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Summary

Background Asthma causes significant morbidity in children, and studies have demonstrated
that environmental allergies contribute to increased asthma morbidity.
Objective We investigated the differences between allergen skin tests and specific IgE
(SIgE) and the role of IgG in regards to allergen exposure levels, and asthma morbidity in
inner-city children.
Methods Five hundred and six serum samples from the National Cooperative Inner City
Asthma Study (NCICAS) were evaluated for SIgE to cockroach (Blattella germanica), dust mite
(Dermatophagoides farinae), and Alternaria as well as specific IgG (SIgG) and IgG4 to
cockroach (B. germanica) and total IgE levels. Associations between sensitization to these
allergens, exposures, and asthma morbidity were determined.
Results Sensitization to environmental allergens and total IgE correlated with increased
health care and medication use, but not with symptoms of wheeze. Sensitization with
exposure to cockroach was associated with increased asthma morbidity, whereas dust mite
sensitization was correlated with asthma morbidity independent of exposure. There was also a
strong correlation between SIgE levels and skin test results, but the tests did not always agree.
The relationship between SIgE and asthma morbidity is linear with no obvious cutoff value.
Increased Bla g 1 in the home was a good predictor for sensitization; however, this
relationship was not demonstrated for Der f 1. Cockroach SIgG correlated with increased
health care use, however, there was no modifying effect of SIgG or SIgG4 on the association
between cockroach SIgE and asthma morbidity.
Conclusions SIgE levels and skin prick test results to environmental allergens can serve as
markers of severe asthma for inner-city children. Asthma morbidity increased in a linear
manner with SIgE levels. IgG was not an important predictor or modifier of asthma morbidity.
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Introduction

Allergic sensitization to environmental allergens, e.g.
cockroach, dust mite, and fungus, has long been impli-
cated as an important contributor to asthma morbidity
[1–6]. Asthma and wheezing are consistently associated
with sensitization to specific allergens, whether measured
by allergen skin prick tests (SPTs) or specific IgE (SIgE)
[7–10]. Few studies have compared the properties and
relative effectiveness of allergen SIgE and skin test results
for predicting asthma symptoms and exacerbations.

The relationships between sensitization, environmental
allergen exposure, and asthma are complex and specific to

the allergen evaluated. Levels of cockroach and dust mite
allergens in the home have been shown to be associated
with allergic sensitization [11, 12], while levels of cat
allergen in the home have not [12, 13]. Looking at
exposure and sensitization by SPT, Rosenstreich et al. [14]
and Gruchalla et al. [12] were able to demonstrate that the
combination of sensitization and exposure to cockroach is
related to asthma morbidity. However, this same associa-
tion was not demonstrated for dust mites or cats.

While food SIgE levels are commonly used to predict
clinical reactivity to food allergens [15], the utility of SIgE
levels to aeroallergens as predictors of clinical reactivity
has not been as widely investigated. Pastorello et al. [16]
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found that a cut-off level of 10.7 kU/L for seasonal
allergens and 8.4 kU/L for Dermatophagoides pteronyssi-
nus distinguished patients with symptomatic allergy from
those who were not symptomatic.

The ‘modified Th2’ hypothesis has been proposed to
explain the immunologic tolerance in a subset of indivi-
duals who have high exposures to cat allergens [13].
Certain individuals with exposure to high levels of cat
allergen develop low levels of IgE and high levels of IgG4.
This combination appears to be associated with decreased
levels of allergen SPT reactivity and allergic diseases
such as asthma. Similar observations have been reported
for rat allergen [17]. In contrast, this phenomenon is not
seen for non-mammalian allergens such as dust mites
[13]. High IgG4 to dust mite was associated with worse
asthma in adults, and this effect was independent of IgE
sensitization [18]. Less work has been published regarding
IgG and IgG4 to cockroach, another allergen that has been
found to play a role in asthma, although correlations have
been seen with increased cockroach SIgE and increased
specific IgG (SIgG) [19].

Data from the National Cooperative Inner City Asthma
Study (NCICAS) offer the opportunity to explore the asso-
ciations among allergen sensitization, allergen exposure,
and asthma in a well-characterized inner-city population.
In this descriptive study, we compare the utility of SIgE vs.
SPT for determining sensitization to aeroallergens, and for
predicting asthma morbidity, and we assessed the role of
IgG and IgG4 antibodies with respect to cockroach allergy.
We also sought to determine whether SIgE levels to inhalant
allergens are correlated with asthma morbidity and whether
there are defined cutoffs that predict morbidity.

Methods

Study population

NCICAS included 1528 children 4–9 years of age with
asthma who were recruited from emergency departments
and clinics in inner-city areas in the United States (Bronx,
NY; East Harlem, NY; St. Louis; Washington, DC; Balti-
more; Chicago; Cleveland; and Detroit) [20, 21]. The study
was approved by the Institutional Review Board at each
site, and written informed consent was obtained from the
parents or legal guardians of participants. At enrollment,
participants were invited to provide a voluntary blood
sample with the understanding that it would be stored for
future analyses of markers of atopy (i.e. allergen SIgE).
Serum samples were obtained from 572 participants, and
506 had at least four aliquots of stored serum and were
selected to participate in this study.

Clinical data previously collected from the NCICAS
study was utilized to determine asthma morbidity. Base-
line assessments included demographics, health history,
access to care, environmental factors, and medication use.

Symptom data (e.g. wheeze, night waking) were collected
using a 14-day recall period. Health care utilization data
(e.g. unscheduled asthma clinic visits, emergency depart-
ment (ED) visits, hospitalizations) were collected using a
3-month recall period.

SPT to 13 indoor and outdoor environmental allergens
and histamine and diluents controls was performed using
a Multi-Test device during enrollment in NCICAS. Ex-
tracts were obtained from Greer Laboratories (Lenoir, NC,
USA). Data from three of these, house dust mites (HDMs)
(Dermatophagoides farinae and D. pteronyssinus), a mix-
ture of German cockroach (Blattella germanica) and
American cockroach, and Alternaria, were used in this
study. A SPT weal size of 3 mm greater than or equal to the
negative control indicated sensitization. All testers attended
a central training session where they were required to
perform at least four histamine tests that produced at least
a 5 mm weal and that were within 1 mm of each other in
order to be certified to do skin testing in the NCICAS study.

Home visits were performed in a subset of participants
and allergen levels for Dermatophagoides farinae (Der f 1),
D. pteronyssinus (Der p 1), and Blattella germanica (Bla g
1) were measured from settled dust as described pre-
viously [14].

Assays

The serum samples were evaluated for SIgE (ImmunoCAPs

system; Phadia, Uppsala, Sweden) to whole body cockroach
(B. germanica), whole body culture of D. farinae, and
Alternaria (spores and mycelium). A SIgE level X0.35 kUA/
L indicated sensitization. SIgG and specific IgG4 (SIgG4)
levels were assayed for whole body cockroach (Im-
munoCAPs system). The limits of detection for cockroach
SIgG was 2–200 mgA/L and was 0.01–30 mgA/L for cock-
roach SIgG4. Total serum IgE also was measured. A level
X100 kU/L was considered to be elevated.

Statistical analysis

The relationship between the dichotomous measure of SIgE
or total IgE and continuous asthma morbidity measures
(days of wheeze in the last 14 days and percent of missed
school days in the last 3 months) was examined by analysis
of variance. The dichotomous health care utilization mea-
sures were examined using a log-binomial regression model
to estimate the relative risks (RR) and 95% confidence
intervals (CI) [22]. These analyses were repeated using the
log transformed continuous measurements of SIgE and total
IgE and no major discrepancy was apparent.

Specific antibody values (IgE, IgG4, and IgG) were
logarithmically transformed as they followed a log-
normal distribution. In particular IgG followed a censored
log-normal distribution with values o2 mg/L represent-
ing the lower limit of detection. Values are given as
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geometric means (geometric standard error). The associa-
tions among the immunoglobulins were examined using
the Pearson correlation coefficient.

The effect of specific antibody levels (IgE, IgG, and IgG4)
in response to cockroach allergen on morbidity outcomes
was compared using the same modeling approach, but
examining the standardized regression coefficient (one
standard deviation increase) to account for IgE and IgG
being measured in different units (kUA/L vs. mg/L).

The agreement between SIgE to cockroach 40.35 kUA/L
and skin test weal size to cockroach 43 mm was exam-
ined using the k statistic. This same relationship was
examined in the continuous case using R2 as an overall
measure of fit.

For all statistical tests a two-sided P-value o0.05 was
considered significant. Analyses were conducted using
SAS (version 9.1, SAS Institute, Cary, NC, USA) and the R
system for statistical computing (version 2.7.0) [23].

Results

Of the 506 serum samples analyzed, 64% had elevated
serum SIgE (X0.35 kUA/L) to at least one allergen and
11% had sensitization to all three allergens measured.
Forty-four percent had SIgE to cockroach (B. germanica),
33% to dust mite (D. farinae), and 34% to Alternaria. Two
thirds (67%) had elevated total IgE levels (X100 kU/L).
The mean age of the children in these analyses was
6.3 years with 63.2% male. There were minor differences
between this randomly selected subset compared with
the unselected NCICAS patient group in terms of racial
distribution (more African-Americans and fewer Hispa-
nics), atopy (i.e. skin test positivity) and asthma morbidity
(Table 1).

Comparison of cockroach-specific immunoglobulin E
levels and skin tests

The concordance between SIgE levels to cockroach (B.
germanica) and skin test positivity to cockroach (mix of
American and German cockroach) was approximately
76% (k= 0.50, 95% CI: 0.42–0.58), with some patients
having evidence of serum SIgE with negative skin tests
and others having no detectable serum SIgE levels with
positive skin tests. There was a correlation between skin
test weal size and serum SIgE at lower levels of allergen
SIgE. At high levels of SIgE, the skin test weal sizes
plateau. A linear relationship was found between log
transformed cockroach SIgE levels and SPT weal sizes
(Fig. 1). The concordance between SIgE levels to D. farinae
and skin testing positivity to HDM (D. farinae and
D. pteronyssinus) was 78% (k= 0.45, 95% CI: 0.36–0.54)
and for Alternaria was 83% (k= 0.64, 95% CI: 0.57–0.71).

Effect of total and specific immunoglobulin E on asthma
morbidity

Children with cockroach sensitivity were twice as likely
to be hospitalized during the observation year com-
pared with children not sensitized (RR = 1.96, 95%
CI: 1.19–3.24). They were also somewhat more likely
to have unscheduled asthma visits (ED or clinic), and
were more likely to be using steroids at baseline
(Table 2). Similarly, dust mite (D. farinae) sensitivity was
associated with an increased risk of unscheduled visits,
hospitalizations and medication use. Sensitization to
Alternaria was associated only with a significant increase
in the risk of hospitalization for asthma (RR = 1.89, 95%
CI: 1.16–3.06). Higher total IgE was associated with
increased hospitalization, and steroid use. There was no
significant association between asthma symptoms
(i.e. maximum symptom days and wheeze) with increased
SIgE to cockroach, dust mite, and Alternaria or with
high total IgE.

Table 1. Characteristics of NCICAS participants included and not
included in the analysis

Specific IgE
sample
(N = 506)

Not under
analysis
(N = 784)

Race ethnicity�

African-American 83.1% 69.8%
Hispanic 11.7% 22.9%
White 0.8% 0.6%
Other 4.4% 6.7%

Sex (male) 63.2% 62.8%
Age at recruitment (years)� 6.3 6.0
Caretaker completed high school 65.7% 67.7%
Z1 household member employed 49.9% 51.0%
Household income oUS$15 000 64.4% 62.0%
Skin test sensitivity

Alternaria 40.5% 35.8%
Cockroach� 31.2% 37.4%
Der p mite 30.7% 30.5%
Penicillium� 24.2% 17.1%
Der f mite 22.4% 22.8%
Rat 20.7% 18.3%
Cat� 20.3% 26.5%
Dog 16.8% 15.8%
Mouse 13.5% 15.0%

Morbidity
Days of wheeze, chest tightness, or
cough

3.43 3.48

Days of school missed� 5.6% 7.1%
Annual unscheduled asthma visits� 1.56 1.91
Annual hospitalizations 0.26 0.24

Using steroids at baseline 29.8% 30.3%

Data are given as means, unless otherwise specified.
�Significant difference between samples (Po0.05).
NCICAS, National Cooperative Inner City Asthma Study.
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Figure 2 demonstrates that the relationship between
SIgE or total IgE and the risk of unscheduled visits,
hospitalizations and medication use is essentially linear.
In this circumstance, any cutoff value for sensitization
above 0.35 kUA/L would be arbitrary. There is also no
value at which the asthma outcome is 490%, as is seen in
food challenges. This outcome would not be expected
because the quantity of aeroallergens are small and
inconsistently encountered as compared with food aller-
gens. Furthermore, unlike food allergy, there are multiple

outcomes that can be measured for asthma which can give
varying results.

Comparison of predictive ability of specific
immunoglobulin E and skin tests for asthma morbidity

Neither SIgE levels nor skin test weal sizes were consis-
tently better at predicting asthma morbidity. Results
varied depending on the allergen and asthma morbidity
parameter (Fig. 3). SIgE for dust mite was the best
predictor for asthma hospitalizations, whereas dust mite
skin test weal size was a better predictor for steroid use.
For unscheduled visits, skin test weal size and SIgE to
cockroach and dust mite have similar predictive values.

Total IgE also correlated well with positive skin tests. A
positive skin test to cockroach (German and American
mix), dust mite (D. farinae and D. pteronyssinus), or
Alternaria was associated with an increased risk of having
total IgE above 100 kU/L (cockroach RR = 2.55; 95% CI:
1.74–3.74; dust mite RR = 3.48; 95% CI: 2.05–5.88; Alter-
naria RR 2.01; 95% CI: 1.51–2.66).

The effect of allergen exposure on specific immunoglobulin
E levels

The geometric means for Bla g 1 exposure in the home
were 5.36 U/g in the bedroom (geometric standard
error = 8.65), 54.02 U/g in the kitchen (standard
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Fig. 1. Relationship between cockroach (Blattella germanica) specific IgE
(SIgE) level and skin prick test weal size for cockroach (mix of American
and German cockroach). Also shown are a linear regression line (dark,
R2 = 0.17) and smooth curve (light, R2 = 0.26) on the original scale and a
linear (dark, R2 = 0.33) and smooth curve (light, R2 = 0.34) on the log10

transformed cockroach SIgE to illustrate the nonlinear relation on the
original scale.

Table 2. Asthma morbidity and healthcare utilization by specific and total IgE levels

Days of wheeze
in past 14 days

Percent missed school
days in last 3 months Any unscheduled

asthma visits
in year (%)

Any hospitalizations
in year (%)

Any steroid use
in 3 months before
baseline (%)N Mean (SE) days N Mean (SE) days

Total IgE
o 100 kU/L 153 3.38 (0.22) 144 5.48 (0.51) 42.5 4.6 16.4
X100 kU/L 318 3.46 (0.16) 305 5.74 (0.35) 48.7 15.7 36.2
P-value 0.77 0.67
RR (95% CI) 1.15 (0.92–1.42) 3.43 (1.60–7.40) 2.21 (1.52–3.21)

Cockroach (Blattella germanica) SIgE
o 0.35 kUA/L 260 3.45 (0.17) 246 5.65 (0.39) 43.1 8.5 23.4
X0.35 kUA/L 211 3.42 (0.19) 203 5.67 (0.43) 51.2 16.6 37.5
P-value 0.92 0.99
RR (95% CI) 1.19 (0.98–1.44) 1.96 (1.19–3.24) 1.60 (1.22–2.10)

Dust mite (Dermatophagoides farinae) SIgE
o 0.35 kUA/L 312 3.34 (0.16) 293 5.72 (0.36) 43.3 8.6 24.7
X0.35 kUA/L 159 3.63 (0.22) 156 5.54 (0.49) 53.5 18.9 39.4
P-value 0.28 0.76
RR (95% CI) 1.24 (1.02–1.50) 2.18 (1.34–3.54) 1.60 (1.22–2.08)

Alternaria SIgE
o 0.35 kUA/L 304 3.45 (0.16) 284 6.01 (0.36) 46.0 9.2 28.0
X0.35 kUA/L 167 3.41 (0.22) 165 5.06 (0.47) 47.9 17.4 32.9
P-value 0.88 0.11
RR (95% CI) 1.04 (0.85–1.27) 1.89 (1.16–3.06) 1.18 (0.90–1.55)

CI, confidence interval; RR, relative risks.
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error = 13.31), and 7.30 U/g in the family room (standard
error 6.42). The geometric means for dust mite (Der f 1
and Der p 1) exposure in the home were 0.29 mcg/g
in the bedroom (geometric standard error = 3.95),
0.12 mcg/g in the kitchen (standard error = 1.75),
and 0.24 mcg/g in the family room (standard error 3.59).
In this study, there was a significant difference in SIgE
levels between patients who were determined to have
high exposure to Bla g 1 as compared with those with
low exposures. A high level of Bla g 1 allergen in
the bedroom, kitchen or family room (48 U/g) was
significantly associated with SIgE level to cockroach
(Table 3). In addition, having more rooms in the home
with elevated Bla g 1 levels tended to be a good predictor
for sensitization.

High bedroom exposure to Bla g 1 and increased
number of rooms with high exposure also correlated with
higher cockroach SIgG levels, and a borderline significant
association was seen for high exposure in the family room
and SIgG. Bla g 1 exposure was not associated with levels
of cockroach-SIgG4 (Table 3).

Overall, there was a low home exposure to Der f 1 in
this study population [14] and Der f 1 exposure did not
correlate with SIgE levels (data not shown).

The effect of allergen exposure and sensitization on
morbidity

We found that exposure in the home (Bla g 148 U/g)
and sensitization (SIgEX0.35 kUA/L) to cockroach are

associated with increased asthma exacerbations (unsched-
uled visits RR = 1.48, 95% CI 1.07–2.05; hospitalizations
RR = 3.55, 95% CI 1.60–7.90; and steroid use RR = 1.63,
95% CI 1.06–2.50). However, the combined effect of
exposure and sensitization did not impact the reported
symptoms of wheeze.

A similar analysis was performed for dust mite, but no
effect of exposure was seen. Dust mite sensitization has an
effect on asthma exacerbations regardless of home ex-
posure levels (Table 2). This is likely due to low exposure
levels in the home environment for this study population
or exposures from other sources outside the home that
were not measured in the NCICAS study.

Correlation of cockroach-specific immunoglobulin G and
immunoglobulin G4 levels with asthma morbidity

Cockroach SIgG was detected in 444 samples (88.7%), and
IgG4 was detectable in 504 samples (99%) in this inner-
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Fig. 3. Risk ratios for asthma morbidity parameters by allergen and type
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Table 3. Mean cockroach-specific IgE, IgG4 ,and IgG level by home
allergen exposure

N

IgE (kUA/L) IgG (mg/L) IgG4(mg/L)

Geometric
mean (SE)

Geometric
mean (SE)

Geometric
mean (SE)

Bla g 148 U/g in bedroom
Yes 95 5.30 (0.92)��� 4.43 (0.25)�� 0.30 (0.04)
No 103 1.94 (0.41) 3.63 (0.20) 0.28 (0.03)

Bla g 148 U/g in kitchen
Yes 149 3.68 (0.55)�� 4.09 (0.18) 0.29 (0.03)
No 47 1.81 (0.60) 3.52 (0.29) 0.28 (0.05)

Bla g 148 U/g in family room
Yes 89 4.92 (0.88)��� 4.21 (0.24)� 0.30 (0.04)
No 108 1.96 (0.40) 3.68 (0.20) 0.28 (0.03)

Number of rooms with Bla g 148 U/gw

3 55 6.25 (1.38)��� 4.70 (0.34)�� 0.32 (0.05)
2 46 3.06 (0.84) 3.59 (0.30) 0.27 (0.05)
1 48 1.81 (0.57) 3.91 (0.31) 0.24 (0.05)
0 34 1.65 (0.64) 3.38 (0.33) 0.33 (0.06)

�P-value o0.10,
��P-value o0.05,
���P-value o0.01.
wAmong families with information for all three rooms.
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city cohort of asthmatic children. The presence of IgG
antibody to cockroach was significantly associated with
increased hospitalization for asthma (Table 4). IgG4 levels
were not associated with morbidity. We examined the data
for a mediating effect of cockroach SIgG on the relation-
ship between SIgE and asthma morbidity, but this effect
was not seen in our study (data not shown).

Correlation of cockroach-specific immunoglobulin G and
immunoglobulin G4 levels with specific immunoglobulin E
and allergen exposure

Cockroach SIgE and IgG levels were positively correlated,
and the strength of correlation varied depending on the
level of Bla g 1 exposure in the home (Fig. 4). Specifically,
at high levels of Bla g 1 allergen in the bedroom (48 U/g),
SIgE and SIgG levels (but not SIgG4) to cockroach were
strongly correlated (0.60, 95% CI: 0.46, 0.72). Below 8 U/g,
there was a weaker association between SIgE and SIgG
(0.23, 95% CI: 0.04, 0.41). These correlations are signifi-
cantly different from one another (Po0.0001).

Discussion

There was a high prevalence of atopy (i.e. skin test
positivity) in this inner-city asthmatic population, and
almost two thirds of the group had detectable serum SIgE
to at least one of the environmental allergens measured.
The prevalence of IgE sensitization to allergens would
likely be higher if we tested study subjects to a more
extended panel. SIgE levels to environmental allergens
can serve as predictors for asthma severity. There
was a moderate correlation between allergen SIgE levels
and skin testing, but each test identified some sensitive
children that were not identified by the other test. In
addition, there is no mediating effect of cockroach SIgG or
SIgG4 on IgE levels or asthma morbidity factors.

Our results demonstrate that allergen SIgE correlated
well with skin test results, with 76–83% concordance.
However, a significant portion of patients were negative

in one, but not the other. This is due in part to the
differences in allergens tested for cockroach and
dust mite. SIgE testing was performed to whole body
B. germanica and whole body culture of D. farinae
whereas skin testing was performed using mixtures
of cockroach (American and German) and dust mite
(D. farinae and D. pteronyssinus). For Alternaria, the skin
testing extract and SIgE reagent were more comparable,
thus providing a higher concordance rate. Repeating the
study with allergen skin tests to the individual species of
cockroach and dust mite may show a better concordance
rate. In addition, both tests may be limited by their
inherent sensitivity. The Multi-Test skin test device
(Lincoln Diagnostics, Decatur, IL, USA) is known to have
intra- and inter-test variability [24], and can contribute to
the differences in results. Another factor to consider for
those with detectable IgE to cockroach, but negative skin
testing is that the ImmunoCAP for whole body cockroach
contains Bla g 7, a tropomyosin known to have cross-
reactivity with dust mites and crustaceans. The original
NCICAS study did not include an assessment of food
allergies, therefore, whether food allergies to shrimp or
other shellfish resulted in positive cockroach SIgE for
some is uncertain. Because there is a 76–83% concordance
between skin testing with the Multi-Test device and serum

Table 4. Comparison of effects of cockroach-specific IgE, IgG, and IgG4 levels on asthma morbidity

Outcome

IgE IgG IgG4

Estimate� P-value Estimate� P-value Estimate� P-value

Wheeze in past 14 days 0.20 0.11 0.01 0.93 0.09 0.49
Percent of missed school days in past 3 months 0.35 0.22 0.12 0.67 0.23 0.44

RR P-value RR P-value RR P-value

Any unscheduled asthma visits in year 1.10 0.03 1.02 0.62 1.03 0.53
Any hospitalizations in year 1.33 0.006 1.25 0.03 1.08 0.48
Any steroid use in 3 months before baseline 1.27 o0.001 1.12 0.06 1.05 0.46

�Change in morbidity for a 1 SD increase.
RR, relative risk.
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SIgE, one should consider using the alternate test to
exclude sensitization if clinically indicated.

Sensitization to environmental allergens has been
demonstrated to be a risk factor for asthma. While sensiti-
zation does not always imply clinical reactivity, we found
a linear dose–response relationship between SIgE to cock-
roach (B. germanica), dust mite (D. farinae) and Alternaria
and asthma morbidity, including increased frequency of
exacerbations and increased medication requirements.

Using relative risk analysis, neither allergen-specific
SPTs nor IgE levels appear to be a more consistent predictor
for asthma morbidity. Depending on which morbidity
parameter is being tested, SIgE or SPTs for a given allergen
may be a better indicator. For example, dust mite SIgE is a
better predictor for hospitalizations, whereas SPT weal size
to dust mite is a better predictor for steroid use.

In contrast to prior studies, we examined both SIgE and
SPT cockroach, dust mite, and Alternaria to investigate
the relationship between asthma morbidity and sensitiza-
tion. Our data are consistent with Rosenstriech et al. [14]
who used SPT alone to assess allergic sensitization. We
found a strong correlation between exposure and sensiti-
zation determined by SIgE to environmental allergens.
Our data confirm previous findings that sensitization
to cockroach, in conjunction with exposure, correlates
with asthma exacerbations for inner-city children [12,
14]. This relationship between cockroach allergic sensiti-
zation, cockroach allergen exposure and asthma morbid-
ity is a phenomena that is found in children, but not in
adults [25]. We were unable to demonstrate such an
association between SIgE and exposure to cockroach and
asthma symptoms (i.e. wheeze), which is in contrast to
the finding of Gruchalla et al. [12] that sensitivity as
defined by SPT and exposure did significantly impact
maximum symptom days for their cohort. We also failed
to demonstrate a similar result for dust mites as our
exposure levels were quite low.

Modifying allergen exposure may have beneficial ef-
fects in asthma management in these inner-city asthmatic
children. While there is an association between cockroach
exposure and sensitization, the question remains as to
whether exposure should be measured for each individual
patient on clinical grounds. One should keep in mind that
for environmental allergens, a true exposure level cannot
be performed given the ubiquity of allergens outside of
patients’ homes.

In current clinical practice, serum SIgE levels to envir-
onmental allergens have been used as a positive or
negative marker for sensitization. In contrast, SIgE levels
to food allergens provide the likelihood of reacting with
exposures to specific foods. Different predictive values
have been determined for each of the major food allergens
[15]. Unlike with food allergens, we found a linear
dose–response relationship between SIgE to cockroach,
dust mite, and Alternaria with asthma morbidity. We used

an approach similar to Simpson et al. [10], who examined
the association between SIgE only with asthmatic symp-
toms (i.e. wheezing) in an unselected population. In
the NCICAS populations, SIgE to cockroach, dust mites
and Alternaria have an impact on asthma morbidity even
at low levels of sensitization. Levels X0.35 kUA/L were
associated with increased exacerbations and medication
use in our inner-city asthma population. However, we
were unable to show a significant association between
SIgE and asthma symptoms, in contrast to Simpson et al.
[10]. The clinical significance of SIgE level cut-offs for
these aeroallergens, however, is very different from those
for food allergens. Perhaps no natural cutoff exists for
B. germanica, D. farinae, and Alternaria because exposure
to environmental allergens cannot be controlled in
the same manner as exposure to foods. Furthermore, the
clinical relevance of environmental sensitization is not as
easily demonstrated as in food challenges.

In contrast, Pastorello et al. [16] was able to establish
cutoff values for aeroallergens as a predictor of the
presence or absence of allergy symptoms based on parti-
cipant reports. Their ROC analysis showed a cutoff of
8.4 kUA/L for Dermatophagoides pteronyssinus, another
dust mite species, to be associated with symptomatic
allergy. However, that study included self-reported symp-
toms of rhinoconjunctivitis and asthma in recently diag-
nosed patients. Patients who suffered from asthma for
over 2 years were excluded, and the study lacked objective
measures of asthma morbidity such as the use of medica-
tions and ED/hospital visits. One can surmise that specific
cutoff levels for different aeroallergens may be found
when using different clinical outcomes. Nevertheless, our
data strongly suggest an association between environ-
mental allergen sensitization and asthma morbidity.
Finally, the measure of total IgE correlated well with
individual environmental allergen sensitization and with
asthma morbidity.

In this inner-city asthmatic population, cockroach SIgG
and IgG4 could be detected in the majority of our patients.
Strong correlations between SIgG and SIgE were seen at
high levels of Bla g 1 exposure in the bedroom, but this
correlation was not seen for cockroach SIgG4. Further-
more, high cockroach SIgG (but not IgG4) was associated
with increased hospitalizations for asthma. This is in
contrast to what was seen with the mammalian allergens
where there is a strong IgG4 response with high exposures
to cat and rat, and this is associated with less clinical
disease [13, 17]. Jarvis et al. [18] demonstrated that for
dust mite allergens (Der p 1 and Der f 1), there was no
evidence of an increase in HDM SIgG and IgG4 with
increasing exposure. They did not demonstrate that
high IgG4 was associated with less clinical disease for dust
mite allergens, in contrast, they showed that higher HDM
SIgG4 was associated with more wheeze and asthma
independent of IgE sensitization. We did not examine dust
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mite SIgG and IgG4 levels in our patient population, but
our data indicate that the immune response to allergens
can be very distinct for different allergens and the role of
allergen SIgG and IgG4 may be more complicated.

We conclude that SIgE levels to environmental aller-
gens can serve as predictors for asthma severity. There was
also a strong correlation between SIgE levels and SPT
results, but the tests did not always agree. We did not find
a natural cutoff level for SIgE to cockroach, dust mite, or
Alternaria that was highly predictive of clinical reactivity.
Instead, SIgE to these allergens appear to have a linear
dose–response relationship with asthma morbidity. Final-
ly, there is no mediating effect of cockroach SIgG or IgG4

on SIgE levels or asthma morbidity. In fact, cockroach
SIgG was associated with increased hospitalization for
asthma. Although we did not examine dust mite SIgG in
our study, Platts-Mills et al. [13] found that presence of
IgG to mite allergens was significantly associated with
asthma as well. While sensitization does not automatically
predict clinical allergy or exposure, the awareness of new
potential triggers and the modification of these environ-
mental exposures may prove beneficial for a significant
number of asthmatic patients.
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