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ABSTRACT
Objective:To identify changes in the prevalence and severity of recurrent wheezing (RW) in infants
using data obtained from two surveys administered seven years apart. Methods: A cross-sectional,
international, population-based study in infants aged 12–15 months was conducted. Data were
obtained from two surveys (S1 and S2, in 2005 and 2012, respectively) using the same methodology
in three large Latin American cities: Curitiba (Brazil), São Paulo (Brazil), and Santiago (Chile). Results: A
decrease in the overall prevalence of RW was identified between S1 (23.3%) and S2 (20.4%), p = 0.004,
but it wasmainly driven by the reduction observed in São Paulo; in Curitiba and Santiago, this change
was not significant. The mean prevalence of the following RW severity indicators remained high and
stable: severe wheezing episodes (56.9% in S1 and 54.2% in S2, p = 0.32) and emergency department
(ED) visits for wheezing (S1= 68.1%, S2 70.9%, p= 0.21). A significant increase in admissions for wheez-
ing (21.1% to 26.7%, p= 0.004)was observed. In Curitiba and São Paulo, therewere significant increases
in the prevalence of physician-diagnosed asthma and in the use of inhaled corticosteroids and oral
antileukotrienes. Conclusions: The prevalence and severity of RW during the first year of life remained
high over time, with remarkably high rates of ED visits, admissions for wheezing and use of asthma
medications. This study suggests the need for considering early asthma diagnosis and to establish an
appropriate treatment in infants with recurrent and severe asthma-like symptoms.

Introduction

Recurrent wheezing (RW), defined as three or more
physician-diagnosed episodes of wheezing, is one of
the most important clinical manifestation of asthma in
infants. RW places a major burden on both parents and
national health systems because of the high rates of
consultations, medical facility use, admissions, medica-
tion prescription, and comorbidities associated with this
condition [1–3]. Large cross sectional, population-based
international studies in infants aged 12–15 months from
Latin America and Europe, have found high prevalence
rates of RW, severe episodes of wheezing, ED visits, and
hospital admissions for wheezing during the first year of
life [3,4]. However, the temporal changes in the preva-
lence of those variables in Latin America are unknown.

CONTACT Javier Mallol javier.mallol@usach.cl Hospital CRS El Pino Padre Alberto Hurtado , Santiago , Chile.
EISL3 Study Group: Dirceu Solé, Carolina Aranda, and Caroline Della Bianca (São Paulo, Brazil); Nelson Rosario and Herberto Chong (Curitiba, Brazil); Eliana C.
Toledo, Cibele Matsuura de Oliveira (São José do Rio Preto, Brazil); Líllian Sanchez-Lacerda Moraes, Olga Akiko Takano (Cuiabá, Brazil); Marilyn Urrutia-Pereira and
Juan Carlos Ivancevich (Uruguaiana, Brazil); Patrícia Polles de Oliveira Jorge (São Carlos, Brazil); Jurg Niederbacher-Velásquez, Carlos A. Cuadros-Mendoza, Diana C.
Archila-Santamaria, Leonela Ballesteros-Chaparro, and Juan M. Joya-Moreno (Bucaramanga, Colombia); Javier Mallol∗, Viviana Aguirre (Santiago, Chile); Gabriela A.
Szulman, Ilse Behrends, and Ángela Spagnuolo de Gentile (Buenos Aires, Argentina); Erika Arruda-Chaves, Silvia Cachay-Chávez, and Claudia Mory-Arciniega (Lima,
Perú); Catalina Pinchak, Anabel Akiki, Silvia Brea, Maria Nelly Márquez, Isabel Moreira, Adriana Muiño, and Marilyn Valentin (Montevideo, Uruguay); and Luis-García
Marcos, Virginia Pérez-Fernández, and Antonela Martínez-Torres (Murcia, Spain).
∗General Coordinator

This could be important in terms of public health because
our previous finding of a high prevalence, severity, and
related morbidity of RW in this region [3]. It is likely
that knowing temporal trend of this condition could
be useful for implementing, monitoring, and evaluating
community-level health interventions aimed at reducing
prevalence and severity of RW. We hypothesized that as
occurs with the prevalence of asthma in schoolchildren
[5–7], the temporal changes in the prevalence and sever-
ity of RW in infants could vary among centers show-
ing an increase, a decline or no changes. In that case,
mean changes from several centers would not represent
the actual trend of prevalence and severity at each locality.

To our knowledge, no published data are available
regarding temporal changes in the prevalence and
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severity of RW during the first year of life in large samples
of infants at the international scale. The latter may be
important because infants who suffer from RW may be
at an increased risk of asthma and lung function impair-
ment in late childhood and adulthood [8–12]. Recently,
a large nation-wide study in the USA which analyzed
asthma trends among children aged 0–17 years from 2001
to 2013, found that in the group aged 0–4 years there was
a decrease in the prevalence of asthma at the end of the
study period [13].

The present study compares changes in the prevalence
and severity of RW in infants, among others related vari-
ables, between two surveys that were administered at the
same Latin American centers in Brazil (Curitiba and São
Paulo) and Chile (Santiago) 7 years apart using the same
methodology.

Methods

The present study compares data on prevalence, sever-
ity, and other related variables, of RW in infants from
two surveys (S1 and S2) carried out in 2005 and 2012,
respectively. For S1 and S2, study samples were obtained
from populations living in the same defined geographi-
cal areas (centers) in Curitiba (Brazil), São Paulo (Brazil)
and Santiago (Chile); these centers were selected for data
comparisons because they participated in 2005 and 2012.
The main points for comparisons between S1 and S2
were the changes in RW prevalence, indicators of RW
severity (severe episodes, ED visits, and admissions for
wheezing) and the use of asthma medications. Secondar-
ily we assessed changes in the prevalence of common cold,
pneumonia, and admission for pneumonia in infants with
RW.

Both surveys are part of the Estudio Internacional de
Sibilancias en Lactantes (EISL) (International Study of
Wheezing in Infants in English) which is a multicoun-
try, multicentric, cross-sectional, population-based study
that has been carried out using the same methodology
in all involved centers. Its main objective is to assess the
prevalence and severity of and risk factors and use of
medications for RW in randomly sampled infants dur-
ing the first year of life; detailed EISL methods have been
described elsewhere [3,4]. Briefly, random samples of
infants aged 12–15 months were recruited from primary
care clinics where infants are taken by their parents for
growth/development monitoring and/or vaccine admin-
istration. A standardized questionnaire on wheezing that
also included questions on risk/protective factors, such
as common respiratory infections (URTI, colds), pre-
and postnatal tobacco exposure, infant eczema, parental
asthma, and day-care attendance; severe episodes; ED vis-
its and admissions for wheezing was used. The rates of,

inhaled short-acting beta two agonists (SABA), inhaled
corticosteroid (ICS) and leukotriene receptor antagonist
(LTRA) use in the studied sample of infants were also
evaluated. For the purposes of this study, infants with RW
and parental asthma were considered at higher risk of
later asthma [14,15]. The prevalence of RW, physician-
diagnosed asthma, ED visits and admissions for wheez-
ing, and use of asthma medication, among others, was
assessed in the three participating centers in 2005 and
2012 to determine the pattern of observed changes, on
average and at each participating center. The required
sample sizes were calculated as follows: if the real preva-
lence of RW during the first year of life was 20% in one
center and 15% in another, samples of approximately 800
individuals per center would provide 80% power to detect
a true difference at a significance level of 5%.

This study was approved by the Scientific Ethics
Committee, Chilean Ministry of Health, Southern
Metropolitan Area of Santiago de Chile (Chile), and the
respective ethics committees of the participating Brazilian
centers. Parents or guardians who agreed to participate
in the study filled out the questionnaire after reading and
signing a full-informed written consent form.

Data analysis

The changes in prevalence and severity of RW, and in
other related factors, occurred between S1 and S2 in the
three participating cities were compared using statistical
software (SPSS V.15, Chicago, IL, USA and MedCalc
V.17.8, Ostend, Belgium). The chi-squared test was used
to compare proportions between S1 and S2, and p <

0.05 was considered statistically significant. In general,
the results are expressed as the mean and 95% confi-
dence interval (95% CI); age is reported as the mean and
standard deviation (SD). Adjusted multivariate logistic
regression analyses were performed to evaluate associa-
tions, which are expressed as odd ratios and 95% CIs.

Results

The three participating centers provided 7,003 question-
naires in S1 (Curitiba = 3,003, São Paulo = 1,012 and
Santiago = 2,988), and 3,206 in S2 (Curitiba = 980; São
Paulo = 892 and Santiago = 1,334). The mean response
rates were 88.3% for S1 and 85.6% for S2; themean ages of
the whole sample of infants were 12.8± 1.1months for S1
(50.9%male) and 13.1 ± 1.3 months for S2 (51.6%male).
The parental questionnaire response rates were 91.6%
(84.0% mother) for S1 and 93.3% (85.1% mother) for S2.
Changes identified between the surveys in the prevalence
of wheezing and related factors in the whole sample of
infants and infants with RW in the three cities are shown
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Table . Changes in the prevalence rates (�%) of variables related to wheezing during the first year of life in the whole sample of infants
during the -year period between S and S in Curitiba, São Paulo and Santiago.

Curitiba Santiago São Paulo

Whole sample of Infants S S �% p S S �% p S S �% p

Tobacco use during pregnancy . . − . . . . . . . . − . .
Passive tobacco exposure . . − . . . . . . . . − . .
Maternal tobacco use . . − . . . . . . . . − . .
Wheezing:�  episode . . − . . . . − . . . . − . .
Wheezing during the first  months . . − . . . . − . . . . − . .
RW . . − . . . . − . . . . − . .
Severe wheezing episode:� . . − . . . . − . . . . − . .
ED visits for wheezing . . − . . . . − . . . . . .
Admissions for wheezing . . − . . . . − . . . . . .
SABA use . . − . . . . − . . . . . .
ICS use

∗
. . . . . . − . . . . . .

LTRA use
‡

. . . . . . − . . . . . .
Physician-diagnosed asthma . . . . . . − . . . . . .
Parental asthma . . − . . . . . . . . . .
Parental rhinitis . . . . . . . . . . . .
Sibling asthma . . − . . . . − . . . . . .
Pneumonia . . − . . . . − . . . . − . .
Admission for pneumonia . . − . . . . − . . . . . .
Cold during the first  months . . − . . . . − . . . . − . .
Colds�  times during the first year . . − . . . . − . . . . − . .
Tobacco use during pregnancy . . − . . . . . . . . − . .
Passive tobacco exposure . . − . . . . . . . . − . .
Maternal tobacco use . . − . . . . . . . . − . .
Breast feeding for  or more months . . − . . . . − . . . . − . .
Maternal education: high

§
. . . . . . . . . . . .

Nursery attendance . . − . . . . . . . . . .
Maternal employment: yes . . . . . . . . . . . .

RW, recurrent wheezing; ED, emergency department; SABA, inhaled short-acting beta two agonists; ICS, inhaled corticosteroids; LTRA, leukotriene receptor antag-
onists. ∗ICS were not available without cost to parents at the primary care level during S in São Paulo; ‡ , LTRAs were not available without cost to parents at the
primary care level at the time of S or S in any of the  centers; §, more than  years of education.

in Tables 1 and 2 . In this section, we will mainly report
the findings identified in infants with RW; changes in the
whole sample of infants are depicted in Table 1.

Changes in RWprevalence

Therewas a significant decrease in themean prevalence of
RWbetween S1 (23.3%; 95%CI 22.3–24.3) and S2 (20.4%;
95% CI 19.0–21.8), p = 0.004; however, this significance
was driven by the decreased prevalence identified in São
Paulo. Themean prevalence of wheezing during the first 3
months of life also decreased between surveys, declining
from 50.2% (95% CI 47.8–52.6) to 43.4% (95% CI 39.7–
47.2) in S1 and S2, respectively, p = 0.004; again, this dif-
ference was driven by the decrease observed only in São
Paulo. The mean change in the proportion of infants who
had � 7 episodes of wheezing during the first year of life
was not significant, p = 0.89, (Table 1).

Indicators of RW severity

There was no significant change in the mean preva-
lence of severe episodes of wheezing between S1 (56.6%;
95% CI 54.2–59.0) and S2 (54.2%; 95% CI 50.4–58.0),
p = 0.077; however, the prevalence of this indicator sig-
nificantly decreased in Curitiba but not in Santiago or

São Paulo. The increase identified in the mean prevalence
of ED visits for wheezing between S1 (68.1%, 95%; CI
65.8–70.3) and S2 (70.9%, 95%; CI 67.4–74.3) was not
significant, with Curitiba showing a significant decrease,
São Paulo a significant increase and Santiago a non-
significant decrease. There was a significant increase in
the mean prevalence of admissions for wheezing between
S1 (21.1%; 95% CI 19.2–23.2) and S2 (26.7%; 95% CI
23.4–30.2), p = 0.004, which was mainly driven by São
Paulo, which showed a 1.8-fold increase. (Table 2).

There was a significant increase in the mean preva-
lence of physician-diagnosed asthma between S1 (13.3%;
95% CI 11.7–15.0) and S2 (21.8%; 95% CI 18.9–25.1),
p < 0.001; this increase was significant in São Paulo (2.7-
fold) and Curitiba (1.4-fold) but not in Santiago.

The mean proportion of infants at risk of asthma (RW
plus parental asthma) demonstrated a non-significant
increase between S1 (18.8%; 95% CI 17.0–20.9) and S2
(23.6%; 95% CI 25.9–37-0), p = 0.28; however, there was
a significant increase in São Paulo (2.3-fold), p = 0.001
(Table 2).

Common colds

The mean prevalence of colds during the first 3 months
of life significantly decreased between S1 (57.9%; 95% CI
55.4–60.3) and S2 (50.7%; 95% CI 46.9–54.5), p = 0.029
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4 J. MALLOL ET AL.

Table . Changes in the prevalence rates (�%) of variables related to wheezing during the first year of life in infants with RW during the
-year period between S and S in Curitiba, São Paulo and Santiago.

Curitiba Santiago São Paulo

Infants with RW S S �% p S S �% p S S �% p

Wheezing during the first  months . . − . . . . − . . . . − . .
At risk for later asthma

∗
. . − . . . . − . . . . . .

Severe wheezing episode:� . . − . . . . . . . . . .
ED visits for wheezing . . − . . . . . . . . . .
Admissions for wheezing . . − . . . . − . . . . . .
SABA use . . − . . . . . . . . . .
ICS use

∗∗
. . . . . . − . . . . . .

LTRA use
‡

. . . . . . . . . . . .
Physician-diagnosed asthma . . . . . . − . . . . . .
Parental asthma . . − . . . . − . . . . . .
Parental rhinitis . . − . . . . . . . . . .
Sibling asthma . . − . . . . . . . . . .
Pneumonia . . − . . . . − . . . . . .
Admission for pneumonia . . − . . . . − . . . . . .
Cold during the first  months . . − . . . . − . . . . − . .
Colds�  times during the first year . . − . . . . − . . . . − . .
Tobacco use during pregnancy . . − . . . . . . . . − . .
Passive tobacco use . . − . . . . . . . . − . .
Maternal tobacco use . . . . . . . . . . − . .
Breast feeding for  or more months . . − . . . . − . . . . . .
Maternal education: high

§ ,∗∗
. . . . . . . . . . . .

Nursery attendance . . . . . . . . . . . .
Maternal employment: yes . . . . . . . . . . . .

RW: recurrent wheezing; ED: emergency department; SABA: inhaled short-acting beta two agonists; LTRA, leukotriene receptor antagonists.
∗RW plus parental asthma []; ∗∗ , ICS were not available without cost to parents at the primary care level during S in São Paulo; ‡ , LTRAs were not available without
cost to parents at the primary care level at the time of S or S; § , more than  years of education.

which was mainly driven by Santiago; similarly, the mean
prevalence of experiencing �6 colds during the first year
of life significantly decreased between S1 (57.0%; 95% CI
54.5–59.5) and S2 (49.4%; 45.6–53.2), p = 0.024.

Pneumonia and admissions for pneumonia in infants
with RW

No significant change was identified between the preva-
lence of pneumonia reported on S1 (35.1%) and S2
(33.6%), p= 0.52. Similarly, themean prevalence of pneu-
monia admissions did not decrease significantly between
S1 (19.3%) and S2 (18.5%), p = 0.70. The results of
the logistic regression analysis (adjusted for sex, birth
weight, parental asthma, and tobacco use during preg-
nancy) showed that RW was strongly associated with
reported pneumonia (S1 OR 3.5; 95% CI 3.9–5.2, p <

0.001; S2 OR 4.7; 95% CI 3.8–5.8, p < 0.001) and admis-
sions for pneumonia (S1 OR 4.8; 95% CI 3.9–5.8, p <

0.0001, and S2 OR 4.5; 95% CI 3.35–5.92, p < 0.001).

Medications

There was a significant increase in the overall use of
LTRAs (3.8-fold) between S1 (5.1%; 95% CI 4.1–6.3) and
S2 (19.5%; 95%CI 16.4-23.1), p= 0.007; this increase was
significant in Curitiba (3.9-fold increase) and São Paulo
(4.6-fold increase) but not in Santiago.

The use of ICS in infants with RW increased sig-
nificantly between S1 (36.6%; 95% CI 33.3–38.0) and
S2 (46.3%; 95% CI 42.5–50.3), p = 0.003, which was
driven by increases in Curitiba (1.7-fold increase) and São
Paulo (2.9-fold increase); Santiago had a non-significant
decrease. The use of SABA remained similar in Curitiba
and Santiago but increased significantly in São Paulo.
(Table 2)

Among infants with a higher risk of asthma (RW and
parental asthma), there was a significant increase in the
mean use of ICS between S1 (34.0%; 95% CI 28.8–39.7)
and S2 (57.6%; 95% CI 49.6–65.2), p = 0.002. The pro-
portions of infants with RW treated only with SABA by
disease prevalence and severity (Table 3) indicated the
presence of an overall significant decrease, but a high pro-
portion of infants with severe RW were reported to be
only treated with SABA on S2 (41.0%; 95% CI 35.5–46.8).
Concomitantly, the percentage of infants with RW treated
with SABA plus ICS significantly increased in São Paulo,
from 17.0% to 47.4%, p = 0.0006, and Curitiba, from
25.6% to 47.8%, p= 0.0008, while in Santiago there was a
non-significant decrease from 55.7% to 51.5%, p = 0.47.

Discussion

Changes in prevalence and severity

This is the first international, cross sectional, population-
based study to assess over time changes in the prevalence
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Table . Proportion (%) of infants with RW treated with inhaled SABA as a single treatment in the evaluated centers at both survey
timepoints (S and S).

Only SABA S Only SABA S
% (% CI) % (% CI) p between S and S

RW (�3 episodes)
Curitiba . (.–.) . (.–.) <.

São Paulo∗ . (.–.) . (.–.) <.
Santiago . (.–.) . (.–.) .

Wheezing�7 episodes
Curitiba . (.–.) . (.–.) <.
São Paulo . (.–.) . (.–.) .
Santiago . (.–.) . (.–.) .

Severe wheezing episode�1
Curitiba . (.–.) . (.–.) .
São Paulo . (.–.) . (.–.) .
Santiago . (.–.) . (.–.) .

ED visits for wheezing
Curitiba . (.–.) . (.–.) .
São Paulo . (.–.) . (.–.) <.
Santiago . (.–.) . (.–.) .

Admissions for wheezing
Curitiba . (.–.) . (.–.) .
São Paulo . (.–.) . (.–.) .
Santiago . (.–.) . (.–.) .

∗ICS were not available without cost to parents at the primary care level during S in São Paulo.
RW: recurrent wheezing; ED: emergency department; SABA: inhaled short-acting beta two agonists.

and severity of RW and use of health care facilities and
anti-asthma medications in infants during the first year
of life, using comparable populations (same centers)
and methodology. The results of this study showed
that prevalence of RW and severity indicators for RW
(such as severe episodes, ED visits, and admissions for
wheezing) remained particularly high, even after 7 years.
The prevalence and severity of RW increased in some
centers whereas in others declined or did not change,
which agrees with our hypothesis. This suggests that
besides reporting the average change in prevalence for
centers, the pattern of changes among them should be
also reported as this information would allow to surmise
the differences existing among centers, for instance with
respect to the management of infants with frequent and
severe wheezing.

Previous studies [3,4] have reported that approxi-
mately 2 out of every 10 infants at the community level
suffer from RW, resulting in a remarkable demand for
medical consultations, use of health facilities, and pre-
scription medication. This finding is quite like the lon-
gitudinal overtime variation in the prevalence of asthma
symptoms in older children reported by the International
Study of Asthma and Allergies in Childhood (ISAAC)
[5–7], which identified heterogeneity in the changes
(upward or downward) in current asthma prevalence,
even in centers within a same country, with a general
trend to increasing in less affluent regions. A recent large
population-based study on the trends in asthma preva-
lence using 2001–2013 National Health Interview Survey
data for children aged 0–17 years in the USA, suggests
that overall prevalence of asthma in children has ceased

increasing by the end of the study period [13]; however,
there were diverse asthma trends in the same study period
for the different age groups, poverty status groups, geo-
graphic regions, and race/ethnicities. For instance, in the
group aged 0–4 years there was a decrease in the preva-
lence of asthma at the end of the study period whereas in
the group aged 10–17 the prevalence increased.

In the present study, and irrespective of variations
between the prevalence rates of wheezing and associ-
ated factors observed within the three cities, the overall
patterns in the severity of the condition did not change
substantially, with high rates of severe episodes, ED visits,
and admissions for wheezing. These findings suggest that
the factors affecting the prevalence and severity of RW
have remained stable over time in evaluated locations
despite alleged improvements in the accessibility of better
health care and anti-asthma treatments at the community
level in recent years. We speculate that the high preva-
lence of severe wheezing identified among those with
RWwas the main factor responsible for the notable use of
health facilities, ED visits, and medications, such as ICS,
oral corticosteroids, and antibiotics, as previously shown
[3,4]. Although in the present study, we found that the
mean prevalence of RW in the three cities decreased by
2.7% (from 23.4 to 20.7%) during the 7 years of study,
is worth noting that this change was mainly driven by
the larger decrease observed in the prevalence of RW
in São Paulo, a decrease that did not occur in Santiago
and Curitiba. We do not have a clear explanation for the
obvious decrease in RW prevalence that occurred in São
Paulo or for the relatively stable prevalence rates of RW
in Santiago and Curitiba over the course of seven years.
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6 J. MALLOL ET AL.

Several factors might be involved; of these factors, the fact
that ICS were available for free in primary care facilities
in São Paulo at the time of S2 but not at the time of S1may
be of importance. The decreases noted in the prevalence
of colds during the first trimester of life, the prevalence of
six or more colds during the first year of life, and pre- and
postnatal exposure to tobacco in some of the study cen-
ters may have also played a role, as these are well-known
risk factors for RW [16,17]. Other factors not assessed by
the present studymay have also influenced the prevalence
of RW, including increased understanding of themeaning
of wheezing or bronchial obstruction episodes among
patients and changes in the labeling of lower respiratory
episodes; accessibility tomedical care and inhaled asthma
medications; environment (air pollution, incidence and
severity of viral respiratory infections, socioeconomic
status, etc.) and physicians’ diagnostic (labeling) and
treatment preferences. We do not know why the preva-
lence of colds in the first three months of life decreased
only in Santiago and not in the other centers, or why the
decrease in RWprevalence and increase in admissions for
wheezing occurred only in Sao Paulo. It might be related
with environmental aspects and yearly variations in the
rates of illness, pathogens involved, and other random
epidemiological variations of viral respiratory infec-
tions. However, a causal relationship is not possible to
determine because of the study design (cross-sectional).

Change inmedications

The increase observed in the use of ICS in Curitiba (1.7-
fold) and São Paulo (3.0-fold) and the remarkable increase
identified in the use of LTRAs in these centers (Curitiba
(3.9-fold increase) and São Paulo (4.6-fold increase) were
concordant with the increased prevalence of physician-
diagnosed asthma. This difference likely reflects a move
towardmore frequently diagnosing asthma in infantswith
RW; a corresponding increase in the prescription of anti-
asthma medications was identified in Curitiba and São
Paulo. Furthermore, increases in the use of ICS would
be in line with the evidence and guidelines supporting
the use of ICSs as first line treatments for asthma symp-
toms in preschool children [18–21]. However, themarked
increase in the prescription of LTRAs for infants with
RW in São Paulo and Curitiba, where 15% and 37%
of the infants with RW received LTRA at the time of
S2, respectively, is difficult to explain. It might reflect
adherence to guidelines or the physicians’ therapeutic
options, although current evidence does not support
the use of montelukast in preschool children with RW
[22–25]. Besides, this medication is not free of adverse
effects, such as the mental health effects previously
reported in children [26,27].

The results of this study show that a high proportion
of infants with RW (even those with � 7 episodes and
troublesome progression) continued to receive SABA as a
single treatment approach. This findingmay be one of the
potential explanations for why the prevalence and sever-
ity of RW remained high and stable in the three studied
centers, even after 7 years. Supporting this hypothesis is
the finding that 42% of infants who met major criteria
(RW plus parental asthma) for the initiation of control
therapy with ICS, as recommended by major guidelines
[19,20], were not treated accordingly.

Our study confirms previous data on the markedly
increased risk of pneumonia and admission for pneu-
monia in infants with RW [3,4], particularly in infants
who began wheezing during the first three month of life
(X-ray pneumonia), as previously found in a birth cohort
in Santiago de Chile [28].

The similar findings identified in the two surveys
allowed the magnitude of the impact of RW during the
first year of life on public health to be estimated, the results
of which implied the presence of a sustained and large
health system burdens and, most likely, serious impair-
ment to the quality of life of infants and their parents.
This observation clearly indicates the necessity of imple-
menting better diagnostic and treatment strategies for
infant with troublesome recurrent asthma symptoms and
effective and transversal educational programs for health
personnel and parents. Based on our findings, it appears
necessary to improve diagnostic labeling to change the old
paradigm that asthma does not exist in infants. The EISL
studies [3,4] have been the first to provide evidence from
tens of thousands of infants suggesting that a high pro-
portion of those with RW (without physician-diagnosed
asthma) were treated with ICS and other medications.
Our findings may be helpful to convince governmental
health institutions to allocate proper resources for the
treatment of asthma in infants at the primary care level
in our region. Double-blind, randomized and placebo-
controlled trials have shown that ICS are effective and safe
in controlling symptoms and improving lung function
in Latin American infants with RW [29,30]. Thus, when
used as recommended (regularly and with monitoring for
inhalation technique, dose adjustment, and adherence),
these medications might have a beneficial impact on
the prevalence rates of severe episodes, ED visits, and
hospital admissions in infants with RW; however, this
hypothesis remains to be proven by longitudinal studies.

Strengths and limitations

Cross-sectional studies, such as the present study, are
methodologically restricted in their utility when assess-
ing causality, the effect of medications, as well as other
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factors. We used parent-reported instead of physician-
reported wheezing, which may be a limitation; however,
we employed a previously validated questionnaire that
has demonstrated good agreement [31–33]. The effects of
unknown variations in respiratory viruses and other envi-
ronmental changes during the 7 years between surveys
on prevalence and severity may also be a limitation. The
strengths of the present study include its large randomly
selected population-based sample, high response rate and
use of samemethods and centers in both surveys. Overall,
this study is the first to provide comparative information
regarding longitudinal trends in the prevalence and sever-
ity of RW in infants, comorbidities, and the diagnostic and
therapeutic options employed by physicians in different
centers.

This knowledge may be useful when designing pub-
lic health strategies and distributing resources for the
management of this condition at the community level,
particularly in developing countries. These findings call
for the development of public health initiatives directed
at early prevention. Some protective and risk factors
for RW, such as tobacco use in pregnancy, early viral
respiratory infections (first trimester of life) and breast
feeding [16,17],may be feasibly modified.

Conclusions

The results of the present study show that the prevalence
and severity of RW during the first year of life remain
high, varying in direction and magnitude among partic-
ipating centers over the course of the 7 years that sepa-
rated S1 and S2. The rate of asthma diagnosis in infants
who met the criteria for being at high risk of asthma, i.e.,
RW and parental asthma, was low, which supports the
notion that this condition is underdiagnosed and under-
treated. A high proportion of infants with severe RW still
were only treated using SABA. This study also suggests
the need to improve diagnostic and therapeutic strate-
gies for the management of infants with asthma symp-
toms; this necessity is particularly emphasized by the high
prevalence of severe episodes observed in infants with
RW and its therapeutic management. Our results high-
light the necessity of rethinking asthma in infants together
with implementing effective and standardized regional
educational programs for parents and health personnel.
Perhaps these initiatives may help to decrease the preva-
lence, severity of progression and associated morbidities
in infants with RW in Latin America.

Acknowledgements

We are grateful to the parents who participated in the Interna-
tional Study of Wheezing in Infants (EISL) and their infants;

additionally, we are appreciative of the valuable collaboration
and assistance provided by the staff of the primary health cen-
ters in each participating country.

Declaration of interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

Author contributions

All authors participated in the conception and design of the
study; collection, analysis, and interpretation of the data; draft-
ing and revision of themanuscript; and approval of final version
of the manuscript.

Ethical disclosures

Protection of human subjects and animals in research. The
authors declare that the study procedures were performed in
accordance with the regulations of the responsible Clinical
Research Ethics Committee, the World Medical Association,
and the Helsinki Declaration.

Confidentiality of data

The authors declare that no patient data appear in this article.

Right to privacy and informed consent

The authors declare that no patient data appear in this article.

Funding

No funding was granted for this study.

References

1. de Jong BM, van der Ent CK, van Putte Katier N, van
der Zalm MM, Verheij TJ, Kimpen JL, et al. Deter-
minants of health care utilization for respiratory symp-
toms in the first year of life. Med Care. 2007;45:746–752.
doi:10.1097/MLR.0b013e3180546879. PMID: 17667308

2. Kuehni CE, Strippoli MP, Low N, Brooke AM, Silverman
M. Wheeze and asthma prevalence and related health-
service use in white and south Asian pre-schoolchildren
in the United Kingdom. Clin Exp Allergy. 2007;37:1738–
1746. doi:10.1111/j.1365-2222.2007.02784.x. PMID: 18028
098

3. Mallol J, Garcia-Marcos L, Sole D, Brand P. Inter-
national prevalence of recurrent wheezing during the
first year of life: variability, treatment patterns and
use of health resources. Thorax. 2010;65:1004–1009.
doi:10.1136/thx.2009.115188. PMID: 20855440

4. Mallol J, Solé D, García-Marcos L, Rosario N, Aguirre V,
Herberto Chong, et al. EISL Latin American Group. Preva-
lence, Severity, and treatment of recurrent wheezing during

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 2
2:

59
 2

8 
D

ec
em

be
r 

20
17

 

https://doi.org/10.1097/MLR.0b013e3180546879
https://doi.org/10.1111/j.1365-2222.2007.02784.x
https://doi.org/10.1136/thx.2009.115188


8 J. MALLOL ET AL.

the first year of life: ACross-Sectional Study of 12,405 Latin
American Infants. Allergy Asthma Immunol Res.
2016;8:22–31 doi:10.4168/aair.2016.8.1.22. PMID:
26540498

5. Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP,
Weiland SK, et al. Worldwide time trends in the prevalence
of symptoms of asthma, allergic rhinoconjunctivitis, and
eczema in childhood: ISAAC Phases One and Three
repeat multicountry cross-sectional surveys. Lancet.
2006;368:733–743. doi:10.1016/S0140-6736(06)69283-0.
PMID: 16935684

6. Pearce N, Aït-Khaled N, Beasley R, Mallol J, Keil U,
Mitchell E, et al. Worldwide trends in the prevalence of
asthma symptoms: phase III of the International Study
of Asthma and Allergies in Childhood (ISAAC). Thorax.
2007;62:758–766. doi:10.1136/thx.2006.070169. PMID:
17504817

7. Mallol J, Crane J, vonMutius E, Odhiambo J, Keil U, Stew-
art A, ISAAC Phase Three Study Group. The International
study of Asthma and Allergies in Childhood (ISAAC)
phase three: A global synthesis. Allergol Immunopathol.
2013;41:73–85. doi:10.1016/j.aller.2012.03.001.

8. Martinez FD. The connection between early life wheezing
and subsequent asthma: The viral march. Allergol
Immunopathol. 2009;37:249–251. doi:10.1016/j.aller.2009.
06.008.
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