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Abstract

Background: Gibberellin-regulated proteins (GRPs, Peama-
clein) are allergens recently identified in plant-derived food
allergy (FA), and little is known about the clinical manifesta-
tions of this allergic condition in the European population,
especially in children. Objective: Our study aimed to identify
and characterize pediatric patients with pollen-FA due to
GRP sensitization. Methods: We retrospectively analyzed the
charts of patients referred to the Allergy Unit of the Meyer
Children’s Hospital in Florence for suspected FA. Three main
eligibility criteria based on the actual knowledge of GRP al-
lergy were used to select patients deserving further investi-
gations: (1) systemic reactions after consumption of fruit or
an unknown culprit food, (2) positive skin prick tests to both
cypress pollen and Pru p 3-enriched peach peel extracts, (3)
negative in vitro test results for Pru p 3 serum-specific Im-
munoglobulin E (sIgE). We performed the in vitro test to de-
termine the anti-rPru p 7 (Peamaclein) sIgE levels in the se-
lected patients. Results: We identified 10 pediatric patients

with Pru p 7 allergy and described their characteristics. The
use of our eligibility criteria showed a high accuracy in iden-
tifying these patients: 100% of the selected patients had pos-
itive in vitro results for Pru p 7. We therefore proposed a di-
agnostic algorithm for Pru p 7 allergy. Conclusion: This is the
first case series of European pediatric patients with a dem-
onstrated Peamaclein allergy. These findings broaden our
knowledge on GRP allergy in pediatric populations and
could help clinicians to suspect, diagnose, and manage this
recently discovered plant-derived FA.  ©2021 5. Karger AG, Basel

Introduction

Food allergy (FA) is dramatically increasing world-
wide, following the rise in respiratory allergy [1, 2], and
affecting approximately 5% of adults and 8-10% of chil-
dren [3, 4]. Fruit represents a common trigger of FA, es-
pecially in patients with pollinosis. Pollen-FA syndrome
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(PFAS) has a prevalence in pollen-allergic adult patients
0f40-50% in Europe [5] and 0of 20% in the Mediterranean
area (a birch-free and ragweed-free area) [6]. The major
allergens implicated in plant-derived FA belong to patho-
genesis-related proteins 10 (PR-10), the profilins family,
and lipid transfer proteins (LTPs); the latter being very
frequent in Mediterranean countries [7]. In particular, an
Italian study on the adult population found that PFAS
was the most frequent FA (prevalence of 55%) followed
by LTP sensitization, with a pattern of allergy influenced
by different pollen exposure and dietary habits depending
on geographic area [8].

The presentation and severity of clinical manifesta-
tions in PFAS are extremely variable, also depending on
the causative allergen [9]. Recent findings in new aller-
gen identification, as the Gibberellin-regulated pro-
teins (GRPs), and the increasing availability of compo-
nent resolved diagnosis are refining IgE-mediated fruit
allergy, leading to a deeper understanding of its patho-
genesis and essential management implications [10].
GRPs are a family of basic, cysteine-rich proteins with
a molecular weight of approximately 7 kDa involved in
plant growth and defense against pathogens [11, 12]. In
2012, the first GRP allergen was identified after observ-
ing systemic allergic reactions induced by peach in pa-
tients with negative specific IgE results to the already
known allergen families of Rosaceae fruits (profilin, PR-
10, and LTP) [13]. In fact, despite negative specific IgE
results to the available peach allergens, these patients
had positive skin prick test results to commercial Pru p 3-
enriched peach peel extracts. The analysis of these prep-
arations led to the identification of a new peach allergen
with a different primary structure from Pru p 3, but
with heat- and digestion-stability similar to peach LTP.
This new peach allergen is called Peamaclein and the
World Health Organization-International Union of
Immunological Societies subcommittee assigned it the
designation of Prup 7.

After these crucial findings, studies conducted in Ja-
pan showed that Pru p 7 was closely related to severe al-
lergic reactions [14]. Other GRP allergens have been
identified in apricot (Prum 7) [15], orange (Cit s 7) [16],
and pomegranate (Pun g 7) [17]. Moreover, allergic reac-
tions against other fruits (apple, pear, cherry, strawberry,
melon, watermelon, kiwi, fig, and grape) have been re-
ported in Pru p 7-positive patients [18, 19]. Other reports
of PFAS involving cypress pollen and peach/citrus sensi-
tizations demonstrated a high cross-reactivity between
Pru p 7 and BP14, a Cupressus sempervirens pollen pro-
tein belonging to GRPs [20-22].
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Despite intense research in this field in the last decade,
little is currently known about the prevalence, severity,
and management of GRP allergy in Europe, especially in
children. Indeed, so far only one Japanese study has inves-
tigated Pru p 7 allergy in children and adolescents [18].

Our study aimed to identify GRP-sensitized patients
in a monocentric cohort of children and adolescents with
fruit or nonidentified FA and to describe the characteris-
tic of GRP-induced allergy in this pediatric population. In
addition, it aimed to provide a possible valuable diagnos-
tic algorithm to identify potential patients suffering from
this condition, especially where Pru p 7 is not yet com-
mercially available.

Methods

We retrospectively analyzed the charts of patients referred to
the Allergy Unit of the Meyer Children’s Hospital from January
2015 to June 2020 with a history of systemic allergic reactions after
consumption of fresh fruit or an unknown culprit food and poten-
tial PFAS due to GRPs sensitization. Demographic data, clinical
manifestations of FA, and allergy history were collected, together
with the diagnostic workup. Anaphylaxis was diagnosed according
to the clinical criteria proposed by Sampson et al. [23, 24] and the
severity was assessed according to Mueller’s score [25]. The pa-
tients’ clinical histories of FA were also carefully evaluated to de-
termine the possible role of cofactors such as exercise in food-de-
pendent exercise-induced anaphylaxis (FDEIA) [26]. The time la-
tency period accepted for a potential relationship with a
food-induced reaction was 4 h after food ingestion.

All patients were evaluated with in vivo (skin prick tests [SPT's]
and prick by prick) and in vitro tests. The detailed methods are
fully described in the online suppl. Material (for all online suppl.
material, see www.karger.com/doi/10.1159/000517413).

Patients with a clinical history and positive in vivo and in vitro
results consistent with GRP allergy were evaluated for Peamaclein
sensitization. Eligibility criteria for determining serum-specific Im-
munoglobulin E (sIgE) levels anti-Pru p 7 (Peamaclein) with the
ImmunoCAP test were (1) history of systemic allergic reactions after
consumption of fruit or history of suspected food-induced systemic
allergic reactions with a non-clearly identified culprit food; (2) pos-
itive SPTs to both cypress pollen and Pru p 3-enriched peach peel
extracts; and (3) negative anti-rPru p 3 sIgE. Conversely, all patients
with fruit-related FA history with negative SPT results to cypress
pollen or Pru p 3-enriched peach peel extracts, or with positive anti-
rPru p 3 sIgE were excluded from further evaluations.

Results

Among all the subjects analyzed in the period, 10 pa-
tients met the eligibility criteria for further investigations
for suspected Peamaclein allergy, 7 males and 3 females
with a mean age of 12.89 years (standard deviation 3.07

Biagioni/Tomei/Valleriani/Liccioli/Barni/
Sarti/Citera/Giovannini/Mori

led by: C. Alessandri - 87218
2.67 - 7/28/2021 1:47:02 PM




Systemic reactions
in suspected FA

(fruit or unknown
culprit food)

'

SPTs with Cypress
pollen &

LTP-enriched peach
extracts

v

'

Possible
PEAMACLEIN

allergy

Cypress pollen &
LTP-enriched peach
extracts

Both positive

Cypress pollen OR
LTP-enriched peach
extracts

Negative

Not possible
PEAMACLEIN

allergy

'

Probable
PEAMACLEIN

allergy

Pru p 3 slgE
Negative

Fig. 1. Proposed diagnostic algorithm for GRP-Peamaclein allergy. GRP, Gibberellin-regulated protein.

years). Regarding their allergic background, all but one
patient had allergic rhino-conjunctivitis (90%), 2 patients
reported a history of atopic dermatitis (20%), and 4 suf-
fered from allergic asthma (40%). All the data concerning
their demographic data, clinical history, clinical presenta-
tion, causative foods, cofactors, and allergy test results are
reported in online suppl. Table 1.

All the selected patients resulted positive to rPru p 7,
with a mean value of 25.93 kUA/L (standard deviation
26.30 KUA/L). On the contrary, all resulted negative for
Pru p 1, Pru p 3, and Pru p 4 except for one who was
slightly positive to Pru p 1 (1.59 kUA/L). Therefore, the
causative role of Peamaclein sensitization in eliciting the
reported systemic allergic reactions was demonstrated in
all the selected patients.

The most frequent fruits involved in allergic reactions
belonged to the Rosaceae family: peaches in 7, apples in 2,
strawberries in 2, and cherries and plums in one patient,
respectively. Two patients reported clinical manifesta-
tions after the ingestion of orange and lemon, belonging
to the Rutaceae family. Four patients had multiple caus-
ative fruits: one patient reacted to 4, 2-3, and one to 2
fruits. Of the 5 patients with a single causative fruit, in 4
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cases the culprit was peach, and in the other, strawberry.
In one patient, the causative food was not clearly identi-
fied.

In our case series, anaphylaxis was very common
(90%), and FDEIA was reported in 4 patients (40%), with
both severe and mild systemic reactions. The most fre-
quent clinical manifestation was generalized urticaria (9
patients), followed by dyspnea (6 patients). Furthermore,
4 patients developed angioedema, 3/4 had facial swelling,
and 1/4 hand and foot angioedema. In addition, 2 patients
had bronchospasm, 2 gastrointestinal involvement (one
had vomiting and the other one abdominal pain). Finally,
one patient presented laryngeal edema, and in one case,
the child suffered from syncope with loss of conscious-
ness. Only 2 children (20%) reported oral allergy syn-
drome (OAS), but one showed concomitant positivity for
Pru p 1 sIgE. Therefore, a causative role of PR-10 proteins
cannot be excluded. The reported latency time between
culprit food ingestion and clinical manifestations varied
from 30 min to 3 h.

As regards the severity of signs and symptoms, 4 pa-
tients developed severe allergic reactions (Mueller’s
score 3 and 4), while these were milder in 6 patients
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(scores 1 and 2). As previously mentioned, in 4/10, we
identified physical exercise as a cofactor in the onset of
anaphylaxis; other cofactors were not found. According
to our proposed diagnostic algorithm (shown in Fig. 1),
100% of the selected patients showed Pru p 7 sIgE pos-
itivity.

Discussion

Fruit-derived GRP allergy has recently been investi-
gated. Nowadays, GRPs are considered responsible for
both systemic allergic reactions and PFAS. In the latter
case, cross-reactivity between fruit GRP and cypress pol-
len GRP, which might play a role as a sensitizer, has also
recently been demonstrated [21, 27, 28]. In Japan, given
the low frequency of LTP sensitization, most cases of fruit
allergy with a history of severe reactions have been ex-
plained thanks to the discovery of Pru p 7 [29]. In the
Mediterranean area, LTPs are a leading cause of severe
allergen plant-food allergies [7]. However, in some cases,
particularly in those with a clinical history of severe reac-
tions, Pru p 1, Pru p 3, and Pru p 4 are not sufficient to
provide a correct diagnosis.

In a recent multicentric work conducted in Italy on
cypress pollen-allergic adult patients, the detection of
GRP sensitization appeared rare [30]. Nonetheless, this
work analyzed a population of cypress allergic patients
with pollen allergy clinical manifestations, with or with-
out concomitant FA signs and symptoms, identifying
both Peamaclein allergy and Peamaclein sensitization.
However, data on clinical manifestations of FA due to
Peamaclein sensitization are scarce in Europe, especially
in pediatric populations.

In this manuscript, 10 patients were selected and in-
vestigated for Pru p 7 allergy. The utilization of the
abovementioned eligibility criteria showed a very high
accuracy in identifying Peamaclein allergic patients; in
fact, 100% of the suspected patients showed Prup 7 sIgE
positivity. Therefore, we can assume that Peamaclein
allergy is likely and should always be suspected in the
presence of all these clinical characteristics. In agree-
ment with published studies, 9/10 patients had a his-
tory of at least a grade 2 reaction according to Mueller’s
classification, making Peamaclein a marker of severe
fruit allergy [15]. In our population, 9/10 patients were
monosensitized to Pru p 7 and 4/9 presented allergic
reactions only after the ingestion of peach, showing tol-
erance for other fruits. This fact is in contrast with data
in literature, where adults often report reactions to sev-
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eral fruits [11]. Nevertheless, our children were only
studied for Pru p 7, consequently we cannot rule out
that they could have positive in vitro results for other
GRPs, as usually happens for LTPs, or that they could
react to fruits other than peach in the future. In any
case, a greater number of children need to be investi-
gated to assess similarities and differences with adults
in terms of clinical reactivity to fruit and severity of the
reaction.

Moreover, in our case series of children, eyelid edema
after ingestion of peach cannot be considered a predictive
factor of sensitization to Pru p 7 as it is in adult studies
[9]. Indeed, according to our data, only 4 children report-
ed angioedema, and it was not isolated but part of a spec-
trum of other clinical manifestations. It could be specu-
lated that these results might not be in line with data re-
ported to date in literature either because we are
describing a pediatric population and/or because this
study includes a low number of patients.

The presence or the absence of cofactors in our study
was not clearly associated with the severity of systemic
reactions; in particular, only 1/4 patients with severe reac-
tions had a history of physical exercise. Nonetheless, this
was the only subject to experience syncope (grade 4 sever-
ity according to Mueller’s score) due to eating peach 3 h
before intense physical activity, which consequently
could be considered as an important cofactor at least in
this case.

The identification of Peamaclein as the causative food
allergen in these patients represented an important step
for their correct management. In fact, the similarity be-
tween the clinical presentation of LTP and GRP allergy
and the similar chemical and physical characteristics of
these proteins allow clinicians to make the same recom-
mendations for both allergic conditions. In particular, to
avoid the identified culprit food in both raw and pro-
cessed forms, plus extremely careful assumption of food
belonging to the same botanical family as the culprit, es-
pecially if known FDEIA cofactors are present, and the
use of an adrenalin autoinjector in case of anaphylaxis [7].
The already known differences between LTP and GRP
distribution in the different plant-derived food families
and in the single fruits, respectively, suggest that for GRP-
allergic patients not only Rosaceae but also Rutaceae rep-
resent major sources of allergen exposure [11] and that
peeling fruits does not help avoid GRP ingestion because
these proteins seem to be evenly distributed in peel and
pulp [13, 22].

To the best of our knowledge, this is the first pediatric
study in Europe to identify patients with possible or prob-
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able allergy to Pru p 7. In addition, we propose a diagnos-
tic algorithm for this allergic condition based on clinical
manifestations and SPT results. The use of the proposed
eligibility criteria has shown a high accuracy and led to
the identification of 10 young patients with a confirmed
Peamaclein allergy. They all received an accurate diag-
nostic workup and the correct identification of their al-
lergy at a molecular level provided the basis for proper
management of their FA. Thus, in the case of a systemic
allergic reaction after consumption of fruit or an un-
known food culprit, we suggest performing in vivo allergy
tests using inhalant and food allergens, including both
cypress pollen and Pru p 3-enriched peach peel extracts.
In the case of a positive result for both cypress and Pru p
3-enriched peach peel extract, a sensitization to Peama-
clein is possible and when further investigations give a
negative in vitro result for Pru p 3 sIgE, the diagnosis of
Peamaclein allergy is highly probable. In these cases, de-
termining serum sIgE levels anti-Pru p 7 (Peamaclein) is
suggested.

Besides the strengths of our work, its limitations are
mainly due to its retrospective design that prevented a
longitudinal follow-up of the population and a more ac-
curate diagnostic workup in vivo which should include
prick by prick with raw and processed culprit foods. An-
other limitation could have been the decision to only in-
clude patients with systemic reactions: this approach led
to easier identification of Peamaclein allergic patients be-
cause of the chemical and physical properties of GRPs
that cause systemic and frequently severe reactions, as re-
ported in previous case series [11]. This decision prevent-
ed us from identifying GRP-allergic patients with OAS as
the only clinical manifestation; however, in some reports,
this eventuality appears to be rare [11, 14, 19]. On the
other hand, the Italian retrospective study previously
mentioned found that in an Italian adult population with
cypress pollen allergy, non all GRP-sensitized subjects ex-
perience severe clinical reactions following the ingestion
of offending foods [30]. It further showed that other al-
lergens beyond GRP might be involved in the cypress
PFAS/FA syndrome.

We also have to take into consideration that when
OAS is the only clinical manifestation and a sensitization
to panallergens belonging to PR-10 and Profilin family is
also demonstrated, the clinical relevance of a concomi-
tant Pru p 7 sensitization is difficult to assess. Finally, this
study provided no information regarding the prevalence
of Pru p 7 allergy because patients were recruited by ret-
rospectively reviewing charts of children referred to our
Allergy Unit.

Allergy to Gibberellin-Regulated Proteins
(Peamaclein) in Children

Conclusion

This manuscript first suggests that after a detailed clin-
ical history and simple targeted investigations, Pru p 7
positivity can be detected with high accuracy, leading to
the correct explanation of severe fruit allergy cases in chil-
dren. Nevertheless, more extensive studies are necessary
to better clarify the phenotypical characteristics of pa-
tients with Pru p 7 allergy, as well as the role of cofactors
in severe reactions, the pattern of cross-reactivity with
other CGPs, and the prevalence of GRP allergy and sen-
sitization in pediatric populations.

Statement of Ethics

Upon admission, all the children’s parents signed a written in-
formed consent to the processing of clinical data for future re-
search studies. Patients whose parents denied consent were ex-
cluded from the study. The code of the event report issued by Mey-
er Children’s University Hospital is IR904-21-50917.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or nonprofit sectors.

Author Contributions

B.B. and L.T. collected the data, performed the investigations,
analyzed the data, drafted the initial manuscript, and reviewed the
manuscript. C.V. performed the investigations, analyzed the data,
and reviewed the manuscript. G.L. collected the data, performed
the investigations, analyzed the data, and reviewed the manuscript.
S.B., LS., and M.G. performed the investigations, analyzed the
data, and reviewed the manuscript. F.C. performed the investiga-
tions, analyzed the data, and reviewed the manuscript. F.M. con-
ceptualized, designed the work, performed the investigations, ana-
lyzed the data, drafted the initial manuscript, and reviewed the
manuscript.

Data Availability Statement

All data generated or analyzed during this study are included
in this article and/or its supplementary material files. Further en-
quiries can be directed to the corresponding author.

Int Arch Allergy Immunol 5
DOI: 10.1159/000517413




—

10

11

12

References

Longo G, Berti I, Burks AW, Krauss B, Barbi
E.IgE-mediated food allergy in children. Lan-
cet. 2013;382(9905):1656-64.

Barni S, Liccioli G, Sarti L, Giovannini M, No-
vembre E, Mori F. Immunoglobulin E (IgE)-
mediated food allergy in children: epidemiol-
ogy, pathogenesis, diagnosis, prevention, and
management. Medicina. 2020;56(3):111.
Sicherer SH, Sampson HA. Food allergy: epi-
demiology, pathogenesis, diagnosis, and
treatment. ] Allergy Clin Immunol. 2014;
133(2):291-308.e5.

Prescott SL, Pawankar R, Allen KJ, Campbell
DE, Sinn JK, Fiocchi A, et al. A global survey
of changing patterns of food allergy burden in
children. World Allergy Organ J. 2013;6(1):
21.

Osterballe M, Hansen TK, Mortz CG, Bind-
slev-Jensen C. The clinical relevance of sensi-
tization to pollen-related fruits and vegetables
in unselected pollen-sensitized adults. Aller-
gy. 2005;60(2):218-25.

Cuesta-Herranz J, Lazaro M, Figueredo E,
Igea JM, Umpiérrez A, De-Las-Heras M. Al-
lergy to plant-derived fresh foods in a birch-
and ragweed-free area. Clin Exp Allergy.
2000;30(10):1411-6.

Asero R, Piantanida M, Pinter E, Pravettoni
V. The clinical relevance of lipid transfer pro-
tein. Clin Exp Allergy. 2018;48(1):6-12.
Asero R, Antonicelli L, Arena A, Bommarito
L, Caruso B, Crivellaro M, et al. EpidemAAI-
TO: features of food allergy in Italian adults
attending allergy clinics: a multi-centre study.
Clin Exp Allergy. 2009;39:547-55.

Logan K, Du Toit G, Giovannini M, Turcanu
V, Lack G. Pediatric allergic diseases, food al-
lergy, and oral tolerance. Annu Rev Cell Dev
Biol. 2020;36:511-28.

Matricardi PM, Kleine-Tebbe J, Hoffmann
HJ, Valenta R, Hilger C, Hofmaier S, et al.
EAACI molecular allergology user’s guide.
Pediatr Allergy Immunol. 2016;27 Suppl 23:
1-250.

Inomata N. Gibberellin-regulated protein al-
lergy: clinical features and cross-reactivity.
Allergol Int. 2020;69(1):11-8.

Segura A, Moreno M, Maduefo F, Molina A,
Garcia-Olmedo F. Snakin-1, a peptide from
potato that is active against plant pathogens.
Mol Plant Microbe Interact. 1999;12(1):16—
23.

13

14

15

16

17

18

19

20

21

Tuppo L, Alessandri C, Pomponi D, Picone
D, Tamburrini M, Ferrara R, et al. Peamaclein
- anew peach allergenic protein: similarities,
differences and misleading features com-
pared to Prup 3. Clin Exp Allergy. 2013;43(1):
128-40.

Inomata N, Okazaki F, Moriyama T, Nomura
Y, Yamaguchi Y, Honjoh T, et al. Identifica-
tion of peamaclein as a marker allergen re-
lated to systemic reactions in peach allergy.
Ann Allergy Asthma Immunol. 2014;112(2):
175-€3.

Inomata N, Miyakawa M, Aihara M. Gibber-
ellin-regulated protein in Japanese apricot is
an allergen cross-reactive to Pru p 7. Immun
Inflamm Dis. 2017;5(4):469-79.

Inomata N, Miyakawa M, Ikeda N, Oda K, Ai-
hara M. Identification of gibberellin-regulat-
ed protein as a new allergen in orange allergy.
Clin Exp Allergy. 2018;48(11):1509-20.
Tuppo L, Alessandri C, Pasquariello MS, Pet-
riccione M, Giangrieco I, Tamburrini M, et al.
Pomegranate cultivars: identification of the
new IgE-binding protein pommaclein and
analysis of antioxidant variability. ] Agric
Food Chem. 2017;65(13):2702-10.

Ando Y, Miyamoto M, Kato M, Nakayama M,
Fukuda H, Yoshihara S. Pru p 7 predicts se-
vere reactions after ingestion of peach in Jap-
anese children and adolescents. Int Arch Al-
lergy Immunol. 2020;181(3):183-90.
Klingebiel C, Chantran Y, Arif-Lusson R, Eh-
renberg AE, Ostling J, Poisson A, et al. Pru p
7 sensitization is a predominant cause of se-
vere, cypress pollen-associated peach allergy.
Clin Exp Allergy. 2019;49(4):526-36.
Sénéchal H, Santrucek J, Mel¢ova M, Svoboda
P, Zidkova J, Charpin D, et al. A new allergen
family involved in pollen food-associated
syndrome: snakin/gibberellin-regulated pro-
teins. ] Allergy Clin Immunol. 2018;141(1):
411-414.e4.

Sénéchal H, Keykhosravi S, Couderc R, Selva
MA, Shahali Y, Aizawa T, et al. Pollen/fruit
syndrome: clinical relevance of the cypress
pollen allergenic gibberellin-regulated pro-
tein. Allergy Asthma Immunol Res. 2019;
11(1):143-51.

Int Arch Allergy Immunol

DOI: 10.1159/000517413

22

23

24

25

26

27

28

29

30

Tuppo L, Alessandri C, Giangrieco I, Cianca-
merla M, Rafaiani C, Tamburrini M, et al. Iso-
lation of cypress gibberellin-regulated pro-
tein: analysis of its structural features and IgE
binding competition with homologous aller-
gens. Mol Immunol. 2019;114:189-95.
Sampson HA, Muifioz-Furlong A, Campbell
RL, Adkinson NF, Allan Bock S, Branum A, et
al. Annals of emergency medicine. Second
symposium on the definition and manage-
ment of anaphylaxis: summary report - sec-
ond National Institute of Allergy and Infec-
tious Disease/food allergy and anaphylaxis
network symposium; 2006.

Barni S, Mori F, Giovannini M, de Luca M,
Novembre E. In situ simulation in the man-
agement of anaphylaxis in a pediatric emer-
gency department. Intern Emerg Med. 2019;
14(1):127-32.

Mueller HL. Further experiences with severe
allergic reactions to insect stings. N Engl ]
Med. 1959;261:374-7.

Foong RX, Giovannini M, du Toit G. Food-
dependent exercise-induced anaphylaxis.
Curr Opin Allergy Clin Immunol. 2019;19(3):
224-8.

Poncet P, Aizawa T, Sénéchal H. The subtype
of Cupressaceae pollinosis associated with
Pru p 7 sensitization is characterized by a sen-
sitization to a cross-reactive gibberellin-regu-
lated protein in cypress pollen: BP14. Clin
Exp Allergy. 2019;49(8):1163-6.

Ehrenberg AE, Klingebiel C, Ostling J, Lars-
son H, Mattsson L, Vitte ], et al. Characteriza-
tion of a 7 kDa pollen allergen belonging to
the gibberellin-regulated protein family from
three Cupressaceae species. Clin Exp Allergy.
2020;50(8):964-72.

Inomata N, Miyakawa M, Aihara M. High
prevalence of sensitization to gibberellin-reg-
ulated protein (peamaclein) in fruit allergies
with negative immunoglobulin E reactivity to
Bet v 1 homologs and profilin: clinical pat-
tern, causative fruits and cofactor effect of
gibberellin-regulated p. ] Dermatol. 2017;
44(7):735-41.

Asero R, Abbadessa S, Aruanno A, Barilaro G,
Barzaghi C, Bignardi D, et al. Detection of
gibberellin-regulated protein (peamaclein)
sensitization among Italian cypress pollen-
sensitized patients. ] Investig Allergol Clin
Immunol. 2020;32(1):1-18.

Biagioni/Tomei/Valleriani/Liccioli/Barni/
Sarti/Citera/Giovannini/Mori

Downloaded by: C. Alessandri - 87218

151.81.152.67 - 7/28/2021 1:47:02 PM


https://www.karger.com/Article/FullText/517413?ref=1#ref1
https://www.karger.com/Article/FullText/517413?ref=1#ref1
https://www.karger.com/Article/FullText/517413?ref=2#ref2
https://www.karger.com/Article/FullText/517413?ref=3#ref3
https://www.karger.com/Article/FullText/517413?ref=4#ref4
https://www.karger.com/Article/FullText/517413?ref=5#ref5
https://www.karger.com/Article/FullText/517413?ref=5#ref5
https://www.karger.com/Article/FullText/517413?ref=6#ref6
https://www.karger.com/Article/FullText/517413?ref=7#ref7
https://www.karger.com/Article/FullText/517413?ref=8#ref8
https://www.karger.com/Article/FullText/517413?ref=9#ref9
https://www.karger.com/Article/FullText/517413?ref=9#ref9
https://www.karger.com/Article/FullText/517413?ref=10#ref10
https://www.karger.com/Article/FullText/517413?ref=11#ref11
https://www.karger.com/Article/FullText/517413?ref=12#ref12
https://www.karger.com/Article/FullText/517413?ref=13#ref13
https://www.karger.com/Article/FullText/517413?ref=14#ref14
https://www.karger.com/Article/FullText/517413?ref=15#ref15
https://www.karger.com/Article/FullText/517413?ref=15#ref15
https://www.karger.com/Article/FullText/517413?ref=16#ref16
https://www.karger.com/Article/FullText/517413?ref=17#ref17
https://www.karger.com/Article/FullText/517413?ref=17#ref17
https://www.karger.com/Article/FullText/517413?ref=18#ref18
https://www.karger.com/Article/FullText/517413?ref=18#ref18
https://www.karger.com/Article/FullText/517413?ref=19#ref19
https://www.karger.com/Article/FullText/517413?ref=20#ref20
https://www.karger.com/Article/FullText/517413?ref=21#ref21
https://www.karger.com/Article/FullText/517413?ref=22#ref22
https://www.karger.com/Article/FullText/517413?ref=23#ref23
https://www.karger.com/Article/FullText/517413?ref=23#ref23
https://www.karger.com/Article/FullText/517413?ref=23#ref23
https://www.karger.com/Article/FullText/517413?ref=23#ref23
https://www.karger.com/Article/FullText/517413?ref=24#ref24
https://www.karger.com/Article/FullText/517413?ref=25#ref25
https://www.karger.com/Article/FullText/517413?ref=25#ref25
https://www.karger.com/Article/FullText/517413?ref=26#ref26
https://www.karger.com/Article/FullText/517413?ref=27#ref27
https://www.karger.com/Article/FullText/517413?ref=27#ref27
https://www.karger.com/Article/FullText/517413?ref=28#ref28
https://www.karger.com/Article/FullText/517413?ref=29#ref29
https://www.karger.com/Article/FullText/517413?ref=30#ref30
https://www.karger.com/Article/FullText/517413?ref=30#ref30

Supplementary material
Methods

All patients were evaluated during the previous diagnostic workup with Skin Prick tests (SPTs) performed on
the volar surface of the forearm using a standard 1-mm tip lancet, according to the recommendations of
the European Academy of Allergy and Clinical Immunology [S1,52]. The positive and negative controls for
the skin prick test were obtained using histamine (10 mg/mL; Lofarma, Milan, Italy) and normal saline
respectively. Results were read after 15 min. and were considered positive if the largest allergen-induced
wheal diameter was 23 mm. The standard SPT panel performed consisted of common airway allergens
(mites, grass, weed, birch, hazel, olive and cypress pollens, molds, and animal epithelia) and common food
allergens (milk, egg, wheat, cod, tomato, soy, peanut) (Lofarma, Milan, Italy). Profilin extract and a
commercial peach extract enriched with Pru p 3 (with a declared 30 mcg/ml concentration), both produced
by ALK-Abello, Madrid, Spain, were used as well [S3]. Finally, most of the patients were also evaluated with

skin Prick-by-Prick (PbP) tests with the suspected culprit raw fruit.

In patients with positive SPT results with Pru p 3-enriched peach peel extract, serum specific
Immunoglobulin E (sIgE) levels of anti-peach and of anti-Pru p 1, 3, 4 were determined using the
ImmunoCAP system (Thermo Fisher Scientific, Uppsala, Sweden), according to the manufacturer’s

instructions with a positive cut-off point set at 0.1 kUA/L.
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PATIENT AGE OTHER OFFENDING TIME MULLER PbP sIgE

SEX ALLERGIC LATENCY SYMPTOMS COFACTORS SPTs
mm kUa/Ll
NUMBER (years) DISEASE FOODS (hour) GRADING (mm) ( )
Cypress Prup 3- Profillin Prupl1 Prup3 Prup4 Prup?7
Pollen enriched extract
extract peach
peel
extract
g Strawberry 4
1 14 M OR, BA Strawberry Not known U, DY 2 Exercise 3 5 0 Peach 5 0.01 0.09 0.01 1.9
Peach 7
2 15 M - Peach, apple, 1 U, DY 2 Exercise 4 4 0 Apple 6 0.12 0.03 0.05 50.6
lemon, orange Lemon 10
Orange 6
3 9 M OR, BA Peach 2 U 1 - 4 6 0 Peach 3 0 0.04 0.01 30.3
4 9 F OR Peach 3 U, AN, BS 3 - 3 5 0 Peach 6 0 0.02 0.05 359
5 13 F OR,BA Peach 3 SY, DY,V 4 Exercise 5 5 0 Peach 4 0.03 0.06 0.09 83
Peach 6
Strawberry, U, AN, BS, Apple 2
6 10 M OR apple, plum 0.5 OAS 3 - 3 3 0 Strawberry 4 1.59 0.02 0 31.8
Plum 6
Peach 3
7 12 F OR Not identified D U, AN, DY, 2 - 3 6 0 Apple 3 0.08 002 0.04 15.1
OAS Orange 4
Plum 3
8 16 M OR,BA Peach, cherry 1 U, DY 2 Exercise 4 5 0 Peach 4 0 0,01 0 1.78
Peach, lemon ez &
9 8 M OR,AD e 3 U, AN, LE 2 - 4 4 0 Lemon 4 0 0.02 0 2.53
orange
Orange 3

10 17 M OR,AD Peach 0.5 U, DY, AP 3 - 5 4 0 Peach 7 0 0.02 0.03 6.37



Table 1. Demographic data, clinical characteristics and results of the allergy tests of the patients studied. AD, atopic dermatitis; AN, angioedema; AP, abdominal pain; BA,

bronchial asthma; BS, bronchospasm; DY, dyspnea; LE, laryngeal oedema; OAS, oral allergy syndrome; OR, oculorhinitis; SY, syncope; U, urticaria; V, vomiting.
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