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Abstract
Background: In pollen-allergic patients, cross-reacting aller-
gens including cross-reactive carbohydrate determinants 
(CCDs) and profilins may result in positive natural rubber la-
tex (NRL)-specific IgE (sIgE) antibody tests but the relation-
ship between this sensitization and clinical NRL type 1 al-
lergy is poorly described. Objective: The aims of this study 
were to determine the frequency and clinical relevance of 
NRL sIgE in grass pollen-sensitized individuals and to inves-
tigate which NRL allergen components these individuals 
were sensitized to. Methods: A total of 383 grass-sensitized 
patients answered questions about NRL allergy symptoms 
and their stored sera from previous investigations were ana-
lyzed for NRL sIgE. Patients with NRL sIgE (n = 32) underwent 
further investigations comprising medical history, skin prick 
test with NRL and inhalational allergens, and an additional 
blood sample. The additional blood samples were analyzed 
for total IgE and sIgE against NRL, timothy grass, birch, rHev 
b 1, 3, 5, 6.01, 6.02, 8, 9, 11, rPhl p 12, and MUXF3, which was 
used as a marker of CCD sensitization. Results: Overall, 9.4% 

of all grass pollen-sensitized individuals showed IgE sensiti-
zation to NRL but only 1.6% had a confirmed type I NRL al-
lergy. CCD and Hev b 8 explained the clinically irrelevant NRL 
IgE sensitization in 65% of the cases. We found a highly sig-
nificant correlation between NRL profilin (Hev b 8) sensitiza-
tion and grass profilin (Phl p 12) sensitization (p < 0.0001). 
Conclusions: Data from this study support the hypothesis 
that in patients with grass pollen sensitization, Hev b 8 mo-
no-sensitization has little or no clinical relevance and is 
caused by cross sensitization from grass profilin (Phl p 12).

© 2019 S. Karger AG, Basel

Introduction

Natural rubber latex (NRL) is extracted from the He-
vea brasiliensis tree and due to its properties, it is widely 
used in the health care system in the production of med-
ical gloves, catheters, and other products [1].

Immediate type (type 1) NRL allergy is caused by an 
IgE-mediated reaction to NRL and has been intensively 
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studied [2–4]. It is characterized by symptoms which can 
be mild such as urticaria, rhinitis, conjunctivitis, and mu-
cosal swelling or more severe with generalized urticaria, 
respiratory symptoms including severe asthma, or ana-
phylactic shock. Symptoms typically occur within min-
utes of NRL exposure [4–7]. When suspecting an NRL 
allergy, skin prick tests (SPTs) and in vitro tests of patient 
serum are typically used in the diagnosis. However, espe-
cially in vitro tests measuring NRL-specific IgE (sIgE) an-
tibodies have raised concerns about the clinical relevance, 
because a positive test does not differentiate between sen-
sitization and symptomatic allergy [8, 9]. Some clinicians 
diagnose NRL allergy based on measuring NRL sIgE 
alone, but it is questioned whether that is a sufficient basis 
for a diagnosis of NRL allergy.

Localized symptoms of type I allergy can be difficult to 
distinguish from delayed-type allergy (type IV) and irri-
tant contact dermatitis. Type IV allergy is caused by a T-
cell-mediated reaction to the chemicals used in the man-
ufacturing process of NRL and not the NRL itself [6]. 
Typical type IV symptoms are itchy, eczematous rashes, 
usually confined to the areas of exposed skin, developing 
within 24–48 h of exposure [5–7]. Type IV contact der-
matitis is diagnosed using patch tests.

Irritant contact dermatitis is caused by a nonimmuno-
logical inflammation of the skin [5, 6]. Typical symptoms 
are dry, erythematous, thickened, scaling and fissuring 
skin, typically accompanied by an itching or burning sen-
sation [5–7]. The symptoms do not extend beyond the 
directly exposed skin area. Irritant contact dermatitis is 
the most frequent NRL glove-associated skin reaction [5], 
and therefore an important differential diagnosis to NRL 
allergy.

The Allergen Nomenclature Committee of the Inter-
national Union of Immunological Societies has identified 
15 NRL allergen components denoted Hev b 1–15 [10] 
given the origin from the Hevea brasiliensis tree. The pri-
mary allergen components associated with clinical symp-
toms on NRL exposure are Hev b 1, 3, 5, 6.01, and 6.02 [2, 
3, 11–13]. Cross-reacting allergens including cross-reac-
tive carbohydrate determinants (CCDs) and profilins 
may make the interpretation of a positive NRL sIgE dif-
ficult. CCD epitopes are thought to cause clinically irrel-
evant NRL IgE sensitization [14, 15] and plant allergic 
patients with a false-positive NRL sIgE have been ob-
served to have a significantly higher prevalence of CCD 
antibodies than true NRL-allergic patients [9]. Profilins 
are proteins which are present in all eukaryotic cells. They 
have a conserved structure across different plant species, 
resulting in sIgE antibodies reacting to a broad pattern of 

cross-reactive profilins [16]. The NRL allergen compo-
nent Hev b 8 is a profilin, and cross-sensitivity between 
Hev b 8 and timothy grass has been observed [17, 18], 
resulting in NRL sIgE-sensitized patients who are asymp-
tomatic on exposure to NRL and mono-sensitized to Hev 
b 8 [2, 8, 17–20].

In Denmark, grass pollens are a frequent cause of pol-
len allergy [21–23]. Studies from Austria and Italy have 
shown that 25–30% of grass-allergic patients are sensi-
tized to grass profilin (Phl p 12) [16, 24]. Since grass pro-
filin (Phl p 12) sensitization is associated with sensitiza-
tion to NRL profilin (Hev b 8) [17, 18], NRL sIgE sensiti-
zation in grass pollen-sensitized patients may not always 
be clinically relevant.

The aims of this study were (1) to determine the fre-
quency and clinical relevance of NRL sIgE in grass pollen-
sensitized individuals and (2) to investigate to which NRL 
allergen components these individuals were sensitized. 
Our hypothesis is that in patients with sIgE to timothy 
grass, Hev b 8 mono-sensitization is caused by cross-sen-
sitization from Phl p 12 and has little or no clinical rele-
vance. 

Materials and Methods

Definitions
NRL allergy was defined as clinically relevant type 1 allergic 

symptoms in combination with one or more positive tests. Symp-
toms were considered as type I allergic symptoms if the patient 
reported one or more of the following symptoms occurring within 
minutes of exposure to NRL: local or generalized urticaria, muco-
sal swelling, conjunctivitis, rhinitis, and/or respiratory symptoms. 
Patients experiencing type I allergic symptoms were classified as 
having “immediate symptoms”.

Symptoms upon NRL exposure were considered to be caused 
by either irritant contact dermatitis or type IV allergy when 
symptom onset was delayed (hours to days after exposure), when 
local itching was the only symptom, when the patient had already 
been diagnosed with a type IV allergy and only reported hand 
symptoms, or when the patient only experienced local itching 
and rash and reported no allergic reactions at the dentist, gen-
eral practitioner, hair dresser, gynecologist, or the hospital. If the 
patient did not avoid using NRL products or did not react on 
exposure to NRL-containing products, symptoms were consid-
ered to be caused by irritant contact dermatitis. Patients not ex-
periencing symptoms compatible with NRL allergy or experienc-
ing no symptoms at all were classified as having no immediate 
symptoms. 

Study Design
A flowchart of inclusion is shown in Figure 1. All patients in-

vestigated for allergy in the period from October 1, 2013 to July 
1, 2015 at the Allergy Clinic, Department of Dermatology and 
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Allergy, Copenhagen University Hospital at Gentofte, Denmark, 
who were sensitized to timothy grass with sIgE level ≥0.7 kUA/L 
were identified from the database at the Laboratory of Medical 
Allergology in the Allergy Clinic. The laboratory biobank con-
tains serum from patients investigated for allergy at the Allergy 
Clinic. Here 1,050 blood samples with sIgE antibodies against 
timothy grass were identified in the given time period. If a patient 
had more than a single serum sample, the most recent was in-
cluded. After correcting for duplicates, 988 patients remained. 
Seventeen patients were excluded due to death (n = 1), emigra-
tion from Denmark (n = 12), unknown address (n = 2), or inves-
tigation in the Danish Anaesthesia Allergy Center (n = 2). In 
total, 971 patients were invited, by letter, to participate in the 
study.

Initial Questioning
The initial medical history taking was standardized and com-

prised questions on types of symptoms occurring on contact with 
NRL, the period from exposure to reaction(s), any previous diag-
nosis of either a type I or type IV NRL allergy, any allergic reactions 
at the dentist, general practitioner, hair dresser, gynecologist and/
or during surgery, use of products containing NRL, and any pro-

fessional and/or occupational exposure to NRL. Symptoms upon 
NRL contact were defined as patient-reported symptoms based on 
the medical history recorded at the allergy clinic.

Skin Prick Test
SPTs were carried out using a standard inhalation panel with 

birch (Betula verrucosa), timothy grass (Phleum pratense), mug-
wort (Artemisia vulgaris), animal dander (horse, dog, cat), house 
dust mites (Dermatophagoides pteronyssinus, Dermatophagoides 
farina), moulds (Alternaria alternata and Cladosporium her-
barum), and in addition an NRL extract (Soluprick® SQ; ALK-
Abelló Nordic). Histamine was used as a positive control and sa-
line as a negative control. SPT reactions were considered positive 
when the wheal reaction was ≥3 mm after 15 min according to 
guidelines [25].

sIgE Antibody Analysis
Serological testing was performed using the ImmunoCAP® 

1000 system (Thermo Fisher, Uppsala, Sweden) in accordance 
with the manufacturer’s instructions. All samples drawn at the 
time of the investigation (termed “new blood samples”) were ana-
lyzed for total IgE and sIgE against NRL (k82), timothy grass, 
birch, all available NRL allergen components from Thermo Fisher 

Included
n = 383 (39.4%)

Did not wish to
participate/respond

n = 588 (60.6%)

Declined further
participation

n = 4

History, SPT, and
new blood sample

n = 32

Positive NRL sIgE
n = 36 (9.4%)

Not further
investigated

Invited to participate
n = 971

Negative NRL sIgE
n = 347 (90.6%)

Excluded
n = 17

Reporting symptoms
upon latex contact

n = 67

No symptoms
upon latex contact

n = 280

SPT and
history
n = 36

Declined
further

participation
n = 31

Positive SPT
n = 0

Negative or
inconclusive SPT

n = 36

Previously diagnosed
with type I latex allergy

n = 1

Not suspected of
IgE-mediated allergy

n = 35

988 grass pollen-sensitized patients with specific IgE ≥0.7 kUA/L from the
allergy clinic were invited to participate in the project and answer initial questions

Fig. 1. Flowchart of inclusion. 
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(rHev b 1, 3, 5, 6.01, 6.02, 8, 9, 11), grass profilin: rPhl p 12, and 
MUXF3, which was used as a marker of CCD sensitization. A val-
ue of sIgE ≥0.35 kUA/L was considered positive.

Patient Inclusion
In total, 383 patients with timothy grass pollen sIgE sensitiza-

tion agreed to participate and answered the initial questions at in-
clusion. Serum samples from their original allergy investigations 
(termed “initial blood samples”) were analyzed for NRL sIgE (k82 
ImmunoCAP). 

Patients with a positive NRL sIgE (n = 36) were scheduled for 
an appointment at the Allergy Clinic offering investigations as de-
scribed above comprising medical history, SPT with inhalational 
allergens and NRL, and an additional blood sample (“new blood 
sample”). Four patients with positive NRL sIgE declined further 
investigations (2 due to illness and 2 did not respond to repeated 
contacts). A total of 32 patients with NRL sIgE underwent further 
diagnostic workup.

Patients with a negative NRL sIgE, but who reported symptoms 
on contact with NRL at the initial questioning (n = 67) were offered 
an appointment at the Allergy Clinic (36 agreed to participate and 
31 declined) to obtain a medical history and perform SPT with in-
halational allergens and NRL.

Patients with a negative NRL sIgE reporting no symptoms on 
NRL contact (n = 280) did not undergo further investigations. Pa-
tients (n = 16/280) reporting to be uncertain about having symp-
toms on NRL contact or who did not respond to the questioning 
at all were included in the group of patients reporting “no symp-
toms” upon NRL contact.

Statistical Analysis
The χ2 test was used to assess gender bias in the participating 

group, Fisher’s exact test was used to compare correlation between 
variables, and the Mann-Whitney U test was used for sIgE median 
comparison and assessment of age bias in the participating group. 
Statistical calculations were performed using RStudio (RStudio 
Inc., Boston, MA, USA). p values < 0.05 were considered signifi-
cant. 

Results

Characteristics of the Included Subjects
In total, 383 out of 971 invited grass-sensitized patients 

(39.4%) agreed to participate. Of these, 257 (67%) were 
women and 126 (33%) were men. This was significantly 

different from the group of patients who chose not to par-
ticipate where 335 (57%) were women and 253 (43%) 
were men (p = 0.002). The median age was 41 years (range: 
19–87 years), which was 5 years older (95% CI: 3.0; 6.0) 
than the median age in the group of patients who chose 
not to participate (p < 0.0001).

In total, 36 of the 383 included patients (9.4%) were 
NRL IgE-sensitized. In all, 32/36 NRL-sensitized patients 
(initial blood sample) and 1 patient not NRL-sensitized 
(initial blood sample) but previously diagnosed with NRL 
allergy (patient No. 12; Table 1) were investigated. Demo-
graphic, clinical, and serological data can be found in Ta-
ble 1. Six out of 32 patients with a positive NRL sIgE 
(18.8%) reported immediate symptoms (marked in grey 
in Table 1), resulting in a 1.6% prevalence of NRL allergy 
in the investigated population. NRL SPTs were helpful in 
differentiating between sensitized and allergic patients; 
all 6 patients with immediate symptoms had positive 
SPTs and all 26 patients without immediate symptoms 
had negative SPTs. All but one NRL-sensitized patient 
reported pollen allergy symptoms and 22/32 were timo-
thy grass SPT positive. Comparing patients with and 
without immediate symptoms, there was a significantly 
higher median NRL sIgE level (initial blood sample) in 
patients experiencing immediate symptoms (p = 0.009) 
(see Table 2). 

There were 347 patients (90.6%) with a negative NRL 
sIgE and among these, 67 patients (19.3%) reported 
symptoms when exposed to NRL on initial questioning; 
36/67 patients (53.7%) were interested in undergoing fur-
ther investigation. None of these patients reported imme-
diate symptoms consistent with NRL allergy; 35/36 pa-
tients had a negative NRL SPT. One SPT was inconclusive 
due to dermographism. 

sIgE Analysis
In total, the sera of 33 patients were analyzed; 32 NRL 

sIgE positive in the initial blood sample and patient No. 
12 who was NRL sIgE negative but previously diagnosed 
with NRL allergy. 

Table 2. The quantitative levels of NRL sIgE in the patients with and without immediate symptoms

Immediate symptoms No immediate symptoms p value

Median NRL sIgE, kUA/L 8.81 (IQR: 2.46–18.2) 0.73 (IQR: 0.49–1.26) 0.009*

NRL sIgE levels from the initial blood samples. IQR, interquartile range. * Mann-Whitney U test.
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The median level of NRL sIgE in the new blood sam-
ples was 0.76 kUA/L (interquartile range, IQR: 0.39–1.77 
kUA/L). The median level of total IgE was 339 kUA/L 
(IQR: 105–666 kUA/L). 

In total, 6 NRL-sensitized patients experienced imme-
diate symptoms and of these 5 were sensitized to one or 
more of the primary allergen components: rHev b 1, 3, 5, 
6.01, and/or 6.02 (Fig. 2, number shown in parentheses). 
One patient was exclusively sensitized to CCD with sIgE 
of 19.8 KUA/L (patient No. 3; Table 1). One patient was 
sensitized to all tested NRL allergen components and 
CCD (patient No. 6; Table 1). As shown in Figure 3, rHev 
b 3, 5, 6.01, and 6.02 were predominantly recognized by 
patients experiencing immediate symptoms upon NRL 
contact. We found a significant correlation between ex-
periencing immediate symptoms and sensitization to one 
or more of the primary allergen components: rHev b 1, 3, 
5, 6.01, and 6.02 (p = 0.0005). rHev b 6.01 and 6.02 were 
the allergen components most frequently identified in pa-
tients with immediate symptoms (5/6). No patients with 
immediate symptoms were mono-sensitized to rHev b 8, 
as shown in Figure 3. 

Of the 27 NRL-sensitized patients without immediate 
symptoms, 20/27 (74%) were NRL-sensitized in the new 
blood sample, as shown in Figure 2. In total, 13/20 pa-
tients (65%) had sIgE antibodies directed exclusively 
against rHev b 8 and/or CCD: 8 CCD mono-sensitized, 4 
rHev b 8 mono-sensitized, and 1 sensitized to CCD and 
rHev b 8. Of the remaining 7/20 patients, 1 patient (pa-
tient No. 29; Table 1) was sensitized to all tested NRL 
components and CCD, 1 patient (patient No. 9; Table 1) 
was sensitized exclusively to rHev b 6.02, and 1 patient 
(patient No. 26; Table 1) was predominantly sensitized to 
rHev b 8 with a co-sensitization to rHev b 9 and CCD. In 
4 patients (patients No. 13–16; Table 1) we could not find 
any explanation for the positive NRL sIgE. In 8/9 cases of 
rHev b 8 sensitization, the sensitization was associated 
with Phl p 12 sensitization. The correlation between rHev 
b 8 (NRL profilin) sensitization and Phl p 12 (grass pro-
filin) sensitization was highly significant (p < 0.0001). In 
the 7 patients without NRL sensitization in the new blood 
sample, the median sIgE level was 0.55 kUA/L (range: 
0.43–1.23 kUA/L) in the initial blood sample.

Discussion

The general prevalence of NRL sIgE antibodies in the 
population of grass-sensitized patients was 9.4% (36/383 
patients), which is lower than that reported from other 

countries [16, 24]. Only 6 out of the 32 NRL sIgE-positive 
patients (18.8%) had a clinically relevant history of im-
mediate symptoms on NRL exposure fulfilling the criteria 
for NRL allergy. Interestingly, all 6 were positive in SPT 
and 5/6 were sensitized to the primary allergen compo-
nents. We found a highly significant correlation between 
having immediate symptoms and sensitization to the pri-
mary allergen components (rHev b 1, 3, 5, 6.01, and 6.02). 
This has also been shown in other studies [2, 3, 11–13].

None of the remaining 27 NRL sIgE-positive patients 
had a clinically relevant history of symptoms on NRL ex-
posure and all were negative on SPT, therefore none of 
them fulfilled the criteria for NRL allergy. Thus, in this 
study of grass pollen-sensitized patients, just over 80% of 
the NRL sIgE-sensitized patients had a false-positive NRL 
sIgE. 

Two of the 27 nonallergic but NRL sIgE-positive pa-
tients were sensitized to primary NRL allergen compo-
nents: one was mono-sensitized to Hev b 6.02 (sIgE 0.36 
kUA/L) and the other was positive for all allergen compo-
nents available. Neither of them had a positive SPT nor 
had they clinically relevant symptoms. The remaining 25 
were not sensitized to any of the primary NRL allergen 
components. 

NRL sIgE positive
4

Hev b 8
4

Hev b 1, 3, 5, 6
4 (3)

CCD
9 (1)

2*

2 (1)
1 (1)0 NRL sIgE

negative
7

Fig. 2. Sensitization patterns in all patients who had NRL-specific 
IgE measured in the “new blood sample” from the time of investi-
gation (n = 33). Patients are distributed according to results of NRL 
sIgE, specific allergen components, and CCD. Numbers in paren-
theses indicate the number of patients with immediate symptoms. 
Hev b 1, 3, 5, 6 denotes patients sensitized to Hev b 1 and/or 3 and/
or 5 and/or 6.01 and/or 6.02. * One of the 2 patients with Hev b 8 
and CCD co-sensitization was also sensitized to Hev b 9.
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In general, potentially false-positive NRL sIgE appears 
to be due to borderline positive NRL sIgE levels or mono-
sensitization to Hev b 8 or CCD. The potential implica-
tion of this is that clinicians not familiar with the differ-
ence in clinical relevance of the different NRL allergen 
components and the presence of CCD might wrongfully 
diagnose a pollen-allergic individual with NRL allergy on 
the basis of unspecific symptoms on NRL exposure and a 
(false) positive NRL sIgE test.

The Level of NRL sIgE
Whether NRL sIgE-sensitized patients have clinically 

relevant symptoms or not appears to be mirrored in the 
concentration of sIgE, a correlation also found in other 
studies [11, 20]. We found significantly higher levels of 
NRL sIgE in patients with immediate symptoms com-
pared to patients without (see Table 2). This suggests that 
a higher cutoff level might improve the ability of the sIgE 
to differentiate between sensitized, but asymptomatic, 
patients and allergic patients, thereby improving the 
specificity.

In 4 nonallergic but NRL IgE-sensitized patients (new 
blood sample), we could not find an explanation for the 
positive test (see Fig. 2): all NRL allergen components test-
ed negative and the NRL sIgE values were low (range: 0.39–
1.07 kUA/L). The total IgE ranged from 130 to 575 kUA/L.

This lack of explanation has also been observed in oth-
er studies [20]. It could be explained by sensitization to 

some pollen-related NRL determinant(s) not available for 
testing or perhaps not yet discovered. 

Seven patients appeared to have lost their NRL sensi-
tization from the initial blood sample to the new. The sIgE 
levels in the initial blood sample were all low with a me-
dian of 0.55 kUA/L. None of these patients reported im-
mediate symptoms upon NRL exposure and all were SPT 
negative. If the patients were still NRL IgE-sensitized, we 
would expect them to fall into the same categories as the 
rest of the patients without immediate symptoms who re-
mained NRL-sensitized, primarily with a sensitization to 
Hev b 8 and/or CCD. 

CCD and Hev b 8
CCD and Hev b 8 mono-sensitization primarily oc-

curred in patients without immediate symptoms (see 
Fig. 3) and the two allergens explained the NRL sIgE sen-
sitization in the nonallergic patients in 65% of the cases. 
There was a highly significant correlation between rHev 
b 8 and rPhl p 12 sensitization, confirming the highly 
cross-reactive nature of profilins also shown by Casquete-
Román et al. [17]. Our hypothesis that Hev b 8 mono-
sensitization would have little or no clinical relevance in 
patients with grass sIgE antibodies appears to be support-
ed by our data. However, numbers are small and further 
studies with more Hev b 8 mono-sensitized patients are 
needed. Other studies have suggested that Hev b 8 is clin-
ically irrelevant [2, 8, 17–20] and Quercia et al. [26] have 
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Fig. 3. Comparison of prevalence of specif-
ic IgE against NRL, recombinant NRL al-
lergen components, and CCD in patients 
with and without immediate symptoms. 
“Immediate symptoms” refers to patients 
reporting symptoms consistent with type I 
NRL allergy. “No immediate symptoms” 
refers to patients either without symptoms 
upon NRL contact or symptoms consistent 
with irritant/type IV contact dermatitis. 
“mono” refers to patients being mono-sen-
sitized to the given allergen. Patients sensi-
tized, %: indicates the percentage of pa-
tients either with or without immediate 
symptoms out of the total number of pa-
tients sensitized to the allergen in question. 
The sIgE levels are measured on the new 
blood samples.
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shown that asymptomatic, Hev b 8 mono-sensitized pa-
tients could undergo surgery in a normal NRL-contain-
ing setting without any allergic reactions. NRL allergy in 
patients with Hev b 8 mono-sensitization has, however, 
been described [20, 27].

In 1 NRL-allergic patient (patient No. 3; Table 1) we 
could not identify sensitization to any of the tested NRL 
allergen components but solely to CCD with quite high 
titers. Whether the CCD sensitization is causing the pa-
tient’s NRL immediate symptoms or whether it is just an 
expression of her concomitant pollen allergy is unknown. 
One could hypothesize from this case that the clinical rel-
evance of CCDs is a question of concentration and that 
they can become clinically relevant if the CCD sIgE level 
is high enough. However, it seems more likely that this 
patient is sensitized to a clinically relevant NRL allergen 
component (Hev b 2, 12, or 13) which was not available 
for testing. Raulf-Heimsoth et al. [3] and Kurup et al. [12] 
have both shown that Hev b 2 and 13 are part of the pri-
mary allergen components involved in sensitizing health 
care workers. Patient No. 3 was a retired nurse, and it 
therefore seems plausible that sensitization to either of 
these two allergen components are the real cause of her 
allergic symptoms, rather than CCD. Hev b 12 is another 
plausible explanation for her symptoms. Faber et al. [28] 
have reported on 2 symptomatic patients who were not 
sensitized to any of the NRL allergen components used in 
our study: rHev b 1, 3, 5, 6.01, 6.02, 8, 9, and 11, but sen-
sitization to Hev b 12 was diagnosed by flow cytometric 
bead array, thereby implicating a clinical relevance of  
Hev b 12.

In this study, it appears that patients with false-posi-
tive NRL sIgE can be separated from the true-positive 
NRL sIgE by supplementing the investigations with SPT, 
given that none of the patients without immediate symp-
toms had a positive SPT. This supports the statement 
from Griffiths et al. [29] concluding that SPT should be 
the preferred test when diagnosing NRL allergy. It is 
therefore important to have standardized NRL SPT ex-
tracts available for testing. Unfortunately, the NRL SPT 
extracts are currently being taken off the market in some 
countries in Europe.

Limitations
Other studies have included provocation tests to dis-

tinguish between sensitized and true allergic patients [19, 
27, 30, 31]. We chose not to do provocations in this study 
due to the lack of consensus on the ideal provocation 
method. Different provocation models have been inves-
tigated for their diagnostic accuracy which differs a lot 

from study to study [32–34] due to differences in defini-
tions of allergic and nonallergic patients, differences in 
provocation protocols and NRL materials/extracts used, 
and lastly different diagnostic criteria. We included all 
patients reporting NRL-induced symptoms regardless of 
the type of symptom, and several provocation models 
would have been needed to cover the different organs. A 
glove test might for instance have been insufficient in pa-
tients exclusively experiencing mucosal symptoms. 

A clear limitation of this study is the relatively few 
NRL-sensitized patients included. We had a low response 
rate of just under 40% which might be partly explained by 
the large number of surveys sent out electronically nowa-
days. From the literature, we expected the NRL sIgE sen-
sitization to be around 25–30% of included patients as 
profilin sensitization among grass-allergic individuals is 
described to be at this level in studies from Austria and 
Italy [16, 24]. In our study from Denmark, it was only 
around 9%, indicating a difference in sensitization pat-
terns between countries.

There could be a selection bias, given that patients expe-
riencing symptoms might be more prone to participate in 
the study compared to asymptomatic patients. This, how-
ever, only lowers the risk of missing the relevant patients.

Another limitation is the selection of the study popula-
tion, a selection based on the grass sIgE levels instead of 
information of a genuine grass pollen hypersensitivity. 
Thus, some of the invited patients might have been grass-
sensitized but not allergic. Questioning on pollen allergy 
symptoms as well as SPT with standard inhalation panel 
were performed to compensate for this limitation. 

Conclusion

In conclusion, Hev b 8 mono-sensitization appears to 
have little or no clinical relevance in pollen-sensitized pa-
tients and is instead caused by cross-sensitization from 
grass profilin (Phl p 12). Several patients were sensitized 
to CCDs which, unexpectedly, caused quite a few false-
positive NRL sIgE tests as well. NRL sIgE measurements 
should only be done when there is a convincing medical 
history of immediate symptoms on NRL exposure, and it 
should always be supplemented by SPT and/or allergen 
component analysis. The apparent lack of clinical rele-
vance of Hev b 8 suggests that the NRL sIgE test (k82) 
might benefit from removal of Hev b 8 to avoid false-
positive testing. Further studies on larger populations are 
needed to determine the exact clinical relevance of the 
cross-reacting molecules Hev b 8 and CCDs.
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