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To the Editor:

Bronchiolitis is the leading cause of hospitalizations in U.S. infants. In addition to the acute
morbidity, cohort studies have also shown that 30%—-40% of infants hospitalized for
bronchiolitis (severe bronchiolitis) develop childhood asthma.l Particularly, early life
infection with rhinovirus (RV) — the second most common pathogen of bronchiolitis — is
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associated with an increased risk of childhood asthma.l Yet, the mechanism through which
RV raises asthma risk in infants is largely unknown. Experimental models and human (cross-
sectional and retrospective) studies have reported that RV infection may induce type 2
cytokines (e.g., interleukin [IL]-4, IL-5, IL-13, thymic stromal lymphopoietin [TSLP]) and
that the levels of these cytokines are elevated in the asthmatic airway.2 However, no
prospective study has investigated the longitudinal relation of type 2 airway inflammation in
children — let alone infants with bronchiolitis — to the development of childhood asthma. To
address this knowledge gap, we prospectively examined the association of nasopharyngeal
cytokines in infants with RV bronchiolitis with the risk of developing childhood asthma, by
using data from a multicenter cohort of infants with severe bronchiolitis.

Details of the study design, samples, measurement, and analysis may be found in the Online
Supplement (Supplemental Methods). Briefly, this multicenter prospective cohort study, the
35th Multicenter Airway Research Collaboration (MARC-35),%6 enrolled 1,016 infants
(aged <12 months) hospitalized for bronchiolitis at 17 sites across 14 US states (Table E1)
during the 2011-2014 winter seasons. Bronchiolitis was defined by the American Academy
of Pediatrics guidelines.” In addition to the phenotypic data measurement via structured
interview and medical record review, nasopharyngeal airway samples were collected within
24 hours of hospitalization using a standardized protocol.>6 Levels of 10 nasopharyngeal
cytokines (IL-4, IL-5, IL-10, IL-12, IL-13, IL-25, IL-33, interferon [IFN]-B, macrophage
inflammatory protein[MIP]-1a, and TSLP) were quantified using electrochemiluminescence
immunoassays. Respiratory viruses were tested using real-time PCR assays for RV and
respiratory syncytial virus (RSV). To quantify the relative RV genomic load, cycle threshold
(CT) values — the number of amplification cycles needed for a positive PCR test result —
were used. The primary outcome was asthma at age 4 years based on a commonly-used
epidemiologic definition — i.e., physician diagnosis of asthma plus either asthma medication
use or asthma-related symptoms in the past year.8 For the current study, we analyzed 132
infants with RV bronchiolitis who underwent nasopharyngeal cytokine measurement. To
examine the association of exposures (cytokine levels and RV genomic load) with asthma,
we used generalized linear mixed-effects models, adjusting for potential confounders (age,
sex, parental history of asthma, breathing problems prior to enrollment, IgE sensitization
[aeroallergens or food], and virology [solo RV, RV/RSV coinfection]) and hospital-level
clustering. As the models indicated statistically significant virology—exposure interactions,
we then stratified the analysis by virology.

Of 132 infants with severe RV bronchiolitis, the median age was 4 (IQR 2-6) months, 64%
were male, 40% were non-Hispanic white, and 55% had RSV coinfection. Asthma was
observed in 30% of children at age 4 years (Table 1 and E2). There were statistically-
significant interactions between virology and six cytokine levels (IL-4, IL-5, IL-13, IFN-B,
MIP-1a., and TSLP) on the asthma risk (Pinteraction<0-05), indicating that exposure-asthma
associations differ between solo RV infection and RV/RSV coinfection. Indeed, in infants
with solo RV infection, the cytokine levels (IL-4, IL-5, and TSLP) and RV genomic load
significantly differed between those with and without asthma (unadjusted P<0.05; Table E3)
while there were no differences in those with RV/RSV (unadjusted P>0.05). Heatmap
(Figure E1) also showed that distributions of these type 2 cytokines differed by virology and
outcome. In the adjusted analysis (Figures 1 and E2), only infants with solo RV bronchiolitis
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had significant associations of higher type 2 cytokine levels (IL-4, IL-5, IL-13, and TSLP)
with an increased risk of asthma (adjusted P<0.05). In the sensitivity analysis using
normalized cytokine levels and the subgroup analysis excluding infants with a breathing
problem prior to enrollment, the results were similar (Figures E3 and E4).

These findings are concordant with previous cross-sectional and retrospective studies that
suggested potential interrelations between RV infection, type 2 cytokines (e.g., IL-4, IL-5,
IL-13, TSLP), and asthmatic airway inflammation.2~* The current prospective study builds
on these earlier reports, and extends them by demonstrating the prospective association
between type 2 cytokine levels in the airway of infants with solo RV bronchiolitis and the
risk of developing asthma. The mechanisms underlying these findings warrant further
investigation. It is possible that severe RV infection is an early marker of T2 bias in
predisposed infants, which leads to augmented RV infection and replication.3 Yet, our data
also showed no significant correlations between serum total IgE levels and nasopharyngeal
cytokine levels (Table E4). Alternatively, the association may be causal—i.e., severe RV
bronchiolitis modulates host airway response towards type 2 inflammation and damages the
airways during early infancy — a crucial period of lung development.! Furthermore, these
possibilities are not mutually exclusive and may jointly contribute to disrupted epithelial
barrier, exaggerated inflammation, and airway injury, thereby leading to the development of
asthma. Notwithstanding the complexity, our data, in conjunction with earlier studies,
provide an evidence base for early identification of children at high risk for asthma, as well
as the development of targeted prevention strategies (e.g., immunomodulators).

Our study has potential limitations. First, bronchiolitis involves inflammation of the lower
airways in addition to the upper airways. Although our study was based on the
nasopharyngeal samples, studies have shown that upper airway sampling provides reliable
representation of the lung inflammatory profiles.® Second, the study did not have
information from “healthy controls”. However, the objective was to examine the role of RV
infection and host response on the development of asthma among infants with severe
bronchiolitis. Third, we used an epidemiologic definition of asthma at age 4 years while
diagnosis of asthma at this age can be challenging. To address this important point, the study
population is currently being followed longitudinally up to age 6 years. Finally, although
MARC-35 samples consist of racially/ethnically- and geographically-diverse US sample, our
findings may not be generalizable beyond infants with severe RV bronchiolitis (e.g., infants
with solo RSV infection). Regardless, bronchiolitis accounts for 130,000 hospitalizations
annually, with RV being the second most common causative virus.> Additionally, further
understanding of infants at highest risk could better delineate the mechanisms of asthma
development in larger populations.

In summary, higher type 2 cytokine (IL-4, IL-5, IL-13, and TSLP) levels in the airway of
infants with solo RV infection were associated with a greater risk of developing childhood
asthma. Our data should advance research not only into understanding the mechanisms
linking early RV infection to incident asthma but also into developing potential strategies for
asthma prevention.
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Figure 1. Association of nasopharyngeal type 2 cytokine levels and rhinovirus genomic load in
infants hospitalized for bronchiolitis with risks of asthma at age 4 years, according to virology

The fitted lines represent locally estimated scatterplot smoothed (loess) curves for infants
with solo RV infection and those with RV/RSV coinfection. Only in infants with solo
bronchiolitis, there were significant associations of nasopharyngeal A) IL-4, B) IL-5, C)
IL-13, D) TSLP levels and E) RV genomic load (lower cycle threshold [CT] value indicates
higher genomic loads) with a significantly higher risk of asthma at age 4 years with the use
of generalized linear mixed-effects model. The grey bar represents the range in which 95%
of data are present. The results of all cytokines are presented in Figures E2 and E3 (Online

Supplement).

Abbreviations: IL, interleukin; RSV, respiratory syncytial virus; RV, rhinovirus; TSLP,
thymic stromal lymphopoietin.
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Table 1.

Characteristics and clinical presentation of 132 infants hospitalized for rhinovirus bronchiolitis, by asthma
status at age 4 years

No asthma Asthma P-value
Variables n=92 (70%) n=40 (30%)
Characteristics at hospitalization for bronchiolitis
Age (mo), median, (IQR) 4 (2-6) 5(3-9) 0.02
Male sex 55 (60) 29 (72) 0.23
Race/ethnicity 0.21
Non-Hispanic white 42 (46) 11 (28)
Non-Hispanic black 20 (22) 14 (35)
Hispanic 27 (29) 14 (35)
Other 3(3) 1(3)
Parental history of asthma 29 (32) 22 (55) 0.02
Parental history of eczema 14 (15) 13 (33) 0.04
Maternal smoking during pregnancy 11 (12) 4 (10) 0.60
Mode of birth (c-section) 24 (26) 14 (35) 0.40
Prematurity (32-37 weeks) 19 (21) 10 (25) 0.75
Previous breathing problems before the index hospitalization * 20 (22) 17(43) 0.03
History of eczema 10 (11) 11 (28) 0.03
Ever attended daycare 28 (30) 13 (33) 0.98
Household sibling 74 (80) 35 (88) 0.46
Breastfed 42 (46) 21(53) 0.64
Smoke exposure at home 13 (14) 2 (5) 0.22
Corticosteroid use in lifetime 11 (12) 16 (40) 0.001
Presentation and course at hospitalization for bronchiolitis
Weight at presentation (kg), median (IQR) 6.2 (4.9-7.7) 7.4 (5.7-8.8) 0.02
Laboratory testing
Coinfection with RSV 58 (63) 15 (38) 0.01
Blood eosinophil count/ul, median (IQR) 170 (70-30) 100 (20-200) 0.16
Serum total 250HD (ng/ml), median (IQR) 24.8 (16.9-31.2) 26.7 (18.5-34.0) 0.51
Serum LL-37 (ng/ml), median (IQR) 54.0 (40-70) 62.0 (42.0-75.0) 0.29
SIgE sensitization” 9(10) 10(25) 0.04
Food sensitization 9 (10) 10 (25) 0.04
Aeroallergen sensitization 1(1) 0 (0) 0.99
Clinical course
Intensive care use? 12 (13) 5(13) 0.99
Use of mechanical ventilation 2(2) 2 (5) 0.75
Chronic outcome
Recurrent wheeze by age 3 years$ 21(29) 31(78) <0.001

Data are no. (%) of infants unless otherwise indicated. Percentages may not equal 100, because of rounding and missingness.
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Abbreviations: IQR, interquartile range; RSV, respiratory syncytial virus; sIgE, specific immunoglobulin E; 250HD, 25-hydroxyvitamin D.

*
Defined as an infant having cough that wakes him/her at night and/or causes emesis, or when the infant has wheezing or shortness of breath
without cough before the index hospitalization
fDefined by having one or more positive values for serum allergen-specific IgE at the index hospitalization
by

Defined as admission to intensive care unit and/or use of mechanical ventilation (continuous positive airway pressure and/or intubation during
inpatient stay, regardless of location) at any time during the index hospitalization

§Defined as having at least two corticosteroid-requiring exacerbations in six months or having at least four wheezing episodes in one year that last
at least one day and affect sleep
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