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Abstract

Objectives: Antineutrophil cytoplasmic antibody (ANCA)
testing assists clinicians diagnose ANCA-associated vasculitis
(AAV).We aimed to verify and harmonize chemiluminescent
immunoassays for the detection of myeloperoxidase (MPO)-
and proteinase 3 (PR3)-ANCA.
Methods: An in-house ELISA, a capture ELISA, and a
chemiluminescent assay QUANTA Flash on a BIO-FLASH
analyzer were used to detect MPO- and PR3-ANCA in sera
from 39 patients with AAV, 55 patients with various non-
AAV, and 66 patients with connective tissue diseases. The
results of the assays were evaluated, and their clinical
performance was assessed. The precision and linearity of
the QUANTA Flash assays were determined, and likelihood
ratios (LRs) for AAV at diagnosis were calculated.
Results: The precision and linearity of the QUANTA Flash
assays were confirmed. Overall agreement between 97.5 and
98.8 % and Cohen’s kappa coefficients between 0.861 and
0.947 were observed for the results of the QUANTA Flash
assays and ELISAs. The diagnostic sensitivity, specificity, and
ROC analysis of the assays for AAV were statistically similar
(in-house ELISA 89.7 %, 95.0 %, and 0.937; capture ELISA
92.3 %, 98.3 %, and 0.939; and QUANTA Flash 89.7 %, 95.9 %,
and 0.972). For the QUANTA Flash assay results, the interval-
specific LRs for AAV at diagnosis were: 0–8 CU had LR 0.08,

8–29 CU had LR 1.03, 29–121 CU had LR 7.76, 121–191 CU had
LR 12.4, and >191 CU had LR ∞.
Conclusions: The QUANTA Flash MPO and PR3 assays pro-
vide precise and consistent results and have comparable
clinical utility for AAV. The calculated LRs were consistent
with published LRs, confirming the utility of LRs for
harmonization of ANCA results.
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vasculitis (AAV); chemiluminescent immunoassay; likelihood
ratios (LRs)

Introduction

Antineutrophil cytoplasmic antibodies (ANCA) targeting
proteins in primary granules of neutrophils are crucial for
the identification and classification of ANCA-associated
vasculitides (AAV), including granulomatosis with poly-
angiitis (GPA), microscopic polyangiitis (MPA), and eosino-
philic granulomatosis with polyangiitis (eGPA) [1–4].

According to the international consensus on AAV clas-
sification criteria of the Chapel Hill Consensus Conference
[5], the presence of ANCA is considered a valuable laboratory
marker for AAV diagnosis, but only when there is sufficient
clinical suspicion to avoid false positive diagnoses. The 1999
international consensus statement [6] recommended the use
of indirect immunofluorescence (IIF) as the initial screening
method for the detection of ANCA. Cytoplasmic ANCA
(c-ANCA) and perinuclear ANCA (p-ANCA) are the two pat-
terns seen at ANCA IIF. Positive samples should then be
analyzed with antigen-specific immunoassays to determine
the specificity of the ANCAs. The c- and p-ANCA in patients
with AAV are mainly directed against proteinase 3 (PR3)
and myeloperoxidase (MPO), respectively [1]. The majority
of patients with GPA are PR3-ANCA positive, whereas the
majority of patients with MPA are MPO-ANCA positive [1, 4,
7, 8]. The diagnostic performance of this testing algorithm
has recently been questioned, although it remains widely
used.

According to the multicenter study [9], the diagnostic
performance of antigen-specific immunoassays is equal to or
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even better than the diagnostic performance of ANCA IIF in
distinguishing AAV from disease controls. Based on these
findings, a new international consensus on ANCA testing
was reached in 2017 [10], suggesting that high-quality im-
munoassays can be used as a primary screening method
without the categorical need for IIF. Furthermore, in pa-
tients with high clinical suspicion of AAV or low antibody
levels, performing a second immunoassay has been sug-
gested to increase the sensitivity or specificity of the test.
Nevertheless, there is currently no consensus on how
ANCA testing should be performed to monitor patients
with AAV [11].

In 2020, a new updated document was published
concluding that antigen-specific ANCA targeting PR3 and
MPO should be tested by solid-phase immunoassays in all
patients with clinical features suggestive of AAV and in all
patients with anti-GBM disease, idiopathic interstitial
pneumonia, and infective endocarditis associated with
nephritis. In cases of suspected autoimmune hepatitis type I
without conventional autoantibodies or diagnostic uncer-
tainty regarding the distinction between ulcerative colitis
and Crohn’s disease, ANCA should be tested with IIF because
the target antigens are not characterized in these diseases
[12].

Three types of enzyme-linked immunosorbent assays
(ELISAs) are widely used in laboratories for ANCA testing:
first-generation direct ELISA (antigen is directly coated on
the plate), second-generation capture ELISA (antigen is
indirectly coated through a specific capture monoclonal
antibody), and third-generation anchor ELISA (antigen is
bound with a peptide linker). In recent years, automated
chemiluminescent immunoassays (CLIA) have been devel-
oped for ANCA testing and are already used in daily labo-
ratory practice [2, 13–16].

Because of the importance of ANCA testing in AAV and
the wide range of assays available today, numerous attempts
have been made to standardize ANCA values. A number of
manufacturers use reference standards for PR3- and
MPO-ANCA to calibrate their ANCA assays. Recently, Insti-
tute for Reference Materials and Measurements (IRMM)-
certified referencematerials forMPO- and PR3-ANCA (IS2720
#15 Anti-MPO-ANCA and IS2721 #16 Anti-PR3-ANCA, from the
Centers for Disease Control and Prevention) have become
available, and these reference materials were evaluated in
the study by Bossuyt et al. [17]. However, despite the avail-
ability of reference materials, there is still a need for stan-
dardization of ANCA measurements.

The recommendation to harmonize the clinical inter-
pretation of ANCA test results by reporting test result-
specific likelihood ratios (LRs) (probability of a specific result

in patients divided by the probability of the same result in
controls) has been published along with LRs for different
assays in use [18, 19]. For all assays, test result-specific LRs
increased significantly with increasing antibody levels. Two
principals have been proposed: first, reporting LRs for test
result intervals; or second, reporting the threshold value in
conjunction with LRs of 0.1, 1, 10, and 30. However, the
presented principles for reporting results have not yet been
routinely adopted.

The new European In Vitro Diagnostics Regulation 2017/
746 (IVDR), which applies to in vitro diagnostic devices, im-
pacts both clinical laboratories and manufacturers, so
autoantibody testing practices will need to change in the
coming years. These changes will impact many laboratories
worldwide, including ours, where current ANCA testing
procedures include elements of the 1999 and 2017 interna-
tional consensus statements. In our practice, this means that
all samples currently tested with IIF ANCA and the in-house
direct ELISA, and in some cases even with a more sensitive
capture ELISA, will then need to be tested with diagnostic
medical devices that comply with the new EU Regulation
2017/746.

Therefore, themain objective of this study was to verify,
implement, harmonize, and clinically apply CLIA assays
(QUANTA Flash MPO and PR3 on BIO-FLASH, Inova Di-
agnostics, Werfen, San Diego, CA, USA).

Our objective was, first, to evaluate the analytical per-
formance of CLIA assays for the detection of MPO- and
PR3-ANCA antibodies, second, to compare the results with
those of in-house ELISA (first generation) and capture ELISA
(second generation), third, to determine the diagnostic value
of MPO- and PR3-ANCA detected by either CLIA assays or in-
house or capture ELISAs for the diagnosis of AAV, and fourth,
to compare our QUANTA Flash assay interval-specific LRs
with previously published LRs [18].

Materials and methods

Patients

Serum samples from patients with AAV (MPA and GPA), from patients
with non-AAV vasculitis (IgA vasculitis, cryoglobulinemic vasculitis),
and from patients with connective tissue diseases (CTD) (systemic
lupus erythematosus (SLE), systemic sclerosis (SSc), Sjögren’s disease
(SjS), and rheumatoid arthritis (RA)) were collected at the Department
of Rheumatology, University Medical Centre Ljubljana, Slovenia, and
analyzed in the immunology laboratory. The study was performed
according to the guidelines of the Declaration of Helsinki and
approved by the National Medical Ethics Committee, Ljubljana,
Slovenia (0120-55/2019/5).
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Serum collection

Samples were collected in routine clinical settings. Blood samples were
centrifuged at 1,800×g for 10 minwithin 2 h of collection, and serumwas
separated directly from the cell pellet. Samples were stored at 4 °C and
analyzed the next day, or aliquoted into tubes and stored at −80 °C for
later analysis.

Assays for the measurement of MPO- and PR3-ANCA

MPO- and PR3-ANCA antibodies were tested with three immunoassays:
an in-house direct ELISA, a capture ELISA, and a CLIA QUANTA Flash on
the BIO-FLASH analyzer according to the manufacturer’s guidelines.
The characteristics of the different assays are shown in Table 1 and
Figure 1.

Verification of CLIA assays

As part of the verification process, we evaluated the precision and
linearity of the CLIA QUANTA Flash MPO and PR3 assays. Assays were
performed in accordance with the relevant Clinical and Laboratory
Standards Institute (CLSI) guidelines, EP5-A3. Two samples were tested

five times daily for 5 days. To assess linearity, positive samples and their
dilutions (1:2, 1:4, 1:8, 1:16) were tested in duplicate, and linear regression
was calculated.

Comparison of assays

The overall agreement, negative agreement, and positive agreement
between the results of the different assays were calculated. The spear-
man’s rank correlation coefficient was used to analyze the quantitative
correlations, and the Cohen’s kappa test was performed to determine
the qualitative agreement between the results of the different assays
using the cut-off values shown in Table 1. p-Values of less than 0.05 were
considered significant.

Measurement of the diagnostic value

The diagnostic sensitivity, specificity, and receiver operating charac-
teristic (ROC) analysis of MPO/PR3-ANCA (the highest reactivity level
from MPO- or PR3-ANCA determination was selected) were determined
to evaluate the diagnostic performance of QUANTA Flash, in-house
ELISA, and capture ELISA for AAV.

Likelihood ratios (LRs)

We calculated LRs (probability of a specific result in patients divided by
the probability of the same result in controls) as suggested in publication
on harmonization of ANCA testing [18]. Interval-specific LRs associated
with AAV at diagnosis were calculated for QUANTA Flash MPO and PR3
results. The highest reactivity level from MPO- or PR3-ANCA determi-
nation was selected for analysis of LRs for AAV.

Statistical programs

Statistical analyseswere performedusingAnalyse-IT forMicrosoft Excel
(Analyse-IT Software Ltd., Leeds, UK).

Results

Patients

Samples from 160 patients were included in our study. The
AAV group comprised 39 patients with newly diagnosed AAV
(17 patients with MPA and 22 patients with GPA, median age
[IQR] 66 years [54–77], 53.8% females), the non-AAVvasculitis
control group comprised 55 patients with other vasculitides
(IgA vasculitis, cryglobulemic vasculitis, skin organvasculitis,
median age [IQR] 58 years [50–80], 43.6 % females), and
the CTD control group comprised 66 patients with SLE (n=19),
SjS (n=17), SSc (=12), or RA (n=18) (median age [IQR] 60 years
[48–72], 80.3 % females).

Table : Characteristics of the MPO- and PR-ANCA assays.

MPO-ANCA

Assay
principle

Direct
ELISA

Capture ELISA CLIA (QUANTA
Flash)

Manufacturer In-house Svar Life Science
(formerly Euro Diag-
nostica AB), Malmö,
Sweden

Inova Diagnostics,
San Diego, CA, USA

Antigen MPO on
the plate

MPO on the MoAb
carrier on the plate

MPO on the beads

Units U/mL IU/mL IU/mL or CU
Cut-off    or 
Range – – –. or

–.
Traceability / IS # anti-

MPO-ANCA
IS #
anti-MPO-ANCA

PR-ANCA

Manufacturer In-house Svar Life Science
(formerly Euro Diag-
nostica AB), Malmö,
Sweden

Inova diagnostics,
San Diego, CA, USA

Antigen PR on
the plate

PR on theMoAb carrier
on the plate

PR on the beads

Units U/mL IU/mL IU/mL or CU
Cut-off    or 
Range – – .–. or

–,.
Traceability / IS # anti-

PR-ANCA
IS #
anti-PR-ANCA
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Analytical performance – precision and
linearity of QUANTA Flash MPO and PR3

Within-run coefficient of variation (CV) ranged from 4.7 %
(low positive sample, overall mean 48.6 CU) to 5.1 % (high
positive sample, overall mean: 281 CU) for MPO-ANCA and
from 3.9 % (low positive sample, overall mean: 46.6 CU) to
5.3 % (high positive sample, overall mean: 321.3 CU) for
PR3-ANCA. Between-run CV ranged from 5.7 % (high positive
sample) to 5.8 % (low positive sample) for MPO-ANCA and
from 5.2 % (low positive sample) to 8.9 % (high positive
sample) for PR3-ANCA.

QUANTAFlashMPOhad a regression slope of 1.003 (95 %
CI 0.986–1.049) and QUANTA Flash PR3 had a regression
slope of 1.061 (95 % 0.910–1.243).

Qualitative agreement and quantitative
correlation between QUANTA Flash and
ELISAs

The number of positive samples analyzed with three
different assays is shown in Table 2 for each patient group.

Agreement for MPO-ANCA

The agreement between in-house ELISA and QUANTA Flash
results was 98.1 %, with a Cohen’s kappa coefficient of 0.928
(95 % CI 0.847–1.000) (Table 3). Three mismatches (3/160
samples) were detected that were classified as negative by
QUANTA Flash and positive by in-house ELISA. All three
were negative by capture ELISA. Two of themwere from the
CTD group and one from a patient with MPA. The Spear-
man’s rank correlation coefficient of the positiveMPO-ANCA
results between the in-house ELISA and QUANTA Flash was
0.809, p<0.001, indicating that there was a significant and
strong positive relationship between the results of the two
tests.

There was excellent agreement between the results of
the capture ELISA and QUANTA Flash (Cohen’s κ=0.947,
95 % CI 0.875–1.000) with an overall agreement of 98.8 %.
Two mismatched samples (2/160 samples) were positive by
QUANTA Flash and negative by capture ELISA (samples
were positive by in-house ELISA). These two samples were
from patients with CTD. The Spearman’s rank correlation
coefficient between the capture ELISA and QUANTA Flash
results was 0.914, p<0.001, indicating that there was a sig-
nificant and strong positive relationship between the re-
sults of both tests.

Agreement for PR3-ANCA

The agreement between the results of in-house ELISA and
QUANTA Flash was 97.5 %, with a Cohen’s kappa coefficient
of 0.861 (95 % CI 0.728–0.995) (Table 3). Four (4/160 samples)
discrepancies were found, two of which were found to be
positive by QUANTA Flash and negative by in-house ELISA
(but positive by capture ELISA). These two patients were
diagnosedwith GPA. One patientwith IgA vasculitis had only
a positive QUANTA Flash, and one patient with GPA had
only a positive in-house ELISA. The Spearman’s rank

Figure 1: The principle graphical representation of direct in-house ELISA, capture ELISA, anchor ELISA and CLIA.

Table : The number of positive samples in each patient group analyzed
with three different assays.

Groups Assay (number of positive samples)

In-house ELISA Capture ELISA QUANTA Flash

MPA (n=) MPO   

PR   

GPA (n=) MPO   

PR   

Non-AAV
(n=)

MPO   

PR   

CTD (n=) MPO   

PR   
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correlation coefficient of positive PR3-ANCA results be-
tween in-house ELISA and QUANTA Flash was 0.451,
p=0.100, indicating that there was no correlation between
the results of the two tests.

The agreement between the results of capture ELISA
and QUANTA Flash was 98.8 %with a Cohen’s kappa of 0.934
(95 % CI 0.844–1.000). Here we found two samples whose
results differed (2/160 samples). One, from a patient with IgA
vasculitis, was positive with QUANTA Flash and negative
with the capture ELISA, and the other from a GPA patient
had an opposite result. Both samples were negative with the
in-house ELISA. The Spearman’s rank correlation coefficient
between the capture ELISA and QUANTA Flash results was
0.674, p=0.005, indicating that therewas a significant positive
relationship, between the results of both tests.

Diagnostic performance of MPO/PR3-ANCA
for AAV measured with the QUANTA Flash
assays compared with in-house and capture
ELISAs

MPO- and PR3-ANCA results and predefined cut-offs (in-
house ELISA 10 U/mL, capture ELISA 5 U/mL, and QUANTA
Flash 20 CU) were used to determine diagnostic sensitivity,
specificity, and ROC curves for AAV. The diagnostic sensi-
tivity and specificity of all three assays were similar for AAV
diagnosis (Table 4). The diagnostic performance ofMPO/PR3-
ANCA for the diagnosis of AAV was evaluated using ROC
curves. The areas under the curve (AUC) of each assay were
comparable and not statistically significantly different.
ANCA correlated significantly with AAV, regardless of which
assay was used for its detection. The diagnostic accuracy for
AAV of the in-house ELISAs, capture ELISAs, and QUANTA
Flash assays ranged from 0.937 to 0.972 (Table 4).

Thresholds for defined specificity

Following the recommendations for harmonization of clin-
ical interpretation of ANCA test results [18], thresholds for
the QUANTA Flash immunoassay were calculated in our
group of AAV patients. Thresholds corresponding to speci-
ficities of 95.0, 97.5, 99.2 and 100 %were determined. The LRs
for a positive test result increased with increasing threshold
(Table 5). LRs were 18.62, 36.20, and 93.08 for a threshold
corresponding to 95.0, 97.5, and 99.2 % specificity, respec-
tively. Sensitivity (proportion of patients tested positive)
ranged from 92.3 % corresponding to a 95.0 % specificity to
76.9 %, corresponding to 99.2 % specificity.

Interval-specific LRs

Next, we defined test result intervals using the above
thresholds. For each test result interval, we calculated the
fraction of patients and controls who had a result within that

Table : Clinical significance of MPO/PR-ANCA for AAV detected with
different assays.

 in-house
ELISA

 capture
ELISA

 QUANTA
Flash

p-Value

Sensitivity
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

 vs.  ns
 vs.  ns
 vs.  ns

Specificity
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

 vs. 
.

 vs.  ns
 vs.  ns

AUC
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

 vs.  ns
 vs.  ns
 vs.  ns

Table : Qualitative agreement between assays.

In-house ELISA vs. QUANTA Flash Capture ELISA vs. QUANTA Flash

MPO-ANCA Total % agreement . .
Negative agreement (% CI)  (.–) . (.–.)
Positive agreement (% CI) . (.–.)  (.–)
Cohen’s kappa coefficient (% CI) . (.–.) . (.–.)
Spearman’s rho (ρ) . (<.) . (<.)

PR-ANCA Total % agreement . .
Negative agreement (% CI) . (.–.) . (.–.)
Positive agreement (% CI) . (.–.) . (.–.)
Cohen’s kappa coefficient (% CI) . (.–.) . (.–.)
Spearman’s rho (ρ) . (.) . (.)
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interval and the interval-specific LR for AAV. The interval-
specific LRs for AAV are shown in Table 6.

Applying the 97.5–99.0 % specificity interval, we found
that the same number of AAV patients (35/39) were selected,
regardless of the way of interval determination (calculated
from the current study [29–121 CU] or published interval
[23.8–78.2 CU]).

Discussion

ANCA testing is nowadays almost indispensable in the
diagnosis andmonitoring of patients with AAV. These assays
play an enormous role inmedical decisions, treatment plans,
and patient care. As recommended by many AAV experts,
solid-phase immunoassays to detect MPO/PR3-ANCA could
be used adjunctively in all patients with clinical features
suggestive of AAV without the use of IIF [9]. To ensure that
assays are accurate, reliable, and provide consistent results,
they need to be verified, implemented, and harmonized
among laboratories. Importantly, the new European In Vitro
Diagnostic (IVD) Regulation 2017/746 imposes stricter re-
quirements on the use of in-house-developed tests than the
previous directive.

In this study, we verified, implemented, harmonized
and clinically applied the ANCA CLIA assays (QUANTA Flash
MPO and PR3 assays on the BIO-FLASH analyzer). In the first
step of the verification process, we confirmed that the pre-
cision and linearity claimed by the manufacturer were also
achieved in our laboratory environment. Coefficients of
variation (CV) were below 10 % for within-run repeatability
and below 15 % for between-run repeatability, which is
considered broadly acceptable CV. The reported regression
slopes of 1.003 (95 % CI 0.986–1.049) for MPO-ANCA and 1.061
(95 % 0.910–1.243) for PR3-ANCA were fully comparable to
those reported by the manufacturer, confirming the line-
arity of the QUANTA Flash MPO and PR3.

Second, we compared the results of QUANTA Flash MPO
and PR3 with those of in-house (first generation) and capture
(second generation) ELISAs. In this way, we wanted to verify
to what extent the new assay would provide similar results to
the diagnostic procedures we have been performing in our
laboratory for more than a decade. In this way, we would be
able to communicate to physicians the comparability of the
new and old results. Although QUANTA Flash and ELISA
differed in their analytical and technological characteristics,
the agreement between the different assays for the detection
of MPO- and PR3-ANCA results was excellent (overall agree-
ment between 97.5 and 98.8), considering the manufacturers’
thresholds. In particular, QUANTA Flash MPO and PR3 pro-
vided more comparable results to capture ELISA than to
in-house ELISA, as evidenced by a higher percentage of pos-
itive agreement (100 vs. 88.5 % for MPO-ANCA, 94.1 vs. 93.3 %
for PR3-ANCA), a higher Cohen’s kappa coefficient (0.934 vs.
0.861 for PR3-ANCA), and higher correlation coefficients (0.914
vs. 0.809 for MPO-ANCA, 0.674 vs. 0.451 (ns) for PR3-ANCA).
Our results mirror those of previous studies showing high
agreement and correlation between QUANTA Flash and
commercial ELISAs [15, 16]. Importantly, we also confirmed
that novel assays can indeed replace in-house ELISA and be
used in daily practice, as the results obtained with QUANTA
Flash are very similar to in-house ELISA results.

The next section of this study addressed the evaluation
of the clinical utility of QUANTA Flash MPO and PR3. In
addition to the analytical comparability of the two QUANTA
Flash assays with currently used assays, the comparable
clinical utility of CLIA for AAV (MPA/GPA) was also demon-
strated. The diagnostic sensitivity and specificity of QUANTA
Flash MPO and PR3 for AAV (89.7 and 95.9 %, respectively)
are fully comparable to the sensitivity and specificity of in-
house (89.7 and 95.0 %, respectively) and capture ELISA (92.3
and 98.3 %, respectively). This is consistent with the manu-
facturer’s reported diagnostic sensitivity and specificity for
MPA/GPA (MPO: 79.8 and 96.2 % for MPA; PR3: 68.3 and
97.4 % for GPA, respectively).

Table : Thresholds corresponding to predetermined specificities.

Threshold,
CU

Sensitivity,
% ( % CI)

Specificity,
% ( % CI)

LR (+)
( % CI)

LR (−)
( % CI)

 .
(.–.)

.
(.–.)

.
(.–.)

.
(.–.)

 .
(.–.)

.
(.–.)

.
(.–.)

.
(--.)

 .
(.–.)

.
(.–.)

.
(.–.)

.
(.–.)

 .
(.–.)



(.–.)
∞

(.–∞)
.

(.–.)

Table : LRs corresponding to a specific interval.

Specificity, %
intervals

Interval,
CU

Fraction of
patients

Fraction of
controls

LR
( % CI)

<. – . . .
(.–.)

.–. – . . .
(.–.)

.–. – . . .
(.–.)

.– – . . .
(.–.)

> –, . . ∞
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Harmonization of diagnostic tests between laboratories
is critical to ensure consistent and comparable results.
Standardization of methods, reagents, and equipment helps
reduce variability and discrepancies in test results. It allows
comparison of results between different laboratories. Bos-
suyt et al. [18, 19] proposed harmonization of ANCA testing
by reporting interval and test result-specific LRs. LRs are
alternative statistics that indicate the probability of a given
result in patients divided by the probability of the same
result in controls to summarize diagnostic accuracy. LR
values above 10 are considered strong evidence of diagnostic
accuracy inmost cases. Each test result has its ownLR,which
summarizes how much more likely or less likely it is that
patients with the disease will have that particular result
compared with patients without disease.

Therefore, in the final part of our study, we evaluated
the previously published LRs in our clinically defined patient
population and determined our own LRs corresponding to
diagnostic specificities of 95.0, 97.5, 99.2 %, and 100 %. How-
ever, because of a different population and a smaller num-
ber of patients with AAV, we obtained slightly different
intervals and LRs. However, considering either the pub-
lished intervals or the intervals calculated in our study, the
same fraction of patients with AAV (n=35) fell within the
interval of 97.5–99 % diagnostic specificity or higher.

This study was an important step in the verification,
implementation, and harmonization of QUANTA Flash MPO
and PR3 assays in our laboratory to ensure the precision,
reliability, and consistency of test results. Nevertheless, the
study has its limitations. We included only a relatively small
group of patients. And because the study was limited to a
single center, the inter-laboratory variation could not be
verified.

In this study, we critically examined and evaluated a
QUANTA Flash chemiluminescent immunoassays performed
on a fully automated analyzer. We confirmed that the
analytical precision and linearity claimed by the manufac-
turer could be achieved in our laboratory. The QUANTA
Flash assays provided results that were highly comparable
to ELISA results, not only from an analytical perspective
but also in terms of clinical utility. Crucially, our work on
a different population showed similarity to previously
published LRs for ANCA testing for AAV, suggesting that the
LRs could be adopted in other laboratories and would be
useful for harmonizing ANCA test results.

Research ethics: The study was performed according to the
guidelines of the Declaration of Helsinki and approved by
the National Medical Ethics Committee, Ljubljana, Slovenia
(0120-55/2019/5).

Informed consent: Informed consent was obtained from all
individuals included in this study, or their legal guardians or
wards.
Author contributions: The authors have accepted respon-
sibility for the entire content of this manuscript and
approved its submission.
Competing interests: The authors state no conflict of
interest.
Research funding: Slovenian Research Agency.
Data availability: The raw data can be obtained on request
from the corresponding author.

References

1. Radice A, Sinico RA. Antineutrophil cytoplasmic antibodies (ANCA).
Autoimmunity 2005;38:93–103.

2. Schulte-Pelkum J, Radice A, Norman GL, López Hoyos M, Lakos G,
Buchner C, et al. Novel clinical and diagnostic aspects of antineutrophil
cytoplasmic antibodies. J Immunol Res 2014;2014:185416.

3. Cohen Tervaert JW, Damoiseaux J. Antineutrophil cytoplasmic
autoantibodies: how are they detected and what is their use for
diagnosis, classification and follow-up? Clin Rev Allergy Immunol 2012;
43:211–9.

4. Radice A, Bianchi L, Sinico RA. Anti-neutrophil cytoplasmic
autoantibodies: methodological aspects and clinical significance in
systemic vasculitis. Autoimmun Rev 2013;12:487–95.

5. Sunderkötter CH, Zelger B, Chen KR, Requena L, Piette W, Carlson JA,
et al. Nomenclature of cutaneous vasculitis: dermatologic addendum
to the 2012 revised international Chapel Hill consensus conference
nomenclature of vasculitides. Arthritis Rheumatol 2018;70:171–84.

6. Savige J, Gillis D, Benson E, Davies D, Esnault V, Falk RJ, et al.
International consensus statement on testing and reporting of
antineutrophil cytoplasmic antibodies (ANCA). Am J Clin Pathol 1999;
111:507–13.

7. Niles JL, McCluskey RT, Ahmad MF, Arnaout MA. Wegener’s
granulomatosis autoantigen is a novel neutrophil serine proteinase.
Blood 1989;74:1888–93.

8. Falk RJ, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies with
specificity for myeloperoxidase in patients with systemic vasculitis and
idiopathic necrotizing and crescentic glomerulonephritis. N Engl J Med
1988;318:1651–7.

9. Damoiseaux J, Csernok E, Rasmussen N, Moosig F, Paassen P,
Baslund B, et al. Detection of antineutrophil cytoplasmic antibodies
(ANCAs): a multicentre European Vasculitis Study Group (EUVAS)
evaluation of the value of indirect immunofluorescence (IIF) versus
antigen-specific immunoassays. Ann Rheum Dis 2017;76:647–53.

10. Bossuyt X, Cohen Tervaert J-W, Arimura Y, Blockmans D, Flores-
Suárez LF, Guillevin L, et al. Revised 2017 international consensus on
testing of ANCAs in granulomatosis with polyangiitis and microscopic
polyangiitis. Nat Rev Rheumatol 2017;13:683–92.

11. Sinico RA, Radice A. Antineutrophil cytoplasmic antibodies (ANCA)
testing: detectionmethods and clinical application. Clin Exp Rheumatol
2014;32(3 Suppl 82):S112–7.

12. Moiseev S, Cohen Tervaert JW, Arimura Y, Bogdanos DP, Csernok E,
Damoiseaux J, et al. 2020 International consensus on ANCA testing
beyond systemic vasculitis. Autoimmun Rev. 2020;19:102618.

Ogrič et al.: Detection of MPO- and PR3-ANCA with chemiluminescent immunoassays 7



13. Arranz O, Ara J, Rodriguez R, Quintó L, Font J, Mirapeix E, et al.
Comparison of anti-PR3 capture and anti-PR3 direct ELISA for detection
of antineutrophil cytoplasmic antibodies (ANCA) in long-term clinical
follow-up of PR3-ANCA-associated vasculitis patients. Clin Nephrol
2001;56:295–301.

14. JU H, Csernok E, Fredenhagen G, Backes M, Bremer JP, Gross WL.
Clinical evaluation of hsPR3-ANCA ELISA for detection of antineutrophil
cytoplasmatic antibodies directed against proteinase 3. Ann RheumDis
2010;69:468–9.

15. Hou X, Liu J, Wang T, Zhou J, Cui L. The performance of the
chemiluminescent immunoassay for measuring serummyeloperoxidase
and proteinase 3 antibodies. J Clin Lab Anal 2021;35:e23615.

16. Pucar PA, Hawkins CA, Randall KL, Li C, McNaughton E, Cook MC.
Comparison of enzyme-linked immunosorbent assay and rapid

chemiluminescent analyser in the detection of myeloperoxidase and
proteinase 3 autoantibodies. Pathology 2017;49:413–8.

17. Bossuyt X, Dillaerts D, Mahler M, Roggenbuch D, Leinfelder U,
Hammar F, et al. Standardisation of PR3-ANCA and MPO-ANCA:
evaluation of certified reference materials. Ann Rheum Dis 2020;79:
1520–2.

18. Bossuyt X, Rasmussen N, van Paassen P, Hellmich B, Baslund B,
Vermeersch P, et al. A multicentre study to improve clinical
interpretation of proteinase-3 and myeloperoxidase anti-neutrophil
cytoplasmic antibodies. Rheumatology 2017;56:1633.

19. Bossuyt X, Damoiseaux J, Rasmussen N, van Paassen P, Hellmich B,
Baslund B, et al. Harmonization of antineutrophil cytoplasmic
antibodies (ANCA) testing by reporting test result-specific likelihood
ratios: position paper. Clin Chem Lab Med 2020;59:e35–9.

8 Ogrič et al.: Detection of MPO- and PR3-ANCA with chemiluminescent immunoassays


	Verification, implementation and harmonization of automated chemiluminescent immunoassays for MPO- and PR3-ANCA detection
	Introduction
	Materials and methods
	Patients
	Serum collection
	Assays for the measurement of MPO- and PR3-ANCA
	Verification of CLIA assays
	Comparison of assays
	Measurement of the diagnostic value
	Likelihood ratios (LRs)
	Statistical programs

	Results
	Patients
	Analytical performance – precision and linearity of QUANTA Flash MPO and PR3
	Qualitative agreement and quantitative correlation between QUANTA Flash and ELISAs
	Agreement for MPO-ANCA
	Agreement for PR3-ANCA
	Diagnostic performance of MPO/PR3-ANCA for AAV measured with the QUANTA Flash assays compared with in-house and capture ELISAs
	Thresholds for defined specificity
	Interval-specific LRs

	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


