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ARTICLE INFO ABSTRACT

Keywords: Anti-dsDNA autoantibodies are listed as one of the classification criteria for systemic lupus erythematosus (SLE)

Systemic lupus erythematosus and are relatively effective indicators for monitoring disease activity and treatment response. Therefore, clini-

FDlzlllgm)SIS cians rely on them to diagnose and adjust medication and treatment strategies for SLE patients. However, the use
ollow-up

of anti-dsDNA antibodies is not free from controversy. Part of this controversy stems from the fact that anti-
dsDNA antibodies are found in several disorders, besides SLE. In addition to this, anti-dsDNA antibodies are a
heterogeneous group of antibodies, and their determination still lacks proper standardization. Moreover, anti-
dsDNA testing specificity and diagnostic performance change depending on the population under study. These
and other issues result in inconsistency and encumber the clinical use of anti-dsDNA antibodies.

A panel of medical laboratory and clinical experts on SLE discussed such issues based on their clinical
experience in a first meeting, establishing a series of recommendations. The proceedings of this first meeting,
plus an exhaustive review of the literature, were used to compose a paper draft. The panel subsequently discussed
and refined this draft in a second meeting, the result of which is this paper. This document is relevant to clinical
laboratories as it guides to improving diagnosis and monitoring of SLE. Simultaneously, it will help laboratories
compile more informative reports, not limited to a mere number. It is also relevant to clinical doctors who wish
to better understand laboratory methods so that they can do a more efficient, better-aimed laboratory test
ordering.

Anti-dsDNA autoantibodies
Best practices

Testing

Advisory board

1. Introduction

Systemic lupus erythematosus (SLE) is considered a chronic, poten-
tially lethal autoimmune disorder with multiple manifestations: car-
diovascular, dermatologic, gastrointestinal, immune-hematologic,
musculoskeletal, neuropsychiatric, pulmonary, and renal. Delays in the

diagnosis and treatment lead to increased damage in affected organs [1].
Establishing the aetiology and suggesting a precise definition of SLE has
been impossible [2]. Autoantibodies, especially when forming immune
complexes, are considered pathogenic, as they are present in virtually all
SLE patients. However other mechanisms are also being studied, and
there is no unique correspondence between autoantibody targets and
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clinical manifestations. For instance, autoantibodies against the Clq
complement protein (anti-C1q) are associated to lupus nephritis [3], as
also are autoantibodies anti-double-stranded DNA (anti-dsDNA) [4];
however, of these two, only anti-dsDNA are associated to leukopenia.

Lack of a reliable diagnostic test for SLE necessarily led to using
classification criteria to describe relatively homogenous populations
from which patients are included in clinical trials assessing efficacy and
safety of developing therapies [5-7]. The last one of these initiatives to
come to light has been the SLE classification criteria jointly published in
2019 by the European League Against Rheumatism (EULAR) and the
American College of Rheumatology (ACR) (EULAR/ACR 2019) [8]. This
new criteria system constitutes a simple, direct, and precise classifica-
tion method that can be easily implemented and even integrated in
computer applications [8]. It has been developed through a balanced use
of both expert-based and data-driven methods, and its sensitivity and
specificity are superior to all classification criteria previously published
[8].

However, the multifactorial nature of SLE potentially generates a
very large number of different phenotypes for which there is no evidence
of a common aetiology or a pathogenic association [9]. In fact, it is
theoretically possible that the signs and symptoms considered in the
EULAR/ACR 2019 criteria result from different pathogenic mechanisms
[9]. Moreover, this classification conflicts with the concept of SLE as a
syndrome, as it is based on signs and symptoms that can coincide or
appear at separate times in the history of a particular patient. In medi-
cine, the term syndrome refers to a set of signs and symptoms that, when
occurring at the same time, indicate a specific disease or disorder. This
term originates from the Greek word syndrome, which means concur-
rence [9].

Along with the search for an exact and precise definition of the
classification criteria, interpretation of laboratory test results should be
harmonized across assays. This is especially difficult when different test
systems use different scales and arbitrary units for a given parameter.
This problem is addressed using international units (IU) and likelihood
ratios, which, strictly speaking, is only possible when international
standards are available. International standards are reference sera that
have been assigned units of activity following extensive studies
involving multiple international laboratories. These standard sera are
needed to calibrate quantitative anti-dsDNA testing methods and so
make them comparable. A standard serum always produces the same IU
reading no matter what assay is used (10,11).

In 1985, the subcommittee for standardization of anti-dsDNA,
appointed by the International Union of Immunological Societies,
developed the Wo/80 serum, which was used as an international stan-
dard in anti-dsDNA testing until its exhaustion more than a decade ago
[10,11]. Recently, the National Institute for Biological Standards and
Control (NIBSC) prepared a reference serum, coded 15/174, and eval-
uated it in an international collaborative study including 36 laboratories
from 17 countries. However, discrepancies in the readings obtained with
15/174 across these laboratories have prevented it from being estab-
lished as a replacement standard universally accepted [11].

In conclusion, the current lack of standardization of autoantibody
assays, including antinuclear antibodies (ANA) and anti-dsDNA, in-
creases the importance of selecting the most adequate assay and an
appropriate interpretation of results. Algorithms in many routine clin-
ical laboratories automatically add testing for anti-dsDNA if ANA are
positive, even in the absence of clinical suspicion of SLE. As regards
disease-activity monitoring, prediction of clinical relapses continues to
be challenging as currently available anti-dsDNA tests are not marketed
for this purpose, but clinicians keep on requesting these tests for follow-
up. In addition to this, so long as defined diagnostic criteria for SLE
continue to be lacking, maximum attention must be put into the correct
application of the classification criteria [12]. All these issues are
impacting the diagnostic work-up of patients suspected of SLE, and the
subsequent monitoring of those with an established diagnosis.

The overall goal of this project was to analyze the needs mentioned in
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this introduction and to compile a document of recommendations to
optimize the activity of healthcare providers, including those clinicians
involved in managing patients with SLE and the immunology labora-
tories that participate in diagnosing and monitoring these patients. The
objectives that we set out to fulfil with this document were:

e To recommend best practices for the immunology laboratory to
collaborate in the diagnosis and follow-up of SLE, emphasizing the
optimization of the determination of anti-dsDNA antibodies.

e To provide clinicians working with SLE patients with a greater un-
derstanding of the methods used in the immunology laboratory, and
to facilitate the management of test requests.

To that end, nine independent experts, widely experienced in auto-
immunity and working at different first-order Spanish institutions,
completed a survey conducted by an independent consultancy to detect
gaps, problems and areas of improvement in SLE management. Later,
this panel met to examine and discuss all issues detected at the survey.
At this meeting, a first draft with recommendations was produced, based
on scientific evidence and the experience and opinions of the panel
members, to help in SLE diagnosis and follow-up. Later, an exhaustive
non-systematic literature search was conducted to support and complete
these recommendations. In a second meeting, the draft was reviewed
and amended, and the recommendations were refined. Lastly, the
manuscript was reviewed again by the panel members and final com-
ments and suggestions were included.

2. Results and discussion
2.1. The immunology laboratory in SLE diagnosis

2.1.1. Antinuclear autoantibodies

One of the main changes in the EULAR/ACR 2019 classification
criteria compared to previous SLE classification systems is introducing a
positive result in the ANA detection test as a required entry criterion in
the SLE classification [8]. This has been described as the most relevant
modification introduced by the EULAR/ACR 2019 [13] and has even
been considered strategic by some authors [12,14]. In previous SLE
classifications, positive ANA was not an entry criterion, and had the
same level of importance as anti-dsDNA and other autoantibodies.
Moreover, the terms in which this criterion was expressed in the past
were clearly arbitrary, as it just required ANA levels to be above the
laboratory reference interval [5], and did not establish a standard cut-off
point. In the EULAR/ACR 2019 classification, ANA are considered pos-
itive when they are detected at a titer >1:80 by the indirect immuno-
fluorescence test on HEp-2 cells (IFI). This change has improved the
performance of the criteria as a classification system, but it makes
caution necessary when they are used in the diagnosis of SLE because,
with the 1:80 cut-off point, ANA detection specificity for SLE is 74.7%
(IC 95%: 66.7% - 81.3%) [15], which is much lower than the 93.4%
specificity observed when the EULAR/ACR 2019 criteria are used as a
whole [8]. This relatively low specificity reflects the fact that ANA are
associated with a variety of systemic rheumatologic disorders and are
relatively frequent in healthy individuals [16]. Moreover, in clinical
practice, ANA tests are requested in a variety of scenarios, such as
diagnosis (SLE), clinical algorithms to rule out autoimmune disorders
and treatment evaluation unrelated to SLE. It is precisely the high
sensitivity and relatively low specificity what make ANA at titers >1:80
an appropriate entry criterion for the EULAR/ACR 2019 classification,
as such criterion ensures the selection of a heterogeneous group of pa-
tients that will be subclassified in the next step by means of a screening
algorithm using more specific criteria [17]. It is in this sense that using
ANA detection as an entry criterion in the SLE classification can be
considered a strategic move. However, it is necessary to insist that this is
a classification criterion of limited use in diagnosing or screening. In a
clinical context, with relatively low SLE prevalence (low pre-test
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probability), positive ANA results should be used to select additional
assays to assess other parameters. These additional assays should be
determined by the clinical context; however, a detailed account of what
parameters should be considered is out of the scope of this paper. Great
caution must be exercised in interpreting the results obtained using the
1:80 cut-off point as it is associated with a low positive likelihood ratio,
i.e., the correct diagnosis of patients will be primarily based on indi-
vidual clinical manifestations or characteristics [12,18]. To increase the
ANA pre-test probability, patients should be preselected using clinical
and analytical criteria, which may only sometimes be feasible. At any
rate, our recommendation is to accompany the analytical request with as
much pertinent clinical information as possible so that the laboratory
can assess the results and decide on subsequent studies. Here it is worth
noting that the positive likelihood ratio, and therefore the diagnostic
performance, of ANA detection in unselected populations increases
when using the 1:160 dilution as the cut-off point, the reason being that
specificity reaches 86.2% (IC 95%: 80,4% - 90,5%) while maintaining an
appropriate sensitivity (95,8%; IC 95%: 94,1% - 97,1%) [15]. Inciden-
tally, cases with ANA titers between 1:80 and 1:160 may be further
elucidated by testing anti-ENA, specifically anti-Ro autoantibodies, as
the Ro ribonucleoprotein has been shown to be a clinically important
target of autoantibodies in autoimmune diseases such as SLE, Sjogren’s
syndrome and others [19].

We are fully aware that our recommendation to include pertinent
clinical information in the requests of autoimmunity tests will have
different implications depending on the care level of origin:

e Primary care specialists, familiarized with the more general aspects
of diagnosing SLE and other autoimmune disorders, and applying a
low referral threshold, should be able to add ANA tests to their
routine laboratory requests when there is a high degree of clinical
suspicion of SLE.
Secondary care specialists can use the EULAR/ACR 2019 criteria to
facilitate standardization of the diagnostic process (bearing in mind
that these criteria are not diagnostic per se) so that diagnosis is not
merely based on observing some unspecified symptoms and a few
serologic tests. In collaboration, secondary care specialists and lab-
oratory professionals may establish standard testing protocols.

Specialized clinics and centers of excellence provide care for a more

selected population (greater pre-test probability) where there may be

a high index of suspicion, so ANA detection at titers > 1:80 in this

context has a high positive predictive value.

e The immunology laboratory professionals must know the level of
care where analytical requests are generated to develop realistic
expectations about the available clinical information and the most
appropriate assays and cut-off points.

In addition to establishing a cut-off point for ANA positiveness, the
EULAR/ACR 2019 classification recommends ANA detection using the
IFI or a solid-phase ANA screening immunoassay (SPA) with at least
equivalent performance. This recommendation has been questioned at
two levels. First, there is a remarkable diversity of IFI methods in the
market. Some of these are entirely dependent on the operator’s exper-
tise, and others, although they can be automatized, still need to be
validated by an experienced technician as they do not recognize or do
not precisely distinguish all the ANA fluorescence patterns [18]. Second,
it has been pointed out that the lack of precision in the concept
“equivalent performance” can lead to the use of SPAs with insufficient
specificity in SLE screening [20]. In many cases, clinicians need to be
made aware of the differences between methods used to detect ANA as
can wrongly attribute the characteristics of the IFI assay to other
methods [21]. Undoubtedly, introducing other ANA detection tech-
niques will facilitate the use of the classification criteria in sites where
the IFI assay is unavailable; this, although not the gold standard, could
add to other well-known advantages of using SPAs, such as quantifica-
tion, greater specificity, and automatization. On the other hand, it
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means that an effort should be made to find a reference method for
standardization. The laboratory report should always detail which
method was used; when several methods are used, we recommend
reporting the results obtained with each method [21].

2.1.2. Anti-dsDNA autoantibodies

Once the positive ANA entry criterion is met, the anti-dsDNA auto-
antibodies constitute the most prominent immunological criterion in the
EULAR/ACR 2019 classification [8]. However, their use as a biomarker
and pathogenic factor of SLE and lupus nephritis seems to have given
rise to a general misconception according to which the anti-dsDNA is
viewed as a well-defined SLE-specific entity. This conception is far from
reality. In the first place, anti-dsDNA can be observed in healthy in-
dividuals [22-24] as well as in other autoimmune syndromes [23],
bacterial [25-27], viral [28-31] and parasitic infections [32], and
cancer [33]. In the second place, the term anti-dsDNA encompasses a
great diversity of antibodies with different antigenic specificities, i.e.,
anti-dsDNA antibodies exhibit the typical heterogeneity of polyclonal
responses. Additionally, it has been proved that they target multiple and
different DNA structures [2], such as single-stranded DNA (ssDNA) [34],
left-handed dsDNA (Z dsDNA) [35-37], elongated and bent right-
handed dsDNA (B dsDNA) [38,39], single-stranded RNA (ssRNA),
double-stranded RNA (dsRNA) and double-stranded hybrids RNA-DNA
[40,41], folded and unfolded cruciform DNA [42,43], bacterial DNA
[44,45], several forms of viral dsDNA [46-48], plus a long list of pro-
teins and phospholipids. Therefore, the conception of anti-dsDNA as a
uniform group of antibodies that work as a highly specific SLE
biomarker targeting a unique form of dsDNA with great sensitivity is
incorrect.

It has been well known since long ago that anti-dsDNA sera detected
in clinical practice differ in their binding capacity to the different assays
in the market. Traditionally, this has been explained in terms of vari-
ability in anti-dsDNA avidity or affinity [49,50]. However, according to
the model we just outlined, the term anti-dsDNA refers to a heteroge-
neous set of antibodies with mature affinity (so high avidity is possible),
with a whole spectrum of unique specificities for the different DNA
structures present in chromatin. Therefore, differences in binding ca-
pacity to each assay observed in a patient’s serum should be interpreted
as a result of the antigenic specificities present in that particular serum,
as the antigenic material used in each assay varies (native DNA, plasmid
DNA, purified tissue, recombinant DNA or synthetic DNA) (Table 1).
This opens the door to a potential role of anti-dsDNA specificity in SLE
and lupus nephritis pathogenesis and in SLE classification [2].

The prominent position of anti-dsDNA in the EULAR/ACR 2019
classification may have contributed to creating that misconception of
these autoantibodies as a homogeneous entity involved in SLE aetiology.
Although it is justified to attribute autoimmune anti-dsDNA-mediated
pathogenesis to some criteria, such as nephritis [51-56], skin involve-
ment [57] or some neuropsychiatric disorders [58], an etiologic role has
not been demonstrated. Moreover, other classification criteria are in-
dependent of the effects of anti-dsDNA. A more homogenous definition
of SLE would be desirable. For example, it has been suggested that,
restricting the definition to the presence of proteinuria and anti-dsDNA,
a homogenous group of patients with lupus nephritis would be selected
in whom the pathogenesis of the other signs and symptoms could be
studied [9].

The above leads to the conclusion that lupus nephritis, with or
without anti-dsDNA, might reflect different pathophysiological situa-
tions and, therefore, different syndromes. A deeper knowledge of the
etiopathogenic role of anti-dsDNA is necessary. For instance, it should be
clarified why some patients remain seropositive and asymptomatic, and
the clinical relevance of the different types of anti-dsDNA should be
established in extensive studies of homogenous cohorts, using stan-
dardized assays, to determine the predictive value of anti-dsDNA with
specificity and avidity for well-defined dsDNA structures. This would
facilitate defining the different SLE phenotypes and their
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Table 1
Main characteristics of anti-dsDNA antibody testing techniques [59].
RIA SPA
Farr CLIFT ELISA FEIA CLIA MPIA
Avidity High High Low and high Medium and Medium and NA
high high
Detection Quantitative Semiquantitative Quantitative Quantitative Quantitative Quantitative
Antibody class 1gG, IgM 1gG 1gG 1gG 1gG 1gG
Antigenic Native, plasmid Native Purified tissue, eukaryotic cells, Plasmid Synthetic Recombinant,
source recombinant, synthetic Synthetic
Specificity (%) 93 95-100 92,5 94,2 87,4 90,9
Sensitivity (%) 68,9 5,7-83 61,8 54,5 66,5 51,9
Activity Yes Positive results suggest Variable Yes Yes Yes
correlation disease activity
User- Labor-intensive, Experienced user Easy, automated Easy, Easy, Easy, automated
friendliness radioactivity use automated automated

CIA: Chemiluminescence immunoassay; CLIFT: Crithidia luciliae immunofluorescence test; ELISA: Enzyme linked immune sorbent assay; FEIA: fluorometric enzyme-
linked immunoassay; IgG: Immunoglobulin G; IgM: Immunoglobulin M; MPIA: multiplex immunoassay; NA: Not available; RIA: Radioimmunoassay; SPA: solid-phase

assay.

epidemiological weight. At the same time, studying these phenotypes’
non-nephrological signs and symptoms would help clarify anti-dsDNA
cross-reactivity’s pathogenic relevance. This effort would result in the
obtention of better biomarkers and the design of a superior SLE theo-
retical model, which would ultimately contribute to an improved diag-
nosis and the development of more effective target therapies.

The current situations of anti-dsDNA and ANAs are similar in that
there are critical gaps in knowledge of their role in SLE and their

usefulness as biomarkers. Still, clinical practice must go on and the
immunology laboratory must provide the best possible answer to the
needs of patients. The Fig. 1 shows an algorithm for the interpretation of
the lab tests used in SLE diagnosis.

Anti-dsDNA detection is conducted using different assays that vary in
methodology, sensitivity, specificity, avidity, and type of antigen
(Table 1); therefore, inter-assay correlation can be low [59]. A recent
comparative study has shown that harmonization and commutability of

Clinical suspicion

|-

OTHER LABORATORY TESTS:

v
ANA

ical, renal, and serological

IFI on Hep-2 or SPA of at least equivalent performance

v

Negative ANA

+“_*

Symptom remission Symptom persistence.
Alternative diagnosis Repeat test in 3-6 months

- +

'

SLE diagnosis cannot be established at this time

T

Anti-dsDNA

v
Positive ANA

il A ENAS

SPA + CLIFT

SPA - P
CLIFT - ¢
SPA -
CLIFT +
SLE likely

Do clinical follow up

periodically

Evaluate in the context of

v v

SPA +

SPA +

CLIFT - CLIFT +

v v

SLE very likely

clinical characteristics.

If diagnosis unclear,

repeat tests in 6 months

Fig. 1. Algorithm for the interpretation of lab tests in the management of patients with suspected SLE.



R. Rojo et al.

anti-dsDNA antibody testing remains an unmet need because of the high
inter-method variability [60].

The guidelines recommend testing the presence of anti-dsDNA in all
ANA-positive cases with clinical suspicion of SLE (Fig. 1). When ANA are
negative, investigating the presence of anti-dsDNA is not recommended
except when there is a high degree of clinical suspicion [21,61,62]. If the
laboratory receives the pertinent clinical information, or if this is pro-
vided under request, anti-dsDNA can be recommended or initiated,
especially if the IFI pattern highly suggests anti-dsDNA.

The reference method for anti-dsDNA detection is considered the
Farr assay; however, this assay is currently not used in clinical practice
because it is a radioimmunoassay (RIA) that cannot be automatized.
Instead, the immunology laboratory can use the CLIFT, considered
pathognomonic, but with very low sensitivity, and the SPAs (FEIA, CLIA,
ELISA and multiplex assay), which are less specific and have varying
sensitivity [12] (Table 1).

Our recommendation for anti-dsDNA testing is a double-screening
strategy using a last-generation SPA in the first place and, subse-
quently, the CLIFT as the confirmation test. A summary of the advan-
tages and disadvantages of each technique, using FEIA as an example of
SPA, is shown in Table 2.

A summary of the four potential results in anti-dsDNA double
screening is shown in Table 3. Although some laboratories routinely
perform both steps of the double screening simultaneously, a sequential
strategy, doing the most sensitive assay (SPA) first ensures minimization
of false positive results obtained with the SPA. At any rate, guideline
recommendations establish that results obtained with each method
should be reported explaining their significance and clinical relevance
[21].

In the event of a negative SPA result, our recommendation is to do a
confirmatory CLIFT only when other signs of clinical suspicion are
present. Without signs of clinical suspicion, the result can be reported
directly as negative anti-dsDNA, and the SLE diagnosis would be ruled
out. However, if the CLIFT assay was done, and produced a positive
result, as opposed to the SPA, this inconsistency should be explained.
The laboratory may recommend repeating the anti-dsDNA assays in a
new sample. If the inconsistency continues, the diagnosis will funda-
mentally depend on the patient’s clinical characteristics. The patient
should undergo clinical follow-up periodically as anti-dsDNA antibodies
may be detected long before the development of clear clinical signs. The
follow-up interval should be determined by the clinical findings and
applying the clinician’s individual judgement.

The situation is also complex, although relatively frequent, when the
most sensitive test (SPA) is positive, and the most specific test (CLIFT) is
negative. This result neither calls for an unreserved SLE diagnosis, nor
does it constitute a sufficiently solid argument to rule it out. There are

Table 2
Comparison of the FEIA and CLIFT assays in SLE diagnosis [59].

FEIA CLIFT

Advantages No need of trained staff More specific

Fast Greater clinical correlation
Quantitative: it would facilitate the =~ Semiquantitative
implementation of the ISO 15189 Can be automatized*
norm Lower cost

Can be automatized.

Sensitive: facilitates diagnosis and is
more adequate for screening
Unspecific (especially at low titers)
Lacking clinical correlation in some
instances

Disadvantages Variability between
Chritidia luciliae substrates
Inter-observer variability
Requires specialized staff

to get the reading

CLIFT: Crithidia luciliae immunofluorescence test; FEIA: fluorometric enzyme-
linked immunoassay.

* There are methods that provide a digitalized image, but results must always
be validated.
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Table 3
Potential combinations of results in anti-dsDNA double screening.
FEIA  CLIFT Report* Interpretation
+ + anti- SLE very likely
dsDNA+
+ - Inconclusive Dependent on the clinical characteristics, IFI
pattern of ANA and other tests (proteinuria,
complement, antiphospholipid, anti-nucleosome,
anti-ENA)
- - anti-dsDNA- No SLE diagnosis can be established at this time
- + anti- SLE likely
dsDNA+ Patient should be followed up periodically.

ANA: antinuclear autoantibodies; anti-dsDNA: anti double-stranded DNA auto-
antibodies; anti-ENAs: anti-extractable nuclear antigens; CLIFT: Crithidia luciliae
immunofluorescence test; FEIA: fluorometric enzyme-linked immunoassay; IIF:
indirect immunofluorescence on HEp-2 cells; SLE: systemic lupus
erythematosus.

“ Both the FEIA and CLIFT results must be included in the lab report.

cases with persisting clinical suspicion, and positive ANA, that have
revealed positive anti-nucleosome tests. This is likely down to the anti-
nucleosomes preceding the ANA in the SLE pathogenesis. In a recent
report, IgG anti-nucleosome antibodies showed 83.33% sensitivity and
96.67% specificity for SLE [63]. In addition, when the clinical findings
are consistent with SLE, detection of antiphospholipid antibodies
(anticardiolipin, anti-p2GP1, and/or lupus anticoagulant or antibodies
against a mixture of phosphatidylserine, phosphatidic acid and p2GP1)
increases the likelihood of SLE as 30-40% of SLE patients are positive for
antiphospholipid antibodies [64].

2.1.3. Anti-ENA autoantibodies

When ANAs turn out positive during diagnosis, confirmatory testing
of anti-extractable nuclear antigens autoantibodies (anti-ENA) is rec-
ommended. If anti-ENA and ANA results or the clinical presentation are
contradictory, international detection methods, reports, and discrep-
ancy resolution recommendations should be followed [21].

The most common targets of the autoantibodies detected in SLE are
[16]: chromatin, ribosomal P protein, spliceosome small nuclear ribo-
nucleoproteins (Smith), Sjogren syndrome type A antigen (Ro), Sjogren
syndrome type B antigen (La), and Ul-ribonucleoprotein.

2.2. The immunology laboratory in SLE monitoring

Long-term management of SLE diagnosed patients requires periodic
follow-up. Using ANA to monitor disease activity and progression is not
recommended in the guidelines [61], so repeating the ANA assay when
monitoring patients after a positive result is neither appropriate nor
cost-effective [65,66]. Anti-dsDNA can be used to monitor disease ac-
tivity. A quantitative assay should be used, preferably with the same
method used in the diagnosis and performed by the same laboratory
[21]. The CLIFT assay may be used for confirmation purposes and to
ascertain a potential clinical correlation.

It should be noted that there are patients that lack a correlation be-
tween serological results and clinical characteristics. These are patients
with quiescent, but serologically active, SLE [67], and patients with
diagnosis of lupus nephritis (membranous), but negative anti-dsDNA.
Both situations can be maintained in the long-term [68-70]. Anti-
nucleosome antibodies can be used to monitor the disease activity of
patients with lupus nephritis who remain anti-dsDNA negative [71,72].
Furthermore, anti-histone antibodies (H1, H2A, H2B, H3 and H4) are
more prevalent in patients with lupus nephritis than in patients without
kidney disease [73,74]; however, as they have the disadvantage of being
more frequently found in drug-induced SLE [75-77], anti-histone anti-
bodies can play a role in disease monitoring when lupus nephritis is
confirmed to be not secondary to any drug treatment.

Additionally, low levels of the complement protein C1q have been
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associated with SLE flare-ups and the observation of anti-C1q antibodies
[78,79]. Prevalence of anti-C1q antibodies in patients with SLE varies
between 30% and 60%, and they are found in almost 100% of patients
with active lupus nephritis [80,81]; therefore, it has been suggested that
the anti-Cl1q could be disease-activity biomarkers [82]. The critical
negative predictive value of these antibodies must be emphasized, i.e.,
patients with lupus nephritis are doubtful to experience a flare-up in the
absence of anti-C1q [83-85]. Also, it has been speculated that anti-Clq
antibodies could play an active role in SLE pathogenesis [85].

Table 4 summarizes the advantages and disadvantages of the FEIA
and CLIFT assays in SLE follow-up. We recommend always using anti-
dsDNA and complement levels in patient follow-up, even if they were
negative/normal in previous monitoring visits.

The heterogeneity of SLE clinical manifestations and outcomes has
hindered the development of disease-assessing tools that show good
clinical correlation and help make comparisons, study disease progres-
sion, and evaluate treatment response, especially when using treat-to-
target strategies [86]. Different types of indexes have been proposed
for SLE:

i. Clinical indexes of overall activity, such as the Physician Global
Assessment (PGA) [87], the Systemic Lupus Erythematosus Dis-
ease Activity Score (SLE-DAS) [86], and the SLE Disease Activity
Index (SLEDAI) [88], and its modifications SLEDAI-2 K [89],
SLEDAI-2KG [90], which include steroid doses in the evaluation
of disease activity and SLEDAI-2 K RI-50, or SELENA-SLEDAI
[86]. The index designed by the British Isles Lupus Activity
Group (BILAG) is also in this group of tools [91].

ii. Indexes that measure accumulated damage, such as the Systemic
Lupus International Collaborating Clinics (SLICC)/ACR damage
index (SDI) [92].

iii. Composite indexes based on activity indexes, such as the SLE
Responder Index (SRI), which combines items from the Safety of
Estrogens in Lupus Erythematosus National Assessment
(SELENA)-SLEDAI, PGA and BILAG [93]; and the BILAG-Based
Composite Lupus Assessment (BICLA) [94].

Clinical experience with these indexes has been gathered mainly in
clinical trials. Several authors have reviewed their advantages and dis-
advantages, as well as the needs that should be met by optimal activity
indexes. Reports highlight the need to develop organ-specific metrics
(skin, kidney, and joint involvement) combined with generic disease
activity indexes. All analyses are limited to the context of clinical
research, emphasizing the challenges of finding the ideal reference
method, and concluding that these time-consuming tools are inappro-
priate for clinical practice [86,93,95]. Nevertheless, international
guidelines recommend monitoring SLE activity using indexes that have
been validated, such as the SLEDAI and the PGA [96].

Table 4
Comparison of the FEIA and CLIFT assays in SLE monitoring [59].
FEIA CLIFT
Advantages Quantitative monitoring Reinforces decision making
It can predict relapses
Quick and objective
Disadvantages  Lack of clinical correlation in Semiquantitative
some situations information

Should not be the only
method used

CLIFT: Crithidia luciliae immunofluorescence test; FEIA: fluorometric enzyme-
linked immunoassay.
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2.3. Summary of recommendations
2.3.1. SLE diagnosis

In a clinical context, positive ANA results should be used to select
additional assays to assess other parameters.

Confirmatory testing of anti-ENA is recommended when ANAs are
positive in the diagnosis process.

Analytical requests should include pertinent clinical information so
the laboratory can assess the results and decide on subsequent
studies.

In situations with a high degree of clinical suspicion of SLE, primary
care specialists should be able to add ANA-tests to their routine lab
requests.

Secondary care specialists and laboratories may establish standard
testing protocols based on the EULAR/ACR 2019 criteria.
Immunology laboratory professionals must make realistic expecta-
tions about the available clinical information and the most appro-
priate assays and cut-off points pertinent to the level of care
requesting the study.

In unselected populations the 1:160 dilution should be the cut-off
point for ANA detection.

New ANA detection methods other than the IFI mean that an effort
should be made to produce a reference method for standardization.
The laboratory should include the method used in their reports; if
several methods are used, the results obtained with each method
should be reported.

Anti-dsDNA testing should follow a double-screening strategy using a
last-generation SPA in the first place, and subsequently, the CLIFT as
the confirmation test.

e In the event of a negative anti-dsDNA SPA result, a confirmatory
CLIFT should be done only when other signs of clinical suspicion are
present. Without a clinical suspicion, the result should be reported
directly as negative anti-dsDNA

2.3.2. SLE monitoring

e A quantitative assay testing anti-dsDNA should be used to monitor
disease activity, preferably with the same method used in diagnosis
and performed by the same laboratory.

o Anti-dsDNA and complement levels should be measured in patient
follow-up, even if they were negative (anti-dsDNA) / within the
reference range (complement) in previous monitoring visits.

We conclude our discussion with a brief list of points that, in our
view, represent areas of improvement to facilitate the immunology
laboratory performance at SLE diagnosing and monitoring:

e There is a need to study the diagnostic performance of the anti-
dsDNA detection methods (such as predictive values, and likeli-
hood ratios...) in different populations, and the clinical correlation
between methods in each of those populations.

e We need to urge manufacturers to evaluate and improve the speci-
ficity of SPAs.

o Lastly, we would like to raise awareness of the need to conduct a
homogenous, multicentric, long-term study to assess the outcomes of
patients with inconsistent SPA and CLIFT results. Such a study would
help clarify the diagnostic value of the CLIFT assay and explain why
some patients show a negative CLIFT with a clearly positive SPA.

3. Conclusions

e Observation of anti-dsDNA autoantibodies is associated with SLE
plus several other diseases.



R. Rojo et al.

e Non-correlation between methods used in anti-dsDNA determination
may reflect differences in the antigenic specificity of the autoanti-
bodies and in the antigens used as substrate.

Receiving relevant clinical information will help laboratories vali-
date results and make valuable recommendations to diagnose and
monitor the SLE patient.

Given the polyclonal character of the SLE autoimmune response, a
100% sensitive and specific diagnostic method may never be
achieved.

Realistic and feasible objectives should be established, such as
improving the cost-benefit ratio and applicability of available
methods in broader populations, detecting more antigens, with
reproducible results in different laboratories.

More studies are needed to improve the diagnostic value of anti-
dsDNA assays in different populations.

4. Take-home messages

Implementing our recommendations will require fluent communi-
cation between clinicians and the laboratory.

A better understanding of the immunoassays used in anti-dsDNA
determination will help clinicians make laboratory requests suited
to their patient population and interpret ANA and anti-dsDNA
results.

e Further research is needed to consolidate the usefulness of anti-
dsDNA determination in SLE diagnosis and follow-up.

Funding source

Financial support to produce this paper was provided by Thermo
Fisher Scientific without playing any active role in its preparation and
writing nor in selecting a journal to request its publication.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Ricardo Rojo reports financial support was provided by Thermo
Fisher Scientific. Jaime Calvo Alen reports financial support was pro-
vided by. Alvaro Prada reports financial support was provided by
Thermo Fisher Scientific. Santiago Valor reports financial support was
provided by Thermo Fisher Scientific. Garbine Roy reports financial
support was provided by Thermo Fisher Scientific. Marcos Lopez-Hoyos
reports financial support was provided by Thermo Fisher Scientific.
Ricard Cervera reports financial support was provided by Thermo Fisher
Scientific. Paloma Sanchez Mateos reports financial support was pro-
vided by Thermo Fisher Scientific. Aurora Jurado Roger reports finan-
cial support was provided by Thermo Fisher Scientific. Jaime Calvo Alen
reports a relationship with Abbvie Spain, S.L.U. that includes: consulting
or advisory. Jaime Calvo Alen reports a relationship with AstraZeneca
that includes: consulting or advisory. Jaime Calvo Alen reports a rela-
tionship with Biogen that includes: consulting or advisory. Jaime Calvo
Alen reports a relationship with Eli Lilly and Company that includes:
consulting or advisory. Jaime Calvo Alen reports a relationship with GSK
that includes: consulting or advisory. Jaime Calvo Alen reports a rela-
tionship with Janssen Pharmaceuticals Inc. that includes: consulting or
advisory. Jaime Calvo Alen reports a relationship with Novartis that
includes: consulting or advisory. Jaime Calvo Alen reports a relationship
with Thermo Fisher Scientific that includes: consulting or advisory.
Ricard Cervera reports a relationship with AstraZeneca that includes:
consulting or advisory. Ricard Cervera reports a relationship with Cell-
GenTech, Inc. that includes: consulting or advisory. Ricard Cervera re-
ports a relationship with Eli Lilly and Company that includes: consulting
or advisory. Ricard Cervera reports a relationship with GSK that in-
cludes: consulting or advisory. Ricard Cervera reports a relationship
with Janssen Pharmaceuticals Inc. that includes: consulting or advisory.

Autoimmunity Reviews 22 (2023) 103479

Ricard Cervera reports a relationship with Laboratorios Rubio SA that
includes: consulting or advisory. Ricard Cervera reports a relationship
with Thermo Fisher Scientific that includes: consulting or advisory.
Marcos Lopez-Hoyos reports a relationship with Thermo Fisher Scien-
tific that includes: consulting or advisory. Aurora Jurado Roger reports a
relationship with Thermo Fisher Scientific that includes: consulting or
advisory. Co-author member of Autoimmunity Reviews editorial board.
Ricard Cervera. If there are other authors, they declare that they have no
known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

Data availability
No data was used for the research described in the article.
Acknowledgements

The authors would like to express their gratitude to all the people
who have worked on the compilation of this paper.

References

[1] Kaul A, et al. Systemic lupus erythematosus. Nat Rev Dis Primers 2016;2:16039.
[2] Rekvig OP. The anti-DNA antibodies: their specificities for unique DNA structures
and their unresolved clinical impact—a system criticism and a hypothesis. Front
Immunol 2022;12.

Stojan G, Petri M. Anti-Clq in systemic lupus erythematosus. Lupus 2016;25:

873-7.

[4] Wang X, Xia Y. Anti-double stranded DNA antibodies: origin, pathogenicity, and

targeted therapies. Front Immunol 2019;10.

[5] Petri M, et al. Derivation and validation of the systemic lupus international

collaborating clinics classification criteria for systemic lupus erythematosus.

Arthritis Rheum 2012;64:2677-86.

Hochberg MC. Updating the American college of rheumatology revised criteria for

the classification of systemic lupus erythematosus. Arthritis Rheum 1997;40.

1725-1725.

[7] Tan EM, et al. The 1982 revised criteria for the classification of systemic lupus

erythematosus. Arthritis Rheum 1982;25:1271-7.

Aringer M, et al. 2019 European league against rheumatism/American college of

rheumatology classification criteria for systemic lupus erythematosus. Arthritis

Rheum 2019;71:1400-12.

Rekvig OP. Autoimmunity and SLE: factual and semantic evidence-based critical

analyses of definitions, etiology, and pathogenesis. Front Immunol 2020;11.

[10] Feltkamp TE, Kirkwood TB, Maini RN, Aarden LA. The first international standard
for antibodies to double stranded DNA. Ann Rheum Dis 1988;47:740-6.

[11] Fox BJ, et al. A WHO reference reagent for lupus (anti-dsDNA) antibodies:
international collaborative study to evaluate a candidate preparation. Ann Rheum
Dis 2019;78:1677.

[12] Damoiseaux J, van Beers J. Autoantibodies to dsDNA in the diagnosis,
classification and follow-up of patients with systemic lupus erythematosus. J Transl
Autoimmun 2023;6:100191.

[13] Serra-Garcia L, Barba PJ, Morgado-Carrasco D. FR-Criterios de clasificacion 2019
del lupus eritematoso sistémico. Actas Dermosifiliogr 2022;113:310-2.

[14] Aringer M, et al. European league against rheumatism (EULAR)/American College
of Rheumatology (ACR) SLE classification criteria item performance. Ann Rheum
Dis 2021;80:775-81.

[15] Leuchten N, 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;70:428-38.

[16] Mahler M, Meroni P-L, Bossuyt X, Fritzler MJ. Current concepts and future
directions for the assessment of autoantibodies to cellular antigens referred to as
anti-nuclear antibodies. J Immunol Res 2014;2014:1-18.

[17] Aringer M, Dorner T, Leuchten N, Johnson SR. Toward new criteria for systemic
lupus erythematosus—a standpoint. Lupus 2016;25:805-11.

[18] Bossuyt X, De Langhe E, Borghi MO, Meroni PL. Understanding and interpreting
antinuclear antibody tests in systemic rheumatic diseases. Nat Rev Rheumatol
2020;16:715-26.

[19] Boccitto M, Wolin SL. Ro60 and Y RNAs: structure, functions, and roles in
autoimmunity. Crit Rev Biochem Mol Biol 2019;54:133-52.

[20] Infantino M, Manfredi M, Bizzaro N. European league against rheumatism/
American College of Rheumatology classification criteria for systemic lupus
erythematosus: the laboratory immunologist’s point of view. Ann Rheum Dis 2021;
80. e188-e188.

[21] Agmon-Levin N, et al. International recommendations for the assessment of
autoantibodies to cellular antigens referred to as anti-nuclear antibodies. Ann
Rheum Dis 2014;73:17-23.

[22] Rekvig OP. Anti-dsDNA antibodies as a classification criterion and a diagnostic
marker for systemic lupus erythematosus: critical remarks. Clin Exp Immunol
2014;179:5-10.

[3

[6

[8

[9



R. Rojo et al.

[23]
[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]

[42]
[43]
[44]

[45]

[46]

[47]

[48]

[49]
[501

[51]

[52]

[53]

[54]

[55]

[56]

Rekvig OP. The anti-DNA antibody: origin and impact, dogmas and controversies.
Nat Rev Rheumatol 2015;11(9):530-40.

Pisetsky DS. Anti-DNA antibodies — quintessential biomarkers of SLE. Nat Rev
Rheumatol 2016;12:102-10.

Pisetsky DS, Vrabie IA. Antibodies to DNA: infection or genetics?18; 2009.

p. 1176-80. https://doi.org/10.1177/0961203309106492.

Hamilton KJ, Schett G, Reich CF, Smolen JS, Pisetsky DS. The binding of sera of
patients with SLE to bacterial and mammalian DNA. Clin Immunol 2006;118:
209-18.

Wu ZQ, Drayton D, Pisetsky DS. Specificity and immunochemical properties of
antibodies to bacterial DNA in sera of normal human subjects and patients with
systemic lupus erythematosus (SLE). Clin Exp Immunol 2003;109:27-31.

Sundar K, et al. Expression of the Epstein-Barr virus nuclear antigen-1 (EBNA-1) in
the mouse can elicit the production of anti-dsDNA and anti-Sm antibodies.

J Autoimmun 2004;23:127-40.

Rekvig OP, Bendiksen S, Moens U. Immunity and autoimmunity induced by
polyomaviruses: clinical, experimental and theoretical aspects. Adv Exp Med Biol
2006;577:117-47.

Cerutti ML, Zarebski LM, Gay GDP, Goldbaum FA. A viral DNA-binding domain
elicits anti-DNA antibodies of different specificities. Mol Immunol 2005;42:
327-33.

Yadav P, et al. Antibodies elicited in response to EBNA-1 may cross-react with
dsDNA. PloS One 2011;6:e14488.

Wozencraft AO, Staines NA. DNA-binding antibodies and parasitic diseases.
Parasitol Today 1990;6:254-9.

Lv S, et al. Origin and anti-tumor effects of anti-dsDNA autoantibodies in cancer
patients and tumor-bearing mice. Immunol Lett 2005;99:217-27.

Ashton NW, Bolderson E, Cubeddu L, O’Byrne KJ, Richard DJ. Human single-
stranded DNA binding proteins are essential for maintaining genomic stability.
BMC Mol Biol 2013;14:9.

Edgington SM, Stollar BD. Immunogenicity of Z-DNA depends on the size of
polynucleotide presented in complexes with methylated BSA. Mol Immunol 1992;
29:609-17.

Brigido M, Stollar B. Two induced anti-Z-DNA monoclonal antibodies use VH gene
segments related to those of anti-DNA autoantibodies. J Immunol 1991;146:
2005-9.

Stollar BD. Why the difference between B-DNA and Z-DNA? Lupus 1997;6:327-8.
Pasi M, Lavery R. Structure and dynamics of DNA loops on nucleosomes studied
with atomistic, microsecond-scale molecular dynamics. Nucleic Acids Res 2016;44:
5450-6.

Griffith J, Bleyman M, Rauch CA, Kitchin PA, Englund PT. Visualization of the bent
helix in kinetoplast DNA by electron microscopy. Cell 1986;46:717-24.

Paull TT. RNA-DNA hybrids and the convergence with DNA repair. Crit Rev
Biochem Mol Biol 2019;54:371-84.

Nadel J, et al. RNA:DNA hybrids in the human genome have distinctive nucleotide
characteristics, chromatin composition, and transcriptional relationships.
Epigenetics Chromatin 2015;8:46.

Frappier L, Price GB, Martin RG, Zannis-Hadjopoulos M. Monoclonal antibodies to
cruciform DNA structures. J Mol Biol 1987;193:751-8.

Shlyakhtenko LS, Potaman VN, Sinden RR, Lyubchenko YL. Structure and
dynamics of supercoil-stabilized DNA cruciforms. J Mol Biol 1998;280:61-72.
Pisetsky DS. Specificity and immunochemical properties of antibodies to bacterial
DNA. Methods 1997;11:55-61.

Gilkeson GS, Ruiz P, Howell D, Lefkowith JB, Pisetsky DS. Induction of immune-
mediated glomerulonephritis in normal mice immunized with bacterial DNA. Clin
Immunol Immunopathol 1993;68:283-92.

Rekvig OP, Moens U, Fredriksen K, Traavik T. Human polyomavirus BK and
immunogenicity of mammalian DNA: a conceptual framework. Methods 1997;11:
44-54.

Colson P, et al. “Megavirales”, a proposed new order for eukaryotic
nucleocytoplasmic large DNA viruses. Arch Virol 2013;158:2517-21.

Fredriksen K, Osei A, Sundsfjord A, Traavik T, Rekvig OP. On the biological origin
of anti-double-stranded (ds)DNA antibodies: systemic lupus erythematosus-related
anti-dsDNA antibodies are induced by polyomavirus BK in lupus-prone
(NZBxNZW) F1 hybrids, but not in normal mice. Eur J Immunol 1994;24:66-70.
Villalta D, et al. Anti-dsDNA antibody avidity determination by a simple reliable
ELISA method for SLE diagnosis and monitoring. Lupus 2003;12:31-6.

Smeenk R, van der Lelij G, Aarden L. Avidity of antibodies to dsDNA: comparison
of IFT on Crithidia luciliae, Farr assay, and PEG assay. J Immunol 1982;128:73-8.
Rekvig OP. The dsDNA, anti-dsDNA antibody, and lupus nephritis: what we agree
on, what must be done, and what the best strategy forward could be. Front
Immunol 2019;10.

Marion TN, Postlethwaite AE. Chance, genetics, and the heterogeneity of disease
and pathogenesis in systemic lupus erythematosus. Semin Immunopathol 2014;36:
495-517.

Krishnan MR, Wang C, Marion TN. Anti-DNA autoantibodies initiate experimental
lupus nephritis by binding directly to the glomerular basement membrane in mice.
Kidney Int 2012;82:184-92.

Almaani S, Meara A, Rovin BH. Update on lupus nephritis. Clin J Am Soc Nephrol
2017;12:825-35.

Goilav B, Putterman C. The role of anti-DNA antibodies in the development of
lupus nephritis: a complementary, or alternative, viewpoint? Semin Nephrol 2015;
35:439-43.

Madaio MP. The relevance of antigen binding to the pathogenicity of lupus
autoantibodies. Kidney Int 2012;82:125-7.

[57]
[58]
[59]
[60]

[61]

[62]

[63]

[64]
[65]
[66]

[67]

[68]
[69]
[70]

[71]

[72]

[73]

[74]

[75]
[76]
[77]

[78]

[79]

[80]

[81]
[82]
[83]

[84]

[85]

[86]

[87]

[88]
[89]

[90]

Autoimmunity Reviews 22 (2023) 103479

Fismen S, Petter Rekvig O, Synngve Mortensen E. Pathogenesis of SLE dermatitis - a
reflection of the process in SLE nephritis? Curr Rheumatol Rev 2007;3:159-65.
Faust TW, et al. Neurotoxic lupus autoantibodies alter brain function through two
distinct mechanisms. Proc Natl Acad Sci 2010;107:18569-74.

Cockx M, et al. Laboratory evaluation of anti-dsDNA antibodies. Clin Chim Acta
2022;528:34-43.

Infantino M, et al. Comparison of current methods for <scp>anti-dsDNA</scp>
antibody detection and reshaping diagnostic strategies. Scand J Immunol 2022;96.
Gordon C, et al. The British Society for Rheumatology guideline for the
management of systemic lupus erythematosus in adults. Rheumatology 2018;57:
el-45.

Protocole National de Diagnostic et de Soins (PNDS). Lupus Systémique. Centre de
Référence pour le Lupus, le Syndrome des Antiphospholipides et autres maladies
auto-immunes rares. https://www.has-sante.fr/portail /upload/docs/applicatio
n/pdf/2017-03/dirl/pnds_-_lupus_systemique.pdf; 2017. Preprint at.

Zeng Y, et al. Assessment of anti-nucleosome antibody (ANuA) isotypes for the
diagnosis and prediction of systemic lupus erythematosus and lupus nephritis
activity. Clin Exp Med 2022;23:1677-89.

Unlu O, Zuily S, Erkan D. The clinical significance of antiphospholipid antibodies
in systemic lupus erythematosus. Eur J Rheumatol 2016;3:75-84.

Raissi TC, Hewson C, Pope JE. Repeat testing of antibodies and complements in
systemic lupus erythematosus: when is it enough? J Rheumatol 2018;45:827-34.
Lake S, et al. Frequency of repeat antinuclear antibody testing in Ontario: a
population-based descriptive study. CMAJ Open 2020;8:E184-90.

Steiman AJ, Gladman DD, Ibanez D, Urowitz MB. Prolonged serologically active
clinically quiescent systemic lupus erythematosus: frequency and outcome.

J Rheumatol 2010;37:1822-7.

Cobenas CJ, Spizzirri FD, Drut R. Membranous nephropathy and seronegative
systemic lupus erythematosus. Pediatr Nephrol 2003;18:202-3.

Kim H-A, et al. An antinuclear antibody-negative patient with lupus nephritis.
Korean J Intern Med 2009;24:76.

Huerta A, et al. Renal-limited ‘lupus-like’ nephritis. Nephrol Dial Transplant 2012;
27:2337-42.

Bizzaro N, Villalta D, Giavarina D, Tozzoli R. Are anti-nucleosome antibodies a
better diagnostic marker than anti-dsDNA antibodies for systemic lupus
erythematosus? A systematic review and a study of metanalysis. Autoimmun Rev
2012;12:97-106.

Suleiman S, Kamaliah D, Nadeem A, Naing NN, Che Maraina CH. Anti-nucleosome
antibodies as a disease activity marker in patients with systemic lupus
erythematosus. Int J Rheum Dis 2009;12:100-6.

Kiss E, Lakos G, Szegedi G, Poor G, Szodoray P. Anti-nuscleosome antibody, a
reliable indicator for lupus nephritis. Autoimmunity 2009;42:393-8.

Yang J, et al. Co-positivity for anti-dsDNA, -nucleosome and -histone antibodies in
lupus nephritis is indicative of high serum levels and severe nephropathy. PloS One
2015;10:e0140441.

Didier K, et al. Autoantibodies associated with connective tissue diseases: what
meaning for clinicians? Front Immunol 2018;9.

Zirwas MJ, Kress DW, Deng J-S. The utility of antihistone antibody screening in the
diagnosis of drug-induced lupus erythematosus. Arch Dermatol 2004;140.
Aguirre Zamorano MA, Lépez Pedrera R, Cuadrado Lozano MJ. Lupus inducido por
farmacos. Med Clin (Barc) 2010;135:124-9.

Frémeaux-Bacchi V, Weiss L, Demouchy C, Blouin J, Kazatchkine M.
Autoantibodies to the collagen-like region of Clq are strongly associated with
classical pathway-mediated hypocomplementemia in systemic lupus
erythematosus. Lupus 1996;5:216-20.

Walport MJ. Complement and systemic lupus erythematosus. Arthritis Res 2002;4:
S279.

Schaller M, Bigler C, Danner D, Ditzel HJ, Trendelenburg M. Autoantibodies
against Clq in systemic lupus erythematosus are antigen-driven. J Immunol 2009;
183:8225-31.

Trendelenburg M, et al. High prevalence of anti-C1q antibodies in biopsy-proven
active lupus nephritis. Nephrol Dial Transplant 2006;21:3115-21.

Bock M, Heijnen I, Trendelenburg M. Anti-C1q antibodies as a follow-up marker in
SLE patients. PloS One 2015;10:e0123572.

Meyer OC, et al. Anti-C1q antibodies antedate patent active glomerulonephritis in
patients with systemic lupus erythematosus. Arthritis Res Ther 2009;11:R87.
Matrat A, et al. Simultaneous detection of anti-C1q and anti-double stranded DNA
autoantibodies in lupus nephritis: predictive value for renal flares. Lupus 2011;20:
28-34.

Mok CC, Ho LY, Leung HW, Wong LG. Performance of anti-Clq, antinucleosome,
and anti-dsDNA antibodies for detecting concurrent disease activity of systemic
lupus erythematosus. Transl Res 2010;156:320-5.

Banjari M, Touma Z, Gladman DD. Improving measures of disease activity in
systemic lupus erythematosus. Expert Rev Clin Immunol 2023;19:193-202.
Caceres L, et al. PO.4.78 Validation analysis of the physician global assessment
(PGA) scale in patients with systemic lupus erythematosus included in relesser-pros
registry. In: Thursday 06 October 2022 from 13:00 to 14:10. Lupus Foundation of
America; 2022. https://doi.org/10.1136/lupus-2022-elm2022.105. A67.1-A67.
Bombardier C, et al. Derivation of the sledai. A disease activity index for lupus
patients. Arthritis Rheum 1992;35:630-40.

Gladman D, Ibanez D, Urowithz M. Systemic lupus erythematosus disease activity
index 2000. J Rheumatol 2002;29:288-91.

Touma Z, et al. Identifying a response for the systemic lupus erythematosus disease
activity 2000 glucocorticoid index. Arthritis Care Res (Hoboken) 2021;73:1243-9.



R. Rojo et al.

[91]

[92]

[93]

Symmons D, et al. Development and assessment of a computerized index of clinical
disease activity in systemic lupus erythematosus. Members of the British Isles lupus
assessment group (BILAG). Q J Med 1988;69:927-37.

Gladman D, et al. The development and initial validation of the systemic lupus
international collaborating clinics/American College of Rheumatology damage
index for systemic lupus erythematosus. Arthritis Rheum 1996;39:363-9.

Luijten KMAGC, Tekstra J, Bijlsma JWJ, Bijl M. The systemic lupus erythematosus
responder index (SRI); a new SLE disease activity assessment. Autoimmun Rev
2012;11:326-9.

[94]

[95]

[96]

Autoimmunity Reviews 22 (2023) 103479

Wallace D, et al. Evaluation of treatment success in systemic lupus erythematosus
clinical trials: development of the British Isles Lupus Assessment Group- based
Composite Lupus Assessment Endpoint [poster]. In: Presented at the Annual
Meeting of the American College of Rheumatology; 2011. November 5-9; Chicago,
Illinois.

Ohmura K. Which is the best SLE activity index for clinical trials? Mod Rheumatol
2021;31:20-8.

Fanouriakis A, et al. 2019 update of the EULAR recommendations for the
management of systemic lupus erythematosus. Ann Rheum Dis 2019;78:736-45.



