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ABSTRACT

The prevalence of sensitizcttion to cockroach (CR) was evalu-
ated by skin prick test (SPT) in 1299 patients consecutively re-

.ferred.for rhinitis and asthma to five allergy centers in northern,
central, and southern ltal,,-. In patients with positive SpT to CR, an
sPT with D. pteronyssinus exlra ct was made. RAsz inhihition was
performed with pooled sera of subjects with positive SpT and
RAST of at least Class 3 .for CR and D. Pteronyssinus, to assess the
cross-reactivi\ bemeen these two allergenic sources. The protein
content of allergen extracts v,as assa\ted by isoelec.tric .t''ocusirtg
(fEF). A total of 170 patients (137a) had a posirive SpT wirh CR
extracÍ, and 133 ofthem (78.27o) were also positive forD. ptero-
nyssinus. RASZ inhibition showed a cross-reactivity^ between CR
andD. pteronyssinùs, and IEF detected in fhe extracts employed a
series of bands focusing at the same pl of CR and D. pteronyssinus
relevant allergens. Therefore, the prevalence of sensiti:ation to CR
in the population studied, corresponding to 137c, suggests that CR
extract might be added to sîandard SPT panels .for respiratory
allergy. However, the cross-reactivitlt withD. pteronyssinus calls

fo, careful evaluation of the clinical importance of this
sensitization. (Allergy and Asthma Proc 78:23-28, 1997)
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6iscovering new allergenic sources greatly extends our
I-, (nswledge of atopic diseases and enables us to rec-
ognize as allergies clinical conditions otherwise undeter-
mined. This was true for cockroach (CR), especially the
most common species Blattella germctnica, Periplaneta
americana, and Blattella orientalis,l reported in recent
years as a common cause of respiratory allergy.

Several studies in the United States outlined the impor-
tance of CR in causing sensitization and clinical allergy,
especially asthma.2-a These findings have been confirmed
in other areas such as Asias-I0 and Africu." By contrast,
sensitization to CR seems less frequent in South Americal2
and Europe. However, for European countries most re-
portsl3 l-t considered small populations, and only one
studyró dealt with enough patients to achieve epidemiolog-
ical reliability.

Any assessment of sensitization to CR has to consider the
cross-reactivity between CR and Dermatophagoides spp.
allergens, being reported a close association between CR
and house dust mites sensitization.6'lo

The aim of this study was to investigate the prevalence of
CR sensitization in a population of patients suffering from
perennial respiratory disorders recruited in five allergy cen-
ters located in northern, central, and southern Italy. To
assess the adequacy of the allergenic extracts we used, their
components were analyzed by isoelectric focusing (IEF)
and the cross-reactivity between CR and Dermatophagoides
was investigated by RAST-inhibition.

MATERIAL AND METHODS

Patients

tTth. study was carried out in five different allergy centers,
I two located in northern (Milan and Casatenovo) one in

central (Ancona) and two in southern Italy (Naples and
Lecce). In the period ranging from October 1990 to Decem-
ber 1992, the centers selected all consecutive patients com-

Allergy and Asthma Proc. 23



plaining of respiratory disorders. To be admitted to the
study, patients had to have a well-defined history of peren-
nial rhinoconjunctivitis or asthma. Subjects receiving aller-
gen immunotherapy, steroidal, or immunosuppressive drugs
were excluded.

In Vivo Methods

patients were tested by skin prick test (SPT) with an
I extract of CR whole body (DHS Labs, Spokane, Wash,
USA), composed by a mixture of Blattella germanica, Blat-
tella orientalis, and Periplaneta americana. The concentra-
tion of extract used for SPT was 20.000 PNU/mL. SPT were
performed by 1 mm-tip lancets (Allergy pricker, DHS.1r7 in
order to standardize prick testing in the different centers.
Skin tests were made in duplicate, using glycerococa solu-
tion and histamine dihydrochloride 10 mg/ml as negative
and positive controls, and the reaction was considered pos-
itive if the wheal was at least 3 mm in diameter, according
to the guidelines of the European Academy of Allergy and
Clinical Immunology. r8

In patients with positive SPT to CR extract, an SPT with
D. pteronyssinus extract (DHS Labs) was performed, stan-
dardized in activity units by RAST (AUR) ar a concentra-
tion of 400 AUR/mL. In comparison with the international
unit as established in the standardization of allergenic ex-
tracts, I AUR corresponds to 223 IU.re In case of positive
reactions to both CR and D. pteronyssinus extracts, a blood
sample was obtained by venipuncture and centrifuged at
3000 RPM for 10 minutes. Serum was collected and frozen
at -20"C until assays were performed.

In Vitro Methods

11AST: Phadebas RAST (Pharmacia, Uppsala, Sweden)
-[\ was performed on patients' sera in order to detect
specific IgE to CR and/or D. pteronyssinus. Paper disks
activated with cyanogen bromide were coupled with the
same CR and D. pteronyssinus extracts used for SPT and
other in vitro methods.

RAST inhibition: This technique was used on pooled sera
of the subjects with a RAST to CR and D. pteronyssinus at
least Class 3, in order to obtain reliable results, according to
the method described by Ceska et al.2o Briefly, serial dilu-
tions of CR and D. pteronyssinus allergen extracts in phos-
phate buffer were preincubated overnight with the positive
sera pool, and afterward tested in duplicate in the RAST

system utilizing discs coated with CR or D. pteronyssinus
extracts. As negative control RAST inhibition was per-
formed on the same pool and against the two allergens on
discs using a box elder extract, having previously checked
that the pool was lacking specific IgE against this allergen.
As positive control, the pool was diluted in phosphate buffer
alone.

The amount of IgE antibodies bound to the allergen
extract on the discs, measured with a l2-5l-anti-IgE in a
gamma counter, indicates the ability of the soluble allergen
to inhibit the binding to disc-coated allergen of specific I-uE
in the pooled sera. The percentage of inhibition 'uvas calcu-
lated with the formula previously reported.2r and the inhi-
bit ion-rate data were plotted on a l in-log paper with dilu-
tions in the log scale (horizontal axis) and inhibit ion rare in
the l in scale (vertical axis). Individual best-fit lrne. s ere
calculated by l inear-regression analysis. using rhe iùrmula
y : A + B log (x) where Y : 7c inhibit ion. .\ : r .rr.ts
intercept, B : slope, and x : (total dilution fùcr..;

Isoelectric focusing (IEF): IEF l',,as perlorrned r.r CR ;ind
D. pteronyssinus extracts to separate their prore rn. :t. ' . tnue
of their isoelectric points (pI) uithin a :rable l:ne ..: _::idi-
ent.22 Briefly, 25 pl of each exrracr and l-i pr.l ,.,: : l  :efer-
ence marker (pH 3.5-9.5 Pharmacra Biorech . \8.  L:r . r la.
Sweden) were dispensed on polr acrr lantide ,ì3. ! irres
(PAG plate kit pH 3.5-9.5 Pharn-racia Biotech \B P.',uer
and total t ime of focusing were set as reconlnl.-:.-;- t\ the
manufacturer. Gels were fixed in trichloroa.ei:
t ion, stained overnight in Coomassie bri l l ianl
destained in an ethanol-acetic acid solution. ani

> t- i lu-
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RESULTS

A n overal l  number of  1299 consecut i \  e pat ienr.  ̂  I  .  \1.
la,  681 F. mean age 13.4 years.  range l0<sl  .* : : :nng
from perennial rhinitis and/or asthma was recruirec ;,.-': rhe
study. Rhinitis was reported by 42Vo, rhinitis and .r'rn:ri bv
39Va, and asthma alone by l9Ta. A total of 170 subjec:. 1(l l
M, 68 F, mean age 42.1 years,  range 13-17 )  (1 i .2 had
positive SPT for CR. Among them, 37 (21 M. 16 F. nrean
age 40.8 years, range 15-17) (22.8Vo) had positir e SPT ior
CR only, whereas 133 subjects (12 M,61 F, mean age -ì9.
range 13-75) (78.27a) were also SPT-positive for D. prerct-
nyssinus. Table I details total numbers and relative percenr-
ages of sensitization in the population studied divided br

^ ' - p
-  - - . !  l \

i *  =  
j

TABLE I

Sensitization to Cockroach (CR) and D. pteronyssinus (Dp) in the Population Studied

Gender Patients (vo)
Patients

CR+ (Vo on total)
Patients

CR+ Dp+ (Va on total) (7o on CR)

Males
Females
Total

6 1 8
681

t299

(48Vo)
(52%o)
(r007a)

( r7Vo)
( l j%a)
( r3Va)

( lZ%o)
(9Vo)
(10Zo)

( l  l%o)
(9j%o)
(78Va)

r02
68

r70

72
6 l

133
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gender, outlining the increased double sensitization in the
females toward males.

Figure I shows the results of RAST-inhibition berween
CR and D. pteronyssinus extracts and Table II displays the
raw data. The inhibition rate if CR was bound to solid phase
and D. pteronyssínus extract was used as inhibitor was
about 70Vo, whereas 20Va inhibition was obtained when D.
pteronyssinus was bound to solid phase and CR was used as
inhibitor.

Figure 2 shows IEF profile of CR and D. pteronyssinus
extracts. Analyzing CR two bands ranging from pH 4.20 to
5.20, and a single band focused at pH 3.70 were found,
corresponding to relevant CR proteic allergens.23 For D.
pteronyssinus, multiple bands were observed in the pH zone
ranging from 4.00 to 8.10, well known for mite allergens.2a

DISCUSSION

1nn induces sensitization and clinical symptoms of al-
\-, lergy in town-dwelling and especially multifamily-
dwelling populations as reported by a series of studies
mainly conducted in the United States,2-a but also in other
countries.-5-ll Jn Europe the prevalence of CR sensitization

was reported ranging from 2.7Vo to 22%o,r3-t6 but small
populations were considered. A single study dealt with a
large number of subjects, namely 1200 children,t6 reporting
a prevalence rate of 2.7Vo, but only patients positive to both
SPT and RAST were included.

We chose to assess CR sensitization by SPT because it
has long been known that in vitro tests are less sensitive
than skin tests25; this was recently confirmed by Kang et
a1.,26 who reported a lesser sensitivity of RAST other than
SPT in discriminating asthmatic patients allergic to CR.
Moreover, when the present study was performed, no stan-
dardized CR extracts were available for in vitro tests.

A l37o prevalence rate of sensitization to CR was found,
which would make it worth adding CR to the standard panel
of aeroallergens tested in patients with suspected respiratory
allergy. Our findings should be reliable due to rhe detection
in the extract employed of proteic bands focusing respec-
tively at pH 3.5 and 5.2,that correspond to pI oî Bla g I and
Bla g II, the major allergenic components of Blattella ger-
manica,21 the most common CR in Europe. A diagnostic
extract containing too little of these allergens would result
in false negatives in performing in vivo or in vitro tests.

Dp: D. Pteronyssinus.

Fig. 1b lnhibitíon rate of different extract on Dp solid phase
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Fígure 1. RAST inhibition results. Antigens linked to solid-phase were CR (Fig. 1a) and D. pteronyssinus (Fig. 1b).
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Fig. 1a Inhibition rate of the different extract on CR solid phase
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TABLE II

CR on Disc Dp on Disc

Dilution Factor
Vo Inh. Cr

Extract
Vo Inh. Dp

Extract
Vo Inh. F,ld

Extract
7o lnh. Cr

Extract
Vo lnh. Dp Vo lnh. Eld

Extract Extract

I
2
4
8

T 6
32
64

r28
256
512

1024
2048
4096

Pearson coefficient: r
Correlation significance: P

100
88
75
60
45
1 0

20
22
1 8
I 4
1 1
4

2
5
1

70
60
50

27
1 8
1 6

4
I
a
J

1

100
95

l8

51

3 8

24
1 0
0.99

<0.0001

1 0

0.87
<0.05

0.98
<0.05

0.97
<0.05

9.30 _ {+Fpewe

8.65 - qgw{lp

8.45 - !rW*

8 .15 -  f f i

7.35 -
, " : |  :

6.85 -
6.55 - eelessíar:: : . , .

5.85 - i;;r5p

5,20 - .?È*q:rqqtr

4.55 - l*rfrffir'rè

;Ji* l ."re:!  
66**4*sdfi f f i tsF

3.50 - {ffin66r* W$fiedd$* .*6{id**d*e}

Figure 2. IEF of D. pteronyssinas (lane 2) and CR (lane 3)
extracts, together with pI markers expressed as pH values (lane 1).

About 80Vo of CR-positive patients had positive SPT to
D. pteronyssinus with a significantly higher number of
females, perhaps due to the longer permanence in dwellings.
This high rate of concomitant sensitivity to CR and mite is
comparable to that reported by Tandon et al.,ro who ob-
served a positivity to CR alone in 8.57o of 200 patients with

26

perennial respiratory symptoms undergoing SPT with CR
and mite extract. RAST inhibition data confirmed an aller-
genic cross-reactivity. and especially showed the D. ptero-
ny-ssinus ability to inhibit the binding of specific IgE against
CR allergens. This fact. to_eether with the IEF finding of
different protein content in the two allergens, makes it
reasonable to suppose that the cross-reactin_u allergens com-
mon in CR and mites represent almost all of the protein
content in the CR, but not in the Derntatophagoides species.
This could be a valid explanation of why D. pteronyssinus
is able to inhibit 70Vo of the CR answer. but not vice versa.
This phenomenon led us to study the presence of the dif-
ferent components in the two allergen extracts. IEF shows
that D. pteronyssinus raw material has many proteic com-
ponents, focusing at a wide range of pI, responsible for
multiple IgE sensitizatron, whereas CR extract, although
representative of the relevant allergens, has a much lower
molecular contribution. The lack of inhibition from negative
control extract and the good correlation coefficient of re-
gression function, always significant and greater than 0.87,
show that RAST inhibition assay we performed is highly
specific. The steep slope of the curve of D. pteronyssinus
extract on itself shows a good biological potency of this
extract, higher than the CR one.

The allergenic cross-reactivity we observed was in agree-
ment with serveral previous reports6'15'28 outlining a high
incidence of concomitant sensitization to CR and mites.
Moreover, Witteman2e recently found a 36 kd allergen with
a pI of 5 in a number of arthropods including mites, CR,
insects, and shrimps. This component, identified by a mono-
clonal antibody, was thought to be tropomyosin, which is a
protein involved in actin activation during muscle contrac-
tion, but its clinical relevance as a cross-reacting allergen
has still to be clarified. In fact, another study identified as a
Blattella germanica species-specific allergen a 36 kd com-
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ponent with a different pI from that previously described,2T
thus suggesting the presence of two different allergens, or
isoallergenic forms, with the same molecular weight.3o

In any case, the importance of cross-sensitization to CR
and mites cannot be overemphasized, as there are patients
showing a positive response in bronchial provocation test
exclusively with CR extract.26 In addition, the major aller-
gens of mites show distinctive immunochemical character-
istics.3r This is indirectly confirmed by the prevalence of
mites sensitization in Europe,32'33 and even in Italy,34 which
is much higher than the l3%o we observed for CR. None-
theless, the CR sensitization rate we found is much lower
than CR prevalence reported in the United States.35'36 We
cannot convincingly explain the difference, because 1) the
population we studied lived in urban areas where multifam-
ily dwellings were well represented, and 2) the allergenic
activity of the American species Periplaneta americana and.
the European species Blattella germanica is similar. Future
studies should clarify the clinical importance of CR sensi-
tízation in European countries by detecting its presence in
dwellings, either directly or by monoclonal antibody-based
enzyme immunoassays.sT

In conclusion, this study, conducted in Italy on a large
town-dwelling population, found a 137o prevalence of CR
sensitization. This should make it worth adding CR extract
to common standard panels tested in subjects with suspected
respiratory allergy. However, the cross-reactivity with D.
pteronyssinus calls for careful consideration of such a sen-
sitization that should be assessed either by demonstrating its
presence in dwellings or by measuring its allergens in house
dust samples.
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