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Background: Rat allergen has proved to be an important
cause of IgE-mediated hypersensitivity in the occupational set-
ting. The prevalence and significance of rat allergen in homes
has not been studied.
Objective: The purpose of this study was to determine the
prevalence of rat allergen in the homes of inner-city children
with asthma and to examine the relationship between rat aller-
gen exposure, sensitization, and asthma morbidity.
Methods: We developed a new monoclonal-based ELISA to
determine the prevalence of rat allergen in dust samples from
inner-city homes of the National Cooperative Inner-City Asth-
ma Study population. Home characteristics were evaluated to
detect variables that were associated with the presence of rat
allergen. Data were also analyzed to assess the relationship
between the presence of rat allergen, sensitization, and asthma
morbidity.
Results: Thirty-three percent of inner-city homes had
detectable rat allergen (Rat n 1). The presence of rat allergen
was associated with reported rat and mouse infestation, as well
as evidence of mouse infestation on home inspection. Twenty-
one percent of the participants were sensitized to rat allergen;
however, sensitization was not more common when rat aller-
gen was found in the home. The number of hospitalizations,
unscheduled medical visits, and days with slowed activity
because of asthma were significantly increased in those indi-
viduals who were both sensitized and exposed to rat allergen.
Conclusions: Rat allergen sensitization and exposure are asso-
ciated with increased asthma morbidity in inner-city children.
(J Allergy Clin Immunol 2003;112:346-52.)

Key words: Rat allergen, indoor allergens, inner-city asthma, sen-
sitization, asthma morbidity

Rat allergen is a well-documented cause of IgE-medi-
ated occupational disease1; however, its role in allergic
diseases outside of the work environment remains
unclear. In the occupational setting, sensitization to rat
allergen is common among those who work with rats in
the laboratory, with prevalence estimates ranging from
12% to 31%,1 and rat allergen exposure has been shown
to be a risk factor for both sensitization and allergic symp-

toms.2 The significance of rat exposure and sensitization
outside of the occupational setting has not been demon-
strated in previous studies. In the National Cooperative
Inner City Asthma Study (NCICAS), 19% of the study
population was sensitized to rat allergen,3 suggesting that
rat allergen exposure might play an important role in both
the development and severity of asthma in children living
in inner-city homes. Inner-city residents commonly report
rat infestation; however, the prevalence and significance
of rat allergen in homes has yet to be studied. 

Studies in occupational settings have demonstrated an
increased risk of sensitization to rat allergen with
increasing exposure. In addition, exposure to increasing
concentrations of rat allergen has been associated with
increasing upper and lower airway responses in sensi-
tized workers.1,4,5 It is uncertain whether these associa-
tions between rat allergen exposure, sensitization, and
disease hold true outside of the occupational setting. To
date, the major mouse allergen, Mus m 1, is the only
rodent allergen studied in inner-city children with asth-
ma. Phipatanakul and colleagues6,7 found that 18% of
children in the NCICAS population were sensitized to
mouse, and 95% of homes had detectable mouse aller-
gen. Exposure to Mus m 1 levels above the median (1.60
µg/g) was associated with sensitization to mouse aller-
gen, but no statistically significant relationship between
Mus m 1 exposure and asthma morbidity was found.
Because of these findings and the already established
role of rat allergen in occupational allergic disease, we
sought to examine the prevalence of rat allergen exposure
among the NCICAS participants. In addition to describ-
ing the distribution of Rat n 1, the major rat allergen, we
examined the relationship between rat allergen exposure,
sensitization, and asthma morbidity in this population. 

METHODS

Study population and baseline evaluation

This study is based on a re-analysis of household dust samples
collected in the NCICAS. The NCICAS population consisted of
1528 asthmatic children from 8 major inner-city areas.3 Participants
had asthma and lived in neighborhoods where at least 30% of
households had incomes less than the 1990 poverty level.8 The chil-
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dren and primary caretakers underwent a baseline evaluation that
included extensive medical, environmental, demographic, and psy-
chosocial interviews. Prick-puncture tests were performed to Ger-
man and American cockroach, D pteronyssinus, D farinae, cat, dog,
mouse, rat, Alternaria tenuis, Penicillium species, mixed grasses,
orchard grass, white oak, maple, and giant and short ragweed in
50% glycerosaline (Greer Laboratories, Lenoir, NC), as previously
described.8 We used previously published criteria to grade skin test
results,8 and the skin test panel was considered valid if the wheal
from the histamine control (1 mg/mL) was at least 1 mm larger than
the negative control. The skin test response was considered positive
if the panel was valid, and the mean wheal diameter of the allergen
test was at least 2 mm larger than the negative control wheal.

The NCICAS protocol called for home evaluation on half of the
study population. Home visits were conducted in the homes of 75
participants from each site, and a total of 663 visits from all study
sites was carried out within 1 month of baseline according to proto-
col.8 Of the 663 dust samples, there were adequate samples for
analysis for Rat n 1 from 602 bedrooms, 603 living rooms, and 556
kitchens. This study uses the previously collected data and dust
samples of 489 children (Table I) from the original NCICAS popu-
lation who had valid skin test results, adequate dust samples, and
complete home characteristics data. Morbidity data were available
for 480 of these records for analysis. 

Home evaluation and dust samples

At each home visit, trained personnel inspected the home
according to a protocol, documenting construction; environmental
conditions; and evidence of cockroach, mouse, and rat infestation.
In addition, the family was interviewed regarding characteristics
such as laundry methods, smoking habits, and infestations. Dust
samples were collected from the child’s bedroom, the television/liv-
ing room, and the kitchen using standard methods.8 Dust samples
were sieved and stored at –30°C until extraction according to pub-
lished methods.9 For this study, samples were thawed and analyzed
for Rat n1 using a monoclonal-based ELISA.

Assessment of asthma morbidity

Asthma morbidity was assessed in terms of health care utiliza-
tion, clinical symptoms, activities of daily life, and effect on care-
takers.10 Caretakers were questioned during the baseline interview
and by telephone interview at 3, 6, and 9 months. Recall of health
care utilization and school days missed over the previous 3 months,
clinical symptoms, daily activity, and effect on the caretaker over
the prior 2 weeks was obtained at each interview.3 Health care uti-
lization included the number of hospitalizations and unscheduled

visits for asthma. For morbidity analyses, the averages of hospital-
izations and unscheduled visits and percent of school days missed
per session were obtained from the 3-, 6-, and 9-month interviews.
In addition, the mean number of days per 2 weeks for clinical symp-
toms, activities of daily life, and the effect on the caretaker were
obtained from these same interviews. Subjects were classified as
sensitized to rat allergen if the skin test panel was valid, and the rat
skin test response was positive. The exposed population included
those subjects with detectable Rat n 1 in the bedroom dust sample. 

Preparation of monoclonal antibodies

Rat n 1 was purified from male Sprague-Dawley rat urine using
dialysis against cold distilled water for 7 days11 followed by chro-
matography.12 A/J mice were immunized with purified Rat n 1 aller-
gen, and immune spleen cells were fused with the mouse myeloma
cell line Sp2/0-Ag14. Three hybridoma clones, 4D12 (IgG2b), 4F7
(IgG1), and 5C7 (IgG1), were selected on the strength of ELISA
against purified Rat n 1 and were grown in culture. Culture super-
natants were enriched by affinity chromatography on recombinant
protein G columns.13

The 3 mAbs, 4D12, 5C7, and 4F7, were found to have slightly dif-
ferent specificities for Rat n 1. On Western blot, 4F7 recognized both
19 kDa Rat n 1 and a second protein at 30 kDa, whereas the other 2
mAbs recognized only Rat n 1 in both the 19 kDa and 18 kDa state.
This difference was also reported with the mAb described by Renstrom
and colleagues14 and probably relates to the 2 isoforms of Rat n 1.

ELISA procedure

Monoclonal capture antibody 4F7 (1 µg/mL) was coated on 96-
well microtiter plates (Dynatech, Immulon IV, Chantilly, Va) overnight
at 4°C in carbonate-bicarbonate buffer, pH 9.6, and blocked with PBS
containing 1% BSA and 0.05% Tween 20. Purified Rat n 1 (0.5-20
ng/mL) or unknown samples diluted in PBS were added in duplicate
and incubated for 1 hour at 25°C. Plates were then washed with
PBS:Tween 20, and 100 µL of 1 µg/mL biotinylated detector mAb
5C7 was added. Purified mAb 5C7 was biotinylated using biotinolyl-
epsilon-amino caproic acid N-hydroxysuccinimide ester and blocked
with NH4Cl. After a second incubation of 2 hours at 25°C, the plates
were washed again. Streptavidin-peroxidase (Sigma Chemical Com-
pany, St Louis, Mo) was added (125 ng/mL) for 30 minutes, the plates
were washed again, and then they were developed with 1 mmol/L
2.2′Azino-di-3ethylbenzthiazoline-6-sulfonic acid in 70 mmol/L cit-
rate phosphate buffer, pH 4.2, plus 0.03% hydrogen peroxide. The col-
orimetric reaction was stopped with 1% SDS and read at 405 to 490
nm using SoftMax pro (Molecular Devices, Sunnyvale, Calif). The
Mus m 1 ELISA was performed as previously described.15

TABLE I. Characteristics of the study population*

Characteristic Study sample (n = 489) NCICAS (n = 1528)

Mean ± SD age (y) 6.2 ± 1.68 6.2 ± 1.69
Male sex 310/489 (63%) 954/1528 (62%)
Race or ethnic group†

Hispanic 81/483 (17%) 295/1515 (19%)
Black 376/483 (78%) 1111/1515 (73%)
Other 26/483 (5%) 109/1515 (7%)

Annual income <$15,000† 291/437 (67%) 835/1364 (61%)
At least 1 smoker in home 283/485 (58%) 887/1513 (59%)
Family history of asthma 202/479 (42%) 644/1512 (43%)
Inadequate social support 205/478 (43%) 637/1499 (42%)
Sensitized to rat allergen 103/489 (21%) 266/1411 (19%)
Sensitized to mouse† 88/489 (18%) 213/1411 (15%)

*Demographic data missing for some participants.
†P < .05.
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Statistical analysis

The study population was compared with the remainder of the
NCICAS population using Student t test for continuous variables
and chi-square analysis for categorical variables. Rat allergen and
mouse allergen levels were compared using Spearman’s rank corre-
lation. Odds ratios and chi-square tests were used to relate housing
characteristics to detectable levels of rat allergen in the children’s
bedrooms. Linear regression models were used to assess the rela-
tionship of bedroom rat exposure and rat sensitization to asthma
morbidity. Averages for morbidity measures were calculated based
on the 3-, 6-, and 9-month interviews. Covariates in the final model
included sex, family history of asthma, Child Behavior Checklist
score, tobacco smoke exposure, cockroach exposure, cockroach
sensitization, and atopic status. Mouse exposure and sensitization
were included in early models but were not included in the final
model, because no effect was seen for either variable. For each
analysis, the group that was both sensitized and exposed to rat aller-
gen was compared with all other children as previously described.10

RESULTS

The dose-response curve for the ELISA for purified
Rat n 1 is shown in Fig 1. Binding was maximal at a Rat
n 1 concentration of 200 ng/mL, and the detection limit
was 0.22 ng/mL, equivalent to 4.4 ng/g in settled dust.
Mus m 1 was not reactive in the system at concentrations
up to 200 ng/mL. In the NCICAS home samples, Rat n 1
was found in 129 of 602 (21%) bedrooms, 164 of 603
(27%) living/TV rooms, and 104 of 556 (19%) kitchens.
For all homes with analyzable dust, 225 of 645 (33%)
had detectable Rat n 1 in any room. The range of mea-
surable Rat n 1 was 4.4 to 1413 ng/g in the bedroom, 4.4
to 3380 ng/g in the living room/TV room, and 4.4 to
4620 ng/g in the kitchen. The median level for all rooms
was below detection. Because this analysis measured Rat

n 1 in many of the same samples on which Mus m 1
analyses were performed,6 we plotted levels of rat aller-
gen against mouse allergen measured in these samples.
As demonstrated in Fig 2, there is no correlation between
rat and mouse allergens in dust samples (r = .298).
Specifically, increasing concentrations of Mus m 1 did
not correlate with concentrations of Rat n 1, and in the
473 (79%) homes without detectable bedroom rat aller-
gen, concentrations of Mus m 1 ranged from below
detection (n = 79) to 153 µg/g. 

The children in this study had characteristics similar to
the entire NCICAS population3 (Table I). The mean age
of the children was 6.2 years (range, 4-9), and 63% were
males. Forty-two percent had a family history of asthma,
58% had at least 1 smoker in the home, 43% had inade-
quate social support, and 21% were sensitized to rat aller-
gen. There were significant differences in the racial and
income distributions of the 2 groups. In addition, a larger
percentage of participants was sensitized to mouse in this
study population than in the entire NCICAS population. 

Many home characteristics were examined, and these
characteristics were similar to the original NCICAS pop-
ulation.3 Among the homes sampled, 46% of homes were
older than 50 years, 46% had evidence of disrepair, 44%
had evidence of trash or dirty dishes in the kitchen, and
51% had wall-to-wall or large bedroom carpeting (Table
II). The homes consisted of 20% single-family dwellings,
22% row homes/duplexes, and 56% apartment houses.
Certain home characteristics were related to the presence
of rat allergen. As shown in Table II, reported infestation
with rats or mice in the past year and evidence of mouse
infestation, such as mouse droppings, on home inspection
were associated with the presence of rat allergen in the

FIG 1. ELISA dose-response curve demonstrating maximal binding of Rat n 1 at 200 ng/mL with the detec-
tion limit of 0.22 ng/mL. Mus m 1 at concentrations up to 200 ng/mL was associated with no change in opti-
cal density. 
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bedroom. Although only 47% of homes with reported rat
infestation had detectable rat allergen, these homes were
more than 3 times as likely to have detectable rat allergen
in dust samples than homes without reported rats (P <
.001). Similarly, homes with reported problems with mice
were more than 3 times as likely to have detectable rat

allergen (P < .001). Homes with evidence of mouse infes-
tation on bedroom inspection were more likely to have
detectable rat allergen (P = .03). Evidence of cockroach-
es in the bedroom was not associated with the presence of
rat allergen (P = .92). Similar results were seen in the
kitchen and TV/living room (data not shown). The age of

FIG 2. Comparison of concentrations of rat and mouse allergens in the 602 bedroom dust samples shows
no correlation between allergen levels (r = .298). Mus m 1 concentrations ranged from below detection (BD)
to 153 µg/g in the 473 homes with undetectable rat allergen. Both rat and mouse allergens were unde-
tectable in bedroom dust from 74 homes. Note that the units for Rat n 1 and Mus m 1 differ.

TABLE II. Relationship of home characteristics to presence of bedroom rat allergen (n = 489)

Number % detectable Crude odds ratio 95% CI P value

Age of home* (y) 0.75-1.85 .470
≥50 212 22 1.18
<50 252 19

Evidence of disrepair 0.73-1.73 .600
Yes 224 22 1.12
No 265 20

Trash, dirty dishes in kitchen 0.39-0.97 .034
Yes 209 17 0.62
No 280 25

Working vacuum cleaner 0.99-2.40 .052
Yes 234 18 1.54
No 255 25

Wall-to wall or large rug in bedroom* 0.34-0.94 .025
Yes 193 17 0.57
No 185 26

Reported rats* 1.79-7.44 <.001
Yes 34 47 3.64
No 449 20

Reported mice* 2.06-5.29 <.001
Yes 236 31 3.30
No 247 12

Evidence of mice in bedroom 1.05-3.82 .031
Yes 48 33 2.01
No 441 20

Evidence of cockroaches in bedroom 0.64-1.67 .918
Yes 134 22 1.03
No 355 21

*Housing characteristics missing for some participants.
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the home was not associated with detectable rat allergen.
Evidence of poor housekeeping, such as trash or dirty
dishes in the kitchen (P = .03), and the presence of wall-
to-wall carpeting or a large rug (P = .025) were both asso-
ciated with a lower likelihood of detectable rat allergen.
Lack of a working vacuum cleaner showed a similar trend
but did not reach statistical significance (P = .052). More
row homes (43%) contained detectable rat allergen than
did detached homes (19%) or apartments (13%), P < .001. 

Of the 489 children with complete skin test and bed-
room allergen data, 103 (21%) had a positive skin test to
rat allergen, 162 (33%) lived in homes with detectable rat
allergen in any room, and 104 (21%) had detectable rat
allergen in the bedroom. The prevalence of positive skin
tests was no different in children living in homes with
detectable bedroom rat allergen (22 of 104, 21%) than in
those without bedroom exposure (81 of 385, 21%). Sim-
ilarly, sensitization rates were the same in children with
(27 of 130, 21%) and without (76 of 363, 21%) TV/liv-
ing room exposure. However, children with kitchen
exposure were more likely to be sensitized (23 of 79,
29%) than those without kitchen exposure (73 of 378,
19%) but the difference was not statistically significant
(P = .052). Children with exposure to rat allergen in any
room were more likely to be sensitized (40 of 178, 23%)
than unexposed children (70 of 351, 20%); however, this
difference was not significant (P = .166). 

For morbidity analyses, the 480 participants with com-
plete morbidity data were divided into groups based on
sensitization and bedroom exposure, creating 4 groups
(Table III). Group 1 (n = 297) consisted of individuals
who were neither sensitized nor exposed to rat allergen.
Group 2 (n = 81) included those individuals who were not
sensitized but had detectable rat allergen in the bedroom
dust sample. Group 3 (n = 80) included sensitized indi-
viduals who did not have bedroom rat exposure, and
group 4 (n = 22) participants were both sensitized and
exposed to bedroom rat allergen. Hospitalization rates
were significantly higher in children who were in the sen-

sitized and exposed group than the other 3 groups. Aver-
age hospitalization rates were 0.030, 0.035, 0.062, and
0.166 hospitalizations per child per year for groups 1, 2,
3, and 4, respectively (P ≤ .0001). The number of
unscheduled visits was also significantly higher in the
sensitized and exposed group. The number of unsched-
uled visits per child per year was 0.41, 0.44, 0.33, and
0.72 for groups 1, 2, 3, and 4, respectively (P = .018).
Group 4 had 2.9 days with reduced activity in the past 2
weeks compared with 1.9, 2.0, and 1.9 days in groups 1,
2, and 3 (P = .02). Other morbidity outcome measures
showed a similar trend but did not reach statistical signif-
icance. Morbidity results were similar when analyses
were performed for kitchen and TV/living room exposure.

DISCUSSION 

This is the first study to examine the prevalence of rat
allergen in the home environment.We found 33% of
inner-city homes had detectable rat allergen, suggesting
that exposure to this particular allergen is common in
these homes, although not as common as mouse allergen,
which was detected in 95% of the homes.6 Rat allergen
was more common in the TV/living room (27%) than the
kitchen (19%) and bedroom (21%). This is in contrast to
mouse allergen, which was more evenly distributed
throughout the home and found in 87% of all TV/living
rooms, kitchens, and bedrooms. It is likely that this dis-
similarity in prevalence and distribution of rat and mouse
allergens is due to the differences in the nesting habits of
these rodents.16 Norwegian rats (Rattus norwegicus), the
most common species in inner cities, are ground
dwelling and build nests in underground burrows. Unless
populations are very heavy, they do not nest in buildings.
The Norway rats typically live in families and will forage
for food and water at distances 30 to 50 m from the nest
as long as food and water are easily accessible. Thus, the
most likely site of allergen contamination would be in the
rat’s nest rather than in homes, where they might forage.

TABLE III. Relationship of bedroom rat exposure and asthma morbidity (n = 480)

Negative skin test Positive skin test

Not exposed (group 1) Exposed (group 2) Not exposed (group 3) Exposed (group 4)

N 297 81 80 22
Hospitalizations in past year* (no.)† 0.03 0.04 0.06 0.17
Unscheduled medical visits in past year* (no.)‡ 0.41 0.44 0.33 0.72
Days wheezing in past 2 weeks§ (no.) 3.34 3.46 3.71 3.77
Nights child lost sleep in past 2 weeks§ (no.) 1.63 1.99 1.58 1.90
Days with reduced activity in past 2 weeks§ (no.)‡ 1.86 2.02 1.94 2.90
Days caretaker changed plans in past 2 weeks§ (no.) 2.52 3.46 1.80 4.02
Nights caretaker lost sleep in past 2 weeks§ (no.) 2.02 2.36 2.13 2.18
School days missed in last 3 months (%)¶ 6.06 6.10 6.00 6.29

Linear regression models adjusted for family history of asthma, sex, smoke exposure, Child Behavior Checklist score, cockroach exposure, cockroach sensiti-
zation, and atopy.
*Denotes average number per child per year.
†P ≤ .0001 for the comparison between group 4 and groups 1, 2, and 3 combined.
‡P < .05 for the comparison between group 4 and groups 1, 2, and 3 combined.
§Denotes average number per child per 2 weeks.
¶Denotes percent days missed while school in session. 



J ALLERGY CLIN IMMUNOL

VOLUME 112, NUMBER 2

Perry et al 351

En
vi

ro
nm

en
ta

l a
nd

oc
cu

pa
tio

na
l d

is
or

de
rs

Mice, on the other hand, are more likely to live indoors
and nest near food stores, within cabinets, closets, walls,
and in the voids of large appliances.16 For mice, contam-
ination by urinary allergen is likely to be more intense
and widespread in homes. This difference in ecology is
compatible with the observation that 51% of families
reported mice, whereas only 8% reported rats. 

Reports of rat and mouse infestation, as well as evi-
dence of mouse infestation on home inspection, were asso-
ciated with detectable bedroom rat allergen. Surprisingly,
both evidence of poor housekeeping, such as trash or dirty
dishes in the kitchen, and the presence of carpeting
seemed to protect against having detectable bedroom rat
allergen. Consistent with this paradox, homes with a work-
ing vacuum cleaner were more likely to have detectable rat
allergen, but this finding was not statistically significant.
These findings were unexpected, prompting us to consid-
er the possibility that these home characteristics were indi-
cators of socioeconomic status (SES). However, analysis
of the associations between these home characteristics and
SES did not support the notion that SES was a confounder.
In fact, the presence of a working vacuum cleaner and
presence of carpeting were both associated with higher
SES, whereas poor housekeeping was not associated with
either higher or lower SES. We are left, then, without a sat-
isfactory explanation for these findings.

Interestingly, only 47% of homes with reported rat
infestation had detectable rat allergen. Because rats pri-
marily live outdoors, they are commonly seen by inner-
city residents outside of the home. The NCICAS ques-
tionnaire asked, “In the past year, have you had problems
with rats?” but did not specify whether reported rats were
seen inside or outside the home; therefore, it is possible
that some reporting of rat infestation included rats that
were seen outside. This could explain why more than half
of homes with reported rat infestation had no detectable
rat allergen. Another explanation might have been that
the rat allergen assay was not sensitive enough to detect
allergens in these samples, but the detection limit for the
rat ELISA (4 ng/g) is similar to the detection limit of
other animal allergen ELISA17 and only slightly higher
than the detection limits for Mus m 1.18 We also found
that significantly more row homes had detectable rat
allergen than attached homes and apartments. Because
virtually all of the row homes were located in Baltimore
(95%), it is difficult to say whether this finding is related
to the type of home or to the city. 

The ranges of measurable rat allergen in inner-city
homes were > 100-fold lower than levels of mouse aller-
gen found in this same population.6 Because Rat n 1 and
Mus m 1 allergens have > 80% homology,19 we consid-
ered that the low level of rat allergen represented only
cross-reactivity to Mus m 1. The demonstration that the
assay was not able to detect purified Mus m 1 at high con-
centrations (Fig 1) and that the measured levels of Rat n 1
in the same household dust samples did not correlate with
Mus m 1 concentrations (Fig 2) suggest that cross-reac-
tivity was not a factor. In fact, many homes with very high
Mus m 1 levels had undetectable rat allergen. 

The presence of rat allergen in the home was not asso-
ciated with sensitization to rat. This finding is in contrast
to mouse allergen, for which an association between
home exposure and sensitization has been demonstrat-
ed.7 However, sensitization to rat was more common than
sensitization to mouse (21% vs 18%), despite the
increased prevalence and much higher exposure to
mouse allergen in the home. This apparent disparity
between exposure and sensitization prevalence could be
due to a protective effect at higher levels of mouse expo-
sure as has been suggested to occur with cat and dog
allergens.20 Another, more plausible, explanation is that
home exposure might be a more valid measure of true
exposure for mouse than for rat allergen. For example,
children might be exposed to mouse allergen primarily
inside of homes where mice reside. For rat allergen,
exposure might occur primarily outside of the homes, in
yards or alleys or perhaps in school. Home rat allergen
measurements might then be a less accurate measure of
rat allergen exposure. 

The most remarkable finding in this study was the
relationship between rat allergen and morbidity in inner-
city individuals with asthma. Although found in a minor-
ity of homes, the presence of rat allergen is associated
with significantly higher asthma morbidity among rat-
sensitized children. Sensitized and exposed individuals
had significantly more hospitalizations, unscheduled
medical visits, and more days with slowed activity
because of asthma. This relationship remained signifi-
cant after controlling for confounding psychosocial and
environmental factors, including cockroach sensitization
and exposure. A relationship between mouse allergen
exposure and asthma morbidity was not found in earlier
studies,7 because mouse allergen exposure was so close-
ly associated with cockroach allergen exposure that any
distinct effect of mouse allergen on morbidity could not
be isolated from that caused by cockroach allergen. In
this analysis, bedroom rat allergen exposure did not cor-
relate with cockroach exposure; thus, the effect seen is
likely due to rat exposure. Because this study population
differed from the total NCICAS study population in
terms of mouse sensitization, race, and income, we con-
sidered these variables in our analysis. There was no
effect seen when mouse sensitization was included in
earlier models, suggesting that mouse sensitization was
not a significant confounder. Neither race nor income
were significant predictors of morbidity and were there-
fore not included in the final model. We have demon-
strated that rat allergen is not only commonly found in
inner-city homes, but that it is a likely contributor to mor-
bidity in inner-city children with asthma. This is a strik-
ing finding, because the association with morbidity
remained significant after controlling for cockroach sen-
sitization and exposure. These results suggest that rat
allergen exposure is an important public health concern,
and control measures should be implemented in inner-
city neighborhoods. Rat allergen reduction measures
might have a significant impact on asthma morbidity for
inner-city individuals with asthma and reduce the overall
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health care utilization for this high-risk population. To
further explore and define the significance of rat allergen
in the inner-city, future studies in this population should
include measures of rat allergen exposure, sensitization,
and the effect on morbidity. 
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