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Background: Reducing exposure to household dust inhalant allergens has been proposed as one
strategy to reduce asthma.

Objective: To examine the dose-response relationships and health impact of five common household
dust allergens on disease severity, quantified using both symptom frequency and medication use, in
atopic and non-atopic asthmatic children.

Methods: Asthmatic children (N = 300) aged 4-12 years were followed for 1 year. Household dust
samples from two indoor locations were analyzed for allergens including dust mite (Der p 1, Der f 1), cat
(Fel d 1), dog (Can f 1), cockroach (Bla g 1). Daily symptoms and medication use were collected in
monthly telephone interviews. Annual disease severity was examined in models including allergens,
specific IgE sensitivity and adjusted for age, gender, atopy, ethnicity, and mother’s education.

Results: Der p 1 house dust mite allergen concentration of 2.0 pg/g or more from the main room and
the child’s bed was related to increased asthma severity independent of allergic status (respectively,
OR 2.93, 95% CI 1.37, 6.30 for 2.0-10.0 pg/g and OR 2.55 95% CI 1.13, 5.73 for >10.0 pg/g). Higher pet
allergen levels were associated with greater asthma severity, but only for those sensitized (cat OR 2.41
95% CI 1.19, 4.89; dog OR 2.06 95% CI 1.01, 4.22).

Conclusion: Higher levels of Der p 1 and pet allergens were associated with asthma severity, but Der p 1
remained an independent risk factor after accounting for pet allergens and regardless of Der p 1 specific

IgE status.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

House dust commonly includes allergens from dust mites (Der
p 1, Der f1), cockroach (e.g., Bla g 1) and pets (e.g., dog [Can f 1], cat
[Fel d 1]). In a multinational epidemiological study of asthmatics
and non-asthmatics, house dust mite was the antigen most
consistently associated with the presence of asthma or increased
bronchial reactivity (Janson et al., 2001). The amounts of antigen
in homes are regionally variable, and depend on climate, location
(i.e., urban, suburban, rural) and pet ownership. For example,
while Dermatophagoides pteronyssinus (D. pteronyssinus) predomi-
nates in house dust samples collected in New Zealand (Erwin

* Funding source: Funded by NIH: ES011013, ES05410, ES01247.

Human Investigation Committee Approval: The Human Investigation Committee of
Yale University School of Medicine reviewed and approved this research (HIC
Protocol no. 0004011756).

* Corresponding author. Fax: +1203 764 9378.

E-mail address: janneane.gent@yale.edu (J.F. Gent).

0013-9351/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.envres.2009.04.010

et al.,, 2005) and Australia (Dharmage et al., 1999; Marks et al.,
1995), Dermatophagoides farinae (D. farinae) is most common in
German homes (Gehring et al.,, 2001) and Blattella germanica
(B. germanica) is a major constituent in inner city house dust in
urban US (Gruchalla et al., 2005; Morgan et al., 2004). High levels
of pet allergen depend primarily on current pets in residence,
although significant amounts may be found in homes for months
or years following a pet’s removal (Gehring et al., 2004), and may
also be detected in homes without pets where allergens may enter
the home on residents’ clothing (Bollinger et al., 1996).

Although dust mite and other home antigen levels may vary
seasonally in some locations, there is evidence to suggest that the
between-home variability due to housing type, pet ownership,
and other household factors is far greater than within-home
seasonal variability (Chew et al., 1999; Heinrich et al., 2003;
van Strien et al., 2004; Zock et al., 2006). Repeated allergen
measurements in a household, in the absence of specific
intervention attempts, have been shown to be highly correlated,
and levels measured at one point in time are generally
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representative of levels that can be found for at least a year (Chew
et al., 1999; Heinrich et al., 2003). Thus, though levels may vary,
asthmatic children living in homes where antigens have been
detected at one time are likely to be exposed to similar levels of
antigens for up to a year. It is possible that for asthmatics, chronic
exposure to household allergens maintains a certain level of
background respiratory inflammation (Simpson et al., 1999).

Exposure to common household allergens takes place concur-
rently; however, few studies have examined multiple allergen co-
exposures together in multivariate models. Studies that have
included more than one allergen in statistical models are Gehring
et al. (2001), who reported some models that included levels of
Der p 1, Der f1 and/or Fel d 1, and Blanc et al. (2005), who reported
multivariable models that included Can f 1, Fel d 1 and the weight
of dust sampled.

We prospectively followed a cohort of asthmatic children aged
4-12 years for 1 year and examined associations between level of
household allergens measured at the time of study enrollment,
allergen-specific IgE, and asthma severity. Outcome measures of
asthma severity included symptom frequency, type and amount of
medication use as well as a severity score quantified according
to modified Global Initiatives for Asthma (GINA) guidelines
(United States Department of Health and Human Services
February, 2002), which considers both symptoms and medication
use. We examined the impact of concurrent exposures to five
common household allergens on asthma severity in multivariate
models that included all measured household allergens.

2. Methods

Subjects were drawn from a study population of 466 children aged 4-12 years
when enrolled between 2000 and 2003; 454 (93.1%) completed 1-year follow-up
(Gent et al., 2003). Eligibility criteria included physician-diagnosed asthma, age
less than 12 years and asthma symptoms or medication use in the previous
12 months. Subjects in the present analysis (N = 300) include those who had
allergy test results and lived for at least 7 months in the home where dust samples
were collected. The Yale Human Investigation Committee approved the study, and
mothers of subjects gave informed consent.

During the enrollment visit, a research assistant administered a questionnaire
to the child’s mother to collect demographic information, medical history, and
home environment information. Mothers recorded daily symptoms (wheeze,
persistent cough, shortness of breath, chest tightness, night symptoms) and
medication use (rescue medication including bronchodilators, and controller
medication including steroids, cromolyn sodium, and leukotriene inhibitors)
on study calendars, and reported this information during monthly telephone
interviews.

2.1. Dust samples

Dust samples, taken from the floor in the main living area and from the child’s
bed during the enrollment visit using a protocol described previously (Belanger
et al.,, 2003; Gehring et al., 2004; Leaderer et al., 2002), were assayed by enzyme-
linked immunosorbent assay (ELISA) for allergens (dust mite (Der p 1, Der f 1), cat
(Feld 1), dog (Can f 1), and cockroach (Bla g 1)) (Gehring et al., 2004; Leaderer et al.,
2002).

2.2. Specific IgE

Although not required, 336 participants (72%) provided blood samples for a
10-item allergen-specific IgE panel: Der p1, Der f 1, Fel d 1, Can f 1, Bla g 1, Alternaria,
mouse, grass, ragweed, egg. Serum was analyzed using the UniCAP™ system. IgE
0.35kU/L or greater was considered positive. General atopy was defined as a
positive response to one or more allergens.

2.3. Asthma severity

Three measures of asthma severity were calculated. A 5-category severity
score based on both symptom frequency (including night symptoms) and
medication use (Global Initiatives for Asthma guidelines (United States Depart-
ment of Health and Human Services February, 2002)) was assigned for each month
of follow-up, then an annual arithmetic mean was calculated. Scores ranged from 0

(no symptoms or medication) to 4 (severe persistent asthma) (see Table 1). We
defined, a priori, two additional measures of annual asthma severity: 30 or more
days of wheeze, and controller medication use for 9 or more months.

2.4. Data analysis

Unadjusted associations between asthma severity and other variables
were examined with y? analyses and Cochran-Armitage test for linear trend
(for allergen level categorized a priori (Ingram et al., 1995; Leaderer et al., 2002;
Platts-Mills et al., 1997)). SAS version 9 (Cary, NC, USA) was used for all analyses.
Spearman correlations between allergens were calculated (10 x 10 matrix
produced 100 comparisons, Bonferroni-corrected oo = 0.0005). Logistic regression
models simultaneously included dust mite (Der p 1 or Der f 1), Fel d 1, Can f 1 and
Bla g 1. Final models included dust mite and cockroach allergens as categorical
variables with four and two concentration levels, respectively; pet allergens as
binary variables according to specific sensitization and exposure (sensitized AND
exposure above detection vs. non-sensitized OR exposure below detection).
Models were adjusted for age, gender, general atopy, ethnicity and mother’s
education.

3. Results

Mean (SD) age at enrollment was 8.6 (2.0) years. Boys
outnumbered girls in the study by nearly 2 to 1. During the year
of follow-up, equal percentages of each gender experienced
moderate to severe asthma (one-third), wheezed for 30 or more
days (nearly one-fifth), and used asthma controller medication for
9 or more months (over one-third) (Table 1). There were no
significant differences in age, ethnic distribution or exposure to
smoking within the three measures of asthma severity (Table 1).
Maternal education was modestly associated with amount of
child’s wheezing (p<0.02); however, this could be a chance
finding due to the many associations examined. Importantly,
atopic children were approximately twice as likely to experience
each outcome and the associations for all three outcomes were
very strong (Table 1).

The distribution of allergen levels found in the main living
areas and the beds is shown in Table 2. Three-quarters of all
samples had measurable levels of pet allergen: Fel d 1 allergen
concentrations of 8 ig/g or more were found in 23% of both main
room and bed samples; Can f 1 allergen concentrations of >10 ug/g
were found in 32% of the main room and 31% of the bed samples.
Der f 1 allergen was the more common of the two dust mite
allergens and was found in 59% of the main room and 71% of the
bed samples with 18% and 16%, respectively, at levels of 10 ng/g or
more. Der p 1 allergen was found in 41% of both main room and
bed samples with 12% of the main room and 9% of the bed
samples at levels of 10 pug/g or more. Cockroach allergen (Bla g 1)
was found in the fewest homes: only 14% of the main room
samples (2% were at levels >10Ug/g) and 11% of the bed samples
(1% at levels >10Ug/g). For each allergen, levels measured in the
main room were significantly correlated with levels measured in
the child’s bed with Spearman r-values below 0.7 for Der p 1
(r=0.6)and Der f1 (r = 0.4); and above 0.7 for Can f 1, Fel d 1 and
Bla g 1.

Correlations among different allergens were moderately
positive (r = 0.3-0.4) for dust mite allergens Der p 1 and Der f 1,
and among either house dust mite or either pet allergen.
Correlations between cat and dog allergens ranged from 0.2 to
0.4 within and between measurement locations. Bla g 1 allergen
was significantly negatively correlated with Can f 1 (in the main
room, r = —0.2) and Fel d 1 (in the bed, r = —0.2). Bla g 1 was not
significantly correlated to either dust mite allergen.

Unadjusted associations between asthma severity measured
with the GINA score and dust mite and pet allergens measured
in the main rooms in homes of children with (>0.35kU/L) and
without (<0.35kU/L) serum-specific IgE sensitivities are dis-
played in Fig. 1. For children with positive IgE responses to each
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specific allergen, there appears to be a relationship between that
allergen level and asthma severity, but it does not appear to be
strongly linear for any allergen. Levels above 2 ng/g for Der p 1
(Fig. 1A), and any detectable amount of either pet allergen (Fig. 1C
and D) are associated with more severe asthma. For subjects
without a positive IgE response to a specific allergen, a linear
trend between level of allergen and asthma severity is particularly
striking for Der p 1 (p = 0.0003) (Fig. 1A). Among non-sensitized
subjects, there is an association, but not linear, between moderate
to severe asthma and the highest allergen levels (>10pug/g
or >8pug/g, respectively) for Der f 1 (p =.03) (Fig. 1B) and Fel d
1 (Fig. 1C). For non-sensitized children there appears to be no
association between level of Can f 1 (Fig. 1D) or Bla g 1 and asthma
severity.

Table 1

Preliminary regression models simultaneously included house
dust allergen levels as main effects and as interactions with
specific allergic status. The main effect of house dust mite allergen
(Der p 1) was significant in the main room model for GINA score
(p =0.01) and medication use (p = 0.04), indicating significant
associations between measured level of Der p 1 and asthma
severity. Neither of the house dust mite and dust mite specific
allergy interaction terms nor the measures of association with
asthma severity for either pet allergen were significant. Interac-
tion terms were significant for dog allergen and marginally
significant for cat allergen. None of the main effects or interaction
terms was significant for cockroach allergen.

Results of the final models for the main living area and bed
including Der p 1 as the dust mite allergen variable are shown in

Personal characteristics and asthma severity for children participating in a year-long prospective study (N = 300) (CT, Western MA, 2000-2004).

Variables N (%) Asthma severity during 12-month study period
GINA score® (mean monthly) Wheeze (total days) Controller medication use
Moderate/severe (%) p-ValueP >30 days (%) p-value® >9 months (%) p-Value®
All subjects 300 98 (32.7) 53 (17.7) 125 (41.7)
Gender
Male 191 (63.7) 33.0 0.88 17.3 0.81 42.9 0.55
Female 109 (36.3) 321 18.4 394
Age (years)
4to <8 124 (41.3) 30.6 0.53 13.7 0.13 371 0.18
8-12 176 (58.7) 341 204 449
Ethnicity
White (190)/Asian (3)/other (6) 199 (66.3) 36.2 0.17 17.6 0.99 442 0.41
Black 46 (15.3) 283 17.4 391
Hispanic 55 (18.3) 23.6 18.2 34.6
Maternal education (years)
<12 23 (7.7) 39.1 0.49 39.1 0.02 52.2 0.36
12-15 162 (54.2) 29.6 14.8 383
>16 114 (33.1) 351 17.5 43.9
Exposed to smoking
No 274 (92.6) 32.8 0.59 17.5 0.64 423 0.33
Yes 22 (7.4) 27.3 13.6 31.8
General atopy*
No 111 (37.0) 21.6 0.002 9.9 0.007 26.1 0.0001
Yes 189 (63.0) 39.2 22.2 50.8
Asthma severity (GINA score?)
0 No symptoms/medication 9 (3.0) 0 0.0001 0 0.0001
1 Intermittent 135 (45.0) 3.7 1.5
2 Mild persistent 8 (19.3) 241 48.3
3 Moderate persistent 61 (20.3) 26.2 95.1
4 Severe persistent 37 (12.3) 48.6 100
Wheeze (days per year)
None 70 (23.3) 129 0.0001 15.7 0.0001
1-7 71 (23.7) 18.3 324
8-14 50 (16.7) 32.0 40.0
15-21 29 (9.7) 55.2 69.0
22-29 27 (9.0) 37.0 37.0
30 or more 53 (17.7) 64.2 77.4
Controller medication (months per year)
None 35 (11.7) 0 0.0001 0 0.0001
1-2 48 (16.0) 21 21
3-5 49 (16.3) 0.0 6.1
6-8 43 (14.3) 4.6 18.6
9 or more 125 (41.7) 76.0 32.8

2 A 5-point asthma severity score (from 0 [no symptoms or medication use] to 4 [severe persistent]), based on the Global Initiative for Asthma (GINA) guidelines
(United States Department of Health and Human Services February, 2002) was calculated for each month of the year-long prospective study. The mean severity was the

arithmetic mean of the 12 monthly severity scores.
b p-Values from y? tests. Significant p-values (<0.05) shown in bold.

¢ Atopy defined as a positive response to one or more of the panel of 10-allergens tested: dust mite (Der f 1, Der p 1), cat (Fel d 1), cockroach (Bla g 1), dog (Can f 1),

Alternaria, mouse, grass, ragweed, egg.
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Table 2
Distribution of allergens measured in dust samples from main living areas and
beds in homes of asthmatic children® (CT, western MA, 2000-2004).

Allergens Main living area Bed Main room and bed
N (%) N (%) correlation®

Der p (ug/g) 0.60

<0.10 177 (59.0) 172 (58.3)

0.10 to <2.0 46 (15.3) 51 (17.3)

2.0 to <10.0 42 (14.0) 46 (15.6)

>10.0 35 (11.7) 26 (8.8)

Der f (ng/g) 0.44

<0.10 123 (41.0) 85 (28.8)

0.10 to <2.0 69 (23.0) 82 (27.8)

2.0 to <10.0 55 (18.3) 80 (27.1)

>10.0 53 (17.7) 48 (16.3)

Fel d (ng/g) 0.71

<012 82 (27.4) 79 (26.8)

0.12 to <2.0 109 (36.4) 116 (39.3)

2.0to <8.0 38 (12.7) 33 (11.2)

>8.0 70 (23.4) 67 (22.7)

Can f (ng/g) 0.79

<0.12 64 (21.4) 61 (20.7)

0.12 to <2.0 88 (29.4) 87 (29.5)

2.0 to <10.0 52 (17.4) 56 (19.0)

>10.0 95 (31.8) 91 (30.8)

Bla g I (Ug/g)

<0.60 259 (86.3) 261 (88.8) 0.76

0.60 to <2.0 29 (9.7) 22 (7.5)

2.0 to <10.0 6 (2.0) 8(2.7)

>10.0 6 (2.0) 3 (1.0)

2 N = 300 children lived for 7 or more months in the home where the dust was
sampled.
b Spearman correlations, p-values <0.0001.
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Table 3. All models included all allergens and were adjusted for
age, gender, general atopy (which, by definition, includes specific
IgE responses to any one or more of all allergens tested), ethnicity
and mother’s education. Children exposed in the main room to
levels of Der p 1 allergen above 2.0 ig/g were two to three times
more likely to have moderate to severe GINA severity scores
and increased likelihood of 9 or more months of medication use
compared to children living in homes with undetectable levels,
regardless of Der p 1 specific sensitization. Of the two pet
allergens, the most consistent results were observed for Can f 1:
children were two to nearly three times as likely to suffer from
severe asthma, no matter how severity was measured, if they
were living in homes with detectable levels of dog allergen and
they tested positive for a specific allergy to Can f 1. Regression
results for the main room levels of dog allergen with Der f 1
allergen included in the models in place of Der p 1 (data not
shown) were similar to those shown in Table 3 (for GINA score OR
2.21, 95% CI 1.09, 4.47; for wheeze OR 2.65, 95% CI 1.15, 6.09; and
for medication use OR 2.52, 95% CI 1.24, 5.08). Significant
associations were also observed between cat allergen (Fel d 1) in
the main room and GINA score with Der p 1 allergen in the model
(Table 3) or with Der f 1 allergen in the model (OR 2.18, 95% CI
1.09, 4.35). There were no significant associations between levels
of Der f1 or Bla g 1 allergen measured in the main room and
measures of asthma severity.

Results for models using allergen samples from the child’s bed
were similar: elevated levels of Der p 1 allergen were associated
with all three asthma severity measures. Children exposed and
allergic to Can f 1 were twice as likely to have used controller
medication for 9 or more months (Table 3). No significant
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Fig.1. Derp 1(A), Der f1 (B), Feld 1 (C) and Can f 1 (D) allergen levels measured in the main living area in homes of children sensitized (specific IgE >0.35 kU/L, solid white
squares) and non-sensitized (specific IgE <0.35kU/L, striped squares) and their association with moderate to severe GINA asthma severity scores (United States
Department of Health and Human Services February, 2002). The increase in percentage of children with severe asthma with increases in allergen level was significant for
Der p 1 (A) regardless of sensitization (p<0.0001, Cochran-Armitage test for linear trend), but was most striking for those non-sensitized (p<0.0003).

Environ. Res. (2009), doi:10.1016/j.envres.2009.04.010

Please cite this article as: Gent, ].F,, et al., Association of pediatric asthma severity with exposure to common household dust allergens.



dx.doi.org/10.1016/j.envres.2009.04.010

Table 3

Adjusted odds ratios (OR) from logistic regression models relating asthma severity to dust allergens in homes of asthmatic children® (CT, western MA, 2000-2004).
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Asthma severity during 12-month study period

Moderate/severe GINA score

OR (95% CI)

Wheeze >30 days

OR (95% CI)

Controller medication >9 months

OR (95% CI)

Allergens
Main living area
Der p 1 (ng/g)
<0.10
0.10 to <2.0
2.0 to <10.0
>10.0
Can f 1 exposure/sensitization
Below detection OR allergy absent
Above detection AND allergy present
Fel d 1 exposure/sensitization
Below detection OR allergy absent
Above detection AND allergy present
Bla g 1 (Ug/g)
<0.60
>0.60

Factor
Bed
Derp 1 (ug/g)
<0.10
0.10 to <2.0
2.0 to <10.0
>10.0
Can f 1 exposure/sensitization
Below detection OR allergy absent
Above detection AND allergy present
Fel d 1 exposure/sensitization
Below detection or allergy absent
Above detection AND allergy present
Bla g 1 (Ug/g)
<0.60
>0.60

1.0
0.93 (0.41, 2.10)
2.93 (1.37, 6.30)
2.55 (113, 5.73)

1.0
2.06 (1.01, 4.22)

1.0
2.41 (119, 4.89)

1.0
1.53 (0.70, 3.34)

1.0
0.99 (0.47, 2.08)
2.73 (1.32, 5.64)
1.19 (0.46, 3.08)

1.0
1.84 (0.92, 3.68)

1.0
1.39 (0.71, 2.75)

1.0
0.87 (0.36, 2.11)

1.0
1.05 (0.38, 2.84)
1.55 (0.62, 3.85)
2.01 (0.78, 5.19)

1.0
2.68 (117, 6.12)

1.0
0.99 (0.44, 2.25)

1.0
117 (0.47, 2.92)

1.0
1.70 (0.68, 4.22)
1.60 (0.64, 4.00)
3.58 (1.28, 9.97)

1.0
1.56 (0.69, 3.53)

1.0
1.62 (0.72, 3.66)

1.0
0.47 (0.14, 1.52)

1.0
0.61 (0.27, 1.35)
2.52 (117, 5.42)
2.17 (0.97, 4.86)

1.0
2.43 (118, 5.00)

1.0
1.76 (0.87, 3.55)

1.0
1.65 (0.77, 3.55)

1.0
1.35 (0.66, 2.73)
2.16 (1.04, 4.48)
1.41 (0.57, 3.46)

1.0
2.00 (1.00, 3.98)

1.0
1.29 (0.66, 2.52)

1.0
0.76 (0.33, 1.79)

¢ Models included all allergens shown here and were adjusted for age, gender, atopy, ethnicity and mother’s education. Separate analyses were performed for each
sampled area (main room or bed) and each of the three severity measures. Significant results (p<0.05) shown in bold.

associations were observed between Fel d 1, Der f 1 or Bla g 1
allergen levels measured in the child’s bed and measures of
asthma severity.

4. Discussion

In our study of five common indoor allergens, children were
over twice as likely to have moderate to severe asthma in homes
with Der p 1 allergen levels of 2ug/g or more compared to
children in homes with undetectable levels in logistic regression
models that also included allergen levels for cat (Fel d 1), dog
(Can f 1) and cockroach (Bla g 1) (Table 3). This association did
not depend on specific IgE response to Der p 1, which indicates
a possible non-allergic component of its mechanism of action.
Only children exposed to cat or dog allergen who also had specific
IgE responses to cat or dog were at increased risk of severe
asthma. No significant associations were found between severe
asthma and levels of cockroach allergen (Bla g 1) or house dust
mite allergen Der f 1 measured in the main living area or child’s
bed although Bla g 1 exposures were relatively uncommon in this
cohort.

Study strengths include our extensive assessment of symptoms
and medication use, the large number of children for whom
specific allergy test results were available, and consideration
of other major allergen exposures in the same model. A recent
population-based study of multiple allergens in US housing found
that most of the 831 units surveyed had detectable levels of at

least six of seven measured allergens, and concluded that studies
that focus on a single exposure are likely confounded by the
presence of other allergens (Salo et al., 2007).

Of the many indoor dust allergens with potentially potent
health effects, we limited the focus of our study to six of the most
common in urban and suburban households in the Northeastern
US, namely, dust mites (Der p 1 and Der f 1), cat, dog and
cockroach, for which assays are readily available. A potential
limitation of this study is our one-time measurement of dust
levels in homes. However, the seasonal variability within
homes in our region has been shown to be far out-weighed by
the variability between homes due to housing type and other
household characteristics (Chew et al., 1999; Leaderer et al., 2002;
van Strien et al., 2004). Although repeated measurements might
provide more accurate estimates of annual exposures, levels
measured at one time are likely to be representative of exposure
magnitude over the course of a year. It is possible that the very
low number of homes with detectable cockroach allergen and
relatively low number with high levels of dust mites limited our
ability to detect interactions between exposure and sensitization
status. It is also possible that some families may have been
engaged in intervention strategies including attempted ameliora-
tion of allergen levels and pet management during the symptom
follow-up year after the enrollment visit when dust samples were
taken. Nonetheless, if this had occurred, it was not sufficient to
prevent the associations observed in the study.

Another potential limitation is the reliance on mothers’ reports
of study subjects’ daily symptoms and medication use. However,
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each mother was provided with a calendar and instructed to
record her child’s asthma symptoms and medications each day.
Recall error was further minimized with frequent (monthly)
phone interviews to collect symptom and medication use data
from the preceding month.

4.1. Consideration of household allergens in multivariate models

Two recent studies have examined simultaneous risk of
allergen exposure in adults (Blanc et al., 2005; Gehring et al.,
2001) but unlike our analysis, neither accounted for potential
interaction of antigen and specific allergy. Blanc et al. (2005) used
multivariate models to predict asthma severity (N = 199), and
included many potential risk factors: amount of dust collected,
dog or cat ownership, specific allergy to dog or cat, and dog and
cat allergen concentration, as well as variables for endotoxin level,
general atopy, and housing characteristics. Dog ownership was
related to more severe asthma, while level of dog antigen was
related to less severe asthma, but there were no terms in the
model to account for potential interactions between antigen level
and specific allergy. Gehring et al. (2001) examined the associa-
tion of respiratory symptoms to household Der p 1, Der f 1, and Fel
d 1 allergen levels. The authors found that subjects (N = 405)
exposed to high concentrations (over 10 pug/g for either dust mite
allergen, over 8ug/g for cat allergen) of at least two of the
three allergens studied, had up to a seven-fold increase in the risk
of respiratory symptoms compared to nonexposed subjects
(Gehring et al., 2001).

4.2. Atopy, household allergen exposure and asthma severity

We found that children with atopy were significantly more
likely to have more severe asthma compared to children without
atopy (Table 1 and Fig. 1), which is consistent with many other
studies of asthma in children or adults (Al-Mousawi et al., 2004;
Anonymous, 1992; Erwin et al., 2005; Noertjojo et al., 1999; Sporik
et al,, 1999). Our finding that Der p 1 allergen at levels above 2 ng/g
is associated with asthma severity regardless of sensitization
status is consistent with Zock et al. (1994), who found a positive
association between asthma severity, measured as symptom
frequency, and Der p 1 levels measured in bedroom floor dust:
for all subjects (N = 228 asthmatic children), regardless of dust
mite allergic status, an increase in Der p 1 from 2 to 10ng/g
was associated with a 25% increase in shortness of breath
(p<0.05) (Zock et al., 1994). In our models, Der p 1 remained an
independent risk factor for asthma severity even after accounting
for pet allergen exposure and sensitization. These epidemiological
findings continue to suggest that exposure to dust mite antigen,
in particular, is an important environmental factor in the severity
of asthma. These findings are also consistent with a recent
investigation of cytokine production from human eosinophils
where house dust mite extract (specifically, Der p 1) induced
interleukin-9 expression from eosinophils from sensitized as well
as non-sensitized donors (Fujisawa et al., 2008). Their conclusion
was that accumulated eosinophils in the airways in asthma may
directly react with house dust mite allergen and produce
interleukin-9 to further promote Th2-type immune responses
(Fujisawa et al., 2008).

Nitschke et al. (2006) found that levels of Der p 1 of 10 ng/g or
greater measured in the beds of mite-sensitized subjects (N = 88
of 174 asthmatic children studied) were associated with wheeze
at night, cough during the day, and daytime asthma attacks. The
authors did not report results from subjects who were not mite
sensitive, but mean concentration in their beds was significantly
lower than in beds of mite sensitized subjects. Mite levels

observed in this Australian study were much higher than in our
study: 99% of the homes had measurable levels of Der p 1, and
one-fourth were exposed to levels of 10 pug/g or greater compared
to 41% detectable and 12% above 10 pg/g in our study. We did not
find a significant interaction between mite level and allergic
status, i.e., our subjects were affected by Der p 1 concentration
regardless of sensitization.

The most striking results from Gruchalla et al. (2005), who
followed 234 inner city children with asthma in the US for 2 years,
were for exposure to cockroach allergen (Bla g 1): 39.5% of the
subjects were exposed, and subjects who were both exposed
to high levels (over 2 U/g) and sensitized had the most symptoms,
missed the most school, and had a significantly higher rate of
unscheduled health care visits compared to all other subjects. Our
subjects came from a variety of neighborhood environments
including but not limited to inner city families. The number of our
subjects exposed to levels of allergen Bla g 1 above 2 U/g was very
small (4%), which may have contributed to the fact that we did not
observe an association with asthma severity.

Our findings are consistent with some studies enrolling
asthmatic adults (Bjornsson et al., 1995; Lewis et al.,, 2002;
Tunnicliffe et al., 1999). Bjornsson et al. (1995) found that asthma-
related symptoms in the previous year (from 88 adults) were
significantly associated with the presence of house dust mite
allergen (species not specified). Tunnicliffe et al. (1999) enrolled
54 asthmatic adults and found that compared to mild asthmatics,
severe asthmatics had significantly more allergies to house dust
mite (Der p 1), cat (Fel d 1), and/or dog (Can f 1). They also found
that with the exception of Fel d 1, severe asthmatics were exposed
to significantly higher levels of the allergens to which they were
sensitized (Tunnicliffe et al., 1999). Lewis et al. (2002) found that
women (N = 140 followed for 1 year) both sensitized and exposed
to cat allergen (Fel d 1 at levels 8 ug/g or greater) were more than
twice as likely to use steroid medication and nearly seven times
more likely to wheeze without a cold compared to asthmatic
women who were either not sensitized or in low exposure homes
(Fel d 1 less than 8pg/g), or both. We also found significant
associations with cat allergen among those sensitized, but at
lower levels (any detectable allergen).

4.3. Further health implications of chronic exposure to high levels of
household allergens: risk of reduced lung function, respiratory viral
infections and hospitalization

For asthmatic children and adults, chronic exposure to house-
hold allergens is associated not only with risk of respiratory
symptoms and increased medication use, but is also associated
with increased risk of impaired lung function (Langley et al.,
2005), increased risk of respiratory viral infections and hospita-
lization for asthma (Bjornsson et al., 1995; Lewis et al., 2002;
Tunnicliffe et al., 1999). Langley et al. (2005) found significantly
reduced lung function and more severe bronchial reactivity
among adults (N = 248) exposed to high household levels of dust
mite allergen or dog allergen compared to those exposed to low
levels (Langley et al., 2005). The authors did not observe increased
bronchial reactivity among subjects exposed to high levels of cat
allergen. As in our study, these results suggest that chronic
exposure to high levels of house dust mite can have an adverse
effect on respiratory health of asthmatics independent of specific
allergic status, but that high levels of cat allergen will not affect
asthmatics who are not sensitized to this allergen. Unlike our
study, Langley et al. (2005) also found that exposure to high levels
of dog allergen in non-sensitized asthmatics is associated with
respiratory effects. Interestingly, a recent community-based study
of adults found no association between bronchial reactivity and

Environ. Res. (2009), doi:10.1016/j.envres.2009.04.010

Please cite this article as: Gent, ].F,, et al., Association of pediatric asthma severity with exposure to common household dust allergens.



dx.doi.org/10.1016/j.envres.2009.04.010

J.E Gent et al. / Environmental Research 1 (asin) sn—um 7

exposure to high levels of cat allergen among subjects with
specific IgE sensitivity to Fel d 1, but did find a significant increase
in bronchial reactivity with increased exposure to cat allergen
among subjects with positive IgE responses to any of four
allergens tested, including cat (Chinn et al., 2007).

4.4. Asthma severity and reduction of household dust allergens

In some studies where reduction in household allergen levels
has been measured, aggressive intervention efforts have been
associated with modest, yet significant, improvements in respira-
tory health status (Carswell et al., 1996; Kercsmar et al., 2006;
Lee, 2003; Morgan et al., 2004), but not always (Erwin et al,,
2005; Gotzsche et al., 2004). Such disparity in intervention
results suggests that greater reductions in mite allergen exposures
might be necessary in order to measure health effects, or that
interactions with other home environmental exposures may
interfere with any health improvements due to mite reduction.
Given our finding that asthmatic children chronically exposed to
levels of Der p 1 allergen of 2.0 ug/g or more have more severe
disease and that Der p 1 allergen remains an independent risk
factor for disease severity, regardless of atopic status and even
after accounting for pet allergen exposures, our results suggest
that disease severity could be reduced in all asthmatic children by
reduction of dust mite levels.
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