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Use of the skin prick test and specific immunoglobulin E
for the diagnosis of cockroach allergy

Maria Isabella L. Lopes,! Paulo J. Miranda,2 Emanuel Sarinho3

Abstract

Objective: To compare the prevalence of allergy to cockroaches (Blattella germanica and Periplaneta
americana) in asthmatic and non-asthmatic children and to determine the degree of agreement between the skin
prick test and serum specific IgE levels, as well as to establish the relationship between cockroach allergy and total
IgE levels.

Methods: A case-control study involving 76 asthmatic and 42 non-asthmatic children aged between 6 and 14
years was conducted in Recife, Brazil. All individuals were submitted to the skin prick test and to the measurement
of specific IgE for B. germanica and P. americana, as well as to the determination of total IgE concentration.

Results: Asthmatic children showed a higher frequency of positive skin reactions to B. germanica (27.6 vs.
4.8%) and P. americana (27.6 vs. 2.4%) than non-asthmatic ones. The agreement between the skin prick test and
the specific IgE results was reasonable for B. germanica (kappa = 0.25 ) and weak for P. americana (kappa = 0.17).
Those patients who tested positive for cockroaches had a significantly higher geometric mean for total IgE than those
who tested negative. The agreement between specific IgE and the skin prick test increased as total IgE levels rose,
although some skin tests were negative even when total IgE levels were as high as 5000 kU/I. All determinations
of cockroach-specific IgE were positive for total IgE levels greater than 2500 kU/I, even among asymptomatic
patients.

Conclusion: Allergic sensitivity to cockroaches was a predictive factor for asthma severity. The skin prick test
is more appropriate for the detection of clinically relevant sensitivity to cockroaches than specific IgE determination.
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Introduction

Cockroaches produce potent allergens that induce the
formation of specific IgE (sIgE) antibodies and trigger
asthma in individuals who are genetically susceptible to
their exposure.! Blattella germanica and Periplaneta
americana are the most common domestic species of
cockroaches, and are found all over the world under
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favorable conditions, such as a warm and humid climate
and poor housing.!

The sensitivity of individuals with asthma or rhinitis to
cockroach allergens varies widely. Sensitivity rates of up
to 70% have been reported for some North American
cities.2 However, cockroach allergy is less common in
Europe.2-4 In Brazil, there have been few studies on the
exposure and sensitivity to cockroaches. The frequency of
positive skin prick tests (SPT) for B. germanica and/or P.
americana is as high as 55%°> in some cities.

Cockroach allergens are found in the dust collecting on
the surface of mattresses, bed linen, upholstered furniture,
carpets, and mainly in the kitchen.®-8 Given the perennial
nature of the exposure, which does not allow the
establishment of a temporal relationship with the
development of symptoms, the diagnosis of cockroach
allergy based only on clinical data has become impractical,
thus requiring ancillary tests.®
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Allergen sensitivity is detected through in vivo tests,
such as SPT for immediate hypersensitivity and in vitro
techniques, represented by sIgE determination.10 Despite
the progress made in this area, there is no gold standard
for the detection of sIgE for all inhalant allergens.9-11 This
is even more complex when it comes to the diagnosis of
sensitivity to cockroach allergens, as for the time being,
there are no standardized commercially available extracts
for these allergens. The use of standardized extracts with
a known potency would generate more easily reproducible
responses and a lower number of false positives.!! In the
future, the use of recombinant allergens will improve the
accuracy of the diagnosis of specific allergies.11,12

The main objectives of this study are to compare the
prevalence of cockroach allergy in asthmatic and non-
asthmatic children and to evaluate the degree of
agreement between the SPT and sIgE determination in
the diagnosis of cockroach allergy. Additionally, we
analyze the relationship between cockroach allergy and
total IgE (tIgE) levels.

Methods

This study was performed in Recife, Brazil, a city whose
tropical climate predisposes to the proliferation of
cockroaches, especially in poverty-stricken households.
The study group consisted of children aged between 6 and
14 years, selected from the Pediatric Allergy and
Immunology Outpatient Clinic and from the General
Pediatrics Division of the Hospital das Clinicas of
Universidade Federal de Pernambuco, from April to August
2001. The study was approved by the Research Ethics
Committee of the Health Sciences Center, Universidade
Federal de Pernambuco, and a written informed consent
was obtained from all subjects participating in the study.

Study design

A case-control study was conducted to compare the
prevalence of cockroach allergy in both asthmatic and
non-asthmatic children. Individuals were considered
asthmatic (cases) if they had had at least three episodes
of dyspnea in the past 12 months or if they had been
diagnosed with asthma and were receiving prophylactic
treatment. Children who did not have a history of dyspnea,
wheezing, allergic rhinitis or atopic dermatitis were
regarded as non-asthmatics (control group). Patients
were randomly selected from the Pediatrics Outpatient
Clinic and allocated to either of the groups based on the
inclusion criteria. The sample size was calculated using
Epi-Info 6.0 software, and the case-to-control ratio was
2:1, totaling 76 cases and 42 controls. All children were
submitted to the SPT and to the determination of tIgE
and sIgE for B. germanica and P. americana.
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Skin prick tests

SPT were conducted with extracts from B. germanica
(1:10 w/v) and P. americana (1:10 w/v), using the
puncture technique. A histamine base solution
(10 mg/ml) was used as positive control and a glycerin
solution, as negative control. The extracts and controls
were obtained from the Hollister-Stier laboratory,
Spokane, Washington. To ensure uniformity, the same
lots of cockroach extracts were used in all subjects, only
one researcher performed all SPT, and the same skin
puncture device was used in all subjects. The test was
considered positive when the wheal was at least 3 mm
larger than that of the negative control.11,12

Serum specific IgE and total IgE

Venous blood was collected from each patient. The
samples were centrifuged at 3,500 rpm and 1 ml of serum
was stored at -20°C for later determination of tIgE and
sIgE for B. germanica and P. americana. Both sIgE and
tIgE were measured with UniCAP®/Pharmacia CAP
System™, according to the manufacturer’s instructions.
Sensitization was considered to be present when sIgE
levels were greater than > 0.35 kU,/I (class 1).

Statistical analysis

The data obtained were analyzed using Epi-Info
software, version 6.0. A bivariate analysis was carried
out to identify a possible association between cockroach
allergen sensitization and asthma severity. The strength
of this association was assessed through the odds ratio,
with a 95% confidence interval (95%CI). The chi-square
test with Yates’ correction, or Fisher’s exact test whenever
necessary, was used in order to evaluate statistical
significance, where a p value of less than 0.05 was
considered significant. The kappa coefficient was used
to assess the degree of agreement between the SPT and
the sIgE results. Serum levels of tIgE were compared
using the geometric mean. To evaluate the variation in
the proportion of patients with positive sIgE and SPT
with respect to tIgE, a simple logistic regression model
was used, in which the log-transformed tIgE value was
the explanatory variable.

Results

Most study subjects, in both groups, come from the
metropolitan area of Recife and have an average monthly
per capita income of US$ 60 or less. Other demographic
characteristics that mightinfluence the level of exposure
to cockroaches are shown in Table 1.

Skin prick tests

SPT were positive for B. germanica in 21 (27.6%)
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Table 1 - Social and demographic variables that might influence exposure to cockroaches in asthmatic and non-
asthmatic individuals (controls)
Asthmatics Controls Total p
Demographic variables n % n % n %
Age (years)
6-9 43 56.6 26 61.9 69 58.5 X2 Yates = 0.13
10-14 33 43.4 16 38.1 49 41.5 p=0.713
Gender
Female 27 35.5 14 33.3 41 34.7 X2 Yates = 0.00
Male 49 64.5 28 66.7 77 65.3 p = 0.97
Water supply
Households with piped water supply 60 78.9 38 90.5 98 83.1 X2 Yates = 1.80
Others 16 21.1 4 9.5 20 16.9 p=0.18
Public sewage
With public sewage 62 81.6 30 71.4 92 78
Without public sewage 9 11.8 2 4.8 11 9 Fisher p = 0.49
No information available 5 6.6 10 23.8 15 13
Waste disposal
Collected by public company 68 89.5 40 95.2 108 91.5 X2 Yates = 0.53
Burned/buried/left unattended 8 10.5 2 4.8 10 8.5 p = 0.45

asthmatic children, compared to only two (4.8%) children
in the control group (OR = 7.64; 95%CI 1.57-50.75;
p = 0.006). SPT were positive for P. americana in 21
(27.6%) asthmatic children and in one (2.4%) child from
the control group (OR = 15.65; 95%CI 2.05-330.51;
p = 0.002). Twenty-six (34.2%) asthmatic children and
two children (4.8%) from the control group were sensitized
to at least one of the cockroach species, when submitted
to the SPT (OR = 10.40; 95%CI 2.16-68.45; p < 0.001).

Cockroach-specific IgE

Serum-specific IgE antibodies against B. germanica at
a concentration greater than 0.35 kU,/I were found in 32
(42.1%) asthmatic children and in 9 (21.4%) children
from the control group (OR = 2.67; 95%CI 1.03-7.03; p =
0.04). As to P. americana, sIgE was positive in 22 (28.9%)
asthmatic children and in 7 (16.7%) children from the
control group (OR = 2.04; 95%CI 0.72-5.96; p = 0.21).
Thirty-three asthmatic children (43.3%) and 10 (23.8%)
non-asthmatic children presented positive sIgE to at least
one of the cockroach species (OR = 2.46; 95%CI 0.98-
6.29; p = 0.06).

Agreement between the skin prick test and
cockroach-specific IgE

As far as the sensitivity to B. germanica is conc erned,

both tests agreed (regardless of their results) in 70% (82
out of 118) of the cases. Of these, 12% (14 out of 118)

were positive and 58% (68 out of 118) were negative.
With regard to P. americana, there was an overall agreement
of 72% (85 out of 118), with positive results in 8% (9 out
of 118) and negative results in 64% (76 out of 118).

The observed agreement between the SPT and sIgE
using the kappa coefficient was reasonable for B.
germanica (kappa = 0.25) and weak for P. americana
(kappa = 0.17).

Total IgE

The geometric mean of tIgE was 591.70 kU/I in
asthmatic patients and 345.85 kU/I in non-asthmatic
ones, with no statistical difference between the groups
(Student’s t-test without Welch’s correction, p = 0.08).

Relationship between the skin prick test and total
IgE

The geometric mean for tIgE was significantly higher
(989.4 kU/l) among patients with positive SPT results for
B. germanica and/or P. americana than among those
whose SPT was negative (392.4 kU/I) (p = 0.002; Student’s
t-test for independent samples).

The proportion of patients with positive SPT results for
B. germanica and/or P. americana grew with the increase
in tIgE. This was evidenced through the adjustment of a
simple logistic regression model, in which the log-
transformed tIgE value was the explanatory variable.
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Figure 1 shows the variation of the estimated proportions
of SPT results according to the log-transformed tIgE
value.
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Figure 1 - Variation of the estimated proportions of positive skin
prick test results according to log-transformed total
IgE value

Relationship between total IgE and cockroach-
specific IgE

The geometric mean of tIgE was also significantly
higher (1255.0 kU/I) in the group of patients with positive
sIgE results for B. germanica and/or P. americana when
compared to the group with negative sIgE results
(284.6 kU/I) (p < 0.001; Student’s t-test for independent
samples).

The number of children with positive sIgE results for B.
germanica and/or P. americana grew proportionally to the
increase in tIgE levels, similarly to what occurred on the
SPT. Again, a simple adjusted logistic regression model
was used, in which the log-transformed tIgE value was the
explanatory variable. Figure 2 shows the variation of the
estimated proportions of positive sIgE results according to
the log-transformed tIgE value.
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Figure 2 - Variation of the estimated proportions of positive
specific IgE results according to log-transformed total
IgE value
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Discussion

There is no gold standard to evaluate the accuracy of
the clinical diagnosis of cockroach allergy. In our study,
skin prick tests for allergy to B. germanica and P. americana
were positive in 27.6% of the asthmatic children, similar
to the results of another Brazilian study.l3 There was a
significant association between the sensitivity to both
cockroach species and asthma severity, however, given
the small size of the sample, the odds ratio showed wide
confidence intervals, which did not allow a precise estimate
of the strength of this association.

When cockroach sensitivity was determined by the
measurement of sIgE levels, we found that the sensitivity
to B. germanica was higher in asthmatics (42.1%) and
controls (21.4%) than when it was determined by the SPT.
The sensitivity to P. americana in the asthmatic group was
equivalent when determined either by the SPT or by the
measurement of sIgE levels (27.6 vs. 28.9%, respectively),
but more patients in the control group tested positive in
the sIgE measurement (16.7%) than on the SPT (2.4%).
Given the large number of control patients who tested
positive for P. americana, the association between
cockroach allergy and asthma severity in this group was
significant only for B. germanica. The lack of association
between positive sIgE results for P. americana and asthma
severity in this study may have resulted from differences
in the sensitivity and specificity of the immunoassay to this
antigen, and/or from the fact that the sample was not
large enough to detect a significant difference between
cases and controls.

The high percentage of positive sIgE results observed
in the controls of this study is consistent with that found
in recently published articles. In a Taiwanese study, for
instance, 43% of asthmatic and 20% of non-asthmatic
children were found to be sensitive to B. germanica.l4
In another case-control study conducted in Ghana, the
SPT was positive in 30% of the asthmatics and in 10%
of the controls, whereas sIgE was positive in 76% of the
asthmatics and in 28% of the controls.1> Traditionally,
tests for the determination of sIgE levels are considered
less sensitive than the SPT, but recent progress in
immunoassay techniques® may have improved the
performance of these tests, which may therefore justify
their greater sensitivity. However, the loss of specificity
persists.

In this study the observed agreement between the SPT
and sIgE, according to the kappa coefficient, was weak for
P. americana (0.17) and reasonable for B. germanica
(0.25). These results were not due to the cutoff value used
to define sensitization, since the agreement was even
worse when such value was changed to class 2
(> 0.7 kU,/I1): weak for B. germanica (0.15) and for P.
americana (0.10). Maia et al. also did not observe an
agreement between the two tests in the sensitivity to B.
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germanica.l” Sastre et al. observed only a 21% agreement
between the SPT and the sIgE to B. germanica.>

Discordance between SPT and sIgE results might also
arise from the use of non-standardized extracts, which
have variable potency and less reproducible results. Non-
standardized extracts may be contaminated with other
proteins, allergens, and enzymes.l! Studies using
standardized inhalant allergen extracts demonstrate better
agreement between the SPT and sIgE determination.18:19

Recombinant allergens contain well-defined
concentrations of majorallergens, having greater specificity
and presenting fewer problems with spurious cross-
reactions.29 After such reagents become available for the
assessment of cockroach sensitization, there will probably
be a greater agreement between the SPT and sIgE
determination. Other factors influencing the results of the
SPT include the potency of the extract, the type of device
used for puncturing the skin, the skills of the professional
responsible for performing the test, accuracy of
interpretation, and the possibility of cross-reactions. Despite
the limitations related to the use of medication, skin
problems, and patient age, the SPT is still the method of
choice for the study of inhalant allergens.2!

Errors in the seric determination of sIgE may result
from the type of allergen used, insufficient amount of
allergens available, destruction of the epitope during
attachment in the solid phase, poor IgE binding, levels of
IgG (that could compete with IgE, leading to false
negatives), elevated levels of tIgE that could lead to false
positives due to nonspecific binding,12:16 presence of sIgE
for cross-reactive carbohydrate determinants22 and other
cross-reactions.23 When analyzing all samples for seric
sIgEitis recommended that tIgE levels be also determined,
as the higher the tIgE levels, the higher the degree of
nonspecific binding. It is suggested that the results of
serum positive sIgE in patients with extremely high tIgE
levels be investigated by allergen inhibition studies.12

In a study comparing the performance of the SPT and
sIgE with nasal allergen provocation using recombinant
pollen allergens, Niederberger et al. observed that SPT
was more useful in predicting the allergenic potential for
induction of respiratory symptoms than quantitative
serology, as there was not a good correlation between the
levels of sIgE and the biological tests.24

Total serum IgE levels are frequently used to diagnose
atopy, buttheirclinical valueis limited due to the remarkable
overlapping of IgE levels in both atopic and non-atopic
individuals, in addition to the existence of a series of
disorders that cause the elevation of tIgE, including
intestinal helminthiasis.25 In the current study, there was
no statistically significant difference between the geometric
mean of tIgE levels in asthmatics (591.7 kU/I) and in the
controls (345.85 kU/I). Special attention should be given
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to the increased tIgE levels in both groups. Approximately
34% of the asthmatics and controls presented total IgE
levels equal to or greater than 1000 kU/I. Total IgE levels
equal to or greater than 3000 kU/l were more often found
among controls (12%) than among asthmatics (9%).

Increased tIgE levels might be caused by helminthic
infections, which complicate the relationship between
asthma, atopy, and intestinal parasitism.26 In a research
study conducted with 150 preschoolers from Natal, Brazil,
Sales et al. found a high rate (88.6%) of ascariasis, with
tIgE levels significantly higher among the infected children
(geometric mean = 715 IU/ml), when compared to the
non-infected ones (geometric mean = 72.8 1U/ml).27 In
these children, Ascaris infection and positive SPT were
strongly associated with wheezing.

The high levels of tIgE in asthmatics and controls in our
study may have been caused by intestinal helminthiasis,
since the low socioeconomic status of our patients makes
them susceptible to this kind of infection. Alternative
explanations for the diagnosis of asymptomatic sensitivity
in the control group also include the inhibition of allergic
manifestations due to the saturation of mast cells, 28 false
positives due to nonspecific binding caused by the high
levels of IgE12 or cross-reactions with parasitic allergens
in the intestine, especially Ascaris, which is very prevalent
in the study area.

The geometric mean of tIgE levels in patients with
positive SPT results for B. germanica and/or P. americana
was around 2.5 times greater than that of the non-
sensitized group, and it should be observed that the
proportion of positive tests increased as tIgE levels rose.
Huss et al. verified that tIgE levels in asthmatic children
represented a risk factor for positive SPT for cockroaches
and dust mites, particularly when the levels were greater
than 869 ng/ml (362 1U/ml).2°

Asimilartrend was observed in the relationship between
sIgE and tIgE levels. The geometric mean of tIgE levels
was around 4.5 times greater among sensitized patients
when compared to non-sensitized ones. We noted that the
proportion of positive sIgE results also increased as tIgE
levels rose, and that all the determinations of cockroach-
specific IgE were positive for tIgE levels greater than 2500
kU/l, even among asymptomatic patients. According to
our data, a study in Tanzanian women demonstrated a
positive correlation between tIgE and sIgE to dust mites
and cockroaches, which is neither associated with current
asthma, nor with levels of allergen exposure.30 One of the
explanations for these findings was the saturation of IgE
receptors caused by elevated tIgE levels, blocking the
access of sIgE to the mast cells, thereby suppressing the
allergic response. The increased tIgE levels probably
resulted from intestinal helminthiasis. A cross-reaction
among parasites, dust mites, and cockroaches could be
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another explanation for the observed results.39 In our
study the positive results for sIgE found in patients with
very high tIgE levels are possibly related to the polyclonal
activation of B cells due to intestinal helminthiasis or
cross-reaction among several allergens.

This comparative study between the SPT and serum-

specific IgE for the diagnosis of cockroach allergy suggests
that the SPT may be more appropriate for the detection of
clinically relevant sensitivity to cockroaches. However,
studies with a larger sample size are needed to look
further into this issue.
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