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Background: Premature birth is associated with increased susceptibility for viral infections 
and chronic airway morbidity. Preterm children, even moderate and late, may be at risk for 
short- and long-term respiratory morbidities.
Objective: Our main goal was to compare the burden of two conditions, severe bronchiolitis 
and prematurity (early and moderate-late), on asthma development at 6–9 years.
Patients and Methods: A retrospective cohort of all preterm (<37weeks gestational age) 
and full-term children hospitalized for bronchiolitis, with current age between 6 and 9 years, 
was created. A second cohort was made up of preterm children, without admission for 
bronchiolitis, randomly chosen from the hospital premature births database. Prevalence and 
risk factors for asthma were analysed. Parents completed the International Study of Asthma 
and Allergies in Childhood (ISAAC) Questionnaire for asthma symptoms for children 6–7 
years. Lung function and aeroallergen sensitization were evaluated.
Results: Of the 480 selected children, 399 could be contacted and agreed to participate: 133 
preterm and 114 full-term cases with admission for bronchiolitis and 146 preterm control 
children without admission for bronchiolitis. The frequency of current asthma at 6–9 years 
was higher in preterm cases (27%) compared with full-term-cases (15%) and preterm 
controls (14%) (p=0.04). Among hospitalized-bronchiolitis children, prematurity (p=0.04), 
rhinovirus infection (p=0.03), viral coinfection (p=0.04) and paternal asthma (p=0.003) were 
risk factors for asthma at 6–9 years. Among premature children, with and without bronch-
iolitis admission, the risk factors for asthma at 6–9 years were admission for bronchiolitis 
(p=0.03) and aeroallergen sensitisation (p=0.01). Moderate and late preterm children without 
admission for bronchiolitis showed similar prevalence of current asthma than full-term ones, 
previously admitted for bronchiolitis.
Conclusion: Preterm birth is an important early life risk factor for asthma in childhood. The 
addition of other risk factors, such as severe bronchiolitis, especially by rhinovirus or viral 
coinfections, are associated with even higher risk for subsequent asthma.
Keywords: asthma, wheezing, prematurity, bronchiolitis, rhinovirus, respiratory syncytial 
virus

Infants born prematurely have a high risk of complications both in the short and in 
the long term. Regarding respiratory morbidity, prematurity is associated with 
increased susceptibility for viral infections and with chronic airway morbidity.1 

Both conditions are strongly related to recurrent wheezing (RW) and asthma, 
especially in infants born before 32 weeks of gestational age (wGA). On the 
other hand, babies born between 33 and 36 wGA have been considered almost as 
full-term babies. However, it has been recently described that late-preterm infants 
have higher hospital admission rates for respiratory viral infections than full-term 

Correspondence: Maria Luz Garcia-Garcia  
Email marialuz.hso@gmail.com

Journal of Asthma and Allergy                                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Journal of Asthma and Allergy 2020:13 343–353                                                              343

http://doi.org/10.2147/JAA.S258447 

DovePress © 2020 Garcia-Garcia et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

 
Jo

ur
na

l o
f A

st
hm

a 
an

d 
A

lle
rg

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

19
3.

14
6.

50
.2

54
 o

n 
18

-M
ar

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://orcid.org/0000-0003-4906-4227
http://orcid.org/0000-0003-3661-973X
http://orcid.org/0000-0003-1828-733X
http://orcid.org/0000-0003-1840-1198
http://orcid.org/0000-0002-6503-3423
mailto:marialuz.hso@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


ones, approaching those of early preterm infants.2 Our 
group, in a recent study, found that there is increased 
resource utilization, not only among early-preterm but 
also in moderate-preterm children caused by respiratory 
infections, as many of them require readmissions and more 
medical support than full-term children.3

On the other hand, severe bronchiolitis has been linked 
to an increased risk for early wheezing and asthma.4–6 

Montgomery et al7 found that hospital admission for 
respiratory infections in infancy was associated with 
increased risk of asthma after age 5 years, particularly 
among early-preterm children. Blanken et al8 showed, in 
otherwise healthy preterm infants, that palivizumab treat-
ment resulted in a significant reduction in the number of 
wheezing days during the first year of life, even after the 
end of the treatment. These findings suggest that early 
respiratory viral infections are an important risk factor 
for RW and asthma in preterm infants during the first 
years of life.

Our main goal was to compare the impact of two 
conditions, severe bronchiolitis and prematurity (early 
and moderate-late), on RW and asthma development at 
6–9 years. To achieve this aim, we compared the fre-
quency of RW and asthma among preterm and full-term 
6–9-year-old cases hospitalized for bronchiolitis and 
a control group of preterm children without admission 
for bronchiolitis.

Patients and Methods
An observational, analytical, cross-sectional study was 
conducted at Severo Ochoa University Hospital between 
October/2016 and June/2017. The study was approved by 
the Medical Ethics Committee and was conducted in 
accordance with the Declaration of Helsinki.

Clinical Assessment
All 6–9-year-old preterm children (born before 37 wGA) 
previously hospitalized for bronchiolitis (preterm cases) in 
the first two years of age, since September/2008 to 
December/2011, were included and randomly matched 
with all full-term children, 6 to 9-year old, also admitted 
for bronchiolitis in the same period of time (full-term 
cases). During the hospital stay, a structured questionnaire 
with clinical variables was filled out in a prospective man-
ner (Appendix 1). Perinatal data were extracted from clin-
ical records. Three polymerase chain reaction assays were 
performed in nasopharyngeal aspirates to detect 16 
respiratory viruses.9–11

The control group was made up of preterm children, 
without admission for bronchiolitis (preterm controls), 
randomly chosen from the hospital premature births data-
base (born in the same period as the other two groups: 
from September/2006 to December/2009).

Parents were contacted by phone from October/2016 to 
Mar/2017 and were invited to take part in the follow-up 
study. After signing the informed consent, an interview 
based on a structured questionnaire was performed to obtain 
information on: wheezing episodes; related hospital admis-
sions; physician-diagnosed atopic dermatitis; allergic rhini-
tis; food allergy; pet contacts; daycare attendance; siblings; 
parental smoking habits; allergy; eczema and asthma in first- 
order family members diagnosed by a medical doctor.

The International Study of Asthma and Allergies in 
Childhood (ISAAC) Questionnaire for asthma symptoms 
for children 6–7 years, previously validated and translated 
to Spanish, was answered by parents/caregivers.12 The 
core questions include “ever had wheezing,” “wheezing 
in the last 12 months,” “ever had asthma,” and symptoms 
present in the last 12 months: “sleep disturbed due to 
wheezing ≥1 night per week,” “wheezing due to exercise” 
and “speech limited due to wheezing.”

Lung Function
Spirometry was performed according to established 
guidelines13 using a Jaeger MasterScope-PC spirometer 
(VIASYS HealthCare GmbH, Hoechberg, Germany) at 
the follow-up visit. The following spirometry values 
were collected: FVC (forced vital capacity), FEV1 (forced 
expiratory volume in one second), FEV1/FVC and FEF25- 
75 (mean forced expiratory flow between 25% and 75% of 
FVC). Results were presented as percentage of predicted 
values with reference values of Zapletal14 and z-score of 
predicted values with reference values of the Global Lung 
Function Initiative (GLI).15

The bronchodilator test was considered positive when 
there was a 12% increase in the FEV1 compared with 
baseline after administration of 400 μg salbutamol.

Skin Prick Tests
Allergic sensitisation was evaluated performing skin prick 
tests (SPT) for common inhaled allergens. Standardized 
extracts (Abelló R) were used with a positive control 
(10 mg/mL histamine) and a negative control (glycerol- 
saline carrier solution). Papule diameters equal to or exceed-
ing that obtained with histamine were considered positive.
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Clinical Definitions
-Bronchiolitis: first episode of acute onset expiratory dys-
pnea with previous signs of viral respiratory infection in 
an infant < 24 months.

-Recurrent wheezing: two or more wheezing episodes 
in the first 3 years of life, excluding bronchiolitis.

-Current Asthma: affirmative response to the question 
2 of the ISAAC questionnaire, “has your child had wheez-
ing or whistling in the chest in the past 12 months”. That is 
the one which in the validation studies has shown a better 
correlation with current prevalence of asthma.16

-Preterm (PT): children born before 37 wGA
- Early preterm: children born before 32 wGA
-Moderate preterm: children born between 32° to 

336 wGA
-Late preterm: children born between 34° to 366 wGA

Sample Size
Accepting an alpha-risk: 0.05 and a beta-risk: 0.2 in a two- 
sided test, 119 subjects were necessary in both groups to 
find a statistically significant proportion difference in the 
prevalence of current asthma, expected to be 0.15 in the 
full-term group and 0.3 in the PT-cases group. The same 
sample size calculation was performed to compare the 
difference among PT-cases and PT-control groups (with 
an expected prevalence for this group of 15%).

Statistical Analysis
Continuous variables were expressed as mean and standard 
deviation (SD), and through counts and percentages for 
categorical variables. After checking normal distribution, 
continuous variables were compared through Student 
t-tests. Categorical variables were compared using Chi- 
squared test with Bonferroni correction for multiple 

comparisons and results were expressed as odds ratio (OR). 
A two-sided value of P < 0.05 was considered statistically 
significant.

To control for potentially confounding variables and to 
examine the independent contribution of the explicative 
variables on the likelihood of developing RW and asthma, 
a backward stepwise binomial logistic regression model 
was built. All the variables with P-value < 0.1 were intro-
duced in the multivariate analysis. Adjusted odds ratios 
(OR) with 95% confidence intervals were calculated. All 
analyses were performed using the Statistical Package for 
the Social Sciences (SPSS), Version 21.0.

Results
We included 160 children in each group. Parents were con-
tacted by telephone, being able to contact and obtain consent 
for their participation in 393 cases: 133 preterm cases, 114 
full-term cases and 146 preterm controls, all aged between 6 
and 9 years at the time of inclusion in the study. Figure 1.

The basic characteristics of the 393 children included 
are presented in Table 1. Mean age at the entry of the study 
for the whole group was 6.7 ± 0.8 years, being slightly 
higher in the preterm control group, p<0.001. Gestational 
age was similar in both groups of preterm children as well 
as the proportion of moderate and late prematurity.

There were some significant differences among the 
three groups in some background factors. Preterm cases 
suffered more maternal exposure to active smoking during 
pregnancy (p=0.03), whereas full-term ones showed higher 
rates of atopic dermatitis (p=0.02), daycare attendance 
(p=0.04) and male gender (p=0.01). Preterm controls 
(p=0.02), had less siblings < than 5 years (p=0.05), less 
paternal atopy (p=0.04) and less siblings with asthma 

160 preterm controls, 
6-9-year-old, 

randomly chosen, not 
admitted for 
bronchiolitis

160 full-term cases, 6-
9-year-old, randomly 
chosen, admitted for 

bronchiolitis

160 preterm cases, 

6-9-year-old, admitted 
for bronchiolitis

133 preterm cases 114 full-term cases 146 preterm cases 

Parents contacted by phone who agreed to participate

Figure 1 Flow chart of patients included in the study.
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(p=0.005). No differences were found among the three 
groups regarding allergic rhinitis or food allergy.

Recurrent Wheezing
Overall, 283 (76%) children presented RW at the follow- 
up. The frequency of RW was significantly lower in pre-
term controls compared to the other two groups. Preterm 
cases required admission for an episode of severe RW 
more frequently than full-term cases and preterm controls, 
although the difference did not reach statistical signifi-
cance (p = 0.08). Table 2.

Maintenance treatment with inhaled corticosteroids and 
montelukast was prescribed more often in children 
admitted for bronchiolitis, both preterm and full-term 
cases, compared to preterm-controls. Table 2.

Recurrent Wheezing: Preterm-Cases vs Full-Term- 
Cases Comparison
When only children with history of admission for bronchio-
litis, both preterm and full-term, were compared, we found 
that positive viral detection during the admission for bronch-
iolitis was associated with 3.5 times higher probability of 
developing RW in comparison with children with negative 

Table 1 Baseline Characteristics of the Three Groups of Children Included in the Study: Preterm and Full Term Admitted for 
Bronchiolitis and Preterm Controls without Admission for Bronchiolitis

Preterm with 
Bronchiolitis Admission 
N=133

Full-Term with 
Bronchiolitis Admission 
N= 114

Preterm without 
Bronchiolitis Admission 
N=146

P-value

Age (years, mean) 6.6 ± 0.9 6.6 ± 0.8 7.0 ± 0.7 <0.001
Gestational age (weeks, mean) 33.1 ± 2.8 33.1 ±2.7 0.963

Gestational age < 32 weeks 32(24.8%) 32(27.1%) 0.175

Gestational age 32° to 336 weeks 42(44%) 41(38%) 0.366
Gestational age 34° to 366 weeks 53(56%) 67(62%) 0.366

Male sex 63 (47%) 76 (67%) 82(56%) 0.010
Breast feeding 90(76%) 82(78%) 108(80%) 0.761

Atopic dermatitis 35(34%) 50(44%) 36(27%) 0.020

Smoking during pregnancy 28(24.3%) 17(15.2%) 17(12%) 0.030
Passive smoking 56(47%) 39(35%) 61(43%) 0.159

Daycare attendance 55(57%) 73(72%) 77(58%) 0.04

Siblings < 5 years 62(54%) 59(58%) 61(43%) 0.05

Asthma

Mother 24(20%) 14(12%) 20(14%) 0.261
Father 1111 14(11%) 11(9.7%) 8 (5%) 0.216

Siblings 37(36%) 36(32%) 19(17%) 0.005

Atopy

Mother 29(24%) 27(24%) 28(19%) 0.649

Father 28 (23%) 33(29%) 23(16%) 0.040
Siblings 20 (18%) 36(32%) 27(26%) 0.070

Table 2 Comparison of the Incidence of Recurrent Wheezing, Hospitalizations and Maintenance Asthma Treatment, Among the 
Preterm and Full-Term Groups Admitted for Bronchiolitis and the Preterm Group without Admission for Bronchiolitis

Preterm with 
Bronchiolitis 
Admission N=133

Full-Term with 
Bronchiolitis 
Admission N= 114

Preterm without 
Bronchiolitis Admission 
N=146

P-value

Recurrent wheezing 104(78%) 97(85%) 88(61%) <0.001
Recurrent wheezing admission 42(32%) 23(20%) 32(22%) 0.080

Current asthma 36(27%) 17(16%) 22(15%) 0.040

Treatment with Inhaled corticosteroids 70(53%) 54(47%) 41(28%) <0.001
Treatment with Montelukast 57(43%) 43(38%) 32(22%) 0.001
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viral identification. Other factors also related to RW 
were day care attendance and paternal asthma. Table 3.

The variables associated with RW with P-value <0.10 
were analysed by logistic regression. Positive viral detec-
tion, paternal asthma and daycare centre assistance main-
tained their independent association with RW. Table 4.

Prematurity [42 (64%) vs 91 (50%), p=0.03] and rhi-
novirus infection (HRV) [23 (38%) vs 35 (20%), p=0.02] 
during the admission for bronchiolitis were associated 
with severe RW requiring hospitalization. In contrast, chil-
dren with respiratory syncytial virus (RSV) detection had 
lower risk of hospitalization for RW than those RSV- 
negative [18 (29%) vs 92 (53%), (p=0.01)].

Recurrent Wheezing: Preterm Cases vs 
Preterm-Controls Comparison
Besides admission for bronchiolitis, other factors also 
related to the development of RW in premature children 
were maternal asthma, neonatal respiratory distress syn-
drome and bronchopulmonary dysplasia (BPD) Table 5.

After logistic regression, the variables independently 
associated with RW were admission for bronchiolitis, 
which increased the risk 7 times and maternal asthma 
(Table 6).

Preterm children with siblings with asthma [OR=3.03 
(CI95% 1.60–5.81), p=0.001] or atopy [OR=2.64 (CI95% 
1.30–5.30), p=0.005] had the highest risk of suffering at 
least an episode of RW severe enough to require 
admission.

Asthma Symptoms
The frequency of current asthma at 6–9 years was 19% for 
the entire population and was significantly higher in pre-
term cases (27%) compared with full-term-cases (15%) 
and preterm controls (14%) groups (p=0.04). Table 7.

As shown in Table 7, a statistically significant differ-
ence was found among the preterm cases and the other two 
groups while evaluating the prevalence of ever asthma, 

Table 3 Bivariate Analysis of Factors Associated with Recurrent Wheezing in Preterm and Full-Term Children with History of 
Admission for Bronchiolitis

Recurrent 
Wheezing 
N =195

Not 
Recurrent 
Wheezing 
N =44

P-value OR 
(CI95%)

Current 
Asthma 
N=52

Not 
Current 
Asthma 
N=195

P-value OR (CI95%)

Male gender 116 (60%) 20 (46%) 0.111 1.7(0.9–3.3) 23(45%) 107(55%) 0.261 0.7 (0.3–1.4)

Prematurity 98 (50%) 27 (61%) 0.183 0.4(0.3–1.2) 35(68%) 97(50%) 0.040 2.2(1.1–4.6)

Breast feeding 137(78%) 32(82%) 0.524 0.7(0.3–1.8) 40(77%) 150(77%) 0.998 0.9 (0.4–1.8)

Atopic dermatitis 74(40,5%) 11(35,5%) 0.586 1.2(0.2.7) 21(41%) 82(42%) 0.915 0.9(0.4–2.1)

Aeroallergen sensitization 25(31%) 43(52,4%) 0.566 1.3(0.5–3.3) 24(46%) 72(37%) 0.406 1.4(0.6–3.1)

Day care attendance 110(68%) 14(50%) 0.04 2.1(1.0–4.6) 35(67%) 132(68%) 0.873 0.9(0.4–2.1)

Siblings < 5 years 96(55%) 23(64%) 0.303 0.7(0.3–1.4) 25(49%) 109 (56%) 0.430 0.7(0.4–1.5)

Passive tobacco exposure 81(46%) 34(43%) 0.714 1.1(0.6–1.9) 16(31%) 86 (44%) 0.192 0.6(0.3–1.3)

Maternal asthma 31(16%) 6(15%) 0.790 1.1(0,4–2.9) 10(19%) 27(14%) 0.415 1.5(0.6–3.9)

Maternal atopy 45(24%) 10 (24%) 0.923 0.9(0.4–2.1) 15(28%) 46(23%) 0.598 1.2(0.5–2.9)

Paternal asthma 24(13%) 1 (2.4%) 0.05 5.9(1.0–45.4) 13(25%) 15(7%) 0.030 4.1 (1.5–11.1)

Paternal atopy 37(20%) 14(18%) 0.553 5.9(0.8–44.6) 20(39%) 48(25%) 0.080 1.9(0.9–4.2)

Siblings with asthma 57(33%) 15(40%) 0.415 0.7(0.3–1.5) 21(39%) 57(29%) 0.269 1.6(0,7–3.5)

Siblings with atopy 48(27%) 14(37%) 0.247 0.6(0.3–1.3) 21(39%) 48(25%) 0.090 1.9(0.9–4.4)

Viral detection 175(94%) 32(82%) 0.01 3.5(1.2–9.6) 47(91%) 179(91%) 0.871 0.9(0.2–3.4)

Viral codetection 19(10%) 5(13%) 0.601 0.7(0.3–2.2) 10(20%) 16(8%) 0.040 2.8(1.0–7.8)

RSV detection 85(46%) 19(49%) 0.752 0.9. (0.4–1.8) 22(42%) 95(49%) 0.418 0.7(0.3–1.5)

HRV detection 48(26%) 8(21%) 0.476 1.3 (0.6–3.1) 19(36%) 37(19%) 0.030 2.3(1.1–5.2)

ICU admission during bronchiolitis 10(5%) 6(14%) 0.04 0.3(0.1–0.9) 7(13%) 6(3%) 0.010 5.1(1.3–20.2)

Table 4 Multivariate Test of Possible Risk Factors for Recurrent 
Wheezing by a Backward (LR) Stepwise Logistic Procedure in 
Preterm and Full-Term Children with History of Admission for 
Bronchiolitis

P-value Adjusted 
OR

95% Confidence 
Interval

Positive viral Detection 0.006 8.2 1.1–70.2

Paternal asthma 0.050 3.1 1.1–10.2

Day care centre 

attendance

0.010 2.8 1.2–6.4
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exercise-induced wheezing in the past 12 months and sleep 
disturbed due to wheezing in the past 12 months.

In addition, speech limited due to wheezing in the past 
12 months and ever wheezing were more prevalent in 
preterm cases than in full-term cases and preterm controls, 
almost reaching statistical significance (p=0.05).

Asthma: Preterm Cases vs Full-Term Cases 
Comparison
The variables significantly associated with current asthma 
in preterm and full-term cases hospitalized for bronchioli-
tis in the bivariate analyses were prematurity, paternal 

asthma and the following characteristics of the bronchio-
litis admission: intensive care admission (ICU); viral coin-
fection and HRV detection (Table 3). After logistic 
regression, the variables independently associated with 
asthma development at 6–9 years were HRV detection, 
viral coinfection during bronchiolitis, paternal asthma 
and ICU admission (Table 8).

Asthma: Preterm-BLT vs Preterm-Non-BLT 
Comparison
The risk of current asthma in the whole preterm group was 
2.2 times higher in those with admission for bronchiolitis 
(Table 5). Other factors associated with asthma at 6–9 
years were: paternal asthma and atopy.

Finally, after multivariable analysis, the independent 
risk factors for the development of asthma at 6–9 years 
in both groups of preterm children were: admission for 
bronchiolitis and paternal asthma (Table 9).

Comparison of Full-Term-Cases vs 
Moderate and Late Preterm-Controls
To compare the burden of moderate and late prematurity 
(excluding early prematurity) vs admission for bronchioli-
tis in RW and asthma development, we compared the 

Table 5 Bivariate Analysis of Factors Associated with Recurrent Wheezing and Asthma at 6–9 Years in Preterm Children with and 
without Admission for Bronchiolitis

Recurrent 
Wheezing 
N =186

Not 
Recurrent 
Wheezing 
N =84

P-value OR 
(CI95%)

Current 
Asthma 
N=57

Not 
Current 
Asthma 
N=213

P-value OR (CI95%)

Male gender 100 (54%) 42 (50%) 0.566 1.2 (0.7–1.9) 17(45%) 77(50%) 0.329 0.7 (0.3–1.4)

Gestational age 32.9 (2.9) 33.7(2.1) 0.030 32.9(3.0) 33.3(2.6) 0.456

Prenatal steroids 65(39%) 29 (35%) 0.549 1.2(0.7–2.1) 19(37%) 78(37%) 0.996 1.0(0.4–2.3)

Admission for bronchiolitis 99(53%) 27(32%) 0.001 2.5 (1.5–4.3) 38(67%) 117(48%) 0.030 2.2 (1.1–4.6)

Neonatal respiratory distress syndrome 45(24%) 9(11%) 0.010 2.5 (1.8–5.5) 11(20%) 43(20%) 0.873 0.9(0.3–2.4)

Palivizumab 24(13%) 12(14%) 0.840 0.9 (0.4–2.0) 9(16%) 28(13%) 0.566 0.7 (0.2–2.5)

Neonatal mechanical ventilation 48(26%) 10(12%) 0.01 2.5 (1.2–5.3) 11(20%) 49(23%) 0.398 0.6 (0.2–1.8)

Chronic lung disease 15(8%) 0% 0.01 3.3 (1.4–7.6) 2(3%) 11(5%) 0.481 1.22(0.1–3.9)

Breast feeding 143(77%) 65(78%) 0.860 0.9 (0.5–1.8) 49(86%) 151(71%) 0.080 2.4 (0.9–6.7)

Atopic dermatitis 59(32%) 23(27%) 0.432 1.1 (0.7–2.4) 16(29%) 68(32%) 0.716 0.9 (0.4–1.9)

Aeroallergen sensitization 76(41%) 28(33%) 0.270 1.5 (0.7–2.9) 30(52%) 68(32%) 0.050 2.2 (0.9–5.1)

Day care attendance 113(61%) 44(52%) 0.200 1.4(0.8–2.53 33(58%) 123(58%) 0.949 0.9 (0.4–2.1)

Siblings < 5 years 87(47%) 43(51%) 0.577 0.9(0.5–1.5) 24(43%) 94(44%) 0.917 0.9 (0.4–2.0)

Passive tobacco exposure 84(45%) 36(43%) 0.714 1.1 (0.6–1.9) 24(42%) 89(42%) 0.995 0.99(0.5–2.1)

Maternal asthma 37(20%) 7(9%) 0.023 2.6 (1.1–6.8) 12(22%) 32(15%) 0.281 1.6 (0.6–4.1)

Maternal atopy 43(23%) 15(18%) 0.937 0.9 (0.5–1.9) 16(28%) 40(19%) 0.247 1.6 (0.7–3.8)

Paternal asthma 19(10%) 4(5%) 0.178 2.1 (0.7–6.5) 10(17%) 11(5%) 0.010 3.7 (1.2 −12.0)

Paternal atopy 39(21%) 14(17%) 0.553 1.2 (0.6–2.4) 19(33%) 40(19%) 0.050 2.2 (1.0–4.9)

Siblings with asthma 56(30%) 14(17%) 0.04 2.0 (1–4.3) 16(29%) 43(20%) 0.303 1.6 (0.6–3.9)

Siblings with atopy 48(26%) 8(21%) 0.496 1.3 (0.6–2.7) 19(36%) 37(19%) 0.135 2.0 (0.8–5.4)

Table 6 Multivariate Analysis of Possible Risk Factors for 
Recurrent Wheezing by a Backward (LR) Stepwise Logistic 
Procedure in Preterm and Preterm Children with and without 
History of Admission for Bronchiolitis

P-value Adjusted 
OR

95% 
Confidence 
Interval

Positive viral Detection 
during bronchiolitis

<0.001 7.2 3.1–15.7

Maternal asthma 0.03 2.9 1.1–7.4
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respiratory morbidity among full-term cases and late and 
moderate preterm controls. The frequency of RW was 
higher in full-term cases (85% vs 61%, p<0.001), as well 
as the prescription of inhaled corticosteroids (47% vs 30%, 
p=0.009) or montelukast (38% vs 23%, p=0.02). However, 
no significant differences were seen in the rate of hospita-
lization for RW (21% vs 20%, p= 0.830) or in the affirma-
tive responses to the following questions of the ISAAC 
Questionnaire: current asthma (15% vs 17%, p=0.734), 

ever asthma (18% vs 17%, p=0.874), exercise-induced 
wheezing (6% vs 9%, p=0.452) and sleep disturbed due 
to wheezing (6% vs 9%, p= 0.452).

Skin Prick Tests
SPT was performed in 269 children, 81 preterm cases, 82 
full-term cases and 106 preterm controls. Aeroallergen 
sensitization was significantly less frequent in preterm 
cases (31%) than in full-term (52%) or in preterm controls 
(45%) (p <0.001).

We compared the proportion of children with aeroaller-
gen sensitization between RSV and HRV single infections, 
excluding coinfections (N=92) and its association with cur-
rent asthma. Twenty-one per cent of RSV-children with 
positive SPT developed asthma compared to 4.5% of RSV- 
children with negative SPT. Regarding HRV, 57% of HRV 
patients with positive SPT and 20.5% of HRV-patients with 
negative SPT (p=0.024) reported current asthma.

Lung Function
Acceptable and repeatable spirometry was obtained in 233 
children. No significant differences were found among the 
three groups in the pulmonary function parameters evalu-
ated: FEV-1, FVC, FEV-1/FVC, FEF50 (Table 10).

Overall, 9 children presented FEV-1 <80% of the the-
oretical value. Of these, 4 were preterm cases (1 of them 
with BPD), 4 preterm controls and 1 full-term case. Only 2 
of these 9 children with lower lung function did not pre-
sent RW or asthma until the end of the study. There were 
also no significant differences in the post bronchodilator 
lung function values among the 3 groups.

Discussion
This study compared the burden of prematurity and 
bronchiolitis in the development of asthma at 6–9 years. 

Table 8 Multivariate Test of Possible Risk Factors for Current 
Asthma by a Backward (LR) Stepwise Logistic Procedure in 
6-9-Year-Old Preterm and Full-Term Children with History of 
Admission for Bronchiolitis

P-value Adjusted 
OR

95% 
Confidence 
Interval

Rhinovirus detection 
during bronchiolitis

0.010 3.3 1.3–8.2

Viral coinfection during 

bronchiolitis

0.010 4.4 1.4–14.0

Paternal asthma 0.005 5.1 1.6–15.9

Intensive care unit 

admission during 
bronchiolitis

0.007 8.8 1.8–43.4

Table 7 Comparison of Affirmative Responses to Core Questions for Asthma (from ISAAC Questionnaire for 6-7-Year-Old) Among 
the Preterm and Full-Term Groups Admitted for Bronchiolitis and the Preterm Group without Admission for Bronchiolitis, at 6–9 
Years of Age

Isaac Questionnaire for Asthma 
Symptoms

Preterm with 
Bronchiolitis 
Admission N=133

Full-Term with 
Bronchiolitis 
Admission N= 114

Preterm without 
Bronchiolitis 
Admission N=146

P-value

Ever wheezing 105 (79%) 87 (76%) 93 (64%) 0.050

Wheezing in the last 12 months 36 (27%) 17 (15%) 20 (14.5%) 0.040

Speech limited due to wheezing in the last 12 months 16 (12%) 3 (2.5%) 8 (6%) 0.050
Ever asthma 41 (31%) 20 (18%) 20 (14%) 0.010

Wheezing due to exercise 23 (17.5%) 7(6%) 11 (8%) 0.020

Sleep disturbed due to wheezing ≥1 night per week 29 (22% 7 (6%) 12 (8%) 0.002

Table 9 Multivariate Test of Possible Risk Factors for Current 
Asthma by a Backward (LR) Stepwise Logistic Procedure in 
6-9-Year-Old Preterm Children with and without History of 
Admission for Bronchiolitis

P-value Adjusted 
OR

95% Confidence 
Interval

Admission for 

bronchiolitis

0.040 2.2 1.1–4.8

Paternal asthma 0.040 3.3 1.1–10.8
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The frequency of asthma at 6–9 years in previously 
healthy premature children, without admission for bronch-
iolitis, was, in our series, higher than that described for the 
general population at 6–7 years,17 and similar to that of 
full-term children with history of admission for bronchio-
litis. These results were observed, not only in the most 
immature preterm children but also in those moderate and 
late preterm without respiratory admissions in the first two 
years of life. As far as we know, this is the first study that 
compares the respiratory burden of late and moderate 
prematurity with one of the best-known risk factors for 
asthma and recurrent wheezing, such as bronchiolitis. Our 
results also suggest that, although preterm children with 
admission for bronchiolitis had twice the risk of asthma at 
6–9 years when compared to full-term-cases, the moderate 
and late preterm controls, were also at increased risk for 
asthma and this is as high as that associated with severe 
bronchiolitis in full-term children.

Prematurity and severe bronchiolitis are two of the 
main risk factors for the development of RW and asthma. 
Even though the majority of studies have focused on the 
long-lasting impact of RSV-infections in full-term chil-
dren, recent studies have observed increased risk of 
asthma and RW in preterm children with a history of 
RSV bronchiolitis in infancy.7,18 Early hospitalization 
with RSV-infection in preterm infants has been associated 
with more than twice the risk of ongoing respiratory mor-
bidity, especially among those with BPD or lower gesta-
tional age.19 Like RSV, HRV-respiratory infections have 
also been associated with higher risk of asthma at 6 years. 
In our series, apart from the family history of asthma or 
atopy classically described, the factors independently asso-
ciated with asthma at 6–9 years in children admitted for 
bronchiolitis, were HRV infection, viral coinfection and 
prematurity, that will be discussed below.

Regarding viral etiology, HRV-bronchiolitis has 
acquired enormous relevance, not only in RW but also in 

asthma development, becoming one of the strongest risk 
factors for asthma at 6 years.20 Jackson et al21,22 found 
that early life HRV-wheezing, but not RSV, was associated 
with asthma at 13 years, increasing the risk by 3.3 times. 
A recent meta-analysis suggests that HRV-wheezing ill-
ness in the first 3 years is associated with subsequent 
wheezing and asthma and this association remains signifi-
cant at ≥10 years.23 Focusing on preterm infants, Drysdale 
et al24 in a follow-up study up to 1 year concluded that 
HRV-infected infants suffered greater chronic respiratory 
morbidity compared with the RSV-infected ones. Our 
results support that severe HRV-bronchiolitis is an inde-
pendent risk factor for asthma at 6–9 years not only in 
full-term but also in preterm children. HRV-bronchiolitis 
was also, in our series, a risk factor for severe RW requir-
ing hospitalization, as well as the negative detection of 
RSV. The mechanism is not fully understood but the 
results of Perez et al25 suggest that natural HRV- 
infection in premature children elicits airway secretion of 
Th2 (IL-4 and IL-13) and Th17 (IL-17) cytokines, which 
may promote recruitment of neutrophils, immature den-
dritic cells, and memory T cells in the airways.

Interestingly, RSV-bronchiolitis was associated in our 
series with lower prevalence of asthma at 6–9 years than 
non-RSV- ones. These results are in line with those from 
Carroll et al,26 Mochizuki et al27 and Scheltema et al,28 

who found non-significant associations on RSV immuno-
prophylaxis in premature children, on prevention of 
asthma at 4.5–6 years. All these data, together with ours, 
suggest that RSV may not play such a crucial role in 
asthma development in preterm children as previously 
thought. The current lower relevance of RSV as inducer 
of asthma in favour of other viruses, especially HRV, can 
partly be explained because until the implantation of mole-
cular diagnostic methods, RSV was almost the only 
respiratory virus detected and included in follow-up stu-
dies, so that its role may have been overestimated.

Table 10 Comparison of Lung Function Values Among Preterm and Full-Term 6-to-9-Year-Old Children Previously Hospitalised for 
Bronchiolitis and the Control Group of 6-to-9-Year-Old Preterm Children without Admission for Bronchiolitis

Preterm with Bronchiolitis 
Admission

Full-Term with Bronchiolitis 
Admission

Preterm without Bronchiolitis 
Admission

P-value

FEV-1 102.3 ± 14.9 104.1 ± 11.0 104.7 ± 15.7 0.604

FVC 96.8 ± 13.4 97.5 ± 12.7 105.1 ± 54.0 0.536
FEV-1/FVC 105.3 ± 10.5 107.2 ± 8.0 106.7 ± 9.1 0.606

MEF 50 90.3 ± 27.1 92.4 ± 21.7 97.1 ± 25.8 0.214
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The role of viral respiratory coinfections remains 
controversial.29 Regarding long-term evolution, our group 
found in 244 children admitted for bronchiolitis, signifi-
cantly higher prevalence of asthma at 6–8 years in those 
with viral coinfection.30 Our current results also support 
the greater risk of asthma after viral coinfection, although 
it is worth highlighting that HRV participates in a great 
proportion of these coinfections. In a previous report, our 
group found a 9-fold probability higher of having detect-
able nasal thymic stromal lymphopoietin (TSLP) in infants 
with RSV+HRV coinfection, suggesting that these coin-
fections may lead to an altered mediator profile which 
biases towards a T2 immune response, thus favouring 
asthma development.31

Regarding prematurity, our results confirm the associa-
tion between preterm delivery and asthma, with the high-
est prevalence, 27% being in premature infants who also 
suffered a severe bronchiolitis needing hospital admission. 
Fake et al32 in the EPICure study found 25% of asthma at 
11 years in extremely premature children (≤25 weeks). In 
our series, despite the fact that only 25% of children were 
<32 wGA, the prevalence of asthma at 6–9 years in pre-
term cases was almost identical to that reported in extre-
mely preterm by Fawke et al.32 These results suggest that 
the burden of severe bronchiolitis in moderate and late 
preterm infants may increase their risk of asthma to 
a similar level as most extreme premature infants.

Moderate and late preterm currently constitute over 80% 
of all preterm births33 and generally, have been assumed not 
to encounter many respiratory problems later in life. 
However, in the last years, there has been increasing concern 
about the development of wheezing and asthma in childhood, 
with higher frequency than full-term children, although cur-
rent evidence is controversial. Vrijlandt et al34 in a large 
prospective cohort study showed that at preschool age, mod-
erately preterm infants revealed more nocturnal cough or 
wheeze during or without a cold and increased use of inhaled 
steroids. At the age of 5 years, rates of respiratory symptoms 
between moderate and early preterm born children were 
similar. However, these authors recently reported that ado-
lescents (13–14 years) born moderate and late preterm had 
only slightly more lung function abnormalities than those 
born full term, and did not differ in the maximal exercise 
test and in physical activity level.35,36 However, these con-
clusions may be limited by the small number of patients 
included in the study, being 37 moderate and late preterm 
and 34 full-term children. Voge et al37 found that healthy late 

preterm infants had a higher incidence of asthma by school 
age than full-term ones, with a hazard ratio of 1.44 after 
controlling for maternal and passive smoke and a family 
history of asthma or atopy, with an almost significant differ-
ence (p=0.07). The results of Maijakaisa et al38 confirmed the 
association between preterm delivery and asthma and the risk 
in late preterm children was almost double when compared 
with children born at term. Our study demonstrates for the 
first time that the risk of asthma at 6–9 years in moderate and 
late preterm children is similar to that of full-terms who have 
been hospitalised for a severe bronchiolitis, which is one of 
the strongest risk factors for asthma development.4–7 Other 
respiratory symptoms such as ever wheezing, ever asthma, 
and respiratory symptoms present in the last 12 months were 
also reported with a similar frequency by late and moderate 
preterm as by full-term children previously hospitalized for 
bronchiolitis.

In our study, mean spirometric values at 6–9 years 
were normal in the three groups, without differences 
among them. However, significant lower FEV-1/FVC 
ratio values were observed in children with RW and 
lower FEV1, FVC, FEV1/FVC and FEF50 values in chil-
dren with severe RW. Similarly, in the SPRING study, in 
which preterm infants between 32 and 35 weeks were 
included, with and without admission for RSV infection, 
no differences in lung function were observed when com-
paring the two groups overall, although those children 
with worse pulmonary function had greater respiratory 
morbidity with more frequent RW.39

The strengths and weaknesses of our study are those 
inherent in the observational nature of the study design. 
We do not know the prevalence of asthma nor the respira-
tory evolution in the children not followed-up. And several 
epidemiologic factors analysed relied on parental self- 
reporting, and hence there is potential recall bias.

In conclusion, this work provides evidence that prema-
turity itself is related with increased prevalence of asthma at 
6–9 years. Severe bronchiolitis, mainly HRV-bronchiolitis 
and viral coinfection bronchiolitis, is an independent risk 
factors for asthma in childhood. These findings may be 
helpful in developing preventive strategies that could mini-
mize the respiratory burden of preterm-born infants.
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