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Abstract

Introduction/objectives The clinicians initially prefer to define patients with the systemic autoinflammatory disease (SAID)’s
based on recommended clinical classification criteria; then, they confirm the diagnosis with genetic testing. We aimed to compare
the initial phenotypic diagnoses of the patients who were followed up with the preliminary diagnosis of a monogenic SAID, and
the genotypic results obtained from the next-generation sequence (NGS) panel.

Method Seventy-one patients with the preliminary diagnosis of cryopyrin-associated periodic fever syndrome (CAPS),
mevalonate kinase deficiency (MKD), or tumor necrosis factor-alpha receptor-associated periodic fever syndrome (TRAPS)
were included in the study. The demographic data, clinical findings, laboratory results, and treatments were recorded. All patients
were examined by NGS panel analysis including 16 genes. The genetic results were compared with the initial Federici score to
determine whether they were compatible with each other.

Results Thirty patients were initially classified as MKD, 22 as CAPS, and 19 as TRAPS. The frequency of clinical manifestations was
urticarial rash 57.7%, diarrhea 49.2%, abdominal pain 47.8%, arthralgia 45%, oral aphthae 43.6%, myalgia 32.3%, tonsillitis 28.1%,
and conjunctivitis 25.3%, respectively. After NGS gene panel screening, 13 patients were diagnosed with CAPS, 8 with MKD, 7 with
familial Mediterranean fever, 5 with TRAPS, and 2 with NLRP12-associated periodic syndrome. The remaining 36 patients were
genetically identified as undefined SAID since they were not classified as one of the defined SAIDs after the result of the NGS panel.
Conclusions We have demonstrated that clinical diagnostic criteria may not always be sufficient to establish the correct diagnosis.
There is still low accordance between clinical diagnoses and molecular analyses. In the case of a patient with a preliminary
diagnosis of a monogenic SAID with the negative result of target gene analysis, other autoinflammatory diseases should also be
kept in mind in the differential diagnosis.

Key Points

* Monogenic autoinflammatory diseases can present with different clinical manifestations.

* The clinical diagnostic criteria may not always be sufficient to reach the correct diagnosis in autoinflammatory diseases.

* In the case of a patient with a preliminary diagnosis of a monogenic SAID with the negative result of target gene analysis, other autoinflammatory
diseases should be kept in mind in the differential diagnosis.
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Introduction

Systemic autoinflammatory diseases (SAIDs) are a broad
spectrum of hereditary disorders characterized by unprovoked
inflammatory episodes without the high-titer autoantibodies
or antigen-specific T cells seen in classic autoimmune dis-
eases. SAIDs typically present during childhood with recur-
rent episodes of fever, rash, abdominal pain, or disease-
specific patterns of sterile organ inflammation and with a sign
of inflammation in the blood [1]. Recent advances in basic
sciences and human genetics have provided clinicians new
insights to diagnose and differentiate these diseases. We know
that most of these diseases are associated with mutations in
specific genes such as in MEFV (NM_000243.2) gene in fa-
milial Mediterranean fever (FMF), MVK (NM_000431.2)
gene in mevalonate kinase deficiency (MKD), TNFRSFIA
(NM _001065.3) gene in tumor necrosis factor-alpha recep-
tor-associated periodic fever syndrome (TRAPS), and
NLRP3 (NM_004895.4) gene in cryopyrin-associated period-
ic fever syndrome (CAPS). Although all SAIDs usually pres-
ent with fever, each disease has its own typical clinical find-
ings. Thus, clinicians have created classification criteria for
these diseases based on differences in clinical findings [2—4].
Clinicians are prone to identify suspected SAID cases based
on the proposed classification criteria for autoinflammatory
periodic fevers and then confirm their diagnosis by genetic
testing. This approach has markedly improved the timeliness
and accuracy of diagnosis, whereas at least 40% of patients
with clinical signs and symptoms of the systemic inflamma-
tory disease still do not meet any of the clinically defined
diseases and have no known pathogenic mutation in well-
known genes [5]. Furthermore, the genotype-phenotype cor-
relation in these diseases has not been clarified definitely yet.
Roweczenio et al. presented a lack of correlation between
genotype and phenotype in patients with SAIDs, even if
they were members of the same family [6]. De Piere et al.
evaluated the genetic profile of 93 patients with SAIDs.
Of these 93 patients, 12 patients were suspected of having
a specific SAID [7]. However, after the target gene anal-
ysis, only three patients reached a definitive diagnosis.
Recently, Ozyilmaz et al. evaluated the genotype-
phenotype association in 211 patients with MKD,
TRAPS, and CAPS [8]. Among these 211 patients, 147
patients underwent to Sanger sequence analysis of select-
ed exons of MVK, TNFRSFIA, and NLRP3 genes while
targeted NGS gene panel, covering all exons of MVK,
TNFRSFIA, and NLRP3 genes, was performed on the
remaining 64 patients. They concluded that the diagnostic
utility rate was higher in the NGS group than the Sanger
sequencing group (19% vs. 15.1%). Although the NGS
gene panel provides accurate diagnosis more frequently,
undoubtedly, further studies are required to demonstrate
the genotype-phenotype correlation clearly.
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The study aimed to compare the phenotypic diagnoses of
patients who fulfilled the clinical classification criteria for
MKD, TRAPS, or CAPS with their genotypic results obtained
from the NGS gene panel.

Materials and methods

This is a prospectively designed study conducted at the
University of Health Sciences, Umraniye Training and
Research Hospital, Department Of Pediatric Rheumatology.
The study group consists of patients who were admitted to the
outpatient clinic after June 2016 with a preliminary diagnosis
of SAID. Infections, malignancies, and other causes that may
be the cause of fever were excluded in all these patients. All
the participants were Caucasian and Turkish origin. The pa-
tients were followed up by the two pediatric rheumatologists
(BS and FD) for a minimum of 6 months. A standard ques-
tionnaire for the differential diagnosis of SAIDs was filled out
by the pediatric rheumatologist with direct conversation and
medical records for each patient. The patients without fever
and/or increased acute phase reactants in attack periods were
excluded from the study. The patients who were found com-
patible clinical manifestations with the diagnosis of FMF or
periodic fever, aphthous stomatitis, pharyngitis, and cervical
adenitis (PFAPA) syndrome according to the Tel-Hashomer
[9] or modified Marshall’s clinical diagnostic criteria [10]
were also excluded from the study. The clinical diagnosis of
CAPS, MKD, or TRAPS was made based on “The Eurofever
clinical diagnostic/classification criteria-Federici score” [2].
According to the Federici score, cutoff values for clinical di-
agnosis are as follows: 52 for CAPS, 42 for MKD, and 43 for
TRAPS. Finally, from the patients with the preliminary diag-
noses of SAID, a total of 71 patients were fulfilled the
Eurofever clinical diagnostic/classification criteria for MKD,
TRAPS, or CAPS. The demographic data including age, gen-
der, presence of consanguinity, family history of rheumatic
conditions, clinical findings, and treatments were recorded.
Laboratory results of the patients during the attack were also
recorded. The cutoff values were defined as 0.5 mg/dL for C-
reactive protein (CRP) and 7 mg/dL for serum amyloid A
(SAA) by our laboratory. We determined fold changes of
CRP and SAA levels compared to these cutoffs.

Following preliminary phenotypic diagnoses, all patients
were examined by NGS panel analysis including 16 genes
(MEFV, MVK, NLRP3, NLRP12, TNFRSFIA, TNFRSFI1IA,
LPIN2, PSTPIPI, ILIRN, CECRI, ELANE, CARDI4,
ILI0RA, ILIORB, NOD2, and PSMBS). The genetic diagnosis
was made according to the genetic diagnosis guideline report-
ed by Shinar et al. [11], and the new Eurofever/PRINTO clas-
sification criteria (2019) [4] for hereditary recurrent fevers
including genetic and clinical variables, or with the level of
evidence reported in the literature for other SAIDs [5, 12]. The
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patients were evaluated separately to achieve a higher rate of
genetic diagnosis both with the new Eurofever/PRINTO clas-
sification criteria (2019) and the genetic diagnosis guideline
by Shinar et al. Genetically undefined patients according to
the specified classification criteria were also clinically classi-
fied according to the new Eurofever/PRINTO classification
criteria (2019) (without genetic results) [4]. The genetic diag-
nosis of patients that concluded based on the NGS gene panel
results and specified genetic guidelines was compared with
the initial Federici score to determine whether they were com-
patible with each other.

Patients were classified as responsive to treatment in the
absence of clinical symptoms with normalization of inflam-
matory markers. Partial response was defined as general ame-
lioration of the clinical and laboratory findings without a com-
plete normalization of the clinical manifestations and/or sys-
temic inflammation [13].

The study was approved by the Ethics Committee of
University of Health Sciences, Umraniye Training and
Research Hospital. Written consents of the patients and
parents were obtained according to the Declaration of
Helsinki (1964).

Genetic analysis

Genomic DNA was extracted from peripheral blood sam-
ples as recommended by the manufacturer (Qiagen). The
concentration and quality control (260/280 nm and 260/
230 nm values) of the DNA samples were determined by
fluorometrically (Qubit-v3.0) and UV-spectrophotometry.
The library preparation for NGS was performed using
Fever&Auto-Inflammatory Diseases Kit by Sophia-
Genetics, a custom panel using a capture-based method.
The gene panel consisted of 16 genes associated with
periodic fever syndromes [MEFV (NM _000243.2),
MVK (NM _000431.2), NLRP3 (NM _004895.4),
NLRP12 (NM_144687), TNFRSF1IA (NM_001065.3),
TNFRSF11A (NM _003839), LPIN2 (NM_014646),
PSTPIP1 (NM _003978), ILIRN (NM_000577), CECRI1
(NM 017424), ELANE (NM_001972), CARD14
(NM _001257970), ILIORA (NM_001558), IL10RB
(NM_000628), NOD2 (NM _022162), and PSMBS
(NM_004159)]. NextSeq-500-(Illumina) was used as the
sequencing platform. Sequence analysis covers coding re-
gions of each gene, including all coding exons, + 10 base
pairs of adjacent intronic sequences, and each nucleotide
is read at a depth of at least 50x. Any variants that fall
outside these regions and exonic variants with a variant
fraction of less than 10% were considered as false posi-
tives and not analyzed. Variant fractions close to 50%
were interpreted as heterozygous, while 100% variant
fractions close to 100% were interpreted as homozygous.
Deviations from these expected values were considered

suspect as potential errors due to incorrect base calls or
alignment and were verified by Sanger sequencing. With
this analysis, copy number variations (CNV) were not
examined. The DNA sequences were aligned to the
NCBI Build 37 (hgl9) version of the human genome.
Variant calling and data analysis were performed by the
Sophia-DDM-V5.2 bioinformatics analysis program. The
interpretation of the variants was performed according to
the 2015 ACMG standards and guidelines [14, 15]. To
collect evidence reported in the ACMG guideline, we
use a multi-step process. First, we exclude common poly-
morphic variants with a minor allele frequency of more
than 1%. Since there are not enough genome and exome
databases for the Turkish population, 1000 genome pro-
jects, dbSNP, ExAC, and GnomAD data were used as a
control population. In the second step, synonymous vari-
ants were filtered out. Then, the effects of the variants on
protein function were investigated by using prediction
programs such as SIFT, Polyphen, Mutation Taster, and
GERP. Variants, those with a possible pathogenic effect,
were re-evaluated by using databases including ClinVAR,
HGMD, and PubMed as well as with the inheritance pat-
tern, clinical findings, and allele frequencies by literature
review, based on the patient. In light of acquired evi-
dence, variants were classified into five categories (be-
nign, likely benign, variant of unknown significance
(VUS), pathogenic, likely pathogenic) according to the
2015 ACMG standards and guidelines [14, 15].
Segregation analysis for potentially pathogenic mutations
was performed by Sanger sequencing. Primer sequences
and reaction conditions are available on request. Likely
benign and benign variants were not reported in the re-
sults section.

Statistical analysis

Statistical package for the social sciences (SPSS) (version
23.0, SPSS-Inc., Chicago, IL, USA) was used for statistical
analysis. The normality of the distribution of the variables was
assessed by visual (histogram, probability plots) and analytic
methods (Kolmogorov-Smirnov/Shapiro-Wilk’s test).
Descriptive analyses were presented as percentages, medians,
minimum (min), and maximum (max) values.

Results

Demographic and clinical features

A total of 71 patients were included in the study. Among
them, 39 (54.9%) patients were male and 32 (45.1%) were

female. The median (min-max) age of the patients was 8 (2—
18) years. The median (min-max) age of symptom onset and
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diagnosis was 19 (1-135) months and 72 (13-210) months,
respectively. All patients were followed up with a median of
12 (6-84) months. The consanguinity rate between parents
was 28.1% (n = 20). Fourteen patients (19.7%) had a family
history of SAIDs and 22 (30.9%) had a family history of
autoimmune diseases in their first-degree relatives. The medi-
an (min-max) number of attacks per year was 12 (3—24) with a
median duration of 5 (1-20) days.

All patients suffered from fever and 17 (23.9%) patients re-
ported that their attacks were regular. Among 71 patients, 41
(57.7%) had urticarial rash, 35 (49.2%) had diarrhea, 34
(47.8%) had abdominal pain, 32 (45%) had arthralgia, 31
(43.6%) had oral aphthae, 23 (32.3%) had myalgia, 20 (28.1%)
had tonsillitis, 18 (25.3%) had conjunctivitis, 8 (11.2%) had ar-
thritis, and 6 (8.4%) had periorbital edema. Two patients (2.8%)
had biopsy proved amyloidosis. The clinical characteristics of the
patients according to phenotypic diagnosis subgroups are sum-
marized in Table 1. The median (min-max) fold changes of C-
reactive protein (CRP) (n < 0.5 mg/dL) and serum amyloid A
(SAA) (n <7 mg/dL) during attacks were 15 (3.3-90) mg/dL and
60 (4-300) mg/dL, respectively.

Among 71 patients, 30 (42.2%) patients were unresponsive to
an adequate dose of colchicine, 25 (35.2%) patients had partial
response while 16 (22.5%) were completely responsive to colchi-
cine treatment. Twenty-four (33.8%) patients were using
biologic agents. All patients receiving biologic agents
were treated with canakinumab. Among them, 16 pa-
tients responded to canakinumab completely while eight
patients had a partial response.

Genetic characteristics and final diagnosis

According to the Eurofever clinical diagnostic/classification
criteria (Federici score), 30 (42.3%) patients were initially
classified as MKD, 22 (31%) as CAPS, and 19 (26.7%) as
TRAPS (Fig. 1). The median (min-max) Federici score of the
patients at the initial diagnosis was 58 (43-80) for MKD, 75
(55-100) for CAPS, and 54 (48—87) for TRAPS. Based on the
NGS gene panel results and specified genetic guidelines, 13
patients were genotypically diagnosed with CAPS, 8 with
MKD, 7 with FMF, 5 with TRAPS, and 2 with NLRP12-
associated periodic syndrome (NAPS12). Of the patients ge-
notypically diagnosed with CAPS, 11 had heterozygous VUS,
one had a compound heterozygous VUS, and another had a
heterozygous likely pathogenic variant. Also, five patients
diagnosed with TRAPS had heterozygous VUS. Of the pa-
tients genotypically diagnosed with MKD, three had the het-
erozygous pathogenic variant, two had the homozygous path-
ogenic variant, one had a homozygous likely pathogenic var-
iant, one had a compound heterozygous pathogenic variant,
and another one had a homozygous VUS. Among those diag-
nosed with FMF, three had the heterozygous pathogenic var-
iant, two had the homozygous pathogenic variant, one had a
likely pathogenic compound heterozygous variant, and anoth-
er had a likely pathogenic heterozygous variant. Totally, while
23 patients were genetically diagnosed according to the new
Eurofever/PRINTO criteria (2019), 33 patients were met ge-
netic diagnostic criteria for a SAID based on the genetic diag-
nosis guideline by Shinar et al. [4, 11]. The diagnosis of two

Table 1 The clinical

characteristics of the patients Clinical findings (n (%)) CAPS (n =22) MKD (n = 30) TRAPS (n=19) Overall (n=71)

according to phenotypic

diagnosis Urticarial rash 22 (100) 14 (46.6) 5(26.3) 41 (57.7)
Diarrhea 0 29 (96.6) 6 (31.6) 35(49.2)
Abdominal pain 6(27.2) 20 (66.6) 8(42.1) 34 (47.8)
Arthralgia 6(27.2) 12 (40) 14 (73.7) 32 (45)
Oral aphthae 4(18.2) 25(83.3) 2 (10.1) 31 (43.6)
Myalgia 3 (13.6) 5(16.6) 16 (78.9) 23 (32.3)
Tonsillitis 29.1) 16 (53.3) 2 (10.5) 20 (28.1)
Conjunctivitis 13 (59.1) 3 (10) 2 (10.5) 18 (25.3)
Arthritis 4(18.2) 0 4(21) 8(11.2)
Vomiting 14.5) 6 (20) 0 7 (9.8)
Chest pain 0 0 7 (36.8) 7 (9.8)
Periorbital edema 0 0 6 (31.6) 6(8.4)
Pericarditis 0 0 4(21) 4 (5.6)
Headache 1(4.5) 0 2 (10.5) 34.2)
Pleuritis 0 0 3 (15.8) 34.2)
Febrile seizure 3(13.6) 0 0 34.2)
Amyloidosis 0 1(3.3) 1(5.2) 2(2.8)

CAPS, cryopyrin-associated periodic fever syndrome; MKD, mevalonate kinase deficiency; TRAPS, tumor ne-
crosis factor-alpha receptor-associated periodic fever syndrome
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Patients with a preliminary diagnosis of CAPS, MVK or TRAPS
(n=71)

MKD (n=30)

CAPS (n=22)

TRAPS (n=19)

\ /

\ /[ A\

Final diagnosis determined by next generation-sequence gene panel analysis

/ \ /

\ / \

Undefined SAID

i (n=17) CAPS (n=13)
MEEN{R=8] NAPS12 (n=2) i e
FMF (n=3)

Undefined SAID
(n=10)
FMF (n=4)

Undefined SAID

(n=9) TRAPS (n=5)

Fig. 1 Clinical and genetic diagnoses of patients. CAPS, cryopyrin-
associated periodic fever syndrome; FMF, familial Mediterranean fever;
MKD, mevalonate kinase deficiency; NAPS12, NLRP12-associated

patients with NAPS12 was made with the level of evidence
reported in the literature [12]. The remaining 36 patients were
identified as undefined SAID since they were not classified as
one of the defined SAID after the result of the NGS panel and
reported guidelines [4, 5, 11]. One of these undefined patients
was diagnosed with infantile-onset inflammatory bowel disease
(IBD) during follow-up. The diagnosis of infantile-onset IBD
was confirmed by colonoscopy and biopsy. The final genetic
diagnosis of nine of the 35 genetically diagnosed patients (seven
with FMF and two with NAPS12) was incompatible with their
initial clinical diagnosis. The initial clinical diagnosis of only 26
(36.6%) patients was found consistent with the data of the NGS
gene panel and genetic diagnosis (Table 2).

The patients could not be classified according to the reported
genetic classification criteria (n = 36) were re-evaluated accord-
ing to the new Eurofever/PRINTO clinical classification criteria
(2019) [4]. The final clinical classification of 28 of these patients
was consistent with their initial clinical diagnosis, while seven of
these 36 patients were not classified as one of the SAID accord-
ing to the new Eurofever/PRINTO classification criteria (2019)
and defined as unclassified SAID. The other patient was diag-
nosed with infantile IBD (Table 2). The 28 patients without any
confirmed genetic diagnosis were followed up and treated ac-
cording to their last clinical diagnosis.

When we compared undefined SAID patients with the
others, we could not find any differences in terms of demo-
graphic, clinical and laboratory findings, presence of family
history and consanguinity, or treatment response.

periodic syndrome; TRAPS, tumor necrosis factor-alpha receptor-associ-
ated periodic fever syndrome

Discussion

In the presented study, we compared the initial clinical diag-
noses of patients with the genetic diagnoses, and the clinical
diagnosis was confirmed with genetic results in only 26
(36.6%) patients. To our best knowledge, our study is the first
to evaluate the concordance of the clinical classification
criteria and genetic analysis.

Periodic fever syndromes occupy a significant place in
clinical practice, especially in countries located in the
Mediterranean region [16, 17]. The patients with SAIDs
may express a variety of clinical findings ranging from recur-
rent self-limited fever and polyserositis attacks to persistent
inflammatory courses including chronic arthritis, neurologic
involvement, and amyloidosis. With the improvement of mo-
lecular analyses, 38 related SAID genes had been defined
(https://infevers.umai-montpellier.fr/web/). However, we are
still unable to point out any pathogenic mutation in at least
40% of patients with SAIDs [5, 18]. Screening of either a
limited number of candidate genes or specific exons may be
the cause of negative genetic results. Furthermore, screening a
restricted number of genes or exons by Sanger sequencing
may result in a waste of time and funding. Recently,
Rusmini et al. alleged that using an NGS panel might
improve the genetic diagnosis and reduce the diagnostic
delay. They screened 50 patients with SAIDs with NGS
including MEFV, MVK, TNFRSFIA, NLRP3, NLRPI12,
NOD2, PSTPIPI, ILIRN, LPIN2, and PSMBS& genes.
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However, they finally confirmed that it was remarkably
difficult to set up a genotype-phenotype correlation without
validated clinical criteria [18]. For this purpose, an interna-
tional group of experts has developed a novel set of clinical
classification criteria for SAIDs including FMF, MKD,
TRAPS, and CAPS [2]. Subsequently, they combined clinical
manifestations with genotype and proposed the new
Eurofever/PRINTO classification criteria for hereditary recur-
rent fevers (2019) [4]. At present, we compared the accor-
dance between the Federici score and the final genetic diag-
noses of patients which were made base on the NGS panel
results and current genetic diagnostic guidelines [4, 11]. We
found that only one-third of patients (n = 26, 36.6%) fulfilled
both the Federici score and the diagnostic criteria of current
genetic diagnostic guidelines. In recent studies, patients with
autoinflammatory disease clinical features who could not be
classified in a monogenic SAID were defined as unclassified
SAID patients [19]. We believe that further molecular
analyses such as whole-exome sequencing (WES) may
help clinicians to understand phenotype-genotype corre-
lation or define a new type of SAIDs. Most recently,
Kosukcu et al. [20] performed WES to 11 unclassified
SAID and identified a definite or probable disease-
associated variant in almost one-third of them.
Ter-Haar et al. [21] evaluated the clinical characteristics
and genetic analyses of 187 patients with undefined SAIDs.
Among them, 133 patients were negative for all clinical
criteria while the remaining 72 patients met at least one clin-
ical criterion. Of 187 patients, one hundred fifty-nine patients
were evaluated with either complete gene screening or screen-
ing most relevant exons or mutations. Genetic variants were
determined in only 15 patients. They also stated that some
patients expressed distinct phenotypes. For instance, patients
with pericarditis experienced their first attacks older while
patients with intellectual impairment were younger at disease
onset. Furthermore, they found a correlation between the pres-
ence of genetic variants and positive family history.
Furthermore, De Pieri et al. showed that the response rate to
corticosteroids was lower among patients with unclassified
SAIDs having uncertain genetic results [7]. However, we
could not find any differences in terms of demographic, clin-
ical and laboratory findings, family history, or treatment re-
sponse among undefined SAID patients comparing the others.
Colchicine is an ancient drug that acts via inhibiting cellu-
lar microtubules and it is still the mainstay treatment for FMF.
However, the effectiveness of colchicine in other SAIDs is
still a matter of debate. Some studies reported an inadequate
response to colchicine in patients with SAIDs. Conversely,
some researchers suggested that empiric colchicine and glu-
cocorticoids controlled flares in the majority of patients with
SAIDs [22]. Ter-Haar et al. [21] observed a complete response
in 14.2% and partial response in 44.8% of 49 patients with
unclassified SAIDs receiving colchicine. Correspondingly,

Vitale et al. demonstrated a complete response in 12.5% and
partial response in 58.3% of patients with TRAPS receiving
colchicine [23]. In the present study, 35.2% of our patients had
a partial response while 22.5% were completely responsive to
colchicine. Previous studies showed that colchicine not only
reduces the attack frequency in patients with FMF but also
prevents secondary amyloidosis [24]. Amyloidosis is the most
dreadful complication of chronic inflammation, which may
develop in SAIDs other than FMF. In the present study, two
patients were complicated with amyloidosis. Although biolog-
ic drugs emerge as an alternative approach while dealing with
secondary amyloidosis, we prefer colchicine treatment before
biologic drugs and continue colchicine treatment in these pa-
tients to prevent amyloidosis.

Herein, we evaluated 71 patients who were initially classi-
fied as MKD (n = 30), CAPS (n = 22), or TRAPS (n = 19)
according to the Federici score. However, after the NGS gene
panel screening, we confirmed the clinical diagnosis in only
26 patients. Patients may display overlap symptoms compat-
ible with different SAIDs that make the assessment of
genotype-phenotype association difficult. Furthermore, the
presence of common variants or polymorphism complicates
to decide the correct diagnosis. A group of experts evaluated
genotype-phenotype correlation in 751 patients with SAIDs
and a total of 149 variants were described [13]. However, the
mentioned study was limited by its design of including only
patients with a verified diagnosis of a SAID. In our study,
seven patients were diagnosed with FMF after the NGS gene
panel. Among them, three patients fulfilled the Federici score
for MKD, and four met the Federici score for TRAPS. Four of
the patients diagnosed with FMF had heterozygous pathogen-
ic or likely pathogenic variants. Although FMF is an autoso-
mal recessive inherited disease, it has been reported in the
literature that the clinical features may emerge in children with
heterozygous variants. In a study conducted in our center,
M694V heterozygous carriage was found in 36.3% of 634
patients who had attack symptoms and were diagnosed with
FMF [25]. Likewise, in this study, since three patients with
heterozygous pathogenic variants and one had a heterozygous
likely pathogenic variant with clinic findings of the systemic
autoinflammatory disease, they were genetically diagnosed
with FMF according to the genetic diagnosis guideline by
Shinar et al. Furthermore, our two patients who were initially
classified as having MKD finally diagnosed with NAPSI12.
Jeru et al. showed that the p.Arg352Cys missence mutation
in the NLRP12 gene, also found in these two patients, was
associated with a gain of function of caspase 1 processing
[12]. NAPS12 is a rare autoinflammatory disease character-
ized by recurrent fever, rash, and musculoskeletal symptoms
resembling familial cold autoinflammatory syndrome
(FCAS). A Chinese study showed that the clinical manifesta-
tions between Chinese and Western patients may be different
despite similar genotype [26]. The frequency of rash was
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higher in Chinese patients while oral ulcers were more com-
mon in Western patients [12]. The authors speculated that
ethnic and environmental factors may influence the expres-
sion of the phenotype. Two of our patients with NAPS12 were
initially diagnosed with MKD due to the presence of oral
ulcers, abdominal pain attacks, diarrhea, and arthralgia.

Our study is limited by its small sample and lack of screen-
ing somatic mosaicism while it is strengthened by its method
of evaluating the concordance of clinical classification criteria
and genetic analyses. Furthermore, the NGS panel did not
include all genes related to SAIDs.

In conclusion, we have demonstrated that clinical diagnos-
tic criteria may not always be sufficient to establish the correct
diagnosis. In the case of a patient with a preliminary diagnosis
of a monogenic SAID with the negative result of target gene
analysis, other autoinflammatory diseases should also be kept
in mind in the differential diagnosis. Unfortunately, there is
still low accordance between clinical diagnoses and molecular
analyses. Therefore, we believed that these undefined patients
will be diagnosed with the discovery of new SAIDs in the
future, and new classification criteria will be determined.
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