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Background: Inner-city children experience disproportionate asthma morbidity, and suspected reasons include indoor
environmental exposures.

Objective: To determine if mouse allergen exposure is a risk factor for asthma morbidity.

Methods: Preschool children with asthma were recruited from inner-city Baltimore, MD. Skin testing was performed and
blood was collected at the baseline visit for quantification of mouse allergen specific IgE. A questionnaire evaluated symptoms,
medication, and health care use at baseline, 3 months, and 6 months. A trained technician collected dust samples from the child’s
home for analysis of Mus m 1 at baseline, 3 months, and 6 months. Outcomes were compared between mouse-sensitized, highly
exposed children and all other children.

Results: A total of 127 children had complete data for mouse sensitization status and bedroom settled dust mouse allergen
levels at baseline. The mean age of the children was 4.4 years, 92% were African American, and 26% were sensitized to mouse.
Mouse-sensitized children exposed to higher levels of Mus m 1 (>0.5 pg/g) had 50% more days of symptoms (incidence rate
ratio [IRR], 1.5; 95% confidence interval [CI], 1.1-2.1) and 80% more days of B-agonist use than other children (IRR, 1.8; 95%
CI, 1.3-2.5). Children in the sensitized and highly exposed group were also more likely to have an unscheduled physician visit
(odds ratio [OR], 3.1; 95% CI, 1.6—6.3), emergency department visit (OR, 2.1; 95% CI, 1.1-4.1), and hospitalization (OR, 36.6;
95% CI, 4.1-327.3) than other children. These associations between mouse allergen exposure and asthma symptoms and
morbidity remained statistically significant after adjusting for potential confounders, including atopy and cockroach sensitization
and exposure.

Conclusions: In mouse-sensitized inner-city children, exposure to mouse allergen may be an important cause of asthma

morbidity.

INTRODUCTION

Inner-city children with asthma, particularly those of African
American race, continue to have disproportionate rates of
morbidity and mortality from asthma. Although some inner-
city asthma morbidity has been attributed to environmental
factors, such as cockroach allergen exposure! and environ-
mental tobacco smoke,>* other environmental factors, which
are just beginning to be examined, may contribute to asthma
morbidity.
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Rodent allergens, for example, may play an important role
in asthma morbidity, because exposure and sensitization to
these allergens are common.*-® In occupational settings,
where exposure can be high, rodent allergen exposure is
clearly related to asthma symptoms.”!? In a national study of
inner-city homes of children with asthma, exposure to rat
allergen among rat-sensitized children was associated with
higher rates of hospitalization and unscheduled medical visits
for asthma.!" Since mouse allergen exposure has also been
related to symptoms in occupational settings,'>'3 and rat and
mouse allergens are similar in their airborne distribution and
particle size,'*!> mouse allergen may be an important con-
tributor to asthma morbidity outside the occupational setting.
In addition, mouse allergen is virtually ubiquitous in inner-
city homes, and sensitization rates as high as 18% have been
found in inner-city children.>%1¢

Despite the fact that exposure and sensitization to mouse
are commonplace in the inner city, it is still unclear whether
mouse allergen exposure is a cause of inner-city asthma
morbidity. To address this question, we conducted a prospec-
tive cohort study, collecting repeated measures of mouse
allergen exposure and asthma outcomes in inner-city pre-
school children with asthma.
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MATERIALS AND METHODS

Study Population and Recruitment Procedures

Recruitment for this study, a part of the Center for Childhood
Asthma in the Urban Environment, occurred between Sep-
tember 2001 and December 2003. Participants were recruited
from the health systems that provide care to most residents of
East Baltimore, MD. Inclusion criteria were (1) age between
2 and 6 years, (2) residence within the catchment area, (3)
physician-diagnosed asthma, and (4) symptoms of asthma
and/or medication use for asthma in the previous 6 months.
The study was approved by the Johns Hopkins School of
Medicine Institutional Review Board.

Home Environmental Evaluation

During the home environmental visit, environmental techni-
cians completed an inspection checklist,!” and settled dust
was collected for mouse allergen analysis. A household dust
sample was collected from each of the following rooms using
a standardized vacuum method: kitchen, television-living
room, and child’s bedroom (including the bed and bed lin-
ens).'® Protein was extracted from the filters and dust samples
using a standardized protocol, and Mus m 1 was quantified by
sandwich enzyme-linked immunosorbent assay (ELISA) us-
ing immunosorbent purified sheep anti-Mus m 1 (supplied by
Dr J. Ohman)."* The limit of detection for the Mus m 1
ELISA was 2.2 ng/g. The home environmental evaluation and
sample collection were repeated at 3 and 6 months.

Clinical Evaluation

During the baseline clinic visit, each child underwent skin
prick testing (Multi-Test II, Lincoln Diagnostics, Decatur, IL)
to 14 aeroallergens: American and German cockroach, dust
mite mix, cat dander, dog hair-dander, mouse epithelia, rat
epithelia, 3 pollens (Eastern Oak mix, grass mix, and ragweed
mix), and 4 molds (Helminthosporium, Alternaria, Penicil-
lium, and Aspergillus). Atopy was defined as at least 1
positive skin test result to the panel of allergens tested. Serum
samples were analyzed for mouse allergen specific IgE by
CAP radioallergosorbent test (RAST). A mouse urine CAP-
RAST value greater than 0.35 kU,/L was considered a pos-
itive result. A positive skin test result was defined as a wheal
size of at least 2 mm greater than the negative control, as in
previous childhood asthma studies.*! Mouse sensitization
was defined as either a positive skin test result to mouse
epithelial extract or a positive mouse urine CAP-RAST re-
sult. Questions from the International Study of Asthma and
Allergies in Childhood? and the Children’s Health Survey for
Asthma?' were used at the baseline, 3-month, and 6-month
visits to evaluate indicators of poor asthma control, such as
nocturnal awakening, exercise-induced symptoms, rescue
medication use, and unscheduled physicians visits, emer-
gency department (ED) visits, and hospitalizations.

Statistical Analysis
Because Mus m 1 was present in 100% of bedrooms, we
compared a lower exposure group to a higher exposure group.

Since previously published findings indicated that a settled
dust concentration of Mus m 1 that exceeds 0.5 ug/g is
predictive of detectable airborne Mus m 1, we defined higher
exposure as a bedroom Mus m 1 level greater than 0.5 ug/g.'®
Lower exposure was defined as Mus m 1 exposure of 0.5
ng/g or less, which reflected the lowest quartile of exposure
in our population.

We used an approach taken in previous studies'®!'' and
stratified participants into 4 groups based on exposure and
sensitization status: the negative sensitization/lower group
included those with no evidence of sensitization to mouse
allergen and a bedroom Mus m 1 level of 0.5 ug/g or less; the
negative sensitization/higher group included those with no
evidence of sensitization to mouse and a bedroom Mus m 1
level greater than 0.5 ug/g; the positive sensitization/lower
group included participants with either a positive skin test or
CAP-RAST result to mouse and a bedroom Mus m 1 level of
0.5 pg/g or lower; and the positive sensitization/higher group
included participants with either a positive skin test or CAP-
RAST result to mouse and a bedroom Mus m 1 level greater
than 0.5 pwg/g. Mouse sensitization status was fixed at all time
points, but exposure status was time dependent so that a
participant’s assigned sensitization/exposure group could
vary over time.

The x? test was used to compare proportions, and the ¢ test
was used to compare continuous data. Logistic regression and
generalized estimating equations were used to generate mar-
ginal models of the relationships between sensitization/higher
exposure and the repeated dichotomous outcome measures
(hospitalization, ED visit, and unscheduled physician visit).
Negative binomial regression and generalized estimating
equations were used to model the relationships between sen-
sitization/higher exposure and repeated measures of days of
symptoms or medication use. Multivariate regression was
used to adjust for potential confounding variables. Cockroach
sensitization and exposure were adjusted for in the final
models using a single dichotomous variable that indicated if
an individual was sensitized to cockroach and was exposed to
more than 8 U/g of Bla g 1 in the bedroom.! All analyses were
performed with StataSE statistical software, version 8.0
(Stata Corp, College Station, TX). Statistical significance was
defined as P < .05.

RESULTS

Study Population

Of the 150 children recruited for the study, 127 (85%) had
complete data for mouse sensitization status and bedroom
settled dust mouse allergen levels at baseline. Most of the
participants were male (58%), were African American (92%),
and had public health insurance (90%) (Table 1). Ninety-two
percent of participants reported wheezing during the 12
months before the baseline visit, and 68% were atopic. Over-
all, 44% of children had skin test sensitivity to cockroach,
33% to cat, 27% to rat, 26% to dust mite, and 13% to dog.
Twenty-seven percent had skin test sensitivity to a mold and
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Table 1. Characteristics of Children With Asthma
No. (%) of children

Characteristics

(N = 127)

Race/ethnicity

African American 117 (92)

White 43

Other 6 (5)
Sex

M 74 (58)

F 53 (42)
Health insurance type

Public insurance 112 (88)

Private 12 (9)

Self-pay or other 3()
Educational attainment of caregiver

Eighth grade, some high school 48 (38)

High school graduate 55 (43)

Some college or more 24 (19)
Housing type

Row house or apartment 118 (93)

Detached or semidetached home 9(7)
Smoker in the home

Yes 71 (56)

No 56 (44)

32% to a pollen. Thirty-five children were sensitized to
mouse; 23 had a positive skin test result to mouse and 26 had
a positive mouse urine CAP-RAST result. Ninety-one percent
of the mouse-sensitized participants had at least 1 other
positive skin test result.

Caregivers reported that their children spent most of the time
inside their homes, where allergen levels were measured. Spe-
cifically, participants were only away from their homes for a
mean of 5.4 hours per day and were only outdoors for a mean of
2.1 hours per day. At baseline, Mus m 1 was detected in 100%
of bedrooms, and levels in the bedroom, kitchen, and television
room were strongly correlated (bedroom and television room:
r = .79; bedroom and kitchen: » = .67; television room and
kitchen: r = .72; P < .001 for all correlations). The median Mus
m 1 level in bedroom settled dust was 2.5 ug/g (interquartile
range [IQR], 0.6—8.8 ug/g). Der p 1 was detected in only 5% of
bedrooms, and Der f 1 levels were low, with a median of 41 ng/g
(IQR, below detection to 327 ng/g). Fel d 1 and Can f 1 levels
were also relatively low (median, 470 ng/g; IQR, 189-9,188
ng/g; and median, 124 ng/g; IQR, below detection to 473 ng/g,
respectively). Sixty-seven percent of participants were also ex-
posed to Bla g 1, and the median bedroom Bla g 1 level was 2.6
U/g (IQR, below detection to 14 U/g).

Asthma Symptoms and Health Care Use

At baseline, 22 children (17%) were in the negative sensiti-
zation/lower exposure group, 72 (57%) were in the negative
sensitization/higher exposure group, 8 (6%) were in the pos-
itive sensitization/lower exposure group, and 25 (20%) were
in the positive sensitization/higher exposure group. Because
exposure status was reassessed at 3 and 6 months, the com-
position of these sensitization and exposure groups varied

over time. For example, a mouse-sensitized study participant
could have moved between the positive sensitization/lower
and positive sensitization/higher groups, and a nonsensitized
participant could have moved between the negative sensiti-
zation/lower and negative sensitization/higher exposure
groups at subsequent study visits. In addition, because of
attrition, there were 127 study participants at baseline, 110
(87%) at the 3-month visit, and 116 (91%) at the final
6-month study visit.

Both asthma symptoms and asthma-related health care use
were more common among participants who were in the mouse-
sensitized/higher-exposure group than the others. In the initial
cross-sectional analyses at each time point, the sensitized/highly
exposed group tended to have more days of symptoms, slowed
activity, exercise-induced symptoms, and short-acting 3-agonist
use than the other groups (Table 2). For example, at the baseline
study visit, the sensitized, higher-exposure group had used a
short-acting 3-agonist an average of 5.8 days during the previ-
ous 2 weeks compared with 3.4 days for the nonsensitized or
non-highly exposed group (Table 2). Although these findings
were not statistically significant across all outcomes at all time
points in the initial analyses, the associations observed in the
final longitudinal data analyses that accounted for repeated mea-
sures of exposure and outcomes were statistically significant. In
addition, the associations between mouse allergen exposure and
asthma outcomes were independent of cockroach sensitization/
exposure, public health insurance, study visit, atopy, age, and
sex (Table 3). Specifically, the sensitized, highly exposed group
reported significantly more days of symptoms (incidence rate
ratio [IRR], 1.5; 95% confidence interval [CI], 1.1-2.0), days of
slowed activity as a result of asthma (IRR, 1.5; 95% CI, 1.1-
2.2), days of exercise-induced symptoms (IRR, 1.6; 95% CI,
1.1-2.2), days of cough (IRR, 1.6; 95% CI, 1.1-2.4), and days of
short-acting 3-agonist use (IRR, 1.8; 95% CI, 1.3-2.5) than the
others. Thus, sensitized, highly exposed children had 50% more
days of symptoms and slowed activity, 60% more days of
exercise-induced symptoms, and 80% more days of rescue med-
ication use than the nonsensitized or non—highly exposed chil-
dren. The association between mouse sensitization/higher expo-
sure and nocturnal symptoms was not statistically significant
after controlling for the potential confounders (IRR, 1.3; 95%
CL 0.9-1.8).

Asthma-related health care use was also more common
among the mouse-sensitized/higher-exposure group than the
other groups (Table 4). Unscheduled physician visits, ED
visits, and hospitalizations were all more common in this
group. For example, at the 3-month study visit, 8 (31%) of the
26 children in the sensitized, higher-exposure group had had
an unscheduled asthma-related physician visit in the previous
3 months compared with 9 (9%) of the 102 nonsensitized or
non-highly exposed children. There were a total of 10 hos-
pitalizations in this study population, and 9 of the 10 occurred
in children who were sensitized and highly exposed to mouse.
After adjusting for cockroach sensitization and exposure,
public health insurance status, atopy, age, sex, and study visit,
the children in the sensitized/higher-exposure group were
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Table 2. Days of Symptoms and B-Agonist Use and Mouse Sensitization/Exposure Status

Negative mouse

Negative mouse

Positive mouse Positive mouse

sensitization/lower sensitization/higher sensitization/lower sensitization/higher P value*

exposure exposure exposure exposure

Days of symptoms, mean

Baseline 2.0 21 1.9 2.8 .37

3 mo 25 2.2 3.8 4.5 .01

6 mo 2.7 23 0.7 3.0 .32
Days of slowed activity, mean

Baseline 1.6 1.9 2.4 2.6 .38

3 mo 3.7 1.5 0 3.8 .06

6 mo 23 1.6 0.7 1.8 .85
Days of exercise-induced symptoms, mean

Baseline 0.8 1.6 1.6 25 14

3 mo 2.8 1.6 0 3.1 13

6 mo 1.3 1.1 0 1.6 .32
Days of cough, mean

Baseline 4 1.1 2.4 2.1 .66

3 mo 1.1 0.8 0.4 2.6 .004

6 mo 3 1.0 0 1.2 74
Nights of wakening, mean

Baseline 2.3 1.9 2.4 1.2 41

3 mo 2.0 1.5 0 3.4 .02

6 mo 2.2 1.3 0.3 2.4 .20
Days of short-acting B-agonist use, mean

Baseline 3.4 3.4 3.6 5.8 .04

3 mo 3.9 2.7 2.8 5.5 .02

6 mo 3.8 25 0.5 4.8 .03

* t test comparing mouse-sensitized, highly exposed children to all others.

Table 3. Asthma Symptoms and Health Care Use Among Mouse-Sensitized, Highly Exposed Children*

OR or IRR (95% CI)

Adjusted OR or IRR (95% CI)t

Health care use
Unscheduled visit
ED visit
Hospitalization

Asthma symptoms
Days of symptoms
Days of slowed activity
Days of exercise-induced symptoms
Days of cough
Nights of wakening
Days of B-agonist use

3.1 (1.6-6.3)
2.1 (1.1-4.1)
36.6 (4.1-327.3)

1.5 (1.1-2.1
1.6(1.1-2.2
1.7 (1.2-2.4

1.5(1.1-2.1
1.8 (1.3-2.4

3.1 (1.5-6.5)
2.1(1.0-4.3)
69.9 (5.8-838.9)

) 1.5 (1.1-2.0)

) 1.5 (1.1-2.2)

) 1.6 (1.1-2.2)

1.6 (1.1-2.3) 1.6 (1.1-2.4)
) 1.3 (0.9-1.9)

) 1.8 (1.3-2.5)

Abbreviations: Cl, confidence interval; ED, emergency department; IRR, incidence rate ratio; OR, odds ratio.

* Values are ORs for health care use and IRRs for asthma symptoms.

T Adjusted for age, sex, atopy, cockroach sensitization and exposure, public health insurance, and study visit.

significantly more likely to have an unscheduled physician
visit (odds ratio [OR], 3.0; 95% CI, 1.4-6.3), an ED visit
(OR, 2.0; 95% CI, 1.0-4.2), and hospitalization (OR, 70.6;
95% CI, 5.5-909.6) compared with the others (Table 3).

In contrast, cockroach sensitization or exposure was not
associated with asthma symptoms, short-acting [3-agonist use,
or health care use. For example, cockroach-sensitized chil-
dren exposed to higher levels of cockroach allergen did not
have more days of symptoms (IRR, 0.9; 95% CI, 0.6-1.2),

nights of wakening (IRR, 1.0; 95% CI, 0.7-1.5), or days of
B-agonist use (IRR, 0.9; 95% CI, 0.6—1.2) than other chil-
dren. Similarly, they were not more likely to visit the ED
(OR, 1.2; 95% CI, 0.6-2.4) or be hospitalized (OR, 1.2; 95%
CI, 0.2—-6.7) than other children.

DISCUSSION
This study provides evidence to implicate exposure to mouse
allergen as a cause of asthma morbidity in the inner city. For
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Table 4. Asthma-Related Health Care Use and Mouse Sensitization/Exposure Status
No. (%) of children

Negative mouse Negative mouse Positive mouse Positive mouse
sensitization/lower  sensitization/higher  sensitization/lower  sensitization/higher P value*
exposure exposure exposure exposure
Unscheduled physician visit
Baseline 5/22 (23) 11/72 (15) 1/8 (13) 6/25 (24) .39
3 mo 2/25 (8) 7/54 (13) 0/5 (0) 8/26 (31) .01
6 mo 4/25 (16) 3/60 (5) 0/6 (0) 7/25 (28) .005
ED visit
Baseline 5/22 (23) 16/72 (22) 3/8 (38) 7/25 (28) .64
3 mo 4/25 (16) 6/54 (11) 1/5 (20) 9/26 (35) .01
6 mo 5/25 (20) 6/60 (10) 1/6 (17) 7/26 (27) .09
Hospitalization
Baseline 0/22 (0) 0/72 (0) 1/8 (13) 3/25 (12) .005
3 mo 0/25 (0) 0/54 (0) 0/5 (0) 5/26 (19) <.001
6 mo 0/25 (0) 0/59 (0) 0/6 (0) 1/26 (4) .06

Abbreviation: ED, emergency department.
* x? test comparing the mouse-sensitized, highly exposed group to all others.

mouse-sensitized inner-city preschool children with asthma, of the respective populations. Although another study found
exposure to settled dust bedroom mouse allergen levels above an association between cockroach allergen exposure and re-
0.5 pg/g was associated with multiple measures of poor current wheeze in young children, allergic sensitization data
asthma control, including symptom days, short-acting 3-ag- were not collected, so it is unclear if the association was due
onist use, and unscheduled physician visits, ED visits, and to an allergic response or confounding by unmeasured psy-
hospitalization. These findings implicate household mouse chosocial factors or other allergen exposures.? In addition,
allergen exposure as another potential explanation for the our study population was exposed to higher levels of mouse
striking disparities in asthma that are seen for inner-city allergen and lower levels of cockroach allergen, in general,
children, especially African Americans. than the NCICAS population. Therefore, conditions may
To our knowledge, only one previous study, the National have been optimal for detecting a mouse effect in the Balti-
Cooperative Inner-City Asthma Study (NCICAS), has exam- more-based study and optimal for detecting a cockroach
ined mouse allergen exposure and asthma morbidity among effect in the NCICAS. Whatever the reasons for the apparent
inner-city children with asthma. In that study, although there differences in the 2 studies, the impact of household mouse
was a positive association between allergen exposure and allergen exposure on asthma morbidity may be substantial
some measures of morbidity, none of the associations was and merits further study.
statistically significant.® In the current study, however, expo- Even though mouse allergen exposure is likely to be asso-
sure to higher levels of Mus m 1 was significantly associated ciated with a number of risk factors for poor asthma control,
with poor asthma control and asthma-related health care use. such as poor housing conditions and markers of low socio-
In the NCICAS, the site of the exposure was the kitchen, economic status,*'%?* our findings suggest that exposure to
whereas in the current study, we collected dust from the mouse allergen is directly linked to poor asthma control and
child’s bedroom. We selected the bedroom as a potentially not simply a marker for these other risk factors. If the ob-
more relevant site of exposure for young children, because served association between mouse allergen exposure and
they spend more time there and, while asleep, are in close poor asthma control was due to low socioeconomic status or
contact with the surface from which we sampled. In fact, one other psychosocial variables that are associated with higher
study found that bedroom allergen exposure was more levels of mouse allergen, we would expect that the unsensi-
strongly associated with risk of allergic sensitization than tized children who were exposed to higher levels would have
allergen levels in other rooms in the home,?? suggesting that more symptoms and health care use than those exposed to
allergen concentrations in the bedroom may be more closely lower levels of mouse allergen. Instead, the children in the
related to true exposure than concentrations found in other unsensitized/higher-exposure group had similar estimates of
rooms. poor asthma control and morbidity as the unsensitized/lower-
Cockroach allergen exposure was not associated with ei- exposure group, providing further evidence that exposure to
ther poor asthma control or asthma-related health care use in higher mouse allergen levels has a direct effect on asthma
our study but was associated with asthma morbidity in the control.
NCICAS population. The reasons for these differences are Our study population consisted of preschool children with
unclear but could be a reflection of the differences in the ages asthma, defined by (1) a health encounter for wheezing, (2)
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caregiver report of a physician-confirmed asthma diagnosis,
and (3) recent symptoms. Although some of the younger
children could be transient wheezers whose asthma symp-
toms will resolve as they approach school age, most (67%) of
the children were atopic, a predictor of persistent wheeze.>>%’
Furthermore, the differences in asthma control and morbidity
between exposure/sensitization groups were not likely due to
differences in asthma phenotype (transient vs persistent
wheezing), because adjusting for atopy had little effect on our
findings.

It is conceivable that caregivers of children with poorly
controlled asthma may have undertaken greater efforts to
exterminate pests in their homes, potentially lowering their
households’ mouse allergen levels. However, this type of
selection bias would have attenuated, rather than enhanced,
the association that was found between mouse allergen ex-
posure and poor asthma control. Because our study popula-
tion did not include a nonexposed group and the sample size
was modest, we were unable to determine if mouse allergen
levels below 0.5 pg/g could be considered safe or if there was
a dose-response effect of mouse allergen exposure on asthma
control and morbidity. The recruitment process for this study
may have selected more severe asthmatic patients overall,
since children were initially selected based on a health en-
counter for wheezing, so that milder asthmatic patients who
did not visit their physician’s office for wheezing would have
been excluded. Because of a potentially more severe asthma
population, our findings may not apply to preschool children
with very mild asthma. Our study population was also ra-
cially, socioeconomically, and geographically homogeneous,
so it is unclear if these findings can be generalized to other
populations, such as older children, adults, or non—African
Americans. On the other hand, the homogeneity of our study
population is a significant strength in that the association of
mouse allergen exposure and poor asthma control is unlikely
to be attributable to confounding by differences in geographic
location, socioeconomic status, or race.

The study design and analysis in this study provide stron-
ger evidence of allergen exposure and health effects than
those used in previous studies. Previous studies have relied
on an evaluation of household allergen exposure at one point
in time and have related that measure of exposure to out-
comes during a variable period—from 2 weeks to 1 year.!¢!!
Those analyses assume that one exposure reflects typical
exposure, and this approach does not allow for time-varying
health status relative to changing exposure levels. In the
current study, household mouse allergen exposure and
asthma outcomes were evaluated repeatedly at baseline, 3
months, and 6 months. In this way, outcomes within an
individual person vary as a function of time-varying expo-
sure. This method overcomes the problem of assuming that a
single exposure measure represents a constant level of expo-
sure (which is unlikely to be true). This time-dependent
analysis adds strength to the causal inference by allowing a
person’s symptoms to change along with changing levels of
exposure.

The results of this study provide compelling evidence that
household mouse allergen exposure and asthma morbidity are
related and underscore the potential impact of mouse allergen
exposure on asthma morbidity among inner-city children.
Mouse allergen exposure and sensitization should be evalu-
ated in future inner-city environmental studies, and efforts
should focus on developing feasible environmental interven-
tions and studying the impact of exposure reduction on
asthma morbidity. In addition, clinicians should evaluate
asthmatic children for mouse sensitization through skin test-
ing or in vitro laboratory testing and recommend avoidance
measures in sensitized children.

ACKNOWLEDGMENTS

We acknowledge Dr Scott Zeger for advice on the longitu-
dinal data analyses, the Johns Hopkins Community Physi-
cians and the Children’s Medical Practice at Johns Hopkins
Bayview Medical Center for their assistance with recruiting,
and the Community Advisory Board for the Center for Child-
hood Asthma in the Urban Environment for advice on exe-
cution of the study. We also thank our field staff and Mr
Craig Lewis for diligent field work.

REFERENCES

1. Rosenstreich DL, Eggleston P, Kattan M, et al. The role of
cockroach allergy and exposure to cockroach allergen in caus-
ing morbidity among inner-city children with asthma. N Engl
J Med. 1997;336:1356—1363.

2. Morkjaroenpong V, Rand CS, Butz AM, et al. Environmental
tobacco smoke exposure and nocturnal symptoms among inner-
city children with asthma. J Allergy Clin Immunol. 2002;110:
147-153.

3. Gilliland FD, Li YF, Peters JM. Effects of maternal smoking
during pregnancy and environmental tobacco smoke on asthma
and wheezing in children. Am J Respir Crit Care Med. 2001;
163:429-436.

4. Matsui EC, Wood RA, Rand C, Kanchanaraksa S, Swartz L,
and Eggleston PA. Mouse allergen exposure and mouse skin
test sensitivity in suburban, middle-class children with asthma.
J Allergy Clin Immunol. 2004;113:910-915.

5. Phipatanakul W, Eggleston PA, Wright EC, Wood RA. Mouse
allergen. I. The prevalence of mouse allergen in inner-city
homes: The National Cooperative Inner-City Asthma Study. J
Allergy Clin Immunol. 2000;106:1070-1074.

6. Phipatanakul W, Eggleston PA, Wright EC, Wood RA. Mouse
allergen, II: the relationship of mouse allergen exposure to
mouse sensitization and asthma morbidity in inner-city children
with asthma. J Allergy Clin Immunol. 2000;106:1075-1080.

7. Chew GL, Perzanowski MS, Miller RL, et al. Distribution and
determinants of mouse allergen exposure in low-income New
York City apartments. Environ Health Perspect. 2003;111:
1348-1351.

8. Cohn RD, Arbes SJ Jr, Yin M, Jaramillo R, Zeldin DC. National
prevalence and exposure risk for mouse allergen in US house-
holds. J Allergy Clin Immunol. 2004;113:1167-1171.

9. Cullinan P, Lowson D, Nieuwenhuijsen MJ, et al. Work related
symptoms, sensitisation, and estimated exposure in workers not
previously exposed to laboratory rats. Occup Environ Med.
1994;51:589-592.

VOLUME 97, OCTOBER, 2006

519



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Eggleston PA, Ansari AA, Adkinson NF Jr, Wood RA. Envi-
ronmental challenge studies in laboratory animal allergy: effect
of different airborne allergen concentrations. AmJ Respir Crit
Care Med. 1995;151:640—-646.

Perry T, Matsui E, Merriman B, Duong T, Eggleston P. The
prevalence of rat allergen in inner-city homes and its relation-
ship to sensitization and asthma morbidity. J Allergy Clin Im-
munol. 2003;112:346-352.

Gautrin D, Infante-Rivard C, Ghezzo H, Malo JL. Incidence and
host determinants of probable occupational asthma in appren-
tices exposed to laboratory animals. Am J Respir Crit Care Med.
2001;163:899-904.

Schumacher MJ, Tait BD, Holmes MC. Allergy to murine
antigens in a biological research institute. J Allergy Clin Immu-
nol. 1981;68:310-318.

Ohman JL Jr, Hagberg K, MacDonald MR, Jones RR Jr, Paigen
BJ, Kacergis JB. Distribution of airborne mouse allergen in a
major mouse breeding facility. J Allergy Clin Immunol. 1994;
94:810-817.

Hollander A, Heederik D, Doekes G, Kromhout H. Determi-
nants of airborne rat and mouse urinary allergen exposure.
Scand J Work Environ Health. 1998;24:228 -235.

Matsui EC, Simons E, Rand C, et al. Airborne mouse allergen
in the homes of inner-city children with asthma. J Allergy Clin
Immunol. 2005;115:358-363.

Mitchell H, Senturia Y, Gergen P, et al. Design and methods of
the National Cooperative Inner-City Asthma Study. Pediatr
Pulmonol. 1997;24:237-252.

Wood RA, Eggleston PA, Rand C, Nixon WJ, Kanchanaraksa
S. Cockroach allergen abatement with extermination and so-
dium hypochlorite cleaning in inner-city homes. Ann Allergy
Asthma Immunol. 2001;87:60—64.

Gruchalla RS, Pongracic J, Plaut M, et al. Inner City Asthma
Study: Relationships among sensitivity, allergen exposure, and
asthma morbidity. J Allergy Clin Immunol. 2005;115:478—-485.
Asher MI, Keil U, Anderson HR, et al. International Study of

21.

22.

23.

24.

25.

26.

217.

Asthma and Allergies in Childhood (ISAAC): rationale and
methods. Eur Respir J. 1995;8:483-491.

Asmussen L, Olson LM, Grant EN, Fagan J, Weiss KB. Reli-
ability and validity of the Children’s Health Survey for Asthma.
Pediatrics. 1999;104:e71.

Eggleston PA, Rosenstreich D, Lynn H, et al. Relationship of
indoor allergen exposure to skin test sensitivity in inner-city
children with asthma. J Allergy Clin Immunol. 1998;102:
563-570.

Litonjua AA, Carey VJ, Burge HA, Weiss ST, Gold DR. Ex-
posure to cockroach allergen in the home is associated with
incident doctor-diagnosed asthma and recurrent wheezing. J
Allergy Clin Immunol. 2001;107:41-47.

Phipatanakul W, Gold DR, Muilenberg M, Sredl DL, Weiss ST,
Celedon JC. Predictors of indoor exposure to mouse allergen in
urban and suburban homes in Boston. Allergy. 2005;60:
697-701.

Arshad SH, Kurukulaaratchy RJ, Fenn M, Matthews S. Early
life risk factors for current wheeze, asthma, and bronchial
hyperresponsiveness at 10 years of age. Chest. 2005;127:
502-508.

Van Asperen PP, Mukhi A. Role of atopy in the natural history
of wheeze and bronchial hyper-responsiveness in childhood.
Pediatr Allergy Immunol. 1994;5:178-183.

Lau S, Nickel R, Niggemann B, et al. The development of
childhood asthma: lessons from the German Multicentre Al-
lergy Study (MAS). Paediatr Respir Rev. 2002;3:265-272.

Requests for reprints should be addressed to:
Elizabeth Matsui, MD, MHS

The Johns Hopkins Hospital

CMSC 1102

600 N Wolfe St

Baltimore, MD

E-mail: ematsui@jhmi.edu

520

ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



