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1 | INTRODUCTION

Grass pollen allergy is an increasing health problem in Western

countries limiting patients’ quality of life but also representing a

| Birgit Linhart?

Abstract

Background: Skin testing represents a commonly used first diagnostic method in
clinical practice, but allergen extracts may vary in composition and often contain
cross-reactive allergens and therefore do not always allow the precise identification
of the sensitizing allergen source. Our aim was to investigate the suitability of a single
recombinant hybrid molecule, consisting of the four major timothy grass pollen al-
lergens (Phl p 1, Phl p 2, Phl p 5, and Phl p 6) for in vivo diagnosis of genuine grass
pollen allergy in children suffering from pollinosis.

Methods: Sixty-four children aged from 6 to 17 years with a positive skin reaction
and/or specific IgE to grass pollen extract and respiratory symptoms of pollinosis as
well as 9 control children with allergy to other allergen sources were studied. SPT
was performed with the recombinant hybrid, the four recombinant timothy grass pol-
len allergens, and grass pollen extract. Specific IgE reactivity to 176 micro-arrayed
allergen molecules was determined using ImmunoCAP ISAC technology. IgE reactiv-
ity to the hybrid was detected by non-denaturing RAST-based dot blot assay.
Results: Genuine grass pollen sensitization was confirmed in 94% of the children with
positive SPT to grass pollen extract by SPT and IgE reactivity to the hybrid. The four hy-
brid-negative children showed IgE reactivity to cross-reactive allergens such as Phl p 4, Phl
p 11, and Phl p 12 and had also sensitizations to pollen allergens from unrelated plants.
Conclusions: The recombinant hybrid molecule represents a useful tool for in vivo
diagnosis of genuine grass pollen sensitization.

KEYWORDS
allergen, allergy, molecular diagnosis, pollen, recombinant hybrid allergen, respiratory allergy,
skin prick test

relevant socioeconomic burden.® A European skin test study re-
vealed an average sensitization rate to grass pollen, which is clini-
cally relevant, of 33%.2 Sensitization to grass pollen allergens often
starts early in childhood with IgE reactivity to the major allergen Phl
p 1 followed by IgE recognition of additional allergens.® Among the
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numerous grass pollen allergens, the group 1, 2, 5, and 6 allergens
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are recognized most frequently by IgE antibodies from grass pollen
allergic patients and elicit most of the allergic symptoms (ie, rhini-
tis, conjunctivitis, asthma).*¢ Specific immunotherapy, the only
causative and disease-modifying treatment, leads to a long-lasting
clinical benefit, and it was shown in children with seasonal rhino-
conjunctivitis that early AIT prevents the progression to severe and
chronic forms of the disease such as asthma.”® However, the ac-
curate prescription of SIT depends on the correct identification of
the culprit allergens, which can be facilitated by molecular allergy
diagnosis."”11 Skin testing represents a commonly used first diag-
nostic method in clinical practice, but its informative value is limited
by the use of allergen extracts with varying and sometimes unde-
fined composition.!>** In addition, the presence of cross-reactive
allergens in various extracts often impedes the determination of the
sensitizing allergen source, especially in polysensitized patients.9 In
southern Europe, the overlapping pollination seasons and an abun-
dance of multisensitization profiles make it even more difficult to
distinguish among sensitizations to different pollen allergens.'*
Moreover, the number of commercially available skin test solutions
rapidly decreases due to EU directives making marketing authoriza-
tion more difficult in the future.r®

In vitro diagnostic tests based on single allergen molecules were
recognized as a helpful tool, but they require access to laboratory
testing facilities and blood sampling.1**¢*” Component-based in
vivo tests are currently not available, though several studies have
already made use of recombinant allergens for provocation testing.
20 A recombinant hybrid molecule which was constructed out of the
four major allergens from timothy grass (ie, Phl p 1, Phl p 2, Phlp 5,
Phl p 6) was shown to contain most of the grass pollen-specific IgE
epitopes.?? It has already been successfully used for in vivo diagnosis
of grass pollen allergy in a SPT study in a French population of adult
grass pollen allergic patients.?? Other grass pollen allergens were not
included, due to their cross-reactivity with homologous allergens
from other allergen sources, such as Phl p 7 and Phl p 12, and their
minor clinical relevance as poor elicitors of allergic reactions, such
as Phl p 4 and Phl p 13.%7 Due to extensive cross-reactivity, Phl p 3
could be substituted by the presence of Phl p 2.2° Here, we investi-
gated the suitability and safety of this hybrid molecule and the single
recombinant grass pollen allergens Phl p 1, Phl p 2, Phl p 5, and Phl p
6, compared to natural grass pollen extracts, for in vivo diagnosis of
genuine grass pollen sensitization in children with pollinosis.

2 | METHODS

2.1 | Recombinant timothy grass pollen allergens,
hybrid, allergen extracts

Recombinant grass pollen allergens Phl p 1, Phl p 2, Phlp 5, and Phl p
6 were obtained from Biomay AG (Vienna, Austria). The recombinant
hybrid molecule consisting of Phl p 1, Phl p 2, Phl p 5, and Phl p 6
was expressed in Escherichia coli and purified as described.?! Protein
concentrations were measured by Micro BCA (Pierce, Rockford, IL,

USA), and purity of the recombinant proteins was analyzed by SDS-
PAGE using ImageJ software (National Institutes of Health, open
source). Proteins were dissolved in distilled water, filter-sterilized
(0.2 um), and applied to ethidium bromide plates with A DNA as a
standard to confirm the absence of host DNA. Timothy grass pollen
extract and grass mix (including cocksfoot, sweet vernal grass, rye
grass, meadow grass, timothy grass pollen extracts) were purchased

from Stallergenes (Antony, Hauts-de-Seine, France).

2.2 | Pollen allergic children

Sixty-four allergic children between 6 and 17 years of age with
symptoms of pollinosis were studied after permission from the
Institutional Ethics Committee and informed consent from the par-
ents. They had a positive SPT to grass pollen extracts (grass mix,
timothy grass) and/or grass pollen allergen-specific IgE measured
by ImmunoCAP (gx2: bermuda grass, timothy grass, rye grass,
Kentucky blue grass, Johnson grass, bahia grass; gé: timothy grass)
(Thermo Fisher, Uppsala, Sweden). The demographic, clinical, and
serologic characteristics of the pollen allergic children are summa-
rized in Table S1. Serum samples were analyzed anonymously with
permission from the ethics committee of the Medical University of
Vienna, Austria (EK565/2007).

2.3 | ImmunoCAP, ISAC chip technology, IgE
dot blot

Quantitative measurement of specific IgE for grass pollen allergens
and total IgE was performed by ImmunoCAP (gx2, g2, gé) (Thermo
Fisher). IgE values were expressed as kU, /L for allergen-specific IgE
and kU/L for total IgE. The sensitization profile of grass pollen aller-
gic patients was determined by ImmunoCAP ISAC technology, using
a microarray containing 176 purified allergens as previously de-
scribed.® IgE values were expressed as standardized units (ISU) by
interpolating the mean fluorescence value with a previously estab-
lished reference curve. Results 20.3 ISU were considered as positive.

For dot blot analysis, 1 pug of the hybrid was dotted on nitro-
cellulose membranes (Schleicher & Schuell, Dassel, Germany) and
exposed to 1:5 diluted sera from children with negative SPT to the
hybrid. Sera from an adult grass pollen allergic patient (positive
control), a non-allergic individual, and buffer (negative controls)
were included. Bound IgE antibodies were detected with 1/15 di-
luted *%I-labeled rabbit anti-human IgE antibodies (IBL, Hamburg,

Germany) and visualized by autoradiography.

2.4 | Skin prick testing

SPTs were performed at the Allergy Department, 2nd Pediatric
Clinic, University of Athens, “P&A Kyriakou” Children’s Hospital, ac-
cording to the guidelines of the European Academy of Allergy and
Clinical Immunology.24 SPT was done by a single qualified physician,
with approval of the Institutional Ethics Committee, after written
informed consent was obtained from the parents and oral consent
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FIGURE 1 Representation and characteristics of the hybrid
molecule. A, Construction of an expression plasmid (pET-17b)
containing the cDNA coding for the hybrid. The hybrid-encoding
cDNA was inserted into the multiple cloning site of plasmid
pET17b, and a start codon and a éxhistidine tag (6xHis) were
introduced at the 5’ and 3’ end of the hybrid-encoding sequence,
respectively. B, Schematic representation and C, characteristics of
the hybrid protein

from the patients. SPT was performed on the forearms using his-
tamine hydrochloride (positive control), physiologic saline (negative
control), grass pollen allergen extracts (timothy grass, grass mix), and
purified recombinant Phl p 1, Phl p 2, Phl p 5, Phl p 6, and the recom-
binant hybrid (30 nug/mL). Results were read after 20 minutes. Mean
wheal diameters >3 mm were considered positive. All children were
followed on site for 2 hours and instructed to report any reaction or

adverse event within 72 hours.

2.5 | Statistical analysis

Mean and median values were calculated using GraphPad Prism
software 5.0 (GraphPad Software, San Diego, CA, USA).

3 | RESULTS

3.1 | Expression and purification of a recombinant
hybrid allergen containing Phl p 1, Phl p 2, Phl p 5, and
Phlp 6

A recombinant hybrid molecule consisting of the major timothy grass
pollen allergens Phl p 1, Phl p 2, Phl p 5, and Phl p 6 was generated
by fusing the cDNA sequences of the single allergens and cloning the
resulting gene into the expression vector pET-17b in the order Phl p

WILEY--2

6-Phl p 2-Phl p 5-Phl p 1 followed by a 3’ é6xhistidine tag (Figure 1A).
The hybrid was expressed in E coli transformed with the plasmid
yielding high amounts of the fusion protein (Figure 1B). Purification
was performed by affinity chromatography via the éxhistidine tag
with a purity of >95%.2! Circular dichroism analysis revealed a sec-
ondary structure of the hybrid comparable to a mixture of the single
grass pollen allergens (data not shown). Main characteristics of the

recombinant hybrid molecule are summarized in Figure 1C.

3.2 | Diagnosis of genuine grass pollen allergy
using the recombinant grass pollen allergens Phl p 1,
Phl p 2, Phl p 5, and Phl p 6, and the hybrid

Sixty-four children aged from 6 to 17 years were subjected to SPT
with Phl p 1, Phl p 2, Phl p 5, Phl p 6, and the hybrid molecule. All
patients had a positive skin reaction and/or specific IgE to grass pol-
len extract and symptoms of pollinosis during grass pollen season
(rhinitis: 95.3%; conjunctivitis: 62.5%; asthma: 53.1%). A detailed de-
scription of the demographic, clinical, and serologic characteristics
is listed in Table S1. In addition, nine children without symptoms of
grass pollen allergy but with allergy to other allergen sources were
included in our investigation as negative controls (Table S2).

Sixty-one of the 64 children developed a positive skin reaction
to grass mix (mean wheal diameter 6.2 mm +2.6) and 57 of 64 chil-
dren had a positive SPT to timothy grass pollen extract (mean wheal
diameter 5.2 mm *2.2) (Figure 2, Table S3). Two patients had no pos-
itive SPT to any grass pollen extract (patients 54 and 63) and were
therefore excluded from further analysis. Within the control group,
no positive skin reaction to grass pollen extracts or an IgE response
to timothy grass pollen allergens was detected (Table S2).

All patients and controls were tested for skin reactivity to the
hybrid molecule and the single recombinant grass pollen allergens
(Table 1, Table S3). None of the children reported any large local,
systemic, late phase, or delayed-type reaction or any adverse event
related to skin prick testing with purified recombinant Phl p 1, Phl
p 2, Phl p 5, Phl p 6, and the hybrid molecule. A positive skin re-
action to the hybrid molecule was observed in 53 of the 62 chil-
dren with a positive SPT to grass pollen extract (85%, mean wheal
diameter 4.4 mm +1.8). Positive SPT responses to the single grass
pollen allergens were detected as follows: Phl p 1:68%, mean wheal
diameter 3.9 mm £0.8; Phl p 2:34%, mean wheal diameter 6.9 mm
+2.8; Phl p 5:64%, mean wheal diameter 6.6 mm £2.3; Phl p 6:40%,
mean wheal diameter 7.0 mm +3.1 (Table 1). All 53 patients with a
positive skin reaction to the hybrid also had a positive reaction to
at least one single grass pollen allergen (Table S3). It is of note that
among the patients with a positive SPT to the grass mix (n = 61),
nine patients were hybrid-negative, while among the children with
a positive SPT result to timothy grass pollen extract (n = 57), only
five were negative for the hybrid (Figure 2, Table S3). We further
analyzed allergen-specific sIgE levels of these 9 patients (patients
55-62, 64) by allergen-chip measurement and the hybrid-specific
IgE response by dot blot (Table 2, Figures S1 and S2). We found
that 5 of 9 children had specific IgE to the hybrid (patients 56, 57,
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FIGURE 2 Flow diagram for the diagnosis of genuine grass pollen allergy based on the hybrid molecule

TABLE 1 Skin reactivity of grass pollen allergic children (n = 64)

Grass mix Timothy grass
Number of SPT-positive 61 57
patients
Mean wheal diameter (mm) 6.32 5.22
min-max 3-17 3-11.5
Median 6 4.5

59, 61, 62). Patients 55, 58, 60, and 64 showed a negative SPT and
dot blot result to the hybrid, and a detailed description of these pa-
tients is given in Table 2. Patient 55 suffered from mild, obstructive
rhinitis with exacerbations from February to May and September to
December, conjunctivitis, asthma, and food- and exercise-induced
anaphylaxis. Measurement of sIgE revealed a pronounced sensiti-
zation to LTPs, but also to the timothy grass pollen allergens Phl
p 11 and Phl p 4, which could explain the positive SPT result to
grass pollen extract. A sensitization to Phl p 1 could be detected,
though at a low level (0.51 ISU), which might have not translated
into clinical symptoms yet, as the SPT to Phl p 1 and the hybrid
were both negative in this patient. In patients 58 and 59, who were
diagnosed with moderate (patient 58), and mild (patient 60) rhinitis

and persistent, post-viral asthma, an Ole e 1-specific IgE response

Phip 1 Phlp 2 Phlp 5 Phlp 6 hybrid
42 21 40 25 53
3.92 6.86 6.6 7.02 4.42
3-6 4-15 3.5-13 3-13 3-12
4 6.5 6.25 7 4

(patient 58:46.68 ISU, patient 60:0.42 ISU) was detected. IgE to Phl
p 4 was measured in these patients, while allergic symptoms were
most likely elicited due to the sensitization to olive pollen. Patient
64, who developed conjunctivitis and moderate rhinitis from March
to June, had IgE to profilin including Phl p 12, which could be re-
sponsible for the positive SPT to grass pollen extract, while clinical
symptoms could be attributed to the sensitization to weed pollen
allergens. Low levels of Phl p 1-specific IgE (0.32 ISU) but a negative
SPT result to Phl p 1, as observed for patient 55, were also detected
in this patient (Table 2).

In addition, we found that sIgE measurements and SPT results
to the single grass pollen allergens Phl p 1, Phl p 2, Phl p 5, and Phl p
6 were in good agreement (Table S4). IgE reactivity and SPT results
matched in >95% of the patients for Phl p 2 and Phl p 5, and in 89%
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TABLE 2 Characteristics of patients with positive SPT to grass pollen extract but negative SPT and dot blot result to the hybrid

Patients 55 58 60 64
Age 15 8 6 14
Family history No Yes Yes Yes

Asthma No Yes Yes No
Severity Na Mild persistent Moderate persistent Na
Phenotype Na Post-viral Post-viral Na

Rhinitis Yes Yes Yes Yes
Severity Mild Moderate Mild Moderate
Phenotype Obstructive Sneezing Obstructive Obstructive
Months of exacerbation 11-V; IX-XI11 nk 1-V; IX-XII 11-VI

Conjunctivitis Yes No No Yes

Atopic dermatitis No Yes Yes No

Food allergy Food and exercise-induced No No No

anaphylaxis
Total IgE (kU/L) 249 360 105 439
ISU-IgE positive Olee 7; LTP 0.74 Olee 1;46.68 Olee 1;0.42 Amb a 1; pectate lyase

Plaa 3; LTP 3.46
Arah9;LTP0.33
Cora8; LTP 1.66
Jugr3; LTP 1.39
Prup 3; LTP 6.67
Prudu 3; LTP 0.55

Explanation of positive SPT to grass pollen

Phlp 1 0.51
Phlp 11 0.44
Phl p 4 3.51 0.59
Phlp 12
Conclusion Sensitization to olive and

plane LTP syndrome pollen

nk, not known; na, not applicable.

of the patients for Phl p 6. Regarding Phl p 1, the chip measurement
was more sensitive than skin testing, as Phl p 1-specific skin reac-
tions and IgE reactivity were in agreement in 73% of the patients.
In 16 patients, a sensitization to Phl p 1 was detected, which did not
translate into a mast cell degranulation in the skin (Table S5).

In summary, diagnosis based on the hybrid molecule identified
57 of 61 (93.4%) patients with positive SPT to a grass mix and 54 of
57 (94.7%) patients with positive SPT to timothy grass pollen extract

as genuine grass pollen-sensitized (Figure 2).

4 | DISCUSSION

We generated a recombinant hybrid molecule consisting of the
four major timothy grass pollen allergens, Phl p 1, Phl p 2, Phl p
5, and Phl p 6. As the hybrid solely contains grass pollen-specific
epitopes, which are restricted to grass pollen and do not occur in

Prup 3;LTP 0.6

Sensitization to olive

0.99
Art v 1; defensin 19.78
Bet v 2; profilin 16.26
Hev b 8; profilin 23.13
Mer a 1; profilin 27.21
Pru du 4; profilin 7.5
Profilin; 7.83
Parj2; LTP 51.33

0.32

1.52
0.72

Sensitization to weed
pollen

Sensitization to olive pollen

other allergen sources, IgE recognition of the hybrid indicates a
specific sensitization to grass pollen. The hybrid was already suc-
cessfully used for in vitro serologic testing and in vivo diagnosis of
grass pollen allergy in adult patients, demonstrating that all grass
pollen allergic patients showed IgE reactivity as well as a positive
skin reaction to the hybrid.?%22 In this work, we investigated its
suitability and safety for in vivo diagnosis of genuine grass pollen
allergy in 64 children from southern Europe suffering from pol-
linosis. In patients from this area, the determination of the sensi-
tizing allergen source is challenging due to overlapping periods of
symptoms and flowering of allergenic plants and an abundance of
multisensitization profiles. Distinguishing sensitization to grass,
olive, and weed pollen is particularly difficult due to the high
prevalence of these allergen sources and the presence of cross-
reactive allergens in pollen.** In particular, for children the early
and correct immunotherapy prescription is of great importance,

as it has been shown that SIT does not only have an immediate
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clinical benefit, but also prevents the progression of allergic rhi-
nitis to asthma.®

All investigated children had IgE and/or a positive skin reac-
tion to grass pollen extract, but also multiple sensitizations to
other pollen-derived allergens were detected using an allergen
microarray; notably, about 42% of the children had IgE to Ole e
1, which is a diagnostic marker for sensitization to olive pollen.?®
We found that 93% of patients with a positive skin test to a mix
of grass pollen extracts and 95% of patients with a positive skin
test to timothy grass pollen extract also had a positive reaction
to the hybrid, either by skin testing or serology. Those children
were identified as genuinely grass pollen-sensitized, and specific
immunotherapy with grass pollen extract would represent an ap-
propriate treatment. In contrast, four children did not react to
the hybrid. They had sensitizations to other cross-reactive grass
pollen allergens such as Phl p 11, Phl p 12, and Phl p 4, which
might explain the positive skin prick test results to grass pollen
extract. Two of the hybrid-negative children also had very low
levels of Phl p 1-specific IgE. However, allergic symptoms did
not occur during the main flowering period of grasses in these
children, indicating that the sensitization had not reached clini-
cal relevance yet. Instead, allergic symptoms could be explained
by sensitization to olive, plane, and weed pollen in the hybrid-
negative patients, and AIT against those allergen sources would
therefore be an appropriate treatment. Moreover, for two of
those children asthmatic reactions were attributed to viral infec-
tions. SIT with grass pollen extract would not have been useful
for the hybrid-negative patients. Thus, diagnosis based on the
hybrid molecule allowed identifying genuine grass pollen allergy
in the polysensitized children. We suggest that the sensitivity
of in vivo diagnosis with the hybrid might be even increased by
using a higher concentration comparable to a previous study, as
no side effects during skin testing were observed in any of the
investigated children.??

The combination of the 4 major grass pollen allergens was equally
suited for the in vivo detection of grass pollen allergy by skin test-
ing as the hybrid. However, considering the high costs for manufac-
turing and market authorization, the construction of a single hybrid
molecule consisting of the major allergens from a complex allergen
source may represent a big advantage.

Furthermore, we suggest that a vaccine comprising Phl p 1, Phl
p 2, Phlp 5, and Phl p 6 will be suitable for the vast majority of grass
pollen allergic patients, as they are only present in grass pollen and
represent strong elicitors of allergic reactions.® Phl p 7 and Phl p 12
are recognized only by few grass pollen allergic patients and there-
fore do not represent essential ingredients of a grass pollen vaccine.
Such a vaccine could be based on the hybrid protein described by us,
a mix of recombinant Phl p 1, Phl p 2, Phl p 5, and Phl p 6, or a mix
of hypoallergenic derivatives of the four allergens such as the new
recombinant grass pollen vaccine BM32.26-%0

In clinical practice, skin testing still represents the first-line di-
agnostic method, as it is fast, relatively cost-effective, and has a low
complication rate. Notably, about 50% of approved extract-based

test solutions disappeared from the market in the recent years due
to the introduction of a more rigorous EU legislation.*® Considering
that for all important allergen sources, the marker allergens indicat-
ing a specific sensitization are known, recombinant allergens and
allergen derivatives as the recombinant grass pollen hybrid could
replace traditional allergen extracts for a more precise in vivo prov-

ocation testing in the future.

ACKNOWLEDGMENTS

This study was funded by project F4605 and P29991 of the Austrian
Science Fund (FWF). Rudolf Valenta is recipient of a Megagrant
of the Government of the Russian Federation, grant number
14.W03.31.0024.

CONFLICT OF INTEREST

Rudolf Valenta has received research grants from Biomay, Vienna,
Austria, and Viravaxx, Vienna, Austria, and serves as a consultant for
both companies.

AUTHORS’ CONTRIBUTIONS

N.D, VG, and BL contributed to acquisition of data. NGP, VR, and B.L
were involved in the conception and design of the study. ND, VG,
MFT, RV, NGP, and BL analyzed and interpreted the data. BL and RV
wrote the original draft. ND, VG, MFT, RV, NGP, and BL reviewed

and edited the manuscript.

ORCID

Nikolaos G. Papadopoulos https://orcid.org/0000-0002-4448-3468

Birgit Linhart https://orcid.org/0000-0001-6857-3049

REFERENCES

1. Bhattacharyya N. Functional limitations and workdays lost asso-
ciated with chronic rhinosinusitis and allergic rhinitis. Am J Rhinol
Allergy. 2012;26:120-122.

2. Burbach GJ, Heinzerling LM, Edenharter G, et al. GA(2)LEN skin
test study Il: clinical relevance of inhalant allergen sensitizations in
Europe. Allergy. 2009;64:1507-1515.

3. Hatzler L, Panetta V, Lau S, et al. Molecular spreading and predic-
tive value of preclinical IgE response to Phleum pratense in children
with hay fever. J Allergy Clin Immunol. 2012;130:894-901.

4. Niederberger V, Laffer S, Froschl R, et al. IgE antibodies to recom-
binant pollen allergens (Phl p 1, Phl p 2, Phl p 5, and Bet v 2) ac-
count for a high percentage of grass pollen-specific IgE. J Allergy
Clin Immunol. 1998;101:258-264.

5. Vrtala S, Fischer S, Grote M, et al. Molecular, immunological, and
structural characterization of Phl p 6, a major allergen and P-parti-
cle-associated protein from Timothy grass (Phleum pratense) pollen.
JImmunol. 1999;163:5489-5496.

6. Westritschnig K, Horak F, Swoboda I, et al. Different allergenic ac-
tivity of grass pollen allergens revealed by skin testing. Eur J Clin
Invest. 2008;38:260-267.


https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0001-6857-3049
https://orcid.org/0000-0001-6857-3049

DOULADIRIS eT AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Durham SR, Walker SM, Varga EM, et al. Long-term clinical efficacy
of grass-pollen immunotherapy. N Engl J Med. 1999;341:468-475.
Moller C, Dreborg S, Ferdousi HA, et al. Pollen immunother-
apy reduces the development of asthma in children with sea-
sonal rhinoconjunctivitis (the PAT-study). J Allergy Clin Immunol.
2002;109:251-256.

Kazemi-Shirazi L, Niederberger V, Linhart B, Lidholm J, Kraft
D, Valenta R. Recombinant marker allergens: diagnostic gate-
keepers for the treatment of allergy. Int Arch Allergy Immunol.
2002;127:259-268.

Stringari G, Tripodi S, Caffarelli C, et al. Italian Pediatric Allergy
Network (I-PAN). The effect of component-resolved diagnosis on
specific immunotherapy prescription in children with hay fever. J
Allergy Clin Immunol. 2014;134:75-81.

Tripodi S, Frediani T, Lucarelli S, et al. Molecular profiles of IgE
to Phleum pratense in children with grass pollen allergy: im-
plications for specific immunotherapy. J Allergy Clin Immunol.
2012;129:834-839.

Focke M, Marth K, Flicker S, Valenta R. Heterogeneity of
commercial timothy grass pollen extracts. Clin Exp Allergy.
2008;38:1400-1408.

Valenta R, Karaulov A, Niederberger V, et al. Allergen extracts for in
vivo diagnosis and treatment of allergy: Is there a future? J Allergy
Clin Immunol Pract. 2018; in press.

Douladiris N, Savvatianos S, Roumpedaki I, Skevaki C, Mitsias D,
Papadopoulos NG. A molecular diagnostic algorithm to guide pol-
len immunotherapy in southern Europe: towards component-re-
solved management of allergic diseases. Int Arch Allergy Immunol.
2013;162:163-172.

Klimek L, Hoffmann HJ, Renz H, et al. Diagnostic test allergens
used for in vivo diagnosis of allergic diseases are at risk: a European
Perspective. Allergy. 2015;70:1329-1331.

Lupinek C, Wollmann E, et al. Advances in allergen-microarray tech-
nology for diagnosis and monitoring of allergy: the MeDALL aller-
gen-chip. Methods. 2014;66:106-119.

Moreno C, Justicia JL, Quiralte J, et al. Olive, grass or both?
Molecular diagnosis for the allergen immunotherapy selection in
polysensitized pollinic patients. Allergy. 2014;69:1357-1363.

Sastre J, Landivar ME, Ruiz-Garcia M, Andregnette-Rosigno MV,
Mahillo I. How molecular diagnosis can change allergen-specific
immunotherapy prescription in a complex pollen area. Allergy.
2012;67:709-711.

Passalacqua G, Melioli G, Bonifazi F, et al. The additional values of
microarray allergen assay in the management of polysensitized pa-
tients with respiratory allergy. Allergy. 2013:68:1029-1033.
Niederberger V, Eckl-Dorna J, Pauli G. Recombinant allergen-based
provocation testing. Methods. 2014,66:96-105.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

WILEY--%

Linhart B, Hartl A, Jahn-Schmid B, et al. A hybrid molecule resem-
bling the epitope spectrum of grass pollen for allergy vaccination. J
Allergy Clin Immunol. 2005;115:1010-1016.

Metz-Favre C, Linhart B, Focke-Tejkl M, et al. Skin test diagnosis of
grass pollen allergy with a recombinant hybrid molecule. J Allergy
Clin Immunol. 2007;120:315-321.

Devanaboyina SC, Cornelius C, Lupinek C, et al. High-resolution
crystal structure and IgE recognition of the major grass pollen aller-
gen Phl p 3. Allergy. 2014;69:1617-1628.

Bousquet J, Heinzerling L, Bachert C, et al. Global Allergy and
Asthma European Network; Allergic Rhinitis and its Impact on
Asthma. Practical guide to skin prick tests in allergy to aeroaller-
gens. Allergy. 2012;67:18-24.

Palomares O, Swoboda |, Villalba M, et al. The major allergen of olive
pollen Ole e 1 is a diagnostic marker for sensitization to Oleaceae.
Int Arch Allergy Immunol. 2006;141:110-118.

Jutel M, Jaeger L, Suck R, et al. Allergen-specific immunotherapy
with recombinant grass pollen allergens. J Allergy Clin Immunol.
2005;116:608-613.

Zieglmayer P, Focke-Tejkl M, Schmutz R, et al. Mechanisms, safety
and efficacy of a B cell epitope-based vaccine for immunotherapy
of grass pollen allergy. EBioMedicine. 2016;11:43-57.

Niederberger V, Neubauer A, Gevaert P, et al. Safety and efficacy
of immunotherapy with the recombinant B-cell epitope-based grass
pollen vaccine BM32. J Allergy Clin Immunol. 2018;142:497-509.
Weber M, Niespodziana K, Linhart B, et al. Comparison of the im-
munogenicity of BM32, a recombinant hypoallergenic B cell epi-
tope-based grass pollen allergy vaccine with allergen extract-based
vaccines. J Allergy Clin Immunol. 2017;140:1433-1436.

Valenta R, Campana R, Niederberger V. Recombinant allergy vac-
cines based on allergen-derived B cell epitopes. Immunol Lett.
2017;189:19-26.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Douladiris N, Garib V, Focke-Tejkl M,
Valenta R, Papadopoulos NG, Linhart B. Detection of
genuine grass pollen sensitization in children by skin testing
with a recombinant grass pollen hybrid. Pediatr Allergy
Immunol. 2019;30:59-65. https://doi.org/10.1111/pai.12991



https://doi.org/10.1111/pai.12991

