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Background: Viral bronchiolitis in infancy has been identified in previous studies as a potential precursor to the development
of lower respiratory tract illness in later childhood and beyond.

Objective: To evaluate the long-term respiratory repercussions of acute infantile viral bronchiolitis.
Methods: We studied 71 individuals aged 19 to 24 years with a history of a viral bronchiolitis in infancy and 32 controls. All

participants underwent the following evaluation: medical history, forced spirometry, methacholine challenge, and skin prick
testing.

Results: The bronchiolitis group had a higher prevalence of respiratory symptoms (P � .03) and bronchial hyperresponsive-
ness (P � .003) than controls. The bronchiolitis group also had a lower peak expiratory flow rate (P � .02). Skin prick test
responses were similar in both groups.

Conclusions: The findings from this study support and extend those from previous studies by suggesting that viral
bronchiolitis may be a predisposing factor for lower respiratory tract problems in young adulthood.
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INTRODUCTION
Acute infantile viral bronchiolitis (AIVB) is an infectious
condition that primarily affects the terminal and respiratory
bronchioles, causing fibrinoid necrosis and desquamative ep-
ithelial changes.1 Many infectious agents are known to cause
AIVB: adenovirus, rhinovirus, paramixovirus, influenza vi-
rus, parainfluenza virus, and Mycoplasma pneumoniae. How-
ever, respiratory syncytial virus is the most commonly in-
volved agent. It can be found in approximately 50% of all
cultures performed in children younger than 2 years who have
AIVB.2 The diagnosis is based mainly on clinical criteria,
assisted by a series of complementary tests, such as chest
radiography, serologic tests, and the epidemiologic features
of the disease. Serologic tests have not been available until
the past 2 decades, and, therefore, diagnosis was previously
based on clinical criteria. In our series, the clinical criteria
proposed by McConnochie3 were used. Several studies4,5

have been published on the presence of wheezing during the
years after an AIVB event. However, to our knowledge, there
is not any study that analyzes the long-term consequences of
this disease in adulthood. Therefore, we sought to evaluate
the long-term respiratory repercussions of AIVB.

MATERIALS AND METHODS
The study population consisted of 2 groups of young men and
women aged 19 to 24 years. The first group was taken from
the cohort studied by our group6 when they were 9 to 14 years

old. The group comprised 71 individuals with a history of
AIVB according to the criteria proposed by McConnochie3

who were younger than 1 year at the time of diagnosis and
required hospital admission for AIVB between 1973 and
1978. For the present evaluation, the study subjects and their
parents were contacted by telephone. Of the 97 patients
studied in the first evaluation, 71 (73%) agreed to take part in
this second stage of the study, 9 refused to undergo the tests,
and 17 were not located. The mean age of the study popula-
tion was 21.1 years (range, 19–24 years); 36 (51%) were men
and 35 (49%) were women.

The control group was composed of 32 young adults with
similar demographic features. The only criterion they had to
meet was no hospital admission for respiratory causes before
1 year of age. They were medical students who voluntarily
agreed to take part in the study. The mean age of the control
group was 21.4 years (range, 20–24 years); 13 (41%) were
men and 19 (59%) were women.

All of the participants underwent the following tests: med-
ical history, forced spirometry, methacholine challenge, and
skin prick testing (SPT) to common aeroallergens in Spain.
When discussing the results, we refer to data obtained from
the study performed during the subjects’ infancy as the “first
evaluation.” Data obtained in this second evaluation per-
formed in adulthood are referred to as “present data.” All of
the interviews and diagnostic tests were performed simulta-
neously in both groups between 4 and 8 PM during the first
half of the year (January to June).

Study approval was obtained from the ethics committee of
Hospital Clı́nico, Zaragoza, Spain. All of the study partici-
pants were given written and oral information about the
possible risks of the test, after which they signed an informed
consent form.
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Cases and controls were interviewed after arranging an
appointment by telephone. A smoker was considered to be
anyone who regularly consumed any tobacco product. To
detect the presence of respiratory symptoms, participants
were questioned about the presence of wheezing or any other
common respiratory symptom during the past 10 years. A
background of allergy or asthma was based on previous
diagnoses made by specialists obtained from medical reports
or histories. In the absence of a previous diagnosis, asthma
was defined as the presence of bronchial hyperresponsiveness
(BHR) plus wheezing events in the past 12 months.

The functional values were obtained by using forced spi-
rometry (Hans E. Ruth Pony graphic spirometer; Cosmed,
Rome, Italy). All of the procedures were performed following
the recommendations of the American Thoracic Society.7 The
reference values used were those obtained by Roca8 for a
Mediterranean population.

The nonspecific methacholine challenges were performed
using a Cockcroft method, with a starting concentration of
0.012 mg/mL, which was successively doubled to 8 mg/mL.
When a forced expiratory volume in 1 second (FEV1) of less
than 80% was obtained, a bronchodilation test was performed
instead. The challenge was considered to be positive if the
FEV1 declined by more than 20%.

Skin prick tests were performed to determine immediate
hypersensitivity to the aeroallergens most commonly identi-
fied as causing allergic conditions in Spain. The allergens
used were Phleum, Cynodon, Phragmites, olive, plantago,
Chenopodium, Alternaria, Cladosporium, Aspergillus, Der-
matophagoides pteronyssinus, dog epithelium, and cat epi-
thelium. The test reaction was considered positive if the
papule caused by any allergen was equal to or greater than
that caused by histamine at 10 mg/mL.

Statistical analysis was performed using a statistical soft-
ware package (SPSS version 6.1; SPSS Inc, Chicago, IL).
Group comparison tests were performed using the t test for
normally distributed values and the Mann-Whitney U test for
nonnormally distributed values. The �2 test was also used.
The level of significance required in the comparison of hy-
potheses was P � .05 in all cases.

RESULTS
The study population includes 2 groups of young men and
women aged 19 to 24 years. The demographic features of the
2 groups are given in Table 1. There were no statistically
significant differences regarding age, sex, and smoking habit.
We found a higher prevalence of asthma, wheezing episodes,
and respiratory symptoms during the past 10 years in the
group with a history of AIVB (Fig 1).

On analyzing this group, asthma was seen to be more
prevalent among women and individuals with impaired re-
spiratory function during childhood (values obtained from the
tests performed 10 years earlier), the difference being statis-
tically significant. There was also a trend, although without
attaining statistical significance, for participants whose moth-
ers smoked during their childhood to have a higher preva-

lence of asthma (odds ratio [OR] for asthma among the
offspring of mothers who smoked, 3.28) and for those indi-
viduals who had BHR in the first evaluation (OR for asthma
among hyperresponsive patients in the first evaluation, 3.77).
We have not found any association between the development
of asthma and the presence of positive SPT reactions in either
the present evaluation or the first evaluation. Neither has any
relationship been found with total serum IgE values in the
first evaluation.

Regarding the evaluation of respiratory function, when
comparing cases with controls, we found similar values in all
the parameters except the absolute value of the peak expira-
tory flow rate (PEFR), which was significantly lower in cases
than in controls (P � .02), and the PEFR as a percentage of
the theoretical value, which was also greater in controls,
although without attaining statistical significance (P � .09)
(Table 2). These differences lessen when individuals who
have been asymptomatic since the bronchiolitis event are
compared with controls (PEFR, 7,451 vs 7,935 mL/s).

The challenge test with methacholine was performed in 59
cases and 31 controls. It was not performed in 9 cases with
FEV1 less than 80%; 3 cases and 1 control refused to undergo
the test. Five cases with an obstructive spirometry and a
positive bronchodilation test result were considered to show
BHR. We found a significantly higher prevalence of BHR in

Table 1. Characteristics of the Study Population

Characteristics
Bronchiolitis

group
(n � 71)

Control
group

(n � 32)

Sex, No. (%)
M 36 (51) 13 (41)
F 35 (49) 19 (59)

Smokers, No. (%)
Yes 40 (56) 12 (38)
No 31 (44) 20 (62)

Students, No. (%)*
Yes 29 (41) 31 (97)
No 42 (59) 1 (3)

Age, mean (SD), y 21.1 (1.4) 21.4 (0.9)
Weight, mean (SD), kg* 69.3 (13.4) 61 (9.5)
Height, mean (SD), cm 170.7 (8.3) 168.7 (6.6)

* P � .05.

Figure 1. Current presence of respiratory symptoms in the 2 groups.
Asthmatic patients are included in all groups. The odds ratio for asthma is
5.09 (95% confidence interval, 1.1–23.47; P � .05).
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the bronchiolitis group (OR, 3.81; 95% confidence interval,
1.51–9.60; P � .003) (Fig 2). These differences were main-
tained when only the members of the bronchiolitis group who
had remained asymptomatic to the present were included (Fig
3).

Forty-three participants (34 in the bronchiolitis group and
9 controls) showed a provocation concentration that caused a
decrease in FEV1 of 20% of less than 8 mg/mL. The mean
value was 3.4 mg/mL in the bronchiolitis group and 4.9
mg/mL in controls (P � .1).

When analyzing BHR in nonsmokers we found a higher
prevalence in the bronchiolitis group (57%) compared with
controls (15%). This difference was statistically significant
(OR, 7.5; P � .003) We did not find any differences between
the bronchiolitis group and the control group in the preva-
lence of positive SPT reactions (47.7% vs 43.3%).

DISCUSSION
Our findings show that acute bronchiolitis in childhood pro-
vokes respiratory repercussions in adulthood. We found a
higher prevalence of asthma, wheezing episodes, and respi-
ratory symptoms during the past 10 years in the group with a
history of AIVB. Except for PEFR, pulmonary function test

results were similar in both groups. The prevalence of BHR
in the bronchiolitis group was statistically significantly
higher. We have not found any association between the
development of asthma and the presence of positive SPT
reactions in our patients.

The present study consists of the second evaluation of a
cohort initially composed of 97 children aged 9 to 14 years6

that has now reached an age of 19 to 24 years. This age was
chosen because it marks the beginning of adult life and is the
time of life when a person has the highest lung function
values. In our study, we included 71 of the original 97
participants in the second evaluation, which gives a success
rate for the follow-up of 73%. We consider that this high
follow-up rate allows us to generalize the results to the
original group, although, among the cases lost, we are par-
ticularly concerned about the 9% who refused to undergo the
second evaluation, whereas the 18% who could not be located
is less important to us.

The control group in this study consisted of 32 individuals
with an age and sex distribution similar to the bronchiolitis
group. The prevalence of smoking was higher in the study
group, but the difference was not statistically significant.

Many studies4,5,9–11 have found an increase in respiratory
symptoms during the first years of life in individuals who
have experienced a respiratory tract infection (RTI) during
infancy. The general impression obtained from these studies
is the high prevalence of wheezing, asthma, and respiratory
symptoms during the years after a lower RTI (LRTI) expe-
rienced during early childhood. Our results support this idea
and go even further by confirming that the high prevalence of
respiratory symptoms continues even in adult life. Hence, the
particular interest of our study is that it shows the long-term
impact on people’s health of RTIs experienced during in-
fancy, a particularly vulnerable period. The prevalence of
respiratory symptoms in the studies mentioned previously
herein was higher than ours. We consider that this is because
of the longer follow-up time in our series. Thus, as the child
develops, the proportion of symptomatic individuals de-
creases. The possible role played by atopy in the presence or

Table 2. Current Values for Respiratory Function and History of
Bronchiolitis*

Value
Bronchiolitis

group
(n � 71)

Control
group

(n � 32)

FVC, % 93.2 (9.7) 92.6 (8.7)
FEV1, % 94.9 (12.6) 95.7 (7.7)
FEV1/FVC, % 83.8 (7.4) 84.1 (4.4)
MMEF, % 93.6 (25.8) 94.6 (17.0)
PEFR, mL/s† 7,004 (2,317) 7,946 (1,484)
PEF, % 90.7 (16.7) 95.6 (11.3)

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC,
forced vital capacity; MMEF, maximal midexpiratory flow; PEF, peak
expiratory flow; PEFR, peak expiratory flow rate.
* Data are given as mean (SD).
† P � .05.

Figure 2. Current presence of bronchial hyperresponsiveness (BHR) in the
2 groups (P � .01).

Figure 3. Current presence of bronchial hyperresponsiveness (BHR) in
individuals who have been asymptomatic since the bronchiolitis event and in
the control group (P � .05).
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not of clinical symptoms during the years after an LRTI in
infancy is highly controversial. Our results agree with those
of Mok and Simpson9,12 in suggesting the nonexistence of
such an association.

Regarding the development of asthma in our series of cases
with a history of bronchiolitis, we find particularly interesting
the predictive power of decreased respiratory function values
during adolescence. Thus, our results agree with those of
Jenkins et al13 regarding the existence of decreased forced
midexpiratory flow (values that are 14% lower in the first
evaluation in our series) in individuals who subsequently
develop asthma. Thus, we could suggest that individuals who
have had a severe LRTI during childhood and decreased
forced midexpiratory flow in adolescence should be moni-
tored closely in an attempt to diagnose as early as possible the
asthma cases that will undoubtedly appear with time in this
group. Again in agreement with Jenkins et al,13 we found that
the risk of developing asthma in this group is increased in
women.

There is evidence of an association between experiencing
an RTI during childhood and lung function impairments in
later years. Several explanations can be given for this asso-
ciation.14 Studies designed to address this issue could be
based on studying a cohort after the RTI to analyze their
respiratory function, as in our case. Thus, Duiverman et al15

studied children with a history of bronchiolitis and found
decreased respiratory function in the symptomatic group
only. The results of this study concur with our results regard-
ing the absence of functional differences between cases and
controls in the asymptomatic group. Two studies by Mok and
Simpson16 and Sims et al17 agree with us in finding statisti-
cally significantly lower values for PEFR in children with a
history of RTI caused by respiratory syncytial virus in in-
fancy compared with their controls.

The respiratory function of the general population can also
be studied by analyzing for a history of RTI by survey.
Following this method, some researchers18,19 found that indi-
viduals with a history of LRTI in childhood had statistically
significantly lower respiratory function values in adulthood.

Finally, another approach has been proposed that consists
of studying respiratory function beginning at birth with a
view to monitoring subsequent RTIs and the development of
the lung function. Martı́nez et al20,21 concluded that impaired
respiratory function after birth was a predisposing factor to
experiencing wheezing disease during childhood. Young et
al22 also reported impaired baseline respiratory function with
respiratory diseases during childhood.

We did not find statistically significant differences in pul-
monary function test results between groups except for
PEFR. Considering the fact that this parameter is effort
dependent, this finding may not be noteworthy.

There are several methods for determining bronchial re-
sponsiveness, and they may have varying degrees of sensi-
tivity in showing the presence of BHR.23 However, most of
the studies mentioned previously herein, like ours, used
methacholine for studying BHR. It has been found that chil-

dren with a history of bronchiolitis and other LRTIs experi-
enced during early childhood have a higher bronchial re-
sponse compared with children without such a history.5,12,24,25

We found that the trend, described in the studies mentioned
previously herein, toward high levels of BHR in childhood
after an LRTI is maintained in adulthood, even in individuals
who remained asymptomatic after the bronchiolitis event. It
is well known that a smoking habit enhances bronchial re-
sponsiveness. To avoid this confounding factor, we analyzed
the prevalence of BHR in nonsmokers. We found that BHR
remained higher in the bronchiolitis group.

The results obtained by several researchers,26,27 which
show an increase in IgE levels during infectious diseases of
the lower airways (including bronchiolitis), suggest the exis-
tence of a link between an atopic constitution and a greater
risk of experiencing such diseases during early childhood.
However, the role that would be played by atopy in later
repercussions of such infections is much more debatable. In
our study, we discarded the effect of subjective assessments,
determining the presence of an atopic constitution by means
of SPT using aeroallergens common in Spain.

In the present study, we found a prevalence of 43% for a
positive SPT reaction in the control group. We consider that
the performance of epidemiologic studies on supposedly
healthy individuals who voluntarily agree to undergo tests
that evaluate certain disease states could allow the inclusion
of excessively high quantities of individuals who suspect that
they have a related condition. Our findings agree with those
of a study performed in southern Spain in 365 students with
a mean age of 18 years by Garcia-Gonzalez et al.28 They
found a positive SPT reaction in 46% of subjects; neither this
study nor ours is free of the risk of overestimating the
prevalence of atopy.

In the studies performed with a design similar to ours, we
find differing results on the role of atopy in the years after a
lower airway infection. Some studies29,30 find a role for atopy
in the individual’s subsequent course. On the other hand,
other studies5,31 reject a role for atopy in the individual’s
subsequent course. In our cohort, a significantly greater prev-
alence of atopic constitutions was found in the first evaluation
in the children with a history of bronchiolitis compared with
their controls.6 These results suggest that the occurrence of
bronchiolitis could have been facilitated by the existence of
an atopic constitution in the individual, which would confirm
the relationship between atopy and bronchiolitis mentioned
by several researchers. In this second evaluation of our co-
hort, performed at the beginning of adult life, we did not find
any differences in the percentage of positive findings in SPT
between individuals with a history of bronchiolitis and their
controls.

We conclude that a history of bronchiolitis before 1 year of
age determines an increased prevalence of asthma and respi-
ratory symptoms in adult life. Previous bronchiolitis is asso-
ciated with decreased PEFR values in adulthood. This im-
pairment disappears when only the participants who have
been asymptomatic since the bronchiolitis event are analyzed.
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Bronchiolitis in infancy alone is an important risk factor for
BHR independent of atopy by the time the individuals reach
adulthood.
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