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Cockroach allergen levels and associations
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Background: Among inner-city children with asthma,

cockroach allergen exposure has been associated with allergic

sensitization.

Objective: We hypothesized that cockroach allergen levels in

homes would be associated with sensitization to cockroach

allergens in children.

Methods: From a low-income preschool program, 341 four-

year-old children selected on the basis of the willingness of their

caregivers to participate in the study were enrolled. Dust from

their beds and kitchens were analyzed for cockroach (Bla g 2),

mouse (mouse urinary proteins), and cat allergens (Fel d 1).

Serum samples were analyzed for allergen-specific IgE

antibodies by immunoassay.

Results: Bla g 2 levels >1 U/g in children’s bed and kitchen dust

samples were independently associated with cockroach-specific

IgE (odds ratio [OR], 2.7; 95% CI, 1.1-6.4; and OR, 3.4; 95%

CI, 1.2-9.4, respectively), adjusting for sex, ethnicity, asthma,

pet ownership, mother’s allergic sensitization, environmental

tobacco smoke, and having lived in other homes. Bla g 2 was

associated (OR, 3.6; 95% CI, 1.0-13.1) with cockroach-specific

IgE among children with asthma. Among children without

asthma, the ORs were similar (OR, 3.0; 95% CI, 0.9-10.3), but

the association was not statistically significant.

Conclusion: Concentrations of the major cockroach allergen,

Bla g 2, in settled dust were associated with cockroach-specific

IgE independent of other factors in a cohort of 4-year-old

inner-city children.

Clinical implications: These findings demonstrate the

importance of domestic exposure to cockroach allergen to the

development of sensitization and suggest a potential primary
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Although allergen exposure is necessary for the devel-
opment of an allergic response, a dose-response relation-
ship between allergen exposure and allergic sensitization
or respiratory symptoms has been difficult to demonstrate,
in part because susceptible individuals may respond to low
levels of exposure, or because sensitized individuals may
consciously or subconsciously avoid allergen exposure.1,2

Among young children, sensitization to indoor allergens
takes time to develop and may not be evident even when
exposure levels are high3; however, among sensitized
children, allergen exposure is associated with risk of
developing asthma and decreased lung function.4

The rates of pediatric asthma hospitalization in New
York City (NYC) are among the highest reported for ur-
ban areas in the United States.5 In NYC and other inner-
city communities, pediatric asthma has been shown to
be strongly associated with sensitization to cockroach
and mouse allergens.6-8 High levels of cockroach and
mouse allergen have been observed in homes in these
neighborhoods, and the combination of sensitization and
exposure increases the risk of exacerbation of symptoms
among children with asthma.6,8-12

To date, early cross-sectional studies that included
children without asthma or family history of atopy were
hampered in their ability to show dose-response associa-
tions between cockroach and cat allergen concentrations
in the homes and sensitization to these allergens because
either the prevalence of sensitization was low or exposure
was low.13,14 No comparable studies included assessment
of mouse allergen and sensitization. Because sensitization
to indoor allergens can develop early in life,15 a lack of
an association in these previous studies may have been a
consequence of exposure being assessed too far after the
critical exposure window. Ideally, exposure would be
assessed from birth and related to the development of sen-
sitization; however, birth cohort studies can be expensive
and have an inherently long time lag before associations
with sensitization to many indoor allergens can be exam-
ined. In the current study, we have assessed the association
between cockroach, mouse, and cat allergen exposure and
1
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Abbreviations used

ETS:
 Environmental tobacco smoke
ICAS:
 Inner-City Asthma Study
MUP:
 Mouse urinary protein
NCICAS:
 National Cooperative Inner-City Asthma Study
NYC:
 New York City
OR:
 Odds ratio
sensitization at age 4 years in a sample of children
attending Head Start centers in NYC. These children
live in communities with an asthma prevalence that is
among the highest in the United States.5 We believed that
allergen exposure assessed among 4-year-olds would be a
better proxy for exposure in the critical sensitization win-
dow (ie, birth to 3 years) than exposure assessed among
older children, like the participants in the large inner-
city asthma studies.6,8 Our sample also allowed us to study
the association of allergen exposure with sensitization
among children with and without asthma.
METHODS

Subjects and recruitment

Because of the known high prevalence of asthma among children

from low-income families in urban minority communities, we

recruited children (mean age, 4 6 0.6 years) at 50 Head Start centers

in northern Manhattan, the Bronx, and Brooklyn, the New York City

areas with the highest pediatric asthma prevalence and hospitalization

rates. At the centers, bilingual English-speaking and Spanish-speak-

ing interviewers obtained informed consent from the children’s

caregivers for participation in a study involving questionnaires and

home visits, during which we collected serum samples and dust

samples. The study was approved by the Institutional Review Board

of the Columbia University Medical Center.

Questionnaire

Parents completed the questionnaire either at the Head Start center

after the presentation or, if they preferred, by telephone or in the

home. The survey instrument included questions about the child’s

history of asthma/wheeze/cough, personal and family medical his-

tory, home environment, and demographics. Children born in the

United States who had at least 1 parent born in a Spanish-speaking

country were categorized as having that national origin. Children

whose parents were born in a Spanish-speaking country other than the

Dominican Republic, Mexico, or Puerto Rico, or who were not born

in the same Spanish-speaking country were categorized as other/

mixed Hispanic. Children whose parents were not born in a Spanish-

speaking country and who were not identified as Hispanic were

categorized as non-Hispanic.

We also categorized children based on questionnaire responses

indicating whether they lived with a cat or dog from birth to 12

months of age and whether they currently lived with �1 smoker

(proxy for environmental tobacco smoke [ETS]). As an indicator of

socioeconomic status, the mother’s educational attainment was

dichotomized (attended college vs did not attend college). The

number of homes in which a child had lived during his or her

lifetime was dichotomized (ie, 1 vs more than 1 home).

Making a definitive diagnosis of asthma in a 4-year-old child on

the basis of questionnaire responses is difficult. For the purposes of
analyses of our cohort at this age, we categorized children as having

asthma if they met the following criteria: (1) a history of physician-

diagnosed asthma and any wheezing or difficulty in breathing in the

past year, (2) wheezing or difficulty in breathing�3 times in the past

year, (3) any urgent physician, emergency department, or hospital

visit because of wheezing or difficulty in breathing, or (4) the use of

any asthma medication in the past year unless the only symptom was

cough.

Home visits

Settled dust samples in the homes of the participating children

were collected using a Mitest dust collector (Indoor Biotechnologies,

Charlottesville, Va) attached to a canister vacuum cleaner (Eureka

Mighty Mite, Bloomington, Ill). Bed samples were collected by

vacuuming the upper half of the bed near the pillows for 3 minutes.

Kitchen dust was collected by vacuuming the floor adjacent to the

baseboards for 3 minutes. When a rug was present in the kitchen, at

least 1 minute was devoted to vacuuming that surface. Samples were

frozen at –208C after collection.

Allergen exposure assessment

Dust samples were extracted with PBS with 0.05% Tween 20 and

assayed for mouse (mouse urinary protein [MUP]), cat (Fel d 1), and

cockroach (Bla g 2) allergens as previously described.9,16,17 The

MUP reagents were obtained from Greer Laboratories, Inc (Lenoir,

NC), and the Fel d 1 and Bla g 2 reagents were obtained from

Indoor Biotechnologies. Allergen levels were treated as continuous

(natural log-transformed) and as dichotomous variables (Fel d 1 >8

mg/g; Bla g 2 >1 U/g [40 ng/g]; MUP >1.6 mg/g). In published lit-

erature, these levels of have been associated with allergic sen-

sitization.7,13,18 Allergen levels were additionally dichotomized

according to the median levels we observed in this cohort. Dust

mite allergen was not measured in dust samples because previous

analysis had shown very low levels of Der f 1 and Der p 1 in multi-

family buildings in the northeastern United States.11,19

IgE analysis

Serum samples were obtained from each participating child and

mother. Specific IgE antibodies against dust mite (Dermatophagoides

farinae), cockroach (German cockroach whole body extract), mouse

(MUP), and cat (cat dander) were measured by PharmaciaCAP

(Phadia, Portage, Mich). Study participants were classified as seroa-

topic if they had specific IgE �0.35 IU/mL to any of the 4 allergens

tested.

Statistical analysis

Seroatopic and nonseroatopic children were compared with

respect to demographic characteristics, health indicators, and envi-

ronmental factors using x2 tests and logistic regression for categorical

variables and t tests for continuous variables. Logistic regression

models were constructed with allergen levels in bed and kitchen

dust as the predictors and allergen-specific IgE antibody levels

(�0.35 IU/mL) as the outcomes, with and without stratification by

factors including sex, ethnicity, living with a cat or dog at ages 0 to

12 months, living with a smoker, mother’s education, mother’s seroa-

topy, number of homes in which the child has lived, and child’s cur-

rent asthma status. We also evaluated our data using the 3.50 IU/mL

cutoff because it represents a high positive (ie, CAP class 3) response.
RESULTS

Dust samples were collected and analyzed from
388 homes. Corresponding to these homes, serum was



TABLE I. Demographic, health, and environmental factors

by seroatopic status of the child

Seroatopic

Total

(n 5 341)*

No

(n 5 224)*

Yes

(n 5 117)*

Boys 48% 44% 55%

Ethnicity

Mexican 34% 35% 31%

Puerto Rican 9% 9% 9%

Dominican 26% 26% 27%

Mixed/other Hispanic 22% 20% 26%

Other 9% 10% 7%

Mother attended college 26% 25% 28%

No. of homes in child’s

lifetime is �2

54% 53% 54%

Children with asthma 31% 26% 41%�
Children with specific IgE

�0.35 IU/mL to

Cat 8% — 22%

Mouse 10% — 30%

Dust mite 16% — 45%

Cockroach 22% — 64%

Mothers with seroatopy 47% 38% 64%�
Children who live with smokers 21% 19% 26%

Children who lived with a cat

or dog at age 0-12 mo

5% 5% 5%

*Sample size varies slightly within strata because of missing data for some

questions, IgE, or allergen measurements.

�x2 Test for differences between seroatopic and nonseroatopic children;

P < .01.

TABLE II. Allergen levels in homes

Type and location

of allergen Geometric mean (SD)

Median (25th to

75th percentile)

Beds (n 5 330)

Bla g 2 (U/g)* 4.8 (5.8) 4.9 (0.8-19.1)

Fel d 1 (mg/g) 0.2 (4.8) 0.1 (0.1-0.3)

MUP (mg/g) 1.2 (4.0) 0.8 (0.4-17.5)

Kitchens (n 5 334)

Bla g 2 (U/g)* 15.3 (9.2) 20.1 (2.9-92.0)

MUP (mg/g) 1.7 (6.6) 0.4 (0.4-7.5)

*1 U Bla g 2 5 40 ng.
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collected from 341 mother-child pairs. Demographic
characteristics, health indicators, and environmental con-
ditions in the homes of the study participants are listed in
Table I. Thirty-four percent of the children had IgE anti-
bodies to at least 1 of the tested allergens; 22% had anti-
cockroach specific IgE. Almost half the mothers were
seroatopic, and almost a third of the children had asthma
(as defined). Allergen-specific IgE was more prevalent
among children of seroatopic mothers (P < .01) and
among children with asthma than among other children
(P < .01). Although most types of allergen-specific sensi-
tivity did not vary significantly by ethnicity (Table II), cat
allergen sensitivity was much more prevalent among
Puerto Rican children (23%) than children of all other eth-
nicities combined (6%; P < .01). However, cat ownership
was low among all of our participants (5%).

Descriptive statistics for allergen levels in bed and
kitchen dust samples are listed in Table II. Average Bla g 2
levels were much higher in kitchen dust than in bed dust,
but MUP levels were not significantly different between
locations. Bla g 2 levels in beds and kitchens were corre-
lated (n 5 302; r 5 0.50; P < .001), as were MUP levels
(n 5 316; r 5 0.45; P < .001). Mean levels of cockroach,
mouse and cat allergens in beds were not significantly dif-
ferent for children who had lived in only 1 home compared
with those who had ever moved (t test P values 5 .35, .90,
and .60), and a similar lack of association was observed for
Bla g 2 and MUP in kitchens (t test P values 5 .65 and
.31). The percentage of homes with concentrations of
Bla g 2 >1 U/g in both beds and kitchens varied by ethnic-
ity (Table III).

Cockroach allergen level in dust was associated with an
increase in percentage of children who were cockroach
seroatopic (Fig 1). Bla g 2 levels in children’s bed and
kitchen dust samples were positively associated with
cockroach seroatopy with and without adjustment for eth-
nicity, sex, ETS, current asthma status, mother’s educa-
tion, cat or dog ownership in the first year of life,
number of homes, and mother’s seroatopy (Table IV)
and within strata of those variables (data not shown). In
most strata and in the multivariable model, the parameter
estimates for the association of cockroach-specific IgE
with Bla g 2 remained close to that in the crude model.
For example, among the children with asthma, those
with Bla g 2 >1 U/g in their kitchen were more likely to
be cockroach seroatopic than those with a lower Bla g 2
level (odds ratio [OR], 3.6; P 5 .05), and among those
without asthma, the association was still high but not sta-
tistically significant (OR, 3.0; P 5 .08). Bla g 2 in dust was
also associated with higher levels of cockroach-specific
IgE (�3.5 IU/mL). In the multivariable model, the associ-
ation between Bla g 2 >1 U/g and cockroach-specific IgE
�3.5 IU/mL was strong whether exposure was considered
in beds (OR, 6.8; P 5 .02) or kitchens (OR, 7.5; P 5 .05).
Neither Fel d 1 nor MUP concentrations in dust samples
were statistically significantly associated with cat or
mouse sensitization in crude or adjusted models (Table
IV). Using the higher cutpoint for mouse and cat-specific
IgE did not result in statistically significant associations
with the allergen level in dust.

The strongest associations between sensitization and
dichotomized Bla g 2 exposure were observed using a
cutpoint of 1 U/g in both kitchen and bedroom samples
(Table V). The associations remained positive at higher
cutpoints, and statistically significant at the median of
4.9 U/g for the bedroom samples and at all cutpoints in
the kitchen samples, but as the cutpoints rose, the point
estimates shifted toward the null. Changing the cutpoints
for Fel d 1 or MUP to the median or other levels used in
published literature (eg, Fel d 1 >1 mg/g) did not result in
significant relationships between allergen concentration
and sensitization to cat or mouse allergen.



TABLE III. Prevalence of elevated allergen levels and allergic sensitivity by ethnicity

Ethnicity

Variable

Mexican

(n 5 115)

Puerto Rican

(n 5 31)

Dominican

(n 5 88)

Mixed/other

Hispanic (n 5 75)

Other

(n 5 30)

Allergen level (beds)

Bla g 2 >1 U/g*� 90% 75% 65% 68% 70%

Fel d 1 >8 mg/g 6% 0% 7% 5% 5%

MUP >1.6 mg/g 39% 24% 27% 35% 26%

Allergen level (kitchens)

Bla g 2 >1 U/g� 79% 60% 52% 61% 50%

MUP >1.6 mg/g 39% 27% 47% 39% 40%

Allergen-specific IgE �0.35 IU/mL

Cockroach 24% 16% 22% 23% 20%

Mouse 8% 3% 9% 15% 17%

Cat� 4% 23% 3% 8% 17%

Dust mite 14% 19% 16% 13% 20%

Any of the above 31% 35% 35% 40% 27%

*1 U Bla g 2 5 40 ng.

�x2 P < .001.

FIG 1. Dose-response relationship between Bla g 2 and cockroach

sensitization (�0.35 IU/mL). Each bar indicates the percentage of

cockroach-seroatopic children within each exposure category.

The total number of children (regardless of seroatopy) in each

exposure category is listed beneath each bar.
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DISCUSSION

Among these 4-year-old children, cockroach allergen
concentrations in dust samples were positively associated
with cockroach-specific IgE in serum whether the cutpoint
for sensitization was set at the level of detection for
cockroach-specific IgE (�0.35 IU/mL) or at a level
associated with stronger allergic reactions (�3.5 IU/
mL). The association held when sex, early-life cat or
dog exposure, ETS, child’s current asthma status, and
mother’s seroatopy were taken into account. The associ-
ation between Bla g 2 allergen levels and cockroach
seroatopy weakened slightly when, for comparability with
other studies, we used higher cutpoints for Bla g 2
exposure (Table V).8,13,20 As the average exposure level
in the referent group rose, the differences between the 2
groups became smaller. Associations between exposure
and allergen specific seroatopy were not observed for
mouse or cat allergens. Children with atopic predisposi-
tion have been found to develop allergy to agents in their
environment.6,14,21-23 Furthermore, studies of children
with asthma have shown associations between Bla g
1 and Bla g 2 concentrations in dust and sensitization to
cockroaches.18,24 To facilitate comparison of our findings
with those in studies of children with asthma, we stratified
our logistic regression models by the children’s current
asthma status. We observed that Bla g 2 was associated
with cockroach-specific IgE among children with asthma.
Among children without asthma, the ORs were similar,
but the association was not statistically significant, per-
haps because of sample size, our definition of asthma at
this early age, or the possibility that the subjects without
asthma in our cohort may be a less susceptible group.

A possible reason for our finding regarding allergen
exposure and IgE could be the high prevalence of cock-
roach sensitization and the wide range of Bla g 2 levels
in our community. For example, 22% of our subjects, but
only 2% of those in Detroit, were sensitized to cockroach
allergen.25 Also, a high percentage of our subjects (68%)
but only 2% of the homes in Los Alamos had Bla g 2 >2 U/
g.14 Compared with other inner-city populations of the
United States, our study participants appear to have been
exposed to higher levels of cockroach allergen (beds:
geometric mean, 4.8 U/g or 192 ng/g; kitchens: geometric
mean, 15.3 U/g or 612 ng/g).6 In the Inner-City Asthma
Study (ICAS), the percentage of homes with Bla g 1 >2
U/g in beds or floors ranged from 8% in Seattle to 62%
in NYC. Similar to the NYC sample in ICAS, 68% of
our participants had bed levels �2 U/g. Although the
cockroach allergens that were measured (Bla g 1 vs Bla



TABLE IV. Associations between allergen levels and cockroach sensitization: ORs and 95% CIs

Bivariate model Multivariable modely

Exposure variable Exposure variable Boys Seroatopic mother Child has asthma

Exposure variable OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Bla g 2 >1 U/g

Bed sample 2.0 (1.0-4.1) 2.7 (1.1-6.4)* 1.9 (1.0-3.7)* 3.6 (1.8-7.0)** 1.8 (1.0-3.6)

Kitchen sample 3.1 (1.3-7.4)* 3.4 (1.2-9.4)* 1.9 (1.0-3.6)* 3.2 (1.7-6.2)** 2.4 (1.2-4.6)**

MUP >1.6 mg/g

Bed sample 0.8 (0.4-1.7) 0.7 (0.3-1.6) 1.6 (0.7-3.7) 3.6 (1.5-8.6)** 2.6 (1.1-6.0)*

Kitchen sample 1.8 (0.9-3.7) 1.9 (0.9-4.2) 2.0 (0.9-4.6) 3.1 (1.3-7.3)** 2.3 (1.0-5.2)

Fel d 1 >8 mg/g

Bed sample 1.5 (0.3-6.8) 1.6 (0.2-10.7) 1.6 (0.6-4.3) 4.0 (1.4-11.7)* 3.1 (1.1-8.6)*

*P < .05.

**P < .01.

�In addition to the variables listed (eg, sex, mother’s seroatopic status, and child’s asthma), the multivariable model also included mother’s education, number

of homes where child had lived, ETS, early life ownership of a cat or dog, and indicator variables for ethnicity (Mexican was the referent group).

TABLE V. ORs for cockroach seroatopy using different

cutpoints for Bla g 2 level in dust

Allergen cutpoints

for Bla g 2 (U/g) OR P value

Bed

�1 Referent —

>1 2.0 .05

�2 Referent —

>2 1.3 .29

�4.9* Referent —

>4.9* 1.8 .04

�8 Referent —

>8 1.3 .32

Kitchen

�1 Referent —

>1 3.4 .01

�2 Referent —

>2 2.4 .02

�8 Referent —

>8 2.2 .01

�20.1* Referent —

>20.1* 1.8 .03

*Indicates median level in study homes.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

Chew et al 5

ARTICLE IN PRESS
g 2) were different,6 there is a strong correlation between
the 2 allergens (r 5 0.92; P < .01).26 Our measurements
in bed dust suggest that many of our participants were
exposed to a constant source of cockroach allergen near
the breathing zone while sleeping. In addition, we con-
sider cockroach allergen a marker of overall housing
dilapidation12 that could result in exposure to various
other allergens and adjuvants (eg, fungi and lipopolysac-
charides) that could influence the development allergic
sensitization.27-30

We did not see significant associations between MUP
levels and allergic sensitization. Concentrations of MUP
in our homes were high (beds: median, 0.8 mg/g) com-
pared with those of homes in the National Survey of Lead
and Allergens in Housing (beds: median, 0.25 mg/g).31

However, the national survey included many suburban
and rural homes and only 15 apartments in high-rise mul-
tifamily buildings. The National Inner City Asthma Study
(NCICAS) participants, like ours, represented inner-city
populations.32 Their median level of Mus m 1 (0.52 mg/
g) was lower than ours, but the kitchen median (1.6 mg/
g) was much higher. However, the mouse allergens that
were measured were different in the 2 studies (Mus m
1 vs MUP). NCICAS also differed from our study in other
ways: (1) asthma was one of its inclusion criteria; (2)
NCICAS participants were ages 4 to 9 years; and (3)
77% of the NCICAS subjects with asthma were atopic
(compared with only 45% of our subjects with asthma).33

All of these differences along with the low prevalence of
mouse sensitization among our study participants could
explain why the NCICAS found an association between
mouse allergen exposure and mouse sensitization and
we did not.

The prevalence of cat sensitization among children in
this study was 8%, and only 6% of their homes had high
levels of Fel d 1, which could explain why an association
between exposure and sensitization was not detectable in
our study. ICAS showed that cat allergen varied by city
and, like our study, did not find an association between cat
allergen exposure and cat sensitivity.6 The prevalence of
pet ownership in the child’s infancy was much lower in
our study (5%) than in others (53% in Detroit, 43% in
New Zealand).25,34,35 Low prevalence may account for
our failure to find an association of cat allergen with cat
sensitization. Also, several studies have reported an in-
verse association between cat ownership and sensitization
to cat, and this pet protective effect, although not observed
with our small sample size of pet owners, could further
complicate the dose response between Fel d 1 in the dust
and sensitization to cat allergen in this cohort.36-38

The associations that we observed between ethnicity
and both allergen exposure and specific IgE are somewhat
paradoxical and may be caused by factors not captured in
our study. For example, some neighborhoods in New
York represent distinct ethnic enclaves, and therefore, in
relation to exposures, ethnicity may serve mainly as a
proxy for neighborhood and other housing factors.39 Also,
our one-time measurements may not have accurately
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captured biologically relevant exposure with respect
to the timing or location of exposure for some children
(such as daycare centers),40 especially those whose parents
moved to the United States from other countries, such as
Mexico.41 In addition, we have not gathered information
on potential genetic markers of susceptibility to allergic
sensitization.3,42 Other investigators have observed varia-
tions in asthma prevalence and differences in IgE within
Latino populations.43,44 Their observations and ours
may help to frame the questions that research on gene-
environment interactions will need to answer.45

In conclusion, we found that concentrations of the
major cockroach allergen, Bla g 2, in both bed and kitchen
dust were associated with cockroach-specific IgE inde-
pendent of other factors in a cohort of 4-year-old inner-
city children. As with previous studies, we observed an
increase in allergen specific IgE with a maternal history of
atopy,44 male sex,46 and ETS,47 but adjustment for these
covariates did not affect the association between cock-
roach allergen and sensitization. Although several previ-
ous studies of children with asthma have reported an
association between cockroach allergen exposure and
IgE to cockroach,6,8,24 we report an association in a pop-
ulation not restricted to subjects with atopy or asthma.
We observed this association even among children with-
out current probable asthma. Given the age of these chil-
dren and previous studies demonstrating an increased
risk for the development of asthma with early life sensiti-
zation to inhalant allergens, it is likely that although they
do not have asthma symptoms at age 4 years, they are at
increased risk for developing asthma as they age.4 These
findings demonstrate the importance of domestic exposure
to cockroach allergen to the development of sensitization
and suggest a potential primary prevention target48 in this
community.
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