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Anti-C1q, anti-chromatin/nucleosome, 
and anti-dsDNA antibodies in juvenile 
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ABSTRACT

Objectives: To evaluate the presence of anti-C1q, anti-chromatin/nucleosome and anti-double stranded DNA (dsDNA) 
antibodies in juvenile systemic lupus erythematosus (JSLE) and controls. Methods: Sixty-seven JSLE and 34 healthy 
controls were analyzed for the presence of anti-C1q, anti-chromatin/nucleosome, and anti-dsDNA antibodies by ELISA. 
C1q levels were evaluated by radial immunodiffusion. Results: The mean current age was similar in JSLE patients and 
controls (14.6 ± 3.86 vs. 13.6 ± 2.93 years, P = 0.14). Higher frequencies of anti-C1q, anti-chromatin/nucleossome, 
and anti-dsDNA antibodies were observed in JSLE compared to controls (20% vs. 0%, P = 0.0037; 48% vs. 0%, 
P < 0.0001 and 69% vs. 3%, P < 0.0001, respectively). The median of anti-C1q, anti-chromatin/nucleossome, and anti-
dsDNA antibodies were also signifi cantly higher in JSLE patients than in controls [9.6 (5.5–127) vs. 7.5 (5–20) units, 
P = 0.0006; 18 (1.9–212) vs. 3.2 (1.7–17) units, P < 0.0001; and 111 IU/mL (6–741) vs. 14 (6–33) IU/mL; P < 0.0001, 
respectively]. The sensitivity for anti-C1q, anti-chromatin/nucleosome, and anti-dsDNA antibodies was 21% 
(CI: 11–33), 49% (CI: 36–62), and 70% (CI: 57–81). The specifi city was 100% (CI: 88–100), 100% (88–100), and 
97% (CI: 83–99), respectively. A positive correlation was found between anti-dsDNA levels and both anti-C1q 
(r = 0.51; CI: 0.29–0.68; P < 0.0001) and anti-chromatin/nucleosome antibodies (r = 0.87; CI: 0.79–0.92; P < 0.0001) 
levels. A negative correlation was observed between anti-C1q and C1q levels (r = −0.33; CI: −0.56–0.05; P = 0.018). The 
frequency of anti-dsDNA was higher in patients with SLEDAI-2K ≥1 (P = 0.0047) and no differences were observed in 
the frequencies of these three autoantibodies and nephritis (P > 0.05). Conclusion: Our study demonstrated an elevated 
specifi city for lupus diagnosis involving the three autoantibodies, especially anti-C1q and anti-chromatin/nucleosome. 
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic infl am-
matory disease characterized by the presence of multiple 
autoantibodies. Specifi c and pathogenic autoantibodies were 

previously studied in juvenile SLE (JSLE) patients, particularly 
anti-C1q,1–4 anti-double stranded DNA (anti-dsDNA),3–5 and 
anti-chromatin/nucleosome antibodies.4,5 We have previously 
shown that in JSLE patients the presence of these autoan-
tibodies were associated with lupus activity5 and may be a 
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valuable tool for monitoring the disease course.3 However, 
to our knowledge, the concomitant evaluation of these three 
antibodies with assessments of sensitivity, specifi city, and 
positive and negative predictive values for JSLE diagnosis 
were not carried out in a pediatric lupus population.

Therefore, we evaluated the prevalence of anti-C1q, 
anti-dsDNA, and anti-chromatin/nucleosome antibodies in 
JSLE patients and in controls and the possible association 
of these antibodies with lupus nephritis and disease activity. 
In addition, we assessed sensitivity, specifi city, and positive 
and negative predictive values of the three autoantibodies for 
JSLE diagnosis.

MATERIALS AND METHODS

Sixty-seven consecutive JSLE patients followed at the Pediatric 
Rheumatology Unit were evaluated. All patients fulfi lled the 
American College of Rheumatology (ACR) SLE classifi cation 
criteria.6 The control group included 34 healthy subjects fol-
lowed at the Adolescents Unit at the same University Hospital. 
The Local Ethical Committee approved this study and an 
informed consent was obtained from all participants.

Autoantibodies and C1q assessments

Anti-C1q antibodies were detected by enzyme-linked immuno-
sorbent assay (ELISA) (Inova Diagnostics – QUANTA LiteTM 
Anti-C1q, San Diego, CA, USA). The cut-off for a positive test 
result was 20 units, as determined by the manufacturer. Anti-
chromatin/nucleossome antibodies were determined by ELISA 
(Inova Diagnostics – QUANTA LiteTM Anti-nucleossome, San 
Diego, California, USA). The cut-off for a positive test result was 
20 units, as also determined by the manufacturer. Anti-dsDNA 
antibodies were detected by Farrzyme assay (The Binding Site, 
Birmingham, UK) with cut-off of 30 units, as determined by 
the manufacturer. All antibodies were assessed with duplicated 
samples in JSLE patients and controls. C1q levels were evalu-
ated by radial immunodiffusion (The Binding Site, Birmingham, 
UK) in JSLE patients and the normal values were 33−209 mg/L. 

Demographic, nephritis, and disease activity   
data evaluation

Demographic data included current age, age at JSLE onset 
and gender. Renal involvement was defi ned according to 
proteinuria³ 0.5 g/24h, presence of cellular casts or persistent 
hematuria310 red blood cells per high power fi eld. SLE disease 
activity at the time of study entry was measured in all patients, 
using the SLE Disease Activity Index 2000 (SLEDAI-2K).7 

Disease activity was defi ned as SLEDAI-2K ≥ 1 and the fol-
lowing activity categories have been considered according to 
SLEDAI-2K score: no activity (SLEDAI-2K = 0), mild activity 
(SLEDAI-2K = 1–5), moderate activity (SLEDAI-2K = 6–10), 
high activity (SLEDAI-2K = 11–19), and very high activity 
(SLEDAI-2K = 20).8

Statistical analysis

Results were presented as the mean ± standard deviation (SD) 
or median for continuous variables, and number (%) for cat-
egorical variables. Data were compared by t test in continuous 
variables to evaluate differences between JSLE and controls, 
and in JSLE subgroups. Categorical variables differences were 
assessed by Fisher’s exact test. Spearman’s coeffi cient was 
used to evaluate correlations between serum autoantibodies, 
and between anti-C1q antibodies and C1q levels. The sensi-
tivity, specifi city, and positive and negative predictive values 
of these antibodies for JSLE diagnosis were also evaluated. 
In all the statistical tests the level of signifi cance was set at 
5% (P < 0.05). 

RESULTS

The mean current age was comparable in JSLE patients and 
controls (14.6 ± 3.86 vs. 13.6 ± 2.93 years; P = 0.14) and the 
percentage of female gender was similar in both groups (83% 
vs. 79%, P = 0.58) (Table 1). The age at JSLE onset and the dis-
ease duration were 8.9 ± 3.20 and 6.4 ± 3.52 years, respectively. 

Higher frequencies of elevated anti-C1q, anti-chromatin/
nucleosome and anti-dsDNA antibodies were observed in JSLE 

Table 1 
Demographic data and anti-C1q, anti-chromatin/nucleosome 
and anti-dsDNA autoantibodies in juvenile systemic lupus  
erythematosus patients and controls

Variables JSLE
(n = 67)

Controls
(n = 34) P

Demographic data
Age at disease onset, years
Disease duration, years
Current age, years
Female gender

8.9 ± 3.20
6.4 ± 3.52
14.6 ± 3.86
52 (83)

—
—
13.6 ± 2.93
27 (79)

—
—
0.14
0.58

Autoantibodies
Anti-C1q, units

Elevated levels (> 20 U)
Anti-chromatin/

nucleosome, units
Elevated levels (> 20 U)

Anti-dsDNA, IU/mL
Elevated levels (> 30 IU)

9.6 (5.5–127)
13 (20%)

18 (1.9–212)
30 (48%)
111 (6–741)
43 (69%)

7.5 (5–20)
0 (0%)

3.2 (1.7–17)
0 (0%)
14 (6–33)
1 (3%)

0.0006
0.0037

< 0.0001
< 0.0001
< 0.0001
< 0.0001
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compared to controls (20% vs. 0%, P = 0.0037; 48% vs. 0%, 
P < 0.0001; and 69% vs. 3%, P < 0.0001, respectively). The me-
dians of anti-C1q, anti-chromatin/nucleossome, and anti-dsDNA 
antibodies were also signifi cantly higher in JSLE patients than 
in controls [9.6 (5.5–127) vs. 7.5 (5–20) units, P = 0.0006; 18 
(1.9–212) vs. 3.2 (1.7–17) units, P < 0.0001; and 111 (6–741) vs. 
14 (6−33) IU/mL, P < 0.0001, respectively] (Table 1).

The sensitivities for anti-C1q, anti-chromatin/nucleossome, 
and anti-dsDNA antibodies were 21% (confi dence interval (CI): 
11%–33%, P = 0.0037), 49% (CI: 36%–62%; P < 0.0001), 
and 70% (CI: 57%–81%; P < 0.0001); and the specifi cities 
were 100% (CI: 88–100%; P = 0.0037), 100% (CI: 88–100%; 
P < 0.0001), and 97% (CI: 83%–99%; P < 0.0001), respec-
tively. Positive predictive values were 100% (CI: 75%–100%; 
P = 0.0037), 100% (CI: 88%–100%; P < 0.0001), and 97% (CI: 
87%–99%; P < 0.0001), and negative predictive values were 39% 
(CI: 28%–50%; P = 0.0037), 50% (CI: 37%–62%; P < 0.0001), 
and 62% (CI: 47%–76%; P < 0.0001) for anti-C1q, anti-chromatin/
nucleossome, and anti-dsDNA antibodies, respectively.

Nephritis was evidenced in 50 (81%) of JSLE patients. No 
differences were observed in JSLE patients with and without 
nephritis in the frequencies of anti-C1q (26% vs. 8%, P = 0.26), 
anti-chromatin/nucleosome (48% vs. 50%; P = 1.00), and anti-
dsDNA antibodies (72% vs. 58%; P = 0.30). 

Disease activity was observed in 48 (77%) of JSLE patients. 
No differences were observed in JSLE patients with SLEDAI ≥ 1 
vs. SLEDAI < 1 (SLEDAI = 0) in the frequencies of anti-C1q 
(20% vs. 21%; P = 1.00) and anti-chromatin/nucleosome (45% 
vs. 21%; P = 0.13). On the other hand, the frequency of anti-
dsDNA antibodies was signifi cantly higher in patients with 
SLEDAI ≥ 1 vs. SLEDAI = 0 (51% vs. 7%; P = 0.0047). 

In addition, the median of SLEDAI-2K was signifi cantly 
higher in patients with positive anti-dsDNA in comparison 
with patients with negative anti-dsDNA [8 (0–18 UI/mL) vs. 
4 (0–16 UI/mL); P = 0.004]. Even though, the medians of 
SLEDAI-2K were similar in patients with positive and negative 
anti-chromatin/nucleosome [6 (0–16) vs. 4 (0–18); P = 0.11] 
and in patients with positive and negative anti-C1q antibodies 
[5 (0–18) vs. 4 (0−16); P = 0.86].

According to disease activity, the patients were classifi ed 
in fi ve groups: no activity (SLEDAI-2K = 0) (n = 14; 21%); 
mild activity (SLEDAI-2K = 1–5) (n = 21; 31%); moderate 
activity (SLEDAI-2K = 6–10) (n = 18; 27%); high activity 
(SLEDAI-2K = 11–19) (n = 14; 21%) and very high activity 
(SLEDAI-2K ≥ 20 (n = 0; 0%). 

The frequency of anti-dsDNA antibodies was signifi cantly 
lower in patients with no activity in comparison with patients with 
mild (14% vs. 52%; P = 0.033), moderate (14% vs. 61%; P = 0.011), 

and high disease activity (14% vs. 79%; P = 0.0018). No difference 
was observed between the frequency of anti-dsDNA antibody in 
patients with mild and moderate activity (52% vs. 61%; P = 0.74) 
and mild and high activity (52% vs. 79%; P = 0.16) and between 
moderate and high activity patients (61% vs. 79%; P = 0.16). 

Regarding the anti-chromatin/nucleosome antibodies, patients 
with moderate activity presented a higher frequency of this anti-
body than patients with mild activity (61% vs. 24%; P = 0.025) 
and with no activity (61% vs. 21%; P = 0.035). The frequency of 
anti-chromatin/nucleosome antibody was similar between patients 
with no activity and patients with mild (21% vs. 24%; P = 1.00) 
and high activity (21% vs. 50%; P = 0.23) and between patients 
with mild and high disease activity (24% vs. 50%; P = 0.15). 

Regarding anti-C1q antibody, patients with no disease activity 
presented the same frequency of anti-C1q antibodies as patients 
with mild (21% vs. 24%; P = 1.00), moderate (21% vs. 17%; 
P = 1.00), and high (21% vs. 29%; P = 1.00) disease activities. 
Moreover, no difference was observed between the frequency 
of anti-C1q antibodies in patients with mild activity compared 
to moderate (24% vs. 17%; P = 0.70) and high (24% vs. 29%; 
P = 1.00) disease activity and in patients with moderate activity 
compared to high disease activity (17% vs. 29%; P = 0.66).

Figure 1 shows the frequency of anti-dsDNA, anti-chroma-
tin/nucleosome, and anti-C1q antibodies according to different 
degrees of disease activity. 

Figure 1
Frequency of anti-dsDNA, anti-chromatin/nucleosome 
and anti-C1q antibodies according to SLE disease activity 
(SLEDAI-2K).

SLEDAI-2K: systemic lupus erythematosus disease activity index-2000.

*Frequency of positive anti-dsDNA in SLEDAI-2K = 0 versus SLEDAI-2K = 
1–5, P = 0.033; SLEDAI-2K = 6–10, P = 0.011; SLEDAI-2K = 11–19, 
P = 0.0018.

# Frequency of positive anti-chromatin/nucleosome in SLEDAI-2K = 6–10 
versus SLEDAI-2K = 0, P = 0.035; SLEDAI-2K = 1–5, P = 0.025.
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Regarding the discordance between the three autoantibod-
ies, remarkably, one patient was positive only for anti-C1q 
antibody (negative for anti-chromatin/nucleosome and anti-
dsDNA antibodies) and another patient was positive only for 
anti-chromatin/nucleosome antibody (negative for anti-C1q 
and anti-dsDNA autoantibodies). 

Figure 2 shows a positive correlation between anti-C1q and 
anti-dsDNA antibodies in JSLE patients (r = 0.51; IC: 0.29–0.68; 
P < 0.0001). Figure 3 demonstrates a positive correlation be-
tween anti-chromatin/nucleosome and anti-dsDNA antibodies 
in JSLE patients (r = 0.87; CI: 0.79–0.92; P < 0.0001).

In addition, a negative correlation was observed between 
anti-C1q and C1q serum levels (r = −0.33; CI: −0.56–0.05; 
P = 0.018). None of them had undetectable C1q levels compat-
ible with a primary C1q immunodefi ciency.

DISCUSSION

Our study demonstrated an elevated specifi city and positive 
predictive value for lupus diagnosis of these three autoantibodies, 
especially anti-chromatin/nucleosome and anti-C1q antibodies. 
In addition, anti-dsDNA antibody was considered a reliable 
marker of disease activity in our patients and the anti-chromatin/
nucleosome antibody showed a fairly strong positive correlation 
with anti-dsDNA and a higher frequency in moderate activity 
patients in comparison to no active and mildly active patients.

Anti-C1q antibodies have been associated to lupus nephritis 
and disease activity in adult9−12 and juvenile lupus patients.4 
However, we recently demonstrated that this antibody in our 
cohort was not associated with nephritis in 67 JSLE patients,3 
as observed herein. Likewise, Ravelli et al.1 observed no 
association between anti-C1q levels and renal involvement. 
Nonetheless, the present study showed a positive correlation 
between anti-C1q and anti-dsDNA antibodies. The latter is a 
well-known biomarker of disease activity of SLE, as evidenced 
herein. Another important consideration is that a standardized 
set of reagents for the determination of anti-C1q antibodies has 
not been established yet, and this may partially explain some 
discrepancies in the previous results. 

Additionally, a negative correlation was observed 
between anti-C1q and C1q serum levels in our patients, 
as also evidenced in a Chinese study with pediatric lupus 
patients.4 Therefore, the presence of these antibodies could 
lead to a secondary decrease in C1q levels and to an im-
pairment of autoantigens clearance, contributing to lupus 
pathogenesis.13,14

Anti-chromatin/nucleosome antibodies have also been 
described as a marker of disease activity and lupus nephritis 
in adult patients.15−18 It has been demonstrated in vitro a direct 
binding of both C1q and nucleosomes to glomerular endothelial 
cells and that anti-nucleosome and anti-C1q antibodies have 
an additive effect in lupus nephritis pathogenesis in adults.19 
Regarding pediatric lupus, our group previously showed that 
the presence of this antibody was associated with lupus activity 
but not with renal manifestations,2 as also observed in the cur-
rent study, which showed that this antibody might be a useful 
marker of moderately active disease. 

Importantly, these autoantibodies had a markedly high 
specifi city and positive predictive value, greater than 97%, 

Figure 2
Positive correlation between anti-C1q and anti-dsDNA 
antibodies in 62 juvenile systemic lupus erythematosus 
patients (r = 0.51; IC: 0.29–0.68; P = 0.0001).

Figure 3
Positive correlation between anti-chromatin/nucleosome and 
anti-dsDNA antibodies in 62 juvenile systemic lupus erythe-
matosus patients (r = 0.87; CI: 0.79–0.92; P = 0.0001).
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for lupus diagnosis, and can be considered as a reliable tool 
in clinical practice, especially anti-chromatin/nucleosome 
and anti-C1q antibodies. Indeed, in previous studies, the 
specifi city and positive predictive value for anti-chromatin/
nucleosome antibodies for JSLE diagnosis were reported 
from 96%–98%4,5 and 97%,5 respectively. Regarding the 
anti-C1q antibodies, the specifi city for JSLE diagnosis was 
92%–100%.3,4

The determinations of anti-chromatin/nucleosome and anti-
C1q antibodies should be carried out for evaluation of lupus 
diagnosis, especially in JSLE patients who are negative for 
anti-dsDNA autoantibodies. These exams may be considered 
as lupus biomarkers, particularly in patients with incomplete 
lupus (up to three ACR classifi cation lupus criteria) and pro-
spective studies are necessary. 

In conclusion, although the anti-C1q and anti-nucleosome 
autoantibodies presented a lower sensitivity compared to anti-
dsDNA, the exceedingly high specifi city and positive predic-
tive value of both antibodies could help in JSLE diagnosis, 
especially in patients with negative anti-dsDNA.  
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