Review

Key words
Spiking -
molecular allergy
diagnostics —
latex — hazelnut -
wasp venom —
bee venom -
recombinant

Submitted
April 8, 2015

Accepted
April 21, 2015

German version
www.springer-
medizin.de/
allergo-journal

236

Spiking with recombinant

allergens to improve a
extracts: benefits and

lergen
Imitations

for the use in routine diagnostics

Part 19 of the Series Molecular Allergology

JoHANNES Huss-MaRrP!, MonNIKA RAULF?, THILO JAkOB'

'Allergy Research Group, Department of Dermatology, University Medical Center Freiburg, Germany;2Institute for
Prevention and Occupational Medicine of the German Social Accident Insurance, Institute of the Ruhr University

Bochum, Germany (IPA)

Abstract
Essentially, allergen components offer three possi-
bilities to improve in vitro IgE diagnostics:
a) Allergen components can be used individually for
IgE determination.
b) Allergen components can be combined as a mix
in one test.
¢) Individual allergen components can be specifically
added to the extract.
Option (a) is currently being used most extensively
in practice, while (b) represents more of a theoreti-
cal possibility. The specific addition (“spiking”) of
allergen components to an allergy extract (c) has
been performed in the past for the ImmunoCAP®
tests for latex (09/2001), hazelnut (05/2006) and
wasp venom (06/2012). Through this approach
under-represented allergen components could be
compensated and the analytical sensitivity of the
test systems significantly increased. In combined
use with molecular Singleplex tests, these modified
tests allow for new diagnostic possibilities. Clear
communication from the manufacturer regarding
in which test and from what time point on, recom-
binant allergens were added - and where this was
not done despite under-represented allergen compo-

nents - is important for the interpretation of the test
results in routine clinical practice.
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Abbrevations

CCD: Cross-reactive carbohydrate determinants
IgE: Immunoglobulin E

nsLTP: Non-specific lipid transfer protein

NPV: Negative predictive value

PPV: Positive predictive value

sIgE: Specificimmunoglobulin E

WV Wasp venom
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Introduction

Molecular allergy diagnostics is based on the insight

that not the entire allergen source, but the isolated

allergens within are relevant for sensitization and
clinical manifestation of the allergic reaction. Essen-
tially, the use of allergen components in diagnostics
offers three possibilities of modifying an in vitro-

(immunoglobulin E) IgE Singleplex test:

a) allergen components can be used individually for
IgE determination,

b) the available allergen components can be com-
bined as mix in one test to replace a natural ex-
tract or

¢) individual allergen components can be specifically
added to the extract (Fig. 1).

While option (a) currently represents the most ex-

tensively used application of molecular allergy dia-

gnostics, option (b) is rarely used in practice, since
this procedure is elaborate, expensive and the ben-
efits are questionable. The last-mentioned applica-
tion (c), so-called “spiking” of an extract with aller-
gen components with the goal of increasing test sen-
sitivity is, however, used in some common, ex-
tract-based in vitro tests. This procedure is partic-
ularly useful if allergen components are under-re-
presented in the conventional extract-based test.
There are a number of reasons why one or several
allergen components are under-represented in an
extract-based test. They range from the composition
and variation of the natural source material with re-
gard to the occurrence of allergen components, the

a b o

extractability of the allergen components from the
raw material to stability of the components after ex-
traction. Test-specific aspects such as, for example,
the bonding behaviors of allergen components, etc.
also play a role.

Since important allergen components were un-
der-represented in the conventional IgE tests for la-
tex, hazelnut and wasp venom and the tests were
modified in the past by “spiking”, we will present
examples of this procedure from the areas of latex,
hazelnut and wasp venom allergy and discuss them
with regard to their clinical implications.

Improvement of diagnostics through
allergen addition in latex allergy

The type I latex allergy represents a classical, IgE
mediated, immediate-type reaction. The proteins in
the natural latex milk of the para rubber tree Hevea
brasiliensis are the triggers of latex allergy. Currently
eighteen latex allergens (including isoforms) have
been identified and described as Hevb 1 to Hev b 15
according to the IUIS allergen nomenclature (Hevb
is derived from Hevea brasiliensis; www.allergen.
org) [1].

Since the skin test extracts to detect a type I latex
allergy are increasingly no longer commercially
available, the serological test for latex-specific IgE
not only represents an additional, but in the mean-
time almost the only method to detect sensitization
to latex.

© with kind permission of Phadia GmbH

Fig. 1: Use of allergen components in allergy diagnostics: a: Allergen components used individually,
b: Allergen components combined as mix in one test, c: ,Spiking” of an allergenic extract with individual

allergen components.
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Fig. 2: Comparison of latex ImmunoCAP®-results fiir k82
without rHev b 5 und with k82 with rHev b 5. Study
collective: Health care workers with latex allergy, which
were tested with both tests mentioned above (n = 68).
(Modified according to [6])

As investigations by Chen et al. [2] or Lundberg et
al. [3] showed, 16 of 111 latex patients from the health
care system with a positive latex skin test reaction
and the clinical symptoms of a latex allergy tested
negative in the specific IgE test with the commonly
used latex allergen extract. By the use of recombinant
individual latex allergens it was possible to show, that
8 of these patients were monosensitized to Hev b 5.
Hev b 5 is an acidic protein that is very similar to a
protein in kiwi fruit and is considered a major latex
allergen along with Hevb 1 and Hev b 6.01/6.02. It is
recognized by patients in the health care system aller-
gic to latex as well as patients with spina bifida at a
comparable rate [4, 5]. Only the addition of rHevb 5
to the allergen material usually used for detecting la-
tex-specific IgE and the preparation of a new Immu-
noCAP (“k82 supplemented with rHev b 57 [3]) led
to relevant improvement in the test sensitivity — par-
ticularly in individual cases (Fig. 2). These results
demonstrate a new strategy for the manufacturing of
standardized allergy diagnostics: if relevant allergens
are too unstable to withstand the production steps of
standardized allergen extracts or if they are missing,
stable recombinant proteins can be added during
production. “k82 plus rHev b 5” has been commer-
cially available since spring 2002 in order to improve
the in vitro latex diagnostics. This new ImmunoCAP®
replaced the original ImmunoCAP* k82 without be-

ing identified as “k82 plus rtHev b 5”. It continued to
be identified as k82. As Tab. 1 shows, the sensitivity
of the latex-specific IgE determination was increased
from 76 % (latex extract without rHev b 5) to 90 %
with a test efficiency of 93.75% using the Immuno-
CAP supplemented with rHev b 5. The use of an Im-
munoCAP® manufactured for research purpose, con-
sisting of the latex allergens rHev b 1, rHev b 5,
rHev 6.01 and rHev b 8, improved test efficiency com-
pared to the ImmunoCAP® without rHev b 5 from
86.7% to 90.6% (Tab. 1), but ultimately did not
achieve the efficiency of the rHev b 5-supplemented
“spiked” ImmunoCAP"® [6].

Benefits and disadvantages of allergen
addition in hazelnut allergy

Hazelnuts are among the most common triggers
of food allergies worldwide. Associated symptoms
range from the oral allergy syndrome to severe sys-
temic and even fatal reactions. To date, a number
of allergen components of the hazelnut have been
identified, which can be categorized into the pro-
tein families of PR-10 proteins (Cor a 1), profilins
(Cor a 2), non-specific lipid transfer proteins
(nsLTP; Cor a 8), storage proteins (Cora 9, Cora 11,
Cor a 14) and oleosins (Cor a 12, Cor a 13) (www.
allergen.org).

In this case, as well as in a number of other food
allergies, the molecular sensitization profile allows a
risk assessment regarding the patient’s hazard poten-
tial upon allergen exposure. Among other things,
this depends on the amount of allergen in the aller-
genic source as well as on its stability, e. g. to heat and
digestion. Storage proteins and nsLTPs are often as-
sociated with an increased risk potential, whereas
PR-10 protein sensitizations are frequently associat-
ed with birch pollen and suggest cross-reactivity. For
example, sensitization to the heat-stable and diges-
tion-resistant nsLTP or storage proteins of hazelnut,
are frequently accompanied by severe systemic symp-
toms. In contrast, the heat-labile hazelnut component
Cor a 1 (PR-10 protein) is usually a trigger of mild
allergic reactions, such as the oral allergy syndrome
[7]. Thus, Cor a 8, Cor a 9 and Cor a 14 are particu-
larly important for estimation of the risk potential in
patients with hazelnut allergy [7].

These allergen components were already suffi-
ciently represented in the past in the extract-based
IgE test that allowed for recognition of these pa-
tients. However, the PR-10 protein Cor a 1 that par-
ticularly stands for cross-reactivity to birch pollen
was not well represented in the extract. This factled
to clinical studies with the hazelnut ImmunoCAP®
f17 (Thermo Fisher Scientific, Freiburg, Germany)
sometimes only having a low sensitivity for the test,
depending on the patient collective and geographi-
cal region. For example, a study from the Nether-
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Tab. 1: Determination of latex-specific IgE with different InmonoCAP® tests.

Method Sensitivity (%) Specifity (%)
k82 “alt” 76,0 98,3
k82 + rHev b 5 90,0 98,3
rHev-b-Mix* 83,6 98,3

PPV: positive predictive value; NPV: negative predictive value
*rHev-v-Mix consits of rtHev b 1, rHev b 5, rHev b 6.01 and rHev b 8

lands only detected sensitization in 18 of 31 patients
(58 %) with confirmed hazelnut allergy using 17
(f17 sIgE = 0.35 KU/I) [8]. These results and compa-
rable ones in further studies led the manufacturer
to make the decision to modify the ImmunoCAP
£17 by “spiking” it, with the goal of increasing sen-
sitivity. The investigations performed in this context
were published [9] and ultimately led to a significant
increase in test sensitivity: The “old” ImmunoCAP
f17 did not detect 8 patients with confirmed hazel-
nut allergy in a collective of 50 patients from Cen-
tral Europe, while the new {17 test supplemented
with recombinant Cor a 1 detected sensitization to
hazelnut in all patients. This corresponds to an
increase in sensitivity from 84 % to 100 % [9]. The
Cor a 1-supplemented f17 test was introduced to the
market in May 2006 and it subsequently replaced
the test used previously.

The response from allergists to this change was not
only positive as shown by a publication from Sicher-
er et al. [10]: Many pediatricians in the US had pre-
viously used the f17 test primarily in the diagnosis of
hazelnut allergies in infancy and childhood which
can generally be attributed to storage proteins. The
hazelnut extract supplemented with Cor a 1 now no
longer only detected sensitizations to nsLTP and stor-
age proteins, but also PR-10 proteins with high sen-
sitivity. These sensitizations are partly clinically ir-
relevant and can usually be attributed to cross-reac-
tions due to tree pollen allergy. It was particularly
criticized that with the new Cor a 1-supplemented f17
ImmunoCAP® differentiation between different sen-
sitization patterns was no longer possible, and that
this change was not sufficiently communicated by the
manufacturer.

Today, Cor a 1, Cor a 8, Cor a 9 and Cor a 14 are
available as molecular Singleplex tests in addition to
the Cor a 1-supplemented hazelnut ImmunoCAP 17;
they allow for detailed recognition of the patient’s
sensitization profile and for the implementation of

Allergo J Int 2015; 24:236-43

PPV (%) NPV (%) Efficacy (%)
98,1 78,7 86,7
98,4 89,4 93,8
98,2 84,3 90,6

molecular-based allergy diagnostics in patients with
hazelnut allergy.

Improvement of test sensitivity by allergen
addition in wasp venom allergy

Another example of improved diagnostics by addi-
tion of a recombinant individual allergen to the
allergen extract can be found in wasp venom allergy.
The serological IgE diagnostics of hymenoptera ven-
om allergy is complicated by a high degree of
cross-reactivity between bee and wasp venom ex-
tracts. For example, up to 45 % of our patients ex-
hibited dual sensitization to both insect venoms [11].
This cross-reactivity is either caused by cross-reac-
tive carbohydrate determinants (CCD) or is based
on protein homology between individual allergens
in bee and wasp venom. The introduction of CCD-
free species-specific marker allergens (Api m 1 for
bee venom or Ves v 5 and Ves v 1 for wasp venom)
that allow for definite differentiation between bee
and wasp venom allergy, significantly improved the
serological diagnostics of hymenoptera venom
allergy [11, 12].

The first report on the benefits of rApi m 1 and
rVes v 5 in the IgE diagnostics of hymenoptera ven-
om allergy already stated that positive sIgE levels to
the marker allergen rVes v 5 (i209), but negative IgE
serology to wasp venom (ImmunoCAP i3) were mea-
sured in 5 of 7 patients with a clear history of anaphy-
laxis after a wasp sting [11]. A larger follow-up exam-
ination of 308 patients with wasp venom allergy con-
firmed these initial findings [13]. Here, only 83.4 % of
the patients showed sensitization to the wasp venom
(i3), while IgE sensitization (= 0.35 KUA/L) was de-
tectable in 96 % of the cases using the individual
allergens Ves v 1 and Ves v 5. Among patients with
wasp venom allergy who tested negative regarding
IgE against wasp venom extract (i3) IgE could be de-
tected against rVes v 5in 84.4 % (42/51, > 0,35 kUA/1)
of patients. Comparative examinations on IgE reac-
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Fig. 3: Comparison of IgE- reactivity against wasp venom extract (i3), rVes v 1 (i211), r'Ves v 5 und Ves v 5-spiked WV in
patients with wasp venom allergy. a: Comparison of IgE-levels to WV (i3) against rVes v 1 (n=308), b: Comparison of
IgE-levels to WV (i3) against rVes v 5 (n = 308), c: Comparison of IgE-levels to WV (i3) against rVes v 5-enhanced WV in
Ves v5-positive patients (n = 277), d: Comparison of IgE-levels to WV (i3) against rVes v 5-enhanced WV in Ves v-5-
negative patients (n = 31). Dotted horizontal and vertical lines indicate cutoff values = 0,35 kUA/I; dotted diagonal
line corresponds to a relationship of 1: 1. (Adapted from [13]; with kind permission of Elsevier)

tivity to wasp venom extract (i3) and rVes v 1 (i211)
detected higher values for the total venom than for
the individual allergen in almost all patients which
suggests that only part of the IgE reactivity is direct-
ed against the selected allergen (Fig. 3a). In contrast,
comparative examinations on IgE reactivity to wasp

venom extract (i3) and rVes v 5 (i209) detected IgE
reactivity to the individual allergen that was on aver-
age 2.4 times higher than that to whole venom (Fig.
3b). This observation suggested that the IgE immu-
noreactivity to Ves v 5 is under-represented in the
wasp venom extract (i3).

Allergo J Int 2015; 24:236-43



Various mechanisms can theoretically be respon-
sible for a phenomenon of this type, such as, for ex-
ample
a) a lack of the allergen Ves v 5 in wasp venom ex-

tract,

b) poor or insufficient coupling of Ves v 5 in natural
wasp venom to the solid phase of the test system,
¢) steric blockade of the IgE epitopes to Ves v 5 by
endogenous inhibitors, amongst others.
This apparently absent, IgE immunoreactivity in the
conventional ImmunoCAP® i3, was compensated
by “spiking” the wasp venom with recombinant
Ves v 5 [13]. A direct comparison with the previ-
ous wasp venom ImmunoCAP*® in Ves v 5 positive
patients detected significantly elevated IgE reac-
tivity for the rVes v 5-supplemented ImmunoCAP®
(Fig. 3c). Both CAP variants delivered comparable
results in Ves v 5-negative patients. In comparison
to the previous wasp venom ImmunoCAP®, the
Ves v 5-supplemented ImmunoCAP® captured
96.8 % of the patients allergic to wasp venom. The

test sensitivity increased from 83.4% to 96.8 %
through addition of rVes v 5 (Fig. 4). Similar re-
sults were also reported from other groups [14].
The observed increase in the sensitivity was not as-
sociated with reduced specificity of the test system.
Based on this data, rVes v 5-supplemented wasp
venom was introduced for routine diagnostics in
June 2012. After a transitional period the previous
(not Ves v 5-supplemented) wasp venom Immuno-
CAP° (i3) was taken off the market.

Unfortunately the manufacturer failed to ade-
quately communicate this change in the test sys-
tem and provide the different variants with indi-
vidual names. This is particularly relevant for fol-
low-up observations in the context of specific im-
munotherapy. On the whole, it can be presumed
that before 2012, sIgE to wasp venom (i3) was mea-
sured with the non-supplemented ImmunoCAPs,
while all values collected from 2013 onwards were
analyzed with the new rVes v 5-supplemented Im-
munoCAP”.

2

100

rVes v 5 enhanced

false

negative 10/308

o’::

"‘
= 5
g 10 e
o .
) 3ol
2 1
c
35 weedily
£ i
£ B
W v
E .

51/308
0.01 .

Sensitivity 83,4 %

—> 96,8 %

Fig. 4: Enhancement of dignostic sensitivity in wasp venom allergy by spiking with rVes v 5. slgE-reactivity against
WV (i3) without (left) and with addition of rVes v 5 (right) in 308 patients with WV allergy. (adapted from [13])
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The significant improvement in sensitivity result-
ing from the addition of r'Ves v 5 suggests that further
individual allergens such as, e.g. Ves v 1, Ves v 2 or
Ves v 3 could possibly be used for improvement of test
performance. However, this is not the case, as inves-
tigations on the sera of patients with a clear history
of wasp venom allergy, but without sIgE to
Ves v 5-supplemented wasp venom showed [15]. The
same goes for the individual diagnostic bee venom
allergens Apim 1, Apim 2, Apim 3, Apim 4, Apim 5
and Api m 10, that have been characterized to date
[16]. In patients with a clear history of bee venom all-
ergy but without positive sIgE values to whole bee
venom extract, the application of Api m 1, Api m 2,
Apim 3, Apim 4, Api m 5 and Api m 10 did not lead
to an improvement in diagnostic sensitivity [15].

Additional value of molecular diagnostics
and conclusion for routine clinical practice
The examples of addition of recombinant individual
allergens to extract-based tests listed in this chapter
show the potential of this approach for improved
diagnosis, but also the associated problems. While
the sensitivity of the tests was significantly in-
creased for latex, hazelnut and wasp venom, the ex-
ample of the hazelnut ImmunoCAP® f17 shows that
the diagnostic discriminatory power can certainly
also be reduced as a result. Today this problem can
be overcome by combining further allergen compo-
nent-based Singleplex tests. Based on the broad
spectrum of available molecular tests a detailed sen-
sitization profile can be obtained which, taken to-
gether with history and clinical findings, allows
diagnosis and risk assessment. The decision to alter
an extract-based in vitro allergy test by adding in-
dividual recombinant allergens should always be
carefully considered, since the performance and
application of the test can be permanently affected
all over the world. Not all extract-based IgE tests
where allergen components are under-represented
were supplemented in the past by addition of the rel-
evant allergens. For example, the allergen compo-
nent Tria 19 (omega-5-gliadin) is under-represented
in the wheat InmunoCAP® and Gly m 4 in the soy
ImmunoCAP® but no decision to add these to the
extracts in recombinant form was made, since the
allergen components are available as molecular
Singleplex tests and thus there is no diagnostic gap.
Finally, it should be noted that molecular-based
allergy diagnostics opens new diagnostic possibil-
ities in allergy through the option of “spiking” in
combination with molecular Singleplex tests. Clear
communication on the part of the manufacturer,
to which test recombinant allergens were added
and from what time point on - and also where this
was not done despite under-represented allergen
components - is essential in order to allow clini-

cians to optimally utilize these possibilities for im-
proved patient management.
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