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High titers of IgE antibody to dust mite allergen and risk for
wheezing among asthmatic children infected with

rhinovirus
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Background: The relevance of allergic sensitization, as judged
by titers of serum IgE antibodies, to the risk of an asthma
exacerbation caused by rhinovirus is unclear.

Objective: We sought to examine the prevalence of rhinovirus
infections in relation to the atopic status of children treated for
wheezing in Costa Rica, a country with an increased asthma
burden.

Methods: The children enrolled (n = 287) were 7 through 12
years old. They included 96 with acute wheezing, 65 with stable
asthma, and 126 nonasthmatic control subjects. PCR methods,
including gene sequencing to identify rhinovirus strains, were
used to identify viral pathogens in nasal washes. Results were
examined in relation to wheezing, IgE, allergen-specific IgE
antibody, and fraction of exhaled nitric oxide levels.

Results: Sixty-four percent of wheezing children compared with
13% of children with stable asthma and 13% of nonasthmatic
control subjects had positive test results for rhinovirus (P <.001
for both comparisons). Among wheezing subjects, 75% of the
rhinoviruses detected were group C strains. High titers of IgE
antibodies to dust mite allergen (especially Dermatophagoides
species) were common and correlated significantly with total
IgE and fraction of exhaled nitric oxide levels. The greatest risk
for wheezing was observed among children with titers of IgE
antibodies to dust mite of 17.5 IU/mL or greater who tested
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positive for rhinovirus (odds ratio for wheezing, 31.5; 95% CI,
8.3-108; P <.001).

Conclusions: High titers of IgE antibody to dust mite allergen
were common and significantly increased the risk for acute
wheezing provoked by rhinovirus among asthmatic children.
(J Allergy Clin Immunol 2012;129:1499-505.)

Key words: Acute asthma, dust mite—specific IgE, emergency de-
partment visits, viral respiratory tract infections, rhinovirus strain
C, total serum IgE, inhaled allergens, exhaled nitric oxide

In countries with temperate climates (eg, North America,
Europe, and Australia), viral respiratory tract infections are
associated with 80% to 90% of wheezing attacks in the pediatric
population, especially during early childhood.'* After 3 years of
age, rhinovirus accounts for 75% to 80% of the virus-induced at-
tacks leading to hospitalizations and emergency department (ED)
visits, and the majority of these children are atopic.'*> Evidence to
date also indicates that a rhinovirus infection together with sensi-
tization and exposure to inhaled allergens increases the risk for
acute symptoms, suggesting that these risk factors might act syn-
ergistically to provoke asthma exacerbations.'*® Whether these
observations can be generalized to children living in countries
with tropical climates is not clear. In studies from Brazil and Tri-
nidad, the prevalence of infections with rhinovirus among chil-
dren treated for asthma was less than half of what has been
reported in countries with temperate climates.”® Recognizing
that additional studies are needed from tropical environments to
gain a better understanding of the role of viral infections in the
cause of asthma exacerbations worldwide, the purpose of this in-
vestigation was to examine the prevalence of viral respiratory tract
infections among children treated for acute wheezing in Costa
Rica and to evaluate the results in relation to their atopic status.

Costa Rica is a small country (19,730 square miles) in Central
America with a diverse ecosystem. Similar to other countries near
the equator, Costa Rica has 2 seasons: a “dry” season (generally
December through April) and a “rainy” season (May through
November). Exposure to Helminthes, which, like environmental
allergens, can stimulate the production of IgE, is common in
economically deprived regions of Hispanic America. However,
anti-helminth medications are given annually to children in Costa
Rica starting at 1 year of age. Thus active parasitic and enteric
infections during childhood are not frequent in that country (eg,
<2% for infections with Ascaris lumbricoides).”"'°

According to school surveys and studies using the International
Study of Asthma and Allergies in Childhood questionnaire, the
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Abbreviations used
ED: Emergency department
ETS: Environmental tobacco smoke
Feno: Fraction of exhaled nitric oxide
GM: Geometric mean
ICAM-1: Intercellular adhesion molecule 1
RSV: Respiratory syncytial virus

prevalence of asthma among school-aged children in Costa Rica
(approximately 23% to 27%) is higher than in North Amer-
ica,'"'? and sensitization to allergens, espemally to allergens pro-
duced by house dust mites, is common.'? At present, however,
there is little information about the relevance of viral infections
to acute attacks of asthma in this country. Additionally, recent ev-
idence from countries with temperate climates suggest that group
C strains of rhinovirus might be strongly related to asthma exac-
erbations compared with other strains.'*'® This information is
also lacking in studies of asthma in tropical countries. Thus our
objective was to investigate the relationship between respiratory
tract viruses, including different strains of rhinovirus, and epi-
sodes of asthma requiring acute treatment. Additionally, we
took advantage of the dominance of dust mite sensitization in
Costa Rica to investigate the relationship of titers of IgE anti-
bodies to exacerbations of asthma with or without evidence of a
recent viral infection.

METHODS
Study population

This was a cross-sectional case-control investigation of 287 children aged 7
to 12 years enrolled in the ED of the Hospital Nacional de Ninos, the main
tertiary care hospital for children in San José, Costa Rica, where the majority
of children are seen for trauma, wheezing illnesses, vomiting, diarrhea,
abdominal pain, and fever. Subjects included 96 children referred to the acute
care nebulization room for wheezing by a triage physician. They required at
least a nebulized bronchodilator (albuterol) for treatment. Children seen in the
ED for nonwheezing disorders (n = 191) were enrolled as control subjects.
They included 65 children who had been hospitalized or treated in the ED or
who had been using medications prescribed by a physician for asthma during
the last 12 months. Data from the latter group, who were defined as having
“stable asthma” at the time of enrollment, were compared with data obtained
from the actively wheezing children and other nonwheezing control subjects
in a post hoc analysis. Children with chronic lung disease, congenital heart dis-
ease, or immunodeficiency or oncologic disorders were not enrolled.

The subjects included 137 children (44 with wheezing) enrolled in
February 2009 during the dry season, when children in Costa Rica begin the
school year, and 150 children (51 with wheezing) enrolled in October 2009
during the rainy season, 1 month before the end of the school year.
Demographic information and subjects’ characteristics were obtained from
questionnaires administered to parents. The questionnaires focused on each
child’s history for asthma treatments, family history for allergic disorders, and
environmental tobacco smoke (ETS) exposure at home. Informed consent was
obtained from parents, and informed assent was obtained from children who
participated. The study was approved by the Ethics Committee at the Hospital
Nacional de Ninos and by the Institutional Review Board at the University of
Virginia.

Virus detection

Nasal washes were obtained for viral analyses, as described in the Methods
section in this article’s Online Repository at www.jacionline.org. Initially,
they were evaluated for rhinovirus by using RT-PCR, as described
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previously.'”"'® Other respiratory viral pathogens were evaluated by using
real-time PCR assays obtained from the Centers for Disease Control and Pre-
vention, according to published procedures.'®?® These assays included tests
for rhinovirus, as well as tests for influenza A (including HIN1) and B; respi-
ratory syncytial virus (RSV); human metapneumovirus; parainfluenza viruses
1, 2, and 3; coronaviruses (229E, OC43, NL63, and HKU1 species); and ad-
enovirus. A high degree of concordance was observed between RT-PCR and
real-time PCR methods for detecting rhinovirus (percentage of absolute agree-
ment, 93.3%; 95% CI, 89.8% to 95.9%). Additionally, strains of rhinovirus
and enterovirus were identified by means of PCR and sequencing of a region
comprising the VP4 and partial VP2 capsid protein genes.>'"*

Measurements of total serum IgE, allergen-specific
IgE antibody, and fraction of exhaled nitric oxide
levels

Blood (5 mL) was obtained by means of venipuncture, and serum from each
sample was analyzed for the total IgE level by using the Phadia InmunoCAP
assay (Phadia, Uppsala, Sweden). Each sample was also analyzed for allergen-
specific IgE antibody to dust mite (Dermatophagoides pteronyssinus, Derma-
tophagoides farinae, and Blomia tropicalis), Alternaria species, Aspergillus
species, cockroach (Periplaneta americana and Blattella germanica), Bahia
grass, cat and dog allergens, and A lumbricoides. Sera with 0.35 IU/mL or
greater IgE antibody to any of the allergens tested were considered positive
for allergen sensitization. Fraction of exhaled nitric oxide (FEno) levels
were measured with a portable FENO analyzer (NIOX MINO; Aerocrine,
Inc, New Providence, NJ).

Statistical analysis

Questionnaire data and frequencies for positive test results for viral
pathogens and allergen sensitization were analyzed by using robust exact
binomial and exact multinomial contingency table methods. Binomial con-
tingency table hypotheses were evaluated by using the exact binomial test,
whereas multinomial contingency table hypotheses were evaluated by using
the Pearson exact goodness-of-fit test. For both the binomial and multinomial
contingency table analyses, the 2-sided null hypothesis rejection rule was set
at a P value of .05 or less. Multivariate logistic regression was used to deter-
mine whether a child’s wheezing status was associated with rhinovirus infec-
tion and atopic status. Tests of association were based on the type IIl Wald x>
statistic, and a P value of .05 or less was used to identify significant associa-
tions. Total serum IgE levels, titers of allergen-specific IgE antibody, and FENO
levels were analyzed on a logarithmic scale by using 2-way ANOVA. The 2
sources of variation considered in the ANOVA were the study group and the
season of data collection. The rejection rule for hypothesis testing was based
on a P value of .05 or less, and 95% CI construction for the ratio of the geo-
metric means (GMs) was based on the Student ¢ test distribution. The statisti-
cal software package SAS version 9.2.2 (SAS Institute, Inc, Cary, NC) was
used to conduct statistical analyses.

RESULTS
Demographics and subjects’ characteristics

Among the control children enrolled who presented to the ED
with a diagnosis that did not involve breathlessness, 34% (65/191)
had stable asthma, as judged by parental report of treatment
regimens. The percentages of the 96 wheezing children and those
with stable asthma who had required hospitalization or treatment
in the ED or who used medications (bronchodilator, controller, or
both) for asthma during the last 12 months were similar (Table I).
A minority of children in this study were exposed to ETS at home
(23%), more often from the father. Children with stable asthma
had less exposure to ETS at home, and they used inhaled and nasal
steroids daily more often than children enrolled for wheezing
(Table I). More detailed comparisons for children enrolled in
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TABLE I. Demographics and subjects’ characteristics (February
and October enrollments combined)
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TABLE Il. Percentage of children with positive test results for
common respiratory tract pathogens by means of real-time PCR*

Children with  Children with  Control Children with Children with Control
current wheeze stable asthma subjects current wheeze stable asthma subjects
(n = 96) (n = 65) (n = 126) (n = 96) (n = 64) (n = 126)

Mean age (y) 8.8 9.1 9.4 Any virus 83% (80)§ 17% (11) 21% (27)

Sex (% male) 58% 58% 47% Rhinovirus, all groups 64% (61)§ 13% (8) 13% (17)

ED treatment for asthma, 90% 85% NA Group CY T5% (46)§ 50% (4) 35% (6)
last 12 mo Group A 25% (15)% 25% (2) 47% (8)

Hospitalization for asthma, 10.5% 15.4% NA Group B 1% ()| 25% (2) 18% (3)
last 12 mo RSV 10.4% (10)% 0% (0) 1% (1)

Asthma medication use Metapneumovirus 2.0% (2) 3.1% (2) 1% (1)
Last 12 mo T8% 83% NA Parainfluenza virus 2.0% (2) 0% (0) 0% (0)
Last month 60% 51% NA (1, 2, and 3)

Percent with daily use of: Adenovirus 2.0% (2) 0% (0) 1.6% (2)
Inhaled steroids 36% 54% NA Coronavirus# 2.0% (2) 1.6% (1) 4.0% (5)
Nasal steroids 5%9 26% NA Influenza A and B** 2.0% (2) 0% (0) 1% (1)
Montelukast 13% 14% NA Enterovirustt 6.3% (6)T 1.6% (1) 1% (1)

>10 d of school missed for 26% 32% NA *The percentage of children with positive test results for each virus is shown in the
asthma . table, followed by the number of children with positive test results in parentheses.

Worst season (% dry/rainy/ 49%159%/37%  2%/66%/33% NA Significant differences between wheezing versus nonwheezing children (children with
not seasonal)* stable asthma and nonasthmatic subjects combined) are indicated as follows: TP <.05,

Family history of asthma 1P <.01, and §P <.001.

Motherf 30%|| 31%8§8§ 10% | This subject had positive test results for both group A and B strains.
Father 17%|| 18%11 4% YPercentage of children with positive test results for rhinovirus with positive test

ETS exposure 26%9 11% 27%7%1 results for group C, A, or B strains.

ETS exposure from mother 4% 5% 6% #Results forA coronavirus include positive test results for 229E, NL63, OC43, and

ETS exposure from father 13% 3% 18%t+ HKUI species.

NA, Not applicable.

Symbols marking significant differences between groups include the following:
wheezing children versus nonasthmatic control subjects (P <.05, §P <.01, and ||P <
.001); wheezing children versus children with stable asthma (P < .05, #P <.01, and
*##P <.001); and children with stable asthma versus nonasthmatic control subjects
(1P < .05, {iP <.01, and §§P <.001). More details are shown in Table El.
*Percentage of parents reporting that their child’s asthma was worse during the rainy
or dry season or that their symptoms were not seasonal. Both wheezing children and
those with stable asthma had symptoms that were worse during the rainy than the dry
season (P <.001) or compared with children whose symptoms were not seasonal (P <
.05).

FFor children with wheezing and those with stable asthma, the maternal history for
asthma was significantly higher than the paternal history for asthma (P <.05).

February and October are shown in Table E1 in this article’s On-
line Repository at www.jacionline.org.

Virus identification

The percentage of children with positive test results for any
virus was significantly greater among wheezing children than
among those with stable asthma or nonasthmatic control subjects
(Table II). The percentages were similar among wheezing chil-
dren during both enrollment periods (84% in February and 83%
in October). The percentage of those with positive test responses
for rhinovirus was also significantly greater among the wheezing
children during both enrollment periods but greater among
wheezing children enrolled in February (80% [35/44]) than in Oc-
tober (48% [25/51], P <.029, Fig 1). Based on real-time PCR re-
sults, rhinovirus accounted for 74% of the viral pathogens
detected (Table II). RSV and enterovirus (predominantly strain
68) were the only other pathogens significantly associated with
wheezing (10.4% and 6.3%, respectively), and these 2 viral path-
ogens were only detected in washes from children who were en-
rolled in October (Fig 1 and Table II).

Gene sequencing revealed that 75% of the nasal washes with
positive test results for rhinovirus from wheezing children were

**0One wheezing subject and 1 nonasthmatic control subject enrolled in October had a
positive test result for 2009 HIN1. One wheezing subject had a positive test result for
influenza B and for RSV.

+1Six of the 8 positive test results for enterovirus were positive for strain 68, which
was previously reported to induce attacks of asthma in children.?

positive for group C strains and 25% were positive for group
A strains (Table II). The percentage of rhinoviruses identified as
group C was similar among wheezing children enrolled in Febru-
ary and October (71% and 82%, respectively; P =.35). Four of the
8 patients with stable asthma with positive test results for rhinovi-
rus also had positive test results for the group C strain. By compar-
ison, 6 and 8 of the 17 rhinoviruses detected in washes from
nonasthmatic control subjects were group C and A strains, respec-
tively (P =.79). Only 6 children had positive test results for group
B strains, 1 of whom was enrolled for wheezing. Additional infor-
mation about the rhinovirus strains detected is shown in Table E2
in this article’s Online Repository at www.jacionline.org.

Assessments of total IgE and allergen-specific IgE
antibody levels

The GMs for total IgE in sera from wheezing children (482 IU/
mL; 95% CI, 363-640 IU/mL) and patients with stable asthma
(332 IU/mL; 95% CI, 235-469 IU/mL) were not significantly
different (P = .10), but both values were higher than the total IgE
levels from the nonasthmatic control subjects (86 IU/mL; 95% CI,
67-1111U/mL; P <.001). Ninety-six percent of the wheezing chil-
dren, 84% of the children with stable asthma, and 54% of the non-
asthmatic control subjects had at least 1 positive test result for
IgE antibodies to any allergen tested (P < .001 for patients
with wheezing or stable asthma compared with control subjects;
P <.05 for patients with wheezing compared with those with sta-
ble asthma; Table III). The most frequent IgE antibody responses
were to dust mite allergens (ie, D pteronyssinus, D farinae, or B
tropicalis), and a strong correlation was observed between
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FIG 1. Percentage of children with positive test results by using real-time
PCR for rhinovirus (RV; blue columns), enterovirus (HEV; orange columns),
or RSV (yellow columns), each of which was significantly associated with
wheezing, as noted in Table Ill. Data are shown for children enrolled in Feb-
ruary during the dry season and October during the rainy season. Of the 3
viruses, only rhinovirus was present in nasal secretions from subjects in
February. P = .029 for the comparison of positive test results for rhinovirus
(80% [35/44]) in February versus October (48% [25/51]).

positive test results for IgE antibodies to D pteronyssinus and D
farinae (ry = 0.95; 95% CI, 0.94-0.96; P < .001). Among the
wheezing and stable asthma groups, both the prevalence of sensi-
tization and the GMs of IgE antibody titers to allergens from each
of the mite species were significantly greater compared with re-
sults from the nonasthmatic control subjects (P < .001, Table
IIT). In addition, when adjusted for sensitization to the other aller-
gens, dust mite was the only allergen sensitization that remained
significantly associated with asthma (adjusted odds ratio, 4.9
[95% CI, 2.1-11.6] for IgE to B tropicalis and 2.7 [95% CI, 1.2-
6.4] for IgE to D pteronyssinus).

Sensitization to the cockroach species B germanica and P
americana and to the helminth A lumbricoides was also greater
among the wheezing children and those with stable asthma com-
pared with that seen in the nonasthmatic control subjects (Table
IIT). However, the prevalence of sensitization and titers of IgE an-
tibodies (GMs) to these allergens were much lower than values for
any of the dust mite species. Additionally, a strong correlation
was observed between total serum IgE levels and the titers of
IgE antibodies to D farinae, D pteronyssinus, or B tropicalis
among asthmatic subjects (wheezing and stable asthmatic chil-
dren combined: r = 0.72, 0.75, and 0.69, respectively; each P <
.001). Data on other allergens and for IgE values in February
and October are shown in Table E3 in this article’s Online Repos-
itory at www.jacionline.org.

Odds ratio for wheezing based on titers of IgE
antibodies and positive tests for rhinovirus

After adjusting for other viral pathogens and specific IgE
antibodies, the main pathogenic factor that remained significantly
associated with wheezing among the children enrolled was a
positive test for rhinovirus (adjusted odds ratio, 14.3;95% CI, 5.6-
36.4; P <.001). The odds for wheezing, however, were strongly
influenced by the titer of IgE antibodies to dust mite allergen.
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Among 45 children with titers of IgE antibodies to D pteronyssi-
nus of 17.5 IU/mL or greater and a positive PCR test result for rhi-
novirus, 42 (93%) children required treatment for acute wheezing
(odds ratio, 31.5; 95% CI, 8.3-108) compared with 16 (70%) of 23
children with titers of IgE antibodies between 0.35 and 17.4 U/
mL (odds ratio, 12.3; 95% CI, 3.8-39; Table IV). Moreover, the
probability of being enrolled for acute wheezing based on logistic
regression analyses was significantly associated with increasing
titers of IgE antibodies to D pteronyssinus (Fig 2, A), and this
risk was substantially higher among those with positive test re-
sults for rhinovirus (Fig 2, B). The relationship between IgE anti-
body titers and group C rhinovirus strains was the same as that for
group A rhinovirus (Table IV). In addition, despite smaller num-
bers, the other 2 viruses associated with wheezing (RSV and en-
terovirus) show the same trend (see Table E4 in this article’s
Online Repository at www.jacionline.org).

Rhinovirus, IgE antibodies, and Feno levels

FEno levels (GMs) were significantly higher among wheezing
children (35 ppb; 95% CI, 29-41 ppb) and those with stable
asthma (25 ppb; 95% CI, 21-31 ppb) compared with levels among
nonasthmatic control subjects (14 ppb; 95% CI, 12-16 ppb; P <
.001 for both comparisons and P < .05 for wheezing compared
with children with stable asthma). FEno levels were also higher
among those with positive test results compared with those seen
in subjects with negative test results for rhinovirus (40 compared
with 28 ppb, P =.038) but were similar among those with positive
test results for group C and group A strains (42 vs 36 ppb, respec-
tively; P = .52). A positive correlation was observed between
Feno levels and titers of IgE antibodies to mite in sera from chil-
dren within each enrollment group (Fig 3). By contrast, FENO
levels were not associated with sensitization to the cockroach spe-
cies or Ascaris species.

DISCUSSION

Infections with rhinovirus, most often group C strains, were
strongly associated with active wheezing among children (aged
7-12 years) living in Costa Rica. Most of the wheezing children
(96% in this study) were atopic, and a large majority of them
(93%) were sensitized to dust mite allergen. Moreover, the titers
of IgE antibody to dust mite among children enrolled for
wheezing, as well as those with stable asthma, were significantly
greater than to any other allergen tested. Taken together, this is the
first study to demonstrate that children with high titers of IgE
antibodies, which in this study were predominantly to dust mite
allergen, had the greatest risk for an attack of wheezing provoked
by rhinovirus. Additionally, the results demonstrate that the
pathogenic effects of individual strains of rhinovirus and other
respiratory tract viruses might be difficult to determine without
understanding the atopic characteristics of the host.

The rationale for enrolling subjects in the ED was that children
could be evaluated without knowledge about their atopic status or
whether they were recently infected with a viral pathogen. In this
population, subjects enrolled for wheezing and those with stable
asthma had similar allergen-specific IgE responses, and their total
IgE and Feno levels were significantly increased compared with
those of the nonasthmatic control subjects. After adjusting for
atopic characteristics, exposure to ETS at home, and daily use of
inhaled and nasal steroids, the main pathogenic factor that
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TABLE lll. Assessments of allergen-specific IgE antibody levels (February and October enroliments combined)

Children with current wheeze (n = 95)

Children with stable asthma (n = 65)

Control subjects (n = 123)

% Positiveit IgE antibody titers38

% Positivei

IgE antibody titers38 % Positiveit IgE antibody titers38

IgE antibody (IU/mL) to:

Any allergen 961§ NA 841+ NA 54 NA
Dust mite

D pteronyssinus 907 25 (16-39)18 7871 11 (6-18)tt 40 1.2 (0.8-1.8)

D farinae 931§ 18 (12-27)1§ 781 8 (5-12)tt 39 1.1 (0.8-1.5)

B tropicalis 901 12 (8-18)% 811 8 (5-12)FF 40 1.0 (0.7-1.4)
Other allergens

B germanica 53% 1.8 41%* 3.2# 24 1.6

P americana 381 14 331+ 1.7 11 1.3

A lumbricoides 42% 0.7 36%* 0.7 18 0.4

Alternaria species 4% 24 3 ND 0 ND

Aspergillus species 12+ 0.9 10# 0.6 2 1.2

Dog dander 25% 1.3 18%* 1.1 6 1.3

Cat dander 16 1.8 15 2.9 8 2.1

Bahia grass 11 14 13 4.8 7 1.7

NA, Not applicable; ND, not determined.

Symbols marking significant differences between groups include the following: children with wheezing versus nonasthmatic control subjects (*P <.05, 1P <.01, and {P <.001);
children with wheezing versus those with stable asthma (§P <.05, P <.01, and P <.001); and children with stable asthma versus nonasthmatic control subjects (#P <.05, **P <.01,

and TP <.001).

}iPercentage of children with IgE antibody levels of 0.35 IU/mL or greater to each allergen.
§§IgE antibody titers are shown as GMs. GMs are followed by 95% Cls in parentheses for the dust mite species. GMs for other allergens include only children whose allergen-

specific IgE levels were 0.35 IU/mL or greater.

TABLE IV. Odds ratio for wheezing based on positive test results for rhinovirus and titers of IgE antibodies (in international units per

milliliter) to dust mite (D pteronyssinus)

Titer of IgE antibodies to mite: <0.35 IlU/mL

0.35-17.4 lU/mL >17.5 IU/mL

No. PCR negative  PCR positive (A/C)*

PCR negative

PCR positive (A/C)* PCR negative  PCR positive (A/C)*

Wheezing children 95 5 41 (2/2)

Nonwheezing childrenf 186 73 15 (6/5)
Stable asthma 63 13 2 (0/1)
Control 123 60 13 (6/4)

Odds ratio§ 3.89 (0.9-16), P = .07

8 16 (3/10) 20 42 (8/30)
43 7 (213) 45 3(12)
12 5(172) 31 1 (0/1)
31 2 (1/1) 14 2 (D)

12.3 (3.8-39), P <.001 31.5 (8.3-108), P <.001

*The number in parentheses indicates the number of subjects with positive test results for group A and group C strains of rhinovirus.

TTwo of these 4 children had IgE antibody to B tropicalis: 24.3 and 1.66 1U/mL.
1Children with stable asthma combined with nonasthmatic control subjects.

§0dds ratio for wheezing among rhinovirus-positive (real-time PCR) compared with rhinovirus-negative subjects.

differentiated the children who required treatment for wheezing
from those with stable asthma was a positive test for rhinovirus.

In previous studies from Brazil and Trinidad, rhinovirus
infections were not associated with attacks of asthma as strongly
as has been reported in studies from countries with temperate
climates.”® Differences in lifestyle (eg, quality of drinking water,
rates of helminth infection, and amount of time spent indoors [at
home or in school]) might explain differences in the rates of infec-
tion; however, both Costa Rica and the region of Brazil around Sao
Paulo have developing westernized lifestyles, and a strong associ-
ation between atopy and asthma was observed in both countries.
Strains of rhinovirus within groups A, B, and C were also evalu-
ated for all positive tests for rhinovirus in our study. The majority
of wheezing children were infected with group C strains (ie, 75%
positive for group C and 25% positive for group A strains; both
significantly associated with wheezing [Table II]). Other studies
of children treated for exacerbations of asthma have also reported
a higher frequency of infection with group C strains. 1415 Thys far,
no studies have shown a significant association between asthma
and group B strains.

Information about the relationship between rates of infection
with strains A, B, and C in the general population is unclear. Data
from the nonasthmatic control subjects in the present investiga-
tion, as well as from younger children evaluated for respiratory
tract infections in other studies, suggest that the frequency of
infections with group A and C strains might be similar.'®' This
suggests that the airway in patients with asthma might be more
susceptible to infections with group C strains. At present, the re-
ceptor used by group C viruses to infect epithelial cells is not
known. The cell-surface receptor used by group A strains is
the adhesion molecule intercellular adhesion molecule
1 (ICAM-I).23’24 Previous studies, including our own, indicate
that the expression of ICAM-1 (both soluble and membrane
ICAM-1) is reduced in the asthmatic airway,>>*® which might
give group C viruses a selective advantage for infecting the asth-
matic respiratory tract epithelium. In our patient population FENO
and specific IgE levels were similar among children infected with
group C and group A strains. Recently, the significance of allergy
in response to rhinovirus was also suggested by the significant de-
crease in asthma exacerbations among children treated with
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FIG 2. Probability of current wheezing based on increasing titers of IgE antibodies to D pteronyssinus in
children with negative test results for rhinovirus by using real-time PCR (A) compared with children with

positive test results for rhinovirus (B).
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FIG 3. Relationship between measurements of FEno levels (in parts per bil-
lion) and increasing titers of IgE antibodies to D pteronyssinus. Results are
shown for children with titers of IgE antibodies of 0.35 IlU/mL or less, 0.35 to
17.4 IlU/mL, and 17.5 IU/mL or greater. GM values for FEno for each group
are shown in red.

omalizumab, a subset of whom were infected with RV.?” The ben-
eficial effects of inhaled corticosteroids, which also reduce Ty2
inflammation and prevent asthma exacerbations during child-
hood, also support this observation.”%%’

High rates of sensitization to dust mite among children with
asthma in Costa Rica have been described, and persistent
humidity there favors mite growth throughout the year.13’3° Al-
though measurements of allergen exposure in homes of the chil-
dren enrolled were not done, previous investigations from Costa
Rica suggest that exposure levels based on measurements of

guanine to estimate mite allergen concentrations in dust samples
are increased throughout the year but might be higher during the
rainy season. ® Persistent humidity supporting mite growth is also
present in New Zealand and the United Kingdom, where high ti-
ters of IgE antibodies to dust mite and the risk of asthma have also
been observed.*!*? In the present study high titers of IgE antibody
to dust mite were strongly associated with asthma and signifi-
cantly increased the risk for acute wheezing more than to any
other allergen tested. Most striking was the significant increase
in the probability of wheezing with a recent rhinovirus infection
among children with titers of IgE antibodies to D pteronyssinus
of 17.5 IU/mL or greater. Other environmental antigens capable
of stimulating IgE antibodies might exist that were not evaluated.
However, as judged by the prevalence and titers of IgE antibody,
none of the other allergens included in this study compared with
the results observed for dust mite.

The observation that the generation of FENo in the asthmatic air-
way correlates with sensitization and exposure to inhaled allergens
has been described previously, and levels of FENO among the asth-
matic children (both those with current wheeze and stable asthma)
in the present study were significantly higher than those among the
nonasthmatic control subjects.”'34 These results are consistent
with results from our experimental challenges with RV-16, dem-
onstrating that the levels of FENO were significantly increased be-
fore the virus inoculation among asthmatic patients with high
levels of total IgE.?* Together, the results suggest that preexisting
allergic inflammation is the main risk factor for an asthmatic re-
sponse to rhinovirus. In the present study the positive correlation
between titers of IgE to D pteronyssinus, D farinae, or B tropicalis
and FeNo levels provides further evidence for the relevance of dust
mite allergen to the pathogenesis of airway inflammation.

In conclusion, this investigation highlights the significant risk
for asthma attacks caused by rhinovirus among children with high
titers of IgE antibodies, which was most often associated with
sensitization to dust mite allergen in Costa Rica. Thus far,
antiviral treatments, including vaccines, to treat infections with



J ALLERGY CLIN IMMUNOL
VOLUME 129, NUMBER 6

rhinovirus have been difficult to develop because of antigenic
diversity among rhinovirus strains. The predisposition of asth-
matic patients to become infected with group C strains might offer
a more targeted approach for developing antiviral treatments.
However, this approach would not be effective for the 40% of
wheezing children who did not have positive test results for
rhinovirus in this study and might not be effective in preventing
attacks of asthma caused by group A strains. Alternatively,
treatments focused on decreasing allergic airway inflammation
could provide a broader approach to prevent and/or decrease the
severity of asthma exacerbations caused by rhinovirus. Thus
results from this study provide strong evidence that characterizing
the atopic status of asthmatic children in greater detail, including
their titers of allergen-specific IgE antibodies, is needed both to
enhance investigations focused on mechanisms of rhinovirus-
induced attacks of asthma and to identify children who are most
likely to benefit from allergen-specific therapies.

We thank Lyn Melton for her time and help in preparing this manuscript.

Key messages

o Rhinovirus infections, both group C and group A strains,
were significantly associated with asthma exacerbations
among Costa Rican children evaluated during the dry
and rainy seasons.

Most asthmatic children (93% with current wheeze) were
sensitized to dust mite allergen, and titers of IgE to mite
allergens correlated significantly with levels of total IgE
and FEno.

High titers of allergen-specific IgE to dust mite signifi-
cantly increased the risk for acute wheezing provoked
by rhinovirus.
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METHODS
Method for collecting nasal washes for viral
analyses

Nasal washes were obtained for viral analyses from each child while they
were breath holding in a sitting position. By using a Mucosal Atomizing
Device (Wolfe Tory Medical, Inc, Salt Lake City, Utah), 1.5 mL of PBS was
instilled into each nostril. Each nostril was washed separately. Wash fluid and
secretions were aspirated immediately by using a BBG Nasal Aspirator

J ALLERGY CLIN IMMUNOL
JUNE 2012

(Codan US Corp, Santa Ana, Calif) into a sterile mucus trap attached to wall
suction. One milliliter of PBS containing 0.25% gelatin for stabilization of
protein in the wash fluid was aspirated through the suction device to rinse any
residual secretions into the trap. The combined washes from both nostrils
resulted in volumes of 2.5 to 3 mL of wash fluid and nasal secretions. A plastic
transfer pipette was used to mix secretions with wash fluid, and 1-mL aliquots
were frozen at —80°C for subsequent analyses.
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TABLE E1. Demographics and subjects’ characteristics (February compared with October enroliments)

Nonasthmatic control

Children with current wheeze Children with stable asthma subjects
February October February October February October
(n = 44) (n =51) (n = 35) (n = 30) (n = 57) (n = 69)

Mean age (y) 8.7 9.0 9.3 8.8 9.8 9.1
Sex (% male) 57% 59% 54% 63% 39% 54%
ED treatment for asthma, last 12 mo¥q 89% 90% 91% 77% NA NA
Hospitalization for asthma, last 12 mo## 7% 14% 6% 27%%% NA NA
Asthma medication use

Last 12 mo*#* 82% 74% 86% 80% NA NA

Last month 43% T4%$§§ 31% 73%||| NA NA
Percent with daily use of:

Inhaled steroids 36%|| 35% 66% 40% NA NA

Nasal steroids 4%|| 6%$§ 31% 20% NA NA

Montelukast 11% 14% 15% 17% NA NA
>10 d of school missed for asthmafit 18%3§$§ 33% 26% 40% NA NA
Indoor dog/cat exposuref}i 9%*/23% 6%118% 9%*123% 13%/20% 25%/16% 13%/22%
Worst season (% dry/rainy/not seasonal)§§§ T%164%/129% 2%/154%/44 % 5%168%/26% 0%/62%/38% NA NA
Family history of asthma:

Mother 14%§8§ 43%7% 26%** 37%** 5% 14%

Father 20% 14% 17%# 20%# 2% 6%
ETS exposure|||||| 20% 31% 11% 10% 28% 26%
ETS exposure from motherqqq 2% 6% 6% 3% 9% 9%
ETS exposure from father### 7% 18%§ 3% 3% 21%# 17%#

NA, Not applicable.

Symbols marking significant differences between groups within each enrollment period include the following: wheezing children versus nonasthmatic control subjects (*P <.05,
+P <.01, and {P <.001); wheezing children versus children with stable asthma (§P <.05, ||P <.01, and P <.001); and children with stable asthma versus nonasthmatic control
subjects (#P <.05, **P <.01, and 1P <.001). Significant differences between the February and October enrollments for each group are indicated as follows: 1P <.05, §§P <.01,
and ||||P <.001.

qqPercentage of children requiring treatment in the ED or hospitalization for asthma during the last 12 months.

#Percentage of children using medications (bronchodilator, controller, or both) for asthma during the timeframe indicated.

##+Percentage of children using inhaled corticosteroids, nasal steroids, or montelukast daily.

FtiPercentage of children who missed more than 10 days of school for asthma during the previous year.

tiiPercentage of children with dog or cat exposure in the home.

§8§8§Percentage of parents reporting that their child’s asthma was worse during the rainy or dry season or that their asthma symptoms were not seasonal. Both wheezing children and
those with stable asthma enrolled in February and October experienced more asthma symptoms during the rainy compared with the dry season (P <.001).

[llll|Percentage of children exposed to at least 1 person at home who smoked 5 or more cigarettes a day.

9 9Percentage of children whose mother or father smoked 5 or more cigarettes a day.
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TABLE E2. Gene sequencing identification of rhinovirus strains according to group (A, B, or C)
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Group A

Group C

Group B

Strain

Positive test
results per strain

Strain

Positive test
results per strain

Strain

Positive test
results per strain

Children with current wheeze RVA(7)
RVA(24)
RVA(33)
RVA(44)
RVA(46)
RVA(58)
RVA(68)
RVA(94)
RVA(98)*

Children with stable asthma RVA(1B)
RVA(NT)

Control subjects RVA(36)
RVA(39)
RVA(46)
RVA(82)
RVA(89)
RVA(NT)

NS}

L N R NS B N N S S B

RVC

RVC

RVC

46

RVB(86)*

RVB(48)
RVB(86)
RVB(83)
RVB(86)

1

D = = =

NT, New type.
*Coinfection with RVA(98) and RVB(86).



TABLE E3. Assessments of total IgE, allergen-specific IgE antibody, and Feno levels (February compared with October enrollments)

Children with current wheeze (n = 95) Children with stable asthma (n = 65) Control subjects (n = 123)
February (n = 43) October (n = 52) February (n = 35) October (n = 30) February (n = 57) October (n = 66)
IgE IgE IgE IgE IgE IgE
antibody antibody antibody antibody antibody antibody
% Positive§s titers|||| % Positive§s titers|||| % Positive8$ titers|||| % Positive8$ titers|||| % Positive8s titers|||| % Positive8s titers||||
Total serum IgE 456 (332-627)% 504 (377-673)% 328 (164-657)** 374 (206-681)1t 111 (76-162) 86 (59-127)
(IU/mL)%t
Feno (ppb) 41 (32-53)i§ 30 (24-37)% 27 (21-36)% 23 (17-32)* 13 (10-16) 15 (13-19)
IgE antibody (IU/mL) to:
Any allergen 93% NA 98% NA 79%* NA 90+ NA 49 NA 58 NA
D pteronyssinus 861 21 (11-4D)i 92% 29 (16-53)% T4+ 8 (4-17)tT 83+ 15 (7-34)7t 35 1.2 (0.7-2.2) 44 1.2 (0.7-2.1)
D farinae 881 18 (10-32)18 967 19 (11-32)% 74+ 6 (3-12)11 831t 10 (5-20)1t 37 1.1 (0.6-1.8) 41 1.1 (0.7-1.7)
B tropicalis 91% 12 (7-22)% 90% 12 (7-21)% T4%* 6 (3-11)Tt 90+ 10 (5-20)Ft 40 0.9 (0.5-1.5) 39 1.1 (0.7-1.8)
B germanica 481 1.6 581 2.0 41 2.5 40 4.2# 23 1.9 24 1.4
P americana 36* 1.2 381 1.6 32# 1.3 33k 2.3 14 1.2 9 1.4
A lumbricoides 51% 1.6 35 2.0 30%* 2.1 434# 2.1 18 1.0 18 1.0
Alternaria species 0 NA 8 24 3 NA 4 NA 0 NA 0 NA
Aspergillus species 7 0.7 167 0.9 12 0.8 7 0.5 4 0.8 2 2.6
Dog dander 17 1.1 317 1.4 9 1.1 26%* 1.1 9 1.0 3 2.0
Cat dander 12 1.3 20% 2.1 12 2.1 18 3.9 10 1.8 6 2.6
Bahia grass 7 1.9 14 1.2 12 13.5 14 1.7 7 1.0 6 2.9

NA, Not applicable.

Symbols marking significant differences between groups within the same enrollment period (February or October) include the following: wheezing children versus nonasthmatic control subjects (*P <.05, P <.01, and {P <.001);
wheezing children versus children with stable asthma (§P < .03, |P <.01, and P <.001); and children with stable asthma versus nonasthmatic control subjects (#P <.05, **P < .01, and 1P <.001).

11GMs for total serum IgE and FeNo levels are followed by 95% CIs in parentheses.

§§Percentage of children with IgE antibody levels of 0.35 IU/mL or greater to each allergen.

|[|[TgE antibody titers are shown as GMs. GMs for the dust mite species are followed by 95% Cls in parentheses. GMs for other allergens include only children whose allergen-specific IgE levels were 0.35 IU/mL or greater.
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TABLE E4. IgE antibody and group of subjects testing positive for enterovirus or RSV
Specific IgE antibody titers
Virus Group B germanica D pteronyssinus D farinae B tropicalis Cat dander Ascaris species Total IgE  Feno (ppb)
Enterovirus*  Current wheeze <0.35 94.7 53.1 1.20 <0.35 <0.35 591 12
Current wheeze <0.35 3.67 2.31 <0.35 <0.35 <0.35 100 31
Stable asthma 0.64 8.96 4.90 2.98 <0.35 <0.35 273 26
Current wheezet 1.77 782 415 558 <0.35 0.93 4712 14
Current wheeze <0.35 2.52 194 89.3 <0.35 4.11 769 24
Current wheeze <0.35 651 362 22.5 174 <0.35 1365 62
Current wheeze <0.35 2.31 1.32 6.77 <0.35 <0.35 181 22
RSV Control <0.35 12.5 7.47 3.61 <0.35 0.37 119 31
Current wheeze <0.35 <0.35 0.59 0.68 <0.35 <0.35 144 5
Current wheeze 0.71 77.9 34.0 5.84 <0.35 <0.35 414 29
Current wheeze 0.54 19.8 7.96 3.82 <0.35 <0.35 890 14
Current wheeze <0.35 25.0 6.48 130 10.1 2.99 543 48
Current wheeze] 0.47 <0.35 <0.35 <0.35 <0.35 <0.35 55 19
Current wheeze 1.11 1.08 0.72 <0.35 <0.35 <0.35 460 11
Current wheeze <0.35 186 75.1 23.9 <0.35 0.61 476 29
Current wheeze <0.35 12.3 11.0 30.3 <0.35 <0.35 102 20
Current wheeze <0.35 192 78.4 38.8 <0.35 <0.35 638 6

Titers of specific and total serum IgE antibodies are in international units per milliliter. Specific IgE antibody titers in boldface are considered positive, and those in italics are
considered high titer (>17.5 TU/mL).

*One control subject did not have serum IgE data but had positive results for enterovirus by using real-time PCR on nasal secretions.
TThis subject with current wheeze was coinfected with enterovirus and RSV.
1This subject with current wheeze was coinfected with RSV and human rhinovirus group C.
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