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Background: The clinical interest of newly available platforms for specific IgE measurement must be
evaluated. However, data are lacking for NOVEOS™ (Hycor), in particular for food allergens.

Objective: We compared technical and clinical performance of two platforms (ImmunoCAP™ and
NOVEOS™) for the measurement of specific IgE to 10 food allergens.

Methods: Sera from 289 clinically-characterized patients were tested for IgE specific for six food
allergen extracts (egg white, cow’s milk, peanut, hazelnut, fish, shrimp) and four molecular allergens
(Gald 1, Bos d 8, Ara h 2, Cor a 14). Specific IgE measurements were carried out using ImmunoCAP™
and NOVEOS™ methods. Food allergy diagnosis was established according to international guidelines.

Results: A strong correlation (rho>0.9) was present between the two platforms, while specific IgE
concentrations measured with NOVEOS™ were consistently lower (mean -15%) than with
ImmunoCAP™. NOVEOS™ and ImmunoCAP™ provided similar overall odds ratios and relative risks for
food allergy diagnosis, with both allergen extracts and molecular allergens. When all 10 allergens were
considered, NOVEOS™ provided better ROC curves (p=0.04). Finally, we found that the most discordant
results were observed with hazelnut and peanut extracts, and were related to cross-reactive
carbohydrate determinants on these two ImmunoCAP™.

Conclusions: Specific IgE determination by either ImmunoCAP™ or NOVEOS™ (odd-ratios of allergy
were 25.1 or 33.0, respectively) is highly informative on the risk of allergy in the selected population.
The NOVEOS™ platform presents the advantage of being less affected by unwanted reactivity due to
carbohydrate determinants-specific IgE, while requiring a ten-fold lower test sample volume.

Highlights box
1. What s already known about this topic? NOVEOS™ is a new method for specific IgE

measurement. Two previous studies described the correlation between NOVEOS™ and
ImmunoCAP™ but only for airborne allergens and did not include clinical data.

2. What does this article add to our knowledge? Results of ImmunoCAP™ and NOVEOS™
specific IgE to 10 food allergens tested in 289 patients were highly correlated. NOVEOS™ and
ImmunoCAP™ results are both equally predictive of the diagnosis of food allergy.

3. How does this study impact current management guidelines? For 10 food allergens, this
report delivers optimal clinical cut-off values for specific IgE in a mostly pediatric population.
Moreover, we addressed the method-related impact of allergen glycosylation on specific IgE
results.

Keywords:
food allergy, specific IgE platforms, allergen extract, molecular allergen, cross-reactive carbohydrate

determinant, clinical performance
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Introduction

Determination of specific IgE (sIgE) is one of the pillars supporting allergy diagnosis, together with
anamnesis, skin tests and allergen challenges (1, 2). IgE sensitization is commonly demonstrated in vivo
by skin prick testing (SPT), or in vitro with automated systems. Because IgE concentrations are very low
in peripheral blood (3), very sensitive methods for sIgE measurement have been developed, such as
ImmunoCAP™ (Thermo Fisher Scientific, Uppsala, Sweden), which has been in use for more than 30
years and is currently considered as the reference method (4, 5). Accurate determination of sigE
concentrations is hampered by factors such as variable composition of the allergenic sources (6),
diverse physico-chemical methods used to prepare allergen extracts, possible competition by non-IgE
anti-allergen antibodies (7, 8), unwanted reactivity with clinically irrelevant cross-reactive
carbohydrate determinants (CCD) (9), and lack of result standardization (10). Initially developed to
quantitate sIgE capable of binding to allergenic extracts, which are complex mixtures of proteins,
contemporary sIgE assays also measure sIgk to a variety of individual allergenic molecules, called
molecular allergens (MA) (11). In daily practice, the added value of these tests resides in the correct
identification of the culprit allergen(s) and in the estimation of the risk of severe reactions (12). This
risk is higher when individuals are sensitized against certain MA, (e.g. seed-storage proteins of peanut
and nuts), and lower when sensitization is against MA associated with food-pollen allergy syndromes
(e.g. PR-10, profilins) (12-15). A commonly accepted rule is that, isolated from the clinical context, sIgE
values cannot discriminate between sensitization and allergy. The capacity of sIgE values to “predict”
the presence or absence of allergy symptoms as a function of the degree of sensitization is thus
constrained by interindividual variations and the presence of co-factors (e.g. exercise, medication,
concomitant infection, etc). Determination of useful sIgE threshold values, in particular for food
allergens, was previously attempted in many studies using ImmunoCAP™ tests and demonstrated a
general lack of agreement for these values (16).

In the last three years, new contenders, like NOVEOS™ (Hycor, Garden Grove, CA, USA), have started
to propose new methods of sIgE measurement. NOVEOS™ uses biotinylated soluble allergens coupled
to streptavidin-coated magnetic beads and chemiluminescent signals, thus differs from ImmunoCAP™,
which employs allergens bound to a cellulose matrix and fluorescence signals. NOVEOS™ differs also
from ImmunoCAP™ by requiring a lower test sample volume of 4 pL, versus 40 pL.

So far, only two reports have compared analytical performances of NOVEOS™ and ImmunoCAP™, and
only for airborne allergens. The first study compared sIgE results for 21 airborne allergens (9 extracts
and 12 MA) on samples from 368 patients (17) and found a good overall correlation (Spearman’s rho:
0.65-0.96 for extracts; 0.79-0.98 for MA). The second report compared sIgE reactivity against two
mixtures of airborne allergens, ImmunoCAP™ Phadiatop and NOVEOS™ SX01, on a cohort of 1314
pediatric samples. Spearman's correlation between the data set of both methods was 0.84 (18).

However, comparison of the clinical performance of the two methods has not been addressed yet, and
data on food allergens are lacking. The main objective of this study was to compare the performance
of NOVEOS™ and ImmunoCAP™ technologies in a clinical setting of food allergy (FA).

Materials and methods

Samples, data collection and ethics statement
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This monocentric, non-interventional, retrospective study was conducted on excess serum samples
from 289 patients attending the paediatric or adult pulmonology and allergology departments of the
Toulouse Teaching Hospital, France, between 2017 and 2021, for a suspicion of allergy to one or several
foods. Blood sampling was part of routine allergy explorations, in agreement with current EAACI and
WAQO guidelines (19, 20). Additional experiments were performed only on excess serum. According to
French law, the patients were informed and retained the right to oppose the use of their anonymized
medical data and excess samples for research purposes, but formal consent was not required for this
non-interventional study categorized as type 3b non—interventional research (Art. L1121-1 Public
Health Code, ethics and GDPR committee approved collection DC20162804).

Single-blind Oral food challenges (OFC)

Single-blind food challenges were supervised by trained practitioners using recommended threshold
cumulative doses (21). A negative OFC was defined by the absence of allergy symptoms after
consumption of a cumulative dose of tested food: egg white (>5 g of cooked egg Eq to 650 mg of
protein), cow’s milk (>8.5 fl 0z/254 mL of raw milk Eq to 8.3 g of whey protein), peanut (>8.7 g of
roasted peanut Eq to 2.2 g of protein), hazelnut (>8.7 g of roasted hazelnut Eq to 1.3 g of protein), fish
(>50 g Eq to 12.5 g of protein) or shrimp (>39 g Eq to 7.5 g of protein).

Food allergy diagnostic procedures

FA diagnosis was established either based on single-blind oral food challenge (OFC) results and/or,
when an OFC was not performed, based on a documented episode of food anaphylaxis and the
demonstration of sensitization to culprit foods. In accordance with international guidelines, OFCs were
not undertaken in patients with a risk of severe anaphylaxis or in cases of refusal (22, 23, 24). In
patients allergic to several foods (n=48 patients out of 289), allergy work-up was conducted separately
for each food. Some patients were receiving oral immunotherapy (OIT) for the culprit food at the time
of blood sampling (n=104). A separate analysis was performed for patients receiving peanut OIT.

Specific IgE measurements

Specific IgE measurements were performed with ImmunoCAP™ Phadia 250 (Thermo Fisher Scientific,
Phadia AB, Uppsala, Sweden) and NOVEOS™ (Hycor, Garden Grove, CA, USA) systems, in compliance
with ISO 15189 standards. Following the initial determination by the ImmunoCAP™ method, samples
were kept frozen at -40°C before testing with NOVEOS™. For statistical analyses, sIgE values outside
the analyzers’ ranges of measurement (ImmunoCAP™: 0.10 - 100kUa/L; NOVEOS™: 0.17 - 100 kUa/L)
were adjusted to 0.10 or 0.17 kUa/L respectively for results below these values, or to 100 kU,/L for
results >100 kUa/L. Some samples were tested after addition of a CCD-blocker reagent (ProGlyCan
MUXF3-human serum albumin, Himosan, llz, Austria) at a final concentration of 20 pg/mL.

Results analysis and statistics

Analytical correlations and general agreement between NOVEOS™ and ImmunoCAP™ were calculated
by using the Spearman’s formula, Cohen’s kappa index (k), and percentage of agreement (proportion
of both true positive and true negative results). Clinical performance of specific IgE values was
determined through odds-ratios (OR; Baptista-Pike’s confidence intervals) and relative risks (RR; C.I.
according to Koopman’s asymptotic score) of presenting with allergy, and also through calculation of
receiver operator curves (ROC), kappa index rankings (3: moderate, 4: good, 5: very good) and
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percentages of agreement (% of agreement: true positives + true negative / total number of tests).
Indicators of clinical performance were compared using Wilcoxon t-test. For these analyses, individuals
were categorized for each allergen and technique into four groups: “true positives” (confirmed allergy
and sIgE above the cut-off value for the relevant allergen), “true negatives” (confirmed tolerance and
slgE below the cut-off value for the relevant allergen), “false negative” (confirmed allergy and slIgE
below the cut-off value for the relevant allergen), and “false positive” (confirmed tolerance and slIgE
above the cut-off value). These four groups were used to establish contingency tables (Fisher’s exact
test). All statistical calculations were performed by using PRISM 9 (GraphPad Software, San Diego,
California USA, www.graphpad.com). Significance was set at p>0.05. Optimal cut-off sIgE values were
calculated using Youden’s index (25).

Results
Patients characteristics

The study population (289 patients) was predominantly male (183/289), displayed a median age of 7
years, with 246/289 aged 15 years or younger. Forty-eight patients were investigated for two distinct
FA, resulting in a total of 337 FA testings (Table 1). Due to a risk of severe anaphylaxis or refusal, only
198/337 FA diagnoses were based on OFC, ranging from a minimum of 17/53 for shrimp allergy to
76/76 for peanut allergy (Table 1). FA testings were performed on patients either following OIT
(104/337 testings; range 1/51 for fish to 43/76 for peanut), or following a strict avoidance diet (99/337
testings), or on patients who reported episodic consumption of the investigated food (134/377
testings). Overall, 43% of FA testings concluded to the presence of allergy.

Comparison of analytical performance of ImmunoCAP™ and NOVEOS™

Prior to analysing the clinical performance of the two methods, we compared ImmunoCAP™ and
NOVEOS™ slgE results at the analytical level. A total of 570 comparisons were made encompassing 6
different allergen extracts and 4 associated MA: egg white/ovomucoid (nGal d 1), cow’s milk/casein
(nBos d 8), peanut/rAra h 2, hazelnut/rCor a 14, fish and shrimp (Figure 1). The correlation between
the two methods was evaluated using the Spearman’s test which showed very high rho coefficients for
both allergen extracts (r=0.92) and MA (r=0.96) (Figure 1A, B). Using a Bland-Altman approach to test
agreement between the two methods (Figure 1C, D), we observed a significant divergence (p<0.0001)
between absolute differences only for values between 10 and 100 kUa/L, but not between residuals
(difference/average). When considering values between 0.1 and 100 kUa/L, NOVEOS™ sIgE results
were lower than ImmunoCAP™ results, by a mean of -15%, from -13% (extracts, p<0.0001) to -17%
(MA, p=0.0006).

Then, we found a very good level of agreement (k index 0.84; agreement 0.92) between the two
methods (Figure E1). Highest or lowest levels of concordance were found for egg white extract (x 1.0,
agreement 1.00), and for shrimp (x 0.74) and hazelnut extracts (agreement 0.81), respectively. Next
and to gain further insight in the analysis of discordances, sIgE values were subdivided according to
the sIgE reactivity classes from class 0 (£0.35 kUa/L) to classes 5-6 (>50 kUa/) (Figure 2A). These classes
allow slgE analysis as discrete rather than continuous values (1). The percentage of agreement within
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classes was 72% (n = 410/570 slgE results), while 23% (133/570) results differed by one class. Only
4.7% (27/570 results) differed by 3 or 4 IgE reactivity classes and corresponded to 25 patients (two
patients were discordant for both peanut extract and Ara h 2). These discordant results were mainly
for allergen extracts (20/27) with mean sIgE values of 5.3 kUa/L (range: 0.1-23.4) for InmunoCAP™ and
1.3 kUa/L (range: 0.13-7.6) for NOVEOS™. For low slIgE values, there was a 86% intermethod agreement
for discrimination between sIgE classes “0” (<0.35kUx/L) and “1/2” (0.35 to 3.5kUa/L) (Figure 2A).

Comparison of ImmunoCAP™ and NOVEOS™ clinical performance

We performed ROC analysis to compare clinical performance of ImmunoCAP™ and NOVEOS™, and
select sIgE optimal thresholds for discrimination between food allergic and non-allergic individuals. As
presented in Table 2 and Figure E2, areas under ROC curves (AUC) varied from 0.79 for hazelnut extract
(ImmunoCAP™ f17) to 0.97 for ovomucoid nGal d 1 (NOVEOS™ F233). The mean AUC was higher for
NOVEOS™ than for ImmunoCAP™ (p=0.04). Next, Youden’s index combining optimal sensitivity and
specificity was used for setting the optimal sIgE cut-off values for the 10 food allergens (Table 2). Cut-
off values for ImmunoCAP™ (mean 6.6 + 3.9 kUa/L) and NOVEOS™ (mean 4.4 + 1.9 kUa/L) were similar
(paired samples Wilcoxon test, p=0.07). The most divergent cut-off values were observed with
hazelnut extracts (ImmunoCAP™ cut-off 16.7 kUa/L versus NOVEOS™ cut-off 3.6 kUa/L) and cow’s milk
extracts (ImmunoCAP™ cut-off 6.9 kUa/L versus NOVEOS™ cut-off 3.3 kUa/L). Sensitivity, specificity,
positive (PPV) or negative (NPV) predictive values were also comparable without significant difference
(mean sensitivity and specificity: 81% and 84% for ImmunoCAP™ and 84% and 86% for NOVEOS™). The
highest PPV was 95% except for egg white extract (ImmunoCAP™ and NOVEOS™: highest PPV=90%)
(Table 2). As some patients were under OIT at the sampling time, we analysed separately the 43
patients receiving peanut OIT (Table E3). When, considering only these patients, ROC curves had
identical AUC values with both methods: 0.79 (peanut extract) and 0.84 (Ara h 2) (Table E3). Next, the
ability of sIgE cut-offs to discriminate allergic from non-allergic individuals was evaluated by calculating
OR, RR, Cohen’s kappa coefficients, and percentages of agreement between each method and
patients’ status. A strong association was found between slIgE results for the 10 allergens and clinical
status (Figure 3). The overall values of RR (ImmunoCAP™ 4.1 versus NOVEOS™ 4.6), OR, kappa and
agreement were higher for NOVEOS™ than for ImmunoCAP™ when data from all 10 allergens were
pooled, as well as when only allergen extracts were considered (Table E1). However, these differences
were not significant. OR and RR were higher for MA with ImmunoCAP™ than with NOVEOS™, while
agreement and kappa indexes were identical with both methods (Table E1). In both methods, MA were
associated with better OR, RR, agreement and kappa indexes than allergen extracts (Table E1).
Considering individual allergens (Table E2), cow’s milk sIgE results (extract and casein nBos d8) were
associated with the highest RR (8.2), OR (>100), percentages of agreement (90-92%) and kappa indexes
(0.80-0.83). The lowest values were obtained with ImmunoCAP™ peanut extract (RR: 2.7; kappa: 0.49;
agreement: 75%) and NOVEOS™ hazelnut extract (RR: 2.6).

Cohen’s kappa index showed a “good” (0.61-0.80) or “very good” (0.81-1) degree of association for 6
out of 10 allergens tested for ImmunoCAP™ as compared to 8/10 for NOVEOS™ (Table E2, p=0.035,
Wilcoxon t-test). In addition, agreement was higher than 80% for 9/10 allergens in NOVEOS™ and for
7/10 allergens in ImmunoCAP™ (Table E2). Overall, comparing kappa indexes and agreement for 10
allergens (i.e. 20 comparisons, Wilcoxon t-test: p<0.0001), values were significantly higher for
NOVEOS™ (11/20) than for ImmunoCAP™ (2/20).
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Focusing on low slIgE values, contingency analyses were performed between class “0” (<0.35 kUa/L)
and classes “1” or ”2” (0.35 to 3.5 kUa/L) measurements, first for non-allergic (n= 234, Figure 2B), then
for allergic patients (n=29, Figure 2C). The distribution of sIgE results for non-allergic patients differs
between the two methods, with an excess of 31 ImmunoCAP™ class “1” or “2” results paired with class
“0” NOVEOS™ results (p<0.0001). By contrast, no significant difference was found for allergic patients
with classes “0” to “2” sIgE (Figure 2C).

Origin of discordances between ImmunoCAP™ and NOVEOS™

The 27 most divergent slIgE results from Figure 2A are shown in detail in Figure E3. As most discordant
results concerned plant allergens (18/27), we investigated two possible causes. The first potential
explanation is the spiking of ImmunoCAP™ but not NOVEOS™ hazelnut extract with Cor a 1, a member
of the PR-10 MA family (26). Thus, we assayed the 53 hazelnut-sensitized samples for anti-Cor a 1 slgE
using the Cor a1 NOVEOS™ reagent F428. Sera with high concentrations of anti-Cor a 1 sIgE (>10 kUA/L;
range 11 to >100 kUa/L, n = 12) were excluded from new ROC curves calculation. The new AUC were
0.81 for ImmunoCAP™ and 0.84 for NOVEOS™ (data not shown), compared to previous values of 0.79
for ImmunoCAP™ and 0.82 for NOVEOS™ before removal of the anti-Cor a 1 sIgE-positive samples. Cut-
off values were unchanged (16.7 for ImnmunoCAP™ versus 3.6 for NOVEOS™).

The second potential cause for discordant results resides in CCD displayed by plant allergens. We
hypothesized that peanut or hazelnut positive results obtained using ImmunoCAP™ but not NOVEOS™
were related to IgE reactivity against CCD. We were able to test 11 samples (out of 25) for CCD IgE
reactivity by using ImmunoCAP™ MUXF3 (0214) reagent, demonstrating anti-MUXF3 IgE in 8/11. We
then used a reagent blocking CCD antibody reactivity (MUXF3-HSA, ProGlyCan reagent from Hamosan)
for the three samples which were the most discordant for peanut (1 patient) and hazelnut extracts (2
patients). CCD-blocker reagent abolished ImmunoCAP™ reactivity against peanut and hazelnut
extracts for these three samples, while testing these same samples with NOVEOS™ revealed no
reactivity to peanut or hazelnut extracts, without adding the CCD-blocker (Table 3). In order to confirm
these results in a different setting, we selected MUXF3-positive samples from 8 adult patients with
Hymenoptera venom sensitization but without a history of FA. All these samples showed sIgE reactivity
against ImmunoCAP™ hazelnut extract, but no or very low reactivity against NOVEOS™ hazelnut
extract. The ImmunoCAP™ reactivity was abolished or strongly reduced after addition of the CCD-
blocker reagent (Table 3).
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Discussion

We report here the compared performance of two sIgE platforms and their clinical cut-offs for 10
common food allergens. Clinical cut-offs for sIgE have been previously proposed multiple times, in
particular for food allergens, as indicators of the probability of presenting with allergic symptoms,
rather than thresholds accurately predicting the occurrence of symptoms (15, 27, 28). Thus, the
guantitative nature of sIgk measurements is essential for allergy diagnosis, and physicians must be
aware of the characteristics of the employed methods. Indeed, several routine methods of siIgE
guantitation co-exist, belonging to successive generations and to different times of availability for
clinical use. First generation tests were radioimmunoassays which used allergens bound to paper disks
and an anti-IgE reagent labelled with a radio-isotope, usually 1?°I: the RAST (RadioAllergoSorbent Test,
Pharmacia Diagnostics AB, Uppsala, Sweden) was commercialized in 1974 (29). The main second-
generation test, ImmunoCAP™ (Pharmacia AB, now ThermoFisher Scientific), has allergens covalently
bound to a nitrocellulose sponge and uses fluorescent signals for the quantitation of anti-IgE (4). Third
generation slgE tests are represented by the IMMULITE 2000 system (Siemens Healthcare SAS, Saint-
Denis, France), with biotinylated soluble allergens binding to a large (25mm diameter) avidin-coated
unique bead, and chemiluminescent signals for anti-IgE binding (30). Recently (2020), fourth-
generation technologies for sIgE determination became available (NOVEOS™, Hycor, Garden Grove,
CA, USA and IDS-iSYS, Bolton, UK), differing from third generation tests through the use of biotin-
labelled allergens bound to avidin micro-beads (17, 31).

Here, we found that NOVEOS™ sIgE results were significantly lower than those obtained with
ImmunoCAP™, by a mean value of 15%. This discrepancy is not due to a defect in the linearity of
NOVEOS™ technology (32) which is similar to that of ImnmunoCAP™ (31). The differences we observed
between the two methods could be due to an underestimation by NOVEOS™, to an overestimation by
ImmunoCAP™. An underestimation by NOVEOS™ could be due to a lower density of allergen molecules
on NOVEOS™ beads compared to ImmunoCAP™ solid phase. Significant discrepancies had been
reported previously between ImmunoCAP™ and Immulite™ (33). In our hands, significant analytical
differences were observed mostly for higher (>3.5 kUa/L) sIgE concentrations (Figure 1C, D). The clinical
significance of these discrepancies is probably very low, especially for sIgE measurements greater than
the clinically relevant cut-offs.

By contrast, in sensitized individuals having low sIgE values (< 0.35 to 3.5 kUa/L; IgE reactivity classes O
to 2), we found a better better NPV with NOVEOS™ (Figures 2B, C). Correct quantification of low levels
of sIgE is important for early detection of sensitization against food allergens in children (34, 35). These
results need to be confirmed by further prospective studies.

We also investigated two potential causes for some false positive results for peanut and hazelnut
extracts in non-allergic patients tested with ImmunoCAP™: Cor a 1 spiking of ImmunoCAP™ hazelnut
extract and the presence of CCD on plant allergen extracts. While Cor a 1 spiking of ImmunoCAP™
hazelnut extract did not contribute to clinical performance discrepancies, CCD did. Thus, our study
supports the view that glycosylated epitopes are more accessible to sIgE with ImmunoCAP™ than with
NOVEOS™. This could be due to the avidin-coated beads and the biotinylation of NOVEOS™ allergens.
Another possibility is that anti-CCD slIgE react both with CCD determinants on allergen molecules and
also with the nitrocellulose sponge matrix on ImmunoCAP™ (36, 37). Unlike the animal-derived
galactose-o—1,3-galactose epitope, plant CCD (e.g. MUXF3), are currently considered devoid of clinical
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relevance in allergy (38). This could explain the better correlation between plant FA and NOVEOS™ sIgE
results. As expected, recombinant, non-glycosylated MA displayed similar clinical performance.

Despite these discrepancies, we report that NOVEOS™ and ImmunoCAP™ have mostly similar
performance for discriminating between food allergic and non-allergic individuals. It is impossible to
determine clinically relevant universal thresholds of sIgE concentrations due to important variations
from one population to another. For example, the proposed cut-off for rAra h 2 sIgE concentration in
peanut allergy varies from 0.10 to 42.2 kUA/L (16). However, the establishment of “local” clinical cut-
offs is of utmost importance for the management of a given population, including the design of OFC
protocols. In support of this assertion, a 2002 study conducted in our center found a clinical threshold
for ImmunoCAP™ peanut extract sIgk of 15kUa/L with 95% specificity and 44% sensitivity, which was
similar to values reported in this 15-20-year later study (cut-off 14kUa/L, 86% specificity and 51%
sensitivity) (28). Thus, cut-off values can be established for a given population on the condition of using
similar protocols and appear stable over time. Our study further supports that slgE measurements by
either ImmunoCAP™ or NOVEOS™ are highly informative on the risk of allergy, with OR >10 and RR >2
in our population.

There are several limitations to our study: its retrospective and monocentric design, its predominantly
pediatric (85%) population, OFC not systematically included in the FA work-up, except for peanut, and
a variable observance of a strict avoidance diet, from 12% (peanut) to 53% (seafood). Moreover, we
performed single-blind rather than double-blind OFCs, the latter being considered the gold-standard
for diagnosing FA. Nevertheless, single-blind OFC is recognized as a valuable diagnosis tool (22). On the
other hand, our study is the first to provide extensive intermethod comparison addressing both
extracts and molecular food allergens. Moreover, the heterogeneity of the patients and of their
therapeutic protocols mirrors real-life practice in our center.

In conclusion, we demonstrate here that, for 10 common food allergen extracts and molecules,
assayed in a large cohort, slgE determination performed with either NOVEOS™ or ImmunoCAP™ is
highly correlated with and predictive of the actual diagnosis of FA or tolerance. However, NOVEOS™
requires a ten-fold lower test sample volume (4 pL) compared to ImmunoCAP™ (40 pL), which can be
advantageous for allergy diagnosis in children. Further confirmatory studies are warranted including
more allergens (i.e. other food allergens, respiratory, venom, drugs) and both adult and pediatric
patients from other geographical areas. However, allergology practitioners must remember that
regardless of the method used for specific IgE measurements, these methods are tools aimed at
improving the physician’s clinical analysis and decision, but are not sufficient by themselves to
establish an allergy diagnostic.

Acknowledgments

We thank Roland Carbonnel, Xavier Jentet, Didier Laurent and Nathalie Barbier from Hycor France for
their technical help. We thank the GTBA (Groupe de Travail Biologie de I’Allergie) of the French
Allergology Society for constructive advice.



366

367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

403
404

405
406
407
408
409
410
411
412
413
414
415

References

1. Ansotegui lJ, Melioli G, Canonica GW, Caraballo L, Villa E, Ebisawa M, et al. IgE allergy
diagnostics and other relevant tests in allergy, a World Allergy Organization position paper. World
Allergy Organ J. 2020;13(2):100080.

2. Hamilton RG, Hemmer W, Nopp A, Kleine-Tebbe J. Advances in IgE Testing for Diagnosis of
Allergic Disease. J Allergy Clin Immunol Pract. 2020;8(8):2495-504.

3. Omenaas E, Bakke P, Elsayed S, Hanoa R, Gulsvik A. Total and specific serum IgE levels in
adults: relationship to sex, age and environmental factors. Clin Exp Allergy. 1994;24(6):530-9.

4, Ewan PW, Coote D. Evaluation of a capsulated hydrophilic carrier polymer (the ImmunoCAP)
for measurement of specific IgE antibodies. Allergy. 1990;45(1):22-9.

5. van Hage M, Hamsten C, Valenta R. ImmunoCAP assays: Pros and cons in allergology. J
Allergy Clin Immunol. 2017;140(4):974-7.

6. Valenta R, Karaulov A, Niederberger V, Zhernov Y, Elisyutina O, Campana R, et al. Allergen

Extracts for In Vivo Diagnosis and Treatment of Allergy: Is There a Future? J Allergy Clin Immunol
Pract. 2018;6(6):1845-55 e2.

7. Wollmann E, Lupinek C, Kundi M, Selb R, Niederberger V, Valenta R. Reduction in allergen-
specific IgE binding as measured by microarray: A possible surrogate marker for effects of specific
immunotherapy. J Allergy Clin Immunol. 2015;136(3):806-9 e7.

8. Sereme Y, Casanovas N, Michel M, Martin-Blondel A, Mankouri F, Pinchemel S, et al. IgG
removal significantly enhances detection of microarray allergen-specific IgE reactivity in patients'
serum. Allergy. 2021;76(1):395-8.

9. Holzweber F, Svehla E, Fellner W, Dalik T, Stubler S, Hemmer W, et al. Inhibition of IgE
binding to cross-reactive carbohydrate determinants enhances diagnostic selectivity. Allergy.
2013;68(10):1269-77.

10. J. K-T, L.K. P, R.G. H. Quality management in IgE-based allergy diagnostics. Journal of
Laboratory Medicine. 2016;40(2):81-96.

11. Matricardi PM, Kleine-Tebbe J, Hoffmann HJ, Valenta R, Hilger C, Hofmaier S, et al. EAACI
Molecular Allergology User's Guide. Pediatr Allergy Immunol. 2016;27 Suppl 23:1-250.

12. Ansotegui lJ, Melioli G, Canonica GW, Gémez RM, Jensen-Jarolim E, Ebisawa M, et al. A WAO
- ARIA - GA2LEN consensus document on molecular-based allergy diagnosis (PAMD@): Update 2020.
World Allergy Organ J. 2020;13(2):100091.

13. Caubet JC, Nowak-Wegrzyn A, Moshier E, Godbold J, Wang J, Sampson HA. Utility of casein-
specific IgE levels in predicting reactivity to baked milk. J Allergy Clin Immunol. 2013;131(1):222-4.
14. Masthoff LJ, Mattsson L, Zuidmeer-Jongejan L, Lidholm J, Andersson K, Akkerdaas JH, et al.
Sensitization to Cor a 9 and Cor a 14 is highly specific for a hazelnut allergy with objective symptoms
in Dutch children and adults. J Allergy Clin Immunol. 2013;132(2):393-9.

15. Beyer K, Grabenhenrich L, Hartl M, Beder A, Kalb B, Ziegert M, et al. Predictive values of
component-specific IgE for the outcome of peanut and hazelnut food challenges in children. Allergy.
2015;70(1):90-8.

16. Krogulska A, Wood RA. Peanut allergy diagnosis: Moving from basic to more elegant testing.
Pediatr Allergy Immunol. 2020;31(4):346-57.

17. Potapova E, Bauersachs D, Villella V, Meneguzzi G, Scala E, Sfika I, et al. Validation study of a
new chemiluminescent singleplex IgE assay in a set of Italian allergic rhinitis patients. Clin Exp Allergy.
2021;51(4):604-13.

18. Potapova E, Panetta V, Grabenhenrich L, Icke K, Grubl A, Muller C, et al. A singleplex IgE test
to a mixture of molecules from multiple airborne allergen sources: Innovating in vitro screening of
respiratory allergies. Pediatr Allergy Immunol. 2022;33(11):e13867.

19. Muraro A, Werfel T, Hoffmann-Sommergruber K, Roberts G, Beyer K, Bindslev-Jensen C, et al.
EAACI food allergy and anaphylaxis guidelines: diagnosis and management of food allergy. Allergy.
2014;69(8):1008-25.



416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

465

20. Kowalski ML, Ansotegui |, Aberer W, Al-Ahmad M, Akdis M, Ballmer-Weber BK, et al. Risk and
safety requirements for diagnostic and therapeutic procedures in allergology: World Allergy
Organization Statement. World Allergy Organ J. 2016;9(1):33.

21. Bird JA, Leonard S, Groetch M, Assa'ad A, Cianferoni A, Clark A, et al. Conducting an Oral
Food Challenge: An Update to the 2009 Adverse Reactions to Foods Committee Work Group Report.
J Allergy Clin Immunol Pract. 2020;8(1):75-90 el7.

22. Boyce JA, Assa'ad A, Burks AW, Jones SM, Sampson HA, Wood RA, et al. Guidelines for the
diagnosis and management of food allergy in the United States: report of the NIAID-sponsored
expert panel. J Allergy Clin Immunol. 2010;126(6 Suppl):S1-58.

23. Sampson HA, Aceves S, Bock SA, James J, Jones S, Lang D, et al. Food allergy: a practice
parameter update-2014. J Allergy Clin Immunol. 2014;134(5):1016-25.

24. Santos AF, Riggioni C, Agache I, Akdis CW, Akdis M, Alvarez-Perea A et al. EAACI
guidelines on the diagnosis of IgE-mediated food allergy. Allergy. 2023; 78: 3057-3076.

25. Schisterman EF, Perkins NJ, Liu A, Bondell H. Optimal cut-point and its corresponding Youden
Index to discriminate individuals using pooled blood samples. Epidemiology. 2005;16(1):73-81.

26. Sicherer SH, Dhillon G, Laughery KA, Hamilton RG, Wood RA. Caution: the Phadia hazelnut
ImmunoCAP (f17) has been supplemented with recombinant Cor a 1 and now detects Bet v 1-specific
IgE, which leads to elevated values for persons with birch pollen allergy. J Allergy Clin Immunol.
2008;122(2):413-4, 4 e2.

27. Sampson HA. Utility of food-specific IgE concentrations in predicting symptomatic food
allergy. J Allergy Clin Immunol. 2001;107(5):891-6.

28. Rance F, Abbal M, Lauwers-Cances V. Improved screening for peanut allergy by the combined
use of skin prick tests and specific IgE assays. J Allergy Clin Immunol. 2002;109(6):1027-33.

29. Wide L. Clinical significance of measurement of reaginic (IgE) antibody by RAST. Clin Allergy.
1973;3 Suppl:583-95.

30. Li TM, Chuang T, Tse S, Hovanec-Burns D, El Shami AS. Development and validation of a third
generation allergen-specific IgE assay on the continuous random access IMMULITE 2000 analyzer.
Ann Clin Lab Sci. 2004;34(1):67-74.

31. Klingebiel C, Philippe R, Mathieu P, Vitte J, Apoil P. Automated immunoassay instruments for
the detection and determination of specific immunoglobulin E. Revue Francaise d'Allergologie.
2022;62(7):613-8.

32. Bauersachs D, Potapova E, Renz H, Benes SH, Matricardi PM, Skevaki C. Validation of the
analytical performance of the NOVEOS™ System, a system which improves upon the third-generation
in vitro allergy testing technology. Clin Chem Lab Med. 2020;58(11):1865-74.

33. Wang J, Godbold JH, Sampson HA. Correlation of serum allergy (IgE) tests performed by
different assay systems. J Allergy Clin Immunol. 2008;121(5):1219-24.

34, Nilsson SF, Lilja G, Jarnbert-Pettersson H, Alm J. Relevance of low specific IgE levels to egg,
milk and peanut in infancy. Clin Exp Allergy. 2019;49(3):308-16.
35. Balsells-Vives S, San Bartolome C, Casas-Saucedo R, Ruano-Zaragoza M, Rius J, Torradeflot M,

et al. Low Levels Matter: Clinical Relevance of Low Pru p 3 sIgE in Patients With Peach Allergy. Front
Allergy. 2022;3:868267.

36. Hemmer W, Altmann F, Holzweber F, Gruber C, Wantke F, Wohrl S. ImnmunoCAP cellulose
displays cross-reactive carbohydrate determinant (CCD) epitopes and can cause false-positive test
results in patients with high anti-CCD IgE antibody levels. J Allergy Clin Immunol. 2018;141(1):372-81.
37. Sinson E, Ocampo C, Liao C, Nguyen S, Dinh L, Rodems K, et al. Cross-reactive carbohydrate
determinant interference in cellulose-based IgE allergy tests utilizing recombinant allergen
components. PLoS One. 2020;15(4):e0231344.

38. Swoboda I, Breiteneder H. Glycotopes as players in the allergic immune response. Allergy.
2023;78(1):14-6.



466

467
468
469
470
471
472
473
474

before FA testings

after FA testings

Number di sex strict episodic atients
allergen of mecian age . avoidance O0IT® pisoct 2 P s allergic®
. (1aR) ratio ) consumption®  with OFC
patients
peanut 76 8 (6-11) 1.6 9/76 43/76 24/76 76/76 33/76
cow's milk 60 7 (2-19) 2.0 17/60 28/60 15/60 31/60 31/60
egg white 44 3(2-6) 2.6 8/44 18/44 18/44 30/44 15/44
hazelnut 53 6 (4-10) 2.3 10/53 11/53 32/53 20/53 19/53
fish 51 9 (4-13) 1.7 27/51 1/51 23/51 24/51 22/51
shrimp 53 10 (6-15) 1.0 28/53 3/53 22/53 17/53 24/53

TABLE 1 Demographics and clinical status of patients.

FA testings (n=337) were conducted in 289 patients; 48/289 individuals presented with 2 FA were
tested for the corresponding allergens. Y patients following a strict avoidance diet. @ patients
receiving OIT for the tested food at time of sampling. ®) patients not following OIT but consuming the
culprit food episodically. *) patients with a FA diagnosis based on OFC. ¥ patients with a confirmed FA

diagnosis. FA, food allergy.
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Optimal Cut- sigE level for
Off sIgE level 2 95% PPV
Allergen, code (! Type® Method ® AUC (kUa/L) Sensitivity Specificity PPV NPV (kUa/L)

peanut, f13 E | 0.81 5.5 73% 77% 70%  79% 37.8
peanut, FO13 E N 0.85 7.6 73% 91% 85% 81% 19.8
peanut rAra h 2, f423 M | 0.87 2.3 76% 91% 86% 83% 6.1
peanut rAra h 2, F423 M N 0.89 1.8 82% 88% 84% 87% 3.7
egg white, f1 E I 0.89 6.0 93% 72% 63% 95% 25.8@
egg white, FO01 E N 0.90 6.5 93% 72% 63% 95% 26.74
egg white nGal d 1, f233 M I 0.95 5.0 87% 93% 87% 93% 10.2
egg white nGal d 1, F233 M N 0.97 2.9 100% 83% 75% 100% 7.4
cow's milk, f2 E I 0.94 6.9 97% 83% 86% 96% 49.2
cow's milk, FO02 E N 0.94 33 100% 83% 86% 100% 48.2
casein nBos d 8, f78 M | 0.95 6.4 97% 86% 88% 96% 48.2
casein nBos d 8, FO78 M N 0.94 4.3 97% 86% 88% 96% 48.2
hazelnut, f17 E | 0.79 16.7 65% 86% 72%  80% 52.8
hazelnut, FO17 E N 0.82 3.6 90% 70% 64% 92% 56.3
hazelnut rCor a 14, f439 M I 0.87 5.6 65% 100% 100% 83% 5.6
hazelnut rCor a 14, F439 M N 0.87 4.2 70% 97% 93% 85% 6.2
fish, f3 E I 0.87 7.7 72% 90% 84% 81% 37.0
fish, FOO3 E N 0.88 6.5 73% 93% 89% 82% 28.0
shrimp, 24 E I 0.85 3.6 92% 69% 71% 91% 40.0
shrimp, F024 E N 0.86 3.5 83% 79% 77%  85% 16.0

TABLE 2 Summary of ImmunoCAP™ and NOVEOS™ clinical performance.
Cut-off values (sIgE kUa/L) correspond to optimal correlations between sIgE values and FA diagnosis

(highest Youden index). PPV, NPV: positive / negative predictive values. sIgE concentrations associated
with PPV above 95% are in kUa/L. ™ Allergen source and identification; ) E: allergen extract, M:
molecular; ® I: ImmunoCAP™ (ThermoFisher), N: NOVEOS™ (Hycor); ) maximum PPV = 90%.
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ImmunoCAP™ NOVEOS™
Allergen CCD-blocker
Sample # Age (y) Sex MUXF3® extract without with®@ without
1 8 M 2.98 peanut 23.10 <0.1 <0.1
2 13 F 8.43 hazelnut 134 0.13 0.17
3 9 M 1.81 hazelnut 3.27 0.22 0.22
4 67 M 1.15 hazelnut 0.46 <0.1 <0.1
5 71 M 2.19 hazelnut 0.60 <0.1 <0.1
6 70 F 1.63 hazelnut 3.96 <0.1 <0.1
7 46 M 15.7 hazelnut 4.87 0.80 <0.1
8 78 M 8.30 hazelnut 20.0 <0.1 0.80
9 34 M 3.50 hazelnut 1.95 <0.1 <0.1
10 32 M 9.29 hazelnut 14.6 0.14 0.15
11 26 M 44.0 hazelnut 7.04 0.17 <0.1

TABLE 3 MUXF3-positive samples show reactivity against peanut or hazelnut extracts with
ImmunoCAP™ f13/f17 reagents, but not with NOVEOS™ F013/F017.

Samples #1-3 were chosen for their discordance for peanut or hazelnut extract: positive with
ImmunoCAP™ versus negative/very low for NOVEOS™. Patients #4-11 are not from the main study and
were selected for their MUXF3-positivity during routine testing for sensitization against Hymenoptera
venom. All values are in kUa/L ™ MUXF3 sIgE were measured using ImmunoCAP™ 0214; @ CCD-blocker
reagent (MUXF3-HSA) was added.
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FIGURE 1 Quantitative correlation between ImmunoCAP™ and NOVEOS™.

A, C: allergen extracts (337 data points); B, D: molecular allergens (233 data points); r: Spearman’s rho;
C, D: Bland-Altman diagrams plotting differences (ordinate values, in KUa/L) in sIgE measurement
between NOVEOS™ and ImmunoCAP™, against the average values (abscissa). Ninety-six results
exceeded the methods’ LODs (72 below 0.1/0.17 and 24 above 100kU4/L) and were replaced by their
respective LOD values.

FIGURE 2 Semi-quantitative correlation between ImmunoCAP™ and NOVEOS™.

A: Specific IgE results from both methods were grouped into IgE reactivity classes and the number of
data points is indicated for all combinations of NOVEOS™ and ImmunoCAP™ results; red: allergic
patients; blue: non-allergics; circles: extracts; squares: MA. B, C: sIgE results (only classes 0, 1 or 2)
contingency tables and Fisher’s exact tests for non-allergic (B) or allergic patients (C).

FIGURE 3 Relative risk (A), odds-ratio (B), kappa index (C) and percentage of agreement (D) of clinical
allergy assessed from slgk levels.

Individuals were categorized according to their FA or food tolerance and to the sIgE cut-off for each
allergen. OR and RR of FA were calculated from contingency tables. ImmunoCAP™: red circles;
NOVEOS™: blue squares; molecular allergens are underlined; dashed lines show thresholds for clinical
pertinence: RR>2, OR>10, kappa index rankings for the degree of agreement with clinical status and
percentages of agreement above 80%.
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