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HRP. Using system B, sensitivity and specificity was 98 and 
97%, respectively, for AAO, 62 and 95%, respectively, for bro-
melain, and 96 and 69%, respectively, for HRP. Results of the 
3 test allergens obtained with system A showed strong cor-
relations (r = 0.932–0.976), whereas results with system B 
showed lower correlations (r = 0.714–0.898).  Conclusions:  
All 3 test allergens used with system A are suitable for CCD-
sIgE detection in hymenoptera venom allergy. With system 
B, only AAO seems to be a reliable tool. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Allergic reactions due to hymenoptera stings comprise 
a wide variety of clinical symptoms, including large local 
( 1 10 cm in diameter) and generalized skin reactions as 
well as systemic reactions of varying severity  [1] . The only 
successful, long-lasting treatment of hymenoptera venom 
allergy is specific immunotherapy (SIT) with the respon-
sible hymenoptera venom(s). Therefore, identification of 
the culprit insect, most commonly wasps ( Vespula  spp.) 
or honeybees  (Apis mellifera),  is an important aim  [2–5] . 
Usually the culprit insect can be determined by a combi-
nation of patients’ history, skin tests and the detection of 
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 Abstract 

  Background:  In hymenoptera venom allergy, about 75%
of detected in vitro double positivity to yellow jacket and 
honeybee venom is ascribed to specific IgE (sIgE) directed 
against cross-reactive carbohydrate determinants (CCDs). To 
date, for the detection of CCD-sIgE, different carbohydrate 
antigens and methods are used. The most suitable one still 
has to be identified.  Methods:  Eighty-seven patients with 
confirmed hymenoptera venom allergy and venom sIgE 
 values of  6 0.7 kU/l were investigated. Sixty-five patients 
showed sIgE reactivity to both yellow jacket and honeybee 
venom, 22 were venom mono positive and served as con-
trols. Occurrence of CCD-sIgE was determined using brome-
lain, horseradish peroxidase (HRP) and MUXF 3  on system A, 
and ascorbic acid oxidase (AAO), bromelain and HRP on sys-
tem B.  Further, a reference standard for CCD-sIgE evaluation 
was created: CCD positivity was assumed when at least 4 of 
the 6 test results were positive.  Results:  According to the de-
fined reference standard, 45/65 venom double positive pa-
tients exhibited CCD-sIgE. Using system A, comparison with 
the reference standard revealed sensitivity and specificity 
values of 96 and 97%, respectively, for MUXF 3 , 100 and 100%, 
respectively, for bromelain, and 96 and 97%, respectively, for 

 Received: August 4, 2010 
 Accepted after revision: October 25, 2010 
 Published online: March 29, 2011 

 Correspondence to: Dr. Melanie Mertens 
 Department of Dermatology, University of Münster 
 Von-Esmarch-Strasse 58,   DE–48149 Münster (Germany) 
 Tel. +49 251 83 56589, Fax +49 251 83 58534
E-Mail allergologie   @   med.net.uni-muenster.de 

 © 2011 S. Karger AG, Basel
1018–2438/11/1561–0043$38.00/0 

 Accessible online at:
www.karger.com/iaa 

 R.B. received lecture fees from Phadia and Siemens Healthcare Diag-
nostics. M.M. has nothing to declare. 



 Mertens/Brehler Int Arch Allergy Immunol 2011;156:43–50 44

venom-specific IgE (sIgE) antibodies in the patients’ sera 
 [6] . One major problem in diagnosing hymenoptera ven-
om allergy is the fact that up to 60% of patients’ sera show 
in vitro reactivity to both yellow jacket venom (YJV) and 
honeybee venom (HBV)  [5, 7–10] . Causes for this phe-
nomenon may be true, independent co-sensitizations or 
cross-reactions between YJV and HBV allergens, either 
on the basis of sequence homology, for example between 
HB- and YJ-hyaluronidases  [11, 12] , or, predominantly, 
due to the presence of sIgE directed against cross-reactive 
carbohydrate determinants (CCDs)  [5, 8, 13, 14] . Where-
as true double sensitization would be treated by immu-
notherapy with both venoms, in the case of double posi-
tivity due to cross-reactions, SIT with the primarily re-
sponsible venom alone would be sufficient  [3] .

  CCDs are carbohydrate structures which are widely 
distributed on glycoproteins from plants and lower ani-
mals, and occur in hymenoptera venoms as well as in nat-
ural rubber latex, pollen, vegetables and fruits, but not in 
mammals. About 20% of pollen-allergic and 37% of hy-
menoptera venom-allergic patients possess CCD-sIgE  [5, 
15] . In venom double-positive patients the prevalence of 
CCD-sIgE varies from 56 to 80.5%  [5, 8, 13] . Whether or 
not CCD-sIgE antibodies are able to induce allergic 
symptoms is still a matter of debate, but they seem to be 
clinically irrelevant – at least in the majority of CCD-
positive patients  [5, 16–18] . To date, for detection of CCD-
sIgE different glycoprotein-containing extracts and sin-
gle glycoproteins are used. The most commonly used 
ones are oilseed rape and natural rubber latex extracts, 
ascorbic acid oxidase (AAO), bromelain, and horseradish 
peroxidase (HRP)  [5, 8, 13, 14, 16, 18, 19] . Recently, iso-
lated  N -glycan chains from bromelain (structure MUXF 3 ; 
 fig. 1 ) were also introduced for detection of CCD-sIgE  [5, 
14, 18] . Information about carbohydrate structures and 
number of carbohydrate chains of the glycoproteins ana-
lyzed is given in  figure 1 .

  In order to identify the most suitable marker for CCD-
sIgE detection in hymenoptera venom-allergic patients, 
prevalence, sensitivity and specificity of AAO, bromelain, 
MUXF 3  as well as HRP were determined. Moreover, the 
outcome of two different test systems was compared.

  Patients and Methods 

 Patients 
 One hundred eleven patients, who had been admitted to our 

outpatient clinic from 2001 to 2004 due to allergic reactions after 
a hymenoptera sting and were treated with venom SIT after diag-
nosis of hymenoptera venom allergy, were included in the study. 

Allergy had been confirmed by determination of venom IgE levels 
and intradermal skin tests with YJV and HBV according to cur-
rent guidelines  [6] . Since CCD-sIgE antibodies are more likely in 
patients with higher IgE levels, only those patients with a venom-
sIgE  6 0.7 kU/l were further analyzed (n = 87). Sixty-five patients 
investigated had sIgE antibodies against both YJV and HBV, the 
remaining 22 patients displayed sIgE only against one venom and 
served as controls. The sera analyzed were obtained in most cases 
(n = 79) before starting immunotherapy, blood of 8 patients (5 
venom double positive, 3 controls) was taken within immuno-
therapy treatment. However, all sIgE determinations (venom- and 
CCD-sIgE) were performed with serum of the same blood with-
drawal.

  Skin Tests 
 Skin sensitivity to YJV and HBV was determined by intrader-

mal skin testing with serial 10-fold dilutions, ranging from 0.0001 
to 1  � g/ml. A wheal reaction half of the size of the histamine 
wheal with surrounding erythema was considered as positive. 
The skin test was stopped at the first venom concentration where 
a positive result could be achieved. Venoms for skin testing were 
obtained from ALK-Scherax (Wedel, Germany).

  Determination of Specific IgE 
 For detection of allergen-sIgE two different test systems, 

namely the UniCAP � 100 (Phadia, Freiburg, Germany) and the 
Immulite �  2000 system (Siemens Medical Solutions Diagnostic 
GmbH, Bad Nauheim, Germany) were used according to the 
manufacturers’ instructions. YJV (i3)- and HBV (i1)-sIgE was de-
termined with UniCAP100. Measurement of CCD-sIgE levels, 
which was done retrospectively for routine diagnosis in mid-2007, 
was performed with both test systems using AAO (k226), brome-
lain (k202), HRP (k225/o400) and MUXF 3  (o214). With one test 
system (in the following named system A), allergen-sIgE anti-
bodies against MUXF 3 , bromelain and HRP were determined. 
Furthermore, allergen-sIgE antibodies against bromelain and 
HRP were also measured using the second test system (in the fol-
lowing named system B). Since to our knowledge MUXF 3  was not 
available in mid-2007 for system B, sIgE against AAO (which was 
not available for system A) was measured additionally. All patient 
sera were analyzed consecutively and all 3 allergens investigated 
were measured with system A or B within the same run. The de-
tection limit for both test systems was 0.1 kU/l, values  6 0.35 kU/l 
were considered positive.

  Statistical Analyses 
 All statistical calculations were performed using SPSS version 

15.0 (SPSS Inc., Chicago, Ill., USA). Prevalence of CCD-sIgE de-
termined with the different glycoproteins or MUXF 3  within dou-
ble positive and control hymenoptera venom-allergic patients was 
confirmed by  �  2  test. Differences were considered as significant 
at a p value  ̂  0.05.

  For estimation of sensitivity and specificity of the CCD-con-
taining allergens investigated, a reference standard for occur-
rence of CCD-sIgE was defined: when at least 4 of the 6 possible 
test results obtained with the glycoproteins or MUXF 3  were posi-
tive, patients were assumed to be CCD-sIgE positive. Double pos-
itive patients with less than 3 concordant positive results and con-
trol patients were considered CCD-sIgE negative. Since double 
positive patients with only 3 of 6 concordant positive test results 
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(n = 3) can neither be regarded as CCD-sIgE positive nor CCD-
sIgE negative, these patients were excluded. Significance was ver-
ified by  �  2  test.

  Correlation between results of different test allergens using 
one test system or between the same test allergen but different 
detection systems was examined using the Spearman rank cor-
relation test. For these analyses, values  ! 0.1 kU/l were assigned 
the value 0.1 kU/l.

  Results 

 Characterization of Patients 
 Eighty-seven patients with confirmed hymenoptera 

venom allergy and venom-sIgE levels  6 0.7 kU/l were in-
cluded in this study. Sixty-five of these patients (27 fe-
male, 38 male) possessed sIgE against both YJV and HBV. 
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  Fig. 1.  Glycan structures as found on hymenoptera venom glycoproteins and on the test allergens investigated. 
The structure codes comply with the proglycan system (www.proglycan.com), that is, central  core  mannoses 
are not counted (compare MMXF 3  and MUXF 3 ). U = Unoccupied; Asn = asparagine; Fuc/F = fucose;
GalNAc/An = N-acetylgalactosamin; GlcNAc = N-acetylglucosamine; Man/M = mannose; Xyl/X = xylose. 
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YJV-sIgE values ranged from 0.91 to  1 100 kU/l with a 
median of 7.61 kU/l, HBV-sIgE values ranged from 0.74 
to  1 100 kU/l with a median of 2.96 kU/l ( table 1 ). Sixty of 
sixty-five patients reported allergic reactions due to yel-
low jacket stings, the remaining 5 to honeybee stings; se-
verity of reactions is given in  table 1 . Skin tests revealed 
that 43/65 patients were mono positive with YJV, 4/65 
were mono positive with HBV and 18/65 patients were 
skin test double positive ( table  1 ). Within this patient 
group, sIgE determination with CCD-containing test al-
lergens revealed that 45/65 patients (69%) also showed 
sIgE reactivity to at least 4 of the 6 tested allergens (refer-
ence standard; data not shown). Thus, they were defined 
as true CCD-sIgE positive.

  The remaining 22/87 hymenoptera venom-allergic 
 patients investigated (15 female, 7 male) were either mono 

positive with YJV (21/22) or HBV (1/22) in sIgE determi-
nations and also mono positive in the skin test (YJV: 
21/22, HBV: 1/22;  table 1 ). Furthermore, 1 patient report-
ed allergic reactions due to a honeybee sting, all other 
patients due to yellow jacket stings. Severity of symptoms 
is also given in  table 1 . The honeybee venom-allergic pa-
tient had an HBV-sIgE value of 2.28 kU/l, YJV-sIgE in the 
control group ranged from 0.7 to 37.5 kU/l with a median 
of 3.55 kU/l ( table 1 ). Specific IgE-mono positive patients 
served as controls in the study.

  All patients investigated received venom immuno-
therapy; 11 patients with both venoms, all other patients 
with one venom (data not shown).

  Determination of CCD-sIgE with System A 
 For in vitro double positive patients, sIgE determina-

tion with system A revealed that 44/65 patients possessed 
sIgE against MUXF 3 , 47/65 patients against bromelain 
and 46/65 patients against HRP. The median of positive 
responses was 1.09 kU/l, 1.32 kU/l and 1.515 kU/l, respec-
tively ( table  2 ). Forty-one of sixty-five patients showed 
concordant positive, 16/65 patients concordant negative 
results with all three CCD-containing allergens investi-
gated (data not shown). None of the control patients re-
vealed positive results. Estimation of sensitivity and spec-
ificity for MUXF 3 , bromelain and HRP using the refer-
ence standard of  6 4 concordant-positive sIgE results for 
verified CCD-sIgE positivity resulted in 96 and 97%, re-
spectively, for MUXF 3 , 100 and 100%, respectively, for 
bromelain, and 96 and 97%, respectively, for HRP ( ta-
ble 2 ). Analyses of the correlation confirmed the results 
for sensitivity and specificity of all three test allergens in-
vestigated: correlation varied between 0.976 (MUXF 3  vs. 
bromelain) and 0.932 (MUXF 3  vs. HRP) ( fig. 2 a), values 
were highly significant. Importantly, also the amount of 
sIgE values in double positive patients was very close; the 
regression line in all three plots was nearly 45 degrees 
( fig. 2 a).

  Determination of CCD-sIgE with System B 
 CCD-sIgE analyses using system B revealed that 45/65 

venom double-positive patients additionally showed sIgE 
reactivity to AAO, 31/65 patients to bromelain and 54/65 
patients to HRP. The median values of those patients with 
positive sIgE against AAO, bromelain and HRP were 1.9 
kU/l, 0.945 kU/l and 4.2 kU/l, respectively ( table 3 ). Twen-
ty-six of sixty-five patients showed concordant positive, 
9/65 concordant negative results to all three glycoproteins 
investigated (data not shown). Among control patients, 
1/22 displayed sIgE against AAO, 0/22 against bromelain 

Table 1.  Clinical characterization of all hymenoptera venom-al-
lergic patients investigated

sIgE
double positive
patients (n = 65)

sIgE
mono positive
patients (n = 22)

Female 27 15
Male 38 7
History (culprit insect)

Yellow jacket 60 21
Honeybee 5 1

Allergic reactions
Grade 1 8 10
Grade 2 32 4
Grade 3 13 4
Grade 4 12 4

Specific IgE
YJV 65 21
Median, kU/l 7.61 (0.91 to >100) 3.55 (0.7–37.5)1

HBV 65 1
Median, kU/l 2.96 (0.74 to >100) 2.28

Skin test
YJV 43 21
HBV 4 1
YJV and HBV 18 –

A llergic reactions in grades were defined as follows: grade 1, 
generalized skin reactions; grade 2, symptoms of grade 1 and/or 
subjective symptoms such as anxiety, dizziness, drowsiness, dys-
pnoea, headache, nausea, palpitations, and stomach ache; grade 3, 
symptoms of grade 1 and 2 and/or objective symptoms such as 
cyanosis, diarrhoea, fall in blood pressure, incontinence, and 
vomiting; grade 4, loss of consciousness and/or collapse. Figures 
in parentheses are ranges.

1 Included in the calculations are only positive responses (sIgE 
values ≥0.35 kU/l).
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Table 2.  sIgE determination with system A in patients with venom double and mono positive sIgE results

Allergen D ouble positive (n = 65) Mono positive (n = 22) p sensi-
tivity

speci-
ficity

p

prevalence median , kU/l range, kU/l prevalence

MUXF3 44 1.09 0.38–25.9 0 <0.0001 96% 97% <0.0001
Bromelain 47 1.32 0.39–30.3 0 <0.0001 100% 100% <0.0001
HRP 46 1.515 0.35–34.4 0 <0.0001 96% 97% <0.0001

Onl y positive responses are included in the calculations (sIgE values ≥0.35 kU/l). Sensitivity and specificity were determined by 
means of the defined reference standard for verified CCD-sIgE occurrence. Statistics were calculated using �2 test.
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  Fig. 2.  Correlation between IgE concentrations obtained with the test allergens investigated.  a  Results obtained 
with system A.  b  Results obtained with system B.  c  Correlation between the same glycoprotein detected with 
both test systems. Values  !  0.1 kU/l were assigned the value 0.1 kU/l. Horizontal and vertical lines indicate the 
threshold for sIgE positivity at 0.35 kU/l.  *  *  *  p  !  0.0001. 
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and 4/22 against HRP. Estimation of sensitivity and spec-
ificity for each of the glycoproteins using the defined ref-
erence standard for verified CCD-sIgE positivity yielded 
in 98 and 97%, respectively, for AAO, 62 and 95%, respec-
tively, for bromelain, and 96 and 69%, respectively, for 
HRP ( table 3 ). sIgE results obtained with system B showed 
poorer correlations of r = 0.714 (HRP vs. bromelain), 
0.840 (AAO vs. bromelain) and 0.898 (HRP vs. AAO) 
( fig. 2 b). Interestingly, sIgE values for HRP were signifi-
cantly higher compared to those of bromelain and AAO 
( fig. 2 b).

  Comparison of System A and B 
 Comparison of sIgE results achieved with the two dif-

ferent detection systems revealed that correlation of HRP 
was very high (r = 0.958), although HRP-sIgE values de-
tected with system B were significantly higher than those 
detected with system A ( fig. 2 c). Correlation of data ob-
tained with bromelain on system A and B was signifi-
cantly lower (r = 0.796).

  Discussion 

 In up to 60% of patients with confirmed hymenoptera 
venom allergy, sIgE reactivity to both YJV and HBV can 
be observed  [5, 7–10] . Several studies have shown that the 
major cause for this phenomenon is most likely the pres-
ence of sIgE directed against carbohydrate epitopes 
(CCDs)  [5, 8, 14] . Therefore, determination of CCD-sIgE 
levels in patients with venom double-positive sIgE should 
be performed.

  In the present study the most commonly used glyco-
proteins for detection of CCD-sIgE in pollen and hyme-
noptera venom-allergic patients (AAO, bromelain and 
HRP) and MUXF 3  (isolated  N -glycan chains from bro-
melain; recently introduced for detection of CCD-sIgE) 

were investigated to identify the most suitable marker for 
CCD-sIgE determination. Furthermore, the outcome of 
the applied test allergens on different detection systems 
in respect to the diagnosis of CCD-sIgE was evaluated.

  Using the previously defined reference standard for 
existence of CCD-sIgE, 45/65 (69%) of the investigated in 
vitro venom double positive patients possessed CCD-
sIgE. This correlates with earlier studies which showed a 
prevalence of 56–80.5%  [5, 8, 13] . Interestingly, Eržen et 
al.  [14]  found a lower prevalence of about 40% for CCD-
sIgE.

  Analyses performed with system A revealed concor-
dant positive results with MUXF 3 , bromelain and HRP 
in 41/65 double-positive patients, which is in good accor-
dance with the reference standard. Moreover, sensitivity 
and specificity values for system A with all CCD-con-
taining allergens tested were very similar. Additionally, 
also the correlation data fitted well. Thus, both applied 
glycoproteins as well as MUXF 3  on system A are suitable 
for detection of CCD-sIgE in hymenoptera venom al-
lergy.

  For system B only 26/65 in vitro double positive pa-
tients showed concordant positive results with all three 
glycoproteins investigated, resulting in a difference of 19 
patients compared to the reference standard. The major 
reason for this finding is most likely the divergent out-
come obtained with HRP and bromelain: while the sIgE 
determination with HRP seems to have a lower specific-
ity (69%, also reflected in 4/22 positive control patients), 
determination with bromelain seems to have a lower sen-
sitivity (62%). Values obtained with AAO matched best to 
the results obtained with the test allergens applied on sys-
tem A and the reference standard.

  Interestingly, correlation between HRP-sIgE results 
obtained with the two different test systems was very 
strong. Nevertheless, the scatter plot in  figure 2  under-
lines that all values obtained for HRP-sIgE with system B 

Table 3.  sIgE determination with system B in patients with venom double and mono positive sIgE results

Allergen Double positive (n = 65) M ono positive (n = 22) p Sensi-
tivity

Speci-
ficity

p
prevalence median, kU/l range, kU/l prevalence median, kU/l range, kU/l

AAO 45 1.9 0.35–53.5 1 0.9 – <0.0001 98% 97% <0.0001
Bromelain 31 0.945 0.38–20.1 0 – – <0.0001 62% 95% <0.0001
HRP 54 4.2 0.39–69.9 4 0.4125 0.36–0.56 <0.0001 96% 69% <0.0001

Onl y positive responses are included in the calculations (sIgE values ≥0.35 kU/l). Sensitivity and specificity were determined by 
means of the defined reference standard for verified CCD-sIgE occurrence. Statistics were calculated using �2 test.
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were too high, resulting not only in false-positive results 
in the venom double-positive group but also in the con-
trol group. Due to the lower prevalence of bromelain-sIgE 
achieved with system B compared to system A, correla-
tion of data was poor. Because results obtained with sys-
tem A were very similar, whereas those obtained with sys-
tem B were heterogeneous (HRP too high, bromelain too 
low, AAO in the same range), differences in the detection 
methods of system A and B (bound allergen versus liquid 
allergen) seem to have no influence on the results.

  As shown in  figure 1 , the glycoproteins investigated 
vary in their glycan structures as well as in their number 
of glycan chains. Since determination with system A 
showed nearly the same prevalences with both glycopro-
teins and MUXF 3 , and correlation of sIgE values was also 
close, both parameters (glycan structure and number) 
seem to have no influence on either the number of de-
tected CCD-positive patients or the amount of CCD-
sIgE. In contrast to hymenoptera venom glycoproteins 
which possess  N -glycans with only immunogenic fucose 
residues (equivalent to CCD epitopes), plant-specific gly-
coproteins possess immunogenic fucose and xylose resi-
dues (also equivalent to CCD epitopes) which can result 
in production of sIgE antibodies against both fucose- and 
xylose-containing epitopes in sensitized pollen- or food-
allergic patients  [17] . Thus, a similar study with pollen-
allergic subjects may have a different outcome. Differenc-
es between results obtained with system B appear to be 
more a problem of the evaluation (such as wrong cutoff) 
than glycoprotein based.

  In addition to the presence of CCD-sIgE in patient 
sera, in vitro venom double positivity can also be based 
on partial sequence identity of venom (glyco)proteins, for 
example, hyaluronidases or dipeptidyl peptidases  [11, 12, 
26] , or true independent co-sensitizations to YJV and 
HBV. Importantly, the presence of CCD-sIgE in patients 
with double positive sIgE does not exclude true co-sensi-
tization which would necessitate SIT with both venoms, 
whereas in the case of double positivity due to cross-re-
actions alone (CCD and/or peptide dependent), SIT with 
the primarily responsible venom would be sufficient  [3] .

  Today, the problem with interfering CCD-sIgE anti-
bodies cannot only be solved by detection of CCD-sIgE 
via glycoprotein-containing extracts or single glycopro-
teins (as discussed here) but also by circumvention of 
CCD-epitopes on the test allergens using recombinant, 
 Escherichia coli -expressed, nonglycosylated allergens, 
like Api m 1, Api m 2 and Ves v 5 for hymenoptera venom 
allergy  [5, 27] . This application allows detection of only 
protein- (and not carbohydrate-) sIgE antibodies. More-

over, it is discussed that sIgE antibodies directed against 
species-specific, recombinant, nonglycosylated hyme-
noptera venom allergens indicate true co-sensitizations 
 [5] . However, current observations lead to the assumption 
that determination of venom-sIgE with commercially 
available recombinant hymenoptera venom allergens is 
less sensitive compared with whole venom extracts. Ad-
ditionally, since it remains possible that in some patients 
CCD-sIgE may have clinical relevance  [8] , those patients 
would not benefit from diagnosis using recombinant, 
nonglycosylated allergens.

  To the best of our knowledge, this is the first study that 
compared the most common test allergens used for CCD-
sIgE detection. Our data revealed that using system B 
bromelain was less sensitive and HRP less specific com-
pared to all other test allergens and to the other test sys-
tem evaluated. Application of AAO gave the best results 
for CCD-sIgE detection with system B. Furthermore, 
these results fitted best to the results obtained with sys-
tem A and to the created reference standard. Results ob-
tained using system A showed strong correlation to the 
reference standard and to each other. Moreover, sensitiv-
ity and specificity were good overall. Thus, MUXF 3 , bro-
melain and HRP in combination with system A are all 
suitable test allergens for CCD-sIgE detection in hyme-
noptera venom-allergic patients. Using system B, only 
AAO is appropriate for CCD-sIgE determination.
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