
ARTICLE IN PRESS
Original article

Component-resolved diagnosis of kiwifruit allergy with
purified natural and recombinant kiwifruit allergens
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Background: Kiwifruit is one of the most common causes of
food allergic reactions. Component-resolved diagnostics may
enable significantly improved detection of sensitization to
kiwifruit.
Objective: To evaluate the use of individual allergens for
component-resolved in vitro diagnosis of kiwifruit allergy.
Methods: Thirty patients with a positive double-blind placebo-
controlled food challenge to kiwifruit, 10 atopic subjects with
negative open provocation to kiwifruit, and 5 nonatopic subjects
were enrolled in the study. Specific IgE to 7 individual allergens
(nAct d 1-5 and rAct d 8-9) and allergen extracts was measured
by ImmunoCAP.
Results: The diagnostic sensitivities of the commercial extract
and of the sum of single allergens were 17% and 77%,
respectively, whereas diagnostic specificities were 100% and
30%. A combination of the kiwi allergens Act d 1, Act d 2, Act d
4, and Act d 5 gave a diagnostic sensitivity of 40%, whereas
diagnostic specificity remained high (90%). Exclusion of the Bet
v 1 homolog recombinant (r) Act d 8 and profilin rAct d 9 from
this allergen panel reduced sensitivity to 50% but increased
specificity to 40%. Kiwifruit-monosensitized patients reacted
more frequently (P < .001) with Act d 1 than polysensitized
patients, whereas the latter group reacted more frequently with
rAct d 8 (P 5 .004).
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Phadia. S. Vieths is an associate of the Institute for Product Quality (Germany), has

received honoraria from Phadia and the Food Allergy Resource and Research Program

(United States), is a consultant for Mars Chocolate UK Ltd, and has received research

support from the European Union, the German Research Foundation, the Research

Fund of the German Food Industry, Monsanto, Pioneer Hi-Bred International, the Food

Allergy Research and Resource Program, and the European Directorate for the Quality

of Medicines and Health Care. The rest of the authors have declared that they have no

conflict of interest.

Received for publication May 12, 2009; revised October 14, 2009; accepted for publica-

tion October 15, 2009.

Reprint requests: Barbara K. Ballmer-Weber, MD, Allergy Unit, Department of Derma-

tology, University Hospital Zurich, Gloriastr. 31, CH-8091 Zurich, Switzerland.

E-mail: Barbara.Ballmer@usz.ch.

0091-6749/$36.00

� 2009 American Academy of Allergy, Asthma & Immunology

doi:10.1016/j.jaci.2009.10.017
Conclusion: Use of single kiwifruit allergen ImmunoCAP
increases the quantitative test performance and diagnostic
sensitivity compared with the commercial extract. Bet v 1
homolog and profilin are important allergens in pollen-related
kiwifruit allergy, whereas actinidin is important in monoallergy
to kiwifruit, in which symptoms are often more severe.
(J Allergy Clin Immunol nnnn;nnn:nnn-nnn.)
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Allergy to kiwifruit is well documented in the literature and
provides an illustrative example of the effect of introducing a
novel food into the food chain.1-3 Although regarded as an exotic
fruit during the 1980s, kiwifruit has become one of the top 10 food
allergy sources in recent studies from Finland,4 Sweden,5 and
France.6

Kiwifruit allergy is most frequently associated with birch and
grass pollinosis,5,7-9 but it is also involved in the latex-fruit
syndrome, with 12% to 39% of individuals allergic to latex also
allergic to this food.10-12 In reported studies, the symptoms of
65% to 72% of patients with kiwifruit allergy were confined to
the oral allergy syndrome (OAS), often seen in patients with
pollen-fruit allergy,1,2,13 although in 18% to 28% of the cases,
kiwifruit allergy was manifested by systemic reactions.1,2 Mono-
sensitization to kiwifruit was observed in 21% to 50%. Many of
these individuals reacted with severe symptoms such as urticaria,
gastrointestinal symptoms, or anaphylactic shock on kiwifruit
ingestion.1,2,12

Because of the poor correlation between a suggestive case
history and skin prick test (SPT) performed with commercial
kiwifruit protein extracts,1,2,12 proper in vivo diagnosis of
kiwifruit allergy requires the use of fresh fruit, such as in the
prick-prick technique. However, 2 previous studies showed that
prick-prick testing (PPT) resulted in 95%2 or 100%1 sensitivity
but was accompanied by a low specificity (31%).2 The reduced
specificity of fresh kiwifruit for skin testing was observed in sub-
jects with pollen allergy7 as well as latex allergy.14,15 A diagnostic
sensitivity of in vitro IgE tests of 13%10 to 50%1 and 60%2 has
been reported. The low diagnostic sensitivity of in vitro and in
vivo tests is related to shortage or absence of kiwifruit proteins
from commercially available kiwifruit extracts.1,2 The endoge-
nous protease activity of actinidin, which makes up about 50%
of the total fruit protein, may cause rapid protein degradation after
tissue disruption.16

The aim of the current study was to validate the performance of
purified kiwifruit allergens in ImmunoCAP (Phadia AB, Uppsala,
1

mailto:Barbara.Ballmer@usz.ch


J ALLERGY CLIN IMMUNOL

nnn 2009

2 BUBLIN ET AL

ARTICLE IN PRESS
Abbreviations used
DBPCFC: D
ouble-blind, placebo-controlled food challenge
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ral allergy syndrome
PPT: P
rick-prick testing
r: R
ecombinant
SPT: S
kin prick test
Sweden) and to establish the allergen sensitization profiles of
patients with kiwifruit allergy, confirmed by double-blind, pla-
cebo-controlled food challenge (DBPCFC). For this purpose, we
produced a panel of 7 kiwifruit allergens either as natural or
recombinant proteins.
METHODS

Patients and controls
Thirty patients with a suspected kiwifruit allergy were recruited between

August 2003 and January 2005 at the Allergy Unit of the University Hospital

Zurich, Switzerland. The primary inclusion criterion was a positive case

history of an allergic reaction to kiwifruit, whereas definitive inclusion into the

study required either a positive food challenge with kiwifruit or a convincing

case history of anaphylactic reactions to kiwifruit as recently defined by

Sampson et al.17 Patients were divided according to clinical characteristics

into 3 groups: patients monosensitized to kiwifruit (group A1, n 5 8), patients

with pollen and kiwifruit allergy (group A2, n 5 17) and patients with a com-

bined kiwifruit, pollen, and latex allergy (group A3, n 5 5). Controls consisted

of patients with a negative open food challenge with kiwifruit and (group B, n

5 5) a case history of a birch pollen allergy and a positive skin test or Immuno-

CAP to birch pollen extract, (group C, n 5 5) a case history of latex allergy

and a positive skin test or ImmunoCAP to latex extract, and (group D,

n 5 5) nonatopic subjects. Pregnancy, significant concurrent disease, or

medication with glucocorticosteroids, H1-receptor antagonists, angiotensin-

converting enzyme inhibitor, or b-blocking agents were exclusion criteria.
Ethical considerations
The study was reviewed and approved by the local ethical committee. All

subjects provided written informed consent before enrollment into the study.
Skin tests
Skin prick tests were performed with fresh kiwifruit by using the prick-

prick-technique.18 Commercial extracts (Soluprick; ALK, Hørsholm,

Denmark, and Allyostal, Stallergènes, France) from kiwifruit, latex, birch,

mugwort, and grass pollen were tested (in duplicate), and results evaluated

according to the recommendation of the European Academy of Allergy and

Clinical Immunology.19
DBPCFC with kiwifruit
Double-blind placebo-controlled food challenge was performed as previ-

ously described for soy in a 2-step mucosal-systemic challenge. 20 Two differ-

ent meals indistinguishable in color, texture, and taste were prepared. The

active and placebo meals consisted of 400 g orange juice, 50 g peppermint

syrup, 4 g agar agar, 60 g sugar, 10 g poppy seed, and 40 g banana flavor

cooked to a pudding. To the active meal, 60 g kiwifruit and 10 g sugar were

added. To the placebo meal, 60 g white grapes, 10 g sugar, and 0.2 g ascorbic

acid were added.

Apart from kiwifruit, all ingredients were known to be tolerated by each

patient. For the mucosal challenge, 4 doses containing 1.4 g, 2.8 g, 5.6 g, and

11.2 g kiwifruit were administered to the patients, whereas for the systemic

challenge, 4 doses containing 2.8 g, 5.6 g, 11.2 g, and 22.4 g kiwifruit were
used. To prevent the effect of the hydrolytic activity of actinidin, the

challenges were performed immediately after preparation of the meals.
Open food challenge with kiwifruit
Control subjects (groups B, C, D) underwent an open provocation with

1 fresh kiwifruit to exclude kiwifruit allergy.
Kiwifruit protein extract
Kiwifruit protein extract was prepared from Actinidia deliciosa cv

Hayward (green kiwifruit) as described previously.13
Natural kiwifruit allergens
Act d 1 and Act d 2 were purified from kiwifruit extracts as described

previously.16,21 For purification of Act d 3, extract was prepared by extrac-

tion in 0.5 mol/L NaCl The sample was loaded onto a 1-mL SP Sepharose

Fast Flow column (GE Healthcare Life Sciences, Uppsala, Sweden) and pro-

teins eluted using a 0 to 500 mmol/L NaCl gradient. To purify Act d 4 and

Act d 5, kiwifruit proteins were extracted in water containing 3% suspended

solid polyvinylpolypyrrolidone. After ammonium sulfate precipitation and

dialysis, the allergens were purified by Affi-Gel Blue column (Bio-Rad

Laboratories, Hercules, Calif). Flow-through sample was collected and dia-

lyzed against 20 mmol/L TRIS-HCl, pH 8.0, loaded onto a 1-mL Resource

Q anion exchange column (GE Healthcare Life Sciences) and eluted with a

0 to 500 mmol/L NaCl gradient. Purity of the allergens was checked by

SDS-PAGE and the identity confirmed by N-terminal sequencing.
Recombinant kiwifruit allergens
Bet v 1–related sequences and profilin were identified from EST cDNA

libraries from A deliciosa ripe fruit inner cortex.22,23 A full-length clone of

Act d 8 was obtained by PCR using sequence-specific primers, cloned into a

pET-23a(1) derived vector, and expressed as a C-terminally hexahistidine

protein in Escherichia coli BL21. Recombinant (r) Act d 8 was purified

by immobilized metal ion affinity chromatography on Ni21-charged Chelat-

ing Sepharose FF (GE Healthcare Life Sciences) and size exclusion chroma-

tography on Superdex 75 p.g. (GE Healthcare Life Sciences). Further, we

cloned the kiwifruit profilin (EMBL/GenBank/DDBJ accession no.

FG438715), and the allergen was given the official designation Act d 9 by

the International Union of Immunological Societies Allergen Nomenclature

Subcommittee. The Act d 9 full length sequence was cloned into the

(pCL476) plasmid, a heat-inducible expression vector.24 The expression

was performed in BL21-RIL E coli cells (Novagen Merck KGaA, Darm-

stadt, Germany), and recombinant kiwifruit profilin was purified through a

HiTrap HP nickel column (GE Healthcare Life Sciences) followed by a

G75 Superdex column (GE Healthcare Life Sciences).
In vitro diagnosis
Specific IgE antibodies to kiwifruit extract, latex, birch pollen, rBet v 1

and rBet v 2 were measured by ImmunoCAP using a commercially available

test. Experimental ImmunoCAP tests were prepared for all kiwifruit aller-

gens and a self-made kiwifruit extract as previously described,25 and specific

IgE concentrations were determined in duplicate on an ImmunoCAP 250 in-

strument. Values�0.35 kUA/L were regarded as positive. When appropriate,

specific IgE antibody concentrations were expressed as classes by using the

following intervals: class 1, 0.35 to 0.7 kUA/L; class 2, 0.7 to 3.5 kUA/L; class

3, 3.5 to 17.5 kUA/L; class 4, 17.5 to 50 kUA/L; class 5, 50 to 100 kUA/L; and

class 6, >100 kUA/L.
Statistical analysis
Diagnostic sensitivity and specificity were calculated according to the

method of Goldman26 as described previously for carrot allergy.27



TABLE I. Clinical characteristics of patients with kiwifruit allergy

Patients Case history DBPCFC PPT SPT SPT grass CAP kiwifruit CAP latex CAP birch CAP rBet v 1 CAP rBet v 2

Group A1

1 OAS OAS – – – <0.35 <0.35 <0.35 <0.35 <0.35

2 N, E, Di, GIT, BP OAS, N, F 1 1 – <0.35 <0.35 <0.35 <0.35 <0.35

3 OAS OAS 1 1 – 1.07 <0.35 <0.35 <0.35 <0.35

4 OAS, Dph OAS 1 1 – <0.35 <0.35 <0.35 <0.35 <0.35

5 OAS, N OAS, N, C 1 1 – 0.4 <0.35 <0.35 <0.35 <0.35

6 OAS, F, T OAS 1 1 – <0.35 <0.35 <0.35 <0.35 <0.35

7 N, E, F, D, GIT, BP, A ND ND ND ND <0.35 <0.35 <0.35 <0.35 <0.35

8 OAS OAS 1 – – 1.48 <0.35 <0.35 <0.35 <0.35

% Positive 86 71 0 38 0 0 0 0

Group A2
1 OAS OAS – – 1 <0.35 <0.35 <0.35 <0.35 <0.35

2 OAS OAS 1 – 1 <0.35 0.46 1.15 <0.35 0.95

3 OAS OAS 1 – 1 <0.35 0.71 18.6 47.1 2.12

4 OAS OAS – – 1 <0.35 <0.35 <0.35 <0.35 <0.35

5 OAS,R, GIT GIT 1 1 1 <0.35 0.44 0.63 0.59 <0.35

6 OAS OAS 1 – 1 <0.35 <0.35 15.8 44.3 <0.35

7 OAS OAS – – 1 <0.35 <0.35 <0.35 <0.35 <0.35

8 OAS OAS 1 1 1 0.43 <0.35 11.1 16.5 <0.35

9 OAS, F, T, D OAS, C, T, GIT – – – <0.35 <0.35 15.4 29.2 <0.35

10 OAS OAS 1 – 1 <0.35 <0.35 6.05 21.1 <0.35

11 OAS OAS 1 – 1 <0.35 1.67 1.24 <0.35 1.75

12 OAS, AE, Dph OAS, Dph 1 1 1 <0.35 1.98 11.3 19.6 4.91

13 OAS, AE OAS 1 – – <0.35 <0.35 19 36.1 <0.35

14 OAS OAS 1 – 1 <0.35 <0.35 2.16 4.36 <0.35

15 OAS OAS 1 – 1 <0.35 <0.35 2.37 6.18 <0.35

16 OAS, AE, C, D OAS, D 1 – – <0.35 <0.35 36.6 51.5 <0.35

17 OAS, F, D F 1 1 – <0.35 1.21 1.46 <0.35 <0.35

% Positive 76 24 76 6 35 82 65 24

Group A3

1 OAS, AE, F AE, D 1 1 1 <0.35 31.6 <0.35 <0.35 <0.35

2 OAS, F OAS, F 1 – 1 <0.35 1.82 12.5 28.1 4.14

3 OAS OAS 1 1 1 <0.35 3.2 20.3 68.3 <0.35

4 OAS OAS 1 1 1 <0.35 0.51 6.67 24.9 0.39

5 OAS,AE OAS 1 1 1 0.38 2.84 54.4 89.2 <0.35

% Positive 100 80 100 20 100 80 80 40

A, anaphylactic shock; AE, angioedema; BP, drop of blood pressure of at least 20 mmHg; C, conjunctivitis; D, dyspnea; Di, diarrhea; Dph, dysphagia; E, emesis; F, flush; GIT,

gastrointestinal cramps; N, nausea; ND, not done; PPT, PPT with native kiwi; R, rhinitis; SPT, kiwi extract (Allyostal); SPT grass, SPT with grass pollen extract (Soluprick);

T, tightness of the chest.

CAPs (ImmunoCAP) are reported as kUA/L.

TABLE II. Kiwifruit allergens used in this study

Allergen Accession number Purity

Molecular weight, kD

(SDS-PAGE)

Protein family/Biochemi-

cal designation

Cross-reactivity to birch

and grass pollen

and latex References

nAct d 1 UniProt P00785 �95% 27 Actinidin Unknown 33

nAct d 2 UniProt Q5ND92 �95% 24 Thaumatin-like protein Unknown 34

nAct d 3 UniProt P85063 �95% 42 Glycoprotein of unknown

function

Birch and grass

pollen, latex

12

nAct d 4 UniProt Q6TPK4 �95% 11 Phytocystatin Unknown 35

nAct d 5 UniProt P84527 �95% 26 Kiwellin Unknown 28

rAct d 8 EMBL/Genbank

AM489568

�99% 17 Pathogenesis-related

proteins 10 family

Birch pollen 23

rAct d 9 EMBL/Genbank

FG438715

�99% 14 Profilin Birch and grass

pollen, latex

Unpublished

n, Protein purified from kiwifruit tissue; r, recombinant protein produced in E coli.
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The Fisher exact probability test was applied to assess statistically

significant differences between the percentages of patients from group A1,

A2, and A3 with individual kiwifruit allergens. The analysis of differences in
IgE levels and severity of symptoms between groups of patients was assessed

using the Mann and Whitney U test. All statistical tests were performed using

the SPSS software package (SPSS, Chicago, Ill).



FIG 1. IgE reactivity profiles to kiwifruit extracts and individual allergens in

kiwifruit-monosensitized subjects (A1), subjects with kiwifruit and pollen

allergy (A2), subjects with kiwifruit, pollen, and latex allergy (A3), and con-

trols with a birch pollen allergy (B), with a pollen and latex allergy (C), and

nonatopics (D). Specific IgE concentrations are expressed as CAP classes as

described in the Methods section. Extracta, Commercial extract; Extractb,

self-produced extract.
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RESULTS

Clinical allergy to kiwifruit shows a diverse

sensitization pattern
Thirty patients (18 females and 12 males) with kiwifruit allergy

were included in the study: 29 on the basis of a positive DBPCFC
and 1 on the basis of a positive case history of an anaphylactic
reaction to kiwifruit. The mean age 6 SD was 33.1 6 12.8 years
(range, 16-62 years). Patients were divided according to clinical
characteristics into 3 groups: 8 patients were monosensitized to
kiwifruit (A1), 17 patients had a pollen allergy in addition to a ki-
wifruit allergy (A2), and 5 patients had a combined kiwifruit, pol-
len, and latex allergy (A3). Eleven of the patients in group A2 had
seasonal rhinitis during the birch pollen season and 9 during the
grass pollen season. Four of the patients in group A3 had seasonal
rhinitis during the birch pollen season and 4 during the grass pol-
len season.

Table I summarizes case histories with respect to kiwifruit
allergy, symptoms observed during DBPCFC, skin test, and
ImmunoCAP results. PPTs with fresh kiwifruit showed the
highest diagnostic sensitivity with 83%, whereas diagnostic
sensitivity of SPT with commercial kiwifruit extract was
45%, and for the in vitro determination of kiwifruit-specific
IgE, 17%. Overall, the sensitivity of extract based diagnostic
tests was lower in the group of patients with pollen-related
kiwifruit allergy than in the other patients with kiwifruit
allergy.

On challenge, 26 of 29 patients developed oropharyngeal
symptoms such as itching and swelling. More severe symptoms
were observed in 9 patients, including conjunctivitis (n 5 2),
angioedema (n 5 1), flush (n 5 3), nausea (n 5 2), gastrointes-
tinal pain (n 5 2), dysphagia (n 5 1), dyspnea (n 5 2) and
tightness of the chest (n 5 1). Symptoms were elicited during
mucosal challenge in 22 patients and only after systemic
challenge in 7 patients.

Because the provocation was stopped in case of repetitive and
intensive mucosal symptoms, recorded reactions during the
challenge were in most cases milder than reactions to kiwifruit
reported in the case history.

Fifteen subjects entered the control groups, consisting of 5
patients with a birch pollen allergy (group B; mean age 6 SD,
27.4 6 11.9 years), 5 patients with a pollen and latex allergy
(group C; 32.8 6 13.3 years) and 5 nonatopic subjects (group
D; 29.6 6 12.5 years), all with a negative open challenge to
kiwifruit.

All patients with birch pollen allergy had seasonal rhinitis
during the birch pollen season, and 60% also had seasonal asthma.
All patients were SPT-positive and ImmunoCAP-positive to birch
pollen extract. Likewise, all controls with pollen and latex allergy
(group C) were affected by seasonal rhinitis to different pollens: 3
of them to birch pollen and 3 to grass pollen. Latex-induced
symptoms consisted of contact urticaria in all patients and a
bronchospasm induced by latex in 1 patient. All 5 patients with
latex allergy had a positive ImmunoCAP result, and 4 had a
positive skin test to latex extract.
Characterization of purified natural and

recombinant kiwifruit allergens
Kiwifruit allergens Act d 1 to 5 were purified from kiwifruit tis-

sue, whereas rAct d 823 and rAct d 9 were produced and purified
from an E coli expression system. Biochemical characteristics,
biological function, purity, and possible IgE cross-reactivity of
the allergens are summarized in Table II. The identity of each
of the purified proteins was confirmed by N-terminal amino
acid sequence analysis. Circular dichroism spectroscopy of the
purified proteins indicated appropriate folding patterns and
secondary structures representative of their respective allergen
families (data not shown). IgE binding properties tested by
ELISA also confirmed that antibody binding properties were
retained.



TABLE III. Diagnostic sensitivity and specificity determination of allergen specific IgE by ImmunoCAP using kiwifruit extracts and single

allergens

No. of patients tested positive ($0.35 kUA/L)

n

Extract

I*

Extract

IIy

All single

allergens

nAct

d 1

nAct

d 2

nAct

d 3

nAct

d 4

nAct

d 5

rAct

d 8

rAct

d 9

All w/o

rAct d 8

All w/o

rAct d 9

All w/o rAct d 8

and rAct d 9

nAct d 1, 2, 4 and

5 positive

Group A1 8 3 6 6 5 1 2 1 3 0 0 6 6 6 6

Group A2 17 1 9 13 1 1 6 3 2 9 4 8 12 7 4

Group A3 5 1 4 4 0 1 2 2 1 4 2 3 4 2 2

Group B 5 0 0 4 0 0 3 0 0 3 1 3 4 3 0

Group C 5 0 1 3 0 0 2 0 1 2 1 3 3 3 1

Group D 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Kiwifruit allergy 30 5 19 23 6 3 10 6 6 13 6 17 22 15 12

Atopic controls 10 0 1 7 0 0 5 0 1 5 2 6 7 6 1

Sensitivity (%) 17 63 77 20 10 33 20 20 43 20 57 73 50 40

Specificity

(control group,

atopic controls;

%)

100 90 30 100 100 50 100 90 50 80 40 30 40 90

Specificity

(control group,

nonatopic

controls; %)

100 100 100 100 100 100 100 100 100 100 100 100 100 100

*Commercial extract.

�Self-produced kiwifruit extract.

w/o, Without.
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A primary structure comparison of Act d 9 and profilins from
other allergen sources revealed amino acid sequence identity with
Cap a 2 from bell pepper (93%), Hev b 8 from latex (90%), and
Bet v 2 from birch pollen (75%).
Using single allergen ImmunoCAP increases signal

intensity and diagnostic sensitivity
Fig 1 represents the individual IgE reactivity profiles of patients

with kiwifruit allergy and controls to 2 different kiwifruit extracts
(commercial and self-prepared) and 7 individual natural and
recombinant allergens on ImmunoCAP. In an initial screening,
measurement of specific IgE levels to commercial kiwifruit
ImmunoCAP, 5 of 30 patients (17%) were positive. Nineteen
patients (63%) were positive when this extract was replaced by
a self-produced kiwifruit extract, thus increasing the in vitro diag-
nostic sensitivity almost 4-fold (Table III). There was also a major
difference in the ability of the 2 extracts to quantify specific IgE:
median concentration values obtained among subjects who tested
positive were 0.45 and 1.3 kUA/L for the commercial and the self-
prepared extract, respectively.

Furthermore, diagnostic sensitivity and specificity of the tests
were calculated to evaluate the potential of the individual
kiwifruit allergens as in vitro diagnostic reagents (Table III). In
a first analysis, a serum was considered positive if at least
1 positive ImmunoCAP result was obtained. All sera from nona-
topic controls reacted neither with the extract nor with individual
kiwifruit allergens. The nonatopic control group diagnostic spec-
ificity was 100% for the both extracts and individual allergens.
Using the range of allergens (at least 1 positive) proved superior
(77% sensitivity) to both the commercial (17%) and self-pro-
duced kiwifruit extracts (63%), respectively. The evident rise of
diagnostic sensitivity was accompanied by a decrease in diagnos-
tic specificity from 100% of the commercial extract ImmunoCAP
to 30% for all single allergens. A diagnostic specificity of 100%
was observed for the nonpollen or nonlatex-related kiwi allergens
nAct d 1, nAct d 2, and nAct d 4 ImmunoCAP because no signals
were obtained from the sera of control individuals (Table III),
whereas the specificity was only 50% for the allergens nAct d 3
and rAct d 8 and 80% for rAct d 9. When the Bet v 1 homolog
rAct d 8 was excluded, the diagnostic sensitivity was reduced
from 77% to 57%, and the diagnostic specificity increased from
30 to 40%. Exclusion of kiwifruit profilin rAct d 9 led to a
decrease in sensitivity from 77% to 73%, whereas specificity
did not change. Just 1 patient with pollen and latex allergy without
kiwifruit allergy showed IgE reactivity to nAct d 5. Thus,
diagnostic specificity for nAct d 5 was 90%. Testing IgE binding
to the 4 nonpollen or nonlatex-related kiwifruit allergens Act d 1,
Act d 2, Act d 4, and Act d 5, the sensitivity increased to 40%, and
the specificity remained high (90%).
Identification of Act d 1 as a marker molecule with

diagnostic significance
Measurements of specific IgE to the individual kiwifruit

allergens in 3 groups of subjects with kiwifruit allergy revealed
clear differences in the sensitization patterns (Fig 2). Patients
from group A1 (monosensitized patients) reacted significantly
more frequently (P < .001) with Act d 1 than patients from group
A2 (patients with kiwifruit and pollen allergy) and group A3
(patients with kiwifruit, pollen, and latex allergy). None of the
patients from group A1 reacted to rAct d 8 or rAct d 9. In contrast,
patients from groups A2 and A3 reacted frequently with rAct d 8
(13/23) and rAct d 9 (6/23).

No significant correlation between IgE reactivity to kiwifruit
allergens and the severity of symptoms could be observed
(see this article’s Fig E1 in the Online Repository at
www.jacionline.org).

http://www.jacionline.org


FIG 2. Sensitization profiles to kiwifruit allergen components in kiwifruit-

monosensitized subjects (A1), subjects with kiwifruit and pollen allergy

(A2), and subjects with kiwifruit, pollen, and latex allergy (A3). Dotted lines

indicate the 0.35 kUA/L cutoff level. Median values are indicated.
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DISCUSSION
Currently, diagnosis of kiwifruit allergy relies mainly on the

PPT with fresh kiwifruits or on the determination of specific IgE
with commercial kiwifruit extracts.

Biochemical variability in allergen source and relatively high
false-positive rates represent limitations of PPT for sensitization
assessment.2,7,14,15 Most importantly, degradation of allergens by
actinidin and other proteases heavily affects the diagnostic sensi-
tivity of extract-based and commercially available diagnostic
tests.1,2 Degradation of proteins starts with the enzymes being
released during extraction procedure and continues during stor-
age, thus heavily affecting the quality of the extract. Our data
clearly showed that the commercial extract ImmunoCAP had a
low diagnostic sensitivity. This was particularly true in the 2
groups of patients with kiwifruit/pollen and kiwifruit/pollen /la-
tex allergy, in which it failed to detect specific IgE in 91% of
the subjects. A slightly higher sensitivity of commercial extract
ImmunoCAP and SPT was obtained in the group of
monosensitized patients with kiwifruit allergy, presumably be-
cause of the high content of actinidin in the extract in combination
with a predominant actinidin sensitization among these subjects.
Actinidin makes up about 50% of the total kiwifruit protein, and
the proportion is even higher in commercial extracts.2

In the current study, individual kiwifruit allergens applied as in
vitro reagents for ImmunoCAP analysis proved to be a sensitive
tool to diagnose IgE-mediated kiwifruit allergy. The allergen
panel included natural purified kiwifruit allergens nAct d 1,
nAct d 2, nAct d 3, nAct d 4, and nAct d 5. In addition, we
have cloned and expressed the Bet v 1–related allergen, Act d
8, and the kiwifruit profilin, Act d 9. The diagnostic sensitivity
of a positive ImmunoCAP result to at least 1 of these 7 kiwifruit
allergens was 77%, comparable to that of PPTs with fresh kiwi-
fruit and more than 4-fold higher than that of the commercial ex-
tract ImmunoCAP. The sensitivity of the self-prepared kiwifruit
extract ImmunoCAP (63%) approached that of the single aller-
gens (77%), suggesting that an improved production of kiwifruit
extracts would also improve in vitro allergy diagnosis. However,
preparation of reproducible and high-quality allergen extracts has
been limited by the natural biochemical variability observed in
disparate sources of kiwifruit. For example, it has been shown
that both ripening stage and postharvest handling of kiwifruit
can influence the relative amount of many protein compounds
as well as the profile of IgE-binding components.28 Furthermore,
it has also been suggested that the profile of the IgE-binding
components in the kiwifruit protein extract is significantly
affected by the proteolytic activity of actinidin, which is present
in high amounts.29 To overcome the drawbacks of the kiwifruit
extract, a single ImmunoCAP test for diagnosis of kiwifruit al-
lergy could be manufactured by coupling an adequately balanced
mixture of purified kiwifruit allergens. This approach has been
shown to be highly suitable to demonstrate sensitization in
patients with suspected cherry allergy.30 Still, if a mix of purified
allergens is used in a single test, the information about the individ-
ual reactivity pattern of a patient potentially linked with mild or
severe symptoms will be missed.

To compare the sensitization pattern to the individual kiwifruit
allergens (component-resolved diagnostics) with the clinical
response, we used sera from well characterized patients with
positive DBPCFC or anaphylactic reactions to kiwifruit and an
appropriate control population. However, a total of 7 DBPCFC-
positive patients were still negative in all ImmunoCAP tests used
in this study. Two of these were also PPT-positive. We therefore
assume that 1 or more relevant kiwifruit allergens are missing in
the extracts used and remain to be identified. Our results indicate
that the Bet v 1 homolog, Act d 8, and profilin, Act d 9, are
important allergens in pollen-related kiwifruit allergy. Fifty-nine
percent of the 22 patients with combined kiwifruit/pollen or
kiwifruit/pollen/latex allergy were sensitized to rAct d 8, 27% to
rAct d 9, and 36% to nAct d 3. Because the Bet v 1 homolog and
profilin are not present in sufficient quantities in natural kiwifruit
extract,23 rAct d 8 and rAct d 9 are suitable tools to detect a
sensitization to the kiwifruit in patients with pollen allergy with
suspected kiwifruit allergy.

Fifty percent of the atopic control subjects, however, were also
sensitized to rAct d 8 and to nAct d 3, and 20% to rAct d 9,
indicating that IgE from control subjects with pollen or pollen/
latex allergy recognizes Bet v 1 or pollen profilin–related epitopes
on rAct d 8 or rAct d 9 and/or cross-reactive carbohydrate deter-
minants on nAct d 3. Thus, IgE binding to highly cross-reactive



J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

BUBLIN ET AL 7

ARTICLE IN PRESS
rAct d 8, rAct d 9, or nAct d 3 is not a clinically specific marker
for kiwifruit allergy in the presence of pollen or pollen/latex
sensitization. This observation is common in birch pollen–related
food allergy and has been reported from other studies using puri-
fied Bet v 1 homologs and profilins.31,32 In contrast, it is notewor-
thy that none of the kiwifruit-monosensitized patients had
rAct d 8 or rAct d 9–specific IgE.

Only 1 of 22 patients with combined kiwifruit/pollen or
kiwifruit/pollen/latex allergy had a positive ImmunoCAP to
actinidin (Act d 1), which has been reported in many studies to
be a major kiwifruit allergen.1,12,13,33 However, actinidin was rec-
ognized by 5 of 8 kiwifruit-monosensitized patients, which may
therefore qualify it as a specific biomarker for isolated allergy
to kiwifruit, which tends to be clinically more severe than
cross-reactive intolerance to the same food. Most importantly,
sensitization to actinidin proved to be highly specific, because
none of the atopic controls tested positive with nAct d 1. Apart
from actinidin, the other kiwifruit specific allergens such as
kiwellin and cystatin also seem to be relevant for the in vitro
diagnosis of patients with a latex or pollen independent kiwifruit
allergy. According to other studies, 21%1 to 50%2,12 of kiwifruit
allergy occurs in patients not allergic to pollen or latex.

No specific allergen recognition pattern could be attributed to
the patients with combined allergy to kiwifruit, pollen, and latex
(A3). These results are in agreement with those reported in 2
former studies in which the allergen recognition pattern of patients
with kiwifruit and latex allergy has been assessed.1,12 Conse-
quently, further research is necessary to identify a molecular basis
of IgE cross-reactivity between latex and kiwifruit to account for
the pattern of allergic responses observed in our subject pool.

In conclusion, we found that both an improved kiwifruit extract
and the use of a panel of individual kiwifruit allergens had a major
impact on the sensitivity of in vitro diagnosis of kiwifruit allergy,
increasing the sensitivity from 17% of a commercial extract to
63% and 77%, respectively. Furthermore, the application of
component-resolved diagnostic reagents enables the classifica-
tion of patients into different reactor groups. Whereas actinidin
may serve as a marker for isolated kiwifruit allergy, Act d 8 and
Act d 9 are indicative for typical cross-reactivity patterns. Even
though not statistically significant, there was a trend toward
more severe reactions among patients with monoallergy. Further-
more, a component resolved diagnostic approach may facilitate
precise selection of patients for kiwifruit immunotherapy and
contributes to improve patient-tailored immunotherapy.

We thank Dr Kerstin Andersson for performing recombinant protein purifi-

cation and Renate H€oppner and Michaela Gubesch for ImmunoCAP analysis.

Clinical implications: Measuring IgE specific to single kiwifruit
allergens results in a high diagnostic sensitivity and allows the
differentiation of subjects with primary and secondary kiwi-
fruit allergy.
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FIG E1. Specific serum IgE levels to the individual allergens of patients

responding with more severe or systemic symptoms (see Table I, symp-

toms by case history) to ingestion of kiwifruit were compared with those

with a pure OAS. Dotted lines indicate the 0.35 kUA/L cutoff level. Median

values are indicated.
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