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Aim: Systemic lupus erythematosus (SLE) is the prototype of chronic autoimmune diseases. One-fifth of all SLE disease occurs in childhood. In this study, it was aimed to
compare the SLE classification criteria that have been used so far. These are the ACR
(American College of Rheumatology) 1997, SLICC (Systemic Lupus International Collaborating Clinics) 2012, and EULAR (European League against Rheumatism) / ACR 2019
criteria.
Materials and Methods: Patients with 34 pediatric SLE and 32 antinuclear antibodies
(ANA) (+) control groups who were followed up in Ankara Dr. Sami Ulus Obstetrics and
Children’s Hospital Pediatric Rheumatology Clinic were recruited to study. All of these
patients were diagnosed by three pediatric rheumatologists. The control group consisted
of ANA (+) patients with other rheumatologic diseases.
Results: The sensitivities of the ACR 1997, SLICC 2012, and EULAR/ACR 2019 criteria
were 76.5%, 94.1%, and 88.2%, respectively. The specificities of the criteria for ACR 1997,
SLICC2012, and EULAR/ACR 2019 were 93.8%.
Conclusion: Although SLICC 2012 showed the best sensitivity, all three classification
criteria had the same specificity.
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Introduction
One of the most important chronic autoimmune diseases is
systemic lupus erythematosus (SLE). The term pediatric
SLE describes the patients who are younger than 18 years
of age. These patients constitute 10-20% of all SLE patients. The SLE seen in this period has more severe organ
involvement hematologic, neurological, and nephrological
compared to adulthood [1, 2] . To date, three sets of classification criteria have been defined for SLE. The American
College of Rheumatology (ACR) first printed SLE criteria in 1971 to identify patients in clinical tests [3]. These
criteria were separated into eleven categories with the addition of new immunological criteria in 1982 [4]. These
were last updated in 1997 ACR criteria, where only the
immunological criteria were changed [5]. The lupus erythematous (LE) cell criterion was excluded and adjusted

to include antiphospholipid antibodies. According to the
ACR 1997 criteria, a patient with four of the 11 classification criteria is diagnosed as SLE. The Systemic Lupus
International Collaborating Clinics (SLICC) group modified the 1997 ACR criteria to include existing traditional
wisdom using the iterative segmentation technique [6]. In
SLICC 2012, mucocutaneous and neurological symptoms
were expanded. SLICC 2012 classified patients as having
SLE when they meet four or more criteria out of 11 clinical and 6 immunological criteria. Alopecia and hypocomplementemia were included in the criteria. Hematological
signs of involvement and autoantibodies have been specified separately with different criteria [6]. In the presence of
anti-double-stranded DNA (anti-dsDNA) or anti-nuclear
antibody (ANA), SLICC 2012 allows classification by SLE
if lupus nephritis is proven by biopsy. All criteria in the
SLICC 2012 criteria cannot be immunological or clinical.
The sensitivity observed in most studies in these criteria has increased at the expense of specificity [7]. In the
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SLICC 2012 criteria, specific diseases that exclude a feature that should be considered in favor of SLE were mentioned in various criteria such as excluding Behçet’s disease for oral ulcer or excluding infection in the case of
serositis [6]. There are also studies showing similar specificity in ACR 1997 and SLICC 2012 criteria points [8,9].
In 2019, the European League against Rheumatism (EULAR)/ ACR criteria were developed to combine the high
specificity of the ACR 1997 criteria with high sensitivity.
In these criteria, ANA was defined as an essential criterion. The criteria were scored between 2 and 6. Among
the criteria for participation in the system, the criterion
with the highest score is taken [10]. The EULAR / ACR
2019 criteria have also excluded some subtypes of cutaneous and neuropsychiatric symptoms that are included
in the SLICC 2012 criteria [6,10]. There are seven clinical and three immunological areas in the EULAR/ ACR
2019 criteria. According to these criteria, a patient with
positive ANA is diagnosed with SLE with the diagnosis of
class 3 or 4 lupus nephritis biopsy [10].

evaluated. The specificity and sensitivity of the classification criteria were evaluated according to the characteristics of the children on the initial properties of the disease.
The patients’ files were reviewed by another rheumatologist who was blinded to diagnosis to identify each patient
for SLE or not SLE. ANA negative patients who were diagnosed with SLE in the past were not included in the SLE
cohort. Finally, all patients in both the SLE and non-SLE
control groups were evaluated in terms of the ACR 1997,
SLICC 2012, and ACR 2019 criteria. Since all patients
were included in the study, no sample size calculation was
made for patient selection. The randomization method
and the single-blind method were used in the selection of
the control group. A similar number of control groups
was taken for the control group for the reliability of the
statistical analyzes of the sample size.

This study aimed to test the performance of the ACR 1997,
SLICC 2012, and EULAR/ ACR 2019 SLE classification
criteria for pediatric SLE patients.

Statistical analysis

Clinical Research Ethics Committee decision was taken
with the number 2020-KAEK-141/121 from SBU Ankara
Dr. Sami Ulus Children’s Hospital.

Mean, standard deviation, median, minimum, and maximum values were given in descriptive statistics for continuous data. Number and percentage values were given
in categorical data. The Shapiro-Wilk test was used to
examine the conformity of continuous data with a normal
distribution. It was determined that the continuous data
(age of onset of complaint, age of diagnosis) did not comply with the normal distribution, and the Mann Whitney
U test was used for comparisons between the patient and
control groups. Chi-Square and Fisher’s Exact tests were
used for group comparisons (cross tables) of nominal variables. Fisher’s exact test was used in cases where the expected frequency (have expected less count ) was >25% in
the chi-square analysis, and in other cases, the Pearson’s
Chi-Square test was used. IBM SPSS version 20 (Chicago,
IL, USA) program was used in the evaluations and p<0.05
was accepted as the statistical significance limit.

Materials and Methods
Thirty-four SLE cases diagnosed by 3 specialist doctors
from Ankara Dr. Sami Ulus Obstetrics and Children’s
Hospital Pediatric Rheumatology Clinic were included in
this single center study. ANA positive 32 children who
applied to the hospital for various rheumatologic diseases
were evaluated as the control group. The primary aim
of the study is to compare the classifying criteria used in
children so far.
Inclusion criteria for the study
1. Between the years 2017-2022; being diagnosed with
SLE disease under the age of 18.
2. Be followed for at least 1 year.
3. To be included as a SLE patient and control, the diagnosis had to be made by a pediatric rheumatologist
with at least one year of clinical follow-up and more
than 5 years of experience in pediatric rheumatology.
4. As the control group; having other rheumatic diseases
and ANA positivity at serum dilution of ≥1:80.

Results
Thirty-four SLE patients, 32 control patients, were recruited to this study. In the control group, 14 patients
had juvenile idiopathic arthritis, 9 patients had juvenile
dermatomyositis, 5 patients had IgA vasculitis, 2 patients
had Takayasu arteritis, and 2 patients had interferonopathy. The list of SLE patients and the control group is given
in Table 1.

Exclusion criteria
1. Undiagnosed patients who applied to the rheumatology outpatient clinic were excluded from the study in
terms of the control group.

Two patients in the control group met all the SLE classification criteria (6.3%). Antiphospholipid antibody syndrome was the only comorbid condition accompanying
SLE. There was no comorbid disease in the control group.
Girls were predominant in both the SLE group and the
control group.

All SLE patients who had been followed for 5 years from
January 2017 and met the inclusion criteria were included
in the study. For the control group, patients without a
diagnosis of SLE but with another rheumatologic disease
whose protocol number ended with an even digit were selected.

The age of onset of disease and related complaints were
greater in the SLE group (p <0.05). In addition, most of
the items in criteria sets differed significantly between the
two groups Table 2.

Demographic characteristics, clinical and laboratory characteristics detailed clinical data, and laboratory parameters such as hemogram, biochemistry, complement levels,
and autoantibodies of the patient and control groups were

Six patients with SLE met the criteria of SLICC 2012 and
were diagnosed with SLE, but these patients were not diagnosed with SLE according to the criteria of EULAR /
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proteinuria and no kidney biopsy was performed. Also,
both patients responded well to the SLE treatment given
before being diagnosed with interfereonopathy.

Table 1. Demographic and clinical data of patients with
SLE and control group.
SLE (n:34)

Control (n:32)

p

Gender

26 female(76.5%)
8 male(23.5%)

23 female(71.9%)
9 male(28.1%)

0.670

Age of onset of
complaint

13.12 ± 2.85
13.5 (6-17)

10.19 ± 5.15
11 (2-17)

0.036

Age of diagnosis

13.21 ± 2.89
13.5 (6-17)

10.00 ± 5.41
11 (0-17)

0.030

Fever

11(32.4%)

2(6.3%)

0.008

Pleural effusion

5(14.7%)

0

0.054

Joint involvement

20(58.8%)

7(21.9%)

0.002

Alopecia

2(5.9%)

0

0.493

Oral ulcer

9(26.5%)

4(12.5%)

0.154

Nasal ulcer

2(5.9%)

0

0.493

Malar rash

16(47.1%)

0

0.000

Photosensitivity

16(47.1%)

1(3.1%)

0.000

Chillblain lesions

2(6.2%)

0

0.492

Delirium

1(3.1%)

0

1.000

Convulsion

3(9.7%)

0

0.113

Acute
confusional state

4(12.5%)

0

0.113

Coma

2(6.2%)

0

0.492

6(18.8%)
2 (6.2%)
Central nervous
system
involvement
p<0.05 was accepted as the statistical significance limit.
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The sensitivities of the ACR 1997, SLICC 2012, and EULAR/ACR 2019 criteria were 76.5%, 94.1% and 88.2%,
respectively. The specificity of all three classification criteria was the same with 93.8%.
Discussion
Unfortunately, there are currently no specific classification
criteria for pediatric SLE patients. Therefore, it is important to compare and evaluate these sets of criteria in
pediatric patients with SLE cohorts. To date, the largest
pediatric SLE study comparing all three sets of criteria is
conducted by Batu et al. In this study, these three classification criteria were compared in a cohort of pediatric SLE
patients. In this study, SLICC 2012 criteria had the highest sensitivity (95.4%). The ACR 1997 criteria were found
to have the highest specificity [11]. The removal of malar
rash and photosensitivity in the SLICC 2012 criteria are
the first and main changes in the criteria. It prevents patients with mucocutaneous lesions from being mistakenly
diagnosed with SLE.
Second, hematological criteria are specified separately in
SLICC 2012 criteria. According to the ACR 1997 criteria,
a lymphocyte count as <1,500 / mm3 is required at least
2 times, while in the SLICC 2012 criteria <1,000 / mm3 is
required only once. Third, the definition of synovitis by
the SLICC 2012 classification criteria allows the inclusion
of forms of erosive arthritis in the diagnosis of SLE. Finally, an important consideration in the SLICC 2012 criteria should also be sufficient to classify nephritis as having

0.257

Table 2. Laboratory data of patients with SLE and control group.

ACR 2019. Only one of the patients diagnosed as SLE with
EULAR / ACR 2019 criteria appropriate the SLICC 2012
criteria. Common involvements were seen in 18 (60%) of
SLE patients meeting EULAR/ACR 2019 criteria and also
20 (58.8%) of patients meeting SLICC 2012 criteria.
While 9 (26.5%) patients diagnosed with SLE according
to SLICC criteria had oral ulcers, 8 (26.7%) patients diagnosed with SLE with EULAR/ACR 2019 criteria had oral
ulcers. Five (14.7%) patients who met the SLICC criteria
had thrombocytopenia, 3 (10%) patients who were diagnosed with SLE with the EULAR / ACR 2019 criteria
had thrombocytopenia. There was hematologic involvement in 28 (82.4%) patients who met the SLICC criteria,
in 24 patients (85.7%) who met the ACR 1997 criteria
(three criteria p<0.05).
Only 2 patients (6.3%) in the control group were misclassified as SLE according to all criteria, both of these patients
were interferonopathies. One of them was Aicardi Goutries
syndrome, the other was spondyloendochondrodysplasia.
The common features of both interferonopathies were
fever, joint involvement, and hematologic involvement.
ANA was positive in both patients, C3 and C4 were low,
and direct coombs were positive. Both patients had no

SLE

Control

p

Leucopenia

18(52.9%)

0

0.000

Lymphopenia(<1000)

12(35.3%)

5(15.6%)

0.068

Lymphopenia(<1500)

15(44.1%)

1(3.1%)

0.000

Thrombocytopenia

3(8.8%)

2(6.2%)

1.000

Hemolysis

17(50%)

2(6.2%)

0.000

Hematological involvement

28(82.4%)

2(6.2%)

0.000

Low C3

31(91.2%)

2(6.2%)

0.000

Low C4

32(94.1%)

0

0.000

ANA positivity

30(88%)

4(12.5%)

0.000

Antids DNA positivity

27(79.4%)

0

0.000

ACA positivity

5(14.7%)

0

0.054

Antibeta2 positivity

2(5.9%)

0

0.493

Lupus anticoagulant

7(20.6%)

2(6.2%)

0.151

Direct coombs positivity

24(70.6%)

2(6.2%)

0.000

Biopsy-proven nephritis
28(%82.4) 0
0.000
p<0.05 was accepted as the statistical significance limit.
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SLE in the presence of anti-dsDNA12 and ANA [12]. The
increased frequency of renal involvement in pediatric SLE
can be found in greater availability to the high sensitivity
of the SLICC 2012 criterion because SLICC 2012 is the
only criterion that allows for the classification of SLE in
the presence of any class of lupus nephritis and positive
serology.
In 2011 and 2012 Livingstone et al. compared pediatric SLE and SLE in adults. Lymphadenopathy, central
nervous system involvement, kidney disease, anti-dsDNA,
and anticardiolipin were more common. Raynaud’s phenomenon, pleurisy, Sikka syndrome, and rheumatoid positivity were more common in adult SLE patients [1,2].
There was 55 % hematologic involvement in the SLE cohort of Batu et al. [11]. The reason for the high number of
hematological findings may be that each of the hematological findings is separated into a separate group in SLICC.
Rubio et al. compared the performance of 3 sets of criteria in 217 adults with SLE. They showed that the SLICC
2012 criteria performed best in sensitivity (100%) compared to the ACR 1997 (94%) and EULAR/ACR 2019
criteria (94%) [13]. We also found a high sensitivity to
SLICC in our cohort of patients.
In most previous studies comparing the ACR 1997 and
SLICC 2012 criteria, the SLICC 2012 criteria have been
shown to have higher sensitivity but lower specificity when
compared to the ACR 1997 criteria. In 2018, Hartman et
al. conducted a systematic review of studies comparing
the first two classification criteria. In adult SLE (5,236
SLE and 1313 controls), SLICC 2012 had higher sensitivity (94.6% vs. 89.6%, respectively) and slightly lower
specificity (95.5% vs. 98.1%, respectively) than the ACR
1997 criteria.) has been found.
On the other hand, in pediatric SLE (568 SLE patients
and 339 controls), SLICC 2012 had a higher sensitivity
(99.9% vs. 84.3%, respectively). It resulted in much lower
specificity than the ACR 1997 criteria (82% vs. 94.1%).
Rodrigues Fonseca et al. found in their study that SLICC
2012 had the highest sensitivity (89.3%). In their reports,
it was shown that the ACR 1997 criteria had the highest
specificity (83.2%) [14].
In the largest pediatric cohort study of SLE of 772 patients
comparing the criteria of ACR1997 and SLICC 2012, Tao
et al. showed that the sensitivity of SLICC 2012 was higher
than the first criteria (96.3% versus 92.4%, respectively)
[15]. Interestingly, the SLICC 2012 criteria had the advantage of classifying young SLE patients early in the course
of the disease [7].
Since SLE is rarely seen in childhood, our case number is
small, which is the main limitation of the study.
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Conclusion
Separating hematologic symptoms with different criteria
in SLICC 2012 and giving arthritis a high score in the
EULAR / ACR2019 criteria may contribute to the lower
specificity of these criteria sets compared to the ACR 1997
criteria. The classification criteria in SLE have been developed based on data from adult patients and have not
been validated in children. However, pediatric SLE is different from adult SLE in some ways and new validated
classification criteria are needed in children.
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