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Mouse Sensitization and Exposure Are Associated
with Asthma Severity in Urban Children
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What is already known about this topic? Mouse sensitization and allergen exposure have been linked to poor asthma
control.

What does this article add to our knowledge? In this study, mouse sensitization and allergen exposure are also
associated with asthma severity, which is a predictor of poor outcomes in adulthood.

How does this study impact current management guidelines? Intervening upon mouse sensitization or exposure in
this population has the potential to reduce asthma severity.

BACKGROUND: Mouse sensitization and exposure are
associated with uncontrolled asthma, but whether they are
associated with asthma severity, an intrinsic disease characteristic
and long-term outcome predictor, is unclear.
OBJECTIVE: To examine relationships between mouse
sensitization and/or exposure and asthma severity in urban
children.
METHODS: A total of 645 children (5-17 years) with
uncontrolled asthma underwent mouse sensitization evaluation.
Sensitized children had mouse allergen measured in bedroom
dust. Relationships between mouse sensitization, allergen levels,

and asthma severity measures (treatment step and Composite
Asthma Severity Index [CASI]) were examined using regression
models adjusted for age, sex, atopy, study site, race, ethnicity,
and insurance.
RESULTS: The study population was predominantly minority
(69.6% black, 20.8% Hispanic), low income (61.8%), and
mouse sensitized (54.4%). Mean – SD treatment step was
3.2 – 1.6, equivalent to medium-dose inhaled corticosteroid.
Mean – SD CASI was 6.5 – 3.4, reflecting moderate persistent
asthma. Mouse sensitization was associated with higher treat-
ment step (3.5 vs 2.9, mouse-sensitized vs nonsensitized,
P < .001), independent of potential confounders (b [95% CI],
0.36 [0.07-0.64]; P [ .01). Mouse sensitization was associated
independently with CASI (b [95% CI], 0.82 [0.16-1.47];
P[ .02). Among mouse-sensitized participants, higher bedroom
floor and bed Mus m 1 were independently associated with
treatment step (b [95% CI], 0.26 [0.09-0.43]; P [ .002 and
b [95% CI], 0.22 [0.01-0.43]; P [ .04), respectively. Higher
bedroom floor Mus m 1 was independently associated with CASI
(b [95% CI], 0.43 [0.05-0.81]; P [ .03).
CONCLUSIONS: Mouse sensitization and exposure are
associated with asthma severity, among low-income, minority
children. Further studies are needed to determine whether
reducing allergen exposure among mouse-sensitized patients
with asthma can reduce severity, ultimately altering childhood
asthma natural history. � 2016 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract 2016;-
:---)
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Although asthma controller medication is very effective in
improving asthma control and reducing morbidity, studies have
shown repeatedly that inhaled corticosteroids have little effect on
the natural history of the disease.1,2 In addition, allergen
immunotherapy appears to have little effect on the natural

aDivision of Pediatric Allergy/Immunology, Johns Hopkins School of Medicine,
Baltimore, Md

bDepartment of Environmental Health Sciences, Columbia University, New York,
NY

cDivision of Pediatric Allergy/Immunology, Boston Children’s Hospital, Harvard
Medical School, Boston, Mass

dDepartment of Pediatrics, University of Maryland School of Medicine, Baltimore,
Md

eDivision of Pulmonary, Allergy and Critical Care Medicine, Department of Medi-
cine, Columbia University, New York, NY

This study is registered under NCT01251224 at clinicaltrials.gov. This study was
supported by the National Institutes of Health (grant nos. U01 Al 083238, K24 AI
106822, K24 AI114769 R01 ES023447, P50ES015903, and P01 ES018176).

Conflicts of interest: M. Perzanowski and R. Miller have received research support
from the National Institutes of Health (NIH). M. E. Bollinger has received
research support from the NIH/National Institute of Allergy and Infectious Dis-
eases (grant no. RO1 NCT01251224). E. Matsui has received research support
from the NIH; has received consultancy fees from the Environmental Defense
Fund, Dwight, and Church LLC; and has received lecture fees from Thermo-
Fisher. The rest of the authors declare that they have no relevant conflicts of
interest.

Received for publication March 17, 2016; revised October 1, 2016; accepted for
publication October 26, 2016.

Available online --

Corresponding author: Elizabeth C. Matsui, MD, MHS, The Johns Hopkins Hos-
pital, CMSC 1102, 600 N Wolfe St, Baltimore, MD 21287. E-mail: ematsui@
jhmi.edu.

2213-2198
� 2016 American Academy of Allergy, Asthma & Immunology
http://dx.doi.org/10.1016/j.jaip.2016.10.020

1

http://clinicaltrials.gov
mailto:ematsui@jhmi.edu
mailto:ematsui@jhmi.edu
http://dx.doi.org/10.1016/j.jaip.2016.10.020


Abbreviations used
CASI- Composite Asthma Severity Index
FVC- Forced vital capacity

MAAIT-Mouse Allergen and Asthma Intervention Trial

history of disease among children with asthma,3-5 and there is
limited long-term data on the effect of omalizumab on the
natural history of asthma. There is a need, then, to develop a
better understanding of the modifiable risk factors for poor long-
term outcomes to develop approaches aimed at altering the
natural history of the disease. Studying risk factors for long-term
outcomes is difficult because the natural history of childhood
asthma plays out over several decades. However, examining
current asthma severity among children can lend insight into
outcomes in adulthood because asthma severity in childhood is a
predictor of poor outcomes in adulthood.3,6-9

Because indoor allergen exposure causes airway inflammation
and decrements in lung function among sensitized children with
established asthma,10,11 it is possible that it is responsible for
greater disease severity, which is a strong predictor of long-term
outcomes, including adult lung function and asthma that per-
sists in adulthood.3,6,7 Although many previous studies have
examined relationships between allergic sensitization and/or
exposure and asthma control, few studies have examined re-
lationships between allergen sensitization and/or exposure and
asthma severity among children with established asthma. Because
childhood asthma severity is a predictor of worse long-term
outcomes, the question of whether an indoor allergen, such as
mouse or cockroach allergen, contributes to asthma severity has
important implications for the potential role of allergen exposure
reduction in modifying the natural history of the disease. We
therefore tested the hypothesis that indoor allergen sensitization
and/or exposure contributes to asthma severity by examining
relationships between mouse allergen sensitization and/or expo-
sure and markers of disease severity in a population of low-
income, predominantly minority children and adolescents with
persistent asthma. We also examined the relationship between
cockroach allergen sensitization and markers of disease severity
because cockroach is also known to be associated with asthma
morbidity in this population.12

METHODS

Study population and recruitment procedures

As part of screening for a multicenter, randomized controlled trial
of an environmental intervention, the Mouse Allergen and Asthma
Intervention Trial (MAAIT), 746 children aged 5 to 17 years with
persistent asthma and a recent exacerbation completed a screening
clinic visit. Six hundred forty-five children had valid skin test data
and were included. The analyses related to mouse and cockroach
sensitization. Participants with a mouse-specific IgE level of 0.10
kU/L or more or a positive mouse skin test result (wheal size � 3
mm) were eligible for the baseline home visit. Four hundred ninety-
five participants completed the baseline home visit, and 461 of these
participants met the more stringent criteria for mouse sensitization of
a mouse-specific IgE level of 0.35 kU/L or more or a positive mouse
skin test result and comprised the analysis population for the
exposure analyses (Figure 1).

Recruitment occurred between December 2010 and August
2014. Participants were recruited from pediatric emergency rooms,

primary care clinics, and specialty clinics and had physician-
diagnosed asthma at least 1 year before the screening visit. Persis-
tent asthma was defined as use of a long-term controller medication
or fulfillment of National Asthma Education and Prevention Pro-
gram guidelines for persistent disease.13 An exacerbation was defined
as an asthma-related emergency room or urgent care visit, overnight
hospitalization, or oral steroid burst in the last 12 months. Children
were screened for eligibility over the phone and those who met initial
inclusion criteria were invited for a screening clinic visit. The study
was approved by the Johns Hopkins Medicine and Boston Chil-
dren’s Hospital institutional review boards. Written, informed
consent was obtained from parents or guardians of participants.

Clinic visit procedures
A questionnaire was administered to collect socioeconomic,

clinical, and environmental data. Trained research assistants
administered the asthma symptoms and health care use question-
naire to primary caregivers of children aged 5 to 11 years and to
adolescents aged 12 to 17 years.12,14 Questionnaires that captured
sociodemographic and home environmental data were administered
to the primary caregiver. Medication use was captured by a ques-
tionnaire and information obtained from medications that were
brought to the clinic visit by study participants.

Participants underwent skin testing for 14 aeroallergens using the
MultiTest II device (Lincoln Diagnostics, Decatur, Ill): dog, cat,
Dermatophagoides pteronyssinus, Dermatophagoides farinae, rat
epithelia, German cockroach, American cockroach, mouse epithelia,
tree mix, grass mix, Alternaria, Aspergillus, common ragweed, and
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FIGURE 1. Flow diagram depicting derivation of study population
used for the sensitization and exposure analyses.
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