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Table S1. Comparison of included and excluded subjects 

Values are expressed as n (%) unless otherwise specified. *History suggestive of anaphylaxis was 
defined as a severe, rapid-onset hypersensitivity reaction to hazelnut, with involvement of multiple 
organ systems, including at least respiratory or cardiovascular symptoms1 + prescription of an 
adrenaline auto-injector by the consulting allergy physician. †The number of included/excluded 
subjects from whom data on this measurement of IgE was available. 19 patients were excluded from 
analyses due to inconclusive DBPCFC, 31 due to lack of serum for determining complete data on IgE 
levels. SD, standard deviation; IQR, interquartile range; sIgE, specific IgE. 

  

Characteristics Included  
(N=89) 

Excluded  
(N=50) 

P-value 

Age (years), mean (±SD) 33 (±13) 34 (±12) 0.604 

Male sex  26 (29) 15 (30) 0.922 

Clear history of hazelnut allergy 57 (64) 37 (74) 0.229 

    History suggestive of anaphylaxis* 19 (21) 6 (12) 0.168 

Asthma 47 (53) 23 (46) 0.441 

Atopic dermatitis 52 (58) 18 (36) 0.011 

Allergic rhinitis 79 (89) 43 (86) 0.633 

sIgE level in KUA/L, median (IQR)    

      Hazelnut extract (n=89/20) † 4.60 (1.32-14.05) 5.15 (1.53-17.62) 0.941 

      Cor a 1   (n=89/19) † 44.70 (0.74-17.70) 4.60 (0.41-21.30) 0.891 

      Cor a 8  (n=89/8) † 0.00 (0.00-0.05) 0.00 (0.00-0.03) 0.585 

      Cor a 9  (n=89/20) † 0.00 (0.00-0.14) 0.00 (0.00-0.13) 0.537 

      Cor a 14 (n=89/21) †  0.00 (0.00-0.09) 0.00 (0.00-0.01) 0.135 



Table S2. Overview of all occurring IgE sensitization patterns 

IgE sensitization: IgE ≥ 0.35 KUA/L. In 10 subjects, no IgE sensitization was detected. N, Number of subjects. 

  

IgE sensitization pattern Total N DBPCFC outcome 
Extract Cor a 1 Cora 8 Cor a 9 Cor a 14  No HA Subjective HA Objective HA 

✓ ✓    48 26 17 5 

✓ ✓  ✓ ✓ 7 0 1 6 

✓ ✓   ✓ 6 3 2 1 

✓ ✓ ✓  ✓ 5 4 1 0 

✓ ✓ ✓   3 0 3 0 

✓ ✓  ✓  3 1 1 1 

✓  ✓   2 2 0 0 

✓     1 0 1 0 
   ✓  1 0 0 1 

✓    ✓ 1 0 1 0 

✓ ✓ ✓ ✓  1 1 0 0 

✓ ✓ ✓ ✓ ✓ 1 0 1 0 
     10 6 1 3 
78 74 12 13 20 89 43 29 17 



Table S3. Details of subjects with objective symptoms during DBPCFC, but no sensitization to hazelnut (subject 1-3) or only sensitization to hazelnut extract 
and Cor a 1 (subject 4-8) 
ID Sex  Age* History HN 

allergy 
SPT HN 
extract† 

IC HN‡ DBPCFC HN    Other allergy     

   Symptoms   Symptoms ED subj§ ED obj§ Max 
dose§ 

AR AD AA Birch 
sens‡ 

Other FS‡ Other FA 

1 F 31 AO lips NA No sensitization to 
HN extract, Cor a 
1, 8, 9 or 14 

Subjective: OAS, 
sensation of AO lips 
and throat, pruritis, 
SOB, GI (stomach 
ache) 
Objective: cough 

300 mg 300 mg 3000 mg Yes Yes No No SPT: NA 
ISAC, IC: no 
other FS 
detected  

Walnut 
allergy 
(convincing 
history) 

2 F 45 OAS, AO lips NA No sensitization to 
HN extract, Cor a 
1, 8, 9 or 14 

Subjective: OAS, 
pruritis, sensation of 
AO throat, SOB, GI 
(nausea) 
Objective: rhinitis, 
sneezing, 
conjunctivitis, 
hoarseness, cough  

0.001 mg  0.01 mg 420 mg Yes No Yes No SPT, IC: no 
other FS 
detected 

Walnut 
allergy 
(DBPCFC) 

3 F 54 OAS, AO face 
and throat, 
hoarseness, 
GI 

0 No sensitization to 
HN extract, Cor a 
1, 8, 9 or 14, but 
IgE to Cor a 14 
0.19 kU/L 

Subjective: OAS, 
sensation of AO 
throat and tongue, 
pruritis, GI (stomach 
ache, nausea) 
Objective: rhinitis, 
sneezing, GI 
(diarrhoea post-
challenge) 

10 mg 1681 mg 1681 mg Yes No Yes No SPT: walnut+, 
pecan+, carrot+ 
IC: sensitization 
to walnut and 
pecan  

Walnut 
allergy, 
pecan allergy 
(DBPCFC) 

4 F 52 OAS, cough, 
SOB 

2 Sensitization to 
HN extract and 
Cor a 1 

Subjective: OAS, 
difficulty swallowing, 
sensation of AO 
throat, SOB 
Objective: rhintis, 
conjunctivitis, cough 

100 mg 100 mg 3000 mg Yes No Yes Yes SPT: almond+, 
peanut+, apple+, 
kiwi+, peach+ 
ISAC: 
sensitization to 
Mal d 1, Pru p 1, 
Ara h 8, Gly m 4.  
IC: no additional 
FS detected 

Almond 
allergy 
(DBPCFC)  

5 F 31 OAS, AO 
tongue and 
throat, SOB 

2 Sensitization to 
HN extract and 
Cor a 1 

Subjective: OAS, 
sore eyes, sensation 
of AO mouth and 
throat, difficulty 
swallowing, SOB 
Objective: cough 

0.01 mg 420 mg 420 mg Yes No Yes Yes SPT: walnut+,  
almond+, 
peanut+, apple+, 
kiwi+, peach+, 
tomato+, carrot+  
ISAC: 
sensitization to 
Ara h 1, Act d 8, 
Api g 1   
IC: IgE to 
macadamia nut 
(≥0.1 kU/L) 

Birch pollen 
related FA to 
rosacea fruits 
and other 
nuts 
(convincing 
history) 



6 F 23 OAS, AO 
throat, SOB 

2 Sensitization to 
HN extract and 
Cor a 1 

Subjective: OAS, 
pruritis 
Objective: erythema 
chest, back, arms  

300 mg 300 mg 300 mg Yes Yes Yes Yes SPT: walnut+, 
almond+, 
peanut+, apple+, 
peach+, kiwi+, 
banana+, 
tomato+, 
carrot+, celery+, 
bell pepper+, 
wheat+ 
ISAC: 
sensitization to 
Mal d 1, Pru p 1, 
Ara h 8.  
IC: sensitization 
to apple and 
strawberry 

Birch pollen 
related FA to 
rosacea fruits 
(convincing 
history) 

7 F 22 OAS, GI 3 Sensitization to 
HN extract and 
Cor a 1 

Subjective: OAS, 
sore eyes, sensation 
AO lips 
Objective: cough 

420 mg 420 mg 420 mg Yes Yes Yes Yes SPT: cashew 
nut+, almond+, 
apple+, peach+, 
kiwi+ 
ISAC: 
sensitization to 
Mal d 1, Pru p 1, 
Ara h 8, Gly m 4.  
IC: sensitization 
to sesame seed, 
sunflower seed, 
corn; IgE to pine 
nut ≥0.1 kU/L 

Cashew nut 
allergy 
(DBPCFC) 

8 F 46 Unclear 
(preventive 
avoidance of 
hazelnut). 
OAS and SOB 
to other foods 
(walnut, apple, 
kiwi)  

NA Sensitization to 
HN extract and 
Cor a 1 

Subjective: OAS 
Objective: cough; 
erythema chest,  
back, arms 

1.5 mg 1.5 mg 420 mg Yes No Yes Yes SPT: NA 
ISAC: 
sensitization to 
Mal d 1, Pru p 1, 
Ara h 8, Api g 1  
IC: IgE to 
almond ≥0.1 
kU/L 

Walnut 
allergy 
(DBPCFC) 

*Age at the time of DBPCFC. †SPT classification: 0, negative; 1, allergen/histamine wheal ratio ≥ 0.25; 2, allergen/histamine wheal ratio ≥ 0.50; 3, allergen/histamine wheal ratio ≥ 1.00; 4, allergen/histamine wheal ratio ≥ 2.00; ; 
5, allergen/histamine wheal ratio ≥ 4.00. ‡The term ‘sensitization’ pertains to IgE ≥0.35kU/L in ImmunoCAP and IgE ≥0.3 IU/L in ISAC. § Dose in mg of hazelnut protein. The standard DBPCFC dosing scheme ranged from 1 to 
450 mg of hazelnut protein, which was preceded by doses of 0.001, 0.01 and 0.1 mg of hazelnut protein prior to September 2014 (subject 2,5,7 and 8). A negative DBPCFC was followed by an open challenge test with doses 
ranging from 300  to 3000 mg of hazelnut protein on the second challenge day. Max dose pertains to the maximum dose of hazelnut protein consumed during challenge.  
AA, allergic asthma; AD, atopic dermatitis; AO, angioedema; AR, allergic rhinitis; DBCPFC, double-blind placebo-controlled food challenge; ED, eliciting dose; F, female; FA, food allergy; FS, food sensitization (to plant source 
foods); GI, gastrointestinal symptoms; HN, hazelnut; IC, ImmunoCAP; NA, not available; obj, objective symptoms; sens, sensitization; SOB, shortness of breath; SPT, skin prick test; subj, subjective symptoms.  

 



Figure S1. ROC-curves of serology tests for predicting presence of allergy (A) and objective 

symptoms (B) during DBPCFC (with results from open challenge disregarded) 

 

Figure S1 Legend: For these exploratory analyses, 30/89 included subjects had HA based on DBPCFC, 
and 16/89 had objective symptoms. Result from the open part of the challenge protocol were 
disregarded. The area under the curve (95% confidence interval) is presented in the plot legends. In figure 
A, the full model contains IgE to Hazelnut extract, Cor a 1, Cor a 8, Cor a 9 and Cor a 14. All IgE variables 
were also selected in the Lasso regression model. No multivariable models were developed for outcome B 
due to the small number of subjects with the outcome of interest (N=16) with objective symptoms). ROC, 
receiver-operating characteristic; DBPCFC, double blind placebo-controlled food challenge. 
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