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Anaphylaxis to apple: is fasting a risk factor for
LTP-allergic patients?

Summary
Background: Primary apple allergy is frequent in Mediterranean countries where hyper-

sensitivity to lipid transfer protein (LTP) is common. Due to its stability upon pepsin di-

gestion, LTP may cause systemic allergic reactions. This study investigated the potential

risk associated with an isolated intake of apple while fasting in LTP-hypersensitive pa-

tients with clinical allergy to peach but not to apple. Patients and methods: Based on the

observation of 6 patients who experienced 7 apple-induced anaphylactic reactions that in 6

cases followed the ingestion of the fruit after fasting, open food challenges were carried out

in 12 patients LTP-hypersensitive patients with peach allergy but tolerant to apple. Re-

sults: Four out of the 12 patients (33%) reacted to apple upon oral challenge. Conclusion:

Fasting seems to play a relevant role in the clinical expression of allergy to LTP. It is possi-

ble that in an empty gastrointestinal tract the allergen is absorbed more rapidly. Alterna-

tively, pepsin might digest the food matrix more efficiently, thus increasing the concentra-

tion of the purified allergen that comes in contact with the gut mucosa.
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Introduction

Primary allergy to Rosaceae fruits is frequent in the

Mediterrean area (1-3). In central and northern Europe

Rosaceae allergy is associated with birch pollinosis and is

clinically mild and restricted to the oropharyngeal mucosa

(4, 5), whereas in Southern Europe primary sensitization

to Lipid transfer protein (LTP) is frequent (6, 7). LTPs

are heat- and pepsin-stable, and can cause systemic reac-

tions (6, 8). It is generally accepted that Pru p 3, the

peach LTP, represents the primary sensitizer to this aller-

gen (7). In LTP-hypersensitive patients allergic to peach,

apple allergy may occur due to the high homology be-

tween Mal d3 , the apple LTP and Pru p3 (7, 9).

In LTP-hypersensitive subjects the clinical presentation

of apple allergy can be severe and not always preceded by

other symptoms, as the OAS (1, 10, 11).

The observation of a group of six LTP-allergic patients,

who experienced seven anaphylactic episodes induced by

apples with peel, that in 6 cases were ingested at least two

hours after a meal and without eating anything else,

prompted us to investigate the potential risk associated

with the isolated intake of apple in patients with peach-

allergy.

Patients and methods

Patients

29 LTP-hypersensitive patients with a history of peach

allergy but clinically apple-tolerant, negative on SPT with

birch pollen extract, seen at the Allergy center of Azienda

Sanitaria of Messina (Italy) from 2007 to 2009 were

asked to participate to the study.
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All the patients scored positive on SPTs with Golden De-

licious (GD) fresh apple (peels and pulp separately), ac-

cording to prick-by-prick method (12), and with a com-

mercial peach extract containing uniquely lipid transfer

protein (Alk Abellò ; LTP 30 µg/ml). SPTs were carried

out and read following the EAACI recommendations

(13) using histamine hydrochloride (10 mg/mL) and

saline as positive and negative controls, respectively.

Specific IgE

Specific IgE against apple and Pru p 3 were measured by

CAP-System (Phadia©, Uppsala, Sweden), according to

the instructions of the manufacturer.

Challenge tests

Twelve out of 29 subjects accepted to undergo the apple

challenge. An informed consent was obtained from each

patient before the challenge.

GD apples, bought at the local market, were used in the

challenges. Open food challenges (OFC) were performed

by administering slices of fresh apple with peel on pa-

tients fasting for at least two hours . One slice of apple

(approximately 10 g) was administered at the beginning

and the dose was then doubled every 60 min. The test

continued until the patient had convincing symptoms, or

a total of approximately 70 g of apple had been ingested

(3 h). Before all challenges and SPTs, medication was dis-

continued according to the guidelines on skin testing of

the European Academy of Allergology and Clinical Im-

munology (EAACI) (14).

Results

Results are shown in Table 1. Four out of 12 (33%) sub-

jects scored positive upon apple challenge. All 4 experi-

enced itch, urticaria, abdominal pain and nausea.

No significant differences were found in Pru p 3 and ap-

ple IgE between subjects who responded or tolerated ap-

ple on oral challenge (Table 2).

Table 1 - Patients submitted to oral challenge with fresh, unpeeled apple

N. Age Sex Peach* Cap Cap Other food Clinical symptoms Dose

Pru p3 Apple allergies** during OFC*** * challenge

1 44 F U, AP 22,7 69,3 Ha (U-A) I,N,AP 10

2 18 F OAS, P 1,85 7,11 Al (U) T 70

3 33 F OAS 6,31 19,8 Ha (OAS) T 70

4 38 F OAS 4,75 63,8 Pn (OAS) T 70

5 20 F CU 1,35 0,8 W (U) T 70

6 19 F OAS 0,95 0,61 ------- T 70

7 46 F OAS 1,5 0,5 Pn, Al (SOA) AP, I 30

8 23 M OAS 2,34 2 ------- T 70

9 20 M OAS 9,57 1,8 Pn(SOA) T 70

10 32 F OAS 3,8 0,61 ------- T 70

11 29 M D,CU 12,3 13,4 Pn (U) U,N 30

12 28 M CU 3,96 1,2 ------- N,I 30

* A, angioedema; AP, abdominal pain; D, dyspnoea; N, nausea; I, itch; U, urticaria; UC, contact urticaria; OAS, oral allergy syndrome

** Apr, apricot; Al, almond; Ha, hazelnut; Pn, peanut; W noce;

*** T, tolerated

Table 2 - Specific IgE

Positive on apple oral Negative on apple oral

challenge (n= 4) challenge (n= 8)

Pru P3 kU/l (mean[range]) 10,1 (1,5-22,7) 3,8 (0,9-6)

Apple kU/l (mean[range]) 21,1 (0,5-69,3) 12,06 (0,6-63,8)
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Discussion

The observation that in 6/7 (85%) cases of apple-induced

anaphylaxis the fruit had been eaten while fasting

prompted us to carry out the present study. In a group of

LTP-hypersensitive subjects with a history of peach aller-

gy but clinically tolerant to apple (albeit sensitized to ap-

ple on SPT and in-vitro assays) submitted to open food

challenge with increasing doses of unpeeled apple, one

third experienced a systemic reaction following apple in-

gestion while fasting.

Recent guidelines recognize that there is no absolute cor-

relation between pepsin digestion and allergenicity but

suggest that rapid and extensive degradation may be help-

ful in increasing allergen availability (15). The proteolysis

of food allergens is strongly dependent on the pepsin to

allergen ratio (16). Pepsin secretion by human stomach is

influenced by quantity and type of food ingested (17). Di-

gestibility and allergenicity of some proteins, such as

peanut and β-lactoglobulin, is the of interactions between

allergens and other food ingredient (18-20).

It is possible that in an empty gastrointestinal tract the

LTP is absorbed more rapidly. Alternatively, pepsin might

digest the food matrix more efficiently, thus increasing the

concentration of the purified allergen that comes in con-

tact with the gut mucosa.

There are several different facilitating factors in food al-

lergy: exercise (21-23), various drugs (24) or both (25).

Fasting has never been described as a risk factor for sys-

temic reaction to foods.

These observations allow to hypothesize that the absence

of food in the stomach may influence allergen presenta-

tion to the immune system, thus representing an eliciting

factor for clinical allergy in apple-allergic subjects.

Acknowledgments

We thank MD Antonino Trimarchi and all personnel of

the Laboratory of Clinical Pathology , ASP Messina Via

del Vespro, and Fabrizia Arena for the revision of the

English version of the manuscript.

References

1. Rodriguez J, Crespo JF, Lopez-Rubio A, et al. Clinical cross-reac-

tivity among foods of the Rosaceae family. J Allergy Clin Immunol

2000; 106 (1 Pt 1): 183-9.

2. Fernández-Rivas M, Bolhaar S, González-Mancebo E, et al. Ap-

ple allergy across Europe: how allergen sensitization profiles de-

termine the clinical expression of allergies to plant foods. J Al-

lergy Clin Immunol 2006; 118 (2): 481-8.

3. Asero R, Antonicelli L, Arena A, et al. EpidemAAITO: features

of food allergy in Italian adults attending allergy clinics: a multi-

centre study. Clin Exp Allergy 2009; 39 (4): 547-55.

4. Eriksson NE, Formgren H, Svenonius E. Food hypersensitivity

in patients with pollen allergy. Allergy 1982; 37: 437-43.

5. Ortolani C, Ispano M, Pastorello EA, Bigi A, Ansaloni R. The

oral allergy syndrome. Ann Allergy 1988; 61: 47-52.

6. Fernandez-Rivas M, Bolhaar S, Gonzalez-Mancebo E, et al. Ap-

ple allergy across Europe: how allergen sensitization pro.les de-

termine the clinical expression of plant food allergies. J Allergy

Clin Immunol 2006: 118: 481-8.

7. Dýaz-Perales A, Lombardero M, Sanchez-Monge R, et al. Li-

pid-transfer proteins as potential plant panallergens: cross-reacti-

vity among proteins of Artemisia pollen, Castaneae nut and Ro-

saceae fruits, with different IgE-binding capacities. Clin Exp Al-

lergy 2000: 30: 1403-10.

8. Asero R, Mistrello G, Roncarolo D, et al. Lipid transfer protein:

a pan-allergen in plant-derived foods that is highly resistant to

pepsin digestion. Int Arch Allergy Immunol 2000: 122: 20-32.

9. Zuidmeer L, van Leeuwen WA, Kleine Budde I, et al. Lipid tran-

sfer proteins from fruit: cloning, expression and measurement. Int

Arch Allergy Immunol 2005; 137: 273-81.

10. Fernandez Rivas M, Cuevas M. Peels of Rosaceae fruits have a

higher allergenicity than pulps. Clin Exp Allergy 1999: 29: 1239-

47.

11. Giovannini L, Bourrier T, Noormahomed MT, Albertini M,

Boutté P. Rosaceae allergy in children about twenty-two cases.

Rev Fr Aller 2004; 44: 625-33.

12. Dreborg S, Foucard T. Allergy to apple, carrot and potato in chil-

dren with birch pollen allergy. Allergy 1983; 38: 167-72.

13. Dreborg S, Frew A. Allergen standardization and skin tests.

EAACI position paper. Allergy 1993; 48: 49-75.

14. EAACI Subcommittee on Skin Tests. Allergen standardization

and skin tests. Allergy 1993; 48: 48-82.

15. European Food Safety Authority. Guidance document of the

scientific panel on genetically modified organisms for the risk as-

sessment of genetically modified plants and derived food and

feed. 2006.

16. Mills ENC, Jenkins JA, Robertson JA, Griffiths-Jones S, Shewry

PR. Identifying allergenic proteins in food. In: Watson DH, edi-

tor. Pesticides, veterinary and other residues in food. Cambridge:

Woodhead Publishing; 2004: 577-97.

17. da Silva Gomes RA, Batista RP, de Almeida AC, da Fonseca

DN, Juliano L, Hial V. A fluorimetric method for the determina-

tion of pepsin activity. Anal Biochem 2003; 316: 11-4.

18. Mouécoucou J, Villaume C, Sanchez C, Mejean L. Beta-lacto-

globulin/polysaccharide interactions during in vitro gastric and

pancreatic hydrolysis assessed in dialysis bags of different mole-

cular weight cut-offs. Biochim Biophys Acta 2004; 1670: 105-12.

19. Mouécoucou J, Villaume C, Sanchez C, Mejean L. Effects of

gum arabic, low methoxy pectin and xylan on in vitro digestibility

of peanut protein. Food Res Int 2004; 37: 777-83.

20. Mouécoucou J, Fremont S, Sanchez C, Villaume C, Mejean L. In

vitro allergenicity of peanut after hydrolysis in the presence of

polysaccharides. Clin Exp Allergy 2004; 34: 1429-37.

06-Arena:06-Arena 2-08-2010  15:58  Pagina 157



158 A. Arena

21. Kidd JM, Cohen SH, Sosman AJ, Fink JN. Food-dependent

exercise-induced anaphylaxis. J Allergy Clin Immunol 1983; 71:

407-11.

22. Maulitz RM, Pratt DS, Schocket AL. Exercise-induced anaphy-

lactic reaction to shellfish. J Allergy Clin Immunol 1979; 63:

433-4.

23. Anibarro B, Dominguez C, Diaz JM, et al. Apple-dependent

exercise-induced anaphylaxis. Allergy 1994; 49: 481-2.

24. Moneret-Vautrin DA, Latarche C. Drugs as risk factors of food

anaphylaxis in adults: a case-control study Bull Acad Natl Med

2009; 193 (2): 351-62.

25. Harada S, Horikawa T, Ashida M, Kamo T, Nishioka E, Ichiha-

shi M. Aspirin enhances the induction of type I allergic symp-

toms when combined with food and exercise in patients with

food-dependent exercise-induced anaphylaxis. Br J Dermatol

2001; 145 (2): 336-9.

06-Arena:06-Arena 2-08-2010  15:58  Pagina 158


