Sensitization to seasonal pollensd 7 (50)

1.1 (0.3-3.5)

6 (43)

0.9 (0.3-2.9)

7 (58)

1.1 (0.3-4.2)

28 (47)

Current allergye 7 (50)

1.2 (0.4-4.0)

7 (50)

1.2 (0.4-4.0)

8 (67)

2.3 (0.6-8.9)

27 (45)

aRhinovirus.
brespiratory syncytial virus.
cadjusted with age, sex, current allergy, and current daily smoking.
dpositive skin prick test reaction, logistic regression adjusted for age and sex.
eallergic disease and atopic sensitization combined, logistic regression adjusted for age and sex.

F IGURE 1 Fractionally exhaled nitric oxide (FENO) values (mean
ppb, 95%CI) in adulthood in relation to viral aetiology of the initial
wheezing episode in early childhood. 1Rhinovirus vs controls
P = .002, vs RSV P = .015, vs other viruses P = .061, 2respiratory
syncytial virus vs controls P = .924, vs other viruses P = .646, 3other
viruses vs controls P = .518; all P-values are adjusted with age, sex,
current smoking, and current allergy
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F IGURE 2 Lung function at the age of 17-20 years in study subjects hospitalized for wheezing in early childhood compared to population
controls. Comparison between cases with an early-childhood wheezing episode and controls adjusted for current smoking; P-values: 10.405,
20.515, 30.156, 40.365, 50.285, 60.444, 70.030, 80.100. 9Pre-BD, pre-bronchodilation test; post-BD, post-bronchodilation test, 10FVC, forced
vital capacity (% of predicted value), 11FEV1, forced expiratory volume in one-second (% of predicted value), 12FEV1/FVC, FEV1/FVC ratio
presented as % of predicted value, 13MEF50, maximum expiratory flow after 50% of expired FVC (% of predicted value)

TABLE 3 Lung function at the age of 17-20 years in relation to viral aetiology of the initial wheezing episode in early childhood

Viral aetiology of the wheezing episode

Controls
N = 60
mean % (95% CI)

RVa

N = 14
mean % (95% CI)
P-valuec

RSVb

N = 14
mean % (95% CI)
P-valuec

Other viruses
N = 12
mean % (95% CI)
P-valuec

FVCd

Pre-BDe 104 (98-110)

.649

98 (92-104)

.041
107 (100-114)

.654

105 (102-108)

Post-BDe 104 (98-110)

.794

99 (93-104)

.059

107 (101-114)

.579

105 (102-108)

FEV1f

Pre-BDe 90 (84-96)

.135

90 (84-96)

.139

96 (90-103)

.723

95 (92-98)

Post-BDe 96 (90-102)

.511

93 (87-99)

.134

100 (94-106)

.571

98 (95-101)

FEV1/FVCg

Pre-BDe 87 (83-91)

.120

91 (87-95)

.811

90 (85-95)

.821

91 (88-93)

Post-BDe 92 (88-96)

.439

94 (90-98)

.815

93 (89-97)

.717

94 (92-96)

MEF50h

Pre-BDe 64 (54-75)

.015
75 (65-86)

.548

76 (65-88)

.676

79 (73-84)

Post-BDe 76 (65-86)

.051

85 (75-96)

.749

88 (77-96)

.818

87 (82-92)

aRhinovirus-positive cases.
brespiratory syncytial virus-positive cases.
canalysis of variance, comparisons vs control group adjusted with current daily smoking.
dFVC, forced vital capacity (% of predicted value).
epre-BD, pre-bronchodilation test, post-BD, post-bronchodilation test.
fFEV1, forced expiratory volume in one-second (% of predicted value).
gFEV1/FVC, FEV1/FVC ratio presented as % of predicted value.
hMEF50, maximum expiratory flow after 50% of expired FVC (% of predicted value).
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4 | DISCUSSION

The main objective of this controlled study was to evaluate the

long-term outcome of early-childhood wheezing in relation to viral

aetiology of the initial wheezing episode. At the age of 17-20 years,

the prevalence of current asthma and measured FENO values were

significantly higher in cases compared to controls. RV, RSV, and

other viral aetiology of the wheezing episode were associated with

increased risk for asthma in young adulthood with no significant dif-

ferences between these three viral wheezing groups. However, RV

aetiology was associated with higher FENO values in adulthood com-

pared to controls or to the RSV aetiology group. Study subjects with

early-childhood wheezing showed more bronchial reactivity to bron-

chodilators in lung function testing, and these changes were more

pronounced in cases with the RV-induced wheezing episode. Com-

pared to controls, RSV-induced wheezing in early childhood was

associated with lower pre-BD FVC in young adulthood, without sig-

nificant differences in responses in the bronchodilation test).

The majority of children who suffer from wheezing in early child-

hood are asymptomatic later in life.2,3,23,24 However, many prospec-

tive cohorts have demonstrated that early-childhood wheezers have

an increased risk of suffering from asthma later in childhood,15,16,25-

29 adolescence,4,17,30,31 and even in adulthood.2,3,32 In this follow-up,

current asthma was present in 53% of cases and 12% of controls.

Thus, the prevalence of asthma after early-childhood wheezing

observed in the present study is in line with a few comparable

prospective studies which have demonstrated a 30%-64% preva-

lence of asthma at the age of 15-20 years after hospitalization for

early-childhood wheezing.4,9,30,31 This difference in the prevalence

of asthma was reinforced by significantly higher FENO values in the

wheezing group compared to controls. In line with this, the use of

on-demand bronchodilators and continuous ICS was significantly

more common in cases compared to controls. The rather similar

prevalence of asthma-presumptive symptoms may at least partly

reflect the high proportion of treated asthma in cases.

It is evident that the viral aetiology of the wheezing episode has

a significant role in the long-term outcome after early-childhood

wheezing.6 RSV-induced wheezing in early childhood has been asso-

ciated with an increased risk for asthma in childhood.11,29,33 How-

ever, the later outcome is controversial, and it has been suggested

that this association becomes insignificant in school-aged children.12

In the present study, RV, RSV, and other viral aetiologies of the ini-

tial wheezing episode were associated with a higher risk for asthma

in adulthood compared to controls. Our results are in line with stud-

ies which have demonstrated that increased risk for asthma is still

present in adulthood after hospitalization for RSV-induced wheezing

in early childhood.4,32,34

In 2003, it was demonstrated for the first time in the current

cohort that later asthma risk is even higher if the wheezing episode

in early childhood is triggered by viruses other than RSV, especially

RV.8 This finding has later been verified in other cohorts.10,35,36 On

the other hand, a Danish study concluded that the number of respi-

ratory infections in the first years of life but not the particular viral

trigger was associated with later asthma development until the age

of 7 years.37 However, children recruited to that cohort were born

to mothers with asthma, and respiratory tract infections were not

necessarily associated with wheezing and hospitalization, which may

at least partly explain the conflicting results.37 In the present study,

the risk of asthma in young adults was higher after RV-induced

early-childhood wheezing compared to RSV-induced wheezing, but

due to the small group sizes, this difference was not statistically sig-

nificant.

TABLE 4 Bronchial responses in the bronchodilation test at the age of 17-20 years in relation to viral aetiology of the initial wheezing
episode in early childhood

Viral aetiology of the wheezing episode

Controls N = 60
mean % (95% CI)

RVa

N = 14
mean % (95% CI)
P-valuec

RSVb

N = 14
mean % (95% CI)
P-valuec

Other viruses
N = 12
mean % (95% CI)
P-valuec

FVCdBD response 0.6 (�0.8-2.0)

.337

0.5 (�0.9-1.9)

.394

0.4 (�1.1-1.9)

.527

�0.1 (�0.9-0.6)

FEV1eBD response 6.9 (4.1-9.6)

.019
3.8 (1.2-6.5)

.699

3.9 (1.1-6.8)

.670

3.2 (1.9-4.6)

FEV1/FVCfBD response 6.5 (4.0-9.0)

.041
3.5 (1.1-6.0)

.927

3.5 (0.9-6.2)

.911

3.7 (2.4-4.9)

MEF50gBD response 22.7 (13.6-31.7)

.037
15.9 (7.1-24.7)

.450

16.2 (6.6-25.8)

.448

12.2 (7.6-16.7)

aRhinovirus-positive cases.
brespiratory syncytial virus-positive cases.
canalysis of variance, comparisons vs control group adjusted with current daily smoking.
dFVC, forced vital capacity (% of predicted value).
eFEV1, forced expiratory volume in one-second (% of predicted value).
fFEV1/FVC, FEV1/FVC ratio presented as % of predicted value.
gMEF50, maximum expiratory flow after 50% of expired FVC (% of predicted value).
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Atopic children seem to be more prone to wheezing symptoms

during RV infection compared to non-atopic children.8,33,38,39 There-

fore, it has been suggested that RV-induced wheezing in children

may merely be a sign of individual predisposition for asthma.6,7,40 In

the present follow-up, RV aetiology of early-childhood wheezing was

associated with higher risk of sensitization to animal dander in adult-

hood compared to controls, but not with current allergic symptoms.

RSV aetiology was not associated with current allergy in adulthood.

In both cases, an increased risk for asthma was robust to adjustment

for current allergy, and thus independent from current allergy in

adulthood.

The value of FeNO in phenotyping of asthma is unknown.41

However, it is known that eosinophilic inflammation in the airways is

most pronounced in atopic asthma, and the concentration of nitric

oxide is related to eosinophilic inflammation in the airways.41,42

FeNO values were significantly higher in the RV group than in con-

trols and in the RSV group, which may be a sign of higher preva-

lence of eosinophilic inflammation in the airways in initially RV-

positive cases. These results suggest that both RV- and RSV-induced

wheezing episodes in early childhood are associated with asthma

even in adulthood, but perhaps with different asthma phenotypes.

This finding needs to be confirmed in larger cohorts, but it is coher-

ent with previous findings about the association between RV-

induced wheezing and atopic diseases.8,33,38,39 Our results are also

consistent with previous findings that FeNO values are not increased

in adulthood after RSV infection of the lower respiratory tract during

infancy.4,32

Numerous studies have demonstrated that lung function abnor-

malities are present later in childhood, in adolescence, and in early

adulthood after hospitalization for early-childhood wheezing.1,4,11,43-

45 In the present study, cases with a history of early-childhood

wheezing illness had significantly lower MEF50 values before bron-

chodilation compared to controls. However, this difference was not

seen after bronchodilation, suggesting greater bronchial responses

for bronchodilating drugs in small airways. RV aetiology was associ-

ated with lower MEF50 values before bronchodilation, while RSV

aetiology was associated with lower FVC values before bronchodila-

tion. Study subjects with other viral aetiology did not differ signifi-

cantly from controls in terms of lung function. FEV1, FEV1/FVC, and

MEF50 responses in the bronchodilation test were significantly

higher in the RV group compared to controls.

Even though the differences in lung function parameters were

small, lower FVC before bronchodilation after RSV-induced wheezing

and greater bronchial reactivity after RV-induced wheezing found in

the present study seem to reflect permanent patterns of lung func-

tion in relation to the viral aetiology of early-childhood wheezing.

Similar findings have been demonstrated previously in the same

cohort.44,46 In addition, other studies have also demonstrated lower

lung function, but no bronchial hyperresponsiveness in the bron-

chodilation test in adolescents and adults after RSV-induced wheez-

ing in early childhood.11,32,47 Very few studies have examined the

effects of RV infection on future lung function, and they have asso-

ciated early-childhood RV-induced wheezing with bronchial

hyperresponsiveness in childhood.44,48 However, until now, the

adulthood outcome has remained unknown. In the current study set-

ting, we are not able to determine whether or not the lung function

patterns found in the study subjects with RV- or RSV-induced

wheezing histories are induced by early viral infections or merely

reflect the lung function patterns already present before the viral

infection occurred. However, it seems that lower FVC after RSV

infection and signs of increased bronchial reactivity to bronchodilat-

ing drugs after RV infection that are already present in childhood

remain unchanged up to the age of 17-20 years.46

The strengths of the present prospective controlled study are

the long follow-up time and careful collection of data during enrol-

ment of study subjects, which included advanced methods of viral

detection. At the time of enrolment in the 1990s, Kuopio University

Hospital served as the only hospital in the area for children who

needed hospitalization, which means that the study population is

an unbiased cohort of hospitalized children with early-childhood

wheezing in the area. Unselected population controls, matched for

age and sex, were recruited from the hospital district for the pre-

sent study in adulthood. The main shortcoming of the study is

that the number of study subjects was small, and this may affect

the results and increase the possibility of type 2 statistical error

especially in comparison with viral wheezing groups. However,

long-term follow-up studies after RV-induced wheezing are scarce,

which adds to the importance of the current results. Combining

study subjects with no viruses detected in other viral aetiology

group can be justified with current findings that viral aetiology can

be detected in all children with early-childhood wheezing illness.38

For example, boca- and metapneumovirus detections were not

available at the time of the primary hospital admission. In our

study, the 12% prevalence of asthma and 42% prevalence of aller-

gic rhinitis in unselected controls are well in line with 10% preva-

lence of asthma and 44% prevalence of allergic rhinitis in Finnish

adult population.49

In conclusion, study subjects with an early-childhood wheezing

episode, induced by RV, RSV, or other viruses have an increased risk

for asthma at the age of 17-20 years compared to controls without

such wheezing history. Cases with RV aetiology of early-childhood

wheezing had significantly higher FENO values compared to RSV-

positive cases and controls, which suggests eosinophilic inflammation

in the airways of former RV patients. Compared to controls, cases

with RV-induced early-childhood wheezing showed more bronchial

reactivity in the bronchodilation test and RSV-induced wheezing in

early childhood was associated with lower pre-BD FVC in young

adulthood, without significant differences in responses to bron-

chodilators.
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