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Background: Recent studies suggest that sensitization to cockroach allergens is
common in urban areas and highlight the importance of cockroach allergens as a risk
factor for asthma.

Objective: To elucidate the prevalence of cockroach allergy in atopic Italian
children and to evaluate the correlation between cockroach allergens and other
major indoor allergens.

Methods: Four hundred eighty two children with at least one positive skin test
response to a common allergen and with personal history of atopic diseases, were
investigated. A questionnaire was administered in order to obtain data on epidemi-
ologic and clinical characteristics of the population. Skin tests to 24 common
allergens (including extracts of two cockroach species) were carried out and serum
total and cockroach specific IgE were evaluated.

Results: 61/482 (12.7%) children had positive skin test to cockroach extracts.
Among them the frequency of children living in urban areas was higher (P , .05).
In addition, a significant correlation between results of skin tests to cockroach and
mite allergens was observed (P , .009). No correlation between cockroach allergy
and the clinical characteristics of the study population was found.

Conclusions:The results show that cockroach allergy affects a small portion of
atopic Italian children and suggest that it is related with living in urban areas and
with sensitization to other indoor allergens, such as dust mite.
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INTRODUCTION
Recent studies have highlighted the
clinical relevance of cockroach (CR)
hypersensitivity in allergic subjects, in
particular those living in urban areas
and in crowded multifamily dwell-
ings.1–8 In USA and Europe the most
common CR species are the German
(Blattella germanica) and the Ameri-
can (Periplaneta americana) CR.9–13

It is known that CR components
such as body parts and feces disinte-
grate and become incorporated into re-
spirable house dust acting as inhalant
allergens.14

In the USA almost 50% of urban
atopic population, belonging to a par-
ticular subgroup (overall poor, His-
panic or black), have positive skin
prick tests (SPTs) to CR allergens.15 In
addition, it was reported that asthmatic
patients who are CR positive (CR1)
are sicker and more steroid-dependent
than CR negative (CR2) subjects.7

So far, few data have been reported
about the prevalence of CR hypersen-
sitivity in countries different from
USA and the study populations were
mainly represented by adult patients.
In this paper we investigated the prev-
alence of CR allergy in a population of
atopic Italian children.

MATERIALS AND METHODS

Patients
We recruited 482 children (aged 10 to
192 months; median 99 months) con-
secutively referred to our Unit (Unit of
Allergy and Clinical Immunology, De-

partment of Pediatrics, University of
Florence, Italy) by primary care physi-
cians for respiratory (asthma, rhino-
conjunctivitis) and/or dermatologic
(urticaria, atopic dermatitis) disorders
related to allergy. Only patients with
confirmed diagnosis of atopic diseases
were included in the study.

All subjects were skin prick test
(SPT) positive to at least one of the
tested allergens. A questionnaire ad-
dressing familial and personal history
of atopic diseases, age at the onset of
atopic disease, place of residence (ru-
ral or urban), housing characteristics
(age of building older or less than 50
years, presence of pets, presence of
smokers in the residence) and history
of previous admissions in hospital for
asthma or other allergy-related disor-
ders (urticaria-angioedema, severe der-
matitis), was used.

At the time of evaluation all the
subjects were healthy and had not as-
sumed drugs interfering with the skin
testing for at least 15 days.16 The par-
ents gave their informed consent to
their children’s participation.

Skin Testing
Skin testing technique, nature of aller-
gens and controls, allergen dilution
and reaction grading have been de-
scribed previously.17 A positive skin
test was defined according to the rec-
ommendations of European Academy
of Allergy and Immunology.18 The av-
erage diameter of each wheal was es-
tablished by measuring the longest di-
ameter and the diameter perpendicular
to it. Positivity was rated 41 in the
presence of a wheal double the size of
the wheal induced by histamine, 31 in
the presence of a wheal of the same
diameter as the wheal induced by his-
tamine, and 21 if the average diameter
was half that of the wheal induced by
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histamine. Only wheals 21 or more
were considered positive. The follow-
ing allergens were tested:Dermato-
phagoides pteronyssinusand D. fari-
nae, skin derivatives of cat and dog,
molds (Alternaria alternata, Clado-
sporium herbarium, Penicillum nota-
tum, and Aspergillus fumigatus)6 pol-
len of grasses, weeds (Parietaria offi-
cinalis, Artemisia vulgaris, and
Taraxacum officinalis), trees (Olea eu-
ropea and Cupressus semperivirens),
and eight food allergens. In addition all
subjects were prick skin tested with
extract of American and German CR
(Lofarma, Milan, Italy). Each allergen
was tested at 1/20 (wt/vol) dilution.
Histamine 10 mg/mL was included as
positive control.

Total IgE and Cockroach-Specific
IgE Antibodies
Total IgE and levels of specific IgE to
American and German CR were deter-
mined in 440/482 (91.3%) children by
a radioimmunoassay technique (PRIST
and RAST, respectively, Pharmacia
Diagnostics AB, Uppsala) according to
the test procedure instructions. Total
IgE levels were calculated as IU/mL,
whereas CR-specific IgE were ex-
pressed as a percentage of total counts
added.19

Statistical Analysis
Ages were expressed as median and
range, and differences were calculated
by the non-parametric Mann-Whit-
ney’s test. Because serum IgE levels
vary according to age, differences
were evaluated by Student’st test on
means 6 SD of z-scores. Z-scores
were calculated using normal values
according to age previously obtained
in our laboratory as reference.17 Chi-
square and Fisher’s exact test were em-
ployed for differences between propor-
tions. Probabilities of developing
asthma over time were calculated by
Kaplan-Meier product-limit method
and the differences in curves were
tested by the non-parametric Cox-
Mantel test.

RESULTS
Sixty-one out of 482 children studied
(12.7%) had positive SPT responses to

CR allergens; among them 36 (59%)
were positive to American CR, 9
(14.8%) to German CR, and 16
(26.2%) to both the species. The age
and gender distribution of CR1 chil-
dren are shown in Table 1. The per-
centage of CR1 subjects increased
with age up to 8 years, thereafter it
stabilized around 15%.

The number of children with posi-
tive family history of atopic diseases
was almost the same among CR1 and
CR2, 33/61 (54%) and 210/421 (50%)
respectively. Analysis of environmen-
tal data showed no differences in the
housing characteristics (age of build-
ing older or less than 50 years, pres-
ence of pets, presence of smokers in
the residence), whereas the frequency
of children living in urban areas was
significantly higher (P , .05) among
CR1 (45/61 5 73.8%) than among
CR2 (255/4215 60.5%). On the other
hand when the data were analyzed on
the basis of urban versus suburban lo-
cation of the individuals, there was no
significant difference in the housing
characteristics (including the age of
house building), rate of asthma (66%
and 67.3% in urban and suburban chil-
dren, respectively), and sensitivity to
indoor allergens (including mite:
56.6% and 55.6% in urban and subur-
ban children, respectively).

An equal distribution of respiratory
and dermatologic manifestations was
found in the two groups (Fig 1). The
number of missing school days, nights
with lost sleep and days of wheezing,
was not different between CR1 and
CR2 children (data not shown). Sim-

ilarly no significant differences were
observed in the history of previous ad-
missions in hospital between CR1
(14/61) and CR2 (86/421) children.
The time of onset of atopic symptoms
was very similar: 36 months and 42
months in CR1 and CR2, respec-
tively.

When we considered only the sub-
population of patients affected by
asthma (321/482), the onset of asthma
was 286 4 months and 356 2 months
in CR1 and CR2 subjects, respec-
tively. Using the Kaplan-Meier prod-
uct-limit method, we observed that the
onset of asthma was earlier in CR1
than in CR2 subjects, but without sig-
nificant differences (data not shown).
The prevalent skin test positivities
were to grass pollen (67.2%), Der-
matophagoides (56.2%), tree pollens
(40.4%),Parietaria officinalis (30.7%),
Artemisia (29.2%), cat dander (27.8%),
and molds (23.2%).

A statistically significant association
was found between positive SPT re-
sponses to CR allergens andD. ptero-
nyssinus(P , .009) andD. farinae
(P , .03) (Table 2).

In contrast, no relationship between
hypersensitivity to CR allergens,
molds and cat was found (Table 2).
Similarly, no significant difference be-
tween CR1 and CR2 patients in the
prevalence of positive SPTs to the
other tested inhalant and food allergens
was observed (data not shown).

Total serum IgE was evaluated in
55/61 CR1 and in 385/421 CR2 chil-
dren and the IgE level z-score (mean6
SD) resulted equal in the two groups.
Specific IgE to American and/or Ger-
man CR was found in 40/55 CR1 chil-
dren (72.7%).

DISCUSSION
The prevalence of cockroach allergy,
defined by skin tests and/or blood tests
(RAST), varies widely in different
countries20–22 and from study to study
but is usually high.7,23

Prevalence of cockroach hypersen-
sitivity among atopic children in our
study was equal to 12.7% (positive
skin test results); this prevalence is
slightly lower than that found in other

Table 1. Age and Sex Distribution of
Cockroach Positive Children

Atopic
Population
(N 5 482)

CR
Positive
(N 5 61)

Gender
Males 311 43
Females 171 18

Age (mo) n n %
0–48 48 3 6.3
48–96 174 19 11.0
96–144 83 28 15.3
144–192 78 11 14.1
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European studies.11–13,24Very recently,
however, a multicenter study per-
formed in Italy on adults showed a
prevalence of sensitization to CR aller-
gens corresponding to 13%.25 Compar-
ing this finding with our results, we
suggest that in our areas CR allergy
starts in early childhood, but it stabi-
lized with age.

It may seem surprising that sensiti-
zation to American CR was more com-
mon compared with German CR, es-
pecially considering that the former
species is rare in Southern Europe 11.

It is well known, however, that a large
extent of cross-reactivity exists among
different CR species.26,27 In this con-
text, the high rate of sensitization to
American CR may actually be due to a
cross-reactive response to other CR
species commonly found in Italy, such
as Blattella orientalis. Many factors
such as the geographic area, the place
of residence, the socio-economic status
and the living-habits may play an im-
portant role in the development of sen-
sitization to CR allergens. In the study
population the number of children liv-

ing in urban area was significantly
higher among CR1 patients.

A number of reports showed a
causal relationship between CR allergy
and asthma.28 In our study only 12.5%
(40/321) of asthmatic patients had pos-
itive SPT to CR derivatives and con-
sidering the age of onset of asthma, we
did not observe any significant differ-
ence among CR1 and CR2 subjects.

It is known that indoor allergens
such as Dermatophagoides and house
dust play an important role in the
pathogenesis of childhood asthma and
a prospective study suggested that ex-
posure of infants to high levels of in-
door allergens could lead to earlier on-
set of asthma.28,29 CR antigens are a
major component of indoor allergens
especially in patients of lower socio-
economic status and may be involved
in the etiology of house dust aller-
gy.6,14,30–33

Since CR1 children had in more
than 70% of cases positive SPT re-
sponse to Dermatophagoides allergens,
the clinical effects of CR sensitization
are very likely the effect of other more

Figure 1. Prevalence of atopic diseases in cockroach (CR) positive (n5 61) and CR negative (n5 421) children. Data are expressed as percentage of children
affected by different allergic diseases.

Table 2. Relationship Between SPT* Responses to Cockroach (Blattella germanica and/or
Periplaneta americana) and Other Indoor Allergens (D. pteronyssinus, D. farinae, molds
and cat)

SPT Response to Cockroach
Positive SPT Response

Dpt† (%) Dfa‡ (%) Mold (%) Cat (%)

Negative (n 5 421) 53.9 52.2 23.5 28.0
Positive (n 5 61) 72.1 67.2 21.3 26.2
Significance P , .009 P , .03 NS§ NS

* SPT 5 skin prick tests.
† Dpt 5 Dermatophagoides pteronyssinus.
‡ Dfa 5 Dermatophagoides farinae.
§ NS 5 not significant.
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dominant allergens. In fact, we found a
positive correlation between positive
SPTs response toDermatophagoides
(pteronyssinusandfarinae) and CR al-
lergens.

The rationale for a high concordance
of sensitization to CR and Dermato-
phagoides is unclear. Although more
information about RAST inhibition ex-
periments are needed, cross-reactivity
between mite and CR allergens cannot
be ruled out.

Positive correlation found between
SPTs with CR, mite, mosquito larvae,
and shrimp are in favor of this hypoth-
esis. Furthermore, Witteman et al34

identified tropomyosin as a cross-reac-
tive allergen among members of the
classes of Crustacea, Arachnida (Der-
matophagoides pteronyssinus) and In-
secta (chironomid, mosquito andBlat-
tella germanica). Recently, Crespo et
al35 showed cross-reactivity of IgE-
binding components between boiled
Atlantic shrimp and German CR.

On the other hand, several studies
suggested the possibility that Dermato-
phagoides and cockroaches commonly
coexist in the same environment and in
houses without apparent CR, the levels
of CR allergens might be sufficient to
induce a sensitization in atopic pa-
tients.24

In this context, the observation that
in this study the sensitivity to CR al-
lergens is higher in urban children
compared with rural, whereas no dif-
ference in mite sensitivity was ob-
served between the two groups, sug-
gests that the CR SPT positivities are
not uniquely due to cross-reactivity
with mite antigens.

In spite of the lack of evidence of
CR infestations in the homes in Flo-
rence, it is likely that the children liv-
ing in inner-city are more exposed to
CR allergens. In fact, according to
published studies, CR allergy is pre-
dominantly a disorder of individuals
living in the inner-cities where the CR
infestation is more common.36,37

Whatever is the true hypothesis, it
seems to us that CR allergy affects a
small number of atopic patients, but
together with other indoor allergens
may play a role in the induction of

respiratory symptoms. Thus, the addi-
tion of CR extract to standard SPT
panels might be considered as tool to
better individuate the allergen/s re-
sponsible of allergic diseases.
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