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Abstract

Background Among the various numbers of different autoinflammatory diseases (AIDs), the absolute majority
of them remains rare, with a single representative in large populations. This project, endorsed by PRES, supported
by the EMERGE fellowship program, and performed in line with the Metadata registry for the ERN RITA (MeRITA),
has the objective of performing a data synchronization attempt of the most relevant research questions regard-
ing clinical features, diagnostic strategies, and optimal management of autoinflammatory diseases.

Results An analysis of three large European registries: Eurofever, JIR-cohort and AID-Net, with a total coverage

of 7825 patients from 278 participating centers from different countries, was performed in the context of epidemio-
logical and clinical data merging. The data collected and evaluated in the registries does not cover only pediatric
patients, but also adults with newly diagnosed AIDs. General aspects of the existing epidemiological data have
been discussed in the context of patient global distribution, potential diagnostic delays, access to genetic testing,
and the availability of the treatment.

Conclusions In general, the results indicate a great potential for upcoming collaborative work using existing data
in cohorts that enhance the quality of medical care performed for patients with autoinflammatory diseases.
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Background

Systemic autoinflammatory diseases (SAIDs) are a
cluster of monogenic and polygenic inborn/acquired
inflammatory diseases associated with dysregulations
in the innate immune system [1]. The first interna-
tional series of patients that were affected by genetically
determined conditions such as Familial Mediterranean
Fever (FMF), TNF receptor 1-associated periodic syn-
drome (TRAPS), and mevalonate kinase deficiency
(MKD) have been described from 1999 onwards [2, 3].

The first formal international registry for an auto-
inflammatory disease was established in the Neth-
erlands to collect clinical and laboratory data on
Hyper-IgD syndrome, which then transformed into
HIDSnet. Information from this registry allowed us
to summarize the existing clinical knowledge, define
treatment algorithms, and provide data on the follow-
up of the patients. Similarly, an international European
consortium (EUROTRAPS) was developed to collect
data from six different countries (Austria, France, Ger-
many, Israel, Italy, and the United Kingdom) to gain
insights about TRAPS [4, 5]. In 2008, M. Hofer estab-
lished a web-based multicentric registry for PFAPA
as an international collaboration in the context of the
working party “periodic fevers” of Pediatric Rheumatol-
ogy European Society (PRES) [6]. Data from the above
registries provided pivotal information on these newly
discovered conditions. In 2009, Ben-Chetrit and Toui-
tou launched an international cohort of FMF patients
aimed at defining the epidemiological, genetic, and
clinical characteristics of FMF [7].

The great increase in the number of SAIDs in the last
20 years, highlighted the limits of carrying unique reg-
istries for each condition, thus prompting the need for
establishing common registries that can enroll patients
with different diseases and are flexible enough to include
the newly identified conditions [3, 8, 9].

The Eurofever registry, a multi-national clinical registry
hosted by the Pediatric Rheumatology International Tri-
als Organization (PRINTO), has been held in the context
of the PRES since 2009 [10, 11]. Around the same time,
a German national database for autoinflammatory dis-
eases, the AID-NET, was established [12]. This registry
gathered information and samples from German patients
with AIDs for 10 consecutive years up until 2018. In the
year 2013, the JIR Cohort, a multicenter prospective data
repository for patients with systemic inflammatory or
rheumatological disease, was created in the context of
francophone countries and afterwards extended to other
countries. Also, a specific module dedicated to AIDs was
developed in 2016 where patients from the main centers
of expertise for autoinflammatory diseases in France and
Switzerland have been enrolled [13].
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It is worth mentioning that although every register has
its own structure, yet merging the collected data would
be useful to obtain a more robust body of evidence on
these rare conditions. And in order to synchronize the
data and perform a comparative analysis of the most
relevant research questions, a research fellowship was
endorsed by the PRES working party on autoinflamma-
tory diseases to improve further collaborative work in the
registries.

The current E-Merge project aimed to test the pos-
sibility of group analysis of data collected from different
registries, analyzing the strengths and limitations of this
approach.

Materials and methods

In order to achieve the aim of the current project, the
three registries (Eurofever, JIRcohort, and AID-net),
which collect information on AID patients in Europe
and extra-European countries discussed a list of variables
subject to the evaluation of the current study, in a con-
sensus meeting that was held in Chateau d’'Oex (Switzer-
land) in October 2021 (Additional file 1: Table S1).

The basic set of epidemiological data was extracted
anonymously by each coordinator, provided, and ana-
lyzed as aggregated data (e.g., no individual patient’s data
was provided).

Each registry representative provided information
about cohort design, duration and procedure of patient
follow-up, chapters about main epidemiological, clini-
cal, and laboratory information, data collection methods,
the process of IT support, etc. This study also includes
descriptive reviews of published articles and studies
based on registry data.

Moreover, a formal primary hypothesis or statisti-
cal testing has not been provided, since this study has a
descriptive character. Categorical data were reported in
terms of absolute frequencies and percentages. Continu-
ous data has been described in terms of Mean, Median,
Minimum and Maximum, and 1st and 3rd quartiles
(IQR). IBM SPSS (SPSS Inc. Chicago, IL, 29.0) and excel
have been used for descriptive statistics.

The data analysis has been conducted by YV during a
6-month PReS EMERGE fellowship, with attendance at
CHUYV Lausanne (Switzerland), IRCCS Istituto Gian-
nina Gaslini in Genoa, and UKM in Muenster (Ger-
many). Each attendance duration lasted for 2 months,
respectively.

Origin and structure of the three registries

Eurofever

The Eurofever project was promoted in 2008 by the
SAIDs working group of the PRES and supported by the
Executive Agency for Health and Consumers (EAHC,
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project 2007332). The electronic data capture (EDC) sys-
tem of the registry was developed by PRINTO in Novem-
ber 2009. All centres belonging to the PRINTO network
dealing with AIDs were offered the possibility of partici-
pating in the registry. In addition, adult centres managing
SAIDs were also invited to participate.

The original structure of the registry consisted of two
parts: demographic information and clinical manifes-
tations. In 2015, a protocol amendment updated the
registry with the new AIDs and the elaboration of a lon-
gitudinal observational part.

The quality control applied to the registry consists of a
routine check of the completeness and coherence of data
by the PRINTO staff; if any relevant query is raised dur-
ing the check, a question is addressed to the investigator
to confirm or modify the data. Also, the collection of the
information has a longitudinal prospective design with
regular onsite supervision by PRINTO technical support.
The registry continues its recruitment activity with a col-
lection of demography and clinical information on AIDs.

AID-Net

In 2009, the research initiative AID-Net (Network for
Inflammatory Diseases), funded by the German Fed-
eral Ministry of Education and Research (BMBF project
01GMO08104), was established. The network was made up
of five basic research projects and three clinical research
projects located at 12 institutions all over Germany. The
main unit of the collaborative clinical research core of
AID-Net was the patient registry.

Recruitment of patients with autoinflammatory dis-
eases was prompted via AID-Net (an online registry),
and patient material was collected and stored in a cen-
tral biomaterial bank for DNA and serum. Data from
the registry and the biobanks is connected to the online
user interface which allows the patient’s biomaterial to be
used to identify genetic or serological markers of AIDs.

All members of the German Society for Pediatric
Rheumatology (GKJR) were invited to participate in the
project. Furthermore, immunological and molecular
genetics laboratories had access to the online system for
sample management documentation. The online registry
was operated by EDC with ease. All data were entered via
remote data entry software ProMISe (Project Manager
Internet Server) version 2.0, which had been developed
by R Brand. Technical and operating support for the reg-
istry was provided by Sabrina Fithner and Elke Lainka.
Data checks and validation were provided on demand
within particular scientific projects.

JIR cohort
The JIR cohort is an initiative of Belgian, French, and
Swiss pediatric rheumatologists that was endorsed by
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the scientific societies “SOFREMIP” (French-speaking
pediatric rheumatology society) and “PRS” (Pediatric
Rheumatology Switzerland). The registry was launched
in 2013 and designed for patients suffering from rheu-
matic diseases with childhood onset. Its primary goal was
to improve patients’ care through organizing and evalu-
ating the outcomes of pediatric rheumatic diseases. The
initial financial support for the creation of the JIR plat-
form was the “Aquira Award” in 2013. The first 24 par-
ticipating centres were recruited through the SOFREMIP
and PRS networks between 2013 and 2016. Moreover,
since 2016, a bilingual French—English interface has been
implemented, allowing non-French-speaking centres to
participate in the registry.

Initially, the registry was composed of three manag-
ing committees: steering, scientific, and executive, with
members representing the participating countries. The
registry is currently hosted by the Foundation RES,
whose goals are to support research and training in pedi-
atric rheumatology.

The registry data are collected prospectively by the
investigating physician or clinical research technician,
then implied in the register, where the register itself
serves as a medical record in a few cases. The registry is
composed of a common core for all diseases and specific
modules collecting disease-specific data (autoinflamma-
tory diseases, systemic onset JIA, JIA, uveitis, lupus). All
the data before 2013 was collected retrospectively; since
then, the register has been operating as a longitudinal
observational cohort.

The registry works on “OCQMS,” a software developed
by Swiss IT Company Seantis Gmbh, which is already
successfully used by the Swiss adult rheumatology regis-
try (SCQM). And technical support is provided by Sean-
tis GmbH. Data cross-checking is performed when the
data is exported for scientific purposes and is usually per-
formed either by the clinical researcher performing the
project or by the physician requesting the data, depend-
ing on the particular situation.

All participating centres in the three mentioned regis-
tries received approval from the related ethics commit-
tee, and consent or assent has been obtained by patients
and their families.

Results

In total, the 3 registries cover 7825 patients with different
AlIDs from 278 participating centres from different parts
of the world (Fig. 1).

AID-Net is a national registry involving 36 main pediat-
ric rheumatology centers in Germany. JIR and Eurofever
are multi-national cohorts, covering about 40 countries
in total. Data collection in AID-Net was completed in
2018, but JIR and Eurofever continue active recruitment
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Fig. 1 Overview of centres participating in Eurofever, JIRcohort and AID-Net. *Marked red—centres participating in Eurofever. Marked
blue—centres participating in JIRcohort. Marked green —centres participating in AID-Net. Textboxes colored orange—potential overlap

between the patients in different registries

and follow-up on patients previously included. The infor-
mation summarized in the registries covers not only
pediatric patients but also adults with newly diagnosed
AIDs and a different proportion of the previously diag-
nosed ones (Table 1).

The number of conditions collected by each registry
was rather variable. Common information was available
for 10 diseases only: FMF, PFAPA, SURF (Undefined
Recurrent Fever), CRMO, SoJIA, CAPS, TRAPS, and
MKD. Eurofever and JIR cohort display a much larger
overlap of rare conditions collected by both registries
(Additional file 2: Table S2).

The distribution of patients among registries was not
even. Of the 125 centers participating in the JIR cohort,
23 centers from Switzerland and France enrolled more
than 90% of all patients. From the Eurofever register,
patients were scattered and not focused in one part of
Europe, with 43% of patients from centers in Southern
Europe, 26% from Western Europe, 8.7% from Northern
Europe, and 9% from the Middle East, with a tendency
toward lower incidence in Eastern Europe countries
(Additional file 1: Fig. S1).

The evaluation of patient ethnicity revealed a predomi-
nance of Caucasians in all registries, with up to 20% of
others not immediately definable. However, the way eth-
nicity data was collected among the three registries was

rather heterogeneous, representing a possible major limi-
tation for a homogenous analysis (Table 2).

In contrast, the mode of collecting demographic data
in the three registries was certainly found to be rather
homogeneous, allowing, for example, a comparison of
the diagnostic delay found in the three registries for
different diseases. In all registries, a significant delay
between disease onset and diagnosis was noticed, with a
much shorter trend in children (Fig. 2). The highest rate
of diagnostic delay was observed for the "classical” mono-
genic AIDs, such as TRAPS, MKD, and CAPS, that dis-
played the higher percentage of adult patents. Notably in
many of them, the disease onset occurred after the causa-
tive gene had already been identified (Table 3).

The information concerning the genetic testing was
also analyzed in details (Table 4). More than 8000 genetic
tests have been reported in registries, with a detailed
information concerned the methods used for the analy-
sis (Sanger, NGS panel, whole exome sequencing, whole
genome sequencing).

We report the main similarities and differences found
in the three registry for the collection of the clinical data.
All three registries presented a homogeneous approach
for the collection of the most relevant clinical features
(characteristic of fever episodes, clinical manifestations
according to different organs and systems, laboratory
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Table 1 Demography and epidemiological data of the patients with autoinflammatory diseases presented in registries

JIR cohort (n=1897)

Eurofever (n=4552)

AID-Net (n=1375)

Number of the participating countries 13 42 2
Number of the centres 125 117 36

Number of autoinflammatory diseases recorded 18 32 10
Male/female number 947/950 2237/2315 690/684
Adults > 18 y.o. diagnosed with AID 412 (21.7%) 784 (17.2%) 28 (2.0%)
Children <18 y.0. diagnosed with AID 1485 (78.3%) 3768 (82.8%) 1324 (96.3%)
Unknown 23 (1.7%)
Number of patients enrolled within time-period

2009-2012 2 (0.1%) 1517 (33.3%) 534 (38.8%)
2013-2016 569 (30.0%) 774 (17.0%) 632 (46.0%)
2017-2021* 1326 (69.9%) 2261 (49.7%) 209* (15.2%)
Number of patients receiving their diagnosis within time-period

Before 2009 412 (21.7%) 1641 (36%) 366 (26.6%)
2009-2012 240 (12.7%) 1460 (32.1%) 383 (27.9%)
2013-2016 490 (25.8%) 855 (18.8%) 495 (36.0%)
2017-2021* 755 (39.8%) 596 (13.1%) 31(9.5%)
Age of AID diagnose 7.21(0.56-71.8) 11.0(0.18-66.2) 6.3(0.17-56.1)
Children (<18 y.0) 5.5(0.08-17.99) 54(0.1-174) 6.3(0.18-18)
Adults (>18y.0) 31.66 (18.02-71.8) 39.1 (20.0-66.2) 29.0 (18.1-56.1)
Number of the patients enrolled within different AID

FMF 775 (40.8%) 1363 (29.9%) 587 (42.6%)
PFAPA 456 (24%) 676 (14.8%) 140 (10.2%)
SURF 312 (16.4%) 429 (9.4%) 83 (6.0%)
MKD 55 (2.9%) 221 (4.8%) 8(0.5%)
CAPS 103 (5.4%) 288 (6.3%) 41 (2.9%)
TRAPS 56 (2.9%) 287 (6.3%) 47 (3.4%)
CRMO 94 (4.9%) 597 (13.1%) 193 (14.0%)
SJIA 392 (20.7%) 6 (0.1%) 262 (19%)
Behcet disease 97 (5.1%) 282 (6.2%) N/A

*Data cut-off as on September 2021

examination and treatment) associated to AIDs. Some
distinctive information has been also identified for each
registry (Table 5).

Finally, all three registries allowed the collection of
detailed information on the main drugs used in the field
of AID (colchicine, DMARDS, biologics, steroids), with
the possibility to specify the duration of the treatment,
the dose and the frequency of administration and possi-
ble adverse events. An example of the possible evaluation
of the treatment strategies used in the three registry is
provided, showing a rather homogeneous distribution of
the information (Table 6).

Discussion

In this study, we provide evidence on the actual pos-
sibility of merging demographic, genetic, and clinical
data from different registries on rare conditions, taking
as an example three “historical” registries in the context

of autoinflammatory diseases. The study explores the
degree of homogeneity among the three registries and
the possibility of retrieving scientifically relevant infor-
mation from their demographic parts.

Many critically important questions arise concern-
ing the clinical features, diagnostic strategy, and optimal
management of AIDs. Due to the low incidence of the dis-
eases, no single registry could answer all these questions.
Also, all registries must follow a defined purpose that
reflects the process of data and item collection [14-17].

We were able to show in this study that although these
registries for auto-inflammatory diseases were devel-
oped independently in specific contexts and countries,
they still present important homogeneity in the variables
recorded. All of them include the main epidemiological
data (with a focus on the age, gender, date of diagnose
and diagnostic delay), a similar clinical part involving
manifestations from the main systems and organs, part
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Table 2 Ethnicity of the patients included in AID-Net, Eurofever, JIR cohort

Ethnicity JIRcohort (n=1897) Eurofever (h=4552) AID-Net (n=1376)
Caucasian (white) 1352 (71.3%) Caucasian-603 Mediterranean 4064 (89.3%) Caucasian European-3429 1094 (79.5%) Ger-
basin-749 Caucasian Indian-5 man Caucasian-577
Caucasian Middle East-569 Turkish-415
Caucasian North African-61 Arab-46
Armenian-10
Italian-9
Kazakh-7
Greek-5
Caucasus-5
Albanian-4
Kurd-4
Romanian-4
Slavic-3
Egyptian-2
Baltic-1
Portuguese-1
Azerbaijan-1
Asyric-2
Persian-2
American Indian 1 (0.05%) 1(0.02%) 0
North central American-1 Native American-1
Black/African American 15 (0.7%) 46 (1%) 1 (0.07%)
African west Indian-6 African-46 Berber Sahara-1
Subsaharian African-9
Asian 22 (1.6%) 62 (1.36%) 1(0.07%)
Asia-22 North East Asian-40 Vietnamese-1
South East Asian-22
Latino 0 27 (0.5%) 0
Hispanic-27
Native Hawaiian 1 (0.05%) 0 0
Oceania-1

Mixed-143 (7.5%)
Unknown-20 (1%)
N/A-343* (18%)

Mixed-238 (5.2%)
Other-31 (0.6%)
Cannot report-83 (1.8%)

Unknown-274 (20%)

Not a mandatory question to be completed in the registry; ethnicity listed as it mentioned in the registry and defined by physician

of the laboratory investigations, genetic testing avail-
ability, and treatment. The difficulties of data merging
is demonstrated in the example of ethnicity characteris-
tics (Table 2) and proves that the method of data collec-
tion may significantly influence the final outcome. At the
same time, it describes potential differences in the sort of
data collection among the registries.

As the result of the reclassification of some data, it
has been evident that merging information from differ-
ent registries is possible and provides cohorts with many
patients, even for ultra-rare diseases (Additional file 2:
Table S2). The main challenge associated with AIDs is
their rarity, which makes it difficult to enroll patients and
collect data, particularly when evaluating treatment strat-
egies for new medications or performing cohort studies
that require merging data from multiple sources. Despite
these challenges, two out of the three registries included
in the study continue to actively recruit patients. Addi-
tionally, the biobank of AID-Net is also available, which
can be considered as an active registry. The study found

that the majority of the centers with high enrollment
rates are located in Western and Southern Europe, while
the Eastern part of Europe is less involved. This highlights
the potential for further cooperation and addressing
the issue of underdiagnosis of AIDs in those regions, as
well as the possibility of low activity in specialized cent-
ers. Additionally, there is currently limited involvement
from important geographic areas in North America and
Asia, but their participation could potentially increase
the number of recruited patients and enable more global
studies on AIDs.

Challenges:

The following challenges are encountered in conduct-
ing similar projects:

« Itis important to address the issue of potential multi-
ple entries of the same patient into different registries
when merging data from different sources. While
the distribution of centers in different regions may
potentially help identify such cases, it is not sufficient
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Fig. 2 Diagnostic delay (years) in patients with autoinflammatory diseases in general cohort, children and adults throughout the registries
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Table 3 Diagnostic delay (Median (gl—qg3), years) in patients with the most common AIDs presented in AID-Net, Eurofever, JIR cohort

JIR(n=1897) Eurofever (n=4552) AID-Net (n=1376)
FMF 2.99 (0.1-45.2) 2.52(0.0-13.96) 1.66 (1.29-2.05)
PFAPA 99 (0.0-40.97) 1.52(0.0-11.79) 1.63 (1.25-2.01)
SURF (Undefined recurrent fever) 1(0.4-484) 244 (0.1-52.3) 0.58 (0.31-1.29)
CAPS 1031 (0.0-74.1) 7.12(0.1-67.4) 217(083—35 )
MKD 4.75 (04-54.39) 548 (0.3-62.6) 91 (0.65-3.06)
TRAPS 11.26 (0.7-60.95) 13.31 (1.2-46.5) 01 (0.35-1.68)
CNO 054(01 -9.91) 149 (1.3-15.3) 058(035 0.82)
soJIA 1(0.02-2.11) 0.17 (0.0-1.2) 0.08 (0.02-0.29)

Table 4 Types of genetic tests reported in patients with different autoinflammatory diseases recorded in JIR-cohort, Eurofever and
AID-Net

JIR (n=1897)

Eurofever (n=4552) AID-Net (n=1376)

Number of patients with reported genetic testing

1172 (61.7%)

Number of the tests performed 1687
Method used

Sanger 1003 (59.4%)
Targeted exome sequencing 7 (0.4%)
Whole exome sequencing (WES) 21 (1.2%)

Whole genome sequencing (WGS)
Testing method unknown

193 (11.4%)
463 (27.4%)

2605 (57.2%) 735 (53.4%)

5955 735

2763 (41.1%) 415 (56.4%)
N/A 88 (11.9%)
174 (2.4%) 23 (3.1%)
1463 (21.8%) N/A

463 (6.9%) 209 (28.4%)

on its own. Mechanisms like the MeRITA system
used by the ERN RITA project can be employed to
automatically detect and exclude duplicated [18]. It
is important to discuss such issues with IT support
and at the site level before collaborative studies to
ensure accurate data analysis. Additionally, it should
be noted that encrypted information may hinder
manual checks and other measures may need to be
employed to detect duplicates.

Analyzing the data in a detailed manner can be chal-
lenging due to differences in granularity across differ-
ent registries. As a result, it may be difficult to answer
complex questions regarding specific clinical signs
or describe the presence of specific tests. However,
combining data from multiple registries can increase
the statistical power of the results. It is important to
be cautious when merging data, as similar viewpoints
may not necessarily lead to similar outcomes. Dif-
ferences in the methods of outcome ascertainment,
such as the collection of clinical information, symp-
tom details, results of investigations, and treatment,
can significantly impact results even if the primary
working model is similar. Standardization or unifi-
cation of clinical data across AID registries can help

overcome these problems and facilitate data merging
in the future.

Longitudinal data collection will allow for the iden-
tification of potential risk factors, prognostic factors,
and the natural history of the disease. Furthermore,
longitudinal studies can also help identify changes
in disease patterns over time, such as the emergence
of new clinical phenotypes or changes in treatment
response. It is important to standardize the follow-
up protocol and data collection methods to ensure
that the collected data can be accurately compared
and combined between different studies and cohorts.
This will require collaboration and cooperation
between different centers and networks to establish a
standardized follow-up protocol for AIDs.
Aggregating data from different registries into tables
can help overcome limitations related to obtaining
informed consent from individual patients, but it
may also limit the ability to perform more complex
statistical analyses. It is important to consider dif-
ferences in healthcare systems and clinical expertise
when interpreting the results of such studies. Col-
laborative studies can help identify these differences
and potential pitfalls on a geographical and economic
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Table 6 Types of drugs used and number of patients reported in registries

JIR cohort (n=1897)

Eurofever (n=2417)* AID-Net (n=1376)

Colchicine 838 (44.2%)
Steroids 561 (29.6%)
Biologics

Anakinra 51 (7.9%)
Canakinumab 84 (4.4%)
Adalimumab 43 (2.3%)
Etanercept 26 (1.4%)
Infliximalb 24 (1.3%)
Tocilizumab 5(0.2%)

848 (35.1%) 597 (43.4%)
737 (30.5%) 497 (36.1%)
242 (10.0%) 188 (13.7%)
162 (6.7%) 83 (6.0%)
( 4%) 54 (3.9%)
9 (3.2%) 131 (9.5%)
2(1.3%) 17 (1.2%)
3(0.5%) 46 (3.3%)

*Complete data concerning treatment options available for patients inserted after 2015

level, leading to improvements in the quality of medi-
cal care in the future.

Conclusions

It is clear that collaborative efforts are necessary to over-
come the challenges of studying rare diseases like AIDs.
Despite limitations in data collection and analysis, this
descriptive overview of three historical AIDs registries in
Europe highlights the potential for further collaboration
and optimization of data collection. Standardization of
clinical data and longitudinal follow-up monitoring will
be important for future studies, and mechanisms like the
MERITA system [18] can help address the issue of poten-
tial duplicate data. By working together, researchers and
healthcare providers can improve the quality of care for
patients with AIDs and advance our understanding of
these rare diseases.
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CAPS Cryopyrin-associated periodic syndrome ¥ NLRP3-associated
autoinflammatory disease (NLRP3-AID)

SoJIA Systemic onset juvenile idiopathic arthritis

SURF Syndrome of undifferentiated recurrent fever

CRMO Chronic recurrent multifocal osteomyelitis
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