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Assessment of component-resolved in vitro diagnosis of

celeriac allergy
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Background: Previous studies have demonstrated insufficient
sensitivity of commercially available celeriac extract reagents in
the diagnosis of celeriac allergy.

Objective: We sought to assess the diagnostic performance of
specific IgE determination based on recombinant and purified
natural celeriac allergens in comparison with an extract-based
assay and to investigate interference by IgE to cross-reactive
carbohydrate determinants and its biologic activity.

Methods: Twenty-four subjects with a positive double-blind,
placebo-controlled food challenge result to celeriac; 20 atopic
control subjects with birch pollen allergy who tolerated celeriac;
and 20 nonatopic subjects were enrolled. IgE binding was
investigated for celeriac allergens (rApi g 1.01, rApi g 4, and
nApi g 5), extract reagents (celeriac, birch, mugwort, and
timothy grass pollen), birch pollen allergens (rBet v 1 and rBet v
2), and cross-reactive carbohydrate determinants by means of
ImmunoCAP analysis. Biologic activity of allergens was
determined based on basophil mediator release.
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Results: Component-resolved ImmunoCAP analysis
considerably increased the sensitivity to detect celeriac-specific
IgE by 20%. Sensitization to carbohydrate structures was
detected in 38% of patients with celeriac allergy, and there was
an excellent correlation between sensitization to the
glycoprotein Api g 5 and isolated glycan. Positive results among
atopic control subjects were mainly caused by protein allergens,
whereas the effect of carbohydrate epitopes was marginal. The
ability of allergens to induce mediator release decreased in the
order Bet v1 > Api g 1 > Api g 5, confirming the low biologic
activity of IgE to carbohydrate epitopes.

Conclusion: Component-resolved diagnosis allowed an increase
in diagnostic sensitivity from 67 % to 88 % compared with extract-
based diagnosis. Sensitization to Api g 5 was attributable to its
glycan moieties but did not interfere with diagnostic specificity.
(J Allergy Clin Immuno] SEES; SN ENE-EEN,)
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Allergy to celery tuber (celeriac) is one of the most important
food allergies in central Europe and is particularly prevalent in
Switzerland, Germany, and France.'* In these countries celeriac is
consumed raw or cooked in soups and sauces and in dry powdered
form in spice mixes. Celeriac allergy is frequently associated with
birch pollinosis, mugwort pollinosis, or both,>™ a pattern that is
referred to as the birch-mugwort-celeriac syndrome.

Symptoms of celeriac allergy range from mild oral allergy
syndrome (OAS) to severe and even life-threatening reac-
tions."®” According to European Directive 2007/68/EC (amend-
ing Directive 2000/13/EC), the presence of celeriac must be
indicated on the label of prepackaged foods in the European Un-
ion. To date, 3 celeriac allergens have been identified, the Bet v
1 homologous protein Api g 1, the profilin Api g 4, and the glyco-
protein Api g 5.

The major celeriac allergen Api g 1 belongs to the so-called
PR-10 family of pathogenesis-related proteins and has a molecu-
lar weight of approximately 16 kd. Thus far, 2 different isoforms
have been detected.®'°

The celeriac profilin Api g 4 is a 14 kd homologue to the birch
pollen protein Bet v 2.'"*'? It is a minor allergen, showing a heat
stability greater than that of Api g 1 but less than that of carbohy-
drate structures.'"!

Api g 5 has been described as a mixture of 2 polypeptides with
molecular weights of 53 and 57 kd. The 2 polypeptides belong to
the family of flavoproteins.'>"'® According to mass spectrometric
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Abbreviations used
CCD: Cross-reactive carbohydrate determinant
CRD: Component-resolved diagnosis
DBPCFC: Double-blind, placebo-controlled food challenge
MUXF>: Glycan structure Mana1-6(XylB1-2)ManB1-4GIlcNAcB 1-4
(Fuca1-3)GIcNAc
OAS: Oral allergy syndrome
PR-10: Pathogenesis-related class 10 protein
RBL: Rat basophilic leukemia

analysis, the protein core carries at least 3 N-glycans of the
Manal-6(Manal-3)(XylB1-2)Man1-4GlcNAcRB1-4(Fucal-3)
GlcNAc and Manal-6(Xylp1-2)Manp 1-4GlcNAcB1-4(Fucal-
3)GIcNAc (MUXF?) types attached at different amino acid posi-
tions. Removal of the carbohydrate structures results in complete
loss of the IgE-binding capacity of the glycoprotein, indicating
that the IgE binding of Api g 5 is attributable to the carbohydrate
moiety."> The effect of cross-reactive carbohydrate determinant
(CCD) sensitization on the outcome of in vitro diagnostic proce-
dures is subject to debate.'’

Our previous studies on celeriac allergy have shown a diag-
nostic sensitivity of the celeriac extract ImmunoCAP (Phadia,
Uppsala, Sweden) of 73%,'® indicating a need for further im-
provement of the diagnostic reagents. To evaluate whether puri-
fied allergen components from celeriac would enable improved
clinical diagnosis, we designed a component-resolved diagnosis
(CRD) study using the ImmunoCAP system to analyze the sensi-
tization pattern of a patient group with confirmed celeriac allergy.
Furthermore, we wanted to investigate whether specific serum
IgE levels to single celeriac allergens or allergen combinations
would correlate (or predict) the type or severity of symptoms. Fi-
nally, the effect of glycan-specific IgE on the in vitro diagnosis of
allergy to celeriac and the biologic activity of the glycoprotein
Api g 5 in comparison with the protein allergens rBet v 1 and
rApi g 1 were investigated.

METHODS

Determination of specific IgE levels

Specific IgE antibodies to extracts of celeriac, birch, mugwort, and timothy
grass pollen, as well as to the single allergens rApi g 1.01 (termed rApi g 1 in
the following), rApi g 4, and nApi g 5 from celeriac; rBet v 1, rBet v 2, and rBet
v 4 from birch; and CCDs (MUXF? carbohydrate epitope purified from brome-
lain) were measured by using the CAP FEIA system (ImmunoCAP 250 assay
instrument, Phadia), according to the manufacturer’s instructions. Specific IgE
concentrations of 0.35 kU4/L or greater were considered positive.

Purified celeriac allergens were produced as described previously, and their
identity, structural integrity, and IgE reactivity were confirmed in several
physicochemical and immunochemical tests.'® Proteins were coupled to the
ImmunoCAP solid phase, as previously described.”*?! For all other antigens,
commercial ImmunoCAP tests were used. IgE binding to the bromelain-
derived glycan MUXF® was used as an indicator of anti-CCD reactivity.

Patients

Twenty-four patients with allergy to celeriac, as demonstrated by a positive
double-blind, placebo-controlled food challenge (DBPCFC) result, were
included in the study.® All patients with celeriac allergy had a positive skin
prick test response to celeriac extract. The median age was 27 years (range,
12-49 years), and the female/male ratio was 15/9. Celeriac-induced symp-
toms, according to history and under DBPCFC, are summarized in Table 1.
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Twenty atopic subjects with a median age of 29 years (range, 20-53 years)
and with a history of birch pollen allergy but without celeriac allergy, as well
as 20 nonatopic subjects with a median age of 37 years (range, 20-43 years),
were included as control subjects. All subjects were from Switzerland, except
for 4 German nonatopic control subjects.

Skins prick tests and DBPCFCs

Skin prick tests and DBPCFCs were performed as previously described.®
Control subjects were subjected to an open food provocation consisting of in-
gestion of 20 g of raw celeriac, with which no reaction to celeriac was con-
firmed. Written consent was provided by all study participants, and ethical
approval was obtained from the local ethics committee.

To compare our results from in vitro determination of specific IgE levels to
celeriac allergens, we mainly relied on symptoms reported by the patients
(Table I) because challenges were usually interrupted before the most severe
symptoms occurred® for ethical reasons. Ten (42%) patients reported OAS as
the only symptom after ingestion of celeriac (symptom group 1, OAS only), 8
(33%) patients reported urticaria or flush (symptom group 2, skin reactions), 3
(13%) patients reported gastrointestinal symptoms (eg, emesis; symptom
group 3, gastrointestinal reactions), 2 (8%) patients reported respiratory symp-
toms (eg, rhinoconjunctivitis; symptom group 4, symptoms of the upper res-
piratory tract), and 1 (4%) patient experienced a decrease in blood pressure
during the DBPCFC (symptom group 5, severe systemic reactions).

Mediator release from humanized rat basophilic

leukemia cells

The rat basophilic leukemia (RBL) mediator release assay was performed
as described previously.?? Briefly, RBL-30/25 cells were plated in 96-well, flat-
bottom culture plates (Nunc [ordered through VWR International], Darmstadt,
Germany) at a density of 1.5X10° cells/mL. The cells were passively sensi-
tized by means of overnight incubation with human sera diluted 1:10. After
washing of the cells, allergen was added at serial dilutions, ranging from
1075 to 10° pg/mL for Bet v 1 and 10~ to 10" pg/mL for Api g 1 and Api
g 5. Specific mediator release was quantified by determining the 3-hexosamin-
idase activity and expressed as a percentage of the total amount of 3-hexosa-
minidase activity measured after cell lysis with Triton-X-100 (Sigma-Aldrich,
Taufkirchen, Germany). Spontaneous release and potential nonspecific effects
were measured by incubating naive cells with cell culture medium, allergen, or
the patients’ sera, respectively. Nonspecific release was not higher than 5% of
the total B-hexosaminidase content. As a positive control, cells were sensitized
with polyclonal human myeloma IgE and cross-linked with an anti-human IgE
antibody.

Statistical analysis

Statistical analysis of the results was performed by means of a multivariate
ANOVA with the Wilk A exact test to test for an overall difference between
symptom groups (according to the severity of reactions) for different sensitization
profile groups. For analysis of the results obtained for patients with OAS versus
patients with more severe or systemic reactions, the Wilcoxon rank sum test was
applied. Statistical significance was accepted for P values of less than .05.

RESULTS
Sensitization patterns in patients with celeriac
allergy are complex
The results of specific IgE testing are shown in Table I, and the
prevalence of detectable specific IgE antibodies among the pa-
tients with celeriac allergy and atopic control subjects is shown
in Fig 1, A. Sixteen (67%) of 24 patients with celeriac allergy
showed specific IgE to celeriac extract, and 21 (88%) showed spe-
cific IgE to at least 1 of the celeriac allergen components tested.
Ten (42%) of the patients with celeriac allergy were mono-
sensitized to 1 celeriac allergen, 8 to rApi g 1, and 2 to rApi g 4.
Monosensitization to nApi g 5 or CCDs did not occur.



TABLE I. Quantitative IgE sensitization profiles, as determined by using the Pharmacia ImmunoCAP system, and symptoms of patients with celeriac allergy

ImmunoCAP results (kUA/L) for patients with celeriac allergy (positive DBPCFC result)

Timothy
Birch grass Mugwort
Patient Symptoms Symptoms Celeriac rApi rApi nApi pollen rBet rBet rBet pollen pollen
no. by history under DBPCFC extract g1 g4 g5 CcCbh extract vi1 v2 vé4 extract extract
1 OAS OAS 1.54 7.36 <0.35 <0.35 <0.35 37.0 32.5 <0.35 <0.35 <0.35 <0.35
2 H OAS 5.79 5.83 4.10 1.26 0.60 71.6 30.0 2.32 <0.35 74.0 2.42
3 OAS OAS <0.35 0.50 <0.35 <0.35 <0.35 41.8 12.8 <0.35 <0.35 32.5 <0.35
4 OAS OAS 2.43 12.7 3.95 1.36 0.64 >100 62.7 448 0.45 45.1 2.24
5 AE, F, P OAS, RC, F <0.35 0.55 <0.35 <0.35 <0.35 34.8 37.0 <0.35 <0.35 <0.35 6.28
6 U, GIT OAS <0.35 <0.35 <0.35 <0.35 <0.35 344 3.90 <0.35 <0.35 1.68 39.2
7 GIT GIT 0.62 0.80 <0.35 <0.35 <0.35 9.07 9.74 <0.35 <0.35 <0.35 <0.35
8 PU,C RC,F, D, U, BD <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 18.5
9 OAS OAS 0.93 0.84 <0.35 1.50 0.89 20.9 20.7 <0.35 <0.35 34.9 1.73
10 OAS OAS 340 14.1 <0.35 0.83 0.39 >100 >100 <0.35 <0.35 1.42 0.73
11 OAS OAS 3.29 18.5 <0.35 <0.35 <0.35 44.5 53.7 <0.35 <0.35 <0.35 <0.35
12 OAS OAS 5.21 11.5 <0.35 1.04 0.54 26.3 27.1 <0.35 <0.35 1.36 0.71
13 FE, GIT AE 1.46 1.86 5.00 0.85 0.66 65.3 384 1.97 <0.35 54.2 10.1
14 AE, U OAS, AE 1.64 1.87 0.93 <0.35 <0.35 39.5 41.9 <0.35 <0.35 1.92 10.9
15 U, N OAS 40.7 8.86 0.42 4.13 2.15 40.9 52.8 <0.35 <0.35 55.2 1.51
16 AE, C U 0.66 <0.35 0.42 0.47 <0.35 12.7 9.84 <0.35 <0.35 4.29 2.99
17 OAS OAS, U 54.6 39.1 0.93 4.39 2.64 >100 >100 <0.35 <0.35 >100 16.8
18 OAS, C OAS, RC, D 1.59 8.83 <0.35 <0.35 <0.35 38.4 36.3 <0.35 <0.35 <0.35 <0.35
19 H OAS, emesis <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 2.30
20 RC,D RC (inhalative) 3.15 4.35 <0.35 <0.35 <0.35 1.07 1.64 <0.35 <0.35 <0.35 <0.35
21 OAS OAS <0.35 <0.35 3.71 <0.35 <0.35 6.57 1.64 2.35 <0.35 1.29 22.1
22 OAS OAS <0.35 <0.35 4.04 <0.35 <0.35 2.56 0.42 1.42 <0.35 36.3 0.44
23 OAS, Opp GIT 14.0 25.5 294 1.52 0.88 >100 >100 28.3 6.04 >100 22.2
24 FCV EC V <0.35 0.83 <0.35 <0.35 <0.35 4.15 342 <0.35 <0.35 12.6 0.89
Total 16 (67%) 18 (75%) 10 (42%) 10 (42%) 9 (38%) 22 (92%) 22 (92%) 6 (25%) 2 (8%) 16 (67%) 18 (75%)

(Continued)
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Table I (Continued)

ImmunoCAP results (kUA/L) for control subjects with birch pollen allergy

Timothy Mugwort
Patient Celeriac rApi rApi nApi Birch pollen rBet rBet rBet grass pollen
no extract g1l g4l g5 CCD extract v1 v2 v4 pollen extract extract
25 <0.35 <0.35 <0.35 <0.35 <0.35 2.52 2.49 <0.35 <0.35 <0.35 <0.35
26 <0.35 <0.35 <0.35 <0.35 <0.35 20.8 19.6 <0.35 <0.35 48.7 <0.35
27 <0.35 1.08 1.86 <0.35 <0.35 54.1 46.1 2.05 <0.35 >100 5.76
28 <0.35 <0.35 <0.35 <0.35 <0.35 4.25 4.12 <0.35 <0.35 0.49 <0.35
29 <0.35 <0.35 <0.35 <0.35 <0.35 28.4 25.5 <0.35 <0.35 2527 <0.35
30 <0.35 <0.35 10.6 <0.35 <0.35 13.5 3.96 8.27 <0.35 5.89 10.9
31 <0.35 1.15 <0.35 <0.35 <0.35 20.9 21.7 <0.35 <0.35 19.8 <0.35
32 <0.35 <0.35 <0.35 <0.35 <0.35 1.99 145 <0.35 <0.35 12.1 <0.35
33 <0.35 <0.35 <0.35 0.38 <0.35 1.13 <0.35 <0.35 0.91 6.75 0.57
34 <0.35 <0.35 <0.35 <0.35 <0.35 38.8 41.9 <0.35 <0.35 <0.35 <0.35
35 3.36 3.47 <0.35 <0.35 <0.35 26.4 27.8 <0.35 <0.35 0.47 0.50
36 0.57 0.44 <0.35 0.67 0.44 15.6 18.2 <0.35 <0.35 45.1 0.45
37 <0.35 <0.35 <0.35 <0.35 <0.35 0.52 0.53 <0.35 <0.35 13.8 <0.35
38 <0.35 <0.35 <0.35 <0.35 <0.35 2.10 2.01 <0.35 <0.35 0.86 <0.35
39 0.53 0.60 <0.35 <0.35 <0.35 233 24.3 <0.35 <0.35 <0.35 <0.35
40 1.02 4.52 2.40 <0.35 <0.35 13.8 11.7 2.19 <0.35 9.15 1.70
41 <0.35 <0.35 <0.35 <0.35 <0.35 1.95 2.49 <0.35 <0.35 11.8 <0.35
42 0.69 1.09 <0.35 <0.35 <0.35 13.9 11.7 <0.35 <0.35 4.52 <0.35
43% <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35
44 <0.35 <0.35 <0.35 <0.35 <0.35 1.27 1.22 <0.35 <0.35 3.98 <0.35
Total 5 (25%) 7 (35%) 3 (15%) 2 (10%) 1 (5%) 19 (95%) 18 (90%) 3 (15%) 1 (5%) 16 (80%) 6 (30%)

OAS, Oral allergy syndrome; H, heartburn; AE, angioedema; F, flush; P, itch; U, urticaria; GIT, gastrointestinal problems; C, conjunctivitis; N, nausea; RC, rhinoconjunctivitis; Opp, thoracical oppression; V, vertigo; D, dyspnea;

BD, hypotension.
*Patient negative in ImmunoCAP testing but included in control group due to positive SPT to birch pollen extract and clear symptoms during the pollen season.
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FIG 1. A, Prevalence of sensitization to different extracts and single allergens, as determined by Immuno-
CAP analysis for patients with celeriac allergy (gray bars, n = 24) and control subjects with birch pollen al-
lergy (black bars; n = 20). B, Concentration of specific IgE antibodies to tested allergens among patients with
celeriac allergy (n = 24) and celeriac-tolerant atopic control subjects (n = 20). The dotted line indicates the
0.35 kU A/L cutoff point. Median values of 0.35-kU A/L or greater are indicated by horizontal bars. Numbers of
negative results for each test are indicated below the cutoff line.

There was a good correlation between the reactivity to celeriac
extract and specific reactivities to celeriac allergen components,
which was expressed as the sum of specific IgE values of all single
celeriac allergens (see Fig E1 in this article’s Online Repository at
www.jacionline.org), indicating that the used allergen compo-
nents were represented in the celeriac extract.

The IgE-binding frequency to birch pollen extract and to rBet
v 1 was very high (92%). An increased prevalence of sensiti-
zation was furthermore observed for timothy grass pollen
(67%) and mugwort pollen (75%) extracts. All patients with
celeriac allergy displayed IgE to birch pollen, mugwort pollen,
or both.

Among the 20 atopic control subjects, 35% showed IgE
binding to rApi g 1, whereas 15% had specific IgE to the profilin
rApi g 4. Two atopic control subjects reacted to Api g 5, and one
of them also recognized carbohydrate structures on the CCD

ImmunoCAP. In all 3 cases the IgE concentrations were low,
being 0.38, 0.67, and 0.44 kUA/L, respectively.

The vast majority of the atopic control subjects showed IgE
binding to birch pollen extract and to rBet v 1, and responses to
rBet v 2 and rBet v 4 were low. Eighty percent of the control sub-
jects were monosensitized to Bet v 1. Thus monosensitization to
the PR-10 protein was more common among the patients with
birch pollen allergy than in the group with celeriac allergy. One
control (5%) subject recognized rBet v 4 as the only birch pollen
allergen, whereas no control subjects showed monosensitization
to rBet v 2. Only 1 subject in this group did not react to any birch
pollen allergen tested.

Specific IgE concentrations to the different celeriac and pollen
allergens among patients with celeriac allergy and control sub-
jects with pollen allergy but celeriac tolerance are shown in Fig 1,
B. IgE binding to the celeriac allergens was present in a proportion
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of the atopic control group; however, the concentration of specific
IgE was generally much lower than in the patients with celeriac
allergy. Such a difference in magnitude of IgE antibody binding
between the 2 groups can also be observed for birch pollen,
rBet v 1, and mugwort pollen but not for grass pollen.

All 20 nonatopic control subjects had negative IgE results for
celeriac extract and all purified celeriac allergens tested, meaning an
in vitro diagnostic specificity of 100% regarding nonatopic subjects.

Diagnostic value of CRD: Increase of sensitivity

The in vitro diagnostic sensitivity of the IgE measurement by
means of InmunoCAP increased considerably by using single al-
lergens for the diagnosis of celeriac allergy. The sensitivity with
natural celeriac extract was 67% (16/24). When using the compo-
nent-resolved approach for the determination, celeriac-specific
IgE could be detected in 88% (21/24) of the patients, which means
that the in vitro diagnostic sensitivity increased by more than
20%. Furthermore, there was a clear increase in the median
IgE-binding capacity when using single celeriac allergens com-
pared with the celeriac extract. The median IgE values for all pos-
itive reactions were 2.8 kUA/L (range, 0.62-54.6 kUA/L) for
celeriac extract, 6.6 kUA/L (0.5-39.1 kUA/L) for Api g 1, and
7.4kU,/L (0.5-56.4 kU /L) for the sum of single allergens among
the patients with celeriac allergy.

IgE of atopic control subjects bound more frequently the single
celeriac allergens (75%) than the celeriac extract (55%). Thus the
gain in sensitivity by CRD was accompanied by a corresponding
decrease in diagnostic specificity.

No obvious correlation between IgE reactivity and
severity of symptoms

We assessed the value of specific serum IgE levels to serve as a
diagnostic marker for the type and severity of symptoms to celeriac.
First, data were analyzed by grouping patients by their symptoms,
considering the most severe symptom in each case. According to
the method of the Wilk N\ exact test, no statistically significant
overall differences between the symptom groups regarding IgE
reactivity to celeriac allergens could be observed (not shown).

Furthermore, the reaction patterns of patients responding with
pure OAS to ingestion of celeriac both according to history and
under DBPCFCs (patients 1, 3, 4,9, 10, 11, 12, 21, and 22) were
compared in a univariate manner with those with more severe or
systemic symptoms (patients 5,7, 8, 13, 14,16, 17, 18, 19, 23, and
24). Again, neither concentration of IgE specific to extract or
single allergens nor a certain sensitization pattern predicted more
severe reactions to celeriac (data not shown).

Obvious correlation of IgE to Api g 5 and CCDs

An excellent correlation between the IgE levels to the
glycoallergen nApi g 5 and isolated CCDs was found (see Fig
E2 in this article’s Online Repository at www.jacionline.org).
All subjects who had specific IgE to CCDs (n = 10) also had IgE
to nApi g 5. Vice versa, only 1 subject with specific IgE to Api g
5 (0.48 kUA/L) had a negative test result for CCDs. In each case
of sensitization to both Api g 5 and CCDs, the IgE level was higher
for nApi g 5 than for CCDs. With the exception of 1 atopic control
subject, CCDs were only recognized by patients with celeriac
allergy (Table I).
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Relevance of carbohydrate epitopes for celeriac
allergy

Nearly half of the patients with celeriac allergy (42%) were
sensitized to the glycoprotein Api g 5, the IgE-binding properties
of which were shown to almost exclusively depend on its N-
glycan moiety. To investigate the potential clinical relevance of
anti-CCD IgE for celeriac allergy, we assessed its biologic
activity using the humanized RBL cell mediator release assay.
As comparators, Bet v 1 from birch pollen and Api g 1, the
generally accepted clinically relevant major protein allergen from
celeriac, were used.

RBL cells were sensitized by IgE of 10 patients with celeriac
allergy. All 10 sera contained specific IgE for rBet v 1 and rApi g
1, whereas 8 had positive IgE results for Api g 5 (>0.7 kUA/L in
each case). As a negative control, serum of a nonallergic subject
was included in the experiment.

Fig 2 shows the dose-related release curves for all sera obtained
after stimulation with the 3 allergens. There was no antigen-stim-
ulated mediator release with the control serum, confirming the
specificity of the test assay.

For all sera tested, the strongest mediator release (< 75%) was
obtained after stimulation with rBet v 1. Four sera showed specific
release of up to 30% with rApi g 1, indicating the biologic activity
of this IgE/allergen combination. However, the allergenic potency
was clearly lower for rApi g 1 than for rBet v 1, which induced the
maximum rate of mediator release at concentrations approxi-
mately 2 orders of magnitude lower (10~* wg/mL) than rApi g
1 (10”% pg/mL) and reached higher levels in general. No specific
release was found on stimulation with the glycoprotein Api g S in
any of the 8 sera with positive results to this allergen.

DISCUSSION

In this study we evaluated for the first time the diagnostic
value of a CRD of celeriac allergy in particular with regard to
sensitivity compared with that of an extract-based diagnosis.
We established sensitization profiles of a patient panel from
Switzerland and analyzed the effect of cross-reactivity to
homologous pollen allergens, which are known to interfere
with the diagnosis of pollen-related food allergies. Because
celeriac allergy without a background of birch pollen allergy,
mugwort pollen allergy, or both is very rare, it is assumed that
celeriac allergens are incomplete allergens (class II food
allergens) and clinical symptoms are mainly caused by cross-
reactivity.

In the component-resolved analysis Api g 1 was confirmed as
the major celeriac allergen for patients with positive DBPCFC
results, and Api g 4 and Api g 5 were found to be important minor
allergens (Fig 1). With the help of nApi g 5 or MUXF? Immuno-
CAP tests, peptide-independent sensitization to cross-reactive
carbohydrate structures was detected in about one third of the pa-
tients. In previous studies, which were mainly based on qualita-
tive IgE Western blotting, a similar IgE prevalence for the
individual celeriac allergens was observed.>!!18:23-24

The major birch pollen allergen rBet v 1 showed a high IgE-
binding frequency (22/24 [92%] vs 18/24 [75%] for rApi g 1) and
IgE-binding capacity (median IgE value, 31.25 kUA/L vs 7.0 kU A/
L for rApi g 1) in patients with celeriac allergy and positive
DBPCEC results because of IgE cross-reactivity. However, this
finding resulted in a considerably lower specificity for celeriac
allergy for Bet v 1 (10%) than for rApi g 1 (65%).
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FIG 2. Dose-dependent mediator release of RBL cells sensitized with sera of 10 patients with celeriac allergy.
Serum from a nonallergic subject was applied as a negative control. Plots contain response curves obtained
after stimulation with rBet v 1 (A), rApi g 1 (B), and nApi g 5 (C). Mediator release is expressed as a percent-
age of total B-hexosaminidase content determined after cell lysis.

Interestingly, all allergic subjects who reacted to Api g 1 also
reacted to Bet v 1 but not vice versa. This confirms the finding that
the epitopes on Api g 1 can also be found on Bet v 1 but suggests
that Api g 1 does not contain all Bet v 1 epitopes.®** Furthermore,
this result speaks for a primary sensitization of patients with cele-
riac allergy to Bet v 1 by means of inhalation of birch pollen. The
opposite holds true for profilins. All patients who reacted to rBet v
2 also had specific IgE to rApi g 4 but not vice versa. This is sur-
prising because in previous studies sensitization to Bet v 2 usually
paralleled reactivity to Api g 4.'*'® A possible explanation is that
either Api g 4 might have the potential to elicit an IgE response
independent from Bet v 2 in a subgroup of patients or that other
profilins, such as those from mugwort or grass pollen, acted as
immunogens in those subjects. For example, all patients with
specific IgE to rApi g 4 also reacted to mugwort pollen.

There was an excellent correlation between IgE levels to Api g
5 and isolated MUXF>. The concentrations of Api g 5—specific
IgE were higher in all patients’ sera compared with concentrations
of CCD-specific IgE (see Fig E2). Reasons for the higher IgE
values might be molar differences of molecules coupled to the Im-
munoCAP or the necessity of a certain protein moiety to facilitate
the whole IgE-binding capacity of nApi g 5. We believe that a
contribution by peptide epitopes is very unlikely, both because
previous studies showed that only the native but not the deglyco-
sylated form of nApi g 5 was IgE reactive'® and because of the
excellent correlation between IgE binding to nApi g 5 and
CCDs, which would not be that close if peptide epitopes were
involved.

Twenty subjects with celeriac tolerance and birch pollen
allergy were included in the study to examine the extent of
serologic birch/celeriac cross-reactivity in the absence of mani-
fest clinical reactivity to the food. IgE in these control subjects’
sera recognized the same celeriac allergens as did that of the
patients with positive DBPCFC results but with a reduced
frequency and intensity. Twenty-five percent of the atopic control

subjects reacted to celeriac extract, 35% were sensitized to Api g
1, 15% were sensitized to the profilin Api g 4, 10% recognized
Api g 5, and 5% recognized CCDs. These findings indicate that
reactivity to major protein allergens causes much more positive
test results than CCDs among celeriac-tolerant subjects with
pollen allergy. In contrast to conclusions made in other
reports,”**® CCDs did not significantly interfere with the diag-
nostic outcome in this study. Except for 2 atopic control subjects,
only patients with celeriac allergy recognized the glycan, either
isolated or on Api g 5.

To investigate biologic activity (ie, the capability of CCD
epitopes to cross-link receptor-bound allergen-specific IgE in
comparison with protein epitopes), we performed mediator
release assays with the glycoprotein Api g 5 and the PR-10
proteins Bet v 1 from birch pollen and Api g 1 from celeriac.
There was a clear graduation in the mediator release capability in
the order Bet v 1>Api g 1>Api g 5 (Fig 2), with the latter causing
no mediator release at all. This is in contrast to the results of other
studies, in which histamine release could be shown after challeng-
ing basophils from the blood of patients with celeriac allergy with
Api g 5.132% However, each of those results was based on only
1 patient, whose clinical diagnosis was not confirmed by means
of DBPCFC. Furthermore, the discrepancy might in part be due
to methodological differences: in our hands the mediator release
assay using passive sensitization is approximately 100-fold less
sensitive than the direct histamine release from patients’ baso-
phils. Nevertheless, it appears safe to conclude that the CCD
structure presented on Api g 5 has a greatly reduced allergenic po-
tential compared with Bet v 1 and Api g 1. The lower biologic ac-
tivity of Api g 1 compared with the birch pollen allergen is in
accordance with other in vitro release assays.**"

Component-resolved analysis with single celeriac allergens
proved to be highly sensitive compared with extract-based
ImmunoCAP diagnosis. By introducing single-allergen Immuno-
CAP tests in the diagnostic procedure, sensitization to celeriac
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could be detected in 5 of 8 patients with celeriac allergy for whom
the commercial celeriac extract ImmunoCAP failed to detect
specific IgE, and hence the sensitivity increased from 67% to
88%. The reason for this increase is probably the enhanced
specific allergen concentration on single-allergen ImmunoCAP
tests, permitting binding of very low amounts of specific anti-
bodies or of IgE with low affinity by avoiding competition for IgE
binding. This observed improvement is in accordance with other
CRD studies in the field of pollen-related food allergy.'? In ad-
dition to the enhanced diagnostic sensitivity, the IgE-binding
capacity of the single celeriac allergens was superior to that of
the extract.

Three sera still produced negative IgE results on all serologic
tests. The reason could be an as-yet unknown celeriac allergen not
extractable with the used methods and therefore not detectable in
the extract. Thus far, no further celeriac allergen could be
identified. However, it is striking that all 3 patients who did not
show celeriac-specific IgE also had negative results for IgE to
birch pollen but were sensitized to mugwort pollen. Therefore we
speculate that a mugwort-related celeriac allergen might exist,
causing food-induced allergic reactions to celeriac in a subgroup
of patients sensitized to mugwort pollen. For example, nonspe-
cific lipid transfer protein would be a candidate for an additional
celeriac allergen. However, we were unable to detect a lipid trans-
fer protein in celeriac extract using IgE immunoblotting (not
shown).

The diagnostic specificity of the CRD method regarding
control subjects with birch pollen allergy was lower than that of
the extract-based diagnosis, with 55% compared with 75%, the
main reason being the higher IgE-binding capacity of the tests
containing purified allergens, leading to more efficient detection
of IgE to cross-reactive allergens regardless of clinical
reactivity.

We could not detect any statistically confirmed overall differ-
ence between different symptom severity groups regarding the
IgE reactivity to the single celeriac allergens and the severity of
symptoms either by comparing 5 single symptom groups or 2
simplified groups (OAS vs more severe symptoms). Data were
analyzed with regard to differences in sensitization patterns and
concentrations of allergen-specific IgE to single allergens, but no
risk marker for severe allergic reactions to celeriac could be
identified.

In summary, our data show that CRD can improve the
sensitivity and quantitative performance of in vitro diagnostic
testing in patients with celeriac allergy, although at the expense
of more frequent detection of cross-reactive IgE also in subjects
with pollen allergy but celeriac tolerance. In the future, further
and larger CRD studies including clinical centers from different
geographic areas will be performed to compare sensitization pat-
terns across Europe and allow conclusions regarding sensitization
routes and risk markers.

We thank Asa Marknell DeWitt for preparing ImmunoCAP tests and
Michaela Gubesch and Renate Hoppner for performing the ImmunoCAP
measurements.

Clinical implications: Component-resolved analysis of sensiti-
zation patterns represents a considerable improvement in the

diagnosis of celeriac allergy, with a superior sensitivity com-
pared with that of extract-based methods.
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FIG E1. Correlation between reactivity to celeriac extract and specific
reactivity to celeriac allergen components (sum of specific IgE values of
all single celeriac allergens), as determined by means of ImmunoCAP
analysis (R? = 0.59).
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FIG E2. Correlation between Api g 5-specific IgE levels and IgE levels to
CCDs (MUXF® glycan of bromelain) for patients with celeriac allergy, as de-
termined by means of ImmunoCAP analysis. IgE reactivity to nApi g 5 is
slightly higher than to CCDs. The calculation of the correlation coefficient
(R? = 0.90) included all subjects with detectable specific IgE levels.
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