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Background: The association between allergens in schools and childhood asthma has not been well studied, particularly in
the United States.

Objective: To investigate allergen exposure in schools compared with homes with a specific focus on children with asthma.
Methods: Dust samples were collected from 46 rooms in 4 urban elementary schools (northeastern United States) and from

38 student bedrooms. Samples were analyzed for cat (Fel d 1), dog (Can f 1), cockroach (Bla g 2), dust mites (Der f 1/Der p 1),
and mouse urinary protein (MUP). Questionnaires identified students with physician-diagnosed asthma.

Results: Cat and dog allergens were detectable in most school samples (96% and 78%, respectively), but at low levels.
Cockroach allergen was detectable in only 11% of school samples. Mouse allergen was detectable in 89% of school samples, with
68% having MUP levels greater than 0.5 �g/g. In contrast, MUP was detectable in only 26% of bedroom samples. Matched
classroom and home samples from 23 asthmatic students showed higher geometric mean MUP levels in the classroom vs the
home (6.45 �g/g vs 0.44 �g/g, P � .001). However, there were lower geometric mean dust mite (Der f 1) levels in the classroom
vs the home (0.04 �g/g vs 0.66 �g/g, P � .001).

Conclusions: There are significantly higher levels of MUP but lower levels of Der f 1 in schools vs homes. It is important
to recognize that children with asthma may encounter varying levels of allergens in environments outside the home, such as
schools.
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INTRODUCTION
The prevalence of pediatric asthma in the United States has
been increasing in recent years, particularly in urban areas.1

In addition, asthma is a leading cause of school absenteeism,
being responsible for an estimated 12.8 million school days
missed in 2003.2 Multiple environmental factors, such as
pollution, cigarette smoke, and allergen exposure, have been
implicated in contributing to this increase. Home exposure to
common indoor allergens, such as pets, dust mites, mice, and

cockroaches, contributes to asthma exacerbations in children
sensitized to these allergens.3–7 However, the role of allergen
exposure in other commonly encountered settings, such as
schools, is unclear. Although exposure to indoor allergens
occurs in homes, children spend a large portion of their day
at school. More important, elementary school–aged children
spend a lot of time in a single classroom. Interventions
focusing on environmental allergen reduction in the school
setting could benefit many children.

To date, there are no US studies comparing allergen levels
in homes vs schools for children with asthma. This study
evaluates indoor allergen levels in 4 elementary schools in an
urban city in the northeastern United States and compares
these levels with home allergen levels from a subset of
students attending these schools. We also identified students
with asthma and obtained information on absenteeism due to
asthma. The primary goal was to determine whether exposure
to allergens in the school was significantly different from
exposures found in the home, particularly in asthmatic chil-
dren. This focus on asthmatic children has not yet been
published in the United States.

METHODS
Four public elementary schools were selected from a major
urban area in the northeastern United States. All the schools
were within 5 miles of each other. Permission to collect
environmental samples was obtained from the school depart-
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ment superintendent and the principal of each school. The
study was approved by the institutional review board of
Children’s Hospital Boston.

Vacuum-collected settled dust samples were obtained from
different rooms in each school. In addition to classrooms,
samples were also collected from cafeterias, gymnasiums,
auditoriums, and libraries. All the rooms had hardwood or tile
floors, with some small area rugs. Samples were collected by
trained professionals using a hand-held vacuum (model
BB870-AD; Orek Corp, New Orleans, Louisiana), with a dust
collector (Johns Hopkins University, Baltimore, Maryland)
fitted into the inlet hose of the vacuum using a standardized
protocol.8 The school room was vacuumed for 6 minutes per
sample—3 minutes on the floor and 3 minutes on other
surfaces (desks and chairs)—in a standard manner as in
previous school studies.9

In addition to school samples, home dust samples were
also collected. These samples were collected from the bed-
rooms of students with corresponding classroom dust sam-
ples. The participating students volunteered to have home
sampling performed. Home dust samples were collected in
the same manner as in the school but from the bedroom floor.
Thirty-eight bedroom dust samples were obtained.

After the dust samples were collected, the dust was sifted
through a 40-mesh metal sieve (�425-�m particle exclu-
sion), weighed, and aliquoted into screw-top microcentrifuge
tubes that were then stored at �20°C until extraction. Fine
dust was then extracted in borate-buffered saline with Tween
20 (50 mg dust/mL buffer) for analysis of selected indoor
allergens.

Enzyme-linked immunosorbent assays (ELISAs) were
used to measure allergens from cockroach (Bla g 2), cat
dander (Fel d 1), dog dander (Can f 1), mouse urinary protein
(MUP), and dust mites (Der p 1 and Der f 1). These assays are
2-site monoclonal antibody ELISAs (cat), monoclonal/poly-
clonal sandwich ELISAs (cockroach and dog), and a poly-
clonal assay (MUP) and have been previously described.5,10,11

The lower limits of detection (LLODs) are 0.016 �g/g of dust
for Bla g 2, 0.012 �g/g for Fel d 1, 0.05 �g/g for Can f 1, 0.25
�g/g for MUP, and 0.03 �g/g for Der f 1 and Der p 1.

Questionnaires regarding asthma history and demographics
were distributed to students with instructions to take the
questionnaires home to be completed by their parents. At

each school, 3 classrooms from grades 4 to 6 were included
in the questionnaire portion of the study. The questionnaires
were voluntarily returned. Although all 4 schools had dust
samples collected, we distributed questionnaires in only 3 of
the 4 schools (schools 1, 2, and 3). All classes given ques-
tionnaires had a corresponding classroom dust sample col-
lected. These questionnaires ascertained information about
history of physician-diagnosed asthma, wheezing history, and
number of days missed from school in the previous year due
to asthma. The questionnaires also asked about sociodemo-
graphic information, such as sex, age, race or ethnicity, and
annual household income (�$30,000, $30,000–$49,999, and
�$50,000).

Geometric means were calculated for each allergen in
schools compared with homes. Values below the LLOD were
assigned the limit of detection for calculation of geometric
means as previously performed in similar studies.10,12 Geo-
metric means were also calculated for allergen levels from
paired classroom and bedroom dust samples for children with
asthma. The Wilcoxon rank sum test (Mann-Whitney test)
and the Wilcoxon signed rank test were used to compare
independent and paired populations, respectively.

Furthermore, comparisons were made among the 3 schools
whose students completed asthma questionnaires. The geo-
metric mean MUP levels and the mean number of school days
missed due to asthma were compared among these schools
using the Kruskal-Wallis test. Subsequently, pairwise com-
parisons using the Wilcoxon rank sum test were analyzed
regarding MUP levels and school days missed.

Finally, a comparison was made between classrooms with
higher MUP levels (greater than the median) and classrooms
with lower MUP levels (equal to or less than the median),
regardless of the school. The mean number of school days
missed due to asthma was compared in these 2 groups using
the Wilcoxon rank sum test.

RESULTS
The 4 schools were located in the same urban area and ranged
from 51 to 76 years old. Basic demographic data as reported
by the schools are provided (Table 1).

Forty-six vacuum-collected settled dust samples were ob-
tained from the schools: 33 from classrooms (72%), 7 from
cafeterias (15%), 4 from gymnasiums/auditoriums (9%), and

Table 1. Overall Comparison of Schools Participating in the Study

School characteristic School 1 School 2 School 3 School 4

Students, No. 303 914 376 232
Location of school Urban Urban Urban Urban
Age of school, y 71 51 76 71
Classrooms, No. 11 35 16 9
Race or ethnicity of students, No. (%)

White 82 (27.1) 317 (34.7) 260 (69.1) 10 (4.3)
Black 196 (64.7) 302 (33.0) 103 (27.4) 108 (46.6)
Hispanic 19 (6.3) 70 (7.7) 9 (2.4) 91 (39.2)
Asian/other 6 (2.0) 225 (24.6) 4 (1.1) 23 (9.9)
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2 from libraries (4%). Each school had at least 5 classrooms
and 6 total rooms sampled. Figure 1 shows the geometric
mean levels of each of the 6 indoor allergens in schools
compared with homes for all dust samples measured. Levels
of most of the allergens measured were similar between
schools and homes. However, there were significantly higher
geometric mean levels of mouse allergen in schools vs homes
(1.66 �g/g [range, LLOD to 238 �g/g] vs 0.41 �g/g [range,
LLOD to 6.97 �g/g]; P � .001, Wilcoxon rank sum test) and
significantly higher geometric mean levels of Der f 1 in
homes vs schools (0.66 �g/g [range, LLOD to 26 �g/g] vs
0.05 �g/g [range, LLOD to 0.46 �g/g]; P � .001, Wilcoxon
rank sum test).

Figure 2 shows the distribution of MUP in schools com-
pared with homes. School MUP levels, as taken from dust
samples, ranged from below the LLOD to 238 �g/g. Home
MUP levels ranged from below the LLOD to 6.97 �g/g. Most
school dust samples (61%) were greater than 0.5 �g/g, with
39% of samples being greater than 2 �g/g. In contrast, only
23% of home dust samples were greater than 0.5 �g/g, with
only 6% of samples greater than 2 �g/g. The highest MUP
level (238 �g/g) was noted in a cafeteria. However, the other
high MUP levels (�20 �g/g) were evenly distributed among
1 cafeteria, 1 library, and 3 classrooms. The 3 highest class-
room MUP levels were 109.0, 79.1, and 46.4 �g/g.

Of the 38 students with classroom and home samples, 23
reported a diagnosis of asthma on the questionnaire. For this
subset of 23 children, there were differences between allergen
levels measured in their respective classrooms compared with
their bedrooms (Table 2). The highest geometric means for
these students were 6.45 �g/g for MUP in their classrooms
and 1.31 �g/g for Fel d 1 in their bedrooms. In this particular
subgroup, significant differences were noted between the
geometric means of Der f 1 and MUP. For Der f 1, the
classroom geometric mean of 0.04 �g/g (range, LLOD to

0.07 �g/g) was significantly lower than the home geometric
mean of 0.66 �g/g (range, LLOD to 26 �g/g; P � .001,
Wilcoxon signed rank test). For MUP, the classroom geomet-
ric mean of 6.45 �g/g (range, 0.31–46.36 �g/g) was signif-
icantly higher than the home geometric mean of 0.44 �g/g
(range, LLOD to 6.97 �g/g; P � .001, Wilcoxon signed rank
test).

A summary of the asthma questionnaire data returned from
3 schools is provided (Table 3). Of those who returned the
questionnaires, we identified 21, 10, and 19 students with a
parental report of physician-diagnosed asthma in each of the
3 schools. Of the 50 total students identified as having
asthma, we obtained paired classroom and bedroom samples
for 23, as reported previously herein. Comparison of the 3
schools completing asthma questionnaires demonstrated that
these schools had similar and almost undetectable levels of
Bla g 2, Der f 1, and Der p 1. School 3 had the lowest levels
of Fel d 1 and Can f 1.

A comparison of MUP levels in these 3 schools was
performed. Schools 1 and 2 had MUP levels of 0.94 and 0.96
�g/g, respectively, and school 3 had a geometric mean MUP
of 8.36 �g/g. These 3 levels were different (P � .005,
Kruskal-Wallis test). Pairwise testing demonstrated that MUP
levels from schools 1 and 2 were not significantly different
from each other (P � .43, Wilcoxon rank sum test). However,
MUP levels in school 1 (P � .002, Wilcoxon rank sum test)
and school 2 (P � .02, Wilcoxon rank sum test) were differ-
ent from those in school 3 when compared individually to
school 3.

Similarly, a comparison of mean missed days due to
asthma was performed for these 3 schools. Parents of students
in schools 1 and 2 reported 1.57 and 2.30 mean missed school
days per year due to asthma, respectively, whereas school 3
reported 3.58 days per year per student with reported asthma
(P � .06, Kruskal-Wallis test). Pairwise comparison showed
that days missed due to asthma were significantly different
in school 1 compared with school 3 (P � .02, Wilcoxon

Figure 1. Geometric mean allergen levels in all the samples (school vs
home).

Figure 2. Distribution of levels of mouse urinary protein (MUP) measured
in all samples. LLOD indicates lower limit of detection.
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rank sum test). A comparison of missed days of school
due to asthma in relation to school MUP levels is given in
Table 4.

Comparison of classrooms, regardless of school, revealed
that students in classrooms with higher MUP levels missed
3.13 days per year due to asthma compared with students in
classrooms with lower MUP levels, who missed 1.88 days per
year (P � .10, Wilcoxon rank sum test).

DISCUSSION
This school study is the first in the United States to compare
classroom and school allergen levels with home allergen
levels in children with asthma. In this study of 4 urban
northeastern US schools, we discovered high mouse allergen
levels, moderate cat allergen levels, low dog allergen levels,
and primarily undetectable levels of dust mite and cockroach
allergens in the sampled schools. In classrooms of a subset of
students with asthma, we found significantly higher levels of
MUP compared with in their bedrooms.

The difference in MUP levels was the most important
finding of this study. These data indicate that in this study,
there was a subset of children with asthma who were exposed
to significantly higher levels of mouse allergen in schools
compared with their homes. It does not seem that students
were bringing this allergen from their homes because it was
found at very low levels throughout all the homes in this area.
This demonstrates that school 3 provided an exposure to
mouse allergen that was independent of homes. This may
play an important role in asthma morbidity for students with
asthma attending this school. This study was not powered to
evaluate allergen exposure and asthma morbidity, but we
found that in a school with higher levels of MUP (school 3),
parents of students with asthma reported trends toward these
students having a higher mean number of missed school days
due to asthma. Although we were not powered to fully adjust
for confounders, schools and classrooms with higher mouse
allergen levels did not seem to have more nonwhite students
or lower reported household incomes. The main results of this
study demonstrate that students may be exposed to allergens
in school that they are not necessarily exposed to at home.
Additional larger studies evaluating allergen levels in schools
and homes of children with asthma may be helpful in under-
standing the role of allergen exposure specific to the class-
room and asthma morbidity.

Table 2. Allergen Levels in Paired Classrooms and Bedrooms for a Subset of 23 Children With Asthma in the 3 Schools Completing Asthma
Questionnaires

Allergen Location
Allergen levels, �g/g

Range Geometric mean 25th to 75th percentile

Bla g 2 Bedroom �LLOD �LLOD All values were �LLOD
Classroom �LLOD to 0.024 0.017 �LLOD to �LLOD

Fel d 1 Bedroom �LLOD to 104.00 1.31 0.16–16.92
Classroom 0.17–4.36 1.04 0.23–3.45

Can f 1 Bedroom �LLOD to 102.00 0.43 �LLOD to 2.68
Classroom �LLOD to 2.88 0.35 0.16–0.66

Der f 1 Bedroom �LLOD to 26.00 0.66 0.08–6.27a

Classroom �LLOD to 0.07 0.04 �LLOD to 0.06
Der p 1 Bedroom �LLOD to 27.55 0.08 �LLOD to 0.07

Classroom �LLOD to 0.04 0.03 �LLOD to 0.03
MUP Bedroom �LLOD to 6.97 0.44 �LLOD to 0.82

Classroom 0.31–46.36 6.45 2.42–12.10a

Abbreviation: LLOD, lower limit of detection; MUP, mouse urinary protein.
a P � .001, calculated using the Wilcoxon signed rank test for comparison of paired sets of nonparametric data.

Table 3. Comparison of Students With Reported Asthma Based on
School

Basic demographics School 1 School 2 School 3

Students with asthma, No. 21 10 19
Age, median (range), y 10.5 (9–12) 11.0 (10–12) 10.7 (9–12)
Male sex, No. (%) 8 (38) 7 (70) 13 (68)
Race or ethnicity, No. (%)

White 8 (38) 1 (10) 8 (42)
Black 11 (52) 5 (50) 7 (37)
Hispanic 0 4 (40) 3 (16)
Asian/other 2 (10) 0 1 (5)

Family income, No. (%)
�$30,000 3 (14) 3 (30) 2 (11)
$30,000–$49,000 6 (29) 4 (40) 6 (32)
�$50,000 7 (33) 1 (10) 9 (47)
Don’t know 3 (14) 1 (10) 1 (5)
Refuse to say 2 (10) 1 (10) 1 (5)

Missed school days due to
asthma, mean days per year

1.57 2.30 3.58

School allergen levels,
geometric mean, �g/g
Cockroach (Bla g 2) 0.02 0.02 0.02
Cat (Fel d 1) 1.08 1.60 0.17
Dog (Can f 1) 0.27 0.59 0.11
Dust mite (Der f 1) 0.05 0.04 0.04
Dust mite (Der p 1) 0.05 0.03 0.03
Mouse (MUP) 0.94 0.96 8.36

Abbreviation: MUP, mouse urinary protein.
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Previous studies13–18 have shown that cat and dog allergens
are transported into schools on students’ clothing. The
present study showed similar results, with a high percentage
of classrooms reporting detectable levels of cat and dog
allergens. On the contrary, most of the sampled schools had
undetectable levels of dust mite allergen. Other studies16,19,20

have also shown the relative absence of dust mite allergens in
schools. The present findings also agree with other studies21

that have shown higher dust mite allergen levels in students’
homes compared with corresponding classrooms.

The absence of detectable levels of cockroach in these
school and home samples was unique, especially for an
inner-city environment in the United States. This is in con-
trast to other studies,10,12,20,22,23 which have documented a high
prevalence of cockroach allergen in urban schools and homes
in inner cities such as New York City; Baltimore, Maryland;
and Birmingham, Alabama. In contrast, a recent study24 from
early childhood education centers in Arkansas reported that
relatively few centers had detectable cockroach allergen.
Studies from other countries, such as Sweden and New Zea-
land, have reported very low levels of cockroach allergens in
schools and day care centers.13,16 It is possible that different
cities, even in the United States, have different levels of
indoor allergens.

We found a significant difference between MUP levels in
the schools and in the homes of students in these schools.
Most sampled school rooms (89%) contained measurable
MUP (geometric mean, 1.66 �g/g). Other studies, in other
parts of the United States, have reported a high prevalence of
mouse allergens in urban schools. Chew et al10 found mouse
allergen (MUP) to be prevalent in 81% of dust samples
collected from urban schools, with 78% of classrooms report-
ing high levels (�2 �g/g) on at least 1 occasion. Amr et al20

reported a mean level of mouse allergen (Mus m 1) of 6.24
�g/g in collected school dust samples. Perry et al24 reported
detectable levels of mouse allergens in 100% of studied early
education centers. Similar studies12,25 evaluating home envi-
ronments alone have found mouse allergens to be prevalent in
urban homes. In the present study, most of the homes did not
have any detectable levels of MUP. This study shows that a
subset of students in the Northeast may encounter allergens,
such as MUP, in other environments that are not present in
the home.

Although there are many studies on allergen exposures in
schools, relatively few studies evaluate the effect on asthma
morbidity. In Sweden, children with asthma were evaluated
as they returned to school after summer vacation. Specifi-
cally, children with an allergy to cat but no current cat
exposure were evaluated. It was demonstrated that these
children had an increase in asthma symptoms, an increase in
asthma medication use, and a decrease in peak expiratory
flow rates after returning to school if their classroom had a
significant number of children from homes with cats.26 Sim-
ilarly, children with asthma have reported increased asthma
symptoms when attending schools with higher levels of dog
allergen.14 Mouse allergen was not analyzed in these studies.
The only US study evaluating asthma prevalence and school
allergens was performed in Baltimore.20 This study showed a
positive correlation between asthma prevalence by health
department report and school cockroach allergen levels. Al-
though it is unclear what levels of mouse allergen are truly
associated with asthma morbidity, particularly in schools and
school-aged children, there is some suggestion that levels
greater than 0.5 �g/g in homes of preschool children are
associated with asthma morbidity if sensitized.3 The present
study was not designed to fully evaluate the role of classroom
and school mouse allergen levels in asthma.

This study had several limitations. It may have included
selection bias because participation in home sampling and
asthma questionnaire completion were voluntary. Also, we
did not have measures of potential confounders, such as
smoke and pollution exposure, upper respiratory tract infec-
tions, weather, and degree of atopy. It is possible that the
profile of allergen levels, in schools and in homes, may differ
if more schools and more students were studied. These find-
ings may be due to markers of socioeconomic status; how-
ever, schools and classrooms with higher mouse allergen
levels did not seem to have more nonwhite students or lower
reported household incomes. Despite the potential for mis-
classification in physician or parental report of asthma (phy-
sicians may not be present when a child wheezes), parental
report is a standard outcome in American Thoracic Society
and International Study of Asthma and Allergies in Child-
hood questionnaires and in many US studies is highly pre-
dictive of asthma,27 slower lung function growth,28 and
methacholine reactivity.29 Although other rodent allergens,

Table 4. MUP Levels (by School) Compared With Days Absent (Due to Asthma)

School Samples, No.

MUP, �g/g
Students with
asthma, No.

Days absent due
to asthma, meanb

Range
Geometric

meana
25th to

75th percentile

School 1 20 0.25–30.30 0.94 0.25–4.51 21 1.57
School 2 6 0.35–8.19 0.96 0.36–3.86 10 2.30
School 3 14 0.42–238.00 8.36 0.61–80.03 19 3.58

Abbreviation: MUP, mouse urinary protein.
a P � .005 by Kruskal-Wallis test of all 3 schools.
b P � .06 by Kruskal Wallis of all 3 schools.
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such as rat (Rat n 1) and guinea pig (Cav c 1), were not
measured in this study, the assay was specific for the major
mouse allergen, and previous studies30–32 do not show cross-
reactivity between the major allergens of these rodents. Fur-
thermore, we did not have information regarding allergen
sensitization, specifically mouse, on children with asthma in
this study.

In summary, these results demonstrate that children with
asthma encounter varying levels of allergens in environments
outside the home, such as schools. In addition, we found
higher levels of mouse allergen in the schools we evaluated
compared with the homes we evaluated from students in these
schools. Allergen exposure outside the home may be a po-
tentially important trigger for asthma and should be further
investigated.
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