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ABSTRACT

Cockroaches are important allergen sources in many
countries, especially in the tropics. Cockroaches pro-
duce several allergens that are major risk factors for
rhinitis and asthma. Worldwide, the prevalence of
cockroach sensitivity varies between 30% and 70%.
Geographical differences exist with regard to cock-
roach allergen exposure and sensitivity within coun-
tries and between countries. No data are available for
Africa in this regard. Currently the diagnosis of cock-
roach sensitivity in southern Africa relies mainly on
the detection of specific IgE to Blatella germanica
(German cockroach), while a number of other
species are found close to human dwellings. The aim
of this study was to investigate the prevalence and
distribution of sensitisation to three different cock-
roach species among subjects residing in four differ-
ent geographical regions in southern Africa.

Strong IgE reactivity particular to B. germanica was
found among subjects residing in Pretoria and
Harare. By contrast strong IgE responses to other
cockroach species, Periplaneta americana and Blatta
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orientalis, were observed in subjects living in Cape
Town and Durban. The levels of specific IgE anti-
bodies to all three cockroach species appeared to be
higher in Cape Town than those from the other three
cities investigated. Monosensitivity to all three cock-
roach species was observed and minimal cross-
reactivity to house-dust mite. These data show that
allergy to P americana and B. orientalis are an impor-
tant diagnostic consideration in temperate and
coastal regions of southern Africa, whereas sensiti-
sation to B. germanica appears to predominate in
regions of higher altitude such as Pretoria and
Harare.

INTRODUCTION

Cockroaches are important allergen sources in many
countries, especially in the tropics. Cockroaches pro-
duce several allergens that cause sensitisation, and
exposure to high levels of allergen is a major risk factor
for asthma and allergic rhinitis. The clinical presentation
of the asthmatic patients with cockroach allergy tends
to be more severe in inner cities than in rural areas.
Some patients test positive to cockroach without clear
history of exposure to cockroaches. Most patients pre-
sent with multiple indoor and outdoor allergies and
patients are usually unaware of being allergic to cock-
roaches. Kang and co-workers' established the rela-
tionship between cockroach allergy and asthma by
showing early-phase, late-phase and dual bronchocon-
striction after inhalation of cockroach extract by sensi-
tised asthmatic patients. These early studies have been
confirmed by other groups establishing that asthma
caused by cockroaches is antigen specific.**

Worldwide, the prevalence of cockroach sensitivity
varies between 30% and 70%. Geographical differ-
ences exist with regard to cockroach allergen exposure
and sensitivity within countries® (e.g. Northeast USA
and northern or southern USA) and between countries
(e.g. USA and Europe).® No data are available for Africa
in this regard. In general, cockroach sensitivity is more
prevalent in urban areas,’ particularly in low socio-eco-
nomic populations, e.g. inner-city African-American and
Hispanic-American children in the USAZ®" Little is
known about cockroach sensitisation in Africa.
Previous studies from Morocco, the Ivory Coast and
Nigeria reported prevalences of cockroach sensitivities
of 25%," 30.7%" and 44.6%" respectively (see Table
[). In the light of the often discussed ‘hygiene hypothe-
sis’, it is interesting to note that the prevalence of sen-
sitivity to cockroach in Africa and particularly in South
Africa is not any lower than studies from western coun-
tries. Two previous South African studies demonstrat-
ed cockroach sensitivity in 40% of allergic children (See
Table 11)."* ™ A more recent study found sensitisation
rates of 16% and 17% respectively in urban and rural
children.” The prevalence rate in adult South Africans is
similar, between 12% and 22%."7%

The aim of this study was to investigate the prevalence
and distribution of sensitisation to three different cock-
roach species among subjects residing in four different
geographical regions in southern Africa.
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Table I. Worldwide prevalence of cockroach sensitisation®® """

Country Prevalence (%) Patient selection Allergy test
America

USA, 8 inner city areas 37 Asthma, child SPT

USA, New York 68 Asthma ImmunoCAP
USA, Virginia 6 Epidemiological study SPT

Brazil 31 Atopic SPT

Europe

Spain 26 Asthma/rhinitis SPT

France 24 Respiratory sympt. ImmunoCAP
Switzerland 6 Asthma/rhinitis ImmunoCAP
Germany 4 General, child ImmunoCAP
Asia

Thailand 44 Asthma, child SPT

Taiwan 36 Asthma ImmunoCAP
Japan 16 Asthma ImmunoCAP
Africa

Morocco 25 Allergy SPT

Ivory Coast 31 Allergy SPT

Nigeria 45 Allergy SPT

Table Il. Prevalence of cockroach sensitisation in South Africa

Study Prevalence [%] Patient selection Allergy test
Potter et al.™ 40 Allergic children (n=260), ImmunoCAP
Western Cape (B. germanica)
Manjra et al."® 41 Asthma (children) (n=40) SPT
Kwazulu-Natal (Species mixed)
Calvert et al." Epidemiological study SPT
of children (B. germanica)
16 - Inland rural (n=436)
Eastern Cape
17 - Coastal urban (n=337)
Western Cape
Jeebhay et al."? Epidemiological study of SPT
adult workforce (B. germanica)
Western Cape
12 - Inland rural (n=190) SPT
11 - Inland urban (n=507) SPT
15 - Coastal rural (n=578) SEI
22 - Coastal urban (n=106) ImmunoCAP
(B. germanica)
15 - Coastal urban (n=106) (P americana)
14 - Coastal urban (n=106) (B. orientalis)

MATERIAL AND METHODS

The patient cohort was selected from allergic children
(2-17 years of age) who had tested skin-prick-test-posi-
tive to Blatella germanica. Twenty children each from
Cape Town (Red Cross Hospital), Durban (Durbanville
Hospital) and Pretoria (Military Hospital) were analysed
for specific IgE antibodies to three different cockroach
species. The specific IgE response in serum samples
was quantified by using the UniCAP System
(Pharmacia Diagnostics AB, Uppsala, Sweden) for
Blattella germanica (i6), Periplaneta americana (Ri206)
and Blatta orientalis (Ri207), the three species shown in
Figure 1. In addition 40 adult allergic patients from
Harare (Zimbabwe) were analysed for cockroach-spe-
cific IgE antibodies. Cross-reactivity studies on select-
ed subjects were performed by cockroach-
ImmunoCAP (B. germanica)-inhibition assay with
house-dust mite (HDM) extract, as previously
described.”

Cape Town and Durban are located at the South African
coast with moderate and warm humid climates respec-

Oriental

American

Fig. 1. Three different cockroach species, Periplaneta
americana (American), Blatta orientalis (Oriental) and
Blatella germanica (German).
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Fig. 2. Map of southern Africa indicating the regions of
patient recruitment.

tively. Cape Town is located in the winter-rainfall area
whereas Durban has predominantly seasonal rainfalls
(November to March). Pretoria and Harare are situated
in the highveld at an altitude over 1 500 m above sea
level. The cities can be described as dry with seasonal
(November to March) rainfalls (see Figure 2 for geo-
graphical details).

RESULTS

In total 60 children and 40 adults were analysed for the
distribution of cockroach species-specific IgE antibod-
ies. Clinical data on the allergic diseases and severity
could not be obtained from all patients analysed and
were therefore omitted from this study.

Comparison of the IgE responses of patients to the
three cockroach species highlighted the heterogenous
responses observed in the various regions in southern
Africa. In the Cape Town group the levels of specific
IgE responses using the ImmunoCAP to the three
species were very similar with mean values of 4.3, 3.9
and 4.1 kU/I (Fig. 3). In contrast the strongest IgE
responses among Durban subjects were seen against
P-americana and for subjects in Pretoria and Harare
against B. germanica.

This differential IgE response is elaborated further
when the strength of IgE response (quantified by
ImmunoCAP) in patients with multiple cockroach sen-
sitivity is compared. Among Cape Town subjects
almost half of the patients (45%) had the strongest IgE
response to B. germanica (Fig. 4), followed by P ameri-
cana (33%) and B. orientalis (22%). However, among
subjects residing in Durban, B. orientalis attained the
strongest IgE response in 41% of the patients, closely
followed by P americana. In contrast, the cockroach
species B. germanica attained much stronger respons-
es with 76% of subjects in Pretoria and 100% in
Harare.

When the number of negative IgE responses to any of
the three cockroach species was analysed, the data
showed that none of the patients in Pretoria and Harare
had a negative response to B. germanica, in contrast to
20% in Durban (data not shown). Not all patients
demonstrated elevated IgE levels to all three species
simultaneously. Monosensitivity among the analysed
cockroach species to B. germanica (5/38) and B. orien-
talis (1/17) was observed in Pretoria/Harare/Cape Town
and Durban (data not shown). ImmunoCAP inhibition
(B. germanica) studies with selected patient sera
demonstrated no significant cross-reactivity with HDM
extract. In addition, all subjects from Cape Town,
Durban and Pretoria were positive in the Phadiatop
ImmunoCAP assay, indicating that they were atopic.

[ B. germanica
[l P americana
[] B. orientalis

IgE KU/I

Cape Town Durban Pretoria Harare

Fig. 3. Prevalence of specific IgE responses to three
cockroach species in sensitised patients from four

major cities in southern Africa analysed by
ImmunoCARP.
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Fig. 4. Highest level of specific IgE response to a par-
ticular cockroach species among patients with multiple
sensitivity in four major cities in southern Africa
analysed by ImmunoCAP

DISCUSSION

In this study we demonstrated that IgE reactivity to B.
germanica is common in all patients analysed from four
different cities. However, it seems that the strongest
response to this cockroach species was observed in
cities at higher altitudes such as Pretoria and Harare. A
high prevalence of sensitisation to B. germanica is not
only seen in allergic children. A recent epidemiological
study by Calvert et al.”® on over 600 children from rural
and urban areas in the Eastern and Western Cape
provinces of South Africa demonstrated sensitisation
prevalence of 16% and 17% respectively. This is even
more evident in large-scale epidemiological studies
among adult South African workers in the baking, grape
farming, fishing and grain-milling industries, who
demonstrated a prevalence of between 11% and
22%."% Interestingly the level of sensitisation to the
other two cockroach species was less common in
Pretoria and Harare and usually showed a much lower
IgE response. This observation is most probably
explained by cooler and drier winter seasons which
prevent the growth of larger populations of P americana
and B. orientalis. Therefore, a much higher prevalence
of sensitisation to these cockroach species was
observed in areas with temperate climates, such as
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Table Ill. List of allergens identified to date in three well-known cockroach species of diagnostic impor-
tance
Cockroaches Allergen Prevalence of IgE binding MW Protein function
(%) (kDa)
Blatella germanica Blag1 30-50 20-25 Unknown
Bla g 1 (Bd90K) 77 90 Unknown
Blag2 60 36 Aspartic protease
Blag4 40-60 18 Lipocalin (Calycin)
Blaghb 70 23 Glutathione-S- transferase
Blag 6 ~50 18 Troponin C
Periplaneta americana Pera 1 50 20-25 Unknown/ in gut lumen
Pera3 >80 72-78 Arylphorin/ hemocyanin
Pera 7 50 33 Tropomyosin
Blatta orientalis Unknown Unknown 14-263 Unknown
Modified from Arruda et al.*

Cape Town and Durban. This occurs in the context of
multiple sensitivity to different cockroach species
which is accompanied by a stronger IgE response.

A range of species-specific allergens have been
described which probably result in these strong IgE
responses observed. Sensitisation to the American
cockroach (P americana) has also been reported from
warm and temperate regions such as New Orleans
(USA)* and Taiwan.® Sensitisation rates of this species
have been reported from Brazil in over 50% of asth-
matic children.? A recent study from lItaly comparing
the IgE reactivity to three different cockroach species
showed that only a few subjects demonstrated mono-
sensitivity to one or other species.” In contrast, a study
from New Orleans demonstrated monosensitivity to P,
americana or B. germanica in 17 out of 38 subjects
(40%).% Furthermore, in Taiwan 6 of 44 cockroach-pos-
itive subjects had specific IgE only to P americana.”

A recent epidemiological study among adults in a grain
mill by Jeebhay et al?*® confirmed sensitisation to all
three cockroach species in Cape Town. Sensitivity to
the cockroach P americana was 15% among the 106
workers, followed by 14% for B. orientalis.

Cockroach sensitivity is increasingly, but not exclusive-
ly, found in patients positive to other indoor allergens
such as HDM in South Africa. There is an increasing
body of evidence that cross-reactivity occurs among
members of the class Arthropoda (see article by
Auerswald and Lopata® in this issue), particularly
insects, crustaceans and arachnids (such as HDM).>'#7:2
However, ImmunoCAP inhibition studies conducted on
selected patients in our study demonstrated that mini-
mal cross-reactivity was observed to HDM allergens.
Furthermore, in our study the existence of monosensi-
tised subjects to B. germanica and B. orientalis supports
the view that the IgE response is species-specific and
not based on cross-reactivity to cockroach or HDM
allergens. Monosensitivity has previously been shown
by Lehrer et al® in 40% of the subjects in his study.

Of the over 3 500 known species of cockroaches, only
a few commonly inhabit homes. Predominant species
are the German (B. germanica), American (P americana)
and Oriental cockroach (B. orientalis), investigated in
our study. They are quite similar in appearance, but can
readily be distinguished by size and colour (Fig. 1).

Cockroach allergens are derived from several sources,
such as saliva, faecal material, secretions, cast skins,
debris and dead bodies.***' Several allergens from two
common cockroach species, B. germanica and P amer-
icana have been purified and sequenced (see Table Ill)

and a few have even been produced as recombinant
proteins.®*** Most cockroach allergens appear to be
species-specific. The only cross-reactive allergens
sequenced to date from both species are the Group 1
allergens Bla g1 and Per a1.%*** Bla g1 has an unusual
structure, consisting of a series of up to 14 tandem
repeats, each approximately 100 amino acids in length.
Therefore Bla g1 shows up to 70% sequence identity
to Per al. Bla g4 belongs to the protein super family of
ligand-binding proteins, also called lipocalins.®*%* This
family includes other important vertebrate allergens,
such as mouse/rat, dog, cow and horse allergens and
even B-lactoglobulin from cow’s milk. Per a7 has only
recently been identified and shows a high degree of
sequence identity to tropomyosin from other inverte-
brates, particular mites and shrimps. Therefore it is
possible that this allergen might be the basis for cross-
reactivity observed among various insects and crus-
taceans and therefore of clinical importance.

Sensitisation to cockroach is dependent on the expo-
sure to cockroach allergens. Even without visible cock-
roach infestation, allergens can be found in a large
proportion (560%) of homes, schools and workplaces.*
A clear demonstration of high levels of cockroach aller-
gen exposure as a risk factor for asthma provided the
basis for exposure threshold limit values of 2 U/g dust
and 8 U/g. These levels have recently been questioned.
A large epidemiological study in Boston demonstrated
sensitivity to cockroach in subjects as young as 3
months old and monosensitivity to cockroaches was
found in 14% of children under the age of 4 years.*
Furthermore, there was a striking correlation between
very low levels of cockroach allergens of 0.05 U/g and
repeated wheezing. Strategies for decreasing environ-
mental exposure to cockroach allergen have recently
been investigated. The results suggest that a sustained
decrease in cockroach allergen levels is difficult to
accomplish, even after successful extermination of
cockroach populations.®” Allergen exposure is frequent-
ly ignored or underestimated. Cockroach allergens are
not only found in the dust. Up to 80% of aeroallergens
are associated with particles larger than 10 nm, in the
same category as HDM allergens and pollen grains.
These large particles usually settle soon after distur-
bance. However, a study by Tovy et al* in Australia
demonstrated clearly that Bla g 1 carrying particles
could be detected during quiet domestic activity or
even during the night. The researchers developed a
novel technology by using intranasal air samplers,
which demonstrated large amounts of allergens on
amorphous and irregular particles.
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Enzyme-linked immuno-assays (ELISA) have been
developed for assessing allergen exposure by quantify-
ing the levels of Bla g 1, Bla g 2, Pera 1 and Per a 3.
The primary site of allergen accumulation is the
kitchen; however, somewhat lower levels can also be
found in dust samples from sofas and even bedding.
Studies showed that approximately 20-50% of homes,
without visible cockroaches, contained detectable aller-
gen levels. But high allergen levels have been detected
not only in homes, but also in schools, nurseries and at
the workplace.*

In conclusion, cockroach sensitivity in southern Africa
is as prevalent as reported in studies from Europe, USA
and Asia. Our data show that allergy to P americana and
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