Allergy

EPIDEMIOLOGY AND GENETICS

Allergen-specific IgE as a biomarker of exposure plus
sensitization in inner-city adolescents with asthma

E. C. Matsui’, H. A. Sampson?, H. T. Bahnson®, R. S. Gruchalla*, J. A. Pongracic®, S. J. Teach®,
P. J. Gergen’, G. R. Bloomberg?, J. F. Chmiel®, A. H. Liu"®, M. Kattan"", C. A. Sorkness'?,
S. F. Steinbach™, R. E. Story® & C. M. Visness® on behalf of the Inner-city Asthma Consortium

ORIGINAL ARTICLE

"Johns Hopkins University School of Medicine, Baltimore, MD; ’Mount Sinai School of Medicine, New York, NY; *Rho Federal Systems
Division, Inc., Chapel Hill, NC; 4University of Texas Southwestern Medical Center, Dallas, TX; °Children’s Memorial Hospital, Chicago, IL;
SChildren’s National Medical Center, Washington, DC; “Division of Allergy, Immunology, and Transplantation — NIH, Bethesda, MD;
8VVashing‘[on University School of Medicine, St. Louis, MO; 9Rainbow Babies and Children’s Hospital, Cleveland, OH; "ONational Jewish Health
and University of Colorado Denver School of Medicine, Denver, CO; ''Columbia University College of Physicians and Surgeons, New York, NY;
12University of Wisconsin School of Medicine and Public Health, Madison, WI: ">Boston University School of Medicine, Boston, MA, USA

To cite this article: Matsui EC, Sampson HA, Bahnson HT, Gruchalla RS, Pongracic JA, Teach SJ, Gergen PJ, Bloomberg GR, Chmiel JF, Liu AH, Kattan M, Sork-

ness CA, Steinbach SF, Story RE, Visness CM, on behalf of the Inner-city Asthma Consortium. Allergen-specific IgE as a biomarker of exposure plus sensitization

in inner-city adolescents with asthma. Allergy 2010; DOI: 10.1111/j.1398-9995.2010.02412.x.

Keywords

allergen exposure; allergen-specific IgE;
biomarker; childhood asthma; Inner-city
Asthma Consortium.

Correspondence

Elizabeth C. Matsui, The Johns Hopkins
Hospital, CMSC 1102, 600 N. Wolfe Street,
Baltimore, MD 21287, USA.

Tel.: (410) 502 3858

Fax: (410) 955 0229

E-mail: ematsui1@jhmi.edu

Accepted for publication 20 April 2010
DOI:10.1111/1.1398-9995.2010.02412.x

Edited by: Michael Wechsler

Abbreviations

ACE, Asthma Control Evaluation; Cl, confidence interval; ELISA,
enzyme-linked immunosorbent assay; FEyo, fractional exhaled nitric
oxide concentration; LLOD, lower limit of detection; MDI, metered
dose inhaler; NAEPP, National Asthma Education and Prevention

Program; OR, odds ratio.

© 2010 John Wiley & Sons A/S

Abstract

Background: Relationships among allergen-specific IgE levels, allergen exposure
and asthma severity are poorly understood since sensitization has previously been
evaluated as a dichotomous, rather than continuous characteristic.

Methods: Five hundred and forty-six inner-city adolescents enrolled in the Asthma
Control Evaluation study underwent exhaled nitric oxide (FEno) measurement, lung
function testing, and completion of a questionnaire. Allergen-specific IgE levels and
blood eosinophils were quantified. Dust samples were collected from the partici-
pants’ bedrooms for quantification of allergen concentrations. Participants were
followed for 12 months and clinical outcomes were tracked.

Results: Among sensitized participants, allergen-specific IgE levels were correlated
with the corresponding settled dust allergen levels for cockroach, dust mite, and
mouse (r = 0.38, 0.34, 0.19, respectively; P < 0.0001 for cockroach and dust mite
and P = 0.03 for mouse), but not cat (r = —0.02, P = 0.71). Higher cockroach-,
mite-, mouse-, and cat-specific IgE levels were associated with higher FExno concen-
trations, poorer lung function, and higher blood eosinophils. Higher cat, dust mite,
and mouse allergen-specific IgE levels were also associated with an increasing risk
of exacerbations or hospitalization.

Conclusions: Allergen-specific IgE levels were correlated with allergen exposure
among sensitized participants, except for cat. Allergen-specific IgE levels were also
associated with more severe asthma across a range of clinical and biologic markers.
Adjusting for exposure did not provide additional predictive value, suggesting that
higher allergen-specific IgE levels may be indicative of both higher exposure and a
greater degree of sensitization, which in turn may result in greater asthma severity.

Although there has been a reduction in asthma morbidity in the
US overall, there has been little improvement in asthma
morbidity among urban minority populations (1). Indoor aller-
gens likely contribute to this disparity in asthma morbidity as
exposure to certain allergens, such as cockroach, mouse, dust
mite and cat; have been linked to worse asthma outcomes in
inner-city children with asthma. Specifically, numerous studies
have shown that among sensitized inner-city children, exposure
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to a high level of the corresponding allergen, defined as a level
above a particular cut point, is associated with worse asthma
(2-5).

Findings from these studies suggest that knowledge of
both allergen sensitization and exposure status is important
in gauging a child’s risk for future exacerbations and for
making recommendations regarding environmental control
practices. Although sensitization status is routinely assessed
by allergen-specific IgE levels or skin testing, assessment of
allergen exposure in clinical practice is generally limited to
patient reports because collection of a settled dust sample
from patients’ homes for allergen quantification is not
practical. Sensitization is also routinely characterized as being
present or absent (i.e. detectable vs. undetectable allergen-
specific IgE), and more information may be available by
using the continuous allergen-specific IgE measure. A
more practical approach to estimating exposure, along with
sensitization, could provide important information regarding
a patient’s relevant allergen exposures, and therefore provide
insight into the causes of poor asthma control and the risk of
future exacerbations in an individual patient. An under-
standing of both sensitization and exposure status could also
guide environmental control practice recommendations.

We proposed a model in which allergen exposure drives
allergen-specific IgE levels among individuals who are already
sensitized. Under this model, we would expect that higher aller-
gen-specific IgE levels would be associated with worse asthma
health, independent of specific exposure measurements, since
exposure is accounted for by the concentration of allergen-
specific IgE. Specifically, we hypothesized that indoor allergen-
specific IgE levels would be correlated with indoor allergen
exposure among sensitized patients, and that specific IgE lev-
els, as a measure for the combination of sensitization and expo-
sure, would be related to asthma severity/control. We tested
these hypotheses among inner-city adolescents with moderate
to severe asthma enrolled in the Asthma Control Evaluation
(ACE) study, a randomized, controlled trial utilizing the addi-
tion of (eNO) measurements to guidelines-based asthma care.

Methods

Details of the ACE study have been previously published (6).
Briefly, a total of 546 participants, aged 12-20 years, with a
physician diagnosis of asthma were enrolled at ten centers.
Eligibility was limited to residents of urban census tracts
in which at least 20% of households had incomes below the
federal poverty threshold. Individuals receiving long-term
controller therapy were required to have symptoms of persis-
tent asthma or evidence of uncontrolled disease. Individuals
not receiving long-term control therapy were required to have
both symptoms of persistent asthma and evidence of uncon-
trolled disease defined by NAEPP guidelines (7, 8). The pro-
tocol was approved by all institutional review boards.

Study design

The ACE study was a randomized, double-blind, parallel-
group trial with a 3-week run-in to characterize participants,
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establish treatment, and evaluate adherence. At the recruit-
ment visit, symptoms, rescue medication use, pulmonary
function, and adherence were used to assign a medication
regimen based upon standardized treatment guidelines
across sites. A home visit was conducted for dust sample
collection and environmental evaluation after the recruit-
ment visit. Participants returned after run in for the ran-
domization visit. Skin testing to a panel of 14 aeroallergens
(Alternaria, Aspergillus, cat, Cladosporium, cockroach mix,
Dermatophagoides farinae, Dermatophagoides pteronyssinus,
dog, German cockroach, mouse, Penicillium, ragweed mix,
rat, and timothy grass) was performed at this visit using
methods described previously (6). After run-in, subjects were
randomly assigned to either a Reference Group (pharmaco-
therapy titrated according to NAEPP guidelines) or the
Fractional exhaled nitric oxide concentration (FEno) Group
(pharmacotherapy titrated according to NAEPP guidelines
as well as the fraction of eNO) at the randomization visit.
Treatment recommendations were derived from protocol-
defined treatment steps based on asthma control and
adherence (6). FEno was measured (flow rate 50 ml/s) with a
rapid-response chemiluminescent analyzer (NIOXTM System,
Aerocrine, Sweden) following American Thoracic Society
guidelines (9). Following the recruitment and randomization
visits, participants made 6 clinic visits approximately 2 months
apart for 1 year.

Biomarker, allergen-specific IgE, and allergen exposure
data were collected once at the beginning of the study, either
during the recruitment or the randomization visit. For the
purposes of this report, these time points are considered base-
line measurements. Data on exacerbations, hospitalization,
and lung function are analyzed from both the recruitment
visit and throughout the 1 year follow-up period.

Dust allergen collection and analysis

A vacuumed dust sample was collected from each partici-
pant’s bed and bedroom floor following a standard protocol.
Protein was extracted from the dust samples using standard-
ized methods, and the samples were assayed for cockroach
(Bla g 2,) dust mites (Der f 1 and Der p 1), cat (Fel d ), and
mouse (Mus m 1) allergens by ELISA (10-12).

Serum markers of allergy

At baseline, a blood sample was obtained from all study par-
ticipants for measurement of allergen-specific IgE to cock-
roach (Blatella germanica), dust mites (D. farinae and
D. pteronyssinus), cat (cat epithelium and dander), and mouse
(mouse urine). Serum IgE was measured with the Immuno-
CAP System® (Phadia; Uppsala, Sweden) in a central labora-
tory (Mount Sinai School of Medicine). The limit of
detection was 0.10 kUx/l and a level <0.10 kUp/l was
assigned a value of 0.05 kU /I for analyses. The sum of the
specific IgE levels was calculated by summing the specific IgE
levels for cockroach, cat, mouse, and the maximum of the
two dust mite species. Determination of total blood eosino-
phil counts was performed by local clinical laboratories.

© 2010 John Wiley & Sons A/S
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Spirometry

Spirometry was performed by certified technicians, according
to American Thoracic Society standards (13), using a Jaeger
Masterscreen (VIASYS Healthcare GmbH; Hoechberg,
FRG).

Clinical outcomes

At recruitment, a standardized questionnaire was adminis-
tered to ascertain the number of exacerbations and hospital-
izations during the previous year. An exacerbation was
defined as one or more of the following: hospitalization; pred-
nisone course for asthma; or an unscheduled visit to an emer-
gency department, urgent care facility, or physician’s office or
clinic. In addition, data on these same clinical outcomes were
collected throughout the study. Since these events were rare,
each subject was classified as to the presence or absence of
these events during the 12-month follow-up period.

Statistical methods

As a first step in testing the hypothesis that the allergen-
specific IgE level is a composite marker of both sensitization
and allergen exposure, and therefore would be correlated
with inflammatory, physiologic and clinical outcomes, we
used an analytic approach taken in previous studies (2-5).
Participants were stratified based on sensitization and expo-
sure status, and the stratum that was both sensitized and
exposed to the allergen tended to have more peripheral blood
eosinophils and higher FEyno concentrations, and was also
at increased risk for exacerbations or hospitalizations (see
Supporting Information).

After confirming that the combination of sensitization and
exposure was associated with poorer outcomes in this popu-
lation, we then examined the relationship between allergen-
specific IgE concentrations and allergen levels and the rela-
tionship between allergen-specific IgE concentrations and the
inflammatory, physiologic, and clinical outcomes.

The correlation between allergen-specific IgE measures and
the corresponding settled dust allergen concentrations were
analyzed using partial Pearson correlations. Partial correla-
tions allow the strength of a relationship between two vari-
ables to be assessed, while controlling for the effect of other
variables. The partial Pearson correlations were controlled
for the effect of gender, age, race, study group and income
above $15 000 per year. We assessed linearity and normality
of these data and subsequently performed log base 10 trans-
formations. The linear and normal assumptions were found
to be adequate following transformation. General linear and
logistic models were used to examine separately the relation-
ships between allergen-specific IgE levels and clinical out-
comes, and allergen exposure and clinical outcomes.
Additionally, models including both allergen-specific IgE and
the matched exposure were considered to investigate the
effects of each specific IgE measurement while controlling for
the corresponding allergen exposure as well as the specified
covariates. All models controlled for the effect of gender,

© 2010 John Wiley & Sons A/S
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age, race, study group and income above $15 000 per year.
Baseline (recruitment and randomization) and follow-up clin-
ical outcomes (average over 1 year) are presented separately.
The linear assumptions of the statistical methods were
improved after log base 10 transformations of skewed data
were performed on the following measures: FEno, blood
eosinophils, sum of the specific IgE levels, allergen-specific
IgEs, and allergen concentrations in settled dust. All statisti-
cal analyses were performed using SAS statistical software
version 9.2 (SAS Institute Inc; Cary, NC, USA) and the
R system for statistical computing version 2.7.0.

Results
Study population

Five hundred and forty-six 12-20 year old inner-city adoles-
cents with asthma were studied and their characteristics are
presented in Table 1. The study population was predomi-
nantly (65%) African American and 48% had annual house-
hold incomes of <§15000. More than 88% were atopic,
defined as having at least one positive skin test, with cock-
roach (61%), cat (58%), mold (52%), and dust mite (47%)
being the most common sensitivities. Thirty-five percent had
a positive skin test to mouse. The study population generally
had moderate to severe asthma, with a mean number of

Table 1 Baseline characteristics

Demographics
Male (%) 53

Age at Visit 1 (year), mean + SD 14.4 £ 21
Race/ethnic group (%)

African American 64.7

Hispanic 235

Other or mixed 14
Household income <$15 000 (%) 48
Outcomes
Number of positive skin 48 +3.35

tests (of 14), mean = SD
Blood eosinophils (per pl), median (IQR) 210 (118 = 373)
FEV; (% of predicted value), mean + SD 95.8 + 15.7
FEV./FVC, mean + SD 80.1 + 8.68
FEno (ppb), mean + SD 34.3 + 37
>1 Exacerbation at Recruitment (%) 79
>1 Hospitalization at Recruitment (%) 15
>1 Unscheduled Visit at Recruitment (%) 69
Specific IgE Settled dust concentration

Allergen (kUa/l) Median (IQR) (ng/g) Median (IQR)
Cat 0.40 (<0.10-6.70) 4.2 (1.35-22.51)
Derp 1 0.31 (<0.10-2.78) <LLOD (<LLOD-<LLOD)
Der f 1 0.29 (<0.10-2.69) 1.19 (<LLOD-8.16)
Cockroach 0.25 (<0.10-4.16) <LLOD (<LLOD-0.51)
Mouse <0.10 (<0.10-0.18) 0.695 (0.130-5.08)

LLOD, lower limit of detection; FEyno, fractional exhaled nitric oxide
concentration.
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symptom days in the previous 2 weeks of 2.3 (2.86) and the
majority having had an unscheduled visit for asthma in the
previous 12 months.

Allergen-specific IgE concentration and allergen exposure,
partial correlations

Pearson correlations between specific IgE levels and settled
dust allergen concentrations were examined among sensitized
participants, i.e. those having a detectable level (20.10 kU4 /1)
of IgE to the allergen (Fig. 1). There were highly statistically
significant correlations between allergen-specific IgE levels
and settled dust allergen concentrations for dust mite, cock-
roach and mouse among sensitized participants (Fig. 1).
There was no relationship between cat-specific IgE levels and
settled dust Fel d 1 levels.

Specific IgE levels and inflammatory and physiologic biomar-
kers

In adjusted models, higher allergen-specific IgE levels were
associated with higher FEyo concentrations and a greater
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number of blood eosinophils for practically all allergens
assessed — cockroach, mouse, dust mite, cat, and the sum of
the allergen-specific IgE levels (Fig. 2). For example, for
every 1 unit (log base 10) increase in mouse-specific IgE
(kUa/1), there was a 0.06 log base 10 increase in ppb of
FEno (P value <0.01). None of the allergen-specific IgE
measures, including the sum of the allergen-specific IgE
levels, was consistently a better predictor of FEyo or blood
eosinophils than the others. Notably, consistent and signifi-
cant relationships were not seen between the corresponding
exposure measures and blood eosinophils or FEyo (Fig. 2).
Higher allergen-specific-IgE levels, as well as the sum of
the allergen-specific IgE levels, were also associated with
lower lung function for all allergens assessed, although not
all associations reached statistical significance (Fig. 3). For
example, a 1 unit increase in cat-specific IgE (logl0, kUn/I)
was associated with a 1.42% point decrease in FEVI/FVC
(P-value <0.001) measured at baseline. None of the allergen-
specific IgE measures, including the sum of the allergen-
specific IgE levels, was consistently a better predictor of lung
function than the others. Cat and cockroach allergen
exposure were inversely associated with some lung function

Cat, —0.02, P=0.71 Der f, 0.26, P < 0.0001 Der p, 0.34, P < 0.0001
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Figure 1 Partial correlations of Specific IgE and Settled Dust
Allergen Concentrations. Correlations of each specific IgE (y-axis)
and matching exposures (x-axis) are depicted with regression
lines and 95% confidence limits. The Partial Pearson correlations
and P-values head each cell and are adjusted for gender, age,

race, study group and income above $15 000 per year. IgE and
exposure data are log base 10 transformed and only include sub-
jects with detectable IgE levels (>0.10 kUA/I). The Dust Max cell
displays the maximum value of Der f 1- or Der p 1-specific IgE
level and allergen concentrations.
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Figure 2 Effects of Exposure and Allergen-specific IgE on Inflam-
matory Biomarkers. Beta coefficients and 95% Confidence intervals
are depicted in blue for allergen-specific IgE and in red for allergen
exposure. The sample size is approximately 534 for all estimates and
varies slightly due to randomly missing data across each outcome

measures, but overall, measurements of allergen exposure
were less consistently associated with lung function than
allergen-specific IgE levels (Fig. 3). In addition, the few
inverse relationships between exposure and lung function
disappeared after accounting for the allergen-specific IgE
level. Figure 4 depicts the linear relationships of allergen-
specific IgE levels to biomarker and lung function outcomes.

Allergen-specific IgE levels and clinical outcomes

Among the 546 subjects who were randomized, 431 had
exacerbations, and 80 had hospitalizations in the previous
year; 225 had exacerbations and 20 had hospitalizations
during the follow-up year. The sum of the specific IgE was
associated with increased exacerbations and hospitalizations
in the previous 12 months. Higher cat-specific IgE levels
were associated with a greater risk of having an exacerba-
tion over the previous year. Higher dust mite-specific IgE
levels were associated with a greater risk of hospitalization
in the previous 12 months while mouse-specific IgE levels
were associated with a hospitalization in the subsequent
12 months (Fig. 5).

© 2010 John Wiley & Sons A/S

and predictor. All models adjust for income above $15 000 a year,
study group, gender, age, and race. Both IgE and exposure measures
are log base 10 transformed and entered as independent covariates
in separate models.

Relationships between continuous measures of allergen
exposure and clinical outcomes were also examined in
adjusted models. Overall, dust mite, cockroach, mouse and
cat allergen concentrations were not correlated with exacer-
bations or hospitalization (Fig. 5).

Independent effects of exposure and sensitization on asthma
outcomes

In adjusted models including allergen exposure, the allergen-
specific IgE concentration remained a predictor of the inflam-
matory, physiologic, and clinical outcomes. In these models,
exposure did not provide any additional predictive value for
the outcomes, suggesting that any contribution of allergen
exposure to these outcomes was captured by the allergen-
specific IgE level (See Supporting Information).

Discussion

In this population of inner-city adolescents with asthma,
allergen-specific IgE levels were positively correlated with
bedroom allergen exposure for dust mite, cockroach and
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Figure 3 Effects of Exposure and Allergen-specific IgE on Lung
Function. Beta coefficients and 95% Confidence intervals are
depicted in blue for allergen-specific IgE and in red for allergen
exposure. The sample size is approximately 534 for all estimates
and varies slightly due to randomly missing data across each

mouse allergens. In addition, higher allergen-specific IgE
levels, independent of allergen exposure, were associated with
worse asthma across a range of clinical and biologic markers
among sensitized inner-city adolescents with asthma. Taken
together, these findings suggest that allergen-specific IgE is a
surrogate measure of the combination of sensitization plus
exposure, and ultimately reflects asthma severity.

Consistent with our findings, a previous study examined
relationships between the allergen-specific IgE level and risk
of wheeze in a population-based birth cohort and found that
the risk of current wheeze increased with increasing allergen-
specific IgE levels to dust mite, cat, and dog (14). Our study
extends the findings from the birth cohort study because of
the focus on inner-city adolescents with established asthma
and the demonstrated correlations between allergen-specific
IgE levels and settled dust allergen levels among sensitized
study participants. In our study, higher allergen-specific IgE
levels were associated with higher FEyo concentrations,
higher numbers of blood eosinophils and worse lung func-
tion. Because these biomarkers are not tightly correlated with
clinical outcomes (15), we also examined direct measures of
asthma morbidity and found that higher allergen-specific IgE

outcome and predictor. All models adjust for income above
$15 000 a year, study group, gender, age, and race. Both IgE and
exposure measures are log base 10 transformed and entered as
independent covariates in separate models.

levels were associated with a greater number of exacerbations
and hospitalizations. As expected, we also found relation-
ships between the sum of the specific IgE levels and the
inflammatory, physiologic and clinical outcomes, suggesting
that the sum may reflect burden of allergic sensitization plus
exposure to these major indoor allergens. However, the sum
of the allergen-specific IgE levels was not a consistently better
predictor of the outcomes examined than any of the allergen-
specific IgE measures.

Although the presence of detectable allergen-specific IgE
was not associated with future unscheduled doctor visits,
exacerbations or hospitalizations in a previous report from
this study (15), mouse allergen-specific IgE levels were associ-
ated with risk of future hospitalization when examined as a
continuous variable in this analysis. Overall, however, aller-
gen-specific IgE measures in this analysis were more often
associated with morbidity in the previous year than during
the 1 year follow-up period. The associations with morbidity
measures over the previous year were more likely to be statis-
tically significant because after enrollment and implementa-
tion of guidelines-based asthma care, asthma symptoms and
other measures of morbidity were minimal. With the striking

© 2010 John Wiley & Sons A/S
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Figure 4 Linear relationships between Allergen-specific IgE levels
and Biomarker and Lung Function Measures. The sample size is
approximately 534 for all estimates and varies slightly due to ran-

improvement in asthma and reduction in morbidity, the
power to detect relationships between allergen-specific IgE
measures and these outcomes was reduced.

We also found that dust mite-, cockroach-, and mouse-
specific IgE levels were positively correlated with settled dust
allergen levels among sensitized participants. Although others
have examined relationships between sensitization and
measured allergen, most studies have examined specific IgE
(or skin test results) as dichotomous outcomes and have
demonstrated some relationships between directly measured
home allergen levels and risk of having IgE-sensitization
(rather than the actual degree of sensitization as reflected by
the level of IgE or wheal size) (16-20). For example, in the
National Cooperative Inner-city Asthma Study, the preva-
lence of a positive cockroach skin test increased with increas-
ing settled dust cockroach allergen levels. Few studies have
examined relationships between measured home allergen con-
centrations and the level of allergen-specific IgE among sensi-
tized individuals, as done in this study. Our findings suggest,
at least for some allergens, that higher exposure is associated
with higher allergen-specific IgE levels, so that IgE levels may
be a composite measure of the combination of exposure plus
degree of sensitization.

In contrast, cat-specific IgE levels were not correlated with
settled dust Fel d 1 levels, suggesting that exposure outside of
the home may be a more important determinant of cat-spe-

© 2010 John Wiley & Sons A/S
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domly missing data across each outcome and predictor. All models
adjust for income above $15 000 a year, study group, gender, age,
and race.

cific IgE levels. It is also possible that correlations between
specific IgE levels and settled dust allergen levels are weakest
among furred animal allergens because settled dust measures
of these allergens may be a less accurate measure of true
exposure, since these allergens are typically airborne. Another
possibility is that our exposure metric is valid, but that higher
cat allergen exposure attenuates cat-specific IgE responses as
has been previously suggested(21, 22). Although cat-specific
IgE levels were not correlated with settled dust Fel d 1 levels,
cat-specific IgE levels were correlated with markers of inflam-
mation, pulmonary physiology and clinical outcomes.

Not surprisingly, when allergen exposure was examined as
a predictor of the outcomes of interest, exposure was not
associated with inflammatory, physiologic or clinical out-
comes. This finding is consistent with the effects of allergen
exposure being mediated by IgE so that exposure would only
be expected to be a predictor among participants with
matched sensitization. In studies that have isolated the effects
of exposure by examining relationships between allergen
exposure and outcomes among non-sensitized asthmatics only
(3, 5), the exposed and non-sensitized groups do not have
greater morbidity than the non-exposed groups, underscoring
the importance of sensitization in conferring susceptibility to
the affects of allergen exposure.

The clinical applicability of allergen-specific IgE levels
remains unclear. For example, it is unclear whether the
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Figure 5 Effects of Exposure and Allergen-specific IgE on Clinical
Outcomes. Odds ratios and 95% Confidence intervals are depicted
in blue for allergen-specific IgE and in red for allergen exposure.
The sample size is approximately 534 for all estimates and varies
slightly due to randomly missing data across each outcome and

allergen-specific IgE level could serve as a tool to gauge the
level of home allergen exposure and to guide environmental
control practice recommendations to patients as well as to
assess effectiveness of such control measures. It is possible,
though, that the allergen-specific IgE level could be a more
accurate reflection of an individual’s total exposure than a
single settled dust measurement from an individual’s home,
since individuals are exposed to allergens in multiple environ-
ments (school, work, other homes, public places, etc.)
throughout any given time period. It is also unclear if
changes in allergen-specific IgE levels can predict impending
exacerbations or identify the highest risk patients who might
merit closer follow-up. Future studies which include repeated
measurements of allergen-specific IgE levels, exposure, and
clinical status will be required to examine temporal relation-
ships between these variables and to assess the clinical appli-
cability of allergen-specific IgE levels. Intervention studies
that include allergen-specific IgE as an outcome, particularly
allergen abatement trials, will also provide important insight
into the role of allergen-specific IgE as a biomarker.

In sensitized inner-city adolescents with moderate to severe
asthma, dust mite, cockroach and mouse-specific IgE levels

T T T T T T T T T T
1.4 08 10 12 14 16 05 1.0 15 20 25

QOdds ratio estimate

predictor. All models adjust for income above $15 000 a year, study
group, gender, age, and race. Both IgE and exposure measures are
log base 10 transformed and entered as independent covariates in
separate models.

are directly correlated with settled dust levels of these
allergens. Specific IgE levels for these allergens, in addition
to cat, are also correlated with a range of inflammatory,
physiologic, and clinical markers, highlighting the potential
use of indoor allergen-specific IgE levels as clinical biomar-
kers. These findings suggest that, for some allergens, the
allergen-specific IgE level could be a composite measure of
exposure plus degree of sensitization, and therefore ulti-
mately, disease severity. Future studies should be designed to
prospectively evaluate relationships between allergen-specific
IgE levels and both exposure and disease markers in patients
with asthma.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Relationships between allergen-specific IgE levels
and exposure levels with biomarker outcomes.

Figure S2. Relationships between allergen-specific IgE levels
and exposure levels with lung function outcomes.

Figure S3. Relationships between allergen-specific IgE levels
and exposure levels with asthma exacerbations and hospital-
ization.

Specific IgE Reflects Exposure plus Sensitization

Figure S4. Effects of Sensitized and Exposed Status on
Inflammatory Biomarkers.

Figure S5. Effects of Sensitized and Exposed Status on Lung
Function.

Figure S6. Effects of Sensitized and Exposed Status on
Clinical Outcomes.

Please note: Wiley-Blackwell are not responsible for the con-
tent or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should
be directed to the corresponding author for the article.
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