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Abstract

Background: Uveitis is a heterogeneous intraocular inflammatory disorder with
overlapping clinical, infectious, and immune features. Serum biomarkers may provide
supportive information, but their role in routine etiologic assessment remains uncertain.
The study is designed to describe the clinical and etiologic spectrum of uveitis and explore
serum biomarker positivity across anatomic and disease categories. Methods: This
prospective observational study included 60 patients (78 eyes) with uveitis presenting to
ESIC Medical College & Hospital, Hyderabad, from July 2022 to July 2023. Uveitis was
classified using Standardization of Uveitis Nomenclature principles. Clinical evaluation
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homocysteine was not elevated. Disease-linked patterns included IFN-gamma positivity
in tubercular uveitis and cytokine positivity in herpetic and sarcoid uveitis. Conclusion:
Anterior and idiopathic uveitis predominated in this tertiary-care cohort, while
tuberculosis remained the main recognized infectious association. Serum biomarkers
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INTRODUCTION

Uweitis encompasses inflammatory disorders affecting the uveal tract and, in many patients, adjacent structures such as the
vitreous, retina, and optic nerve. Its clinical expression ranges from a short episode of anterior chamber inflammation to
persistent posterior or pan-uveal disease with macular edema, glaucoma, cataract, retinal injury, and permanent visual loss.
Because the same anatomic pattern may result from infection, systemic immune disease, or an apparently isolated ocular
process, etiologic diagnosis remains one of the central challenges in uveitis practice [1,2].

The distribution of uweitis differs across geography, age, referral setting, and local disease prevalence. Population and
tertiary-center studies have consistently shown that anterior uveitis is common, but the relative contribution of infectious
and immune-mediated causes varies considerably [3-10]. In India, endemic infections, especially tuberculosis, remain
important in the diagnostic work-up, while HLA-B27-associated disease, sarcoidosis, spondyloarthropathy, and other
immune disorders contribute to the non-infectious spectrum [3,5-9]. These differences make a locally derived clinical
profile useful for both diagnostic planning and resource allocation.

Inflammatory mediators provide an additional layer of biologic information. Cytokines and chemokines regulate leukocyte
trafficking, T-cell differentiation, macrophage activation, and disruption of ocular immune privilege. Studies of aqueous
humor, tears, and peripheral blood have identified changes in IL-1, IL-2, IL-6, IL-8, IL-17, IFN-gamma, TNF-alpha, and
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other mediators across several uwveitic entities [11-14]. However, marker concentrations can overlap between diseases, and
systemic levels may not directly reflect the intraocular microenvironment [21-29]. Biomarkers are therefore best considered
adjuncts to clinical and etiologic assessment rather than stand-alone tests.

The present study was undertaken to characterize the clinical and etiologic profile of patients with uwveitis attending a
tertiary-care ophthalmology service in Hyderabad and to explore the pattern of selected serum biomarkers across anatomic
and disease categories. The principal objective was descriptive: to determine whether recognizable biomarker patterns
accompanied specific clinical diagnoses and could support a more focused diagnostic approach.

MATERIALS AND METHODS

Study design and setting

A prospective observational study was conducted in the Department of Ophthalmology, ESIC Medical College & Hospital,
Sanathnagar, Hyderabad, Telangana, India, from July 2022 to July 2023. All eligible patients presenting with clinical
features of uveitis during the study period were considered for inclusion. Sixty patients, involving 78 eyes, were evaluated.

Eligibility criteria

Patients of any age with signs and symptoms consistent with uweitis were eligible. Patients were excluded when ocular
inflammation occurred in the early postoperative period, followed ocular trauma, represented endophthalmitis, or when the
patient did not consent to participation. The study used the term idiopathic when the inflammatory pattern could not be
assigned to a recognized uveitic entity or linked to a specific systemic or infectious cause after the planned evaluation.

Clinical assessment

Each participant underwent a detailed ocular and systemic history, including onset, duration, recurrence, laterality, previous
treatment, systemic symptoms, and relevant comorbidity. Ophthalmic examination included Snellen visual acuity, slit-
lamp biomicroscopy, applanation tonometry, dilated fundus examination with a 90-diopter lens and indirect
ophthalmoscopy. Gonioscopy and visual-field testing were performed when clinically indicated. B-scan ultrasonography
was used when media opacity prevented adequate posterior-segment visualization. Optical coherence tomography and
fundus fluorescein angiography were obtained in selected posterior-segment cases.

The predominant anatomic site of inflammation was categorized as anterior, intermediate, posterior, or panuveitis. Anterior
chamber cells and flare and vitreous inflammation were assessed clinically in keeping with Standardization of Uvweitis
Nomenclature principles [1]. The final anatomic and etiologic diagnosis integrated ocular findings, laboratory results,
imaging, and systemic specialist assessment when required.

Laboratory and systemic evaluation

Baseline investigations included complete blood count, erythrocyte sedimentation rate, C-reactive protein, tuberculin skin
testing, venereal disease research laboratory testing, serum angiotensin-converting enzyme, rheumatoid factor, viral
serology, chest radiography, TORCH profile, and HLA-B27 testing. Additional investigations were selected according to
clinical suspicion. These included high-resolution computed tomography of the chest for suspected sarcoidosis,
QuantiFERON testing for tuberculosis, antinuclear antibody and C-ANCA testing, and radiography of the lumbosacral
spine and sacroiliac joints in suspected spondyloarthropathy.

Serum biomarker assessment

The biomarker panel comprised immunoglobulins (IgG, IgA, and IgM), alpha-1-acid glycoprotein, IFN-gamma, TNF-
alpha, transforming growth factor-beta, a cytokine panel, serum homocysteine, and C-peptide. The dissertation records that
these markers were analyzed by enzyme-linked immunosorbent assay. Individual cytokines documented in the study
records included IL-1, IL-2, IL-6, IL-8, and IL-17. Biomarker findings were recorded as positive or raised.

Treatment and multidisciplinary care

Treatment was based on the clinical diagnosis and severity. Topical anti-inflammatory therapy was used when appropriate,
with systemic anti-inflammatory treatment and other supportive measures added according to disease extent and systemic
involvement. Patients with relevant systemic findings were referred to the appropriate medical specialty, and subsequent
evaluation and treatment were coordinated with that service.

Statistical analysis

Data were compiled and analyzed using SPSS version 20 (IBM Corp., Armonk, NY, USA), as documented in the
dissertation. Continuous age data are presented as mean +/- standard deviation, while categorical variables are summarized
as frequencies and percentages. Biomarker counts are interpreted as positive test findings; an individual patient could
contribute more than one positive marker.
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Ethical considerations

The study received approval from the Institutional Ethics Committee of ESIC Medical College & Hospital and ESIC Super
Speciality Hospital, Hyderabad (Ref. No. 799/U/IEC/ESICMC/S0165/07/2022; approval letter dated 26 July 2022).
Written informed consent was obtained from participants as applicable to the approved protocol. The study was conducted
in accordance with institutional ethical requirements.

RESULTS

Participant characteristics

Sixty patients with uveitis were included, representing 78 affected eyes. The mean age at presentation was 44.5 +/- 13
years. Forty-eight patients (80%) were 18-60 years old, nine (15%) were older than 60 years, and three (5%) were younger
than 18 years (Table 1; Figure 1). There was a slight female predominance, with 31 women (51.6%) and 29 men (48.3%).
Unilateral disease was reported in 41 patients (68.3%), while 19 (31.7%) had bilateral involvement.

Table 1. Demographic and clinical profile of the study population (n=60)
Characteristic Category n %
Age group <18 years 3 5.0

18-60 years 48 | 80.0
>60 years 9 15.0
Sex Male 29 | 48.3
Female 31 | 516
Laterality Unilateral 41 | 68.3
Bilateral 19 | 317
Anatomic location | Anterior uveitis 32 | 533
Intermediate uveitis | 1 1.7
Posterior uveitis 13 | 217
Panuveitis 14 | 233

Mean age: 44.5 +/- 13 years. Percentages are based on the 60-patient cohort.

Age distribution of participants
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Figure 1: Age distribution of patients with uveitis. Adults aged 18-60 years formed the largest group

Anatomic pattern of uveitis

Anterior uveitis was the most frequent anatomic diagnosis, accounting for 32 patients (53.3%). Panuveitis was present in
14 (23.3%), posterior uveitis in 13 (21.6%), and intermediate uveitis in one patient (1.7%) (Figure 2). The age-stratified
distribution is shown in Table 2. In children, posterior and pan-uveal involvement predominated, whereas anterior uveitis
was the leading pattern among adults and older patients.
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Table 2. Age-wise distribution of anatomic uveitis patterns

Age group | Anterior | Intermediate | Posterior | Panuveitis | Total
<18 years 0 0 2 1 3
18-60 years | 27 1 8 12 48
>60 years 5 0 3 1 9
Total 32 1 13 14 60

Values are patient counts. The anatomic category reflects the predominant site of inflammation.
Anatomic pattern of uveitis
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Figure 2: Distribution of uveitis according to anatomic classification.

Etiologic spectrum

The etiology remained idiopathic in 39 patients (65%). Twelve cases (20%) were classified as infectious and nine (15%)
as immune-related (Figure 3). Idiopathic disease was the most frequent category in anterior, intermediate, and posterior
uweitis. In contrast, infectious causes contributed most strongly to the panuveitis subgroup, accounting for six of 14 cases
(Table 3).

Table 3. Etiologic classification according to anatomic location

Etiology Anterior | Intermediate | Posterior | Panuveitis | Total
Idiopathic 25 1 9 4 39
Immune-related | 4 0 1 4 9
Infectious 3 0 3 6 12
Total 32 1 13 14 60

Etiologic assignment was based on clinical features, laboratory investigations, imaging, and systemic evaluation
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Figure 3: Etiologic distribution of the 60 uveitis cases

Infectious and immune-associated causes

Tuberculosis was the most frequent identified infectious association, with eight cases distributed across anterior, posterior,
and pan-uveal disease. Herpetic uveitis accounted for two cases, and toxoplasmosis for two posterior uveitis cases (Table
4). No fungal uveitis was identified in the reported cohort. Immune-associated diagnoses recorded in the study included
HLA-B27-related disease, rheumatoid factor positivity, antinuclear antibody-associated presentations, sarcoidosis,
psoriasis, and spondyloarthropathy. Because several immune labels were reported across different aggregate tables, the
immune subgroup is best interpreted as a clinically defined category rather than a single laboratory-positive group.

Table 4. Distribution of identified infectious agents by anatomic pattern

Infectious agent Anterior | Intermediate | Posterior | Panuveitis | Total
Tuberculosis 2 0 1 5 8
Herpes virus 1 0 0 1 2
Toxoplasma gondii | O 0 2 0 2
Total 3 0 3 6 12

Counts reproduce the aggregate infectious-disease table in the dissertation. Tuberculosis was the dominant identified
infectious association

Serum biomarker profile

Cytokine positivity was the most frequent serum biomarker finding, recorded in 24 patients (40%). Immunoglobulin
positivity was reported in 10 (16.7%), IFN-gamma in six (10%), alpha-1-acid glycoprotein in five (8.3%), TNF-alpha in
four (6.7%), and C-peptide in one (1.7%). No patient was reported to have raised serum homocysteine. Most cytokine-
positive findings occurred in anterior uveitis, whereas IFN-gamma positivity was distributed across anterior, posterior, and
pan-uveal disease (Table 5; Figure 4). Because individual patients could have more than one positive biomarker, these
categories are not mutually exclusive and should not be summed to estimate the proportion of patients with any positive
test.

Table 5. Positive serum biomarker findings by anatomic location

Biomarker Anterior | Intermediate | Posterior | Panuveitis | Overall n (%)
1gG/1gA/IgM 5 0 2 3 10 (16.7)
Alpha-1-acid glycoprotein | 5 0 0 0 5(8.3)
IFN-gamma 2 0 1 3 6 (10.0)
Cytokines 19 0 3 2 24 (40.0)
Homocysteine 0 0 0 0 0 (0)
TNF-alpha 2 0 2 0 4(6.7)
C-peptide 0 0 0 1 1(1.7)

Biomarker categories overlap because more than one marker could be positive in the same patient. "Cytokines" represents
the composite cytokine category
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Figure 4: Overall frequency of positive serum biomarker findings

Disease-linked biomarker observations

Exploratory subgroup patterns were also observed. IFN-gamma was the predominant raised marker in tubercular uveitis,
with six positive findings reported. Herpetic and sarcoid uweitis cases showed cytokine positivity, while toxoplasmosis
cases were associated with positive immunoglobulin findings. Within HLA-B27-associated disease, TNF-alpha and
cytokine positivity were recorded. Idiopathic cases accounted for much of the overall cytokine signal (Table 6).

Table 6: Disease-linked serum biomarker patterns reported in the study

Clinical/etiologic category Reported positive serum marker pattern

HLA-B27-associated uveitis | Cytokines (2 findings), TNF-alpha (3 findings), C-peptide (1 finding)

Tubercular uveitis IFN-gamma (6 findings), immunoglobulins (1 finding)

Herpetic uveitis Cytokines (2 findings)

Sarcoid uveitis Cytokines (3 findings)

Toxoplasmosis Immunoglobulins (2 findings)

Idiopathic uveitis Immunoglobulins (7), alpha-1-acid glycoprotein (5), cytokines (17), TNF-alpha (1)
DISCUSSION

This prospective tertiary-care study demonstrates the heterogeneity of uveitis in routine clinical practice while also showing
a clear dominance of anterior and idiopathic presentations. Four observations are especially relevant. First, the disease
burden was concentrated in working-age adults. Second, anterior uveitis represented more than half of the cohort. Third,
although most cases remained idiopathic after evaluation, infectious uveitis still accounted for one fifth of the series, with
tuberculosis as the leading identified infection. Fourth, serum inflammatory markers showed recognizable disease-linked
patterns, but the overlap between markers and the small disease subgroups limit their use as independent diagnostic tests.

Age, sex, and laterality

The mean age at presentation was 44.5 years, and 80% of participants were between 18 and 60 years. This pattern is
consistent with the well-recognized concentration of uveitis in economically active age groups, although elderly-onset
uveitis is increasingly recognized as populations age [16,17,20]. The modest female predominance in the present cohort
differs from several Indian referral-center series in which men were more frequent, but population-level studies have not
consistently shown a large sex difference [4,17,18]. Such variation probably reflects the mix of infectious, systemic
immune, and referral patterns at individual centers rather than a uniform sex-specific susceptibility.

Unilateral disease was more common than bilateral disease. This is clinically plausible in a cohort dominated by anterior
uwveitis, where unilateral acute presentations are frequent, particularly in HLA-B27-associated disease [5,15,35,36].
Bilaterality becomes more common in several posterior and pan-uveal syndromes, including sarcoidosis and other systemic
inflammatory disorders [6-9].
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Anatomic distribution

Anterior uveitis accounted for 53.3% of cases, followed by panuveitis and posterior uwveitis. This ordering is broadly
compatible with earlier Indian and international experience, where anterior uveitis is often the largest anatomic category
[4,15,18,19,30]. Differences in the relative frequency of posterior and pan-uveal disease across studies are expected because
tertiary referral services tend to accumulate more severe or diagnostically complex cases. The very small intermediate
uveitis subgroup in this series should not be interpreted as a population estimate.

Etiology and the importance of tuberculosis

A specific cause could not be assigned in 65% of participants. A high idiopathic proportion is not unusual in uweitis,
particularly in anterior disease, because the phenotype may remain isolated even after a focused systemic evaluation
[1,2,15]. At the same time, the 20% infectious fraction underscores the continuing importance of infection-directed
assessment in India. Tuberculosis was the leading identified infectious association and was represented across anterior,
posterior, and pan-uveal patterns. This agrees with the established clinical diversity of intraocular tuberculosis and with
Indian referral-center experience [3,4,11,28,31].

Tuberculosis illustrates why etiologic interpretation in uveitis cannot rely on a single laboratory result. Ocular disease may
arise in the setting of active infection, latent infection with immunologic responses, or a compatible ocular phenotype
without microbiologic confirmation. The diagnostic value of IFN-gamma-related testing therefore depends on pretest
probability, ocular findings, systemic evaluation, and exclusion of competing diagnoses [3,11,28,31]. In this cohort, IFN-
gamma was the dominant serum marker among tubercular cases, a finding consistent with the central role of type 1 cellular
immunity in tuberculosis-associated inflammation.

Serum cytokines and other biomarkers

Cytokine positivity was the most common biomarker finding and was particularly frequent in anterior and idiopathic
uveitis. This is biologically plausible because uveitis involves coordinated T-cell, macrophage, and chemokine signaling
rather than a single disease-specific mediator. Elevated IL-17 A has been described in peripheral blood from uveitis patients,
while multiplex aqueous-humor studies have shown distinct but overlapping inflammatory profiles across clinical
phenotypes [21,23-29]. The present findings therefore support the presence of systemic inflammatory activation but do not
indicate that a composite serum cytokine result can identify a unique etiology.

The disease-linked observations are nevertheless informative. Herpetic cases were cytokine-positive, which accords with
prior work showing inflammatory cytokine signatures in viral uveitis [29]. Sarcoid cases also showed cytokine positivity,
consistent with the immune activation described in ocular sarcoidosis and rheumatic inflammatory disease [6-9,22]. HLA-
B27-associated cases showed TNF-alpha and cytokine positivity, fitting the known inflammatory biology of
spondyloarthropathy-associated anterior uweitis [5,22,36]. Toxoplasmosis cases were immunoglobulin-positive, but
serology must be interpreted carefully because 1gG commonly reflects prior exposure and does not by itself confirm active
ocular toxoplasmosis [10,32].

The broader literature suggests that intraocular fluids may provide stronger disease discrimination than serum because
aqueous humor more directly reflects local ocular inflammation [11,13,24-29]. At the same time, aqueous or Vvitreous
sampling is invasive and is not justified for every patient. A clinically useful future strategy may therefore combine a
parsimonious serum panel with ocular phenotype, imaging, and targeted intraocular testing only when the diagnosis
remains uncertain.

Clinical implications

The practical message from this study is that biomarkers should refine, not replace, the conventional uveitis work-up. A
careful history, anatomic classification, recognition of infectious or systemic clues, and tailored testing remain the
foundation of diagnosis. Serum markers may be most useful when they increase or decrease the plausibility of a diagnosis
already suggested by the clinical picture. This approach also reduces the risk of broad, non-specific laboratory screening
that can produce incidental positive results and unnecessary treatment.

Strengths and limitations

The study prospectively characterized a real-world tertiary-care cohort and incorporated a relatively broad serum biomarker
panel alongside clinical and systemic evaluation. It also provides local data from a region where both infectious and
immune-mediated uveitis are relevant. Several limitations, however, are important. The sample was small and drawn from
a single tertiary hospital, which limits generalizability and subgroup analysis. Biomarker results were recorded mainly as
positive or negative, without uniform quantitative concentrations, assay-specific reference ranges, or diagnostic cut-offs.
There was no healthy or disease-control group, no paired aqueous or vitreous biomarker analysis, and no serial sampling
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to assess change with treatment. Some patients had more than one positive marker, so the biomarker counts are not mutually
exclusive. Finally, the study was not designed to estimate sensitivity, specificity, predictive values, or causal relationships.
These limitations make the biomarker findings hypothesis-generating rather than confirmatory.

CONCLUSION

In this tertiary-care cohort, uveitis most often affected adults and was usually unilateral. Anterior uveitis was the leading
anatomic form, and most cases remained idiopathic after clinical and laboratory evaluation. Infectious disease accounted
for one fifth of cases, with tuberculosis as the most frequent identified infection. Serum cytokines were the most commonly
positive biomarker category, while IFN-gamma showed a notable association with tubercular uveitis and cytokine positivity
was observed in herpetic and sarcoid disease. These patterns may support targeted evaluation, but they are not sufficient to
establish biomarker-based diagnosis. Larger controlled studies using quantitative assays, prespecified thresholds, serial
measurements, and paired serum-ocular fluid analysis are needed before these markers can be incorporated into routine
diagnostic algorithms.
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