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Abstract

Objectives: Detection of specific antinuclear antibodies is
very important in term of diagnosis, prognosis and man-
agement of patients with systemic autoimmune rheumatic
diseases. Chemiluminescence microarray immunoassay
(CLMIA) is a microdot array-based method that allows
simultaneous detection of multiple antinuclear antibodies,
which received increasing attention.

Methods: A CLMIA method that can detect 14 kinds of
antinuclear antibodies was established and optimized. Basic
performance and diagnostic performance of CLMIA was
evaluated by comparing it with line immunoassay (LIA) and
indirect immunofluorescence (IIF).

Results: Through conditional exploration, the optimal
blocking time and blocking temperature were determined
to be 18 h and 25 °C, respectively. The enzyme-labeled sec-
ondary antibody reaction concentration was 0.1 ug/mL, the
incubation temperature of serum and enzyme-labeled
secondary antibody were 30 °C, and the incubation time
of serum and enzyme-labeled secondary antibody were
40 min. After parameter optimization, CLMIA demon-
strated high accuracy with a relative bias <15%; high
sensitivity with detection limits below 3 IU/mL for dsDNA
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and below 1 RU/mL for other ANAs; and high reproducibility
with both intra-assay and inter-assay coefficients of varia-
tion (CV) <15 %.The CLMIA detection method established in
this study was also demonstrated to have good clinical
diagnostic performance, showing the highest area under
curve (AUC=0.87, p=0.042 and p=0.03). The CLMIA and LIA
revealed substantial to good agreements on specific anti-
nuclear antibodies except anti-dsDNA, with the Cohen’s
kappa from 0.72 to 0.89. Samples that produced discrepant
results between the CLMIA and LIA methods were further
analyzed. Upon additional testing, most of these samples were
ultimately determined to have been correctly detected by
the CLMIA assay rather than the LIA assay, suggesting that
CLMIA also shows some superiority in diagnosing dsDNA.
Conclusions: The CLMIA could become a potential routine
method for detecting ANAs with the advantages of good
detection performance.

Keywords: antinuclear antibodies; CLMIA; systemic auto-
immune rheumatic diseases

Introduction

Systemic autoimmune rheumatic diseases (SARDs) are
characterized by immunological and inflammatory dysre-
gulation, resulting in damage and destruction of connective
tissues, joints, blood elements, skin and other target organs
[1]. The SARDs include systemic lupus erythematosus, sys-
temic sclerosis, idiopathic inflammatory myopathies, rheu-
matoid arthritis, Sjégren’s syndrome, systemic vasculitides
and so on [2, 3]. Most patients with SARDs exhibit clinically
heterogeneous, variable and non-specific clinical features.
Therefore, distinguishing between different types of SARDs
can be extremely difficult [4]. The presence of antinuclear
antibodies (ANAs), directed against intracellular antigens, is
a hallmark of the SARDs. Currently, ANAs has been widely
used for diagnosis and monitoring of SARDs.

Traditionally, indirect immunofluorescence (IIF) on
HEp-2 cells is the most established method used to screen for
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ANAs [5, 6]. Nonetheless, positive fluorescent staining
showed that the presence of ANA could not allow precise
identification of these antibodies. Specific categories of
antibodies has been associated with each specific diseases
[7], much more relevant information comes from the iden-
tification of the target antigens bound by ANAs. Line
immunoassay (LIA) can achieve the detection of specific
antibodies by using strips pre-coated with multiple antigens
on separate parallel lines. However, LIA is a time-consuming
and labor-intensive procedure and exhibits poor reproduc-
ibility because of the subjective interpretation of results.

The chemiluminescence microarray immunoassay
(CLMIA) is a fully automated assay system that allows the
simultaneous detection of multiple antibodies of established
clinical significance. Antigenic substances are attached to
the supporting material in ordered arrays. The antigen
microarrays are exposed to serum samples containing the
autoantibodies, which bind to their corresponding antigen
[8]. The concentration of the analyte in the sample can be
determined by detecting the resulting antigen-antibody
complex in the microspots of the chip [9]. Owing to the
advantages of multiplexing, automation, rapidity, and high
sensitivity and specificity, CLMIA has been widely applied to
detect cancer, immune and inflammatory diseases as well as
infectious diseases. However, its use in clinical laboratories
for ANA detection has not been extensively adopted on a
large scale [10-12].

In this study, we established a CLMIA detection method
in our laboratory that can detect 14 antibodies simulta-
neously. In addition, we compared the assay with LIA and
traditional IIF to assess the diagnostic performance in Chi-
nese patients. By carrying out a comprehensive comparison
and analysis, we explored whether the CLMIA could become
a commercial microarray analysis to detect SARDs.

Materials and methods
Study population

Atotal 0f 185 patient serum samples were tested in this study, including
135 patients with SARDs, 31 disease controls and 19 healthy controls.
The SARDs specimens were retrospectively classified according to
predefined diagnoses as follows: included Systemic lupus erythema-
tosus (SLE, n=63), Sjogren’s syndrome (SjS, n=26), mixed connective
tissue disease (MCTD, n=20), systemic scleroderma (SSc, n=10), rheu-
matic arthritis (RA, n=12) and polymyositis/dermatomyositis (PM/DM,
n=4).The 135 SARDs patients were inpatients or outpatients, who were
newly diagnosed or followed up in the Department of Dermatology and
Rheumatology, and had not received glucocorticoids or immunosup-
pressive treatments within 3 months before recruitment. Disease
controls were consecutive patients who consulted rheumatology
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department, and for whom ANA test was deemed necessary by the
clinician. After examination, these patients were diagnosed not to have
SARDs. The disease controls are mainly viral or bacterial infectious dis-
eases, nonalcoholic steatohepatitis (NASH), allergy and cancer. The
apparently healthy controls were collected from 19 individuals receiving
regular annual physical examinations. The median age of SARDs, disease
control, and apparently healthy control are 47 (IQR 34-57), 52 (IQR 41-70),
and 49 (IQR 31-65), respectively. The female percentage of SARDs, disease
control, and healthy control are 90, 58, and 63 %, respectively. All samples
were collected from May to August 2022 and June to September 2023 at
Wuxi People’s Hospital and stored at —70 °C until use.

All clinical investigations were conducted according to the Decla-
ration of Helsinki. Informed consent was obtained from all individuals
and this study was approved by the Ethics Committees of Wuxi People’s
Hospital Affiliated to Nanjing Medical University.

Detection of antinuclear antibodies

All 185 serum samples were tested by the IIF (Fluoro HEPANA test,
Medical & Biological Laboratories, Japan) and LIA (Seramun Diagnostica
GmbH, Germany), as well as CLMIA (Sunlant Bioengineering Co. Ltd,
China), according to the manufacturers’ protocols.

Antinuclear antibody detected by IIF on HEp-2 cell

IIF on human epidermoid laryngeal carcinoma cells (HEp-2 cells) is the
most established method for ANA screening. The manually processed
HEp-2 slides were read using a fluorescence microscope at x200 power
within 24 h. ANA by IIF titer of at least 1:40 was regarded as positive in
our laboratory. The serum was considered positive if clear fluores-
cence appeared on the entire cell nucleus or in a specific area. All
positive patient specimen should be tittered to endpoint dilution, at
which no specific fluorescence is found in the nucleus, by repeating the
test with twofold dilutions of serum.

Antinuclear antibodies detected by LIA

LIA is a qualitative method capable of multiplex detection of human IgG
antibodies against 12 antigens, comprising Ro60, Ro52, SSB, PO, CENP-B,
Histone, dsDNA, Jo-1, Nucleosome, RNP, Sm and Scl-70. By visually
comparing the intensity of the test line and the cutoff line on the specific
LIA determination card provided by this kit, the experimental results
were interpreted as negative or positive. Positive results showed strips
with color intensity equal to or darker than the cutoff control line, while
negative strips showed lighter color intensity compared to the cutoff
control line.

Anti-dsDNA IgG detected by ELISA

Some studies have shown that enzyme linked immunosorbant assay
(ELISA) is the preferred method for detecting dsDNA antibodies due to
its advantages in specificity and sensitivity [13, 14]. Therefore, we
compared the consistency of ELISA (Euroimmun, Germany) with LIA
and CLMIA. The cutoff of this assay is 100 IU/mL, according to the
manufacturer’s instructions.
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Antinuclear antibodies detected by CLMIA

CLMIA were carried out on the SLXP-001B Fully Automated Microarray
Chip Reader (Sunlant, China).

Microarray chip production

First, the hard substrate microarray chips (Sunlant, China) were
immersed in pretreatment solution containing 2% NaOH for 24h,
washed 2-8 times with pure water, and then immersed in 0.5%
(3-glycidyloxypropyl) trimethoxysilane for 30 min. Secondly, the pre-
soaked hard substrate microarray chips were dried with nitrogen gas
blowing and placed in an oven and baked at 140 °C for 0.5 h. The pro-
cessed chips were stored in a sealed container. Thirdly, the 14 kinds of
ANA antigens (Jinlian Biotechnology Co., Ltd., China) were gradient
diluted with stabilizer (Sunlant, China). The antigens at various con-
centrations were spotted on the pretreated chips separately using a
Nano-Plotter 2.1 fully automatic spotting instrument (GeSim, Germany)
with a spotting volume of 20 nL/spot. Finally, the prepared microarray
slides were immersed in blocking buffer and incubated for a period of
time. The slides were then retrieved, centrifuged at 150xg for 1min to
remove residual blocking buffer, and stored at 4 °C until use.

Microarray measurements

The glass chip was incubated with 100-fold diluted serum. Then the
incubated chip was transferred into horseradish peroxidase (HRP)-
labeled anti-human IgG solution and incubated again. Finally, the chip
was placed in the chemiluminescent substrate (Luminol). The light
signals were captured by a CCD camera and the concentration of ANAs
in the sample were calculated with an in-house-developed software.

CLMIA, based on the principle of antigen-antibody reaction, is a
fully automatic, high-throughput detection method that can simulta-
neously detect 14 kinds of antigens, including anti-Ro52, Ro60, SSB, PO,
CENP-B, M2, Histone, dsDNA, Jo-1, Nucleosome, RNP, Sm, Scl-70 and Pm-
scl. Four identical antigens constituted one column and the average
value was used as the final result for detecting each kind of antigen. The
distribution and concentration of coated antigens on the chip was
shown in Figure 1. The recommended cutoff for the anti-dsDNA antibody
15100 IU/mL and for other ANAs is 20 RU/mL (based on the concentration
of ANA detected in serum samples from 50 healthy individuals using this
system, the 99th percentile was utilized to determine the reference
range).

[ 5]
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Optimization of CLMIA experiment conditions

Since the blocking time and temperature, concentration of HRP-labeled
anti-human IgG solution, incubated temperature and time would affect
CLMIA detection results, we optimized the experimental conditions
[15, 16]. Various blocking time (12, 18, 24 h), various blocking tempera-
ture (4, 25 and 37 °C), different concentrations of HRP-labeled secondary
antibody (0.05, 0.1 and 0.3 pg/mL), various reaction temperature (4, 30
and 37 °C) and various reaction time (20, 40 and 60 min) were performed
in triplicate. The background signal value and detection result signal
value of each index were recorded and compared. The ideal experi-
mental conditions are those with a relatively high signal-to-noise ratio
(SNR), where SNR refers to the ratio of the result signal to the back-
ground signal [17].

Basic performance tests of CLMIA

The certified reference materials 15/174 (with certified values of 100
units per ampoule; WHO Reference Reagent) for the standardization of
dsDNA were used to investigate method accuracy [18]. Since there are no
certified reference materials for other ANAs, the accuracy of the CLMIA
method for various indicators has been evaluated by the concentration
of samples assigned by the company of Euroimmun (Germany, RNP, Sm,
Ro60, SSB, Nucleosome, Histone, P0), Shenzhen YHLO Biotech (China,
Scl-70, M2, Jo-1), Hob Biotech (China, PM-Scl, CENP-B) and Orgentec
(Germany, Ro52). Bias was calculated as the difference between the
average measured value and the accepted reference value.

The 14 kinds of ANA antibodies (Jinlian Biotechnology Co., Ltd.,
China) were mixed and prepared into a standard material with a dSDNA
concentration of 800 IU/mL and other ANA concentrations of 200 RU/
mL, which was used for the CLMIA linearity assessment assay and
subsequent experiments. For each CLMIA assay, three replicates were
performed.

Values for the limits of detection (LOD) of the ANAs solution for
CLMIA were calculated based on Clinical and Laboratory Standards
Institute (CLSD) guideline EP17 [19]. The LoD is the lowest concentration
that could be reliably distinguished from the limit of blank (LoB) and can
be calculated as: LOD = LOB + 1.645 x SDigw concentration sample- The LOB was
the apparent analyte concentration that was expected to be found when
replicates of a blank sample were tested: LOB = meany,,n + 1.645 X SDyjank-
Therefore, 20 replicates of blank samples were tested to calculate the
LOB, and 20 replicates of low concentration samples were tested to
calculate the LOD, where the low concentration samples were based on the
minimum value of the dynamic range in CLMIA assays. To determine the
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Figure 1: The distribution and concentration of
coated antigens on the chip.
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precision of the platform, high-value and low-value samples were
measured 10 times repeatedly. These high-value (dsNDA: 600 IU/mL,
other ANAs: 150 RU/mL) and low-value (dsDNA: 150 IU/mL, other ANAs:
30 RU/mL) samples were diluted from the standard materials.

Statistical analysis

Statistical analyses were carried out using MedCalc 13.0 (MedCalc Soft-
ware Ltd, Belgium) and SPSS 20.0 (SPSS, IBM, USA). The receiver oper-
ating characteristic (ROC) curve analysis was used to evaluate the
diagnosis efficiency. The area under ROC curve (AUC). positive likeli-
hood ratio (LR+) and negative likelihood ratio (LR-) were reported using
a two-sided 95% confidence interval (CI).The agreement of specific
antinuclear antibodies was analyzed using Cohen’s kappa coefficient,
with measurements <0.20, 0.21-0.39, 0.40-0.59, 0.60-0.79, 0.80-0.90, and
>0.90 interpreted as no, minimal, weak, moderate, strong, and almost
perfect agreement, respectively [20, 21]. All statistical analyses were
based on a two-sided hypothesis testing at significance level of p<0.05.

Results
Construction of CLMIA protocol
Optimization of blocking time

As the blocking time continued to increase, the result signal
values of indicators also continued to increase. However,
after 18 h, the signals of multiple indicators did not show a
significant increase. By selecting the 18 h blocking time,
variations in the result signal were minimized as indicated
by the smallest CV, while the highest SNR was obtained at
this epoch. This choice also aimed to reduce time expendi-
ture while still ensuring analytical quality through exploi-
tation of the favorable SNR (Figure 2A and B).

Optimization of blocking temperature

Generally, warmth tended to amplify signals irrespective of
marker assessed. However, considering practical aspects
such as ambient temperature conditions, 25 °C was deemed
more representative. Moreover, at 25 °C, the CV of result
signal values was smaller and the SNR was higher. There-
fore, 25°C was selected as the blocking temperature
(Figure 2C and D).

Optimization of HRP-labeled secondary antibody
concentration

For the HRP-labeled secondary antibody, three different
concentrations of 0.05, 0.1 and 0.3 pg/mL were used accord-
ing to the concentration of spotting antigen. The excessively
high background signal is not conducive to accurately

DE GRUYTER

reflecting the true concentration. At 0.1 ug/mL, the result
signal CV is the smallest and the SNR is the highest. There-
fore, we choose this concentration (Figure 2E and F).

Optimization of incubation temperature

The incubation temperature of serum and HRP-labeled sec-
ondary antibody were set to the same temperature as they
were carried out in the same instrument. Results showed
that the higher the temperature, the stronger the detection
signal of each index. However, considering the practical use
environment temperature and instrument temperature
influence on instrument aging, choosing 30 °C as the incu-
bation temperature is more consistent with reality. Under
this condition, the result signal CV value is smallest and the
SNR is highest (Figure 2G and H).

Optimization of incubation time

The incubated time of serum (20, 40 and 60 min) and
HRP-labeled secondary antibody (20, 40 and 60 min) were
randomly combined and performed in triplicate. With the
continuous increase of serum reaction time and secondary
antibody reaction time, the result signal values of each index
also increase continuously, but after 40 min, the signals of
multiple indexes enter a plateau period. Comprehensively
comparing the result signal values and CV, background
values, SNR, and considering saving time, the final selected
serum reaction time is 40 min and the secondary antibody
reaction time is also 40 min, which the CV is smallest and the
SNR is highest (Figure 2I and J).

Basic performance tests of CLMIA
Accuracy evaluation experiment

The average measured and target values of the reference
materials were calculated. The observed bias for dsDNA was
8.9 %, while the bias of other indicates was between —6.8 and
5.2% (Table 1). Regardless of the indicator, the bias was
always lower than the maximum allowable (-15-15%,
according to the reagent profiles), demonstrating the accu-
racy of this method.

Linearity, LOD, and precision

The linearity of CLMIA was assessed by quantifying twofold-
diluted standard materials. According to the different refer-
ence ranges of ANAs, ANAs standard curves are divided into
two categories: curves of dsDNA and other ANAs indicators.
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A

Figure 2: Optimization of experimental conditions for CLMIA. (A, B) The chips were blocked using the blocking buffer for 12 and 18 h, respectively. (C, D)
The chips were blocked using the blocking buffer at 37 and 25 °C, respectively. (E, F) The HRP-labeled secondary antibody concentrations were 0.3 and
0.1 pg/mL, respectively. (G, H) The reaction temperature for serum and HRP-labeled secondary antibody were at 4 and 30 °C. (I, J) When the reaction times
for both serum and HRP-labeled secondary antibody were 20 and 40 min, respectively.

Table 1: Basic performance of CLMIA.

Relative bias % LoB LoD Intra-assay CV % Inter-assay CV %

Accuracy evaluation dsDNA unit: IU/mL Low-value High-value Low-value High-value

other ANAs: RU/mL sample sample sample sample

dsDNA 8.9 1.01 2.60 1.43 2.92 2.53 2.56
Ro-52 5.2 0.10 0.30 4.27 7.1 4.23 6.09
Ro-60 -6.8 0.10 0.40 3.06 5.01 3.19 5.28
SSB -6.2 0.12 0.49 3.33 5.14 5.08 5.68
PO 3.2 0.14 0.52 5.84 4.71 6.55 6.89
CENP B 0.9 0.12 0.56 3.36 3.47 6.05 5.18
M2 35 0.16 0.46 4.67 5.80 5.26 5.88
Histone -0.5 0.16 0.59 5.85 6.08 5.70 6.4
Jo-1 0.5 0.13 0.63 4.42 5.07 4.43 6.33
Nucleosome 24 0.23 0.68 4.60 6.06 423 6.02
RNP -5.1 0.12 0.54 439 5.00 5.13 6.90
Sm -0.5 0.18 0.64 2.93 3.1 3.67 4.96
Scl-70 33 0.16 0.50 5.29 3.95 5.46 4.64
PM-Scl -3.5 0.19 0.75 4.78 5.16 5.02 6.39

LOD, limit of detection; LOB, limit of blank.
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All CLMIA curves exhibited high linearity (R*>0.99) and except
for dsDNA, the degree of overlap was very high, indicating
that the CLMIA assays exhibited good laboratory perfor-
mance (Figure 3A and B).

To calculate the LODs, 20 replicates of blank samples
were examined. Results showed that the LOD for dsDNA
was 2.60 IU/mL and for other ANAs were 0.30-0.75 RU/mL
(Table 1). The LOD of all the indicators meet the technical
requirements, which were < 3 IU/mL for dsDNA and <1 RU/mL
for other ANAs.

Based on the linearities and LODs of CLMIA, we selected
150 IU/mL as a low concentration and 600 IU/mL as a high
concentration to evaluate the precisions of the dsDNA,
meanwhile, we selected 30 RU/mL as a low concentration
and 150 RU/mL as a high concentration to evaluate the pre-
cision of other ANAs. Table 1 also showed the precision of
CLMIA in measuring target at two concentrations. Whether
it was a high-value or low-value sample, the intra-assay and
inter-assay CVs of each indicator were both <15 %.

Clinical diagnostic performance of CLMIA

In order to evaluate the clinical diagnostic performance,
CLMIA was compared with IIF and LIA, which are common
clinical detection methods. A total of 185 patients were
included in this study, including 135 patients with SARDs as
the disease group, 31 patients with other diseases and 19
healthy individuals as the disease control group. Among
these three methods, ROC analysis demonstrated that the
CLMIA possesses the highest AUC and LR+ (Table 2, Figure 4).
Meanwhile, the ITF showed a higher sensitivity of 84.44 % but
a lower specificity of 62.00 %, while the LIA exhibited a
higher specificity of 82.00% but a lower sensitivity of
77.04%. The CLMIA demonstrated both a relatively high
sensitivity (82.22 %) and specificity (88.00 %) (Table 2).
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Table 2: Comparison of clinical diagnostic performance of CLMIA, LIA
and IIF.

ANAIIF CLMIA p (IIF) LIA p (IIF) p (CLMIA)
AUC 0.80 0.87 0.042 0.83 033 0.03
(95% CI) 73.0-85.1 81.6-91.7 76.8-88.1
Sensitivity 84.44 82.22 77.04
(95% CI) 77.2-90.1 74.7-88.3 69.0-83.8
Specificity 62.00 88.00 82.00
(95% CI) 47.2-75.3 75.7-95.5 68.6-91.4
LR+ 2.20 6.85 4.28
(95 % CI) 1.5-3.2 3.2-14.6 2.4-7.8
LR- 0.25 0.20 0.28
(95 % CI) 0.2-04 0.1-03 0.2-0.4

AUC, area under curve; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.
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Figure 4: ROC curve analysis of IIF, LIA and CLMIA.

Figure 3: Linearity of dsDNA and other
antinuclear antibody indicators. Samples were
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Agreement between CLMIA and LIA

The agreement for specific antinuclear antibodies comparing
CLMIA with LIA are summarized in Table 3. Agreement
analysis was conducted for 11 out of 14 common specific
antinuclear antibodies that are measured by both CLMIA and
LIA ANA kits; antibodies against PM-Scl and M2 were not
included in the concordance analysis as these two antibodies
were not detected by LIA. Antibody against Jo-1 was also not
included in the agreement analysis as there were no positive
results. The anti-Ro52, Ro60, SSB, PO, CENP-B, Histone, RNP
and Scl-70 assays showed strong agreement (kappa=0.85,
0.89, 0.83, 0.82, 0.86, 0.82, 0.83 and 0.83, respectively), while
Nucleosome and Sm tests displayed moderate agreement
(kappa=0.79 and 0.72, respectively). Weak agreement was
observed for antibodies against dsDNA (kappa=0.57).

Due to the weak agreement between CLMIA and LIA in
dsDNA, we used ELISA as a reference method to detect the 20
discrepant anti-dsDNA samples. Results showed that 12 out
of 14 (85.7 %) CLMIA anti-dsDNA positive but LIA negative
samples tested positive, and 5 out of 6 (83.3%) CLMIA
negative but LIA positive samples tested negative on the
dsDNA ELISA Kkit.

Discussion

In this study, we established a CLMIA detection method
in our laboratory that can detect 14 antibodies simulta-
neously. After experiment optimization, the developed
assay showed high performance. Trueness verification was
added to increase data reliability. Good linearities (R*>0.99)
were observed for all ANA indicators over a range of con-
centrations. The LOD and precision experiment proved that
the instrument has high sensitivity and good repeatability.
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In addition, our study found that CLMIA detection has
better clinical diagnostic performance compared with LIA
and traditional HEp-2 IIF, showing the highest AUC and LR+
in ROC analysis. The LR is the ratio of the probability that a
patient with the disease has a particular test result over the
probability that a patient without the disease has the same
test result. The larger LR+, the greater the probability of a
true positive when the test result is positive [22]. Highest
sensitivity was observed at IIF. Higher sensitivity can be
used to increase the frequency of positive results in samples
from patients with the disease, but it will also increase the
rate of positive ANA in normal populations [23]. Although
the specificity was increased with LIA compared to IIF, its
sensitivity was lower due to methodological limitations. In
contrast, CLMIA exhibited relatively higher sensitivity
(82.22 %) and specificity (88.00 %).

The study revealed that the kappa coefficient values
differed for each autoantibody; by its nature, kappa is
affected by the distribution of positive and negative samples
[21]. Frequently detected autoantibodies like Ro52, Ro60, and
SSB showed strong agreement. Although there were only a
few discordant results, the small number of positive samples
resulted in lower kappa values for Nucleosome and Sm.
The concordance of the antibody against Jo-1, PM-Scl and M2
could not be accurately assessed due to lack of positive
results or inability of LIA to detect the indicator. This reflects
the low prevalence of these autoantibodies in our sample
population; more data are needed to assess the performance
of these two techniques for detecting these autoantibodies.

Overall, most specific ANAs showed strong agreement
between the two multiplex ANA kits. However, significant
differences were observed between the CLMIA and LIA in
the detection of anti-dsDNA. Most of anti-dsDNA discrepancy
samples, 85.7% of CLMIA positive but LIA negative and
83.3 % of CLMIA negative but LIA positive, showed consistent

Table 3: Agreements of specific antinuclear antibodies between CLMIA and LIA.

CLMIA Positive Positive Negative Negative Kappa (95 % CI)
LIA Positive Negative Positive Negative

Ro-52 65 4 9 107 0.85(0.77-0.93)
Ro-60 70 6 4 105 0.89(0.82-0.96)
SSB 35 10 1 139 0.83(0.73-0.92)
PO 10 4 0 171 0.82(0.65-0.99)
CENP-B 13 4 0 168 0.86(0.72-0.99)
Histone 13 5 0 167 0.82(0.67-0.97)
dsDNA 17 14 6 149 0.57(0.40-0.745)
Nucleosome 6 3 0 176 0.79(0.56-1.00)
RNP 17 6 0 162 0.83(0.70-0.96)
Sm 4 2 1 178 0.72(0.41-1.00)
Scl-70 5 2 0 178 0.83(0.59-1.00)
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results between CLMIA and ELISA detection. The LIA anti-
dsDNA antibody test is a qualitative test, while the CLMIA
ANA test is a quantitative test, which can be traced to the
international standard certified reference materials 15/174
[18, 24, 25]. Further observation also found that most of the
discrepant results were due to the low sensitivity of LIA
detection, which led to negative results of LIA and positive
results of CLMIA [26].

This study also had several limitations. First, due to the
lack of positive samples and the inconsistency of item testing,
the diagnostic performance of the two assays was only
compared for 11 antibodies. Second, the number of positive
antibodies, such as Nucleosome, and Sm, was insufficient for
accurate agreement comparisons. Moreover, no additional
tests were performed to determine the specificity of anti-
bodies other than dsDNA. Finally, this study focused on a
small population and used limited testing and further studies
are needed to supplement its limitations.

In conclusion, the CLMIA detection method established
in this study was demonstrated to have better clinical diag-
nostic performance than LIA and IIF. The CLMIA was also
shown to have the characteristics of high accuracy (each
indicator was detected four times to avoid deviations in
single detection results), good reproducibility (CV<15 %),
high sensitivity (<3 IU/mL for dsDNA and <1 RU/mL for other
ANAs), convenience (fully automated without manual
operation), and detection of ANA with trace amounts (20 pL)
of serum. Meanwhile, this method has a relatively low cost,
with up to 14 detection indicators integrated on a single glass
chip, which is expected to become a potential routine
method for detecting ANA.
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