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HOT TOPIC
.

Dr. Raulf: Since many allergens are glyco-
proteins, which are frequently found in pollen,
especially grass pollen, in plant foods, but
also in natural latex and woods as well as
in insects, CCD-specific IgE antibodies are
noticeably found in sera from patients with
multiple sensitisations to
plant allergens. The cross-
reactive carbohydrates are
present as side chains and
thus relatively exposed in
the glycoproteins and can
thus easily act as immu-
nogenic binding sites, i.e.
IgE antibodies can easily
bind there. This often makes
it difficult to identify the allergens that are cau-
sative for severe symptoms. The detection of
IgE antibodies against CCDs is on the one hand
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CCD inhibition
improves the
specificity of
allergy tests.

specific and correctly positive but does not
correlate with the clinic.
Therefore, in my opinion, itis part of the diagnostic
algorithm in polysensitised patients, for example
with natural latex sensitisation without evidence
of occupational natural latex contact, to test for
anti-CCD antibodies in the serum. Far example,
we were able to prove that specific IgE against
CCDs
detectable in

is only very rarely
latex allergy
sufferers from the healthcare
sector. If, on the other hand,
latex-specific IgE is found in
polysensitised patients without
detectable natural latex expo-
sure, anti-CCD antibodies are
also present in most cases.

Specific  IgE  antibodies
against CCDs could also be detected in em-
ployees from the wood praocessing industry

with IgE antibodies against beech and pine

wood, especially in all double-sensitised
patients. This study and the further charac-
terisation of the study group showed that in
employees without allergic symptoms, the IgE
binding was predominantly based on these
carbohydrate structures. Based on this expe-
rience, it is part of our routine algorithm to also
test CCDs, especially in the case of multiple

IgE reactions to plant allergens.

Dr. Raulf: Yes, we routinely test for CCD-specific
IgE, especially in polysensitised patients, e.g. in
cases of suspected wood dust sensitisation and
in patients with positive IgE antibodies against
natural latex if there is no occupational exposure.
Among polysensitised patients, we often find that
antibodies against CCDs are also present.
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Which characteristics of IgE test systems have
aninfluence on the level of CCD interference?

Dr. Raulf: Especially when using multi-allergens,
strip tests and all assays in which naturally puri-
fied, especially food allergens are used, the CCD
problem is still of great importance. For food aller-
gen sources, the use of total extracts is still rele-
vant and thus also the glycostructures contained
therein, as component-resolved diagnostics are
not fully available for these allergen sources, or
not all allergens have been identified, isolated
and are available yet. One should therefore
always bear in mind that differentiation between
anti-CCD IgE and protein-specific or peptide-
specific IgE is of great importance. To ensure
the clinical relevance of the results of a blood
allergy test, multiplex tests that also use extracts or
allergen components isolated from the extracts
should definitely integrate inhibition of anti-
CCD-specific IgE antibodies. If the allergens are
available in recombinant form, these are usually
without CCD components and are to be preferred.

What do you see as the value of blocking CCD-
specific IgE antibodies?

Dr. Raulf: For in-vitro diagnostics, natural glyco-
proteins such as bromelain, horseradish peroxi-
dase (HRP) and ascorbate oxidase have proven
to be screening tools, with HRP having the higher
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studied chemistry and biology and obtained her doctorate at
the Faculty of Biology before taking up a professarship at the
Faculty of Medicine. Since 1990 she has been head of the

sensitivity. The glycoproteins mentioned above
can be used to specifically detect anti-CCD IgE
antibodies. They can also be used for inhibition,
i.e. blocking of anti-CCD-specific IgE antibodies.
However, the use of CCD tools alone does not
allow to determine whether the IgE binding to a
specific allergen source is based exclusively on
CCDs or whether additional peptide epitopes are
recognised or protein-specific IgE antibodies are
involved.

Theinhibition of CCD-specific IgE antibodies in-
creases the specificity of an allergy test. Scree-
ning for CCD-specific IgE can be laborious and
cannot always be performed in routine appli-
cations. Therefore, it may be advantageous to
use test systems that automatically integrate
this inhibition step. Recombinant allergens that
are produced in E.coli usually do not comprise
CCD epitopes and are to be preferred.

Another possibility to circumvent CCD interfe-
rence is the use of molecular allergens — what
experience have you had in this regard?

Dr. Raulf: The use of recombinantly produced
allergens can circumvent this CCD problem.
However, especially for occupational allergens,
except for natural latex, there are only commer-
cially available recombinant single allergens
for very few allergen sources. In the context of

Allergology/Immunology Competence Centre at the Institute

for Prevention and Occupational Medicine of the DGUYV,

Institute of the Ruhr University Bochum (IPA).
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CCDs.

elucidating sensitisation to natural latex, we have
developed a diagnostic algorithm for serology
using the available recombinant latex allergens
as well as CCD tools. Thus, differentiation be-
tween clinically relevant allergy and sensitisation
based on CCDs or other panallergens is possible,
so that the patient can be given individual preven-
tionand, if necessary, therapy recommendations.

7) Polysensitised
patients often
have antibodies to

14



LITERATURE REVIEW

Most proteins in cells and tissues of all kinds
of species are glycoproteins, i.e. proteins to
which one or more sugar chains are cova-
lently coupled. Due to the broad reper-
toire of monosaccharides and the numerous
possibilities how they can be connected with
each other, a vast number of such carbohydrate
side chains exists. Strikingly, only a handful of
distinct patterns were described to elicit a spe-
cific IgE-response in humans?, either due to the
presence of linking-patterns or of monosaccha-
rides that are not found in humans.

The most common sugar structures involved
in Igk-responses are the “classical” cross-
reactive carbohydrate determinants (CCDs)
that are present in many different allergen
sources both of plant- and animal origin.
Notably, IgE antibodies which bind to CCD
structures are only occasionally involved in
causing allergy symptoms.

=  HOME  IMPRESSUM

Essentially, two concepts were proposed to
explain this rare phenomenon: first, CCD-
specific IgE was suggested to exhibit low
affinity for its target structure and, therefare,
should not be capable of inducing a stable
cross-linking of IgE that is bound to effector
cells which is required for activation of the
latter. In contrast to this assumption, a study
conducted with rabbit antisera showed high
binding affinities® but, however, those results
were not entirely conclusive for method-
ological

reasons (affinity measurement

based on polyclonal sera, controversial
results obtained from different rodents).
The second hypothesis assumed, that the
distance between adjacent sugar-based
IgE-binding sites on the surface of the glyco-
pratein is too large, that is incompatible with
efficient and stable IgE cross-linking.* The
understanding of those mechanisms is even

further blurred by cases of patients showing

a dicrepancy between CCD-induced baso-
phil activation in-vitro.

However, since CCD-specific IgE anti-
bodies are detectable in more than 30% of
pollen allergic subjects and even in 5% of
the non-allergic population’, they frequent-
ly lead to misleading results in serological
allergy diagnostics, when allergen extracts,
which frequently contain CCDs, or CCD-
containing natural allergens are used. In this
issue, methods to overcome this limitation

are described.




LITERATURE REVIEW

Cross-reactive  carbohydrate  determinants
(CCDs) are sugar structures present in various
pollen, fruits, cereals, nuts, spices, and insect
venoms and can induce IgE production in up
to 30% of allergic individuals, which can be
regarded as a serious problem.

CCDs can be recognised by the human immune
system as foreign and, in some individuals,
may elicit the production of IgE antibodies.
IgE antibodies reactive with CCD epitopes are
believed to have limited or no clinical signi-
ficance partly due to their low avidity (total
strength of multiple bindings between antibody
and antigen) and marginal biological activity.
In in-vitro diagnostic assays, CCD-reactive Igk
antibodies neither predict the development of
clinical symptoms upon allergen exposure nor
are they assaciated with disease severity.
CCD reactivity, however, can impact the diag-
nostic accuracy of the guantitative measure-
ment of IgE antibadies in a patient’s serum
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analysis and thus has a major impact on the
outcome of IgE testing. CCDs are a common
cause of falsely elevated as well as false posi-
tive test results in in-vitro allergy diagnostic
tests where glycosylated natural allergens or
extracts are used. Such extracts could contain
glycoproteins, which may react with patients’
IgE. In the case of plant and insect venom
allergens, the relevant epitope structure is an
a-1,3-fucose on the Asn-linked sugar resi-
due of so-called N-glycans. Due to their wide
distribution, N-glycans carrying this epitope
are known as CCDs.

The co-determination of IgE antibodies directed
against CCD structures can give a misleading
impression of clinically relevant polysensi-
tisation and lead to inaccurate diagnosis
and, subsequently recommendation of non-
indicated immunotherapy. Remedies for sIgE
based in-vitro diagnostics come in the form

of non-glycosylated recombinant allergen

components or of specific CCD inhibitors. The
high potential of recombinant allergens is
optimally realised in the context of molecular
allergy diagnostics using allergen arrays with
a total of nearly 300 allergens and extracts,
whereas CCD inhibitors increase the specifi-
city of conventional extract-based diagnosis.
Reagents for the detection and the inhibition
of the binding of CCD-specific IgE antibodies
from plants and insects have been developed,
whereas tools for galactose-containing cross-
reactive carbohydrate determinants (GalCDs)
of milk and meat lag behind.
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CROSS-REACTIVITY

Cross-reactive carbohydrate determinants as
the name already suggests, are responsible for
many different cross-reactions. In IgE cross-
reactivity, antibodies bind to proteins, carbohy-
drates, or glycoproteins that have identical or
similar antigenic properties. On the one hand,
this can be due to a high degree of sequence
similarity (linear epitopes) and on the other
hand due to the similarity of the 3D structure
(conformational epitopes).

"CLASSIC" CCDs

CCDs of the plant kingdom, arthropods and
molluscs can be divided into two types, MMXF
and MUXF. These are N-glycans with a-1,3-
bound fucose, as they are found particularly in
insects and in the entire plant kingdom - but
notin mammals. In plants, an additional xylose
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at position 2 of the glycan backbone (B-1,2-
linked xylose) can also represent an antigenic
determinant.

Carbohydrates are present as side chains,
sa they are exposed and represent a binding
site for IgE antibodies and are responsible for
cross-reactions.  Since plant allergens are
mostly glycoproteins and occur frequently in
pollen, especially grass pollen, as well as in
plant foods and natural latex, IgE antibodies
directed against CCDs are mainly found in sera
from patients with multiple sensitisations to
plant allergens. As CCD-specific IgE antibodies
are largely clinically irrelevant, they can howe-
ver complicate allergy diagnosis.

GALACTOSE-a-1,3-GALACTOSE
(a-GAL)

Another cross-reactive carbohydrate deter-
minant was found to be a potential cause
Insects
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of anaphylactic reactions to a recombinant

glucoprotein  drug  (Cetuximab) containing
a-1,3-galactose.® This galactose-containing
determinant  (GalCD, galactose containing
cross-reactive carbohydrate determinant) was
supposed as a trigger for delayed allergic reac-
tions to red meat in several cases." GalCDs are
sugar structures on mammal cells and tissues,
except in primates and humans who are not
capable of producing the sugar residue naturally
in the body. Thus, GalCDs may have clinical
relevance in certain cases and can trigger meat
allergies — possibly as a result of tick bites.”

At present, evidence is accumulating for red
mammalian meat, tick bites and helminth
infestations as the cause of sensitisation
against GalCDs. American researchers assume
that those affected have suffered bites from
the American tick (Amblyomma americanum)
beforehand. The carbohydrate is present in
the saliva of the American tick and could thus
explain the specific immune reaction against
the molecule. However, the exact mechanism
has remained unclear until now.

Allergies to a-Gal, unlike true meat allergy
(allergy to the protein component of muscle
meat), are limited to beef, lamb, venison, and
pork. Offal contains a significantly higher con-
centration of a-Gal than pure muscle meat.
However, the sugar molecule is not present
in poultry or any kind of fish, therefore allergic
reactions do not occur when poultry or fish are
eaten.

Often, however, GalCDs probably cause false-
positive results with milk and meat extracts.
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THE IMPORTANCE OF CCDs IN
ALLERGY DIAGNOSTICS

In literature, presence of anti-CCD antibodies
is reported in up to 30% of allergic individuals.
Therefore, itis essential to consider the possib-
le presence of CCD-specific IgE antibadies in a
patients’ serum sample.

Adsorption of these sIge CCD antibodies leads
to results with higher clinical specificity, espe-
cially with regard to plants, plant food, mol-
luscs, and insect venoms.”® 7

CCD-FREE ALLERGY
DIAGNOSTICS WITH ALEX?

To eliminate CCD antibody interference in IgE
testing, Macro Array Diagnastics integrated a
CCD blocker which has the potential to adsorb
CCD-specific antibodies. The CCD blocker is

part of every ALEX? test kit without the need
for an additional incubation step.

The CCD blocker is included in the serum dilu-
ent which is used in the first assay step. CCD-
specific IgE is bound by the CCD blocker and,
therefore, cannot combine with the CCD-struc-
tures present aon the allergens. Thus, the CCD
blocker prevents the binding of CCD-specific
antibadies to CCDs on purified allergens (e.q.
Cor a 11 from hazel nut) or CCD-containing al-
lergen extracts (e.g. onion). This results in an
IgE signal without CCD interference. Following
awashing step, a color reaction is induced, and
this results in the specific measurement of only
allergen specific IgE antibadies. The important
effect of CCD blocking becomes clear when
caomparing the results of an ALEX? test with
and without CCD blocking. The test lacking
the CCD blocking step generates several mis-
leading test results. The ALEX? test performed

with the CCD blocker eliminates misleading
test results due to CCD interference, avoids
clinically irrelevant results and is essential for
accurate in-vitro allergy testing. This approach
to IgE testing leads to a better patient manage-
ment by avoiding overtreatment.

O Watch video
False Positive True Positive
1| 1|
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an Allergen with CCDs (=] CCD-specific IgE antibody
% Allergen without CCDs = Protein-, peptide-specific IgE antibody
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LITERATURE REVIEW

Eva, 19, from North-Western Europe

CLINICAL HISTORY

Allergic rhinitis caused by allergy to grass pallen
and house dust mite has been observed since
childhood. Furthermore, no allergies, other ill-
nesses or regular medication are stated. Eva's
mother has been advised to withhold peanuts
and nuts during her pregnancy. Up to now Eva
has avoided both peanuts and nuts, but traces
of these foods were not avoided in the past. As a
child she experienced atopic dermatitis, and she
was treated with asthma medication in case of
airway infections until the age of 12. No informa-
tion on allergies in directly related persons could
be collected.

INTERPRETATION

PRESENT SITUATION (2019)

Last year Eva visited a general practitioner (GP)
because of stomachache and diarrhoea after
ingestion of an Asian dish. She asked the GP
whether allergy to peanuts could be the cause
of her symptoms. Specific IgE tests (singleplex)
were ordered by the GP and these showed the
following results:

Allergen source IgE level [kU, /L]

Almond 67.0
Hazelnut 332
Peanut 211
Coconut 6.6
Brazil nut 0.74

The patient was then referred to an aller-
gologist, who repeated the in-vitro tests after
one month (January 2019), with the same
outcome.

Skin prick tests were performed and showed
positive results for grass pollen and house
dust mite. Prick-to-prick tests with fresh nuts -
almond, brazil nut, cashew, hazelnut,
macadamia, pecan nut, peanut and pistachio -
showed negative results.

Provocation testing with peanut (open oral food
challenge) also showed a negative result.

An ALEX test was requested to re-evaluate the
specific IgE tests from December 2018 and

January 2019.

The skin prick test results were confirmed on the molecular level far grass pollen and house dust mite.

The major grass pollen allergens Lol p 1and Phl p 1 were positive, confirming a genuine sensitisation against grass pollen. AIT against grass

pollen is indicated in the presence of corresponding symptoms.

Pollen extract from rye showed a positive result due to cross-reactivity to timothy perennial rye grass components Phip 1and Lol p 1.

The major house dust mite allergens Der f 1 and Der p 1 were positive, corresponding to a genuine sensitisation to house dust mite.

In the presence of corresponding symptoms — AlT is indicated.

On rare occasions Der p 5 is the only positive molecular allergen in mite sensitised patients, the implications for AIT prescription have not been

researched yet.

Ves v 5, ane major component of wasp venom, was also positive. As the patient did not mention wasp allergy as an elicitor of symptoms, it can

be assumed that the sensitisation is most likely clinically irrelevant.

All tested plant foods, including possible triggers of strong allergic reactions, such as peanut or tree nuts, which were positive with the traditional

test (singleplex) system, were negative.

Previously avoided foods can be reintroduced into the patient's diet.
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LITERATURE REVIEW

ALEXTEST RESULTS

Allergen, allergen source Biochemical designation Without CCD blocking [kU,/L] g:g;dcfrg E:gfg:;% [KU,/L]
Phlp 1, Timothy grass Beta-Expansin 9.03 9.02
Derp1 Cystein Protease 14.16 13.69
Vesv 5, wasp Antigen 5 0.36 0.51
Peanut Extract 2.67 <010
Lentil Extract 267 <010
Cor a 11, hazelnut 7S Globulin 3.27 <010
Jug r 2, walnut 7S Globulin 9.83 <010
Almond Extract 2.36 <010
Sunflower seed Extract 9.36 <010
Buckwheat Extract 9.93 <010
Garlic Extract 10.51 <010

@ Complete case study

SUMMARY

The ALEX allergy test canfirmed the results of the skin tests.

Depending on the clinical symptams, an indication for AIT against grass pollen and mite allergy can be given.

The automatic CCD blocking of the ALEX test drastically reduced the number of clinically irrelevant results: from 110 to 10.
CCD-specific IgE antibodies can have a strong influence on test results.

Significantly better agreement of results with CCD blocking with the clinical picture.

The interpretative effort of the physician was considerably reduced by blocking CCD-specific antibodies.
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LITERATURE REVIEW

Venoms of honeybees and wasps can induce
IgE-mediated hypersensitivity reactions in in-
sectvenom allergic patients which can manifest
as local to severe systemic allergic reactions.
Venom allergy is one of the most important
causes of life-threatening anaphylactic reac-
tions in adults. Severe reactions can occur
immediately after a sting. The prevalence
of large local reactions (LLR) is up to 26% in
the adult population, where LLR are defined as
swelling larger than 10 cm in diameter, lasting
up to 48 hours. According to epidemiologic data
between 3 and 8% of adults and 1% of children
have a history of severe sting reactions. Severe
allergic reactions to insect venoms affect dif-
ferent organs and include generalised swelling
and itching, urticaria, angioedema, diarrheg,
vomiting, chest tightness, shortness of breath
with swelling of the throat and bronchospasm.
Thus, the skin, the respiratory, gastrointestinal,
and cardiovascular systems are affected. At
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least 40-100 fatal sting reactions are reported
in the United States every year, and it is likely
that additional deaths are not recognised and
therefore not reported.?® Unfortunately, there
are no surrogate markers available to predict
who will have a systemic reaction after a sting
and whether it will be severe or not?' Insect
venoms frequently causing severe allergic
reactions belong to the order Hymenopte-
ra and to the family of Apidae (Apis mellifera,
honeybee), Vespidae (Vespula vulgaris, Vespula
germanica, wasp, yellow jacket) or paper wasp

(Polistes dominula).

BEE AND WASP VENOM
ALLERGENS

Allergens present in Hymenoptera venoms
may trigger a type | hypersensitivity reac-
tion, mediated by allergen-specific Immuno-
globulin E (IgE) antibodies, whichis a risk factor

for subsequent allergic reactions. Insect venom
allergy occurs worldwide and is associated
with several sacial restrictions and limitations
of peaples’ daily activities. Unfortunately, most
of the patients have difficulties to correctly
identify the stinging insect. Up to 50% of the
patients with Hymenoptera allergy reveal
double positive results in serological tests using
bee and wasp venom extracts. This poses the
problem of identifying the relevant venom for
immunotherapy, especially in patients that
show a severe reaction only with one venom.
Besides a thorough clinical history, testing
for specific IgE-reactivity to purified natural or
recombinant venom allergens has become
an important diagnostic tool to identify the
disease-causing insect. The identification of
the insect venom causing the allergy reaction
is essential for the selection of the right venom
for a successfulimmunotherapy.
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During the last 25 years, molecular biology
technigues have allowed the identification and
characterisation of bee and wasp venom aller-
gens. For bee venom allergy, phosphalipase A2
(Api m 1), hyaluronidase (Api m 2), and icara-
pin (Api m 10) are the most common allergens.
Phosphalipase Al (Ves v 1) and Antigen 5 (Ves
v 5) are important wasp venom allergens.?°
All the major bee venom allergens are highly
immunogenic glycoproteins, consisting of a
polypeptide (protein) chain with carbohydrate
groups attached. Api m 1, Api m 2 and Api m
10 and also the wasp venom allergens Ves v 2
(hyaluronidase) and Ves v 3 (dipeptidyl pepti-
dase V) bear carbohydrates. It is important to
know that the glycosylated allergens can bind
IgE antibodies from allergic patients via protein
and/or carbohydrate epitopes. In contrast to
the major bee venom allergens, Ves v 1 and
Ves v 5, the major wasp venom allergens, are
not glycosylated.

N-GLYCOSYLATION

N-glycosylation is a post-translational modi-
fication of eukaryotic prateins, where oligo-
saccharide moieties are attached to the amino
acid residues of asparagine (Asn, N). N-glycan
branches can comprise different carbohydrate
moieties, like mannase, fucose and xylose,
depending on the organism or cell type. For
example, fucose is present in the same manner
on glycosylated proteins from pollen, plant-
derived food, and insect venom.?* For some
proteins, N-glycosylation is necessary for the
correct folding, for the function and half-life of
the protein and can be critical for cell attach-
ment or protein-ligand interactions.
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CCDs

It was found that carbohydrate residues, espe-
cially a-1,3 fucose bound to the N-glycan core,
are highly immunogenic and capable of elic-
iting an IgE immune response in about 20% of
allergic patients. As glycosylated allergens from
pollen, plant-derived food and insect venoms
share the same carbohydrate moieties, the
sugar residues comprise highly cross-reactive
IgE epitopes and thus called cross-reactive
carbohydrate determinants (CCD). CCDs can
cause |gE-cross-reactivity between bee and
wasp venom, but additionally between unrela-
ted allergen sources like pollen, plant derived

N-glycosylation of Apim 1
andVesv 2
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food, moulds, latex and even helminths and
mites.?* The clinical relevance and allergenic
activity of carbohydrate-directed IgE is low,
meaning that CCD-specific IgE does not cause
symptoms. Therefore, CCD-specific IgE can
lead to false positive and misleading in-vitro test
results. Extracts, which are obtained from natu-
ral allergen sources, may contain glycosylated
proteins, which are able to bind CCD-specific
IgE. Using allergen extracts or glycosylated
allergens, positive IgE-results can be based
solely on the detection of CCD-specific IgE. Sera
containing CCD-specific IgE often show IgE-
reactivity to a mullitude of extracts from
pollen, vegetables, fruit, and insectvenomand to
purified natural glycosylated allergens. Based
on these false-paositive test results, patients may
get wrong dietary advice and even unjustified
immunotherapy.?®

Especially in insect venom allergy the presen-
ce of CCDs plays an emerging role in allergy
diagnosis. More than 50% of the patients show
IgE double-positivity to bee and wasp venom
extracts.?® Therefore, it is challenging to dissect
3 true co-sensitisation to both venoms from
cross-reactivity with homologous allergens in
both venams (e.g., Api m 2, Ves v 2) or cross-
reactivity caused by IgE directed to clinically
irrelevant carbohydrate epitopes. For example,
patients allergic to grass pollen can mount an
IgE response to N-glycans, which can also
cross-react with bee venom allergens (e.g., Api
m 1) even though the patients were not allergic
to bee venom. Conversely, bee venom is a
potent inducer of CCD-specific IgE, which can
cross-react with pollen glycoproteins.
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IMPROVED ACCURACY
THROUGH CCD BLOCKING

CCD-specific IgE can be determined in serum
samples by using a natural glycosylated protein
like bromelain from pineapple or horseradish
peroxidase. This CCD-test shows the presence
of carbohydrate-specific IgE, but by testing the
same serum samples to glycosylated aller-
gens or allergen extracts no statement can be
made, if the sera contain solely CCD-specific
IgE or additionally peptide-specific IgE.?®

SUMMARY

To circumvent the problems of CCDs, allergens
were expressed as non-glycosylated proteins
in E. coli, but it has been observed thatin some
cases, the non-glycosylated allergens show
an incarrect folding and thus lower IgE reacti-
vity as the natural glycosylated ones. To avoid
false-positive test results caused by CCD-
specific IgE, a CCD blocker can be used. The
CCD blocker consists of a non-allergenic protein-
or peptide backbone with several N-glycan
chains attached. By adding a CCD-blocker to
the serum sample, carbohydrate-specific IgE

will bind to the CCD-blocker. In washing steps,
the CCD-blocker and carbohydrate-specific
IgE will be removed and only peptide-speci-
fic IgE will be detected in the test assay. This
way, results remain positive for relevant aller-
gens and “true sensitisations” can be asses-
sed. Thus, CCD blockers are a useful tool to
increase the test specificity and to reduce the
number of false-pasitive test results.

Up to 50% of patients with Hymenoptera allergy show double positive results in serological tests with bee and wasp

venom extracts.

Itis difficult to distinguish true co-sensitisation to both venoms from cross-reactivity with homologous allergens or cross-

reactivity directed against CCDs.

CCD blockers are a useful tool to increase the specificity of the test and to reduce the number of false-positive test results.
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INTERVIEW

Christian Harwanegg: Life sciences are a very diversified industry. Com-
panies under that label can produce anything from pharmaceuticals,
implants, software, animal health products, etc. and then of course there
are also diagnostics companies like MADX.

From my experience as CEO of MADX, | would say that it is pretty diffi-
cult to finance a diagnostics company for several reasons. On the one
hand, the market is very clearly defined or at least conceived as clearly
defined, there are usually pre-existing competitive situations and price
structures, specific segments, and health insurance companies need to
cover the costs in most developed economies. These limitations always
exist. When | presented the MADx business model to various investors
as an easy-to-implement and almost fool-proof business model, the fol-
lowing question often came up: "Ifit's so easy, and the market is so weak
in innovation and characterised by monopolistic structures, why hasn't
anyone else done it before?"

=  HOME  IMPRESSUM

Christian Harwanegg: There is a good public funding structure in Europe,
but it requires certain financial resources to be available still. Small and
medium-sized companies, for example, are funded up to 70%, but of
course you still need the full 100%. There is not much ground to cover
with friends and family funds for an IT start-up that only needs some
laptops and servers. For a diagnostics company the price of basic labo-
ratory equipment for @ small team without any high-tech instruments
costs a five-digit Euro sum. If you add special [ab equipment or cus-
tomised instrumentation developed for your specific needs, you quickly
find yourself in the six to seven figure range.

Another difficulty is finding a suitable location that meets the require-
ments and regulations, offers space to grow over time and is affordable.
There are far too few laboratory locations in Austria, and in Vienna
they cost 25 to 30 euros per m2. That is two to five times the price of
a "normal" office space depending how far out you are willing to locate
yourself. The accessibility of the location is also important to mativate
qualified employees to work for you.
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How long does it take on average for a company in the life-science
sector to become profitable?

Christian Harwanegg: It depends mostly on how inert the market
is in which you are operating. The classic cycle regarding medical
devices starts with product developmentand product registration with the
necessary approvals. The approval process can be complex, accom-
panied by external and clinical studies, which can cost a lot of time
and money. Once you can legally sell, you need to find a partner to
market and distribute the product within the promising markets, unless
you want to hire experienced sales staff right away.

For an investor, that's not interesting, because: From the idea to the
prototype, until the product has a certain market maturity, you must
calculate three to five years at best in the European market. If you want
to gain a foothold in the USA or Ching, it takes an additional three to five
years longer and there is an additional effort due ta regulatory processes
that you need to go through. Typically these countries have higher entry
barriers than Europe.

After entering the market, however, you have ta convince the market
to buy your product. For medical professionals switching involves ef-
fort which often has to be paid for by a company. Decisions are made
by a complex consortium of physicians, administrators, IT staff, legal
and purchasing managers. The product performance must be shown
by company external independent users, preferably
by scientific publications in peer-reviewed journals -
which can take another two to three years.

So, from the investor's perspective, five to eight ye-
ars easily pass in which the company has to be
supported - without knowing whether the product
will really be a commercial success. Investors in
the industry today are interested in business mo-
dels that are highly scalable at an infinitely fast
rate. An example would be business models that
are highly scalable via digitalisation and can be rolled out in many
countries without major legal and technical hurdles. In contrast, in
diagnostics and medical technology and pharmaceutical products, the-
re is a certain market limitation as there is only a limited number of pa-
tients who are in need of a certain product (or can afford it) and only a
certain amount of the money pie is available from a total cake of health
care spendings.
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Investors want
business models that
can be scaled quickly

and infinitely.

What difficulties are present in the European market?

Christian Harwanegg: Many innovative and valuable companies are
founded and funded in Europe, either by European programs or local
funding and subsidies. One of the big problems from my perspective is
that often companies which have been subsidised for years or decades
by public money in Europe, are being sold to US or Chinese conglome-
rates as soon as they are profitable, which then stop innovation, transfer
production to emerging or third world countries, and skim off the profits
- to buy more companies.

In countries like China and Russia, public contracts are generally
awarded to domestic manufacturers. Only if there is no other manu-
facturer does the contract go to a foreign manufacturer. While these
countries follow the "Me first" principle, the European market is much
more open. For example, any American or Chinese manufacturer can
immediately launch and sell its CE-marked product on the European
market. For a European diagnostics provider to enter the Chinese
market, most of the time a local manufacturing entity must be estab-
lished. In countries like Russia, a single diagnostic registration can cost
five to six digit sums in Euros. Looking at the US, the FDA has closed
applications for diagnostic products for more than two years now -
meaning any new product that was launched in 2020 in Europe will not
likely hit the US market before 2026.

What are the prerequisites for achieving long-term
success as a diagnostics company?

Christian Harwanegg: First and foremast, the product
must work and meet the basic requirements for the
intended use. In the case of MADx, we want to offer
every patient a correct and complete allergy test that
is, at best, also more economical than competing pro-
ducts in the industry. This ensures market expansion
and long-term success.

But even here there are some unnatural barriers that have grown histor-
ically. For example, calls for tenders only happen at certain periodic in-
tervals. A potential customer who awarded a tender one year ago is thus
simply not accessible to the manufacturer for three, five, or even seven
years. Tender criteria are often written up by customer groups which
have been fed by the dominating providers and don't intend to use the
best product but lock the specs for a certain manufacturer.
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In diagnastics, longer-term contracts are usually made with customers;
5 year contracts are not uncommon. This ensures availability and price
stability for both sides. The manufacturer can secure his production
volume and calculate better, while the customer has the security of
knowing that there will be no massive price increases for a certain
time period and that they will not have to worry much about external
influences such as inflation or currency exchange rates.

If you had one wish to secure the long-term success of MADx, what
would it be?

Christian Harwanegg: | would like to see more flexibility and foresight in
the health care systems. A strategy needs to be defined on how to better
deal with the diagnasis of health problems or diseases in the long term.
We live in an economic and political system where decisions are made
on a short term (1to 4 years) basis and the focus is on short-term cost-
cutting or profit maximisation. Instead, we should be asking how best to
ensure the health of the population in the lang term.

A health initiative is a long-term project from which no decision maker
benefits immediately. On the contrary, it takes a whole generation of
doctors, studies and cohorts who will no longer experience the praise
and recognition far these initiatives themselves. It is difficult to prove
from a health economics perspective that a health policy measure has
had a clear positive effect in terms of population growth, climate change
and lifestyle.

That is why, from a company perspective, it is necessary to be
competitive in the short term, but also following a clear long-term vision
that might span decades.

ABOUT

DR.CHRISTIAN HARWANEGG

studied Molecular Genetics atthe University of Vienna, Austria.
He joined a team of entrepreneurs in 1999 and graduated with
aPhDin 2003. He has spent his entire professional education
and career workingin the development of all aspects of allergy
testing in a multiplexed setup.
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WHAT'S NEW @ MADX?

. e

INTRODUCING THE MADX ACADEMY °

We already announced the launch of the MADx Academy in the
previous issue of THE XPLORER - now itis anline, and the first users are
already using the platform.

The MADx Academy is a learning platform that will introduce
distributors and physicians into the MADx universe and deepen the
understanding of not only our technology and products, but also aller-
gology on a wider scale.

So what can users expect from the MADx Academy? It is a plat-
form that aims to teach aspects of allergology in an easy-to-
follow short video format. Every learning program (e.g., “allergen
sources”) comes with different modules (e.g., “latex”). Every module
comes with an exam that can be taken to revise the content and claim a

digital certificate if all answers are correct. Furthermore, we will present

exciting case studies on the platform. Our aim is to broaden the haorizon
in the field of molecular allergy diagnostics and thus be one step ahead i ‘
of the game.

ACADEMY
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https://www.macroarraydx.com/doctors/madx-academy

WHAT'S NEW @ MADX?

MADX DISTRIBUTOR CONVENTION 2022

After two rather unusual years, it was finally time to get together again,
exchange ideas in person and get an outlook on the years to come.
Therefore, on September 5th and 6th, 2022, we hosted the first global
MADx Distributor Convention. We were able to welcome participants
from five continents and spent two wonderful days together in the heart
of the beautiful city of Vienna.

Some highlights of this event included:

Panel discussion regarding “Future of the allergologist | Economic

and social impact of allergy | Future of digital patient care” with Prof.

Eva Untersmayer-Elsenhuber, Dr. Paul Scheidegger, Prof. Petra

Ziegelmayer and MADx CEO Dr. Christian Harwanegg

Trainings far technology and marketing & sales

Distributor of the Year award ceremony, with our winners from

BioVendor (Czech Republic & Slovakia) , DASIT S.p.A (ltaly) and

ALPCO (USA)

News and announcements

Complimentary leisure activities in Vienna

Great Austrian food at the restaurant Labstelle

A lot of exciting conversations in between

And more!
The team at MADx was excited to welcome so many distributors from
all over the world at this event and is already looking forward to hosting
it again in the future.
Wewanttothankalldistributors for their participation and theirwarm feed-
back for the first ever MADx Distributor Convention! We are proud of the
partnerships we have built thus far and are excited to work together to
become the global #1in multiplex allergy testing.

O Watch video
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Highest revenue ratio 2021 - BioVendor

Newcomer of the Year 2022 - ALPCO

First Ever Distributor — DASIT
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https://youtu.be/_yMO3Jb-EpY

ALEX? featured in mew

global fish study

In September, the first comprehensive multinational fish study featuring ALEX?2 with the title “Identification of Potentially Tolerated Fish Species by

Multiplex IgE Testing of a Multinational Fish-Allergic Patient Cohort” was published.
For this study, sera from 263 fish-allergic patients from Austria, China, Denmark, Luxembourg, Norway, and Spain were tested using a research

version of our ALEX? multiplex IgE quantification assay.
The results of this study show how using the ALEX? technology will improve precision of fish allergy diagnostics and help to identify tolerated fish

for each patient, thereby avoiding unnecessary dietary restrictions.
The full abstract of this study is available via Pubmed, ScienceDirect and ResearchGate.
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https://pubmed.ncbi.nlm.nih.gov/36002102/
https://www.sciencedirect.com/science/article/abs/pii/S2213219822008248
https://www.researchgate.net/publication/362835999_Identification_of_potentially_tolerated_fish_species_by_multiplex_IgE_testing_of_a_multinational_fish-allergic_patient_cohort
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