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Abstract

Background Molecular component-resolved diagnos-
tics has established itself in recent years as an integral
part of the routine diagnosis of allergic rhinitis.
Methods A systematic literature review was per-
formed.

Results By using allergen components appropriately,
it is possible to identify IgE sensitizations to specific
marker allergens and to crossreactive allergens and
this way explain polysensitizations obtained in ex-
tract-based diagnostics. The detection of individual
molecular sensitization patterns enables better clas-
sification of the clinical symptoms, thus enhancing
the possibility of individual, personalized treatment
planning. This implies greater diagnostic reliability for
specific immunotherapy, which should in turn result
in a better treatment response—despite there being
no scientific evidence of this as yet.

Discussion In spite of the immense expansion of our
knowledge in the field of component-resolved diag-
nostics, the clinical relevance of molecular findings
still needs to be consistently assessed on the basis
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of the individual patient’s symptoms. This paper is
intended to provide a guide to—and highlight possi-
ble courses of action when—making appropriate use
of individual components in the diagnosis of allergic
rhinitis.
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Abbreviations

CCD Cross-reactive carbohydrate determinants
EIA Enzyme immunoassay

FABER Patient-friendly allergen nano-bead array
FEIA Fluorescence enzyme immunoassay

IgE Immunoglobulin E

ISAC Immuno solid-phase allergen chip

IUIS International Union of Immunological So-
cieties

MeDALL Mechanisms of the development of allergy

nsLTP Non-specific lipid transfer protein

slgG Specific immunoglobulin G

sIgE Specific immunoglobulin E

SIT Specific immunotherapy
WHO World Health Organization

Introduction

Since the major birch allergen Bet v 1 was first cloned
in 1988, the molecular diagnosis of allergies has es-
tablished itself as an integral part of the routine
diagnostic work-up for allergic rhinitis, food allergies,
and allergic asthma [1]. Furthermore, it also plays
an important role in Hymenoptera venom allergy [2].
Whereas in the past only allergen extracts were used
for diagnostic purposes (prick tests, intracutaneous
tests, determination of specific immunoglobulin E
[IgE], and provocation testing with extracts), specific
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allergen components for the relevant allergen sources
are available today for serological testing [3, 4]. Pro-
teins or glycoproteins that have been recombinantly
produced or purified from the allergen source repre-
sent the actual allergy-eliciting substances. Allergen
components to which more than 50% of patients are
sensitized are defined as major allergens, while minor
allergens have a sensitization rate of <10%. Allergen
components that fall into the 10%-50% range are re-
ferred to as “intermediary allergens” [5]. In addition
to the allergen components specific to an allergen
source, allergen extracts also contain other allergen
components, which, for instance, have remained
highly conserved during the course of evolution and
can be found in a large number of plants and which
are able to mimic polysensitizations (profilins, polcal-
cins) in extract-based diagnostics. Therefore, by using
allergen components appropriately, new aspects of
the diagnosis and management of allergic rhinitis
emerge in terms of: (1) the identification of the elic-
iting allergen source, (2) the understanding of cross-
reactivity, (3) the clarification of complex sensitiza-
tion patterns, (4) greater accuracy when prescribing
SIT. Moreover, it is possible to formulate a risk profile
for the occurrence of anaphylactic reactions in food
allergies.

Not only these aspects, but also the fact that the
number of allergen extracts commercially available for
skin testing is likely to continue decreasing in the fu-
ture, highlight the growing importance of laboratory
diagnostics using allergen components [6].

This paper is intended to provide a guide to—and
highlight possible courses of action when—making
appropriate use of individual components in the di-
agnosis of allergic rhinitis.

Allergen nomenclature

The system for naming allergen components was
developed by a subcommittee on allergen nomencla-
ture (Allergen Nomenclature Sub-committee, www.
allergen.org) under the auspices of the World Health
Organization (WHO) and the International Union of
Immunological Societies (IUIS) [7-9]. The name of an
allergen component consists of the first three letters
of the allergen source’s Latin name, followed by the
first letter of its species name. For example, aller-
gens in the birch pollen (Betula verrucosa) extract are
indicated by the stem “Bet v”.

The allergen components are then numbered with
Arabic numbers in the order of their discovery, i.e.,
“Bet v 1”. If allergens that are homologous in terms
of structure and immunological behavior are found in
other species, e. g., in hazelnut pollen or alder pollen,
numbering is guided by the Arabic number of the al-
lergen first described, assuming this has not already
been assigned, e.g., “Cor a 1” (from Corylus avellana)
or “Aln g 1” (from Alnus glutinosa), but “Ara h 8” (from
Arachis hypogaea) in peanut. Allergens of this kind

are assigned to groups: one talks about Group I tree
pollen allergens [8].

Group I allergens from other allergen sources may
have completely different characteristics. For exam-
ple, in terms of their structure, Group I grass allergens
differ entirely from Group I tree pollen allergens.

The nomenclature takes into account isoaller-
gens and allergen variants, allergen-encoding genes,
messenger RNA (mRNA), and complementary DNA
(cDNA), as well as allergenic peptides of recombinant
or synthetic origin, in both original and modified
form [10]. Isoallergens and their variants are given
a four-digit numerical code after the major allergen
number. The first two numbers (01-99) denote isoal-
lergens with >67% sequence identity. The third and
fourth numbers (01-99) denote variants of an isoal-
lergen with >90% sequence identity, e. g., Bet v 1.0101
and Bet v 1.0103 [11]. Data on new allergens or re-
lated molecules are carefully checked before these are
named and included in the official list of allergens
(www.allergen.org).

The identification and characterization of allergen
components is a dynamic process. The most exhaus-
tive round-up of these components and their char-
acteristics can be found in the Allergome database
(www.allergome.org), which is updated weekly.

Reactions to cross-reactive proteins
Profilins

Profilin is present in all eukaryotic cells, where it
forms part of the cytoskeleton. It has been present,
highly conserved, over the course of evolution in vir-
tually all plants and can also be found with a structure
homology of over 75% in evolutionarily widely dis-
tinct organisms (see Table 1). It is for this reason that
profilin is referred to as a panallergen [12]. Although
profilin sensitizations rarely cause symptoms, they
present considerable problems in diagnostic testing
with allergen extracts, since they may mimic polysen-
sitizations [13]. Furthermore, profilins are also found
in plant foods.

Polcalcins

Polcalcins are calcium-binding proteins that control
the calcium level in plants. In this way, they influence
plant germination and growth. The approximately
40 polcalcins identified to date exhibit high structural
homology (77%) and are thus able to mimic polysen-
sitizations when only allergen extracts are used (see
Table 2). As with profilins, sensitization to polcalcins
rarely causes symptoms [13].

Sensitization to profilin, as well as to polcalcin, gen-
erally follows sensitization to a major allergen from
the major allergen sources (primarily grasses, birch,
mugwort, ragweed) [14]. Thus, it makes sense dur-
ing the diagnostic work-up to investigate, alongside
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Table 1 Profilins fromvar-
ious allergen sources. For

Botanical order

; : Fagales

diagnostic purposes, one

need only test for the pro-

filin—alongside the major al-

lergens—of the leading aller-

gen extract in the skin prick

test
Gramineae
Asteraceae
Urticaceae
Oleacea

Table 2 Polcalcinsin vari-
ousallergensources. Aswith

Botanical order

profilin,oneneedonlytestfor Fagales

the polcalcin—alongside the

major allergens —of the lead-

ingallergenextractintheskin

prick test
Gramineae
Asteraceae
Urticaceae
Oleacea

the major allergen, the profilin and/or polcalcin in
the main allergen extract in the skin prick test. It
is not necessary to determine profilin and polcalcin
from several allergen sources.

Cross-reactive carbohydrate determinants

In addition to the above-mentioned cross-reactiv-
ity due to the structure homology of profilins and
polcalcins, one also encounters other cross-reactive
confounders in in vitro and in vivo diagnostics. Nu-
merous allergen extracts contain N-glycans with al,3-
linked fucose. These carbohydrate structures not
found in humans can induce IgE and may be the
cause of strong cross-reactivity between proteins that
are structurally wholly dissimilar. These are referred
to as cross-reactive carbohydrate determinants, or
CCDs. Approximately 10%-20% of all atopic individ-
uals exhibit CCD-specific IgE antibodies. Although
sensitizations have no clinical relevance, they are
regularly responsible for false positive findings.

This has a particularly hampering effect in the in-
vestigation of potentially life-threatening forms of al-
lergy, such as peanut allergy or latex allergy. Likewise
in insect venom allergies, it is estimated that CCDs
mimic double sensitization to bee venom and wasp
venom in 25% of all patients. The use of CCD-free al-
lergen components offers an inestimable advantage
over tests with allergen extracts. If suitable single
molecules are not available for tests, simple commer-

Allergen source
Birch (Betula verrucosa)

Allergen component
Betv 2

Hazel (Corylus avellana) Cora?2
Alder (Alnus glutinosa) Alng 2
0ak (Querus alba) Que a2
Beech (Fagus sylvatica) Fags 2
Timothy grass (Phleum pratense) Phlp 12
Mugwort (Artemisia vulgaris) Artv4
Ragweed (Ambrosia artemisiifolia) Amb a8
Wall pellitory (Parietaria judaica) Parj3
Olive (Olea europaea) Olee 2
Ash (Fraxinus excelsior) Frae 2

Allergen source
Birch (Betula verrucosa)

Allergen component
Betv 4

Alder (Alnus glutinosa) Aing 4

0ak (Querus alba) Quea4

Beech (Fagus sylvatica) Fags4

Timothy grass (Phleum pratense) Phip7

Mugwort (Artemisia vulgaris) Artv5

Ragweed (Ambrosia artemisiifolia) Amb a 9/Amb a 10
Wall pellitory (Parietaria judaica) Parj4

Olive (Olea europaea) Olee 3/0lee 8
Ash (Fraxinus excelsior) Frae 3

cial screening tests for suitable glycan sources (e.g.,
bromelain, CCD-MUXF3) can at least provide valu-
able information on whether anti-CCD IgE antibodies
of this kind are present in serum.

Investigations for CCD antibodies in the case of al-
lergic rhinitis are beneficial if polysensitization that
cannot be explained either by the relevant major al-
lergens or by profilin and polcalcin is present.

Reactions to grasses

Grasses are found all over the world. In temperate
climates such as Europe, one finds almost exclusively
grasses from the family Poaceae (grasses), which ex-
hibit strong cross-reactivity. In this context, timothy
grass (Phleum pratense) represents the most impor-
tant grass species from an allergological perspective.
With a sensitization prevalence of around 20% in chil-
dren and adults in Germany, timothy grass is the al-
lergen source with the highest sensitization rate [15,
16].

To date, 13 allergen components from Phleum
pratense have been described. The detection of spe-
cific immunoglobulin E (sIgE) to Phl p 1 and/or
Phl p 5 demonstrates true sensitization to grasses
with a high degree of certainty [17, 18]. Both allergen
components have sensitization rates of up to 95%
in the grass pollen-sensitized group and are there-
fore referred to as marker allergens for grass pollen
sensitization (see Table 3 and Fig. 1).
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Table 3 Marker allergens

- Allergen source
and cross reactive allergens

Marker allergen

Cross-reactive allergens

inimportant pollen allergen FGiT FOELED
sources Birch pollen Betv 1 Betv 2 Betv 4
Hazel pollen
Alder pollen
Grass pollen Phlp 1 Phlp 12 Phip7
Phip 5
Ash pollen Oleel Olee?2 Olee3
Olive pollen
Mugwort pollen Artv1 Artv4 Artv5
Ragweed pollen Amba1 Amb a8 Amb a 9/Amb a 10
Wall pellitory pollen Parj 2 Parj 3 Parj4
Fig. 1 Molecularpollenal-
lergen calendar forimpor- Month
tant allergen sources and Allergen Jan | Feb |March| April | May | June | July | Aug | Sept | Oct | Nov | Dec
their respective marker al- SEITER
lergens .
Birch
Alder B
Hazel
Ash/Olive Ole
Plane P
Rye
Grasses Phip 1/Phlp
Mugwort f
Ragweed Amb
Ribwort Pla

. High pollen count

Rye also belongs to the grasses. Therefore, sensiti-
zation to rye can also be sufficiently well detected by
means of marker allergen determination [18].

In the case of suspected grass allergy, molecular
diagnostics needs to answer the following questions:

1. Is true sensitization to the marker allergens Phl p 1
and/or Phl p 5 present?

2. Is additional sensitization to profilin/polcalcin (Phl
p 12/Phl p 7) present?

3. In the case of testing negative to the marker aller-
gens and testing positive for profilin and/or polcal-
cin: What is the underlying allergen source respon-
sible for “false” sensitization to the grass extract?

SIT is beneficial in those patients that test positive to
the marker allergens and exhibit corresponding symp-
toms. In the case of positive detection of sIgE to pro-
filin and/or polcalcin and negative testing for marker
allergens, SIT should not be performed. In such cases,

. Moderate pollen count . Low pollen count

the search for the sensitizing major allergen takes pri-

ority.
Reactions to tree pollen

In addition to grasses, tree pollens are the most im-
portant allergen sources in the European region. With
a prevalence of around 19%, birch is the second most
frequent cause of sensitizations to aeroallergens in the
German population [15]. Other relevant early-bloom-
ing trees include hazel and alder, with a sensitiza-
tion prevalence of around 16% in Germany. Birch,
hazel, and alder belong to the botanical order Fagales
and, within this, to the birch family (Betulaceae). The
chestnut (Castanea sativa), common beech (Fagus syl-
vatica), and white oak (Querus alba) also belong to the
order Fagales, but to the beech family (Fagacea).

All trees in the order Fagales have a major allergen
protein from the group of PR-10 proteins, of which
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Fig. 2 Avariety of PR-

10 proteins (Bet-v-1 ho-
mologs). Primary sensiti-
zationto Betv 1 from birch
pollen can cause oral allergy
syndrome in the case of
oralingestion of the foods
pictured. Since the pro-
teins are easily denatured
by gastric acids, gastroin-
testinal symptoms generally
do not occur. Subjecting
the proteins to heat treat-
ment by cooking or baking
also causes denaturation,
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Bet v 1is the main representative. The proteins exhibit
high structural homology and, as a result, are referred
to as Bet v 1 homologs. Thus, Bet v 1 is the marker
allergen for early-blooming trees in the order Fagales
(see Table 3 and Fig. 1; [18]).

Bet v 1 homologs are found not only in the pollen
of related trees, but also in a large number of foods
(see Fig. 2). Since proteins in the group of Bet v 1
homologs are heat- and acid-labile, food preparations
comprising the relevant cooked or baked foods are
usually well tolerated. Cases of allergic reaction usu-
ally remain limited to the oral cavity and are referred
to as oral allergy syndrome.

In addition to trees in the order Fagales, trees from
the olive (Oleaceae), cypress (Cupressacaea), and
plane tree (Platanaceae) families are also responsi-
ble for the onset of allergic rhinitis in Germany and
Europe [20].

With almost the same flowering period, and in con-
trast to birch, the ash tree (Fraxinus excelsior) from the
family of olive trees is primarily of relevance in Cen-
tral Europe. In southern Europe, on the other hand,
the olive (Olea europaea) is of clinical relevance. The
marker allergen for the olive family is Ole 1, which has
high structural homology with the major allergens of
other trees in the family, such as ash (Fra e 1) (see
Table 3). Testing for Ole e 1 is sufficient to prove sen-
sitization to ash or other trees in the family [21].

As in the diagnosis of grass allergy, molecular diag-
nostics should answer the following questions:

1. Is true sensitization to the marker allergens Bet v 1
and/or Ole e 1 present?

2. Is additional sensitization to profilin/polcalcin (Bet
v 2/Bet v 4) present?

3. In the case of testing negative to the marker aller-
gens and testing positive for profilin and/or polcal-
cin: What is the underlying allergen source respon-
sible for “false” sensitization to the tree extract?

SIT in tree pollen-related rhinoconjunctivitis is ben-
eficial if sIgE to the marker allergen Bet v 1 and/or
Ole e 1 is found, not, however, in the case of sole sen-
sitization to profilin and/or polcalcin [18, 22]. As in
grass allergies, a search for the sensitizing major aller-
gen is recommended in the case of the latter. If tests
for Bet v 1 and Ole e 1 are positive, nasal provocation
testing with ash should be performed. Where this is
negative, and in the case of relevant symptoms, SIT
to birch is indicated; if provocation testing is positive,
further nasal provocation testing with birch should be
carried out in order to exclude an allergy to both al-
lergen sources. If provocation testing is once again
positive, SIT to birch and ash is indicated.
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Fig. 3 Apossibledecision-
making algorithm for sus-
pected weed allergy to mug-
wort and/or ragweed. Modi-
fied according to [24]

A 4

Possible weed allergy

v

Skin prick test
mugwort and ragweed extracts
positive

'

slgE Ragweed +

slgE Mugwort -

+ | +

Y

sigE Amba 1 +

slg Artv 1 -

+ | +

Y Y A\

Primary mugwort allergy
Specificimmunotherapy
to mugwort

Reactions to weeds

With a sensitization prevalence of around 9% in the
German population, mugwort (Artemisia vulgaris) is
the third most common cause of pollen-mediated
type I allergy in Germany [15]. In addition to the
major allergen Art v 1, the non-specific lipid trans-
fer protein (nsLTP) Art v 3 is commercially available
for allergy diagnostics. The latter allergen compo-
nent is able to account for cross-reactions to nsLTPs
in foods. Although profilin (Art v 4) and polcalcin
(Art v 5) are also found in mugwort pollen, they are
not commercially available specifically for mugwort.

Differentiating the underlying genuine sensitiza-
tion can be challenging when using allergen extracts
in regions where ragweed (Ambrosia artemisiifolia)
grows [23]. Both plants belong to the aster family
(Asteraceae). Whereas ragweed with its major aller-
gen Amb a 1 (profilin Amb a 8, polcalcins Amb a 9 and
Amb a 10) represents a highly relevant allergen source
in large swaths of North America, it is less common
in Central Europe. Nevertheless, high sensitization
rates are seen particularly in patients with co-sensiti-
zation to mugwort, caused in part by cross reactions
between Amb a 1 and Art v 6 (not commercially avail-
able as yet). Using the relevant major allergens in
diagnostics, however, can be beneficial in many cases
to identify the true sensitization (see Fig. 3).

Mugwort/ragweed Primary ragweed allergy

co-sensitization Specificimmunotherapy
Specific immunotherapy to ragweed

to mugwort and ragweed

Sensitizations to other herbs, such as ribwort (Plan-
tago lanceolata) from the family of Plantaginaceae, or
wall pellitory (Parietalis officinalis) from the family of
Urticaceae, are rare and exhibit few cross-reactions
with one another. In terms of marker allergens, Plal1,
a protein similar to Ole e 1, is available for ribwort,
while Par j 2, a nsLTP, is available for wall pellitory.

Reactions to house dust mites

Of all the perennial allergen sources, house dust
mites are the most important [25]. Whilst Der-
matophagoides pteronyssinus is widespread in Eu-
rope, Dermatophagoides farinae predominate in the
US [26]. If present in large numbers, they cause
rhinoconjunctivitis and are frequently responsible for
the onset of allergic bronchial asthma [27]. More than
20 different Dermatophagoides pteronyssinus allergen
components, with varying prevalences in terms of
sensitization in Europe, have been described to date
(28, 29]. Der p 1, Der p 2, Der p 10 (tropomyosin) and,
since May 2017, Der p 23 are commercially available,
the first two and Der p 23 being classified as major al-
lergens. The majority of treatment solutions (allergen
extracts) available for SIT are standardized on Der p 1
and Der p 2 [30]. As mentioned above, sensitizations
to major allergens are subject to considerable regional
variation and may be absent in a significant number
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Fig. 4 Apossibledecision-
making algorithm for sus-
pected house dust mite al-

Possible
house dust mite allergy

lergy. Modified according
to[24]. Inthe case of nega-
tive testing for the major al-

lergens Derp 1andDerp 2,
SITshould bediscussedcrit-
ically with the patient

pos

D. pteronyssinus/D. farinae
itive

Skin prick test

Der p 1/Derp 2
possibly also Der p 10

Molecular diagnosis

!

'

Der p 1 and/or Der p 2
positive

Der p 1/Der p 2 negative
Der p 10 positive

F

'

Possible cross reaction
to seafood

!

Allergen avoidance
Specific immunotherapy

No specific

immunotherapy Treatment recommendation

of cases, despite positive reactions to mite extracts
being detected [28, 29].

Der p 23 represents an important new major al-
lergen [31]. In addition to having prevalence rates
comparable to the major allergens described above,
Der p 23 appears to also have a predictive value for
the onset of allergic bronchial asthma in childhood
[32].

In contrast to the extract-based diagnostics used
to date, allergen component-resolved testing (Der p 1
and Der p 2) permits a better estimation of whether
or not SIT will be beneficial in an individual patient
(see Fig. 4). Since not all patients exhibit sensitization
to at least one of the two major allergens contained
in the treatment solutions, SIT should be discussed
critically and possibly even discarded if sensitization
to Der p 1 and Der p 2 is absent [33].

In the case of intolerance reactions to seafood (e. g.,
shrimps, octopus, mussels), determining Der p 10
may reveal possible cross reactions between tropo-
myosin from house dust mites and seafood [34, 35].

Reactions to fur-bearing animals (dog, cat, and
horse)

In addition to the house dust mite, fur-bearing an-
imals (primarily the cat) represent yet another im-
portant source of indoor allergens [36]. Due to their
small size, cat allergens reach the deep airways more
frequently, where they can elicit not only bronchial
hyperresponsiveness but also bronchial asthma.

Allergen components are found in saliva, urine, and
animal dander and are easily transported on clothing
to other areas of daily life (school, workplace, public
buildings). At present, Fel d 2 and Fel d 4, in addi-
tion to Fel d 1, are available for the molecular diagno-
sis of cat allergy. The allergen component Fel d 1 is
the major cat allergen and is found in the animal’s
saliva as well as on its skin. From a biochemical
perspective, the protein belongs to the uteroglobins.
The minor allergen Fel d 2 (serum albumin) exhibits
strong cross-reactions to canine (Can f 3) and equine
(Equ c 3) serum albumin. Lipocalins are also cross-
reactive with one another (Fel d 4, Equ c 1, Can f 6)
[37]. Sensitizations to major allergens from the re-
spective animals (Fel d 1, Can f 1, Can f 2, Can f 5,
Equ c 1) indicate specific sensitization. In the case of
negative testing to the respective major allergens and
positive detection of antibodies to lipocalin or serum
albumin, one should consider cross-reactivity or co-
sensitization to other animal species and continue to
seek for the genuine sensitization [38].

Established test methods and new trends in
molecular diagnostics

Fluorescence enzyme immunoassay (FEIA)—more
rarely enzyme immunoassay (EIA)—determinations
are common today. Test methods to detect specific
IgE to particular allergen components do not differ
in this context from extract-based methods. Allergen
components are added (so-called spiking) to some
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allergen extracts, e.g., latex extracts, to improve test
sensitivity [39]. As of 2017, more than 50 allergen
components are available for the molecular diag-
nosis of allergic rhinitis. Other components will be
added to elucidate the patient’s sensitization profile.
This requires a sound knowledge of local prevalences
of various sensitizations, as well as relevant marker
allergens and cross reactions, and can prove time-
consuming in the first instance.

Singleplex assays are available for the detection of
specific antibodies to a particular allergen compo-
nent, as well as allergen microarrays for simultane-
ous testing with multiple allergen components [40,
41]. The latter test method is particularly helpful if
patients are polysensitized and exhibit other allergies,
e.g., to food, in addition to allergic rhinitis.

The first standardized allergen microarray has been
available for several years and makes it possible to
measure specific IgE antibodies to, at present, 112 dif-
ferent allergen components from 51 allergen sources
(ImmunoCAP ISAC-Chip, Immuno Solid-phase Aller-
gen Chip). A mere 20 pl serum or plasma is sufficient
to this end, thereby making for a gentler procedure,
e. g., when testing young children [42].

Further developments to the ISAC chip, such as the
MeDALL-chip (mechanisms of the development of al-
lergy), enable the detection of sIgE and sIgG to more
than 170 allergen components and are already being
used for scientific purposes [32, 43].

The most recent developments, such as the FABER
chip (patient friendly allergen nano-bead array), make
it possible to detect sIgE to 122 allergen components
and a further 122 allergen extracts in 100 ul patient
serum (www.caam-allergy.com/en/faber). However,
larger studies on this chip have not been published
as yet.

Allergen components in therapeutic solutions for
SIT

Specific allergen components not only play a role in
the diagnostic context, but also in the production of
therapeutic solutions for SIT. Inmunotherapy is pri-
marily beneficial in the case of sensitization to major
allergens [22, 44]. The extracts used for SIT are stan-
dardized first and foremost on the relevant major al-
lergens. This is intended to guarantee that consistent
quantities of the major components are present in
the therapeutic solution, thereby ensuring particularly
good immunomodulation in terms of tolerance induc-
tion [45]. This is all the more important when one
considers that the content of intermediate and minor
allergens differs greatly not only between batches of
a product, but also between different products from
the various manufacturers [46, 47].

The advantages of molecular component-re-
solved diagnostics vs. testing with whole ex-
tracts

Molecular diagnostics using allergen components en-
ables targeted testing for relevant sensitizations to al-
lergy-eliciting proteins [48]. Measuring sIgE to de-
fined, relevant single molecules makes it possible to
eliminate diagnostic confounders (e.g., IgE reactivity
to panallergens or CCDs), thereby enabling greater an-
alytical and diagnostic sensitivity and precision [49].

By revealing more complex individual sensitization
patterns, it becomes easier to classify clinical symp-
toms and enables one to differentiate primary (gen-
uine) sensitizations and cross reactions. Assuming all
relevant technical requirements are fulfilled, it is pos-
sible to achieve greater sensitivity and specificity. This
paves the way to a personalized and stratified diagno-
sis of allergic rhinitis [50].

The greater the diagnostic precision, the more SIT
can be tailored individually and precisely to the pa-
tient. Initial studies show that the use of molecular
diagnostics modifies prescribing behavior in relation
to SIT in children with allergic rhinitis [51]. The exten-
sive diagnostic procedure involved here will, in some
cases, generate higher costs that will need to be taken
into account from a regulatory perspective. On the
other hand, one can expect improved diagnostics in
the medium to long term to lead to improved treat-
ment response and thus also to a better cost-benefit
ratio. Studies on this effect are not available as yet.

What does remain problematic is the fact that, to
date, not all relevant allergens are available for molec-
ular diagnosis, the production of correctly folded re-
combinant molecules is at times challenging, and
polymorphisms are sometimes difficult to reproduce
[52]. In addition, molecular diagnostics remains
merely a method to detect sensitization. Whether this
sensitization is relevant in terms of an allergy, not
even allergen component-resolved diagnostics is able
to prove—to do this, further evaluation on the basis
of patient history or provocation testing is required.
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