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Abstract 

Background:  Evaluation of disease activity in systemic lupus erythematosus (SLE) patients is important for modu‑
lating the therapeutic plan and decreasing organ damage. Autoantibodies are important serological biomarkers in 
SLE. We evaluated the effect of co-positivity of anti-dsDNA, anti-nucleosome, and anti-smith, autoantibodies on the 
SLEDAI score in SLE patients.

Results:  Eighty adult SLE patients were included in this study. The correlations of the three autoantibodies with 
the SLEDAI score in addition to their sensitivity and specificity for the assessment of disease activity were analyzed. 
There was a highly significant difference between anti-dsDNA, anti-nucleosome, and anti-smith positive and negative 
groups as regards the SLEDAI score. Increased number of autoantibody positivity was associated with an increased 
mean rank of SLEDAI, and the three autoantibodies were positively correlated with each other and with the SLEDAI 
score. Roc curve analysis revealed that anti-smith has the highest sensitivity (90%) followed by anti-dsDNA and anti-
nucleosome (85% for each). Moreover, anti-dsDNA had the highest specificity (88%) followed by anti-nucleosome 
(86%) then anti-smith (84%).

Conclusions:  Anti-dsDNA, anti-nucleosome, and anti-smith autoantibodies have a positive correlation with the 
SLEDAI score, and they may be considered as good serological biomarkers for the assessment of disease activity in 
SLE patients.
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Background
Systemic lupus erythematosus (SLE) is one of the autoim-
mune diseases which affects various body systems with 
a wide variety of clinical presentations [1]. The clinical 
manifestations consist of constitutional, mucocutane-
ous, musculoskeletal, hematologic, renal, and central 
nervous system manifestations [2]. Evaluation of disease 
activity in SLE patients is required for the follow-up and 

management, and it is also essential to modify the thera-
peutic plan and to predict the prognosis. The assessment 
of disease activity in SLE is important for distinguishing 
the disease flare from chronic damage, infection, and 
comorbidities [3]. Over the past 20 years, several indi-
ces have been developed to assess systemic lupus dis-
ease activity, and some of them have been validated. The 
most commonly used measures include the SLE Disease 
Activity Index (SLEDAI), the British Isles Lupus Assess-
ment Group (BILAG) index, the Systemic Lupus Activ-
ity Measure (SLAM), the Lupus Activity Index (LAI), and 
the European Consensus Lupus Activity Measurement 
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(ECLAM). All these measures are valid and have good 
reliability and responsiveness [4]. The SLEDAI is a scale 
that is specific to measure disease activity in adults with 
SLE. It can assess reversible manifestations of the under-
lying inflammatory disease process. The SLEDAI is ideal 
for the assessment of disease activity at an individual visit 
[5] and for organ/system assessment scales that assess 
disease activity in different organs [6].

Antinuclear antibodies (ANA) are autoantibodies that 
can recognize nuclear antigens and their complexes. 
ANA are considered as important biomarkers in the 
evaluation of several autoimmune diseases, most promi-
nently SLE [7], and due to the role of immune complexes 
in the pathogenesis of the disease, some of these autoan-
tibodies are considered as valuable laboratory findings 
to complete the clinical criteria of SLE [8]. The immune 
complexes which are formed from the interaction of 
ANA with antigens mediate disease pathogenesis by 
cytokine induction and tissue deposition. Some ANA can 
bind DNA and associated nucleosome proteins, while 
other ANA can bind RNA-binding proteins [9]. ANA 
testing and anti-extractable nuclear antigen (anti-ENA) 
are important serologic tests for SLE [10]. ANA can test 
positive in many autoimmune diseases and also in some 
normal individuals [8]. The effective care and follow-up 
of SLE patients depend on serological biomarkers. Sero-
logical tests are usually used for the assessment of disease 
activity and prediction of disease flare; one of these sero-
logical markers is the anti-dsDNA which increases with 
disease flare [11], but there are few serological biomark-
ers validated for mirroring lupus disease activity and pre-
diction of flare from which the anti-dsDNA antibodies 
and complement, which can be deficient in some clinical 
situations as reliable markers for the assessment and fol-
low-up of disease activity [12]. So, other autoantibodies 
like anti-nucleosome antibodies have been suggested as a 
specific marker for disease activity [8].

Several previous studies tried to explore the relation-
ship between the clinical features of SLE and anti-ENA 
antibodies. Anti-dsDNA and anti-smith are autoantibod-
ies against DNA with high specificity for SLE, and they 
are included in the classification criteria for SLE [13, 14]. 
Anti-dsDNA autoantibodies are highly specific for SLE; 
they are present in about 70% of cases, whereas they 
appear in only 0.5% of people without SLE [15]. Also, 
anti-dsDNA antibodies have been used as a marker for 
disease activity [16]. There is great interest in the identi-
fication of other biomarkers that can be used in the diag-
nosis and assessment of disease activity in SLE patients 
[17].

The nucleosome is the main element of chromatin, 
and it consists of about 170–200 base pairs of DNA 

wrapped around the two histone octamer [18]. It was 
suggested that the nucleosome is one of the important 
antigens playing an important role in the pathophysi-
ology of lupus, and the presence of anti-nucleosome 
autoantibodies may contribute to organ damage [19]. 
Nucleosomes have been reported to have more strong 
immunogenicity than DNA or histones which induces a 
powerful T-helper cell response [20].

Assessment of anti-chromatin antibodies including 
anti-histone and anti-nucleosome may be important for 
identifying the high-risk patients for proliferative lupus 
nephritis (LN) [21]. Anti-nucleosome autoantibod-
ies have nearly equal specificity and higher sensitivity 
than anti-dsDNA antibodies in LN patients [22]. So, it 
is important to evaluate the effect of anti-nucleosome 
autoantibody positivity on SLEDAI score [23] par-
ticularly in patients with renal involvement [24]. Anti-
nucleosome antibodies were suggested as important 
markers and as complementary to anti-dsDNA anti-
bodies for SLE diagnosis, and they should be included 
in the criteria for the diagnosis of SLE [25]. Recently, 
it has been suggested that combined positivity for anti-
nucleosome and anti-dsDNA antibodies may have a 
prognostic value especially for renal affection, and this 
supports the routine assessment of these autoantibod-
ies [22]. Despite previous studies reported increased 
anti-nucleosome antibodies in SLE patients particularly 
with increased disease activity, few data are available 
showing their suitability for monitoring disease activity 
[26].

Anti-smith antibodies are autoantibodies against 
seven proteins that consist of a core of small nuclear 
ribonucleoprotein [27]. The specificity of anti-smith 
autoantibodies for classification of SLE reached 90% in 
a previous study [28]. Despite the very high specificity 
of the anti-smith antibodies for SLE, its significance is 
still unclear [13]. It is reported that patients who are 
positive for anti-smith antibodies are more liable to the 
renal and central nervous system involvement [8]. The 
identification of active SLE patients depends on clini-
cal symptoms and signs in addition to the serological 
abnormalities. So, there is a high demand for the pres-
ence of a serological biomarker with high sensitivity 
and specificity for the assessment of SLE disease activ-
ity, and as anti-dsDNA, anti-nucleosome, and anti-
smith autoantibodies are present with a high frequency 
in SLE patients especially those with organ damage and 
they have high specificity for the diagnosis of SLE we 
aimed to evaluate the effect of co-positivity of these 
three autoantibodies on SLEDAI score and to deter-
mine their sensitivity and specificity for the assessment 
of disease activity in SLE patients.
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Methods
The data from 80 adult SLE patients (75 females (93.7%) 
and 5 males (6.3%)) were collected from the Rheumatol-
ogy and Rehabilitation Department, from October 2019 
to November 2020. The patients were classified as SLE 
according to the 2012 SLICC classification criteria for 
SLE [14]. Patients with other autoimmune diseases, sys-
temic diseases, hematological disorders, malignancy, and 
pregnancy were excluded. Routine laboratory investi-
gations were performed in the form of CBC, ESR, CRP, 
urine analysis, protein/creatinine ratio (P/C), 24 h uri-
nary proteins, and kidney function tests, in addition 
to ANA and ANA profile. The disease activity in our 
patients was assessed by the SLEDAI score which con-
sists of 24 “weighted” items grouped into 9 domains. The 
final score is the sum of all weighted attributed scores: 0 
means no activity, 1–5 means mild activity, 6–10 means 
moderate activity, 11–19 means high activity, and more 
than 20 is considered as very high activity [29].

Antinuclear antibody (ANA) was measured by the 
indirect immunofluorescence technique (IIF). Using 
ANAFLUOR, Stillwater, DiaSorin, MN 55082-0285, 
USA, kit following the instructions in the manufactur-
ing protocol. The patient serum was diluted and then 
dropped onto HEP-2 cells which are fixed as separated 
dots on the slide as a source of nuclei, incubated with 
patient serum for 30 min then washed, and secondary 
antibodies which are conjugated with FITC were added 
and incubated for 30 min followed by washing the slides 
then the fluorescence microscope was used for detecting 
the fluorescence [30], the positive ANA test is reported 
as both a pattern and a titer. Anti-dsDNA, Anti-nucle-
osome, and anti-smith autoantibody positivity were 
recorded from the ANA profile. The ANA profile was 
done by the EIA technique, using Blue Diver Quantrix 
ANA IgG kit (Code: ANA19Q-24) for BlueDiver Instru-
ment (BDI), according to the manufacturer’s protocol 
[31]. All patients gave their informed consent before their 
inclusion in the study.

Statistical analysis
Data were analyzed statistically using SPSS, version 20 
(IBM Corp., Armonk, USA). The results were shown 
as mean ± SD in normally distributed data. Qualitative 
data were shown as percentages and numbers. The cor-
relations were done between the autoantibodies using 
Kendall’s tau-b. For normally distributed variables, an 
independent-sample t test was used. To compare the 
three groups for the not normally distributed data, the 
Kruskal-Wallis test was used followed by the Mann-
Whitney U test to compare between every two groups. 
ROC curve analysis was done to calculate the sensitivity, 

specificity, and area under the curve for the three 
autoantibodies.

Results
Our study included 80 adult SLE patients (75females 
(93.7%) and 5males (6.3%). Table  1 shows the demo-
graphic and clinical manifestations of the patients. The 
most frequent clinical manifestations were mucocutane-
ous and musculoskeletal manifestations (92.5% for each). 
Followed by hematological (58.75%), LN (46.25%), and 
constitutional manifestations (31.25%). Table  2 shows 
the laboratory findings and medication characteristics of 
the patients; ANA was positive in 97.5% of the patients. 
Regarding the medications, steroids and hydroxychloro-
quine were used by 100% of the patients, azathioprine 
was used by (60%) of the patients, cyclophosphamide was 

Table 1  Demographic and clinical manifestations of SLE patients

Items No. (%)/mean (range)

Female:male ratio 75 (93.7%)/5 (6.3%)

Age (years) 34.3 (18–50)

Disease duration (years) 4.931 (1–10)

Clinical manifestations
  Constitutional 25 (31.25%)

  Mucocutaneous 74 (92.5%)

  Musculoskeletal 74 (92.5%)

  Lupus nephritis 37 (46.25%)

  Cardiovascular 4(5%)

  Pulmonary 5 (6.3%)

  Neuropsychiatric 3 (3.75%)

  Hematological 47 (58.75%)

  SLEDAI (mean ± SD) 17.11 ± 11.55

Table 2  Laboratory findings and medications of SLE patients

Items Mean ± SD/No. (%)

Laboratory findings
  Urinary protein (g/24) 1.08 ± 0.56

  Serum creatinine (mg/dl) 0.75 ± 0.37

  P/C ratio (mg/mg) 0.96 ± 0.76

  WBC (× 109/l) 6.63 ± 4.17

  PLT (× 109/l) 246.43 ± 96.71

  Hb (g/dl) 10.62 ± 2.01

  ANA 78 (97.5%)

Medications
  Steroids 80 (100%)

  Hydroxychloroquine 80 (100%)

  Cyclophosphamide 35 (43.75%)

  Azathioprine 48 (60%)

  Methotrexate 22 (27.5%)
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used by (43.75%) of the patients, and methotrexate was 
used by (27.5%) of the patients.

Distribution of the three autoantibodies in different grades 
of SLEDAI
According to the SLEDAI score, 7.5% of our patients 
had no activity, 10% had mild activity, 20% had moder-
ate activity, 35% had high activity, and 27.5% had very 
high disease activity. The anti-dsDNA, anti-nucleosome, 
and anti-smith autoantibodies were present with high 
frequency in the high disease activity group (38.58%, 
32.26 %, and 35.72%, respectively), and also in the very 
high disease activity group (25.72%, 25.8%, and 28.58%, 
respectively) and present with low frequency in patients 
with mild disease activity (10%, 14.52, and 10.71% respec-
tively) and no disease activity (4.28%, 6.45%, and 7.14% 
respectively), and the three autoantibodies showed sig-
nificant differences between low and high disease activity 
patients as shown in Fig. 1.

Effect of anti‑dsDNA, anti‑nucleosome, and anti‑smith 
autoantibodies on SLEDAI score
Seventy patients (87.5%) were positive for anti-dsDNA, 
62 (77.5%) for anti-nucleosome, and 34 (42.5%) for anti-
smith. By comparing the SLEDAI scores between the 
positive and negative groups for each autoantibody, there 
was a highly significant difference between anti-dsDNA, 
anti-nucleosome, and anti-smith positive and negative 
groups (p < 0.001, p < 0.001, p = 0.005, respectively), as 
shown in Table 3.

Co‑positivity of the three autoantibodies in SLE patients 
and their effect on disease activity
Six (7.5%) of our patients were negative for the three 
autoantibodies, eleven (13.75%) were positive for one 
autoantibody, forty-one (51.25%) were positive for two 
autoantibodies, and twenty-two (27.5%) were positive 
for the three autoantibodies. By comparing the mean 
rank of SLEDAI, in the patients according to the autoan-
tibody positivity, the mean rank of SLEDAI was signifi-
cantly higher (p = 0.001) in patients with two and three 
positive autoantibodies than in patients with three 
negative autoantibodies, and by increasing the number 
of positivity, the mean rank of SLEDAI increased in all 
groups except in one positive when compared with three 

Fig. 1  Distribution of the three autoantibodies in different grades of the SLEDAI

Table 3  Comparison of the SLEDAI score between positive and 
negative patients for anti-dsDNA, anti-nucleosome, and anti-
smith

The difference between SLEDAI in positive and negative groups of 
autoantibodies is a very high significant difference at p < 0.001

**the significance is high; ***the significance is very high

Antibodies Frequencies n (%) SLEDAI P value

Anti-dsDNA Positive 70 (87.5%) 18.63 < 
.001***

Negative 10 (12.5%) 6.5

Anti-nucleosome Positive 62 (77.5%) 19.79 < 
.001***

Negative 18 (22.5%) 7.88

Anti-smith Positive 34 (42.5%) 21.94 0.002**

Negative 46 (57.5%) 13.54
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negatives where the mean rank of SLEDAI was high but 
insignificant as shown in Table 4.

Correlations of the three autoantibodies with the SLEDAI 
score
Regarding the correlation of the three autoantibodies 
with the SLEDAI score, we found that the anti-dsDNA, 
anti-nucleosome, and anti-smith autoantibodies were 
positively correlated with each other and with the SLE-
DAI score, as shown in Table 5.

ROC curve analysis for the detection of autoantibodies 
sensitivity and specificity for disease activity
ROC curve analysis revealed that anti-smith had the 
highest AUC (0.851) with 90% sensitivity and 84% speci-
ficity at a cutoff of 9.5U/ml followed by anti-dsDNA with 
AUC 0.818, 85% sensitivity, and 88% specificity at cut off 
49U/ml then anti-nucleosome with AUC 0.812, 85% sen-
sitivity and 86% specificity at a cutoff 42U/ml as shown 
in Fig. 2.

Discussion
Autoantibodies represent the hallmarks of SLE. Ninety-
eight percent of the autoantibodies detected in the sera 
of SLE patients bind to cell nucleus antigens, like ANA 
[32]. Autoantibodies induce tissue injury through sev-
eral mechanisms including the formation of immune 
complexes, binding to the cell surface and cytotoxic-
ity, reactivity with autoantigens which are expressed on 
activated or apoptotic cell surfaces, penetration of living 
cells, and conjugation with cross-reactive extra-cellular 
molecules [32]. The immune complexes bind FC recep-
tors with modulation of the innate and adaptive immune 
responses [33]. Genetic variants of FC receptors were 
associated with susceptibility to SLE and with the disease 
severity [34]. Autoantibodies are essential biomarkers for 
autoimmune diseases, and they have important diagnos-
tic and prognostic values in SLE [22]. Recently, there is a 
huge interest towards the use of ANA as a predictor for 
disease progression in SLE, aiming to decrease morbidity 
and mortality [33].

Our findings suggested that the mean SLEDAI score 
increased with the increased number of autoantibodies 
positivity, and this was obvious in comparing the mean 
rank of SLEDAI of patients who are positive for two or 
three autoantibodies with those who are negative for all 
autoantibodies (p = 0.001) and also on comparing one 
positive with two positives, one positive with three posi-
tives and two positives with three positives (p = 0.016, 
p = 0.007, p = 0.001, respectively). This result is near to 
that of Elsayed and Mohafez, who found that when the 
autoantibodies positivity increased, the mean rank of 
SLEDAI increased [22].

Our study showed a highly significant difference 
between positive and negative groups for anti-dsDNA, 
anti-nucleosome, and anti-smith regarding the SLEDAI 
score (p = 0.001, p = 0.005, p = 0.001, respectively). Our 
findings revealed that the three autoantibodies were 
positively correlated with each other and with the SLE-
DAI score. This agrees with several previous studies that 
focused on the role of individual ANA autoantibodies 
in SLE. Anti-dsDNA antibody titer is known to be cor-
related with disease activity, so it is considered as a good 
marker for disease activity in SLE [26]. A previous study 
suggested that anti-dsDNA antibodies positively corre-
late with lupus disease activity, and serial measurements 
of anti-dsDNA antibodies are important for follow-up 
and prediction of disease flare [35]. A significant associa-
tion was reported between anti-dsDNA antibodies and 
lupus disease activity [23]. Mahmoudi et al. showed that 
the positive correlation between the SLEDAI score and 
anti-dsDNA was expected because anti-dsDNA is one 
of the items included in the calculation of the SLEDAI 
score [36]. Suleiman et al. and Abdalla et al. reported that 

Table 4  Effect of co-positivity of anti-dsDNA, anti-nucleosome, 
and anti-smith on SLEDAI score

The difference is significant at p < 0.05

Group Mean Rank of SLEDAI P value

One positive vs all negative 10.05 vs 7.50 0.315

Two positive vs all negative 27.08 vs 6.43 0.001
Three positive vs all negative 19.00 vs 4.00 0.001
One positive vs two positive 15.70 vs 27.95 0.016
One positive vs three positive 10.10 vs 20.00 0.007
Two positive vs tree positive 22.48 vs 48.57 0.001

Table 5  Correlations between the three autoantibodies and the 
SLEDAI score

r correlation coefficient

***Correlation is very highly significant at p < 0.001

Anti-dsDNA Anti-nucleosome Anti-smith SLEDAI

Anti-dsDNA

  r 1 0.665 0.503 0.606

  p < 0.001 < 0.001 < 0.001***

Anti-nucleosome

  r 0.665 1 0.335 0.406

  p < 0.001 0.002 < 0.001***

Anti-smith

  r 0.503 0.335 1 0.540

  p < 0.001 0.002 < 0.001***
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there was a significant correlation between anti-nucleo-
some antibodies and the disease activity indices [23, 25]. 
Several previous studies reported a correlation between 
anti-nucleosome antibodies and SLEDAI [5, 25, 37]. 
Thus, serial measurements of anti-nucleosome antibod-
ies may provide a good reflection for the assessment of 
disease activity [8]. Elsayed and Mohafez found that anti-
nucleosome and anti-dsDNA both show a positive cor-
relation with SLEDAI, but anti-dsDNA antibodies show 
a stronger correlation with SLEDAI than anti-nucleo-
some antibodies [22]. Živković et  al. found a significant 
correlation between anti-dsDNA and anti-nucleosome 
antibodies, which suggested a link between ds-DNA-
specific immune response and nucleosomes in patients 
with SLE. This serologic overlap may be because these 
autoantibodies share the same antigenic structure and 
reactivities [38]. Hung et al. reported a high frequency of 
anti-dsDNA positivity in patients who are anti-nucleo-
some positive [39]. Elsayed and Mohafez found that anti-
nucleosome and anti-dsDNA antibodies were correlated 
with each other and with the SLEDAI score [22]. Ahn 
et  al. found a significant correlation between anti-smith 
antibody titer and SLEDAI score, and anti-dsDNA titer 
and alterations in anti-smith antibody titer may reflect 
alterations in lupus disease activity so, it can be used as 
a serological marker for the assessment of disease activ-
ity in SLE patients [13]; also, Emad et al. found that anti-
smith autoantibodies were positively correlated with 
disease activity in SLE patients [40]. Anti-smith antibod-
ies were found to be negatively correlated with comple-
ment level and as the activation of complement is an 
important pathway in SLE pathogenesis, so activation of 
complement by anti-smith antibodies may be one of the 
mechanisms explaining the relation between anti-smith 
antibodies and disease activity in lupus [13].

ROC curve analysis revealed that anti-dsDNA had 
the highest specificity for SLE disease activity followed 
by anti-nucleosome then anti-smith, while anti-smith 
had the highest sensitivity, followed by anti-dsDNA 
and anti-nucleosome. Our data suppose that anti-
dsDNA, anti-nucleosome, and anti-smith autoantibod-
ies have high sensitivity and specificity for SLE disease 
activity and co-positivity of these three autoantibod-
ies markedly affects the SLEDAI score; thus, they may 
be considered as valuable serological biomarkers for 
assessment of disease activity in SLE patients.

Conclusions
Anti-dsDNA, anti-nucleosome, and anti-smith autoanti-
bodies have a positive correlation with the SLEDAI score, 
and they may be considered as good serological biomark-
ers for the assessment of disease activity in SLE patients.
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