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Abstract

Objective: This study investigates the relationship between serum dsDNA antibody levels and disease activity in systemic
lupus erythematosus (SLE) patients. Design: Collect SLE and control group specimens, detect double stranded DNA an-
tibodies using ELISA and CLIA respectively, and compare their diagnostic value. Place & duration of study: Conducted
at the Department of Clinical Laboratory, Affiliated Jinhua Hospital, Zhejiang University School of Medicine, Jinhua, China,
from October 2024 to March 2025. Method: Serum samples from 115 SLE patients and 56 healthy individuals were col-
lected from October 20th 2024 to March 30th 2025.Anti-dsDNA antibodies were identified through enzyme-linked immu-
nosorbent assay (ELISA) using the EUROIMMUN Anti-dsDNA-NcX kit and chemiluminescence immunoassay (CLIA) with
the Shenzhen Yahuilong system.The diagnostic value of both methods was compared by analyzing detection rates and
correlation with disease activity. Result: In a study of 115 SLE patients, the detection rate of anti-dsDNA NCX in serum
was 79.13%, significantly higher by 73.04% compared to anti-dsDNA CLIA (x*=1.171, P>0.05).Serum anti-dsDNA NCX
antibody levels showed a strong positive correlation with SLE severity (r=0.788, P=0.000).At an anti-dsDNA NCX antibody
level of 103.57 IU/ml, the area under the curve is 0.918, with a sensitivity of 79.1% and specificity of 96.2%. The expres-
sion level of anti-dsDNA NCX antibodies, undetectable by anti-dsDNA CLIA in SLE patients' serum, was 32.26% (P<0.05).
Conclusion: Anti-dsDNA NCX antibodies demonstrate a higher positive detection rate for SLE compared to anti-dsDNA
CLIA, particularly in cases where anti-dsDNA CLIA results are negative, underscoring their clinical importance.This study
provides a new method for the early diagnosis of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease of unknown etiology, characterized by different clinical
manifestations and potential involvement of multiple organs
[1].The World Health Organization reports that SLE affects
20 to 150 individuals per 100,000 globally, with significant
variations across sex and ethnicity [2].Although the introduc-
tion of biologics in the past two decades has significantly im-
proved patient outcomes, early diagnosis and precise treat-
ment of SLE remain major challenges—over 60% of patients
present with irreversible organ damage at their initial medical

visit [3].The core of this clinical dilemma lies in the absence
of a biomarker system that combines high specificity with the
ability to dynamically monitor disease progression.

The immunological hallmark of SLE is the aberrant prolifer-
ation of autoantibodies.Anti-DNA antibodies, which bind to
DNA, are crucial serological markers for diagnosing and as-
sessing the activity of SLE.Among the over 180 autoantibod-
ies linked to SLE, the anti-double stranded DNA (anti-dsD-
NA) antibody is distinguished by its high specificity (= 90%
with precise detection methods) and is included in the 2019
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ACR/EULAR classification criteria.Numerous studies have
shown a strong positive correlation between anti-dsDNA an-
tibody titers and disease activity [6, 7].These antibodies not
only reflect immune system dysregulation but also contribute
to SLE pathogenesis, such as by forming immune complex-
es that activate complement, damaging renal podocytes,
and disrupting the blood-brain barrier [8].However, such
"classical antibodies" exhibit notable limitations.Anti-Smith
(anti-Sm) antibodies, although highly specific, have poor
sensitivity [9]; anti-dsDNA antibodies, while closely related
to disease activity, show wide variation in sensitivity across
traditional detection methods [8, 10].The discrepancy stems
from fundamental methodological differences: the radioim-
munoassay (Farr assay) provides high specificity but poses
radioactive risks [11], while the enzyme-linked immunosor-
bent assay (ELISA) is user-friendly but susceptible to false
negatives due to inadequate exposure of antigenic epitopes.
To overcome the limitations of traditional detection methods,
next-generation immunoassay technologies have gradually
been applied in clinical practice [12].Chemiluminescence
immunoassay (CLIA) improves the detection sensitivity of
anti-dsDNA antibodies to 75% by optimizing antigen coating
procedures [13]; however, its ability to detect low-affinity an-
tibodies remains controversial.In recent years, the introduc-
tion of nucleosome bridging technology has offered a novel
approach to addressing this issue.This technique utilizes
chromatin core particles, which include the histone H2A-
H2B complex, to mimic the natural conformation of dsDNA
[14], allowing antibody-antigen interactions to more closely
resemble physiological conditions in vivo.Preliminary studies
have shown that NCX-ELISA improves the additional diag-
nostic rate in seronegative SLE patients [15]; however, the
lack of standardization across different detection platforms
continues to hinder its clinical translation.

Due to the diverse clinical presentations of SLE and the criti-
cal importance of serological testing in managing the disease,
identifying antibody biomarkers that accurately indicate dis-
ease activity is essential for enhancing SLE diagnosis and
treatment. This study examines the relationship between se-
rum anti-dsDNA antibody levels and disease activity in SLE
patients, assessing their potential utility in monitoring and
personalized management.The study systematically evalu-

ates and compares the expression patterns and diagnostic
significance of anti-dsDNA-NcX and anti-dsDNA CLIA anti-
bodies in SLE patients, elucidating their association with dis-
ease activity and supporting precision medicine strategies.

Object and Method

Object

Systemic lupus erythematosus (SLE) is characterized by the
presence of over 180 distinct autoantibodies in the serum
of patients.This research was structured as a prospective
case-control study with a cross-sectional design.From Octo-
ber 2024 to March 2025, a total of 115 SLE patients admitted
consecutively to Jinhua Central Hospital were enrolled ac-
cording to their order of admission.The study included 115
participants, comprising 109 females and 6 males, with an
average age of 42.2 + 13.6 years.The diagnosis adhered
to the 2019 SLE classification criteria set by the American
College of Rheumatology (ACR) [5].There were 56 healthy
individuals who underwent physical examinations from the
health examination center.The gender and age distribution of
the research subjects are shown in Table 1, and detailed clin-
ical characteristics are provided in Table S1.In the morning,
four milliliters of venous blood were drawn from each fasting
patient.Samples were clotted at room temperature for 1 hour
and then centrifuged at 3,000 rpm for 5 minutes at 4°C to
isolate the serum.The serum was divided into aliquots and
stored at —80 °C for later use.

The Systemic Lupus Erythematosus Disease Activity In-
dex (SLEDAI) [16] was utilized to quantify disease activity.
Evaluations were independently performed by two attending
physicians, each with over 10 years of experience in rheu-
matology.All assessments were conducted in a blinded man-
ner, with evaluators having no access to patients’ laborato-
ry results.All data were double-entered and validated using
the REDCap electronic data management system to ensure
traceability and data integrity.

The Medical Ethics Committee of Jinhua Central Hospital
(Jinhua, Zhejiang Province, China; postal code 321000) ap-
proved this study under approval number (Res)2024-Ethics
Review-182 on October 15, 2024.Informed consent was not
obtained from any participants.

disease Number of cases Gender (Male/Female) age

SLE 115 6/109 42.2+13.6
RA 31 3/32 62.2+ 11.0
SSC 20 2/18 60.6 + 11.0
SS 8 117 53.9+16.0
healthy individuals 56 16/40 30.5+6.2

Table 1 Gender and Age Distribution of Research Subjects
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Variable SLE (n = 115) Healthy Controls (n = 56)
Gender Male 6 (5.2 %) Female 109 (94.8 %) [ Male 28 (50.0 %) Female 28 (50.0 %)
Age (years) 422 +13.6 41.0+12.8

Disease duration (years) 8.0 [1.0-9.5] -

Receiving glucocorticoids 102 (90.3 %) 0

Receiving immunosuppressants 102 (90.3 %) 0

ANA titer 1: 1280 [1: 640-1: 2560] 1: 80 [1: 40-1: 120]

CRP (mg/L) 0.8[2.1] 0.6 [0.5]

ESR (mm/h) 18 [19.0] 9[6.0]

WBC (x10°L) 5.45[3.32] 6.4 [2.0]

anti-dsDNA NcX positive' 91 (79.1 %) 0 (0)

anti-dsDNA CLIA positive? 84 (73.0 %) 0(0)

NcX = anti-dsDNA-NcX ELISA; CLIA = anti-dsDNA-CLIA. " Positive threshold for NcX: = 100 1U/mL; 2 Positive threshold for CLIA: = 30

1U/mL.

Table S1 Baseline Demographic and Laboratory Characteristics of Study Participants

Inclusion and Exclusion Criteria

All patients satisfied the 2019 SLE classification criteria
set by the American College of Rheumatology (ACR) [5].
Inclusion criteria included: (1) at least one clinical criterion,
such as biopsy-confirmed lupus nephritis or active cutane-
ous lupus with a SLEDAI score of 8 or higher; (2) meeting
immunological criteria, such as anti-dsDNA antibody levels
exceeding 30 IU/mL or a positive anti-Sm antibody; and (3)
achieving a total score of 10 or more based on a weighted
point system, where clinical criteria are assigned 2—8 points
and immunological criteria 4—6 points.

Exclusion criteria comprised concurrent autoimmune diseas-
es (excluding rheumatoid arthritis and Sjoégren’s syndrome
as per references [17] and [18]), recent treatment with bi-
ologics like belimumab or high-dose immunosuppressants
(prednisone >0.5 mg/kg/day) within the last 3 months, active
infections (C-reactive protein >10 mg/L and procalcitonin =
0.5 ng/mL), malignancies, and pregnancy.

In addition, 56 healthy individuals from the health examina-
tion center were included as the control group.Participants
were selected based on the absence of autoantibodies (ANA
titer < 1:80 and anti-dsDNA antibody < 30 IU/mL), no histo-
ry of acute infections or recent vaccinations, and no history
of immunodeficiency disorders or use of immunomodulatory
medications [19].

Instruments and Reagents

The anti-dsDNA NCX antibody ELISA kit, batch number
E231220Al, was obtained from Omon Medical Laboratory Di-
agnostics GmbH, Germany. The anti-dsDNA CLIA antibody
chemiluminescence detection kit and instrument iFlash3000
were purchased from Shenzhen Yahuilong Biotechnology
Co., Ltd; The fully automatic blood cell analyzer BC7500

and its supporting reagents were purchased from Shenzhen
Mindray Medical Electronics Co., Ltd; The ELISA instrument
PHOMO was purchased from Zhengzhou Antu Experimental
Instrument Co., Ltd; The washing machine BIOTEK ELX50
was purchased from Boten Corporation in the United States.

Method

Detection of Anti-dsDNA-NcX Antibodies by ELISA: We
used the Anti-dsDNA-NcX ELISA (IgG) kit (Cat.No.EA1572-
9601G) from EUROIMMUN AG to detect anti-dsDNA-NcX
antibodies.This kit utilizes a high-purity complex of natural
dsDNA and nucleosomes as antigens to enhance detection
specificity and sensitivity.Serum samples were diluted 1:200,
with 100 pL of each added to the microwell plate and incu-
bated with the antigen at room temperature for 30 minutes,
using standards provided by the kit.Following three washes,
an enzyme-linked secondary antibody was added and incu-
bated for 30 minutes at room temperature in the dark.After
three more washes, the substrate solution was introduced,
and the reaction was halted after 15 minutes.Absorbance (A
value) was measured using a PHOMO microplate reader.All
procedures were conducted and verified following the man-
ufacturer's guidelines.A concentration of anti-dsDNA-NcX
antibody =100 IU/mL was considered positive.

Detection of Anti-dsDNA-CLIA Antibodies by CLIA: Anti-dsD-
NA antibodies were also detected using a commercial CLIA
kit.Specifically, the Anti-dsDNA CLIA kit (Cat.No.310440)
from Shenzhen Yahuilong.lt was used in conjunction with the
fully automated chemiluminescence analyzer.All procedures
were meticulously followed as per the manufacturer's guide-
lines provided with the kit.All reagents were validated and
quality-controlled as per the manufacturer's specifications.A
concentration of anti-dsDNA-CLIA antibody = 30 IU/mL was
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considered positive.

White blood cell count, erythrocyte sedimentation rate, and
C-reactive protein were measured using a fully automated
BC7500 hematology analyzer.

Statistical Processing

Statistical analysis was performed using SPSS 21.0 for Win-
dows.Inc., Chicago, IL) software.The y? test was employed to
compare the positive rates of anti-dsDNA NCX and anti-dsD-
NA CLIA antibodies, while Pearson correlation analysis was
used to examine the relationship between these antibodies
and the SLEDAI score.The diagnostic efficacy of antibodies
was evaluated via receiver operating characteristic (ROC)
curve analysis, identifying the maximum Youden index as the

optimal threshold to derive metrics like area under the ROC
curve (AUC), sensitivity, and specificity. The difference is sta-
tistically significant with a p-value less than 0.05.

Results

Comparison of positivity rates of anti-dsDNA NCX antibody
and anti-dsDNA CLIA antibody

In 115 SLE patients, the anti-dsDNA NCX antibody showed
a positive rate of 79.13%, surpassing the anti-dsDNA CLIA
antibody's rate of 73.04% (x*=1.171, P>0.05). The combined
detection of both antibodies yielded a positive rate of 81.74%,
also higher than the 73.04% rate of the anti-dsDNA CLIA an-
tibody alone (¥*=2.485, P>0.05), as detailed in Table 2.

project Number of cases Positive rate %
Positive anti ds DNA NCX antibody 115(91) 79.13
Positive anti ds DNA CLIA antibody 115(84) 73.04
Positive for anti ds DNA NCX antibody+anti ds DNA CLIA antibody | 115(94) 81.74
x1? 1.171
x22 2.485
P 0.279
P2 0.115

Table 2 Comparison of Positive Rates of Anti ds DNA NCX Antibody and Anti ds DNA CLIA Antibody

The x1?P1 value represents the comparison between an-
ti-dsDNA NCX antibody and anti-dsDNA CLIA antibody; The
x22P2 value of represents the comparison between the com-
bined detection of two antibodies and the anti-dsDNA CLIA
antibody

Diagnostic efficacy of anti-dsDNA NCX antibodies and an-
ti-dsDNA CLIA antibodies in SLE

Using statistical software SPSS 21.0 to plot ROC curves,
with disease activity period as the reference variable, the
highest cutoff point in the upper left corner is taken for each
curve.At this point, the sum of sensitivity and specificity is the

highest, and the diagnostic value is the highest.At the upper
left corner inflection points, the anti-dsDNA NCX antibody at
103.57 IU/ml shows an AUC of 0.918 with 79.1% sensitivity
and 96.2% specificity. The anti-dsDNA CLIA antibody at 28.3
IU/ml has an AUC of 0.907, with sensitivity and specificity of
73.9% and 97.5%, respectively. For ESR at 16.5 mm/h, the
AUC is 0.515, with 53.0% sensitivity and 53.2% specificity.
CRP at 1.12 mg/l yields an AUC of 0.424, with sensitivity and
specificity of 42.6% and 54.4%, respectively. Finally, WBC at
6.76*10"9/L results in an AUC of 0.434, with 33.0% sensitivi-
ty and 64.6% specificity.Refer to Table 3 and Figure 1.

AUC Optimal crit- | sensitivi- | specificity | 95% confidence interval | P
ical value ty (%) (%) lower limit | upper limit
Anti-dsDNA NCX antibody 0.918 103.57 79.1 96.2 0.878 0.957 0.000
Anti-dsDNA CLIA antibody 0.907 28.3 73.9 97.5 0.866 0.948 0.000
WBC 0.434 6.76 33.0 64.6 0.352 0.515 0.116
CRP 0.424 1.12 42.6 54.4 0.343 0.506 0.074
ESR 0.515 16.5 53.0 53.2 0.428 0.601 0.726

Table 3 Diagnostic efficacy of anti-dsDNA NCX antibody and anti-dsDNA CLIA antibody in SLE
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Figure 1 Receiver operating characteristic (ROC) evaluation of the diagnostic efficacy of anti-dsDNA NCX antibodies and anti ds DNA

CLIA antibodies for SLE

Relationship between anti-dsDNA NCX antibody and an-
ti-dsDNA CLIA antibody

Next, we analyzed the proportion of patients among the 115
SLE cases who tested positive by only one of the two de-
tection methods, without overlap.The positive rate for an-
ti-dsDNA-NcX antibodies alone was 8.70%, while that for an-
ti-dsDNA-CLIA antibodies alone was 2.61%.The difference

between the two was statistically significant (y2= 3.995, P
<0.05).The positivity rate of anti-dsDNA NCX antibodies in
SLE with negative anti-dsDNA CLIA antibodies is 32.26%.
The findings suggest that identifying anti-dsDNA NCX anti-
bodies is clinically significant, particularly for SLE patients
who test negative for anti-dsDNA CLIA antibodies.See Table
4.

project Number of cases Positive rate %
Single anti-dsDNA NCX antibody positive 10 8.70

Single anti-dsDNA CLIA antibody positive 3 2.61

Positive for anti-dsDNA NCX antibody+anti-dsDNA antibody | 94 81.74

12 3.995

P 0.046

Table 4 Relationship between anti-dsDNA NCX antibodies and anti-dsDNA CLIA antibodies in 115 cases of SLE

¥2 P : Comparison between anti-dsDNA NCX antibody and
anti-dsDNA CLIA antibody

Correlation analysis between anti-dsDNA NCX antibody, an-
ti-dsDNA CLIA antibody and SLEDAI score

In 91 SLE patients with positive anti-dsDNA NCX antibod-
ies, the concentration level of anti ds DNA NCX antibodies

was moderately positively correlated with SLEDAI (r=0.782,
P=0.000).The higher the concentration of anti-dsDNA NCX
antibodies, the higher the SLEDAI score, indicating high-
er disease activity in SLE.In 76 SLE patients with positive
anti-dsDNA CLIA antibodies, the concentration level of an-
ti-dsDNA CLIA antibodies was moderately positively correlat-
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ed with SLEDAI (r=0.788, P=0.000).The higher the concen-
tration of anti-dsDNA CLIA antibodies, the higher the SLEDAI
score, indicating higher disease activity in SLE.

Discussions

SLE is a systemic autoimmune disease that affects multiple
organs and functions.It is a serious disease that endangers
human health, often accompanied by damage to multiple or-
gans such as the kidneys, skin, and blood, and can affect the
central nervous system [20].At present, the clinical diagnosis
and treatment of SLE are based on immunology, and their di-
agnosis and treatment have been included in clinical guide-
lines.Anti-dsDNA antibodies are key immunological markers
that significantly influence the onset and progression of SLE
[21].As the disease progresses, their antibody titers gradual-
ly decrease until they turn negative [22].Research indicates
that anti SSA antibodies are initially produced in SLE pa-
tients and can be detected up to two years prior to diagnosis
[23].This cross-sectional study systematically assessed the
performance of NCX-ELISA and CLIA methods for detect-
ing anti-dsDNA antibodies in diagnosing SLE and evalu-
ating disease activity.The results indicated a correlation be-
tween serum anti-dsDNA-NcX antibody levels and SLEDAI
scores, as well as an association with corresponding levels
of drug-induced antibodies.

This study revealed that anti-dsDNA-NcX antibodies out-
performed anti-dsDNA-CLIA antibodies in diagnosing SLE,
showing enhanced sensitivity and adequate specificity.The
results indicate that the NCX detection method could of-
fer enhanced clinical utility.Compared with the sensitivity
of 75% and specificity of 90.5% reported by Ohnuma K et
al.at a cutoff value of 40 IU/mL [24], and the sensitivity of
60.9% and specificity of 98.9% reported by Biesen R et al.at
a cutoff of 100 IU/mL [14], the threshold of 103.57 IU/mL
used in our study further optimized diagnostic performance,
achieving a sensitivity of 79.1% and a specificity of 96.2%.1t
is noteworthy that differences in results across studies may
be attributed to heterogeneity in study populations, varying
disease activity states, and differences in the degree of plat-
form standardization.Our study improved reproducibility and
representativeness by rigorously selecting SLE patients ac-
cording to the 2019 ACR-EULAR classification criteria and
utilizing standardized procedures alongside a quality control
system.We conducted a parallel comparison of both an-
ti-dsDNA antibody detection methods within the same pop-
ulation, enhancing the study's scientific rigor and practical
relevance.

The anti-dsDNA antibody is a specific autoantibody in SLE,
correlating with the disease's severity.However, some SLE
patients may experience exacerbation of the disease when
anti-dsDNA antibodies are not detected.In our study, among
SLE patients who were seronegative for anti-dsDNA-CLIA
antibodies, the expression level of anti-dsDNA-NcX antibod-

ies was 32.26%, indicating that the NCX assay may com-
pensate for the false-negative results of CLIA.This finding
aligns with the viewpoint proposed by Egner et al.Their re-
view indicated that utilizing multiple platforms may improve
the detection rate of autoantibodies in SLE [25].This has im-
portant clinical value for SLE patients, particularly those who
are seronegative for anti-dsDNA-CLIA antibodies.

This single-center, prospective cross-sectional observation-
al study has several limitations: (1) A limited sample size,
particularly in disease control groups like RA and SS, which
may affect statistical power; (2) Selection bias due to the in-
clusion of only consecutively admitted patients from a single
tertiary hospital, restricting the generalizability of findings to
other regions and primary care settings; (3) The cross-sec-
tional design precludes establishing causality, allowing
only inference of correlation between NCX and CLIA detec-
tion performance; (4) Absence of longitudinal follow-up,
preventing assessment of the platforms' dynamic value in
monitoring disease activity; (5) The diagnostic threshold
was based on the ROC curve from this cohort without multi-
center validation.These factors may affect the robustness of
the conclusions, and further confirmation is needed in larger,
multicenter prospective cohorts.

Conclusion

This research employed a prospective cross-sectional
case-control design to evaluate and compare the perfor-
mance of anti-dsDNA-NcX ELISA and anti-dsDNA-CLIA in
the same patient cohort.The NcX assay demonstrated great-
er sensitivity than CLIA, successfully identifying antibodies
in a subset of SLE patients who were CLIA-negative.The
anti-dsDNA-NcX antibody titer was positively correlated with
SLEDAI scores, suggesting its potential utility in monitoring
disease activity. The study also identified an optimal NcX cut-
off value specific to the local population, providing a basis for
laboratory standardization.Given the limited sample size and
single-center design, these findings require further validation
in larger, multicenter studies.
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