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Abstract Molecular cloning of cockroach allergens and their
expression as recombinant proteins have allowed a better
understanding of the mechanisms of cockroach allergic dis-
ease. Recombinant cockroach allergens have been used for
skin testing or in vitro methods to measure IgE antibody levels
in serum. Early studies evaluating selected U.S. patients re-
vealed that a cocktail of four cockroach allergens, Bla g 1, Bla
g 2, Bla g 4, and Bla g 5, would identify 95 % of cockroach
allergic patients. More recent studies pointed to an important
role of sensitization to tropomyosin among certain popula-
tions, and suggested that a cocktail of five allergens Bla g 1
and/or Per a 1, Bla g 2, Bla g 4, Bla g 5, and Bla g 7, and/or Per
a 7, would be expected to diagnose 50– 64 % of cockroach-

allergic patients worldwide. Variation in IgE reactivity profiles
could be in part due to IgE responses to cross-reactive homol-
ogous allergens from different origins. The availability of
purified natural or recombinant cockroach allergens provides
the capacity to improve diagnosis of cockroach allergy and to
develop novel forms of immunotherapy for cockroach-
allergic patients.
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Introduction

Cockroach allergy has been established as an important cause
of asthma for almost 50 years. In 1964, Bernton and Brown
reported for the first time the presence of positive skin test to
cockroach extract (44 %) in a study involving 755 patients
living in New York [1]. Further studies by Kang et al. con-
firmed the causal relationship between cockroach allergy and
asthma by demonstrating early, late-phase, and dual
bronchoconstriction following inhalation of cockroach extract
by cockroach-allergic asthmatic patients [2]. Although posi-
tive skin tests and specific IgE to cockroach have been report-
ed in patients with allergic rhinitis and atopic dermatitis [3••,
4], the most consistent association of cockroach allergy with
human diseases has been found with asthma.

It has been demonstrated that cockroaches may harbor
bacteria, viruses, fungi, and parasites. However, transmission
of diseases by cockroaches has not been precisely document-
ed, partially because of confounding factors, including sub-
standard hygienic conditions of some of the habitats where
they live. Remarkably, asthma is the only disease consistently
associated with exposure to cockroaches [5–7].
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Cockroach Allergy: A Marker for Asthma Severity?

Progress in methodologies for quantification of cockroach
allergens in the environment led to investigatation of the
relationship between allergen exposure and sensitization and
development of clinical disease. Monoclonal antibody-based
ELISA for measurement of Bla g 1 and Bla g 2 were widely
used, and threshold levels of exposure above which individ-
uals would be at increased risk for sensitization or develop-
ment of asthma symptoms were defined as 2 U/g and 8 U/g of
dust for Bla g 1 and Bla g 2, respectively [8–10].

The National Cooperative Inner City Asthma Study
(NCICAS) shed light on the role of cockroach allergy in
asthma in eight inner-city areas in the United States [9].
However, cockroach-induced asthma may occur whenever
substandard housing allows for cockroach infestation, includ-
ing rural and semirural areas, suburbs, and small towns and
cities around the world [11]. A key study by Rosenstreich
et al. [9] revealed that inner-city children with asthma, who
were both sensitized to cockroach and exposed to high levels
of cockroach allergen in their homes, presented increased
asthma morbidity, with more hospitalizations, more medical
visits, and more reported symptoms [9]. These findings were
confirmed in subsequent studies carried out in inner-city areas
in the United States and in other countries [12–15]. Exposure
to low levels of Bla g 1 and Bla g 2 has been linked to
wheezing among infants in the first 3 months of life and with
increased proliferative T cell responses [16]. Other reports
have demonstrated an association of cockroach allergen ex-
posure with persistent childhood wheezing [17] and severe
asthma [18]. Interestingly, Bla g 2 was able to induce IgE
responses at levels of exposure 10- to 100-fold lower (<1 μg/g
dust) than cat and mite allergens, proving the potency of this
allergen [19].

Among asthmatic inner-city children in the United States,
Wang et al. demonstrated that having IgE to cockroach, and
also to dust mites, was associated with a higher risk for asthma
hospitalizations and corticosteroid use [20]. A recent inner-
city birth cohort study showed that prenatal exposure to cock-
roach allergen has led to a greater risk of sensitization by the
age of 5–7 years. This risk was augmented by exposure to
airborne nonvolatile combustion byproducts, particularly
among children who were null for the Glutathione-S-
transferase m 1 mutation [21••].

Another study by Wang et al. revealed an additional aspect
of cockroach exposure: the possibility of driving the IgE
immune response towards other cross-reactive invertebrate
allergens [22••]. Analyzing 504 serum samples from the
National Cooperative Inner-City Asthma Study, the authors
uncovered a strong positive correlation between cockroach,
shrimp and dust mite IgE levels. High exposure to cockroach
in the home showed significant correlation with higher IgE
levels to shrimp, in addition to higher IgE levels to cockroach.

Therefore, this high cockroach exposure appeared to drive the
immune response towards increasing IgE levels to shrimp. The
authors hypothesized that this effect could be due to IgE
responses directed to the cross-reactive allergen tropomyosin
[22••] (see below). It would be interesting to investigate wheth-
er the augmented IgE response to shrimp would be clinically
relevant in causing allergic reactions upon ingestion of shrimp.

The combination of sensitization and exposure to cock-
roach has also served as a marker for good clinical response to
treatment with monoclonal anti-human IgE antibody
Omalizumab among inner-city children, adolescents, and
young adults with allergic asthma [23]. Strikingly, this study
showed that patients who were both sensitized and exposed to
cockroach (Bla g 1 levels >2 U/g) in their homes benefited
most from Omalizumab treatment, with a 71.2 % reduction in
exacerbations, greater improvement of symptoms, and greater
reduction of dose of corticosteroids, as compared to the other
study participants.

In conjunction, these studies indicate an important role of
exposure and sensitization to cockroach in causing earlier and
more severe symptoms of asthma, at a much lower dose of
allergen exposure than other allergenic sources.

Cockroach Allergens Belong to Different Families
of Proteins with Distinct Structures and Biological
Activities

A remarkable progress in our understanding of cockroach
allergy was initiated with the identification and molecular clon-
ing of cockroach allergens [8, 24]. The first cockroach allergen
to be cloned was Bla g 2 in 1995 [25]. Since then, identification
of German and American cockroach allergens has progressed,
and 10 allergen Groups are presently reported in the WHO/
IUIS Allergen Nomenclature database (www.allergen.org). The
allergens are Bla g 1, Bla g 2, Bla g 3, Bla g 4, Bla g 5, Bla g 6,
Bla g 7, and Bla g 8 fromBlattella germanica, and Per a 1, Per a
3, Per a 6, Per a 7, Per a 9, and Per a 10 from Periplaneta
americana (Table 1). Bla g 1, Bla g 2, and Bla g 4 are proteins
secreted or excreted by cockroaches. Allergens with structural
functions, like tropomyosins from Group 7 or allergens from
Groups 6 and 8, result from degradation of dead bodies [24].
Dried secretions and remains of cockroach body parts are
thought to be the origin of airborne allergens that induce
sensitization in genetically predisposed individuals.

In addition to the allergens officially deposited in the WHO/
IUIS database, other related cockroach proteins have been iden-
tified. These include a Bla g 2 homolog from P. americana
(44 % identity) cloned by Dr. FT Chew [26], a Bla g 4 homolog
from P. americana [27], and a troponin-T from American cock-
roach (with 17 % prevalence of IgE reactivity) [28].

Recently, the use of proteomic techniques combined
with bioinformatic allergen database analysis led to the
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identification of novel IgE-binding proteins in two dif-
ferent populations. In Taiwan, these proteins, originated
from whole-body of German cockroach, included vitel-
logenin, aldolase, arginine kinase, enolase, Hsp70, and
triosephosphateisomerase. They have been reported as
allergens in species other than B. germanica, with po-
tential for cross-reactivity [29]. A second study revealed
the presence of 12 new IgE-reactive components from
German cockroach fecal extract among patients from
Korea. Most of these allergens were digestive enzymes
such as α-amylase, trypsin, chymotrypsin, metalloprotease,
and midgut carboxy peptidase A [30•]. Further studies
will be necessary to establish the importance of these

allergens among larger groups of patients from different
areas of the world.

Specific properties of cockroach allergens belonging to
distinct groups are described in the following sections.

The Group 1 of Cross-Reactive Cockroach Allergens

Bla g 1 and Per a 1 share a 52–72 % amino acid sequence
identity, and have a distinct primary structure constituted of
multiple tandem repeats of ~100 amino acid residues [31–35].
A recent study showed that two repeats encapsulate a large
and nearly spherical hydrophobic cavity, defining the basic
structural unit of Bla g 1. This cavity has the capacity to bind

Table 1 Properties of cockroach
allergens

n.p. Not published. Available in
the WHO/IUIS Allergen Nomen-
clature Database
a Molecular weight calculated
from sequence
bX-ray crystal structures of Bla g
2 in complex with monoclonal
antibodies that inhibit IgE binding
c Structure of a P. americana
homolog reported under the Pro-
tein Data BankAccession number
3EBW

(Reprinted from Pomes and
Arruda [42]; copyright 2013, with
permission from Elsevier)

Blattella germanica

Allergen M.W.a Function/homology PDB ID References

Bla g 1 ~25-90 Midgut microvilli

Bla g 1.0101 46, 21 protein homolog [32, 34]

Bla g 1.0102 25–37 [31]

Bla g 1.0201 56 [32, 34]

Bla g 2 36 Inactive aspartic protease 1YG9, 2NR6b, 3LIZb [25, 26,
43–46, 103]

Bla g 3 79 Hemocyanin n.p.

Bla g 4 21 Lipocalin 3EBKc [27, 59]

Bla g 5 23 Glutathione S-Transferase [61]

Bla g 6 Bla g 6.0101 17 Troponin C [76]

Bla g 6.0201 [76]

Bla g 6.0301 [76]

Bla g 7 33 Tropomyosin [104, 105]

Bla g 8 Myosin light chain n.p.

Periplaneta americana

Allergen M.W.a Function/homology PDB ID References

Per a 1 ~25–45 Midgut microvilli

Per a 1.0101 26 Protein homolog [32, 34]

Per a 1.0102 26 [33]

Per a 1.0103 45 [35]

Per a 1.0104 31 [33, 106]

Per a 1.0201 51 [106–108]

Per a 3 46–79 Arylphorin/hemocyanin

Per a 3.0101 79 [48]

Per a 3.0201 75 [48]

Per a 3.0202 56 [50]

Per a 3.0203 46 [48, 50]

Per a 6 17 Troponin C [76]

Per a 7 33 Tropomyosin

Per a 7.0101 [68]

Per a 7.0102 [64]

Per a 9 43 Arginine kinase [109]

Per a 10 28 Serine protease [81–84]
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various lipids, which suggests a digestive function associated
with nonspecific transport of lipid molecules in cockroaches
[36••]. Bla g 1 is secreted in the midgut of the cockroach
digestive system, especially by females and after a food intake
[37, 38]. In keeping with a function as a digestive protein, the
Group 1 cockroach allergens show homology to microvillar
membrane-associated proteins from other insects [39–41], and
with ANG12, a protein from Anopheles gambiae which is
induced after a blood meal in the midgut of adult female
mosquitoes [42]. The presence of Bla g 1 in fecal particles
makes this molecule, together with Bla g 2, a good marker of
cockroach allergen exposure. All environmental studies report
Bla g 1 exposure in arbitrary units. Defining the basic struc-
tural unit of Bla g 1 facilitated the standardization of assays in
absolute units for the assessment of environmental allergen
exposure and measurement of absolute levels of Bla g 1 in
extracts used for diagnosis. [36••].

The Inactive Aspartic Protease Bla g 2

Bla g 2 shares homology with the proteolytic enzymes aspartic
proteases (pepsin, renin, chymosin), is secreted in the digestive
system, and excreted in fecal particles together with Bla g 1.
Although it was at first assumed that Bla g 2 proteolytic
activity could increase allergenicity, structural and functional
studies demonstrated that Bla g 2 is an inactive aspartic prote-
ase [26, 43]. X-ray crystallography and site-directed mutagen-
esis analysis revealed interesting mechanisms of allergen-
antibody interaction and led to expression of hypoallergens
as potential tools for immunotherapy [44–46].

Group 3, Homologs to Hemolymph

Per a 3 is an hexameric protein that shares homology with
arylphorins or insect storage proteins (20–34 %), insect juve-
nile hormone-suppressible proteins (31–36 %) and arthropod
hemocyanins (30–35 %) [47–49]. Per a 3 comprises different
variants or isoallergens, with a wide range of skin test reactivity
(26–95 %) [47, 48, 50]. Bla g 3, a B. germanica homolog, has
also been reported (Table 1). Data from our group revealed that
Per a 3 is a minor allergen, with only 10 % of patients with IgE
antibody reactivity (unpublished observations).

Group 4, Insect Lipocalins

Cockroach allergens fromGroup 4 are insect lipocalins, which
are small extra-cellular proteins present in secretions, with the
capacity to bind small hydrophobic ligands such as phero-
mones, steroids, retinoids, and arachidonic acid. Most
lipocalin allergens are of mammalian origin and include:
Bos d 2 and Bos d 5 from cow; Can f 1, Can f 2, Can f 4,
and Can f 6 from dog; Equ c 1 and Equ c 2 from horse; Fel d 4
and Fel d 7 from cat; Mus m 1 from mouse; Rat n 1 from rat;

and Cav p 1, Cav p 2 ,and Cav p 3 from guinea pig [51–58].
The degree of homology between Bla g 4 and the mammalian
allergens is approximately 15–18 %, and small cross-
reactivity with mammalian allergens would be expected.
Interestingly, Bla g 4 is an 18- kDa protein, expressed exclu-
sively in the adult male reproductive system, and involved in
male reproductive function [59, 60]. The X-ray crystal struc-
tures of Bla g 4 and a P. americana homolog have been
published, showing a conserved typical lipocalin fold [27].

Bla g 5: A Homolog to Glutathione Transferases

Bla g 5 is a 23-kDa protein which belongs to the family of
glutathione S-transferases (GST), sharing 42–51 % sequence
identity with the GST-2 subfamily from insects [61].
Glutathione S-transferases are enzymes involved in detoxifi-
cation of endogenous and xenobiotic toxic compounds.
Allergens homologous to Bla g 5 are Der p 8 from dust mite
and Alt a 13 from Alternaria alternata, and antigenic cross-
reactivity has been reported between mite and cockroach GST
[62]. A study by Santiago and co-workers showed cross-
reactive IgE responses to Bla g 5 and GST from the helminth
Wuchereria bancrofti, a major lymphatic filarial pathogen of
humans [63••].

Groups 6, 7, and 8: Cockroach Allergens Homologous
to Proteins Involved in Contraction

Group 7 comprises Bla g 7 and Per a 7, which belong to the
tropomyosin family of proteins. Tropomyosin is a pan-
allergen present in muscle of many animal species. Initially
identified as a major shrimp allergen, it is present in a number
of mollusks (e.g., squid), arthropods (arachnids and insects),
and parasites [64–70]. IgE responses to shrimp tropomyosin
have been shown to improve diagnosis of shrimp allergic
patients [71, 72]. The high homology among invertebrate
tropomyosins (~80 %) provides the basis for antigenic cross-
reactivity [73, 74]. Interestingly, tropomyosins from inverte-
brates share much lower homology with vertebrate homo-
logues (~55 % identity), resulting in lack of cross-reactivity
between vertebrate and invertebrate tropomyosins [75].

Additional minor cockroach allergens involved in contraction
have been identified that belong to Groups 6 and 8, with homol-
ogy to troponin C and myosin light chain, respectively [76]. Of
importance, a myosin light chain from shrimp Litopenaeus
vannamei, Lit v 3, has been identified as a major allergen
recognized by 55 % (21/38) of shrimp-allergic patients [77].

Group 9: Arginine Kinases

The first arginine kinase to be described as an allergen was
Pen m 2 from the black tiger shrimp (Penaeus monodon) [78].
Subsequently, Per a 9 was identified as a major cockroach
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allergen (WHO/IUIS Allergen Nomenclature Database), and a
B. germanica homolog was cloned. Arginine kinases are
involved in the metabolism of ATP, by catalyzing the revers-
ible transfer of the high-energy phosphoryl group fromATP to
arginine [78]. Inhibition of IgE antibody binding to dust mite,
cockroach, king prawn, lobster, and mussel extracts by recom-
binant Plo i 1 from Indian meal moth suggested that arginine
kinase is a cross-reactive invertebrate panallergen [79].

Group 10: Serine Proteases

The presence of proteases in cockroach extracts has been
known for a long time [80]. Per a 10, a 28-kDa protein, was
reported as a major allergen with serine protease activity in an
Indian population, reacting to IgE in 82 % (37/45) of
cockroach-sensitized patients [81]. The serine protease activ-
ity of Per a 10 augmented allergen-induced airway inflamma-
tion in a mouse model, and Per a 10 biased dendritic cells
towards type 2 by upregulating CD86 and inducing low IL-12
secretions [82, 83]. A recombinant Per a 10 without proteo-
lytic activity was recently produced in E. coli. The Per a 10
protein sequence exhibited 27–38 % similarity to mite serine
proteases, and 41–52% similarity to other insect trypsins. The
allergen showed potential for immunotherapy by having re-
duced IgE antibody binding and histamine release [84].

Recombinant Cockroach Allergens for Diagnosis

In current clinical practice, diagnosis of cockroach allergy is
performed using crude extracts by in vivo skin testing and/or
in vitro measurement of specific IgE to cockroach (by
ImmunoCAP). Cockroach extracts available in the United
States for allergy diagnosis have up to seven-fold variation
in levels of Bla g 1 and Bla g 2 [85]. Slater et al. have shown
that the mean potency of three US German cockroach extracts
was 3,300 BAU/mL, whereas standardized mite, cat, or grass
extracts present typically 5,000–100,000 BAU/mL [86]. In a
study carried out in Brazil involving children with asthma,
skin prick tests were performed with B. germanica and
P. americana extracts, and the results were compared to
specific IgE serum levels. The concordance of skin prick test
and specific IgE results was reasonable for B. germanica and
weak for P americana [87]. In addition, performing skin tests
with B. germanica and P. americana extracts from three
different manufacturers revealed a poor correlation of the
results, with sensitization rates to German and American
cockroach of up to 54.1 and 59.5 %, respectively [88].
These results suggested the existence of substantial differ-
ences in the potencies or constituents of the extracts from
these same species. It is clear that the use of standardized
cockroach extracts of reliable potency and contents would
facilitate diagnosis and treatment of cockroach allergy

[89••]. A mediator release assay using human FceRI-
transfected RBL cells and human serum has been used to
measure cockroach extract potency. Ranking of extract poten-
cy was consistent between the mediator release assay and the
ID50EAL assay, which is a functional in vivo assay of choice
for standardization of extracts in the United States, suggesting
that it could be a safer and more efficient method of cockroach
extract standardization for diagnosis and immunotherapy [90].
Attempts to standardize cockroach extracts revealed that cur-
rently available commercial extracts tend to have low and
variable potency, and that no single allergen is
immunodominant in a way that it could be used to standardize
extracts [89••]. Recombinant cockroach allergens could im-
prove clinical diagnosis of cockroach allergy, since they have
been successfully used for in vivo and in vitro assessment of
sensitization to specific cockroach allergens [3••, 25, 29, 59,
91]. Overall, results indicate that cockroach-allergic patients
present variable allergen sensitization profiles, and that no
single major allergen appeared to account for most of the
IgE reactivity to cockroach within a given population. In
addition, the importance of individual allergens in causing
sensitization varies in different areas of the world, possibly
due to the influence of sensitization to cross-reactive antigens.
Early studies evaluating selected U.S. cockroach allergic pa-
tients with asthma revealed that a cocktail of four cockroach
allergens, Bla g 1, Bla g 2, Bla g 4, and Bla g 5, would identify
95 % of cockroach allergic patients [8, 42, 61]. More recent
studies identified that sensitization to tropomyosin is impor-
tant among certain populations in different areas of the world
[3••, 64, 66], and suggested that a cocktail of five cockroach
allergens Bla g 1 and/or Per a 1, Bla g 2, Bla g 4, Bla g 5, and
Bla g 7, and/or Per a 7, would be expected to diagnose 50–
64 % of cockroach allergic patients worldwide [3••, 29, 91].

In most studies carried out in the U.S., sensitization to Bla g
2, Bla g 4, and Bla g 5 presented the highest prevalence among
cockroach allergic patients with asthma [25, 59, 91]. Using
streptavidin CAP and a multiplex flow cytometric assay,
Satinover et al. showed that a panel of 5 recombinant allergens
(rBla g 1, rBla g 2, rBla g 4, rBla g 5, and rPer a 7) could
identify 64 % of cockroach-allergic US patients [91].
Prevalence of IgE antibodies 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, irrespective of their geographic location within
the U.S. These results were in contrast with sensitization to
indoor allergens from cat and mite, which shows a clear
immunodominance of few allergens (Fel d 1 for cat and
Groups 1 and 2 for mite).

In Taiwan, Chuang et al. also found heterogeneous IgE
reactivity profiles, in a group of 32 cockroach-allergic patients
[29]. Using recombinant cockroach allergens Bla g 1, Bla g 2,
Bla g 4, Bla g 5, Bla g 7, and the newly identified
B. germanica enolase, arginine kinase, and vitellogenin, the
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authors showed that all patients reacted to at least one allergen
on an IgE dot-blot immunoassay. The prevalence of IgE
recognition was highest for Bla g 2 (63 %), followed by Bla
g 4 (53 %), vitellogenin (47 %), Bla g 1 and arginine kinase
(34 %), Bla g 5 and Bla g 7 (31 %), and enolase (25.0 %) [29].

In contrast, data from Brazil revealed striking differences
from the results observed in US and Taiwan. A panel of 5
recombinant allergens (rPer a 1, rPer a 7, rBla g 2, rBla g 4,
and rBla g 5) was used for skin testing 57 cockroach allergic
patients with asthma and/or rhinitis (Fig. 1). Twenty-four
patients (42 %) had positive responses to rPer a 7
(P. americana tropomyosin), and the frequencies of sensitiza-
tion to Per a 7 of 42–54 %, considering in vivo and in vitro
testing, respectively, were in keeping with previous studies in
Brazil [3••, 64]. On the other hand, reactivity to the other
cockroach allergens tested was remarkably low: only 3
(5.3 %), 4 (7 %), 3 (5.3 %), and 4 (7 %) showed positive skin
prick tests to Per a 1, Bla g 2, Bla g 4, and Bla g 5, respectively.
Overall, 28/57 (49.1 %) had skin tests to at least one recom-
binant allergen [3••].

The high prevalence of IgE reactivity to tropomyosin in
Brazil is in contrast to the low levels of sensitization to Per a 7
in the U.S. [90]. Interestingly, analysis carried out in various
European countries also revealed a low frequency of IgE
reactivity (6–18 %) to mite tropomyosin (Der p 10) among
mite-allergic patients [92, 93]. Conversely, sensitization pro-
files in a large group of 650 allergic patients in Africa showed
a 55 % prevalence of IgE to mite tropomyosin [94]. The high
frequency of reactivity to cockroach tropomyosin seen in
Brazil could reflect cross-reactivity to mite tropomyosin,
which shares 80 % sequence identity to the cockroach homo-
log. Another possibility is that co-sensitization to tropomyo-
sins from different origins occurred. In particular, the high

frequency of sensitization to tropomyosins in Brazil and
Africa could be due to cross-reactivity to tropomyosin from
intestinal parasites, particularly Ascaris lumbricoides [66, 95,
96]. In keeping with a possible mechanism by which parasites
could increase allergic reactivity through cross-reactive anti-
body responses, several parasite molecules have been reported
to have homologs in allergen families other than tropomyo-
sins, including lipocalins, proteins from the cupin superfamily,
EF-hand proteins, profillins, and glutathione-s-transferases
[97].

Sensitization to individual cockroach allergens, aiming at
identifying markers for severity of disease, has been investi-
gated among cockroach-allergic patients. Recombinant
P. americana allergens (Per a 1 through 7, and Per a 9),
expressed in E. coli, were used to evaluate correlations with
clinical manifestations and severity of disease among patients
from Taiwan [98]. IgE-binding to Per a 2 was more frequently
found among the group of patients with persistent asthma, as
compared to patients with rhinitis only (81 vs. 45 %, p<.05).
In contrast, 80 % of rhinitis patients had IgE-binding activity
to Per a 9, as compared with only 28.5 % among the patients
with asthma (p<.01). The results suggested that sensitization
to Per a 2 could be a marker of more severe airway disease
[98].

The availability of individual recombinant and natural
cockroach allergens will facilitate the diagnosis of individual
profiles of IgE reactivity (highly variable for cockroach aller-
gy) and the identification the specific allergen(s) affecting
each cockroach allergic patient.

Recombinant Cockroach Allergens: Perspectives
for Allergen-Specific Immunotherapy

There have been very few immunotherapy studies for cock-
roach allergy [99–101]. In 1988, Kang et al. reported in a
small number of patients (n=11) that immunotherapy with
cockroach extract resulted in improvement of immunological
and clinical parameters, including symptoms and medication
use, after 5 years of treatment [99]. Another study described
decrease in nasal symptoms and increase in cockroach specific
IgG levels, accompanied by decrease in serum levels of IL-2,
IL-4, and IL-4 receptor, following 3 years of immunotherapy
with cockroach extract [100]. A double-blind, placebo-
controlled cockroach immunotherapy trial from India has
been more recently reported [101]. Immunotherapy was per-
formed using an in-house cockroach extract, prepared under
good manufacturing practice conditions, and 50 cockroach-
allergic patients with asthma and/or rhinitis were enrolled, of
whom 42 (28 active treatment, 18 placebo) completed the first
year of the study. At 1 year, while patients were still on build-
up phase, a significant improvement in clinical scores and
bronchial hyper-reactivity, accompanied by increase in

Fig. 1 Skin prick testing with recombinant allergens in a cockroach-
allergic patient with asthma and rhinitis. 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. (Reproduced from Barbosa et al. [3••]; copyright 2013,
Karger, Basel, Switzerland)
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cockroach specific IgG4, was observed. However, in the
second year, no placebo-treated subjects were included, and
only 12 patients in the active treatment group provided sam-
ples for analysis at the end of the 2-year follow-up [101].
These small studies suggested that cockroach immunotherapy
may be effective.

Recently, results of four pilot studies of sublingual and
subcutaneous immunotherapy (SLIT and SCIT) with
German cockroach extract have been reported [102••]. The
studies, aimed at assessing safety and evaluating immunolog-
ical parameters, involved a total of 190 children and adults
with asthma, rhinitis, or both. The administration of cockroach
allergen by means of SCITwas immunologically more active
than SLIT, particularly regarding the increase of IgG4 levels
and blocking antibody responses. Both forms of immunother-
apy posed no safety concerns to any age group. These pilot
studies suggested that immunotherapy with cockroach aller-
gen is more likely to be effective with SCIT, and provided the
basis for larger-scale efficacy studies of immunotherapy for
cockroach allergy [102••].

Conclusions

Cockroach allergy is associated with increased morbidity and
high risk for emergency room visits and admissions due to
asthma exacerbations among asthmatic patients. Continued
exposure to low levels of cockroach allergens in the indoor
environment leads to sensitization in susceptible individuals,
and subsequent exacerbation of symptoms. Progress in mo-
lecular cloning and expression of recombinant allergens has
led to an improvement in knowledge of the structure and
function of cockroach allergens, which may be useful for
developing novel strategies for diagnosis and therapy of
cockroach-allergic patients. At present, ten Groups of well-
characterized cockroach allergens from both B. germanica
and P. americana, the most common intra-domiciliary cock-
roach species, have been accepted by theWHO/IUIS Allergen
Nomenclature database. The use of recombinant allergens for
diagnostic purposes has been investigated in clinical studies
by performing either skin testing or measurements of serum-
specific IgE in groups of cockroach allergic patients. Overall,
the results have revealed heterogeneous IgE reactivity profiles
among cockroach-allergic patients. However, further studies
are needed to better characterize the relative importance of
different cockroach allergens in larger number of patients,
which will provide insights into cockroach allergen sensitiza-
tion depending on allergen exposure, geographic location, and
genetic background. These studies would help in defining the
most appropriate selection of cockroach allergens to be used
for diagnosis and therapy in a given area. Ultimately, recom-
binant allergens could be used in clinical trials for immuno-
therapy of cockroach-allergic patients, particularly those at a

higher risk for more severe disease including children and
young adults living in inner-city environments.
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