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Background: The prevalence of cockroach (CR) sensitization
and its relevance as a trigger of allergy symptoms differs greatly
in different geographic areas.
Objective: This study aimed to compare molecular IgE
reactivity profiles in CR-sensitized patients with perennial
allergy symptoms from Hong Kong (HK) and Austria and
identify the main primary sensitizers.
Methods: IgE sensitization was assessed by skin prick test and/
or IgE reactivity with CR extract. Molecular IgE reactivity
profiles were analyzed via multiplex assay for sensitization to
allergens and extracts from CR, house dust mite (HDM),
shellfish, and 3 additional insect species.
Results: HDM was the main primary sensitizer in both cohorts.
In the HK group, genuine sensitization to CR was found in 45%,
but none of the patients in the Austrian cohort was truly
sensitized to that allergen source. Most patients from HK were
cross-sensitized to other insects and/or shellfish, presumably by
broad reactivity to tropomyosin and arginine kinase. About half
of Austrian subjects lacked IgE to these pan-allergens,
indicating co- but not cross-sensitization to insects and/or
shellfish. Regarding IgE recognition frequencies, arginine
kinases (64% HK, 10% Austria) and tropomyosins (42% HK,
15% Austria) were most frequently recognized; Bla g 4
(lipocalin) was detected in HK patients only (42%).
Tropomyosin (Per a 7) was significantly more frequently
recognized in patients with asthma. Sera from HDM-sensitized
subjects from HK showed a higher proportion of sensitization to
minor mite allergens.
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Conclusion: Molecular profiling identified differences between
CR-sensitized allergic patients from HK and Austria in terms of
primary sensitizers and molecular IgE reactivity patterns.
Tropomyosin from American cockroach (Per a 7) was shown to
be significantly associated with asthma symptoms and might be
suitable as biomarker for more severe respiratory allergy
symptoms. (J Allergy Clin Immunol Global 2022;1:145-53.)

Key words: Component-resolved diagnosis, cockroach sensitiza-
tion, multiplex testing, microarray, arginine kinase, tropomyosin,
cross-reactivity, edible insect sensitization, primary sensitizer

Many people spend more than 90% of their lives in indoor
environments, so it is unsurprising that hypersensitivity reactions
to indoor allergens such as house dust mites (HDM), domestic
animal dander, cockroach (CR), and mold spores are on the rise in
inner-city areas. In genetically predisposed individuals, inhala-
tion of CR allergens was established as an important cause of
asthma 50 years ago1 and has been confirmed in more recent
studies.2-4 Whereas in southern China considerable amounts of
CR allergens were detected in households,5,6 reflected by their
paramount role as sensitizer to indoor allergens,7-10 CR plays
only a minor role as an allergen source in Europe.11-16 After
inhaling CR extract, CR-sensitized asthmatic patients experience
early- and late-phase allergic reactions.1 In the United States,
60% to 80% of inner-city children with asthma are sensitized to
CR allergens, which constitutes a risk factor for hospitalization,
a higher number of medical visits, and more reported symp-
toms.17-19 Remarkably, in those regions, exposure to CR allergens
appears to have a greater impact on asthmamorbidity than allergy
to HDM or furry animals.17,20 It has been demonstrated that there
is a significant association between exposure to CR allergens in
the first 3 months of life and the development of repeated wheeze
among children in different US cities.21

Themost common domestic CR species associatedwith allergy
are Blattella germanica (German cockroach) and Periplaneta
americana (American cockroach). Over the last 25 years, several
important CR allergens have been purified and characterized; they
can now be used for the systematic assessment of the sensitization
profiles of allergic individuals.19,22-28 Component-resolved diag-
nosis allows for distinguishing between genuine sensitizations,
cosensitizations, and cross-reactivities for different allergen sour-
ces.29 With this approach, it has been shown that CR-allergic pa-
tients present variable sensitization profiles, without defined
immunodominant major CR allergens.19,30-32 Thus, the
importance of individual CR allergens in causing sensitization
varies in different areas of the world, influenced by climatic, other
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environmental, and dietary factors, as well as, presumably, by
genetic predisposition. Moreover, strong IgE cross-reactivity
between CR, HDM, and shellfish allergens has been described,
in manycases mediated by pan-allergens, such as tropomyosins
or arginine kinases.25,27,33

The aim of the present study was to assess potential
differences in IgE sensitization profiles of CR-sensitized
patients with perennial respiratory allergy symptoms from 2
different geographic areas: coastal China (Hong Kong, HK) and
central Europe (Austria). We used a comprehensive panel of CR
allergens and assessed patients’ IgE reactivity patterns by using
the ELISA-based multiplex allergy test ALEX2, where only
small volumes of serum samples are needed to determine sensi-
tization profiles to many seasonal and perennial allergens in a
single analysis.34 On the basis of these comprehensive IgE reac-
tivity patterns, we determined the primary sensitizing allergen
sources and differentiated between co- and cross-sensitizations
in the studied cohorts.
METHODS

Study population
For the present study, patients with the diagnosis of CR allergy were

enrolled. Their diagnosis was based, according to ARIA35 and GINA36 guide-

lines, on the presence of perennial rhinitis and/or asthma and confirmed IgE

sensitization to CR. Sensitization to CR was assessed by measurement of

IgE reactivity (ImmunoCAP i6, Thermo Scientific, Uppsala, Sweden) and/

or by skin prick test to CR extract, in linewith current guidelines.37 In addition,

IgE reactivity to cross-reactive carbohydrate determinants (CCDs) was quan-

tified in the Austrian cohort by ImmunoCAP measurements (MUXF3, Immu-

noCAP o214). Patients fromAustria were recruited from an outpatient service

in Styria (eastern Austria), and patients from HK were selected at the Allergy

Centre of the Hong Kong Sanatorium and Hospital (China). The study was

approved by the respective local ethics committees.
Microarray-based IgE antibody measurements
Total IgE and levels of specific IgE to a comprehensive panel of CR, mite,

and shellfish allergens, as well as to extracts from house cricket (Acheta do-

mesticus), migratory locust (Locusta migratoria), and mealworm (Tenebrio

molitor), were measured via ALEX2 multiplex testing (MacroArray Diagnos-

tics, Vienna, Austria). In this serologic test system, purified allergens and ex-

tracts are first coupled to polystyrene nanobeads, which then are spotted onto

nitrocellulosemembrane. For IgEmeasurement, ALEX2 chips were incubated

with 0.5 mL of 1:5 diluted serum under agitation. Notably, the serum diluent

contains a CCD inhibitor. After incubation for 2 hours, the chips were washed,

and an anti-human, alkaline phosphatase–labeled IgE antibody was added for

30 minutes. After another cycle of washing, the enzyme substrate was added,

and, after drying the membranes, the intensity of the color reaction for each

allergen spot was measured by a charge coupled device camera. Results

were analyzed by RAPTOR Analysis Software (MacroArray Diagnostics),

with total IgE levels expressed as kilounits per liter (kU/L) and allergen-
specific IgE levels as kilounits of allergen-specific IgE per liter (kUA/L).

Values >_0.3 kUA/L were considered positive.34,38
Statistical analysis
To compare frequencies of IgE reactivities to spotted allergen molecules in

the Austrian and HK study populations, 2-sided asymptotic P values were

calculated by chi-square test. P <_ .05 was considered statistically significant.

Correlation between levels of serum specific IgE to allergen extracts or indi-

vidual allergens was analyzed according to Pearson. Differences in IgE levels

among the sera from HK and Austria were analyzed by the Mann-Whitney U

test. For statistical analyses, calculators from Social Science Statistics (www.

socscistatistics.com, 2018) were used.
RESULTS

Demographic and clinical characterization of study

populations from HK and Austria
In total, 33 individuals from HK and 62 subjects from Austria

were enrolled with a diagnosis of allergy to CR that was based on
IgE sensitization to CR extract, perennial allergic rhinitis, and/or
allergic asthma (Table I). All individuals comprising the Austrian
study group were IgE positive to CR extract (Blattella germanica,
ImmunoCAP i6, Thermo Scientific), with amedian value of 0.995
kUA/L, ranging from 0.35 to 11.1 kUA/L (Q25% 5 0.645 kUA/L,
Q75% 5 1.725 kUA/L). Patients from HK were randomly chosen
from a cohort of patients of the allergy unit of the HongKong San-
atorium and Hospital. For the latter, IgE sensitization to CR was
determined by measurement of CR-specific serum IgE or by pos-
itive skin prick test to CR extract.

In the HK cohort, 4 of 33 patients were subjected to allergen
immunotherapy (AIT; 3 subjects to HDM, 1 subject to HDM and
cat) at the time of serum collection; in the Austrian cohort, 8
subjects had completed AIT before enrollment and another 11
were undergoing treatment when they were enrolled (14 to HDM,
4 to CR and 1 to both).

There were no significant differences between the 2 study
groups regarding sex distribution (Table I). However, median age
as well as total serum IgE levels in the Austrian (230 kU/L) and
HK (2097 kU/L) groups were significantly different, with the
latter reflecting a higher percentage of atopic dermatitis (AD) pa-
tients in the HK group (85%, vs 3 recorded cases of AD in the
Austrian cohort). In terms of respiratory symptoms, the 2 groups
were comparable (Table I).
Multiplex IgE detection by ALEX2 revealed distinct

IgE reactivity profiles to CR and HDM in study

populations from HK and Austria
IgE sensitization to at least 1 of the 6 CR allergens (Bla g 1, 2, 4,

5, and 9; Per a 7) and/or to CR extract from Periplaneta ameri-
canawas found in all 33 patients fromHK. In contrast, in the Aus-
trian study population, at least 1 IgE component or extract from
CR was detectable in only 20 (32%) of 62 tested sera (Table II).

In both cohorts, the highest rates of IgE sensitization were
found for pan-allergens—that is, arginine kinase (Bla g 9) and
tropomyosin (Per a 7; Table II, Fig 1). From the CR-specific aller-
gens, Bla g 4 (calycin, lipocalin) was positive in 42%, and Bla g 1,
2, and 5 occurred at much lower rates for HK subjects but for none
of the subjects of the Austrian cohort.

By analyzing the sensitization profile to 14 HDM and storage
mite allergens (Der p 1, 2, 5, 7, 10, 11, 20, 21, and 23; Der f 1, 2;
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TABLE I. Demographic and clinical characterization of study

cohorts from HK and Austria

Characteristic HK (n 5 33) Austria (n 5 62)

Sex, F/M (%F) 12/21 (36) 26/36 (42)

Age (years), median (range)* 24 (6-39) 38.5 (11-76)

Patients with:

Rhinitis only 23 (70) 31 (50)

Both rhinitis and asthma 7 (21) 19 (31)

Asthma only 3 (9) 12 (19)

AD* 28 (85) 3 (5)

Total serum IgE (kU/L),

median (range)*

2097 (78-3048) 230 (7-1872)

Data are presented as nos. (%) unless otherwise indicated.

*Statistically significant differences between cohorts (P < .001).
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Blo t 5, 10, and 21), 97% of the sera from the HK cohort and 71%
from the Austrian cohort showed IgE antibodies to at least 1 mite
allergen (Table II). Allergens from the speciesDermatophagoides
pteronyssinus (97% HK, 69% Austria) and Dermatophagoides
farinae (97% HK, 55% Austria) were recognized by most pa-
tients, followed by Blomia tropicalis (82% HK, 21% Austria;
Table II). In patients from HK, Der p 1 or Der f 1 alone was
able to diagnose 32 of 33 individuals as being HDM sensitized;
only 1 patient showed a negative result with all mite allergens
tested. In the Austrian group, a combination of Der p 1, Der p
2, and Der p 23 identified 58% as sensitized to HDM. Remark-
ably, the pan-allergens Der p 10 and Der p 20, as well as minor
allergens (Der p 5, 7, and 21), were IgE positive in around 50%
or even more of the sera from HK, whereas almost no IgE sensi-
tization was found to Der p 11. In contrast, IgE reactivity to pan-
and minor allergens from HDM was detected at much lower fre-
quencies in the Austrian cohort (Fig 2, Table II).
Group 2 mite allergens showed a high rate of IgE

reactivity
In both cohorts, the prevalence of IgE sensitization to group 2

allergens from storage mites was high and was dominated by Lep
d 2, followed by less frequent sensitization to Gly d 2 and Tyr p 2
(Table II, and see Table E1 in this article’s Online Repository at
www.jaci-global.org). Notably, 5% of patients from Austria and
9% from HK showed exclusive species-specific IgE reactivity
to Lep d 2. In both cohorts, the majority of patients were cross-
sensitized to Der p 2, Der f 2, and Lep d 2; most of the patients
from HK were additionally sensitized to Gly d 2. IgE levels to
storage mite allergens Lep d 2, Gly d 2, or Tyr p 2 were signifi-
cantly lower than IgE levels to group 2 HDM allergens Der p 2
or Der f 2 in both cohorts (Table E1).
CR is not a relevant primary sensitizing allergen

source in Austria
The ALEX2 array comprises marker allergens for genuine

sensitization to HDM (Der p 1, 2, 23) and CR (Bla g 1, 2).39

Because the role of Bla g 4 and Bla g 5 remains less clear, we
considered these 2 allergens separately in our analysis (see
Table E2 in the Online Repository at www.jaci-global.org).
Edible insects (house cricket, migratory locust, mealworm)
were represented by extracts, and shellfish by extracts (oyster,
lobster, mussel, shrimp) and pan-allergens (Pen m 1-4; Ani s 3),
respectively. This allows for identification of genuine sensitiza-
tion to HDM and CR, while for shellfish and edible insects (here-
after just termed insects), cosensitization can only be deduced
from lack of IgE reactivity to other, potentially cross-reactive
allergen sources.

Fig 3, A, illustrates the overlap, and Table E2 shows the
different patterns of sensitization to the highly cross-reactive
allergen sources HDM, CR, shellfish, and insects. In the Austrian
cohort, although enrollment was based on IgE reactivity to
CR extract, no sensitization to marker allergens from CR was de-
tected, indicating that reactivity to the extract was due to cross-
sensitization (Table E2, A). In contrast, most patients (n 5 36,
58%) showed genuine IgE reactivity to at least 1 specific marker
allergen from HDM. Nine of these subjects were also positive to
pan-allergens, which probably accounted for cross-reactivity with
extracts from CR (n 5 3), insects (n 5 7), or shellfish (n 5 8).
However, 27 patients with genuine HDM sensitization notably
were IgE negative to pan-allergens; therefore, sensitization to ex-
tracts from insects (n 5 7) or shellfish (n 5 10) could represent
primary IgE sensitization to those allergen sources (Table E2,
A). One patient showed IgE reactivity to extracts from the mite
species Acarus siro and Tyrophagus putrescentiae but was nega-
tive to HDM markers, as well as to tropomyosin and arginine ki-
nase (Table E2, A). This patient was also positive to extracts from
insects and CR.

To identify other possible primary sensitizing allergen sources
apart from HDM, subjects with IgE to at least 1 HDM marker
allergen were omitted (Fig 3, B, left, Table E2, A). Among the re-
maining 26 patients (Table E2, A), 7 exhibited broad IgE reac-
tivity to pan-allergens from HDM, CR, and shellfish, with 6
patients being positive to extracts from CR, shellfish, and/or in-
sects and 1 whowas positive to pan-allergens only. In these cases,
it was impossible to define the possible primary sensitizing
allergen sources. When omitting the pan-allergens tropomyosin
and arginine kinase, 6 were exclusively positive to extracts
from insects and 2 to shellfish extracts (Fig 3, C, Table E2, A)
but negative to pan-allergens, possibly indicating primary sensiti-
zation to the respective allergen sources. The remainder (n 5 6)
exhibited co- or cross-reactivity between insects, shellfish, and/
or CR.

Of the 4 patients without serum IgE to HDM, CR, insects, or
seafood, 2 were positive to allergens from various pollens and
furry animals, and 2 were negative to any allergen in the ALEX2

array. Notably, 25% of Austrian sera contained CCD-specific IgE
as determined by ImmunoCAP.
Almost all patients from HK were sensitized to HDM

with frequent cosensitization to CR
In our HK cohort, each study participant (n 5 33) had IgE to

CR markers, pan-allergens, and/or extracts (Fig 3, right, Table
E2, B). Five patients were IgE sensitized to CR markers (Bla g
1, 2), and another 10 subjects were sensitized to 2 additional pu-
tative CR markers (Bla g 4, 5), indicating 15 cases (45%) of
genuine sensitization to CR. However, 32 subjects (97%) had
IgE to markers for HDM sensitization, with 15 patients being co-
sensitized to CR. One case of genuine IgE sensitization to HDM
showed concomitant reactivity to extracts from insects and CR
but negativity to CR markers and pan-allergens (Table E2, B).
This pattern could reflect cosensitization to HDM and insects or
cross-sensitization via other, less prevalent pan-allergens.

http://www.jaci-global.org
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TABLE II. Frequencies of IgE sensitization to allergens or extracts from CR, mites, shellfish, or edible insects in patients from HK

and Austria

Allergen or allergen extract HK (n 5 33) Austria (n 5 62) P values

Species, common name, allergen family,

and/or function

Cockroach

Bla g 1 2 (6) 0 .049* Blattella germanica, German cockroach,

group 1

Bla g 2 3 (9) 0 .016* Aspartic protease

Bla g 4 14 (42) 0 <_.001* Calycin, lipocalin

Bla g 5 1 (3) 0 .171 Glutathione S-transferase

Bla g 9 21 (64) 6 (10) <_.001* Arginine kinase

Any Bla g 27 (82) 6 (10) <_.001*

Per a 7 14 (42) 9 (15) .003* Periplaneta americana, American

cockroach, tropomyosin

Per a (extract) 9 (27) 12 (19) .378
Any Bla g, Per a 7, and/or Per a extract 33 (100) 20 (32) <_.001*

Mite

Der p 1 32 (97) 22 (35) <_.001* Dermatophagoides pteronyssinus, European

HDM, group 1, cysteine protease

Der p 2 29 (88) 30 (48) <_.001* Group 2, NPC2

Der p 5 15 (45) 7 (11) <_.001* Group 5/21

Der p 7 17 (52) 10 (16) <_.001* Group 7

Der p 10 17 (52) 9 (15) <_.001* Group 10, tropomyosin

Der p 11 1 (3) 0 .171 Group 11, paramyosin

Der p 20 20 (61) 6 (10) <_.001* Group 20, arginine kinase

Der p 21 20 (61) 11 (18) <_.001* Group 5/21

Der p 23 26 (79) 19 (31) <_.001* Group 23, peritrophin-like protein

Any Der p 32 (97) 43 (69) .002*

Der f 1 32 (97) 22 (35) <_.001* Dermatophagoides farinae, American HDM,

group 1, cysteine protease

Der f 2 29 (88) 30 (48) <_.001* Group 2, NPC2

Any Der f 32 (97) 34 (55) <_.001*

Blo t 5 21 (64) 7 (11) <_.001* Blomia tropicalis, storage mite, group 5/21

Blo t 10 17 (52) 10 (16) <_.001* Group 10, tropomyosin

Blo t 21 16 (48) 2 (3) <_.001* Group 5/21

Any Blo t 27 (82) 13 (21) <_.001*

Any Der p, Der f, and/or Blo t 32 (97) 44 (71) .04*
Tyr p 2 12 (36) 2 (3) <_.001* Tyrophagus putrescentiae, storage mite,

group 2, NPC2

Lep d 2 31 (94) 31 (50) <_.001* Lepidoglyphus destructor, storage mite,

group 2, NPC2

Gly d 2 26 (79) 15 (24) <_.001* Glycyphagus domesticus, storage mite,

group 2, NPC2

Any Gly d, Lep d and/or Tyr p 32 (97) 31 (50) <_.001*

Shellfish

Pen m 1 13 (39) 9 (15) .006* Penaeus monodon, black tiger shrimp,

tropomyosin

Pen m 2 16 (48) 5 (8) <_.001* Arginine kinase

Pen m 3 2 (6) 0 .049* Myosin light chain

Pen m 4 3 (9) 2 (3) .207 Sarcoplasmic calcium-binding protein

Any Pen m 23 (70) 13 (21) <_.001*

Ani s 3 15 (45) 9 (15) <_.001* Anisakis simplex, herring worm,

tropomyosin

Ost e (extract) 11 (33) 22 (35) .835 Ostrea edulis, oyster

Hom g (extract) 17 (52) 24 (39) .229 Homarus gammarus, lobster

Pan b (extract) 10 (30) 18 (29) .898 Pandalus borealis, northern prawn

Myt e (extract) 8 (24) 5 (8) .03* Mytilus edulis, common mussel

Insects

Ach d (extract) 23 (70) 31 (50) .067 Acheta domesticus, house cricket

Loc m (extract) 21 (64) 26 (42) .043* Locusta migratoria, migratory locust

Ten m (extract) 19 (58) 28 (45) .248 Tenebrio molitor, mealworm

Data are presented as nos. (%).

*Statistically significant differences between cohorts.
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FIG 1. IgE recognition profiles to CR allergens. Percentages of IgE binding (y-axes) to individual CR aller-

gens (x-axes) in patients from HK (left) and Austria (right).

A

B

FIG 2. IgE recognition profiles to HDM allergens in HDM-positive patients from HK and Austria. (A) IgE

levels (y-axes, kUA/L) and (B) IgE binding prevalence (y-axes, percentage) to individual HDM allergens

are displayed for mite-sensitized patients of the HK (left) and Austrian study population (right). Box plots

show medians, and first and third quartiles; whiskers, minima and maxima. In addition, means (x within

the respective boxes) are displayed; outliers are represented by circles.
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However, patients with genuine sensitization to HDM and/or
CR (n 5 32) were positive to pan-allergens in all but 3 cases. In
these 29 patients, it was impossible to ascertain whether concom-
itant reactivity to extracts from insects (n5 23) or shellfish (n5
20) reflected co- or cross-sensitization to these allergen sources.
Allergen-specific IgE levels to tropomyosins,

arginine kinases, and different insect extracts were

significantly correlated
Both tropomyosin (Per a 7) and arginine kinase from CR (Bla g

9) showed significantly higher IgE reactivities in the cohort from
HK compared to Austria (Table II). IgE levels to Per a 7 were
significantly correlated with IgE levels to tropomyosins from
mite (Der p 10; Blo t 10), shrimp (Pen m 1), and herring worm
(Ani s 3; Fig 4, A). The same was observed for IgE levels to
Bla g 9 and Der p 20 or Pen m 2, respectively (Fig 4, B).
Likewise, IgE levels to extracts from house cricket (Acheta do-
mesticus) showed high correlation with values obtained with ex-
tracts from grasshopper (Locusta migratoria) and mealworm
(Tenebrio molitor, Fig 4, C).
IgE sensitization to Per a 7 was significantly higher

in patients with asthma than patients without

asthma
A significant difference in IgE sensitization frequencies to Per a

7 was found between CR-allergic patients from HK with and
without asthma. Seventy percent of asthma patients showed Per a
7–specific IgE, compared to 26% in the group without asthma
(Fig 5, A). In patients with asthma, rates of IgE positivity were
also higher for tropomyosins from HDM, shrimp, and herring
worm, but these differences were not statistically significant
(Fig 5, A).
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For arginine kinases, no statistically significant differences
were found between those with and without asthma (Fig 5, B).
DISCUSSION
To our knowledge, our study is the first to analyze IgE

sensitization profiles to a panel of CR allergens in sera from
patients with allergic rhinitis and/or asthma from 2 distinct
geographic regions with different climatic conditions and aller-
genic environments: coastal Asia (HK) and central Europe
(Austria). While CR had been identified as one of the most
relevant indoor allergen sources in southern China,7-10 it is
considered of minor importance in central Europe. In the present
study, we used a multiplex allergy test to determine IgE reactivity
to allergen molecules and extracts from CR and other indoor al-
lergens, as well as from food allergen sources.

To date, no unequivocal marker allergens for sensitization to
CR have been identified, and IgE reactivity patterns of CR allergic
subjects vary greatly.19,40 However, IgE to Bla g 1 and 2, and
possibly also Bla g 4 and 5, is considered specific for CR, espe-
cially for the differential diagnosis of co- or cross-sensitization
to HDM, while tropomyosins and arginine kinases are broadly
cross-reactive pan-allergens.

Our results showed that the common environmental exposure
to allergens from CR and HDM5,6 was clearly depicted in the HK
study population by high rates of genuine sensitization, amount-
ing to 45% and 97%, respectively. As we expected, we also
observed frequent cross-sensitization to shellfish allergens33 and
extracts from 3 other edible insect species, which is attributable
to a high percentage of IgE reactivity to pan-allergens such as
tropomyosins or arginine kinases (Fig 3, Table II, Table E2, B).

In the Austrian study cohort, HDMwas also identified as a main
primary sensitizer (58%), but none of the patients were genuinely
sensitized to CR (Table E2, A). In contrast to 100% IgE sensitiza-
tion to CR extract determined during enrollment, only 22 subjects
(35%) exhibited reactivity to CR pan-allergens or extract, or pan-
allergens from HDM or shellfish on the ALEX2 test.39 However,
serum IgE levels to CR measured by ImmunoCAP during
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FIG 5. IgE recognition of tropomyosin and arginine kinase from different sources among patients with and

without asthma. IgE binding prevalence (y-axes, percentage) to (A) tropomyosin from CR (Per a 7), mite (Der

p 10, Blo t 10), shrimp (Pen m 1), and herring worm (Ani s 3) and (B) arginine kinase from CR (Bla g 9), HDM

(Der p 20), and shrimp (Pen m 2) for nonasthmatic (black bars) and asthmatic (white bars) CR-allergic pa-

tients from HK. *Statistically significant differences between the 2 groups (P <_ .05).

A

B

C

FIG 4. Correlations of serum IgE levels (x- and y-axes, kUA/L) to (A) tropomyosin fromAmerican CR (Per a 7),

mite (Der p 10, Blo t 10), shrimp (Pen m 1), and herring worm (Ani s 3), (B) Arginine kinase Bla g 9, Der p 20,

and Pen m 2 from the same respective species, and (C) extracts from Acheta domesticus, Locusta migrato-

ria, and Tenebrio molitor. Scatterplots show values from individual patients; dotted lines illustrate correla-

tion between IgE levels to the respective allergen molecules or extracts, respectively. Pearson correlation

coefficients are indicated for each chart (P < .001 for each pairwise analysis).
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recruitment had been relatively low inAustrian patients. Therefore,
it is conceivable that a considerable part of such low results was
caused by nonspecific IgE reactivity with the CR extract41 or the
cellulose matrix of the CAP system,42 which is supported by
25% of the Austrian samples containing CCD-specific IgE. In
theALEX2 test system, a CCDblocker is comprised in the standard
protocol, preventing such false-positive results. Another possible
cause of this discrepancy could be IgE sensitization to other
pan-allergens, such as troponin C (Bla g 6) or myosin light chain
(Bla g 8).

In total, a high percentage of mite-sensitized allergic subjects
showed concomitant IgE reactivity to CR, shellfish, or insects
(39%, 59%, 48%) in the Austrian cohort, in line with previous
data from Iceland (33% for CR, 58% for shellfish).43 Insects and
shellfish were identified as possible primary sensitizing allergen
sources in subjects without IgE reactivity to pan-allergens and
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CR extract, and positive to either extracts from insects (n 5 9, 3
cosensitized to HDM markers) or shellfish (n5 8, 6 cosensitized
to HDM markers; Table E2, A). Another 6 subjects negative to
pan-allergens were positive to both insects and shellfish, which
does not allow for identification of the primary sensitizer. The
observed surprisingly high rates of putative primary sensitization
to insects and/or shellfish in the Austrian cohort could be partly
explained by IgE reactivity to other, less prevalent pan-
allergens. However, in cases without IgE reactivity to the most
prevalent indoor allergen sources despite unequivocal clinical
history, primary sensitization to (edible) insects or shellfish
should be considered in allergy diagnostics. While insects are
part of the daily diet in many Asian countries, they have become
available at the European market only recently.44 It is therefore
more likely that Austrian patients were sensitized by respiratory
exposure to insect allergens.

The observed discrepancy between HK and Austria regarding
the role of CR as a primary sensitizer is in agreement with the
overall lower relevance of CR as an allergen source inEurope.11-14

In addition to regional differences in allergen exposure, genetic
differences between the studied populations might add to the
observed results regarding rates of IgE sensitization to CR.2-4

Tropomyosin45-48 and arginine kinase27,32,49-51 have been
previously identified as cross-reactive pan-allergens in inverte-
brates that are associated with allergy to various shellfish.52-56

Detailed analysis of IgE reactivities to tropomyosins43-46 and
arginine kinases showed more than 50% IgE positivity for
both allergens in the HK cohort (Table II), with a strong correla-
tion between IgE levels to the respective allergens from different
species (Fig 4). The high prevalence of positivity to these pan-
allergens in the HK cohort might be due to the frequent con-
sumption of shellfish in this region, but also to common respira-
tory exposure to tropomyosins and arginine kinases from
HDM.48 Notably, we observed a significant association of sensi-
tization to Per a 7, but not to arginine kinases, with more severe
respiratory symptoms, such as allergic asthma (Fig 5). However,
as a result of the small number of patients with asthma (n5 10),
further studies are needed to evaluate the relevance of those pan-
allergens as possible biomarkers for asthma.
Study limitations
Our 2 study populations differed considerably in percentages of

AD patients. However, even though AD conveys a higher general
propensity for IgE sensitization, the latter always depends on
exposure, and thus on the prevalence of the respective allergen
source in the area under investigation.57 In addition, a study in
southern China showed that rates of sensitization to CR, HDM,
and shellfish are similar in patients with respiratory allergy symp-
toms compared to AD patients.7 In line with our findings, it was
previously reported that rates of concomitant sensitization to
CR, HDM, and shellfish are high in Chinese allergic popula-
tions,7-9 including exclusively respiratory allergies.10 Therefore,
we consider differences in the sensitization rates of our 2 study
groups to reflect the particular regional characteristics of local
allergen exposure.

Another possible limitation could be differences in rates of
immunotherapy between the 2 cohorts (HK 12%, Austria 31%).
However, none of the patients from HK and only 5 subjects from
Austria received AIT to CR. Even despite receipt of AIT to CR,
none of those 5 subjects has mounted an IgE response to marker
allergens from CR, which indicates that sensitization rates to CR
were not affected by AIT.
Conclusion
A high prevalence of genuine sensitization to HDM was

observed in both study groups, whereas true sensitization to CR
was observed in a considerable proportion of patients fromHK, but
not in any Austrian study participant. In Austrian subjects, insects
and shellfish were identified as the possible primary sensitizing
allergen source in an unexpectedly high number of cases.

We thank Peter Forstenlechner (MacroArray Diagnostics, Vienna, Austria)

and Hammer Tsui (T-Medi, Hong Kong, China) for planning the study, and

Anna Ringauf (MacroArray Diagnostics) for measuring the samples.

Clinical implications: Multiplex IgE testing including a CCD
blocker revealed marked differences in the relevance of CR as
primary sensitizer between cohorts from a coastal Asian region
and a central European region.
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