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Abstract

Background: The measurement of specific IgE to allergenic extracts and molecules in
patients with allergic rhinitis (AR) is crucial for a precise diagnosis and further immuno-
therapy. Companies providing in vitro diagnostic methods in allergology continuously
strive for the optimization and modernization of such methods. A new generation
of automated allergy tests based on chemiluminescence detection and paramagnetic
microparticles is now available, with possible advantages in sample volume, cost-ef-
fectiveness and avoidance of sample-related interference.

Objectives: To test whether sIgE antibody levels obtained with a new singleplex
chemiluminescent method have a good agreement with the corresponding results ob-
tained with a “gold standard” test.

Methods: We tested sera from 368 AR patients. Specific IgE sera levels (kU/L) to
a comprehensive panel of 15 allergen extracts and 6 molecules were tested with
ImmunoCAP® (Thermo Fisher Scientific Inc, Phadia AB, Uppsala, Sweden) and
NOVEOS™ (HYCOR® Biomedical, Garden Grove, CA, USA). We evaluated the quali-
tative and quantitative performance of the new NOVEOS system in matching the
outcome of ImmunoCAP to each of the examined allergens.

Results: In relation to ImmunoCAP, the overall diagnostic sensitivity and specificity of
sIgE tests with NOVEOS were 90.8% (95% Cl = 88.6-92.7) and 96.2% (95% Cl = 93.9-
97.8), respectively. These values were higher when only molecules were considered
(sensitivity = 98.7% [95% Cl = 96.4%-99.7%]; specificity = 94.2% [95% CI| = 88.4%-
97.6%]) and lower when only extracts were considered (sensitivity = 87.6% [95%
Cl = 84.7%-90.2%]; specificity = 97% [95% Cl| = 94.4%-98.6%]). Spearman's correla-
tion between the data set of both methods for a = 0.1 kU/L cut-off was 0.84 (p < .001).
Conclusions: The new singleplex NOVEOS system presented good results for qualita-

tive and quantitative comparisons when testing specific serum IgE antibodies against
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1 | INTRODUCTION

Allergic rhinoconjunctivitis due to airborne allergens is the most
prevalent immunological disease, with a particular impact among
children and young adults.* Although it can be controlled with symp-
tom-relieving drugs, specific allergy immunotherapy (AIT) is the
only disease-modifying treatment with long-term effects currently
available. Additionally, it allows for symptom control when pharma-
cotherapy fails.22 The efficacy of AIT is based on the precise recog-
nition of the allergen, as well as the allergenic molecules that elicit
IgE sensitization and trigger patient's symptoms.*® Although the
prevailing diagnostic approach remains to be based on patients' clini-
cal history combined with skin prick tests (SPT),” there are a plethora
of situations where more precise information is required. In certain
locations, like Southern European countries, it is often difficult to
identify the eliciting allergen as patients are frequently multi-sen-
sitized to multiple allergen sources with overlapping exposure, and
often cross-reactive.

Component resolved diagnostics (CRD) using molecular level
allergen components is a valuable tool that aids physicians in over-
coming the diagnosis problem, as it allows one to identify the elic-
iting allergen and thus choose the most suitable agent for AIT.>?
Although considered too complex and detailed by many doctors,°
the use of CRD to uncover the clinical relevance of IgE sensitization
is mandatory when making a precise AIT prescription. In an allergic
rhinitis clinical scenario, the doctor needs to establish a cause-ef-
fect relationship between exposure to the pollen recognized by the
patient's IgE and the patient's symptoms! and precisely assess the

1213 since AIT is recommended

degree of severity of the symptoms
for patients with moderate-severe rhinitis.**

The ImmunoCAP® specific IgE assay, processed on Thermo
Fisher (previously Phadia) equipment, has been widely adopted in
Europe. It provides IgE tests against allergenic extracts or molecules
(components)*® and is often employed in the validation of new sIgE
assays,'® as well as comparison with other test systems.”"*? In the
ImmunoCAP slgE assay, the allergen is covalently coupled during
manufacturing to a flexible hydrophilic cellulose solid phase in a re-
action vessel.%°

The NOVEOS System and specific IgE assay from HYCOR
are novel in that they offer, among other advantages, a signifi-
cantly lower (1/10th) sample volume per test in comparison with
ImmunoCAP, and a robust chemistry design of chemiluminescence,
fluorescence and paramagnetic microparticles which contribute to

good precision and accuracy.?! The assay design appears unaffected

a range of 21 allergens. This novel immunoassay system using only 4 ul of sample per

test appears to be robust and reliable and can, therefore, be used as an aid in allergy

allergic rhinitis, IgE, immunoassay, interassay comparison, precision medicine, singleplex

by known sample-related interferences including biotin, IgG, 1gG4
and cross-reactivity by anti-carbohydrate determinants (CCD) anti-
bodies that react with other cellulose-based technologies.??24

The aim of this study is to test, in comparison with ImmunoCAP,
the analytical performance of the NOVEOS slgE tests used in rou-

tine procedures.

2 | METHODS

2.1 | Study population

Consenting allergic rhinitis patients were consecutively recruited
between 2016 and 2018 in the outpatient clinic of the Department
of Pediatrics of “Sandro Pertini” Hospital in Rome and of the Allergy
Unit, Istituto Dermopatico dell'lmmacolata (IDI), Rome. All patients
were tested for serum specific IgE antibodies against environmen-
tal allergens with routine tests (ImmunoCAP singleplex at Pertini
Hospital and with ImmunoCAP ISAC at IDI). All IDI sera were re-
tested with ImmunoCAP before inclusion in the present study. The
present paper focuses on the comparison of the in vitro outcomes
obtained by re-testing the study sera bank with the NOVEQOS system
and slgE assay.

2.2 | Ethical approval

All participants and/or their parents or tutors gave their informed
and written consent to the use of sera in scientific studies for the
diagnosis and therapy of allergic diseases. The study design and pro-
cedures were approved by the local Ethical committees Comitato
Etico Lazio 2 (#9871; 01/02/2016) for the Pertini Hospital and the
Ethical Committee of IDI-IRCCS (#493/1; 30/05/2017).

2.3 | Seraselection

Serum specific IgE was measured in the samples of 368 patients,
initially with ImmunoCAP® (Thermo Fisher Scientific Inc, Phadia
AB) 12025 4nd subsequently with NOVEOS IgE test (HYCOR
Biomedical), for the following allergens: bermuda grass (g2), timothy
grass (gé), Phl p 1 (g205), ryegrass (g5), alder (t2), birch (t3), Bet v 1
(t215), cypress (t23), olive (t9), ragweed (w1), Amb a 1 (w230), mug-
wort (wé), Russian thistle (w11), D. pteronyssinus (d1), Der p 1 (d202),
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Der p 2 (d203), D. farinae (d2), cat (e1), Fel d 1 (e94), dog (e5), horse
(e3). Sera for comparison with the NOVEOS system were selected
according to a 2:1 (pos:neg) ratio, on the basis of the ImmunoCAP®
outcome, for each allergen extract or molecule. The testing events
and sera sets used for different allergens were therefore different.
In particular, 40 positive samples were selected from the available
sera, with a randomization procedure targeted to obtain the whole
range of sIgE levels between 0.35 kU/L and the highest value for that
allergen. The negative sera were in contrast randomly selected, for
each allergen, from the sera bank.

2.4 | NOVEOS IgE test

The NOVEOS test [Figure 1] is a chemiluminescence detection

system operating in a solid phase of fluorescently labelled and
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streptavidin-coated paramagnetic microparticles. The microparti-
cles are first incubated with a biotinylated allergen that binds the
streptavidin molecules. After an extensive wash, the bound micro-
particles are then incubated with patient serum containing allergen-
specific IgE and the resulting bound complex is washed by aspirating
unbound material from retained beads in the cuvette. They are
subsequently incubated with an anti-IgE antibody conjugated to
horseradish peroxidase and, after an incubation period, are washed
to remove any unbound conjugate from bound material. The chemi-
luminescent signal is originated by adding a substrate solution. The
concentration of allergen-specific IgE is directly proportional to the
light intensity after correction (via fluorescence) for microparticle
loss and is compared to an IgE reference curve traceable to World
Health Organization (WHO) reference preparations (NIBSC 11/234).
The sample volume used per test is 4 ul, and the time to first result
is 104 min.
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FIGURE 1 Fluorescently labelled and streptavidin-coated magnetic beads are incubated with a biotinylated allergen that bind to
streptavidin on the surface of the beads. The allergen-coated beads are then incubated with patient serum containing allergen-specific IgE
and, after an incubation period, are washed by aspirating unbound material from retained beads in the cuvette. The beads are subsequently
incubated with an anti-IgE antibody conjugated to horseradish peroxidase and, after an incubation period, are washed to remove any
unbound conjugate from bound material. The substrate solution is then added which generates a sustained chemiluminescence signal that is
measured. The concentration of allergen-specific IgE is directly proportional to the light intensity after correction (via fluorescence) for any
bead loss and is compared to an IgE reference curve traceable to World Health Organization (WHO) reference preparations
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TABLE 1 Characteristics of the allergic
rhinitis study population: gender, age and
comorbidities of the 368 patients

Male

Age (years) (mean % SD)

Asthma

Oral Allergic Syndrome

Urticaria/Angioedema

Atopic Dermatitis

Gastro-intestinal disorders

Anaphylaxis episode
Other

Total (n = 368) Pertini (n = 208) IDI (n = 160)

N % N % N %
179 48.6 121 58.2 58 36.3

19 +11.5 33+15.6

89 24.2 66 31.7 23 144
123 33.4 78 37.5 45 281
106 28.8 52 25.0 54 33.8
91 24.7 53 25.5 38 2338
8 2.2 7 34 1 0.6
21 5.7 15 7.2 6 3.8
34 9.2 9 4.3 25 156

Abbreviation: Other, other allergic comorbidities.

2.5 | Statistical analysis

Age was summarized as mean and standard deviation (SD).
Categorical data were summarized as numbers (n) and frequencies
(%). Sensitivity, specificity, positive and negative predictive values
were calculated with their confidence interval at 95% (95% ClI).
Accuracy, positive and negative likelihood ratios were also calcu-
lated in order to evaluate the diagnostic performance of NOVEOS in
detecting IgE sensitization, compared to ImmunoCAP. Analysis was
done considering each extract and molecule (component) separately
and combined for a general appraisal. Bland-Altman plots were
used to investigate the agreement between quantitative values of
IgE detected with the two different methodologies (NOVEQOS vs
ImmunoCAP). They were applied using the log values of only posi-
tive samples (>0.1 kU/L). Mean difference (Bias), 95% Cl, number of
subjects under or over-limit of agreement (LOA), Lin's concordance
index (Lin) and Spearman's correlation between the difference and
average were reported. A p-value of <.05 was considered statisti-

cally significant. Statistical analyses were performed with Stata 16.0.

3 | RESULTS

3.1 | Study population and study design

Overall, 368 patients (208 in Pertini and 160 in IDI) (179 males; age
25 + 15.2 years, ranging from 2 to 76 years of age) participated in
this study (Table 1). Oral allergy syndrome (OAS) was the most fre-
quent comorbidity, with a prevalence of 33.4% (123 patients), while
asthma was diagnosed in 89 patients only (24.2%).

3.2 | AQualitative interassay comparison

Diagnostic overall performance criteria (sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV), accu-
racy, positive likelihood ratio (LR+), negative likelihood ratio (LR-)),
that is, the outcomes of the NOVEOS slgE compared to those of

ImmunoCAP, were rather straightforward (Table 2). NOVEQOS pre-
dicted the results of ImmunoCAP slgE with an overall (all 21 extracts
and molecules) sensitivity of 90.8% (761/838), a specificity of 96.2%
(404/420) and an accuracy of 92.5% (1165/1260). The positive and
negative LR values were 23.8 and 0.10, respectively. The lowest and
highest values of sensitivity were 57.5% for cypress allergen extract
and 100% for Bet v 1, Phl p 1, Feld 1 and mugwort. The lowest and
highest levels of specificity were 80% for Phl p 1 and 100% for a
broad list of reagents, including grasses, cypress, mugwort, Amb a
1, D. pteronyssinus, Der p 2 and D. farinae. At the category level, the
highest sensitivity and specificity values were observed for mite al-
lergens (96.9% and 98.8%, respectively), the lowest sensitivity was
trees (80.5%), while the lowest specificity was for grass and animals
(95,0%). When comparing strictly extract-based assays with mo-
lecular component-based assays, no major difference was observed
in the overall specificity (97.0% in extracts and 94.2% in molecular
components), though molecular assays presented higher sensitivity

(87.6% in extracts vs. 98.7% in molecular components).

3.3 | Quantitative interassay comparison

Spearman's correlation between positive (20.1 kU/L) data set of
the NOVEOS and ImmunoCAP was 0.84 (p < .001) (Figure 2A), with
10 of 15 allergen extracts and 6/6 allergen molecules showing a
correlation higher than 0.80 (Figure 3). Interestingly, the NOVEOS
test seems to have a high binding capacity, as demonstrated by
the values obtained in sera with very high IgE concentrations
(Figure 2A). This is consistent with the manufacturer's claims that
the use of approximately 35 million microparticles per test creates
a vast binding surface. The Bland-Altman plot analysis, performed
for the positive values using a 2 0.1 kU/L cut-off, also shows a good
general quantitative correlation between the measurements ob-
tained with the two systems, with Lin's index of 0.91, mean differ-
ence of 0.07, standard deviation of 0.33 and a Limit Of Agreement
(LOA) from -0.6 to 0.7 (Figure 2B). Analysing separately each ex-
tract and molecular component, there is a very good agreement
with little mean difference and no trend between difference and
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average for Bermuda grass, Phl p 1, Bet v 1, Mugwort, D. pteronys- presents similar results as it has a positive difference for low aver-
sinus, Der p 1, D. farinae, cat and Fel d 1. CAP has higher mean val- age values and negative for high average values, but no difference
ues than NOVEOS for alder, timothy grass, ragweed and horse. In in mean value. Russian thistle also has no difference in mean value,
birch and dog, the difference is higher for low values, while in Amb but positive and negative differences distributed throughout. Rye
a 1 it is higher for low and median average values. Cypress shows grass and Der p 2 have lower mean values for CAP than NOVEOS,
two trends simultaneously; the difference first increases for low with the last also showing a negative difference for high average

average values and then decreases for high average values. Olive values (Figure S1; Table 3).
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3.4 | Discordantsera

Overall, 93 out of 1260 (7%) comparisons in 75 of the 368 patients
had a discordant outcome (CAP-/NOV+, n = 16, CAP+/NOV-,n =77)
(Table 2). However, most of these discordant IgE values (64/93, 69%)
fall in the low discordancy level group (s1 kU/L). Within the 64 cases,
8 occurred in the CAP-/NOV+, and 56 in the CAP+/NOV- group.
Out of the remaining 29 discordances, 24 fell in the medium discor-
dancy group (1-3.5 kU/L; 7 CAP-/NQOV+, 17 CAP+/NOV-), and 5 in
the high discordancy group (>3.5 kU/L; 1 CAP-/NOV + for horse
allergen, 4 CAP+/NOV-, of which 3 for birch and 1 for alder). In
particular, the three highly discordant results for the birch extract
(strong positivity with ImmunoCAP but negative to NOVEOS) were

observed in three birch pollen sensitized patients with high levels of

IgE antibodies to Bet v 4 (polcalcin) and no IgE antibodies to Bet v 1
(PR.10) or Bet v 2 (profilin).

4 | DISCUSSION

In a large sera bank of Italian allergic patients, we extensively exam-
ined the performance of new, singleplex, allergen-specific IgE assay
NOVEOS in comparison with an older standard test (ImmunoCAP).
Our study, based on 1260 comparisons on 21 allergen extracts and
molecules, demonstrated that NOVEQOS predicts the outcome of
ImmunoCAP with a 91% sensitivity and a 96% specificity. The ob-
tained results, combined with high analytical reliability and other

characteristics (eg low serum volume, fast turnover time), suggest

TABLE 3 Summary of quantitative data; Lin's CCC and Bland-Altman methods

# over # under

N Bias® limit® limite
Grass
Bermuda grass 42 -0.01 2 0
Timothy grass 42 0.1 1 1
Phlp 1 42 -0.09 0 2
Ryegrass 41 -0.17 2 0
Tree
Alder 45 0.29 3 0
Birch 45 0.32 4 0
Betv1 40 13.00 2 0
Cypress 42 0.5 1 2
Olive 42 0.09 4 0
Weeds
Mugwort 42 0.06 3 0
Ragweed 45 0.15 2 1
Amba1l 46 0.45 1 1
Russian thistle 48 0.07 1 1
Mites
D. pteronyssinus 42 0.05 2 0
Derp1 40 -0.1 2 0
Derp 2 40 -0.18 2 0
D. farinae 40 -0.02 2 1
Animals
Cat 42 -0.01 1 1
Feld 1 42 -0.09 1 2
Dog 40 0.12 1 0
Horse 40 0.16 2 0
Total 883 0.07 41 3

SD SE Cl1(95%) Lin¢ Spre

0.18 0.06 -0.07 to 0.4 0.97 -0.07
0.16 0.02 0.05t00.15 0.97 -0.14
0.13 0.02 -0.13 to -0.05 0.97 0.02
0.22 0.03 -0.24 to -0.10 0.93 -0.24
0.51 0.08 0.14 to 0.44 0.78 -0.09
0.54 0.08 0.15 t0 0.48 0.75 -0.07
0.24 0.04 0.05t0 0.21 0.93 -0.11
0.4 0.06 0.37 to 0.62 0.57 -0.34
0.34 0.05 -0.01 t0 0.20 0.87 -0.48
0.23 0.04 -0.01t00.13 0.93 -0.16
0.18 0.03 0.1t00.21 097 -0.63
0.28 0.04 0.37 t0 0.54 071 0.43
0.34 0.05 -0.02t0 0.17 0.87 0.3

0.27 0.04 -0.03 t0 0.14 0.96 -0.37
0.22 0.04 -0.17 to -0.03 0.95 -0.25
0.18 0.03 -0.23t0 -0.12 0.96 -0.35
0.23 0.04 -0.09 t0 0.06 097 -0.18
0.36 0.06 -0.12 t0 0.10 091 -0.17
0.12 0.02 -0.13 to -0.05 0.98 -0.25
0.3 0.05 0.02t0 0.21 092 -0.51
0.25 0.04 0.08 to 0.24 0.9 -0.04
0.33 0.01 0.05 to 0.09 091 -0.26

@Bias, in Bland-Altman, calculated as the mean of the difference of values. obtained with the two methods.

®Number of cases over the limit in Bland-Altman.
“Number of cases under the limit in Bland-Altman.

dLin's concordance correlation coefficient.

€Spearman correlation between difference and average (r).
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that the NOVEOS test may be effectively used as an aid in in vitro

diagnosis of IgE-mediated allergic diseases.

4.1 | AQualitative performance

The overall high sensitivity of NOVEOS slgE tests in predicting a
positive outcome of ImmunoCAP slgE tests was accompanied by an
even higher specificity across all the 21 reagents (15 extracts and
6 molecules). Molecules had higher sensitivity than extracts, while
the inverse occurred for the specificity outcome, with molecules
presenting a specificity of 94%. This was not surprising since the re-
combinant allergen molecules have a defined purity and biological
activity.?® In a preliminary study,?* we had found that the NOVEOS
test is a robust one, as it achieved good results in all the required pa-
rameters of the clinical validation performed at 2 sites. Concerning
repeatability, it yielded a coefficient of variation of 2.6%-7.6%, and
within-lab precision ranged from 3% to 11.9%. Limits of detection-
limit of blank (LoB) ranged within 0.01-0.03 kU/L, and limit of detec-
tion (LoD) 0.03-0.08 kU/L. No significant deviation from linearity
was observed for the tests done, as the slope ranged from 0.97 to
1.11. Interference was tested with methylprednisolone, diphenhy-
dramine, omalizumab, biotin and ranitidine, and the obtained IgE
recovery values were within the accepted variation. A compari-
son between the new systems' calibrators and the World Health
Organization ones indicated a linear correlation with a high correla-
tion coefficient of r = 0.994 and r = 0.997 for the 2 sites.?

4.2 | Discordant sera

Within the discordant results, the highest proportion of the sera
(69% of the cases) has low levels of IgE (<1 kU/L). This difference can
be considered as a normal, unavoidable consequence of result vari-
ability of sera whose sIgE concentrations fall around the cut-point
selected for positivity (0.35 kU/L). The intrinsic variability of both
tests (NOVEOS and ImmunoCAP) in this area critical for a dichoto-
mic (POS vs NEG) evaluation of the test is the most likely explanation
for the “apparent” discordance. By contrast, a true, highly discordant
outcome was obtained in some sera with positive ImmunoCAP for
birch extract, but negative NOVEOS result. Our results lead us to
speculate that the extract of birch pollen used in the ImmunoCAP,
but not the one used in the NOVEOS contains high amounts of pol-
calcin Bet v 4. We also speculate that other discordant outcomes
may be explained by specific, relevant differences in the molecu-
lar composition of the solid phase of the allergens used in the two
tests. On the other hand, these differences, although important for
individual cases, seem to be limited to isolated sera samples and did
not affect the overall accuracy of the NOVEOS assays in comparison
with the ImmunoCAP assays. The exception in this scenario is the 8
results that have a moderate discordance level for the cypress aller-
gen, with CAP providing a higher result than NOVEOS.

4.3 | Quantitative performance

The results of our qualitative analysis, based on a positive-negative
outcome, were confirmed by the quantitative analyses, showing a
high level of correlation, either global or across all the 21 reagents
examined. The observation that NOVEOS slgE values could exceed
100 kU/L is of interest. We speculate that this outcome is a sign of
a high binding capacity of the NOVEOS assay design due to the vast
surface area of about 35 million microparticles per test. Accordingly,
this conclusion has been already achieved by a previous study of
ours, focusing on the intrinsic analytical properties of the NOVEOS
test.?

4.4 | Study limitations

We acknowledge a few limitations of our study. First, as the popula-
tion samples of children and adults were investigated in two hos-
pitals in Rome, the generalizability of our results may be limited,
and our conclusions require to be confirmed by studies in sera from
patients living in other world areas. Further studies to investigate
the diagnostic performance of NOVEOS in different European and
extra-European countries are already in progress. Second, we were
not able to test all samples with the 21 allergens due to sera volume
limitations. Third, we have not investigated the interference of IgE
to carbohydrate determinants (CCD) in the diagnostic performance
of NOVEQOS, for example by means of inhibition studies with CCD
blocking reagents. However, the NOVEOS test has been proven to
be scarcely influenced by CCD interference as this method does not
use a cellulose-based solid phase.?* Fourth, our study is limited to
a set of 15 extracts and 6 molecular components, which is rather
small considering hundreds of allergens (many of which are rare) may
be used in hospital-based clinical laboratories in Europe. For exam-
ple, we could not test IgE to pellitory, a very relevant pollen in Italy.
Nevertheless, the allergens in this our study cover the vast majority
of diagnostic needs of the European patient population affected by

allergic rhinoconjunctivitis and asthma.

5 | CONCLUSIONS

In a large sera bank of Italian allergic patients, NOVEQS sIgE pre-
dicted the qualitative and quantitative outcomes with high preci-
sion for most of the 15 whole allergen (extracts) and 6 molecular
components for airborne allergens tests used in this study. Although
additional studies are necessary to demonstrate the economic and
operational benefits, this study suggests the NOVEOS system is a
viable alternative in assessing slgE levels to these allergens in rou-
tine laboratory testing. Our study also suggests room for further
improvement of the NOVEOS test by including pellitory in the al-
lergen portfolio, spiking for Bet v 4 the birch extract and improving

sensitivity of the cypress extract.
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