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Abstract
Objective

To evaluate the application of the EULAR/ACR-2019 criteria to monogenic lupus patients and compare its
performance against the SLICC-2012 criteria.

Methods 

In a multicenter retrospective cohort study, consecutive patients with monogenic lupus from three tertiary
lupus clinics were enrolled. The diagnosis of monogenic lupus was based on the expert physician’s
opinion or ful�lling the SLICC-2012 criteria. All enrolled patients had genetic variants. A control group of
sporadic childhood SLE (cSLE) and non-SLE patients, were included. A descriptive data analysis was
conducted, and the EULAR/ACR-2019 and SLICC-2012 criteria were applied to both groups.

Results

Forty-nine patients with monogenic lupus with a median age at diagnosis of 6.0 (IQR 3.0-10.8) years, and
104 controls (55 patients with cSLE and 49 non-lupus patients with a median age at diagnosis of 10.0
and 5.0 respectively) were included. Forty-four (89.8%) patients with monogenic lupus ful�lled the
EULAR/ACR-2019 with a mean score of 22.3±8.9. The most frequent domains were immunologic (93.9%),
musculoskeletal and renal (each 57.1%), and mucocutaneous (55.1%). Fifty-four (98.2%) cSLE patients
and six (12.2%) non-lupus patients met the EULAR/ACR-2019 criteria with a mean score of 22.5±9.2 and
8.5±5.2, respectively. The sensitivity of the EULAR/ACR-2019 criteria in monogenic lupus was 95.6% (95%
CI: 0.8-0.9) while the speci�city was 75.0% (95% CI: 0.5- 0.9). 

Conclusion

This is the �rst and largest cohort of monogenic lupus patients testing the performance of the 2019-
EULAR/ACR criteria. It e�ciently classi�es monogenic lupus patients, irrespective of the underlying
genetic variants. Further studies are needed before these criteria are adopted worldwide.

Introduction
Systemic lupus erythematosus (SLE) is the prototypical model of autoimmune diseases. It is a complex
disease characterized by a chronic unpredictable, relapsing, remitting course with an in�ammatory and
multisystem nature [1, 2]. Clinical features, underlying etiopathogenesis, disease progression and
outcome differ between individuals, age groups and ethnicities [3]. Childhood systemic lupus
erythematosus (cSLE) accounts for 15 to 20% of the whole lupus population. Despite great similarity with
the adult counterpart, it is obvious that cSLE tends to be more severe with more organ involvement and
laboratory abnormalities [4, 5]. Furthermore, clinical presentation and laboratory �ndings vary
signi�cantly between age groups within cSLE; patients diagnosed during adolescence have more classic
clinical and serological features and may exhibit greater disease activity when compared with younger
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patients. This observation supports the hypothesis that pathomechanisms may vary between patient age
groups [6, 7]. Of note, the precise etiology of SLE remains incompletely de�ned. However, identi�cations
of single-gene defects, including complement component, in particular C1q mutations, have contributed
to better understanding of the clinical variability, and recognition of rare variants of cSLE, known as
monogenic lupus [8–11]. Typically, patients with monogenic lupus have early onset severe disease,
especially with mucocutaneous manifestations, and a strong family history of SLE [12–14]. These
�ndings suggested that monogenic lupus represents a distinctive entity and might differ from the
sporadic cSLE. The clinical presentation of monogenic lupus has a wide variety of manifestations, and it
may overlap with other disorders such as monogenic interferonopathies [15, 16]. Because of the
heterogeneity of the clinical �ndings and lack of validated criteria, monogenic lupus remains a diagnostic
challenge. Of note, the available classi�cation criteria for SLE are not diagnostic. Thus, the expert opinion
has a fundamental role in making the diagnosis of cSLE. Various classi�cation criteria, including
Systemic Lupus International Collaborating Clinics (SLICC-2012) have been utilized for SLE over the
years [17–20]. Recently, the European League Against Rheumatism (EULAR) and the ACR- 2019 criteria
showed better performance in terms of sensitivity and speci�city compared to others [2, 22]. Nonetheless,
these criteria have not been veri�ed in patients with monogenic lupus. In this work, we evaluated the
performance of the EULAR/ACR- 2019 criteria in monogenic lupus patients.

Patients And Methods
This is a multicenter retrospective cohort study. Patients with monogenic lupus proved by genetic testing
were recruited from three tertiary lupus clinics located in Saudi Arabia, Oman, and Italy. Expert physician’s
opinion or ful�lling the SLICC-2012 criteria served as the gold standard test [17]. A control group of
sporadic cSLE and non-SLE patients, including systemic juvenile idiopathic arthritis (sJIA) and juvenile
dermatomyositis (JDM) were included; the diagnoses were based on SLICC-2102, ILAR, and Bohan and
Peter criteria, respectively [17, 23, 24]. The selection of non-lupus controls (sJIA and JDM) was based on
their phenotypic similarities to SLE. Inclusion criteria were patients ≤ 14 years old at the time of onset of
disease manifestations, available antinuclear antibody (ANA) results (positive or negative). Positive ANA
was de�ned as a titer of ≥ 1:80. Exclusion criteria were familial SLE without proven genetic testing and
patients with insu�cient data. Patients with a diagnosis other than cSLE, sJIA or JDM were excluded
from the control groups. The EULAR/ACR-2019 and SLICC-2012 classi�cation criteria were applied to the
study and control groups at the time of initial diagnosis. Also, criteria domains and scores were evaluated
as per the de�nition provided by each criterion.

Ethical considerations
The Study was conducted in accordance with the Declaration of Helsinki (2000). The Ethics committee of
the Research Affairs Council at King Faisal Specialist Hospital & Research Center approved the study
protocol under RAC# 2191122 on 29 May 2019. Ethical approval was also obtained by Ethics committee
of Sultan Qaboos University, Muscat, and Regione Liguria Ethic committee. All collected data resulted
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from routine medical assessment. All data were collected anonymously, and the con�dentiality of the
patients was protected. Informed consent for genetic testing as part of patient care was obtained from
the parents at the time of blood extraction.

Statistical analysis
Statistical analyses were performed using the SAS software package, version 9.4 (Statistical Analysis
System, SAS Institute Inc., Cary, NC, USA). Descriptive statistics for continuous variables were reported as
mean ± standard deviation and categorical variables were presented as frequencies and percentages.
The median and interquartile range (IQR) were used when considered necessary. Continuous variables
were compared by independent Student’s t-test/ANOVA or non-parametric (Mann Whitney U/Kruskal
Wallis) test as appropriate, while categorical variables were compared by Chi-square test.  Fisher’s exact
probability test was applied when examining variables of low incidence. Sensitivity, Speci�city, Positive
and Negative Predictive Values were calculated. The level of signi�cance was set at p-value < 0.05.

Results

Sample characteristics
One hundred �fty-eight patients entered the study, one patient from monogenic lupus group and four
patients from the control group were excluded due to insu�cient data and diagnoses not ful�lling the
inclusion criteria, respectively. A total of 153 (100 females) patients were available for analysis. The
study group consisted of 49 (32%) patients with monogenic lupus, while the control group comprised 104
patients (68%), including 55 cSLE patients, 32 sJIA patients and 17 JDM patients. Table-I shows the
spectrum of 49 patients with monogenic lupus. The most frequent monogenic lupus were the DNase
de�ciencies, including DNase1L3 and DNaseII; followed by complement de�ciencies mainly due to C1q
variant. Seven monogenic lupus patients were identi�ed with seven different unique variants; compatible
with either primary immunode�ciency diseases (PIDs) or type I interferonopathies. Table-II summarizes
the demographics and diagnosis of the studied patients. There was a marginal female predominance,
however, male: female ratio was higher among patients with monogenic lupus in contrast to control
groups. However, the difference was not statistically signi�cant. Patients with monogenetic lupus had
earlier onset and earlier diagnosis compared with patients with cSLE (6 years versus 10 years). However,
it was comparable with non-SLE patients. Forty-four (89.8%) patients with monogenic lupus ful�lled the
EULAR/ACR-2019, while 46 (93.9%) patients met SLICC-2012. As expected, all monogenic lupus patients
ful�lled SLICC-2012 were ANA positive. Interestingly, monogenic lupus patients shared similar frequency
clinical domains of both classi�cation criteria, but neuropsychiatric domain was identi�ed more frequent
by SLICC-2012 as shown in Table-III. Of the 104 control cases, 54 (98.2%) cSLE met EULAR/ACR-2019
with a comparable mean score to monogenic lupus (22.3versus 22.5). In contrast, of the 49 non-lupus
group, only six patients (12.2%) met the EULAR/ACR-2019 with a mean score of 8.5 ± 5.2. Table-IV
illustrates the distribution of clinical and laboratory domains as per EULAR-ACR-2019 among the studied
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groups. Frequencies of hematological and immunological domains differed signi�cantly between non-
lupus group and patients with monogenic lupus and cSLE. Patients with monogenic lupus scored more in
the mucocutaneous and renal domains. However, as expected, non-lupus group, namely patients with
sJIA had more constitutional and musculoskeletal manifestations.

Comparison of the performance of EULAR/ ACR- 2019
criteria
Of the 49 monogenic lupus patients, 44 (89.8%) met the EULAR/ ACR- 2019 criteria, and 46 (93.9%)
patients met SLICC-2012, while 60 (57.7%) patients of the 104 controls ful�lled the EULAR/ ACR- 2019
criteria, and 53 (50.9%) patients met SLICC-2012. Therefore, the sensitivity of the EULAR/ACR-2019
criteria in monogenic lupus was 95.6% (95% CI: 0.8-0.9) while the speci�city was 75.0% (95% CI: 0.5- 0.9).
However, 54 (98.2%) and 50 (90.9%) of cSLE patients met EULAR/ACR-2019 and SLICC-2012,
respectively. Of the �ve monogenic lupus patients who failed to meet EULAR/ACR-2019, three patients
had DNase1L3, two of them were ANA negative with classi�cation summary score of 12 and 13
respectively, and one patient with a score of less than10. Two patients (one with C1q de�ciency, and one
with IL-2RB variant) were ANA positive, but the classi�cation scores were below 10. Furthermore, four of
the �ve monogenic lupus who failed to meet EULAR/ACR-2019 did not ful�ll SLICC-2012 as well.

Discussion
SLE is a systemic autoimmune disease with a complex etiopathogenesis. Although the underlying
etiology is not clear, the genetic susceptibility plays a major causative role in the familial SLE [9]. A
unique form of SLE recognized as a monogenic lupus is characterized by positive family history, early
onset presentation, mainly with mucocutaneous manifestations, and experienced refractory disease
course. Patients with monogenic lupus typically have underlying genetic defects affecting different
immune system components. To date, more than 30 genes have been reported as a cause of monogenic
lupus [13]. However, monogenic lupus remains a descriptive term. Of note, some forms of monogenic
lupus, such as patients with C1q de�ciency, may share phenotypic and immunopathogenic features with
rare monogenic autoin�ammatory disorders, which necessitate the use of criteria to classify patients with
monogenic lupus [25, 26]. To the best of our knowledge, none of the available classi�cation criteria for
SLE have been examined in patients with monogenic lupus. More recently, the performance EULAR/ACR-
2019 criteria proved to be e�cient with signi�cant sensitivity in classifying patients with sporadic cSLE
regardless of the ethnicity. However, in comparison with various classi�cation criteria, there are
inconstant speci�city estimates [20, 22, 27–29].

This study includes a large multinational cohort of monogenic lupus with various genetic defects.
Despite the heterogeneity of the clinical presentation and evolving the phenotypic features, and the
underlying genetic variants, the EULAR/ACR-2019 criteria e�ciently classi�ed monogenic lupus patients,
irrespective of the diversity of the underlying genetic variants. In this cohort, the EULAR/ACR-2019 criteria
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yielded a high sensitivity, which means it has the potential to identify monogenetic lupus early. However,
the speci�city was not as high as expected, and this may be in line with what has been previously
reported in sporadic cSLE. It allowed the classi�cation in the majority, 89.8% patients met the
EULAR/ACR-2019 criteria, compared with 93.9% patients met SLICC-2012.

For this study, the SLICC-2012 criteria was chosen as the gold standard instead of the ACR-1997 owing to
its higher sensitivity across all age groups of SLE, and as stated earlier it was used as a framework in
diagnosis by many physicians [20]. In addition, it classi�ed early most of our cSLE controls, diagnosed by
expert rheumatologists as cSLE; SLICC-2012 (90.9%) versus ACR-1997 (61.8%).

In monogenic lupus group, the difference between EULAR/ACR-2019 and SLICC-2012 ful�llment was
primarily due to ANA negativity. Among patients who failed to meet the EULAR/ACR-2019 criteria, two
patients with DNase1L3 scored more than 10 but they were ANA negative. It is worth noting that criteria
domains, particularly immunological domains, were obtained at the initial diagnosis for the purpose of
assessing the e�ciency of early classi�cation. This entry creation might reduce the sensitivity and
increase speci�city of EULAR/ACR-2019, particularly in cSLE and monogenic lupus, as autoantibodies
can be detected later in the course of disease [6, 29]. Other observed differences in clinical domains’
ful�llment were hematological and neuropsychiatric manifestations. As three out of four items can be
met in SLICC-2012 by having hematologic manifestations alone, this was combined into one domain in
EULAR/ACR-2019. Additionally, some of the expanded neuropsychiatric manifestations counted in the
SLICC-2102 are not considered in the EULAR/ACR-2019. This was illustrated in our study group as half of
the patients who met SLICC-2012 neuropsychiatric criteria did not ful�ll that of the EULAR/ACR-2019.
Conversely, patients who met the EULAR/ACR-2019, but not the SLICC-2012, did so by scoring high
weighted items however, with fewer features. The weighted scoring system also misclassi�ed patients
with sJIA and JDM who presented with arthritis and cutaneous manifestations. There was no difference
in renal domain, as lupus nephritis class III and IV attained the highest weights in the EULAR/ACR-2019
and were enough to classify patients in the presence of ANA positivity, corresponding to stand-alone renal
SLICC criteria. The signi�cant difference in meeting immunological domain between the two criteria is
largely due to the expanded scope of immunologic items in the SLECC-2012 compared to the
EULAR/ACR-2019.

In real life, the data can be collected in a longitudinal manner. Thus, the criteria are cumulative and need
not be present concurrently. It is agreed that the design of the classi�cation criteria is primarily aimed at
clinical research and is not proposed for diagnosis but is aimed at obtaining higher speci�city, which
usually comes at the expense of sensitivity. However, it is intended to be used as a diagnostic guide for
the patients’ classi�cation [29].

Our study has its limitations, primarily is that none of the previous classi�cation criteria have been
evaluated in monogenic lupus; hence, there is no true gold standard for classi�cation or diagnosis. We
realize that the expert physician’s opinion is not a standardized tool. However; it is the available practical
“gold standard”. Furthermore, a more inclusive approach might be required in the future to have clearer
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idea, such as testing those criteria in cohort, including all monogenic inborn errors of immunity and
dysregulation. Control cSLE patients have not been studied genetically, thus there might be a possibility
of some of those patients carry monogenic or somatic mutations. It is a retrospective cohort; some
immunological variables as lupus-speci�c antibodies were not obtained from the control group (sJIA and
JDM), at the time of initial diagnosis. Although this work is a multicenter, multinational study, the majority
of enrolled patients were Arab, racial in�uence has not been explored.

Conclusion
Monogenic lupus is a rare, heterogeneous and increasingly reported entity, with no previously validated
criteria for classifying these patients with lupus. This is the �rst and largest study to evaluate the
performance of the EULAR/ACR-2019 classi�cation criteria. Our study demonstrated that the
EULAR/ACR-2019 classi�cation criteria is e�cient in patients with monogenic lupus. Based on the current
�ndings, the performance of the EULAR/ACR-2019 criteria in patients with monogenic lupus indicates
that no distinct criteria are needed to classify such patients. However, further larger studies need to
incorporate more patients with a wide diversity of genetic variants to assess the performance of the
various classi�cation criteria in monogenic lupus.
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Gene Mechanism Inheritance Gene variants No. of
patients

DNase1L3 Loss of
function

Recessive Homozygous c.289_290delCA in DNASE1L3
compound heterozygous: deletion of exon 5 +
c.290_291delCA in DNASE1L3
Homozygous 1-bp deletion in DNASE1L3 (NM_004944.2):
c.643delT (p.Trp215GlyfsX2).
Homozygous deletion in
DNASE1L3 (NM_001256560:exon2:c.152G>A:p.R1H).

27

C1q Loss of
function

Recessive Homozygous C1q variant:
NM_015991:exon3:c.378dupG:p.M126fs
Homozygous C1q variant:
NM_015991: exon3:c.470G>A:p.G157D
Homozygous IRF2BP2 variant:
NM_001077397: exon1:c.584C>T:p.S195L

8

C3 Loss of
function

Recessive Missense homozygous C3 variant:
NM_000064: exon:c.3710T>C:p.L1237P
Homozygous C3 variant:exon:c.1003+1G>A

2

C8b Loss of
function

Recessive Heterozygous variant of C8B:
C8B:NM_000066:exon7:c.874T>C:pF292L

1

DNase II  Loss of
function

Recessive Homozygous DNase II variant: 
NM_001375:exon2:c.902C>T (p.S301P)
Homozygous DNaseII p.D121V

2

PIK3CD Gain of
function

Recessive Heterozygous PIK3CD variant:
NM_005026:exon24:c.3061G>A:p.E1021K

1

PNP Loss of
function

Recessive Homozygous PNP variant:
PNP:NM_000270:exon3:c.265G>A:p.E89K 

1

CYBB Loss of
function

X-linked
recessive

Hemizygous for L406X (T1217A) mutation in CYBB gene 1

IRF2BP2 Loss of
function

Recessive Homozygous IRF2BP2 variant:
NM_001077397: exon1:c.584C>T:p.S195L

1

ISG15 
MLPH 
 

Loss of
function

Recessive
Recessive

Homozygous splicing site ISG15 mutation (c.4-1G A).
Homozygous MLPH variant:
NM_001281473:exon7:c.866delC:p.S289fs

1

IL-2RB Loss of
function

Recessive Compound heterozygous IL-2RB variant:
NM_000878:exon9:c.819-13C>G
NM_000878:exon3:c.89-6C>T
NM_000878:c.704-44C>G

1

TALDO
PTEN

Loss of
function
 

Recessive Homozygous variant in TALDO1 gene (NM_006755: exon
6: c.793C del: p. Q265f).
Heterozygous variant in PTEN gene (NM_000314: exon 6:
c.518G>C: p. R173P)

1

STAT 1 Gain of
function

Recessive Missense heterozygous STAT I variant:
NM_007315:exon21:c.1873+13T>C

1

NRAS Gain of
function

Dominant
Somatic

Somatic NRAS  c.38A>G p.G13D 1

DNase1L3= deoxyribonuclease I-like3, SCID= severe combined immunodeficiency, PNP= purine nucleoside

phosphorylase, DNase II= deoxyribonuclease II, CGD= chronic granulomatous disease, CVID= common variable

immunodeficiency. ISG15= Interferon-stimulated gene 15, IL-2RB= interleukin-2 receptor b chain. TALDO=

transaldolase, PTEN = Phosphatase and tensin homolog,  STAT1= Signal transducer and activator of

transcription 1 

 

Table-II: Demographics and diagnosis of monogenic lupus and control groups.
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  Monogenic
lupus

Sporadic
lupus

Non-lupus Total P value

Number of patients (%) 49 (32.0) 55 (35.9) 49 (32.0) 153 (100) -
Gender (M: F ratio) 1:1.2 1:3.6 1:1.6 1:1.9 -
Age at diagnosis, years 
(median, IQR)

6.0 (3.0-10.8) 10.0 (7.0-

12.0)

5.0 (3.0-

8.5)

7.0 (4.0-

11.0)

-

Fulfilled EULAR/ACR-219  criteria,
number, (%)

44 (89.8) 54 (98.2) 6 (12.2) - <.0001

EULAR/ACR-2019 Score (Mean ± SD ) 22.3±8.9 22.5±9.2 8.5±5.2 - <.0001

M= male, F= female, EULAR/ACR= European League Against Rheumatism/American College of Rheumatology,

IQR= interquartile range.

Table-III: The frequency of EULAR/ACR-2019 and SLICC-2012 criteria domains in monogenic lupus patients.
Domains EULAR/ACR-2019  SLICC-2012 

Constitutional, number (%) 26 (53.1) NA
Mucocutaneous, number (%) 27 (55.1) 27 (55.1)
Musculoskeletal, number (%) 28 (57.1) 28 (57.1)
Renal, number (%) 28 (57.1) 28 (57.1)
Serositis, number (%) 7 (14.3) 7 (14.3)
Neuropsychiatric, number (%) 3 (6.1) 6 (12.2)
Hematologic, number (%) 26 (53.1) 28 (57.1)
Immunologic, number (%) 46 (93.9) 49 (100)

EULAR/ACR= European League Against Rheumatism/American College of Rheumatology, SLICC= Systemic

Lupus International Collaborating Clinics. NA= not applicable.

Table-IV: EULAR/ACR-2019 domains across the study groups.
Domains Monogenic lupus Sporadic lupus Non-lupus P value

Constitutional, number (%) 26 (53.1) 30 (54.4) 33 (67.3) 0.3
Mucocutaneous, number (%) 27 (55.1) 24 (43.6) 20 (40.8) 0.9
Musculoskeletal, number (%) 28 (57.1) 23 (41.8) 32 (65.3) 0.005
Renal, number (%) 28 (57.1) 22 (40.0) 0 (0.0) <.0001
Serositis, number (%) 7 (14.3) 12 (21.8) 7 (14.3) 0.2
Neuropsychiatric, number (%) 3 (6.1) 11 (20.0) 1 (2.0) 0.04
Hematologic, number (%) 26 (53.1) 43 (78.2) 4 (8.2) <.0001
Immunologic, number (%) 46 (93.9) 54 (98.2) 0 (0.0) <.0001
ANA, number (%) 47 (95.9) 55 (100.0) 24 (48.9) <.0001

EULAR/ACR= European League Against Rheumatism/American College of Rheumatology, ANA= antinuclear

antibody.

Values are depicted as frequency (percentages).


