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Do Baseline Asthma and Allergic Sensitization
Characteristics Predict Responsiveness to Mouse
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What is already known about this topic? Mouse allergen reduction is associated with improvements in asthma among
sensitized and exposed children with asthma.

What does this article add to our knowledge? The effect of mouse allergen reduction among mouse-sensitized and
-exposed children on asthma outcomes may be modified by baseline clinical characteristics.

How does this study impact current management guidelines? Findings suggest that interventions aimed at reducing
mouse allergen exposure should not be restricted to populations with certain clinical characteristics, especially given that
mouse allergen reduction is a low-risk and modest cost intervention.
BACKGROUND: Mouse allergen reduction is associated with
improvements in asthma among sensitized and exposed children,
but whether clinical characteristics predict responsiveness to
allergen reduction is unclear.
OBJECTIVE: To examine the effects of clinical characteristics on
relationships between mouse allergen reduction and asthma
outcomes.
METHODS: We performed a secondary analysis of data from a
randomized clinical trial of a mouse allergen intervention,
examining the effects of atopy, demographic characteristics, lung
function, asthma control, and asthma severity on relationships
between mouse allergen reduction and asthma outcomes.
RESULTS: Participants were predominantly low-income and
minority (78% black, 22% Hispanic), and had persistent asthma.
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Abbreviations used

ACT- A
sthma control test

FVC- F
orced vital capacity

IPM- In
tegrated pest management

IQR- In
terquartile range

SPT- S
kin prick test
CONCLUSIONS: Although there may be variability in the
clinical response to mouse allergen reduction among low-
income, minority children with asthma, there were no clinical
characteristics that clearly identified a subgroup at which the
intervention should be targeted. � 2019 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2019;-:---)

Key words: Allergen exposure; Allergen sensitization; Allergen
exposure reduction; Mouse allergen exposure; Atopy; Allergic
asthma

INTRODUCTION

Exposure and sensitization to 1 or more of the major indoor
allergens is strongly linked to asthma morbidity among children
and adolescents.1-7 Also, there is an emerging body of evidence
that reducing exposures, even to a single allergen in some pop-
ulations, is associated with improvement in asthma outcomes.7-17

Children living in low-income, urban environments are partic-
ularly affected by indoor allergen exposure, often to pest aller-
gens, which are major contributors to asthma morbidity in this
population.1,2,5,11,13 Although interventions targeting pest
allergens in this population can be efficacious, there is variability
in clinical responses to allergen reduction, with some benefiting
more than others. The predictors of response to allergen reduc-
tion are not well understood, and may be important for under-
standing how best to tailor home-based interventions targeting
indoor allergen exposure.

We therefore sought to identify clinical characteristics that
predict greater clinical response to allergen reduction. We used
data from the Mouse Allergen and Asthma Intervention Trial,
which was a randomized clinical trial that tested the effect of an
intensive mouse allergenetargeted integrated pest management
(IPM) intervention plus pest management education, as
compared with pest management education alone, among 5- to
17-year-olds with persistent asthma and mouse sensitization and
exposure. In this trial, there were no differences in mouse
allergen exposure or clinical outcomes between groups, but
across the whole population, substantial reductions in mouse
allergen were observed, which were associated with improve-
ments in measures of asthma control and exacerbation-related
outcomes.12 To test our hypothesis that there are clinical char-
acteristics that predict a greater clinical response to mouse
allergen reduction, we examined the effects of baseline degree of
atopy, demographic characteristics, and lung physiology on re-
lationships between mouse allergen reduction and asthma out-
comes in this population of urban, predominantly black and
Latino/Hispanic, mouse-sensitized and -exposed 5- to 17-year-
olds with persistent asthma.
METHODS

Study design
We performed a secondary analysis investigating relationships

between study-participanteassociated characteristics, mouse allergen
reduction, and symptom- and exacerbation-related asthma out-
comes. We analyzed data from an institutional review
boardeapproved randomized clinical trial of 361 children and ad-
olescents living in the Baltimore and Boston metropolitan areas, who
were followed for 1 year. In the Mouse Allergen and Asthma
Intervention Trial, participants were randomized to receive either an
intensive mouse allergenetargeted, professionally delivered IPM
intervention plus pest management education or pest management
education alone, and for the purposes of this analysis the groups were
combined because there were no statistically significant differences in
mouse allergen concentrations or asthma-related outcomes between
the 2 groups. In this secondary analysis, the subset of participants
who were not wheezing at the baseline visit, and therefore under-
went skin testing to common environmental aeroallergens, were
included, resulting in a sample size of 297 children and adolescents.
Study participants
Children and adolescents were recruited from emergency

departments, outpatient primary care, and subspecialty clinics, and
databases of previous study participants who had given permission to
be contacted. Themajor eligibility criteria were as follows: ages 5 to 17
years at enrollment, physician-diagnosed asthma or asthma symptoms
for at least 1 year, met National Asthma Education and Prevention
Program criteria for persistent asthma or had been prescribed a
controller medication, had an exacerbation in the previous 12months,
sensitized to mouse (either a positive skin prick test result [net wheal
�3 mm] or a positive mouse urine-specific IgE � 0.10 kU/L), and
highly exposed to mouse allergen (�0.40 mg/g of Mus m 1 in the bed
settled dust or �0.50 mg/g of Mus m 1 in bedroom settled dust).
Written consent was obtained from the parent/guardian, and assent
was obtained from children and adolescents.
Pest management education and professionally

delivered IPM

Pest management education. After randomization, pest
management education regarding pest control measures was deliv-
ered to both the IPM intervention plus pest management education
and pest management education alone groups at a home visit and
included written information about and demonstration of setting
mouse traps, sealing of holes and cracks, and general housekeeping
practices.
Professionally delivered IPM. The IPM group received tar-
geted cleaning delivered to remove allergen reservoirs, placement of
traps, extermination with rodenticide tracking powder, sealing of
holes and cracks, installation of allergen-proof mattress and pillow
encasements (CleanBrands LLC, Warwick, RI), and 2 portable air
purifiers (Filtrete Room Air Purifier, 3M). Each primary treatment
was of 2 to 2.5 hours followed by a 1-hour booster visit, approximately
4 weeks apart. Home visits occurred every 3 months to assess infes-
tation. If infestation was persistent or recurred, an additional treat-
ment was delivered. The pest management education alone group
participants were offered an IPM intervention home visit after
completing the study.



TABLE I. Study population characteristics (n ¼ 297)

Characteristic

Demographic n (%)

Age (y), mean � SD 9.8 � 3.2

Sex: male 189 (64)

Black race 231 (88)

Hispanic ethnicity 65 (22)

Socioeconomic measures

Public insurance 259 (78)

Study site

Baltimore 201 (68)

Boston 96 (32)

Asthma symptoms and medication use (d/2 wk) Median (IQR)

Maximum symptoms* 2 (0-6)

General symptoms 2 (0-4)

Slowed symptoms 1 (0-3)

Speech symptoms 0 (0-0)

Running symptoms 1 (0-3)

Nocturnal symptoms 0 (0-2)

Cough symptoms 0 (0-3)

SABA use 3 (0-7)

Asthma-related health care use n (%)

ED visits in previous year 232 (78)

Hospitalization in previous year 74 (25)

OCS use in previous 3 mo 137 (46)

Prebronchodilator lung physiology

FEV1†, mean � SD (%) 95.2 � 18.3

FVC†, mean � SD (%) 100.3 � 15.2

FEV1/FVCz (%) 80.9 (8.6)

Bronchodilator reversibility �12%z, n (%) 99 (37)

ED, Emergency department; OCS, oral corticosteroid; SABA, short-acting b-agonist.
*Largest value across 3 types of symptom outcomes (slowed, nocturnal, and
general).
†n ¼ 279.
zn ¼ 266, restricted to �8 y.
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Clinic visits

Outcome measures. Asthma-related outcomes were assessed
by questionnaires administered by a trained research assistant at
clinic visits at baseline, 6 months, and 12 months or by telephone
calls at 3 and 9 months. Questionnaires captured controller medi-
cation treatment step (considered a measure of asthma severity),
asthma control test (ACT), symptom-related asthma outcomes,
asthma-related health care use, and medication use. Symptom out-
comes were the number of days with symptoms and number of days
of rescue medication use in the 2 weeks before a visit or telephone
call. The primary outcome, maximal symptom days, was defined as
the largest value among the following 3 symptom variables: days of
slowed activity due to asthma; days of wheezing, coughing, or chest
tightness; and nights of waking with asthma symptoms in the
previous 2 weeks. Exacerbation-related outcomes included asthma-
related acute health care use (hospitalizations, emergency depart-
ment visits, and unscheduled doctor’s office visits) and oral steroid
use in the previous 3 months. An acute care visit was defined as any
hospitalization, emergency department visit, or unscheduled doctor’s
office visit.

Allergy skin testing. Allergy skin prick testing was performed
to 14 common aeroallergens at the baseline visit by using a multi-
tester device (Multitest II; Lincoln Diagnostics, Decatur, Ill). The
allergens tested were as follows: mouse epithelium, dog, cat, Der-
mataphagoides pteronyssinus, Dermataphagoides farinae, rat epithelia,
German cockroach, American cockroach, tree mix, grass mix,
Alternaria species, Aspergillus species, common ragweed, and Cla-
dosporium species (Stallergenes Greer, London, United Kingdom).
A positive skin test response was defined as a net wheal diameter
greater than or equal to 3 mm larger than that achieved with the
negative control, and a positive histamine control.

Pulmonary function testing. Pre- and postbronchodilator
spirometry was performed according to the American Thoracic So-
ciety guidelines using the Koko spirometer.18 Pulmonary function
measurements of pre- and postbronchodilator FEV1 and forced vital
capacity (FVC) were collected at baseline, 6 months, and 12 months.
Prebronchodilator lung function tests were defined by the National
Asthma Education and Prevention Program guidelines: FEV1/FVC
% less than 85%. Bronchodilator reversibility was defined as a 12%
or more increase in FEV1.

19 These measures were restricted to
participants aged 8 years and older, because the Hankinson equa-
tions are valid down to the age of 8 years.20

Home visits

Indoor allergen measures. Mouse allergen (Mus m 1) con-
centrations were measured by ELISA in dust samples collected from
the bed, bedroom floor, and air from the participant’s bedroom at
baseline and every 3 months. Cockroach allergen (Bla g 2) con-
centrations were also measured at baseline and every 3 months, but
only in bed dust samples. Other major indoor allergens (Fel d 1, Can
f 1, Bla g 2, Der p 1, Der f 1, and Rat n 1) were measured in bed
dust samples at baseline only.

Statistical analyses
We performed a secondary analysis of data from the Mouse

Allergen and Asthma Intervention Trial to determine whether
baseline clinical characteristics modified the effect of mouse allergen
reduction on asthma outcomes. Mouse allergen levels were assessed
every 3 months for a 1-year period and modeled as a time-varying,
continuous log2-transformed variable. Symptom-related outcomes
were expressed as days/2 wk, and exacerbation-related outcomes
were expressed as counts of the event over the previous 3 months, so
both types of outcomes were considered to have a Poisson distri-
bution. OCS use was expressed as a dichotomous variable indicating
whether the participant reported OCS use in the previous 3 months
or not and therefore binomial models were used. The baseline
clinical characteristics that were prespecified as potential effect
modifiers were degree of atopy (�6 vs <6 positive skin test results)
and mouse-specific IgE. Post hoc potential effect modifiers included
age, sex, lung function, bronchodilator reversibility, controller
medication treatment step, and ACT score. A high degree of atopy
was defined as 6 or more positive skin test results because 6 was the
median number of positive skin prick tests; mouse-specific IgE was
divided into tertiles; age was dichotomized at the median age of 9
years; abnormal baseline lung function was defined as FEV1/FVC
ratio of less than 85% on the basis of the National Asthma Edu-
cation and Prevention 2007 guidelines,19 and bronchodilator
reversibility was defined as greater than or equal to 12% on the basis
of American Thoracic Society criteria.18 Baseline controller medi-
cation treatment step was used as a measure of asthma severity: mild
to moderate asthma was defined as being on treatment step 1 to 3,
and moderate to severe asthma was defined as being on treatment



TABLE II. Aeroallergen sensitization characteristics (n ¼ 297)

Characteristic

Highly atopic (�6 þSPT results), n (%) 162 (55)

Mouse-specific IgE (kU/L*), median (IQR) 10.3 (1.7-38.5)

Skin test sensitivity, n (%)

Rat 207 (77)

Grass 180 (61)

Cockroach 162 (55)

Cat 159 (54)

Dust mite 132 (44)

Tree 127 (43)

Mold† 100 (34)

Ragweed 96 (32)

Dog 67 (23)

SPT, Skin prick test.
*n ¼ 296.
†Included Aspergillus mix and Alternaria tenuis.

TABLE III. Aeroallergen exposure characteristics (n ¼ 297)

Characteristic Median (IQR)

Mouse allergen exposure (mg/g)

Bedroom floor dust 6.0 (1.6-21.0)*

Bed dust 1.0 (0.4-3.27)*

Other indoor allergens (mg/g)
Cat 0.100 (0.011-0.660)†

Dog 0.067 (BD-0.554)†

Cockroach BD (BD-BD)†

Dust mite BD (BD-BD)†

BD, Below lower limit of detection.
*These concentrations are generally considered high and associated with asthma
morbidity.4,22

†These concentrations are generally considered low.22
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step 4 to 519; uncontrolled asthma was defined as an ACT score of
19 or less, and well-controlled asthma was defined as an ACT score
of more than 19 using the child ACT/ACT tool.21

Mixed-effects general linear models were used to model relation-
ships between mouse allergen reduction and asthma outcomes. We
stratified these analyses by degree of atopy, mouse-specific IgE, age,
baseline lung function, and bronchodilator reversibility to determine
whether there was evidence to suggest effect modification. To test for
effect modification, we included an interaction term (ie, baseline
clinical characteristic � � log2 (mouse allergen level)) in the final
models. Final models were adjusted for age, sex, race, insurance, and
atopy. Other indoor allergens (cockroach, dust mite, dog, and cat),
treatment step, and site were not included in the final models because
they did not influence the overall results. Analyses were performed
with STATA/IC 15.0 software (StataCorp, College Station, Tex). A P
value of less than .05 was considered statistically significant for both
main effects and interactions.

RESULTS

Study population characteristics
The mean age of our study population was 9.8 � 3.2 years,

with a range from 5 to 17 years. The population was predomi-
nantly male, minority (78% black, 22% Hispanic), and of low
socioeconomic status (Table I). Participants had a median
(interquartile range [IQR]) of 2 days (0-4 days) of cough,
wheeze, or chest tightness and 3 days (0-7 days) of rescue
medication use in the past 2 weeks. Seventy-eight percent and
25% of participants reported an emergency department visit and
hospitalization in the past year, respectively. Most participants
had a prebronchodilator FEV1/FEV of less than 85% (63%) and
63% of participants had bronchodilator reversibility. Of the 297
participants, 294, 282, 277, and 270 participants contributed
data to the analysis at the 3-, 6-, 9-, and 12-month follow-up
visits, respectively. There were 297 observations for dust sam-
ple data at visit 0, 292 for visit 1, 277 for visit 2, 268 for visit 3,
and 266 for visit 4.

The median number of positive skin test results was 6 (IQR,
4-8), and most were sensitized to grass (61%), cockroach (55%),
and cat (54%) (Table II); only 6% were monosensitized to
mouse. Bedroom floor mouse allergen levels at baseline were
generally high, with a median concentration of 6.0 mg/g (IQR,
1.6-21.0 mg/g), and over the course of the study, 60% of the
participants had greater than or equal to 75% allergen reduction
at 1 or more follow-up visit. The median concentrations (IQR)
of other indoor allergens measured at baseline from bed dust
were 0.100 mg/g (0.011-0.660 mg/g) for cat, 0.067 mg/g (0.002-
0.554 mg/g) for dog, 0.001 mg/g (0.001-0.001 mg/g) for cock-
roach, and 0.001 mg/g (0.001-0.001 mg/g) for dust mite
(Table III).
Atopic status modifies the effect of mouse allergen

reduction

Among less atopic participants, each 50% decrease in the
bedroom floor dust mouse allergen level was associated with
statistically significant reductions in the frequency of asthma
symptoms and rescue medication use (incidence rate ratio [95%
CI]: maximal symptoms: 0.94 [0.92-0.96]; cough, wheeze, or
chest tightness: 0.95 [0.93-0.97]; slowed activity: 0.92 [0.90-
0.95]; difficulty speaking: 0.81 [0.76-0.87]; difficulty running:
0.88 [0.86-0.91]; and cough symptoms: 0.91 [0.89-0.96]) in the
previous 2 weeks. In contrast, among highly atopic participants,
there were no statistically significant associations between mouse
allergen reduction and asthma symptoms (incidence rate ratio
[95% CI]: maximal symptoms: 1.00 [0.97-1.02]; cough, wheeze,
chest tightness: 1.01 [0.98-1.03]; slowed symptoms: 0.99 [0.96-
1.03]; difficulty speaking: 1.02 [0.95-1.09]; difficulty running:
0.97 [0.94-1.00]; and cough symptoms: 0.98 [0.95-1.02]). The
interactions between atopic status and mouse allergen reduction
were statistically significant for all symptom outcomes
(Table IV), and the results remained similar after adjusting for
age, sex, race, and insurance type. Sensitivity analyses adjusting
for other potential confounders were performed and the results
were not materially affected by adjustment for treatment step,
other indoor exposures, study group, or site. In addition, results
were similar using a continuous measure of atopy, defined as the
total number of positive skin test results (Table IV).

Although overall mouse allergen reduction was associated with
reductions in acute visits and emergency department visits for
asthma as previously reported,12 there were no differences be-
tween highly atopic and less atopic participants for any of the
exacerbation-related outcomes, including OCS use (interaction P
value ¼ 0.69). The findings were similar for bed dust mouse
allergen levels (see Table E1 in this article’s Online Repository at
www.jaci-inpractice.org).

http://www.jaci-inpractice.org


TABLE IV. Effect of bedroom floor mouse allergen reduction on asthma outcomes, by atopic status

Asthma outcomes

Crude Adjusted*

Less atopic

<6 DSPT result,

IRR (95% CI)

Highly atopic

‡6 DSPT result,

IRR (95% CI)

Interaction

term

P value

Less atopic

<6 DSPT result,

IRR (95% CI)

Highly atopic

‡6 DSPT result,

IRR (95% CI)

Interaction

term

P value

Interaction

term

P value†

Symptom outcomes

Maximum symptoms 0.94 (0.92-0.96) 1.00 (0.97-1.02) <.001 0.94 (0.92-0.96) 1.00 (0.98-1.02) <.001 .05

General symptoms 0.95 (0.93-0.97) 1.01 (0.98-1.03) .001 0.95 (0.93-0.97) 1.01 (0.99-1.04) .001 .02

Slowed symptoms 0.92 (0.90-0.95) 0.99 (0.96-1.02) .001 0.92 (0.90-0.95) 1.00 (0.97-1.03) <.001 .13

Speech symptoms 0.81 (0.76-0.87) 1.02 (0.95-1.09) <.001 0.80 (0.74-0.85) 1.03 (0.96-1.10) <.001 .001

Running symptoms 0.88 (0.86-0.91) 0.97 (0.94-1.00) <.001 0.88 (0.86-0.91) 0.97 (0.94-1.01) <.001 .002

Nocturnal symptoms 0.91 (0.88-0.94) 0.99 (0.96-1.03) <.001 0.91 (0.88-0.94) 1.00 (0.96-1.04) <.001 .19

Cough symptoms 0.91 (0.89-0.94) 0.98 (0.95-1.02) .002 0.92 (0.89-0.95) 1.01 (0.97-1.05) <.001 <.001
SABA use 0.94 (0.92-0.96) 1.01 (0.99-1.03) <.001 0.94 (0.92-0.96) 1.02 (0.99-1.04) <.001 <.001

Exacerbation outcomes

Acute visit 0.92 (0.88-0.96) 0.93 (0.89-0.98) .71 0.92 (0.88-0.96) 0.94 (0.90-0.98) .67 .71

Unscheduled doctor
visit

0.91 (0.85-0.98) 0.93 (0.86-1.01) .65 0.91 (0.85-0.98) 0.94 (0.87-1.02) .60 .61

ED visit 0.94 (0.88-1.00) 0.94 (0.89-1.00) .97 0.94 (0.89-1.00) 0.95 (0.89-1.01) .99 .90

Hospitalization 0.91 (0.81-1.02) 0.93 (0.81-1.07) .50 0.91 (0.81-1.02) 0.97 (0.84-1.11) .48 .84

ED, Emergency department; IRR, incidence rate ratio; SABA, short-acting b-agonist; SPT, skin prick test.
Statistically significant IRR (95% CI) and interaction P values indicated in bold.
*Adjusted for age, sex, race, and insurance type; 95% CIs were generated from mixed-effects generalized linear models with outcomes regressed on time-varying, continuous
log2-tranformed mouse allergen variable.
†Interaction P value from continuous measure of Atopy � Mouse allergen.
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Effects modification by other clinical characteristics
The effects of other baseline characteristics on the relationship

between mouse allergen reduction and asthma outcomes were
also examined. These characteristics included age, sex, baseline
mouse-specific IgE, lung function, bronchodilator reversibility,
controller medication treatment step, and ACT score. For
baseline mouse-specific IgE, lung function, bronchodilator
reversibility, controller medication treatment step, and ACT
score, there was no evidence that they influenced the effect of
mouse allergen reduction on either asthma symptoms outcomes
or exacerbation-related outcomes (data not shown). For age,
there was some evidence that older children (�9 years) experi-
enced a greater reduction in some asthma symptom outcomes
with reduction of bed mouse allergen levels than younger chil-
dren (see Table E2 in this article’s Online Repository at www.
jaci-inpractice.org), but these findings were less prominent for
reductions in bedroom floor mouse allergen levels (see Table E3
in this article’s Online Repository at www.jaci-inpractice.org).
There was no evidence that neither controller medication treat-
ment step (as a marker of asthma severity) nor ACT score
influenced the effect of mouse allergen reduction on asthma
outcomes (see Tables E4 and E5 in this article’s Online Re-
pository at www.jaci-inpractice.org).
DISCUSSION
Our study’s objective was to determine whether there are

clinical characteristics that predict a greater clinical response to
mouse allergen reduction among a population of mouse-
sensitized and -exposed 5- to 17-year-olds with persistent
asthma. In this population, degree of atopy modified the effect of
mouse allergen reduction on asthma symptom outcomes, but not
exacerbation-related outcomes. Specifically, less atopic partici-
pants had a greater reduction than more atopic participants in
asthma symptoms and rescue medication use associated with
reductions in mouse allergen levels. The degree of atopy, how-
ever, did not modify the effect of mouse allergen reduction on
exacerbation-related outcomes, such as asthma-related acute
visits. There was also some evidence to suggest that older chil-
dren might have benefited from mouse allergen reduction to a
greater extent than younger children. There was no evidence that
mouse-specific IgE, lung function, or bronchodilator reversibility
predicted the clinical response to mouse allergen reduction.

Among the many environmental intervention trials over the
past decade or so, only a few examined whether certain sub-
groups responded better to the environmental intervention.
These included 3 studies of home environmental interventions in
pediatric populations. One was a randomized, placebo-controlled
trial of dust miteeimpermeable bedcoverings among children in
the United Kingdom and 2 were multifaceted home environ-
mental interventions among urban low-income children with
asthma in the United States.8,23,24 Collectively, these studies
evaluated the effects of asthma severity, allergic sensitization, and
age as potential predictors of clinical responsiveness to the
environmental intervention; however, similar to our study, none
of these studies were powered for interaction analyses.

Although a greater burden of atopy tends to be associated with
more severe asthma and greater pulmonary inflammation,25,26

potentially identifying a subgroup that would have a greater
response to allergen reduction, we found that less atopic partic-
ipants, who had fewer sensitizations, tended to have greater re-
ductions in asthma symptoms and rescue medication use in
response to mouse allergen reduction. Why less atopic children
would benefit to a greater extent in terms of asthma
controlerelated outcomes, but not in terms of exacerbation-
related outcomes, is unclear. It is possible that mouse allergen
exposure plays a larger role in asthma control among children
who are less susceptible to other environmental exposures given

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


J ALLERGY CLIN IMMUNOL PRACT
MONTH 2019

6 AHMED ETAL
that they have fewer sensitizations. In contrast, asthma exacer-
bations are largely mediated by upper respiratory viral infections,
and allergen exposure may contribute to risk of virally mediated
exacerbations similarly between less and more atopic children.
Although the mechanism underlying these observations is un-
clear, they suggest that allergen exposure reduction may affect
asthma control and asthma risk domains differently, depending
on degree of atopy. Notably, none of the aforementioned envi-
ronmental intervention trial studies examined a measure of the
burden of atopy as a predictor of response to the intervention as
done in our analysis.8,23,24

The single allergen dust mite intervention trial examined the
effect of some measure of allergic sensitization on the efficacy of
the intervention, and subgroup analyses suggested that those who
were monosensitized to dust mite experienced greater reduction
in risk in time to first hospitalization from the intervention
compared with those who were polysensitized.8 In our study,
only 5.7% were monosensitized to mouse, suggesting that
monosensitization to mouse in this population is uncommon, so
that analyses stratified by monosensitization status are not likely
to be meaningful. However, we did examine whether baseline
mouse-specific IgE level predicted response to mouse allergen
reduction, given that it may be a marker of clinical responsive-
ness to mouse allergen exposure. We found little evidence to
suggest that mouse-specific IgE could serve as a predictor of
responsiveness to allergen reduction, suggesting that mouse
allergen reduction may be beneficial for sensitized patients
regardless of the level of specific IgE.

In this study, there was some evidence that older children,
defined as those who were aged 9 to 17 years, may experience
greater improvement with mouse allergen reduction than would
younger children. The single allergen dust mite intervention trial
that enrolled children aged 3 to 17 years found that younger
children, aged 3 to 10 years, had a reduction in hospitalization
risk associated with the intervention, whereas older children,
aged 11 to 17 years, did not. However, only a modest number of
children were aged 11 to 17 years.8 To our knowledge, no other
studies have examined whether older children and adolescents
respond differently to environmental interventions compared
with younger ones, and few studies have enrolled adolescents. In
contrast, we found no evidence that asthma severity, defined by
either FEV1/FVC% less than 85% or postbronchodilator
reversibility greater than or equal to 12%, predicted response to
mouse allergen reduction, which is consistent with findings from
other studies.23,24

The major limitation of this study is that it is a secondary
analysis from clinical trial data. However, 2 of the characteristics
examined as potential modifiers of the effect of allergen reduc-
tion, degree of atopy and mouse-specific IgE, were prespecified.
Although our findings might not be generalizable to all children
and adolescents with asthma, they may be applicable to similar
populations of urban minority children with allergic asthma
where mouse allergen is a relevant allergen. In addition, this
study examined whether modifiers of the effect of reducing a
single allergen, mouse allergen, and other allergens or combina-
tions of allergens may be affected differently. Because there were
no differences in mouse allergen exposure or clinical outcomes
between groups in this trial, we were unable to examine char-
acteristics that may modify the effect of the intervention on
asthma outcomes, so instead we focused on modifiers of the
effect of allergen reduction. There are additional potential
predictors of the effects of mouse allergen reduction, such as
psychosocial factors and environmental exposures, that were not
the focus of this study, but should be examined.

CONCLUSIONS
Although these findings suggest that there may be variability

in the clinical response to mouse allergen reduction among
mouse-sensitized and -exposed, low-income, urban minority
children and adolescents with persistent asthma, there were no
clinical characteristics that clearly identified a subgroup at which
the intervention should be targeted. Neither baseline lung
function nor baseline mouse-specific IgE levels predicted
response to mouse allergen reduction, and there was limited
evidence that age affected responsiveness to mouse allergen
reduction. We found that less atopic participants experienced a
greater benefit than more atopic participants for symptom-
related outcomes; however, atopic status did not predict greater
clinical benefit for exacerbation-related outcomes. Together these
findings suggest that interventions aimed at reducing mouse
allergen exposure should not be restricted to populations with
certain clinical characteristics, especially given that mouse
allergen reduction is a low-risk and modest cost intervention.
The observation that degree of atopy influenced the effect of
mouse allergen reduction on symptom-related outcomes, but not
exacerbation-related outcomes, may lend insight into how
allergen sensitization and exposure might influence the complex
relationship between allergen sensitization and exposure and
virally mediated exacerbations.
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TABLE E1. Effect of bed dust mouse allergen reduction on asthma outcomes, by atopic status

Asthma outcomes

Crude Adjusted*

Less atopic

<6 DSPT result,

IRR (95% CI)

Highly atopic

‡6 DSPT result,

IRR (95% CI)

Interaction

term

P value

Less atopic

<6 DSPT result,

IRR (95% CI)

Highly atopic

‡6 DSPT,

IRR (95% CI)

Interaction

term

P value

Symptom outcomes

Maximum symptoms 0.94 (0.92-0.96) 0.98 (0.96-1.01) .01 0.94 (0.92-0.97) 0.99 (0.97-1.01) .01

General symptoms 0.96 (0.94-0.99) 0.98 (0.96-1.01) .30 0.96 (0.94-0.99) 0.99 (0.96-1.01) .23

Slowed symptoms 0.92 (0.89-0.95) 0.99 (0.96-1.02) <.001 0.92 (0.89-0.95) 1.00 (0.97-1.03) <.001
Speech symptoms 0.84 (0.78-0.90) 1.02 (0.96-1.10) <.001 0.83 (0.77-0.90) 1.02 (0.95-1.09) <.001
Running symptoms 0.88 (0.85-0.91) 0.97 (0.94-1.01) <.001 0.88 (0.85-0.91) 0.98 (0.95-1.01) <.001
Nocturnal symptoms 0.96 (0.93-0.99) 0.98 (0.94-1.02) .57 0.97 (0.93-1.00) 1.00 (0.96-1.04) .25

Cough symptoms 0.92 (0.89-0.95) 1.00 (0.97-1.04) .001 0.93 (0.90-0.96) 1.03 (0.99-1.07) <.001
SABA use 0.99 (0.97-1.01) 1.00 (0.97-1.02) .86 1.00 (0.97-1.02) 1.00 (0.98-1.03) .60

Exacerbation outcomes

Acute visit 0.97 (0.92-1.02) 0.95 (0.91-1.00) .66 0.97 (0.92-1.03) 0.96 (0.91-1.01) .62

Unscheduled doctor visit 0.96 (0.89-1.04) 0.95 (0.87-1.04) .89 0.96 (0.89-1.04) 0.94 (0.86-1.03) .83

ED visit 1.01 (0.95-1.08) 0.95 (0.89-1.02) .19 1.02 (0.96-1.10) 0.97 (0.90-1.03) .19

Hospitalization 0.83 (0.73-0.94) 0.99 (0.86-1.14) .04 0.84 (0.73-0.96) 1.02 (0.88-1.18) .05

ED, Emergency department; IRR, incidence rate ratio; SABA, short-acting b-agonist; SPT, skin prick test.
Statistically significant IRR (95% CI) and interaction P values indicated in bold.
*Adjusted for age, sex, race, and insurance type; 95% CIs were generated from mixed-effects generalized linear models with outcomes regressed on time-varying, continuous
log2-tranformed mouse allergen variable.

TABLE E2. Effect of bedroom floor dust mouse allergen reduction on asthma outcomes, by age

Asthma outcomes

Crude Adjusted*

Age

< 9 y,

IRR (95% CI)

Age

‡ 9 y,

IRR (95% CI)

Interaction

term

P value

Age

< 9 y,

IRR (95% CI)

Age

‡ 9 y,

IRR (95% CI)

Interaction

term

P value

Symptom outcomes

Maximum symptoms 0.96 (0.94-0.98) 0.98 (0.95-1.00) .22 0.96 (0.94-0.98) 0.97 (0.96-1.00) .20

General symptoms 0.98 (0.96-1.00) 0.98 (0.95-1.00) .94 0.98 (0.96-1.00) 0.98 (0.95-1.00) .87

Slowed symptoms 0.95 (0.93-0.98) 0.95 (0.92-0.99) .94 0.96 (0.93-0.99) 0.96 (0.93-0.99) .83

Speech symptoms 0.92 (0.87-0.98) 0.88 (0.82-0.94) .34 0.91 (0.86-0.97) 0.88 (0.82-0.94) .58

Running symptoms 0.96 (0.93-0.99) 0.88 (0.85-0.91) <.001 0.96 (0.93-0.99) 0.88 (0.85-0.91) <.001
Nocturnal symptoms 0.94 (0.91-0.97) 0.95 (0.91-0.98) .89 0.95 (0.92-0.98) 0.95 (0.91-0.99) .94

Cough symptoms 0.94 (0.92-0.97) 0.94 (0.91-0.98) .98 0.95 (0.92-0.98) 0.96 (0.93-1.00) .76

SABA use 0.97 (0.95-0.99) 0.97 (0.95-0.99) .88 0.98 (0.96-1.00) 0.98 (0.96-1.00) .97

Exacerbation outcomes

Acute visit 0.96 (0.92-1.00) 0.88 (0.84-0.93) .02 0.98 (0.94-1.02) 0.88 (0.83-0.92) .01

Unscheduled doctor visit 0.96 (0.89-1.03) 0.89 (0.82-0.96) .22 0.96 (0.90-1.04) 0.89 (0.83-0.96) .35

ED visit 0.98 (0.93-1.03) 0.89 (0.83-0.95) .03 1.00 (0.94-1.05) 0.88 (0.81-0.94) .01

Hospitalization 0.91 (0.82-1.03) 0.96 (0.83-1.10) .53 0.93 (0.84-1.04) 0.96 (0.83-1.11) .55

ED, Emergency department; IRR, incidence rate ratio; SABA, short-acting b-agonist; SPT, skin prick test.
Statistically significant IRR (95% CI) and interaction P values indicated in bold.
*Adjusted for age, sex, race, insurance, and number of positive SPT results; 95% CIs were generated from mixed- effects generalized linear models with outcomes regressed on
time-varying, continuous log2-tranformed mouse allergen variable.



TABLE E3. Effect of bed dust mouse allergen reduction on asthma outcomes, by age

Asthma outcomes

Crude Adjusted*

Age

<9 y,

IRR (95% CI)

Age

‡9 y,

IRR (95% CI)

Interaction

term

P value

Age

<9 y,

IRR (95% CI)

Age

‡9 y,

IRR (95% CI)

Interaction

term

P value

Symptom outcomes

Maximum symptoms 0.96 (0.94-0.98) 0.97 (0.94-0.99) .63 0.97 (0.94-0.99) 0.96 (0.94-0.99) .92

General symptoms 0.98 (0.96-1.00) 0.96 (0.93-0.99) .29 0.98 (0.96-1.01) 0.96 (0.93-0.99) .17

Slowed symptoms 0.95 (0.93-0.98) 0.95 (0.92-0.99) .97 0.97 (0.94-1.00) 0.95 (0.92-0.99) .68

Speech symptoms 0.98 (0.92-1.05) 0.87 (0.80-0.94) .02 0.99 (0.92-1.06) 0.86 (0.79-0.93) .02

Running symptoms 0.95 (0.92-0.98) 0.88 (0.85-0.91) .002 0.96 (0.93-0.99) 0.88 (0.85-0.91) <.001
Nocturnal symptoms 0.97 (0.93-1.00) 0.97 (0.93-1.01) .87 0.98 (0.95-1.02) 0.97 (0.93-1.01) .82

Cough symptoms 0.97 (0.95-1.01) 0.90 (0.87-0.94) .003 1.00 (0.97-1.03) 0.92 (0.88-0.96) .001
SABA use 1.01 (1.00-1.04) 0.96 (0.94-0.99) .001 1.03 (1.01-1.06) 0.97 (0.95-0.99) .001

Exacerbation outcomes

Acute visit 0.97 (0.93-1.02) 0.95 (0.90-1.01) .70 0.98 (0.94-1.03) 0.96 (0.90-1.01) .82

Unscheduled doctor visit 0.96 (0.89-1.04) 0.96 (0.87-1.05) .99 0.96 (0.88-1.04) 0.95 (0.87-1.04) .78

ED visit 0.99 (0.93-1.05) 0.97 (0.90-1.04) .61 1.01 (0.95-1.07) 0.97 (0.90-1.05) .63

Hospitalization 0.89 (0.79-1.01) 0.94 (080-1.10) .58 0.90 (0.79-1.02) 0.96 (0.81-1.12) .46

ED, Emergency department; IRR, incidence rate ratio; SABA, short-acting b-agonist; SPT, skin prick test.
Statistically significant IRR (95% CI) and interaction P values indicated in bold.
*Adjusted for age, sex, race, insurance, and number of positive SPT results; 95% CIs were generated from mixed-effects generalized linear models with outcomes regressed on
time-varying, continuous log2-tranformed mouse allergen variable.

TABLE E4. Association of bedroom floor dust mouse allergen reduction on asthma outcomes, by baseline asthma severity

Asthma outcomes

Treatment step 1-3*

(n [ 85),

IRR (95% CI)

Treatment step 4-5*

(n [ 179),

IRR (95% CI)

Interaction

P value*

Symptom outcomes

Maximum symptoms 1.03 (0.91-1.18) 1.03 (0.95-1.12) .82

General symptoms 1.00 (0.88-1.13) 1.04 (0.96-1.13) .52

Slowed symptoms 1.08 (0.93-1.26) 0.99 (0.90-1.10) .89

Speech symptoms 0.94 (0.75-1.19) 1.11 (0.89-1.38) .80

Running symptoms 1.07 (0.90-1.27) 1.00 (0.89-1.11) .27

Nocturnal symptoms 0.90 (0.75-1.09) 0.95 (0.85-1.06) .31

Cough symptoms 0.90 (0.73-1.11) 1.15 (1.01-1.29) .09

SABA use 1.06 (0.92-1.21) 0.95 (0.87-1.04) .73

Exacerbation outcomes

Acute visit 0.98 (0.89-1.08) 1.04 (0.97-1.11) .90

ED visit 1.04 (0.91-1.18) 1.02 (0.94-1.10) .51

Unscheduled doctor visit 0.85 (0.73-0.99) 1.11 (0.98-1.25) .41

Hospitalization — 0.96 (0.82-1.12) .40

ED, Emergency department; IRR, incidence rate ratio; SABA, short-acting b-agonist; SPT, SPT, skin prick test.
Statistically significant IRR (95% CI) and interaction P values indicated in bold.
*Adjusted for age, sex, race, insurance type, and number of positive SPT results; 95% CIs were generated from mixed-effects generalized linear models with outcomes regressed
on time-varying, continuous log2-tranformed mouse allergen variable.
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TABLE E5. Association of bedroom floor dust mouse allergen reduction on asthma outcomes, by baseline ACTscore

Asthma outcomes

Not well-controlled (ACT score* < 19)

(n [ 163),

IRR (95% CI)

Well-controlled (ACT score* ‡ 19)

(n [ 130),

IRR (95% CI)

Interaction

P value*

Symptom outcomes

Maximum symptoms 1.04 (0.97-1.11) 1.07 (0.94-1.21) .92

General symptoms 1.03 (0.97-1.10) 1.07 (0.95-1.21) .68

Slowed symptoms 1.04 (0.96-1.14) 1.04 (0.89-1.21) .76

Speech symptoms 1.08 (0.90-1.28) 1.02 (0.77-1.35) .49

Running symptoms 0.99 (0.90-1.09) 1.10 (0.92-1.32) .90

Nocturnal symptoms 0.97 (0.88-1.07) 0.94 (0.78-1.14) .68

Cough symptoms 1.06 (0.95-1.19) 1.17 (0.95-1.44) .58

SABA use 0.98 (0.92-1.05) 1.00 (0.88-1.13) .83

Exacerbation outcomes

Acute visit 1.01 (0.95-1.07) 1.07 (0.99-1.16) .22

ED visit 1.02 (0.94-1.10) 1.07 (0.97-1.20) .60

Unscheduled doctor visit 0.98 (0.87-1.10) 1.10 (0.95-1.28) .12

Hospitalization 1.05 (0.87-1.26) 0.97 (0.78-1.19) .73

ED, Emergency department; IRR, incidence rate ratio; SABA, short-acting b-agonist; SPT, skin prick test.
Statistically significant IRR (95% CI) and interaction P values indicated in bold.
*Adjusted for age, sex, race, insurance type, and number of positive SPT results; 95% CIs were generated from mixed-effects generalized linear models with outcomes regressed
on time-varying, continuous log2-tranformed mouse allergen variable.
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