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a b s t r a c t

Respiratory syncytial virus (RSV) infection has been associated to recurrent wheezing, but pathogenic
mechanisms are unclear. Interleukin-4/Interleukin-13 (IL-4/IL-13) pathway is involved in both condi-
tions. A common host genetic susceptibility may exist in patients whom RSV will trigger severe illness
and those who develop recurrent wheezing.
Objective: To assess, by a candidate-gene approach, whether genetic polymorphisms in IL-4/IL-13 path-
way are associated with RSV infection severity and its outcome in Chilean children.
A cohort of 118 RSV-infected infants was analyzed and followed for one year. Severity of acute infection
and later recurrent wheezing were characterized. Alleles and genotypes frequencies were determined for
two SNP in each of the genes IL-4, IL-13 and IL-4Ra. Association tests and interaction analyses were per-
formed.
Enrollment included 60 moderate and 58 severe cases. Two SNP were found associated to severity during
acute infection in IL-4Ra gene (Gln551Arg, Ile50Val). The follow up was completed in 71% of patients (84/
118). Later recurrent wheezing was 54% in severe group, versus 31% in moderate cases (p = 0.035). In rela-
tion to outcome, allele Ile50 in IL-4Ra was more frequent in patients with moderate disease and no
wheezing outcome. A common protector genotype is proposed for Chilean children: IL-4Ra Ile/Ile.
Conclusion: Genetic variations in the host are associated to infection severity and outcome. A common
genetic background might be influencing both pathologies.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Lower respiratory tract infections (LRTI) are the most common
disease in infants under two years of age (Smyth and Openshaw,
2006). In Chile, as worldwide, respiratory syncytial virus (RSV) is
the principal etiological agent, reaching up to 80% of hospitalized
LRTI during the winter months (Avendaño et al., 2003; Hall et al.,
2009). The hospitalization rate of RSV is 2–3% of infected children,
with 0.1% of mortality (Avendaño et al., 2003; Palomino et al.,
2004). Although RSV infection can cause mild upper respiratory
ll rights reserved.

on; RSV, respiratory syncytial
phism; IL-4, interleukin 4; IL-
alpha; NPA, nasopharyngeal
valine; Gln, glutamine; Arg,

ología, Facultad de Medicina,
hile. Tel.: +56 2 9786317; fax:
symptoms, in some cases the infection results in severe disease,
with respiratory failure that can be lethal (Zorc and Hall, 2010).
Risk factors have been described, including prematurity, young
age, chronic lung disease, immuno deficiency disorders and con-
genital heart disease (Hall et al., 2009; Sommer et al., 2011). Nev-
ertheless, the main pathogenic factors that determine severity in
previously healthy patients have not been defined.

In addition to the impact of the acute RSV infection, it has been
described an association between LRTI in infancy and subsequent
airway hyperesponsiveness with recurrent wheezing episodes
(Pullan and Hey, 1982; Sigurs et al., 1995, 2005, 2010; Young
et al., 1995; Noble et al., 1997; Stein et al., 1999; Schauer et al.,
2002; Piippo-Savolainen et al., 2004; Henderson et al., 2005). De-
spite differences in studies designs, bronchiolitis-especially RSV-
induced has been proposed to be a risk factor for the development
of wheezing and asthma, even in adulthood (Piippo-Savolainen
et al., 2004; Sigurs et al., 2010). A longitudinal cohort study of chil-
dren that required hospitalization from RSV infection, has demon-
strated an increased frequency of wheezing episodes up to 43%,
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compared with 10–20% in controls (Sigurs et al., 1995, 2005, 2010).
The controversy appears when another relevant study (Stein et al.,
1999), analyzed a cohort of patients with LRTI by RSV that did not
require hospitalization. Compared with a control group, they found
an increased risk of recurrent wheezing by the age of 6 and 11, but
no difference was detected after 13 years of pursuit. In our study,
considering that virtually 100% of children suffer at least one RSV
infection before 2 years of age (Smyth and Openshaw, 2006), we
propose the comparison of two groups of hospitalized patients
from RSV according to their severity, to assess the possible associ-
ation of complications during infection with recurrent wheezing
and asthma.

The advances in sequencing and genotyping techniques, have
allowed investigators to study the role of genetic polymorphisms
in common diseases. Asthma or wheezing phenotypes in children,
are complex diseases strongly influenced by genetic factors, with
single nucleotide polymorphisms (SNP) playing an important role
(Vercelli, 2008; Genuneit et al., 2009). Similarly, in relation to
RSV infection, human genetics and SNP have been associated to
the immune response and the severity of the disease (Hull, 2000;
Choi et al., 2002; Hoebee et al., 2003; Wilson et al., 2005; Puthothu
et al., 2006a, 2006b; Miyairi and DeVincenzo, 2008; Thomsen et al.,
2008; Forton et al., 2009). Based on a candidate gene approach, a
potential ‘‘genetic background’’ modulating the pathogenesis of
LRTI and asthma in the individuals has been proposed, being a
source of intense investigation and discussion nowadays
(Goetghebuer et al., 2004; Heinzmann et al., 2004; Ermers et al.,
2007; Thomsen et al., 2009). One of the possible mechanisms
involved in the pathogenesis of both diseases is located in the
IL-4/IL13 interleukin pathway (Kelly-Welch et al., 2003; Ermers
et al., 2007; Forton et al., 2009). Polymorphisms described in the
genes that encodes or regulate IL-4, IL-13, IL-4Ra have been related
not only with the severity of RSV-LRTI (Choi et al., 2002; Hoebee
et al., 2003; Puthothu et al., 2006a), but also associated with
asthma or wheezing in other studies (Mitsuyasu et al., 1999;
Graves et al., 2000; Howard et al., 2002; Beghé et al., 2003; Kabesch
et al., 2003; Lee et al., 2004; Isidoro-García et al., 2005; Chan et al.,
2006; Tachdjian et al., 2009; Genuneit et al., 2009; Berce and
Potocnik, 2010; Bottema et al., 2010; Hesselmar et al., 2010). Only
a few of these genetic reports have analyzed the SNP in cohorts
(Goetghebuer et al., 2004; Ermers et al., 2007; Thomsen et al.,
2009), none of those in latin population. We hypothesized that this
genetic link between RSV infection severity and recurrent wheez-
ing is present in Chilean children. By a longitudinal cohort study,
the aim is to analyze the genetic variability within the IL-4/IL13
pathway and its relation to disease severity and its outcome in
young Chilean children.

2. Methods

2.1. Patients and follow-up

A longitudinal cohort study was performed at Roberto Del Río
Children’s Hospital in Santiago, Chile. Previously healthy infants,
under one year of age, with acute primary infection by RSV ac-
quired in the community were enrolled. The patients were re-
cruited from the Emergency Room (ER) and the Pediatrics
Section of the hospital during winter seasons of 2005, 2006 and
2007. The following exclusion criteria were used: previous hospi-
talization for any cause, prematurity, chronic pulmonary disease,
congenital heart disease, primary or secondary immuno deficiency
and any previous symptomatic respiratory disease, including com-
mon cold and acute otitis media.

To analyze the clinical outcome after primary infection, patients
were invited to participate in a one year follow-up period. A com-
plete follow-up consisted in at least two visits to the Pulmonary
Diseases Polyclinic, one month and 1 year after discharge. Com-
plete examination and survey were performed by authors (LT,
MAP, RM, CL). Patients who developed acute respiratory symptoms
during the year of study could get appointments according their
requirements. After one year, and based on literature (Schauer
et al., 2002), ‘‘Recurrent Wheezing’’ was defined as three or more
episodes of physician-verified wheezing and ‘‘No Recurrent
Wheezing’’ as two or less events in that period. The study was ap-
proved by the Local Ethics Committee of the North Metropolitan
Health Service and the Faculty of Medicine, University of Chile. In-
formed consent was signed by the parents of all study participants.

2.2. Viral diagnosis

A first RSV test from the ER was obtained by immuno fluores-
cence assay (IFA) from a nasopharyngeal aspirate (NPA) sample.
Confirmation assays were completed in our Virology Laboratory
on a second fresh sample of NPA taken from each patient during
the first 72 h after admission. IFA and virus isolation for RSV, influ-
enza, parainfluenza and adenovirus were conducted as previously
described (Avendaño et al., 1991). Reverse transcriptase and real
time polymerase chain reaction (PCR) for detection of RSV was also
performed. In brief, total RNA of NPA was extracted by the guanid-
inium thiocyanate-phenol-chloroform method (Chomczynski and
Sacchi, 2006). Reverse transcription in a Perkin Elmer Gene Amp�

PCR System 2400 was performed using a F gene primer (50

TGTCTAACTATTTGAACA 30, nucleotides 844–861 of F gene of Long
RSV strain) as published (López et al., 1998). A fragment of the N
gene with specific primers (Cane and Pringle, 1992) was amplified
by real time PCR in a Light Cycler 1.5 instrument (Roche�).

2.3. Clinical characterization of severity of RSV disease

A clinical score system, previously published by authors (Lar-
rañaga et al., 2009), was used in order to characterize the severity
of the RSV infection. The score, calculated after discharge, was
developed to create a tool that could evaluate objectively the
severity during the entire course of the disease. It includes the
most common none invasive parameters used in literature:
requirement and length of hospitalization, necessity and days of
supplemental oxygen, maximum oxygen requirement, critical care
and mechanical ventilation requirement. Considering that our pa-
tients were at least admitted to the Observation Room in the ER,
score values lower than seven were defined as ‘‘Moderate’’ disease,
and scores of seven and more were considered ‘‘Severe’’ cases.

2.4. Genotyping

A total of 5 ml of whole blood was obtained from each patient
within 72 h after admission. Sample collection was performed in
EDTA tubes and transported to the Virology Laboratory. Specimens
were centrifuged at 1.500 rpm for 10 min at 4 �C. Genomic DNA
was extracted from pellet using a protocol that included leukocytes
isolation by centrifugation in Dextran 5% and treatment with
Chomczynski solution (Winkler�). DNA precipitation was per-
formed in absolute ethanol.

Genotyping of six biallelic single nucleotide polymorphisms
(SNP) in the genes IL-4, IL-13 e IL-4Ra was performed. Determina-
tion of allelic and genotypic frequencies was performed by PCR and
restriction fragment length polymorphism (RFLP) analysis on aga-
rose or acrylamide gel electrophoresis. The list of SNP studied,
chromosome position, and experimental conditions are shown in
Table 1. For genes IL-4 and IL-13, the SNP are localized on promoter
region. In the case of gene IL-4Ra, the Ile50 Val (A/G) polymor-
phism is located in region that codifies the extra cellular domain
of the receptor and implicates an amino acid change (isoleucine



Table 1
Polymorphisms studied, primers and restriction enzymes used for genotyping.

Gene (Chromosome position) Polymorphism
(SNP identification n�, NCBI)a

PCR Primerb Restriction enzyme Fragments length (bp) Refs.

IL-4 (5q31.1) �589 C/T (rs 2243250) F: CTAAACTTGGGAGAACATGG
R: GTGGCATCTTGGAAACTGTC

Ava II T: 124
C: 105 + 19

(a)

�1098 T/G (rs 2243248) F: GCTGATTTGTAAGTCCGTAAG
R: ATCCTCCTACCTCAGTCTCC

Bsl I T: 148
G: 127 + 21

(a)

IL-13 (5q31) �1512 A/C (rs 1881457) F: CAACCGCCGCGCCAGCGCCTTCTC
R: CCGCTCCTTGGCCGTGTGACCGC

BstU I A: 133
C: 111 + 22

(b)

�1112 C/T (rs 1800925) F: GGAATCCAGCATGCCTTGTGAGG
R: GTCGCCTTTTCCTGCTCTTCCCGC

BstU I C: 223 + 23
T: 246

(b)

IL-4Ra (16p12.1-p11.2) Ile50 Val (A/G) (rs 1805010) F: GGCAGGTGTGAGGAGCATCC
R: GCCTCCGTTGTTCTCAGGTA

Rsa I A: 273
G: 254 + 19

(c)

Gln551Arg (A/G) (rs 1801275) F: GCCCCACCAGTGGCTCTC
R: CTGGCAAGCAGGCTTGAGAAG

Dde I A: 110 + 18
G: 128

(c)

SNP: single nucleotide polymorphism. A: adenosine; T: thymidine; C: cytosine; G: guanosine; Ile: isoleucine; Val: valine; Gln: glutamine; Arg: arginine.
(a): Choi et al. 2002 modified (Choi et al., 2002); (b): Graves et al. 2000 modified (Graves et al., 2000); (c): Hoebbe et al. 2003 (Hoebee et al., 2003)

a http://www.ncbi.nlm.nih.gov/SNP/.
b Bold letter represent ‘‘mismatch’’ position.
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or valine, respectively). The SNP Gln551Arg (A/G) involves also a
change of amino acids on the intra cellular domain of IL-4 receptor
(Glutamine or Arginine).

2.5. Statistical analyses

2.5.1. Clinical analysis
The number of ‘‘Recurrent Wheezing’’ and ‘‘No Recurrent

Wheezing’’ patients, after a year of follow-up, was determined
for Moderate and Severe RSV infection groups, considering that pa-
tients with moderate disease represent a well-defined control
group of milder infection for comparisons. v2 and Mann-Whitney
Rank Sum tests were performed for group comparisons using
SigmaStat� Program (Version 3.5), considering p < 0.05 as signifi-
cant. Relative Risk (RR), with 95% confidential interval, was calcu-
lated using Stat Calc� from EpiInfo� Program.

2.5.2. Genetic analyses
Using the QUANTO software (http://hydra.usc.edu/gxe), a sam-

ple size of at least 112 RSV-infants was estimated to achieve a sta-
tistical power of 80% with a confidence of 95%, considering a
genotype risk of 1.8 or higher and an average of minor allele fre-
quency of 0.25, in accordance with the frequencies previously de-
scribed for IL’s SNPs. Hardy–Weinberg equilibrium (HWE) for
genotypic frequencies was analyzed (http://ihg2.helmholtz-muen-
chen.de/cgi-bin/hw/hwa1.pl). The allelic and genotypic association
analysis was performed considering each polymorphism as a cate-
gorical variable, with two alleles and three genotypes as possible,
and the software UNPHASED 3.0.12� was used to determine, by
v2 statistic, their association with the clinical conditions studied.
This program performs a global likelihood-ratio significance test
and does not require statistical corrections for multiple compari-
sons and estimation of linkage parameters. Odds Ratios (OR) are
obtained, with 95% confidential interval. Also allows multilocus
analysis and is useful for unrelated subjects (Dudbridge, 2008).
Thus, haplotype analysis was performed. Finally, a gene–gene
interaction analysis was performed to investigate possible rela-
tions between different polymorphisms of genes IL-13, IL-4 and
IL4Ra that could be associated with clinical phenotypes (Howard
et al., 2002; Battle et al., 2007). A regression analysis is especially
relevant in this case, because their protein products are function-
ally related within the intracellular IL-4/IL-13 pathway (Kelly-
Welch et al., 2003; Ermers et al., 2007; Forton et al., 2009). The
analysis was performed using statistical program STATA 8.0�

checking for homogeneity among stratums (Test of homogeneity).
In the case of significant difference between stratums (p < 0.05),
the OR and 95% CI stratified by alleles (v2 test) were reported.

3. Results

3.1. Clinical evaluation

A total of 140 patients were enrolled during the study and con-
firmation of RSV infection was achieved in 120 cases (85.7%). Of
those, 118 accepted to participate in the follow-up. According to
the severity score, 60 infants suffered a moderate RSV infection
(50.8%) and 58 manifested severe disease (49.2%). Both groups
were comparable according to demographic characteristics and
relevant epidemiological background as atopic and asthma family
history, breastfeeding, maternal smoking and number of siblings
(Table 2). Although a total of 55 patients of the moderate group
(91.6%) were hospitalized for more than 24 h in the Pediatric Sec-
tion and the other five were admitted for at least 6 h in an Obser-
vation Room in the ER, all clinical parameters included in the
scoring system were significantly different between moderate
and severe groups as shown in Table 2.

After the follow-up period, complete information was achieved
in 84 patients (71.2%), corresponding 45 to moderate RSV infection
and 39 to severe disease. No differences of age or gender were de-
tected comparing them with patients who abandoned (data not
shown). The percentages of moderate and severe cases that did
not complete the follow-up were 25% (15/60) and 32.7% (19/58),
respectively (p = 0.35). According to collected clinical data, after
one year, a total of 14 patients of the moderate RSV infection group
(31.1%) had Recurrent Wheezing diagnosis. In the severe group, 21
children had recurrent wheezing episodes, accounting to 53.8%.
Thus, according to our score, and compared to a moderate RSV
infection group, the RR to present recurrent wheezing after a se-
vere disease was 1.73 (95% CI 1.03–2.92; p = 0.035).

3.2. Genetic polymorphisms

3.2.1. Acute infection’s severity association analysis
Polymorphisms studied on genes IL-4, IL-13 and IL-4Ra were on

Hardy–Weinberg equilibrium for all cases (data not shown). Allelic
frequencies for moderate and severe RSV infection groups are
shown in Table 3. No direct allelic association with severity was
found on SNP of genes IL-4 or IL-13. After comparison of both
groups, the allele G (Arginine) on the SNP Gln551Arg of gene IL4-
Ra, was found to be more frequent in RSV cases with severe disease

http://hydra.usc.edu/gxe
http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl
http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl


Table 2
Demographic and clinical characteristics of infants with moderate and severe RSV
infection.

Moderate RSV
infection (N = 60)

Severe RSV
infection (N = 58)

p-value

Patients profiles
sex (% male) 55 55.1 0.9b

Age (months)a 2.3 ± 0.2 2.4 ± 0.3 0.9c

Siblings (n�)a 1.21 ± 0.2 1.28 ± 0.3 0.98c

Breastfeeding (%)d 79.5 84.8 0.51b

Familiar atopic history
(%)

65.9 61.7 0.67b

Familiar asthma
history (%)

28.5 23.1 0.59b

Maternal smoking (%) 34.1 21.3 0.17b

Clinical features
Length of

hospitalization
(days)a

3.43 ± 0.3 9.62 ± 0.5 <0.001c

Supplemental oxygen
requirement:

Cases (n�) 33 58 <0.001b

Length (days)a 1.32 ± 0.2 8.05 ± 0.5 <0.001c

Maximal % FiO2

administrateda
25.3 ± 0.5 41.29 ± 1.9 <0.001c

Mechanical
ventilation (n� of
cases)

0 13 <0.001b

RSV, respiratory syncytial virus; FiO2, fraction of inspired oxygen.
a Mean ± Standard Error;
b Chi square test;
c Mann–Whitney Rank Sum Test;
d Breast feeding at the moment of hospitalization.

Table 3
Allelic frequencies of studied polymorphisms in infants with moderate and severe
RSV infection.

Genetic polymorphism RSV infection

Moderate cases
(N = 120)b N (%)

Severe cases
(N = 116)b N (%)

IL-4
�589 C/T
C 82 (68) 80 (69)
T 38 (32) 36 (31)
�1098 T/G
T 102 (85) 100 (86)
G 18 (15) 16 (14)

IL-13
�1512 A/C
A 93 (77) 87 (75)
C 27 (23) 29 (25)
�1112 C/T
C 90 (75) 87 (75)
T 30 (25) 29 (25)

IL-4 Ra
Ile50 Val
Ile 65 (54) 57 (49)
Val 55 (46) 59 (51)
Gln551Arga

Gln 98 (81) 82 (71)
Arg 22 (19) 34 (29)

a Arg: OR 1.85 (1.0–3.4), p = 0.047.
b Each patient carries 2 alleles, thus N = (cases � 2).

Table 4
Genotype frequencies of studied polymorphisms in infants with moderate and severe
RSV infection

Genetic polymorphism RSV infection

mild cases
(N = 60) N (%)

Severe cases
(N = 58) N (%)

IL-4
�589 C/T
C/C 28 (46.7) 27 (46.5)
C/T 23 (43.3) 26 (44.8)
T/T 6 (10) 5 (8.6)
�1098 T/G
T/T 44 (73.3) 44 (75.9)
T/G 14 (23.3) 12 (20.7)
G/G 2 (3.3) 2 (3.4)

IL-13
�1512 A/C
A/A 35 (58.3) 33 (56.9)
A/C 23 (38.3) 21 (36.2)
C/C 2 (3.3) 4 (6.9)
�1112 C/T
C/C 33 (55) 33 (56.9)
C/T 24 (40) 21 (36.2)
T/T 3 (5) 4 (6.9)

IL-4 Ra
Ile50 Val
Ile/Ile 17 (28.3) 14 (24.1)
Ile/Val 31 (51.7) 29 (50)
Val/Val 12 (20) 15 (25.9)
Gln551Arg
Gln/Gln 42 (70) 35 (60.3)
Gln/Arg 14 (23.3) 12 (20.7)
Arg/Arga 4 (6.7) 11 (19)

a 551Arg/Arg: OR 3.3 (0.96–11.3), p = 0.045.
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(p = 0.047; OR 1.85, 95% CI: 1.0–3.4). The analysis of genotypes (Ta-
ble 4) showed no associations with the infection severity on poly-
morphisms of IL-4 and IL-13 genes. Nevertheless, in addition to the
finding on the allelic analysis, the IL-4Ra genotype 551 Arg/Arg
was more frequent in severe cases (p = 0.045; OR 3.3 95% CI:
0.96–11.3). Moreover, the analysis of haplotypes showed that in
the gen IL4Ra, the haplotype G–G (Val-Arg) on SNP Ile50Val and
Gln551Arg, respectively, was significantly higher in patients with
RSV infection (p = 0.003; OR 4.26, 95% CI: 1.4–12.8), data not
shown.

3.2.2. Recurrent wheezing association analysis
The comparison of allelic and genotypic frequencies between

Recurrent Wheezing and No Recurrent Wheezing groups is shown
in Table 5. No direct associations were found on genotypes or al-
leles for genes IL-4 or IL-13. The analysis of IL-4Ra gene, detected
that the genotype 50 Ile/Ile was more frequent in No Recurrent
Wheezers, tending to act as a protection factor (p = 0.036; OR
0.31, 95% CI: 0.09–1.06). In Table 6 is shown the analysis of wheez-
ing outcome related to the severity of the acute RSV infection.
Briefly, the groups of severe and moderate RSV infection were ana-
lyzed separately according to the development of recurrent wheez-
ing symptoms, looking for a common genetic background
associated to those clinical conditions. In addition, the genotype
Ile/Ile on SNP IL-4Ra Ile50Val had a higher frequency in moderate
RSV cases who did not developed recurrent wheezing (p = 0.046;
OR: 0.14, 95% CI: 0.01–1.3), compared with those who had a recur-
rent wheezing outcome.

No haplotypes were found significantly associated to recurrent
wheezing or no recurrent wheezing outcome after RSV bronchiolitis.

3.2.3. Gene–gene interaction analysis
The regression analysis to investigate a possible interaction be-

tween polymorphisms of genes IL-13, IL-4 and IL4Ra within intra-
cellular IL-4/IL-13 pathway, showed that comparing moderate vs.
severe RSV infection, the SNP IL-13 �1512 A/C interacts with IL-
4Ra Ile50Val (Test of homogeneity, p = 0.0077). When in gene IL-
4Ra the allele 50 Ile is present, the allele �1512C in gene IL-13 acts
as a risk factor for severity of RSV infection (p = 0.049; OR: 3.24,



Table 5
Allelic and genotypic frequencies of polymorphisms in infants according to Recurrent
Wheezing Diagnosis.

Genetic
polymorphism

Recurrent wheezing diagnosis

No recurrent wheezing
(cases = 49; alleles = 98) N
(%)

Recurrent wheezing
(cases = 35; alleles = 70) N
(%)

IL-4
�589 C/T
Allele C 63 (64) 49 (70)
C/C 21 (42.9) 15 (42.9)
C/T 21 (42.9) 19 (54.3)
T/T 7 (14.3) 1 (2.8)
�1098 T/G
Allele T 84 (86) 60 (86)
T/T 37 (75.5) 26 (74.3)
T/G 10 (20.4) 8 (22.9)
G/G 2 (4.1) 1 (2.8)

IL-13
�1512 A/C
Allele A 72 (73) 54 (77)
A/A 26 (53.1) 21 (60)
A/C 20 (40.8) 12 (34.3)
C/C 3 (6.1) 2 (5.7)
�1112 C/T
Allele C 71 (72) 54 (77)
C/C 25 (51) 21 (60)
C/T 21 (42.9) 12 (34.3)
T/T 3 (6.1) 2 (5.7)

IL-4 Ra
Ile50Val
Allele A = Ile 55 (56) 30 (43)
Ile/Ile 17 (34.7) 5 (14.3)a

Ile/Val 21 (42.9) 20 (57.1)
Val/Val 11 (22.4) 10 (28.6)
Gln551Arg
Allele G = Gln 74 (76) 54 (77)
Gln/Gln 31 (63.3) 24 (68.6)
Gln/Arg 12 (24.5) 6 (17.1)
Arg/Arg 6 (12.2) 5 (14.3)

a IL-4Ra 50Ile/Ile: OR: 0.31, p = 0.036.

Table 6
Allelic and genotypic frequencies of polymorphisms in infants with Moderate and
Severe RSV infection according to Recurrent Wheezing Diagnosis.

Genetic
polymorphism

RSV infection outcome

Moderate RSV infection Severe RSV infection

No recurrent
wheezing
(cases = 31;
alleles = 62)
N (%)

Recurrent
wheezers
(cases = 14;
alleles = 28)
N (%)

No recurrent
wheezing
(cases = 18;
alleles = 36)
N (%)

Recurrent
wheezers
(cases = 21;
alleles = 42)
N (%)

IL-4
�589 C/T
Allele C 41 (66) 18 (64) 22 (61) 31 (74)
C/C 14 (45.2) 5 (35.7) 7 (38.9) 10 (47.6)
C/T 13 (41.9) 8 (57.1) 8 (44.4) 11 (53.4)
T/T 4 (12.9) 1 (7.1) 3 (16.7) 0 (0)
�1098 T/G
Allele T 52 (84) 25 (89) 32 (89) 35 (83)
T/T 23 (74.2) 11 (78.6) 14 (77.8) 15 (71.4)
T/G 6 (19.4) 3 (21.4) 4 (22.2) 5 (23.8)
G/G 2 (6.4) 0 (0) 0 (0) 1 (4.7)

IL-13
�1512 A/C
Allele A 44 (71) 24 (86) 28 (78) 30 (71)
A/A 15 (48.4) 10 (71.4) 11 (61.1) 11 (52.4)
A/C 14 (45.2) 4 (28.6) 6 (33.3) 8 (38.1)
C/C 2 (6.4) 0 (0) 1 (5.5) 2 (9.5)
�1112 C/T
Allele C 44 (71) 24 (86) 27 (75) 30 (71)
C/C 15 (48.4) 10 (71.4) 10 (55.5) 11 (52.4)
C/T 14 (45.2) 4 (28.6) 7 (38.9) 8 (38.1)
T/T 2 (6.4) 0 (0) 1 (5.5) 2 (9.5)

IL-4 Ra
Ile50Val
Allele A = Ile 35 (56) 12 (43) 20 (56) 18 (43)
Ile/Ile 11 (35.5) 1 (7.1)a 6 (33.3) 4 (19.1)
Ile/Val 13 (41.9) 10 (71.4) 8 (44.4) 10 (47.6)
Val/Val 7 (22.6) 3 (21.4) 4 (22.2) 7 (33.3)
Gln551Arg
Allele G = Gln 48 (77) 24 (86) 26 (72) 30 (71)
Gln/Gln 19 (61.3) 11 (78.6) 12 (66.7) 13 (61.9)
Gln/Arg 10 (32.2) 2 (14.3) 2 (11.1) 4 (19.1)
Arg/Arg 2 (6.5) 1 (7.1) 4 (22.2) 4 (19)

a IL-4Ra 50Ile/Ile: OR: 0.14, p = 0.046.
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95% CI: 0.93–11.27). In contrast, according to subsequent wheez-
ing, the analysis showed a trend towards an interaction between
the SNP IL-4 �589 C/T and IL-4Ra Ile50Val (Test of homogeneity,
p = 0.056). In the presence of allele 50 Ile in the gene IL-4Ra, the
allele �589T results associated to No Recurrent Wheezing group
as a protection factor (p = 0.031; OR 0.24, 95% CI: 0.06–0.97).
4. Discussion

4.1. Clinical outcome

Prospective cohort studies have analyzed the association be-
tween severe RSV infection during infancy and recurrent wheezing
(Stein et al., 1999; Piippo-Savolainen et al., 2004; Sigurs et al.,
2010), but there is still no real consensus in the acceptance of this
issue. One of the main differences between publications is related
to the characterization of severity during the acute episode and the
definition of control groups. In our study, we performed a compar-
ison between cases classified in two objectively different severities.
Although we did not include mild outpatients or parents as control,
we compared in a longitudinal prospective approach a real severe
RSV infection group with a milder disease. This comparison, differ-
ent from those published, allowed us to conform groups that are
closer to what is occurring in hospitalized children and will be use-
ful to analyze RSV infection of that almost 100% of previously
healthy infants, where the question about which factors determine
the severity of the disease and its outcome is still unclear.
The definition of the severity in acute RSV infection, which is
mainly determined by the degree of respiratory failure, has not
been sufficiently addressed in the literature and hospitalization
requirement has been frequently used as a severity factor.
Although 96% of the children enrolled in our study were hospital-
ized during their clinical course, a 50.8% of cases corresponded to
moderate disease according to the severity score. Moreover, of
the 55 patients hospitalized with moderate disease, 40% (22 cases)
did not require supplemental oxygen during their stay, being a
group of cases that eventually could have been treated as outpa-
tients. Consequently, the use of hospitalization as a single criterion
of severity is not appropriate in our population. In this context, we
used a scoring system previously published by authors (Larrañaga
et al., 2009), which considers different clinical and none invasive
parameters to characterize the severity of the infection in view of
the entire course of the disease. Thus, the clinical presentation
was typified by a sum of factors that reflected the disease, giving
an objective and consistent final diagnosis of severity. The score
was able to distinguish significantly between the two groups.
Therefore, it is a useful tool, which may be used in future analysis,
not only related to RSV infection, but as a system for assessing
severity of bronchopulmonary diseases that determine respiratory
failure in children.
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Once characterized the acute RSV infection, the establishment
of the follow-up allowed us to confirm, in Chilean infants, the asso-
ciation of severe RSV primary infection with recurrent wheezing
during the first year after the event. Severe cases showed 1.73-fold
higher risk of having three or more episodes of wheezing during
the year after the infection. Thus, in Chilean population, the sever-
ity of the infection by the virus behaves as a marker of patients
who have almost twice the chance of developing recurrent wheez-
ing at one-year term.

Different publications have defined and classified the wheezing
episodes or phenotypes during the first years of life (Martinez
et al., 1995; Kurukulaaratchy et al., 2003; Brand et al., 2008; Spy-
cher et al., 2010). Although there is still no complete agreement
about those definitions, it is accepted that at young age the reasons
behind wheezing symptoms can be LRTI caused by viral infections
and atopic wheeze frequently exacerbated by viral infections,
especially RSV and rhinovirus (RV). In our study, since we used a
strict definition of primary respiratory tract infection, the patients
enrolled corresponded to young infants, 96% of them younger than
6 months old (113/118) with an average of 2.4 months. With this,
according to one of the most accepted definitions in literature
(Martinez et al., 1995), the severity of the acute RSV infection in
our patients was not affected by the expression of atopic or asth-
matic wheezing phenotype.

A limitation of our study is that no RV detection was performed.
Although a recent prospective multicenter report has shown that
RSV and/or RV are the major etiological causes (84.5%) of bronchi-
olitis in children under 2 years of age (Mansbach et al., 2012), their
cohort differs from ours in including older patients, with bronchi-
olitis (no matter if it was first episode), and including children with
comorbidities. Based in other reports, we can infer that percent-
ages of RSV-RV infection in the moderate and severe groups are
similar. It has been demonstrated that infection by RV is present
in similar rates on asymptomatic infants and hospitalized cases
of LRTI (Iwane et al., 2011), and no significant clinical differences
were detected comparing both viruses (Calvo et al., 2010). A per-
centage of 8.6% of co-infection with RV was detected in young in-
fants (median age: 3.3 months) hospitalized for RSV bronchiolitis
(Salvador García et al., 2012) and higher rates have been detected
in children older than one year (Korppi et al., 2004; Iwane et al.,
2011), preterm infants (van Piggelen et al., 2010), very low birth
weight infants (Miller et al., 2012) and in cases of severe LRTI from
intensive care units especially those with underlying diseases
(Louie et al., 2009). Although it is not possible to re-analyze the
samples included in this report, our group is still working in the
field, now including respiratory virus molecular diagnosis, and
we will be repo in more recent trials and we will be reporting this
findings

4.2. Genetic polymorphisms

Genetic association studies, specially the analysis of SNP in rela-
tion to host-susceptibility, require local validation in different hu-
man populations to assess their real impact. No previous
publications have addressed the question about how genetic vari-
ability in the IL-4/IL-13 pathway can influence the acute disease
and later outcome of RSV infection in Chile, therefore this study
is relevant to replicate previous findings by others (Choi et al.,
2002; Howard et al., 2002; Hoebee et al., 2003; Park et al., 2004;
Puthothu et al., 2006a; Ermers et al., 2007; Berce and Potocnik,
2010; Hesselmar et al., 2010). About the ethnic background of
the group analyzed in this study, the Chilean population is consti-
tuted, in more than 90%, by the admixture of Caucasian and South
Amerindian people. This percentage is even higher in public hospi-
tals, especially in Santiago of Chile, where this study was per-
formed (Valenzuela, 1988; Instituto Nacional de Estadísticas,
2002). With this, we can postulate that there is no effect of ethnic-
ity variability influencing the distribution of SNPs in our children.

After the analysis of association of polymorphisms in our pa-
tients, the allele G in Gln551Arg SNP (rs 1801275) was shown as
a risk factor of severe respiratory disease during primary RSV infec-
tion, and this association was detected in the analysis of alleles,
genotypes and haplotypes. At our knowledge, only one previous re-
port had shown the relation of 551Arg with severe infection for
RSV (Hoebee et al., 2003), in a group of hospitalized infants older
than 6 months of age. The substitution of adenosine for guanine
causes an amino-acid change in the intracellular domain of the
receptor (from glutamine to arginine) and it has been documented
the association of 551Arg with atopic asthma (Beghé et al., 2003;
Lee et al., 2004), non-atopic asthma (Berce and Potocnik, 2010)
and rhinitis (Bottema et al., 2010). Potential functional implica-
tions have been described in a mouse model, where the presence
of arginine at that position synergize with signal transducer and
activator of transcription (STAT) 6, and enhance the expression of
IL-4 and IL-13 regulated genes, promoting allergic inflammation
and asthma (Tachdjian et al., 2009). Moreover, a recent pharmaco-
genetic analysis has shown that this variant might influence in the
response to an IL-4/IL-13 antagonist candidate for asthma therapy,
adding evidence that this polymorphism plays an important role in
the pathogenesis of the disease (Slager et al., 2010). In our analysis,
after the follow-up, the patients with recurrent wheezing did not
show increased frequency of allele 551Arg. A possible reason is
that, after one year of pursuit, our recurrent wheezing patients
may belong to any of the phenotype groups described (Martinez
et al., 1995). The only group that is clearly identified is the No
Recurrent Wheezers. It is a period in life of wheezing infants when
is not possible to know whether that child will continue towards
the development of asthma or have transient episodes. A longer
follow up in a larger cohort where phenotype subgroups can be dif-
ferentiated is required.

Regarding to the SNP Ile50Val (rs 1805010), after the analysis of
allele frequencies, we detected that allele G (Valine) tends to be
associated with Recurrent Wheezing group of patients (p = 0.089;
OR: 1.7 CI: 0.92–3.2, not shown). In addition with the above, we
find that the genotype A/A (Ile/Ile) was more frequent in the group
of no recurrent wheezers after one year of follow-up; and more-
over, it was more frequent in those who had moderate disease
and did not developed a recurrent wheezing phenotype during
the first year after RSV infection. A previous study had shown that
the presence of the valine at the position 50 in the IL-4 receptor lo-
cated in the extracellular domain, results to an increased activation
of STAT6 and increased production of IgE in B cells (Mitsuyasu
et al., 1999). This genetic variant has also been associated with ec-
zema, atopy and asthma (Beghé et al., 2003; Chan et al., 2006; Gen-
uneit et al., 2009). Furthermore, Ermers et al. (Ermers et al., 2007)
found that the G allele (Val) was more frequent in patients who
have recurrent wheezing after 6 years from a RSV infection, when
compared with a group of non-wheezers after infection (OR = 2.54,
CI 1.00–6.44). Our results support those findings, and allow us to
propose that a common genetic background is present in those
children who manifest a milder RSV disease and do not develop
a recurrent wheezing phenotype in Chilean population.

By the analysis of gene–gene interactions within the IL-4/IL-13
pathway we obtained additional information, confirming the
importance of this approach especially in genes associated in a
functional way. Briefly, by a logistic regression analysis we can ob-
tain information of possible related effects of these single genetic
variants in a common pathway. Although a borderline p-value
and a CI including the value 1 were detected, probably due to the
size of the sample, we postulate that polymorphisms in IL-13
and IL-4 genes interact with IL-4Ra SNP, affecting susceptibility
to severe RSV infection and to later recurrent wheezing in Chilean
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population. With respect of severity, the presence of IL4Ra Ile50
determined the allele IL13 �1512C as a risk factor, confirming
the importance of this immunological pathway in our patients
(Puthothu et al., 2006a, 2006b). Previous studies have demon-
strated interactions between IL4Ra, IL-4 and IL-13 genes in asthma
susceptibility (Howard et al., 2002; Lee et al., 2004; Chan et al.,
2006; Battle et al., 2007). The analysis allowed us to detect that
SNP IL4 �589T acts as a protection factor for recurrent wheezing
in the presence of Ile50 (IL-4Ra), differing to what was previously
describe for this variant (Beghé et al., 2003). Although opposite
variations can occur according the ethnicity of the population stud-
ied, future functional studies analyzing this pathway and its genet-
ic variants are needed to suggest a possible dominance of one SNP
over the others.

RSV is still a main public health concern. The use of a score to
define RSV infection severity, a clear definition of recurrent wheez-
ing outcome, and the analysis by a candidate gene approach al-
lowed us to find genetic variations in the host that are affecting
the course of the acute disease and its outcome in Chilean children.
A characterization of a larger cohort for a longer period is needed
to define the possible phenotypic groups and to detect new genetic
markers associated with susceptibility or protection to the
infection.
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