Brazilian Journal of Medical and Biological Research (2004) 37: 503-510

ISSN 0100-879X

E. Sarinho:2, D. Schor?,
M.A. Veloso? and
J.A. Rizzo!2

Correspondence

E. Sarinho

Av. Parnamirim, 327, Apto. 202
52060-000 Recife, PE

Brasil

Fax: +55-81-3441-4801

E-mail: emanuelsarinho@uol.com.br

Received November 22, 2002
Accepted January 5, 2004

There are more asthmatics in homes
with high cockroach infestation

1Centro de Pesquisas em Alergia e Imunologia Clinica em Pediatria, and
?Departamento de Pediatria, Hospital de Clinicas, Faculdade de Medicina,

Universidade Federal de Pernambuco, Recife, PE, Brasil

Abstract

Although asthma has been commonly associated with sensitivity to
cockroaches, a clear causal relationship between asthma, alergy to
cockroaches and exposure levels has not been extensively investi-
gated. The objective of the present study was to determine whether
asthma occurs more frequently in children living in homes with high
cockroach infestation. The intensity of household infestation was
assessed by the number of dead insects after professional pesticide
application. Children living in these housesin the metropolitan area of
Recife, PE, were diagnosed as having asthma by means of a question-
naire based on the ISAAC study. All children had physician-diag-
nosed asthma and at least one acute exacerbation in the past year.
Children of both sexes aged 4 to 12 years who had been living in the
households for more than 2 years participated in this transverse study
and had a good socioeconomic status. In the 172 houses studied, 79
children were considered to have been exposed to cockroaches and 93
not to have been exposed. Childrenliving in residenceswith morethan
5 dead cockroaches after pesticide application were considered to be
at high infestation exposure. Asthma was diagnosed by the question-
nairein 31.6% (25/79) of the exposed group and in 11.8% (11/93) of
the non-exposed group (P = 0.001), with a prevalence ratio of 3.45
(95%CI, 1.48-8.20). The present results indicate that exposure to
cockroaches was significantly associated with asthma among the
children studied and can be considered a risk factor for the disease.
Blattella germanica and Periplaneta americana were the species
found in 96% of the infested houses.
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Introduction

Asthma is the most common childhood
illness and is responsible for more than
350,000 hospital admissions annually, cor-
responding to the 4th most common cause
for hospitalization in the Brazilian Public
Health System (2.3% of thetotal) and the 3rd

most common among children and young
adults (2).

A multicenter study (International Study
for Asthma and Allergies in Childhood,
ISAAC) carried out in 56 countries demon-
strated that the prevalence of asthma has
been increasing throughout the world, with
Brazil occupying 8th place, with a preva-
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lence of about 20% (2).

Mortality rates for asthma are low, but
are increasing in magnitude in a number of
countries and regions. Mortality ratesin de-
veloping countries have been rising in the
last ten years, corresponding to 5-10% of
deaths by respiratory failure, with an el-
evated proportion of in-home deaths (1).

The traditional concept of asthma de-
finesit asacomplex syndrome characterized
by a variable degree of obstruction of air
flow, bronchial hyper-responsiveness and
inflammation of the lungs as the result of
genetic and environmental factors (3). It of-
ten begins in early childhood and is associ-
ated with atopy, a genetically determined
predisposition toward producing IgE anti-
bodies against common environmental aller-
gens (4).

Exposure to alergensis assumed to play
an important role in asthma, as indicated by
the following considerations. the associa-
tion of asthma with sensitivity to common
alergensin the homeis strong and found in
various parts of the world; an allergenic
bronchial provocation induces both immedi-
ate and delayed bronchia responsesin asth-
matics, a decrease in the levels of exposure
to alergens results in a reduction in bron-
chial hyperactivity (5).

Sensitivity to mites in household dust is
considered to be the strongest risk factor for
asthma in some studies (6), but other aler-
gens have also been demonstrated to be sig-
nificantly related to asthma, such as dog and
cat epithelium, mold spores and cockroaches
(7,8).

Allergy to cockroaches has been recog-
nized for more than thirty years (9) and
studiescarried out throughout theworld have
shown an association between asthma and
the development of specific IgE antibodies.
In Brazil, the role of cockroach antigens in
respiratory allergieshas only been studiedin
the last 5 years (10,11). Various antigens
from the two most common species in the
Western World, Periplaneta americana and
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Blattella germanica, have been identified
and purified. The most important of these
are the major and the secondary antigen
from Blattella germanica (Bla gl and Bla
g2) and the major antigen from Periplaneta
americana (Per al), withanextensivecross-
reaction between them. Prick test reactivity
and blood IgE responseto roach antigensare
demonstrablein many asthmatics. It hasalso
been shown that an increase in lymphocyte
proliferation in response to Bla g2 antigens
is associated with high levels of Bla gl or
Bla g2 in homes (11).

A study carried out in 2002 at the Hospi-
tal das Clinicas of the Federa University of
Pernambuco, demonstrated that allergic sen-
sitivity to cockroaches was associated with
asthma on the basis of both skin tests and
specific serum IgE. These data suggest that
exposure to insects is a possible risk factor
for the illness (12).

Although the combination of cockroach
alergy and exposure to high levels of infes-
tation can explain some aspects of asthma
among these patients, aclear causal relation-
ship between these factors has not been suf-
ficiently demonstrated (13,14) and more in-
formation should be obtained about this re-
|ationship.

The objective of the present study wasto
determine if asthma occurs more frequently
among children living in houses with high
cockroach infestation and to identify the
speciesof cockroachesmost frequently found
in the households studied.

Material and Methods
Study design

A cross-sectional study was carried out
between September 2001 and July 2002 in
residences with and without cockroach in-
festations and the presence of asthmatic and
non-asthmatic children in these homes was
also determined. The Ethics Committee of
the Hospital das Clinicas of the Federal Uni-
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versity of Pernambuco reviewed and ap-
proved the protocol and the adults respon-
sible for the children who participated in the
study signed an informed consent form.

Study population

The study population consisted of chil-
dren from residences within the metropoli-
tan area of the city of Recife, PE, Brazil,
whose parents or guardians had hired pro-
fessional cockroach extermination services.
The company serves 40% of the area market
and accepted the invitation to participate in
this study.

Based on the literature on exposure to
cockroaches (12) and the asthma prevalence
in the city (2), considering a discriminatory
power of 80% between the two groups, with
the level of significance set at 5% and a
relative risk of the occurrence of an asthma
episode to be 9.22 among those exposed
(15), the minimum sample size for an asso-
ciation between exposure to cockroaches
and asthma was calculated to be 108 chil-
dren, 54 of them exposed to cockroachesand
54 not exposed.

Inclusion criteria were: age between 4
and 12 years, having lived in the residence
for more than 2 years, and absence of diag-
nosed heart or respiratory diseases known by
parents or guardians.

Children were excluded from the studly if
parents or guardians did not give consent to
participate and aso when the pest control
technician observed visible molds on the
walls or ceiling of the residence, in order to
reduce the confounding effect of a probable
high exposure to mold antigens or high hu-
midity.

Procedures

Aninitia questionnaire was sent to each
residence that solicited extermination ser-
vices for cockroaches. We determined the
presence of children in the household, their

agesand if they had lived therefor morethan
two years. A professional pest-control tech-
nician from the insect exterminating com-
pany, having previously been trained by two
members of the research team, submitted the
guestionnaire to the parents or guardians. At
that time, the technician verified the extent
of cockroach infestation, as well as the spe-
ciesfound, after application of the pesticide.

The extent of cockroach infestation was
determined on the basis of direct evidence
according to the semiquantitative criteria
established by the extermination company,
considering the number of cockroaches that
died after the service: 0 to 5 - little or no
infestation; 6 to 12 - moderate infestation,
and more than 12 - high infestation. This
criterion is an empirical and tentative one
since there are no data about the correlation
of the number of cockroaches in a house
with the burden of antigen present.

The residences willing to participate in
the study were selected from the data sup-
plied by the questionnaires in chronological
order of entry, according to the previousy
established inclusion criteria. Their inclu-
sion was based on the solicitation of the
insect exterminating service and not on the
company files and those that requested the
servicemorethan onceayear were excluded.

All the residences were middle/upper-
class and presented a homogeneous pattern
of hygiene. For each residence, only one
child was selected. When more than one
child lived in the house, the youngest within
the age range of 4 to 12 years who had lived
there for more than 2 years was selected.
This was done because the influence of the
environment seems to be more important as
a determinant factor for asthma among
younger children, when the immune system
is still developing.

Theinsecticidewas adeltametrine prepa:
ration appliedingel or liquidformthat |eaves
no volétile residues. A Medline review of
papers published during the last ten years
showed no reports of association of this
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product with asthma. Indeed, the same prod-
uct has been used for years for topical treat-
ment of pediculosis and scabiesin children,
even in those with asthma.

Once the residences were selected, a
member of the research team, blind to the
results of infestation, applied a new ques-
tionnaire to the parents or guardians by tele-
phone. The objective of this questionnaire,
based on the ISAAC study (2), wasto estab-
lish the diagnosis of asthma. When the diag-
nosiswaspositive, complementary questions
were asked to assess the severity of theill-
ness according to the criteria for asthma
severity of the Il Brazilian Consensus on
Asthma Management (16). The specific
ISAAC questionnaire for rhinitis was not
applied in order to reduce the length of the
telephone interview and thus reduce the
chances of error in the answers.

Statistical analysis

The information gathered was coded and
double entries were made and stored in a
data bank constructed using the Epi-Info
(version 6.0) statistical software. A descrip-
tive analysis was later carried out to deter-
mine the frequency of gender and age vari-
ables, followed by an analysis to determine
possible associations between asthma and
the levels of exposure to cockroaches. Con-
tingency tables were organized. The preva-
lence ratio with the 95% confidence interval
was cal culated as done for case-control stud-
ies.

For the purposes of statistical analysis,
children in whose houses up to 5 dead cock-
roaches were observed after insecticide ap-
plicationwere considered to be non-exposed,
and children in whose houses more than 5
dead cockroaches were found after insecti-
cide application were considered to be ex-
posed to high infestation. This cut-off was
chosen empirically once it was possible to
identify agroup of houseswith lessthan this
number of dead insects after extermination
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and another group with higher number of
dead insects, usually more than 50, after the
insecticide application.

Results

A total of 181 children whose residences
were submitted to cockroach extermination
were digible for the study. All were from
middle or high social class families. Nine of
the responsible adults chose not to partici-
pate. Of the 172 subjects who answered the
ISAAC questionnaire, 45.9% (79/172) were
exposed to high or moderate cockroach in-
festation (exposed group) and 54.1% (93/
172) were not exposed (non-exposed group).

Of the exposed children, 37 were males
and 42 were females; 45.6% (36/79) were 5
years of age or younger and 54.4% (43/79)
were older than 5 years. Of the non-exposed
children, 45 were males and 48 were fe-
males; 40.8% (38/93) were 5 years of age or
younger and 59.2% (55/93) were older than
Syears. Weinitially stratified the children by
age groups, i.e., older than 5 years and 5
years or younger, because children younger
than 5 years are more subject to asthmatic
episodes, mainly due to viral infections.
However, analysis of the results revealed no
statistically significant difference between
the two age groups and age stratification was
discontinued. There was also no statistically
significant difference between genders.

Among the exposed children, 31.6% (25/
79) were asthmatic whilein the non-exposed
children only 11.8% (11/93) were asthmatic
(prevalence ratio: 3.45; 95%Cl: 1.48-8.20),
asshown in Table 1. Therefore, the exposed
children living in homes with high cock-
roach infestation had asthmamorefrequently
than non-exposed ones, with a statistically
significant difference (P < 0.001).

Although the number of patients was
small for comparison, we found that among
the exposed children, 64% (16/25) had mild
asthma and 36% (9/25) moderate or severe
asthma. Among those who were not exposed,
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72.7% (8/11) had mild asthmaand 27.3% (3/
11) moderate to severe asthma (P = 0.89). It
was not possible to correlate the extent of
infestation with the severity of the disease
due to the small number of subjects.
Regarding the speciesfound, weobserved
an infestation by Blattella germanica in
55.7% (44/79) of theresidences, by Periplan-
etaamericanain 26.6% (21/79), by Blattella
germanica and Periplaneta americana to-
gether in 13.9% (11/79), and by Blattella
orientalisin 3.8% (3/79). Regarding infesta-
tion, it is worth mentioning that in non-
infested houses, usually noor upto 3to 5
dead insects were observed after insecticide
application but in those considered to be
infested (more than 5 dead insects) usually
more than 50 dead insects were observed
after the application. Stratifying the expo-
sureto cockroaches according to the original
company classification (no/low, medium or
high infestation) did not change our results.

Discussion

A number of hypotheses have been pro-
posed in order to explain the increase in
prevalence and morbidity of asthma in de-
veloped countries over the last two decades.
Thesehypothesesincludechangesinlifestyle
withindividual sspending moretimeinclosed
environments and a conseguent increase in
exposureto household alergens(17). Asthma
and other forms of alergic illnesses repre-
sent asignificant public health problem (18).
Cockroaches have been associated with
asthma in a number of regions throughout
the world. Brazilian studies have recently
demonstrated that 40 to 55% of children and
young adults with asthma and/or allergic
rhinitis exhibit positive reactions to the skin
test and/or specific IgE for cockroaches
(12,19).

The present study showed that whenthere
was cockroach home infestation (more than
5 dead insects after pesticide), therewasalso
a 3.45 higher frequency of asthma in the

children than when there was no cockroach
infestation, in agreement with data of studies
which used different techniques for the as-
sessment of exposure (5,13).

Unfortunately, in contrast to the many
controlled clinical studies that support the
use of pharmacological treatment of asthma,
there has been arelatively small amount of
research devoted to the exposure to aler-
gens and to the determination of whether
removing or minimizing allergen exposure
would be an important measure for control-
ling asthma (20). Even for dust mites, which
have been the allergens most extensively
studied, there is some uncertainty about
whether environmental control measures
would actually bring effective benefitsto the
control of asthma (21).

The population of the present study con-
sisted of 172 children of both sexesaged 4 to
12 years, from families of fair socioeco-
nomic conditions. Exposure is assumed to
be more intense in lower socioeconomic
strata, with agreater association with asthma.
Despite the existence of an association be-
tween alergic respiratory diseases (includ-
ing asthma and rhinitis) and exposure to
cockroach antigens; 19), the present group
of children was not investigated for the pres-
ence of rhinitis using the ISAAC question-
naire.

The household species of cockroaches
spend large part of the time aggregated, hid-
den in dark and damp places. As a result,
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Table 1. Relationship between children exposure to cockroaches within the residence

and prevalence of asthma.

Asthma
Yes No Prevalence ratio (95%Cl)
Exposed 25 (31.6%) 54 (68.4%) 3.45 (1.48-8.20)
Non-exposed 11 (11.8%) 82 (88.2%) 1
Total 36 136

More than 5 dead cockroaches were found in homes of children exposed to cock-
roaches after an insect extermination treatment and 5 or less in homes of non-

exposed children. 95%Cl = 95% confidence interval.

Braz ) Med Biol Res 37(4) 2004
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infestation is not often apparent to the dwell-
ers. Gelber et a. (22) demonstrated that 20%
of homes studied with no visible evidence of
cockroach infestation exhibited levels of Bla
g2 in at least one of the rooms of the house.
However, the originality of the present re-
search lies in the attempt to examine the
hypothesis that cockroach infestation by the
visualization and counting of dead insects
after the application of an insecticide may be
related to the frequency of asthmatic chil-
drenliving inthese houses. Theinsectsleave
their dens to die after the application of the
venom, permitting an approximate count
which isasimple way to estimate the extent
of infestation that can be of clinical rel-
evance. The purpose of the study was not to
measure the levels of cockroach alergens
present in the residences, but to quantita-
tively assess the presence of cockroaches.
However, we realize now that it was an
oversight not to have determined the number
of dead cockroaches in each room of the
house, a procedure that would have permit-
ted usto correlate our data with those in the
literature, as mentioned above.

Based on data reported in a study by the
National Cooperative Inner-City Asthma
Study (NCICAS) in the United States (23),
Arrudaet al. (14) reported that the combina-
tion of exposure and sensitivity to cockroach
alergens is arisk factor for the severity of
asthmain children. Analysis of the relation-
ship between cockroach infestation and se-
verity of the illness in the 36 asthmatic pa-
tients in the present study showed that there
were 16 children with mild asthma and 9
with moderate and/or severe asthma in the
infested residences, whereasintheresidences
with no infestation 8 children were classi-
fied as having mild asthma and just three as
having moderate and/or severe asthma. Al-
though there are studies correlating expo-
sure to cockroach alergenswith the severity
of asthma (14,24), statistical analysis of the
present data revealed no significant corrdla
tion between level of infestation and severity
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of theillness (P=0.89). Thesmall number of
asthmatics may explain this result.

The species of cockroaches most com-
monly found in homes are Blattella germa-
nica and Periplaneta americana (25). Po-
tential cockroach allergensin household dust
include whole bodies of dead insects, saliva,
secretions, shed products and feces. Rel-
evant allergens have been identified in the
body and the feces of the insects (26), and
differences in concentration suggest that the
feces are the most important source of aller-
gens (27). In the present study, the species
most commonly found were Blattella ger-
manica (44 homes) and Periplaneta
americana (21 homes), which were both
present in some residences (11 homes), fol-
lowed by Periplaneta orientalis (3 homes).

The use of professionally applied pesti-
cides is effective. However, a long-lasting
removal of cockroachesisdifficult. For com-
plete extermination, the pesticide must be
applied periodically toall roomsof thehouse,
together with an adequate set of cleaning
measures in an effort to prevent re-infesta-
tion. This would guarantee better control of
the exposure to allergens, although recent
studies have shown that a significant reduc-
tion in the levels of cockroach alergens is
difficult, even when extermination is
achieved (28).

Thereisalack of knowledge on the part
of the population about the relationship be-
tween exposure to cockroach allergens and
alergic asthma. When questioned, the large
majority of persons interviewed in the pres-
ent study (including most parents of asth-
matic children) stated that they knew noth-
ing about this association.

Cross-sectional studies simultaneously
describe the observation of exposure and
outcomes. Consequently, this design cannot
be used to determine a cause and effect
relationship but it is possible to formulate
the hypothesis that the visual presence of
dead cockroaches within residences after
extermination can beassociated with ahigher
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frequency of asthmatic children living in
these households. This hypothesis should be
tested by multivariate analysis in order to
eliminate possible confounding factors and
by using analytic designs (cohort and case-
control studies). Inthepresent study, Blattella
germanica and Periplaneta americana aone
or in combination were the species found in
96% of theinfested houses, although Blattella
orientalis was observed in 3 (4%) of them.
We recommend further studies on the
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subject of exposure to cockroaches in other
regions. We also recommend that parents
and guardiansof asthmatic childrenbeaderted
to the probable association between cock-
roachesand asthma, and, although total long-
lasting extermination is difficult, it isworth
the effort to minimize infestation as part of
the strategy of avoiding exposure to aller-
gens of asthmatic children and children with

rhinitis.
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