
E-Mail karger@karger.com

 Molecules and Cells in Allergy – Original Paper  

 Int Arch Allergy Immunol 2017;173:34–43 
 DOI: 10.1159/000470843 

 The Clinical Impact of Bet v 6 in Birch 
Pollen-Sensitized Patients 

 Donata Gellrich    Katharina Eder    Marion San Nicoló    Alexander Berghaus    
Moritz Gröger  

 Department of Otorhinolaryngology, Head and Neck Surgery, Ludwig-Maximilians-Universität München, 
 Munich , Germany 

 

tization were the only distinctive clinical features in Bet v 
6-positive patients.  Conclusions:  Among birch pollen-sensi-
tized patients, the prevalence of specific IgE against Bet v 6 
is low. Further, sensitization to Bet v 6, which shows charac-
teristics of a panallergen, remains clinically silent. Therefore, 
determination of anti-Bet v 6 is not considered useful in the 
clinical routine.  © 2017 S. Karger AG, Basel 

 Introduction 

 Trees belonging to the order Fagales are recognized as 
one of the most potent allergen sources, at least in the 
temperate climate zones of Europe, North America, and 
Asia  [1] . At present, 6 Fagales tree pollen allergens have 
been identified and acknowledged by the WHO/IUIS
Allergen Nomenclature Sub-Committee (www.allergen.
org). Besides the major allergen Bet v 1, 5 minor birch 
pollen allergens have been characterized as IgE-binding 
proteins: Bet v 2, a profilin; Bet v 3 and Bet v 4; members 
of the polcalcin family; Bet v 6 (formerly named Bet v 5), 
a homologue to the isoflavone reductase; and Bet v 7, a 
cyclophilin. The exact sensitization patterns vary signifi-
cantly depending on the geographic location of the study 
population. Rossi et al.  [2]  reported that almost 90% of 
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 Abstract 

  Background:  Bet v 6, a minor birch pollen allergen, is com-
mercially available for allergen-specific IgE antibody testing. 
However, there is hardly any literature on the clinical impact 
of Bet v 6. The aim of the present study was to analyze if test-
ing specific IgE against Bet v 6 can add valuable benefit to 
the standard diagnostics of birch pollen-sensitized patients, 
especially in patients with unknown sensitization-eliciting 
allergens.  Methods:  Birch pollen-sensitized patients with 
missing IgE reactivity against Bet v 1, 2, and 4 were tested for 
specific IgE antibodies against Bet v 6. For comparison, an 
equal number of randomly selected patients with birch pol-
len sensitization, regardless of their individual sensitization 
patterns, were tested for specific anti-Bet v 6.  Results:  Of 57 
cases with missing reactivity against the standard birch pol-
len allergens, 2 patients were positive for Bet v 6. In the rep-
resentative sample, 3 patients showed specific IgE against 
Bet v 6 – resulting in a total prevalence of 5%. None of the 
Bet v 6-positive patients showed allergic symptoms after ex-
posure to birch pollen or an oral allergy syndrome. An in-
creased prevalence of asthma and a higher degree of sensi-
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birch pollen-sensitive patients could be identified by test-
ing the 3 birch pollen recombinant allergens: Bet v 1, 2, 
and 4. However, in 11% of patients with specific IgE 
against natural birch pollen extract, the underlying aller-
gen could not be identified. Hence, the authors recom-
mended additional measurements of specific IgE against 
other recombinant birch pollen allergens, i.e. Bet v 6
and 7.

  Bet v 6 has been cloned and characterized by Karamloo 
et al.  [3]  in 1999. Due to its relation to the isoflavone re-
ductase family, which is involved in plant defense reac-
tions, Bet v 6 has a high degree of amino acid sequence 
identity of proteins from various plants, possibly causing 
pollen-related oral allergy to specific foods in a minority 
of patients with birch pollen allergy. Already in 1996, a 
35-kDa protein had already been identified in birch pol-
len immunologically independent from Bet v 1, but cross-
reacting with proteins of comparable size from lychee, 
mango, banana, orange, apple, pear, and carrot  [4] . This 
food cross-reacting 35-kDa protein probably was Bet v 6, 
but was not identified as such in 1996. However, the clin-
ical relevance of Bet v 6 remains to be established. Fur-
ther, at present, there is not much epidemiologic data 
concerning the prevalence of specific IgE against Bet v 6. 
Only Karamloo et al.  [3]  reported specific IgE binding to 
Bet v 6 in 9 of 76 birch pollen-allergic patients. As the aim 
of the study by Karamloo et al. was primarily the molecu-
lar characterization of Bet v 6 rather than its clinical rel-
evance, we do not know to what extent Bet v 6 contributes 
to allergic symptoms, especially as all Bet v 6-positive pa-
tients with the exception of one single case were polysen-
sitized.

  With regard to Bet v 7, a comparable lack of data con-
cerning epidemiology and clinical relevance is notable. 
However, in contrast to profilins (e.g., Bet v 2), polcalcins 
(e.g., Bet v 3 and 4), and isoflavone reductase homologue 
proteins (Bet v 6), which are vastly cross-reactive across 
species  [5, 6] , no immunological cross-reactivity of cy-
clophilin A members across species has been reported. 
Hence, specific IgE towards Bet v 7 are probably of lim-
ited clinical relevance.

  Therefore, the aim of our present study was the deter-
mination of IgE reactivity against Bet v 6, especially as Bet 
v 6 is now commercially available for diagnostic testing. 
Further, our study aims to analyze the clinical features of 
Bet v 6-positivity and the potential value of testing Bet v 
6-specific IgE antibodies in birch pollen-sensitized pa-
tients, particularly in cases with missing IgE reactivity 
against the well-known birch pollen components Bet v 1, 
2, and 4.

  Patients and Methods 

 Study Design 
 Patient data were retrospectively selected from the allergy da-

tabase of the Department of Otorhinolaryngology, Head and Neck 
Surgery of the Ludwig-Maximilians-Universität in Munich, Ger-
many, storing all relevant diagnostic patient results. All patients 
were suspected of suffering from allergic rhinitis and therefore un-
derwent routine in vivo tests such as skin prick test (ALK-Abelló, 
Wedel, Germany) and/or allergen-specific provocation and in vi-
tro tests such as total IgE and allergen-specific IgEs in serum. Fur-
ther, the database includes data from a standardized clinical his-
tory questionnaire, including complaints of the upper and lower 
airways, demographic data, living environment, oral and gastroin-
testinal allergy symptoms, and medical history.

  The database was scanned for consecutive patients with a prov-
en sensitization to natural birch extract (t3), but missing IgE reac-
tivity to well-known recombinant birch components Bet v 1, 2, and 
4. As component-resolved diagnostics were implemented as regu-
lar diagnostic tools in our clinical routine in 2007, we only searched 
our database for patients presenting at our department from 2007 
on until 2015. Of 1,064 patients with IgE antibodies against t3, 57 
met the inclusion criteria, i.e. did not show any IgE reactivity 
against the major component Bet v 1 nor the minor components 
profilin or polcalcin.

  From the same sample of 1,064 patients, we selected a control 
group comprised of 57 patients randomly selected regardless of 
their reactivity pattern against different birch pollen components.

  The study was approved by the local ethics committee and the 
local data protection commissioner. All patients provided written 
informed consent.

  Fluorescence Enzyme Immunoassay 
 IgE reactivity to natural allergen extract (t3) and allergen com-

ponents was measured using the fluorescence enzyme immunoas-
say (FEIA) method (UniCAP-FEIA, Thermo Fisher Scientific, 
Freiburg, Germany) with a commercially available test kit according 
to the manufacturer’s instructions. Apart from IgE antibodies 
against natural allergen extracts, IgE reactivity against profilin, pol-
calcin, and cross-reactive carbohydrate-determinants (CCDs) was 
measured to avoid misinterpretation of positive results due to cross-
reactivity  [7, 8] . Specific IgE antibodies to Bet v 6 were not routine-
ly measured. For the determination of IgE to Bet v 6 using the FEIA 
method, sera of the 57 patients fulfilling the abovementioned inclu-
sion criteria as well as of the 57 patients of the control group were 
defrosted. Results were reported as concentrations (kU/L) as well as 
CAP classes of positivity from 0 to 6, where class 0 corresponds to 
<0.35 kU/L, class 1 to 0.35–0.7 kU/L, class 2 to 0.71–3.5 kU/L, class 
3 to 3.51–17.5 kU/L, class 4 to 17.51–50 kU/L, class 5 50.01–100 
kU/L, and class 6 to >100 kU/L. Depending on the serological re-
sults, the grade of sensitization was defined in monosensitization 
(IgE to 1 single allergen source), oligosensitization (IgE to 2–3 al-
lergen sources), or polysensitization (IgE to >3 allergen sources).

  Statistical Analysis 
 Statistical analysis was performed with SigmaStat (Jandel 

Corp., San Rafael, CA, USA). All of the data failed normality test-
ing. For descriptive statistics we used median values. The paired  t  
test was used for the comparison in the individual group; the 
Mann-Whitney rank sum test was used for the comparison of the 
different groups. No testing revealed a value of  p   ≤  0.05.

D
ow

nl
oa

de
d 

by
: A

. M
ar

i -
 3

12
98

U
ni

ve
rs

ita
 d

eg
li 

S
tu

di
&

#4
4;

 B
ib

l. 
A

re
a 

B
io

m
ed

. T
or

 V
er

ga
ta

16
0.

80
.2

.3
8 

- 
5/

25
/2

01
7 

7:
02

:2
7 

A
M

http://dx.doi.org/10.1159%2F000470843


 Gellrich/Eder/San Nicoló/Berghaus/
Gröger

 

Int Arch Allergy Immunol 2017;173:34–43
DOI: 10.1159/000470843

36

  Results 

 Characterization of the Study Population 
 The database query with the abovementioned inclu-

sion criteria resulted in 57 patients with a proven sensiti-
zation to birch pollen of which the sensitization-eliciting 
component remained unknown due to missing IgE anti-
bodies against Bet v 1, 2, and 4.  Table 1  summarizes these 
patients’ demographics and clinical data compared to the 
control group comprised of 57 randomly selected birch 
pollen-sensitized patients. 

  Apart from older age of the patients, the randomly se-
lected control group presented comparable demographic 
and epidemiologic data as shown in  Table 1 . Interesting-
ly, the distribution of mono-, oligo-, and polysensitiza-
tion – based on IgE reactivity – was very similar to the 
results of the initially mentioned study group, even with 

similar cosensitization rates ( Table  1 ). However, the 
prevalence of all registered clinical symptoms was higher 
in the control group compared to the Bet v 1/2/4-negative 
patients: more patients reported on allergic complaints 
during birch pollen season (49 vs. 19%), on oral allergy 
syndrome related to the birch pollen sensitization (14 vs. 
5%), and on asthmatic symptoms (39 vs. 30%). Among 
asthma patients, the rate of intrinsic asthma was lower in 
the control group compared to the Bet v 1/2/4-negative 
group (32 vs. 47%).

   Table 2  summarizes the laboratory characteristics of 
the study group compared to the control group. One in-
teresting detail is not shown in  Table 2 : the concentration 
of Bet v 1-specific IgE antibodies was higher in patients 
allergic to birch pollen compared to patients without al-
lergic complaints (9.0 vs. 7.0 kU/L). Comparably, in the 
subgroup of Bet v 1/2/4-negative birch pollen allergic pa-
tients, the t3-specific IgE concentration was higher than 
in birch pollen-sensitized patients without allergic com-
plaints (1.0 vs. 0.6 kU/L).

 Table 1.  Patient demographics and study results in the study group 
compared to the control group

Characteristics t3+/Bet v
1/2/4–
study group,
(n = 57)

t3+
control 
group,
(n = 57)

Gender
Male 30 (53) 24 (42)
Female 27 (47) 33 (58)

Age, years 23 (15 – 40) 34 (21 – 46)
Monosensitized to birch 10 (18) 10 (18)
Oligosensitized 19 (33) 22 (38)
Polysensitized 28 (49) 25 (44)
Cosensitization against

Grass 41 (72) 37 (65)
Ash tree 16 (28) 15 (26)
Mugwort 5 (9) 4 (7)
Domestic mites 19 (33) 26 (46)
Cat 12 (21) 18 (32)
Dog 14 (25) 13 (23)
Fungi 6 (11) 3 (5)

Allergic complaints related to birch
pollen 11 (19) 28 (49)

OAS related to birch pollen
sensitization (i.e., apple, nut, cherry) 3 (5) 8 (14)

Asthmatic complaints 17 (30) 22 (39)
Intrinsic 8/17 (47) 7/22 (32)
Allergic 9/17 (53) 15/22 (68)
Birch pollen related 4/17 (24) 9/22 (42)

 Except for the age which is given as medians with ranges in pa-
rentheses, values are number of patients total and percent of each 
evaluated subgroup. OAS, oral allergy syndrome.

 Table 2.  Laboratory characteristics in the study group compared 
to the control group

Laboratory t3+/Bet v 1/2/4– t3+
characteristics study group,

(n = 57)
control group,
(n = 57)

IgE in serum, kU/L 168 (104 – 397) 148 (54 – 312)
Birch (t3) positive 57 (100) 57 (100)

CAP class 1 (1 – 2) 3 (3 – 4)
IgE level, kU/L 0.61 (0.44 – 1.07) 9.36 (4.69 – 26.50)

Bet v1 (t215) positive 0 (0) 52 (91)
CAP class 0 3 (3 – 4)
IgE level, kU/L 0 8.16 (3.84 – 22.40)

Bet v2 (t216) positive 0 (0) 6 (11)
CAP class 0 2 (2 – 2)
IgE level, kU/L 0 2.47 (1.89 – 3.72)

Bet v4 (t220) positive 0 (0) 5 (9)
CAP class 0 3 (2 – 4)
IgE level, kU/L 0 3.12 (1.67 – 27.50)

Bet v6 (t225) positive 2 (4) 3 (5)
CAP class 4 (3.5 – 4.5) 2 (1.5 – 2)
IgE level, kU/L 55.95 (33.93 – 77.98) 0.78 (0.68 – 1.40)

CCD positive 21 (40), 4 n.k. 9 (16)
CAP class 2 (1 – 2) 1 (1 – 2)
IgE level, kU/L 1.08 (0.65 – 2.49) 0.69 (0.54 – 1.50)

 Values are number of patients total and percent of each evalu-
ated subgroup. CAP classes and IgE levels are given as medians 
with ranges in parentheses. n.k.: in 4 cases anti-CCDs are not 
known.
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  IgE Reactivity Profiles 
 In the control group comprised of 57 randomly select-

ed birch pollen-sensitized patients, the IgE reactivity pro-
files displayed a high variance as shown in  Figure 1 . As 
the patients of the study group were Bet v 1/2/4 negative 
per definition, their IgE reactivity profiles displayed only 
little variance and are, therefore, not shown.

  The prevalence of specific IgE antibodies against Bet v 
6 was comparable in both groups (4 and 5%, respectively). 
In all 5 cases, the Bet v 6 sensitization remained clinically 
silent.

  The prevalence of IgE reactivity to CCDs was remark-
ably higher in the study group compared to the control 
group (40 vs. 16%) and differed significantly depending 
on the grade of sensitization: in birch pollen-monosensi-
tized patients, reactivity against CCDs was found in 10% 
compared to 47% in polysensitized patients. In the con-

trol group, all 9 CCD-positive patients were polysensi-
tized, identically to all 8 patients positive to Bet v 2 and/
or 4.

  The study group was characterized by the finding that 
the sensitization-eliciting component was unclear in all 
cases. In the control group, the sensitization-eliciting 
component could not be identified in 4 cases (7%); how-
ever, only one of these (1.7%) displayed clinical relevance. 
In the study group, 11 out of 57 patients (19%) – repre-
senting 1% of all 1,064 birch pollen-sensitized patients 
and therefore a comparable value to the control group – 
had a clinical relevant birch pollen sensitization of which 
the eliciting component remained unclear. Six of the 11 
allergic patients were even negative to CCDs, indicating 
the potential existence of one or more allergy-eliciting 
birch pollen components, which are unknown yet or 
commercially not available for testing.

57 (100%) patients sensitized to native birch pollen t3+ 

52 (91%)
Bet v 1+

5 (9%)
Bet v 1–

6 (11%)
Bet v 2+

4 (7%)
Bet v 4+

3 (5%)
Bet v 6+

44 (77%)
Bet v 2–/4–/6–

4 (7%)
Bet v 2–/4–/6–

1 (2%)
Bet v 4+

1 (2%)
Bet v 2–
Bet v 4+
Bet v 6–

28 (49%) allergy

27 (52%) allergy 1 (20%) allergy

1 (2%)
allergy

No
allergy

No
allergy

3 (5%) 
allergy

3 (5%) 
allergy

24 (42%)
allergy

2 (4%)
Bet v 2+
Bet v 4–
Bet v 6–

2 (4%)
Bet v 2+
Bet v 4+
Bet v 6–

1 (2%)
Bet v 2+
Bet v 4+
Bet v 6+

1 (2%)
Bet v 2+
Bet v 4–
Bet v 6+

0 (0%)
Bet v 2–
Bet v 4+
Bet v 6+

1 (2%)
Bet v 2–
Bet v 4+
Bet v 6–

1 (2%)
Bet v 2–
Bet v 4–
Bet v 6+

1 (2%)
allergy

2 (4%)
allergy

1 (2%)
allergy

No
allergy

No 
allergy

  Fig. 1.  IgE reactivity pattern of the control group. The IgE reactiv-
ity profiles of the 57 randomly selected birch pollen-sensitized pa-
tients display high variance. Except for 1 case, all allergic patients 
were sensitized against the major allergen component Bet v 1. 
Eight-six percent of the birch pollen-allergic patients were even 

monosensitized to Bet v 1. Four allergic patients presented addi-
tional IgE reactivity against further birch pollen components (Bet 
v 2 and/or 4). All 3 Bet v 6-positive patients had no birch pollen-
related allergic symptoms. 
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  Clinical Characterization of Bet v 6-Positive Patients 
 To detect characteristics of Bet v 6-positive patients, 

Bet v 6-positive patients of both groups were compared 
with Bet v 6-negative patients of the randomly selected 
control group. In this comparison, the primary study 
group patients negative to Bet v 1, 2, and 4 were not con-
sidered as they do not present a representative random 
sample.

  As shown in  Table  3 , the demographic and general 
characteristics of Bet v 6-positive patients are comparable 
to most characteristics of Bet v 6-negative patients. 49% 
of the Bet v 6-negative patients complained about allergic 
symptoms after exposition to birch pollen, whereas sen-
sitization towards Bet v 6 remained clinically silent in all 
cases. Neither oculonasal symptoms nor oral allergy syn-
dromes nor asthma control deterioration during birch 
pollen season have been reported; however, perennial 
asthma-like symptoms without seasonal deterioration 

were more often present than in patients negative to Bet 
v 6 (60 vs. 35%).

  As stated in the introduction, Bet v 6 is suspected to 
cause food allergies in birch pollen-sensitized patients, es-
pecially to Sharon fruit, kiwi, strawberry, orange, zucchi-
ni, and carrots. No patient with specific IgE against Bet v 
6 reported any of these fruits as being a trigger of allergic 
symptoms. Two patients declared they were unable to tol-
erate garlic and spicy meals, respectively.

  Laboratory Characterization of Bet v 6-Positive Patients 
  Table 4  summarizes the laboratory findings in Bet v 

6-positive patients compared to Bet v 6-negative patients. 
Despite comparable total IgE levels in the sera of Bet v 
6-positive and -negative patients, the titer of specific IgE 
antibodies against t3 was on average 3 times higher in Bet 
v 6-positive patients compared to Bet v 6-negative pa-
tients (29.5 vs. 9.13 kU/L).

 Table 3.  Patient demographics and study results of Bet v 6-positive patients compared to randomly selected Bet v 6-negative patients

Characteristics  Bet v 6+ Σ Bet v 6+
(n = 5)

Σ Bet v 6–
(n = 54, random) #1 #2 #3 #4 #5

Gender
Male  1 (20) 24 (44)
Female     4 (80) 30 (56)

Age, years 20 70 28 54 63 54 (28 – 62) 34 (21 – 46)
Monosensitized to birch  1 (20) 10 (19)
Oligosensitized  1 (20) 21 (37)
Polysensitized    3 (60) 23 (40)
Cosensitization against

Grass    3 (60) 39 (72)
Ash tree    3 (60) 14 (26)
Parietaria   2 (40) 1 (2)
Mugwort  1 (20) 4 (7)
Domestic mites  1 (20) 18 (33)
Cat   2 (40) 11 (20)
Dog    3 (60) 13 (24)
Fungi  1 (20) 5 (9)

Allergic complaints related to birch pollen 0 28 (49)
OAS related to birch pollen sensitization

(i.e., apple, nut, cherry)
0 8 (15)

Asthmatic complaints    3 (60) 19 (35)
Intrinsic   2 (40) 5/19 (26)
Allergic  1 (20) 14/19 (74)
Related to birch pollen 0 9/19 (47)

 Except for the age which is given as medians with the ranges in parentheses, values are number of patients total and percent of each 
evaluated subgroup. In the second column, the characteristics of each single patient with IgE reactivity against Bet v 6 are given. The 
third column summarizes the data of the 5 Bet v 6-positive patients to facilitate the comparison to the 54 Bet v 6-negative patients sum-
marized in the last column. OAS, oral allergy syndrome.
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  Sensitization against Bet v 2 and Bet v 4 was more fre-
quently found in patients positive to Bet v 6 (40 and 20% 
vs. 7 and 7%). When looking only at the 3 randomly se-
lected Bet v 6-positive patients, the prevalence was even 
higher (66 and 33%). Likewise, the prevalence of IgE an-
tibodies against CCDs was increased in patients positive 
to Bet v 6 compared to Bet v 6-negative patients (40 vs. 
13%). This higher rate of CCD sensitization among Bet v 
6-positive patients cannot be attributed to the preselec-
tion of the study group, as both CCD-positive patients 
derived from the control group.

  When correlating laboratory characteristics of Bet v 
6-positive patients with specific clinical features, a corre-
lation between asthma and IgE antibodies against CCDs 
and panallergens (Bet v 2 and/or 4) becomes obvious. 
Both Bet v 6-positive patients with reactivity against 
CCDs and Bet v 2 and/or 4 complained about asthmatic 
symptoms, and only in one case reporting on asthmatic 
complaints, no reactivity against CCDs and panallergens 
was found. Also in the Bet v 6-negative control group, the 
prevalence of asthma is associated with a high degree of 

sensitization; however, the correlation between asthma 
and reactivity against CCDs and Bet v 2 and/or 4 is less 
evident. 

  Discussion 

 The Relevance of Bet v 6 in Birch Pollen Sensitizations 
of Unknown Molecular Origin 
 Rossi et al.  [2]  reported that 89% of birch pollen-sen-

sitized patients could be identified by testing the 3 birch 
pollen recombinant allergens: Bet v 1, Bet v 2, and Bet v 
4. However, in 11% of patients with specific IgE against 
natural birch pollen extract, the underlying recombinant 
allergen was not identified, according to Rossi et al. In our 
study population of 1,064 birch pollen-sensitized pa-
tients, only 57 patients (5.4%) did not show IgE reactivity 
against any of the 3 birch pollen recombinant allergens: 
Bet v 1, 2, and 4. This discrepancy might be due to the dif-
ferent geographical location of the study groups in Italy 
and in Germany, respectively. Although the determina-

 Table 4.  Laboratory characteristics of Bet v 6-positive patients compared to randomly selected Bet v 6-negative patients

Laboratory 
characteristics

 Bet v 6+ Σ Bet v 6+
(n = 5)

Σ Bet v 6–
(n = 54, random) #1 #2 #3 #4 #5

IgE in serum, kU/L 232 81 36 2,470 148 148 (81 – 232) 150 (55 – 311)
Birch (t3) positive      5 (100) 54 (100)

CAP class 4 3 3 4 4 4 (3 – 4) 3 (3 – 4)
IgE level, kU/L 29.50 4.62 8.92 44.00 36.90 29.50 (8.92 – 36.90) 9.13 (4.38 – 25.38)

Bet v1 (t215) positive    3 (60) 49 (91)
CAP class 3 4 4 4 (3.5 – 4) 3 (3 – 4)
IgE level, kU/L 9.73 26.30 40.10 26.30 (18.00 – 33.20) 8.08 (3.66 – 20.60)

Bet v2 (t216) positive   2 (40) 4 (7)
CAP class 2 2 2 2 (2 – 2.5)
IgE level, kU/L 1.81 3.03 2.42 1.91 (1.76 – 3.85)

Bet v4 (t220) positive  1 (20) 4 (7)
CAP-class 1 1 3 (2.5 – 4)
IgE level, kU/L 0.60 0.60 4.37 (3.12 – 50.60)

Bet v6 (t225) positive      5 (100) 0 (0)
CAP class 5 3 2 1 2 2 (1 – 3)
IgE level, kU/L 100.00 11.90 2.02 0.57 0.78 2.02 (0.78 – 11.9)

CCD positive   2 (40) 7 (13)
CAP class 4 1 2.5 1 (1 – 2)
IgE level, kU/L 21.10 0.36 10.78 0.69 (0.60 – 1.29)

 In the second column, the characteristics of each single patient with IgE reactivity against Bet v 6 are given. In the third and fourth 
columns summarizing the 5 Bet v 6-positive patients and the 54 Bet v 6-negative patients, respectively, the values are numbers of pa-
tients total and percent of each evaluated subgroup. Further, CAP classes and IgE levels are given as medians with ranges in parenthe-
ses.

D
ow

nl
oa

de
d 

by
: A

. M
ar

i -
 3

12
98

U
ni

ve
rs

ita
 d

eg
li 

S
tu

di
&

#4
4;

 B
ib

l. 
A

re
a 

B
io

m
ed

. T
or

 V
er

ga
ta

16
0.

80
.2

.3
8 

- 
5/

25
/2

01
7 

7:
02

:2
7 

A
M

http://dx.doi.org/10.1159%2F000470843


 Gellrich/Eder/San Nicoló/Berghaus/
Gröger

 

Int Arch Allergy Immunol 2017;173:34–43
DOI: 10.1159/000470843

40

tion of Bet v 1/2/4-specific IgE failed to identify the sen-
sitization-eliciting component in 5.4% of birch pollen-
sensitized patients only, it would be desirable to fill this 
diagnostic gap. However, our data clearly demonstrate 
that the measurement of anti-Bet v 6 does not provide 
significant additional value as only 2 patients out of 57 
showed IgE reactivity against Bet v 6. Obviously, other al-
lergen components, which are probably unknown, seem 
to be relevant. One potential candidate could be the glu-
tathione-S-transferase, a recently described minor aller-
gen in birch pollen  [9] , which has not yet been acknowl-
edged by the WHO/IUIS Allergen Nomenclature Sub-
Committee. Further research is required to detect 
unknown allergen components.

  However, some confounders have to be taken into ac-
count, which might even further reduce the number of 
birch pollen sensitization of unknown molecular origin. 
In the study group of t3-positive, but Bet v 1/2/4-negative 
patients, FEIA results for t3 yielded 36 patients (63%) 
with CAP class 1, of whom 22 patients displayed IgE con-
centrations only a little above the cutoff value of 0.35 
kU/L. As a result, one might criticize that some of these 
patients might have to be classified as false-positive con-
cerning their birch pollen sensitization. However, 7 pa-
tients with CAP class 1 reported allergic symptoms, par-
tially even despite a very low IgE concentration of <0.5 
kU/L. This finding indicates that there might be a con-
founder by some false-positive patients of which the ex-
tent cannot be clearly assessed due to a certain gray zone 
around the threshold value.

  Another confounder could be that some birch pollen 
sensitizations might be mocked by the existence of cross-
reactive CCDs  [7, 8] , especially in the Bet v 1/2/4-negative 
study group. Despite a comparable ratio of mono- vs. oli-
go- and polysensitization, the Bet v 1/2/4-negative pa-
tients clearly showed a higher prevalence of anti-CCDs 
compared to the randomly selected study group (40 vs. 
13%). This higher prevalence of CCD-sensitization can 
probably be attributed to the preselection: The Bet v 1/2/4 
negative patients were preselected on being sensitized to 
birch pollen and on missing IgE reactivity against the 
main birch pollen component – making the existence of 
another sensitization such as against CCDs more likely.

  The Classification of Bet v 6 as a Potential 
Cross-Reactive Panallergen 
 Some studies suggest that the sensitization to panal-

lergens follows a sensitization to the corresponding major 
allergen in a chronological order  [10, 11] , which might 
allow one to draw conclusions on the origin of the panal-

lergen sensitization. As our present study reveals, specific 
IgE antibodies against Bet v 6 are also seen without paral-
lel sensitization to the corresponding major allergen Bet 
v 1. This emphasizes the suggestion that Bet v 6 is a pan-
allergen with immunological cross-reactivity across spe-
cies. Consequently, serological Bet v 6 positivity might 
not always have its origin in birch pollen sensitization, 
but maybe in sensitization towards another botanic 
group. Hence, the sensitization to natural birch pollen ex-
tract with missing IgE reactivity to Bet v 1 might be due 
to cross-reactivity with panallergens. 

 However, the Bet v 1/2/4-negative study group con-
tained 11 cases of symptomatic and Bet v 6-negative, but 
also major allergen-negative, sensitization. In one of the 
11 cases, it could not be excluded that the allergic symp-
toms starting in April might not be due to the birch pollen 
sensitization, but due to a simultaneous sensitization 
against Oleacea. Though, in the remaining 10 allergic pa-
tients, there is no hint for any false-positive interpretation 
of the allergic complaints as a sign of birch pollen allergy. 
These 10 cases with symptomatic but major allergen-neg-
ative sensitization are in contrast to a previous study re-
porting that 100% of the patients with clinical complaints 
showed IgE against the specific major allergen compo-
nent  [11] . As any sole sensitization to panallergens is con-
sidered to have no clinical relevance in allergic rhinocon-
junctivitis  [11] , our finding suggests that further clinical 
relevant allergen components seem to exist. This hypoth-
esis is further emphasized by the fact that our study re-
vealed 9 cases of monosensitization to birch pollen with 
no IgE antibodies against any of the tested allergen com-
ponents, not even against CCDs. Former studies stated 
that patients monosensitized to birch pollen showed a ho-
mogenous pattern with a prevalence of antibodies against 
Bet v 1 in 100%  [12] . In our study, the number of allergic 
patients with missing IgE reactivity against the major al-
lergen component is low (1% of all birch pollen-sensitized 
patients); however, the fact that some of these patients 
show allergic symptoms indicates that the characteriza-
tion of new allergen components is desirable.

  The Clinical Characterization and Relevance of Bet v 6 
 Our study revealed Bet v 6 with a prevalence of 5% in 

contrast to the literature reporting a prevalence of 12 and 
32%, respectively  [3] . Both cited numbers derive from the 
same study by Karamloo et al.  [3] , which to our knowledge 
is the only existing study publishing data concerning the 
prevalence of Bet v 6. As Karamloo et al. state, the high 
prevalence of 32% was not representative for the average 
population with birch pollen allergy because all 28 selected 
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sera had high CAP classes. Indeed, our present study con-
firms that all Bet v 6-positive patients homogeneously dis-
play high CAP classes concerning IgE against natural pol-
len extract. As a result, the probability of a high prevalence 
of Bet v 6 increases with the average anti-t3 CAP class of 
the selected sera. But even in a random screening of 76 pa-
tients with birch pollen allergy, Karamloo et al. found a 
prevalence of 12% – maybe due to the different geograph-
ic location compared to southern Bavaria. This observa-
tion that sIgE to Bet v 6 are more frequently found in Italy 
than in Germany might support the hypothesis that the 
serological Bet v 6 positivity might not always have its ori-
gin in birch pollen sensitization as birch trees are more 
widely distributed across Germany compared to Italy.

  Although it does not reach statistical significance, Bet 
v 6-positive patients – even in the one case of monosen-
sitization – homogeneously present high CAP classes 
against birch pollen extract compared to randomly se-
lected Bet v 6-negative patients. As all Bet v 6 sensitiza-
tions remain clinically silent, this finding contradicts re-
cently published data that the level of specific IgE is the 
most important predictor for allergic symptoms  [13] . As 
incidental finding, our data confirm the recent study re-
porting that patients with clinical relevant sensitization 
show higher specific IgE levels for the major allergen Bet 
v 1 than patients with silent sensitization  [14] . 

  As stated above, Bet v 6 is most likely to be considered 
as a panallergen. This finding is supported by the obser-
vation that Bet v 6-positive patients tend to be older than 
patients without sensitization towards Bet v 6. Compo-
nent-resolved diagnostics combined with high-through-
put microtechnology showed in a huge sample size that 
the prevalence of any specific IgE varies depending on age 
 [15] . Specific IgE against cross-reacting allergens – as Bet 
v 6 is supposed to be – cannot be detected in young chil-
dren and tend to appear only after the age of 6 years  [16] . 
This immunological phenomenon of an evolution of sen-
sitization over a lifetime has been defined as “molecular 
spreading”  [17]  and might explain the older age of Bet v 
6-positive patients compared to the Bet v 6-negative con-
trol group.

  To our knowledge, hardly anything is known about 
clinical features of Bet v 6-positive patients. Therefore, we 
analyzed the clinical characteristics of our Bet v 6-positive 
patients, although the small number of 5 patients limits 
the validity of interpretation. Further, 2 of the 5 Bet v 
6-positive patients showed a very rare IgE reactivity pat-
tern with missing specific IgE against the major compo-
nent Bet v 1 and the well-known minor components Bet 
v 2 and Bet v 4. Thus, these 2 cases might not be represen-

tative of the general Bet v 6-positive population. Howev-
er, in these 2 cases with isolated reactivity against Bet v 6, 
their clinical characteristics cannot be attributed to an-
other well-known birch pollen component than to Bet v 
6. Usually, Bet v 6-positive patients are also sensitized to 
Bet v 1 so that it is difficult to assess to what extent Bet v 
6 contributes to the clinical features of these patients  [3] . 
For these reasons, the clinical analysis of our five Bet v 
6-positive patients appeared meaningful despite the small 
case number.

  In our study, the comparably high prevalence of asth-
matic symptoms among Bet v 6-positive patients is re-
markable, especially as none of the Bet v 6-sensitized pa-
tients complained about any allergic symptoms when ex-
posed to birch pollen. Two of the 3 patients with 
asthma-like symptoms were polysensitized, the third pa-
tient was oligosensitized. As sensitization to multiple al-
lergens is associated with a high prevalence of asthma 
 [18] , the increased prevalence of asthma among Bet v 
6-positive patients can probably more likely be attributed 
to the higher degree of sensitization than to the Bet v 6 
sensitization itself. Indoor allergen sensitization appears 
to be more pivotal for asthma development than exclusive 
sensitization to pollens, which is primarily associated 
with rhinitis  [19] . This observation can be confirmed by 
our data. Considering the higher degree of sensitization 
as the reason for a high prevalence of asthma in Bet v 
6-positive patients, the higher prevalence based on our 
data might even be underestimated. The 2 patients with-
out asthmatic symptoms are possibly not representative 
as they were part of the study group characterized by rare 
IgE reactivity patterns. Consequently, the prevalence of 
asthma in Bet v 6-positive patients might even be higher 
in reality than calculated on the basis of our data.

  A few studies suggest a cross-reactivity of Bet v 6 with 
plants as a potential trigger of food allergies  [3, 4, 20, 21] . 
However, following an overview on cross-reactivity of 
food allergy and pollen by Vieths et al.  [22]  from 2002, it 
still remains unclear to which degree the occurrence of 
cross-reactive IgE antibodies against Bet v 6-related pro-
teins is correlated with a clinically apparent food allergy. 
According to a single study on 2 patients with Sharon 
fruit allergy, Bet v 6 seems to be related to allergy to per-
simmon  [23] . IgE-binding proteins related to Bet v 6-like 
proteins have been found in kiwi, orange, strawberry, and 
zucchini as well  [22, 24] . In our study, though, none of 
these potential food allergies have been found in Bet v 
6-positive patients. However, when interpreting our clin-
ical data, the small number of only 5 Bet v 6-positive pa-
tients has to be taken into account.
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  Future Aspects 
 Recently, a trend from in vivo diagnosis of IgE-medi-

ated allergies towards in vitro tests has been anticipated 
in the European Union because of increased regulatory 
demands  [25] . Due to EU directives 89/342/EEC and 
2001/83/EC, diagnostic test allergens used in the EU 
have to be authorized for each test method in each EU 
member state. This development leads to a decrease of 
availability of allergen-specific in vivo tests although in 
vitro assays cannot completely substitute the diagnostic 
value of in vivo tests. In the context of this recent trend 
towards in vitro tests, allergen component-resolved di-
agnostics have garnered increased attention. Our pres-
ent data confirm that component resolved diagnosis – 
despite its high diagnostic value – cannot fully substitute 
testing with natural pollen extracts: in 57 of the 1,064 
birch pollen-sensitized patients, the sensitization-elicit-
ing protein could not be identified by testing the stan-
dard components Bet v 1, 2, and 4. The percentage of 
patients in which component resolved diagnostics failed 
to detect the underlying allergen could be reduced from 
5.4 to 5.2% by widening the component resolved diag-
nostics-portfolio by the additional determination of Bet 
v 6. In our opinion, this total improvement of detection 
rate by 0.2% does not justify the increased investment of 
testing Bet v 6 in clinical routine, especially as Bet v 
6-sensitization did not display any clinically relevant 
characteristics.

  Conclusion 

 The aim of the present study was to analyze the diag-
nostic and clinical impact of determining Bet v 6 sensiti-
zation in birch pollen-sensitized patients. 

  In our study cohort of 114 birch pollen-sensitized pa-
tients, the prevalence of specific IgE antibodies against 
Bet v 6 was 5%. None of the Bet v 6-positive patients com-
plained about allergic symptoms when exposed to birch 
pollen. However, compared to birch pollen-sensitized pa-
tients without IgE reactivity against Bet v 6, Bet v 6-posi-
tive patients were more often affected by asthma. This 
increased prevalence of asthma is associated with a high-
er degree of sensitization, which is probably more crucial 
for the development of asthma than the Bet v 6 sensitiza-
tion itself. In contrast to 2 case reports found in the lit-
erature, food allergies to tropical fruits were not regis-
tered among our Bet v 6-positive patients. However, the 
small sample size of five Bet v 6-positive cases has to be 
taken into account when interpreting the clinical data.

  Enlarging the standard component-resolved diagnos-
tics portfolio by the determination of anti-Bet v 6 im-
proved the detection rate of the sensitization-eliciting 
components by 0.2%.

  In summary, the determination of sensitization against 
Bet v 6 does not seem to add sufficient benefit in the clin-
ical routine to justify the additional investment of routine 
Bet v 6 testing.

  Disclosure Statement 
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