Musculoskeletal manifestations in children with Behget’s syndrome:
data from the AIDA Network Behget’s Syndrome Registry
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Abstract

This study aims to describe musculoskeletal manifestations (MSM) in children with Behget’s syndrome (BS), their associa-
tion with other disease manifestations, response to therapy, and long-term prognosis. Data were retrieved from the AIDA
Network Behget’s Syndrome Registry. Out of a total of 141 patients with juvenile BS, 37 had MSM at disease onset (26.2%).
The median age at onset was 10.0 years (IQR 7.7). The median follow-up duration was 21.8 years (IQR 23.3). Recurrent oral
(100%) and genital ulcers (67.6%) and pseudofolliculitis (56.8%) were the most common symptoms associated with MSM. At
disease onset, 31 subjects had arthritis (83.8%), 33 arthralgia (89.2%), and 14 myalgia (37.8%). Arthritis was monoarticular
in 9/31 cases (29%), oligoarticular in 10 (32.3%), polyarticular in 5 (16.1%), axial in 7 (22.6%). Over time, arthritis became
chronic-recurrent in 67.7% of cases and 7/31 patients had joint erosions (22.6%). The median Behget's Syndrome Overall
Damage Index was 0 (range 0-4). Colchicine was inefficacious for MSM in 4/14 cases (28.6%), independently from the
type of MSM (p = 0.46) or the concomitant therapy (p = 0.30 for cDOMARDs, p = 1.00 for glucocorticoids); cDMARDs and
bDMARDs were inefficacious for MSM in 6/19 (31.4%) and 5/12 (41.7%) cases. The presence of myalgia was associated
with bDMARD:s inefficacy (p = 0.014). To conclude, MSM in children with BS are frequently associated with recurrent ulcers
and pseudofolliculitis. Arthritis is mostly mono- or oligoarticular, but sacroiliitis is not unusual. Prognosis of this subset of
BS is overall favorable, though the presence of myalgia negatively affects response to biologic therapies. ClinicalTrials.gov
Identifier: NCT05200715 (registered on December 18, 2021).
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Behget’s syndrome (BS) is a rare inflammatory disorder cur- rently framed at the border of autoinflammation and auto-
immunity. Emerging clinical, experimental, genetic and therapeutic data place this nosological entity in the immuno- logical
disease continuum of MHC-I-opathies with psoria- sis, psoriatic arthritis, and spondyloarthropathies [1]. These diseases
share a common pathophysiologic ground and the predilection for environmental barrier surfaces (mucosae, gastro-intestinal
tract, skin) and for tissues susceptible to mechano-inflammation such as entheses, including anchor- age sites in the eye,
vessel walls and valve regions. The het- erogeneous clinical expression of BS has been extensively described and multiple
data converge on the definition of phenotype clusters, among which, the papulopustular-artic- ular cluster, is variably
associated with mucosal ulcers, and largely preserved across all studies [2]. As for the pediatric age, the articular cluster
ranked second in frequency in a cluster analysis recently performed by the PeRA research group, accounting for 15.6% of
juvenile BS patients [3]. Articular symptoms are reported by 30.9-42.9% of children in the largest pediatric cohorts, with
some regional variabil- ity (13% in a Chinese cohort, 63% in a Turkish one) [4-11]. Moreover, they are frequently observed
at disease onset [10]. These studies largely report mono- or oligoarthritis with preference for large joints and enthesitis [10,
12, 13], while axial spondyloarthritis seems less common [14]; joint manifestations are rarely destructive and mostly self-
limiting [15]. However, an exhaustive description of musculoskeletal manifestations (MSM) in children with BS is lacking, as
data are mostly derived from cohorts of adult patients. This pre- sent study aims to characterize MSM in children with BS at
disease onset and during the disease course, highlighting the frequency of co-existing clinical manifestations, the overall
response of MSM to different treatment regimens, and the long-term prognosis of this subset of patients.

Methods
Data collection

This is a registry-based observational multicenter study. Data were collected in the AIDA Network Behget’s Syn- drome
Registry by 13 international reference centers for BS. The diagnosis of BS should be made according to the International
Study Group (ISG) or International Criteria for Behget’s Disease (ICBD) or PEDiatric Behget’s Disease (PEDBD) criteria
[10, 16, 17]. For the purpose of this study, we extracted the records of patients fulfilling the following entry criteria: (i)
onset of BS before 18 years of age, and

(ii) presence of MSM at disease onset (arthritis, arthralgia, myositis and/or myalgia).

Demaographic, clinical, clinimetric, and therapeutic data of each patient were collected retrospectively from the clinical
charts and prospectively during routine follow-up visits by the treating physician. Data were collected at the time of disease
onset, at the start of treatment with colchi- cine, conventional (c-) and biologic (b-) disease-modifying anti-rheumatic drugs
(DMARDs), at 3-, 6- and 12 monthsand at the last assessment during treatment. Only treat- ment courses started when the
patient had active MSM were analyzed. The information on the response of MSM to a specific drug was retrieved from the
registry based on the answer to the following question: “The Investigator should specify which disease manifestation(s)
persisted despite ... treatment”. Further information on MSM (pat- tern of arthritis, affected joints, disease activity, disease-
related damage, presence of autoantibodies) was collected at disease onset and at each prospective visit, while retro-
spective forms dedicated to past treatments included the assessment of active/inactive MSM at 0, 3, 6, 12 months and at the
last visit. Disease-related damage was measured using the total Behget’s Syndrome Overall Damage Index (BODI), specific
BODI musculoskeletal items (osteoporo- tic fracture or vertebral collapse, muscle atrophy and bone avascular necrosis) and
the presence of joint erosions at the end of follow-up [18].

Statistical analysis

Statistical analysis was performed using JASP open-source statistics package version 0.16.3. Descriptive statistics included
sample sizes, mean and standard deviation or median and interquartile range (IQR), as appropriate. Sha- piro-Wilk test
was used to assess normality distribution of data. Associations between categorical variables (i.e., association between
different symptoms and response to treatment) were analyzed using contingency tables with Chi-Square test with Yates'
continuity correction. Differ- ences between paired categorical variables (i.e., presence/ absence of MSM at different
timepoints during treatment) were assessed using McNemar’s test. Differences between paired continuous variables (i.e.,
prednisone load at different timepoints during treatment) were analyzed by Friedman’s test and Conover’s post-hoc test.
Dichotomic outcomes were predicted by logistic regression analysis. The threshold for statistical significance was set to p <
0.05 and all p-values were two-sided.



Ethical considerations

The study protocol conformed to the tenets of the Declara- tion of Helsinki and was approved by the local Ethics Com-
mittee of the University of Siena (Reference No. 14951). Written informed consent for using clinical data for research
purposes was obtained according to the local institutional review board guidelines.

Results
Demographic data

By data lock in June 2022, 722 subjects were enrolled in the AIDA Network Behget’s Syndrome Registry, among whom 141
had disease onset in the pediatric age (19.5%). Thirty- seven children (26.2% of the pediatric group) showed MSM upon
disease onset. The demographic and classificative information of the cohort is displayed in Table 1.

Clinical features of Behget’s syndrome at disease onset

At disease onset, recurrent oral ulceration was observed in 37/37 patients (100%), recurrent genital ulceration in 25/37
(67.6%), and skin manifestations in 28/37 (75.7%). Further clinical manifestations observed in association with MSM are
described in Table 1. The Human Leukocyte Anti- gen (HLA) B51 haplotype was detected in 19/37 patients (51.4%).
Ten out of 37 subjects (27%) had only muco-cuta- neous manifestations and MSM at disease onset. Figure 1 shows the
distribution of symptom associations in the whole cohort.

Characterization of MSM at disease onset and over time

At disease onset, 31/37 subjects had arthritis (83.8%), 33/37 arthralgia (89.2%), and 14/37 myalgia (37.8%). Arthritis was
monoarticular in 9/31 cases (29%), oligoarticular in 10/31 (32.3%), polyarticular in 5/31 (16.1%), axial in 7/31 (22.6%).
Arthritis involved the sacroiliac joints in 7/31 patients (22.6%), large joints (ankle, wrist, elbow, knee) in 6/31 patients
(19%), small joints of hands and feet in 1 patient (3.2%), while this information was missing in 17 cases (54.8%). Arthritis
was erosive in 6/31 children (19.4%), non-erosive in 22 (71%), while the information is missing in 3 cases (9.7%). Five
children out of 31 (16.1%) were posi- tive for anti-nuclear antibodies. The HLA B27 haplotype was absent in all patients
tested (18/37, 48.6%). Among the 14 subjects with myalgia, 3 had deep or superficial venous thrombosis, 3 erythema
nodosum, 1 sensory polyneuropa- thy, 1 multiple sclerosis-like neurological manifestations, 6 symptoms suggestive of
superimposed fibromyalgia (fatigue, sleep disorder, tensive headache, dizziness, memory loss, tremor) not otherwise
explained.

Follow-up data were available in the registry for 28/37
patients (75.7%). At the last follow-up visit (median dis- ease duration of 21.8 years), 16 patients out of 28 had active MSM:
arthralgia was present in 10/28 (35.7%), arthritis in9/28 (32.1%), and myalgia in 7/28 (25.0%). Among the 31 cases with
arthritis at disease-onset, the symptom resolved in 6 over time (19.4%) and 21 became chronic-recurrent (67.7%), while this
information is missing in 4 patients. The course of arthritis was progressive in 6 cases: 2 chil- dren with monoarthritis
developed oligoarthritis over time, whereas in 4 cases the axial skeleton was also involved late in the disease course. At the
end of follow-up (mean age 29.0 + 14.9 years [range 10.0 — 64.1]), 7/31 patients had ero- sive manifestations in the affected
joints (22.6%), 1 patient had muscle atrophy, and the median total BODI was 0 (IQR 1.7, range 0-4). No predictive factors of
the development of chronic erosive arthritis were identified.

Treatment courses

We analyzed 14 treatment courses with colchicine, 19 with cDMARDs, and 12 with bDMARDs in patients with active
MSM.

The treatment course details are provided in Table 2, while the distribution of active MSM at baseline among the
treatment groups is displayed in Fig. 2.

The MSM were nonresponsive to colchicine in 4/14 cases (28.6%). There was no significant association between the



different types of musculoskeletal expression and colchi- cine efficacy (p = 0.46). Also, colchicine efficacy was not
associated with the concomitant cOMARD or corticoster- oid therapy at baseline (p = 0.30 and p = 1.00, respectively).
Colchicine was discontinued in 2 patients because of lack of efficacy, whereas it is ongoing in 11 patients as monotherapy or
in association with other drugs (information is missing in 1 patient).

The MSM were nonresponsive to cDOMARDs in 6/19 cases (31.4%). There was no significant association between the
different types of MSM and cDMARD:s effi- cacy (p = 0.33). While the concomitant use of corticoster- oids and colchicine
did not significantly influence cDMARD efficacy (p = 0.67 and p = 0.062, respectively), a tendency was observed in favor of
the co-administration of colchicine (efficacy in 6/6 cases) versus cDOMARD monotherapy (effi- cacy in 4/10 cases). At the
last follow-up visit, cOMARDSs had been discontinued in 10 cases because of lack of efficacy (3/10), loss of efficacy (1/10),
and adverse events (4/10), whereas 5 cases were still on cDMARDSs (data missing for 4 patients).

The musculoskeletal involvement was considered non- responsive to bDMARDs in 5/12 cases (41.7%). There was a
significant association between the different types of MSM and bDMARD:s efficacy (p = 0.014) with a ten- dency towards
a lesser efficacy in patients with myalgia than without (p = 0.06). The bDMARD efficacy was not associated with the
concomitant treatment, and in particu- lar with the concomitant use of colchicine/cDMARDs or corticosteroids (p = 0.93, p
= 1.00). At the last follow-up visit, L DMARDs had been discontinued in 8 cases because of lack of efficacy (4/8), loss of
efficacy (1/8), adverse events (1/8), pregnancy (1/8), poor compliance (1/8) and non-medical reasons (1/8), whereas they
were still given in 3 cases.
The percentage of patients showing persistent MSM at 3, 6, 12 months of treatment and at the last follow-up visit, while on

colchicine, cDMARDs and bDMARDs, is shown in Fig. 3. Figure 4a—c shows the reduction of prednisone load over time in each
treatment group.



Table 1 Demographic data and clinical features at disease onset in pediatric Behget’s syndrome patients with musculoskeletal symptoms [10, 16,
17]

Children with MSM at BS onset N=37 26.2% of the
pediatric cohort

Female:male 23:14
Ethnic origin 31 Caucasian (83.8%), 3 Arab (8.1%), 1 Romanian (2.7%), 1 Mulatto (2.7%), 1
missing (2.7%)

Median age at disease onset 10.0 years (IQR 7.7) Range 1.0-17.8

Median diagnostic delay 14.2 years (IQR 20.9) Range 0-60.1

Median disease duration at the last follow-up 21.8 years (IQR 23.3) Range 1.4-64.7

Familial history of Behget’s syndrome 6/37 16.2%

Classification of patients ISG criteria 30/37 (81.1%)

ICBD criteria 33/37 (89.1%)
PEDBD criteria 30/37 (81.1%)

Clinical manifestations N. of patients % of patients

Recurrent oral aphthosis 37 100%

Skin manifestations 28 75.7%
Erythema nodosum 10 27%
Pseudofolliculitis 21 56.8%

Skin ulcers 2 5.4%
Suppurative panniculitis 1 2.7%

Recurrent genital aphthosis 25 67.6%

Fever of unknown origin 17 45.9%

Gastrointestinal involvement 13 35.1%
Abdominal pain/ nausea/ diarrhoea 12 32.4%
Typical aphthae seen by endoscopy 2 5.4%
Macroscopic/microscopic inflammatory lesions seen by 6 16.2%

endoscopy
Endoscopy not done 5 13.5%
Negative endoscopy 2 5.4%

Ocular involvement 13 35.1%

Neurologic involvement 10 27%
CNS manifestations 7 18.9%
PNS manifestations 5 13.5%
Psychiatric symptoms 3 8.1%

Vascular involvement 7 18.9%

Cardiac involvement 2 5.4%
Arrhythmia 1 2.1%
Myopericarditis 1 2.7%
Intracardiac thrombosis 1 2.7%

Lymphadenopathy 5 13.5%

Hepatomegaly 1 2.7%

Pleuritis 1 2.7%

Orchitis 1 2.7%

BS Behget’s syndrome; CNS central nervous system; ICBD International Criteria for Behget’s Disease; ISG international study group; MSM
musculoskeletal manifestations; PEDBD PEDiatric Behget’s disease; PNS peripheral nervous system
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Table 2 Description of
treatment courses in patients
with active musculoskeletal
manifestations

Therapy Treatment courses
Colchicine N=14 10 monotherapy
1 AZA
1 MTX
2SSz
Median treatment duration=16 months (IQR 36, range 2 — 75)
cDMARDs N=19 12 monotherapy
7 AZA 7 colchicine
5SSz
4 MTX
2 HCQ
1 CsA
Median treatment duration =12 months (IQR 33, range 1 — 60)
bDMARDs N=12 3 monotherapy
6 ADA 7 colchicine
1ETN 2 cDMARDs
2 IFX
1 ANA
2 CAN

Mean treatment duration=23.4+18.1 months (range 3 — 60)

ADA adalimumab; ANA anakinra; AZA azathioprine; bDMARDs biologic disease-modifying anti-rheumatic
drugs; CAN canakinumab; cDMARDs conventional disease-modifying anti-rheumatic drugs; CsA cyclo-
sporin A; ETN etanercept; HCQ hydroxychloroquine; IFX infliximab; IQR interquartile range; MTX metho-
trexate; SSZ sulfasalazine



Discussion

This study provides a general overview of a subset of patients with childhood-onset BS presenting with non- specific

MSM: these children may seek medical attention

from the general pediatric or pediatric rheumatology ser- vices because of arthralgia, myalgia or joint swelling and will be
evaluated upon the suspicion of rheumatologic dis- eases occurring in childhood. In particular, they represent one-fourth of
the whole pediatric BS cohort from the AIDA Network Behget’s Syndrome Registry. This percentage seems lower than
expected according to the medical lit- erature, but it should be considered that we included only patients with MSM at
disease onset to evaluate the muscu- loskeletal symptoms during the whole disease course. In our cohort, the frequency of
females was almost double the one of males, and median age at onset was around 10 years, not differing from that described
in the whole pediatric BS population in previous studies [5, 9, 19]. Also, the mean age of 10.02 + 3.79 years at the onset of
articular symptoms is consistent with that observed in one of the major cohorts of pediatric BS in Europe [10]. BS
classification criteria are useful tools supporting the diagnostic process, and the ICBD ones may be preferably used in
children at disease onset by virtue of their higher sensitivity (around 90% in this cohort), although with caution in areas where
BS prevalence is very low [20]. Also, the familial history may provide key clues to the diagnosis in about 16% of cases, and
should go through all cardinal features of BS, especially the presence of arthritis, enthesitis and papulopustular lesions, since
they belong to the same phenotypic cluster highly preserved in familial BS [21].

The frequency of BS manifestations associated with
MSM in our cohort supports the hypothesis of a distinct articular-papulopustular cluster, in agreement with cases observed
in the adult setting [21-23]. Indeed, we found that up to 1/3 of children with MSM at onset had only mucocuta- neous
manifestations as concomitant symptoms, specifically recurrent oral aphthosis (100%), recurrent genital ulcers (67.6%), and
pseudofolliculitis (56.8%). The frequency of concomitant pseudofolliculitis was found higher than we expected based on
previously published data from an Italian cohort of juvenile-onset BS, where pseudofollicu- lar/papulopustular lesions
were observed in only 21.9% of patients; interestingly, in that cohort, musculoskeletal dis- ease was reported at disease
onset only in 12.5% of cases [19]. When considering the medical literature about adult BS, pseudofolliculitis was the most
common manifestation during arthritic attacks in a prospective study from Iran [24]; moreover, the association between
articular and cutaneous features of BS has been also extensively studied in adults by a research group from Turkey at the
beginning of the cen- tury: they nicely demonstrated that acne lesions and arthritis are likely to occur together and remain
clustered also when included in factor analysis [21, 23, 25]. On the other hand, according to the cluster analysis recently
performed by the PeRA research group, arthritis accounted for a specific clus- ter (C2) in juvenile BS, and in this cluster
papulopustular lesions were reported in 37.1% of cases and enthesitis in 62.9% [3]. In this context, the results of our study
should be considered carefully since children with musculoskeletal symptoms appearing later in the disease course might
have been excluded because they failed to meet the inclusion cri- teria. In fact, different BS manifestations may appear
witha considerable latency, which also accounts for a diagnostic delay in pediatric BS (median 14.2 years in this cohort) [26].
According to our results, children with BS are likely to show up with both arthralgia and arthritis, the latter being mono- or
oligoarticular in almost 2/3 of cases. Large joints (ankle, wrist, elbow, knee) have been most frequently involved at
onset in childhood, although precise informa- tion on the site and laterality of active arthritis at the differ- ent timepoints
were sparsely available in the retrospective aspects of the registry. Gallizzi et al. observed mono- or oligoarthritis in 68%
of a cohort of 110 Italian children with BS during the whole disease course [5]. Notably, mono- or oligoarthritis accounted
for over 90% of arthritis patterns in a broad cohort of adults from Iran; the same research group found knees, ankles and
wrists, followed by small joints of hands and feet, as the most frequently involved sites of arthritis, mostly with an
asymmetrical pattern [14, 24]. With this regard, the analysis of data from the prospective section of the AIDA Network
Behget’s Syndrome Regis- try may provide in the future conclusive results also in the
pediatric context.

The occurrence of spondyloarthritis in BS deserves sepa- rate consideration. The Turkish colleagues observed a higher
ultrasound enthesopathy score in adult BS patients with acne and arthritis compared to other BS patients as well as patients
with rheumatoid arthritis and healthy controls; on the other hand, they found neither radiographic sacroiliitis, nor HLA B27
association in this BS cluster, questioning the hypothesis that BS belongs to the spondyloarthropathy group [13, 27, 28].
This is not the case in the present study, as sacroiliac inflammation was detected in 7/37 subjects at disease onset and
appeared later in the clinical history of 4 additional patients, resulting in axial involvement in almost 1/3 of the cohort,
although HLA B27 was absent in all cases. Indeed, the incidence of sacroiliitis in BS has been a matter of historical
debate, also because of inhomo- geneous classification criteria and imaging methods [29-31]. In particular, it has to be
mentioned that most old studies addressing this issue in adults relied on the pelvis antero- posterior radiograph, whose
interpretation may be biased by a high intra-observer variation and not consistent with more accurate methods, such as



computed tomography (CT) and Tc-99 m-MDP bone scintigraphy [31-33]. With this respect, Sahin et al. detected
sacroiliac joint inflammation by Tc-99 m-MDP bone scintigraphy in 25% of BS patients who were clinically asymptomatic
and had normal pelvis radiography [31]. However, pelvis X-ray is not suitable for the diagnosis of sacroiliitis in the
pediatric age, since typical changes may not be seen for many years after the onset of inflammation, while pelvis CT should
be avoided to limit radiation exposure. Hence, results from this pedi- atric study, largely based on the use of magnetic
resonance imaging (MRI), may represent a novel finding in this field, not directly comparable with the previous literature
data and worth further consideration in our research agenda.

According to this long-term follow-up study, arthritis tends to resolve over time in 20% of children with BS, while most
of them have recurrent disease. In a few cases further joints may be involved over time (peripheral joints or the axial
skeleton). Moreover, at the end of follow-up, 23% of patients from this cohort had erosive manifestations in the affected
joints, which is quite surprising given the usually mild course of arthritis described in the adult population. Peripheral
destructive arthritis associated with BS has been anecdotally reported, with rheumatoid-like or psoriatic arthritis-like
features [34, 35]. However, the significance of this finding in our cohort should be mitigated since we were unable to clarify
the severity of erosive manifestations in each patient and, moreover, the applied radiological tech- nique was not known,
which is crucial for drawing sharp conclusions on this issue. Indeed, the median total BODI score at the end of follow-up
was 0, and none of the par- ticipants scored positive in the musculoskeletal items of the BODI, except for one patient
showing muscle atrophy in adulthood, possibly as a consequence of multiple comorbidi- ties (diabetes, peripheral
neuropathy, neoplasm).

The benign prognosis of this subset of patients is also
supported by the high efficacy of colchicine for MSM, independently of the type of clinical manifestations (arthralgia,
arthritis and/or myalgia) or concomitant treat- ment with ¢cDMARDs or corticosteroids. Indeed, colchi- cine is
recommended as first-line therapy for BS with MSM in the most recent international treatment recom- mendations [36,
37]. On the other hand, MSM were not responsive to biologic agents in 42% of patients, with a tendency towards a lesser
efficacy in patients with myal- gia than those without. Myalgia in subjects with BS can imply several causes, including
focal vasculitic myositis, myo-fasciitis, thrombophlebitis, peripheral neuropathy, erythema nodosum, drug-induced
neuromyopathy, and superimposed fibromyalgia. The latter is supposed to be the major cause of myalgia in our cohort
(43%), followed by deep or superficial venous thrombosis, erythema nodo- sum and neurological involvement.
Interestingly, it was previously observed by Ayar et al. that both BS activity and its perception by patients and clinicians
are higher in female patients with fibromyalgia than those without, even without considering arthralgia among symptoms
concur- ring to disease activity. Moreover, in the same study, the presence of fibromyalgia was associated with the
presence of active genital ulcers [38]. Given the prevalent female representation (62%) and the high frequency of genital
ulcers along with MSM (68%) in our cohort, previous data agree with the present study. In conclusion, this study
provides a comprehensive overview of the natural history of MSM of BS with onsetduring childhood. Better
characterizing minor features of the syndrome at onset would help in the diagnostic work-up of pediatric patients, in whom
BS is the cause of nonspecific musculoskeletal complaints, which should be promptly rec- ognized to avoid diagnostic
delay and prevent major organ complications. One of the main strengths of this study is that data derive from a clinical
registry including pediatric and adult patients, which allowed us to evaluate the dis- ease evolution in the long term. Also,
considering the low prevalence of juvenile BS, the numerosity of this cohort is quite high. On the other hand, retrieving
data from both ret- rospective and prospective instruments of the registry may have resulted in inhomogeneous
information. Moreover, we enrolled in this study only patients with MSM at dis- ease onset aiming to assess the evolution
of MSM during the whole clinical history; this decision turned out to be also a limitation in interpreting the results, since
patients showing MSM later during the disease course have been excluded. With these considerations in mind, our study
does not break away from what has been described in largest adult cohorts with regard to the articular expression in BS and
its favorable prognosis. Based on our results, however, we sug- gest to keep a high clinical suspicion for sacroiliitis, which
should be ruled out by pelvis MRI with specific sequences for sacroiliac joints interpreted by an experienced pediat- ric
radiologist. Moreover, as low quality of life, depression and pathological anxiety levels in BS are often observed in mutual
connection with disease activity also during the pedi- atric age, thus, a close collaboration among pediatricians,
rheumatologists, physiatrists, and psychiatrists is highly recommended for the optimal therapeutic management of such
complex patients.

Funding Open access funding provided by Universita degli Studi di Siena within the CRUI-CARE Agreement. This research did not receive
any specific grant from funding agencies in the public, com- mercial or not-for-profit sectors.

Declarations



ATk a 0
Autoinflammatory and Autoimmune Diseases (RITA).

Ethical Statements The study was approved by the Ethics Commit- tee of Azienda Ospedaliera Universitaria Senese, Siena, Italy (Ref.
No0.14951). Written informed consent for using clinical data for research purposes was obtained by the treating physician according to the local
institutional review board guidelines.

Conflict of interest The authors declare that the research was con- ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Human and animal rights statement No animals were involved in the present study.

Open Access This article is licensed under a Creative Commons Attri- bution 4.0 International License, which permits use, sharing, adapta- tion,
distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in
the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

100%

90%
80%
70%
60% 50.0%
N 42.9%
50% 42.1% 41.7%
40% 35.7%
300, 31.6%
0
20% 9 10.5%
oy 1% 71% 7.19% 0% 5.3% e 8.3%
o, EE NN N (|
Colchicine cDMARDs bDMARDs
B arthritis only Barthritis and arthralgia
marthritis, arthalgia and myalgia marthralgia and myalgia

sarthralgia only

Fig. 2 Distribution of active musculoskeletal manifestations at baseline across the treatment groups. bDMARD:s biologic disease-modifying anti-
rheumatic drugs; cDMARDs conventional disease-modifying antirheumatic drugs

*
100% L |
N *
§ %% -
80% \ — . XX |
60% § :' — — !
\ 50.0%
§ 44.4% 44.4% 37.5% 4 70
40% S 333%  333% V7 Sof’ 8%
§ § 27.3% N — § §
o TO T3 T6 T12 Last visit
g Colchicine mcDMARDs wbDMARDs
Fig. 3 Valid percentages of patients showing persistent muscu- bDMARDs  biologic  disease-modifying  antirheumatic  drugs;

loskeletal manifestations at 3, 6, 12 months of treatment and at the cDMARDs conventional disease-modifying antirheumatic drugs.
last follow-up visit while on colchicine, cOMARDs and bDMARDs. *p<0.05; **p<0.01



y

Pre@nisone md?degnisone mg/da

Prednisone mg/day

PR
oo o

B RN DN W W
o o1 O o1 O o1 O O

w Iy al D
o o o o

N
o

—L

T3

1

T6

T12 Last visit

P=0rl8,

s

10

b TO T3 T6 T12 Last visit

60
50
40
30
20
10

C TO T3 T6 T12 Last visit

Fig. 4 Reduction of prednisone load over time in patients with
active musculoskeletal manifestations treated with colchicine (5a),
cDMARD:s (5b) and bDMARD:s (5c¢). *p < 0.05






References

10.

11.

12.
13.

14.

15.

16.
. International Team for the Revision of the International Criteria for Behget’s Disease (ITR-ICBD) (2014) The International Cri- teria for

18.

19.

20.
21.
22.

23.

McGonagle D, Aydin SZ, Gil A, Mahr A, Direskeneli H (2015) "MHC-I-opathy’-unified concept for spondyloarthritis and Behcet disease.
Nat Rev Rheumatol 11:731-740. https://doi.org/10.1038/ nrrheum.2015.147

Seyahi E (2019) Phenotypes in Behget’s syndrome. Intern Emerg Med 14:677-689. https://doi.org/10.1007/s11739-019-02046-y

Demir F, Sénmez HE, Baglan E, Akgiin O, Coskuner T, Otar Yener G, Oztiirk K, Cakan M, Karadag SG, Ozdel S, Aktay Ayaz N, Sozeri B
(2022) Cluster analysis of pediatric Behget’s disease: data from the pediatric rheumatology academy (PeRA)-research group (RG). Mod
Rheumatol 10:roac044. https://doi.org/10.1093/ mr/roac044

Butbul Aviel Y, Batu ED, Sozeri B, Aktay Ayaz N, Baba L, Amarilyo G, Simsek S, Harel L, Karadag SG, Bilginer Y, Ozen S (2020)
Characteristics of pediatric Behget’s disease in Turkey and Israel: a cross-sectional cohort comparison. Semin Arthritis Rheum 50:515-520.
https://doi.org/10.1016/j.semarthrit.2020.01.

013

Gallizzi R, Pidone C, Cantarini L, Finetti M, Cattalini M, Filo- camo G, Insalaco A, Rigante D, Consolini R, Maggio MC, Civino A, Martino
S, Olivieri AN, Fabio G, Pastore S, Mauro A, Sutera D, Trimarchi G, Ruperto N, Gattorno M, Cimaz R (2017) A national cohort study on
pediatric Behget’s disease: cross-sec- tional data from an Italian registry. Pediatr Rheumatol Online J 15:84.
https://doi.org/10.1186/s12969-017-0213-x

Ekici Tekin Z, Celikel E, Aydin F, Kurt T, Sezer M, Tekgoz N, Karagél C, Coskun S, Kaplan MM, Celikel Acar B (2022) Juve- nile
Behget’s disease: a tertiary center experience. Clin Rheumatol 41:187-194. https://doi.org/10.1007/s10067-021-05896-0

Gezgin Yildinm D, Bakkaloglu SA, Hasanreisoglu M, Buyan N (2020) Disease activity and outcomes in juvenile Behget’s dis- ease: 10
years’ experience of a single centre. Clin Exp Rheumatol 38(Suppl 127):105-111

Zou J, Luo JF, Shen Y, Guan JL (2021) Distinct clinical charac- teristics of pediatric Behget’s syndrome: a study from a referral center in
China. Mod Rheumatol 31:1158-1163. https://doi.org/ 10.1080/14397595.2021.1891670

Shahram F, Nadji A, Akhlaghi M, Faezi ST, Chams-Davatchi C, Shams H, Ghodsi SZ, Davatchi F (2018) Paediatric Behget’s dis- ease in
Iran: report of 204 cases. Clin Exp Rheumatol 36(6 Suppl 115):135-140

Koné-Paut 1, Shahram F, Darce-Bello M, Cantarini L, Cimaz R, Gattorno M, Anton J, Hofer M, Chkirate B, Bouayed K, Tugal-Tutkun
1, Kuemmerle-Deschner J, Agostini H, Federici S, Arnoux A, Piedvache C, Ozen S, PEDBD group, (2016) Consensus classification
criteria  for paediatric Behget’s disease from a prospective observational cohort: PEDBD. Ann Rheum Dis 75:958-964.
https://doi.org/10.1136/annrh eumdis-2015-208491

Mastrolia MV, Bettiol A, Marrani E, Maccora |, Taddei E, Pag- nini I, Canfora M, Emmi G, Silvestri E, Prisco D, Simonini G (2022) Behget
syndrome in children and adults: discovering similarities and differences by a comparative study. Rheumatol- ogy (Oxford, England).
https://doi.org/10.1093/rheumatology/ keac347

Koné-Paut I, Yurdakul S, Bahabri SA, Shafae N, Ozen S, Ozdogan H, Bernard JL (1998) Clinical features of Behget’s disease in children: an
international collaborative study of 86 cases. J Pediatr 132:721-725. https://doi.org/10.1016/s0022- 3476(98)70368-3

Hatemi G, Fresko |, Tascilar K, Yazici H (2008) Increased enthesopathy among Behget’s syndrome patients with acne and arthritis: an
ultrasonography study. Arthritis Rheum 58:1539— 1545. https://doi.org/10.1002/art.23450

Davatchi F, Chams-Davatchi C, Shams H, Nadji A, Faezi T, Akhlaghi M, Sadeghi Abdollahi B, Ashofteh F, Ghodsi Z, Mohtasham N,
Shahram F (2016) Adult Behcet’s disease in Iran: analysis of 6075 patients. Int J Rheum Dis 19:95-103. https://doi.org/10.1111/1756-
185X.12691

Yurdakul S, Yazici H, Tiiziin Y, Pazarli H, Yalgin B, Altag M, Ozyazgan Y, Tiiziiner N, Miiftioglu A (1983) The arthritis of Behget’s
disease: a prospective study. Ann Rheum Dis 42:505—

515. https://doi.org/10.1136/ard.42.5.505

International Study Group for Behget’s Disease (1990) Criteria for diagnosis of Behget’s disease. Lancet 335:1078—1080

Behget’s Disease (ICBD): a collaborative study of 27 countries on the sensitivity and specificity of the new criteria. J Eur Acad Dermatol
Venereol 28:338-347. https://doi.org/10. 1111/jdv.12107

Piga M, Floris A, Espinosa G, Serpa Pinto L, Kougkas N, Lo Monaco A, Lopalco G, Orlando I, Pirani V, Santos E, Bertsias G, Cantarini L,
Cauli A, Cervera R, Correia J, Govoni M, lan- none F, Neri P, Martins Silva A, Vasconcelos C, Muntoni M, Mathieu A, The BODI Project
Group (2020) Development and preliminary validation of the Behget’s syndrome overall damage index (BODI). RMD Open 6:¢001192.
https://doi.org/10.1136/ rmdopen-2020-001192

Sota J, Rigante D, Lopalco G, Emmi G, Gentileschi S, Gag- giano C, Ciarcia L, Berlengiero V, Mourabi M, Ricco N, Barn- eschi S, Mattioli
I, Tosi GM, Frediani B, Tarsia M, di Scala G, Vitale A, lannone F, Fabiani C, Cantarini L (2021) Clinical profile and evolution of patients
with juvenile-onset Behget’s syndrome over a 25 year period: insights from the AIDA net- work. Intern Emerg Med 16:2163-2171.
https://doi.org/10. 1007/s11739-021-02725-9

Batu ED (2019) Diagnostic/classification criteria in pediatric Behget’s disease. Rheumatol Int 39:37-46. https://doi.org/10. 1007/s00296-
018-4208-9

Karaca M, Hatemi G, Sut N, Yazici H (2012) The papulopus- tular lesion/arthritis cluster of Behget’s syndrome also clusters in families.
Rheumatology (Oxford) 51:1053-1060. https://doi. org/10.1093/rheumatology/ker423

Kurosawa M, Takeno Y, Kirino Y et al. (2018) Subgroup clas- sification of Behget’s disease using clinical information: analy- sis of a
clinical database of patients receiving financial aid for treatment. In: ISBD Conference, 2018, Rotterdam

Tunc R, Keyman E, Melikoglu M, Fresko I, Yazici H (2002) Target organ associations in Turkish patients with Behget’s


https://doi.org/10.1038/nrrheum.2015.147
https://doi.org/10.1038/nrrheum.2015.147
https://doi.org/10.1007/s11739-019-02046-y
https://doi.org/10.1093/mr/roac044
https://doi.org/10.1093/mr/roac044
https://doi.org/10.1016/j.semarthrit.2020.01.013
https://doi.org/10.1016/j.semarthrit.2020.01.013
https://doi.org/10.1186/s12969-017-0213-x
https://doi.org/10.1007/s10067-021-05896-0
https://doi.org/10.1080/14397595.2021.1891670
https://doi.org/10.1080/14397595.2021.1891670
https://doi.org/10.1136/annrheumdis-2015-208491
https://doi.org/10.1136/annrheumdis-2015-208491
https://doi.org/10.1093/rheumatology/keac347
https://doi.org/10.1093/rheumatology/keac347
https://doi.org/10.1016/s0022-3476(98)70368-3
https://doi.org/10.1016/s0022-3476(98)70368-3
https://doi.org/10.1002/art.23450
https://doi.org/10.1111/1756-185X.12691
https://doi.org/10.1111/1756-185X.12691
https://doi.org/10.1136/ard.42.5.505
https://doi.org/10.1111/jdv.12107
https://doi.org/10.1111/jdv.12107
https://doi.org/10.1136/rmdopen-2020-001192
https://doi.org/10.1136/rmdopen-2020-001192
https://doi.org/10.1007/s11739-021-02725-9
https://doi.org/10.1007/s11739-021-02725-9
https://doi.org/10.1007/s00296-018-4208-9
https://doi.org/10.1007/s00296-018-4208-9
https://doi.org/10.1007/s00296-018-4208-9
https://doi.org/10.1093/rheumatology/ker423
https://doi.org/10.1093/rheumatology/ker423

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

disease: a cross sectional study by exploratory factor analysis. J Rheumatol 29:2393-2396

Fatemi A, Shahram F, Akhlaghi M, Smiley A, Nadji A, Davatchi F (2017) Prospective study of articular manifestations in Behget’s disease:
5 year report. Int J Rheum Dis 20:97-102. https://doi.org/10.1111/1756-185X.12633

Diri E, Mat C, Hamuryudan V, Yurdakul S, Hizli N, Yazici H (2001) Papulopustular skin lesions are seen more frequently in patients with
Behget’s syndrome who have arthritis: a controlled and masked study. Ann Rheum Dis 60:1074-1076. https:/doi.
0rg/10.1136/ard.60.11.1074

Pain CE (2020) Juvenile-onset Behget’s syndrome and mimics. Clin Immunol 214:108381. https://doi.org/10.1016/j.clim.2020. 108381
Hatemi G, Fresko I, Yurdakul S, Ozdogan H, Yazici H, Altiok E, Yenmis G (2010) Reply to letter by Priori et al commenting on whether
Behget’s syndrome patients with acne and arthritis comprise a true subset. Arthritis Rheum 62:305-306. https:// doi.org/10.1002/art.27181
Yazici H, Tuzlaci M, Yurdakul S (1981) A controlled survey of sacroiliitis in Behcet’s disease. Ann Rheum Dis 40:558-559.
https://doi.org/10.1136/ard.40.6.558

Chamberlain MA, Robertson RJ (1993) A controlled study of sacroiliitis in Behget’s disease. Br J Rheumatol 32:693-698.
https://doi.org/10.1093/rheumatology/32.8.693

Olivieri I, Gemignani G, Camerini E, Semeria R, Pasero G (1990) Computed tomography of the sacroiliac joints in four patients with
Behget’s syndrome—confirmation of sacroiliitis. Br J Rheumatol 29:264—267. https://doi.org/10.1093/rheumatolo gy/29.4.264

Sahin M, Yildiz M, Tunc SE, Cerci S, Suslu H, Cure E, Kutlu- can A (2006) The usefulness of Tc-99m-MDP bone scintigraphy in detection
of articular involvement of Behget’s disease. Ann Nucl Med 20:649-653. https://doi.org/10.1007/BF02984675

Yazici H, Turung M, Ozdogan H, Yurdakul S, Akinci A, Barnes CG (1987) Observer variation in grading sacroiliac radiographs might be a
cause of ‘sacroiliitis’ reported in certain disease states. Ann Rheum Dis 46:139-145. https://doi.org/10.1136/ ard.46.2.139

Kotevoglu N, Tashas I, Bekiroglu N (2004) Computed tomogra- phy does not support sacroiliitis as a feature of behget disease: a
metaanalytic review. J Clin Rheumatol 10:42-45. https://doi. org/10.1097/01.rhu.0000111298.67743.08

Frikha F, Marzouk S, Kaddour N, Frigui M, Bahloul Z (2009) Destructive arthritis in Behget’s disease: a report of eight cases and literature
review. Int J Rheum Dis 12:250-255. https://doi. org/10.1111/j.1756-185X.2009.01419.x

Milkoglu C, Ayhan FF (2020) A case with Behget’s disease involving erosive metacarpophalangeal joint arthritis: the value of
ultrasonography in the diagnosis of an erosion. BMC Med Imaging 20:60. https://doi.org/10.1186/s12880-020-00461-8

Hatemi G, Christensen R, Bang D, Bodaghi B, Celik AF, For- tune F, Gaudric J, Gul A, Kétter |, Leccese P, Mahr A, Moots R, Ozguler Y,
Richter J, Saadoun D, Salvarani C, Scuderi F, Sfika- kis PP, Siva A, Stanford M, Tugal-Tutkun I, West R, Yurdakul S, Olivieri I, Yazici H
(2018) 2018 update of the EULAR recommendations for the management of Behget’s syndrome. Ann Rheum Dis 77:808-818.
https://doi.org/10.1136/annrh eumdis-2018-213225

Koné-Paut |, Barete S, Bodaghi B, Deiva K, Desbois AC, Galeotti C, Gaudric J, Kaplanski G, Mahr A, Noel N, Piram M, Tran TA,
Wechsler B, Saadoun D, Collaborators, (2021) French recommendations for the management of Behget’s dis- ease. Orphanet J Rare Dis
16(Suppl 1):352. https://doi.org/10. 1186/s13023-020-01620-4

Ayar K, Metin Okmen B, Altan L, KOsegil OztUrk E (2020) The frequency of fibromyalgia and its relationship with disease activity in
female patients with behget’s disease: a cross sec- tional study. Arch Rheumatol 35:401-408. https://doi.org/10.
46497/ArchRheumatol.2020.7729


https://doi.org/10.1111/1756-185X.12633
https://doi.org/10.1136/ard.60.11.1074
https://doi.org/10.1136/ard.60.11.1074
https://doi.org/10.1016/j.clim.2020.108381
https://doi.org/10.1016/j.clim.2020.108381
https://doi.org/10.1002/art.27181
https://doi.org/10.1002/art.27181
https://doi.org/10.1136/ard.40.6.558
https://doi.org/10.1093/rheumatology/32.8.693
https://doi.org/10.1093/rheumatology/29.4.264
https://doi.org/10.1093/rheumatology/29.4.264
https://doi.org/10.1007/BF02984675
https://doi.org/10.1136/ard.46.2.139
https://doi.org/10.1136/ard.46.2.139
https://doi.org/10.1097/01.rhu.0000111298.67743.08
https://doi.org/10.1097/01.rhu.0000111298.67743.08
https://doi.org/10.1111/j.1756-185X.2009.01419.x
https://doi.org/10.1111/j.1756-185X.2009.01419.x
https://doi.org/10.1186/s12880-020-00461-8
https://doi.org/10.1136/annrheumdis-2018-213225
https://doi.org/10.1136/annrheumdis-2018-213225
https://doi.org/10.1186/s13023-020-01620-4
https://doi.org/10.1186/s13023-020-01620-4
https://doi.org/10.46497/ArchRheumatol.2020.7729
https://doi.org/10.46497/ArchRheumatol.2020.7729

Authors and Affiliations

Carla Gaggiano! * Anna Maselli? * Petros P. Sfikakis® * Katerina Laskari® * Gaafar Ragab**

Mohamed Tharwat Hegazy*® * Ahmed Hatem Laymouna“ * Giuseppe Lopalco® * Ibrahim A. Aimaghlouth’:

Kazi Nur Asfina® * Ohoud Alahmed® * Henrique Ayres Giardini Mayrink!? * Isabele Parente de Brito Antonelli *
Marco Cattalini!! - Matteo Piga!2 * Jurgen Sota! * Stefano Gentileschi' * Maria Cristina Maggio'* *

Daniela Opris-Belinski'® * Giilen Hatemi!é? + Antonella Insalaco'® * Alma Nunzia Olivieri'®

Abdurrahman Tufan? * Hazan Karadeniz?! * Riza Can Kardas?! * Francesco La Torre?? * Fabio Cardinale?? *

Achille Marino? - Silvana Guerriero®* ' Piero Ruscitti?> * Maria Tarsia? * Antonio Vitale! * Valeria Caggiano® *
Salvatore Telesca! * Florenzo Iannone® * Veronica Parretti! * Micol Frassi?® - Emma Aragona?’ * Francesco Ciccia?® *
Ewa Wiesik-Szewczyk?® * Ruxandra Ionescu3® * Ali Sahin®! * Nurullah Akkog3? * Andrea Hinojosa-Azaola3? *
Samar Tharwat?* * José Hernandez-Rodriguez® * Gerard Espinosa3® * Giovanni Conti¢ * Emanuela Del Giudice® *
Marcello Govoni3® * Giacomo Emmi34? - Claudia Fabiani#! * Alberto Balistreri*? * Bruno Frediani®3 *

Donato Rigante***4 * Luca Cantarini'® on behalf of the AIDA Network

1

Department of Medical Sciences, Surgery
and Neurosciences, Rheumatology Unit, University of Siena and Azienda Ospedaliero-Universitaria Senese [European Reference Network
(ERN) for Rare Immunodeficiency, Autoinflammatory and Autoimmune Diseases (RITA) Center], Policlinico “Le Scotte”, Viale Bracci 16,
53100 Siena, Italy

Clinical Paediatrics, Department of Molecular Medicine and Development, University of Siena, Siena, Italy

3 Joint Academic Rheumatology Program, Medical School, National and Kapodistrian University of Athens, Athens, Greece

4 Internal Medicine Department, Rheumatology and Clinical Immunology Unit, Faculty of Medicine, Cairo University, Giza, Egypt
5 Faculty of Medicine, Newgiza University, 6th of October City, Egypt

¢ Rheumatology Unit, Department of Emergency and Organ Transplantation, University of Bari, Bari, Italy

7 Rheumatology Unit, Department of Medicine, College
of Medicine, King Saud University, Riyadh, Saudi Arabia

8  College of Medicine Research Center, College of Medicine, King Saud University, Riyadh, Saudi Arabia
9 Pediatric Rheumatology, Department of Pediatrics, College of Medicine, King Saud University, Riyadh, Saudi Arabia
10 Rheumatology Division, Faculdade de Medicina, Hospital das Clinicas (HCFMUSP), Universidade de Sao Paulo, S&o Paulo, Brazil

1 Pediatric Clinic, University of Brescia and Spedali Civili Di Brescia [European Reference Network (ERN) for Rare Immunodeficiency,

Autoinflammatory and Autoimmune Diseases (RITA) Center], Brescia, Italy
2 Rheumatology Unit, Department of Medical Sciences, University and AOU of Cagliari, Cagliari, Italy

13 Rheumatology Unit, Azienda Ospedaliero-Universitaria Senese [European Reference Network (ERN) for Rare Immunodeficiency,
Autoinflammatory and Autoimmune Diseases (RITA) Center], Siena, Italy

14 University Department of Health Promotion, Mother
and Child Care, Internal Medicine and Medical Specialties (PROMISE) “G. D’ Alessandro”, University of Palermo, Palermo, Italy

5 Rheumatology and Internal Medicine Department, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania

16 Department of Internal Medicine, Division of Rheumatology, Cerrahpasa Medical School, Istanbul University-Cerrahpasa, Istanbul,
Turkey

17 Behget’s Disease Research Center, Istanbul University-Cerrahpasa, Istanbul, Turkey

18 Division of Rheumatology, Ospedale Pediatrico Bambino Gesu, IRCCS [European Reference Network (ERN) for Rare
Immunodeficiency, Autoinflammatory and Autoimmune Diseases (RITA) Center], Rome, Italy

19 Department of Woman, Child and of General and Specialized Surgery, University of Campania “Luigi Vanvitelli”, Naples, Italy
2 Division of Rheumatology, Department of Internal Medicine, Faculty of Medicine, Gazi University, Ankara, Turkey

2L Department of Internal Medicine, Division of Rheumatology, Gazi University Hospital, Ankara, Turkey

22 Department of Pediatrics, Pediatric Rheumatology Center, Giovanni XXI11 Pediatric Hospital, University of Bari, Bari, Italy

23 Unit of Pediatric Rheumatology, Azienda Socio-Sanitaria Territoriale (ASST) Gaetano Pini-Centro Specialistico Ortopedico
Traumatologico (CTO), Milan, Italy


http://orcid.org/0000-0002-7352-1275

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Department of Ophthalmology and Otolaryngology, University of Bari, Bari, Italy
Rheumatology Unit, Department of Biotechnological and Applied Clinical Sciences, University of L’ Aquila, L’ Aquila, Italy

Rheumatology and Clinical Immunology, Department of Clinical and Experimental Sciences, University
of Brescia and Spedali Civili [European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory
and Autoimmune Diseases (RITA) Center], Brescia, Italy

Division of Gastroenterology, Ospedali Riuniti Villa Sofia-Vincenzo Cervello, Palermo, Italy
Department of Precision Medicine, Universita Degli Studi Della Campania Luigi Vanvitelli, Naples, Italy

Department of Internal Medicine, Pulmonology, Allergy and Clinical Immunology, Central Clinical Hospital
of the Ministry of National Defence, Military Institute of Medicine, Warsaw, Poland

Internal Medicine and Rheumatology Department-St. Maria Hospital, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania
Division of Rheumatology, Department of Internal Medicine, Sivas Cumhuriyet University Medical Faculty, Sivas, Turkey

Division of Rheumatology, Department of Internal Medicine, School of Medicine, Manisa Celal Bayar University, Manisa, Turkey
Department of Immunology and Rheumatology, Instituto Nacional de Ciencias Médicas Y Nutricion Salvador Zubirén, Mexico City, Mexico
Rheumatology and Immunology Unit, Internal Medicine Department, Mansoura University, Mansoura, Egypt

Department of Autoimmune Diseases, Institut d’Investigacions Biomeédiques August Pi | Sunyer IDIBAPS), Hospital Clinic of
Barcelona [European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory and Autoimmune Diseases (RITA)
Center], University of Barcelona, Barcelona, Spain

Pediatric Nephrology and Rheumatology Unit, Azienda Ospedaliero Universitaria (AOU) G Martino, Messina, Italy

Pediatric and Neonatology Unit, Department of Maternal Infantile and Urological Sciences, Sapienza University of Rome, Polo
Pontino, Latina, Italy

Department of Medical Sciences, Rheumatology Unit, Azienda Ospedaliero-Universitaria S. Anna-Ferrara, University of Ferrara,
Ferrara, Italy

Department of Experimental and Clinical Medicine, University of Florence, Florence, Italy
Centre for Inflammatory Diseases, Department of Medicine, Monash Medical Centre, Monash University, Clayton, Victoria, Australia

Ophthalmology Unit, Department of Medicine, Surgery and Neurosciences, University of Siena and Azienda Ospedaliero-
Universitaria Senese [European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory and Autoimmune
Diseases (RITA) Center], Siena, Italy

Bioengineering and Biomedical Data Science Lab, Department of Medical Biotechnologies, University of Siena, Siena, Italy
Department of Life Sciences and Global Health, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy

Rare Diseases and Periodic Fevers Research Centre, Universita Cattolica del Sacro Cuore, Rome, Italy



