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Purpose: This study aimed to determine the prevalence and severity of recurrent wheezing (RW) defined as =3 episodes of wheezing, risk factors,
and treatments prescribed during the first year of life in Latin American infants. Methods: In this international, cross-sectional, and community-
based study, parents of 12,405 infants from 11 centers in 6 South American countries (Argentina, Brazil, Chile, Colombia, Peru, and Uruguay) com-
pleted a questionnaire about wheezing and associated risk/protective factors, asthma medications, and the frequency of and indications for the pre-
scription of antibiotics and paracetamol during the first year of life. Results: The prevalence of RW was 16.6% (95% Cl 16.0-17.3); of the 12,405 in-
fants, 72.7% (95% Cl 70.7-74.6) visited the Emergency Department for wheezing, and 29.7% (27.7-31.7) was admitted. Regarding treatment, 49.1%
of RW infants received inhaled corticosteroids, 55.7% oral corticosteroids, 26.3% antileukotrienes, 22.9% antibiotics =4 times mainly for common
colds, wheezing, and pharyngitis, and 57.5% paracetamol =4 times. Tobacco smoking during pregnancy, household income per month <1,000
USD, history of parental asthma, male gender, and nursery school attendance were significant risk factors for higher prevalence and severity of RW,
whereas breast-feeding for at least 3 months was a significant protective factor. Pneumonia and admissions for pneumonia were significantly high-
er in infants with RW as compared to the whole sample (3.5-fold and 3.7-fold, respectively). Conclusions: RW affects 1.6 out of 10 infants during
the first year of life, with a high prevalence of severe episodes, frequent visits to the Emergency Department, and frequent admissions for wheez-
ing. Besides the elevated prescription of asthma medications, there is an excessive use of antibiotics and paracetamol in infants with RW and also
in the whole sample, which is mainly related to common colds.
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Recurrent wheezing (RW) defined as =3 physician-diag-  1g}. 456.2-25767545; E-mail: jmallol@virnet

nosed wheezing episodes is the main clinical expression of  Received: April 1, 2015; Accepted: May 15, 2015
asthma in infants. It is a major health problem (causing a con- * There are no financial or other issues that might lead to conflict of interest.
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siderable use of health services and medications expenses.?
Furthermore, during the first year of life a high proportion of in-
fants with RW have severe episodes resulting in an elevated fre-
quency of visits to the Emergency Department (ED) and hospi-
tal admissions for wheezing,* evidencing that RW in infants is
not a benign condition as usually considered independently of
how it will progress later in childhood or adolescence. Despite
the magnitude of this health problem, studies regarding preva-
lence, severity, and treatments of RW in infants are scarce. Sev-
eral of these wheezy infants, particularly those with trouble-
some coughing and wheezing, will receive inhaled bronchodi-
lators (IBD), inhaled corticosteroids (ICS), oral corticosteroids
(OCS), leukotriene receptor antagonists (LTRA), antibiotics
(ATB), and paracetamol (PCM), and others." Although there is
no information on the frequency of and indications for the pre-
scription of ATB and PCM to infants with RW, it is likely that as
with older children,"® ATB are commonly prescribed to infants
with viral respiratory conditions and asthma symptoms. This
knowledge would be important because both medications
have been related to the development of asthma later in child-
hood.”® However, there is controversy on this aspect”" regard-
ing either ATB'""* or PCM.”*"® An excessive use of ATB in older
children with asthma and common viral respiratory infections
(colds) occurs in developed countries,*® but there is no infor-
mation on this aspect in infants with RW or colds during the
first year of life. This study aimed to determine the prevalence
and severity of RW and the characteristics of the use of asthma
medications, ATB and PCM during the first year of life, and the
frequency of and indications for the prescription of ATB and
PCM at the community level in a large sample of infants
(12,405) from 6 Latin American countries.

MATERIALS AND METHODS

This study is part of the International Study of Wheezing in In-
fants (EISL from the Spanish “Estudio Internacional de Sibilan-
cias en Lactantes”): a general population-based study that sur-
veys wheezing and related factors in random samples of infants
during the first year of life. The data reported in this study were
collected during the years 2011 and 2012. A detailed descrip-
tion of the methodology of EISL (questions, and definitions)
has been published elsewhere.*" Briefly, EISL uses a standard-
ized and validated questionnaire®* on wheezing and other re-
lated variables occurring during the first year of life, to be re-
sponded by parents of infants at 12-15 months of age when at-
tending their health care centers for immunization or a routine
health control. The parents responded to questions about
wheezing episodes (onset, frequency, and severity), protective/
risk factors (pre- and postnatal tobacco exposure, breast feed-
ing, maternal education, common viral respiratory infections,
parental asthma, and household income per month, and oth-
ers) and the use of asthma medications, such as IBD, ICS, OCS,
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and ALTR.

Definitions regarding wheezing questions and related risk/
protective factors, such as tobacco smoking during pregnancy
(yes/no), passive exposure to tobacco smoke, nursery school
attendance, exclusive breast-feeding in the first 4 months, study
level achieved by the mother (primary, secondary, university),
and employment status of the mother and others have been
described elsewhere.*"

The questions about the frequency of and indications for the
prescription of ATB were as follows. “During the first 12 months
of life, how often on average did your child receive ATB due to
his/her wheezing?”: Never/1-3 times/4-6 times/7 or more
times; “During the first 12 months of life, did your baby receive
ATB due to any of the following conditions?” (yes/no): if yes, a)
wheezing (obstructive bronchitis), b) common cold or flu, c)
pharyngitis, d) pneumonia, €) otitis, f) diarrhea, g) urinary tract
infection, h) skin infection, and i) others. The questions
aboutthe prescription of PCM were as follows. “During the first
12 months of life, how often did your baby receive PCM?”: nev-
er/1-3 times/4-6 times/7 or more times; “During the first 12
months of life, did your baby receive PCM due to any of the fol-
lowing conditions?” (yes/no): a) wheezing (obstructive bron-
chitis), b) common cold or fly, ¢) pharyngitis, d) pneumonia, €)
otitis, and f) other non-respiratory conditions. Infants were
considered to have suffered from upper respiratory tract infec-
tion (URTI or common cold) when parents positively answered
the question, “Has your child had short episodes of cold with
runny nose, sneezing, nasal obstruction, and mild cough, with
or without mild fever?” They also registered the number of
colds during the first year of life. The questions about severity
markers (severe wheezing episodes, visits to the ED, and ad-
missions for wheezing) were as follows. “Has the wheezing or
the whistling in his/her chest been so severe (so intense) in the
past 12 months that he/she was choking and having real diffi-
culty breathing?” “Has the wheezing or whistling in his/her
chest ever been so severe (so intense) in the last 12 months that
you have had to take him/her to an ED (Hospital, Clinic etc.)?”
and “Has your baby ever been hospitalized for wheezing?”

This study was carried out in 11 centers from 6 countries in
South America: Argentina (Buenos Aires); Brazil (Cuiaba, Curi-
tiba, Sao Carlos, Sao José do Rio Preto, Sao Paulo, Uruguaiana);
Chile (Santiago); Colombia (Bucaramanga); Peru (Lima); and
Uruguay (Montevideo). The samples of at least 735 infants were
estimated to significantly detect a difference in the prevalence
of recurrent wheeze (3 or more episodes) of 5% between 2 cen-
ters, 1 of them having approximately 20%, with a confidence
level of 95% and a power of 85%. Centers obtained ethics ap-
proval to the requirements of the country and funded their own
study. Parents or guardians who accepted to participate in the
study filled in the questionnaire after reading and signing a full-
informed written consent form.
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Statistical analysis

The proportions of infants with RW, wheezing severity mark-
ers, prescribed medications (IBD, ICS, ATB, and others) be-
tween centers, were compared using the chi-square test with
Yates'’s correction for continuity (2-tailed). We categorized in-
fants who received ATB or PCM for respiratory causes (wheez-
ing, colds, pharyngitis, otitis, and pneumonia) and non-respi-
ratory causes (diarrhea, urinary tract infection, skin infection,
and other causes); and by frequent use (=4 times a year) of
ATB or PCM. A Pvalue of <0.05 was considered statistically sig-
nificant. Data from different centers were analyzed by SPSS V.15
(SPSS Inc., Chicago, IL, USA). Data are expressed as mean (95%
CI) except for age, which is reported as mean®SD. Univariate
analysis, adjusted multivariate logistic regression, and multilev-

Recurrent Wheezing During the First Year of Life

el model (using center as the second level) were used to esti-
mate the strength of wheezing associations (OR and 95% CI).

RESULTS

Eleven centers provided 12,405 questionnaires with a mean
response rate of 82.1% (95% CI 81.4-82.8), which were respond-
ed by mothers (87.5%), fathers (6.7%), and guardians (5%). The
mean age of the whole sample of infants (50.6% males) was
13.4%1.5 months. Prevalence data regarding main variables
(severity markers, medications, and others) for the whole sam-
ple and infants with RW, as reported by the centers, are shown
in Tables 1-5. One of the participating centers (Sdo Carlos)
could not obtain a sufficient sample size and was not included

Table 1. Prevalence of wheezing related conditions in the whole sample of infants during the first year of life

Wheezing Wheezing P_hysician- Sever_e Visit ED Hos_pit_al Physician- Hos_pit_al N

Center N once or diagnosed  wheezing . admission  diagnosed admission Dermatitis
more 3ormore asthma episode wheezing wheezing  pneumonia pneumonia

Bucaramanga 1,060 224 75 32 12.0 14.2 7.1 75 6.6 58.1
Buenos Aires 1,063 589 26.3 32 429 483 221 18.0 12.3 509
Cuiabd 1,041 27.1 12.7 26 10.8 17.3 38 14.0 54 484
Curitiba 980 395 19.7 5.6 135 194 39 9.1 39 349
Lima 958 334 16.6 79 16.5 19.1 56 40 24 26.8
Montevideo 762 54.5 26.4 6.3 24.3 30.0 17.3 8.6 17 23.1
Santiago 892 58.6 204 26 225 2638 6.4 139 6.1 256
Séo Carlos 336 408 211 33 15.2 299 95 14.6 89 17.1
Sdo José do RioPreto 2,920 385 11.8 25 13.0 232 6.2 18.6 115 445
Sao Paulo 1,334 446 217 9.7 19.3 295 145 17.2 10.3 270
Uruguaiana 1,059 284 14.0 42 121 20.1 6.9 76 47 39.1
Total 12,405 399 16.6 45 17.6 246 89 13.1 79 393
95% Cl [39.0-40.7] [16.0-17.3]  [4.2-49] [16.9-182]  [23.8-25.4] [8.4-9.5] [12.6-13.8] [74-84] [384-402]
ED, emergency department.
Table 2. Prevalence of wheezing and related conditions in infants with recurrent wheezing (RW) during the first year of life

Wh_eezi_ng Physician- Severe Visit ED Hos_pit_al Physician- Hos_pit_al _ Parental
Center N duringfirst diagnosed  wheezing ) admission  diagnosed  admission  Dermatitis

3 months asthma episode wheezing wheezing  pneumonia  pneumonia asthma
Bucaramanga 80 62.5 213 65.0 738 350 250 225 52.5 350
Buenos Aires 280 63.6 10.7 86.1 918 479 432 307 529 19.6
Cuiabd 132 477 14.4 53.0 67.4 18.9 311 144 50.0 356
Curitiba 193 31.1 233 425 57.5 119 223 104 404 245
Lima 159 358 277 509 64.8 208 12.6 6.9 352 94
Montevideo 201 55.3 215 61.2 68.8 418 18.9 17.5 345 206
Santiago 182 52.7 8.8 59.9 69.8 192 352 17.0 319 16
Séo Carlos Al 352 13.0 549 829 296 338 19.7 11.6 10.3
Sao José do Rio Preto 344 38.1 9.0 395 69.2 195 390 259 407 17.7
Séo Paulo 289 457 291 58.5 80.6 412 401 249 274 301
Uruguaiana 148 56.8 236 58.1 703 324 236 15.5 399 13.6
Total 2,079 475 18.1 57.2 72.7 297 3B 201 396 208
95% Cl [45.3-496] [16.5-19.9] [55.0-59.3] [70.7-746] [27.7-31.7]  [295-335] [184-21.9] [37.5-41.8] [19.0-22.6]

ED, emergency department.

Allergy Asthma Immunol Res. 2015 Forthcoming. Posted online 2015

http://e-aairorg  page 3 of 10



Mallol etal.

Forthcoming

Table 3. Prevalence (%) of medication use in infants from the whole sample (n=12,405) during the first year of life

Center IBD ICS ocs ALTR ATB PCM
Bucaramanga 18.3 11.6 6.0 37 85.6 922
Buenos Aires 58.4 19.3 387 05 721 905
Cuiabd 218 6.1 113 1.3 705 919
Curitiba 33.7 12.9 98 11.8 745 89.9
Lima 279 206 219 48 67.2 88.4
Montevideo 46.0 15.2 205 19 h8.2 394
Santiago 57.2 15.6 29.3 1.7 704 944
Séo Carlos 325 8.6 18 208 69.6 99.1
S&o José do Rio Preto 322 16.7 6.2 311 80.1 95.7
Sdo Paulo 434 16.0 306 4.1 84.7 976
Uruguaiana 248 89 135 0.7 720 949
Total 355 14.6 17.0 10.2 753 90.0
95% Cl [34.7-36.4] [14.0-15.3] [16.4-17.7] [9.7-108] [74.5-76.0] [89.4-90.5]
IBD, inhaled bronchodilators; ICS, inhaled corticosteroids; OCS, oral corticosteroids; ALTR, antileukotrienes; ATB, antibiotics; PCM, paracetamol.

Table 4. Prevalence (%) of medication use per center in infantswith recurrent wheezing (n=2,079) during the first year of life (% and 95% IC)

Centro IBD ICS ocs ALTR ATB PCM
Bucaramanga 82.1 63.2 403 224 750 925
Buenos Aires 996 599 89.6 0.7 707 88.6
Cuiaba 86.2 26.7 50.0 76 67.4 924
Curitiba 86.0 405 306 37.1 813 933
Lima 88.2 713 67.3 174 704 89.3
Montevideo 89.1 412 55.6 6.1 780 408
Santiago 995 481 68.0 47 68.1 929
Séo Carlos 87.0 308 85 65.6 718 100.0
Sao José do Rio Preto 88.9 532 19.8 919 93.0 97.7
Sdo Paulo 986 469 755 15.2 796 9.8
Uruguaiana 87.1 36.0 51.1 47 68.0 959
Total 919 491 55.7 26.3 771 887
95% Cl [90.6-93.0] [46.8-51.3] [53.6-57.9] [24.3-28. 4] [75.2-789] [87.6-90.6]

IBD, inhaled bronchodilatars; ICS, inhaled corticosteroids; OCS, oral corticosteroids; ALTR, antileukotrienes; ATB, antibiotics; PCM, paracetamol.

for comparisons between centers and regression models; how-
ever, data from Sao Carlos appear in tables and figures as illus-
tration. In this section, we mainly report findings in infants with
RW; those in the whole sample are shown in Tables 1, 3, and 5,
and in Figs. 1, 3, and 4.

Prevalence and severity of RW

There was a wide and significant variability in the prevalence,
severity markers, and use of medications between the centers
(Tables 2, 4, and 5). The mean prevalence of RW was 16.6%
(95% CI 16.0-17.3), ranging from 7.5% in Bucaramanga to 26.4%
in Montevideo (Table 1); 47.5% (95% CI 45.3-49.6) of the infants
with RW started wheezing in the first 3 months of life. RW was
strongly associated with wheezing during the first trimester of
life (OR 9.31; 95% CI 8.1-10.7, P<0.001) and suffering from
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colds =6 times (OR 3.46; 95% CI 3.0-3.9, P<0.001, after adjust-
ing for birth weight, gender, prenatal tobacco, parental asthma,
and monthly household income. There was a significant asso-
ciation between RW and severe episodes of wheezing (OR 2.78;
95% CI 2.39-3.23), visits to ED for wheezing (OR 7.13; 95% CI
6.16-8.25), and admissions for wheezing (OR 1.53; 95% CI 1.30-
1.79). The main risk factors for RW were tobacco smoking dur-
ing pregnancy, parental asthma, household income <1,000
USD, male gender, and nursery school attendance, whereas
breast-feeding for at least 3 months was significantly protective
against RW (Table 6). The percentage of infants who were
breast-fed for at least 3 months was 80.5%, ranging from 69.5%
in Sao Paulo to 94% in Lima.

The mean prevalence of each medication used in infants with
RW was as follows: IBD 91.7%, ICS 48.5%, OCS 54.1%, ALTR

Allergy Asthma Immunol Res. 2015 Forthcoming. Posted online 2015
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Fig. 2. Frequency of the prescription of antibiotics (ATB) to infants with recur-
rent wheezing (RW) during the first year of life, by center.

Fig. 1. Frequency of the prescription of antibiotics (ATB) to infants during the
first year of life in the whole sample by center.
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Fig. 3. Proportion of infants (%) who received antibiotics (ATB) =4 times by in-
dications during the first year of life in the whole sample and infants with re-
current wheezing (RW).

Fig. 4. Proportion of infants who received paracetamol (PCM) =7 times per
year during the first year of life in the whole sample and infants with recurrent
wheezing (RW) by center.

Table 5. Prevalence (%) of antibiotics and paracetamol prescribed to infants in the whole sample and in those with recurrent wheezing during the first year of life

WS
Corter B4 iy POV ey MBIy POV
times causes times causes times causes times causes
Bucaramanga 336 946 67.5 83.7 26.9 932 66.3 80.0
Buenos Aires 30.2 94.7 68.4 65.1 30.7 959 66.4 65.4
Cuiaba 238 933 63.1 715 16.3 943 52.7 69.7
Curitiba 209 88.8 56.9 495 172 89.8 58.5 56.5
Lima 116 88.2 375 785 224 84.8 421 792
Montevideo 108 479 249 290 17.0 69.7 289 318
Santiago 1.4 80.1 59.2 828 8.2 80.6 626 80.8
Séo Carlos 14.2 756 53.7 66.7 95 80.4 471 B8la
Sdo José do Rio Preto 370 937 64.7 71.8 385 95.6 64.0 80.2
Séo Paulo 310 88.1 68.6 781 24.1 913 65.1 84.1
Uruguaiana 16.2 939 57.7 78.9 119 979 57.1 824
Total 252 87.7 59.1 704 229 89.2 57.5 710
95% Cl [24.4-26.1] [87.0-88.4] [58.3-60.1] [69.6-71.2] [20.9-25.1] [87.3-90.4] [55.3-69.6] [69.0-73.0]

WS, whole sample; RW, recurrent wheezing; ATB, antibiotics; PCM, paracetamol.
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Table 6. Adjusted multivariate logistic regression and multilevel (second level=center) analysis using recurrent wheezing as dependent variable

Forthcoming

MVLRA MLA

OR 95% Cl P OR 95% Cl P
Language (Spanish) 161 1.44-1.80 <0.001 1.34 0.76-2.34 0.28
Household income per month <USD 1,000 1.67 1.49-1.88 <0.001 1.85 1.56-2.13 <0.001
History of parental asthma 210 1.82-2.41 <0.001 211 1.81-2.46 <0.001
Nursery school attendance 1.77 1.58-2.00 <0.001 215 1.87-2.47 <0.001
Gender (male) 1.31 1.18-1.46 <0.001 1.39 1.24-156 <0.001
Tobacco during pregnancy 1.93 1.63-2.28 <0.001 1.78 1.48-2.15 <0.001
Cold in the first 3 months of life 1.14 1.02-1.28 0.021 1.02 0.90-1.15 0.78
Birth weight <2,500 g 1.09 0.78-154 0.611 1.22 0.98-1.26 0.28
High maternal education 092 0.83-1.03 0.137 094 0.83-1.07 0.38
Breast feeding =3 months 0.77 0.67-0.87 <0.001 0.79 0.68-0.91 <0.01
Siblings =2 1.12 0.99-1.26 0.06 1 0.98-1.26 0.10

MVLRA, multivariate logistic regression; MLA, multilevel analysis.

27.7%, ATB =1 time 76.9%, ATB =4 times 57.1%, PCM =1 time
90.0%, and PCM =4 times 57.5% (Tables 4 and 5).

Common colds and RW

Infants with RW had a significantly higher mean number of
colds (6.22; 95% CI 6.07-6.37) as compared to those without
(3.57; 95% CI 3.52-3.63), P<0.001, with 1-2 episodes (4.44%;
95% CI 4.33-4.55, P<0.0001) and without wheezing episodes
(3.24%; 95% CI 3.18-3.30, P<0.001). Infants with =6 colds had
almost 4 times more prevalence of RW (37.3%, 95% CI 35.49-
39.10) than those with <6 colds (10.6%, 95% CI 9.97-11.52;
P<0.001).

Antibiotic prescription

The frequency of the prescription of ATB by center in the
whole sample of infants with RW is shown in Figs. 1 and 2. Re-
spiratory causes (wheezing or obstructive bronchitis, colds,
pharyngitis, otitis, and pneumonia), were the most frequent
reasons for prescribing ATB =1 time (87.4%; 95% CI 86.7-88.1)
and for ATB =4 times (37.5%; 95% CI 36.3-38.7). A 23.8% of
those with =3 colds received ATB =4 times a year. The propor-
tions of infants who received ATB =4 times a year for the stud-
ied indications in the whole sample and infants with RW are in
Fig. 3; no significant difference was found in the variables be-
tween the whole sample and infants with RW. A 38.9% (95% CI
37.3-40.6) of infants without wheezing but treated with ATB for
respiratory causes received ATB =4 times per year.

Paracetamol prescription

Ninety percent of infants in the whole sample received PCM
=1 time a year; (1-3 times=31.2%; 4-6 times=30.0%; and =7
times=29.1%); in infants with RW: 1-3 times=31.6%; 4-6
times=30.7%; and =7 times=26.4%. The difference in PCM
prescription between the whole sample and infants with RW

page 6 of 10 http:/e-aair.org

were not significant for any of the categories. The proportions
of infants who received PCM =7 times per year by center are
depicted in Fig. 4.

There was a strong association between uses of ATB and PCM
in either the whole sample (OR 3.57; 95% CI 3.07-4.15) and in-
fants with RW (OR 2.16; 95% CI 1.62-2.90). Similarly, there was
a significant association between use of PCM =4 times and use
of ATB =4 times (OR 3.43; 95% CI 3.07-3.85); 79.5% of those
who received ATB =4 times also received PCM =4 times.

Risk factors for RW

In multilevel analysis, a household monthly income over 1,000
USD was significantly associated with a lower prevalence of
RW. In the whole sample, a 58.1% of subjects (95% CI 57.21-
59.00) reported a household income per month <1,000 USD,
ranging from 96.6% in Santiago (Chile) to 6.2% in Bucaramanga
(Colombia), while a 34.0% of subjects (95% CI 33.2-34.9) of the
whole sample reported a household monthly income of less
than 500 USD. In infants with RW, a 68.0% of subjects (95% CI
65.9-70.0) reported a monthly household income <1,000 USD
and 44.0% (95% CI 41.8-46.2) reported less than 500 USD. Thus,
the families of infants with RW had a significantly lower house-
hold income per month than those of the whole sample for
both household income categories (P<0.001).

Dermatitis was not related to RW, despite the high prevalence
of dermatitis in the whole sample and infants with RW (Tables
1 and 2); the proportion of infants with dermatitis who had RW
was 16.8%, whereas that of infants without was 16.6% (P=0.73)
OR1.02,95% CI 0.92-1.12).

Risk factors for pneumonia

The prevalence of pneumonia in infants with RW was 31.5%
(95% CI 29.5-33.5), ranging from 12.6% in Lima to 43.2% in Bue-
nos Aires. There was a strong association between RW and

Allergy Asthma Immunol Res. 2015 Forthcoming. Posted online 2015
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pneumonia (OR 4.06; 95% CI 3.59-4.58), and breast-feeding for
at least 3 months was significantly protective against the dis-
ease (OR 0.65; 95% CI 0.59-0.74). The prevalence of pneumonia
was significantly higher in infants with RW than in the whole
sample (13.1%; 95% CI 12.6-13.8; P<0.001). Likewise, the fre-
quency of admission for pneumonia was significantly higher in
infants with RW (20.1%; 95% CI 7.4-8.4) than in the whole sam-
ple (7.9%; 95% CI 7.4-8.4; P<0.001).

Risk factors for colds

It was found that family history of asthma (1.44; 95% CI 1.27-
1.64), tobacco exposure during pregnancy (1.68; 95% CI 1.45-
1.95), male gender (1.17; 95% CI 1.07-1.28), and lower socio-
economic status (1.30; 95% CI 1.19-1.42) were significantly as-
sociated with =6 colds during the first year of life (P<0.001).
URTI during the first 3 months was significantly associated with
=2 siblings (1.27; 95% CI 1.16-1.40) and mold stains in the
house (1.44 95% CI 1.32-1.58), whereas high maternal educa-
tion (0.91; 95% CI 0.78-0.92) and higher household income
(0.88; 95% CI 0.81-0.96) were significant protecting factors.

After adjustment for gender, prenatal tobacco smoking, pa-
rental asthma, and birth weight, cold during the first 3 months
was significantly associated with wheezing =7 or more epi-
sodes (1.24; 95% CI 1.03-1.51), severe wheezing episodes (1.22;
1.10-1.36), ED visits (1.17; 1.07-1.29), and admissions (1.30;
1.14-1.49) for wheezing. There was no association between cold
during the first 3 months of life and pneumonia or admission
for pneumonia thereafter.

DISCUSSION

Recurrent Wheezing

Our data show that RW in infants is a highly prevalent condi-
tion, affecting 1.6 out of 10 infants during the first year of life in
Latin America, with a large variability in prevalence and severi-
ty. An elevated proportion of infants with RW suffered from fre-
quent and severe episodes, and required ED visits and admis-
sions for wheezing, confirming previous findings in Latin
America and Europe,**® with a high proportion of infants with
RW reporting pneumonia and admission for pneumonia. The
prevalence of severity markers in the first survey,’ which was
performed 7 years ago, and the present study, remains similarly
high (severe episode 61.2% vs 57.1%; visits to ED 73.3% vs
73.0%, and admissions for wheezing 28.4% vs 29.7%). This no-
toriously troublesome progression of RW, with exacerbations
mainly associated with colds, would explain in part ICS, OCS,
ALTR, ATB, and PCM plus several others of doubtful efficacy
clinicians prescribe to the large proportion of these infants.'*

Tobacco smoking during pregnancy, nursery school atten-
dance, monthly household income less than 1,000 USD and
parental history of asthma were associated with a higher preva-
lence of RW. However, breast-feeding was a protective factor,
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which is consistent with our previous findings in infants from
Europe and Latin America'® showing that although risk/protec-
tive factors for RW were similar, the association strength varied
between developed and developing countries.

Prescription of ATB

This study shows an excessive use of ATB not only in infants
with RW but also in those from the whole sample, which was
found to be mainly associated to common viral respiratory in-
fections (colds). There is no information on the frequency of
and main indications for the prescription of ATB and PCM from
large international multicenter samples of infants with RW dur-
ing the first year of life. This is an important issue because apart
from all the concerns associated with the excessive use of ATB
in children,® that kind of medications and others, such as PCM,
used in infancy might be a risk factor for asthma development
later in childhood; however, this is still controversial.!%118 Ag
shown in this study, it is likely that viral respiratory infections
are important confounding factors for these associations,*!"'®
as they are frequently present in infants during the first year of
life and strongly associated with the frequent use of ATB and
PCM. These results are also observed in older children to
whom ATB are prescribed in excess, especially in those with
asthma and common viral respiratory infections.***

To the best of our knowledge, our study shows for the first
time that a 25% of infants receive ATB >4 times during the first
year of life at the community level, which is mostly associated
with diagnoses, such as colds, pharyngitis, and wheezing. The
frequency of the prescription of ATB varied 3.2-fold in the
whole sample and 4.7-fold in infants with RW among partici-
pating centers; the reason for this variability and overuse at the
level is likely to be multifactorial. The medical practice and pre-
scription behavior are important determinants of the excessive
use of ATB, and physicians with high-volume primary care
practice are more likely to prescribe ATB inappropriately.” Re-
cently, it has been reported that in well-resourced countries,
ATB are prescribed to an important proportion of children with
colds,®* showing that this is a globally extended health prob-
lem independent of countries’ development status and likely
occurs at all ages.

Prescription of PCM

PCM is one of the most commonly used medications in in-
fants due to its analgesic and antipyretic effects, and to its low
price and current availability. In our study, 90% of all infants re-
ceived PCM during the first year of life, and one-third used
PCM =7 times per year, mostly for respiratory causes related to
common colds. Data from birth cohorts show that PCM pre-
scription to infants and toddlers ranges from 60% to 97%;'*'®
however, the prevalence of the combined use of ATBs and PCM
is virtually unknown. In our study, the frequent use of PCM was
strongly associated with the frequent use of ATB, demonstrat-
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ing that in daily practice, these medications are often pre-
scribed together; thus, an independent effect of each drug, as
assessed later in life, would be much difficult to ascertain. For
this reason, the relationship between ATB and PCM with the
development of asthma later in childhood could be biased by
confounding indications, mainly colds (or URTIs),”"" which
would be indirectly supported by our finding that the excessive
and combined use of ATB and PCM in infants during the first
year of life is mostly associated with colds and related condi-
tions.

Common colds

An interesting finding of this study is that prenatal conditions,
such as family history of asthma, tobacco smoking during preg-
nancy, and lower socioeconomic status, were predisposing fac-
tors for a higher number of common viral respiratory infections
during the first year of life (=6 colds), which was clearly associ-
ated with frequent prescription of ATB and PCM. In addition,
we found that high household income per month and high ma-
ternal education were associated with lower risk of colds during
the first trimester of life, indicating that socioeconomic status
would play an important role in the early occurrence of com-
mon respiratory viral infections, which seems to develop asth-
ma in childhood.**® According to our results, infants who have
colds in the first trimester of life are more susceptible to colds,
the prescription of ATB and PCM, and wheezing during their
first year of life. This knowledge would offer room for prophy-
lactic measures by increasing the awareness of avoiding respi-
ratory virus exposure at least in the first 3 months, for instance,
by prolonging maternity leave after childbirth to 6 months, as
recently implemented in some countries of South America.

Other medications

Another finding of this study was the high prevalence of OCS
and ALTR prescription in wheeze infants. Sixty-eight percent of
infants with RW who reported use of ICSs also reported treat-
ment with OCS, and 32.3% reported use of ALTR, which is rath-
er surprising according to recent evidence showing that either
medication would not be useful for the treatment of RW in in-
fants.>** In this study, ALTR were not provided to the primary
health care institutions from participating countries without
cost, meaning an additional economic burden on families that,
in this study, were poor. It is possible that the high prevalence of
severity markers could explain in part the more frequent use of
OCS, ALTR, and ATB in this study. However, considering the
high frequency of infants treated with ICS and BD, other expla-
nations for this could include a poor aerosol administration
technique, inappropriate spacers, lack of consistent availability
of free ICS at health community centers, and low adherence to
ICS and others, all of which will result in a predictably low or no
therapeutic effect of inhaled medications.
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Socioeconomic status

In this study, which assessed socioeconomic status at the in-
dividual level, a lower household income per month was asso-
ciated with a higher prevalence of RW and severity markers,
which is in keeping with previous studies.*** Similarly, our
study supports previous findings of the large inequalities pres-
ent within and between populations in Latin America.”

Limitations and strengths of this study

This study shares the limitations inherent to all cross-section-
al studies, the foremost being that causality cannot be inferred.
This study uses parental reports instead of physician’s reports;
however, the questionnaire was validated for infants attending
the ED with acute wheezing episodes and against the pediatric
thoracic physician’s examination.”* Recall bias is always an is-
sue in transversal studies. In this study, however, parents were
surveyed regarding several events in early childhood (12-15
months), in which recall would be easier than in late child-
hood.

The main strengths of this study are its large population-
based sample and high response rate; thus, it is likely that our
results are representative of the Latin American region. This
study also provides, for the first time in this region, information
on the frequency of and indications for the prescription of ATB
and PCM to infants with RW and the whole sample of infants at
the community level, demonstrating large and significant dif-
ferences among centers in the use of medications. Additionally,
this study updates information on the prevalence and severity
of RW in Latin America, showing that the number of severe epi-
sodes, visits to the ED, and admissions to hospital remains re-
markably high and similar to those found in this region 7 years
ago.® The latter occurred despite the apparent progress in ac-
cessibility to effective inhaled asthma medications and medical
attention at the primary care health level, and cast doubt on the
efficiency of the health public strategies and programs for man-
aging infants with RW at the community health level. Further-
more, this study confirms the strong relationship between RW
and pneumonia in infants and reinforces previous findings
from a birth-cohort of infants showing that RW is a strong pre-
dictor of pneumonia in infants from unprivileged populations
during the first year of life.*

CONCLUSIONS

Our findings undoubtedly imply that RW in infants during the
first year of life represents a high economic burden on parents
and public health systems, utilization of emergency care cen-
ters, hospital admissions, and overuse of medications, particu-
larly OCS and ATB. This study shows that there are urgent un-
satisfied needs for a better approach and evidence-based man-
agement of infants with RW during the first year of life at the
community level in this region. The implementation of ade-
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quate educational programs directed to parents and health per-
sonnel on prevention, diagnosis and treatment of infants with
RW and related co-morbidity, is clearly a pending task. In the
same context, a full provision of primary care centers with
proper inhaled medications and holding chambers, together
with teaching parents on correct inhalation techniques, are
likely to have a direct and quick impact especially on decreas-
ing the frequency of severe episodes, visits to the ED, and ad-
missions to hospital in infants with RW.

Dirceu Solé, Carolina Aranda, Caroline Della Bianca (Sao
Paulo, Brazil); Nelson Rosario, Herberto Chong (Curitiba, Bra-
zil); Eliana C. Toledo, Cibele Matsuura de Oliveira (Sao José do
Rio Preto, Brazil; Lillian Sanchez-Lacerda Moraes, Olga Akiko
Takano (Cuiabd, Brazil); Marilyn Urrutia-Pereira, Juan Carlos
Ivancevich (Uruguaiana, Brazil); Patricia Polles de Oliveira
Jorge (Sao Carlos, Brazil); Jurg Niederbacher-Velasquez, Carlos
A. Cuadros-Mendoza, Diana C. Archila-Santamaria, Leonela
Ballesteros-Chaparro, Juan M. Joya-Moreno, (Bucaramanga,
Colombia); Javier Mallol*, Viviana Aguirre (Santiago, Chile);
Gabriela A. Szulman, Ilse Behrends, Angela Spagnuolo de Gen-
tile (Buenos Aires, Argentina); Erika Arruda-Chaves, Silvia
Cachay-Chavez, Claudia Mory-Arciniega (Lima, Perd); Catali-
na Pinchak, Anabel Akiki, Silvia Brea, Maria Nelly Marquez, Isa-
bel Moreira, Adriana Muifno, Marilyn Valentin (Montevideo,
Uruguay); and Luis-Garcia Marcos (Murcia, Spain).

*EISL3 General Coordinator.

ACKNOWLEDGMENTS

The authors thank all the parents who participated in the
study, and the health personnel from the participant Primary
Health Care centers at each country for their valuable collabo-
ration.

All authors (EISL Latin American Group) participated in the
study conception and design; data collection, analysis, and in-
terpretation; manuscript drafting and revision; and approval of
the final manuscript. The authors alone are responsible for the
content and writing of the paper.

REFERENCES

1. 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;37:1738-46.

2. Cavalcanti Dela Bianca AC, Wandalsen G, Prestes E, Lamenha M,
Bessa O, Chong Neto H, et al. Treatment of wheezing in Brazilian in-
fants in the first year of life. Pediatr Allergy Immunol 2014;25:201-3.

3. Mallol J, Garcia-Marcos L, Solé D, Brand P; EISL Study Group. In-
ternational prevalence of recurrent wheezing during the first year
of life: variability, treatment patterns and use of health resources.
Thorax 2010;65:1004-9.

4. Hersh AL, Shapiro DJ, Pavia AT, Shah SS. Antibiotic prescribing in

Allergy Asthma Immunol Res. 2015 Forthcoming. Posted online 2015

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Recurrent Wheezing During the First Year of Life

ambulatory pediatrics in the United States. Pediatrics 2011;128:
1053-61.

. Mangione-Smith R, Krogstad P. Antibiotic prescription with asth-

ma medications: why is it so common? Pediatrics 2011;127:1174-6.

. Nyquist AC, Gonzales R, Steiner JE Sande MA. Antibiotic prescrib-

ing for children with colds, upper respiratory tract infections, and
bronchitis. JAMA 1998;279:875-7.

. Beasley R, Clayton T, Crane J, von Mutius E, Lai CK, Montefort S, et

al. Association between paracetamol use in infancy and child-
hood, and risk of asthma, rhinoconjunctivitis, and eczema in chil-
dren aged 6-7 years: analysis from Phase Three of the ISAAC pro-
gramme. Lancet 2008;372:1039-48.

. Foliaki S, Pearce N, Bjorkstén B, Mallol J, Montefort S, von Mutius E,

etal. Antibiotic use in infancy and symptoms of asthma, rhinocon-
junctivitis, and eczema in children 6 and 7 years old: International
Study of Asthma and Allergies in Childhood Phase IIL J Allergy Clin
Immunol 2009;124:982-9.

. Heintze K, Petersen KU. The case of drug causation of childhood

asthma: ATB and PCM. Eur ] Clin Pharmacol 2013;69:1197-209.
Penders J, Kummeling I, Thijs C. Infant antibiotic use and wheeze
and asthma risk: a systematic review and meta-analysis. Eur Respir
J2011;38:295-302.

Almgqyist C, Wettermark B, Hedlin G, Ye W, Lundholm C. Antibiot-
ics and asthma medication in a large register-based cohort study -
confounding, cause and effect. Clin Exp Allergy 2012;42:104-11.
Lapin B, Piorkowski J, Ownby D, Wagner-Cassanova C, Freels S,
Chavez N, et al. The relationship of early-life antibiotic use with
asthma in at-risk children. J Allergy Clin Immunol 2014;134:728-9.
Schnabel E, Heinrich J; LISA Study Group. Respiratory tract infec-
tions and not paracetamol medication during infancy are associat-
ed with asthma development in childhood. J Allergy Clin Immunol
2010;126:1071-3.

Shaheen SO, Newson RB, Henderson AJ, Headley JE, Stratton FD,
Jones RW, et al. Prenatal paracetamol exposure and risk of asthma
and elevated immunoglobulin E in childhood. Clin Exp Allergy
2005;35:18-25.

Gonzalez-Barcala FJ, Pertega S, Perez Castro T, Sampedro M, San-
chez Lastres ], San Jose Gonzalez MA, et al. Exposure to paracetamol
and asthma symptoms. Eur ] Public Health 2013;23:706-10.

Lowe AJ, Carlin JB, Bennett CM, Hosking CS, Allen KJ, Robertson
CE et al. Paracetamol use in early life and asthma: prospective
birth cohort study. BMJ 2010;341:c4616.

Rebordosa C, Kogevinas M, Serensen HT, Olsen J. Pre-natal expo-
sure to paracetamol and risk of wheezing and asthma in children:
a birth cohort study. Int ] Epidemiol 2008;37:583-90.

Amberbir A, Medhin G, Hanlon C, Britton J, Davey G, Venn A. Ef-
fects of early life paracetamol use on the incidence of allergic dis-
ease and sensitization: 5 year follow-up of an Ethiopian birth co-
hort. PLoS One 2014;9:€93869.

Garcia-Marcos L, Mallol ], Solé D, Brand PL; EISL Study Group. In-
ternational study of wheezing in infants: risk factors in affluent and
non-affluent countries during the first year of life. Pediatr Allergy
Immunol 2010;21:878-88.

Bianca AC, Wandalsen GE Miyagi K, Camargo L, Cezarin D, Mallol
J, et al. International Study of Wheezing in Infants (EISL): valida-
tion of written questionnaire for children aged below 3 years. ] In-
vestig Allergol Clin Immunol 2009;19:35-42.

Chong Neto HJ, Rosario N, Dela Bianca AC, Solé D, Mallol J. Valida-
tion of a questionnaire for epidemiologic studies of wheezing in in-

http://e-aairorg  page 9 of 10



Mallol etal.

22.

23.
24,

25.

26.

27.

28.

page 10 of 10

fants. Pediatr Allergy Immunol 2007;18:86-7.

Mallol J, Garcia-Marcos L, Aguirre V, Martinez-Torres A, Perez-
Fernandez V, Gallardo A, et al. The International Study of Wheez-
ing in Infants: questionnaire validation. Int Arch Allergy Immunol
2007;144:44-50.

Murray JS, Amin PM. Overprescribing antibiotics in children: an
enduring public health concern. ] Spec Pediatr Nurs 2014;19:266-9.
Cadieux G, Tamblyn R, Dauphinee D, Libman M. Predictors of in-
appropriate antibiotic prescribing among primary care physicians.
CMAJ 2007;177:877-83.

Eckel N, Sarganas G, Wolf IK, Knopf H. Pharmacoepidemiology of
common colds and upper respiratory tract infections in children
and adolescents in Germany. BMC Pharmacol Toxicol 2014;15:44.
Harnden A, Perera R, Brueggemann AB, Mayon-White R, Crook
DW, Thomson A, et al. Respiratory infections for which general
practitioners consider prescribing an antibiotic: a prospective
study. Arch Dis Child 2007;92:594-7.

Martinez FD. The connection between early life wheezing and sub-
sequent asthma: the viral march. Allergol Immunopathol (Madr)
2009;37:249-51.

Saglani S. Viral infections and the development of asthma in chil-
dren. Ther Adv Infect Dis 2013;1:139-50.

http://e-aair.org

29.

30.

31.

32.

33.

34.

35.

Forthcoming

Beigelman A, King TS, Mauger D, Zeiger RS, Strunk RC, Kelly HW,
et al. Do oral corticosteroids reduce the severity of acute lower re-
spiratory tract illnesses in preschool children with recurrent wheez-
ing?J Allergy Clin Immunol 2013;131:1518-25.

Pelkonen AS, Malmstrém K, Sarna S, Kajosaari M, Klemola T,
Malmberg LP, et al. The effect of montelukast on respiratory symp-
toms and lung function in wheezy infants. Eur Respir J 2013;41:
664-70.

Bueso A, Figueroa M, Cousin L, Hoyos W, Martinez-Torres AE,
Mallol J, et al. Poverty-associated risk factors for wheezing in the
first year of life in Honduras and El Salvador. Allergol Immuno-
pathol (Madr) 2010;38:203-12.

Mallol J, Andrade R, Auger F, Rodriguez J, Alvarado R, Figueroa L.
Wheezing during the first year of life in infants from low-income
population: a descriptive study. Allergol Immunopathol (Madr)
2005;33:257-63.

Margolis PA, Greenberg RA, Keyes LL, LaVange LM, Chapman RS,
Denny FW, et al. Lower respiratory illness in infants and low socio-
economic status. Am J Public Health 1992;82:1119-26.

Klinnert MD, Price MR, Liu AH, Robinson JL. Morbidity patterns
among low-income wheezing infants. Pediatrics 2003;112:49-57.
Progress and inequity in Latin America. Lancet 2007;370:1589.

Allergy Asthma Immunol Res. 2015 Forthcoming. Posted online 2015



