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tests to rPer a 7 than those with negative tests (geometric 
mean 13.2 and 1.8 IU/ml, p < 0.05). There was good concor-
dance of results of skin tests and measurements of serum IgE 
to rPer a 7.  Conclusion:  IgE reactivity to rPer a 7 ( P. americana  
tropomyosin) was dominant among patients in Brazil. How-
ever, 50% of the patients did not present reactivity to any of 
the recombinant allergens tested. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Cockroaches are an important source of proteins 
which cause immunoglobulin E (IgE)-mediated respons-
es associated with asthma and allergic rhinitis  [1] . Cock-
roach allergy is associated with increased asthma-related 
morbidity, particularly among underprivileged patients 
living in inner-city environments and those from nonaf-
fluent countries  [2–4] . Allergens from the two most com-
mon domiciliary cockroach species,  Blattella germanica  
and  Periplaneta americana , have been identified, with di-
verse structure and biological function. Cockroach aller-
gens comprise at least 10 groups of distinct proteins, in-
cluding Bla g 1 and Per a 1 (midgut microvilli protein 
homologues), Bla g 2 and Per a 2 (inactive aspartic prote-
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 Abstract 

  Background:  Immunoglobulin E (IgE) reactivity to individual 
allergens among cockroach-allergic patients has revealed 
wide variability. The aim of this study was to assess the ef-
fectiveness of recombinant cockroach allergens for skin test-
ing, and to determine sensitization profiles among cock-
roach-allergic patients living in Brazil.  Methods:  Fifty-seven 
cockroach-allergic patients with asthma and/or rhinitis were 
recruited. Skin testing with recombinant (r) allergens from 
 Periplaneta americana  (rPer a 1 and rPer a 7) and  Blattella ger-
manica  (rBla g 2, rBla g 4 and rBla g 5) were performed at 10 
μg/ml and 5 μg/ml (rPer a 1). IgE antibodies to rPer a 7 and 
rPer a 1 were quantitated by ELISA.  Results:  Of 57 patients 
tested, 3 (5.3%), 24 (42.1%), 4 (7%), 3 (5.3%) and 4 (7%) 
showed positive reactions to rPer a 1, rPer a 7, rBla g 2, rBla g 
4 and rBla g 5, respectively. Twenty-eight patients (49.1%) 
had positive tests to at least one allergen. In keeping with 
skin test results, 31/57 patients (54.4%) and 5/55 patients 
(9%) had detectable IgE to rPer a 7 and rPer a 1, respectively. 
Levels of IgE to rPer a 7 were higher in patients with positive 
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ases), Per a 3 (arylphorin/hemocyanin), Bla g 4 and Per a 
4 (male pheromone transport lipocalins), Bla g 5 and Per 
a 5 (glutathione-S-transferases), Bla g 6 and Per a 6 (tro-
ponins), Bla g 7 and Per a 7 (tropomyosins), Bla g 8 (my-
osin light chain), Bla g 9 and Per a 9 (arginine kinases) 
and Per a 10 (serine protease)  [5] .  B. germanica  enolase 
and vitellogenin have also been identified as novel cock-
roach allergens by proteomics approach  [6] . In clinical 
practice, exclusive reactivity to either German or Ameri-
can cockroach extracts on skin testing is rarely observed 
among cockroach-allergic patients, and this is thought to 
be due to cross-reactivity to the homologous allergens.

  Environmental exposure to cockroach results from re-
lease of allergens produced in the digestive tract and ex-
creted with feces (groups 1 and 2, Per a 3), or secretion 
from the male reproductive tract during sexual activity 
(Bla g 4 and Per a 4)  [7, 8] . Dead bodies may also be source 
of allergens, in particular muscle proteins (groups 6, 7 
and Bla g 8)  [9, 10] . Allergens become airborne in parti-
cles of 10–40 μm in diameter, which may reach the lungs 
and induce IgE antibody responses. It has recently been 
reported that the proteolytic activity of the serine prote-
ase allergen Per a 10 caused enhanced lung inflammation 
in a mouse model of asthma  [11, 12] .

  Diagnosis of cockroach allergy is routinely performed 
by skin testing and/or measurement of specific IgE to 
cockroach, using crude extracts. Cockroach extracts man-
ufactured in the USA for allergy diagnosis show variations 
in levels of major allergens Bla g 1 and Bla g 2 of up to 
7-fold  [13] . Slater et al.  [14]  have shown that the mean po-
tency of 3 US German cockroach extracts was 3,300 BAU/
ml, using the intradermal D50 method, whereas standard-
ized mite, cat or grass extracts contain typically 5,000–
100,000 BAU/ml. A lack of well-characterized extracts 
may have hampered research on immunotherapy for 
cockroach allergy. Few published studies on cockroach 
immunotherapy among patients with asthma and/or rhi-
nitis have shown beneficial changes in immunological and 
clinical parameters  [15–17] . Studies on subcutaneous and 
sublingual immunotherapy with German cockroach ex-
tract are currently being conducted in the USA.

  Component-resolved diagnosis has been proposed as 
a strategy to improve specificity, to refine investigation of 
allergen cross-reactivity and to establish clinical correla-
tions including predictions of severity of disease and of 
long-term outcomes  [18–22] . One initial step to compo-
nent-resolved diagnosis is to define the most appropriate 
allergen repertoire for a given allergen source, which 
would identify the vast majority of patients presenting 
clinical disease. In this study, we performed skin prick 

testing in a group of 57 cockroach-allergic patients living 
in Brazil, using a panel of 5  P. americana  and  B. german-
ica  recombinant allergens,   and we then examined serum 
IgE antibody responses to Per a 1 and Per a 7. Our results 
revealed that cockroach tropomyosin (Per a 7) is an im-
munodominant allergen in Brazil, and indicated that fur-
ther studies may be necessary to establish a panel of cock-
roach allergens which could facilitate identification of the 
majority of cockroach-allergic patients by skin testing.

  Subjects and Methods 

 Subjects and Skin Testing 
 A total of 57 patients, 7–54 years of age, with asthma and/or 

rhinitis participated in this study. Patients were selected consecu-
tively from those attending the Allergy Clinic at the Clinical Hos-
pital of the School of Medicine of Ribeirão Preto in Brazil. All sub-
jects presented positive skin tests to extracts of  P. americana  and 
 B. germanica  (1:   20 w:v, Greer Laboratories, Lenoir, N.C., USA), 
and underwent skin prick testing with recombinant (r) allergens 
of  B. germanica ,   rBlag 2, rBlag 4, rBla g 5 and  P. americana , rPer a 
1 and rPer a 7 at concentrations of 10 or 5 μg/ml (rPer a 1). Previ-
ous studies by our group with recombinant mite allergens have 
established that concentrations of 5–10 μg/ml were safe and opti-
mal for skin testing, and that increasing the dose to 50 μg/ml did 
not increase the positivity of the tests (manuscript in preparation). 
The concentration of 5 μg/ml for rPer a 1 was chosen due to lim-
ited availability of the allergen for skin testing. Ten nonallergic 
nonasthmatic subjects, who presented   negative   skin tests to a pan-
el of inhalant allergens, including cockroach, were evaluated as 
negative controls. Recombinant allergens from  B. germanica  and 
Per a 1 were produced at Indoor Biotechnologies, Charlottesville, 
Va., USA, according to previously described methods  [23–28] ; the 
purity of these allergens was determined as >95% by silver-stained 
SDS-PAGE and the IgE-binding activity of these preparations has 
been reported  [23–28] . Recombinant  P. americana  tropomyosin 
(Per a 7 allergen) was expressed in the  Pichia pastoris  system using 
the pPIC9 vector, as previously described  [10] .

  Skin prick tests were performed on the forearm by using a prick 
lancetter (Allergoprick Inox, Flexor, SP, Brazil). A reaction was 
considered positive when a wheal with a diameter 4 × 4 mm or 
greater, accompanied by erythema, developed within 15 min after 
application of the allergen, based on the work by Peat et al.  [29] ; in 
a longitudinal study involving children older than 6 years, they 
showed that skin wheals of 4 mm or greater were most consistent-
ly associated with allergic illnesses. Positive (10 mg/ml histamine 
dihydrochloride) and negative (sterile albumin-saline with phe-
nol) (both Hollister-Stier Laboratories, Spokane, Wash., USA) 
controls were applied in all tests. The study was approved by the 
ethics committee of our institution, and all patients or their guard-
ians gave their informed consent to participate in the study.

   Total IgE and Specific IgE to P. americana and B. germanica 
  Levels of total IgE and specific IgE to  P. americana and B. ger-

manica  were determined using the ImmunoCAP system (Phadia, 
Brazil), and results were expressed as kU/l.
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  Chimeric ELISA for Specific IgE to Per a 1 and to Per a 7 (P. 
americana tropomyosin) in Sera from Cockroach-Allergic 
Patients 
 Specific IgE antibodies to Per a 1 and Per a 7 were measured 

using a chimeric ELISA, as previously described  [30, 31] . In brief, 
microtiter plates were coated with 1 μg/well of monoclonal anti-
body 10A6 directed against Bla g 1, which is antigenically cross-
reactive with Per a 1, or with mAb 1A6 directed against  D. pteron-
yssinus  tropomyosin, which also recognizes shrimp and cockroach 
tropomyosin, overnight at 4   °   C, in carbonate-bicarbonate buffer 
(pH = 9.6). After washing, plates were incubated with rPer a 1 or 
rPer a 7 at a concentration of 0.5 μg/ml. Subsequently, patients’ 
sera were added at 1:   10 dilution, followed by incubation with bio-
tinylated goat anti-human IgE (1:   4,000, KPL, Md., USA), and 
streptavidin-peroxidase (1:   1,000, Sigma, St Louis, Mo., USA). The 
reaction was developed using 1 mmol 2,2 ′ -azino-bis (3-ethylbenz-

thiazoline-6 sulphonic acid) (Sigma) and H 2 O 2 . The ELISA was 
quantitated using a chimeric mouse Fab/human Fc epsilon anti-
body (clone 2B12-IgE), as previously described  [30, 31] .

  Statistical Analysis 
 The comparison of specific IgE levels to Per a 7 in the groups 

with positive and negative skin tests to rPer a 7 was carried out by 
the Mann-Whitney test, and a p value <0.05 was considered sig-
nificant. Concordance of results of skin tests and IgE measure-
ments to rPer a 7 was assessed by the Kappa statistics; Kappa index 
and its 95% confidence interval were calculated according to Fleiss 
 [32]  using the SAS version 9.2 software.

  Results 

 In this study, a total of 57 subjects underwent skin 
prick testing with recombinant allergens of  B. germanica 
 and  P. americana.  Characteristics of patients participat-
ing in the study are shown in  table 1 . Of 57 patients tested, 
3 (5.3%), 24 (42.1%), 4 (7%), 3 (5.3%) and 4 (7%) showed 
positive skin prick tests to Per a 1, Per a 7, Bla g 2, Bla g 4 
and Bla g 5, respectively. Twenty-eight of these 57 pa-
tients (49.1%) had positive skin tests to at least one re-
combinant allergen ( table  1 ). Ten nonallergic control 
subjects showed no skin reactivity to recombinant cock-
roach allergens (data not shown). There were no adverse 
reactions after skin prick testing.  Figure 1  shows the re-
sults of skin prick tests in a representative patient who 
participated in the study, who presented positive tests to 
rPer a 1 and rPer a 7.

Table 1.  Characteristics of cockroach-allergic patients participat-
ing in the study and skin tests and IgE antibodies to cockroach al-
lergens

Patient characteristics (n = 57)

Sex, female 29/57 (51)
Age in years, mean 16 [7–52]
Diagnosis

Asthma 18 (31.6)
Asthma and rhinitis 28 (49.1)
Rhinitis 9 (15.8)
Asthma/rhinitis/atopic dermatitis 2 (3.5)

Positive skin tests to P. americana
Mean wheal diameter, mm

57/57 (100)
6 [5–10]

Positive skin tests to B. germanica
Mean wheal diameter, mm

57/57 (100)
5 [4–8]

Positive skin tests to D. pteronyssinus
Mean wheal diameter, mm

54/57 (94.7)
7 [5–10]

Total IgE levels, GM, kU/l 531.0 [17.0–4,727.0]
IgE to P. americana and/or B. germanica,

number of positive
GM, kU/l

21/28a (75)
4.0 [0.7–44.3]

Positive skin tests to recombinant
cockroach allergens
At least one allergen
rPer a 1
rPer a 7
rBla g 2
rBla g 4
rBla g 5

28/57 (49)
3/57 (5.3)

24/57 (42.1)
4/57 (7)
3/57 (5.3)
4/57 (7)

IgE to rPer a 1, number of positive
GM, IU/ml

5/55 (9)
0.6 [0.5–12.5]

IgE to rPer a 7, number of positive
GM, IU/ml

31/57 (54.4)
2.4 [0.5–200]

 Data are expressed with percentages in parentheses  and range 
in brackets.

a Specific IgE to P. americana and/or B. germanica was available 
for 28/57 patients with positive skin tests to cockroach.

   Fig. 1.  Skin prick testing in a representative patient who partici-
pated in the study. Positive skin tests were observed for rPer a 1 
and rPer a 7 and negative tests were obtained for rBlag 2, rBla g 4 
and rBla g 5.  
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  Levels of specific IgE to rPer a 7 and to rPer a 1 were 
determined by chimeric ELISA. Thirty-one of the 57 pa-
tients (54.4%) had detectable IgE to rPer a 7 ( table  1 ). 
There was good concordance of results of skin tests with 
rPer a 7 and measurements of specific IgE to rPer a 7 in 
sera. Twenty-three of the 24 (96%) patients with positive 
skin tests to rPer a 7 had detectable IgE to rPer a 7; how-
ever, 8/33 (24%) with negative skin tests had detectable 
IgE to this allergen ( table 2 ). Levels of IgE antibodies to 
Per a 7 varied from 0.5 to 200 IU/ml [geometric mean 
(GM) 2.4 IU/ml], and they were significantly higher in 
the group with positive tests to rPer a 7 than in those with 
negative tests (GM 13.2 and 1.8 IU/ml, respectively, p < 
0.05;  fig. 2 ). IgE antibodies to rPer a 1 were very low ( ta-
ble 1 ). We found no correlation of age, gender, duration 
or severity of disease and presence of positive skin tests 
and/or specific IgE to Per a 7 in this group of patients 
(data not shown). In addition, there were no differences 
in patterns of recognition of allergens between children 
and adults (data not shown). The complete panel of re-
sults from the 57 patients who participated in the study is 
presented in online supplementary table 3 (for all online 
suppl. material, see www.karger.com/
doi/10.1159/000346318).

  Discussion 

 In this study, we showed that cockroach tropomysosin 
(Per a 7 allergen) is the dominant allergen among cock-
roach-allergic patients in Brazil with asthma, rhinitis or 
both. Skin testing using a panel of 5 recombinant aller-
gens was performed on 57 cockroach-allergic patients, 
and 24 patients (42%) had positive responses to rPer a 7. 
The results of these skin tests paralleled those of in vitro 
tests for IgE to Per a 7, with a good concordance rate. The 
frequency of sensitization to Per a 7 of 43–54%, consider-
ing in vivo and in vitro testing, respectively, was in keep-
ing with previous studies from our group  [10] .

  Recombinant cockroach allergens have been used for 
in vitro   studies, which revealed that patients present vari-
able allergen sensitization profiles; no single major aller-
gen appears to account for most of the IgE reactivity to 
cockroach. Using streptavidin CAP and a multiplex flow 
cytometric assay, Satinover et al.  [33]  demonstrated that 
a panel of 5 purified recombinant allergens (rBla g 1, rBla 
g 2, rBla g 4, rBla g 5 and rPer a 7) could identify 62% of 
cockroach-allergic US patients, defined by a positive Im-
munoCAP to  B. germanica  extract. Prevalence of IgE an-
tibodies was highest for rBla g 2 (54.4%) and rBla g 5 

(37.4%) among the 118 sera analyzed; however, patterns 
of IgE antibody binding were unique to each subject. 
More recently, Chuang et al.  [6]  also showed that IgE re-
activity profiles were heterogeneous, in a group of 32 
cockroach-allergic patients presumably from Taiwan. 
Using a panel of recombinant cockroach allergens Bla g 
1, Bla g 2, Bla g 4, Bla g 5, Bla g 7, the newly identified  B. 
germanica  enolase, arginine kinase and vitellogenin, the 
authors demonstrated substantial differences in the prev-
alence of IgE reactivity to each of the allergens. All pa-
tients reacted to at least one recombinant allergen on an 
IgE dot-blot immunoassay, and IgE reactivity ranged 
from 62.5% to Bla g 2 to 25% to enolase, as judged by 
relative densitometric indexes.

  Surprisingly, in the study by Satinover et al.  [33] , the 
reactivity to rPer a 7 was very low; only 12.7% of sera pre-

Table 2.  Concordance of results of skin tests with recombinant Per 
a 7 and measurements of IgE to recombinant Per a 7 in sera from 
cockroach-allergic patients

Detectable IgE to 
rPer a 7 in serum

Undetectable IgE to
 rPer a 7 in serum

Positive skin test to rPer a 7 23/57 1/57
Negative skin test to rPer a 7 8/57 25/57

 Kappa index 0.69 (95% CI 0.51–0.87): good concordance.

   Fig. 2.  Levels of specific IgE to rPer a 7 in sera from patients with 
positive and negative skin tests to rPer a 7. GM levels of specific 
IgE to rPer a 7 were significantly higher in the group with positive 
skin tests to rPer a 7 than in the group with negative tests (GM 13.2 
IU/ml and 1.8 IU/ml, respectively, Mann-Whitney test, p < 0.05). 
Assay detection limit of 0.5 IU/ml (dotted line).  
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sented IgE to this allergen. Even when analyzing sera of 
patients with cosensitization to house-dust mites, only 
15/93 (16%) were positive to cockroach tropomyosin, 
suggesting that cosensitization was due to concomitant 
exposure to dust mites and cockroach, rather than to al-
lergenic cross-reactivity. In keeping with this, studies car-
ried out in Europe have revealed a low frequency of IgE 
reactivity to mite tropomyosin (Der p 10); among mite-
allergic patients from various European countries, IgE to 
Der p 10 was found in 6–18% of the patients  [34] . On the 
other hand, analysis of sensitization profiles in a large 
group of allergic patients in Africa revealed that 55% of 
patients presented IgE to mite tropomyosin  [35] .

  It is possible that the high frequency of reactivity to 
cockroach tropomyosin seen in our patients may reflect 
cross-reactivity to mite tropomyosin, which shares 80% 
sequence identity to cockroach tropomyosin; however, 
we cannot rule out cosensitization. We hypothesize that 
the high frequency of sensitization to tropomyosins in 
Brazil and Africa may be due to cross-reactivity to tropo-
myosin from intestinal parasites.  Ascaris lumbricoides  is 
the leading cause of parasite infection among underpriv-
ileged populations in Brazil and worldwide, with esti-
mates of 1.4 billion currently infected individuals in the 
world. In endemic areas, children get exposed to  A. lum-
bricoides  early in life, and infection may target the lungs 
through passage of larvae during the life-cycle of the par-
asite  [36] . Several reports and a meta-analysis revealed 
that current infection with  A. lumbricoides  was associated 
with a significant increase in the risk of asthma  [37] . Our 
group  [38] , and subsequently Acevedo et al.  [39] , working 
in Cartagena, Colombia, has cloned and produced  A. 
lumbricoides  tropomyosin as a recombinant protein.  A. 
lumbricoides  tropomyosin shows an approximately 70% 
amino acid sequence identity to tropomyosins from mites 
and cockroach, and the recombinant protein was shown 
to bind IgE from patients with asthma and/or rhinitis in 
42% (assessed by ELISA among patients in Brazil) to 56% 
(assessed by skin testing in Cartagena) and 68% (evalu-
ated by dot-blot assay in Cartagena) of patients. IgE re-
sponses to tropomyosins derived from inhalant allergens 
could be amplified or develop more promptly as a result 
of previous sensitization to  Ascaris  tropomyosin, trigger-
ing persistent lung inflammation  [38] . In affluent coun-
tries, where frequency of infections with intestinal para-
sites is much lower, this effect would not play a significant 
role.

  The frequency of positive responses to the other re-
combinant allergens was lower than 10% in our patients, 
raising the question of whether the recombinant allergens 

were equivalent to their natural counterparts. A good cor-
relation of IgE binding to natural and recombinant Bla g 
1 has been reported; Bla g 1 and Per a 1 present sequence 
identity of 70%, and are highly cross-reactive  [28] . Like-
wise, an excellent correlation of IgE binding to natural 
and recombinant Blag 2 and Bla g 5 has been described 
 [23, 27] . IgE reactivity to rBla g 4 has been demonstrated, 
both in vivo and in vitro  [25, 26] , and the detection of Bla 
g 4 protein and RNA in tissue of the adult male reproduc-
tive system has been reported  [40] ; however, Bla g 4 has 
never been purified from the natural source, hampering 
direct comparisons of IgE reactivity to natural and re-
combinant proteins. Previous data revealed that IgG and 
IgE binding activity of recombinant Per a 7 produced in 
 Escherichia coli  was somewhat lower than that of natural 
Per a 7  [41] . However, production of recombinant pro-
tein in a prokaryotic system may result in altered folding, 
leading to less biological activity. In this study, we used 
rPer a 7 produced in  P. pastoris , previously shown to have 
good biological activity  [38] . Therefore, the data available 
support the equivalence of the recombinant cockroach 
allergens to their natural counterparts, making it unlikely 
that the low degree of reactivity to rPer a 1, rBla g 2, rBla 
g 4 and rBla g 5 in our study was due to the loss of bio-
logical activity during the recombinant preparation of the 
allergens.

  Alternative explanations may include the fact that in 
the USA, patients are primarily exposed to  B. germanica , 
whereas in Brazil and in other parts of the world,  P. amer-
icana  is the dominant species in the home. However, 
most  B. germanica  allergens present homologues in  P. 
americana  which could account for IgE cross-reactivity 
 [5] . Another hypothesis would be that the pattern of en-
vironmental exposure to cockroach allergens leading to 
sensitization may be distinct. In our region, the style of 
housing is peculiar to warmer climates, with homes and 
schools being ventilated by keeping windows open; these 
conditions may not be as conducive to a heavy and sus-
tained cockroach infestation as those observed in US in-
ner-city apartments  [2, 42] . Consistent with this, levels of 
cockroach allergens Bla g 1 and Bla g 2 in the homes of 
asthmatic patients in our area were at least 10-fold lower 
than those previously reported in the homes of inner-city 
asthmatic patients in the USA  [43] . Finally, it is possible 
that cockroach-allergic patients in Brazil show reactivity 
to allergens other than those evaluated in this study, al-
though these have been reported as minor allergens, with 
a low prevalence of sensitization (approx. 14% for Bla g 6 
and Bla g 8  [43]  and 12% for Per a 3; manuscript in prep-
aration). Allergens from groups 9 and 10 were recently 
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identified, and reagents are not readily available for mea-
suring IgE antibody levels.

  In conclusion, we report, for the first time, the use of 
recombinant allergens for the diagnosis of cockroach al-
lergy in patients with asthma and/or rhinitis living in Bra-
zil. Recombinant allergens induced positive skin test re-
actions comparable to those caused by commercial cock-
roach extracts, and these were safe. The results showed 
prominent differences of IgE reactivity profile in our pa-
tients when compared to those from the USA and Tai-
wan, particularly with regard to reactivity to cockroach 
tropomyosin, which was much higher in our population. 
It is possible that IgE responses to  A. lumbricoides  tropo-
myosin could promote/enhance the development of sen-
sitization to tropomyosins from other sources including 
cockroach and mites. Our results highlight the need to 

consider regional differences in IgE reactivity profiles 
among patients with allergic diseases. Further studies in-
cluding additional cockroach allergens will be necessary 
to establish a panel of allergens which could identify the 
majority of cockroach-allergic patients by skin testing.

  Acknowledgements 

 We wish to thank Cássia M. Carvalho, MD, for helping with 
skin testing. We are also grateful to Mrs. Alessandra Zampolo and 
Silvia Arruda for technical support, and to Mr. Davi C. Aragon for 
statistical analysis of the data. The study was supported by the São 
Paulo State Research Funding Agency (FAPESP) and Brazilian 
National Research Council – National Institutes of Science and 
Technology, Institute of Investigation in Immunology (CNPq–
INCT-iii). 

 References 

  1 Arruda LK, Vailes LD, Ferriani VP, Santos 
AB, Pomés A, Chapman MD: Cockroach al-
lergens and asthma. J Allergy Clin Immunol 
2001;   107:   419–428. 

  2 Rosenstreich DL, Eggleston P, Kattan M, Bak-
er D, Slavin RG, Gergen P, Mitchell H, Mc-
Niff-Mortimer K, Lynn H, Ownby D, 
Malveaux F: The role of cockroach allergy and 
exposure to cockroach allergen in causing 
morbidity among inner-city children with 
asthma. N Engl J Med 1997;   336:   1356–1363. 

  3 Busse WW: The National Institutes of Allergy 
and Infectious Diseases networks on asthma 
in inner-city children: an approach to im-
proved care. J Allergy Clin Immunol 2010;  
 125:   529–537. 

  4 Perzanowsky MS, Platts-Mills TAE: Further 
confirmation of the relevance of cockroach 
and dust mite sensitization to inner-city asth-
ma morbidity. Clin Exp Allergy 2009;   39:   1291–
1293. 

  5 Pomés A, Wünschmann S, Hindley J, Vailes 
LD, Chapman MD: Cockroach allergens: 
function, structure and allergenicity. Protein 
Pept Lett 2007;   14:   960–969. 

  6 Chuang J-G, Su S-N, Chiang B-L, Li H-J, 
Chow L-P: Proteome mining for novel IgE-
binding proteins from the German cockroach 
 (Blattella germanica)  and allergen profiling of 
patients. Proteomics 2010;   10:   3854–3867. 

  7 Wu H-Q, Liu Z-G, Gao B, Li M, Ran P-X, 
Xing M: Localization of Per a 3 allergen in the 
gut and faecal pellets of the American cock-
roach  (Periplaneta americana) . Int J Immu-
nogenetics 2007;   34:   347–351. 

  8 Tan YW, Chan SL, Ong TC, Yit LY, Tiong YS, 
Chew FT, Sivaraman J, Mok YK: Structures of 
two major allergens, Bla g 4 and Per a 4, from 
cockroaches and their IgE binding epitopes. J 
Biol Chem 2009;   284:   3148–3157. 

  9 Hindley J, Wünschmann S, Satinover SM, 
Woodfolk JA, Chew FT, Chapman MD, Po-
més A: Bla g 6: a troponin C allergen from 
 Blattella germanica  with IgE binding calcium 
dependence. J Allergy Clin Immunol 2006;  
 117:   1389–1395. 

 10 Santos ABR, Chapman MD, Aalberse RC, 
Vailes LD, Ferriani VPL, Oliver C, Rizzo MC, 
Naspitz CK, Arruda LK: Cockroach allergens 
and asthma in Brazil: Identification of tropo-
myosin as a major allergen with potential 
cross-reactivity with mite and shrimp aller-
gens. J Allergy Clin Immunol 1999;   104:   329–
337. 

 11 Sudha VT, Arora N, Gaur SN, Pasha S, Singh 
BP: Identification of a serine protease as a ma-
jor allergen (Per a 10) of  Periplaneta ameri-
cana.  Allergy 2008;   63:   768–776. 

 12 Sudha VT, Arora N, Singh BP: Serine protease 
activity of Per a 10 augments allergen-in-
duced airway inflammation in a mouse mod-
el. Eur J Clin Invest 2009;   39:   507–516. 

 13 Patterson ML, Slater JE: Characterization and 
comparison of commercially available Ger-
man and American cockroach allergen ex-
tracts .  Clin Exp Allergy 2002;   32:   721–727. 

 14 Slater JE, James R, Pongracic JA, Liu AH, Sar-
pong S, Sampson HA, Satinover SM, Wood-
folk JA, Mitchell HE, Gergen PJ, Eggleston 
PA: Biological potency of German cockroach 
allergen extracts determined in an inner city 
population. Clin Exp Allergy 2007;   37:   1033–
1039. 

 15 Kang BC, Johnson J, Morgan C, Chang JL: 
The role of immunotherapy in cockroach 
asthma. J Asthma 1988;   25:   205–218. 

 16 Alonso A, Albonico JF, Mouchian K, Scavini 
LM, Iraneta SG, Pionetti CH: Immunological 
changes during cockroach immunotherapy. J 
Investig Allergol Clin Immunol 1999;   9:   299–
304. 

 17 Srivastava D, Gaur SN, Arora N, Singh BP: 
Clinico-immunological changes post-immu-
notherapy with  Periplaneta americana . Eur J 
Clin Invest 2011;   41:   879–888. 

 18 Valenta R, Lidholm J, Niederberger V, Hayek 
B, Kraft D, Gronlund H: The recombinant al-
lergen-based concept of component resolved 
diagnostics and immunotherapy (CRD and 
CRIT). Clin Exp Allergy 1999;   29:   896–904. 

 19 Sastre J: Molecular diagnosis in allergy. Clin 
Exp Allergy 2010;   40:   1442–1460. 

 20 Mittermann I, Zidarn M, Silar M, Markovic-
Housley Z, Aberer W, Korosec P, Kosnik M, 
Valenta R: Recombinant allergen-based IgE 
testing to distinguish bee and wasp allergy. J 
Allergy Clin Immunol 2010;   125:   1300–1307. 

 21 Nicolaou N, Poorafshar M, Murray C, Simp-
son A, Winell H, Kerry G, Härlin A, Wood-
cock A, Ahlstedt S, Custovic A: Allergy or 
 tolerance in children sensitized to peanut: 
prevalence and differentiation using compo-
nent-resolved diagnostics. J Allergy Clin Im-
munol 2010;   125:   191–197. 

 22 Ott H, Baron JM, Heise R, Ocklenburg C, 
Stanzel S, Merk HF, Niggemann B, Beyer K: 
Clinical usefulness of microarray-based IgE 
detection in children with suspected food al-
lergy. Allergy 2008;   63:   1521–1528. 

 23 Arruda LK, Vailes LD, Mann BJ, Shannon J, 
Fox JW, Vedvick TS, Hayden ML, Chapman 
MD: Molecular cloning of a major cockroach 
 (Blatella germanica)  allergen, Bla g 2: se-
quence homology to the aspartic proteases. J 
Biol Chem 1995;   270:   19563–19568. 



 Recombinant Cockroach Allergens for 
Diagnosis 

Int Arch Allergy Immunol 2013;161:213–219
DOI: 10.1159/000346318

219

 24 Wünschmann S, Gustchina A, Chapman MD, 
Pomés A: Cockroach allergen Bla g 2: an un-
usual aspartic proteinase. J Allergy Clin Im-
munol 2005;   116:   140–145. 

 25 Arruda LK, Vailes LD, Hayden ML, Benjamin 
DC, Chapman MD: Molecular cloning of 
cockroach allergen, Bla g 4, identifies ligand 
binding proteins (or calycins) as a cause of IgE 
antibody responses. J Biol Chem 1995;   270:  
 31196–31210. 

 26 Vailes LD, Kinter MT, Arruda LK, Chapman 
MD: High level expression of cockroach al-
lergen, Bla g 4 in  Pichia pastoris . J Allergy Clin 
Immunol 1998;   101:   274–280. 

 27 Arrruda LK, Vailes LD, Platts-Mills TAE, 
Hayden ML, Chapman MD: Induction of IgE 
antibody responses by glutathione S-transfer-
ase from the German cockroach  (Blattella ger-
manica) . J Biol Chem 1997;   272:   20907–20912. 

 28 Melén E, Pomés A, Vailes LD, Arruda LK, 
Chapman MD: Molecular cloning of Per a 1 
and definition of the cross-reactive Group 1 
cockroach allergens, J Allergy Clin Immunol 
1999;   103:   859–864. 

 29 Peat JK, Salome CM, Woolcock AJ: Longitu-
dinal changes in atopy during a 4-year period: 
relation to bronchial hyperresponsiveness and 
respiratory symptoms in a population sample 
of Australian schoolchildren. J Allergy Clin 
Immunol 1990;   85:   65–74. 

 30 Trombone AP, Tobias KRC, Ferriani VPL, 
Schuurman J, Aalberse RC, Smith AM, Chap-
man MD, Arruda LK: Use of chimeric ELISA 
to investigate immunoglobulin E antibody re-
sponses to Der p 1 and Der p 2 in mite-allergic 
patients with asthma, wheezing and/or rhini-
tis. Clin Exp Allergy 2002;   32:   1–6. 

 31 Schuurman J, Perdok GJ, Lourens TE, Parren 
PW, Chapman MD, Aalberse RC: Production 
of a mouse/human chimeric IgE monoclonal 
antibody to the house dust mite allergen Der 
p 2 and its use for the absolute quantification 
of allergen-specific IgE. J Allergy Clin Immu-
nol 1997;   99:   545–550. 

 32 Fleiss JL: Statistical Methods for Rates and 
Proportions, ed 3. Hoboken, John Wiley & 
Sons, 2001. 

 33 Satinover SM, Reefer AJ, Pomes A, Chapman 
MD, Platts-Mills TAE, Woodfolk AJ: Specific 
IgE and IgG antibody-binding patterns to re-
combinant cockroach allergens. J Allergy Clin 
Immunol 2005;   115:   803–809. 

 34 Weghofer M, Thomas WR, Kronqvist M, 
Mari A, Purohit A, Pauli G, Horak F, Grön-
lund H, van Hage M, Valenta R, Vrtala S: 
Variability of IgE reactivity profiles among 
European mite-allergic patients. Eur J Clin 
Invest 2008;   38:   959–965. 

 35 Westritschnig K, Sibanda E, Thomas W, Auer 
H, Aspock H, Pittner G, Vrtala S, Spitzauer S, 
Kraft D, Valenta R: Analysis of the sensitiza-
tion profile towards allergens in central Afri-
ca. Clin Exp Allergy 2003;   33:   22–27. 

 36 Cooper PJ, Barreto ML, Rodrigues LC: Hu-
man allergy and geohelminth infections: a re-
view of the literature and a proposed concep-
tual model to guide the investigation of pos-
sible causal associations. Br Med Bull 2006;  
 79–80:   203–213. 

 37 Leonardi-Bee J, Pritchard D, Britton J: Asth-
ma and current intestinal parasite infection: 
systematic review and meta-analysis. Am J 
Respir Crit Care Med 2006;   174:   514–523. 

 38 Santos AB, Rocha GM, Oliver C, Ferriani VP, 
Lima RC, Palma MS, Sales VS, Aalberse RC, 
Chapman MD, Arruda LK: Cross-reactive 
IgE antibody responses to tropomyosins from 
 Ascaris lumbricoides  and cockroach. J Allergy 
Clin Immunol 2008;   121:   1040–1046. 

 39 Acevedo N, Erler A, Briza P, Puccio F, Ferreira 
F, Caraballo L: Allergenicity of  Ascaris lumbri-
coides  tropomyosin and IgE sensitization 
among asthmatic patients in a tropical envi-
ronment. Int Arch Allergy Immunol 2010;  
 154:   195–206. 

 40 Fan Y, Gore JC, Redding KO, Vailes LD, 
Chapman MD, Schal C: Tissue localization 
and regulation by juvenile hormone of hu-
man allergen Bla g 4 from the German cock-
roach,  Blattella germanica  L. Insect Mol Biol 
2005;   14:   45–53. 

 41 Asturias JA, Gómez-Bayón N, Arilla MC, 
Martínez A, Palacios R, Sánchez-Gascón F, 
Martínez J: Molecular characterization of 
American cockroach tropomyosin ( Peripla-
neta americana  allergen 7), a cross-reactive 
allergen. J Immunol 1999;   162:   4342–4348. 

 42 Sheehan WJ, Rangsithienchai PA, Wood RA, 
Rivard D, Chinratanapisit S, Perzanowski 
MS, Chew GL, Seltzer JM, Matsui EC, Phipa-
tanakul W: Pest and allergen exposure and 
abatement in inner-city asthma: a work group 
report of the American Academy of Allergy, 
Asthma & Immunology Indoor Allergy/Air 
Pollution Committee. J Allergy Clin Immu-
nol 2010;   125:   575–578. 

 43 Tobias KR, Ferriani VP, Chapman MD, Ar-
ruda LK: Exposure to indoor allergens in 
homes of patients with asthma and/or rhinitis 
in southeast Brazil: effect of mattress and pil-
low covers on mite allergen levels. Int Arch 
Allergy Immunol 2004;   133:   365–370. 

  


