
Letter to the Editor
Low prevalence of IgE to cross-reactive carbo-
hydrate determinants in beekeepers

To the Editor:
N-glycans from plant and insect glycoproteins can induce

extensive IgE cross-reactivity.1,2 IgE antibodies against these
glycans, commonly known as cross-reactive carbohydrate de-
terminants (CCDs), may interfere with in vitro tests for allergy
diagnosis.2 The cause of CCD sensitization is a matter of de-
bate. N-glycans are ubiquitous in nature and represent the
most common set of epitopes to which humans are exposed.2

From the initial descriptions of CCDs, Hymenoptera stings
have been proposed as a cause of CCD sensitization.1 Serial
determinations in patients with Hymenoptera venom allergy
showed that CCD-specific IgE (sIgE) levels increased in paral-
lel with the culprit venom-sIgE levels after a sting.3 In patients
with suspected respiratory allergy, a history of Hymenoptera
stings was associated with CCD-sIgE-positivity.4 The level
of CCD-sIgE is higher in atopic than in nonatopic individ-
uals4,5 and is highest among patients who are allergic to Hy-
menoptera venoms.6 For an in-depth understanding of the
role of Hymenoptera venom exposure on CCD sensitization,
we investigated the prevalence and factors associated with
CCD-sIgE among beekeepers, a population that is heavily ex-
posed to stings.

In this cross-sectional study, the 320 members of the Sociedad
de Apicultores (Beekeeping Association) of Lugo (Spain) were
invited to participate via a personal letter. A total of 158
individuals consented to participate in the study, which was
approved by the Regional Ethics Committee. Three individuals
who were already diagnosed as having Hymenoptera venom
allergy undergoing specific immunotherapy were excluded. The
study thus contained 155 individuals (125 males; median age, 57
years; range, 23-88 years). All participants completed a
physician-administered structured questionnaire that included
items related to residence, occupational activity, smoking, alco-
hol consumption, beekeeping activities, sting episodes, and
reactions to stings. Reactions were classified as none, small local,
large local (with a diameter >10 cm and peaking at 24-48 hours),
or systemic. Skin prick tests to a standard panel of common
inhalant allergens, including mites and pollens, were performed
in all participants. Individuals with at least a positive reaction (>3
mm) were considered atopic.

Total serum IgE was assayed by using the Immulite-2000
system (Siemens, Gwynedd, United Kingdom). Allergen-sIgE
was assayed by using the Immuno-CAP-250 system (Phadia,
Uppsala, Sweden) and included sIgE to honeybee venom
(HBV), yellow jacket venom (YJV), Polistes dominulus
venom, natural (glycosylated) HBV phospholipase-A2, recom-
binant (nonglycosylated) HBV phospholipase-A2, and MUXF
(the N-glycan from bromelain, a CCD marker, containing
a-1,6-mannose (M), b-1,2-xylose (X), and core a-1,3-fucose
(F) substitutions; UniCAP, Phadia).2 Following the manufac-
turer’s instructions, sIgE levels of 0.1 kUA/L or more were
considered as ‘‘positive’’ and corresponding individuals were
considered to have IgE sensitization to CCDs. For some anal-
yses and following traditional classifications, individuals with
sIgE levels of 0.35 kUA/L or more to both HBV and YJV
were considered to have double in vitro reactivity. We also as-
sayed MUXF-specific IgG and HBV-specific IgG and IgG4 by
using the Immuno-CAP-250 system.

Only a minority of beekeepers demonstrated IgE sensitization
to CCDs. A total of 12 (7.7%; 95% CI, 3.5-11.9) had CCD
(MUXF)-sIgE levels of 0.1 kUA/L or more and only 4 (2.6%) had
levels of 0.35 kUA/L or more. The maximumCCD-sIgE level was
2.21 kUA/L. IgE sensitization to CCDs was positively associated
with atopy and negatively associated with age (Table I). These as-
sociations were maintained after adjusting for confounders (data
not shown). IgE sensitization to CCDs was independent of sex,
smoking, alcohol consumption, duration of beekeeping, number
of beehives, sting episodes, and time elapsed since the last sting.
IgE sensitization to CCDs was positively associated with reac-
tions’ severity (Table I). The sum of large local reactions and sys-
temic reactions was higher in beekeepers with IgE sensitization to
CCDs than in those without it (41.7% vs 9.8%; P 5 .006). Three
beekeepers were newly diagnosed with systemic reactions after
Hymenoptera stings. IgE sensitization to CCDs was associated
with higher levels of serum total IgE and venom-sIgE, as well
as with double (HBV and YJV) reactivity in the whole group
(Table I), as well as within the subgroup of atopic individuals
(see Table E1 in this article’s Online Repository at www.
jacionline.org). A total of 102 individuals (65.8%) showed detect-
able levels of CCD-sIgG. Levels of CCD-sIgG were similar
among individuals with and without IgE sensitization to CCDs.
Likewise, IgE sensitization to CCDs was not significantly associ-
ated with HBV-sIgG or HBV-IgG4 (Table I). Levels of CCD-sIgG
were correlated with those of HBV-sIgG (r 5 0.429; P < .001)
and with those of HBV-sIgG4 (r 5 0.164; P 5 .04, Spearman’s
test).

The prevalence of IgE sensitization to CCDs in beekeepers
was lower than that observed in different populations studied by
the authors (see Table E2 in this article’s Online Repository at
www.jacionline.org). Specifically, the prevalence was lower
than that observed in patients allergic to Hymenoptera venom6

and in alcoholic subjects5 from the same area (Galicia, Spain).
In earlier studies, IgE sensitization to CCDs demonstrated a
consistent association with alcohol consumption,5-8 which was
not observed in this population. The prevalence of IgE sensiti-
zation to CCDs in beekeepers was similar or slightly lower
than that observed in patients with suspected respiratory al-
lergy4 from the area and in general adult populations from
Spain,5 Portugal,7 and Denmark.8 However, the relatively low
level of CCD-sIgE among beekeepers may not argue against a
role for bee stings in CCD sensitization. Most probably, the
high venom exposure after repeated stinging episodes could
provoke a status of immunologic tolerance through the induc-
tion of regulatory T cells, as previously described.9 Notably,
beekeepers also had the lowest levels of serum total IgE among
the populations studied (Table E2). The association between hy-
persensitivity symptoms and CCD-sIgE could indicate that sen-
sitization to the glycosydic epitope is a risk factor for the
development of clinical allergy to the venom. Alternatively,
IgE sensitization to CCDs could merely be an epiphenomenon
that is more evident in individuals who are highly sensitized
to the venom. Another possibility is that there is selection
bias in the population because beekeepers with a tendency to
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TABLE I. Demographic, epidemiologic, and immunologic characteristics of beekeepers with and without IgE sensitization to CCD*

Beekeepers with CCD

sensitization (n 5 12)

Beekeepers without CCD

sensitization (n 5 143) P value

Age (y) 49 (26 to 73) 58 (23 to 88) .02

Sex (male) 10 (83.3) 115 (80.4) .99

Smoking (current) 2 (16.7) 15 (10.5) .80

Alcohol consumption (units/wk) 11 (0 to 42) 10 (0 to 109) .91

Residence (rural) 7 (58.3) 77 (53.8) .99

Occupation (farming) 1 (8.3) 27 (18.9) .58

Beekeeping

Duration (y) 18 (6 to 45) 20 (2 to 75) .17

No. of beehives 18 (1 to 100) 8 (1 to 1000) .08

Average no. of sting episodes per year 3 (2 to 60) 6 (1 to 300) .26

No. of sting episodes in the past year 2 (0 to 60) 4 (0 to 300) .12

Months since the last bee sting 8.3 (<1 to 34) 6.4 (<1 to 170) .11

Grade of reaction to the last bee sting

No reaction 2 (16.7) 65 (45.4)

Small local reaction 5 (41.6) 64 (44.8)

Extensive local reaction 3 (25.0) 13 (9.1) <.001
Systemic reaction 2 (16.7) 1 (0.7)

History of wasp stings (yes) 8 (66.7) 99 (69.2) .99

Atopy (skin prick test positivity)� 7 (58.3) 27 (18.9) .005

Total serum IgE (IU/mL) 171 (13 to 3117) 26 (<1 to 656) <.001
IgE to HBV (kUA/L) 4.72 (0.39 to >100) 0.52 (0.03 to 9.41) <.001

IgE to natural HBV PLA2 (kUA/L) 3.04 (0.19 to >100) 0.31 (0.00 to 4.59) <.001
IgE to recombinant HBV PLA2 (kUA/L) 0.68 (0.00 to 95.0) 0.10 (0.00 to 1.50) .002

IgE to YJV (kUA/L) 0.38 (0.06 to 4.60) 0.00 (0.00 to 2.79) <.001
IgE to PDV (kUA/L) 0.43 (0.05 to 3.77) 0.06 (0.03 to 1.35) <.001

Double HBV and YJV IgE reactivity� 6 (50.0) 6 (5.6) <.001
IgG to MUXF (mgA/L) 2.23 (<2 to 5.31) 2.52 (<2 to 33.3) .29

IgG to HBV (mgA/L) 8.84 (2.54 to 52.3) 11.8 (<2 to 135) .30

IgG4 to HBV (mgA/L) 2.09 (0.04 to >30) 3.23 (0.02 to >30) .45

Data are medians and ranges (within parentheses) or absolute numbers and percentages (within parentheses). The x2 test (with Yate’s correction, where appropriate) was used to

compare proportions, and the Mann-Whitney test was used to compare numerical variables between groups.

PDV, Polistes dominulus venom; PLA2, phospholipase-A2.

*CCD sensitization was defined by a CCD-sIgE level of 0.1 kUA/L or more to MUXF, N-glycan from bromelain.

�Positive skin prick tests to at least 1 of the inhalant allergens tested.

�No. and percentage of individuals showing IgE level of 0.35 kUA/L or more to both honeybee and wasp venom.
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develop IgE reactivity and thus have reactions may be prone to
leave this occupation.

It is known that both healthy and allergic subjects display
allergen-specific T cells that recognize the same T-cell epitopes,
so that the final response would depend on different number of
exposures, doses, and additional subject characteristics.9 Studies
on beekeepers offer the opportunity to investigate such differ-
ences. Future longitudinal studies in this population could eluci-
date the role of repeated stings in the balance between
sensitization and tolerance to the venom and its glycosydic
epitopes.
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TABLE E1. Demographic, epidemiologic, and immunologic characteristics of atopic beekeepers with and without IgE sensitization to

CCD*

Atopic beekeepers with

CCD sensitization (n 5 7)

Atopic beekeepers without

CCD sensitization (n 5 27) P value

Age (y) 38 (26 to 55) 54 (31 to 82) .03

Sex (male) 7 (100) 21 (77.8) .30

Smoking (current) 1 (14.3) 2 (7.4) .51

Alcohol consumption (units/wk) 15 (0 to 40) 8 (0 to 57) .47

Residence (rural) 5 (71.4) 11 (40.7) .21

Occupation (farming) 1 (14.3) 1 (3.7) .37

Beekeeping

Duration (y) 8 (6 to 40) 20 (2 to 70) .11

No. of beehives 20 (1 to 100) 5 (1 to 200) .15

Average no. of sting episodes per year 4 (2 to 50) 4 (1 to 100) .64

No. of sting episodes in the past year 1 (0 to 50) 3 (0 to 100) .50

Months since the last bee sting 8.6 (<1 to 33) 6.5 (<1 to 25) .53

Reaction to the last bee sting (no reaction or

small local reaction)

4 (57.1) 23 (85.2) .13

History of wasp stings (yes) 5 (71.4) 20 (74.1) .99

Total serum IgE (IU/mL) 178 (17 to 3117) 92 (<1 to 656) .06

IgE to HBV (kUA/L) 5.59 (0.39 to >100) 0.81 (0.03 to 9.06) .01

IgE to natural HBV PLA2 (kUA/L) 4.16 (0.19 to >100) 0.42 (0.00 to 4.59) .008

IgE to recombinant HBV PLA2 (kUA/L) 1.02 (0.00 to 95.0) 0.10 (0.00 to 1.50) .06

IgE to YJV (kUA/L) 1.39 (0.06 to 4.70) 0.03 (0.00 to 2.79) .002

IgE to PDV (kUA/L) 0.74 (0.07 to 3.77) 0.10 (0.05 to 0.45) .006

Double HBV and YJV IgE reactivity� 5 (71.4) 4 (14.8) .007

IgG to MUXF (mgA/L) 2.35 (<2 to 5.31) 3.14 (0 to 12.6) .28

IgG to HBV (mgA/L) 16.4 (2.54 to 52.3) 11.3 (2.56 to 69.0) .91

IgG4 to HBV (mgA/L) 2.10 (0.04 to >30) 2.96 (0.02 to >30) .78

Data are medians and ranges (within parentheses) or absolute numbers and percentages (within parentheses). Fisher’s exact test was used to compare categorical variables and the

Mann-Whitney test was used to compare numerical variables between groups.

PDV, Polistes dominulus venom; PLA2, phospholipase-A2.

*CCD sensitization was defined by a CCD-sIgE level of 0.1 kUA/L or more to MUXF, N-glycan from bromelain.

�No. and percentage of individuals showing IgE level of 0.35 kUA/L or more to both honeybee and wasp venom.
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TABLE E2. Comparison of the prevalence of IgE to CCD in adult populations studied by the authors

Study

population

characteristics Setting

Reference

no.

No. of

subjects

Age (y),

median

and (range)

Sex

(male),

%

Residence

(rural),

%

Atopy

(skin prick

test

positivity),

%

Heavy

drinking

(>28

units/wk),

%

Smoking

(current),

%

Serum total

IgE (IU/mL),

median

(range)

IgE to CCD

(MUXF-sIgE

level of

>_0.35 kUA/L),

% (95% CI)

IgE to CCD

(MUXF-sIgE

level of

>_0.10 kUA/L),

% (95% CI)

General adult population

from a single

municipality

A-Estrada, Galicia,

Spain

[5] 457 54 (18 to 92) 44.0 100 26.0 9.6 21.7 59 (3 to 4312) 5.9 (3.7 to 8.1) 11.4 (8.5 to 14.3)

Adult patients attending

an allergy clinic with

respiratory symptoms

Santiago de Compostela,

Galicia, Spain

[4] 1025 33 (18 to 79) 35.2 68.7 78.2 0.8 22.7 96 (2 to 6950) 4.3 (3.0 to 5.5) 12.1 (10.1 to 14.1)

Alcoholic subjects

admitted to the

hospital

Santiago de Compostela,

Galicia, Spain

[5] 138 46 (27 to 78) 74.6 80.1 20.3 100 50.7 214 (1 to 4573) 18.8 (12.3 to 25.4) 34.1 (26.1 to 42.0)

Adult individuals

attending a therapeutic

spa resort

Xer�es, Portugal [7] 270 59 (27 to 83) 63.7 ND ND 20.0 6.3 39 (1 to 2010) 1.8 (0.24 to 3.5) 7.4 (4.3 to 10.5)

General adult population

from a single

municipality

Copenhagen, Denmark [8] 1197 38 (15 to 79) 45.8 0 38.9 5.0 36.8 37 (1 to 12,150) 2.1 (1.3 to 2.9) 6.4 (5.0 to 7.8)

Patients allergic to

hymenoptera venom

Lugo, Galicia, Spain [6] 88 44 (16 to 75) 72.5 79.1 15.4 22.0 29.7 98 (4 to 3209) 29.5 (20.0 to 39.1) 42.0 (31.7 to 52.4)

Nonallergic beekeepers* Lugo, Galicia, Spain Present

study

152 57 (24 to 88) 80.9 54.6 21.7 19.7 11.2 27 (<1 to 3117) 2.6 (0.1 to 5.2) 6.6 (2.6 to 10.5)

All determinations were performed in the same laboratory.

CI, Confidence interval; ND, no data available.

*Patients with systemic reaction to Hymenoptera venom were excluded from this presentation.
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