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Abstract 
Apple allergy belongs to the most prevalent fruit allergies which in North and Central Europe is mainly 

attributed to cross-reaction between Bet v 1 allergen from birch pollen and Mal d 1 major apple allergen.  

For a long time, patients observed symptoms of unequal severity after consumption of different apple 

cultivars. This led scientific community to search for the basis of the cultivar-specific allergenicity. 

According to several studies, the amount of Mal d 1 allergen plays an important role. Currently, notable 

attention is mainly concentrated on genetic variability as the primary source of different allergenic 

potential. Mal d 1 gene family is a large family of gene isoforms and their variants differing in the primary 

sequence. These sequence alternations may cause changes in protein structure and potentially affect the 

binding capacity to IgE and thus the allergenic potential. Among many methods available to analyze genetic 

variability, restriction fragment length polymorphism is simple technique suitable to analyze variability of 

Mal d 1 allergen. This paper aims to provide a brief overview of a possible approach of interlinking genomic 

data (e.g. as by RFLP profiles) and clinically proven apple allergenicity. 
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1. Food allergy with focus on Rosaceae family 
  
The tendency of rising revelance of food allergies is becoming 
more and more pronounced. The highest prevalence of food 
allergy (FA) has Australia (10% of infants and 6-10 % for all 
citizens), followed by Europe (from 3% to more than 10%) and 
the United States (from 6% to more than 10%) in past 10 years 
and a lot of data for many countries are unknown (Renz et al., 
2018). The prevalence of food allergy has a rapidly increasing 
tendency, especially for infants and children, mainly in regions 
with high industrial activity (Cochrane et al., 2009).   
Syndrom of oral allergy is invoked by various plant proteins, 
especially PR-protein superfamily cross-reacting with aero-
allergens. Cross-reaction is caused by structural similarities in 
epitopes of aero-allergen and its homologue in food. Although FA 
reaction is initiated by the immune system, it is rarely life-
threatening. It is estimated that the production food-specific IgE 
affects 50-70% of adults suffering from pollinosis (mainly birch, 
ragweed and mugwort) (Nowak-Węgrzyn et al., 2017).  
Rosaceae is a botanical family involving many kinds of fruit 
common for Central and Nothern Europeans or Americans. Some 
of them (as peach, apple, cherry etc.) are known to be allergenic. 
Worldwide data showed that 2.2%–11.5% of children (0–6) and 
0.4%–6.6% of adults perceived a fruit allergy (Zuidmeer et al., 
2008). The most remarkable prevalence among Rosaceae fruit is 
represented by the allergy to apples or peaches and therefore 
research is widely focused on the species. Apple allergy can be 

associated with grass pollinosis (i.e. central Spain) or it can be 
provoked directly (Fernandez-Rivas et al., 1997), but the later 
type of allergy is less frequent. Mostly, apple allergy is cross-
reacting with birch-pollen pollinosis (Eriksson, 1978). 
Symptoms of the type of apple allergy are strongly subjective in 
both kind and intensity. Moreover, immune system may react 
with various symptoms or can "only" produce specific IgE 
without symptoms recognizable to a patient. On the other hand, 
there are different isoforms of gene's product exposed to specific 
IgE. Unanswered questions create a wide range of issues, but a 
variety of fruit is considered as one of the possible answers.  

 
2. Cultivar-specific allergenicity 
 
For a long time patients' experiences evidence that the severity 
of allergic reaction to apple consumption is not only dependent 
on individual sensitivity of a patient but is also related to apple 
cultivar. The proposed cultivar dependent allergenicity is highly 
supported by scientific literature (Bolhaar et al., 2007; 
Kootstra et al., 2007; Gao et al., 2008; Ricci et al., 2008;  
Vlieg-Boerstra et al., 2011; Vergo et al., 2016). Bolhaar et al. 
(2007) divided apple cultivars into groups with low, moderate 
and high allergenicity. For example, Santana, Topaz, Braeburn 
and Elise were identified as low allergenic cultivars by the 
authors (Bolhaar et al., 2007). The new cultivar Santana is 
generally regarded as a cultivar with reduced allergenic 
properties, supported by clinical trials from numerous research 
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teams (Bolhaar et al., 2005; Kootstra et al., 2007; van der 
Maas et al., 2009). In Nehterlands the cultivar has even been 
recently marketed as a cultivar suitable for mild apple allergy 
patients. On the contrary, results of prick-to-prick method 
determined Belinda, Jonagold, Golden Delicious, Gala and Pinova 
as high-allergenic cultivars (Bolhaar et al., 2007).  
These differences between cultivars drew the question to the 
basis of cultivar-specific degree of allergenic potential. 
Allergenicity may be according to some researchers attributed 
to the amount of Mal d 1 proteins (Son et al., 1999). 
Considerable variations among apple cultivars have been 
indicated by determination of Mal d 1 content using ELISA-tests 
(Vieths et al., 1994; Matthes and Schmitz-Eiberger, 2009), 
one-dimensional electrophoresis and immunoblotting (Son et 
al., 1999). Son et al. (1999) observed ten-fold difference in Mal 
d 1 content between high-allergenic Golden Delicious and low-
allergenic Gloster. This hypothesis is, however, poorly supported 
due to the few cultivars studied.  
On the contrary, qualitative characteristics are of raising interest 
and they represent different insight into cultivar specific 
allergenicity. Mal d 1 is encoded by a big gene family containing 
18 members described so far. Mal d 1 genes are mapped on three 
linkage groups of the apple genome (Atkinson et al., 1996; Gao 
et al., 2005). Since some of the Mal d 1 genes have alleles coding 
for different isoforms, apple cultivars can besides quantity differ 
also in the composition of Mal d 1 protein (Son et al., 1999; Gao 
et al., 2008). Unsurprisingly, Mal d 1 proteins can therefore 
possess different binding ability to birch pollen-specific IgE (Son 
et al., 1999; Ferreira et al., 1996; Ma et al., 2006). The study 
from Gao et al. (2008) precisely deals with the association 
between apple allergenicity and genetic diversity of Mal d 1 
genes and suggests that quantitative factors may as well 
contribute to apple allergenic potential. 
 
3. Genetics and genomics data in allergen screening 
 
Understanding the genetic variability is important for breeding 
programs but can be also useful to study the genetic basis of 
plant food allergenicity. Currently, there are numerous 
techniques suitable for analysis of the genetic variability among 
varieties for diverse plant species. One of the widely used and 
probably the most simple methods is restriction fragment length 
polymorphism (RFLP). Restriction fragment length 
polymorphism is a molecular biology method for differentiation 
of genotypes and observing changes in sequences at genetic level 
without the use of more expensive sequencing. Firstly, sequence 
of interest is amplified by PCR and verified by electrophoresis. 
Secondary, restriction enzymes are selected either by in silico 
cleavage, or randomly and used to cut amplified sequences in 
specific cleavage site/s. Splitting of sequences into two or more 
fragments demonstrates the presence of specific cleavage site/s 
and different numbers of fragments suggest changes in the sites 
of sequences. By electrophoretic separation, restriction profiles 
are acquired and further are translated into 0-1 matrices which 
are used to generate dendrograms. This technique can be used 
as a suitable tool to analyze genetic variability of apple allergens. 
A recent study evidenced the existence of the variability in the 
restriction profile of Mal d 1 promotor among apple varieties 
(Žiarovská et al., 2019). Based on the existing knowledge, this 
study aims to provide a brief overview on different allergenic 
potential between apple cultivars and to associate our genomic 
data (as RFLP profiles) of Mal d 1 gene and gene product 
allergenicity from different varieties of apples. The RFLP 
analysis was performed on two amplicons of Mal d 1 gene in 6 
apple cultivars (Gala, Fiesta, Florina, Jonagold, Raika and Topaz) 
with restriction enzymes AseI, NlaIII and NcoI. The cleavage 
generated 28 fragments which created different profiles and 
showed considerable range of polymorphism among studied 

varieities. Only for the AseI cleavage of amplicon 2, one pattern 
was produced in all studied varieties. Varieties Florina and Raika 
shared the same profile for cleavage with all enzymes used in 
both amplicons. Topaz and Jonagold shared the same cleavage 
profile for AseI (both amplicons) cleavage, NcoI cleavage and 
differed in the presence/absence of only 1 fragment in NlaIII 
cleavage. Cultivar Gala had a unique pattern for all restriction 
cleavages except for AseI (amplicon 2, which was identical for all 
cultivars). Raika and Florina shared the identical profile and are 
therefore clustered together. Based on RFLP analysis, Jonagold 
and Topaz share 96% similarity of RFLP 0-1 matrice. Gala 
revealed a unique profile for all restriction cleavages except for 
the cleavage of amplicon 2 with AseI (which was monomorphic 
for all apple cultivars). 
 
4. Actual interlinking of genomic and proteomic data 
 
Current state of knowledge is insufficient to provide explicit 
elucidation of the basis underlying the inequal allergenic 
strength of apple cultivars. It was hypothesized that the amount 
of allergenic protein might be the cause (Son et al., 1999), 
however, lately the existence of allergenicity-associated protein 
variants has been revealed (Gao et al., 2008). One of the basic 
genomic strategies is to analyze the genetic diversity of apple 
cultivars by RFLP and to associated it with allergenicity data 
from clinical trials. 

The amount of existing apple varieties reaches 7 000 and 
majority of research focus is aimed at few of the most 
commercially important apple cultivars. For that reason data on 
majority of the cultivars are unknown and for the set of cultivars 
used in our study, there is only a limited portion of publications 
analyzing their allergenicity (Ricci et al., 2010, Bolhaar et al., 
2005, Vlieg-Boerstra et al., 2011). Based on prick-to-prick 
method, apple varieties were previously divided into low-
allergenic, moderate-allergenic and high-allergenic (Bolhaar et 
al., 2005). Among the cultivars tested in the study, Topaz was 
identified as a low-allergenic, Fiesta and Raika as moderate-
allergenic and Golden Delicious as a high-allergenic cultivar. In a 
SPT testing in 33 Dutch adults with OAS before and during the 
birch pollen season in fall and spring, the percentage of negative 
SPT responses was determined as follows: Gala (19,4 / 3,3 for 
fall and spring, respectively), Raika (13,3 / 3,3), Fiesta (12,9 / 
6,7), Topaz (n.a. / 3,3),  and Jonagold (3,0 / 10,0) (Vlieg-
Boerstra et al., 2011). On the other hand, Topaz seemed to have 
high allergenic potential similarly to Golden Delicous as seen in 
another study by Kootstra et al. (2007). The general view is 
that over the Rosacea family, the peel of fruit is more allergenic 
than the pulp (Fernández-Rivas et al., 1999).  However, based 
on PTP-SPT results, Ricii et al. (2010) suggested than for 
Golden Delicious and Jonagold, the pulp was more allergenic 
than the peel. Contrastly, the peel of Florina, Fiesta and Gala was 
more allergenic than the pulp (Ricci et al., 2010). The authors 
ranked the cultivars according to their pulp and peel 
allergenicity as follows. The allergenicity of the pulp increased 
from Gala to Florina, Topaz, Fiesta, Golden Delicious and 
Jonagold whereas in the case on peel the allergenicity rised from 
Topaz to Jonagold, Florina, Golden Delicious, Fiesta and Gala. As 
for the pulp, the cultivars Jonagold, and Golden Delicious 
appeared to be the most allergenic cultivars (Ricci et al., 2010). 
In the case of the peel, higher allergenicity was shown for Gala, 
Fiesta and Golden Delicious.  

In our study, Raika and Florina shared the same cleavage pattern 
for the used restriction enzymes and could be hypothesized to 
have similar allergenic potential. As mentioned above, Raika was 
identified as a moderately allergenic cultivar (Bolhaar et al., 
2005). For both the pulp and the peel, also Florina belonged to 
the less allergenic among tested cultivars (Ricci et al., 2010).  
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According to the results of our study, cleavage patterns of 
Jonagold and Topaz are similar and the cultivars create another 
cluster in the dendrogram. Therefore, we anticipated a 
comparable degree of allergenicity for the two varieties. 
Kootstra et al. (2007) showed that Topaz had similar visual 
analogue scale scores (VAS) as Golden Delicious (GD) and 
similarly to GD caused significantly more allergic symptoms than 
Santana. These results suggest that Topaz has a comparable 
allergenicity as a high-allergenic GD. In another study, Jonagold 
appeared to be one of the most allergenic cultivars (when 
considering the pulp) but this was not the case of Topaz (Ricci 
et al., 2010). On the contrary, Bolhaar et al. (2005) assigned 
Topaz as a low-allergenic cultivar.  
Cleavage of Mal d 1 from Gala and Fiesta showed unique profiles 
with a relatively low degree of similarity with other cultivars 
analyzed. Gala demonstrated the highest percentage of negative 
SPT responses among the six cultivars analyzed in our study 
(Vlieg-Boerstra et al., 2011) and in the ranking of the pulp 
allergenicity Gala belonged to the less allergenic among testes 
apple cultivars (Ricci et al., 2010). Fiesta was also classified as 
a moderately-allergenic cultivar (Bolhaar et al., 2005). On the 
contrary, the peel of Gala fruit and also of Fiesta apple appeared 
to be among the most allergenic (Ricci et al., 2010). Moreover, 
the pulp of Fiesta fruit also caused larger wheals than Topaz, 
Florina or Gala. 

In many cases different research approaches gave inconsistent 
results in the assessment of the cultivar-specific allergenicity. 
These discrepancies can be attributed to several factors. Asero 
et al. (2006) found a large inter-patient, inter-apple and intra-
apple variability. The variability can considerably distort results 
and might be caused by large variations in Mal d 1 content of the 
cultivars (Marzban et al., 2005; Rur, 2007), the small study 
population but also different storage conditions and seasonal 
influences (Sancho et al., 2006; Matthes and Schmitz-
Eiberger, 2009). Another important aspect is the selection of a 
suitable method for apple allergenicity assessment. Vlieg-
Boerstra et al. (2011) found no correlation between VASt 
scores and SPTs. This phenomenon is indeed largely supported 
by some studies evidencing poor correlation between the size of 
the skin test and the intensity of symptoms induced by oral 
challenge (Vieths et al., 1994; Asero et al., 2006; Kootstra et 
al., 2007). Moreover, a nonstandardized way of pricking 
location of the apple can considerably affect outcomes of the 
study as seen in a recent work from Vlieg-Boerstra et al. 
(2013). The team examined whether and how the location of 
pricking in the apple influences results of the PTP test. They 
found that pricking the apple near the stalk gave greater PTP 
responses than pricking in the middle region of the apple (Vlieg-
Boerstra et al., 2013). 
 
5. Conclusion 
 
The source of cultivar-specific allergenic potential was 
hypothesized to emanate from the amount and the composition 
of the allergenic compound. The precise causes of the specific 
apple allergenicity have not been elucidated to date. Current 
efforts are directed to determine the particular gene isoforms 
and variants associated with increased allergenicity. The 
allergenic potential of the fruit is clinally analyzed using several 
methods and approches, which sometimes give inconsistent 
results. The allergenic potential is, furthermore, affected by 
a number of factors such as growing and storage conditions, 
biotic and abiotic stress or differencies in spatial distribution of 
allergen in fruit. These factors make the issue more complex and 
call for standardized process in assessment of apple 
allergenicity. Further investigation of the genetic variation of 
Mal d 1, its expression pattern in different varieties and 
comparison of the data with allergenicity information are 

required to unveil the mechanisms underlying apple 
allergenicity. 

 
Acknowledgments 
 
The study was supported by European Community under 
project No. 26220220180: Building Research Centre 
„AgroBioTech“. 

 
Declaration of interest 
 
The authors report no conflicts of interest. The authors alone are 
responsible for the content and writing of the paper. 
 
References  
 
1. Asero, R., Marzban, G., Martinelli, A., Zaccarini, M., da Camara 

Machado, L. 2006. Search for low allergenic apple cultivars for birch 
pollen- allergic patients: Is there a correlation between in vitro 
assays and patient response?. Eur. Ann. Allergy Clin. Immunol. 38, 
94–98. 

2. Atkinson, R.G., Perry, J., Matsui, T., Ross, G.S., MacRae, E.A. 1996. A 
stress-, pathogenesis-, and allergen-related cDNA in apple fruit is 
also ripening-related. NZ J. Crop Hort. Sci, 24, 103-107. 
https://doi.org/10.1080/01140671.1996.9513941 

3. Bolhaar, S.T., van de Weg, W.E., van Ree, R., Gonzalez-Mancebo, E., 
Zuidmeer, L., Bruijnzeel-Koomen, C.A., Fernandez-Rivas, M., Jansen, 
J., Hoffmann-Sommergruber, K., Knulst, A.C., Gilissen, L.J. 2005. In 
vivo assessment with prick-to-prick testing and double-blind, 
placebo-controlled food challenge of allergenicity of apple cultivars. 
J. Allergy Clin. Immunol. 116, 1080-1086. 
https://doi.org/10.1016/j.jaci.2005.07.004 

4. Cochrane, S., Beyer, K., Clausen, M., Wjst, M., Hiller, R., Nicoletti, C., 
Szepfalusi, Z., Savelkoul, H., Breiteneder, H., Manios, Y., Crittenden, 
R., Burney, P. 2009. Factors influencing the incidence and prevalence 
of food allergy. Allergy 64, 1246–1255. 
https://doi.org/10.1111/j.1398-9995.2009.02128.x 

5. Eriksson, N.E. 1978. Food sensitivity reported by patients with 
asthma and hay fever. A relationship between food sensitivity and 
acetylsalicylic acid intolerance. Allergy. 33, 189–196. 
https://doi.org/10.1111/j.1398-9995.1978.tb01533.x 

6. Fernández-Rivas M, Ree, R., Cuevas, M. 1997. Allergy to Rosaceae 
fruits without related pollinosis. J. Allergy Clin. Immunol. 100, 728-
733. https://doi.org/10.1016/S0091-6749(97)70265-3 

7. Ferreira, F., Hirtenlehner, K., Jilek, A., Godnik, C.J., Breiteneder, H., 
Grimm, R., Hoffmann Sommergruber, K., Scheiner, O., Kraft, D., 
Breitenbach, M., Rheinberger Hans, J., Ebner, C. 1996. Dissection of 
immunoglobulin E and T lymphocyte reactivity of isoforms of the 
major birch pollen allergen bet v 1: Potential use of hypoallergenic 
isoforms for   immunotherapy. J. Exp. Med. 183, 599-609. 
https://doi.org/10.1084/jem.183.2.599 

8. Fernández-Rivas, M., Cuevas, M. 1999. Peels of Rosaceae fruits have 
a higher allergenicity than pulps. Clinical and Experimental Allergy 
29, 1239–1247. https://doi.org/10.1046/j.1365-
2222.1999.00628.x 

9. Gao, Z.S., Weg, W.E.,  van de Schaart, J.G., Schouten, H.J., Tran, D.H., 
Kodde, L., Meer, I.M., van der Geest, A.H.M.. van der Kodde, J., 
Breiteneder, H., Hoffmann-Sommergruber, H., Bosch, D., Gilissen, 
L.J.W.J. 2005. Genomic cloning and linkage mapping of the Mal d 1 
(PR-10) gene family in apple (Malus domestica). Theor. Appl. Genet. 
111, 171-183. https://doi.org/10.1007/s00122-005-2018-4 

10. Kagan, R.S. 2003. Food allergy: an overview. Environ. Health 
Perspect. 111, 223–225. https://doi.org/10.1289/ehp.5702 

11. Kootstra, H.S., Vlieg-Boerstra, B.J., Dubois, A.E.J. 2007. Assessment of 
the reduced allergenic properties of the Santana apple. Ann. Allergy 
Asthma Immunol. 99, 522-525. https://doi.org/10.1016/S1081-
1206(10)60381-X 

12. Ma, Y., Gadermaier, G., Bohle, B., Bolhaar, S., Knulst, A., Markovic-
Housley, Z., Breiteneder, H., Briza, P., Hoffmann-Sommergruber, K., 
Ferreira, F. 2006. Mutational analysis of amino acid positions crucial 
for IgEbinding epitopes of the major apple (Malus domestica) 
allergen, Mal d 1. Int. Arci. Allergy 139, 53-62. 
https://doi.org/10.1159/000089756 

13. Marzban, G., Puhringer, H., Dey, R., Brynda, S., Ma, Y., Martinelli, A. et 
al. 2005. Localization and distribution of the major allergens in apple 

https://doi.org/10.1080/01140671.1996.9513941
https://doi.org/10.1016/j.jaci.2005.07.004
https://doi.org/10.1111/j.1398-9995.2009.02128.x
https://doi.org/10.1016/S0091-6749(97)70265-3
https://doi.org/10.1084/jem.183.2.599
https://doi.org/10.1046/j.1365-2222.1999.00628.x
https://doi.org/10.1046/j.1365-2222.1999.00628.x
https://doi.org/10.1007/s00122-005-2018-4
https://doi.org/10.1289/ehp.5702
https://doi.org/10.1016/S1081-1206(10)60381-X
https://doi.org/10.1016/S1081-1206(10)60381-X
https://doi.org/10.1159/000089756


Bilčíková et al./Archives of Ecotoxicology (2019) 27-30 

30 

fruits. Plant Science 169, 387–394. 
https://doi.org/10.1016/j.plantsci.2005.03.027 

14. Matthes, A., Schmitz-Eiberger, M. 2009. Apple (Malus domestica L 
Borkh.) allergen mal d 1: Effect of cultivar, cultivation system, and 
storage conditions. J. Agric. Food Chem. 57, 10548–10553. 
https://doi.org/10.1021/jf901938q 

15. Renz, H., Allen, K.J., Sicherer, S.H., Sampson, H.A., Lack, G., Beyer, K., 
Oettgen, H.C. 2018. Food allergy. Nat. Rev. Dis. Primers. 4, 17098. 
https://doi.org/10.1038/nrdp.2017.98 

16. Ricci, G., Dondi, A., Belotti, T., Baldi, E., Tartarini, S., Paris, R., 
Pagliarani, G., Serafini‐Fracassini, D., Casadio, R., Giannetti, A., Masi, 
M. 2010. Allergenicity of different apple cultivars assessed by means 
of skin prick test and sensitisation to recombinant allergens Mal d 1 
and Mal d 3 in a group of Italian apple‐allergic patients. International 
Journal of Food Science and Technology 45, 1517–1523. 
https://doi.org/10.1111/j.1365-2621.2010.02300.x 

17. Rona, R.J., Keil, T., Summers, C., Gislason, D., Zuidmeer, L., Sodergren, 
E., Sigurdardottir, S.T., Lindner, T., Goldhahn, K., Dahlstrom, J., 
McBride, D., Madsen, C. 2007. The prevalence of food allergy: a meta-
analysis. J. Allergy Clin. Immunol. 120, 638–646. 
https://doi.org/10.1016/j.jaci.2007.05.026 

18. Rur, M. 2007. Localization of the main allergy protein in two apple 
cultivars grown in Sweden. Epsilon Undergraduate Theses Archive, 
3, 1–23.  

19. Sancho, A.I., Foxall, R., Browne, T., Dey, R., Zuidmeer, L., Marzban, G. 
et al. 2006. Effect of postharvest storage on the expression of the 
Apple allergen Mal d 1. J. Agric. Food Chem, 54, 5917–5923. 
https://doi.org/10.1021/jf060880m 

20. Sicherer, S. 2001. Clinical implications of cross-reactive food 
allergens. J. Allergy Clin. Immunol. 108, 881–890. 
https://doi.org/10.1067/mai.2001.118515 

21. Son, D.Y., Scheurer, S., Hoffmann, A., Haustein, D., Vieths, S. 1999. 
Pollen related food allergy: Cloning and immunological analysis of 
isoforms and mutants of Mal d 1, the major apple allergen, and Bet v 
1, the major birch pollen allergen. Eur. J. Nutri. 38, 201-215. 
https://doi.org/10.1007/s003940050063 

22. Vieths, S., Jankiewicz, A., Schoning, B., Aulepp, H. 1994. Apple allergy: 
the IgE-binding potency of apple strains is related to the occurrence 
of the 18-kDa allergen. Allergy 49, 262–271. 

23. Vlieg-Boerstra, B.J., van de Weg, W.E., van der Heide, S., Kerkhof, M., 
Arens, P., Heijerman-Peppelman, G., Dubois, A.E. 2011. Identification 
of low allergenic apple cultivars using skin prick tests and oral food 
challenges. Allergy 66, 491-8. https://doi.org/10.1111/j.1398-
9995.2010.02499.x 

24. Vlieg-Boerstra, B.J., van de Weg, W.E., van der Heide, S., Dubois, A.E. 
2013. Where to prick the apple for skin testing? Allergy 68, 1196-
1198.  https://doi.org/10.1111/all.12201 

25. Woods, R.K., Stoney, R.M., Raven, J., Walters, E.H., Abramson, M., 
Thien, F.C. 2002. Reported adverse food reactions overestimate true 
food allergy in the community. Eur. J. Clin. Nutr. 56, 31–36. 
https://doi.org/10.1038/sj.ejcn.1601306 

26. Zuidmeer, L., Goldhahn, K., Rona, R.J., Gislason, D., Madsen, C., 
Summers, C., Sodergren, E., Dahlstrom, J., Lindner, T., Sigurdardottir, 
S.T., McBride, D., Keil, T. 2008. The prevalence of plant food allergies: 
a systematic review. Journal of Allergy and Clinical Immunology, 
121, 1210–1218. https://doi.org/10.1016/j.jaci.2008.02.019 

27. Žiarovská, J. Bilčíková, J, Fialková, V, Zeleňáková, L, Zamiešková, L. 
2019. Restriction polymorphism of Mal d1 allergen promotor in 
apple varieties. J. Microbiol. Biotechnol. Food Sci. 8, 1217-1219. 
https://doi.org/10.15414/jmbfs.2019.8.5.1217-1219 
 

https://doi.org/10.1016/j.plantsci.2005.03.027
https://doi.org/10.1021/jf901938q
https://doi.org/10.1038/nrdp.2017.98
https://doi.org/10.1111/j.1365-2621.2010.02300.x
https://doi.org/10.1016/j.jaci.2007.05.026
https://doi.org/10.1021/jf060880m
https://doi.org/10.1067/mai.2001.118515
https://doi.org/10.1007/s003940050063
https://doi.org/10.1111/j.1398-9995.2010.02499.x
https://doi.org/10.1111/j.1398-9995.2010.02499.x
https://doi.org/10.1111/all.12201
https://doi.org/10.1038/sj.ejcn.1601306
https://doi.org/10.1016/j.jaci.2008.02.019
https://doi.org/10.15414/jmbfs.2019.8.5.1217-1219

