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INTRODUCTION: Asthma affects approximately 10% of the world’s population. Sensitization to allergens is an
important risk factor, and exposure to allergens is associated with disease severity.

METHODS: We performed skin tests to evaluate allergen sensitization to mites, cockroaches, cats, dogs, and molds
in 73 asthmatic patients. Enzyme Linked Immunosorbent Assay was used to assay the mite and cockroach allergens
found in dust from the bedding, hammocks, bedroom floors, living rooms, and kitchens of 29 patients and 14
controls.

RESULTS: Fifty patients (68.5%) had positive skin test responses. There were positive responses to D. pteronyssinus
(52.0%), B. tropicalis (53.4%), T. putrescentiae (15.0%), E. maynei (12.3%), L. destructor (8.2%), B. germanica
(20.5%), P. americana (21.9%), Felis catus (10.9%), C. herbarium (2.7%), A. alternata (4.1%), and P. notatun (1.3%).
The exposure to mite and cockroach allergens was similar in the patients and the controls. The Dermatophagoides
pteronyssinus Group 1 levels were highest in the beds and hammocks. The Blattella germanica Group 1 levels were
highest in the kitchens, living rooms and hammocks.

DISCUSSION: The positive skin tests to mites, cockroaches and cats were consistent with previous studies. D
pteronyssinus was the most prevalent home dust mite, and hammocks were a source of allergens. To improve
asthma prophylaxis, it is important to determine its association with mite allergen exposure in hammocks.
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INTRODUCTION

Estimates indicate that 10% of the world’s population
suffers from asthma. In recent years, the frequency and
severity of asthma have increased.1,2Despite the importance of
genetic factors in the development of asthma, environmental
factors, especially indoor aeroallergens, are probably the
primary determinants of asthma expression and are essential
for understanding the etiology of asthma. The majority of
asthmatics are sensitized to at least one common allergen.3,4

The importance of sensitization to mite and cockroach
allergens has been demonstrated in atopic individuals.5,6

Sensitization to cockroach allergens is an important risk
factor in underprivileged socioeconomic segments of the
population and is associated with the severity of the disease.6

Allergen sensitization studies performed in several
countries have shown that the most prevalent mite allergens
are from Dermatophagoides pteronyssinus (Der p) and
Dermatophagoides farinae (Der f).7,8 Studies performed in

Brazil have revealed the substantial prevalence of Der p and
Blomia tropicalis (Blo t).9-12

Periplaneta americana (Per a) is perhaps the most pre-
dominant species of domestic cockroach found in several
areas of Brazil, while Blattella germanica (Bla g) is the most
frequent species reported in the USA. According to studies
performed in Brazil, 20–55% of the children and adults with
asthma, rhinitis, or both have positive skin-prick tests for
Per a or Bla g.13-15

The most abundant allergens found in domestic dust are
derived from mite feces, the digestive tracts of cockroaches,
cat dander, dogs, and mold spores. The mite allergens
found in domestic dust are classified into two major
categories: Group 1 (Der p 1 and Der f 1), and Group 2
(Der p 2 and Der f 2). Both these groups exhibit strong cross-
reactivity.16 The main cockroach allergens are from Group 1
(Bla g 1 and Per a 1) and exhibit strong cross-reactivity.17

Exposure to levels of $2 mcg of Der p 1/g of dust is
thought to be a major risk factor for sensitization in atopic
individuals, while the equivalent level in non-atopic
children is approximately 50 mcg/g. An initial dust
exposure of $10 mcg/g has been associated with the onset
of acute asthma. However, subsequent epidemiological
studies have not confirmed this finding.18 A clear associa-
tion between cockroach exposure and sensitization has been
observed, especially in bedding, and 2 U/g and 8 U/g of
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allergens in dust are sufficient to cause sensitization and
asthma development, respectively19. In regions with low
home dust mite and cockroach allergen levels, allergens
derived from cats, dogs, and molds become the major
sources of sensitization associated with asthma.20-21

We aimed to determine the sensitization to the most
frequent aeroallergens in asthmatic patients in the city of
Fortaleza, Brazil, to assay the mite and cockroach allergens
in the home dust of patients with asthma, and to compare
these exposure levels to those of healthy control subjects.

MATERIALS AND METHODS

Population and homes surveyed
We studied 73 patients (64 women) who were between 15

and 55 years of age andwho had an asthma diagnosis based on
the Global Initiative for Asthma (GINA) criteria. The majority
of the patients were from socioeconomically disadvantaged
families. We selected 15 healthy individuals (13 women) who
were paired with patients according to their sex, age, and
socioeconomic status. Informed consent was obtained from the
patients, and the hospital ethics committee approved the study.

The patients and controls were selected based on a
questionnaire that was completed during the first visit. The
questionnaire included questions regarding any current
disease symptoms, any personal and family history of
allergic disease, and any factors that triggered the manifes-
tation of symptoms. After completing the questionnaire, the
subjects underwent skin-prick testing for aeroallergens
using a previously described method.22

Within four months of the initial evaluation, dust samples
were collected from the homes of the 29 asthmatic patients
and the 14 controls. All of the homes were located in the city
of Fortaleza, Brazil. The patient home visits were performed
according to the study entry number and after the dust-
collection consent. We also used a questionnaire to evaluate
the conditions in the homes.

Skin-prick tests
The skin-prick tests were performed using commercial

extracts (Ifidesa-Aristegui) of the following allergens: D.
pteronyssinus (Der p), D. farinae (Der f), B. tropicalis (Blo t), T.
putrescentiae (Tp), E. maynei (Em), L. destructor (Ld), C.
herbarum (Cla h), A. alternate (Alt a), P. notatum (Pen n), A.
fumigatus (Asp f), Blattella germanica (Bla g), Periplaneta
americana (Per a), animal dander (dog and cat), and grass
pollen. A positive skin-prick test was defined as ameanwheal
size of at least 3 mm after subtracting the negative control.

Home dust collection
During the home visits, dust was collected from five sites:

bedding, hammocks, bedroom floors, living rooms, and
kitchens. Hammocks are used to sleep and rest in Brazil. We
used a portable vacuum cleaner (Electrolux Compact Plus)
fitted with an adapter and cloth filter. Between the collections,
the adapter was cleaned with 70% alcohol. The dust samples
were placed into separate plastic bags and stored at 4 C̊ before
processing according to standardized techniques.23

Assay of mite and cockroach allergen levels in home
dust

The dust extracts were assayed for Group-1 (Der p 1 and
Der f 1), Group-2 (Der p 2 and Der f 2), Blo t 5, Bla g 1 and
Bla g 2 mite allergens using a monoclonal antibody-based

Enzyme Linked Immunosorbent Assay (ELISA) technique
(Indoor Biotechnologies, Inc., Charlottesville, VA, USA), as
has been previously described.24-27

Statistical Analysis
The statistical analyses were performed using Instat 2.

The differences between the allergen levels the various sites
were assessed using the Mann-Whitney test. The levels of
several allergens were correlated using Pearson’s and
Spearman’s rank-order coefficients. A p-value of ,0.05
was considered to be statistically significant.

RESULTS

A positive result to at least one of the allergens tested was
found in 50 asthmatic patients (68.5%) and two controls
(13.3%). Of these, 45 (90%) were sensitized to several
allergens. The tests for Der p, Der f, and Blo t yielded the
most frequent positive results.
Dust mite and cockroach allergens were assayed in 99

samples from 29 homes of patients with asthma (18 patients
with positive skin-prick tests and 11 patients with negative
skin-prick tests) and in 56 samples from 14 control-subject
homes. No significant differences in the concentrations of
most of the allergens were observed in the collected samples.
However, we observed a significant difference in the Bla g 1
concentration in the bedding of the patients with asthma
compared to the control group (p=0.003). Regarding the
Group-2 allergen Der p 2, we noticed a significant difference
between the samples collected in the kitchens of the asthma
patients and those of the control subjects (p=0.04).
As shown in Figure 1, high levels of Der p were found in

the hammock and bedding samples collected from the
homes of the asthma patients and the control subjects, with
no significant difference between them (p=0.10 and p= 0.17,
respectively). For all of the participants, the levels of Der p
found in the hammock and bedding samples were
significantly higher than those in the samples from the
bedroom floors, living rooms and kitchens (p,0.0002 for
patients and p,0.03 for controls). The levels of Der f in the
dust samples collected from the homes of the patients and
controls were considerably lower in all of the sites, with no
significant differences among them. We noticed a strong
correlation between the levels of the Group-1 and Group-2
allergens in the dust samples from the homes of the
asthmatic patients and those of the control subjects
(n = 155; r = 0.70; p,0.01). The levels of Blo t 5 were
extremely low or undetectable in all of the samples.
In the patient and control homes, the Bla g 1 levels were

the highest in the kitchen samples. Despite their signifi-
cantly higher levels when compared to the bedding and
bedroom floor samples (p,0.05), no significant difference
was observed between them and the levels found in the
hammocks and living rooms. Regarding the allergen
concentrations in each home, Bla g 1 levels of $2 U/g were
assayed in 10.3% of the samples from the homes of the
patients and in 14.3% of the samples from the homes of the
controls; Bla g 1 levels of $8 U/g were assayed in 51.7% of
the samples from the homes of the patients and in 42.8% of
the samples from the homes of the controls. The levels of Bla
g 2 were extremely low or undetectable in the homes of both
the patients and the controls. We found no significant
correlation between the concentrations of Bla g 1 and Bla g 2
(n = 153; r = -0.038; p= 0.12).
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We did not observe an association between exposure and
a positive skin-prick test to either Der p or Bla g.

DISCUSSION

We aimed to examine sensitization to the most frequent
aeroallergens in asthmatic patients in the city of Fortaleza
(CE), Brazil, and to assess the level of exposure by assaying
the mite and cockroach allergens in their homes. Fortaleza is
a city with an average annual relative air humidity of 78%
and an average temperature of 26.8 C̊.
The association between asthma and sensitization to

aeroallergens has been frequently reported, suggesting that
sensitization to exogenous proteins inside the home
represents a major risk factor for asthma and that there is
a casual relationship between allergen exposure and
asthma.18 In asthmatic individuals, evaluating allergic
responses is extremely important because it can point to
an etiological diagnosis and have a direct impact on the
implementation of preventive measures that are designed to
decrease allergen exposure and, consequently, reduce the
risk of developing acute asthmatic crises.1

This study evaluated 73 asthmatic patients. Of these, 50
(68.5%) were sensitized to at least one of the allergens tested.
Studies in Brazil have reported between 67.2% and 80.3%
positive skin prick tests to aeroallergens.4,14,28,29 One of the
most important factors that determines the prevalence of
sensitization to aeroallergens is the age range of the study
population, with higher rates observed during childhood.
Our study involved adult patients, which might explain the
increased number of chronic respiratory diseases of
unknown origin, despite careful patient screening using a
questionnaire that included questions about atopia.
Regarding the control individuals, only two (13.3 %) out
of the 15 had positive skin-prick tests.
Our results agree with those of other studies conducted in

the Northeast of Brazil that have reported the prevalence of
sensitization to Der p, Blo t, Der f, and other mites.
Sensitization to Der f is not associated with significant
isolation of this mite in home dust, and it is probably caused
by a cross-reaction with Der p (in contrast to the observa-
tions regarding Blo t 5).30 According to most of the studies
conducted in Brazil, investigating sensitization and expo-
sure to Der f is not necessary because the prevalence of Der f
is less than that of Der p. Furthermore, there is cross-
reaction between both species.

We also noticed a substantial sensitization to cockroach
allergens, which has been reported in a number of Brazilian
studies. Cockroach allergens are currently the second-most-
frequent cause of sensitizations after dust mites, with the
positive skin-prick tests to cockroach extract mixtures
varying between 23.6% and 24.1%.15,31

Cat owners represented 50% of the patients with positive
skin-prick tests to this allergen. This finding highlights the
importance of other sites as causes of sensitization.32 The
sensitization to cat allergens was similar to that reported in
children in the Northeast of Brazil (between 9.2% and
15.2%).14,28 Nevertheless, the results regarding sensitization
to dogs were unexpected because, according to other
national reports, sensitization to dog allergens varies
between 3.4% and 23.7%.15,28 The positive results for molds
were low, and, in general, the sensitization reported in this
study was lower than the sensitization reported in other
studies. Studies performed in the Northeast of Brazil have
reported 3.5% to 10.1% positive results for several
molds.14,28

Our results show that the asthmatic patients and control
individuals were exposed to similar levels of mite and
cockroach allergens in their homes. This observation under-
lines the view that a genetic predisposal to exaggerated IgE
synthesis is a key factor in sensitization. The differences in
the allergen concentrations of Bla g in bedding and Der p 2
in kitchens (between the patients and the controls) is of no
clinical relevance because the allergen levels were so low.
We found high levels of Der p 1 in the bedding of the

asthmatic patients and the control subjects. We noticed a
strong correlation between the Group 1 and Group 2,
thereby confirming that D. pteronyssinus was the most
prevalent mite in the homes surveyed in this study.
To the best of our knowledge, our study is the first to

evaluate the allergen levels of dust samples from ham-
mocks. Hammocks are common in the Northeast of Brazil.
According to our results, hammocks are an important site of
allergen accumulation and may play an important role in
asthma sensitization and in the development of asthma
symptoms in sensitized individuals. Because we found
$10 mcg of Der p 1/g of dust in 75% of the hammock
samples from the patients with asthma, the environmental
control measures in this area should include frequently
washing the hammocks used for rest and sleeping. The
levels of the Der p 1 allergens found on the bedroom floors
and in the living rooms and kitchens were low, probably

Figure 1 - The levels of Der p 1 in the dust samples collected from the homes of the asthma patients (dark circles) and the control
subjects (blank circles).
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because the surveyed homes had good ventilation and no
carpets. This result highlights the importance of sleeping
places as sources of mite allergen exposure.

Surprisingly, despite the significant sensitization
observed in the skin-prick tests, the Blo t 5 concentrations
were close to the detection threshold. Studies performed in
other Brazilian cities have also reported low concentration
of Blo t 5 at several sites. Thus, we believe that the Blo t 5
assay may be inadequate for detecting B. tropicalis in the
sites that we evaluated.

In the past 30 years, cockroach allergies have been
recognized as an important cause of sensitization and
asthma. Several studies have demonstrated that patients
who were sensitized to cockroaches had been exposed to
high levels of this antigen in their homes (especially in their
bedding) and that a cockroach allergy is an important risk
factor for hospital admission. A number of factors, includ-
ing climate, the type of construction, home ventilation,
hygiene, and socioeconomic status, have been associated
with an increased sensitization to cockroaches. The allergen
levels of Bla g 1 were higher than those reported for Bla g 2,
possibly due to a cross-reaction between the Bla g 1 and Per
a 1 allergens (P. americana is the most frequent cockroach in
Brazil). The low levels of Bla g 2 we observed strengthen this
hypothesis because this allergen is specific to Bla g.

In our study population of asthmatic adults, we observed
no association between sensitization to Der p, Bla g, and/or
Per a and exposure to mite and cockroach allergens. Our
patients frequently reported childhood asthma, and it is
possible that exposure during the initial years of life plays
an important role in sensitization or that exposure to
allergens outside the home environment is an important
factor for developing sensitization.

The environmental control measures for patients who are
allergic to mites and live in Fortaleza or other places where
hammocks are used must consider hammocks to be possible
sites for significant allergen accumulation. These findings
may help implement more efficient prophylactic measures
for allergic patients.
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