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A B S T R A C T   

Context: Anti-double-stranded deoxyribonucleic acid antibodies (dsDNA Abs) are highly specific 
markers of systemic lupus erythematosus (SLE). Multiple methods are employed for their 
detection in routine diagnostics. 
Objectives: The aim of this study was to evaluate a diagnostic approach for anti-dsDNA Abs using 
DNA-ELISA and Crithidia luciliae fluorescence test (CLIFT), in combination with antinuclear 
antibody (ANA) screening. 
Methods: We enrolled 113 patients—53 with SLE, 50 with other systemic autoimmune rheumatic 
diseases (OSARD), and 10 with non-autoimmune clinical conditions (NAICC). 
Patients’ samples were tested for anti-dsDNA Abs using an enzyme-linked immunosorbent assay 
(ELISA) and CLIFT, combined to ANA screening by indirect immunofluorescence assay (ANA- 
IIFA). 
Results: The mean age of patients was 39.94 ± 15 years (ranges: 11–85 years). Overall, specimens 
from 77.3%, 11.7%, and 20% of patients with SLE, OSARD and NAICC respectively were ELISA- 
positive; and those from 54.7% to 4% of patients with SLE and OSARD, respectively, were CLIFT- 
positive. CLIFT positivity was significantly associated with high ELISA titers (p = 0.002) and 
homogeneous ANA-IIF pattern (p = 0.0002). 
Conclusion: For better clinical relevance of anti-dsDNA antibodies, we suggest a combined 
detection strategy based on ELISA, CLIFT and ANA-IIFA, considering the clinical criteria of SLE.   

1. Introduction 

Anti-double-stranded deoxyribonucleic acid antibodies (anti-dsDNA Abs) embrace antibodies with a wide spectrum of fine mo-
lecular specificities that are produced persistently in the context of true autoimmunity or transiently in context of infections or other 
clinical conditions [1]. 

Despite controversies, anti-dsDNA Abs are a highly valuable biomarker and a pathogenic factor of systemic lupus erythematosus 
(SLE) [2–4]. They are considered as excellent indicators of disease activity, with their levels increasing concomitantly with the 
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flare-ups of SLE, especially in lupus nephritis, and decreasing in response to treatment [2]. Taking into consideration the clinical 
manifestations, patients who met the EULAR/ACR 2019 criteria before the ACR 1982/1997 appear to have a higher frequency of class 
II or V lupus nephritis, anti-dsDNA and anti-Sm antibodies, and a higher SLAM (systemic lupus activity measure), suggesting that these 
criteria could be very useful in subgroups of patients with more severe disease [5]. 

Numerous studies have yielded insight into specific aspects of anti-dsDNA Abs, such as their genetics, immunogens and targets, as 
well as their diagnostic and pathogenic impact, particularly in SLE [1,6,7]. Yet, several aspects of these antibodies remain enigmatic, 
like the clinical significance of their presence in other autoimmune or non-autoimmune diseases. Further, there is a need for the 
development of diagnostic methods for their detection [8,9]. In fact, the clinical significance of anti-dsDNA Abs largely depends on the 
principle of the assay employed and the analytical variables of the methods used to quantify and characterize them [8]. 

In practice, anti-dsDNA Abs can be detected by enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), Crithidia 
luciliae immunofluorescence test (CLIFT) [10], and recently by chemiluminescence technique [11,12]. It is hypothesized that each of 
these methods detects subgroups of anti-dsDNA with different properties and, of particular interest, different clinical associations [13]. 
Therefore, there is a need for standardization of anti-dsDNA Ab testing despite the availability of an international reference basis [14]. 

In the context of systemic autoimmune rheumatic diseases, auto-Abs as detected by the indirect immunofluorescence assay (IIFA) 
on HEp-2 cells are recognized as important diagnostic markers. In addition, screening for antinuclear antibodies (ANA) is one of the 
mandatory steps in the diagnosis of SLE or any other non-specific autoimmune disease [15] Indeed, the 2019 EULAR/ACR classifi-
cation criteria for SLE consider that ANA would be better employed as an obligatory entry criterion than as a classification criterion 
[16]. 

Obviously, the clinical association of positive ANA-IIFA is diverse, but some ANA IIFA patterns may have a good orientation value 
towards certain specificities, including anti-dsDNA Abs, and therefore should order specific tests accordingly [15]. Hence, the 
detection and identification of auto-Abs depend on the platform used and the performance of the mentioned tests, either alone or in 
combination. 

The aim of this study was to assess a diagnostic approach for anti-dsDNA Abs using DNA-ELISA and CLIFT in combination with 
ANA-IIFA. 

2. Patients and methods 

A cross-sectional study was carried out on 113 adults and pediatric patients presenting various clinical conditions: SLE (n = 53), 
other systemic autoimmune rheumatic diseases (OSARD) including rheumatoid arthritis (RA, n = 23), Sjögren syndrome (SjS, n = 9), 
mixed connective tissue disease (MCTD, n = 8), systemic sclerosis (SSc, n = 5), inflammatory myositis (IM, n = 5), and non-auto- 
immune clinical conditions (NAICC, n = 10), including 5 cases of inflammatory neurologic diseases and 5 cases of non-lupus 
glomerulonephritis. The diagnosis of each case was retained on the basis of clinical criteria supported by appropriate biological 
and radiological investigations, extracted from electronic medical records, in consultation with physicians, and in accordance with the 
ethical principles of medical research involving human subjects. 

Blood samples collected from the patients were centrifuged (2500 g × 15 min), and the serum was separated into three cryogenic 
tubes, each containing 300 μl. Samples were kept at 4 ◦C, if their analysis was planned within the next 48 h, or frozen at − 20 ◦C for 
testing planned later. Samples were tested for anti-dsDNA Abs using ELISA (Bio-Rad Kallestad Anti-dsDNA EIA™, IgG conjugate, 
threshold: 15 IU/mL) combined with CLIFT (Kallstad, Bio-rad, threshold: 1:10). Screening for ANA was performed by the IIF method 
using a Hep-2 cell substrate (Kallstad, Bio-rad, threshold: 1:160 for patients older than 18 and 1:80 for those younger than 18). 

For statistical analysis, Chi-Square test was performed using Epi Info7™ software, and the variables studied were considered 
significant if the p-value was less than 0.05. 

3. Results 

The mean age of patients was 39.94 ± 15 years (range, 11–85 years), and they were predominantly females (female to male sex 

Table 1 
General results of DNA-ELISA, DNA-CLIFT and ANA-IIF for selected clinical conditions.  

Testing Methods DNA–ELISA Positive patients DNA–CLIFT Positive patients ANA–IIFA Positive patients 

Clinical Conditions n (%) n (%) n (%) 

SLE, n = 53 41 (77.3) 29 (54.7) 48 (90.56) 
RA, n = 23 1 (4.3) 0 (0) 10 (43.4) 
SjS, n = 9 0 (0) 0 (0) 7 (77.7) 
MCTD, n = 8 3 (37.5) 2 (20) 8 (100) 
SSc, n = 5 0 (0) 0 (0) 5 (100) 
IM, n = 5 1 (20) 0 (0) 3 (60) 
NAICC, n = 10 2 (20) 0 (0) 8 (80) 
Total: n = 113 48 (42.4) 31 (27.4) 89 (78.8) 

SLE: systemic lupus erythematosus; RA: rheumatoid arthritis; SjS: Sjögren syndrome; MCTD: mixed connective tissue disease; SSc: systemic sclerosis; 
IM: inflammatory myositis; NAICC: non auto-immune clinical conditions; ELISA: enzyme-linked immunosorbent assay; CLIFT: Crithidia luciliae 
immunofluorescence test; ANA-IIFA: antinuclear antibody indirect immunofluorescence assay. 
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ratio = 4.94). 
Overall, 42.4% (n = 48), 27.4% (n = 31), and 78.8% (n = 89) of patients with selected clinical conditions were positive for DNA- 

ELISA, DNA-CLIFT, and ANA-IIFA anti-dsDNA Ab screening, respectively (Table 1). 
The proportion of ELISA-positive patients with SLE was more than that of CLIFT-positive ones (77.3% [n = 41] vs 54.7% [n = 29]). 

Among the 50 patients with OSARD, three patients with MCTD, one with RA, and one with IM were ELISA-positive. However, only two 
of the patients with MCTD were CLIFT-positive. Among the 10 patients with NAICC, only 2 were ELISA-positive (Table 1). 

The DNA-ELISA test was positive for 48 patients (42.4%), among which 34 patients had titers higher than 50 IU/mL, 16 patients 
had titers varying between 30 and 50 IU/mL, whereas 32 patients had equivocal titers (15–30 IU/mL), and 31 patients were negative. 

ANA were positive for 78.7% (n = 89) of patients, distributed as follows: 48 patients (90.5%) with SLE, 10 (43.4%) with RA, 8 
(100%) with MCTD, 7 (77.7%) with SjS, 5 (100%) with SSc, 3 (60%) with IM, and 8 (80%) with NAICC (Table 1). 

Among the 50 patients positive for DNA-ELISA, 31 (62%) were also positive for CLIFT, and these patient were significantly 
associated with high titers of DNA-ELISA (>50 IU/mL; p = 0.002); the titers of four patients varied between 30 and 50 IU/mL. None of 
the negative or equivocal DNA-ELISA patients were positive for CLIFT (Fig. 1). 

The most prevalent fluorescence pattern was homogeneous, observed in 57.3% of ANA-IIF positive patients (n = 51), followed by 
speckled pattern in 22.5% (n = 20), mixed homogeneous-speckled in 15.7% (n = 14), and nucleolar (n = 2), nucleolar-speckled (n =
1), and nucleolar-homogeneous (n = 1) in 4.5% (n = 4) (Table 2). 

High DNA-ELISA titers were associated mainly with homogeneous and/or mixed homogeneous-speckled patterns (34 cases). The 
30–50 IU/mL ELISA-positive titers were associated with homogeneous (16 patients) and speckled patterns (3 cases). The equivocal or 
negative DNA-ELISA results were associated with various patterns, including homogeneous, speckled, nucleolar, homogeneous- 
nucleolar, and nucleolar-speckled. 

The positive cases in CLIFT (62% of cases) corresponded to homogeneous, mixed homogeneous-speckled, and speckled ANA-IIF 
patterns in 15, 14 and 2 cases respectively. A positive result for CLIFT was significantly associated to a greater extent with homo-
geneous staining than with speckled staining (p = 0.0002). In lines with the ANA-IIF pattern and fluorescence intensity, the probability 
of detecting anti-dsDNA Abs was proportional to the titer intensity of homogeneous staining (Table 3). 

This was estimated to be 52.5% when the homogeneous IF intensity was greater than or equal to 1:320 and to be 45.1% with a 
mixed homogeneously speckled IF staining with ANA titers greater than or equal to 1:640. The probability of detecting anti-dsDNA Abs 
was high with homogeneous patterns irrespective of the ANA-IIF intensity, and was proportionally associated with ANA-IIF titers 
irrespective of ANA-IIF patterns. Similarly, the probability was high with mixed homogeneous-speckled IIF staining (Table 3). 

4. Discussion 

The immunology laboratory plays an important role in diagnosing and monitoring SLE as well as other connective tissue diseases 
[17]. The detection of anti-dsDNA Abs is generally conducted with respect to the best adequacy between biological results and clinical 
relevance. 

Using a sequential approach, this study established that DNA-ELISA could be used to detect and quantify anti-dsDNA Abs with 
moderately high sensitivity (77.3% of SLE patients), but with a low specificity (42.4% of all clinical conditions). DNA-CLIFT 
corroborated the positive results of DNA-ELISA in only 54.7% of SLE patients and 27.4% of all patients. 

ELISA is a useful and widely used laboratory test to screen for anti-dsDNA Abs [13,18] because of its high sensitivity, quantitative 
results, and simplicity, as well as relatively low cost compared to other assays [19,20], while CLIFT provides higher clinical specificity 
than ELISA [10]. Therefore, many studies recommend confirming positive ELISA results using CLIFT or rarely Farr test, thus ensuring 

Fig. 1. Distribution of ELISA-DNA titers according to ANA-IIFA patterns and CLIFT results. 
ANA: antinuclear antibodies; CLIFT: Crithidia luciliae immunofluorescence test; ELISA: enzyme-linked immunosorbent assay; NEG: negative; 
Sup: superior. 
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improved specificity [17,21]. 
Most commercial ELISA systems have great advantages in routine laboratory testing but may detect not specific anti-dsDNA Abs, 

which results in false positives in non-SLE patients [22,23]. In our study, two well-established anti-dsDNA Abs were observed in 
non-SLE patients, which is consistent with published data suggesting the possible association of anti-dsDNA Abs with clinical con-
ditions other than SLE. 

Actually, ELISA may exhibit positive results of anti-dsDNA Abs in other autoimmune diseases 24–26], as well as in other clinical 
conditions such as chronic liver diseases, Epstein-Barr, hepatitis B virus and bacterial infections, and even in cancers and blood donors 
[27]. It is also important to rule out other potential causes of false anti-ds DNA Abs, especially drugs like hydralazine, tumor necrosis 
factor inhibitors, interferon treatment, and sulfasalazine, to ensure accurate diagnosis of SLE [28,29]. 

Therefore, these shortcomings underline the need of considering other useful and efficient methods for more accuracy of anti- 
dsDNA Ab results [20,28]. 

ELISA detects anti-dsDNA Abs of low avidity and uncertain clinical relevance [13], whereas Farr assays detect those of high avidity, 
which are more related to SLE pathogenesis, particularly in nephritis [13,30]. Accordingly, an important cause of discrepancies be-
tween results obtained with different methods might be related to the avidity of the Abs. In fact, ELISA assays detect Abs of both low 
and high avidity, while Farr and CLIFT assays predominantly detect those of high avidity [13,30]. 

However, Farr assay requires a special set-up for radioactive labeling of DNA and is also time-consuming, because of which its use 
has been declining in recent years, to be definitively abandoned in favor of other alternatives, such as that using intercalating fluo-
rescent dsDNA dye, without the radioactive material and organic solvents [31]. Similarly, CLIFT may be considered as an alternative 
confirmatory test and its relevance seems increasingly defendable. Indeed, despite its low sensitivity, globally ranging from 30% to 
60% [19,25,32,33], but owing to its high specificity, CLIFT is considered useful in the diagnosis of SLE and to distinguish it from other 
diseases [17,31,34]. 

We assessed the possibility of detecting anti-dsDNA Abs in ANA-positive patients using immunofluorescence. The ANA pattern may 
be indicative of the type of autoimmune reactivities responsible for IF staining [35]. In fact, homogeneous IF pattern is regularly 
correlated to anti-dsDNA Abs, and speckled staining to anti-ENA specificities, especially ribonucleoproteins [36,37]. However, the 
identification of more antinuclear specificities may certainly increase the positive predictive value of positive ANA for diagnosing SLE 
or other connective tissue diseases, such as Sjögren syndrome and polymyositis [38]. 

According to the guidelines of the International Consensus on ANA Patterns (ICAP) initiative which previously established the 
clinical relevance of distinct HEp-2 IIFA patterns, a homogeneous pattern is generally found in patients with SLE, chronic autoimmune 
hepatitis or juvenile idiopathic arthritis, and if SLE is clinically suspected, it is recommended to perform a follow-up test for anti-dsDNA 
Abs [15]. In our study, anti-dsDNA Abs were significantly associated with homogeneous ANA staining, with the probability increasing 
proportionally with the ANA fluorescence intensity. However, two of the speckled ANA-IF patterns were also positive in CLIFT among 
the 29 patients of the homogeneous and mixed homogeneous-speckled ANA patterns (p = 0.002). The association of anti-dsDNA Abs 
with a speckled IIF pattern has already been described. Therefore, the rare occurrence of anti-dsDNA Abs at clinically significant ANA 
titers associated with such a pattern may mask the diagnosis of SLE [39]. 

The existence of anti-dsDNA Abs in the absence of positive ANA results is thought to be a rare phenomenon that is attributed to 
laboratory errors [40]. Nevertheless, low titers of ANA are not necessarily insignificant, as they may also contain anti-dsDNA auto-Abs 

Table 2 
Distribution of ANA-IIFA patterns according to DNA-ELISA results and titers.  

DNA-ELISA Results ANA-IF Patterns ELISA-Negative ELISA-Equivocal ELISA-Positive 
30–50 IU/mL 

ELISA-Positive 
>50 IU/mL 

Total 

Homogeneous (Ho) 8 12 13 18 51 
Speckled (Sp) 5 10 3 2 20 
Mixed Ho-Sp 0 0 0 14 14 
Other Patterns 3 1 0 0 4 
ANA-Negative 15 9 0 0 24 
CLIFT 0 0 4 27 31 
Total 31 32 16 34 113 

DNA: deoxyribonucleic acid; ELISA: enzyme-linked immunosorbent assay; CLIFT: Crithidia luciliae immunofluorescence test; ANA-IIFA: antinuclear 
antibody immunofluorescence assay. 

Table 3 
Probability of detecting anti-dsDNA Abs using the ANA-IF pattern and fluorescence intensity (Results are given in percentage).  

ANA-IF titers 1:160 1:320 1:640 1:1280 Irrespective of IF Intensity 

Anti-dsDNA      
Homogeneous (Ho) 0 3.2 19.3 29.0 31.4 
Speckled (Sp) 0 0 3.2 0 0.5 
Mixed Ho-Sp 0 0 19.3 25.8 1.0 
Other Patterns 0 0 0 0 0 
Irrespective of ANA pattern 0 0.1 14.6 19.1 34.8  
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[35]. 
Finally, as limitations, the results of this cross-sectional study may have been biased by the relatively small sample size and the 

possible imprecision of the diagnosis of both SLE and other clinical conditions. Therefore, for more relevance, these results must be 
validated on a larger sample size, including well-documented cases of SLE, its differential diagnoses or even non-autoimmune clinical 
conditions. 

5. Conclusion 

The results of our study allow us to suggest a diagnostic strategy based on the detection and quantification of anti-dsDNA Abs by 
ELISA, followed if positive by CLIFT and ANA-IIF screening. High titers of anti-DNA Abs on ELISA associated with positive CLIFT are 
almost relevant, especially when associated with a homogeneous ANA-IIF pattern, taking into consideration the clinical criteria of SLE. 
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