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A B S T R A C T   

Background and aims: The objective of this meta-analysis was to review the diagnostic performance of anti-dsDNA 
testing, to determine whether test specificity meets the revised 2019 EULAR/ACR classification criteria for 
systemic lupus erythematosus (SLE). The new criteria state that anti-dsDNA testing should be conducted using 
“an immunoassay with demonstrated ≥ 90% specificity for SLE against relevant disease controls”. 
Materials and methods: A systematic review (MEDLINE, Embase, CENTRAL and DARE) identified cross-sectional 
or case-control studies published January 2004 to August 2019, reporting anti-dsDNA test accuracy data. Studies 
included cases of SLE (confirmed using one or more of three validated SLE classification criteria sets) and a 
disease control group. Data were adjusted to exclude healthy controls. A hierarchical, bivariate mixed-effect 
meta-analysis of eligible quantitative studies was conducted in STATA MP v16.1 to produce a pooled estimate 
of sensitivity and specificity. 
Results: The review identified six fluorescence immunoassay (FEIA) dsDNA studies (1977 total patients, of whom 
47% had SLE) eligible to be included in quantitative meta-analysis and all reported a point estimate >90% for 
specificity. The meta-analysis estimated a pooled specificity of 94.7% (95% CI 91.67%–96.67%). 
Conclusion: The meta-analysis has demonstrated that the specificity of FEIA dsDNA is ≥90% for SLE, against 
relevant disease controls, and therefore performs in accordance with the 2019 classification criteria.   

1. Introduction 

The entry criterion for current classification of systemic lupus ery-
thematosus (SLE) is an anti-nuclear antibody (ANA) test, given its high 
sensitivity for SLE [1,2]. A positive ANA test is usually followed up with 

anti-double-stranded deoxyribonucleic acid (dsDNA) testing since these 
antibodies are among the most commonly detected autoantibodies 
associated with SLE [1,3]. Typically, higher levels of dsDNA antibodies 
are found in patients with active SLE, but the reported sensitivities vary 
widely depending on the study and the test system [4–8]. As such, anti- 
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dsDNA testing plays an important role in the diagnosis, classification 
and management of SLE [1,9–12]. Depending on the test method, 
dsDNA antibodies of low, intermediate and/or high affinity/avidity can 
be detected: anti-dsDNA of high affinity/avidity (of the immunoglobulin 
G (IgG) class) are considered more clinically relevant and specific for 
SLE [6–8,13]. 

In 1971, the American Rheumatism Association (ARA) proposed 
‘Preliminary Criteria for the Classification of SLE’ [14,15], which were 
updated by the American College of Rheumatology (ACR) in 1982 [16], 
and in 1997 [11]. The subsequent 2012 Systemic Lupus International 
Collaborating Clinics (SLICC) classification criteria [12] incorporated 
additional elements and a refinement to the criteria definitions to 
incorporate new antibody testing, requiring at least one immunologic 
criterion to be present such as “anti-dsDNA above laboratory reference 
range, except enzyme-linked immunosorbent assays (ELISA): twice 
above laboratory reference range”. While achieving their goal of 
increasing sensitivity, the SLICC criteria have lower specificity than the 
1997 ACR criteria [1]. 

The 2019 classification criteria for SLE developed by the European 
League Against Rheumatism (EULAR) and the ACR provide a new 
benchmark for anti-dsDNA testing, that is “an immunoassay with 
demonstrated ≥ 90% specificity for SLE against relevant disease con-
trols” [1]. In practice, these criteria are also used to support diagnosis. 
The 2019 EULAR/ACR benchmark for anti-dsDNA testing was intro-
duced because some anti-dsDNA tests used in practice have relatively 
low specificity [1]. It is timely to evaluate the diagnostic performance of 
anti-dsDNA tests compared to this new benchmark. To this end we 
conducted a comprehensive systematic literature review to identify all 
published studies evaluating anti-dsDNA tests for SLE. Next we com-
bined eligible quantitative data in a meta-analysis, using a robust sta-
tistical method that would provide an estimate of the sensitivity and 
specificity of anti-dsDNA for SLE. 

In this paper we present the diagnostic performance of the FEIA anti- 
dsDNA test, (ELIA™ dsDNA, Phadia AB, Uppsala, Sweden), and compare 
the pooled specificity against the ≥90% benchmark stated in the current 
classification criteria for SLE. As the published data for the other 
methods were not appropriate to allow for a quantitative evaluation, a 
qualitative assessment of these studies is planned for a future article. 

2. Materials and methods 

2.1. Systematic literature review process 

A structured literature search and systematic literature review was 
conducted as per The Cochrane Collaboration recommendations, for a 
review of diagnostic test accuracy studies [17]. The search strategy 
combined search filters for ‘systemic lupus erythematosus’ and ‘double- 
stranded DNA antibodies’ with key terms for diagnostic accuracy test 
studies using Emtree/MeSH terms and free text strings, plus an addi-
tional search filter for commercially available dsDNA tests (test name or 
manufacturer in title or abstract, device name or device manufacturer). 
Using these filters, we conducted an electronic search for studies pub-
lished from 2004 to August 2019 in MEDLINE, Embase, Cochrane 
Central Register of Controlled Trials (CENTRAL) and Database of Ab-
stracts of Reviews of Effects (DARE). The original database search was 
conducted on 4th March 2015 to capture all studies published since 
2000. The literature search was updated on 21st August 2019 to ensure 
all published studies from January 2000 to August 2019 have the po-
tential to be included in this review. 

All citations retrieved from the electronic search were screened 
against the review inclusion criteria (see Section 1.2). The initial 
screening was based on the citation title and abstract, with a second 
screening using full-text papers to confirm their eligibility for inclusion 
in the review. The literature search citation flow is reported as per the 
Preferred Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) statement [18] and is provided in the supplemental 

materials Fig. S-3. 

2.2. Inclusion criteria 

Study design: Included studies were observational, retrospective or 
prospective, cross-sectional or cohort studies of diagnostic test accuracy 
with at least 10 patients enrolled. 

Population: To be included in the analysis, study populations needed 
to include an SLE cohort and a non-SLE control group to reflect the type 
of patients who may be referred for dsDNA testing in practice. For 
studies with a cross-sectional design the population would be patients 
referred for a dsDNA test in clinical practice and subsequently divided 
into cases and controls. In a case-control study, participants with known 
SLE are enrolled (cases) alongside participants known to not have SLE as 
control subjects. 

Classification of SLE cases: To be included in the review, all patients 
had to have a definitive classification of SLE, or to have had SLE ruled 
out. The reference standard needed to be the accepted clinical criteria 
for classification of SLE at the time of the study, namely ACR 1982, ACR 
1997 or SLICC 2012 [11,12,16]. 

Relevant disease controls: To be included in our review, studies 
needed to include a control group with relevant diseases. The inter-
pretation of relevant disease controls was broadly guided by the deri-
vation and validation cohort used to develop the 2019 EULAR/ACR 
criteria [1]. In this, international SLE experts contributed control sam-
ples from patients evaluated at their centres with conditions mimicking 
SLE including a range of conditions such as other connective tissue 
diseases (Sjögren’s syndrome, systemic sclerosis) and other rheumatic 
diseases (rheumatoid arthritis, spondyloarthritis). For the meta-analysis 
we removed healthy controls, such as blood donors or volunteers with 
no relevant health condition, from the dataset (see Table S-4 for the data 
excluded from this analysis). Healthy patients will differ from diseased 
patients and do not reflect the type of patients referred for anti-dsDNA 
testing in practice. Furthermore, inclusion of test results from healthy 
controls is likely to overestimate the specificity of the test [19]. 

Index tests: For inclusion in this meta-analysis, studies needed to 
report data for the index test FEIA dsDNA. The cut-off for a positive FEIA 
dsDNA test is as per the manufacturer’s recommendations (≥15 IU/ml). 

Outcome data: Each study needed to report the test count data, 
namely the number of true positives (TP), true negatives (TN), false 
positives (FP), and false negatives (FN) for each test. Alternatively, the 
study needed to report the sensitivity and specificity of each test along 
with number of patients in the SLE and disease control cohorts, such that 
test count data can be replicated from this information. 

2.3. Quality assessment 

The study quality was assessed using the Quality Assessment Tool for 
Diagnostic Accuracy Studies version 2 (QUADAS-2) checklist [20] to 
assess potential for bias in patient selection, attrition, flow and timing of 
the tests, and conduct and interpretation of the index tests and reference 
standard. The QUADAS-2 assessment for each study included in the 
analysis is given in Supplemental materials Table S-5. 

2.4. Study data summary estimates 

The sensitivity of a test is defined as the probability that the index 
test result will be positive in a patient with SLE. The specificity of a test is 
defined as the probability that the index test result will be negative in 
non-SLE disease controls. For each study the sensitivity and specificity of 
FEIA dsDNA was calculated and the 95% confidence interval (CI) around 
the sensitivity and specificity estimates was calculated using the exact 
(Clopper-Pearson) method [21]. The diagnostic odds ratio (DOR) is the 
ratio of the odds of a positive test in an SLE patient relative to the odds in 
a control subject. DOR can be a useful measure when comparing tests if 
there is no preference for either superior sensitivity or specificity and the 
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focus is on global performance [22]. If the DOR is less than one then the 
test is uninformative and is of no clinical value. 

The Cochrane Collaboration suggest summarising data from indi-
vidual studies via summary receiver operating characteristic (ROC) plots 
or forest plots [17]. The hierarchical summary receiver operating 
characteristic (HSROC) curve plots sensitivity versus specificity 
(expressed as 1 - specificity) after fitting the test count data using the 
metandi package in STATA MP v16.1 [23,24]. The plot shows the indi-
vidual study data and a summary (pooled) estimate, the ROC curve, the 
95% confidence region around the summary estimate and a 95% pre-
diction region taking into account unobserved heterogeneity: if a new 
study was conducted, we would expect the ‘true’ sensitivity and speci-
ficity to lie within the prediction region with a 95% confidence level 
[17,24]. The prediction region can be wider than the confidence region 
as it goes beyond the uncertainty in the available data [22]. The sum-
mary HSROC graph is presented in Section 3.3, Fig. 1. Forest plots of 
study-level sensitivity and specificity are also provided (Supplemental 
materials Figs. S-4A to S–4B). 

2.5. Meta-analysis methods 

The meta-analysis was conducted using a hierarchical, bivariate, 
mixed-effect model as recommended in the Cochrane Handbook for 
Systematic Reviews of Diagnostic Test Accuracy [17] and was conducted 
in STATA MP v16.1 using the meqrlogit function [25–27,38,39]. Further 
information on the meta-analysis methods can be found in Supplemental 
Materials S-1. 

3. Results 

3.1. Summary of studies included in the review and meta-analysis 

The literature review (up to August 2019) identified 30 citations that 
met the inclusion criteria for this review (as described in Section 2.2) of 
which six studies [13,28–32] reported data for the FEIA dsDNA test, 
representing the only studies eligible to be included in the quantitative 
meta-analysis. The PRISMA diagram in Supplemental Materials, Fig. S-3, 
provides a summary of the citation flow and Table 1 below shows an 
overview of the FEIA dsDNA studies. The six studies included a total of 
1977 patients, 47% of whom had SLE confirmed based on the reference 
standard using the former ACR [11,16] or SLICC [12] classification 
criteria. All six studies were based in Europe. In five of the six studies the 
setting was a hospital rheumatology/immunology department 
[13,29,30,32] or internal medicine department [31]. One study [28] 
used excess serum samples obtained from European clinical practices 
and stored in a university-based research biobank, with disease classi-
fications confirmed using the relevant clinical criteria. 

3.2. Summary of the quality of the studies included in the review and 
meta-analysis 

Overall, the quality assessment indicated that the studies were of 
sufficient quality to allow for the diagnostic test data to be pooled in a 
meta-analysis. 

In the QUADAS-2 assessment, the main concern was that a case- 
control design was used for five [13,28,30–32] out of six studies. The 
QUADAS-2 assessment also flagged that the interpretation of the index 
test was conducted with prior knowledge of the reference standard in 
three out of the six studies. However, this is unlikely to lead to bias since 
the FEIA dsDNA test gives an objective measurement, as there is a pre- 
determined cut-off for a positive test of 15 IU/ml and an automatic 
reader to quantify the intensity of the fluorescence reaction. One po-
tential concern with any diagnostic test accuracy study is the potential 
for the index test to be incorporated into the reference standard. Since 
this may lead to biased results this is considered as part of the QUADAS- 
2 assessment. In this indication, the reference standard (namely the ACR 
1982, ACR 1997 or SLICC 2012 criteria) requires several criteria to be 
met for a classification of SLE to be made (which may or may not include 
a positive anti-dsDNA test). In addition, the index test in this analysis is 
FEIA dsDNA and this may not have been the test used to establish a case 
of SLE. We therefore conclude, that there is a low risk of bias arising 
from the potential for the FEIA dsDNA test result to be both part of the 
index test and reference standard. 

See Supplemental Materials Table S-5 for a summary of the QUADAS- 
2 assessment for each of the included studies. 

3.3. Summary of study estimates of diagnostic test accuracy 

The diagnostic test accuracy data reported by each of the six studies 
is shown in Supplemental Materials Table S-4. The estimated average % 
sensitivity and % specificity for each study with 95% confidence in-
tervals are presented as forest plots. In Fig. S-6A, the % sensitivity in SLE 
patients varies across the studies with estimates from 26.7% to 81.2%. 
The sensitivity of the test will depend upon the level of SLE disease 
activity which may be measured using SLEDAI-2 K [40] or ECLAM [41]. 
For three of the studies, test sensitivity was available separately for SLE 
patients with active disease and inactive disease, with active disease 
defined as a SLEDAI-2 K score ≥ 4 [29,31] or an ECLAM score > 2 [30]. 
Fig. S–6B shows that the % specificity for SLE based on diseased con-
trols ranged from 90.1% to 98.1% across the six studies. 

The FEIA dsDNA diagnostic test data are further illustrated in Fig. 1, 
from which a HSROC plot of sensitivity versus specificity is estimated, 
alongside a summary estimate of sensitivity and specificity across all six 
studies, and 95% confidence and prediction region around these 

Fig. 1. HSROC graph with 95% prediction/confidence region: Using study 
population data from 6 studies. Size of circle corresponds to size of study 
cohort. 95% confidence region: the average sensitivity and specificity is likely 
to lie within this region with a 95% confidence level based on the data sample. 
95% prediction region: the ‘true’ sensitivity and specificity of a new study will 
lie within this region with a 95% confidence level. Red line is 90% specificity. 
Blue line is DOR = 1; below this line the test is uninformative and is of no 
clinical value. HSROC - hierarchical summary receiver operating characteristic. 
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estimates. The 95% confidence region is the region where we are 95% 
confident that the summary estimate lies in this region based on the data 
sample. If a new study was conducted, we would expect the ‘true’ 
sensitivity and specificity to lie within the prediction region with a 95% 
confidence level. 

3.4. Meta-analysis of FEIA dsDNA 

We conducted a meta-analysis using data from the six studies, cor-
responding to the study population data shown in Table 1. The results of 
the meta-analysis are shown in Table 2. The sensitivity for FEIA dsDNA 
across all SLE study populations was estimated to be 52.41% (95% CI 
36.43%, 67.92%). The meta-analysis produced specificity estimates of 
94.7% (95% CI 91.67%, 96.67%). The 95% confidence interval lies 
above the benchmark of 90%, indicating that this test meets the revised 
2019 EULAR/ACR criteria for SLE regarding anti-dsDNA test specificity. 

4. Discussion 

The EliA™ dsDNA test is a fully-automated fluorescence enzyme 
immunoassay (FEIA) that is designed to detect anti-dsDNA IgG anti-
bodies with medium/high affinity/avidity using circular plasmid dsDNA 
to limit the detection of antibodies reacting with single-stranded DNA, 
and a stringent washing buffer to avoid detection of low affinity/avidity 
antibodies [33]. 

We identified published diagnostic test accuracy studies of FEIA 
dsDNA in SLE, and conducted a meta-analysis to combine the data across 
studies using recognised statistical models. The sensitivity of FEIA 
dsDNA of 52.41% obtained from the meta-analysis is similar to the 
general estimation of 50% anti-dsDNA test sensitivity stated in the pre- 
EULAR/ACR 2019 review by Aringer et al. [34]. The meta-analysis es-
timates a specificity of 95% (95% CI: 92%, 97%) which also concurs 
with the Aringer review and is above the benchmark of 90% set out in 
the 2019 EULAR/ACR classification criteria. 

This paper is the first to demonstrate the diagnostic accuracy of the 
FEIA dsDNA test using a robust meta-analysis. A quantitative analysis 
was feasible only for this test given the data reported and the consistency 
with which the test was performed across the studies. The diagnostic 
accuracy of other commercially available anti-dsDNA tests has yet to be 
confirmed in a systematic analysis. The systematic literature review 
identified 33 diagnostic test accuracy studies covering a range of anti- 
dsDNA tests using different methods such as chemiluminescence im-
munoassays (CLIA), crithidia luciliae indirect immunofluorescence tests 

Table 1 
Summary of FEIA dsDNA studies included in the review and meta-analysis.  

Study Design, Country, Setting, 
Reference Standard 

Total Total 
SLE 

SLE Activity Total 
controls 

Disease Control description Control group data 
adjustment 

Carmona- 
Fernandes 
2013 [28] 

Case-control, Portugal, 
university research biobank 
of surplus serum samples 
from clinical practice, ACR 
1997 

383 127 Mixed active & inactive 
SLE: SLEDAI-2 K mean 
3.3 (SD 4.2) 

256 256 rheumatic disease (100 rheumatoid 
arthritis, 34 juvenile idiopathic arthritis, 99 
ankylosing spondylitis, and 23 psoriatic 
arthritis) 

100 healthy 
patients excluded 

de Leeuw 2017 
[29] Cohort of 
consecutive 
patientsa 

Cross-sectional, 
Netherlands, immunology/ 
rheumatology hospital 
department, single-centre, 
ACR 1982 

406 192 Mixed active & inactive 
SLE: 152 ‘Quiescent’ 
disease: SLEDAI-2 K < 4; 
40 Active disease 

214 25 patients with rheumatoid arthritis, 20 
mixed connective tissue disease, 19 non- 
specific joint complaints, 18 incomplete 
lupus, 16 spondyloarthropathy, 14 colitis or 
autoimmune hepatitis, 11 Sjögren’s 
syndrome, 11 Raynaud’s phenomenon, 6 
antiphospholipid syndrome, 6 
undifferentiated autoimmune diseases, 5 
infectious diseases, 3 systemic scleroderma 
and 60 other diseases 

No adjustment (no 
healthy patients in 
the study) 

Enocsson 2015 
[13] 

Case-control, Sweden, 
rheumatology clinic, single- 
centre, ACR 1982 or SLICC 
2012 

327 178 Mixed active & inactive 
SLE: SLEDAI-2 K: Mean 
2.3; Range 0–16 

149 54 patients with primary Sjögren’s 
syndrome and 95 patients with rheumatoid 
arthritis 

No adjustment (no 
healthy patients in 
the study) 

Ghirardello 2011 
[30] 

Case-control, Italy, 
rheumatology hospital 
department, multi-centre (9 
sites), ACR 1982 or ACR 
1997 

384 223 Mixed active & inactive 
SLE: 120b Active SLE 
(ECLAM >2); 63b 

Inactive 

161 161 patients with rheumatic, infectious or 
neoplastic diseases 

55 healthy 
patients excludedb 

Launay 2010 
[31] 

Case-control, France, 
internal medicine hospital 
department, single-centre, 
ACR 1997 

152 99 Mixed active & inactive 
SLE: 14 Moderate to 
severe activity (SLEDAI- 
2 K ≥ 4); 85 No to Low 
activity 

53 16 patients with rheumatoid arthritis; 18 
patients with primary Sjögren’s syndrome; 
12 systemic sclerosis; 7 patients with 
polymyositis 

101 healthy 
patients excluded 
(data provided in 
publication) 

Lopez-Hoyos 
2004 [32] 

Case-control, Spain, 
immunology/ 
rheumatology hospital 
department, single-centre, 
ACR 1982 

325 105 Author commented that 
patients were “Probably 
inactive SLE”b 

220 35 Sjögren’s syndrome; 25 systemic 
sclerosis; 19 primary antiphospholipid 
syndrome; 31 undifferentiated connective 
tissue disease; 38 rheumatoid arthritis; 14 
spondyloarthropathy; 47 polymyalgia 
rheumatica/giant cell arteritis; 11 other 
non-connective tissue diseases 

67 healthy 
patients excluded 
(data provided in 
publication) 

SD, standard deviation. 
a This publication also reported dsDNA results for a sub-study of SLE patients with nephritis and a longitudinal cohort of SLE patients with exacerbation. Data from 

these cohorts were not included since there were no control patients. 
b Personal communication with main study author. 

Table 2 
Meta-analysis from 6 studies (1977 patients, 47% SLE) reporting data for FEIA 
dsDNA.   

Point estimate 95% CI 

Sensitivity 52.41% (36.43%, 67.92%) 
Specificity 94.70% (91.67%, 96.67%) 
LR+ 9.89 (6.77, 14.44) 
LR– 0.50 (0.36, 0.70) 
DOR 19.68 (11.4, 33.98)  
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(CLIFT), ELISA, Farr radioimmunoassays (FARR-RIA) and multiplex 
immunoassays (MIA). A provisional review of these studies indicates 
many differences across studies in terms of populations, designs and test 
characteristics, which obstructs performing a quantitative analysis for 
more tests. A qualitative evaluation of the 33 studies reporting diag-
nostic test accuracy of anti-dsDNA test by method is currently in 
preparation. 

One limitation of the systematic review was that a case-control 
design was used for five out of the six studies. The key issue with such 
designs pertains to biases arising from non-random patient selection and 
the generalisability of the study population to patients referred for 
testing in clinical practice. Regarding the identification of cases, SLE 
cases were defined using classification criteria available at the time of 
the study [11,12,16]. It is recognised that the SLICC 2012 criteria [12] 
have higher sensitivity than the ACR 1997 criteria [11] but with lower 
specificity [34]. The new 2019 EULAR/ACR criteria have a similar 
sensitivity to SLICC (96.1% versus 96.7% in the validation cohort) and 
the same specificity as ACR 1997 (93.4%). From this we infer that the 
reference standard used to define SLE cases in the studies completed 
prior to the publication of the EULAR/ACR classification criteria may 
classify a narrower range of SLE manifestations compared to the new 
2019 EULAR/ACR criteria [1]. We also note that test sensitivity will 
vary depending upon disease activity and organ manifestations, and 
whether the test is being conducted in a patient with emergent or 
established SLE (see exploratory analysis in the Supplemental 
materials). 

Similarly, test specificity depends upon the type of control subjects 
selected for the study. When selecting patients for the SLE cohort, the 
studies used the classification of SLE available at the time of the study 
[11,12,16], and not the new criteria for SLE published in 2019 
[1,34,35]. Based on the validation cohort, the new 2019 SLE criteria 
have similar sensitivity to the SLICC [12] for ruling in SLE but better 
specificity for ruling out SLE. For the meta-analysis, we have removed 
the test count data for healthy controls: the rate of false positives is lower 
in healthy controls compared to disease controls (see Table S-4) and 
inclusion of healthy controls would overestimate the test specificity 
[19]. The revised 2019 criteria benchmark for dsDNA antibody testing, 
requires a demonstration of specificity for SLE against relevant disease 
controls. Of the 1053 patients included in the study control groups, the 
most common diagnosis was a rheumatic disease such as rheumatoid 
arthritis, juvenile idiopathic arthritis, ankylosing spondylitis or psoriatic 
arthritis in 44% of controls, with a further 24% of controls with a form of 
connective tissue disease (CTD) other than SLE (Sjögren’s syndrome, 
systemic sclerosis, mixed CTD, undifferentiated autoimmune disease, 
incomplete SLE, polymyositis, Raynaud’s phenomenon). We note that 
similar disease controls were used in the derivation and validation 
cohort used to develop the 2019 EULAR/ACR criteria [1]. Whilst the 
range of diseases used as controls may reflect those that may be referred 
for anti-dsDNA testing to rule out SLE, it may not reflect the proportion 
and mix of diseases seen in practice in some clinical settings. 

Regarding the wider generalisability of the study populations to 
patients referred for anti-dsDNA testing, we note that all included 
studies were based in Europe, with a similar setting for 5 out of 6 studies 
(referral to a hospital department, immunology or rheumatology clinic 
for testing). One study used samples from a university research biobank 
and the test setting is not reported. It is likely that the expected sensi-
tivity and specificity of the test will vary depending upon the test setting. 
This is partially addressed in the analysis whereby test results are pro-
jected whilst varying the underlying prevalence of SLE (Table S-7, 
Supplemental Materials). Some laboratories receive the majority of their 
serum samples from primary and secondary care where a diverse range 
of diseases may be encountered for which SLE can be more easily ruled 
out. In a tertiary care setting such as a specialist university medical 
centre, patient referrals may have come from peripheral hospitals, to 
obtain a second opinion on borderline or difficult to classify cases that 
have tested positive for anti-dsDNA, thus increasing the possibility of 

false positives and lowering the expected specificity of the test. It may 
also be the case that specialist referral centres will observe a higher 
prevalence of SLE patients among their test population, compared to 
primary and secondary care. The cross-sectional study by de Leeuw et al. 
[29] was conducted in a tertiary university medical centre and reported 
a high SLE prevalence of 47.3%. The meta-analysis predicts that more 
than 90% of patients will be correctly identified by the FEIA dsDNA test 
in settings where the prevalence of SLE is under 10% (see Table S-7, 
Supplemental Materials). Some requests for anti-dsDNA tests are un-
necessary, resulting from inadequate knowledge of the disease area or 
test performance, or a lack of compliance with clinical guidelines [36]. 
An appropriate referral for anti-dsDNA testing can be prompted by a 
wide variety of clinical signs and symptoms that correlate with SLE [37], 
although not exclusively. ANA testing can be overused in primary care 
and, given its low specificity when used to screen for rheumatic diseases 
such as SLE, contributes to unnecessary referrals [37]. Given that there 
can be a very low proportion of patients with SLE in the population 
referred for testing in some settings, a failure to swiftly rule out SLE can 
lead to further medical investigations and anxiety for the patient, 
something that could and should be avoided by ensuring that the anti- 
dsDNA test used has proven specificity. 

4.1. Conclusion 

Based on the meta-analysis results and the population studied, we 
have demonstrated that the FEIA dsDNA has a greater than 90% speci-
ficity for SLE against relevant disease controls. Therefore, FEIA dsDNA 
performs in accordance with the 2019 SLE classification criteria [1] . 

Declaration of Competing Interest 

Dr. Orme reports personal fees from Thermo Fisher Scientific, during 
the conduct of the study; personal fees from Thermo Fisher Scientific, 
outside the submitted work. 

Dr. Voreck reports personal fees from Thermo Fisher Scientific, 
Phadia AB, Uppsala, Sweden (through subsidiary Phadia GmbH, Frei-
burg, Germany), during the conduct of the study; personal fees from 
Thermo Fisher Scientific, Phadia AB, Uppsala, Sweden (through sub-
sidiary Phadia GmbH, Freiburg, Germany), outside the submitted work. 

Dr. Aksouh reports personal fees from Thermo Fisher Scientific, 
Phadia AB, Uppsala, Sweden, during the conduct of the study; personal 
fees from Thermo Fisher Scientific, Phadia AB, Uppsala, Sweden, other 
from Thermo Fisher Scientific, Phadia AB, Uppsala, Sweden, outside the 
submitted work. 

Dr. Schreurs reports grants from Thermo Fisher Scientific, during the 
conduct of the study; grants from Thermo Fisher Scientific, outside the 
submitted work. 

Prof. Ramsey-Goldman reports personal fees from Thermo Fisher 
Scientific, during the conduct of the study. This research did not receive 
any specific grant from funding agencies in the public, commercial, or 
not-for-profit sectors. 

Acknowledgements 

Mark Orme (ICERA Consulting Ltd) aided with the systematic liter-
ature review (August 2019), and with the drafting and proofreading of 
this article. We would like to thank Dr. Anna Ghirardello, Division of 
Rheumatology, University of Padova, Italy for providing additional 
study data for this analysis. Mark Ratcliffe (PHMR) designed the original 
systematic review search strategy and conducted the original search 
(March 2015). We would also like to thank Carmen Andalucia (former 
Thermo Fisher Scientific employee) for her conceptual contributions. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 

M.E. Orme et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.autrev.2021.102943


Autoimmunity Reviews 20 (2021) 102943

6

org/10.1016/j.autrev.2021.102943. 

References 

[1] Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-Goldman R, et al. 
2019 European league against rheumatism/American College of Rheumatology 
Classification Criteria for systemic lupus Erythematosus. Arthritis Rheum 2019;71 
(9):1400–12. 

[2] Leuchten N, Hoyer A, Brinks R, Schoels M, Schneider M, Smolen J, et al. 
Performance of antinuclear antibodies for classifying systemic lupus 
erythematosus: a systematic literature review and meta-regression of diagnostic 
data. Arthritis Care Res (Hoboken) 2018;70(3):428–38. 

[3] Damoiseaux J, Andrade LEC, Carballo OG, Conrad K, Francescantonio PLC, 
Fritzler MJ, et al. Clinical relevance of HEp-2 indirect immunofluorescent patterns: 
the international consensus on ANA patterns (ICAP) perspective. Ann Rheum Dis 
2019;78(7):879–89. 

[4] Fabrizio C, Fulvia C, Carlo P, Laura M, Elisa M, Francesca M, et al. Systemic lupus 
erythematosus with and without anti-dsDNA antibodies: analysis from a large 
monocentric cohort. Mediators Inflamm 2015;2015:328078. 

[5] Ghirardello A, Villalta D, Morozzi G, Afeltra A, Galeazzi M, Gerli R, et al. 
Evaluation of current methods for the measurement of serum anti double-stranded 
DNA antibodies. Ann N Y Acad Sci 2007;1109:401–6. 

[6] Villalta D, Romelli PB, Savina C, Bizzaro N, Tozzoli R, Tonutti E, et al. Anti-dsDNA 
antibody avidity determination by a simple reliable ELISA method for SLE 
diagnosis and monitoring. Lupus 2003;12(1):31–6. 

[7] Conrad K, Schößler W, Hiepe F, Fritzler MJ. Double-stranded DNA (dsDNA) 
antibodies. In: Autoantibodies in Systemic Autoimmune Diseases. Dresden, 
Germany: PABST; 2015. p. 73–4. 
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