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ENVIRONMENTAL DETERMINANTS
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Background. Home exposure to allergens is an important factor in the development of sensitization and subsequent exacerbations of allergic
asthma. We investigated linkages among allergen exposure, immunological measurements, and asthma by examining (1) reservoir dust allergen
levels in homes, (2) associations between presence of allergens in homes and sensitization status of resident children, and (3) associations
between asthma status and total IgE, atopy (by Phadiatop), and positive allergen-specific tests. Methods. The study protocol was approved by
Institutional Review Boards (IRBs) of the University of North Carolina Chapel Hill; Westat, Inc.; and the US Environmental Protection Agency
Human Research Protocol Office. Data were collected from questionnaires, serum analyses, and household vacuum dust. Children (n = 205)
were predominately African American (AA) (85.4%) and 51.6% were asthmatic. Sera from 185 children and home dust samples (n = 141)
were analyzed for total and specific IgE antibodies to allergens from cat and dog dander, cockroach, dust mites, mice, rats, and molds. Results.
Sixty percent of the homes had detectable levels of three or more dust allergens. The proportions of children with positive allergen-specific IgE
tests were dust mite (32%), dog (28%), cat (23%), cockroach (18%), mouse (5%), rat (4%), and molds (24-36%). Children testing positive to
a single allergen also had positive responses to other allergens. Those children with positive serum tests for cat, dog, and dust mite lived in
homes with detectable levels of cat (51%), dog (90%), and dust mite (Der f 1) (92%) allergens. Correlations between children’s specific IgE
levels and dust levels were linearly related for dog (p < .04), but not for cat (p = .12) or dust mite (Der f 1) (p = .21). Odds ratios (95% CI)
for the associations between asthma and serum-specific IgE were over 1.0 for cat, dog, dust mite (Der f 1), cockroach, and four types of molds.
House dust allergen exposure levels, however, exhibited no differences between asthmatic and non-asthmatic homes. Conclusions. Both the
co-occurrence of multiple allergens in dust and the high frequency of multiple allergen sensitizations indicate that a broad-based intervention
aimed at reducing multiple allergens (pets, pests, and molds) would be more successful than any approach that aimed at reducing one type of

allergen.

Keywords Immunological measurements, IgE, home exposure, intervention

INTRODUCTION

Asthma is an increasingly important health problem
worldwide, especially among children. In the United
States, the Centers for Disease Control and Prevention
estimate that between 2001 and 2008 asthma increased by
23% in the total population and by 14% among children
aged 514 years (1). In addition to public health concerns,
this increase has economic costs which are estimated
to have increased from $6.2 to $10.7 billion during
the first half of the 1990s (2). Allergic disease, which
includes allergic asthma, has been shown to be influenced
by diet, environmental, and genetic interactions (3).
Because environmental factors (e.g., allergen exposure,
infection, chemicals, drugs, physical factors) contribute to
an increase in asthma incidence, a significant proportion
of disease may be preventable through alteration of
the environment and reduced exposure (3). In order to
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understand the role that allergens play in the sensitization
and exacerbation of asthma in children who spend a large
proportion of time indoors, the relationships between
indoor air exposures, both at home and in school envi-
ronments, and asthma, need to be further examined (4).

Thus, the relationships between indoor air quality and
human respiratory disease pose a fundamental concern
especially for children’s health. Numerous studies have
examined this question by studying the associations
between one or a limited number of indoor allergens
and asthma prevalence and severity in children (5-7).
Reductions in indoor air quality result from the presence
of common allergens that are produced by cats and dogs,
cockroaches, mice and rats, dust mites, and mold (6). The
proteins associated with these allergens exist as individual
particles or they become associated with dust particles in
the residential environment (7,8).

This article reports results from a portion of the
Mechanistic Indicators of Childhood Asthma (MICA)
study that was conducted in the Detroit, Michigan area
during fall to early winter 2006-2007. MICA is a
cross-sectional study based on a stratified sample of
children using two strata: children with asthma and
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children without asthma, selected in an approximately 1:1
ratio (9). A total of 205 children aged 9-13 years old
participated in the clinical study.

We investigated linkages among the levels of eight
indoor allergens using reservoir household dust (n = 141)
as a specimen with evidence of sensitization based on
serum IgE antibody measurements and the clinical history
of asthma. Specifically, we compared (1) dust allergen
levels in the homes of asthmatic versus non-asthmatic
children, (2) the proportion of homes with detectable dust
allergens versus the proportion of subjects with detectable
allergen-specific IgE levels, (3) associations between
concentrations of dust allergens and allergen-specific
IgE in the children’s serum, and (4) the likelihood
of a concomitant history-based asthma diagnosis and
allergen sensitization as identified by the presence of
allergen-specific IgE antibodies in serum.

METHODS

Study Subjects

The study protocol was approved by the IRBs of the
University of North Carolina Chapel Hill School of
Medicine; Westat, Inc.; and by the US Environmental
Protection Agency (US EPA) Human Research Protocol
Office. The parent or guardian of each child provided
written consent before the child’s participation in this
study.

This study was conducted between October 2006
and January 2007 in Detroit, Michigan. Asthmatic and
non-asthmatic children 9—12 years of age were identified
from the respondents to a children’s respiratory health
questionnaire (9) and recruited by staff of the Henry Ford
Health System. Two hundred and five subjects agreed to
participate. Of these children, 51.6% had been previously
diagnosed by a clinician as asthmatic as indicated on
a respiratory health questionnaire. Eighty-seven percent
of the asthmatic subjects were current asthmatics (e.g.,
reported having asthma symptoms within the previous 12
months) and 86% of the asthmatic subjects were currently
taking asthma medications either occasionally or daily.

Collection and Allergen-Specific Analysis
of Dust Samples

Subject-owned vacuum cleaners were used by the
parents/guardians of participants to collect house dust.
The vacuum bags represented collections that ranged
from days to weeks. Parents/guardians were asked to
categorize their vacuum dust sample as representing
collections of (1) 1 day or less; (2) less than 1 week,
but more than 1 day; (3) more than 1 week, but less
than 1 month; (4) more than 1 month; and (5) I do
not know. Vacuum cleaner bags were brought to clinic
on the day of the child’s visit. Vacuum dust samples
were transferred into Ziploc bags and shipped at ambient
temperature overnight to EPA (Research Triangle Park,
NC, USA). Vacuum dust samples were weighed upon
arrival and stored at ambient temperatures. Within 1

month, dust samples were delivered to Research Triangle
International (Research Triangle Park, NC, USA) for
sieving. Clean nylon 300 um sieves were equipped with
clean polypropylene bottom collection pans and lids.
This sieve assembly was placed in a W.S. Tyler RX-86
Sieve Shaker (W.S. Tyler, Mentor, OH, USA) and sieved
for at least 5 minutes or until the entire sample was
processed. One-gram samples were sent to the Johns
Hopkins University Dermatology, Allergy and Clinical
Immunology Laboratory for extraction and allergen
analysis. Extraction of dust was performed by mixing
100 mg of the fine dust overnight at room temperature
with 2 mL of borate-buffered saline containing 5%
bovine serum albumin. Extracts were then clarified by
centrifugation and supernatants were decanted and stored
at —20°C. The dust samples were analyzed for levels
of cat (Fel d 1) and dog (Can f 1) epithelial dander
allergens, cockroach allergens (Bla g 1 and Bla g 2), house
dust mite (Dermatophagoides pteronyssinus (Der p 1),
Dermatophagoides farinae (Der f 1)) allergens, mouse,
and rat urine protein allergens (Mus m 1 and Rat n 1,
respectively) following the methods described in Wood
et al. (10) and Hamilton (11).

The mite allergens were assayed by ELISA (enzyme-
linked immunosorbent assay) for (Der p 1) and (Der f 1)
(12). Samples were assayed for (Fel d 1), (Can f 1),
and (Bla g 1) using two-site monoclonal antibody-based
ELISA (13-15). Dust pellets remaining after extraction
and any remaining extract were stored at —70°C. Results
are reported in pg/g fine dust for (Der p 1), (Der f 1), (Fel
d 1),and (Can f 1) and U/g of dust for (Blag 1) and (Bla g
2). The lower limits of detection were as follows: 0.1 ug/g
for (Der p 1) and (Der f 1), 0.12 ug/g for (Feld 1) and
(Can f 1), 0.25 nug/g for (Mus m 1) and (Rat n 1), and
0.6 U/g for (Bla g 1) and (Bla g 2). However, because of
limited amounts of dust in some samples, (Der f 1) and
(Der p 1) assays had lower limits of detection that ranged
from 0.05 to 0.425 ug/g. Concentrations less than the
lower limits of detection were considered non-detectable.

Quality control of allergen levels in dust was per-
formed in each assay as described by Pate et al. (16) using
characterized dust specimens.

Total and Allergen-Specific IgE Analysis

Whole blood (2 mL) was collected into EDTA-containing
Vacutainer tubes (BD, Franklin Lakes, NJ, USA) and a
complete blood count with differentials was performed
by the Henry Ford Health System clinical laboratory.
Serum specimens were prepared by collecting whole
blood (8 mL) in a Vacutainer serum clot, red/gray tube
(BD) for each child. Serum was separated following
centrifugation, and a 1.7 mL aliquot of serum was frozen
at —80°C and sent to Johns Hopkins University School
of Medicine Dermatology, Allergy and Clinical Immunol-
ogy Reference Laboratory. Total IgE and a multi-allergen
screen for allergen-specific IgE antibody specific for a
panel of allergens (Phadiatop) were quantified in the
ImmunoCAP250 autoanalyzer (Phadia, Kalamazoo, MI,
USA). The total serum IgE analysis was calibrated to
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the World Health Organization’s second international
reference preparation for human IgE (75/502) (17,18).
Tri-level control sera were analyzed in each assay to
assess intra-assay and interassay variation. The working
range of the total serum IgE assay was 2-2000 kU/L.

The multi-allergen screen (Phadiatop) is a single
analysis that detects the presence (positive/negative) and
measures the relative level of IgE antibody specific
for a panel of 10 common allergens. Phadiatop levels
>0.35 kUa/LL were used in this study to indicate
the presence of IgE antibody and provide a general
assessment of atopic status.

Each subject’s serum was tested for IgE antibody to
the same allergen specificities as measured in surface
dust. Allergen-specific IgE antibodies were measured
against dust mites (Dermatophagoides pteronyssinus
and D. farinae), German cockroach, mouse and rat
urinary allergens, and cat and dog dander measured by
the ImmunoCAP method (Phadia, Portage, MI, USA).
Children were classified as sensitized (atopic) if they had
specific IgE > 0.35 IU/mL to any of the 11 allergen
specificities tested or to a panel of 10 common allergens.
Daily quality control was performed with Levey—Jennings
plots for human sera that contained known amounts of IgE
antibody.

Statistical Analysis

Summary statistics were calculated for all variables
for the subject classes, asthmatic and non-asthmatic.
Asthmatic status was determined by the parent’s or
guardian’s response to the question “Has your child ever
been diagnosed with Asthma?” Of the 205 children,
20 were excluded from these analyses based on lack
of response to this question or a blood draw that was
not achievable. These exclusions resulted in an overall
sample size for blood analyses of 185 children. One
hundred and eighty-five subject-collected vacuum dust
samples were obtained from the total 205 subjects
participating in the MICA study (90.2% participation
rate). However, due to limited resources, only 150 vacuum
samples of the total 185 dust samples were selected
for dust allergen measurements. If analyses required
looking at associations between both vacuum dust and
allergen-specific IgE serum test results, the analyses
included only those subjects who had both serum and dust
samples. For example, of the 150 vacuum dust samples
with allergen tests, only 141 of the vacuum dust samples
had matching serum samples. To ascertain whether we
introduced bias by the selection of the subset of vacuum
dust samples from the full set, we used a stepwise logistic
regression model; the dependent variable in the model
was a flag variable (yes/no) to indicate whether the child
had dust allergen measurements for the dust collection
analysis reported in this article (N = 141) relative to the
185 dust samples that we had collected. The candidate
predictors included in the model were asthma status
(based on questionnaire responses), age, race, and gender;
we found no evidence that the selection of the subset of

dust samples, relative to the full dust sample set, was
biased relative to asthma status, age, race, or gender.

Summary statistics were calculated based on raw
values and did not include values that were below
detection (i.e., imputed values). The percent detected is
reported for each variable.

Comparative analyses between asthmatics and non-
asthmatics were performed using imputed values for
measurements below the detection limit. For this study
we used a value of one-half the detection limit as the
imputed value. Comparative analyses were conducted
using a t-test of the logged values and were repeated
using the non-parametric Wilcoxon signed-rank test.
The results did not differ between test types and the
more conservative non-parametric test results are reported
here. Correlation analyses were computed using logs of
measured values. Measurements below the detection limit
were excluded. Odds ratios and 95% confidence intervals
were calculated using the detection limit value of the
measurement in question. The exceptions to this were
the analyses of Phadiatop in which the data for Figure 3
were analyzed by quartiles and the total serum IgE where
the median value (96.9 kU/L) was used as the cutoff.
Phadiatop was analyzed in quartiles: Q1 (1.39-6.22
kUa/L), Q2 (6.8-22.8 kUa/L), Q3 (23.6-51.1 kUa/L), and
Q4 (53.2-101 kUa/L), with each quartile being compared
individually with subjects with Phadiatop levels below the
detection limit (0.35).

RESULTS

Environmental Dust Allergen Levels and Sensitization

Racial and ethnic information was provided by 192
(93.6%) of the 205 children recruited to this study.
The children were predominately male (59.9%) and
African American (AA; 85.4%) and 9.4% white only
(without other race or ethnicity heritage). The mean age
of the participants was 10.59 £ 1.37 years. Of these
children, 51.6% reported a previous asthmatic diagnosis
as indicated on a respiratory health questionnaire Of the
asthmatic children, 87.9% were AA, 63.6% were male,
and 5.1% were identified as either mixed race (both AA
and white races reported) or other (e.g., Asian, Hispanic,
Native American).

Of the 185 children providing blood samples, 64%
the children tested positive (>0.35 kU/L) for IgE
antibody to a panel of allergens (Table 1, Figure 1A).
Prevalence of sensitization to specific allergens can be
deduced from the proportion of children’s serum samples
with allergen-specific IgE levels above detection limits.
Detectable levels of rat allergen-specific IgE were found
in only 4.3% of the children’s sera, while the most
commonly detected allergen-specific IgE specificity was
the mold, Alternaria alternata, found in 35.7% of chil-
dren’s serum specimens. Increasing frequencies of other
allergen-specific IgEs were as follows: mouse (5.4%),
cockroach (18.4%), cat dander (22.7%), Cladosporium
herbarum (24.3%), Penicillium notatum (27%), dog dan-
der (28.1%), Dermatophagoides pteronyssinus (31.4%),
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TABLE 1.—Summary statistics for allergen-specific serum IgE and allergen-specific dust levels for asthmatic and non-asthmatic children and their homes.

Serum (kUa/L) N Percent detected Mean Standard deviation Geometric mean P-value (Wilcoxon test)
Total serum IgE 185 100 281.51 509.83 99.5 .0049
Asthmatics 96 100 338.89 442.62 130.77
Non-asthmatics 89 100 219.63 569.67 71.10
Phadiatop 185 64.3 31.37 29.81 17.72 .0056
Asthmatics 96 69.8 37.34 31.20 20.41
Non-asthmatics 89 58.4 23.16 25.98 9.67
Pets
Cat (Feld 1) 185 22.7 10.35 20.03 3.25 .0021
Asthmatics 96 31.3 12.12 22.82 3.73
Non-asthmatics 89 13.5 5.93 9.60 2.30
Dog (Cand 1) 185 28.11 7.89 18.33 2.90 .0004
Asthmatics 96 38.5 10.05 21.27 2.96
Non-asthmatics 89 16.9 2.56 4.26 1.22
Household pests
Dust mite (Der f 1) 185 31.9 20.34 25.32 5.96 .0987
Asthmatics 96 38.5 17.90 26.83 4.50
Non-asthmatics 89 24.7 24.44 22.54 9.55
Dust mite (Derp 1) 185 31.4 13.06 17.28 4.32 1555
Asthmatics 96 36.5 11.82 17.50 3.53
Non-asthmatics 89 25.8 14.94 17.17 5.86
German cockroach 185 18.4 4.03 5.90 2.11 .0362
Asthmatics 96 24.0 4.63 6.94 2.32
Non-asthmatics 89 12.4 2.78 2.50 1.73
Mouse 185 54 15.26 31.37 2.85 0710
Asthmatics 96 8.3 18.04 34.92 2.73
Non-asthmatics 89 2.2 4.13 3.45 3.33
Rat 185 4.3 4.38 8.88 1.59 .1863
Asthmatics 96 6.3 5.35 10.28 1.70
Non-asthmatics 89 2.2 1.45 0.83 1.32
Molds
Alternaria alternata 185 35.7 14.45 15.22 8.34 .0037
Asthmatics 96 45.8 15.33 16.20 8.30
Non-asthmatics 89 24.7 12.69 13.21 8.40
Aspergillus fumigatus 185 324 5.27 7.07 2.38 .0003
Asthmatics 96 42.7 6.63 7.90 3.29
Non-asthmatics 89 21.3 2.34 3.47 1.18
Cladosporium herbarum 185 24.3 4.04 4.18 2.61 <.0001
Asthmatics 96 36.5 4.34 4.20 2.92
Non-asthmatics 89 11.2 2.98 4.15 1.75
Penicillium notatum 185 27.0 3.29 3.95 1.81 <.0001
Asthmatics 96 39.6 3.75 4.20 2.17
Non-asthmatics 89 13.5 1.85 2.70 1.02
Dust N Percent detected Mean Standard deviation Geometric mean P-value (Wilcoxon test)
Pets
Cat (Fel d 1) (ng/g) 141 50.4 93,900 371,230 2,010 .8102
Asthmatics 74 48.6 61,315 200,199 2,732
Non-asthmatics 67 52.2 127,417 490,092 1,467
Dog (Cand 1) (ng/g) 141 78.7 28,803 101,934 1,040 4067
Asthmatics 74 75.7 18,799 38,058 1,017
Non-asthmatics 67 82.1 38,989 139,575 1,064
Household pests
Dust mite (Der f 1) (ng/g) 141 83.0 7,028 17,250 1,691 9209
Asthmatics 74 82.4 8,296 21,089 1,771
Non-asthmatics 67 83.6 5,647 11,777 1,609
Dust mite (Der p 1) (ng/g) 141 7.1 1,570 2,386 415 .5937
Asthmatics 74 8.1 2,087 2,887 634
Non-asthmatics 67 6.0 794 1,363 220
Cockroach 1 (U/g) 141 9.9 243 243 1.47 7898
Asthmatics 74 10.8 2.1 3.09 1.04
Non-asthmatics 67 9.0 2.87 1.27 2.34
Cockroach 2 (U/g) 141 8.5 13.48 21.36 6.02 .6979
Asthmatics 74 9.5 17.01 27.99 5.56
Non-asthmatics 67 7.5 8.52 5.16 6.74
Mouse (ng/g) 141 53.2 1,570 6,542 110 4667

(continued)
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TABLE 1.—Continued

Dust N Percent detected Mean Standard deviation ~ Geometric mean P-value (Wilcoxon test)
Asthmatics 74 56.8 1,207 3,649 112
Non-asthmatics 67 49.3 2,033 9,028 108
Rat (ng/g) 141 0 - - - -
Asthmatics 74 0 - - -
Non-asthmatics 67 0 - - -
Molds
Mold spores cfu/g 140 100 12,610 13,432 7,057 9318
Asthmatics 74 100 13,048 13,397 6,877
Non-asthmatics 66 100 12,219 13,542 7,221

Notes: Means and standard deviations were calculated using only detectable levels; N = sample size. Data are presented for all measurements and separated by asthmatic and
non-asthmatic children. P-values are for Wilcoxon non-parametric significance comparisons of dust and serum allergen-specific IgE levels between asthmatic and non-asthmatic

children; cfu/g: Colony forming units/gram.
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FIGURE 1.—(A) Mean proportions of children (95% CI) with positive allergen-specific IgE tests. (B) Mean proportions of homes (95% CI) that
tested positive to cat (Fel d 1), dog (Can f 1), mouse (Mus m 1), rat, cockroach (Bla g 1 and Bla g 2), and house dust mite (Der f 1 and

Derp 1).

Dermatophagoides farinae (31.9%), and Aspergillus
Sfumigatus (32.4%), (Table 1, Figure 1A).

Vacuum dust samples for the 141 households were
collected over the following time periods in the following
proportions: 1 day or less (7.4%); less than 1 week, but
more than 1 day (14.1%); more than 1 week, but less
than 1 month (37.1%); more than 1 month (38.5%); and
2.0% of the parents were unsure of the length of time
involved. Of the eight allergens tested in the vacuum dust
samples, dust mite (Der f 1) and (Der p 1) were detectable
in 83.0% and 7.1% of the homes, respectively; dog (Can
f 1) in 78.7%; mouse (Mus) in 53.2%; cat (Fel d 1) in
50.4%; Cockroach (Bla g 1 and Bla g 2) in 9.9% and
8.5%, respectively; and rat (0%) (Table 1, Figure 1B).

The number and the distribution of dust allergens
and allergen-specific IgE serum levels were compared
among asthmatic and non-asthmatic children and their
households (Figure 2A and B). Over 35% of the
asthmatics, as compared with 15% of the non-asthmatics,

tested positive to at least 5 of the 11 different allergens
(Figure 2A). Approximately 60% of the asthmatic and
non-asthmatic homes had 3 or more detectable dust
allergens (Figure 2B).

The distributions of IgE antibody levels were signif-
icantly different between asthmatic and non-asthmatic
children (Figure 2A), x> test, df = 9, p < .0001).
In particular, more asthmatics had greater than three
serum-specific allergens than the non-asthmatics. This
contrasts with the distribution of dust allergens in the
asthmatic versus non-asthmatic homes that were not
significantly different (Figure 2B, x? test, df = 9,
p=.13).

Table 1 presents the means, geometric means, and
other related statistics describing the children’s Phadiatop,
total IgE, and allergen-specific IgE levels and the respec-
tive allergen levels of their vacuum dust samples. The
data are subdivided by asthmatic versus non-asthmatic
status and the mean data were computed using only those
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values above the detection limit of the assays. Total serum
IgE and Phadiatop levels (Table 1) were significantly
greater (p < .005, Table 1) in asthmatic as compared with
non-asthmatic children by about 50%. Asthmatic children
exhibited significantly higher allergen-specific geometric
mean antibody levels to cat (Fel d 1) (p < .002), dog
(Can d 1) (<0.0004), German cockroach (p < .036),
Aspergillus (p < .0003), Cladosporium (p < .0001), and
Penicillium (p < .0001), while non-asthmatic children
exhibited significantly higher geometric mean antibody
levels to Alternaria (p < .0037).

The percentages of children exhibiting IgE antibody
positivity to only one specific allergen were very
small. These ranged from 0.5% of the children with a
positive test for dog Can f 1 allergen to 5.9% of the
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given number of allergen-specific antibodies in serum (A) and dust allergens
in the home surface dust (B). The histograms show proportions of children
with 1-11 different specificities of IgE antibody. In non-asthmatic children
the proportion of serum samples with 8—10 allergens was significantly lower
(p < .011) than for the asthmatic children.

children sensitized to only one mold (A. alternata) (data
not shown). More commonly, children were sensitized
to multiple specific allergens (Figure 2A, Table 2).
The highest percentages of multiple allergen sensitivity
included 29.7% of the children found to be allergic to both
house dust mites (Der p 1 and Der f 1) and 25.9-28.1%
sensitized to combinations of two molds (Penicillium and
Aspergillus or Aspergillus and Alternaria, respectively).
These children typically were sensitized to up to eight
dust allergens.

Relationships among IgE Levels and House Dust
Allergen Levels

Total IgE levels and Phadiatop frequencies did not differ
significantly in relation to age or gender (data not shown).
Due to the small number of children’s samples that
exhibited both positive dust allergen and serum-specific
IgE for rat, mouse, cockroach, and house dust mite (Der
p D G.e.,n=0,4,or5), we only examined relationships
between dust allergens and children’s specific IgE levels
with larger sample sizes, for example, cat (n = 17),
dog (n=34), and house dust mite (Der f 1) (n =
42). A significant correlation between dust allergens and
children’s specific IgE levels was only observed for dog
allergen (Table 3, r = 0.35, p < .04) but not for cat
(r =0.39, p = .12) or house dust mite (Der f 1) (r =
0.196, p = .21).

Positive cutoff levels for allergens in dust samples
thought to represent an increased risk for sensitization
(lower) and increased risk for asthma exacerbation
(upper) were separately analyzed with regard to an
association with asthma status of the children (Table 4).

TABLE 3.—Correlations between dust allergens and children’s specific IgE
levels.

Allergens N r 2 P

Cat 17 0.390 0.152 1218
Dog 34 0.354 0.126 .0398
Dust mite (D. farinae) 42 0.196 0.038 2138

Notes: N, sample size limited to those samples that had both positive tests for allergen
dust and serum allergen-specific IgE levels. Bold p-value represents significance at
<.05 for Pearson’s correlation (r).

TABLE 2.—Total percentages of children with co-occurring serum antibody levels.

Cockroach  Dust mite Dust mite

Serum Cat Dog Alternaria Aspergillus Cladosporium Penicillium  Rat ~ Mouse 1 (Der f) (Der p)
Cat (n = 43) -

Dog (n =52) 20.5% -

Alternaria (n = 66) 15.7% 18.4% -

Aspergillus (n = 60) 16.2% 20.0%  28.1% -

Cladosporium (n = 46) 14.6% 168% 24.3% 24.3%

Penicillium (n = 50) 157% 184%  24.3% 25.9% 22.7% -

Rat (n = 8) 27%  3.2% 2.7% 2.2% 2.2% 2.2% -

Mouse (n = 10) 38% 4.9% 4.3% 3.8% 3.8% 3.8% 3.2% -

Cockroach 1 (n = 34) 8.1% 13.0% 9.7% 11.4% 8.1% 10.3% 22% 32% -

Dust mite (Der f) (n =59)  14.6% 18.4% 12.4% 15.1% 11.9% 13.5% 38% 4.3% 14.1% -

Dust mite (Der p) (n =59) 135% 17.8% 13.0% 15.7% 11.4% 13.5% 32% 3.8% 14.1% 29.7% -
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TABLE 4.—Proportions of children’s homes exceeding either the lower or upper cutoff levels for allergenic
sensitivity (lower) or exacerbation (upper) and odds ratio results for significance.

Percent above  Percent above O/R* O/R*
Dust Cutoff levels lower upper (lower cutoff)  (upper cutoff)
Cat >1.0 and >8.0 22.0 13.5 0.886 0.603
Dog >2.0 and >10.0 27.7 20.6 0.927 1.039
Cockroaches (2) >1.0 and >4.0 8.5 6.4 0.772 1.412
Dust mites (2) >2.0 and >10.0 41.8 12.8 0.886 0.508
Note: *Not statistically significant.

These lower and upper threshold levels have been Odds Ratio

established for environmental cat allergens (>1.0 and
>8.0) (19,20), dog allergens (>2.0 and >10.0) (20,21),
cockroach allergens (>1.0 and >4.0) (20,22), and house
dust mite allergens (>2.0 and >10.0) (20,23). Threshold
levels for both allergenic sensitization and exacerbation to
house dust mite (both species summed) were exceeded in
54.6% of the homes sampled, in 48.3% of homes for dog
allergen, and in 35.5% of homes for cat allergen (Table 4).
Threshold levels for cockroach (summed group 1 and
2 specificities) were exceeded in only 14.9% of homes.
These levels, however, did not approach significant
associations with dust allergen levels for either sensitivity
or exacerbation (Table 4, Odds Ratio test, p > .05).

In general, the proportions of dust samples from
households that were above the allergen detection
limit exceeded the proportions of households’ health
questionnaire reports of the presence of pets, mold, mice,
or molds (data not shown). Dog allergen was found in
79% of dust samples while only 30% of these households
reported ownership of dogs. Only 14% of households
reported that cats were present in the home but 50.4% of
the household dust samples indicated the presence of cat
allergen. Parents indicated that mice were present in only
13% of their homes, but 53% of household dust samples
tested positive for mouse. Those children with positive
serum tests for cat, dog and house dust mite (Der f 1) lived
in homes which also tested positive to allergens of cat
(52%), dog (90%), and house dust mite (Der f 1) (92%)
(Table 5).

Association between Asthma Status and Total IgE, Atopy
and Serum Allergen-Specific IgE

Unadjusted odds ratios (95% CI) for the associations
between asthma and serum-specific IgE were greater than
1.0 for cat, dog, house dust mite (Der f 1), cockroach,
Phadiatop levels (at the third quartile), and total IgE levels

TABLE 5.—Number and proportions of children’s sera and homes with
positive tests for both sera and dust allergens.

Number of  Positive sera and
Number of positive dust home dust
Allergens positive sera allergens allergen (%)
Cat 33 17 515
Dog 40 36 90.0
Dust mite (D. farinae) 48 44 91.6

0 2 4 6 8 10

Phadiatop (Q1) 4
Phadiatop (Q2)
Phadiatop (Q3)
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FIGURE 3.—Unadjusted odds ratios for asthma status (error bars denote
95% confidence intervals). Phadiatop was analyzed in quartiles, with each
quartile being compared separately to the subjects with Phadiatop levels
below the detection limit (<0.35). Associations between serum allergen
levels were statistically significant where the 95% confidence intervals do
not cross the horizontal axis at 1.0 (Phadiatop Q3, all four allergen-specific
molds, cat, and dog).

(using the cut off median IgE level) (Figure 3). The most
significant associations with asthma status were found to
be with levels of the molds, C. herbarum, P. notatum,
A. fumigatus, and A. alternata, in descending order.

DISCUSSION

The US EPA recently conducted the MICA study to
investigate genomics data, together with phenotypic
measurements, to predict the key events associated
with asthma severity or symptomology and bioindicators
associated with these key events (24). Indoor and outdoor
air pollution levels (NO2, volatile organic compounds,
and polycyclic aromatic hydrocarbons (PAH)) monitoring
(25) were collected for approximately 50.0% of the
homes. Household vacuum dust metals and PAH were
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also obtained (9). Because exposure to allergens is
important in studies of allergic sensitization and the
development and exacerbation of allergic asthma (26),
we report here relationships and variations in the concen-
trations of household vacuum dust allergens (house dust
mite, cockroach, cat, dog, mouse, and rat) and subject
sensitization to these same allergen specificities.

The percentages of both asthmatic and non-asthmatic
children with positive allergen-specific IgE antibody tests
were mold (25-36%), house dust mite (31%), dog (28%),
cat (23%), cockroach (18%), mouse (5.4%), and rat
(4.3%). We compared our data to those of the National
Cooperative Inner City Asthma Study (26) in which sub-
jects drawn from large metropolitan areas were primarily
AA (73.5%) with low average incomes (<$15,000/year)
and to the metropolitan Boston longitudinal birth cohort
study of home allergens and asthma (27). In that study,
499 children came from a subject population that was
largely white (74%) and whose parents, to a great extent
(78%), were college educated. Although differing in
demographic characteristics, our results are more similar
to the metropolitan Boston population with the MICA
children exhibiting higher frequencies of sensitivity to
cats and dogs and a lower frequency of sensitization
to cockroaches. Dust mite and cockroach allergens have
been previously shown to have distinct and opposite
associations with socioeconomic factors and population
density (20).

Dust allergen levels were similar to those reported in
other studies (4,28,29). House dust mite (Der f 1) was
present in 83% of homes, dog allergen in 79%, mouse
urine protein in 53%, and cat dander in 50%. The two
allergens from cockroaches (group 1 and 2 allergens),
when summed, were detectable in 18% of the home
dust samples. Further, proportions of dust samples from
households that were positive for allergens exceeded the
proportions of households’ health questionnaire reports of
the presence of pets, mice, or molds. This is consistent
with numerous studies that have found that children’s
homes may exhibit allergens from pets even when pets are
not found in the homes or following removals of pets such
as cats from homes (11,30). Several studies have found
both cat and dog allergens in dust samples from schools
at levels sufficient to cause low-grade clinical asthma
(31-34) probably because of the ease of portability of
these allergens on clothing. Thus, children who live in
homes with pets may transfer pet allergens to school and
then from the school buildings to homes of children who
are not pet owners. It is possible also that previous owners
or residents of the homes studied may have been pet
owners. The high proportion of homes (83%) with house
dust mite (Der f 1) allergen is somewhat surprising given
that the vacuum dust sampling was not limited to the
bedroom. In a study by Salo et al. (4), the bedroom floor,
for example, exhibited approximately 2 times higher
levels of dust mite as those from kitchen floors. The high
proportion of children with positive dust mite serum tests
suggests that exposure to dust mite allergen levels was
underestimated.

Although not statistically significant, homes of asth-
matics had lower levels of dog (p = .41) and cat
(p = .81) dust allergens but higher levels of house dust
mite (p = .59 and p = .92), cockroach (p = .79 and
p = .7), and mouse (p = .47) allergens and generally
higher levels of mold spores (p = .93). This difference
in levels of pet versus pests and mold-derived allergens
in asthmatic homes suggests that parents of asthmatic
children generally avoid owning cats or dogs. It is not
clear as to why there is a higher proportion of homes with
pests and mold spores in asthmatic homes as compared
with non-asthmatic homes but it may be because these
allergens are more difficult to visually detect and reduce
by remediation (35).

The only significant association between dust allergen
levels and dust allergen sensitization was related to
dog allergen exposures. These results are in contrast
with results of Huss et al. (36) where the higher the
level of allergen exposure to dust mite and cockroach,
the more likely the patient was to have a positive
allergy skin test. The lack of concordance in our study
for all but dog allergens might be explained by the
variations in the time period over which the dust vacuum
samples were collected. For example, in our study the
vacuum dust samples represented sampling ranging from
several days to less than a month. Time of collection
and concentration are important factors to capture in
the period of sensitization. Accordingly, a short acute
exposure to dust mites (due to, for instance, changing
of bedding) might result in immediately elevated levels
of dust mite allergen-specific IgE that, following the
exposure, could then diminish to a non-detectable level.

Cockroach and dust mite allergens are typically found
on larger particles that fall rapidly after disturbance
while dander is on smaller particles (<5 pum) and
may remain airborne for hours and is influenced by
ventilation (37). Comprehensive estimates of airborne
exposure, thus, require an element of disturbance of the
home environment (e.g., vacuum cleaning, bed making),
although the concentration of allergen on floors is thought
to provide an indirect surrogate measurement of exposure
(6). Alternatively, the weak associations (other than
dog dander) could relate to the fact that the children
spend considerable time indoors in school, an important
additional source of allergen exposures. Thirty-six papers
from the literature reported concentrations of cat, dog,
dust mite, and/or cockroach allergens in settled school
dust (37). The collection of the vacuum dust sample
provides confirmation of the presence of allergens in
the home, but associations between the concentrations of
allergen and allergen sensitization could be optimized by
sampling for a prescribed time period, and optimally, just
prior to the blood draw. A cohort followed over time with
repeat blood measures, as in a recent study by Wegienka
et al. (35), is needed to understand the complex and
temporal relationships between allergen exposure sensi-
tization and the development and exacerbation of asthma.

With regard to the usefulness of using vacuum
dust samples as surrogates for indoor short-term
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environmental exposures to chemicals, recent studies
have shown that house dust nicotine (a marker for
environmental tobacco smoke) and house dust polychlo-
rinated biphenyl concentrations may be useful surrogates
of more persistent chemical exposures and, thus, may
be useful in evaluating associations between chemical
exposures and risk of childhood diseases (38,39). Our
study, along with others where vacuum dust sampling
either was subject-collected or represented vacuum
sampling throughout the home (40-42), suggests that
subject-collected dust samples should be considered as
a cost-effective option for epidemiologic and clinical
studies. The Department of Housing and Urban Develop-
ment recently published a vacuum dust sample collection
protocol that has flexibility in sampling techniques
because studies often have differing research goals and/or
may be resource limited (43).

Causal relationships have been reported in the litera-
ture (44) between exposure to the allergens produced by
cats, cockroaches, and house dust mites, and exacerba-
tions of asthma in sensitized individuals. There also is
evidence of associations between dog and fungal allergen
exposures with exacerbation of asthma in individuals
specifically sensitized to these allergens. Considering
these observations, we examined whether associations
existed between asthma status and total IgE, atopy, and
positive allergen-specific IgE antibody levels to dog, cat,
cockroach, and dust mites. The third quartile Phadiatop
measure, total IgE, and positive serum tests for all four
molds, dog, cat, cockroach (Bla g 1), and house dust mite
(Der f 1) were associated with asthma status. Positive
serum tests for mouse were not associated with asthma
status, possibly due to the low frequency of positive serum
samples for this allergen. No associations between home
dust allergen levels and asthma status were observed even
when we restricted dust data to those above published
threshold levels.

Studies have shown that multiple exposures to aller-
gens increase the probability of a child having asthma
symptoms (4). Multiple allergens detected in children’s
homes in this study were common. Sixty percent of the
home dust samples had three or more dust allergens.
These results are consistent with studies of Salo et al.
(4), Leaderer et al. (20), and Eggleston (26). Salo et al.
(4) looked at 831 housing units across the United States
and reported that 51% of the homes had at least 6
detectable allergens and 45% of the homes had at least
3. In our study more than 95% of the children who had
positive IgE antibody levels to a dust allergen also showed
sensitization to multiple dust allergens.

As the rate of asthma among children is higher in AAs,
this racial difference in prevalence cannot be accounted
for by socioeconomic status alone (26). Two recent
genome-wide association studies have confirmed a strong
genetic component of asthma (45,46). As reported by
Joubert et al. (47,48) we have begun to look at the
integration of genetic (single nucleotide polymorphism)
and environmental data from the MICA study, for
investigations of childhood allergy and asthma.

CONCLUSIONS/KEY FINDINGS

The frequency of positive allergen-specific IgE levels
increased with increasing levels of dog dander allergen
in the home, but no such relationships could be identified
for cat or house dust mite (Der f 1). A high frequency
of homes containing multiple allergens also had a high
frequency of subjects with positive IgE antibody to
multiple allergens. Both the co-occurrence of multiple
allergens in household dust and the high frequency of
multiple allergen sensitizations indicate that a broad-
based intervention aimed at reducing multiple allergens
(pets, pests and molds) would be more successful than
any approach aimed solely at reducing one type of
allergen over another. Serum testing provides a sensitive,
integrated measure of the child’s allergic response to
allergens and represents exposures to multiple allergens
that occur in varied indoor environments.

The children in our study were predominately AA,
a cohort of particular concern based on their higher
prevalence of asthma. Our analyses were similar to other
reported indoor dust and serum allergen studies, with
the exception that we employed a simple, cost-effective
subject-collected vacuum dust sample that was not
standardized with regard to vacuum cleaner type, area
sampled, or frequency of collection. There is a limited
but growing body of literature that suggests that this
simple vacuum dust collection may be a useful alternative
in epidemiological and clinical studies. Furthermore,
given the sufficient quantities of vacuum dust obtained,
we are evaluating several potentially modifiable envi-
ronmental exposures (metals and PAH) in the context
of MICA’s gene expression, genomics data, and other
phenotypic measurements. Taken together with the indoor
dust and serum allergen measures reported here, we
hope to identify key genetic and phenotypic events
that are associated with allergic responses and asthma
phenotype.
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