86278 Auto Edited.docx



Name of Journal: World Journal of Clinical Cases
Manuscript NO: 86278
Manuscript Type: ORIGINAL ARTICLE

Retrospective Study

Clinical value of chemiluminescence method for detection of antinuclear antibody

profiles

Xiang HY et al. Clinical value of chemiluminescence ANA detection

Hui-Yao Xiang, Xi-Ying Xiang, Ting-Bo Ten, Xie Ding, Yu-Wen Liu, Chun-Hua Luo

1/11




Abstract

BACKGROUND

Antinuclear antibodies (ANAs) are crucial in diagnosing autoimmune diseases, mainly
systemic lupus erythematosus (SLE). This study aimed to compare the performance of
chemiluminescence assay (CLIA) and line immunoassay (LIA) in detecting ANAs in
patients with autoimmune diseases, evaluate their diagnostic accuracy for SLE, and
develop a novel diagnostic model using CLIA-detected antibodies for SLE. Specimens
from patients with autoimmune diseases and physical examination specimens were
collected to parallel detect specific antibodies. Individual antibodies' diagnostic
performance and a model combining multiple antibodies were assessed. The findings
provide valuable insights into improving the diagnosis of SLE through innovative

approaches.

AIM
To compare the performance of CLIA and LIA in detecting ANAs in patients with
autoimmune diseases, assess their accuracy for SLE, and develop a novel diagnostic

model using CLIA-detected antibodies for SLE.

METHODS

Specimens have been obtained from 270 patients with clinically diagnosed autoimmune
disorders, as well as 130 physical examination specimens. After that, parallel detection of
anti-double-stranded DNA (dsDNA) antibody, anti-histone (Histone) antibody, anti-
nucleosome (Nuc) antibody, anti-Smith (Sm) antibody, anti-ribosomal P protein (Rib-P)
antibody, anti-sicca syndrome A (Ro60) antibody, anti-sicca syndrome A (Ro52)
antibody, anti-sicca syndrome (SSB) antibody, anti-centromere protein B (Cenp-B)
antibody, anti-DNA topoisomerase 1 (Scl-70) antibody, anti-histidyl tRNA synthetase (Jo-
1) antibody, and anti-mitochondrial M2 (AMA-M2) antibody was performed using CLIA

and LIA. The detection rates, compliance rates, and diagnostic performance for SLE were
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compared between the two methodologies, followed by developing a novel diagnostic
model for SLE.

RESULTS

CLIA and LIA exhibited essentially comparable detection rates for anti-dsDNA antibody,
anti-Histone antibody, anti-Nuc antibody, anti-Sm antibody, anti-Rib-P antibody, anti-
Ro60 antibody, anti-Ro52 antibody, anti-SSB antibody, anti-Cenp-B antibody, anti-
DNAScl-70 antibody, anti-Jo-1 antibody and anti-AMA-M2 antibody (P > 0.05). The two
methods displayed identical results for the detection of anti-dsDNA antibody, anti-
Histone antibody, anti-Nuc antibody, anti-Sm antibody, anti-Ro60 antibody, anti-Ro52
antibody, anti-SSB antibody, anti-Cenp-B antibody, anti-Scl-70 antibody, and anti- AMA-
M2 antibody (Kappa > 0.7, P < 0.05), but showed a moderate agreement for the detection
of anti-Rib-P antibody and anti-Jo-1 antibody (Kappa = 0.671 and 0.665; P < 0.05). In
addition, the diagnostic performance of these antibodies detected by both methods was
similar for SLE. The diagnostic model's area under the curve values, sensitivity, and
specificity, including an anti-dsDNA antibody and an anti-Ro60 antibody detected by
CLIA, were 0.997, 0.962, and 0.978, respectively. These values were higher than the

diagnostic performance of individual antibodies.

CONCLUSION
CLIA and LIA demonstrated excellent overall consistency in detecting ANA profiles. A
diagnostic model based on CLIA-detected antibodies can successfully contribute to

developing a novel technique for detecting SLE.

Key Words: Chemiluminescence assay; Immunoblotting; Antinuclear antibody profile;

Autoimmune diseases; Systemic lupus erythematosus; Diagnostic model
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Core Tip: Antinuclear antibodies (ANAs) are important biomarkers for diagnosing
autoimmune diseases, with systemic lupus erythematosus (SLE) being one of the most
well-known. This study aimed to compare the performance of two commonly used ANA
detection methods, chemiluminescence assay (CLIA) and line immunoassay, in patients
with autoimmune diseases. The findings demonstrated that for ANAs, particularly those
associated with SLE, both techniques had equivalent detection rates and diagnostic
precision. Additionally, a diagnostic model for SLE that uses CLIA-detected antibodies
has been developed and shown to have better diagnostic accuracy than individual
antibodies. Specifically, a combination of anti-dsDNA antibodies and anti-Ro60
antibodies detected by CLIA provided an effective strategy for diagnosing SLE. These
results imply that an adequate diagnosis of SLE may benefit from a diagnostic model
based on CLIA-detected antibodies, ultimately resulting in more efficient management

and treatment of this autoimmune disease.

INTRODUCTION

Antinuclear antibodies (ANA) are a general term for organ-specific autoantibodies that
essentially use various cellular components of eukaryotic cells as target antigens, and the
spectrum of specific antibodies against the multiple substances in the nucleus is regarded
as ANA spectruml’2l. It is irreplaceable and essential for the clinical diagnosis, disease
assessment, and efficacy evaluation of different autoimmune diseases®l. The main
techniques commonly used for ANA detection involve indirect fluorescent assay (IFA),
enzyme-linked immune sorbent assay (ELISA), and LIA. IFA is the reference method
employed for ANA detection and is widely used to screen autoimmune diseases!*>.

However, the IFA-ANA test is ineffective in accurately identifying specific ANA target
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antigens. Therefore, developing a unique approach for verifying ANA target antigens is
necessary to enhance the clinical diagnosis of autoimmune disorders. The LIA, was first
developed in the 1980s and is presently the predominant method employed in China for
confirming ANA target antigens. This method is favored because of its advantageous
characteristics, including its user-friendly operation, relatively easy interpretation of
results, and absence of reliance on supplementary equipmentl©l.,

However, the lack of quantitative measurements and the inability to establish a sound
quality control system for LIA is inconducive to the clinical assessment of autoimmune
diseasesl’l. For example, in patients with suspected autoimmune disease, LIA, a multi-
item combination test, allows for the rapid detection of disease autoantibodies and plays
a pivotal role in the clinical differentiation of the different autoimmune diseases.
However, it is essential to note that it is sufficient for patients who have already been
diagnosed to test for individual positive autoantibodies. Utilizing LIA in such cases may
lead to a significant expenditure of medical resources. With the rapid advancement of the
medical field and the implementation of a medical insurance billing system based on the
payment by disease, hospitals invariably strive to save medical costs as much as possible
while meeting treatment needs simultaneously(®9l. Therefore, there is a pressing need for
an alternate technique in ANA spectrometry that can enhance quantitation and allow for
a versatile combination of elements in addition to LIA. CLIA is one of the most widely
used immunodiagnostic techniques in clinical practice currently, which is often
characterized by complete automaticity, quantification, high sensitivity, random loading,
fast detection, and flexible combination of items, and commercial detection reagents for
CLIA ANA profiles have been recently made available in Chinal'l. To achieve this

objective, the present study assessed the clinical use of CLIA in detecting ANA profiles.

MATERIALS AND METHODS

Participants
The specimens from 270 patients with clinically confirmed autoimmune diseases and 130

samples from health physical examinations were collected from January 2019 to February
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2021 at our hospital. Another 130 healthy individuals (31 males and 99 females) aged 14-
79 years were recruited as the normal healthy controls. Diagnosing disorders in the
collected specimens was conducted following established diagnostic and treatment

recommendations and the standards established!11],

Methods

Of 4 mL of fasting blood was collected from all the study participants and centrifuged at
3000 r/ min for 10 min. After that, the serum was separated and stored at -80 °C. The CLIA
test kit and the accompanying fully automated chemiluminescence assay (CLIA) analyzer
(Kaesar 6600) were provided by Guangzhou Kangrun Company. The LIA and IFA assay
kits employed the pre-existing reagent brands accessible within the department. A
similar control experiment was conducted using the sera obtained from the identical
subject. Identical items were tested in both methods, including anti-double-stranded
DNA (dsDNA) antibody, anti-histone (Histone) antibody, anti-nucleosome (Nuc)
antibody, anti-Smith (Sm) antibody, anti-ribosomal P protein (Rib-P) antibody, anti- sicca
syndrome A (Ro60) antibody, anti- sicca syndrome A (Ro52) antibody, anti- sicca
syndrome (SSB) antibody, anti-centromere protein B (Cenp-B) antibody, anti-DNA
topoisomerase 1 (Scl-70) antibody, anti-histidyl tRNA synthetase (Jo-1) antibody, and
anti-mitochondrial M2 (AMA-M2) antibody.

Outcome measures
(1) The detection rate of ANA spectra by both CLIA and LIA kits was obtained (through
the following formula) and compared.

) Number of positive cases
Detection rate = x 100
Total cases

(2) The agreement rate of CLIA and LIA was also calculated as follows;

+ve agreement rate

B No. of positive cases for both methods 100
~ No.of + ve cases for both methods + No. of negative cases for immunoblotting X
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—ve agreement rate

No. of negative cases for both methods
x 100

~ No.of — ve cases for both methods + No. of negative cases for CLIA

No. of positive cases for both methods 100

Total t rate =
otal agreement rate No.of + ve cases for both methods + Total No. of cases X

The concordance of the two methods for ANA spectra was also analyzed. Kappa test
was employed to analyze the concordance between the two different assays, with Kappa
< 0.4 indicating poor agreement, 0.4 < Kappa < 0.7 indicating fair agreement, 0.7 < Kappa
< 0.9 indicating good agreement, and Kappa 2 0.9 indicating good agreement.

And (3) Due to a large amount of SLE data, receiver operating characteristics (ROC)
analysis was performed on these data set individually to compare the potential diagnostic
performance of the ANA profiles detected by both methods for SLE. Subsequently, the
Boruta algorithm was used to screen the different antibodies detected by the
chemiluminescence method for significant variables to establish a novel model for the

rapid diagnosis of SLE, which can yield a better diagnostic rate.

Statistical analysis

The data analysis was performed using SPSS 22.0 software, and GraphPad Prism 9 and
R v.4.2.0 were used for ROC curve plotting and analysis. The measurement results were
assessed using an independent samples t-test and were expressed as mean * SD. The chi-

square test was used to analyze the count data, which were reported as a rate (%).

RESULTS

Baseline clinical profiles

There were 138 cases (8 males and 130 females) of systemic lupus erythematosus (SLE),
aged 11 to 77 years, 48 cases (2 males and 46 females) of sicca syndrome, aged 18 to 83
years, 50 cases (14 males and 36 females) of rheumatoid arthritis, aged 20 to 85 years, 12
cases (3 males and 9 females) of scleroderma, aged 38 to 69 years, and 22 cases (7 males

and 15 females) of dermatomyositis, aged age 9-78 year (Table 1).

7/11




Detection rate of ANA spectrum
CLIA and LIA essentially showed comparable detection rates for anti-dsDNA antibody,
anti-Histone antibody, anti-Nuc antibody, anti-Sm antibody, anti-Rib-P antibody, anti-
Ro60 antibody, anti-Ro52 antibody, anti-SSB antibody, anti-Cenp-B antibody, anti-

DNAScl-70 antibody, anti-Jo-1 antibody, and anti-AMA-M2 antibody (P > 0.05) (Table 2).

Agreement rate of ANA spectrum
The two methods displayed good agreement for the detection of anti-dsDNA antibody,
anti-Histone antibody, anti-Nuc antibody, anti-Sm antibody, anti-Ro60 antibody, anti-
Ro52 antibody, anti-SSB antibody, anti-Cenp-B antibody, anti-Scl-70 antibody, and anti-
AMA-M2 antibody (Kappa > 0.7, P < 0.05), but had a moderate agreement for the
detection of anti-Rib-P antibody and anti-Jo-1 antibody (Kappa = 0.671 and 0.665; P <

0.05) (Table 3).

SLE diagnostic perforinance comparison and model establishment

The performance of these 12 antibodies detected by chemiluminescence in independently
distinguishing SLE from the healthy controls was similar to those of these 12 antibodies
detected by immunoblotting in independently determining SLE from the healthy controls
(Table 4). After that, to improve the competence of diagnosing SLE, a variable screening
of various antibodies with an area under the curve (AUC) greater than 0.9 detected by
chemiluminescence was first performed using the Boruta algorithm, followed by
developing a novel diagnostic model. The 4 antibodies, anti-double-stranded DNA
(dsDNA) antibody, anti-sicca syndrome A (Ro60) antibody, anti-sicca syndrome A (Ro52)
antibody, and anti-Smith (Sm) antibody, were considered as essential variables. Overall,
after considering the cost, anti-double-stranded DNA (dsDNA) antibody and anti-sicca
syndrome A (Ro60) antibody were used to construct the diagnostic model (Figure 1).
ROC analysis showed that the model's AUC values, sensitivity, and specificity were 0.997
(95%Cl: 0.994-1.000), 0.962, and 0.978, respectively (Figure 2).
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DISCUSSION
Clinically, autoimmune diseases are considered a group of diseases in which a
pathological immune response targeting cell- or organ-specific autoantigens can
primarily result from a deficiency in immune tolerance, leading to systemic organ
damagel'21%l, The clinical understanding of the origins of various autoimmune disorders
remains obscure. However, several prior investigations!4-1e] have demonstrated the
presence of many autoantibodies in the serum of individuals afflicted with autoimmune
conditions. Still, despite the specific role of these antibodies in the pathogenesis and
progression of the disease, their direct effects have been scarcely studied. Autoantibodies
are considered a vital detection index of autoimmune diseases, and ANA are a general
term for autoantibodies. They have a high concentration in patients' serum, so detecting
this index is essential for diagnosing disease monitoring and prognosis assessment of
AIDIIL In previous decades, most Chinese laboratories utilized the immunoblotting
technique to detect the ANA spectrum. This approach is a qualitative assay that has a
predetermined set of detection items and can only perform batch detection.
Consequently, its effectiveness in identifying the ANA spectrum is constrained!['sl.
However, in recent years, with the development of immunological detection technology,
fully automated chemiluminescence detection technique has been extensively adopted in
the detection of clinical samples because of its associated advantages such as those of
aLﬁmation, quantification, random loading, and wide linear range of detection!1?20l.
The results of the present study showed _that both CLIA and LIA had essentially
comparable detection rates for anti-dsDNA antibody, anti-Histone antibody, anti-Nuc
antibody, anti-Sm antibody, anti-Rib-P antibody, anti-Ro60 antibody, anti-Ro52 antibody,
anti-SSB antibody, anti-Cenp-B antibody, anti-DNAScl-70 antibody, anti-Jo-1 antibody,
and anti-AMA-M2 antibody (P > 0.05). The two methods displayed good agreement for
the detection of anti-dsDNA antibody, anti-Histone antibody, anti-Nuc antibody, anti-
Sm antibody, anti-Ro60 antibody, anti-Ro52 antibody, anti-SSB antibody, anti-Cenp-B
antibody, anti-Scl-70 antibody, and anti-AMA-M2 antibody (Kappa > 0.7, P < 0.05), but
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had a moderate agreement for the detection of anti-Rib-P antibody and anti-Jo-1 antibody
(Kappa = 0.671 and 0.665; P < 0.05). The elements that may account for the reasonable
agreement are: (1) Disparities in the outcomes arising from variations in the underlying
response principles. Although the chemiluminescence method follows a similar principle
as the immunoblotting method, the detection sensitivity is significantly improved after
the amplification system of biotin-affin?!l; and (2) The detection performance may vary
due to differences in the reaction systems employed. The LIA method involves the
placement of multiple target antigens on a single nitrocellulose membrane, which may
result in inadequate binding between antigens and antibodies within the same reaction
system. On the other hand, CLIA utilizes a homogeneous liquid-phase reaction system
that offers improved reaction efficiency and a more comprehensive cleaning step. This
can lead to a significant enhancement in the specificity of the reaction system(22l.
Moreover, the diagnostic performance of these antibodies detected by both methods was
found to be similar for SLE, and ROC analysis of the diagnostic model consisting of anti-
dsDNA antibody and anti-Ro60 antibody detected by CLIA exhibited that the AUC
values, sensitivity, and specificity of the model were 0.997, 0.962, and 0.978. The findings
confirmed the reliability of both approaches in the detection of antibodies. The
researchers noted that the diagnostic accuracy of the model consisting of numerous
antibodies was significantly higher than that of single antibodies in detecting SLE.
While our study provides valuable insights into the detection of specific antibodies
used in diagnosing SLE using CLIA and LIA and the development of a diagnostic model,
several limitations should be noted. Firstly, our sample size was relatively limited, and
all participants were recaited from the same hospital, potentially introducing selection
bias. The findings might not be generalizable to a broader population of individuals with
SLE. Secondly, the study was conducted over a specific period, and rapid advancements
in medical technology could affect the applicability of our results in future settings.
Thirdly, while beneficial for our study, our reliance on CLIA and LIA methodologies

might not capture the full potential of other diagnostic methods.
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CONCLUSION

In summary, CLIA and LIA displayed good overall agreement in detecting ANA profiles.
A diagnostic model consisting of antibodies detected by CLIA can effectively contribute

to improving the diagnosis of SLE.
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