
Ocular Immunology and Inflammation

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ioii20

Impact of HLA-B51 on Uveitis and Retinal
Vasculitis: Data from the AIDA International
Network Registries on Ocular Inflammatory
Disorders

Jurgen Sota, Silvana Guerriero, Giuseppe Lopalco, Abdurrahman Tufan,
Gaafar Ragab, Ibrahim AlMaglouth, Marcello Govoni, Petros P. Sfikakis,
Micol Frassi, Antonio Vitale, Riza Can Kardas, Paola Triggianese, Maria
Sole Chimenti, Aos A. Aboabat, Matteo Piga, Sara Monti, Gian Domenico
Sebastiani, Derya Yildirim, Alessandro Conforti, Stefano Gentileschi,
Rosanna Dammacco, Andrea Hinojosa-Azaola, Perla Ayumi Kawakami-
Campos, Francesca Ruffilli, Jiram Torres-Ruiz, Maissa Thabet, Amira Atig,
Piero Ruscitti, Giulia Cataldi, Ombretta Viapiana, Gülen Hatemi, Alican
Karakoç, Stefania Costi, Annamaria Iagnocco, Francesca Crisafulli, George
Fragoulis, Emanuela Del Giudice, Mohamed Tharwat Hegazy, Maria Pia
Paroli, Ali Şahin, Maria Morrone, Florenzo Iannone, Daniela Opris-Belinski,
Kazi Nur Asfina, Patrizia Barone, Carla Gaggiano, Hamit Kucuk, Maria
Francesca Gicchino, Francesco Carubbi, Valeria Caggiano, Katerina Laskari,
Samar Tharwat, Haner Direskeneli, Fatma Alibaz-Oner, Gizem Sevik, Armin
Maier, Ahmed Hatem Laymouna, Giacomo Emmi, Nurullah Akkoç, Maria
Tarsia, Jessica Sbalchiero, Giovanni Conti, Rosaria Spinella, Francesco La
Torre, Enrico Tombetti, Rana Hussein Amin, Angela Mauro, Anastasios
Karamanakos, Ester Carreño, Alex Fonollosa, Marco Cattalini, Luciana Breda,
Alejandra de-la-Torre, Ewa Wiesik-Szewczyk, Carlos Cifuentes-González, Seza
Ozen, Maria Antonietta Mazzei, Gian Marco Tosi, Bruno Frediani, Alberto
Balistreri, Ezgi Deniz Batu, Vishali Gupta, Luca Cantarini & Claudia Fabiani

To cite this article: Jurgen Sota, Silvana Guerriero, Giuseppe Lopalco, Abdurrahman Tufan,
Gaafar Ragab, Ibrahim AlMaglouth, Marcello Govoni, Petros P. Sfikakis, Micol Frassi, Antonio
Vitale, Riza Can Kardas, Paola Triggianese, Maria Sole Chimenti, Aos A. Aboabat, Matteo
Piga, Sara Monti, Gian Domenico Sebastiani, Derya Yildirim, Alessandro Conforti, Stefano
Gentileschi, Rosanna Dammacco, Andrea Hinojosa-Azaola, Perla Ayumi Kawakami-Campos,
Francesca Ruffilli, Jiram Torres-Ruiz, Maissa Thabet, Amira Atig, Piero Ruscitti, Giulia Cataldi,
Ombretta Viapiana, Gülen Hatemi, Alican Karakoç, Stefania Costi, Annamaria Iagnocco,
Francesca Crisafulli, George Fragoulis, Emanuela Del Giudice, Mohamed Tharwat Hegazy,
Maria Pia Paroli, Ali Şahin, Maria Morrone, Florenzo Iannone, Daniela Opris-Belinski, Kazi Nur
Asfina, Patrizia Barone, Carla Gaggiano, Hamit Kucuk, Maria Francesca Gicchino, Francesco
Carubbi, Valeria Caggiano, Katerina Laskari, Samar Tharwat, Haner Direskeneli, Fatma Alibaz-
Oner, Gizem Sevik, Armin Maier, Ahmed Hatem Laymouna, Giacomo Emmi, Nurullah Akkoç,
Maria Tarsia, Jessica Sbalchiero, Giovanni Conti, Rosaria Spinella, Francesco La Torre, Enrico
Tombetti, Rana Hussein Amin, Angela Mauro, Anastasios Karamanakos, Ester Carreño, Alex
Fonollosa, Marco Cattalini, Luciana Breda, Alejandra de-la-Torre, Ewa Wiesik-Szewczyk, Carlos
Cifuentes-González, Seza Ozen, Maria Antonietta Mazzei, Gian Marco Tosi, Bruno Frediani,
Alberto Balistreri, Ezgi Deniz Batu, Vishali Gupta, Luca Cantarini & Claudia Fabiani (17 May

https://www.tandfonline.com/journals/ioii20?src=pdf


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ioii20

2024): Impact of HLA-B51 on Uveitis and Retinal Vasculitis: Data from the AIDA International
Network Registries on Ocular Inflammatory Disorders, Ocular Immunology and Inflammation,
DOI: 10.1080/09273948.2024.2346815

To link to this article:  https://doi.org/10.1080/09273948.2024.2346815

Published online: 17 May 2024.

Submit your article to this journal 

Article views: 101

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ioii20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09273948.2024.2346815
https://doi.org/10.1080/09273948.2024.2346815
https://www.tandfonline.com/action/authorSubmission?journalCode=ioii20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ioii20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09273948.2024.2346815?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09273948.2024.2346815?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/09273948.2024.2346815&domain=pdf&date_stamp=17 May 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/09273948.2024.2346815&domain=pdf&date_stamp=17 May 2024


ORIGINAL ARTICLE

Impact of HLA-B51 on Uveitis and Retinal Vasculitis: Data from the AIDA International 
Network Registries on Ocular Inflammatory Disorders
Jurgen Sota, MDa, Silvana Guerriero, MDb, Giuseppe Lopalco, MDc, Abdurrahman Tufan, MDd, Gaafar Ragab, MDe,f, 
Ibrahim AlMaglouth, MDg, Marcello Govoni, MDh, Petros P. Sfikakis, MDi, Micol Frassi, MDj, Antonio Vitale, MDa, 
Riza Can Kardas, MDd, Paola Triggianese, MDk, Maria Sole Chimenti, MDk, Aos A. Aboabat, MD g, Matteo Piga, MDl, 
Sara Monti, MDm, Gian Domenico Sebastiani, MDn, Derya Yildirim, MDd, Alessandro Conforti, MDo, 
Stefano Gentileschi, MDa, Rosanna Dammacco, MDb, Andrea Hinojosa-Azaola, MDp, Perla Ayumi Kawakami- 
Campos, MDq, Francesca Ruffilli, MDh, Jiram Torres-Ruiz, MDp, Maissa Thabet, MDr, Amira Atig, MDr, Piero Ruscitti, MDs, 
Giulia Cataldi, MDs, Ombretta Viapiana, MDt, Gülen Hatemi, MDu,v, Alican Karakoç, MDu,v, Stefania Costi, MDw, 
Annamaria Iagnocco, MDx, Francesca Crisafulli, MDj, George Fragoulis, MDi, Emanuela Del Giudice, MD y, 
Mohamed Tharwat Hegazy, MDe,f, Maria Pia Paroli, MDz, Ali Şahin, MDaa, Maria Morrone, MDc, Florenzo Iannone, MDc, 
Daniela Opris-Belinski, MDbb, Kazi Nur Asfina, MDcc, Patrizia Barone, MDdd, Carla Gaggiano, MDa, Hamit Kucuk, MDd, 
Maria Francesca Gicchino, MDee, Francesco Carubbi, MDff, Valeria Caggiano, MDa, Katerina Laskari, MDi, 
Samar Tharwat, MDgg,hh, Haner Direskeneli, MDii, Fatma Alibaz-Oner, MDii, Gizem Sevik, MDii, Armin Maier, MDjj, 
Ahmed Hatem Laymouna, MDe, Giacomo Emmi, MDkk,ll, Nurullah Akkoç, MDmm, Maria Tarsia, MDa, 
Jessica Sbalchiero, MDa, Giovanni Conti, MDnn, Rosaria Spinella, MDoo, Francesco La Torre, MDpp, 
Enrico Tombetti, MDqq, Rana Hussein Amin, MDrr, Angela Mauro, MDss, Anastasios Karamanakos, MDtt, 
Ester Carreño, MDuu, Alex Fonollosa, MDvv, Marco Cattalini, MDww, Luciana Breda, MDxx, Alejandra de-la-Torre, MD yy, 
Ewa Wiesik-Szewczyk, MDzz, Carlos Cifuentes-González, MD yy, Seza Ozen, MDaaa, Maria Antonietta Mazzei, MDaaa, 
Gian Marco Tosi, MDccc, Bruno Frediani, MDa, Alberto Balistreri, MDddd, Ezgi Deniz Batu, MDaaa, Vishali Gupta, MDeee, 
Luca Cantarini, MDa, and Claudia Fabiani, MD bbb

aRheumatology Unit, Department of Medical Sciences, Surgery and Neurosciences Department of Medical Sciences, 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; bDiBrain Department, University of Bari, Bari, Italy; cDepartment of Precision 
and Regenerative Medicine and Ionian Area (DiMePRe-J), Policlinic Hospital, University of Bari, Bari, Italy; dDivision of Rheumatology, Department of 
Internal Medicine, Gazi University Hospital, Ankara, Turkey; eInternal Medicine Department, Rheumatology and Clinical Immunology Unit, Faculty of 
Medicine, Cairo University, Giza, Egypt; fFaculty of Medicine, Newgiza University, Giza, Egypt; gRheumatology Unit, Department of Medicine, King 
Saud University, Riyadh, Saudi Arabia; hRheumatology Unit, Department of Medical Sciences, Azienda Ospedaliero-Universitaria S. Anna-Ferrara, 
University of Ferrara, Ferrara, Italy; iJoint Academic Rheumatology Program, National and Kapodistrian University of Athens Medical School, 
[European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory and Autoimmune Diseases (RITA) Center], Athens, Greece; 
jRheumatology and Clinical Immunology, Spedali Civili and Department of Clinical and Experimental Sciences, University of Brescia, Brescia, Italy; 
kRheumatology, Allergology and Clinical Immunology, Department of Systems Medicine, University of Rome Tor Vergata, Rome, Italy; lRheumatology 
Unit, Department of Medical Sciences, University and AOU of Cagliari, Cagliari, Italy; mRheumatology Department institution, IRCCS Policlinico 
S. Matteo Fondazione, University of Pavia, [European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory and Autoimmune 
Diseases (RITA) Center], Pavia, Italy; nU.O.C. Reumatologia, Ospedale San Camillo-Forlanini, Rome, Italy; oU.O. Medicina Generale, Ospedale San Paolo 
di Civitavecchia, Rome, Italy; pDepartment of Immunology and Rheumatology, Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán, 
Mexico City, Mexico; qDepartment of Ophthalmology, Department of Immunology and Rheumatology Instituto Nacional de Ciencias Médicas 
y Nutrición Salvador Zubirán, Mexico City, Mexico; rInternal Medicine Department, Farhat Hached University Hospital, Faculty of Medicine of Sousse, 
University of Sousse, Sousse, Tunisia; sRheumatology Unit, Department of Biotechnological and Applied Clinical Sciences, University of L’Aquila, 
L’Aquila, Italy; tRheumatology Unit, Department of Medicine, University and Azienda Ospedaliera Universitaria Integrata of Verona, Verona, Italy; 
uDepartment of Internal Medicine, Division of Rheumatology, Cerrahpasa Medical School, Istanbul University-Cerrahpasa, Istanbul, Turkey; vBehçet’s 
Disease Research Center, Istanbul University-Cerrahpasa, Istanbul, Turkey; wUnit of Pediatric Rheumatology, ASST Gaetano Pini-CTO, Milan, Italy; 
xAcademic Rheumatology Center, Dipartimento Scienze Cliniche e Biologiche, Università degli Studi di Torino, Turin, Italy; yPediatric and 
Neonatology Unit, Department of Maternal Infantile and Urological Sciences, Sapienza University of Rome, Polo Pontino, Latina, Italy; zUveitis Unit, 
Department of Sense Organs, Eye Clinic, Sapienza University of Rome, Rome, Italy; aaDivision of Rheumatology, Department of Internal Medicine, 
Sivas Cumhuriyet University Medical Faculty, Sivas, Turkey; bbRheumatology and Internal Medicine Department, Carol Davila University of Medicine 
and Pharmacy, Bucharest, Romania; ccCollege of Medicine Research Center, King Saud University, Riyadh, Saudi Arabia; ddDepartment of Clinical and 
Experimental Medicine, University of Catania, Catania, Italy; eeDepartment of Woman, Child and of General and Specialized Surgery, University of 
Campania “Luigi Vanvitelli”, Naples, Italy; ffDepartment of Life, Health & Environmental Sciences and Internal Medicine and Nephrology Unit, 
Department of Medicine, University of L’Aquila and ASL Avezzano-Sulmona-L’Aquila, San Salvatore Hospital, L’Aquila, Italy; ggRheumatology and 
Immunology Unit, Internal Medicine Department, Mansoura University, Mansoura, Egypt; hhDepartment of Internal Medicine, Faculty of Medicine, 

CONTACT Luca Cantarini, MD cantariniluca@hotmail.com Research Center of Systemic Autoinflammatory Diseases and Behçet’s Disease Clinics, Department 
of Medical Sciences, Surgery and Neurosciences, University of Siena. Rheumatology Unit, Policlinico “Le Scotte”, viale Bracci 16, Siena 53100, Italy; Claudia Fabiani, MD 

claudia.fabiani@aidanetwork.org Department of Medical Sciences, Surgery and Neurosciences, University of Siena. Ophthalmology Unit, Policlinico “Le Scotte”, 
viale Bracci 16, Siena 53100, Italy
From the International AIDA (Autoinflammatory Diseases Alliance) Network and from the Autoinflammatory Diseases Working Group of the Italian Society of 
Rheumatology (SIR)
This article has been corrected with minor changes. These changes do not impact the academic content of the article.

OCULAR IMMUNOLOGY AND INFLAMMATION    
https://doi.org/10.1080/09273948.2024.2346815

© 2024 Taylor & Francis Group, LLC 

http://orcid.org/0000-0003-2468-4171
http://orcid.org/0000-0002-3334-4884
http://orcid.org/0000-0003-0684-1989
http://orcid.org/0000-0002-2703-0977
http://orcid.org/0000-0003-4515-7741
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/09273948.2024.2346815&domain=pdf&date_stamp=2024-05-30


Horus University, New Damietta, Egypt; iiDepartment of Internal Medicine, Division of Rheumatology, School of Medicine, Marmara University, 
Istanbul, Turkey; jjRheumatology Unit, Department of Medicine, Central Hospital of Bolzano, Bolzano, Italy; kkDepartment of Experimental and Clinical 
Medicine, University of Florence, Florence, Italy; llCentre for Inflammatory Diseases, Department of Medicine, Monash Medical Centre, Monash 
University, Melbourne, Australia; mmDivision of Rheumatology, Department of Internal Medicine, School of Medicine, Manisa Celal Bayar University, 
Manisa, Turkey; nnPediatric Nephrology and Rheumatology Unit, Azienda Ospedaliero Universitaria (AOU) G Martino, Messina, Italy; ooOphthalmology 
Clinic, Department of Biomedical Sciences, University of Messina, Messina, Italy; ppDepartment of Pediatrics, Giovanni XXIII Pediatric Hospital, 
University of Bari, Bari, Italy; qqDepartment of Biomedical and Clinical Sciences, Fatebenefratelli Hospital, Università di Milano, Milan, Italy; 
rrOphthalmology Department, Faculty of Medicine, Cairo University, Cairo, Egypt; ssPediatric Rheumatology Unit, Department of Childhood and 
Developmental Medicine, Fatebenefratelli-Sacco Hospital, Milan, Italy; ttDepartment of Rheumatology, Evangelismos General Hospital, Athens, 
Greece; uuDepartment of Ophthalmology, Fundación Jiménez Díaz University Hospital (FJD), Madrid, Spain; vvDepartment of Ophthalmology, 
Biocruces Bizkaia Health Research Institute, Cruces University Hospital, Barakaldo, Spain; wwPediatric Clinic, University of Brescia and Spedali Civili di 
Brescia [European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory, and Autoimmune Diseases (RITA) Center], Brescia, Italy; 
xxPediatric Rheumatology Unit, S.S. Annunziata Hospital, Chieti, Italy; yyNeuroscience Research Group (NEUROS), Neurovitae Center for Neuroscience, 
Institute of Translational Medicine (IMT), School of Medicine and Health Sciences, Universidad del Rosario, Bogotá, Colombia; zzDepartment of 
Internal Medicine, Pneumonology, Allergology and Clinical Immunology, Central Clinical Hospital of the Ministry of National Defense, Military 
Institute of Medicine, National Research Institute, Warsaw, Poland; aaaPediatric Rheumatology Unit, Department of Pediatrics, Hacettepe University 
School of Medicine, Ankara, Turkey; cccOphthalmology 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; dddBioengineering and Biomedical Data Science Lab, Department of Medical Biotechnologies, University of Siena, 
[European Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory, and Autoimmune Diseases (RITA) Center], Siena, Italy; 
eeeAdvanced Eye Centre, Postgraduate Institute of Medical Education and Research, Chandigarh, India; bbbUnit of Diagnostic Imaging, Department of 
Medical, Surgical and NeuroSciences and of Radiological Sciences, University of Siena, Azienda Ospedaliero-Universitaria Senese, [European 
Reference Network (ERN) for Rare Immunodeficiency, Autoinflammatory, and Autoimmune Diseases (RITA) Center], Siena, Italy 

ABSTRACT
Purpose: The clinical relevance of human leukocyte antigen (HLA) subtypes such as HLA-B51 on Behçet’s 
disease (BD)-related uveitis and non-infectious uveitis (NIU) unrelated to BD remains largely unknown.
Methods: Data were prospectively collected from the International AIDA Network Registry for BD and for NIU. 
We assessed differences between groups (NIU unrelated to BD and positive for HLA-B51, BD-related uveitis 
positive for HLA-B51 and BD-related uveitis negative for HLA-B51) in terms of long-term ocular complications, 
visual acuity (VA) measured by best corrected visual acuity (BCVA), anatomical pattern, occurrence of retinal 
vasculitis (RV) and macular edema over time.
Results: Records of 213 patients (341 eyes) were analyzed. No differences in complications were 
observed (p = 0.465). With regard to VA, a significant difference was detected in median BCVA (p =  
0.046), which was not maintained after Bonferroni correction (p = 0.060). RV was significantly more 
prevalent in NIU-affected patients who tested positive for HLA-B51, irrespective of the systemic diagnosis 
of BD (p = 0.025). No differences emerged in the occurrence of macular edema (p = 0.99).
Conclusions: Patients with NIU testing positive for HLA-B51 exhibit an increased likelihood of RV throughout 
disease course, irrespective of a systemic diagnosis of BD. The rate of complications as well as VA are 
comparable between NIU cases unrelated to BD testing positive for HLA-B51 and uveitis associated with BD. 
Therefore, it is advisable to perform the HLA-B typing in patients with NIU or retinal vasculitis, even in the 
absence of typical BD features.
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Uveitis represents a preventable cause of blindness world
wide that impacts patients’ quality of life in several 
domains beyond mere visual acuity, thus carrying 
a high socioeconomic burden.1,2 Long-standing, uncon
trolled intraocular inflammation is associated with a high 
risk of developing irreversible complications that ulti
mately lead to a poor visual outcome.3,4 The detailed 
pathogenetic mechanisms underlying Non-Infectious 
(NIU) Uveitis are yet to be fully elucidated. However, 
increasing evidence over time has suggested a central 
role of specific human leukocyte antigens in the immune 
response and in the increased susceptibility to develop 
potentially blinding forms of uveitis. For instance, 
human leukocyte antigen (HLA)-B27 and HLA-B51 
markedly increase the likelihood of developing acute 
anterior uveitis and Behçet’s disease (BD).5 Since the 
first description in 1982 associating HLA-B51 with 
a higher risk of developing BD,6 other studies including 
genome-wide association studies as well as meta-analysis 

have investigated this topic and confirmed the 
association.7–9 Interestingly, HLA-B51 has been hypothe
sized to increase the risk of developing ankylosing spon
dylitis, psoriatic arthritis (PsA) and ocular-specific 
entities, although with a low degree of evidence.10–12 

Moreover, HLA-B5 was also found to be significantly 
more present among patients affected by NIU.13

From a clinical standpoint, it appears that the HLA-B51 posi
tivity influences the disease phenotype in patients with BD. 
Specifically, patients testing positive for HLA-B51 are more likely 
to experience ocular involvement14–16 while gastrointestinal and 
neurologic involvement are more prominent in certain 
populations.17 Nonetheless, the exact clinical relevance of HLA- 
B51 in ocular BD and other conditions such as idiopathic NIU 
remains a mystery.

We herein provide a comprehensive analysis of the impact 
of HLA-B51 in BD uveitis and NIU unrelated to BD from 
patients enrolled in the international AIDA registry, with 
a particular focus on differences between these groups.
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Materials and methods

Study design and participants

Medical records of patients affected by BD enrolled in the 
AIDA registry were reviewed.18 Patients affected by NIU 
testing positive for HLA-B51 who did not exhibit any signs 
of BD were also enrolled.19 The following demographic, 
clinical, and therapeutic data were collected: age, sex, age 
at disease onset, disease duration, ocular complications, 
best corrected visual acuity (BCVA) measured on Snellen 
charts and expressed in decimals, retinal vasculitis, macular 
edema, and treatment courses. BD was diagnosed according 
to the International Study Group (ISG) criteria and/or 
International Criteria for Behçet’s Disease (ICBD) 
criteria.20,21 Uveitis was classified according to the 
Standardization of Uveitis Nomenclature criteria.22 All 
patients were systematically followed-up every 3-to-6  
months and in case of necessity (disease flare and/or safety 
issues). Incomplete records with more than 20% missing 
values were excluded from the study. Patients testing posi
tive for HLA-B27 were also excluded. NIU was defined as 
uveitis of non-infectious etiology unrelated to BD or to any 
specific ocular inflammatory entity.

Aims and endpoints

The primary aim of the study was to assess the impact of HLA- 
B51 on long-term ocular outcomes of BD-related uveitis and NIU 
unrelated to BD with a particular focus on potential differences 
between the following three subgroups: NIU unrelated to BD 
positive for HLA-B51, BD-related uveitis positive for HLA-B51, 
and BD-related uveitis negative for HLA-B51. Secondary aims 
were to: (i) assess any differences in the anatomical pattern 
between groups; (ii) explore its influence on retinal vasculitis; 
(iii) estimate the effect of HLA-B51 on macular edema by differ
entiating between the groups.

The primary endpoint was evaluated by potential statisti
cally significant differences between BD-related uveitis posi
tive for HLA-B51, BD-related uveitis negative for HLA-B51 
and NIU unrelated to BD, positive for HLA-B51 in terms of 
long-term complications and BCVA assessed at last follow-up. 
Secondary aims were examined by any statistically significant 
differences in the anatomical pattern and occurrence rate over 
time of retinal vasculitis and cystoid macular edema between 
the three groups.

Subsequently, a subanalysis was performed after excluding 
all patients with a systemic immune-mediated disease from the 
NIU group and the three subgroups were compared with the 
same endpoints as previously listed.

Protocol approval and ethical statement

The study conformed to the tenets of the Declaration of 
Helsinki and received approval by the local Ethics 
Committee of the University of Siena (Reference No. 14951). 
Informed consent was obtained from all patients or their legal 
guardians.

Statistical analysis

Statistical analysis was performed using IBMSPSS Statistics 
for Windows, version 28 (IBM Corp., Armonk, NY, United 
States). Descriptive statistics was employed to display mean 
and standard deviation (SD) or median and interquartile 
range (IQR) as appropriate. Shapiro–Wilk test was used to 
assess the normality of our data. Cross-tables were analyzed 
by Pearson’s chi-square test and post-hoc test with adjusted 
residuals in case of contingency tables with dimensions 
greater than 2 × 2. Potential differences in mean on multi
ple comparisons were assessed by Kruskal-Wallis 
H followed by Mann-Whitney U test for post-hoc analysis. 
Bonferroni correction was subsequently applied. The 
threshold for statistical significance was set to p < 0.05, 
and all p-values were two-sided.

Results

Overall, 213 patients were enrolled in the study with a male-to- 
female ratio of 1.57/1, for a total of 341 eyes. Figure 1 shows the 
selection process of the cohort taken into examination. Ocular 
involvement was bilateral in 66, 43 and 19 patients with BD- 
related uveitis positive for HLA-B51, BD-related uveitis negative 
for HLA-B51 and NIU unrelated to BD, positive for HLA-B51, 
respectively. The mean age of the entire cohort was 32.18 ±  
15.52 years. Figure 2 illustrates the distribution across age 
groups for the three groups. Demographic, clinical and thera
peutic characteristics for each group are provided in Table 1.

All three groups exhibited roughly similar demographic 
and therapeutic characteristics. Specifically, no differences 
were observed in terms of age at onset (p = 0.945) and laterality 
(p = 0.627). With regard to systemic treatment with advanced 
therapies, patients with NIU positive for HLA-B51 received 
biologic agents in 38.7% of cases while BD patients affected by 
uveitis positive for HLA-B51 and negative for HLA-B51 were 
treated with biologic agents in 56.2% and 50.6%, respectively 
(p = 0.67). On the other hand, we observed an overall signifi
cant treatment delay (p = 0.044) with a tendency of higher 
mean delay among BD patients with uveitis negative for HLA- 
B51 which did not preserve the statistical significance after 
Bonferroni correction (p = 0.06 and p = 0.069).

No differences in terms of complications were observed 
between groups (p = 0.465). More in detail, 101 complications 
in 56 out of 171 eyes (32.7%) were recorded for BD-related 
uveitis positive for HLA-B51, 60 complications in 31 out of 120 
eyes (25.8%) were recorded for BD-related uveitis negative for 
HLA-B51 and 22 complications in 12 out of 50 eyes (24.0%) 
were observed in patients with NIU who tested positive for 
HLA-B51. The most frequent complications detected in the 
entire cohort (341 eyes) were represented by cataract (n = 42, 
12.31%), followed by macular edema (n = 38, 11.1%), epiret
inal membranes (n = 12, 3.5%), posterior synechiae (n = 11, 
3.2%), optic nerve atrophy (n = 9, 2.6%), retinal detachment 
(n = 9, 2.6%), ocular hypertension or glaucoma (n = 7, 2.1%) 
and peripheral anterior synechiae (n = 7, 2.1%). Figure 3 illus
trates all complications for each group of patients.
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Concerning visual acuity, an overall significant difference 
was detected in median BCVA (p = 0.046) which did not 
maintain statistical significance after Bonferroni correction 
during post-hoc analysis of pair comparisons (p = 0.060). 
Median (IQR) BCVA for NIU positive for HLA-B51, BD- 
related uveitis positive for HLA-B51 and BD-related uveitis 
negative for HLA-B51 was 1.00 (0.10), 1.00 (0.20) and 1.00 
(0.30), respectively.

Regarding the anatomical pattern, anterior uveitis was sig
nificantly more represented among patients with NIU patients 
who tested positive for HLA-B51 (p < 0.001).

Retinal vasculitis was significantly less prevalent among 
patients affected by BD-related uveitis who tested negative 
for HLA-B51 (p = 0.025). Retinal vasculitis was present in 10 
out of 50 eyes (20.0%) among patients with NIU positive for 
HLA-B51, in 37 out of 164 eyes (22.6%) in BD patients positive 
for HLA-B51 and in 12 out of 117 eyes (10.3%) in BD patients 
negative for HLA-B51. On the contrary, no differences 
emerged between groups in the occurrence rate of macular 
edema (p = 0.99).

A subanalysis was performed after excluding patients with 
a systemic diagnosis in the NIU group unrelated to BD. No 

Figure 2. Distribution of age at onset for each group separated for different age groups, expressed in years. List of abbreviations: BD Behçet’s disease, HLA human 
leukocyte antigen.

Figure 1. Chart showing the selection process for the cohort examined. List of abbreviations: BD Behçet’s disease, HLA human leukocyte antigen, NIU non-infectious 
uveitis.
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Figure 3. Complications for Behçet’s disease (BD)-related uveitis positive for human leukocyte antigen (HLA)-B51 (A), BD-related uveitis negative for HLA-B51 (B), BD- 
unrelated non-infectious uveitis positive for HLA-B51 (C). * Pigmentation of the anterior capsular bag (n = 3), peripheral anterior synechiae (n = 2), ocular hypertension 
(n = 2), retinal ischemia (n = 2), retinal pigment epithelial alteration (n = 2), retinal scars (n = 2), retinal detachment (n = 2), phthisis bulbi (n = 2), exodeviated bulb (n = 
1), retinoschisis (n = 1), vitreomacular traction (n = 1), pupillary seclusion (n = 1), ghost vessels (n = 1). # epiretinal membranes (n = 3), peripheral anterior synechiae (n = 
2), retinal ischemia (n = 2), optic nerve atrophy (n = 1), macular ischemia (n = 1), pupillary seclusion (n = 1), iris bombè (n = 1). § Vitreomacular traction (n = 1), papillitis 
(n = 1), phthisis bulbi (n = 1), retinal scars (n = 1).

Table 1. Lists demographic, clinical and therapeutic data for each of the 3 groups.

NIU positive for HLA-B51 BD-uveitis positive for HLA-B51 BD-uveitis negative for HLA-B51

n of patients 31 105 77
Mean ± SD age at onset (years) 32.36 ± 23.10 32.67 ± 14.93 31.36 ± 11.21
Mean ± SD disease duration (years) 7.15 ± 11.00 14.69 ± 10.53 16.36 ± 11.29
Mean ± SD follow-up (years) 6.26 ± 9.33 10.20 ± 4.09 10.92 ± 2.71
Male/Female 16/15 60/45 44/33
Laterality Monolateral (n = 12) Monolateral (n = 39) Monolateral (n = 34)

Bilateral (n = 19) Bilateral (n = 66) Bilateral (n = 43)
Anatomical Pattern* 

(n of eyes, %)
AU (n = 25, 50.0%) AU (n = 41, 24.0%) AU (n = 24, 20.0%)

IU (n = 2, 4.0%) IU (n = 6, 3.5%) IU (n = 4, 3.3%)
PU (n = 4, 8.0%) PU (n = 38, 22.2%) PU (n = 20, 16.7%)

PaU (n = 18, 36.0%) PaU (n = 86, 50.3%) PaU (n = 72, 60.0%)
Associated systemic disease 

(n of patients, %)
SpA (n = 4, 12.9%)

JIA (n = 3, 9.7%)
PsA (n = 1, 3.2%)
MS (n = 1, 3.2%)

Idiopathic (n = 22, 71.0%)
Treatment with biologic agents ADA (n=12) ADA (n = 36) ADA (n =16)

IFX (n = 12) IFX (n = 16)
GOL (n = 4) GOL (n = 3)
CZP (n = 2) TCZ (n = 1)
TCZ (n = 2) CAN (n = 1)
CAN (n = 1) ANA (n = 1)
ANA (n = 1) SCK (n = 1)
RTX (n = 1)

Treatment with cDMARDs AZA (n = 1) AZA (n = 17) AZA (n = 13)
MTX (n = 1) MTX (n = 5) CsA (n = 4)
CsA (n = 2) CsA (n = 3) SZS (n = 1)
SZS (n = 1) SZS (n = 3) CYC (n = 2)

CYC (n = 1) MFM (n = 1)
MFM (n = 1) HCQ (n = 1)
HCQ (n = 2)

List of abbreviations: ADA adalimumab, ANA anakinra, AU anterior uveitis, AZA azathioprine, CAN canakinumab, cDMARDs conventional disease modifying anti- 
rheumatic drugs, CsA cyclosporine A, CYC cyclophosphamide, CZP certolizumab pegol, GOL golimumab, HCQ hydroxychloroquine, IFX infliximab, IU intermediate 
uveitis, JIA juvenile idiopathic arthritis, MFM mycophenolate mofetil, MS multiple sclerosis, MTX methotrexate, n number, PaU panuveitis, PsA psoriatic arthritis, 
PU posterior uveitis, RTX rituximab, SpA spondyloarthritis, SD standard deviation, SZS sulfasalazine, TCZ tocilizumab.
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differences were observed in terms of long-term ocular com
plications, BCVA and CME (p = 0.746, p = 0.076, p = 0.914, 
respectively). Similarly, no differences with regard to the ana
tomical pattern were detected (p > 0.05). The significant dif
ference in the RV occurrence rate persisted, with a significantly 
lower prevalence of RV in BD-related uveitis who tested nega
tive for HLA-B51 (p = 0.012).

Discussion

Genetic background plays a major role in uveitis development. 
In this regard, specific HLA subtypes are closely associated 
with the development of sight-threatening forms of 
uveitis.23–25

In the current study, we investigated the influence of HLA- 
B51 on NIU and subsequently compared it with uveitis related 
to BD, whether positive or negative for HLA-B51. Long-term 
structural complications displayed no statistical differences 
among the three groups, indicating that the presence of HLA- 
B51 could significantly influence the long-term visual out
comes, irrespective of the systemic diagnosis. Notably, the 
incidence of long-term structural complications and visual 
acuity demonstrated similarities between NIU unrelated to 
BD but positive for HLA-B51 and BD-related uveitis. The 
latter is known for its dreadful effects on visual prognosis, 
particularly in untreated patients.26,27 Therefore, individuals 
with NIU who test positive for HLA-B51 may be regarded as 
being at a comparable risk as patients with BD-related uveitis.

Macular edema emerged as one of the most common com
plications overall. It represents the most common cause of 
visual impairment in patients with uveitis and contributes to 
a worse prognosis. Undoubtedly, persistent intraretinal edema 
can result in cystic degeneration and photoreceptor damage, 
resulting in permanent central vision loss.3

Concerning visual acuity, there was no significant differ
ence in mean BCVA among the groups. The propensity for 
a longer treatment delay in our BD-uveitis patients testing 
negative for HLA-B51 could also be responsible for the lack 
of differences observed between the 2 BD subgroups. Early 
aggressive treatment is potentially able to alter disease course 
and reduce the overall occurrence of irreversible long-term 
complications thus leading to a better visual outcome. In this 
context, we hypothesize that the absence of HLA-B51 may 
delay referral to specialized centers.

Interestingly, BD-uveitis patients negative for HLA-B51 
were significantly less prone to develop retinal vasculitis dur
ing the disease course. In fact, the occurrence of retinal vascu
litis in this subgroup was approximately half as frequent as in 
the other groups. It appears that the presence of HLA-B51 may 
exert a direct impact on the development of retinal vasculitis. 
This difference persisted also after the exclusion from the 
analysis of patients affected by systemic immune-mediated 
diseases.

However, it is important to highlight that qualitative differ
ences between the groups were not assessed. BD-related retinal 
vasculitis is known to present as an occlusive retinal vasculitis 
and capillaritis.27,28 On the other hand, retinal vasculitis in 
non-BD patients who tested positive for HLA-51 may exhibit 
distinct features with potentially different prognostic value.

These findings strongly support a serious ocular disease 
progression in individuals who test positive for HLA-B51, 
regardless of the concomitant systemic disease. More exten
sively, the comparable occurrence of long-term structural com
plications such as cataract, macular edema, epiretinal 
membranes, posterior synechiae, optic nerve atrophy, retinal 
detachment etc. alongside a higher risk of experiencing episodes 
of retinal vasculitis support to the notion of a generally unfavor
able progression of ocular inflammatory disease in NIU patients 
who are positive for HLA-B51. In this regard, HLA-B51 has 
been identified as an independent predictor of developing com
plications in BD-related uveitis in a monocentric Italian cohort.4 

In support of this notion, Ohno and colleagues found 
a significantly higher frequency of visual acuity of 0.01 or less 
among female patients with HLA-B51.6 Other studies have 
found an increased risk of ocular involvement in BD patients 
carrying the HLA-B51,15,16 particularly posterior uveitis and 
visual impairment.14 The presence of HLA-B51 may, in fact, 
shape the clinical picture and associate with a more frequent 
major organ involvement, particularly ocular disease. Whether 
a similar tendency in shaping the clinical presentation happens 
in the case of non-BD-related uveitis, is yet to be confirmed.

For this purpose, upcoming tailored studies should examine 
the impact of HLA-B51 on disease phenotypes. This includes 
identifying whether specific ocular characteristics in NIU tend 
to co-occur or cluster together.

Class I, HLA-B5, and its subclass B51 allele have the stron
gest association with BD, but its role in NIU is currently 
unknown. Nonetheless, one study found HLA-B5 to be sig
nificantly higher in patients with idiopathic uveitis and BD, 
suggesting a possible causative role of this haplotype in non- 
infectious intraocular inflammation.13 Anecdotal evidence has 
suggested a pivotal role of this HLA allele in aseptic subcon
junctival abscess as well as in idiopathic retinal vasculitis, 
aneurysms, and neuroretinitis (IRVAN) syndrome.12,29 Small 
case series have also hypothesized a possible association 
between HLA-B51 positivity and SpA or PsA.10,11 From 
a pathogenetic perspective, HLA-B51 may be responsible for 
a high intrinsic activation of neutrophils in BD patients.30 

Additionally, HLA class I molecules are critical for natural 
killer (NK) cells to distinguish between self and non-self and 
their interaction is mediated by killer cell Ig-like receptor 
(KIR). These interactions may explain part of the immune 
tolerance disruption in NIU.31

Altogether, our findings suggest a tight follow-up schedule 
in uveitis patients, especially when carrying the HLA-B51 
allele, with the aim to prevent the development of irreversible 
ocular damage and the occurrence of frequent inflammatory 
attacks. In our cohort, approximately 55% of patients with 
NIU and 84% of BD patients have been treated with biologic 
agents (mainly anti-TNF-α agents) or cDMARDs. To this end, 
real-life multicenter experiences from tertiary referral centers 
have disclosed excellent results in the management of uveitis, 
either idiopathic or in the context of a systemic immune- 
mediated disorder with biologic agents, mainly TNF-α block
ers, but also IL-1 inhibitors.32–34

Despite its international registry-based nature providing 
solid real-life data, some limitations should be acknowledged. 
First, it was not feasible to provide a detailed description of the 
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specific characteristics of retinal vasculitis, within this cohort, 
such as the involvement of venous or arterial retinal vascula
ture, whether it affected the posterior pole or peripheral retina, 
its propensity for necrotizing occlusion, or the occurrence of 
secondary ischemia and/or neovascularization. These details 
were outside the scope of the present study. Nevertheless, these 
initial findings suggest that a future investigation focusing on 
these specific aspects may be warranted to gain further insights 
into this issue. Secondly, detailed therapeutic data including 
treatment duration and/or endpoints related to response to 
treatment were not retrieved as it was not the main goal of the 
study. Therefore, the true impact of several and often sequen
tial treatments was not assessed. Thirdly, regardless of the 
strength in the sheer volume of data of a registry-based 
study, a variable quality of collected data alongside the differ
ent clinical approach for each specific center may limit the 
availability of certain variables such as the timing of HLA-B 
typing and the basis of its testing, thus undermining the 
analysis of specific aims. Lastly, it is not possible to exclude 
with absolute certainty that some NIU cases testing positive for 
HLA-B51 will not be reclassified as BD patients in the future. 
However, patients with any sign that could be attributable to 
BD were excluded from the NIU subgroup. In addition, given 
the natural inclination of BD to abate over time, the mean 
long-standing disease of NIU patients included in our study 
minimizes this risk of evolution.

Conclusions

To summarize, patients affected by NIU and testing positive for 
HLA-B51, irrespective of the associated systemic diagnosis, dis
play a severe disease course that might potentially lead to a worse 
prognosis. The rate of long-term structural complications as well 
as visual acuity are similar between NIU unrelated to BD positive 
for HLA-B51 and BD-related uveitis. Patients testing positive for 
HLA-B51 are more likely to experience episodes of retinal vascu
litis during the disease course. Therefore, individuals with NIU 
might be considered as possible candidates to undergo HLA-B 
typing, even if typical BD features are absent. They should be 
closely monitored with the aim to avoid the accumulation of 
irreversible ocular damage. Nevertheless, the prognostic role of 
HLA-B51 on such disease needs to be further explored with 
a more in-depth basic and clinical studies.
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