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Abstract: This study aimed to compare the test results of anti-double-stranded DNA (anti-dsDNA)
antibodies obtained using chemiluminescent immunoassay (CIA) and enzyme-linked immunosor-
bent assay (ELISA), and investigate predictors of inconsistent results. This retrospective study
included 502 patients who underwent CIA and ELISA to determine their anti-dsDNA antibody
values within a year. We compared the diagnostic power for SLE, disease activity, and predictive
power for lupus nephritis (LN). A multivariate analysis was performed to determine the predictors of
inconsistencies. CIA and ELISA were moderately correlated in terms of their consistency (Cronbach’s
α = 0.571), and yielded comparably favorable results in terms of SLE diagnostic power and SLE
disease activity. However, if the patient had LN, CIA displayed higher predictive power than ELISA
(0.620 vs. 0.555, p = 0.026). Compared with the CIA/ELISA double-positive group, the inconsistent
group had lower anti-C1q circulating immune complexes (CIC) antibody values (OR: 0.42, 95% CI:
0.18–0.94, p = 0.036), and lower SLEDAI scores (≥4) (OR: 0.33, 95% CI: 0.14–0.79, p = 0.013). Anti-
dsDNA antibody detection with CIA exhibited higher predictability for diagnosing LN than did
ELISA. In the event of inconsistencies between anti-dsDNA methods, SLE disease activity and CIC
test values should be considered simultaneously.

Keywords: systemic lupus erythematosus; anti-dsDNA antibody; chemiluminescent immunoassay;
enzyme-linked immunosorbent assay; lupus nephritis

1. Introduction

Systemic lupus erythematosus (SLE) is a severe autoimmune disease that produces
various antibodies and involves multiple organs [1]. Among patients with SLE, 60%
develop lupus nephritis (LN), which is also a crucial reason for the increased mortality
of SLE [2]. Since 1982, anti-double-stranded DNA (anti-dsDNA) antibodies have been
listed as diagnostic criteria for SLE by the American College of Rheumatology (ACR) [3],
and studies have noted a high correlation between anti-dsDNA antibodies and LN [4].
Furthermore, anti-dsDNA antibodies are relatively effective indicators for monitoring SLE
disease activity [5]. Therefore, rheumatologists have relied on anti-dsDNA antibodies to
adjust medication and treatment strategies for patients with SLE.
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Current methodologies for detecting anti-dsDNA antibodies include Farr radioim-
munoassay, Crithidia luciliae indirect immunofluorescence test (CLIFT), enzyme-linked
immunosorbent assay (ELISA), fluoroenzyme immunoassay (FEIA), and chemilumines-
cent immunoassay (CIA) [6]. Although the Farr radioimmunoassay has high sensitivity
and specificity [7], it is rarely used clinically due to its use of radioactive materials [8,9].
CLIFT involves using the kinetoplast of Crithidia luciliae to form a specific combination
with anti-dsDNA antibodies, making it highly specific. However, its sensitivity is lower
than that of other methods, particularly in detecting early SLE [9], rendering it unsuitable
as a screening test. Moreover, CLIFT is limited by qualitative inspections, requires manual
interpretation, and is prone to differences due to microscope equipment, making it difficult
to be used as a method for disease activity monitoring. Therefore, ELISA and CIA are
preferred for clinical monitoring of disease activity [8,10,11].

The current quantitative methods used for the clinical detection of anti-dsDNA an-
tibodies all use Wo/80 as the standard [12]; however, the poor consistency between the
various methodologies, which leads to different affinity of antigens and antibodies, led to
notable inconvenience in clinical use [6]. Some studies have compared the consistency of
other methods with that of ELISA, but the consistency of ELISA tests was very poor [8,13].
CIA is used to detect anti-dsDNA antibodies, and despite studies noting its higher sensitiv-
ity and specificity than ELISA [14], the correlation between ELISA/CIA and the Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI) was only modest [14]. In addition,
studies on the use of CIA in disease diagnosis, disease activity of SLE, and whether SLE
invades the kidneys are rare [14,15]. Moreover, it remained unclear whether clinical pa-
rameters affect the discrepancy between ELISA and CIA. Therefore, the inconsistency of
different methodologies has contributed to difficulties in clinical application [16].

Because the method of detecting anti-dsDNA antibodies in our hospital laboratory
was changed from ELISA to CIA in November 2020, to study the difference between the
two detection methods, we retrospectively compared the consistency between ELISA and
CIA in detecting anti-dsDNA antibodies. We also determined the differences between the
two methods in the clinical efficacy of SLE diagnosis, LN identification, and SLE disease
activity, as well as the predictors for discrepancy in results. Identification of the relevant
factors may serve as reference for clinical diagnosis and laboratory evaluation methods.

2. Materials and Methods
2.1. Study Participants

This retrospective study included 502 patients who regularly visited the Rheuma-
tology Clinic of Taichung Veterans General Hospital and underwent examination for
anti-dsDNA antibodies between November and December 2020. Of these patients, 410
were diagnosed with SLE, and met the diagnostic criteria for SLE by ACR in 1997 or
the Systemic Lupus International Collaborating Clinics in 2012 [3,17,18]. The remaining
92 patients had other autoimmune diseases, which included Sjogren’s syndrome, rheuma-
toid arthritis, mixed connective tissue disease, systemic sclerosis, dermatomyositis, and
polymyositis, all of whom met the diagnosis criteria of the ACR and European League
Against Rheumatism [19–25]. Patients younger than 20 years old and those who did not
undergo ELISA for anti-dsDNA antibody detection were excluded.

This study was approved by the Ethics Committee of Clinical Research, Taichung
Veterans General Hospital (CE21255B). As patient data were anonymized before analysis,
the requirement to obtain written consent from the patients was waived.

2.2. Study Design

The anti-dsDNA antibody values of patients who underwent CIA examination were
compared with those of the same patients receiving ELISA examination between November
and December 2020. The patients were divided into three groups: two with consistent
results between CIA and ELISA (double-negative and double-positive) and one with
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inconsistent results. Patients’ age, gender, laboratory test results, disease classification, and
drug use were analyzed and compared between groups.

In addition, we analyzed the correlation between CIA and ELISA and compared their
sensitivity and specificity in detecting diseases to determine whether they displayed any
significant differences in SLE disease diagnosis, SLE disease activity stage (SLEDAI ≥ 4),
and LN (urine protein/creatinine ratio (UPCR) > 500 mg/g). Subsequently, CIA was used
as the standard to conduct the multivariate analysis and identify possible predictors.

2.3. Measurement of Anti-dsDNA Antibody
2.3.1. CIA

Anti-dsDNA antibody detection with CIA was performed by using the QUANTA
Flash dsDNA (Inova Diagnostics, CA, USA), a fully quantitative test operated on the BIO-
FLASH instrument (Biokit, Barcelona, Spain). The antigen used was a synthetic antigen
coated onto paramagnetic beads. With the original manufacturer’s buffer and isoluminol
conjugate, fitted with a luminometer, the RUL obtained was proportional to the strength of
the antibody. The instrument was operated per the manufacturer’s instructions. system
has recently been described [15]. Characteristics of the CIA are summarized in Table 1.

Table 1. Comparisons of anti-dsDNA antibody detection methods by ELISA and CIA.

Characteristic QUANTA Lite® dsDNA QUANTA Flash dsDNA

Technology ELISA CIA
Manufacturer Inova Diagnostics Inova Diagnostics

Detection Semi-Quantitative Quantitative
Assay time (minutes) 90 30

Analytical measuring range 0–>370.5 WHO units/ml 9.8–666.9 IU/mL

Cut-off value (range)

Negative 0–92.6
Equivocal 92.7–138.9

Moderate Positive 139–370.4
Strong Positive > 370.5

Negative 9.8–27
Indeterminate 27–35

Positive > 35

Antigen source Calf thymus dsDNA Synthetic dsDNA

Anti-dsDNA: anti-double-stranded DNA; ELISA: enzyme-linked immunosorbent assay; CIA: chemiluminescent immunoassay.

2.3.2. ELISA

Anti-dsDNA antibody detection with ELISA, which used the QUANTA Lite dsDNA
(Inova Diagnostics) reagent, is a semiquantitative detection of the dsDNA content in human
serum, and highly purified calf thymus dsDNA was used as the antigen. The assays were
performed according to the manufacturer’s instructions. The characteristics of ELISA are
presented in Table 1.

2.4. Clinical Parameters and Lab Data

Serum tests included general biochemical parameters such as creatinine and UPCR;
immune items included antinuclear antibodies (ANA), complement 3 (C3), complement 4
(C4), and anti-C1q circulating immune complexes (CIC) antibody. All operations regarding
the inspection items were in accordance with the original manufacturer’s manual.

Creatinine and UPCR were determined using a spectrophotometry assay (Labospect
008, Hitachi, Tokyo, Japan); a creatinine result > 1.4 mg/dL was categorized as positive,
and UPCR > 500 mg/g was considered active LN. ANA was detected using indirect
immunofluorescence assay on Hep-2 cells (Inova Diagnostics); titer was detected with the
NOVA View automated fluorescence microscope; a titer of ≥1:160 was considered positive
and ≥1:640 was considered strongly positive. The patterns were interpreted by a senior
medical examiner. C3 and C4 complement levels were determined using a turbidimetric
assay (Beckman Coulter DxC 700 AU, Brea, CA, USA). C3 levels < 87 mg/dL indicated
C3 hypocomplementemia, and C4 levels < 19 mg/dL indicated C4 hypocomplementemia.
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CIC was determined using ELISA (Inova Diagnostics), with ≥10.8 µg Eq/mL categorized
as positive.

2.5. SLEDAI

Between September 2020 and February 2021, the disease activity of patients with
SLE was evaluated according to the SLE Disease Activity Index 2000 (SLEDAI-2K) scores
assessed using the CIA when detecting anti-dsDNA antibody levels [26]. After deducting
the anti-dsDNA antibody score, a SLEDAI score of ≥4 was classified as having high
disease activity.

2.6. Pharmacologic Therapy

We also analyzed whether patients had taken glucocorticoids, hydroxychloroquine,
cyclophosphamide, mycophenolic acid, azathioprine, methotrexate, or cyclosporine within
6 months of the CIA test for anti-dsDNA antibodies.

2.7. Statistical Analysis

The demographic data of continuous parameters are shown as median (interquartile
range, IQR); and for categorical variables as the number of patients. The chi-square test
and Kruskal–Wallis test were used to compare age, laboratory data, disease, and drug
use between groups. Cronbach’s α and receiver operating characteristics (ROC) analysis
were used to analyze the consistency and discriminatory ability of two immunoassays.
Logistic regression multivariate analysis was used to investigate factors associated with
inconsistency between the two detection methods. All data were analyzed using SPSS
version 22.0. Significance was set at p < 0.05.

3. Results
3.1. Patient Characteristics of Double-Positive, Double-Negative, and Inconsistent Groups

Compared with the other two groups, the double-positive group was younger; had a
higher proportion of women; exhibited higher UPCR, ANA, titer ratio, and homogeneous
ratio; had lower C3 and C4 levels; and had higher CIC and SLEDI scores (Table 2). The
double-positive group had a higher intake rate of hydroxychloroquine, mycophenolic acid,
and azathioprine than the double-negative group within 3 months (Table 2). These findings
indicated that double-positive results of CIA and ELISA could effectively distinguish
patients with SLE, that the patients’ disease activity was higher than the other two groups,
and that they were also receiving active treatment.

3.2. Consistency of CIA and ELISA and Diagnostic Accuracy of SLE, High Lupus Activity, and
Active LN

CIA and ELISA had a Cronbach’s α of 0.571 in terms of their method consistency
(Table 3), indicating a moderate correlation. To compare the diagnostic power of the
two methods for SLE, the disease activity of lupus erythematosus (SLEDAI ≥ 4) and
the performance of LN, we performed an ROC analysis for the CIA and ELISA methods
(Table 4). The results revealed that the two methodologies performed equally well for
diagnosing SLE and the active stage of the disease (Figure 1A,B). Notably, when SLE was
diagnosed and the patient had LN (UPCR > 500 mg/g), CIA yielded a significantly more
favorable performance than ELISA (p = 0.003, Figure 1C). This indicated that CIA had
the same effect as ELISA in diagnosing SLE and the active stage of lupus erythematosus;
however, it achieved more favorable results than ELISA in the clinical prediction of LN.
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Table 2. Comparisons of demographic data and patient characteristics among three groups of anti-dsDNA antibody
positivity detected using ELISA and CIA.

Double-Negative
(n = 259) Inconsistent (n = 102) Double-Positive

(n = 141) p-Value

Age 47.6 (37.8–58.9) 45.6 (37.1–54.6) 42.0 (33.6–49.7) <0.001 *
Gender 0.013 *
Female 214 (82.6%) 90 (88.2%) 131 (92.9%)
Male 45 (17.4%) 12 (11.8%) 10 (7.1%)

Disease <0.001 *#$

SLE 185 (71.4%) 93 (91.2%) 132 (93.6%)
Non-SLE 74 (28.6%) 9 (8.8%) 9 (6.4%)
Lab data

Creatinine (mg/dL) 0.375
<1.4 220 (85.3%) 84 (82.4%) 125 (88.7%)
≥1.4 38 (14.7%) 18 (17.6%) 16 (11.3%)

UPCR (mg/g) 0.019 *
<500 167 (78.8%) 71 (74.0%) 90 (65.2%)
≥500 45 (21.2%) 25 (26.0%) 48 (34.8%)
ANA <0.001 *
<1:80 6 (3.6%) 3 (4.3%) 4 (4.3%)

1:80–1:640 98 (59.4%) 32 (46.4%) 29 (31.2%)
≥1:640 61 (37.0%) 34 (49.3%) 60 (64.5%)

Homogeneous (n = 281) 78 (43.6%) 28 (58.3%) 38 (70.4%) 0.001 *
C3 (mg/dL) <0.001 *#

<87 34 (13.5%) 38 (37.6%) 85 (60.3%)
≥87 217 (86.5%) 63 (62.4%) 56 (39.7%)

C4 (mg/dL) <0.001 *#

<19 63 (25.2%) 48 (47.5%) 94 (66.7%)
≥19 187 (74.8%) 53 (52.5%) 47 (33.3%)

CIC (µg Eq/mL) <0.001 *#

<10.8 140 (90.3%) 62 (72.1%) 66 (53.2%)
≥10.8 15 (9.7%) 24 (27.9%) 58 (46.8%)

CIA (IU/mL) 9.8 (9.8–15.9) 45.6 (22.5–85.7) 140.5 (78.2–254.8) <0.001 *#$

ELISA (WHO units/mL) 18.1 (10.1–42.4) 106.7 (66.1–177.3) 284.6 (207.3–379.2) <0.001 *#$

SLEDAI 0.0 (0.0–2.0) 2.0 (0.0–4.0) 4.0 (4.0–8.0) <0.001 *#$

Drug
Glucocorticoid 215 (83.0%) 93 (91.2%) 132 (93.6%) 0.004 *

Hydroxychloroquine 201 (77.6%) 93 (91.2%) 133 (94.3%) <0.001 *
Cyclophosphamide 57 (22.0%) 35 (34.3%) 42 (29.8%) 0.036
Mycophenolic acid 57 (22.0%) 57 (40.4%) 36 (35.3%) <0.001 *

Azathioprine 117 (45.2%) 65 (63.7%) 106 (75.2%) <0.001 *
Methotrexate 63 (24.3%) 21 (20.6%) 34 (24.1%) 0.738
Cyclosporin 47 (18.1%) 25 (24.5%) 36 (25.5%) 0.163

Kruskal–Wallis test. Post hoc analysis, * double-negative vs. double-positive; # double-negative vs. inconsistent; $ double-positive vs.
inconsistent, p < 0.05 Anti-dsDNA: anti-double-stranded DNA; UPCR: urine protein/creatinine ratio; ANA: anti-nuclear antibodies; CIC:
anti-C1q circulating immune complexes antibody; CIA: chemiluminescent immunoassay; ELISA: enzyme-linked immunosorbent assay;
SLEDAI: Systemic Lupus Erythematosus Disease Activity Index.

3.3. Predictors for Inconsistent Results between CIA and ELISA

To understand the reasons for the inconsistency of the two methods, we used logistic
regression to analyze the factors related to inconsistency between the dsDNA CIA and
ELISA in the double-positive and inconsistent groups (Table 5). The results revealed high
CIC (OR: 0.42, 95% CI: 0.18–0.94, p = 0.036), ELISA values (OR: 0.98, 95% CI: 0.98–0.99,
p < 0.001), and SLEDAI ≥ 4 (OR: 0.33, 95% CI: 0.14–0.79, p = 0.013); in other words, the
results of the two methods were relatively consistent. Our results indicated that in SLE
patients with high disease activity or LN, anti-dsDNA antibodies by CIA and ELISA would
exhibit more consistent results.
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Table 3. Consistency analysis of anti-dsDNA antibody tests by ELISA and CIA.

CIA
Kappa Value

Negative Positive

ELISA 0.571
Negative 259 (51.6%) 65 (12.9%)
Positive 37 (7.4%) 141 (28.1%)

Anti-dsDNA: anti-double-stranded DNA; CIA: chemiluminescent immunoassay; ELISA: enzyme-linked im-
munosorbent assay.

Table 4. Comparisons of diagnostic accuracies of SLE, high lupus activity, and active lupus nephritis of two anti-dsDNA
antibody detection methods.

Outcome: SLE, n = 502

Variables AUC (95% CI) p-Value Optimal
Cutoff Sensitivity Specificity Accuracy PPV NPV

CIA 0.723 (0.682–0.762) <0.001 >10.1 76.3% 60.9% 73.5% 89.7% 36.6%
ELISA 0.696 (0.654–0.736) <0.001 >61.4 59.0% 77.2% 62.4% 92.0% 29.7%

Outcome: SLE & SLEDAI ≥ 4, n = 410

CIA 0.757 (0.712–0.797) <0.001 >40.3 70.0% 75.2% 72.9% 68.9% 76.2%
ELISA 0.777 (0.734–0.817) <0.001 >133.7 66.7% 80.4% 74.4% 72.7% 75.5%

Outcome: SLE & UPCR ≥ 500, n = 410

CIA 0.620 (0.570–0.668) <0.001 >28.0 66.0% 54.8% 57.8% 34.7% 81.6%
ELISA 0.555 (0.505–0.605) 0.095 >166.2 42. 5% 68.8% 61.8% 33.1% 76.7%

Anti-dsDNA antibodies: anti-double-stranded DNA antibodies; CIA: chemiluminescent immunoassay; ELISA: enzyme-linked immunosor-
bent assay; SLE: systemic lupus erythematosus; UPCR: urine protein/creatinine ratio; AUC: area under curve; PPV: positive predictive
value; NPV: negative predictive value.
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Table 5. Logistic regression of risk factors for inconsistency of anti-dsDNA antibody tests by ELISA and CIA.

Univariate Multivariable

Odds Ratio 95%CI p-Value Odds Ratio 95%CI p-Value

Age 1.03 (1.01–1.05) 0.010 *
Female Reference
Male 1.75 (0.72–4.22) 0.215

Creatine < 1.4 (mg/dL) Reference
Creatine ≥ 1.4 (mg/dL) 1.67 (0.81–3.47) 0.165

UPCR < 500 (mg/g) Reference
UPCR ≥ 500 (mg/g) 0.66 (0.37–1.17) 0.157

ANA < 1:80 Reference
ANA 1:80–1:640 1.47 (0.30–7.14) 0.632

ANA ≥ 1:640 0.76 (0.16–3.58) 0.724
ANA Homogeneous (n = 281) 0.59 (0.26–1.34) 0.206

C3 ≥ 87 (mg/dL) Reference Reference
C3 < 87 (mg/dL) 0.40 (0.24–0.67) 0.001 ** 0.93 (0.40–2.13) 0.861
C4 ≥ 19 (mg/dL) Reference Reference
C4 < 19 (mg/dL) 0.45 (0.27–0.77) 0.003 ** 1.04 (0.43–2.51) 0.930

CIC < 10.8 (µg Eq/mL) Reference Reference
CIC ≥ 10.8 (µg Eq/mL) 0.44 (0.24–0.79) 0.006 ** 0.42 (0.18–0.94) 0.036 *

Anti-dsDNA antibody by CIA
(IU/mL) 0.98 (0.98–0.99) <0.001 **

Anti-dsDNA antibody by ELISA
(WHO units/mL) 0.98 (0.98–0.99) <0.001 ** 0.98 (0.98–0.99) <0.001 **

SLEDAI < 4 Reference Reference
SLEDAI ≥ 4 0.22 (0.12–0.39) <0.001 ** 0.33 (0.14–0.79) 0.013 *

Logistic regression. * p < 0.05, ** p < 0.01. Anti-dsDNA antibodies: anti-double-stranded DNA antibodies; UPCR: urine protein/creatinine
ratio; ANA: anti-nuclear antibodies; CIC: anti-C1q circulating immune complexes antibody; CIA: chemiluminescent immunoassay; ELISA:
enzyme-linked immunosorbent assay; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index.

4. Discussion

Anti-dsDNA antibody detection is essential for the diagnosis and monitoring of SLE
disease activity. However, different laboratory methods yield considerably different results,
which often leads to clinical misinterpretation. In this study, we discovered that CIA and
ELISA exhibited a moderate correlation in terms of their result consistency and that both
had equally favorable results in diagnosing SLE and disease activity, indicating that they
can be used to identify patients with SLE and their disease active stage. However, if the
patient had LN, CIA achieved a more favorable predictive effect. Our results indicated
that the consistency between ELISA and CIA was high in patients with SLE and high
disease activity. Our study demonstrated that in addition to eliminating the possibility of
non-SLE, SLE disease activity, presence of proteinuria, and CIC levels should be considered
to facilitate the interpretation of the differences caused by the two methodologies. These
results would be a fundamental guidance for clinicians to establish treatment strategies in
the transition of anti-dsDNA antibody detection methods.

An Italian study [15] analyzed the correlations of commonly used methods currently
available on the market, and discovered that they exhibited considerable differences, with
kappa values ranging from 0.17 to 0.42. A comparison of ELISA and CIA revealed that they
shared similar results in their area under the curve (0.90 and 0.79, respectively). However,
studies have not examined the factors related to the inconsistent results of CIA and ELISA.
Although Bentow et al. [14] discovered that in patients with high disease activity, the
value of CIA was higher than that of ELISA, their study did not directly compare the two
methods. No study has comprehensively compared SLE diagnosis, disease activity, and LN.
By using logistic regression, we determined the predictors for the inconsistency between
the two methods. Moreover, we discovered that anti-dsDNA antibody detection using CIA
had a higher correlation with LN than that using ELISA. This may be because the bound
anti-dsDNA antibodies in CIA were those with higher affinity [26,27], or the complexes of
these dsDNA antibodies were selectively deposited in the kidneys [28]. Another possible
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reason was the different cleaning buffers used by the two methods, enabling CIA to retain
high-binding antibodies; thus, the anti-dsDNA antibodies detected using CIA may have a
greater correlation with the cause of LN [6]. Moreover, the differences in fixation method,
antigen concentration, sample dilution concentration, secondary antibodies, and washing
conditions may affect the results of the two methods [6]; however, this requires support
from more experiments and research in the future.

We discovered that in addition to the methodological differences between ELISA and
CIA, some patient-related factors may also affect the test results. We observed that if a
patient had low disease activity (SLEDAI < 4) and CIC value, the two methodologies were
more likely to be inconsistent; this finding has not been published before. Anti-dsDNA
antibodies and CIC are essential noninvasive tests in the assessment of LN activity [29,30].
Our results demonstrated that patients with high SLEDAI and CIC had higher consistency
between CIA and ELISA results. This may be due to the higher serum concentration of
anti-dsDNA antibodies when SLE severity was high, therefore it would not be difficult
to detect anti-dsDNA antibodies by either method used. Our result indicated that in the
event of inconsistent results, clinicians should also consider the patients’ disease activity
and CIC results to determine the patient’s disease status. Our findings can be an essential
reference for clinical laboratories to cope with inconsistent anti-dsDNA antibody results in
changing test methodology.

LN, which accounts for 60% of the patients with SLE, increases SLE mortality risk [31].
Renal biopsy is an invasive procedure required to obtain histopathology exams and accu-
rately classify LN. Thus, UPCR and urine sediments are used for the clinical evaluation
of LN. However, despite previous suggestions for using anti-dsDNA antibodies for eval-
uating LN due to the lack of serologically effective biomarkers [30], the considerable
discrepancy in different methodologies of anti-dsDNA antibodies resulted in relatively
low consistency. Nevertheless, we discovered that anti-dsDNA antibodies detected using
CIA can be a predictor of LN, and ROC analysis indicated that the optimal cutoff value
should be 28 IU/mL, which was within the indeterminate range (27–35 IU/mL). Our study
suggested that in SLE patients with overt proteinuria (UPCR > 500 mg/g), the reference
value of anti-dsDNA antibody should be revised from 35 IU/mL to 28 IU/mL. By contrast,
urine tests should be performed to early detect renal involvement in SLE patients with an
anti-dsDNA antibodies level > 28 IU/mL by CIA.

This study had several limitations. First, because of the retrospective design, missing
data could not be avoided. Second, we did not compare the results of CLIFT and FEIA;
thus, our conclusion cannot be extrapolated to other detection methods. Meanwhile, the
optimized cut-offs in our study were determined by a statistical analysis of the test results
from a study cohort of SLE and non-SLE patients, so the values of borderline/indeterminate
and strong positive cut-offs could not be measured. Third, the time points for CIA and
ELISA detection were not the same. We could not preclude the variations of anti-dsDNA
antibodies and the effect of drug treatment during this time period between two tests.
Finally, the impact of clinical manifestations other than LN to anti-dsDNA antibody test
results remained unknown, and deserve further investigation.

5. Conclusions

Our real-world, hospital-based study discovered that the anti-dsDNA antibodies
detected by CIA and ELISA were similar in the diagnosis of SLE and active lupus disease
activity. However, CIA exhibited a higher predictability in LN than in ELISA. In patients
with high SLE disease activity and CIC levels, the two methods displayed favorable consis-
tency. Our findings provide a valuable guidance for clinicians to interpretate laboratory
results and establish therapeutic strategies for patients with SLE in the event of switching
test methodology.



Diagnostics 2021, 11, 1940 9 of 10

Author Contributions: Conceptualization, H.-C.C. and Y.-M.C.; methodology, Y.-C.W., J.-P.C. and
Y.-D.W.; formal analysis, J.-P.C.; resources, W.-N.H. and Y.-H.C.; writing—original draft preparation,
H.-C.C. and Y.-M.C.; writing—review and editing, Y.-C.W., J.-P.C., Y.-D.W., W.-N.H., Y.-H.C., Y.-M.C.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of Clinical Research, Taichung
Veterans General Hospital (CE21255B, 28 July 2021).

Informed Consent Statement: Patient consent was waived as patient data were anonymized
before analysis.

Data Availability Statement: The aggregated data are available from the corresponding author upon
reasonable request.

Acknowledgments: The authors would like to thank Chia-Shuo Chang and Pei-Chih Chen for their
assistance in data collection. This manuscript was edited by Wallace Academic Editing.

Conflicts of Interest: The authors declare that they have no conflict of interest to declare.

References
1. Maria, N.I.; Davidson, A. Emerging areas for therapeutic discovery in SLE. Curr. Opin. Immunol. 2018, 55, 1–8. [CrossRef]
2. Yung, S.; Chan, T.M. Mechanisms of Kidney Injury in Lupus Nephritis—The Role of Anti-dsDNA Antibodies. Front. Immunol.

2015, 6, 475. [CrossRef]
3. Hochberg, M.C. Updating the American college of rheumatology revised criteria for the classification of systemic lupus erythe-

matosus. Arthritis Rheum. 1997, 40, 1725. [CrossRef]
4. Koffler, D.; Schur, P.H.; Kunkel, H.G. Immunological Studies Concerning the Nephritis of Systemic Lupus Erythematosus. J. Exp.

Med. 1967, 126, 607–624. [CrossRef]
5. Pan, N.; Amigues, I.; Lyman, S.; Duculan, R.; Aziz, F.; Crow, M.K.; Kirou, K.A. A surge in anti-dsDNA titer predicts a severe

lupus flare within six months. Lupus 2014, 23, 293–298. [CrossRef] [PubMed]
6. Mummert, E.; Fritzler, M.J.; Sjöwall, C.; Bentow, C.; Mahler, M. The clinical utility of anti-double-stranded DNA antibodies and

the challenges of their determination. J. Immunol. Methods 2018, 459, 11–19. [CrossRef] [PubMed]
7. Minden, P.; Anthony, B.F.; Farr, R.S. A comparison of seven procedures to detect the primary binding of antigen by antibody. J.

Immunol. 1969, 102, 832–841. [PubMed]
8. Venner, A.A.; Ibañez, D.; Gladman, D.D.; Urowitz, M.B.; MacKinnon, A.; Blasutig, I.M.; Yip, P.M. Comparison of three anti-

dsDNA assays: Performance and correlation with systemic lupus erythematosus disease activity. Clin. Biochem. 2013, 46, 317–320.
[CrossRef] [PubMed]

9. Compagno, M.; Jacobsen, S.; Rekvig, O.P.; Truedsson, L.; Heegaard, N.H.; Nossent, J.; Jönsen, A.; Jacobsen, R.S.; Eilertsen, G.Ø.;
Bengtsson, A.A.; et al. Low diagnostic and predictive value of anti-dsDNA antibodies in unselected patients with recent onset of
rheumatic symptoms: Results from a long-term follow-up Scandinavian multicentre study. Scand. J. Rheumatol. 2013, 42, 311–316.
[CrossRef]

10. Andrejevic, S.; Jeremic, I.; Sefik-Bukilica, M.; Nikolic, M.; Stojimirovic, B.; Bonaci-Nikolic, B. Immunoserological parameters in
SLE: High-avidity anti-dsDNA detected by ELISA are the most closely associated with the disease activity. Clin. Rheumatol. 2013,
32, 1619–1626. [CrossRef]

11. López-Hoyos, M.; Cabeza, R.; Martinez-Taboada, V.M.; Crespo, J.; SanSegundo, D.; Blanco, R.; López-Escribano, H.; Peña, M.;
Rodriguez-Valverde, V. Clinical disease activity and titers of anti-dsDNA antibodies measured by an automated immunofluores-
cence assay in patients with systemic lupus erythematosus. Lupus 2005, 14, 505–509. [CrossRef]

12. Feltkamp, T.E.; Kirkwood, T.B.; Maini, R.N.; Aarden, L.A. The first international standard for antibodies to double stranded DNA.
Ann. Rheum. Dis. 1988, 47, 740–746. [CrossRef]

13. Enocsson, H.; Sjöwall, C.; Wirestam, L.; Dahle, C.; Kastbom, A.; Rönnelid, J.; Wetterö, J.; Skogh, T. Four Anti-dsDNA Antibody
Assays in Relation to Systemic Lupus Erythematosus Disease Specificity and Activity. J. Rheumatol. 2015, 42, 817–825. [CrossRef]

14. Bentow, C.; Lakos, G.; Martis, P.; Wahl, E.; Garcia, M.; Viñas, O.; Espinosa, G.; Cervera, R.; Sjöwall, C.; Mahler, M.; et al.
International multi-center evaluation of a novel chemiluminescence assay for the detection of anti-dsDNA antibodies. Lupus
2016, 25, 864–872. [CrossRef] [PubMed]

15. Infantino, M.; Meacci, F.; Bentow, C.; Martis, P.; Benucci, M.; Afeltra, A.M.V.; Rigon, A.; Atzeni, F.; Sarzi-Puttini, P.; Manfredi,
M.; et al. Clinical Comparison of QUANTA Flash dsDNA Chemiluminescent Immunoassay with Four Current Assays for the
Detection of Anti-dsDNA Autoantibodies. J. Immunol. Res. 2015, 2015, 1–8. [CrossRef] [PubMed]

16. Ghiggeri, G.M.; D’Alessandro, M.; Bartolomeo, D.; Degl’Innocenti, M.L.; Magnasco, A.; Lugani, F.; Prunotto, M.; Bruschi, M. An
Update on Antibodies to Necleosome Components as Biomarkers of Sistemic Lupus Erythematosus and of Lupus Flares. Int. J.
Mol. Sci. 2019, 20, 5799. [CrossRef] [PubMed]

http://doi.org/10.1016/j.coi.2018.09.004
http://doi.org/10.3389/fimmu.2015.00475
http://doi.org/10.1002/art.1780400928
http://doi.org/10.1084/jem.126.4.607
http://doi.org/10.1177/0961203313515763
http://www.ncbi.nlm.nih.gov/pubmed/24316605
http://doi.org/10.1016/j.jim.2018.05.014
http://www.ncbi.nlm.nih.gov/pubmed/29807021
http://www.ncbi.nlm.nih.gov/pubmed/4889750
http://doi.org/10.1016/j.clinbiochem.2012.12.004
http://www.ncbi.nlm.nih.gov/pubmed/23246539
http://doi.org/10.3109/03009742.2013.765032
http://doi.org/10.1007/s10067-013-2330-3
http://doi.org/10.1191/0961203305lu2130oa
http://doi.org/10.1136/ard.47.9.740
http://doi.org/10.3899/jrheum.140677
http://doi.org/10.1177/0961203316640917
http://www.ncbi.nlm.nih.gov/pubmed/27252263
http://doi.org/10.1155/2015/902821
http://www.ncbi.nlm.nih.gov/pubmed/25759849
http://doi.org/10.3390/ijms20225799
http://www.ncbi.nlm.nih.gov/pubmed/31752186


Diagnostics 2021, 11, 1940 10 of 10

17. Tan, E.M.; Cohen, A.S.; Fries, J.F.; Masi, A.T.; Mcshane, D.J.; Rothfield, N.F.; Schaller, J.G.; Talal, N.; Winchester, R.J. The 1982
revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. 1982, 25, 1271–1277. [CrossRef] [PubMed]

18. Petri, M.; Orbai, A.-M.; Alarcón, G.S.; Gordon, C.; Merrill, J.T.; Fortin, P.R.; Bruce, I.N.; Isenberg, D.; Wallace, D.J.; Nived, O.; et al.
Derivation and validation of the Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus
erythematosus. Arthritis Rheum. 2012, 64, 2677–2686. [CrossRef]

19. Shiboski, C.H.; Shiboski, S.C.; Seror, R.; Criswell, L.A.; Labetoulle, M.; Lietman, T.M.; Rasmussen, A.; Scofield, H.; Vitali, C.;
Bowman, S.J.; et al. 2016 American College of Rheumatology/European League against Rheumatism Classification Criteria
for Primary Sjögren’s Syndrome: A Consensus and Data-Driven Methodology Involving Three International Patient Cohorts.
Arthritis Rheumatol. 2017, 69, 35–45. [CrossRef]

20. Kay, J.; Upchurch, K.S. ACR/EULAR 2010 rheumatoid arthritis classification criteria. Rheumatology 2012, 51, vi5–vi9. [CrossRef]
21. Hoffmann-Vold, A.-M.; Gunnarsson, R.; Garen, T.; Midtvedt, Ø.; Molberg, Ø. Performance of the 2013 American College of

Rheumatology/European League Against Rheumatism Classification Criteria for Systemic Sclerosis (SSc) in Large, Well-defined
Cohorts of SSc and Mixed Connective Tissue Disease. J. Rheumatol. 2015, 42, 60–63. [CrossRef]

22. Xu, D.; Hou, Y.; Zheng, Y.; Zheng, Y.; Li, M.; Zeng, X. The 2013 American College of Rheumatology/European League Against
Rheumatism Classification Criteria for Systemic Sclerosis Could Classify Systemic Sclerosis Patients at Earlier Stage: Data from a
Chinese EUSTAR Center. PLoS ONE 2016, 11, e0166629. [CrossRef]

23. Hoogen, F.V.D.; Khanna, D.; Fransen, J.; Johnson, S.R.; Baron, M.; Tyndall, A.; Matucci-Cerinic, M.; Naden, R.P.; Jr, T.A.M.; E
Carreira, P.; et al. 2013 classification criteria for systemic sclerosis: An American college of rheumatology/European league
against rheumatism collaborative initiative. Ann. Rheum. Dis. 2013, 72, 1747–1755. [CrossRef]

24. Sag, E.; Demir, S.; Bilginer, Y.; Talim, B.; Haliloglu, G.; Ozen, S. Validation of the EULAR/ACR 2017 idiopathic inflammatory
myopathy classification criteria in juvenile dermatomyositis patients. Clin. Exp. Rheumatol. 2021, 39, 688–694.

25. E Lundberg, I.; Tjärnlund, A.; Bottai, M.; Werth, V.P.; Pilkington, C.; De Visser, M.; Alfredsson, L.; A Amato, A.; Barohn, R.J.; Liang,
M.H.; et al. 2017 European League Against Rheumatism/American College of Rheumatology classification criteria for adult and
juvenile idiopathic inflammatory myopathies and their major subgroups. Ann. Rheum. Dis. 2017, 76, 1955–1964. [CrossRef]

26. Villalta, D.; Romelli, P.B.; Savina, C.; Bizzaro, N.; Tozzoli, R.; Tonutti, E.; Ghirardello, A.; Doria, A. Anti-dsDNA antibody avidity
determination by a simple reliable ELISA method for SLE diagnosis and monitoring. Lupus 2003, 12, 31–36. [CrossRef] [PubMed]

27. Pisetsky, D.S. Anti-DNA antibodies-quintessential biomarkers of SLE. Nat. Rev. Rheumatol. 2015, 12, 102–110. [CrossRef]
[PubMed]

28. Seredkina, N.; Van Der Vlag, J.; Berden, J.; Mortensen, E.; Rekvig, O.P. Lupus Nephritis: Enigmas, Conflicting Models and an
Emerging Concept. Mol. Med. 2013, 19, 161–169. [CrossRef] [PubMed]

29. Chen, Z.; Wang, G.-S.; Wang, G.-H.; Li, X.-P. Anti-C1q antibody is a valuable biological marker for prediction of renal pathological
characteristics in lupus nephritis. Clin. Rheumatol. 2012, 31, 1323–1329. [CrossRef] [PubMed]

30. Moroni, G.; Quaglini, S.; Radice, A.; Trezzi, B.; Raffiotta, F.; Messa, P.; Sinico, R.A. The Value of a Panel of Autoantibodies for
Predicting the Activity of Lupus Nephritis at Time of Renal Biopsy. J. Immunol. Res. 2015, 2015, 1–8. [CrossRef]

31. Anders, H.J.; Saxena, R.; Zhao, M.-H.; Parodis, I.; Salmon, J.E.; Mohan, C. Lupus nephritis. Nat. Rev. Dis. Primers. 2020, 6, 7.
[CrossRef] [PubMed]

http://doi.org/10.1002/art.1780251101
http://www.ncbi.nlm.nih.gov/pubmed/7138600
http://doi.org/10.1002/art.34473
http://doi.org/10.1002/art.39859
http://doi.org/10.1093/rheumatology/kes279
http://doi.org/10.3899/jrheum.140047
http://doi.org/10.1371/journal.pone.0166629
http://doi.org/10.1136/annrheumdis-2013-204424
http://doi.org/10.1136/annrheumdis-2017-211468
http://doi.org/10.1191/0961203303lu277oa
http://www.ncbi.nlm.nih.gov/pubmed/12587824
http://doi.org/10.1038/nrrheum.2015.151
http://www.ncbi.nlm.nih.gov/pubmed/26581343
http://doi.org/10.2119/molmed.2013.00010
http://www.ncbi.nlm.nih.gov/pubmed/23752208
http://doi.org/10.1007/s10067-012-2017-1
http://www.ncbi.nlm.nih.gov/pubmed/22696012
http://doi.org/10.1155/2015/106904
http://doi.org/10.1038/s41572-019-0141-9
http://www.ncbi.nlm.nih.gov/pubmed/31974366

	Introduction 
	Materials and Methods 
	Study Participants 
	Study Design 
	Measurement of Anti-dsDNA Antibody 
	CIA 
	ELISA 

	Clinical Parameters and Lab Data 
	SLEDAI 
	Pharmacologic Therapy 
	Statistical Analysis 

	Results 
	Patient Characteristics of Double-Positive, Double-Negative, and Inconsistent Groups 
	Consistency of CIA and ELISA and Diagnostic Accuracy of SLE, High Lupus Activity, and Active LN 
	Predictors for Inconsistent Results between CIA and ELISA 

	Discussion 
	Conclusions 
	References

