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Introduction

Numerous studies have been published that confirm the
relationship between cockroach allergens and atopic diseas-
es [-6]. Cockroach allergens may exceed pollens in impor-
tance as etiological agents of chronic respiratory disease
among asthmatics who are chronically exposed to the insect
secondary to urban residency and/or socioeconomic con-
straints [6,71. The incidence of asthma directly related to
cockroach allergens among atopic asthmatic adults has
been reported to be as high as 58% and among atopic asth-
matic children as high as 690/o [3]. More important, asth-
matics sensitive to cockroach allergen have more severe dis-
ease than the general asthma population, exhibiting higher
IgE levels and a higher degree of steroid dependency [6].
This is probably due to the fact that both exposure and sensi-
tivify to cockroach allergens are much greater among the
inner-city population [8], and inner-city residents - most of
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whom are minorities - experience disproportionately high-
er asthma morbidity and mortality than their suburban, pr€-
dominantly Caucasian, counterparts [q l0].

Although there are over 4,000 species of cockroaches,
only about 50 are pestiferous, and of those, 8-10 species are
known to adversely affect humans [11]. Cockroaches are
abundant in the warn, humid climate of the tropics, from
where they originated [2]. Three decades ago, Marchand

[3] reported the need for desensitization of cockroach-sen-
sitive patients in Puerto Rico, who were mostly from the
middle-to-upper socioeconomic strata, suggesting that, un-
like the US, cockroach allergy was inversely related to so-
cioeconomic status [SES]. Because infestations of domici-
liary cockroaches are largely dependent upon housing con-
ditions [14], and because hypersensitivity is dependent
upon exposure [8], we hypothesized the following based on
Marchand's findings: (l) chronic exposure to a high, year-
round cockroach population in the tropics is common and
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Table 1. Clinical profiles of Dominican sample

Subjects ST+ to CR Subjects ST- to CR

asthmatics rhinitics atoplcs total

Male
Female

4t24
0/1 3

6l3l
2t20

6t47
2t27

2t7
2t7
10.3+4.1(s -14)
4n4

0n6
0t7
8.4+3,4 (3-14)
66t74

Mean age in years 8.8+2.5 (6-12)
Total 4137

9.5+3.3 (5-14) 9.5+3.3 (5-14)
8/51 8t74

CR: Cockroach mix.

does not discriminate according to SES, or (2) housing fea-
tures in the tropics unique to the upper socioeconomic strata
promote exposure to cockroach allergen. The purpose of
this study was to determine the incidence of hypersensitiv-
ity to cockroaches among a sample of atopic children in a
tropical environment, and to identiff any SES and/or hous-
ing variables predictive for allergy.

Materials and Methods

Skin Testing
During a 6-week period (June-August, 1988), 5l unrelated atopic

children (male:female ratio: 1.7:l) between the ages of 3 and 14 years
(mean: 8.1+3.1) were selected from the allergy clinic at the Hospital
de Nifros, Robert Reid Cabral (RRC), in Santo Domingo, Dominican
Republic. Twenty-three nonatopics (male:female ratio :2.3:l) be-
tween the ages of 3 and 14 years (mean:9.4+3.9) were selected from
the Well-Child clinic as control subjects. All children were skin tested
with a standardized cockroach mix (Periplaneta americana, Blatta
orientalis, and Blatella germanica) extract (Hollister-Stier, Division
of Miles Laboratories, Elkhart, Ind., USA). Extracts were used at l:10
w/v concentration for skin prick tests (using the Wyethe bifurcated
needle) and at l:500 w/v for intradermal skin tests (0.05 ml injected).
A positive test was defined as a wheal of a diameter >5 mm greater
than the negative control, as recommended by Krouse and Klauster-
meyer [5]. The majority of patients resided within the urban sector of
Santo Domingo; a smaller proportion resided in the rural districts, as
far as 100 km away from the clinic.

A structured, open-ended questionnaire was administered to ob-
tain data pertaining to the physical attributes of the home. A 'concrete'

home was defined as a dwelling constructed in part or entirely of con-
crete, as opposed to a 'wood' home, which was constructed entirely of
wood. Questions were asked regarding household income and the
number of occupants in the home. All participants were presented with
a written informed consent, in Spanish (read to patients who were illit-
erate). The study had been approved by the University of Florida In-
stitutional Review Board prior to commencement.

Entomological Survey
Cockroaches were collected using the sticky, tent-style trap in a

sample of randomly selected homes (urban and rural) within a 2O-mile
radius of Santo Domingo, and public sites (food-packing industry and
the RRC Hospital). All specimens were identified at the USDA-Agri-
cultural Research Service laboratory in Gainesville, Fla., USA, ac-
cording to morphological traits in dichotomous keys.

Statistical Analyses
Data from the interviews and biomedical tests were coded and en-

tered into a database program [16]. Frequency distributions, and biva-
riate (Pearson's R, X2, and Student's t test) analyses were produced for
further interpretations, using logistic analysis procedures for personal
computers [17].

Results

Of the 74 chlldren,l6oh (8/51) of the atopics and none of
the nonatopics demonstrated positive immediate skin reac-
tions to the cockroach mix (12 :4.05,p:0.04). Among the
5l atopic subjects, 10.8% (4137) of the subjects with asthma
and28.60/o (4114) of the subjects with allergic rhinitis were
sensitive to cockroach by the skin test [ST] (NS, p:0.12).
There was no significant difference befween ST+ and ST-
patients according to age or sex (table l).

Within the atopic sample, 36151 (70.6%) lived in con-
crete homes; 12123 (52.2%) of the controls lived in concrete
homes (NS, p :0.13). All participants (100%) lived in homes
with indoor mnning water, 97% had indoor kitchens, and
50o/o had indoor toilets. The presence of concrete in the
home was correlated with the following: an indoor toilet
(X' :7.41,p: 0.006), an indoor kitchen (X' : 3.87,p: 0.05),
and a concrete (as opposed to wood or dirt floor (X' :17.94,

p<0.001; fig.1). A positive ST response to cockroach was
correlated with the presence of concrete in the home
(X' :4.86,p:0.03); 22% (8136) of the atopics who lived in
a concrete home were ST+ to cockroach, while none (0/15)
of the atopics who lived in a wood home were ST+ (fig. 2).
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Fig.1. Correlations of concrete and wood housing with the 12 test. Comparisons are to atopic/control (sample
classification), W+/- (indoor water/no indoor water), K+/- (indoor kitchen/no indoor kitchen), T+/- (indoor toilelno
indoor toilet), and F+/- (concrete floor/no concrete floor).

The average number of residents per household was 6.1
(median:6), range:2-16). Only 54174 of the informants
divulged monthly income for the purpose of calculating per
capita income for the household; therefore, this variable
could not be used definitively in the sfudy. The mean per
capita income of those who answered the question was
RD$ 131.40+77.90 (median: 114.00, range: 13.00-375.00;
note, in 1988, US$ 1.00 : about RD$ 3.00). Despite the ab-
sence of income data from 27o/o of the sample, the presence
of concrete in the home was coffelated to income according
to the Studenf s test (t :2.19,p : 0.03).

The predominant species of cockroach in and around
Santo Domingo was the American cockroach. P america-
na. Others included Perip I anet a aus tr al asiae (Australien),
B. orientalrs (Oriental), Supella longipalpa, and Blaberus
giganteus. Pycnoscelus surinamensis (Surinam) and Pan-
chloris nivea (Cuban) were regularly found in leaf litter in
the rural district, and Pycnoscelus surinamensis was
trapped in a metropolitan home and reported as a frequent
pest in the courtyard and kitchen. All 75 informants report-
ed seeing cockroaches in their homes.

Discussion

Cockroach hypersensitivity in this tropical setting (16%)
was considerably lower than in US inner cities, where rang-
es from 53-69% have been reported 13, 41. Cockroach al-
lergy is a particular problem in American inner cities [3, 8,
l8l, and the incidence is typically much higher in those pop-
ulations than in suburban populations [18, 19]. In the US,
the higher incidence among individuals from low-income
environments is probably related to greater cockroach in-
festations in poor housing and is therefore a function of the
duration of exposure [8, 20,21].

It appears that an opposite phenomenon exists in the
tropics. Although only 54174 informants divulged monthly
per capita income in their household, the presence of con-
crete in the home was correlated to income. Furthermore,
participants living in concrete homes were more likely to
enjoy amenities such as an indoor kitchen (p : 0.05) and in-
door toilet (p:0.009) than wood dwellers, who were more
likely to rely on outdoor water and sewerage. These two fac-
tors imply a relationship between concrete housing and
SES. Elsewhere in the tropics, the quality of housing has
been found to be a reliable indicator of SES 122,231. More
important, atopics residing in concrete homes were signif-
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to Cockroach to Cockroach

Atopic subjects (N=51)

ST+ ST-
to Cockroach to Cockroach
Non-atopic subjects (N=23 )

N=O N=O N=12 N=11

Fig.2. Correlation between skin test (ST) results (+/-) to cockroach mix (8. germanica, P americana, and B. orien-
talis) among 5l atopics and 23 nonatopics (n:74) and building construction (concrete, n:48; wood, n:26\ of the
home. Twenty-two percent (8/36) of the atopics who lived in a concrete home were ST+ to cockroach, while none (0/15)
of the atopics who lived in a wood home were ST+ (y2 :4.86,p:0.03).

icantly more likely to demonstrate a positive ST to cock-
roach than atopics residing in wood homes (p:0.05); this
supports the notion that, in this tropical environment, sensi-
trzatton to cockroaches is associated with housing quality.
Although the incidence of hypersensitivity to cockroach
among Dominican atopics (16%) was substantially lower
than that reported by Marchand [13] in Puerto Rico, it is
important to note that his study was based on subjects from
the middle-to-upper socioeconomic strata, who presumably
resided in well-built homes.

As the structural quality of the home increases (e.g., the
integration of concrete and subsequently indoor plumbing),
so too does the quality of the microhabitat preferred by this
arthropod, and, theoretically, the amount of cockroach al-
lergen. Because kitchens provide the four basic necessities
for cockroach survival (warmth, moisture, food and harbor-
age), homes without indoor kitchens probably have far few-
er indoor cockroach populations. Elsewhere, kitchens ex-
hibit the highest levels of allergen [18, 19]. Unfortunately,
the number of patients in this study with an outdoor kitchen
was so small (3%) that we were unable to determine a signif-
icant relationship between the presence of an indoorkitchen

and cockroach allergy. Another probable relationship be-
tween concrete housing and exposure to cockroach allergen
is airflow; it is expected that higher-quality homes con-
structed of masonry result in lower airflow patterns than
wood structures, and cockroaches are sensitive to airflow

[24,251. This possible factor warrants further study.
The Dominican Republic, situated in the balmy tropics,

with seasonal temperatures that seldom vary from a summer
average of 29'C and a winter average of 24"C,and a rainfall
range of l9 mm (March) to 185 mm (June), provides an ideal
environment for the year-round proliferation and subse-
quent exposure to cockroaches. The species that was most
abundant in this study, P. americana, a peridomestic spe-
cies, was included in the ST mix. Under suitable conditions,
the American cockroach is capable of enormous popula-
tions due to its longevity (about 1,000 days) and a female
reproductive potential of over 6J00 cockroaches in I year

ll2l. B. orientqlis, also included in the mix and found in this
study, is an important domiciliary species, which survives in
a wide range of climates and prefers moist, dark places (e.g.,
crawl spaces) and sources of water within and around the
house [2]. Although B. germanicawas included in the mix

Housing and Allergy to Cockroaches Int Arch Af lergy Immunol 1996;109:68-72 7 l



but not found in the study, it is relevant to this sample, be-
cause cross-reactivity between the American and German
cockroach has been well-established 126-281.

Cross-reactivity among various cockroach species and
the presence of at least five other cockroach species among
Dominicans in this study warrants the investigation of hy-
persensitivity to the nontraditional species, especially those
found in large numbers in and around Dominican homes.
The finding that better-built homes present a risk factor to
atopics sensitive to cockroaches warrants the need for in-
terventions aimed at reducing allergen loads in concrete
homes. Finally, the finding that atopics from better-built
homes arc at greater risk for hypersensitivity to cockroaches

indicates that the indoor environment (e.g. the home) is
more critical that the outdoor, or macroenvironment (e.g., a
tropical climate in which cockroaches are abundant year-
round), and supports the contention that SES indirectly af-
fects the level of risk for hypersensitivity.
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