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ABSTRACT

Introduction: This study aims to explore
awareness, knowledge, and diagnostic/thera-
peutic practices in monogenic uveitis (mU)
among uveitis experts.
Methods: This is an explorative, cross-sectional
survey study. An anonymous, semi-structured,

electronic survey was delivered to uveitis
experts from the Autoinflammatory Diseases
Alliance (AIDA) Network and International
Uveitis Study Group (IUSG). We included
respondents answering C 50% of the survey.
Results: Seventy-seven participants rated their
knowledge of mU as proficient (3.9%), adequate
(15.6%), sufficient (16.9%), or poor (63.6%).
When asked about the first mU gene they
thought of, 60.4% mentioned NOD2, 3.9%
mentioned NLRP3 or MEFV, and 49.4% pro-
vided incorrect or no answers. Success rates in
clinical scenarios varied from 15.6% to 55.8%
and were higher for ophthalmologists working
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in multidisciplinary teams (p\ 0.01). Genetic
testing was ordered for suspected mU by 41.6%
of physicians. The availability of molecular
techniques did not significantly differ based on
geography (p[0.05). The public healthcare
system ensured a higher percentage of tests
prescribed were obtained by patients compared
to private insurances (p\ 0.00). In terms of
disease-modifying anti-rheumatic drugs
(DMARDs), tumor necrosis factor-a inhibitors
were the most familiar to uveitis experts. The
difficulties with off-label therapy procedures
were the primary barrier to DMARDs prescrip-
tion for patients with mU and correlated
inversely with the obtained/prescribed drug
ratio for interleukin-1 (p\ 0.01) and inter-
leukin-6 (p\0.01) inhibitors.
Conclusions: This survey identifies proficiency
areas, gaps, and opportunities for targeted
improvements in patients care. The compre-
hensive outputs may inform evidence-based
guidelines, empowering clinicians with stan-
dardized approaches, and drive an AIDA Net-
work—IUSG unified effort to advance scientific
knowledge and clinical practice.

Keywords: Autoinflammatory diseases;
Differential diagnosis; Genetic uveitis;
Pathogenesis; Rare diseases

Key Summary Points

Why carry out this study?

The relationship between genetics and
uveitis is widely recognized and advances
in genetic techniques continue to reveal
new insights into monogenic uveitis.

A collaborative effort on monogenic
uveitis between the Autoinflammatory
Diseases Alliance (AIDA) Network and
International Uveitis Study Group (IUSG)
is underway.

What was learned from the study?

Conducted among uveitis experts, this
survey study identified diagnostic and
therapeutic gaps, stressing the necessity
for standardized approaches and
education.
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Despite the improvement of advanced
genetic techniques, multidisciplinary
collaboration and an increased familiarity
with rare genetic causes remain crucial for
advancements in diagnosis.

The newly established ‘‘Genetics in
Uveitis’’ group of IUSG is expected to
operate as a specialized hub for cross-
disciplinary teamwork, learning, and
research, with the overarching objective
of enhancing the well-being of individuals
affected by monogenic uveitis on a global
scale.

INTRODUCTION

While the exact pathogenesis of non-infectious
uveitis remains incompletely understood, it is
recognized to involve intricate interactions
between genetic predisposition and environ-
mental factors. The association between human

leukocyte antigens and diverse uveitis pheno-
types has been observed since the early 1970s
[1]; however, the subsequent advancements in
sequencing and genotyping techniques have
especially contributed to unraveling the genetic
foundations of the disease, particularly in the
context of monogenic uveitis [2]. This was the
case of autosomal dominant neovascular
inflammatory vitreoretinopathy (ADNIV),
whose candidate gene was localized to chro-
mosome 11q13 by chromosomal linkage anal-
ysis of the originally identified families [3].
Nevertheless, beyond ADNIV and a limited
number of other clinical entities, monogenic
uveitis has been mostly described in association
with monogenic autoinflammatory diseases
(mAID) [4, 5]. The development of uveitis was
observed in subjects affected by familial
Mediterranean fever and tumor necrosis factor
(TNF) receptor-associated periodic syndrome
(TRAPS), the oldest diseases identified in this
nosologic group [6–10]. However, as new mAIDs
were characterized over time, uveitis became
one of the driving clinical features of the most
severe forms of cryopyrinopathies (Muckle-
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Wells syndrome and Chronic, Infantile, Neu-
rologic, Cutaneous, and Articular syndrome)
and Blau syndrome, while further monogenic
causes of uveitis were identified in pediatric and
adult population [11–13]. Among those, VEXAS
(vacuoles, E1 enzyme, X-linked, autoinflamma-
tory, somatic) syndrome deserves to be men-
tioned, as it represents the prototype of mAIDs
with onset in adulthood: this syndrome is
associated with eye involvement in up to 40.5%
of cases and specifically with uveitis in 9.5%
[14, 15]. In this context, the ophthalmologist
might play a strategic role screening those who
deserve multidisciplinary evaluation in the
suspicion of mAID-associated uveitis. Table 1
provides a non-exhaustive list of monogenic
forms of uveitis.

At the end of 2022, a scientific partnership
was established between the AIDA (Autoin-
flammatory Diseases Alliance) Network and
IUSG (International Uveitis Study Group) with
the purpose of defining a common research
agenda on monogenic forms of uveitis. A IUSG
‘‘Genetics in Uveitis’’ group of interest has been
founded and members of both scientific soci-
eties were involved to work together on this
topic with a multidisciplinary approach. Among
the activities carried out in the scoping phase, a
survey directed to uveitis experts was designed
with the aim of getting a snapshot of the
familiarity with monogenic uveitis, mainly
associated to mAIDs (referred to later in the
manuscript as ‘‘monogenic uveitis’’) and
describing current practices in diagnosis and
treatment worldwide.

METHODS

An explorative, semi-structured, cross-sectional
survey was developed by a team of researchers
skilled in monogenic uveitis, members of IUSG
(https://www.iusg.net/) and/or AIDA Network
(https://aidanetwork.org/en/), including oph-
thalmologists, rheumatologists, and pediatric
rheumatologists. The core domains addressed
by the survey included awareness and knowl-
edge of monogenic uveitis, and referral patterns
and barriers to monogenic uveitis diagnosis and
treatment at the local level. To assess awareness,

participants were asked to rate their familiarity
with monogenic uveitis from poor to proficient
and to indicate the first gene name and all the
monogenic diseases coming to their mind in
association with uveitis; also, the awareness of
any registries collecting data on monogenic
uveitis was investigated. To assess the partici-
pants’ knowledge, the survey included six the-
oretical multiple-choice questions and clinical
scenarios about different forms of monogenic
uveitis. The last section of the survey was meant
to explore hospital referral practices regarding
genetic diagnosis (frequency of genetic test
prescription, potential barriers to the prescrip-
tion and interpretation of the result, types of
analysis and genetic platforms available, multi-
disciplinary approach, and funding covering
genetic tests at the local level) and disease-
modifying anti-rheumatic drugs (DMARDs)
prescription (frequency of DMARDs prescrip-
tion, potential barriers to the prescription of
DMARDs, familiarity with different classes of
DMARDs and multidisciplinary approach) in
patients with monogenic uveitis. The ques-
tionnaire also investigated the participant’s
country, working experience, type of workplace,
focus of clinical practice, familiarity with pedi-
atric ophthalmology, uveitis, and specifically
monogenic uveitis. In the survey closure, the
respondent’s interest in participating in educa-
tional programs on genetic forms of uveitis and
mAIDs was elicited as well. The survey consisted
of 38 questions in all (available in the Supple-
mentary Materials) and took approximately
10 min to complete.

The questionnaire was developed through
the survey instrument provided by REDCap
(Research Electronic Data Capture, https://
projectredcap.org), a secure web application
designed to support data capture for research
studies. Participants were recruited via the IUSG
and AIDA Network mailing lists. Both networks
are well established institutions at the interna-
tional level—with 201 AIDA Network partner
centers in 42 countries and hundreds of IUSG
uveitis experts from all over the world—coor-
dinating research on uveitis, including the
development of international clinical registries
such as OASIS (Ocular Autoimmune Systemic
Inflammatory Infectious Study) and the AIDA
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Table 1 A non-exhaustive list of monogenic causes of uveitis

Gene Disease Ocular manifestations Refs.

CAPN5 Autosomal dominant neovascular

inflammatory vitreoretinopathy

(ADNIV)

Retinal and iris neovascularization, anterior

and intermediate uveitis, macular edema,

vitreous hemorrhage, traction retinal

detachment

[3]

MEFV Familial Mediterranean fever (FMF) Uveitis, conjunctivitis, retinal vasculitis [6–8]

TNFRSF1A Tumor necrosis factor receptor associated

periodic syndrome (TRAPS)

Periorbital edema, episcleritis, panuveitis,

optic neuritis

[9, 10]

NLRP3 Familial cold autoinflammatory syndrome

(FCAS), Muckle–Wells syndrome

(MWS) and chronic, infantile,

neurologic, cutaneous, and articular

syndrome (CINCA)

Conjunctivitis, papilledema, episcleritis,

uveitis

[11, 12]

NOD2 Blau syndrome Granulomatous uveitis [13]

UBA1 Vacuoles, E1 enzyme, X-linked,

autoinflammatory, somatic syndrome

(VEXAS)

Episcleritis, scleritis, uveitis, blepharitis,

orbital mass

[14, 15, 28]

IKBKG X-linked systemic autoinflammatory disease

(SAIDX)

Chorioretinitis, granulomatous uveitis, optic

neuritis

[17]

NLRP1 NLRP1-associated autoinflammation with

arthritis and dyskeratosis (NAIAD)

Uveitis [16]

TNFAIP3 Haploinsufficiency of A20 Anterior and posterior uveitis, retinal

vasculitis

[18–22]

MVK Mevalonate kinase deficiency syndrome

(MKD)

Anterior uveitis, retinal vasculitis, retinitis

pigmentosa, cataract

[23, 24]

PSMB8,

POMP,

PSMB4,

PSMA3,

PSMB9

Chronic atypical neutrophilic dermatosis

with lipodystrophy and elevated

temperature (CANDLE)

Uveitis, retinal vasculitis [25, 26]

PLCG2 Autoinflammation, PLCc2-associated,

antibody deficiency, immune

dysregulation syndrome (APLAID)

Posterior uveitis, conjunctivitis [27]

ALPK1 Retinal dystrophy, optic nerve edema,

splenomegaly, anhidrosis, and headache

syndrome (ROSAH)

Optic disc and peripapillary elevation, low-

grade uveitis, retinal vasculitis, and retinal

degeneration

[29]

Ref references
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Network registries [30–34]. After careful screen-
ing for possible incomplete or inconsistent
records, we included in the final dataset
respondents defining themselves as ophthal-
mologists experienced with uveitis and provid-
ing answers to at least 50% of the questions
included in the survey.

The study protocol was notified to the Ethics
Committee of Azienda Ospedaliero-Universi-
taria Senese on January 10, 2023 (Ref. 14951).
Informed consent for using data resulting from
the survey for research purposes was obtained
electronically via the following statement ‘‘By
clicking this button, you are expressing your
willing to participate in this survey study and
voluntarily give your consent.’’ Participants
were informed through the accompanying
email of invitation that their answers to the
questionnaire would be separated from their
personal information by using a pseudonym.
The researcher who performed the statistical
analysis had no access to the mailing list of the
candidates invited by the IUSG and AIDA Net-
work nor to any personal information poten-
tially capable of identifying the participants. On
the other hand, the representatives from the
IUSG and AIDA Network who invited the can-
didates had no access to the data entered by the
participants. The study was performed in
accordance with the Helsinki Declaration of
1964, and its later amendments.

Statistical analysis was performed by 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.
Shapiro–Wilk test was used to assess the nor-
mality distribution of data. Associations
between categorical variables were analyzed
using contingency tables with chi-square test
with Yates’ continuity correction. Correlations
between ordinal variables or continuous vari-
ables violating the assumptions required for
parametric testing were analyzed by Spearman’s
rho test Kendall’s tau B correlation. Statistical
difference between the medians of two inde-
pendent groups was determined by
Mann–Whitney test. Statistical difference
between the medians of C 3 independent
groups was determined by ANOVA

Kruskal–Wallis test with Dunn’s post hoc.
Multinomial test was applied to test whether a
sample frequency was statistically different
from a known population frequency (chi-square
‘goodness-of-fit’ test). The threshold for statis-
tical significance was set to p\ 0.05 and all
p values were two-sided.

RESULTS

Of 123 participants accessing the survey, 77
fulfilled the entry criteria and were included in
the study. The general characterization of the
participants’ group is depicted in Table 2.

Awareness of Monogenic Uveitis

The participants rated their knowledge of
monogenic uveitis as proficient in three cases
(3.9%), adequate in 12 (15.6%), sufficient in 13
(16.9%), and poor in 49 (63.6%).

When asked to list all monogenic diseases
possibly associated with uveitis that they could
think of, five physicians (6.5%) listed more than
three diseases, 15 (19.5%) listed two or three
diseases, 32 (41.6%) listed only one disease,
while 25 (32.5%) gave incorrect or no answers.
The knowledge self-evaluation grade directly
correlated with the number of mAIDs associated
with uveitis cited by the participant (Kendall’s
tau B 0.27, 95% CI (0.14; 0.40), p = 0.01). The
number of mAIDs associated to uveitis cited by
the participants was higher in the group who
ever attended courses or seminars on mAIDs
than in the group who did not (p\ 0.01).

When asked to indicate the first gene coming
to their mind in association with monogenic
forms of uveitis, 29 out of 77 physicians (37.7%)
mentioned the NOD2 gene, three (3.9%) men-
tioned NLRP3, three (3.9%) mentioned MEFV;
ADA2, NLRP4, TNFAIP3 and UBA1 were each
cited once (1.3% each), 38 physicians (49.4%)
gave an incorrect or no answer. Thirteen out of
77 respondents (16.9%) were aware of the exis-
tence of national and international registries
collecting data on genetic forms of uveitis.
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Table 2 General characteristics of the respondents to the survey

Country Spain n = 29 (37.6%) Colombia n = 1 (1.3%)

India n = 14 (18.2%) Cuba n = 1 (1.3%)

Italy n = 6 (7.9%) Lebanon n = 1 (1.3%)

United Kingdom n = 4 (5.2%) Nepal n = 1 (1.3%)

Netherlands n = 3 (4.0%) Oman n = 1 (1.3%)

Egypt n = 2 (2.6%) Russia n = 1 (1.3%)

Israel n = 2 (2.6%) Slovenia n = 1 (1.3%)

Mexico n = 2 (2.6%) Switzerland n = 1

(1.3%)

United States n = 2 (2.6%) Turkey n = 1 (1.3%)

Belgium n = 1 (1.3%) Yemen n = 1 (1.3%)

Brazil n = 1 (1.3%) Missing n = 1 (1.3%)

Years of uveitis practice \ 5 n = 16 (20.8%) 10–20 n = 27 (35.1%)

5–10 n = 16 (20.8%) [ 20 n = 18 (23.4%)

Primary focus of ophthalmology practice Uveitis n = 69 (89.6%)

Vitreoretinal surgery n = 16 (20.8%)

Inherited retinal disease n = 1 (1.3%)

Pediatric ophthalmology n = 4 (5.2%)

Medical retina n = 25 (32.5%)

Other n = 14 (18.2%)

Pediatric practice 0% n = 14 (18.2%) 50–75% n = 1 (1.3%)

1–10% n = 30 (39.0%) 75–100% n = 2 (2.6%)

10–25% n = 23 (29.9%) 100% n = 3 (3.4%)

25–50% n = 4 (5.2%)

Type of workplace Academic n = 69 (89.6%)

Non-academic n = 8 (10.4%)

Solo n = 5 (6.5%)

Group n = 6 (7.8%)

New patients with uveitis per month Median 10 (IQR 15), range 1–100

Total patients with uveitis per month Median 60 (IQR 90), range 4–800
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Knowledge of Monogenic Uveitis

The number of participants giving correct
answers to the six theoretical questions and
clinical scenarios about monogenic uveitis is
shown in Fig. 1a. The frequency of correct
answers ranged from 15.6 to 55.8% according to
the different topics of the questions (Fig. 1b).
The median percentage of correct answers was
different according to the geographic areas
(Fig. 1c): it was higher in Europe than the Mid-
dle East [median 50.0% (IQR 10.1%) vs. 0.0%
(IQR 8.3%), p\0.01] and Asia [median 16.6%
(IQR 33.3%), p\ 0.01].

The level of knowledge of monogenic uvei-
tis—expressed as number of correct answers
from 0 to 6—directly correlated with the
knowledge self-evaluation grade of the partici-
pants [Kendall’s Tau B 0.37, 95% Confidence
Interval (CI) (0.24; 0.45), p\ 0.00]. The per-
centage of correct answers was higher in the
group of respondents working in an academic
hospital than those working in a non-academic
one [median 33.3% (IQR 33.4%) vs. 0% (IQR
16.6%), p\0.01] and in those who ever atten-
ded courses or seminars on mAIDs compared
with those who did not [median 50.0% (IQR
30.9%) vs. 16.6% (IQR 50.0%), p = 0.01]. Also, it
was higher in the group that had the opportu-
nity to work in a multidisciplinary team [me-
dian 50.0% (IQR 33.4%) vs. 25.0% (IQR 33.3%),
p\0.01]. Physicians who diagnosed mono-
genic uveitis at least once in their career gave
more correct answers than those who did not
[median 50.0% (IQR 31.1%) vs. 16.6% (IQR
50.0%), p = 0.01].

Hospital Referral Patterns and Barriers
to mAID-U Diagnosis and Treatment

Genetic Testing Availability
Genetic testing was ordered in suspected cases
of monogenic uveitis by 32 out of 77 physicians
(41.6%). In eight cases (10.4%), the ophthal-
mologist autonomously interpreted genetic test
results by consulting online databases like Inf-
evers and scientific publications [35]. Hospital
referral patterns for genetic testing and inter-
pretation are represented in Fig. 2a.

The analysis was performed in-house in 29
cases (35.7%)—in the participant’s departments
in eight (8.4%) or through a medical genetics’
platform in 21 (27.3%)—while blood samples
were sent to another hospital—domestic in 23
(29.9%) cases or abroad in three (3.9%)—in 26
cases (33.8%). The practice of sending blood
samples abroad for genetic testing was more
common in the United States (33% of respon-
dents), Central and South America (25%) and
the Middle East (25%) than in Europe (0%) and
Asia (0%). As for the genetic techniques avail-
able (Sanger sequencing, next-generation
sequencing, mosaicism analysis, whole exome
sequencing, whole genome sequencing), we did
not identify any statistically significant differ-
ences on a geographic basis nor according to the
type of workplace.

Genetic testing for monogenic uveitis was
covered by multiple funding sources, namely by
the public healthcare system, public insurance,
private insurance companies, directly by the
patient or combinations of the previous
options. Funding quotas from the different

Table 2 continued

Availability of a multidisciplinary team for mAIDs Not at all n = 24 (35.8%)

Not sure n = 15 (22.4%)

Yes, but not involving the ophthalmologist n = 8 (11.9%)

Yes, also involving the ophthalmologist n = 20 (29.9%)

Previous participation in seminars on mAIDs Yes n = 26 (38.8%)

No n = 41 (61.2%)

IQR interquartile range, mAIDs monogenic autoinflammatory diseases
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sources were unequally distributed among the
participants’ countries (p\ 0.00), as represented
in Fig. 2b. Where genetic testing was covered by

public funds, a higher percentage of tests pre-
scribed were effectively obtained by patients:
multinomial test for direct funding by patients

Fig. 1 Percentage of respondents who gave correct answers
to 1, 2, 3, 4, 5 or all the 6 theoretical questions and clinical
scenarios about monogenic uveitis (a). Percentage of

correct answers to the theoretical and clinical questions
stratified by topics (b) and (c) countries. CAPS cryopyrin-
associated periodic syndromes

Ophthalmol Ther (2024) 13:127–147 135
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p = 0.04 (reference group: public healthcare
system), multinomial test for funding by private
insurance p\0.00 (reference group: public
healthcare system) (Fig. 2c).

The following barriers would prevent the
participants from ordering genetic testing to
their patients with suspected monogenic uvei-
tis: logistical challenges to ordering the test
(rated 2.5 ± 1.9 on a 0–5 relevance scale),
uncertainty about which test to order (rated
2.9 ± 1.7), how to interpret the result (rated
2.7 ± 1.8), how the result would affect man-
agement/treatment (rated 2.2 ± 1.8), concerns
about additional costs for the patient (rated
2.4 ± 2.0) and the patient’s or family’s refusal
(rated 2.1 ± 1.8). Factors impacting to a statis-
tically significant degree on the subjective rele-
vance of the main barriers identified are listed
in Table 3. There was an inverse correlation
between the number of correct answers to the
theoretical questions/clinical scenarios about
monogenic uveitis and the subjective uncer-
tainty about which genetic test to order
(p\ 0.00) and about how the test result would
affect management and treatment (p = 0.03).

Systemic Therapy Availability
Fifty out of 77 ophthalmologists (64.9%) stated
that they prescribe DMARDs to their patients
affected by uveitis. Hospital referral patterns for
DMARDs prescription and the median famil-
iarity 0–50 rating for the different drug classes
employed in monogenic uveitis are represented
in Fig. 3a. The group of physicians prescribing
DMARDs declared a higher median degree of
familiarity with conventional DMARDs
(p\ 0.01), Tumor Necrosis Factor (TNF)a inhi-
bitors (p\0.01) and Interleukin (IL)-1

inhibitors (p = 0.03) compared to the non-pre-
scribers group.

The following barriers would prevent the
ophthalmologists from prescribing personally
DMARDs to their patients with monogenic
uveitis: logistical challenges to the prescription
(i.e., lack of time, support, or authorization)
(rated 1.0 ± 1.9 on a 0–5 relevance scale),
challenges in obtaining off-label therapies
(rated 3.0 ± 1.8), uncertainty about the thera-
peutic choice (rated 2.0 ± 1.9) or the clinical
management of patients with mAIDs (rated
2.0 ± 1.9), concerns about additional costs for
the patient (rated 2.0 ± 1.7), and patients/fam-
ilies declining systemic therapy (rated
1.0 ± 1.7). Factors impacting to a statistically
significant degree the subjective relevance of
the main barriers identified are listed in Table 4.
The lower the score in theoretical ques-
tions/clinical scenarios, the more significant the
subjective impact of uncertainty becomes in the
choice of therapy (p = 0.01) and in the clinical
management of patients with monogenic uvei-
tis (p = 0.01).

The distribution of obtained/prescribed rates
(\25%, 25–50%, 50–75% or[ 75%) for TNFa
inhibitors, IL-1 inhibitors, IL-6 inhibitors, Janus
kinase (JAK) inhibitors and cDMARDs is shown
in Fig. 3b. There was an inverse correlation
between the logistical challenges to the pre-
scription experienced by the uveitis expert and
the obtained/prescribed drug ratio for IL-1
inhibitors (p\0.00), IL-6 inhibitors (p = 0.04)
and cDMARDs (p = 0.01). The same was
observed when considering challenges experi-
enced with the off-label prescription procedures
(IL-1 inhibitors p\0.01; IL-6 inhibitors
p\0.01) and the ophthalmologist’s concerns
about additional costs for the patient (TNFa
inhibitors p\0.00; IL-6 inhibitors p\0.00; IL-
1 inhibitors p\0.00; cDMARDs p = 0.01). Also,
the distribution of obtained/prescribed therapy
rates (\ 25%, 25–50%, 50–75% or[75%) was
different according to the geographic area, with
higher rates in Europe than Asia for cDMARDs
(p = 0.01), TNFa-inhibitors (p\0.00) and IL-6
inhibitors (p\ 0.00); with higher rates in Eur-
ope than the Middle East for TNFa-inhibitors
(p\ 0.00) and IL-6 inhibitors (p = 0.00); and

bFig. 2 Hospital referral patterns for genetic testing (striped
area) and interpretation of results (solid line) in cases of
suspected monogenic uveitis (a). Differences in the
distribution of public and private funding covering
monogenic uveitis genetic testing according to geographic
regions (b). Percentage of respondents estimating an
obtained/prescribed genetic test ratio of\ 25%,
25–50%, 50–75% or[ 75% according to the different
funding sources (c)
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with higher rates in Europe than Central-South
America for TNFa-inhibitors (p = 0.01).

DISCUSSION

This survey was directed to the uveitis experts
affiliated to two major scientific institutions in
the field of uveitis research and autoinflamma-
tory diseases, respectively the IUSG and the
AIDA Network. Around two-thirds of the
respondents completed most of the question-
naire, allowing a proper evaluation of their
response profile. The geographical distribution
of the sample was representative of the inter-
national academic panorama, but entirely mis-
sed Australia and Africa (except for Egypt,
which we counted in the Middle East group).
Most respondents were experienced profession-
als who have been working in the uveitis field
for more than 10–20 years in academic hospitals
and visit a median of 60 patients with uveitis
per month. A few physicians declared them-
selves as pediatric ophthalmologists, but the
pediatric practice accounted for less than one-
fourth of the total clinical practice for most
participants. Monogenic AIDs have been his-
torically confined to the pediatric setting, but it
is now acknowledged that they may occur (and
be diagnosed) at any age, depending on genetic
and environmental factors [5, 36–38]. Also,
subjects whose disease started in childhood
decades ago, when mAIDs were almost
unknown, may be still seeking a diagnosis from
the adult medical services, so adult ophthal-
mologists are still required to suspect, diagnose,
and manage these diseases.

When asked to self-evaluate their knowledge
of the topic, most of the participants considered
it inadequate (64%), which sounds reasonable
given that around 60% were never trained in
uveitis associated with mAIDs and that only
30% of the respondents were personally
involved in a multidisciplinary group working
on mAIDs at their institute. The knowledge self-
assessment was a fairly reliable parameter since
it correlated both with the number of mAIDs
associated to uveitis cited and with the perfor-
mance of the respondent at the theoretical
and clinical questionnaire. The knowledgeT
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Fig. 3 Hospital referral patterns for systemic immuno-
suppressive therapy prescription in patients affected by
monogenic uveitis (light blue) and median values of the
familiarity rating (from 0 to 50) according to different
classes of systemic immunosuppressive drugs (blue) (a).
Percentage of respondents estimating an obtained/

prescribed drug ratio of\ 25%, 25–50%, 50–75% or[
75% according to the different classes of systemic
immunosuppressive drugs (b). cDMARDs conventional
disease-modifying anti-rheumatic drugs, IL interleukin,
JAK Janus kinase, TNFa tumor necrosis factor alpha
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assessment focused on general concepts on
monogenic uveitis, Blau syndrome, cryopy-
rinopathies, and mimics of Behçet’s disease,
assumed to be the most familiar topics among
uveitis specialists due to historical reasons.
However, around 60% of the respondents
scored 2 or less than 2 points out of 6, with
more difficulties in the diagnostic scenarios and
in the question about the spectrum of CAPS
and, on the contrary, better performance in
questions about general aspects of mAIDs and
therapeutic choices. Respondents with an aca-
demic background, previous participation in
mAIDs seminars and/or involvement in multi-
disciplinary teams obtained higher scores. In
addition, a geographical gradient in familiarity
with mAIDs has been observed favoring Europe
over Asia and the Middle East; however, this
result may be distorted by the uneven distribu-
tion of participants, which makes the sample
not sufficiently representative of each geo-
graphical area.

When asked to cite the first gene coming to
their mind in association with monogenic
uveitis, excluding those who gave a wrong
answer or no answer, 74% of the ophthalmol-
ogists cited Blau syndrome, while CAPS and
FMF were both cited in 7% of cases and few
other diseases only once. Given the broad
spectrum of possible monogenic causes of
uveitis, we concluded that awareness of mono-
genic uveitis and autoinflammatory disorders
should be promoted among ophthalmologists,
especially regarding less common or newly
identified clinical entities.

Except for FMF, which relies on both a clin-
ical and a genetic diagnosis, all mAIDs require
molecular detection of a genotype consistent
with the patient’s clinical picture. Although
pure clinical and combined clinical/genetic
criteria have been proposed for the classification
of patients with FMF, MKD, TRAPS and CAPS,
there is no consensus on their applicability for
diagnostic purposes when molecular analysis is
not accessible [39–41]. Therefore, the availabil-
ity of genetic testing should be guaranteed for
all patients with a consistent clinical suspicion
of mAIDs, and a dedicated hospital referral
pathway should be in place to avoid diagnostic
delay. According to the results of this survey,

genetic tests are available for all the participat-
ing countries, including the most efficient
techniques, such as next-generation sequenc-
ing, whole exome sequencing and whole gen-
ome sequencing. Despite that, one out of five
subjects with potential monogenic uveitis
evaluated by an ophthalmologist at first medi-
cal consultation may not be referred for genetic
testing (neither directly by the ophthalmologist
nor through the consultation of another spe-
cialist, including the geneticist). Uncertainty
about which genetic test to order and how to
interpret the result seem to be the main reasons
preventing ophthalmologists from ordering
genetic testing for potential patients with
monogenic uveitis. Those obstacles are per-
ceived as more impactful where the ophthal-
mologists are not involved in a
multidisciplinary group at the local level, have
no familiarity with genetic databases such as
Infevers and received no specific training in
mAIDs [35]. At the same time, concerns about
logistical issues and possible additional costs for
the patient are reasonably more relevant in
countries where genetic testing is not covered
by public funds. Indeed, compared to the public
healthcare system, private insurance and
patient direct funding ensure a lower probabil-
ity of effectively obtaining the prescribed
analysis.

In regard to systemic therapies, almost two-
thirds of respondents reported prescribing and
managing DMARDs themselves, while the
remaining respondents refer to another spe-
cialist for these treatments, including the
rheumatologist or another ophthalmologist.
With specific regard to the management of real
or potential patients with monogenic uveitis,
the most relevant obstacle perceived by the
uveitis experts is the authorization needed in
some countries when prescribing ‘‘off-label’’
interleukin inhibitors or small molecules for
uveitis. To date, the TNFa inhibitor adali-
mumab is the only biologic drug authorized by
the European Medicines Agency (EMA) and the
Food and Drug Administration (FDA) for the
treatment of pediatric chronic anterior uveitis
in patients 2 years of age and older and non-
infectious intermediate, posterior, and panu-
veitis in adults [42, 43]. In fact, even if national
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and local regulatory authorities make autho-
rization and market access patchy within and
outside the EMA and FDA competence fields,
TNFa inhibitors are the biologic drugs uveitis
experts are more familiar with, and they show
the highest obtained/prescribed drug ratio in
this survey. As for the other drug classes,
namely IL-1, IL-6, and JAK inhibitors, indica-
tion for uveitis treatment is still lacking and,
according to our results, both the uveitis
experts’ familiarity and the actual availability of
the drug upon prescription are noticeably
lower. Most periodic inflammatory manifesta-
tions in patients affected by IL-1-driven diseases
such as CAPS, MKD, TRAPS, and FMF are known
to benefit from IL-1 inhibitor administration
and these indications are currently authorized
for canakinumab both in Europe and in the US,
while anakinra is approved only for CAPS and
FMF in Europe and for the most severe form of
CAPS, the neonatal-onset multisystem inflam-
matory disease (NOMID), in the US [43, 44].
However, in some countries, the formal pre-
scription of these molecules may be a preroga-
tive of the rheumatology, pediatrics, or internal
medicine services, where the diagnosis of
mAIDs is usually made. Ophthalmologists per-
sonally involved in a multidisciplinary group
working on mAIDs at their hospital feel indeed
less troubled not only by the therapeutic deci-
sion per se, but also the bureaucratic procedure
related to the prescription.

The AIDA-IUSG survey was meant to sensi-
tize uveitis experts worldwide on monogenic
uveitis, mostly associated to mAIDs, which are
rare for sure, but underdiagnosed as well, espe-
cially outside the rheumatology and pediatric
rheumatology settings. The outputs of this
comprehensive survey provide invaluable
insights into the current state of awareness,
knowledge, and diagnostic/therapeutic prac-
tices among a cohort of international uveitis
experts. The findings reveal both areas of pro-
ficiency and significant gaps in understanding,
which can serve as the basis for targeted
improvements in patient care and treatment
outcomes. Thanks to the collaboration among
specialized and non-specialized healthcare pro-
viders at both national and international levels,
the most sophisticated molecular techniques

are now more widely accessible than ever
before, indicating the potential for global stan-
dardization in diagnostic approaches. The result
is highly promising, as it suggests that the goal
of achieving early diagnosis for all patients with
monogenic diseases is becoming increasingly
attainable worldwide. Nevertheless, it is impor-
tant to acknowledge certain limitations, such as
that this specific finding might have been
influenced by the inclusion of a highly selected
cohort of ophthalmologists, primarily from
academic centers. This may be potentially due
either to a greater presence of academic physi-
cians within the AIDA Network and IUSG sub-
scripts or to a higher response rate from the
academic community. On the other hand, the
relatively low percentage of physicians ordering
genetic testing for suspected monogenic uveitis
calls for wider adoption of molecular tech-
niques as part of the diagnostic process.
Acknowledgment is warranted by the fact that
all participants held a minimum of ten years’
experience as uveologists; as a result, the data’s
relevance to emerging specialists, who might be
more inclined to incorporating genetics into
their clinical approach, could be somewhat
restricted. However, it is important to mention
that our survey did not yield any specific find-
ings directly supporting this hypothesis.

CONCLUSIONS

This survey disclosed major gaps in diagnosis
and treatment of monogenic uveitis, which are
at least in part dependent on socioeconomic
inequality and weaknesses in the different
healthcare systems. Besides that, the familiarity
of ophthalmologists with mAIDs appears lim-
ited, as expected given the rapid evolution of
this clinical field with new monogenic diseases
identified every year. The identification of
NOD2 as the most commonly mentioned
monogenic uveitis gene, alongside the sub-
stantial percentage of incorrect or no answers,
highlights the need for enhanced education and
training in this specialized field. The varying
success rates in clinical scenarios underscore the
importance of collaboration among multidisci-
plinary teams, demonstrating the potential
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benefits of a more holistic approach to patient
management. To enable these connections,
establishing multidisciplinary groups caring for
people with suspected mAIDs at the local level
appears to be a crucial strategy not only to share
knowledge and complementary views, but also
to overcome logistical and regulatory barriers to
diagnosis and treatment of these rare diseases.
The establishment of the IUSG ‘‘Genetics in
Uveitis’’ group of interest marks a significant
milestone in the field of ophthalmology and
immunogenetics. The group will serve as a
dedicated platform for multidisciplinary col-
laboration, education, and research, with the
ultimate goal of making transformative
advancements in the diagnosis and treatment of
monogenic uveitis and improving the quality of
life for affected individuals worldwide.
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from Behçet’s disease. Arthritis Res Ther.
2019;21(1):137. https://doi.org/10.1186/s13075-
019-1928-5.

19. Zhou Q, Wang H, Schwartz DM, et al. Loss-of-
function mutations in TNFAIP3 leading to A20
haploinsufficiency cause an early-onset autoin-
flammatory disease. Nat Genet. 2016;48(1):67–73.
https://doi.org/10.1038/ng.3459.

Ophthalmol Ther (2024) 13:127–147 145

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/s0140-6736(73)91090-8
https://doi.org/10.1016/s0140-6736(73)91090-8
https://doi.org/10.1016/j.ajhg.2017.06.005
https://doi.org/10.1016/j.ajhg.2017.06.005
https://doi.org/10.1093/hmg/1.9.685
https://doi.org/10.1093/hmg/1.9.685
https://doi.org/10.1155/2019/3293145
https://doi.org/10.1155/2019/3293145
https://doi.org/10.1038/ng0997-25
https://doi.org/10.1038/ng0997-25
https://doi.org/10.1016/s0092-8674(00)80539-5
https://doi.org/10.1016/s0092-8674(00)80539-5
https://doi.org/10.5301/ejo.5000398
https://doi.org/10.5301/ejo.5000398
https://doi.org/10.1016/s0092-8674(00)80721-7
https://doi.org/10.1016/s0092-8674(00)80721-7
https://doi.org/10.1007/s10792-017-0785-y
https://doi.org/10.1007/s10792-017-0785-y
https://doi.org/10.1080/09273948.2018.1552305
https://doi.org/10.1080/09273948.2018.1552305
https://doi.org/10.3109/09273948.2013.765016
https://doi.org/10.3109/09273948.2013.765016
https://doi.org/10.1093/rheumatology/keu437
https://doi.org/10.1111/bjd.20805
https://doi.org/10.1111/bjd.20805
https://doi.org/10.1007/s11739-023-03193-z
https://doi.org/10.1007/s11739-023-03193-z
https://doi.org/10.1136/annrheumdis-2016-210021
https://doi.org/10.1136/annrheumdis-2016-210021
https://doi.org/10.1172/JCI128808
https://doi.org/10.1172/JCI128808
https://doi.org/10.1186/s13075-019-1928-5
https://doi.org/10.1186/s13075-019-1928-5
https://doi.org/10.1038/ng.3459


20. Mulhern CM, Hong Y, Omoyinmi E, et al. Janus
kinase 1/2 inhibition for the treatment of autoin-
flammation associated with heterozygous TNFAIP3
mutation. J Allergy Clin Immunol. 2019;144(3):
863-866.e5. https://doi.org/10.1016/j.jaci.2019.05.
026.

21. Papadopoulou C, Omoyinmi E, Standing A, et al.
Monogenic mimics of Behçet’s disease in the
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40. Çağlayan Ş, Mardinoğlu G, Yarar MH, et al. The
assessment of autoinflammatory disease classifica-
tion criteria (Eurofever/PRINTO) in a real-life
cohort. Clin Rheumatol. 2023;42(6):1645–53.
https://doi.org/10.1007/s10067-023-06557-0.

41. Gaggiano C, Vitale A, Obici L, et al. Clinical features
at onset and genetic characterization of pediatric
and adult patients with TNF-a receptor-associated
periodic syndrome (TRAPS): a series of 80 cases
from the AIDA network. Mediators Inflamm.
2020;2020:8562485. https://doi.org/10.1155/2020/
8562485.

42. European Medicines Agency accessed July 5, 2023.
https://www.ema.europa.eu/en/medicines

43. Food and Drug Administration accessed July 5,
2023. https://www.fda.gov/drugs/drug-safety-and-
availability

44. Soriano A, Soriano M, Espinosa G, et al. Current
therapeutic options for the main monogenic
autoinflammatory diseases and PFAPA syndrome:
evidence-based approach and proposal of a practi-
cal guide. Front Immunol. 2020;11:865. https://doi.
org/10.3389/fimmu.2020.00865.

Ophthalmol Ther (2024) 13:127–147 147

https://doi.org/10.1136/annrheumdis-2019-215048
https://doi.org/10.1136/annrheumdis-2019-215048
https://doi.org/10.1007/s10067-023-06557-0
https://doi.org/10.1155/2020/8562485
https://doi.org/10.1155/2020/8562485
https://www.ema.europa.eu/en/medicines
https://www.fda.gov/drugs/drug-safety-and-availability
https://www.fda.gov/drugs/drug-safety-and-availability
https://doi.org/10.3389/fimmu.2020.00865
https://doi.org/10.3389/fimmu.2020.00865

	Knowledge and Current Practices in Monogenic Uveitis: An International Survey by IUSG and AIDA Network
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Awareness of Monogenic Uveitis
	Knowledge of Monogenic Uveitis
	Hospital Referral Patterns and Barriers to mAID-U Diagnosis and Treatment
	Genetic Testing Availability
	Systemic Therapy Availability


	Discussion
	Conclusions
	Author Contributions
	Open Access
	References




