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At the beginning of the 1990s the
first individual IgE-binding pro-
teins from allergen sources were
identified [8, 19, 21]. By the use

of methods in molecular biology

an increasing number of so-called
recombinant proteins were construc-
ted. Thus it became possible to move
beyond prior limitations to use,
instead of an entire allergen source,
only the IgE-binding proteins and

as a result to make allergens from
such a source. This so-called compo-
nent-based allergy diagnosis - CRD
("component-resolved diagnosis”) -
made it possible to examine diffe-
rent sensitization pattern and cross-
reactive phenomenona on molecular
level. Such molecular allergens are
now increasingly available for clini-
cal application. This article will focus
on the current advantages of this
component-based allergy diagnosis
[8] for daily practice and for possible
future applications.
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respiratory allergies

Pollinosis — importance of major
allergens

Nowadays, there is a multitude of recom-
binant or naturally purified molecular
allergens from pollen known and in large
part available commercially. Here valuable
extra information can be obtained for
everyday clinical practice; in the first place
by distinguishing sensitization to so-called
main or major allergens from sensitization
to minor aeroallergens.

Major allergens are specific for the
corresponding pollen groups and in most
cases also responsible for the triggering of
clinical symptoms. Known major allergens
are for birch pollen the protein Bet v 1
and for grass pollen Phl p 1 and Phl p 5.
For ash pollen, the highly cross-reacting
olive pollen - Ole e 1 - is considered as a
marker allergen. For mugwort pollen Art
v 1is seen as the most important allergen

Majorallergens

Grass pollen
Phip1,p5

Compositae
Mugwort
Artv1
Ragweed
Amba1l/a4

Figure 1< The most
important major
and minor allergens

“Profilin from Annual mercury (Mercurius
anualis)is representative for the Compositae
family

from pollen

[19, 22], which to a large extent cross-reacts
with a major allergen of common ragweed
(Ambrosia), Amb a4 [11].

Many minor allergens are panallergens,
i.e. appearing in pollen from different spe-
cies and trigger cross-reactions between
pollen. Generally, minor allergens often
cause less clinical symptoms. They can,
however, strongly affect skin test and in
vitro diagnostics, but are seldom relevant
to patient’s symptoms. Such minor or
panallergens in pollen are in particular
profilins and calcium binding proteins,
called in short polcalcins. The most im-
portant major and minor allergens from
pollen are presented in B Figure 1.

Component-based diagnosis as
decision aid when SIT is indicated

In the extracts used for SIT, in particular
the major allergens exist in sufficient high
amounts.

== SIT is especially meaningful when
sensitized to major allergens.

This in particular since the content of
minor allergens can vary strongly from
producer to producer [6, 7]. Crucial here is
whether sensitization to the major allergens
exists. If increased sIgE against the grass
pollen marker allergens Phl p 1 and Phl p
5 can be shown, i.e. evidence for a specific
sensitization, SIT could be useful. On the
other hand, if there is exclusively elevated
sIgE against cross-reactive allergens such
as the polcalcin Phl p 7 and the profilin Phl
p 12, SIT may be less promising and hence
not indicated. Similarly, SIT is meaningful
in birch pollen-associated rhinoconjuncti-
vitis if IgE exists against the marker allergen
Bet v 1, whereas sensitization only against
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the cross-reactive allergens Bet v 2 and/
or Bet v 4 is not. Sensitization exclusively
to the panallergens polcalcin/profilin is
rather rare, although includes 10-25% of
pollinosis patients [8].

In an own study of 746 patients, 73%
reported good to very good improvement
of all those who were sensitized to the
major allergens, but only 16% reported
such success when sensitized exclusively
to minor allergens (B Table 1). The CRD-
based diagnostics thus actually seems to
make sense particularly in order to select
patients not suitable for pollen SIT. Not
only will waist of time be avoided, but so
will any side effects and unnecessary costs
as well. Sensitization to polcalcin and
profilin can be measured in one single test
(e.g. Phl p 7/Phl p 12) since in everyday
clinical practice it is sufficient enough to
know if any of them is positive. Similarily,
due to the high cross-reactivity, IgE anti-
body measurement of the corresponding
panallergens of other pollen groups, such
as tree and weed pollen is thus not required
(B Figure 2).

For scientific purposes, component-
based diagnosis also allows conclusions
to be drawn about different sensitization
patterns in various population groups. The
reason may be various primary sensitiza-
tion pathways [1]. Furthermore, pollen-
associated food allergies such as between
birch pollen and raw stone/kernel fruits
& other foods can in the vast majority of
cases be traced to cross-reactions between
various Bet v 1 homologues, also called PR-
10-proteins (pathogenesis-related protein
10 family).

Other respiratory allergies

With mite allergies as well, various sensi-
tization patterns to Der p 1, Der p 2, and
Der p 10 (tropomyosin) allow certain
conclusions to be drawn about the origin
of the sensitization and cross-reactivities
as well. In animal dander allergies, sensi-
tization to lipocalins or serum albumin
speaks for a broad reaction readiness to
all furred animals, while a sensitization
against cat uterglobin Fel d 1 leads one to
expect an exclusive cat allergy. Currently,
both in mite and in animal dander allergies
the use of recombinant allergens is still
to be considered primarily for scientific
purposes and not that common in eve-
ryday practice.

Conversely, in the diagnosis of allergies
against the Aspergillus fumigatus mold,
already in 1999 Crameri et al. [4] showed
that disease-specific sensitization patterns
occur in allergic bronchopulmonary as-
pergillosis ABPA [13]. In an Aspergillus
allergy like ABPA, IgE can be shown to
Asp f1and Asp £3; but only in ABPA does
sensitization also occur to the allergens
Asp f4 and Asp f6.

Food allergies - CRD as an aid in
risk assessment

The determination of IgE against panall-
ergens like profilins but also against PR-10
proteins helps one to understand and eva-
luate cross-reactivities much better. Also
“Cross-reactive Carbohydrate Determi-
nants” (CCD) can be found in most plant
sources. A sensitization to bromelain (Ana

Table 1. Retrospective evaluation of SIT and sensitization patterns to major and minor

allergens (based on 746 patients)

Improvement  Major + Major +

Minor + Minor -
None 24 13
Moderate 109 28
Good 123 137
Very good 74 147
Total 330 325
p12.

Major - Major - Total
Minor + Minor -

41 6 84
26 3 166
9 0 269
6 0 227
82 9 746

Tested major allergens: Bet v 1 and/or Phl p 1/Phl p 5. Tested minor allergens: Bet v 2/Bet v 4 or Phl p 7/Phl
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¢2) or MUXF3-CCD can give positivity in
IgE determinations, but is rarely associated
with clinical symptoms. However, in a
small number of patients a CCD allergy
may trigger severe symptoms.

Storage proteins and lipid transfer
proteins: responsible for severe
anaphylactic reactions

In contrast to the PR-10 proteins and pro-
filins noted above, sensitization to heat and
gastric acid stable storage proteins is often
associated with severe allergic symptoms.
Thus, when sensitized to storage proteins
from peanuts (Arah 1, Arah 2,and Arah
3/4), hazelnuts (Cor a9 and 11) or to some
soy glycinins a significantly increased risk
for systemic reactions could be expected,
quite the contrary to sensitization to the
related PR-10 proteins (Arah 8, Cora 1,
or Gly m 4), which in many cases trigger
only oral symptoms such as itching and
burning. Also allergies to lipid transfer
proteins (LTP), such as Cor a 8, Ara h
9, or the peach LTP Pru p 3, often are
involved in an increased risk for systemic
reactions.

However, as always the clinical fin-
dings are the most essential in all cases.
Although a “harmless” sensitization, the
symptoms can have a strong negative
impact on the patients, even if these sel-
dom are life-threatening. And conversely,
sensitization to storage proteins or LTPs
does not in every case have to have severe
consequences.

In cases of food intolerance, which by
definition is not IgE-mediated, naturally no
diagnosis can be made with component-
based diagnosis [18].

Exercise-induced symptoms

In recent years it has been recognized
that anaphylactic symptoms induced by
physical exercise are often associated with
a sensitization to the wheat allergen Q5-
gliadin (Tria 19, f416; [3,12]). In some of
these patients IgE was shown only against
this wheat allergen Tri a 19, but not against
wheat (f4). In a typical "exercise-induced”
set of symptoms, it would therefore be
meaningful to determine both values
("Wheat-Dependant Exercise-Induced
Anaphylaxis”, WDEIA). By a simple avo-
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Symptoms in spring (March/April)

Symptoms in early summer (May - July)

Major allergen:
Betv 1 (t215)

Cross-reacting minor allergens:
Betv 2, Betv 4 (t221)

Major allergen:
Phlp 1, Phl p 5b (g213)

Cross-reacting minor allergens:
Phlp 7,Phlp 12 (9214

Component-based Patient suitability

diagnostics for birch pollen SIT
Betv1: positiv - GOOD
Betv2,4: negativ
Bet v1: positiv MEDIUM
Betv2,4: positiv -
Betvl:  negativ ' LOwW
Betv2,4: pos/neg
v

SIT not likely with birch pollen.

Testing of other tree pollen recommen-

ded, e.g. Ash tree pollen nOle e 1 (t224).

idance of wheat intake in combination
with physical exercise over the next 4 to
6 hours, these WDEIA symptoms can
often be avoided.

Cow’s milk, hen’s eggs and
seafood: animal allergens

Since many years back component-based
diagnostics has been useful when diag-
nosing cow’s milk allergy. Particularly in
sensitization to casein (Bos d 8) allergic
reactions are to be expected to milk from
various sources such as cow; sheep, or goat,
and in some cases even from eating of the
meat of the corresponding animals.

In pediatrics additional information is
possible; especially about hen’s egg aller-
gy through component-based diagnosis.
Children with hen’s egg white allergy with
sensitization to ovomucoid (Gal d 1) seem
to have more often persistent allergy when
getting older. In addition, they seem to have
more often allergic reactions also to cooked
eggs. In the case of missing or low titers
of IgE against ovomucoid, on the other
hand, often symptoms can be expected
only when eating raw eggs [2].

Finally, tropomyosin is responsible for
cross-reactions between mite (Der p 10)
and seafood. Tropomyosins are found
among others in invertebratae such as
shrimps, (pEN A 1, pEN 1 1) the fish pa-
rasite Anisakis (Ani s 3) acquired via raw
fish or in red mosquito larvae, a component

Component-based
diagnostics

Phl p 1, 5b: positiv
Phl p 7, 12: negativ

Phl p 1, 5b: positiv
Phlp 7, 12: positiv

Phl p 1, 5b: negativ
Phl p 7,12: pos/neg

A 4

Patient suitability
for grass pollen SIT

GOOD

MEDIUM

Low

SIT not likely with grass pollen.
Further investigation to identivy the
sensitizing allergen source.

Figure 2 <« Component-
based diagnostics as

decision aid for immu-

of aquarium fish food and can trigger
strong allergic symptoms upon ingestion
or inhalation.

Latex allergy: determination of
genuine allergens

A latex allergy can trigger a protein con-
tact urticaria but also severe and even
life-threatening allergic reactions. For
just this reason a positive IgE result to
latex is often somewhat worrying: Should
the patient be advised to avoid all future
contact with latex and get an appropriate
allergy identification card, or in a case of
a lacking clinical history could the patient
continue to come into contact with latex
for example during surgical treatment?
Here very helpful extra information can be
obtained through the determination of the
individual latex allergens. If an exclusive
sensitization to latex profilin (Hev b 8)
occurs, then clinically-relevant allergic
symptoms are hardly not to be expected.
Such sensitization to latex accounts for up
to 75% of all positive latex ImmunoCAP
results [5, 17]. Conversely, IgE against
genuine latex allergens

(Hevb 1,Hevb 3, Hevb 5 and in par-
ticular also Hev b 6) are associated in
high degree with true and severe allergic
symptoms. The allergen Hevein Hev b
6 is also by cross-reactions responsible
for the occasionally observed latex-fruit
syndrome.

notherapy in pollinosis.

Allergy to insect venoms: CRD
useful in double sensitization

Detailed aspects will be covered at another
place in this issue (by Rueft F et al, Hautarzt
2010; 61:938-45). Therefore here will only
be brought up that the use of bee-specific
(Apim 1) and wasp-specific (e.g. Ves v 5)
allergens can distinguish true double posi-
tivity from simple cross-reacting proteins
or CCD sensitization [14]. This is especially
important in serious allergic reactions if the
patient has not noticed or cannot identify
the stinging insect, and a decision has to be
taken whether one or both venoms should
be used for SIT. Other allergenic proteins
for differentiation of Hymenoptera venom
allergies are already being developed and
will in the near future probably be com-
mercially available.

Hypersensitivity to drugs

Adverse reactions to medications are
common, but are however still a diag-
nostic challenge to elucidate. IgE-medi-
ated mechanisms probably play a minor
role. Determination of specific IgE is
therefore seldom sufficient and requires
further procedures such as complemen-
tary skin tests, cellular investigations,
and if necessary also provocation tests.
At the moment there are hardly any tests
available with individual drug allergen
components.
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Abstract

"Multi-screening” with indivi-
dual allergens: Diagnosis with an
allergen chip

How does a microarray-based
allergen chip work?

With commerecial tests, today specific
IgE can be determined against a rapidly
growing number of recombinant or highly
purified native allergens (e.g. Immuno-
CAP or Immulite analyses). With the
standard methods, it is however difficult
to test every patient for a large number
of different allergens and with numerous
individual ImmunoCAP allergen compo-
nent. Moreover, in particular the financial
expenditure is too large. With the use of
modern biochip technology - chip analyses
on a microarray basis — patients can, how-
ever, be simultaneously tested for a large
number of allergens. Such allergen chip
methods will change allergy diagnostics
in the years to come and will open new
possibilities [9].

0 Biochip technology allows
patients to be simultaneously
tested for a large number of
allergens

Allergen microarrays (e.g. the Immuno
Solid Phase Allergen Chip, ISAC) consist of
a glass surface coated with amino-reactive
polymers, which can carry triplicates of up
to 150 allergen components. With the use
of nanotechnology, very small quantities
of the individual allergens (<1 ng) are
covalently bound to the specially coated
biochip. During a 2 hour incubation peri-
od, with only 20 pl patient serum, specific
IgE antibodies bind to the corresponding
allergen components on the allergen chip
and are detected through the use of a flu-
orescence marked second antibody. The
reaction pattern that arises is measured
with a laser scanner and evaluated by a
computer, in which the fluorescent inten-
sity is correlated to the concentration of
allergen specific IgE antibodies. Such semi-
quantitative technology is already being
routinely used at some hospital allergy
centres. The final results are summarized
by computer software and prepared with
matching interpretation help.

6 | Der Hautarzt 11 -2010
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Recombinant allergens. For routine use or still only science?

Abstract

Component-resolved diagnosis of allergies
allows disease-specific patterns of sensiti-
zation in some conditions such as allergic
bronchopulmonary aspergillosis ABPA).

By determination of IgE against important
pollen allergens such as Betv 1,Ole e 1

or Phl p1/Phl p 5, more precise guidance
for allergen-specificimmunotherapy may
be achieved, as pollen extracts contain
mostly these major allergens. Sensitizations
against minor allergens such as profilins

or polcalcins influence the outcome of IgE
measurements against full allergen sources,
but are often of limited clinical relevance.

In food allergy, frequent cross reactivity
between pollens such as birch pollen via Bet
v 1/PR10 proteins can be identified. Sensiti-
zation against some storage proteins such

as peanut (Ara h 2) or lipid transfer proteins
of peach (Pru p 3) or hazelnut (Cor a 8) may
indicate an increased risk of severe anaphy-
lactic reactions. Exercise-induced anaphy-
laxis, unclear sensitizations against latex or
double-positivity in insect allergy are other
useful indications for component-resolved
diagnosis. Microarray-based allergen

chip diagnosis makes possible today the
detection of IgE against more than 100 all-
ergens in tiny amounts of serum and is very
promising, but still needs evaluation and
optimization in regard to allergen selection
and sensitivity.

Keywords

Allergens « Component-resolved diagnosis
(CRD) « Microarray » Molecular diagnosis «
Recombinant proteins

Rekombinante Allergene. Routinediagnostik oder Wissenschaft?

Zusammenfassung

Die Verwendung rekombinanter Allergen-
komponenten eréffnet mehrere diagnosti-
sche Moglichkeiten. So kénnen krankheits-
spezifische Sensibilisierungsmuster wie
etwa bei der allergisch bronchopulmonalen
Aspergillose ABPA identifiziert werden.
Durch Bestimmung der Majorallergene
wichtiger Pollen (Betv 1,0le 1, Phlp 1/
Phl p 5) kann eine prézisere Indikationsstel-
lung im Hinblick auf eine allergenspezifi-
sche Immuntherapie ermdglicht werden,
da Extrakte v. a. Majorallergene enthalten.
Sensibilisierungen auf Nebenallergene

wie Profiline und Polcalcine beeinflussen
aufgrund der groBBen Kreuzreaktivitat
herkommliche IgE-Tests, sind aber oft von
untergeordneter klinischer Bedeutung. Bei
Nahrungsmitteln konnen haufige Kreuzre-
aktionen etwa mit Birkenpollen liber Bet v
1/PR-10-Proteine nachgewiesen werden.

Zudem lassen Sensibilisierungen auf
Speicherproteine etwa von Erdnuss (Ara h 2)
oder Lipidtransferproteine von Pfirsich

(Pru p 3) oder Haselnuss (Cor a 8) Riick-
schliisse auf ein hoheres Anaphylaxierisiko
zu. Anstrengungsinduzierte Beschwerden
(Tri a 19), unklare Latexsensibilisierungen
oder Doppelpositivitat bei Insektengiftaller-
gien sind weitere aktuell sinnvolle Einsatz-
gebiete. Microarray- basierte Allergenchips
erlauben bereits heute die Bestimmung von
IgE gegen iiber 100 Allergenen aus klein-
sten Serummengen, bediirfen aber noch
der Evaluation und Optimierung beziiglich
Allergenauswahl und Sensitivitat.

Schliisselworter

Allergene - Komponentenbasierte Dia-
gnostik (CRD) - Molekulare Diagnose «
Microarray « Rekombinante Proteine
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Possibilities and limitations with a
chip diagnosis

The advantage of this system is that through a
standardized allergen panel information can
be obtained on each patient about all relevant
marker allergens, cross-reactive allergens and
rare allergens that are important because of
their anaphylaxis potential (e.g. LTPs, storage
proteins or tropomyosins). At least in part
the CCD problems can be eliminated or
determined better. An additional advantage
is the very low serum volume needed, only
20 pl, something that can be very valuable in
the pediatric area where determinations can
be made by using capillary blood [15].

Also in determination of certain sen-
sitzation patterns in atopic dermatitis such
chips can show specific patterns that might
vary significantly, for example as expected
between patient groups in Europe and
in south Sahara in Africa [[16], abstract
presented by Esmail E. at the Hanifin-Rajka
Meeting in Munich, 2010].

However, currently the excellent sensi-
tivity and reproducibility of the standard
ImmunoCAP procedure cannot yet be
achieved for all of the individual allergens
that are included on the chip. Definitely,
further investigations on larger patient
groups are still needed for more accurate
evaluation. Also, the allergen spectrum is
currently not sufficient in all areas, such
as in mold allergies, and is therefore still
being improved at regular intervals.

It is obvious also for this method thata
detailed case history is crucial, and in many
cases provocation tests are important and
necessary for a reliable diagnosis.

For competent interpretation subs-
tantial knowledge is necessary due to the
complexity. A broad use of allergen chips
as a primary screening tool by non-allergy
specialists is thus not recommended [9].
Otherwise, the danger exists of getting a
large number of test results in patients with
completely lacking case histories, which
might lead to confusion and possibly un-
necessary additional examinations.

© Component-based diag-
nostics is complementary to
skin test at best

In our allergy clinic, since 2007 we have
examined the performance of this chip

Table 2. Possible practical use of component-based diagnostics in 12 different

problem areas

method using over 300 patients so far. The
advantages of such a broad approach can
be shown for instance in cases of unclear
anaphylaxis, in latex sensitization, and
in very broad sensitizations that might
be traced clinically and serologically to
panallergens. Thus the sensitizations to
protein families such as Bet v1 / PR 10-re-
lated proteins, profilins, tropomyosins and
LTPs can often very clearly be identified.
In patients with symptoms from foods
with a variety of, or unclear triggers, a chip
examination can help to identify relevant
allergen groups or to exclude with high
probability an IgE-mediated sensitization.
Preliminary studies show that it is possible
that the chip diagnostics can be used for
monitoring of allergen-specific SIT, since
the IgE/IgG4 ratio gives a clearly higher
measure than a simple IgE determination
using ImmunoCAP (Gay-Croiser, sub-
mitted). In our opinion, this or any other
component-based diagnostic test replaces
neither a careful case history nor a skin

Allergy to/in Allergen source Probable compo- Useful IgE test
nents combinations
Spring Birch/Ash Betv 1/Olee 1 BetviandOlee1
Early summer Grasses Phlp1/p 5 Phlp1/p 5
Late summer Mugwort Artv1/Amba Mugwort, if positive and
(Ragweed) sensitization path unclear:
2.Artv1/Amba 1
Birch pollen- Raw stone/ Pathogenesis-rela-  Bet v 1, possibly species-
associated kernel fruit ted protein family 10 specific PR-10-proteins
food allergy Nuts, Celery PR-10-proteins
Broad sensitization  Pollen, fruits Profilins, Polcalcins  E.g., Betv 2/v 4
Mostly insignificant Cross-reacting CCD
clinic carbohydrates
ABPA A. fumigatus Aspf4/f6 A. fumigatus, if positive:
2. Asp f4/fé
Hen's egg Hen's egg Egg, Ovomucoid Egg, Gald 1
Cow'’s milk Cow'’s milk Cow'’s milk, Casein  Cow'’s milk, if positive:
2. Casein
Exercise induced Wheat 0-5-Gliadin Wheat, Tria 19
symptoms
Anaphylaxis after Peach Prup3 Peach, Prup 3
Hazelnut Cora8 Hazlenut, Cora 8
Peanut Ara h 2, also Ara Peanut, at least Ara h 2
h1/h3
Seafood Tropomyosin Seafood, Pena 1
Double positivity Bee Apim 1 Bee/Wasp, if positive:
to bee and wasp Wasp Vesv 5 2. Apim 1/Vesv 5
CcDb
Latex allergy Latex Hevein Latex, at least Hev b 5/b 6

test, but at best it complements them. Also
it must be stated that currently through
chip examinations, despite the great pro-
gress in recent years for many allergens,
the sensitivity and high reproducibility
of the standard IgE determination using
ImmunoCAP against an individual allergen
has not yet been achieved.

The cost of a chip analysis currently
is in the range of several individual IgE
determinations and varies from country
to country. In Germany several models
with invoicing according to the IGel list
are possible for private patients. In this way
the so-called “Baukastenprinzip” (German)
can be applied, since this refers to an inno-
vative, cost-intensive service along with a
complex set of findings by the physician. In
the individual case the cost can currently
be quite high, and should of course be
discuss with the patient prior a decision.
However, the costs are more reasonable in
relation to the fact that results from more
than 100 allergens are received.

Der Hautarzt 112010 ‘ 7
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Conclusions for daily practice

Recombinant individual allergens are
increasingly finding their way into
routine diagnostics. They reveal new
knowledge in allergology ahead of the
clinicians, but also often allow a better
understanding of the disease and clear
molecular evidence of cross-reactivity.
In pollen allergies, through the determi-
nation of the relevant major allergens, a
simple sensitization to only cross-reac-
ting and clinically less relevant panall-
ergens like profilins or polcalcins can be
excluded. This allows often a more pre-
cise indication for SIT with pollen. With
food and latex allergies, sensitization to
proteins with a high risk of anaphylaxis,
such as storage and lipid transfer pro-
teins can be identified. In Hymenoptera
venom allergies, true double sensitiza-
tion to bee and wasp venom can be bet-
ter differentiated from cross-reactivities
(overview in @ Table 1).

The use of certain recombinant aller-
gens in routine diagnostics can present
a very helpful tool. A careful scientific
examination of their potential and

their limitations is therefore even more
necessary.
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