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Respiratory syncytial virus (RSV) bronchiolitis in early life is a risk
factor for later development of asthma and atopy. Ribavirin is the only
effective drug currently available against acute RSV bronchiolitis.
However, the long-term effects of ribavirin remain unclear. We inves-
tigated a cohort of children hospitalized with RSV bronchiolitis from
when they were under 2 yr old until they reached a mean age of 6.2 yr.
In total, we enrolled 175 children in this study. Both the group treated
with ribavirin and the group not treated with ribavirin included high-
risk young children with congenital heart disease or chronic lung dis-
ease. Their respective age-matched controls, that we labeled groups A
and B, both without ribavirin treatment, consisted of previously healthy
subjects. Wheezing was either verified by physicians or estimated by a
questionnaire. Allergen sensitization was judged by serum allergen-
specific IgE levels. The cumulative incidence of physician-diagnosed
asthma or recurrent wheezing in the ribavirin group (15%) was signi-
ficantly lower than its incidence in the non-ribavirin-treated group
(34%, p = 0.049), and in the control A group (43%, p = 0.005).
Allergen sensitization was also least frequent in the ribavirin group.
Ribavirin therapy was an independent factor in reducing the risk of
developing asthma, asthma/recurrent wheezing, and sensitization to
D. pteronyssinus|/D. farinae. The long-term value of ribavirin for acute
RSV bronchiolitis and its underlying mechanisms deserves further
research.
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Respiratory syncytial virus (RSV) is a prevalent
infectious cause of lower respiratory tract disease
in both infants and children. Most affected
children are infected before the age of 2 yr (1).
Several studies suggest that RSV bronchiolitis in
early childhood is independently associated with
the development of asthma/recurrent wheezing
and allergen sensitization in later life (2-4).
However, whether antiviral medication may
prevent the development of asthma and atopy
is still undetermined.

Ribavirin, approved in early 1986 (5), is the
only effective antiviral agent currently available
against acute RSV infection, but the cost is
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relatively expensive. Increased morbidity and
mortality have been observed in RSV-infected
infants with underlying cardiopulmonary illness
(6). Ribavirin is, therefore, most frequently used
to treat these high-risk young children (5).
Although the data supporting the immediate
therapeutic effects of ribavirin are sufficient, its
long-term benefits remain to be seen.

For our study, we followed up a cohort of
children hospitalized because of RSV bronchio-
litis before the age of 2 yr with or without
ribavirin therapy, until a mean age of
6.2 £ 1.6 yr. All patients in the ribavirin-treated
group were high-risk young children with either



chronic lung disease or congenital heart disease.
We aimed at investigating if ribavirin therapy
could reduce the risk of developing asthma and
allergen sensitization.

Materials and methods
Inclusion and exclusion criteria

During a surveillance period of 4.5 yr (January
1997 to June 2001), 609 children aged < 24
months were hospitalized because of RSV
bronchiolitis in the National Taiwan University
Hospital. RSV infection was confirmed by direct
detection of the RSV antigen from sputum by
immunofluorescent stain (7).Criteria to deter-
mine the need to administer ribavirin included
the following: persistent respiratory distress
even after adequate treatment; deteriorating
cyanosis; respiratory failure with necessity for
intubations; and concern regarding increased
mortality and morbidity in high-risk young
children. All of the high-risk young children
with congenital heart disease or chronic lung
disease during the surveillance period were
included without selection into either the rib-
avirin-treated group or the ‘no ribavirin’ group.
Exclusion criteria for these two groups were
RSV bronchiolitis more than once, tracheo-
bronchial anomalies, malignancy, and mortality
during the follow-up period, because of heart
failure, multiple congenital anomalies, or sepsis
unrelated to ribavirin.

Those with neither underlying diseases nor
ribavirin therapy were candidates for the control
groups. To investigate if the possible age differ-
ence between the ribavirin and the no ribavirin
group was a confounding factor, we assigned
them their respective age-matched controls. The
control A group consisted of RSV-infected sub-
jects with both the dates and ages of hospital-
ization most matched to those in the ribavirin
group. The control B group was composed of
RSV-infected individuals with both the dates and
ages of hospitalization most matched to those in
the no ribavirin group. The investigator involved
in the process of enrolling controls was blind to
their family histories and personal atopic status.

In 2005, 54 subjects were eligible for the
ribavirin group, 58 for the no ribavirin group,
54 for the control A group, and 58 subjects for
the control B group. All of these RSV-infected
subjects were invited to join our study. The study
was approved by the ethics committee at the
National Taiwan University Hospital. Informed
consent was obtained from the parents of all
participants.
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Study tools, study population, and clinical definitions

The parents of all participants were requested to
complete a written validated International Study
of Asthma and Allergies in Childhood (ISAAC)
questionnaire (8),to which we added questions
about breast feeding, number of siblings, family
history of atopy, current body weight, current
therapy for asthma, current status of indoor
furred pet-ownership, and smoking in the family.
When filling in the questionnaire, all participants
and their parents were blind to our specific aim
and study design. Only children who later mailed
back their questionnaires were enrolled. Of the
224 enumerated children, 175 (78%) mailed their
questionnaires back so that they were enrolled;
these included 40 in the ribavirin group, 44 in the
no ribavirin group, 49 in the control A group,
and 42 in the control B group.

The serum levels of allergen-specific IgE anti-
bodies were measured by the Pharmacia CAP
system (9)for eight common inhaled allergens,
including  Dermatophagoides  pteronyssinus,
D. farinae, Blomia Tropicalis, cat dander, dog
dander, cockroach, Bermuda grass, and ragweed.
Values of 20.35 IU/ml were considered positive.

Asthma was defined as questionnaire-reported
physician-diagnosed asthma or physician-verified
recurrent episodes of wheezing resulting in the
diagnosis of asthma recorded in our medical
charts, either in the past or in the current follow-
up visits. Wheezing occurring at least three times
but not verified by a physician was classified as
‘recurrent wheezing’. Cumulative disorder was
defined as symptoms ever happened in the past.
Current disorder was defined as those during the
last 12 months, which may or may not require
maintenance medication. Heredity for atopy was
defined as atopic/allergic diseases in parents or
siblings. The occurrence of positive IgE antibod-
ies was classified as allergen sensitization.

Follow-up visits

Among the 175 participants, 87 (50%) returned
to our clinics for a further detailed evaluation
and determination of serum IgE levels, including
23 in the ribavirin group, 24 in the no ribavirin
group, 20 in the control A group, and 20 in the
control B group.

Review of medical records

The medical charts were critically reviewed by
one investigator, to obtain information including
gestational age, type of delivery, sex, presence
of underlying diseases, age of onset of RSV
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bronchiolitis, fever duration, days of O, tent use
and ventilator support, and hemogram. Ventila-
tor support included conventional mechanical
ventilators, nasal intermittent positive pressure
ventilation, and nasal continuous positive airway
pressure. Prematurity was defined as a gesta-
tional age of not more than 36 wk. The diagnosis
of congenital heart disease was confirmed with a
cardiac echo by a pediatric cardiologist. Chronic
lung disease was defined as oxygen dependence in
preterm infants for > 28 days after birth or at 36-
wk post-conceptional age.

Statistical analysis

Chi-square test was used for comparison among
the four groups. If p < 0.05 was found, the
difference between any two groups was further
examined by Fisher’s two-tailed exact test.
A value of p < 0.05 was considered to be statis-
tically significant. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated in a
univariate analysis to estimate, which hereditary
and environmental factors predisposed to or had
preventive effects on the development of asthma
and allergen sensitization. A multivariate logistic
regression was used to determine independent risk
factors by the SAS logistic procedure.

Results
Characteristics of the patients

Demographic and background data were similar
among the four study groups. For simplicity,
only those of the ribavirin group and the no
ribavirin group are shown in Table 1. The
number of days that ventilator support was
needed was longer in the ribavirin group. Fol-
low-up durations and current ages were statisti-
cally different although there was no difference in
the ages of RSV infection. Likewise, follow-up
durations and current ages between the control A
group (5 £ 1.4 yr, and 54 = 1.4 yr-old) and
control B group (6.1 £ 1.5yr, and 6.7 £ 1.5
yr-old) were also different (both p < 0.001).
However, the well-known genetic and environ-
mental risk factors for the development of
asthma, including heredity for asthma, heredity
for allergic rhinitis, heredity for atopic dermati-
tis, the type of delivery, breast feeding, number of
siblings, presence of indoor furred pets, and
smoking in the family, did not differ among the
four groups.

Corticosteroids were used to treat persistent
wheezing during RSV bronchiolitis attacks in
zero in the ribavirin group, in two (4.5%) in the
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Table 1. Demographic and background data in the ribavirin group and the no
ribavirin group

Ribavirin No ribavirin

(n = 40) (n = 44) p-value
Heredity atopy 32 (80) 32 (73) 0.456
Cesarean section 15 (38) 16 (36) 1
Male sex 29 (73) 24 (55) 0.115
Prematurity 8 (20) 14 (32) 0.321
CHD 36 (90) 37 (84) 0.526
CLD 5(13) 9(21) 0.389
Breast feeding 22 (55) 29 (66) 0.373
RSV age (months) 57 (5.7) 74 (49) 0.142
Fever (days) 3(3) 5(18) 0.533
0, tent (days) 11 (11) 9 (5) 0.147
Ventilator (days) 2 (4) 04 (2) 0.010
Leukocyte (k/ul) 10 (4) 10 (4) 0.631
Eosinophil (%) 15(2.1) 1.4 (1.9) 0.840
Current age (yr) 5.6 (1.3) 7(1.5) <0.001
Follow-up (yr) 51(1.2) 6.4 (1.5 <0.001
Body weight (kg) 19 (5) 20 (7) 0.291
Indoor furred pets 4 (10) 5(11) 1
Smoking in family 22 (55) 21 (47) 0.521

Mean values (s.d.) or N (%) of subjects are given.

Continuous variables were analyzed by Student's ttest. Categorical variables
were analyzed by Fisher's two-tailed exact test.

CHD, congenital heart disease; CLD, chronic lung disease; RSV, respiratory
syncytial virus.

no ribavirin group (systemic steroid), in one (2%)
in the control A group (systemic steroid), and in
two (4.8%) in the control B group (systemic
steroid in one and inhaled steroid in one). No
subject ever received RSV immunoglobulin.
Among the 87 subjects who returned to our
clinics for the follow-up check up, heredity for
atopy did not differ among the ribavirin (20/23,
87%), no ribavirin (17/24, 71%), control A (17/
20, 85%), and control B (18/20, 90%) groups
(p = 0.323).

Asthma, recurrent wheezing, and maintenance therapy

The cumulative prevalence of asthma in the
ribavirin group (8%) was significantly lower than
that (33%) in the control A group (p = 0.004;
Table 2). To examine if the presence of congen-
ital cardiopulmonary diseases confounded the
outcomes, we compared the rates of recurrent
wheezing and asthma between the no ribavirin
group and its age-matched control B group. The
results showed no difference between them
(Table 2), implying that having or lacking car-
diopulmonary diseases appeared not to be a
significant confounding factor in this study.

As to the combined rate of cumulative asthma/
recurrent wheezing, it was significantly decreased
in the ribavirin group (15%), compared either
with the control A group (43%, p = 0.005) or
with the no ribavirin group (34%, p = 0.049;
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Table 2. Comparison of recurrent wheezing/asthma between the ribavirin group and the control A group, and between the no ribavirin group and the control B group

Ribavirin (n = 40) Control A (n = 49) p-value No ribavirin (n = 44) Control B (n = 42) p-value
Recurrent wheezing, cumulative 3(8) 5(10) 0.726 6 (14) 4 (10) 0.739
Recurrent wheezing, current 2 (5) 4(8) 0.687 1(2) 4(10) 0.197
Asthma, cumulative 3(8) 16 (33) 0.004 9(21) 15 (36) 0.151
Asthma, current 2 (5) 6 (12) 0.287 7(16) 10 (24) 0.423

N (%) subjects are given.

Asthma or recurrent wheezing,
cumulative (%)

* p<0.05
% p <0.01

n.s. = not significant

Fig. 1. The influence of ribavirin therapy on the develop-
ment of asthma or recurrent wheezing. The combined rates
of cumulative asthma or cumulative recurrent wheezing are
shown for these four study groups, all of which included
subjects hospitalized due to RSV bronchiolitis. The no rib-
avirin group (n = 44) and ribavirin group (n = 40) consisted
of high-risk young children with congenital heart disease or
chronic lung disease. The latter group enrolled children
treated with ribavirin during an episode of RSV bronchio-
litis, but the former group did not. Their respective age-
matched control B (n = 42) and control A (n = 49) groups,
both without ribavirin, included previously healthy subjects.

Fig. 1), while no difference existed between the
no ribavirin group and the control B group, nor
between the two controls either. The combined
rates of current asthma/recurrent wheezing
were 10% in the ribavirin group, 18.2% in the
no ribavirin group, 20.4% in the control
A group, and 33.3% in the control B group
(p = 0.069).

Corticosteroids were used regularly as the
maintenance therapy for current asthma in two
of seven in the no ribavirin group (inhaled
steroid), in three of six in the control A group
(inhaled steroid in one, oral steroid in two), and
in four of 10 in the control B group (inhaled
steroid in three, oral steroid in one). None of the
two children with current asthma in the ribavirin
group needed corticosteroids regularly.

Allergen sensitization

All participants returning to our clinics agreed to
have their serum IgE levels measured. We found
that the rates of sensitization to any allergen were
significantly different among the four study
groups (p = 0.004), with the least frequent rate
(26%) in the ribavirin group (Table 3). This rate
was significantly lower in the ribavirin group
than that in its age-matched control A group
(26% vs. 75%, p = 0.002), while no significant
difference existed between the no ribavirin group
and its age-matched control B group (33% vs.
60%, p = 0.128). Furthermore, the percentages
of sensitization to D. pteronyssinus,D. farinae,
and B. tropicalis were significantly reduced in
the ribavirin group in comparison to the control
A group (p = 0.001, p < 0.001, and p = 0.043,
respectively), while there was no difference in the
rates of sensitization to each of the eight common
inhaled allergens between the no ribavirin group
and the control B group.

Preventive role of ribavirin

In the combined ribavirin, no ribavirin, control
A and control B groups, ribavirin and several
possible hereditary and environmental risk

Table 3. Comparison of allergen sensitization between the ribavirin group and the control A group, and between the no ribavirin group and the control B group

Ribavirin (n = 23) Control A (n = 20) p-value No ribavirin (n = 24) Control B (n = 20) p-value
Any positive 6 (26) 15 (75) 0.002 8 (33) 12 (60) 0.128
D. pteronyssinus 4 (17) 14 (70) 0.001 6 (25) 11 (55) 0.063
D. farinae 3(13) 14 (70) <0.001 6 (25) 10 (50) 0.08
B. tropicalis 3(13) 8 (42) 0.043 5 (21) 10 (50) 0.059

N (%) subjects are given.
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Table 4. Univariate tests of various possible risk factors for cumulative asthma, cumulative asthma/recurrent wheezing, and sensitization to D. pteronyssinus,

D. farinae, and dog dander

Asthma/recurrent Sensitization to Sensitization to Sensitization to
Risk factors Asthma wheezing D. pteronyssinus D. farinae dog dander
Ribavirin use 0.2 (0.1-0.7)** 0.3 (0.1-0.7)** 0.2 (0.1-0.7)* 0.2 (0.1-0.6)** 0.4 (0.1-3.9)
Heredity atopy 3.8 (1.2-11.4)* 26 (1.1-6.1)* 0.8 (0.3-2.5) 0.7 (0.2-2.2) 0.5 (0.1-3.0)
Male sex 1.7 (0.8-3.8) 1.8(0.9-3.7) 1.1 (0.4-2.7) 1.2 (0.5-2.9) 3.1(0.4-26.7)
Cesarean section 2.3 (1.1-4.6)* 1.5(0.8-2.9) 0.8 (0.3-1.9) 0.9 (0.4-2.2) 2.4 (05-11.2)
Prematurity 1.2 (0.4-3.2) 2.1(0.9-5.2) 0.9 (0.3-3.1) 1.1 (0.3-3.5) 5.3 (1.0-27.0)*
CLD 25(0.8-7.7) 3.9 (1.2-12.2)* 0.4 (0.1-2.0) 0.4 (0.1-2.2) 1.5(0.2-14.1)
Breast feeding 1.0 (0.5-2.1) 1.6 (0.9-3.2) 1.0 (0.4-2.4) 0.8 (0.3-2.0) 1.4 (0.3-7.5)
Fever >5 days 0.9 (0.4-2.3) 1.9(0.8-4.2) 1.4 (0.5-4.1) 1.6 (0.5-4.7) 0.7 (0.1-5.9)
02 tent >7 days 0.5 (0.2-1.1) 0.7 (0.4-1.4) 0.4 (0.2-1.1) 0.4 (0.2-1.0) 2.5(0.5-11.9)
Ventilator >1 day 1.0 (0.3-3.4) 0.9 (0.3-2.6) 0.5(0.1-2.4) 0.5 (0.1-2.7) NA
Siblings <2 0.8 (0.4-1.7) 1.0 (0.5-1.9) 0.7 (0.3-1.7) 0.7 (0.3-1.8) 1.6 (0.3-8.7)
Current age >6 yr 1.1 (0.6-2.3) 1.3(0.7-2.3) 0.6 (0.2-1.4) 0.6 (0.2-1.4) 0.8 (0.2-3.8)

Values are expressed as OR (95% Cl).
CLD, Chronic lung disease; OR, odds ratio; Cl, confidence interval; NA, not available.
*p < 0.05, **p < 0.01.

Table 5. Multivariate analysis of various possible risk factors for cumulative asthma, cumulative asthma/recurrent wheezing, and sensitization to D. pteronyssinus,
D. farinae, and dog dander

Asthma/recurrent Sensitization to Sensitization to Sensitization to
Risk factors Asthma wheezing D. pteronyssinus D. farinae dog dander
Ribavirin use 0.2 (0.1-0.6)** 0.2 (0.1-0.5)** 0.2 (0.1-0.7)* 0.2 (0.1-0.6)** NS
Heredity atopy 4.6 (1.5-14.1)** 2.8 (1.1-6.6)* - - -
Cesarean section 26 (1.2-5.4)* - - - -
Prematurity - - NS NS 5.6 (1.1-29.4)*
CLD - 5.4 (1.5-19.5)* - - -

Values are expressed as aOR (95% Cl).

CLD, chronic lung disease; aOR, adjusted odds ratio; Cl, confidence interval; NS, not significant.

*p < 0.05, **p < 0.01.

factors for the development of asthma and
allergen sensitization were evaluated by a univa-
riate analysis (Table 4). The result showed that
ribavirin therapy was an important negative
regulator for the development of asthma (p =
0.0088), asthma/recurrent wheezing (p =
0.0053), and sensitization to D. pteronyssi-
nus(p = 0.0133) and D. farinae(p = 0.008). Sig-
nificant risk factors included heredity atopy for
asthma and asthma/recurrent wheezing (p =
0.0171 and 0.0261, respectively), cesarean section
for asthma (p = 0.0197), pre-maturity for sensi-
tization to dog dander (p = 0.047), and chronic
lung disease for asthma/recurrent wheezing (p =
0.02).

The factors with p < 0.05 in the univariate
test were included in a multivariate logistic
regression analysis (Table 5). The results showed
that ribavirin therapy was an independently good
prognostic factor to reduce the risk of developing
asthma (p = 0.0064), asthma/recurrent wheezing
(p = 0.0018), and sensitization to D. pteronyssi-
nus(p = 0.0134) and D. farinae (p = 0.0079).
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Independent risk factors included heredity atopy
for the development of asthma (p = 0.0085) and
asthma/recurrent wheezing (p = 0.0232), cesar-
ean section for asthma (p = 0.0126), chronic
lung disease for asthma/recurrent wheezing (p =
0.0105), and prematurity for sensitization to dog
dander (p = 0.0421).

Discussion

In this study, we demonstrated that ribavirin
therapy for children hospitalized with RSV
bronchiolitis decreased the risk of asthma devel-
opment and allergen sensitization. This is the
first-time the long-term benefits of ribavirin has
been disclosed. The effect of ribavirin on asthma
development was unknown in the past. When
compared with the prevalence of physician-
diagnosed asthma (12.2%) in schoolchildren
aged 6-8 in northern Taiwan in 2002 (10), it
was much elevated in our control groups (33%
in control A, 36% in control B), which enrolled
the RSV-infected subjects. However, in the



ribavirin-treated group, it returned to a level
(8%) close to that in the schoolchildren just
mentioned. Furthermore, the prevalence of
cumulative asthma/recurrent wheezing in the
ribavirin group was much lower than that in
the no ribavirin group. This is the first-time these
findings have been reported. The literature
concentrated on the influence of ribavirin on
the development of wheezing disorders but not
asthma (11-15). Two studies exclusively enrolled
previously healthy children (13, 15), while three
others included a mixed population of children
with or without underlying diseases (11, 12, 14).
As to the results, three studies declared the
beneficial effect of ribavirin on preventing
wheezing illness (13—15), but the other two did
not (11, 12). A small case number was the major
limitation of these studies, resulting in prelimin-
ary and conflicting results. On the contrary, our
study included the largest case numbers for
follow-up (175 children totally). Every child in
the ribavirin-treated and no ribavirin groups had
underlying diseases. Furthermore, physician-
confirmed asthma was a key outcome measure-
ment, more specific than describing a wheezing
illness only.

The link between RSV infection and allergen
sensitization has been controversial for decades
(16). Some studies agreed with this link (3, 4, 17),
but some did not (18, 19). Despite this debate, no
one has ever investigated the outcome after
ribavirin therapy. In our study, IgE data on
admission were not available to confirm the
initial atopic status of individuals. However, the
percentages of heredity for atopy were similar
among the four study groups. Our results showed
that ribavirin therapy could decrease the risk of
allergen sensitization (OR = 0.2).

Whether the presence of congenital heart
disease contributes to the development of asthma
or atopy remains unclear. In the literature, only
two studies (20, 21) were interested in the
relationship between congenital heart disease
and asthma. The results showed that high
pulmonary flow, pulmonary hypertension, or
pulmonary congestion in infants with congenital
heart disease may enhance the manifestation of
atopic asthma in later life. However, these two
studies only enrolled patients with congenital
heart disease, without normal controls included.
In our study, the frequency of congenital heart
disease in the non-ribavirin treated patients was
as high as 84%, while their rates of asthma,
recurrent wheezing, and allergen sensitization
were similar to those in the control group.

Ribavirin was not available in our hospital
until 1996. Initially, pediatricians did not use this
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drug unless the illness was unusually severe.
After a transition period, now ribavirin is
prescribed routinely in our hospital to every
RSV-infected high-risk child. This is probably
the reason why the ribavirin group needed more
days of ventilator support and had shorter
follow-up durations and younger current ages
than the no ribavirin group. However, these
differences were not significant enough to affect
the outcomes. As shown in Table 4, ventilator
support >1 day and current age >6 yr in this
study did not increase the risk of developing
asthma and allergen sensitization. In addition,
the prevalence of asthma/recurrent wheezing and
allergen sensitization between the control A and
control B groups did not differ (Fig. 1; Table 3),
although the gap of their current ages was very
close to that between the ribavirin and no
ribavirin groups. This result once again docu-
mented that the difference of current age was not
a confounding factor.

A study on the long-term effects of ribavirin
helps to understand more about the role of RSV
bronchiolitis in the inception of asthma and
atopy. Two hypotheses have been proposed (22).
One is the consequential hypothesis, stating that
early RSV infections damage the growing lung
and alter the host’s immune regulation. The
other one is the common causal hypothesis,
holding that RSV infections get worse in infants
and children with certain underlying predisposi-
tions to lung disease and/or atopy. In this
ongoing debate, our study showed the long-term
benefits of ribavirin, thus supporting the stand-
point of the consequential hypothesis.

How ribavirin therapy prevents the occur-
rence of asthma and allergen sensitization is
unknown. We suggest that the exact mecha-
nisms may be a direct anti-viral effect, immuno-
modulatory effect, or both. Rosner et al. (23)
demonstrated that ribavirin-treated patients had
fewer RSV-specific IgE in their airway secre-
tions. The primary antiviral mechanism was via
lethal mutagenesis (24). Ribavirin could also
potentiate the antiviral interferon-stimulated
response genes (25). Moreover, Foster et al.
(26) found the expression of high-affinity IgE
receptor in dendritic cells was higher in patients
with allergies and/or asthma. Our previous
in vitro and in vivo studies showed ribavirin
could downregulate the Thj-type immune re-
sponse by modulating dendritic cells (27). To
our knowledge, we are the first to demonstrate
the long-term benefits of ribavirin in preventing
asthma and allergen sensitization. The long-
term effects of ribavirin therapy and it under-
lying mechanisms deserve further studies.
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