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ABSTRACT
Objective  Antidouble-stranded DNA (dsDNA) 
antibodies are essential for diagnosis and follow-up 
of systemic lupus erythematous (SLE). To ensure the 
best diagnostic approach, most healthcare laboratories 
opt for a combination of highly sensitive methods, 
such as solid-phase immunoassays, and highly 
specific methods, such as the Crithidia luciliae indirect 
immunofluorescence test (CLIFT). Even so, discordant 
results are common, thus hindering the diagnostic 
process. Therefore, this study aimed to characterise a 
cohort of patients with discrepant results for a dsDNA 
fluorescence enzyme immunoassay (FEIA) and CLIFT 
during 2016–2018 and to follow patients up until 
December 2021.
Methods  We performed an observational, 
longitudinal and retrospective study on 417 samples 
from 257 patients who had been referred for 
suspected connective tissue diseases or followed 
up after diagnosis. All of them were positive for 
antinuclear antibodies (ANAs) using an indirect 
immunofluorescence assay (IFA) on Hep-2 cells, 
the entry criterion in our laboratory, and positive for 
FEIA dsDNA. Samples were then tested with CLIFT 
according to our routine protocol, which includes CLIFT 
testing after FEIA dsDNA results ≥10 UI/ml. After the 
assessment of data quality, the final analysis was 
based on 222 patients.
Results  Eighty-three patients (37.4%) had positive 
results in both tests and met the diagnostic criteria 
for SLE. However, 139 patients (62.6%) had discrepant 
results (FEIA+, CLIFT–). Of these, 58 patients (41.7%) 
had a diagnosis of SLE, with 47 (33.8%) having 
been previously diagnosed and under treatment. The 
remaining 11 patients (7.9%) had a new diagnosis of 
SLE, which was made up within 4 years of the initial 
screening. A total of 81 of the 139 patients (57.5%) 
with discrepant results did not meet lupus criteria 
during the follow-up period.
Conclusions  The study showed that CLIFT could be 
negative in both treated and newly diagnosed SLE, 
thus underlining the importance of follow-up of dsDNA-
positive results using solid-phase tests. Therefore, 
quantitative tests such as FEIA could add value to the 
diagnosis and management of patients with suspected 
SLE.

INTRODUCTION
Antidouble-stranded DNA (anti-dsDNA) 
autoantibodies play a pivotal role in the diag-
nosis and follow-up of SLE1–3 and are related 
to the development of lupus nephritis.4 5 The 
2019 European League Against Rheumatism 
(EULAR) and the American College of Rheu-
matology (ACR) criteria for classifying SLE 
include positive values for SLE-specific anti-
bodies, such as anti-dsDNA autoantibodies, 
as the criterion with the highest weight in 
the immunology domains. Moreover, anti-
dsDNA autoantibodies must be measured 
using an assay with at least 90% specificity 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ The Crithidia luciliae indirect immunofluorescence 
test (CLIFT) has long been regarded as the gold 
standard in the diagnosis of SLE, but its limited sen-
sitivity has been well documented.

	⇒ Solid phase assays are more sensitive for measur-
ing double-stranded DNA (dsDNA) antibodies, but 
they have low specificity, which results in seemingly 
‘false positives’.

WHAT THIS STUDY ADDS

	⇒ This study follows patients with discrepancies be-
tween dsDNA solid-phase assay and CLIFT results 
over time.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The study provides new evidence that can aid lab-
oratory experts in explaining to rheumatologists the 
discrepancies between CLIFT and fluorescence en-
zyme immunoassay results. We provide the follow-
ing recommendations:
Specifications on the type of antibodies recognised 
by each method must be specified in the clinicians’ 
report (avidity, Ig isotype and the method itself).
It is not appropriate to consider dsDNA-positive re-
sults that match CLIFT-negative results as false pos-
itives; instead, patient follow-up should be advised.  on A
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against relevant disease controls.2 In addition, antibody 
titres are included in the Systemic Lupus Erythematous 
Disease Activity Index.6 Several anti-dsDNA autoantibody 
tests are commercially available. However, discrepancies 
between the results they generate are expected owing to 
the heterogeneity of the assays (differences in the power 
of test methods to detect high-avidity or low-avidity anti-
bodies) and of autoantibody populations (differences in 
the avidity level of dsDNA autoantibodies).3 This heter-
ogeneous landscape generates intense debate and has 
recently been reviewed.7 In fact, variability between analyt-
ical approaches is one of the main barriers to further 
standardisation of evaluation methods.7–9 Consistent 
discrepancies are frequently recorded between the Crith-
idia luciliae indirect immunofluorescence test (CLIFT) 
and solid-phase tests.10 The Farr radioimmunoassay 
(Farr-RIA) is considered the gold standard for detecting 
anti-dsDNA antibodies. However, due to the employ of 
radioisotopes, the Farr-RIA is no longer used in most 
laboratories. Instead, CLIFT, solid-phase immunoassays, 
and—better still—a combination of both techniques is 
regarded as the best approach in clinical practice. With a 
specificity ranging from 95.0 % to 100 % in most studies, 
a positive CLIFT result is considered pathognomonic for 
SLE.8 However, its sensitivity is very variable, as low as 
<6%,7 and lower than that of solid-phase tests,8 especially 
in early stage SLE.11 Moreover, CLIFT is an observer-
dependent test and, being semiquantitative, does not 
adequately determine antibody levels, thus reducing 
its usefulness for monitoring disease.8 The solid-phase 
dsDNA assay EliA (Thermo Fisher Scientific, Freiburg, 
Germany) is a robust fluorescence enzyme immunoassay 
(FEIA) for the detection of anti-dsDNA autoantibodies 
that measures IgG antibodies in vitro. The median spec-
ificity of this method is 94.2% (91.0%–97.7%), which 
differs little from that of CLIFT, although its sensitivity is 
higher (median, 54.5% (26.7%–81.0%)).8 Indeed, none 
of the available assays used to diagnose SLE is sensitive 
and specific enough, and harmonisation between the 
methods is a goal that has not yet been attained.8 9

In our laboratory, we use an algorithm to study ANA-
positive patients for whom anti-dsDNA antibody testing 
is requested. The first step of the algorithm involves a 
solid-phase dsDNA assay. Positive and borderline samples 
(FEIA dsDNA result ≥10 UI/ml) are then tested using 
CLIFT for confirmation. However, given the reduced 
usefulness of CLIFT for the follow-up of SLE, cases with a 
previous positive CLIFT result are not retested (figure 1). 
In our routine, as also reported in the literature,10 discrep-
ancies are sometimes found between these tests, mainly 
when positive values in the solid phase assay are low or 
within the equivocal range. In these cases, reporting 
conflicting results to clinicians is challenging. There-
fore, our main objectives were to characterise a cohort of 
samples displaying discrepant results for FEIA and CLIFT 
during 2016–2018 and to analyse patient follow-up until 
December 2021.

METHODS
Study design and participants
Our retrospective descriptive study initially included 
all consecutive serum samples referred between 2016 
and 2018 to a tertiary hospital for ANA screening 
(37 427 samples). Of the 13 910 ANA-positive samples, 
4161 were analysed using dsDNA FEIA; 1024 samples were 
borderline (10–15 IU/mL) or positive (≥ 15 IU/mL). 
According to our routine laboratory testing algorithm 
(figure 1), not all samples displaying FEIA-positive results 
are tested using CLIFT. Therefore, only 417 samples from 
257 patients were also analysed using CLIFT. There were 
35 losses for various reasons (absence of diagnosis in the 
history, lack of quantitative results for dsDNA FEIA). 
Data from 222 patients were finally included (figure 2). 
Samples and patients were classified according to CLIFT 
and FEIA dsDNA results as double-positive (FEIA+ and 
CLIFT+) or discrepant (FEIA+ and CLIFT−).

Laboratory assays
The EliA assay was performed using a Phadia 250 System 
(Phadia AB, Uppsala, Sweden). Details of the complete 

Figure 1  Schematic algorithm for detection of anti-dsDNA autoantibodies. First, ANA screening was performed on HEp-2 
cells. Positive samples (≥1/160 titre) were analysed using a solid-phase fluorescence enzyme immunoassay (FEIA). When the 
results were ≥10 IU/mL, the presence of anti-dsDNA autoantibodies was subsequently confirmed by CLIFT (Crithidia luciliae 
indirect immunofluorescence test). *Cases with a previous positive CLIFT result were not retested. dsDNA, double-stranded 
DNA.
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Figure 2  Workflow with the classification of the study group according to the results of the fluorescence enzyme immunoassay 
(FEIA) and Crithidia luciliae indirect immunofluorescence test (CLIFT) following the laboratory algorithm (see figure 1). Only 417 
positive/borderline samples in FEIA were tested with CLIFT, given that results were already available for the remaining samples. 
dsDNA, double-stranded DNA.
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procedure can be found elsewhere.12 This method 
provides quantitative information in IU/mL. The vari-
able results were also categorised as negative (<10 IU/
mL), equivocal (10–15 IU/mL) and positive (>15 IU/
mL), according to the manufacturer’s instructions.

The CLIFT assay and ANA testing on Hep-2 cells were 
performed on Biosystems slides (Biosystems, Barcelona, 
Spain) at 1/10 and 1/160 standard titrations, respec-
tively, as previously described for each method.13–15 After 
a manual reading, the CLIFT result was reported quali-
tatively and the ANA result as titration levels (titre). The 
International Consensus on ANA Patterns (ICAP) nomen-
clature was used to assign the type of ANA pattern.16

Data collection
In the case of patients with discrepant FEIA/CLIFT 
samples, laboratory variables (ANA titre, Anti-cell 1 
(AC-1) ANA pattern, FEIA, CLIFT) and clinical variables 
(2019 EULAR criteria, age, sex) were extracted from 
medical records and analysed extensively up to December 
2021 for a possible confirmed diagnosis of SLE during 
the 2016–2021 follow-up. Diagnosis of SLE was based on 
the physician’s global assessment according to the 2016 
and, subsequently, 2019 EULAR/ACR criteria.2

This retrospective observational study was conducted 
according to national regulations and institutional poli-
cies and the tenets of the Declaration of Helsinki. Patient 
data were anonymised according to the Spanish official 
procedure.17

Statistical analysis
The Kolmogorov-Smirnov test was used to assess the 
normality of data distribution. Descriptive statistics were 
reported as the mean, median, SD and IQR for contin-
uous variables (age, FEIA, ANA titre) and as frequencies 
and percentages for discrete variables (sex, AC-1 ANA 
pattern, CLIFT, categorised FEIA, EULAR 2019 criteria).

Differences in continuous variables between the two 
groups were assessed using the t test for those variables 
that were normally distributed according to the Shapiro–
Wilk test, with equal or unequal variances selected 
depending on the result of the Levene test; the analysis 
of variance test was used for comparison between more 
than two groups. Non-normally distributed continuous 
variables were assessed using the Mann-Whitney test 
(two groups) or the Kruskal-Wallis test (more than two 
groups). Pearson’s χ2 test was used to assess differences 
between discrete variables. Statistical significance was set 
at p<0.05 with 95% CI.

Availability of data and materials
All data collected, including fully anonymised partici-
pant data, are available. This information includes fully 
anonymised participant data and a data dictionary. 
Related documents (study protocol, statistical analysis 
and ethics committee approval) are available from the 
date of publication onwards at the email address ​aurora.​
jurado.​sspa@​juntadeandalucia.​es.

Data will be shared after approval of proposals by the 
Ethics Committee of University Hospital Reina Sofía.

RESULTS
According to the results of CLIFT and the final diag-
nosis, we identified four patient groups (table 1). Eighty-
three patients were CLIFT-positive, and 139 were CLIFT-
negative. In the CLIFT negative group, 81 patients did 
not meet the EULAR 2019 criteria for SLE, 11 patients 
met the EULAR 2019 criteria and were diagnosed during 
the study period, and 47 patients fulfilled the EULAR 
2019 criteria having been previously diagnosed and were 
under treatment (figure 2). Mean age was 49 years (SD 
19), and most patients were women (n=188, 84.7%). 
The median ANA titre was 1/320 (IQR 1/160–1/640). 
The median FEIA value was 24 IU/mL (IQR 15.7–50.5). 
The AC-1 (homogeneous) pattern in the ANA test was 
recorded in 129 cases (64.2%). The demographic, clinical 
and laboratory data of the whole population and each 
group are shown in table 1.

Additionally, comparisons were made between the 
groups of interest, as follows: (A) CLIFT-negative and 
CLIFT-positive; (B) The three CLIFT-negative groups; 
(C) CLIFT-negative without SLE and CLIFT-negative 
with newly diagnosed SLE; (D) CLIFT-negative with 
newly diagnosed SLE and CLIFT-positive; (E) The four 
groups with each other (table  2). Regarding CLIFT 
status (comparison A), CLIFT-positive patients were 
significantly younger (p=0.005), had higher ANA titres 
(p<0.001) and higher solid-phase assay dsDNA values 
(p<0.001), and presented mainly the ICAP AC-1 pattern 
(p<0.001). Both groups were predominantly female, with 
no differences between them. The exact significance 
profile was obtained when the variables were compared 
in the four study groups (comparison E) (table 2). We 
did not find differences when comparing the main char-
acteristics between the three CLIFT-negative subsets 
(comparison B). Moreover, we could not find any differ-
ences when we compared these variables for the CLIFT-
negative group without SLE and newly diagnosed SLE 
(comparison C). Finally, when CLIFT-negative de novo 
SLE was compared with the CLIFT-positive group, only 
age was significantly lower in the latter (comparison D) 
(table 2).

When the results for FEIA were categorised, the values 
for the CLIFT-positive patients showed significantly 
higher values than the other three groups (p<0.001) 
(table 1). Among the CLIFT-negative patients who were 
newly diagnosed with SLE during or after the inclusion 
period, three showed values of 10–15 IU/mL, which were 
considered grey-zone values, and one of them was diag-
nosed 4 years after the test. Furthermore, solid-phase 
assay values below 50 IU/mL were detected in 37 patients 
(78.7% of CLIFT-negative patients previously diagnosed 
with SLE). Finally, among double-positive patients, only 
11 (13.25%) had grey-zone values.
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DISCUSSION
This study showed that solid-phase assays can increase 
sensitivity in diagnosis of SLE. dsDNA FEIA identified 
58 CLIFT-negative patients as SLE cases. Even more criti-
cally, 11 patients in this group had a new SLE diagnosis; 4 
were diagnosed between 1 year and 4 years after the initial 
test. However, there were also 81 patients with an EliA 
dsDNA-positive result, who did not develop SLE during 

the follow-up period. We compared the demographic and 
laboratory data between the groups. With these compari-
sons, we tried to find some singularities that would help us 
predict which patients with a CLIFT-negative result would 
progress to SLE. Compared with the double-positive SLE 
population, patients from the CLIFT-negative group with 
newly diagnosed SLE were slightly older and had a lower 
antibody titre, lower frequency of the AC-1 pattern and 

Table 2  Comparison of variables between the study groups

n p A p B p C p D p E % Mean Median SD IQR

Age 0.005 0.177 0.745 0.043 0.011

CLIFT− 139 51.9 20.0

 � CLIFT−/non-SLE 81 53.9 21.2

 � CLIFT−/newly diagnosed SLE 11 56.1 21.8

 � CLIFT−/previously diagnosed 
SLE

47 47.6 17.0

CLIFT+ 83 44.8 16.5

ANA titre

CLIFT− 136 <0.001 0.546 0.285 0.137 <0.001 1/160 1/80–1/640

 � CLIFT−/non-SLE 79 1/160 1/80–1/640

 � CLIFT−/newly diagnosed SLE 11 1/320 1/160–1/640

 � CLIFT−/previously diagnosed 
SLE

46 1/160 1/160–1/320

CLIFT+ 81 1/640 1/320–1/1280

dsDNA FEIA (IU)

CLIFT− 139 <0.001 0.133 0.583 0.089 <0.001 20 14–39

 � CLIFT−/non-SLE 81 18 13–33

 � CLIFT−/newly diagnosed SLE 11 21 15–29

 � CLIFT−/previously diagnosed 
SLE

47 26 15–49

CLIFT+ 83 34 19–81

Sex (female) 0.849 0.144 0.095 0.069 0.256

CLIFT− 139 84.2

 � CLIFT−/non-SLE 81 85.2

 � CLIFT−/newly diagnosed SLE 11 63.6

 � CLIFT−/previously diagnosed 
SLE

47 87.2

CLIFT+ 83 85.5

AC-1 ANA pattern <0.001 0.894 0.934 0.074 0.004

CLIFT− 120 54.2

 � CLIFT−/non-SLE 68 55.9

 � CLIFT−/newly diagnosed SLE 11 54.5

 � CLIFT−/previously diagnosed 
SLE

41 51

CLIFT+ 81 79

AC-1, ICAP nomenclature for the homogeneous ANA pattern; CLIFT, Crithidia luciliae indirect immunofluorescence test; dsDNA, double-
stranded DNA; FEIA, fluorescence enzyme immunoassay; p A, p-value for the differences between the CLIFT-positive and -negative groups; 
p B, p-value for the differences between CLIFT-negative patients; p C, p-value for the differences between CLIFT-negative without SLE and 
CLIFT-negative newly diagnosed SLE; p D, p-value for the differences between CLIFT-positive SLE and CLIFT-negative newly diagnosed SLE; 
p E, p-value for the differences between the 4 study groups.
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lower dsDNA FEIA values. In addition, the percentage 
of men was higher than expected in patients with SLE. 
However, these differences were only marginally signifi-
cant for the variable age (comparison D; table 1). This 
group might represent patients with SLE in whom the 
fundamental clinical and analytical spectrum that char-
acterises active SLE has yet to develop. However, the 
older age and lower female predominance in this group 
would not support this interpretation. Alternatively, it has 
been reported that positive CLIFT results could identify a 
group of patients with SLE with specific features.18 In fact, 
comparison of the characteristics of CLIFT-positive and 
CLIFT-negative patients (with or without SLE) (compar-
ison A, table 2) revealed that positive CLIFT results were 
associated with higher dsDNA FEIA values and the homo-
geneous pattern, as previously described.19 Highly signif-
icant differences were also detected for the remaining 
variables, except for sex. Similarly, a comparison of the 
variables between the four groups showed the same 
pattern (comparison E, table 2).

It is essential to characterise CLIFT-negative patients 
newly diagnosed with SLE if we are to identify biomarkers 
that could help us to predict the progression towards 
the disease. In this respect, it is puzzling that the demo-
graphic and clinical features of CLIFT-negative patients 
with newly diagnosed SLE (age, sex, ANA titre, ANA 
pattern and solid-phase assay) did not differ from those 
of the remaining CLIFT-negative subsets (compar-
ison B; table  2). Similarly, explicit comparison between 
CLIFT-negative patients without SLE and CLIFT-negative 
patients with newly diagnosed SLE revealed no differ-
ences, either statistically or as a trend (comparison C; 
table 2). Although the newly diagnosed SLE group was 
small, this behaviour reinforces the need to monitor 
patients with a positive solid-phase dsDNA assay result, as 
recently reviewed.20 21

Also noteworthy is the predominance of women in the 
whole cohort (84.7%) and in all subsets, regardless of their 
final diagnosis. It is well known that autoimmune diseases 
in general and SLE, predominantly affect women.22–26 
However, the inclusion criterion in our cohort of patients 
was not a specific disease but positive dsDNA findings in 
a solid-phase assay. This issue again underlines the need 
for surveillance of this patient group. On the opposite 
side, it would be necessary to clarify that those patients 
who ultimately fulfilled classification criteria in the 
immunoassay-positive population did not rely on this to 
fulfil the requirements.

The positivity of the EliA dsDNA FEIA ranges from 
≥10 IU/mL to >50 IU/mL. Grey-zone values were defined 
as lower levels of positivity (10–15 IU/mL). This aspect 
merits special attention, because three patients diagnosed 
years after the initial screening had levels within the 
grey zone. In addition, dsDNA FEIA results were below 
50 IU/mL in more than 78% of CLIFT-negative patients 
with previously diagnosed SLE. This low autoantibody 
level could be influenced by treatment of SLE, which 
can reduce antibody titres. Moreover, this result might 

indicate that CLIFT displays negative results after treat-
ment faster than FEIA, probably owing to its lower sensi-
tivity, as previously reported.12 27 Furthermore, CLIFT 
only detects specific high-avidity dsDNA autoantibodies, 
while FEIA detects mainly high-avidity and intermediate-
avidity dsDNA autoantibodies.8 In the group of patients 
with positive results in both tests and a diagnosis of SLE, 
13% had levels within the grey zone. Therefore, although 
FEIA specificity decreases by the low cut-off value, it is 
relevant to highlight that while dsDNA is low, it is present 
in many patients with SLE. Eleven patients (14.8%) are 
at the opposite side of the spectrum, with solid-phase 
dsDNA values ≥50 IU/mL without SLE after the follow-up 
period, underlining once again the need for long-term 
surveillance of these patients.20

The main limitation of this study is its retrospective 
design, which is based on actual data from clinical prac-
tice. Therefore, there are notable losses of specific patient 
groups of interest. Indeed, we must consider the loss of 
patients with a positive CLIFT result before the study 
period. According to our centre’s work algorithm, these 
patients routinely undergo solid-phase dsDNA testing but 
do not undergo a repeat CLIFT test. Moreover, to calcu-
late the diagnostic performance of both tests, it would 
be necessary to include patients with a negative dsDNA 
solid-phase result and, possibly, CLIFT-negative or CLIFT-
positive patients. Such data have already been extensively 
published.8 28 In any case, the focus of our work was to 
study the discrepancies that challenge us in daily prac-
tice, mainly solid-phase positivity versus CLIFT negativity. 
Additionally, the samples selected in the study were not 
initially categorised according to suspected diagnosis or 
stage of disease because this information is rarely avail-
able on request to the laboratory. Clinical information 
was obtained after reviewing medical records. Probably 
a separate analysis would have shown different clinical 
implications of the discordant results, especially if patients 
are under treatment.

Regarding the generalisation of the results, according 
to the workflow shown in figure 2, the selection of cases 
to be studied was based on a representative sample that 
included all consecutive cases received in the laboratory 
for ANA testing over 3 years and subsequent follow-up 
ranging from 3 years to 6 years. However, since this study 
was carried out in a single centre in a specific geograph-
ical area (southern Spain), it would be difficult to extrap-
olate our results outside our setting. Nevertheless, the 
values for the differences in the variables between the 
groups were obtained with an explicitly stated 95% CI.

The main strength of the present study is that, to our 
knowledge, it is the first to clinically characterise and 
follow-up patients with discrepant results in a dsDNA 
solid-phase assay and CLIFT. Thus, our findings could 
help laboratory specialists when reporting results to 
the clinician. While a considerable percentage (33.8%) 
corresponds to previously diagnosed SLE, 7.9% of CLIFT-
negative patients progressed to SLE during the follow-up 
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period. Consequently, CLIFT-negative results do not 
enable us to rule out SLE.

The diagnostic validity of anti-dsDNA FEIA has been 
recently revised in an article by analysing the sensitivity 
and specificity results of several studies and meta-analyses. 
The median sensitivity was 54.5% (range 26.7%–81%) and 
the median specificity was 94.2% (range 91%–97.7%),8 
which is above the 90% recommended in the 2019 
EULAR/ACR criteria for diagnosis of SLE.2 The positive 
likelihood ratio, calculated from these specificity and 
sensitivity values, is 13.5, which is considered highly rele-
vant.29 Positive and negative likelihood ratios for a given 
test are a more harmonised way of reporting the diag-
nostic performance of this test.30 31

On the other hand, it has been suggested that dsDNA 
FEIA could eventually replace CLIFT for diagnosis of 
SLE;32 nevertheless, it is important to take account of 
possible false-positive results, mainly in the low positive 
range.33 Indeed, it should be noted that in our study 58% 
of patients with a negative CLIFT result did not develop 
SLE during the follow-up period.

In summary, patients with positive solid-phase dsDNA 
autoantibody values should be followed up in the long 
term, even when their CLIFT result is negative, and they 
do not fulfil ACR/EULAR criteria. Thus, we will be able to 
improve early detection of SLE, which will result in early 
treatment and improved quality of life for our patients. 
In addition, a multicentre longitudinal study is needed 
to characterise CLIFT-negative patients who develop SLE 
to identify biomarkers that can help us to predict disease 
progression.

Acknowledgements  We used the STROBE cohort checklist when writing our 
report. The authors thank Mercè Tena from Thermo Fisher Scientific for her writing 
support. The authors thank Content ed Net Madrid for editorial support and Thermo 
Fisher Spain for funding.

Contributors  AJR conceived and designed the study. ATA and RBS selected the 
study cohort. ATA reviewed the histories and performed the lupus classification 
according to the EULAR/ACR 2019 criteria. ATA, RBS, JAM, AN and PAR collected 
demographic, clinical and laboratory data and developed the database. AJR and 
AN performed the statistical analyses. AJR, ATA and AN wrote the draft. AJR is 
responsible for the overall content as guarantor and accepts full responsibility for 
the finished work and/or the conduct of the study, had access to the data, and 
controlled the decision to publish. All the authors reviewed the article for important 
intellectual content and approved the submitted version of the manuscript. 
Moreover, all the authors have agreed both to be personally accountable for the 
authors' contributions and to ensure that questions related to the accuracy or 
integrity of any part of the work, even ones in which the author was not personally 
involved, are appropriately investigated, resolved, and the resolution documented in 
the literature.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  The last author (AJR) has participated as a speaker in three 
scientific conferences sponsored by Thermo Fisher Scientific.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.
Patient consent for publication  Not applicable.
Ethics approval  This study involves human participants. This retrospective 
observational study was conducted according to national regulations and 
institutional policies and the tenets of the Declaration of Helsinki. It was approved 
by the Ethics Committee of University Hospital Reina Sofía (approval number 5122). 
Patient data were anonymised according to the Spanish official procedure. No 

samples were analysed. The study just recovered anonymised results from routine 
testing.
Provenance and peer review  Not commissioned; externally peer reviewed.
Data availability statement  Data are available upon reasonable request. All 
data collected, including fully anonymised participant data, are available. This 
information includes fully anonymised participant data and a data dictionary. 
Related documents (study protocol, statistical analysis and ethics committee 
approval) are available from the date of publication onward at the email address ​
aurora.​jurado.​sspa@​juntadeandalucia.​es. Data will be shared after approval of 
proposals by the Ethics Committee of University Hospital Reina Sofía.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Antonio Trujillo Aguilera http://orcid.org/0000-0002-7773-004X
Raquel Bernardo Serrano http://orcid.org/0000-0002-0732-4169
Paula Alvarez Romero http://orcid.org/0000‑0002-3023-3230
Aurora Jurado Roger http://orcid.org/0000-0001-9092-8758

REFERENCES
	 1	 Yuan W, Cao H, Wan P, et al. Clinical evaluation of total and high-

avidity anti-dsDNA antibody assays for the diagnosis of systemic 
lupus erythematosus. Lupus 2019;28:1387–96. 

	 2	 Aringer M, Costenbader K, Daikh D, et al. European league against 
rheumatism/American college of rheumatology classification criteria 
for systemic lupus erythematosus. Ann Rheum Dis 2019;78:1151–9. 

	 3	 González Rodríguez C, Aparicio Hernández MB, Alarcón Torres I. 
Update and clinical management of anti-DNA auto-antibodies. Adv 
Lab Med 2021;2:313–31. 

	 4	 Wang X, Xia Y. Anti-double stranded DNA antibodies: origin, 
pathogenicity, and targeted therapies. Front Immunol 2019;10:1667. 

	 5	 Estévez Del Toro M, Varela Ceballos I, Chico Capote A, et al. 
Predictive factors for the development of lupus nephritis after 
diagnosis of systemic lupus erythematosus. Reumatol Clin (Engl Ed) 
2022;18:513–7. 

	 6	 Romero-Diaz J, Isenberg D, Ramsey-Goldman R. Measures of adult 
systemic lupus erythematosus: updated version of British isles 
lupus assessment group (BILAG 2004). Arthritis Care Res (Hoboken) 
2011;63 Suppl 11:S37–46. 

	 7	 Infantino M, Manfredi M, Merone M, et al. Analytical variability in the 
determination of anti-double-stranded DNA antibodies: the strong 
need of a better definition of the old and new tests. Immunol Res 
2018;66:340–7. 

	 8	 Cockx M, Van Hoovels L, De Langhe E, et al. Laboratory evaluation 
of anti-dsDNA antibodies. Clin Chim Acta 2022;528:34–43. 

	 9	 Infantino M, Palterer B, Previtali G, et al. Comparison of current 
methods for anti-dsDNA antibody detection and reshaping 
diagnostic strategies. Scand J Immunol 2022;96:e13220. 

	10	 Mummert E, Fritzler MJ, Sjöwall C, et al. The clinical utility of 
anti-double-stranded DNA antibodies and the challenges of their 
determination. J Immunol Methods 2018;459:11–9. 

	11	 Compagno M, Jacobsen S, Rekvig OP, 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;42:311–6. 

	12	 López-Hoyos M, Cabeza R, Martínez-Taboada VM, et al. Clinical 
disease activity and titers of anti-dsDNA antibodies measured by 
an automated immunofluorescence assay in patients with systemic 
lupus erythematosus. Lupus 2005;14:505–9. 

	13	 Crowe W, Kushner I. An Immunofluorescent method using crithidia 
luciliae to detect antibodies to double-stranded DNA. Arthritis Rheum 
1977;20:811–4. 

	14	 Conrad K, Ittenson A, Reinhold D, et al. High sensitive detection of 
double-stranded DNA autoantibodies by a modified crithidia luciliae 
immunofluorescence test. Ann N Y Acad Sci 2009;1173:180–5. 

	15	 Sack U, Conrad K, Csernok E, et al. Autoantibody detection using 
indirect immunofluorescence on Hep-2 cells. Ann N Y Acad Sci 
2009;1173:166–73. 

	16	 Chan EKL, Damoiseaux J, Carballo OG, et al. Report of the first 
international consensus on standardized nomenclature of antinuclear 
antibody hep-2 cell patterns 2014-2015. Front Immunol 2015;6:412. 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2023-000984 on 30 O
ctober 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7773-004X
http://orcid.org/0000-0002-0732-4169
http://orcid.org/0000‑0002-3023-3230
http://orcid.org/0000-0001-9092-8758
http://dx.doi.org/10.1177/0961203319877243
http://dx.doi.org/10.1136/annrheumdis-2018-214819
http://dx.doi.org/10.1515/almed-2021-0008
http://dx.doi.org/10.1515/almed-2021-0008
http://dx.doi.org/10.3389/fimmu.2019.01667
http://dx.doi.org/10.1016/j.reumae.2021.08.003
http://dx.doi.org/10.1002/acr.20572
http://dx.doi.org/10.1007/s12026-018-8992-9
http://dx.doi.org/10.1016/j.cca.2021.12.029
http://dx.doi.org/10.1111/sji.13220
http://dx.doi.org/10.1016/j.jim.2018.05.014
http://dx.doi.org/10.3109/03009742.2013.765032
http://dx.doi.org/10.1191/0961203305lu2130oa
http://dx.doi.org/10.1002/art.1780200308
http://dx.doi.org/10.1111/j.1749-6632.2009.04801.x
http://dx.doi.org/10.1111/j.1749-6632.2009.04735.x
http://dx.doi.org/10.3389/fimmu.2015.00412
http://lupus.bmj.com/


Trujillo Aguilera A, et al. Lupus Science & Medicine 2023;10:e000984. doi:10.1136/lupus-2023-000984 9

Biomarker studies

	17	 Spanish Data Protection Agency. Guidance and guarantees in the 
process of personal data anonymization. Madrid, Spain, 2016. 
Available: at https://datos.gob.es/en/documentacion/guidance-and-​
guarantees-process-personal-data-anonymisation (2016, accessed 8 
December 2022)

	18	 Sarbu MI, Salman-Monte TC, Rubio Muñoz P, et al. Differences 
between clinical and laboratory findings in patients with recent 
diagnosis of SLE according to the positivity of anti-dsDNA by the 
crithidia luciliae method. Lupus 2015;24:1198–203. 

	19	 Admou B, Eddehbi F-E, Elmoumou L, et al. Anti-double stranded 
DNA antibodies: a rational diagnostic approach in limited-resource 
settings. Pract Lab Med 2022;31:e00285. 

	20	 Dyball S, Rodziewicz M, Mendoza-Pinto C, et al. Predicting 
progression from undifferentiated connective tissue disease to 
definite connective tissue disease: a systematic review and meta-
analysis. Autoimmun Rev 2022;21:103184. 

	21	 Infantino M, Nagy E, Bizzaro N, et al. Anti-dsDNA antibodies in the 
classification criteria of systemic lupus erythematosus. J Transl 
Autoimmun 2022;5:100139. 

	22	 Abbas AK, Lichtman AH, Pillai S. B cell activation and antibody 
production. In cellular and molecular immunology,10Th Ed 
Philadelphia, USA Elsevier Eds.; Jeremy Bowes; 2022. 451.

	23	 Zhan Y, Liu Q, Zhang B, et al. Recent advances in systemic lupus 
erythematosus and microbiota: from bench to bedside. Front Med 
2022;16:686–700. 

	24	 Zhang H, Zhang Y, Wang Y-F, et al. Meta-analysis of GWAS on 
both Chinese and European populations identifies GRP173 as a 
novel X chromosome susceptibility gene for SLE. Arthritis Res Ther 
2018;20:92:92.:. 

	25	 Pyfrom S, Paneru B, Knox JJ, et al. The dynamic epigenetic regulation 
of the inactive X chromosome in healthy human B cells is dysregulated 
in lupus patients. Proc Natl Acad Sci U S A 2021;118:e2024624118. 

	26	 Brown GJ, Cañete PF, Wang H, et al. Tlr7 gain-of-function genetic 
variation causes human lupus. Nature 2022;605:349–56. 

	27	 Orme ME, Voreck A, Aksouh R, et al. Anti-dsDNA testing specificity 
for systemic lupus erythematosus: a systematic review. J Appl Lab 
Med 2022;7:221–39. 

	28	 Enocsson H, Sjöwall C, Wirestam L, et al. Four anti-dsDNA antibody 
assays in relation to systemic lupus erythematosus disease 
specificity and activity. J Rheumatol 2015;42:817–25. 

	29	 Silva Fuente-Alba C, Molina Villagra M. Likelihood ratio (Razón 
de Verosimilitud): Definición Y aplicación en Radiología. Revista 
Argentina de Radiología 2017;81:204–8. 

	30	 Bossuyt X, Frans G. The added value of reporting likelihood ratios 
to laboratory test results in allergy and clinical immunology. J Allergy 
Clin Immunol Pract 2022;10:1667. 

	31	 Fierz W, Bossuyt X. Likelihood ratio approach and clinical 
interpretation of laboratory tests. Front Immunol 2021;12:655262. 

	32	 Antico A, Platzgummer S, Bassetti D, et al. Diagnosing systemic 
lupus erythematosus: new-generation immunoassays for 
measurement of anti-dsDNA antibodies are an effective alternative to 
the farr technique and the crithidia luciliae immunofluorescence test. 
Lupus 2010;19:906–12. 

	33	 Lemarié R, Jacomet F, Goutte B, et al. The anti-dsDNA antibodies: 
validation of an original two step strategy of detection. Ann Biol Clin 
(Paris) 2011;69:47–53. 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2023-000984 on 30 O
ctober 2023. D

ow
nloaded from

 

at%20https://datos.gob.es/en/documentacion/guidance-and-guarantees-process-personal-data-anonymisation%20(2016,%20accessed%208%20December%202022)
at%20https://datos.gob.es/en/documentacion/guidance-and-guarantees-process-personal-data-anonymisation%20(2016,%20accessed%208%20December%202022)
at%20https://datos.gob.es/en/documentacion/guidance-and-guarantees-process-personal-data-anonymisation%20(2016,%20accessed%208%20December%202022)
http://dx.doi.org/10.1177/0961203315573852
http://dx.doi.org/10.1016/j.plabm.2022.e00285
http://dx.doi.org/10.1016/j.autrev.2022.103184
http://dx.doi.org/10.1016/j.jtauto.2021.100139
http://dx.doi.org/10.1016/j.jtauto.2021.100139
http://dx.doi.org/10.1007/s11684-022-0957-7
http://dx.doi.org/10.1186/s13075-018-1590-3
http://dx.doi.org/10.1073/pnas.2024624118
http://dx.doi.org/10.1038/s41586-022-04642-z
http://dx.doi.org/10.1093/jalm/jfab146
http://dx.doi.org/10.1093/jalm/jfab146
http://dx.doi.org/10.3899/jrheum.140677
http://dx.doi.org/10.1016/j.rard.2016.11.002
http://dx.doi.org/10.1016/j.rard.2016.11.002
http://dx.doi.org/10.1016/j.jaip.2022.02.041
http://dx.doi.org/10.1016/j.jaip.2022.02.041
http://dx.doi.org/10.3389/fimmu.2021.655262
http://dx.doi.org/10.1177/0961203310362995
http://dx.doi.org/10.1684/abc.2010.0506
http://dx.doi.org/10.1684/abc.2010.0506
http://lupus.bmj.com/

	Longitudinal study of patients with discrepant results in CLIFT and a solid-­phase dsDNA antibody assay: does a gold standard dsDNA assay exist?
	Abstract
	Introduction﻿﻿
	Methods
	Study design and participants
	Laboratory assays
	Data collection

	Statistical analysis
	Availability of data and materials

	Results
	Discussion
	References


