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Abstract
Objectives Our aim was to investigate the prevalence value of a high-avidity antinuclear antibody (ANA) of the IgG isotype (HA
IgG ANA) compared with that of ANAs of other isotypes in patients with systemic lupus erythematosus (SLE) and to assess the
associations of HA IgG ANAwith the activity of SLE and lupus nephritis.
Methods We retrospectively analyzed clinical and laboratory data from subjects. Blood samples were acquired from 101 SLE
patients, 67 patients with other autoimmune diseases, and 65 healthy donors. The levels of HA IgGANA and other isotype ANAs
were measured by indirect immunofluorescence (IIF). The prevalence and diagnosis value of HA IgG ANA and other antibodies
in SLE patient were tested. The advantage of HA IgG ANA compared with HA anti-dsDNA antibodies IgG (HA dsDNA IgG)
was verified by ELISA.We monitored the relative avidity indexes (RAIs) of HA IgG ANA and HA dsDNA IgG at 3 time points
after the start of treatment in the same individuals with SLE.
Results The prevalence of HA IgG ANAwas significantly higher in active cases than in inactive cases of SLE and LN, which is
consistent with data for IgG ANAs, anti-dsDNA IgG antibodies, low C3 levels, low C4 levels, and anti-C1q antibodies. HA IgG
ANA showed moderate sensitivity and specificity (80% and 81.3%) for discriminating active and inactive SLE cases. However,
HA IgG ANA showed no significant differences among the different clinical manifestations of SLE. Compared with that of HA
dsDNA IgG, the RAI of HA IgG ANAwas positively related to SLEDAI scores after treatment at 0, 1, and 3 months (r = 0.6813,
p = 0.0026; r = 0.5972, p = 0.0114; r = 0.4817, p = 0.0474).
Conclusions First, we demonstrated that HA IgGANAwas a reliable diagnostic tool in SLE patients. Furthermore, HA IgGANA
was supposed to be more appropriate for identifying the activity of SLE compared with HA dsDNA IgG. In summary, HA IgG
ANA may be a new biomarker for diagnosing SLE and identifying SLE activity.

Key Points
•We first introduced the concept of a “high-avidity IgG ANA (HA IgG ANA)” that could distinguish between the early stage of SLE and SLE that had

been active for some time.
• The relative avidity indexes (RAIs) of HA IgG ANA and HA dsDNA IgG were presented and applied here to evaluate the avidities of antibodies involved

in SLE.
• In our study, we confirmed the value of HA IgG ANA in diagnosing SLE. In addition, HA IgG ANAwas more appropriate for identifying the activity of
SLE than was HA dsDNA IgG.

• In conclusion, HA IgG ANA could be a potential biomarker for the assessment of the prognosis of SLE activity.
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Introduction

Systemic lupus erythematosus (SLE) is a multisystem autoim-
mune disease characterized by the presence of a multitude of
autoantibodies. Antinuclear antibody (ANA) positivity is an
important criterion for the diagnosis of SLE and is officially
recognized as such by its inclusion in the European League
Against Rheumatism (EULAR) and American College of
Rheumatology criteria [1]. ANA positivity at a serum dilution
of > 1:80 is a necessary entry criterion, followed by weighted
items including seven clinical (constitutional, mucocutaneous,
arthritic, neurologic, serositic, hematological, and renal) and
three immunological (anti-phospholipid, complement and
highly specific antibody) domains [2]. The indirect immuno-
fluorescence (IIF) ANA test is the “gold standard” for the
diagnosis of systemic autoimmune rheumatic disease
(SARD) and is used for essentially all patients with SLE.
However, both the detection and the titer measurement of
anti-double-stranded DNA (anti-dsDNA) antibodies are con-
sidered to be key in the diagnosis of SLE, the assessment of
the SLE phenotype, especially renal involvement, and the de-
termination of SLE activity [3–5]. The levels of anti-dsDNA
IgG were detected at least 2 years earlier than clinical diagno-
sis occurred [6, 7], and the concentration of these antibodies
fluctuates with disease activity in SLE [8, 9]. In addition, anti-
dsDNA and anti-Sm antibodies are relatively specific for di-
agnosing SLE. Nonetheless, many SLE patients lack these
antibodies, which leads to the possibility of a missed diagnosis
[10]. Furthermore, there is a lack of correlation between the
titers of anti-dsDNA antibodies and SLE in some patients
because of the methodological limitations of ELISA methods
and Farr’s assay. Thus, clinicians have been puzzled by the
inconsistencies between clinical activity manifestations and
the titers found by anti-dsDNA antibody serology tests.
Autoantibody involvement in SLE immunopathogenesis still
deserves further exploration [11–13].

High-affinity antibodiesmediate a variety of biological func-
tions more effectively than low-affinity antibodies, as reported
in previous experimental evidence [14]. The maturation of an-
tibody affinity leads to an increase in the avidity of antigen-
antibody complexes, which is a basic and universal immuno-
logical process [15]. High-avidity anti-dsDNA IgG is consid-
ered highly specific for the diagnosis of SLE and evaluation of
disease activity [16, 17]. Although anti-dsDNA IgG exhibits a
high specificity, its prevalence has been estimated to be approx-
imately 50% [18, 19]. In our study, high-avidity IgGANA (HA
IgG ANA) were first introduced to evaluate the disease activity
of SARDs, especially SLE. Until now, the role of HA IgG
ANAs in SLE has not been identified. The purpose of our study
was to investigate the prevalence of HA IgG ANA, ANAs of
other isotypes (IgG, IgM, and IgA), anti-dsDNA IgG antibod-
ies, and C3 and/or C4 levels to evaluate diagnostic value and
clarify the association with disease activity of SLE.

Materials and methods

Ethics statement

The study was approved by the Research Ethics Committee of
Zhongshan Hospital, the Medical College of Xiamen
University, and informed consent was obtained from all the
participants. For the patients under 18 years of age participat-
ing in the study, written informed consent from their guardians
or parents was required.

Study participants

A total of 101 patients with SLE (8 males and 92 females,
mean age of 36 years) diagnosed according to the 2012 re-
vised diagnostic criteria of the European League against
Rheumatism (EULAR) and American College of
Rheumatology criteria were accepted from Zhongshan
Hospital, the Medical College of Xiamen University, from
April 2018 to August 2019 and enrolled in the present study.
The other autoimmune disease group recruited 67 patients (8
males and 59 females, mean age of 36 years old) with other
autoimmune diseases. Of these patients, 23 were diagnosed
with Sjögren’s syndrome (SS), 19 were diagnosed with rheu-
matoid arthritis (RA), 13 were diagnosed with mixed connec-
tive tissue disease (MCTD), 6 were diagnosed with liver dis-
ease (including hepatitis and liver cirrhosis), 4 were diagnosed
with systemic sclerosis (SSC), and 2 were diagnosed with
anti-phospholipid syndrome (APS).

The healthy control group was composed of age- and
sex-matched individuals (7 males and 58 females, mean
age of 36 years) without any risk factors or chronic dis-
eases. The disease activity of the patients with SLE was
assessed based on the SLE disease activity index 2000
(SLEDAI-2K) [20], and SLEDAI-2K>4 was defined as
active SLE [21]. Patients exhibiting a serological cure
and those presenting with pregnancy, malignant diseases,
heart failure, or hematological disease were excluded from
the study. The diagnosis of lupus nephritis (LN) depended
on urine analysis, renal function tests, and renal biopsies.
An independent pathologist classified the renal biopsies of
LN patients according to the International Society of
Nephrology-Renal Pathology Society (ISN/RPS) classifi-
cation. Active LN was defined as urine protein excretion ≥
500 mg/day or cellular casts [22].

The most common medicine used by patients was pred-
nisone (94/101, 93.06%), and some patients combined
prednisone with chloroquine or chloroquine plus azathio-
prine (64/94, 68.08%). Methotrexate plus prednisone and
chloroquine was used in fewer patients (28/94, 29.78%).
Cyclophosphamide was rarely used (10/94, 10.63%).
These data are not shown.
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Detection of ANAs of different isotypes by indirect
immunofluorescence

Total ANAs were screened with indirect immunofluorescence
on human epithelial type-2 (Hep-2) cells using commercially
available ANA Hep-2 (Euroimmun Medizinische
Labordiagnostika, Germany) as recommended by the manu-
facturer. Briefly, serum was diluted to 1:100, 1:10, or 1:40
with PBS for IgG, IgM, and IgAANAs, respectively, and then
applied to substrate glass slides coated with Hep-2 cells. After
incubating for 30 min, the slides were washed with PBS, and
FITC-labeled anti-human IgG, IgM, and IgA antibodies were
added to the corresponding slides. After incubating for anoth-
er 30 min, the slides were washed with PBS and sealed with
coverslips. IgMwas extracted bymixing 20-μl serum samples
with a 180-μl IgG/RF adsorbent. After incubating at 25 °C for
15 min, the mixture was centrifuged at 2000 rpm for 10 min,
and the supernatant of IgM antibody was diluted 10 times.

To detect HA IgG ANAs in the serum of patients, 8-M urea
treatment was used, which allowed low-affinity antibodies to
dissociate from their cognate antigen, while high-affinity an-
tibodies were unaffected. After continuous exploration, the
experimental process was as follows: serum was diluted
1:10 with PBS and incubated with Hep-2 cells for 40 min.
After washing with PBS once for 5 min, 8 M urea was applied
to denature the low-affinity IgG ANAs and incubated for
30 min. FITC-labeled anti-human IgG (Euroimmun
Medizinische Labordiagnostika, Germany) was added after
washing once. After incubating for another 30 min and wash-
ing with PBS, the slides were sealed with coverslips. All the
reactions were performed at room temperature. A single indi-
vidual, blinded to the clinical data, read all tests with a fluo-
rescence microscope using an LED light source.

Detection of total IgG ANAs, anti-dsDNA antibodies,
anti-C1q antibodies, C3 and C4

Total IgG ANA levels were measured using enzyme-linked
immunosorbent assay (ELISA) kits (Euroimmun
Medizinische Labordiagnostika, Germany). Anti-dsDNA
IgG antibody levels were measured using ELISA kits
(Shanghai Kexin, China). Anti-C1q antibody levels were
measured using ELISA kits (Wuhan Jianglai, China). All
assays were analyzed on an automatic ELISA reader
(Thermo Scientific, USA) according to the manufacturer’s
instructions. Positivity cutoffs were set at ≥ the optical
density value of the calibration standard for total IgG
ANAs, ≥ 100 IU/ml for anti-dsDNA antibodies and ≥
638.21 μg/ml for anti-C1q antibodies according to the
manufacturer’s instructions. C3 and C4 levels were deter-
mined by nephelometry with the Image Immunochemistry
System (Roche cobas 8000, Germany).

Detection of the avidities of IgG ANAs and anti-dsDNA
IgG antibodies by ELISA

Serum samples were diluted 1:10 or 1:100 for the avidities
of IgG ANAs and anti-dsDNA IgG antibodies, respective-
ly. The diluted serum samples were incubated in two par-
allel sets of microwell plates coated with ANA and dsDNA
antigens (Euroimmun Medizinische Labordiagnostika,
Germany, and Shanghai Kexin, China). After incubating
for 30 min at 25 °C, the plates were washed 5 times with
a wash buffer. Then, PBS was added to one plate, and 8 M
urea was added to the other plate. After incubating for
6 min, the urea and PBS were washed 3 times with the
wash buffer. The plates were then processed for an incuba-
tion with a rabbit anti-human antibody as in the standard
test. To evaluate the results more objectively, the relative
avidity index (RAI) was calculated by the following for-
mula: absorbance value of samples treated with urea/
absorbance value of samples not treated with urea×100%,
and the cutoff value was 40%.

Statistical analysis

Statistical analyses were carried out using SPSS software
(version 20.0; IBM Inc., New York, USA). The associa-
tions between qualitative variables were evaluated by the
chi-squared test or Fisher’s exact test, as appropriate.
Odds ratios (ORs) were estimated with 95% confidence
intervals (CIs) from a risk assessment analysis. A t test
was performed to analyze the significance of differences
between HA IgG ANA and HA dsDNA IgG at the differ-
ent times evaluated. The Spearman test was used to ana-
lyze the correlation between the RAI and disease activity.
The significance level was set to p < 0.05.

Results

Participant characteristics and laboratory results
in different tests for ANA antibodies

As shown in Table 1, the prevalence of IgG ANAs detected by
IIF (χ2 = 117.109, p = 0.000), IgG ANAs detected by ELISA
(χ2 = 121.294, p = 0.000), HA IgG ANAs detected by IIF
(χ2 = 80.736, p = 0.000), anti-dsDNA IgG detected by
ELISA (χ2 = 62.090, p = 0.000) , low C3 levels
(χ2 = 71.599, p = 0.000), low C4 levels (χ2 = 71.599, p =
0.000), and anti-C1q antibodies (χ2= 41.845, p = 0.000) were
different among the SLE group, the other autoimmune disease
group, and the healthy control group. In the SLE group, 93
patients (92.1%) were IgG ANA–positive by IIF, 71 patients
(70.3%) were HA IgG ANA–positive by IIF, 35 patients
(34.7%) were IgA ANA–positive by IIF, and 26 patients
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Table 1 Patient characteristics
and laboratory results of different
tests for ANAs in SLE patients,
patients with other autoimmune
diseases and healthy controls

SLE Other autoimmune diseases Healthy controls p value

Number of patients 101 67 65

Age (years), mean (range) 36 (15–76) 36 (16–75) 36 (12–68) 0.052

Sex (male/female) 8/92 8/59 7/58 0.680

SLEDAI score (range) 12 (0–42) – –

IgG ANA IIFa < 0.001g

+ 93 (92.1%) 41 (61.2%) 5 (8%)

– 8 (7.9%) 26 (38.8%) 60 (92%)

IgG ANA ELISAb < 0.001g

+ 91 (90%) 36 (53.7%) 2 (3%)

– 10 (10%) 31 (46.3%) 63 (97%)

HA ANA IgG IIFc < 0.001g

+ 71 (70.3%) 26 (38.8%) 0

– 30 (29.7%) 41 (61.2%) 65 (100%)

IgA ANA IIF nsh

+ 35 (34.7%) 24 (35.8%) 3 (5%)

– 66 (65.3%) 43 (64.2%) 62 (95%)

IgM ANA IIF nsh

+ 26 (25.7%) 21 (31.3%) 2 (3%)

– 75 (74.3%) 46 (68.7%) 63 (97%)

Anti-dsDNA IgG ELISAd < 0.001g

+ 43 (42.6%) 2 (3.0%) 0

– 58 (57.4%) 65 (97%) 65 (100%)

C3 < 0.9e

+ 63 (62.4%) 17 (25.4%) 0 < 0.001g

– 38 (37.6%) 50 (74.6%) 65 (100%)

C4 < 0.1f < 0.001g

+ 22 (21.8%) 5 (7.5%) 0

– 79 (78.2%) 62 (92.5%) 65 (100%)

Anti-C1q antibodies < 0.001g

+ 40 (39.6%) 4 (5.97%) 3 (4.65%)

– 61 (60.4%) 63 (94.03%) 62 (95.35%)

SLEDAI SLE disease activity index, ANA IgG IIFANA IgG-class IIF, ANA IgG ELISA ANA IgG-class ELISA,
HA ANA IgG HA ANA IgG, ns no significance
a The prevalence of positive results for ANA IgG-class IIF was significantly higher in the SLE group than in the
other autoimmune disease group (X2 = 23.802, p = 0.000); SLE versus healthy controls (X2 = 116.455, p =
0.000); and other autoimmune diseases versus healthy controls (X2 = 41.595, p = 0.000)
b SLE versus other autoimmune diseases (X2 = 28.877, p = 0.000); SLE versus healthy controls (X2 = 121.561,
p = 0.000); and other autoimmune diseases versus healthy controls (X2 = 41.294, p = 0.000)
c SLE versus other autoimmune diseases (X2 = 26.370, p = 0.000); SLE versus healthy controls (X2 = 79.362, p =
0.000); and other autoimmune diseases versus healthy controls (X2 = 31.173, p = 0.000)
d SLE versus other autoimmune diseases (X2 = 32.191, p = 0.000). SLE versus healthy controls (X2 = 37.163, p =
0.000); and other autoimmune diseases versus healthy controls (X2 = 1.955, p = 0.162)
e SLE versus other autoimmune diseases (X2 = 22.111, p = 0.000); SLE versus healthy controls (X2 = 64.950, p =
0.000); and other autoimmune diseases versus healthy controls (X2 = 18.787, p = 0.000)
f SLE versus other autoimmune diseases (X2 = 6.123, p = 0.013); SLE versus healthy controls (X2 = 16.223, p =
0.000); and other autoimmune diseases versus healthy controls (X2 = 5.004, p = 0.025)
g Data were compared between different groups, and the differences were statistically significant
h There was no significant difference in the prevalence of IgA ANAs measured by IIF and that of IgM ANAs
measured by IIF between SLE and other autoimmune diseases

2622 Clin Rheumatol (2020) 39:2619–2629



(25.7)% were IgM ANA–positive by IIF. The ELISA results
showed positivity for total IgG ANAs, anti-dsDNA IgG anti-
bodies, and anti-C1q antibodies in 43 patients (42.6%), 91
patients (92.1%) and 40 patients (38.5%), respectively. In to-
tal, 63 patients (62.4%) and 22 patients (21.8%) were positive
for the complement molecules C3 and C4, respectively. In
comparisons between the SLE and other autoimmune disease
groups, there were statistically significant differences for all
antibodies except for the IgA and IgM antibodies. In the other
autoimmune disease group, the numbers of positive results for
IgG ANA IIF, IgG ANA ELISA, HA IgG ANA IIF, anti-
dsDNA IgG ELISA, low C3 level detection, low C4 level
detection, and anti-C1q antibody detection were 41 (61.2%),
36 (53.7%), 26 (38.8%), 2 (3.0%), 17 (25.4%), 5 (7.5%), and
4 (5.97%), respectively. In the healthy controls, the numbers
of slightly positive results for IgG ANA IIF, IgG ANA
ELISA, IgA IIF, IgM IIF, and anti-C1q antibody detection
were 5 (8%), 2 (3%), 3 (5%), 2 (3%), and 3 (4.65%), respec-
tively. Moreover, there were no positive cases for HA IgG
ANA evaluated by IIF, low C3 expression, or low C4
expression.

Associations of the presence of ANAs of specific
isotypes, anti-dsDNA IgG antibodies, low C3 levels,
low C4 levels, and anti-C1q antibodies
with active/inactive SLE patients, LN/non-LN groups,
and active/inactive LN cases

In our cohort of 101 SLE patients, the mean value of the
SLEDAI scoring system used for the assessment of disease
activity was 12. The prevalences of IgGANAs detected by IIF
(97.6% vs. 62.5%, p = 0.000), IgG ANAs detected by ELISA
(95% vs. 62.5%, p = 0.000), HA IgG ANA detected by IIF
(80% vs. 18.75%, p = 0.000), IgM ANAs detected by IIF
(30.6% vs. 0, p = 0.010), anti-dsDNA IgG detected by
ELISA (50.6% vs. 0, p = 0.000), low C3 levels (71.8% vs.
12.5%, p = 0.000), and low C4 levels (25.9% vs. 0, p =
0.020) were significantly higher in the active SLE group than
in the inactive group. However, there were no significant dif-
ferences in the prevalences of IgA ANAs detected by IIF and
anti-C1q antibodies between the active and inactive SLE pa-
tients (Table 2).

In the SLE with renal involvement group, 35 patients
(34.7%) were diagnosed with lupus nephritis (LN). We found
that the presence of anti-C1q antibodies was correlated with
renal involvement (74.29% vs. 13.64%, p = 0.000). However,
there were no significant differences in the ANA isotypes,
anti-dsDNA IgG antibodies, and low complement molecule
levels between the LN and non-LN patients.

We compared the positivity of study ANA isotypes be-
tween the group with active LN and the group with inactive
LN. The results showed that the prevalences of IgG ANAs
detected by IIF (100% vs. 75%, p = 0.009), and HA IgG ANA

detected by IIF (65.6% vs. 5.56%, p = 0.000) in the active LN
group were significantly higher than those in the inactive
group. Associations of IgG ANAs detected by ELISA, IgA
ANAs, IgM ANAs, anti-dsDNA antibodies, low C3 levels,
and the presence of anti-C1q antibodies with active or inactive
LN were not found, as displayed in Table 2.

Diagnostic value of ANA isotypes, anti-dsDNA IgG
antibodies, and low C3 and/or C4 levels
in determining the disease activity of SLE

There were no significant differences in the sensitivity or
specificity of ANA IgG-class IIF and ELISA for evaluating
the disease activity of SLE (97.6% vs. 95.3% and 37.5%
vs. 37.5%, respectively, p > 0.05), as shown in Table 2.
However, because the IIF ANA test is considered the “gold
standard” for the diagnosis of SARD, the IgG ANA ELISA
was excluded in the diagnosis of SLE activity. The analysis
findings for the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and odds
ratio (OR) of ANA isotypes and anti-dsDNA IgG antibod-
ies in predicting the disease activity of SLE are shown in
Table 3 and Fig. 1. ANA IgG-class IIF was shown to have
the highest sensitivity and lowest specificity (97.6% and
37.5%, respectively), whereas ANA IgM showed the low-
est sensitivity and highest specificity (30.6% and 100%,
respectively) when assessed alone. HA IgG ANA
displayed moderate sensitivity and specificity (80% and
81.3%, respectively). Therefore, we combined HA IgG
ANA-class IIF with other antibodies in various combina-
tions to identify active and inactive SLE. The best combi-
nation of both high sensitivity (78.9%) and specificity
(81.3%) was found for the HA IgG ANA-class IIF and
ANA IgG-class IIF groups. However, combination with
ANA IgM-class IIF and/or dsDNA IgG ELISA was also
positive, with a specificity as high as 100%, despite
exhibiting low sensitivity (16.45–45.9%).

However, a moderate PPV, NPV, and OR for the diag-
nosis of SLE disease activity were found for ANA IgG-
class IIF (89.2%, 75%, and 25). The PPV, NPV, and OR for
HA IgG ANA-class IIF were 95.8%, 43.3%, and 17.24,
respectively, and the values for the combination of the
HA IgG ANA-class IIF and ANA IgG-class IIF groups
were 95.7%, 40.6%, and 15.385, respectively. The PPV
of ANA IgM-class IIF and/or dsDNA IgG ELISA alone
or in combination with ANA IgG-class IIF and HA IgG
ANA-class IIF were as high as 100%, despite occurrence
of a low NPV (18.8–27.6%) and low OR (1.204–2.024). In
addition, low C3 and/or C4 levels displayed the second
highest sensitivity and specificity (72.9% and 81.3%, re-
spectively). Moreover, the PPV, NPV, and OR were 95.4%,
36.1%, and 36.1%, respectively (Table 3).
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Associations of clinical manifestations with ANA
isotypes, anti-dsDNA IgG antibodies, low C3 levels,
low C4 levels, and anti-C1q antibodies in SLE patients

To evaluate the possible associations of clinical manifesta-
tions with each antibody and complement molecule in SLE
patients, 94 of the SLE patients who were enrolled in our
study were evaluated, but seven patients who had no clin-
ical data were excluded. Since one patient might display
one or more clinical manifestations, the number of patients
participating in the evaluation of clinical manifestations
might include double counts. The clinical profiles of the
study participants were categorized into cutaneous
(75.53%, 71/94), renal (38.3%, 36/94), arthritic (25.53%,
24/94), neurologic (12.77%, 12/94), hematologic (7.45%,
7/94), gastrointestinal (2.13%, 2/94), and pulmonary
(2.13%, 2/94). A chi-square test, a continuous correction
chi-square test, and Fisher’s exact test were used to identify
associations between the positive results for each antibody
and clinical manifestations. As shown in Table 4, the pres-
ence of anti-C1q antibodies was positively correlated with
renal involvement (65.00% vs. 16.67%, p = 0.000). In con-
trast, anti-C1q antibodies were negatively correlated with
arthritis (12.5% vs. 35.1%, p = 0.013), and low C3 levels
were negatively correlated with the hematologic classifica-
tion (p = 0.012). There were no correlations between ANA
isotypes or ds-DNA IgG and clinical manifestations
(Table 4).

Associations of HA IgG ANA and HA dsDNA IgG in SLE
patients

In our study, 17 patients with SLE were followed as study
subjects. HA IgG ANA -class ELISA and HA dsDNA IgG
ELISAwere performed at 0 months, 1 month, and 3 months.
We observed that the HA IgG ANA relative avidity index
(RAI) decreased at the same rate as the HA dsDNA IgG
RAI after treatment. However, in the comparison between
the HA IgG ANA RAI and HA dsDNA IgG RAI, there were
significant differences at 1 month (X2 = 30.040, p = 0.046) but
not at 0 or 3 months (p > 0.05) (Fig. 2a).

To assess the association between the RAI and disease
activity, the Spearman rank correlation test was used. The
results showed that the HA IgG ANA RAI was positively
related to the SLEDAI after treatment (r = 0.6813, p =
0.0026; r = .5972, p = 0.0114; r = 0.4817, p = 0.0474).
There was only one significant correlation between the
HA dsDNA IgG RAI and the SLEDAI at the first time
point (r = 0.7177, p = 0.0012). However, there were no
correlations between the HA dsDNA RAI and disease ac-
tivity after treatment (r = 0.1115, p = 0.6700; r = 0.3446,
p = 0.1755) (Fig. 2b–d).Ta
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Discussion

ANAs are a specific class of autoantibodies that have the
capability of binding to and destroying certain structures with-
in the nucleus of cells [23], which leads to autoimmune dis-
orders. However, it is assumed that ANA testing should usu-
ally be performed only once, and positive results do not need
to be repeated [24]. Interestingly, we notice that there are some
patients who show decreases in their ANA titers after receiv-
ing recommended therapy. In addition, some patients exhibit a
continually positive serological reaction that can be

disconcerting. Therefore, we introduced high-affinity ANAs
to compare the diagnostic value and disease correlation of
ANA affinity with other SLE indicators in SLE patients.

In our study, we investigated the diagnostic value of HA
IgG ANA, IgG ANAs, IgA ANAs, IgM ANAs, anti-dsDNA
IgG, and C3/C4 in SLE patients. Consistent with previous
studies, this study showed that IgG ANAs, anti-dsDNA IgG,
low C3/C4 levels, and anti-C1q antibodies were highly spe-
cific for the diagnosis of SLE, while IgA ANAs and IgM
ANAs had no significant associations with SLE [25]. HA
IgG ANA was consistent with the above indicators, which

Fig. 1 The sensitivity and
specificity of ANA isotypes, anti-
dsDNA IgG antibodies, and low
C3 and/or C4 levels for deter-
mining the disease activity of
SLE. I, IIF; E, ELISA

Table 3 Diagnostic value of ANA isotypes, anti-dsDNA IgG antibodies, and low C3 and/or C4 levels in determining the disease activity of SLE

Sensitivity Specificity PPV NPV OR (95% CI)

IgG ANA-I 97.6% 37.5% 89.2% 75% 25 (4.424–142.857)

HA IgG ANA-I 80% 81.3% 95.8% 43.3% 17.241 (4.424–66.67)

IgM ANA-I 30.6% 100% 100% 21.3% 1.441 (1.252–1.658)

Anti-dsDNA IgG-E 50.6% 100% 100% 27.6% 2.024 (1.631–2.513)

HA IgG ANA-I and IgG ANA-I 78.9% 81.3% 95.7% 40.6% 15.385 (3.937–58.82)

HA IgG ANA-I and IgM ANA-I 25.9% 100% 100% 20.2% 1.350 (1.190–1.529)

HA IgG ANA-I and Anti-dsDNA IgG-E 45.9% 100% 100% 25.8% 1.848 (1.520–2.247)

HA IgG ANA-I, IgG ANA-I and IgM ANA-I 25.9% 100% 100% 20.2% 1.350 (1.190–1.529)

HA IgG ANA-I, IgG ANA-I and anti-dsDNA IgG-E 45.9% 100% 100% 25.8% 1.848 (1.519–2.247)

HA IgG ANA-I, IgG ANA-I, IgM ANA-I, and anti-dsDNA IgG-E 16.5% 100% 100% 18.8% 1.204 (1.092–1.325)

Low C3 and/or C4 levels 72.9% 81.3% 95.4% 36.1% 11.630 (3.049–45.45)

IgG ANA-I IgG ANA-class IIF, HA IgG ANA-I HA IgG ANA-class IIF, IgM ANA-I IgM ANA-class IIF, anti-dsDNA IgG-E anti-dsDNA IgG ELISA
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exhibited statistically significant differences among SLE pa-
tients, patients with other autoimmune diseases, and healthy
controls. Then, we studied the performance characteristics of
HA IgG ANA and other ANA isotypes in the context of

disease activity in SLE patients. The results indicated that
IgG ANAs, anti-dsDNA IgG, C3, and C4 presented signifi-
cant differences between active and inactive SLE, which is
consistent with a previous study [20]. Interestingly, the

Fig. 2 a Comparisons of HA ANA IgG and HA dsDNA IgG before and
after treatment of SLE. 0 months indicates the first study visit before
treatment, while 1 month and 3 months indicate the visits that occurred
at 1 month and 3 months after treatment. Declines in the RAIs of HA
ANA IgG andHAdsDNA IgGwere observed after treatment. There were
significant differences between the HA ANA IgG RAI and HA dsDNA
IgG RAI at the 1-month time point (X2 = 30.040, p = 0.046) but not at the

first or 3-month time point (p > 0.05). b–d compare the association of the
RAI and disease activity between HA ANA IgG and HA dsDNA IgG at
different times after treatment. b–d show that the HA ANA IgG RAI was
positively related to the SLEDAI at three time points (r = 0.6813, p =
0.0026; r = .5972, p = 0.0114; r = 0.4817, p = 0.0474). There was only
one significant correlation between the HA dsDNA IgG RAI and the
SLEDAI at the first time points (dsDNA RAI 0) (r = 0.7177, p = 0.0012)

Table 4 Associations of clinical manifestations with ANA isotypes, anti-dsDNA IgG antibodies, low C3 levels, lowC4 levels, and anti-C1q antibodies
in SLE patients

Clinical
manifestations

Involved
patients (%)

IgG ANA IIF HA IgG ANA IIF IgM ANA IIF ds-DNA
IgG ELISA

C3 < 0.9 C4 < 0.1 Anti-C1q
antibodies

Positive
n = 90 (%)

Positive
n = 70 (%)

Positive
n = 26 (%)

Positive
n = 43 (%)

Positive
n = 62 (%)

Positive
n = 22 (%)

Positive
n = 40 (%)

Cutaneous 75.53 (71/94) 74.44 74.29 80.77 74.42 75.81 63.64 72.50

Renal 38.3 (36/94) 37.78 40.00 38.46 41.86 41.94 36.36 65.00a

Arthritic 25.53 (24/9) 26.67 24.29 23.08 30.23 25.81 22.73 12.50b

Neurologic 12.77 (12/9) 13.33 12.86 19.23 11.63 11.29 22.73 17.50

Hematologic 7.45 (7/94) 6.67 5.71 3.85 2.33 1.61c 0.00 2.50

Gastrointestinal 2.13 (2/94) 2.22 1.43 0.00 2.33 1.61 0.00 2.50

Pulmonary 2.13 (2/94) 2.22 2.86 3.85 2.33 3.23 4.55 0.00

a The presence of anti-C1q antibodies was positively correlated with renal involvement (65% vs. 16.67%, p = 0.000)
b The presence of anti-C1q antibodies was negatively correlated with arthritis (12.5% vs. 35.1%, p = 0.013)
c Low C3 levels were negatively correlated with the hematologic classification (1.61% vs. 18.75%, p = 0.012)
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prevalence of HA IgG ANAwas significantly higher in active
cases than in inactive cases of SLE or LN. This finding sug-
gested that HA IgG ANA presented in the active state, which
gradually increased as antibody affinity maturation occurred
[26]. However, we were not able to demonstrate a significant
association of HA IgG ANA with kidney involvement. The
positivity for HA IgG ANA in groups with or without renal
involvement was high at 74.3% and 68.2%, respectively. This
result was expected because the cross-reactive epitopes of
ANA isotypes make it difficult to distinguish the kidney res-
idency or blood circulation of antigen-antibody complexes.
This finding is consistent with the results of previous studies
on total anti-dsDNA antibodies, which were not associated
with lupus nephritis in Brazilian patients [27].

Based on the data for the sensitivity and specificity of ANA
isotypes in SLE patients, HA ANAs showed moderate sensi-
tivity and specificity (80% and 81.3%), as did the combination
of HA IgG ANA and total IgG ANAs, for distinguishing
active and inactive SLE. Although IgM ANAs and anti-
dsDNA antibodies showed good specificity (100%), they
had low sensitivity (30.6% and 50.6%, respectively). This
finding is consistent with the results of previous reports show-
ing that the specificity of anti-dsDNA antibodies has been
estimated to be approximately 50% in SLE patients [18, 19].
Since HA IgG ANA showed moderate sensitivity and speci-
ficity, we examined its correlations with other ANA isotypes
to determine whether it may have some clinical significance in
the evaluation of SLE. Unfortunately, HA IgG ANA showed
no significant differences among the different clinical mani-
festations of SLE. Again, there was no correlation between
dsDNA and clinical manifestations in SLE patients. This find-
ing is controversial, as it was previously reported that high
levels of anti-ds-DNA autoantibodies may or may not be as-
sociated with lupus nephritis [17, 27–29]. We speculate that
our observation is limited by the absence of clinical data.

Some reports have shown that HA dsDNA IgG detected by
ELISA is significantly correlated with disease activity [16,
17]. We performed HA ANA ELISA and HA dsDNA
ELISA at different times after treatment in 17 patients with
SLE who were followed and performed relative avidity index
(RAI) calculations to analyze the differences among the pa-
tients. The results showed that the HA IgG ANA RAI de-
creased as the HA dsDNA IgG RAI decreased after treatment.
Interestingly, the results showed that the HA IgG ANA RAI
was positively related to the SLEDAI after treatment at
three time points. However, there was no correlation be-
tween the HA dsDNA RAI and disease activity after treat-
ment. We suspected that HA IgG ANA could compensate
for the rate of missed dsDNA-seronegative patients be-
cause of the rich antigens targeted by ANAs in SLE. HA
IgG ANA could better reflect the overall antigen spectrum
status of patients and be more related to the activity of the
disease than dsDNA IgG.

In our study, the results showed that low C3 levels were
associated with the disease activity of SLE. In addition, com-
bined with lowC4 levels, lowC3 levels showed good sensitivity
and specificity. This finding is consistent with the results of
previous reports, which were included in the immunodiagnostic
criteria for SLE [30, 31]. Consistent withmost research, anti-C1q
antibodies play indispensable roles in the pathogenesis of SLE,
especially in distinguishing LN from non-LN [28]. Conversely, a
negative correlation between anti-C1q antibodies and arthritis
was demonstrated in our study. We hypothesized that anti-C1q
antibodies might play a protective role in arthritis in SLE. In
addition, a negative correlation between low C3 levels and the
hematologic classification was demonstrated in our study.

Our study has several limitations. The number of subjects
in this experiment is not large enough, and we need a larger
sample size to confirm our conclusions. The progressive de-
crease in the time elapsed between disease onset and diagnosis
is one of the major contributors to improvements in the sur-
vival [32] and quality [33] of life of SLE patients, which
means that additional efforts should be made to make the
diagnosis of SLE as early as possible [34, 35]. However, we
have not yet evaluated HA IgG ANA in terms of prognosis.

In conclusion, our study confirmed the diagnostic value of
HA IgG ANA with other ANS isotypes in SLE patients. HA
IgG ANA, IgG ANAs, IgM ANAs, and anti-dsDNA IgG can
assist in identifying the disease activity of SLE. In addition, HA
IgG ANA was evaluated in determining the activity of LN.
Furthermore, HA IgGANAwas regarded as having a moderate
PPV, NPV, and OR for the diagnosis and disease activity pre-
diction of SLE and correlated with the SLEDAI. Therefore, HA
IgG ANA is more suitable than HA dsDNA in correlating with
the SLEDAI in the treatment process and can better reflect the
overall disease activity state of patients. Even so, HA IgGANA
has a high prevalence in SLE patients and may be an important
biomarker of active disease after treatment.
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