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I. Abstract:

Background: Uveitis is a leading global cause of blindness. Common aetiologies include
infectious or immune-mediated causes, but diagnosis can be delayed and remain challenging. Up
to a third of patients have an undiagnosed aetiology and are classified as ‘idiopathic’. Non-invasive
biomarkers are urgently needed to expedite early accurate diagnosis in order to refine treatment
and improve outcomes.

Aims: We sought to characterise clinical and immunological biomarkers which best
discriminate between immune-mediated, infectious and idiopathic uveitis.

Methods: We prospectively recruited patients with acute uveitis from two tertiary centres
in Sydney, Australia between June 2021 and February 2023. Clinical, visual, and serological data
was collected in patient phenotyping. 35 cytokines, chemokines and growth factors were analysed
in patients’ serum samples and 30 age- and sex- matched healthy controls using a Milliplex® panel.

Results: 67 patients (37 female, median age 42 (range 16-79) years), were recruited with
a median duration of follow-up of 18.5 months (range 12-37 months). 29, 17, and 21 patients were
classified as immune-mediated, infectious, or idiopathic uveitis, respectively. Immune-mediated
uveitis patients had a significantly shorter follow-up duration compared to infectious uveitis
patients (24 months (4-37) versus 8.5 (4-33), p=0.028). A relapsing disease course was more
common in the immune-mediated uveitis group (20/29, 69%), compared with the infectious group
(3/17, 18%; p=0.004). 95 affected eyes (immune-mediated n=39, infectious n=24, and idiopathic
n=32) were evaluated for visual acuity, retinal nerve fibre layer thickness, macular thickness,
visual fields, macular oedema, and intraocular pressure at nadir and latest follow-up. Only macular
thickness at nadir was higher in the immune-mediated group (median 270 pm, IQR 260-293)
compared to the infectious group (250, 223-277, p=0.03).

Of the 35 cytokines/chemokines/growth factors tested, hierarchical cluster analysis and
principle component analysis identified nine cytokines which best discriminated between uveitis
patients and healthy controls; and six which best discriminated between immune-mediated,
infectious and idiopathic uveitis. B cell-attracting chemokine 1 (BCA-1) was elevated in all uveitis
groups compared to healthy controls. Patients with immune-mediated uveitis had higher
interleukin (IL)-17a levels, while patients with infectious uveitis had lower IL-17a and growth-
regulated oncogene-alpha (GROa) levels. Patients with idiopathic uveitis had elevated interleukin
gamma-induced protein 10 (IP-10), tumour necrosis factor-alpha (TNF-a), and monocyte
chemoattractant protein-1 (MCP-1).

Conclusions: Cytokine/chemokine/growth factor analysis offers a non-invasive method
for determining biomarker profiles in patients presenting with acute uveitis. We identified a refined
panel of 9 biomarkers which drive differentiation between these groups and may be of diagnostic
utility. These biomarkers may provide insights regarding underlying disease pathogenesis such as
the role of B cell activation and migration to an immune-privileged uvea in all cases of acute
uveitis, Th-17 as a major contributor to immune-mediated uveitis, impairment of neutrophil
recruitment in infectious uveitis, and the role of Th-1 mediated inflammation in idiopathic uveitis.
Idiopathic uveitis likely represents a heterogenous group of aetiologies, and further research
regarding underlying disease mechanisms is required.
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Chapter 1: Introduction

1.1 What is uveitis

Upveitis refers to inflammation of the uveal layers of the eye, which encompass the iris, ciliary
body, and the choroid (1). The uvea is the pigmented middle layer of the eye which is bound by
the posterior surface of the cornea. Posteriorly the uvea’s continuation is the choroid, which
extends to the optic nerve head (2) (Figure 1). The eye has an anterior chamber, which
encompasses the aqueous humour; and the posterior chamber, which includes the vitreous humour
(3). The anterior chamber is separated into two segments with the demarcation being the iris. The
anterior segment contains the iris and the ciliary body; the posterior segment extends from the back
of the lens and includes the retina, choroid, optic nerve and posterior scleral coat. The iris and the
ciliary body are involved in the production and circulation of the aqueous humour. The choroid
provides nutrients to the posterior segment of the eye and retina (3, 4) (Figure 1.1). The pars plana
acts as a physical barrier between the aqueous humour and the vitreous humour. It also helps
maintain the intraocular pressure and shape of the globe. It also plays a minor role in aqueous
humour production, through its non-pigmented epithelial cells(5). The posterior part of the choroid
is considered the posterior uvea. These demarcations help us to understand and conceptualise

uveitis (6).
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Cornea

Figure 1.1 Anatomy of the eye including the uvea, cross sectional figure (7).

In some patients, uveitis may extend to involve inflammation of the optic nerve (resulting in optic

neuritis) and the optic nerve sheath (optic perineuritis) (8).

1.2 Incidence and prevalence of uveitis

Uveitis has a reported incidence of 10-150/100000 patient years and a prevalence ranging between
54-300 person years (9-14). The wide range of these estimates is likely to be associated with the
heterogeneity of aetiologies contributing to uveitis on a global scale, and the availability of
diagnostic tools and specialised ophthalmological services in different centres (15, 16). Australian
estimates are similar, mostly measured in tertiary centres. A study in 2019 in urban Melbourne in
the acute tertiary care centre estimated the incidence at 21.54 per 100000 person-years and period

prevalence of 36.27 per 100000 person years(17). Another critical factor which influences these
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estimates is the increased prevalence of uveitis due to infectious aetiologies such as tuberculosis,

in certain regions of the world such as South and Southeast Asia (18).

1.3 Global burden

Upveitis results in a significant burden from both a quality of life and health economics perspective.
It is the fourth most common cause of blindness in working age adults from developed countries
as defined by the World Health Organisation, and the fifth most common cause of blindness in
Europe (19, 20). Most patients experience the onset of uveitis between the ages of 20-60, which is
the most economically productive epoch of life. Similar cost analyses using comparable
methodology, performed in the UK identified costs of 115 million euros annually arising from
40000 potential cases of blindness. A study of 12721 patients with uveitis across the 31 provinces
of China found a correlation between higher incidence of uveitis and lower income in that
province(21).

If left untreated, 10-20% of patients with uveitis can develop blindness impacting function
(wherein a patient is unable to carry out many activities of daily living) as defined by a visual
acuity of less than 20/200 or 6/60 in both eyes or a constriction of visual fields by less than 10
degrees (22-27). Furthermore, the ability to drive in Australia is more strict, with needing a visual
acuity of 6/12 or better in both eyes, or the eye with better visual acuity(28). The tool used to
measure visual acuity is a Snellen chart, and assesses a patient’s ability to see a letter at 20 feet,
(annotated as 20/20 vision) or 6 meters, (annotated as 6/6 vision) (29). The numbers used to define
legal blindness correlate with functional outcomes (29).

The proportion of patients that develop blindness secondary to uveitis can rise up to 30% in

developing countries as factors such as delayed recognition and treatment, and infectious
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aetiologies, may adversely impact visual outcomes (18). A recent publication from Bogota,
Colombia identified that in a cohort of 315 patients, it took an average of 2.08 years to be seen by
a uveitis specialist (30). The diagnosis and treatment of uveitis may prove to be challenging as it
requires an integration of history, clinical examination, and specialised investigations, and made
harder by the fact that many symptoms in uveitis may be are nonspecific (31). Furthermore, the
recognition and treatment of uveitis may be delayed by early presentations with subtle, or transient

symptoms (32).

1.4 Classification of uveitis

Uveitis may be classified anatomically as well as due to its aetiology. The anatomical classification
of uveitis has been proposed by the Standardised Uveitis Nomenclature (SUN) in 2005 (33) (Table
1.1). This was further refined in the SUN II update in 2021, and studied to include the most likely
pathologies that can occur in the eye only (e.g. birdshot chorioretinitis) versus uveitis secondary
to systemic diagnoses. Furthermore, the SUN group compared expert consensus with machine-
learning algorithms in 5766 and found that in both classifications, there was 90%+ accuracy of

diagnosis across all diagnoses.(34).

location primary Slt.e of sites involved
inflammation
-iritis
anterior uveitis anterior chamber -iridocyclitis

-anterior cyclitis
-pars planitis

intermediate uveitis vitreous -posterior cylitis
-hyalitis
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-focal, multifocal, or diffuse
choroiditis

-chorioretinitis
-retinochoroiditis

-retinitis

-neuroretinitis

posterior uveitis retina or choroid

panuveitis a combination of above

Table 1.1: Anatomical classification of uveitis. from Standardisation of Uveitis Nomenclature
Standardisation of wuveitis nomenclature working group classification taken from original
classification in 2005. Standardisation of uveitis nomenclature for reporting clinical data (35).

1.5 Anatomical classification of uveitis

1.5.1 Anterior uveitis

Anterior uveitis refers to inflammation of the anterior chamber of the eye (Figure 1.1). This
includes the iris and ciliary body (14). It is the most common subtype of uveitis, encompassing
about 50-80% of total cases of uveitis (9, 10, 12, 25). The presentation is usually that of redness
(erythema), pain on eye movement, and sensitivity to light or photophobia, with the pain described
as dull and aching (6). Visual acuity is usually not significantly affected in anterior uveitis, but
patients can present with blurriness of vision (10). Anterior uveitis is less frequently sight
threatening compared to posterior uveitis (36). While elevated intraocular pressure can occur in
uveitis from various causes, it is a particularly suggestive feature of viral etiologies, such as

herpetic uveitis (37).

Complications due to anterior uveitis may include cataracts, glaucoma and cystoid macular
oedema (37). Cataracts may occur as a result of the uveitis itself, or a complication of
corticosteroids used to treat uveitis. Uveitic glaucoma is initially managed with topical anti-

glaucoma medications but can require surgery in advanced cases. Cystoid macular oedema is
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potentially sight-threatening and an important complication to avoid. Its hallmark is the absence
of the foveal reflexes. Treatments include topical nonsteroidal anti-inflammatory medications or

intravitreal corticosteroid injections (38).

1.5.2 Intermediate uveitis

The largest studies of intermediate uveitis identify an incidence approximating 1.4/100000, and
comprise 8 to 18% of all uveitis diagnoses, making it the rarest uveitis subgroup (5, 39-43).
Intermediate uveitis refers to inflammation of the pars plana, anterior vitreous and occasionally
the peripheral retina. Intermediate uveitis usually presents with floaters which are thought to
represent the inflammatory cells in the vitreous, and associated blurriness of vision. Pain is often
absent or delayed (5). The course of intermediate uveitis is commonly insidious at onset, with slow
progression of visual signs and symptoms (44). Intermediate uveitis may be associated with
concurrent anterior and/or posterior uveitis due to the close proximity of the pars plana with the
choroid and the peri-retinal structures, including some extensions of retinal structures and/or
cystoid macular oedema (45). Intermediate uveitis may have a “snowball and snowbank”
appearance on fluoroscopy on fluorescein angiogram. The “snowbank™ appearance is thought to
reflect vitritis and “snowballs” are thought to reflect the inflammation of the pars plana (Figure

1.2) (46).
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Figure 1.2 Example of fluorescein angiogram in venous phase. Photo of a fluorescein angiogram showing
normal venous structure(47).

The hallmark of intermediate uveitis is vitreous inflammation and the presence of white cells seen
on the slit lamp examination which indicates a breach of the blood retinal barrier and an active
inflammatory process (5). The prognosis of intermediate uveitis depends on the underlying

aetiology, but many patients retain their visual acuity at least at 6/12 (48).

1.5.3 Posterior uveitis

Posterior uveitis accounts for 10-15% of the total burden of uveitis (10). Posterior uveitis refers to
inflammation of the posterior vitreous, the retina, or the posterior part of the choroid (49). Posterior
uveitis generally needs to be significant or persistent to cause associated optic disc involvement
(50). Concurrent optic disc involvement and associated optic neuritis, can cause significant drop
in visual acuity, reduced colour differentiation (dyschromatopsia) and visual field loss. Its clinical

manifestations are divided into retinitis, retinal vasculitis and choroiditis which includes diseases
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that can involve the retinal pigment epithelium. The main hallmark of retinitis includes cellular
infiltrates and necrosis of the retina which can be accompanied by oedema, and opacities of the
vitreous cells (50). Retinal vasculitis may be associated with sheathing of blood vessels and
occlusive retinopathy which manifests as loss of capillaries and cotton wool spots (51). This can

lead to retinal haemorrhages and retinal ischemia (51).

Finally, choroiditis is divided into primary inflammatory choriocapillaropathies, primary stroma
choroiditis and secondary stroma choroiditis (52). Primary choriocapillaropathies refer to
disorders that arise from intrinsic dysfunction of the structures inside the choroid and capillaries.
In contrast, secondary stroma choroiditis and inflammatory choriocapillaropathies refer to
disorders that affect the tissue in question but arise from adjacent and systemic structures
respectively. The techniques used to differentiate these types include fluorescein angiogram and
indocyanine green angiography (ICGA) (53). Indocyanine green angiography (ICGA) is a
different type of imaging technique that uses indocyanine green dye, which has a higher affinity
for binding to plasma proteins and better penetration through the retinal pigment epithelium (RPE).
This allows ICGA to visualize the choroidal vasculature, including deeper small capillaries, with
higher resolution than fluorescein angiography (FA). It is particularly useful for diagnosing

choroidal diseases(52, 54, 55).

In contrast, fluorescein angiography (FA) primarily assesses the retinal vasculature. Fluorescein
dye can leak from abnormal blood vessels or pool in areas of fluid accumulation, helping to
diagnose retinal pathologies (e.g., diabetic retinopathy or macular oedema). It can show different

filling which depend on vascular flow dynamics:
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-Arterial phase (~10-15 sec): Dye enters retinal arteries.

-Venous phase (~20-30 sec): Dye fills retinal veins.

-Late phase (>5 min): Dye may leak or pool in pathologic areas.

The timing, pattern, and shape of fluorescence (e.g., hyper-fluorescence from leakage or hypo-
fluorescence from blockage) are key to determining the underlying disease (47). Examples of these

pathologies are seen in figures 1.3, 1.4, 1.5 and 1.6.

Prognosis of posterior uveitis depends on the aetiology and the time of detection of the underlying
pathology. The severity of cystoid macular oedema (CMO) in posterior uveitis is determined by
chronicity and recurrence of inflammation, with prolonged or repeated episodes increasing the risk
of irreversible vision loss. Additional factors include underlying uveitis etiology (e.g., Behget’s
disease), delayed/inadequate treatment (leading to structural damage), and comorbid ocular

complications (e.g., cataracts, glaucoma). Early, aggressive anti-inflammatory therapy

(corticosteroids, immunomodulators, or local implants) is critical to mitigate severity.(49).
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Figure 1.3: Normal fluorescein angiogram and indocyanine staining of the right eye (56).

Figure 1.4.Example of pathological Indocyanine staining. Indocyanine staining in a 45-year-old female
with normal fundoscopy and decreased visual acuity showing hypocynesence suggesting a granulomatous
aetiology as a differential. Patient was found to have tuberculosis with choroidal granulomas. (from(55)).

Fluorescein Angiogram

Figure 1.5.Another example of pathology. Same patient as shown above. Three stages of fluorescein
Staining seen in this patient with perivascular staining indicating vasculitis (55).

10
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Figure 1.6 A side-by-side comparison of the utility of indocyanine green angiogram. shows fundus photo
(left), FA (middle), and ICGA (vight). FA revealed hyperfluorescence from an ill-defined lesion
superotemporal to the disc, while the ICGA showed diffuse and intense hypercyanescence of choroidal
vessels, consistent with choroidal hemangioma (57).

1.6 Aetiologies of uveitis

1.6.1 Infectious uveitis

Infectious uveitis refers to uveitis caused by bacteria, viruses, parasites or fungi, with more

common causes being outlined below.

1.6.1.1 Syphilis

Syphilitic uveitis is the main bacterial cause of anterior uveitis although syphilis may also present
with optic disc swelling and posterior uveitis. It is caused by the bacterial gram-negative spirochete
Treponema pallidum transmitted through sexual contact and mucosal surfaces (58). This infection
results in ocular manifestations in all stages, but uveitis mostly occurs in the second stage of
infection, called secondary syphilis. In addition to uveitis, syphilis may additionally manifest as

keratitis, panuveitis, retinal vasculitis and chronic optic neuropathy (59).

11
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Primary syphilis does not tend to cause uveitis as it does not involve the circulation of the pathogen
(58). Untreated primary syphilis can lead to secondary syphilis in a period of 4-10 weeks which
can have a multitude of presentations. The classic ocular presentation of syphilis is usually
intermediate or posterior uveitis and is referred to as syphilitic necrotising retinitis (SRN). SRN is
differentiated from other causes of retinal necrosis by its multifocal mottled appearance and its
propensity to be seen more on the posterior pole on fluorescein angiogram testing, which also
usually shows late vessel opacification. Finally, multiple snowball-like changes are seen in
syphilitic posterior uveitis (60, 61).

Anterior syphilitic uveitis can be either granulomatous or non-granulomatous. Iris roseolae, ocular
hypertension, placoid chorioretinopathy are all findings that can be found in primary and
secondary syphilis that are highly specific and used for diagnosis (62). The treatment of syphilis
includes 2-3 weeks of intravenous benzyl penicillin and topical or systemic corticosteroids. Other
considerations for duration of treatment include concurrent immunosuppression and the severity

of systemic manifestations (63).

1.6.1.2 Tubercular uveitis

Tuberculosis (TB) is caused by Mycobacterium tuberculosis, an acid-fast obligate aerobe
bacterium (64). TB mainly affects the lung parenchyma, however it has multiple organ
manifestations, including the uvea (65). TB is the most common cause of uveitis in some endemic
areas such as India, accounting for up to 20% of the total uveitis burden (66). TB can cause
granulomatous anterior uveitis with mutton-fat keratitic precipitates, and synechiae (67). Anterior

TB uveitis accounts for 36% of the total TB uveitis (68). The diagnosis is more accurately made

12
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in the anterior chamber with a tissue diagnosis showing positive acid-fast bacilli or caseating
granuloma, which differentiate it from other causes such as sarcoidosis (69).

In the posterior chamber, there are more diverse manifestations of tissue predilection and
morphology. Posterior chamber uveitis accounts for 40% of tubercular uveitis (68). Multifocal
choroiditis or serpiginous-like choroiditis is suggestive of tubercular involvement. Furthermore,
tuberculomas and subretinal abscesses can develop in the posterior uvea and may be associated
with meningitis (70). Treatment includes steroids if vasculitis or choroiditis develops, and standard

quadruple therapy with rifampicin, isoniazid, pyrazinamide and ethambutol (71).

1.6.1.3 Toxoplasmosis

Toxoplasmosis uveitis is a form of ocular inflammation caused by the parasite Toxoplasma gondii.
It is one of the most common infectious causes of posterior uveitis worldwide. Toxoplasmosis
uveitis typically presents with unilateral ocular symptoms, although bilateral involvement can
occur. The classic clinical features include focal retinochoroiditis, often located adjacent to the
optic nerve or in the macula. The active retinochoroiditis lesion appears as a whitish-yellow
necrotic area with overlying vitritis, resulting in blurred vision, floaters, and decreased visual
acuity. Recurrent episodes of inflammation may lead to the formation of chorioretinal scars,
resulting in permanent vision loss if located centrally. The diagnosis of toxoplasmosis uveitis relies
on a combination of clinical examination findings, laboratory tests, and imaging studies.
Ophthalmic examination reveals characteristic features such as focal retinochoroiditis with vitritis
and chorioretinal scars (72-74). Ancillary tests, including serologic testing for toxoplasma-specific
antibodies (immunoglobulin (Ig)G and IgM), polymerase chain reaction (PCR) assays, and

intraocular fluid analysis (aqueous or vitreous tap), can aid in confirming the diagnosis and
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detecting active infection (72-74). PCR assays performed on intraocular fluid samples allow for
the direct detection of toxoplasma DNA, providing definitive evidence of active ocular infection.
This molecular diagnostic technique is particularly useful in cases where serologic testing results
are inconclusive or in patients with atypical clinical presentations, particularly in the
immunosuppressed patient (74). Treatment usually includes antiparasitic medications and oral

steroids (75).

1.6.1.4 Viral uveitis

a Herpes simplex virus (HSV)

HSV 1 and 2 belong to the Herpesviridae group of viruses and are a major cause of uveitis. The
most common manifestations include keratitis and anterior uveitis, and may be accompanied by
either granulomatous or non-granulomatous pathology (76). Common findings in HSV anterior
uveitis include dilated iris blood vessels with a flat pupil. Another typical change is keratitic
precipitates which usually correspond to moderate anterior chamber activity (77). Iris atrophy is
correlated with aqueous humour viral load , which can be measured with a vitreous aspiration (76).
Finally, all viral, including HSV uveitis, can cause hypertensive uveitis(78). Acute retinal necrosis
is a recognised complication of untreated HSV, more evident with HSV-1 than HSV-2 (79),this
can also be seen in VZV as well. A typical presentation of all viral posterior uveitis is that of
panuveitis which starts as vitritis and vasculitis. It spreads from the “outside in” within a few days
up to 3 weeks and typically causes vitritis and retinitis. Prognosis depends on how early it is
detected after symptom detection, whether or not it involves the retina, the length of treatment, as
well as the level of immunosuppression. If it becomes bilateral and not treated promptly, it could

lead to significant complications including blindness (80).
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HSYV uveitis VZV uveitis CMY uveitis chronlc. ?MV
uveitis
age 30-50 years 50-70 years 20-50 years 40-70 years
sex equal equal males (65%) males (80%)
predominantly predominantly
race all all Asian Asian
- —s -
laterality bilateral in 18% unilateral unilateral P redqmmantly
of eyes unilateral
skin + crops of + dermatome none none
involvement vesicles blisters
0/_ 1210 +
scars 129%-33% scars 2.5%-9% + nodular nodulgr
corneal : endothelial
cornea . corneal endothelial . o
involvement involvement 58% lesions 26% lesions 60%,
57%—61% immune ring
szgggtei?)ln reduced reduced normal normal
granulomatous or | granulomatous or fine, stellate,
KP non- non- granulomatous diffuse +
granulomatous granulomatous pigmented
AC cells moderate moderate few moderate
AC flare moderate moderate minimal minimal
upil shape | may be irregular | may be irregular normal normal
pup p y g y g
posterior may be present may be present
synechiae 25%-38% 0%-40% absent absent
iris atronh sector or spiral sector, circular | patchy or diffuse, | diffuse or patchy
Py 25%46% 25%88% rarely sector 43% 60%
o/ 00—
0P clevated i clevaed 0] elevated 100% | elevated 69%
0 0
vitritis 43% 83% 0% 9%
: o/ . o/
glaucoma presenst 41;0 18% presech 01;) 30% 239 36%
: o/ . o/
cataract presen3t 51;0 28% presen3t 01;) 27% 23% 750
recurrence in 15%—65% in 13%-51% 100% 0%

Table 1.2: Comparison of the epidemiology, clinical features, complications, and clinical course of uveitis

among the three herpes viruses (76). Abbreviations: AC: anterior chamber, CMV: cytomegalovirus, IOP:

intraocular pressure, HSV: herpes simplex virus, KP: kertatic precipitate, cranial nerve V1: trigeminal
nerve first section, VZV: varicella-zoster virus.
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b Varicella zoster virus (VZV) uveitis

VZV uveitis is a rare but significant cause of intraocular inflammation, typically occurring in
individuals with a history of varicella (chickenpox) or herpes zoster (shingles). It presents as
anterior uveitis, posterior uveitis, or panuveitis and may involve multiple ocular structures, leading
to vision loss if left untreated. Diagnostic modalities include clinical examination findings, PCR
assays of intraocular fluid samples, and serologic testing for VZV antibodies (81). Treatment
involves antiviral medications, corticosteroids, and in some cases, immunosuppressive agents,

depending on the severity and extent of inflammation (82).

c Cytomegalovirus (CMV) uveitis

Cytomegalovirus (CMV) uveitis is secondary to an infection with the herpesvirus CMV. CMV
uveitis is more common in immunocompromised patients, and patients who have comorbidities
such as a renal transplant, dialysis, uncontrolled diabetes or human immunodeficiency virus (HIV)
infection (83). It may present associated with keratitis and retinitis (83). Diagnosis is via an
intravitreal tap with PCR (84). A specific severe form of CMV associated anterior uveitis is called
Posner-Schlossman syndrome which can cause rapid loss of vision(85). In contrast to VZV and
HSV, CMV uvetitis is associated with coin shaped keratitic precipitates and a decreased number of
endothelial cells in most patients (76). The prognosis of CMYV relies on the comorbidities and level

of immunosuppression but often carries a worse prognosis than HSV and CMV uveitis (76).

d Human Immunodeficiency virus uveitis

HIV associated uveitis represents a spectrum of ocular inflammatory manifestations seen in
individuals living with HIV/Acquired Immunodeficiency Syndrome (AIDS). It typically presents
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as bilateral, anterior uveitis with granulomatous features, although posterior segment involvement
can occur. It is believed to involve dysregulation of the immune response secondary to HIV
infection. CD4" T-cell depletion and immune reconstitution inflammatory syndrome (IRIS) are
contributing factors (86-88). Posterior intracorneal opacities can sometimes aid diagnosis and
usually it is a manifestation of severe immunocompromise. Prompt recognition and treatment are

crucial to prevent irreversible visual impairment (86-88).

1.6.2 Immune-mediated uveitis

Immune-mediated uveitis encompasses a spectrum of inflammatory eye diseases characterised by
intraocular inflammation driven by aberrant immune responses. Uveitis is not an uncommon
manifestation of neuroimmunological disorders, with 7.9% of patients with neurological disorders

having uveitis as an associated manifestation (23).

1.6.2.1 Vogt-Koyanagi-Harada (VKH) disease

VKH disease is a bilateral, granulomatous uveitis associated with systemic manifestations.
Findings include bilateral panuveitis, serous retinal detachments, optic disc hyperaemia, and sunset
glow fundus, with the potential for vision-threatening complications. Management involves
systemic corticosteroids to suppress inflammation and immunomodulatory agents for long-term
control. Early recognition and aggressive treatment are crucial to prevent vision loss and systemic

complications (89).

1.6.2.2 Human leukocyte antigen (HLA)-B27 related uveitis

HLA-B27 is a major histocompatibility complex class I gene, and its association with various

autoimmune conditions, including uveitis, has been well-established (90, 91). The prevalence of
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HLA-B27 varies among different populations, and the gene is found more frequently in individuals
of European descent and some specific Han Chinese populations (90, 92). The genetic link
suggests a role for the immune system in the development of uveitis, and HLA-B27 testing is often

conducted in patients with uveitis to aid in diagnosis and guide treatment strategies (93-95).

HLA-B27-associated uveitis typically presents with acute, recurrent, or chronic inflammation. The
condition can affect one or both eyes and may manifest with various ocular symptoms, including
redness, pain, photophobia (sensitivity to light), and blurred vision (96). Most anterior uveitis in
European and Caucasian population is felt to be HLA-B27 related (91, 92). One distinctive feature
of HLA-B27-associated uveitis is its association with certain systemic conditions, particularly
seronegative spondyloarthropathies (95). Conditions such as ankylosing spondylitis, reactive
arthritis, and psoriatic arthritis are more prevalent in individuals with HLA-B27 and may coexist
with uveitis (95). Recent research has revealed correlations between risk of uveitis with and the
gut microbiome and certain infections such as Chlamydia trichomatis being associated with higher
incidence of activation of HLA-B27 related disease, which has implications on treatment (95).
While HLA-B27-associated uveitis tends to have a recurrent and episodic course, the overall visual
prognosis is generally favourable with appropriate management despite the incidence of

complications being around 40% (96).

1.6.2.3 Juvenile idiopathic arthritis (JIA) associated uveitis

Uveitis is an extra-articular manifestation that can be associated with JIA (97). Typically, it
presents as chronic anterior uveitis, often bilateral and insidious, with symptoms including eye

redness, pain, and decreased visual acuity, although most commonly it is asymptomatic(98). If left
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untreated, it can lead to complications like synechiae, cataracts, glaucoma and vision loss (99, 100).
The prognosis varies, with some patients experiencing persistent inflammation despite treatment,
while others achieve remission. Notably, early detection and aggressive systemic management are

crucial for preserving vision (97).

1.6.2.4 Behcet s disease associated uveitis

Behcet’s disease is a systemic immune syndrome with a classic manifestation of recurrent posterior
uveitis, oligoarthritis, genital and oral ulceration and dermatitis; as well as neurological
manifestations in some patients. It has an increased prevalence in certain ethnicities, mostly around
the Silk Road from China to the Mediterranean Basin. It is associated with the HLA-B*51
haplotype (101). It has a higher predominance in Middle Eastern and near East Asian populations
(102). Its prevalence is determined by the population with up to 420/100000 in Turkish populations
(103). Uveitis occurs in 50% of patients and is associated with worse outcomes. It is bilateral in
80% of patients (104). Superficial retinal infiltrates with occlusive retinal vasculitis and capillary
leakage, without any granulomatous anterior uveitis in patients with vitritis is highly suggestive of
the condition (105). It is treated with immunosuppressive agents that can range from
corticosteroids to systemic immunosuppression and tumour necrosis factor (TNF)-a inhibitors. For
severe manifestations, early treatment and the use of monoclonal antibodies confer the best

prognosis (104).

1.6.2.5 Multiple sclerosis

Multiple sclerosis (MS) is a relapsing immune disorder characterised by demyelination in the
central nervous system. MS can have multiple manifestations including the presence of plaques in

the brain, spinal cord, and optic nerve (106). Classic syndromes related to MS did not include
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uveitis, but it now recognised that patients with MS can be five times as likely to get uveitis
compared to the general population, making a link more likely (40). Retrospective studies estimate
that about 1% of all MS patients can have uveitis, and 1% of all patients who present with uveitis
have an ultimate diagnosis of MS (107). MS-related uveitis is commonly an intermediate uveitis
(around 80%) with anterior uveitis being second most common at 15% sometimes accompanied

by associated retinitis (40, 108).

1.6.2.6 Myelin oligodendrocyte glycoprotein (MOG) antibody-associated uveitis

MOG antibody-associated disease is a demyelinating disorder characterised by positive MOG
antibodies in the serum, and a typical clinical profile associated with optic neuritis, transverse
myelitis, acute disseminated encephalomyelitis (ADEM) and other less frequent manifestations
including cerebral cortical encephalitis (109).

Uveitis associated with MOG antibodies is a relatively newly recognised entity, characterised by
uveitis often accompanied by optic neuritis (110). This uveitis can be anterior, posterior or
intermediate. Studies have highlighted the importance of recognising MOG antibody-associated
uveitis as a distinct clinical entity, with a favourable response to corticosteroid therapy (110-112).
The cases are limited in literature, but patterns emerge. MOG antibody related uveitis has also

been identified following syphilis and CMV infection (113, 114).

1.6.2.7 Multiple evanescent white dot syndrome (MEWDS)

MEWDS is a rare and distinctive ophthalmic condition that primarily affects the retina. Described

by the presence of multiple small, white dots in the posterior pole of the eye, MEWDS is
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commonly found in young female adults. This syndrome manifests with acute visual disturbances,
including visual field defects and photopsias. While the precise aetiology of MEWDS remains
incompletely understood, it is hypothesised to involve an inflammatory response impacting the
outer retina. The condition typically follows a self-limiting course, and most individuals witness

spontaneous resolution of symptoms within weeks to months (115).

1.6.2.8 Birdshot chorioretinitis

Birdshot chorioretinopathy (BSCR) is a rare and chronic inflammatory eye disease that primarily
affects the choroid and retina (116). This condition typically presents with distinctive,
hypopigmented choroidal lesions resembling birdshot pellets, leading to visual impairment and, if
left untreated, potentially causing permanent damage. BSCR primarily affects individuals of
European descent (117) and is often associated with HLA-A29 positivity (118). The exact etiology
of BSCR remains unclear, but it is considered an autoimmune disorder. Diagnosis involves
characteristic clinical findings, including the appearance of birdshot lesions on fluorescein
angiography and indocyanine green angiography. Treatment options include corticosteroids and

immunosuppressive agents, with varying success rates (116).

1.6.2.9 Sarcoid uveitis

Sarcoidosis is a systemic granulomatous immune disease (119). Its most recognised feature is
bilateral hilar lymphadenopathies, however it has neurological manifestations such as central white
matter disease, myelopathy, neuropathy and can be associated with ophthalmological

manifestations (120).
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Sarcoid uveitis affects all regions of the uvea and can be bilateral (121). Clinical findings include

slow subclinical vasculitis and muttonfat-keratitic precipitates, which suggests a granulomatous

process (122). Treatment includes TNF-a inhibitors, topical and systemic corticosteroids (123).

1.6.3 Environmental posttraumatic uveitis

Patients can be exposed to medications that can be associated with uveitis (Table 1.3).

systemic topical intraocular vaccines

e TNF-a inhibitors e prostaglandi e antibiotics e Bacille

e rifabutin n analogs e cidofovir Calmette-

e bisphosphonates e metipranolol e urokinase Guérin

e sulfonamides e corticosteroi e plasmin - (BCG)

e diethylcarbamazi ds microplasmin e influenza
ne e cholinomim S e hepatitis B

e fluoroquinolones etics e monoclonal e measles,

e oral e Dbrimonidine antibodies mumps,
contraceptives e antibiotics (e.g. rubella

e topiramate e Dbetaxolol ranibizumab, (MMR)

e trifluoperazine e cholinesteras bevacizumab) e diphtheria,

e quinidine e inhibitors e triamcinolone tetanus, and

e ibuprofen* acetonide pertussis

e reserpine (dpj[)

e sildenafil e varicella

e clomiphene * smallpox

e immune * SARS-
checkpoint CoV-19-
inhibitors Astra-
(ipilimumab, tz)f;fga
nivolumab,
pembroluzimab)

Table 1.3:4 summary of medications associated with uveitis by type, from studies (124, 125)
*through a condition called tubointerstitial nephritis and uveitis (TINU).

"Other causes that have emerged include COVID vaccination related uveitis, which presents with either
anterior or intermediate uveitis and can occur 2-3 weeks following the vaccination. The effect is more
marked in DNA Vaccinations such as the Astra Zeneca Vaccine (126).

Tattoo and eyeliner related uveitis is thought to be a granulomatous process associated with the

ink in tattoos and other skin altering procedures (41, 127).

22



Biomarker profiles in acute uveitis Chapter 1 Introduction

Below are a table and graph combining the aetiology and most likely cause by location of uveitis

(table 1.4 and figure 1.6).
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anterior | intermediate | posterior panuveitis

Infectious:

HSV +++ (uni>bilateral) 0 ++ (diffuse ++

choroiditis)

Tuberculosis + (granulomatous 0 +++ (diffuse 0
chronic) choroiditis)

Syphilis ++ (granulomatous + +++ ++
chronic)

Toxoplasmosis 0 ++ (focal ++

chorioretinitis)

Bartonella

HIV 0

CMV ++ (bilateral) 0 ++

\7A% ++ (bilateral) 0 ++

Lyme Disease 0 ++ 0 0

immunological:

demyelination related | 0 +++ ++ (retinal vasculitis) | 0

(Multiple sclerosis)

MOGAD and + ++ (bilateral) ++ ++

NMOSD

COVID vaccine ++ +++ ++ +++

related

sarcoid ++ (chronic ++ +++
granulomatous)

Bechet’s disease + ++ + ++

Kawasaki disease ++ 0 0 0

24



Biomarker profiles in acute uveitis Chapter 1 Introduction

post-streptocococcal | ++ (acute bilateral) 0 0 0

TINU + (acute bilateral) 0 0 0
genetic/haplotype
related:
HLA-B27 related +++ (acute 0 0 0
(includes IBD, unilateral/bilateral)
reactive arthritis, (uni>bilateral)
PsA, ank. spond.)

Fuchs cyclitis ++ (chronic non ++ + 0
granulomatous)
Vogt-Koyanagi- 0 ++ ++ (diffuse +++
Harada disease choroiditis
medication/toxins:

rifabutin/bisphosphon | +++ (bilateral) 0 0 0
ates

TNF-a inhibitors
checkpoint inhibitors
mercury

other causes:
Birdshot +++ (diffuse
Chorioretinopathy chorioiditis)

lymphoma ++ (if over 40)
skin related/ink

Table 1.4: Classification of causes of uveitis by location and likelihood of location. Table illustrating the etiologies and the likelihood by location
by aetiology. Some aetiologies only mentioned in table. (5, 18,23). Abbreviations: HSV: Herpes Simplex Virus, HIV: Human Immunodeficiency
Virus, CMV: Cytomegalovirus, VZV: Varicella-Zoster Virus, MOGAD: Myelin Oligodendrocyte Glycoprotein Antibody-Associated Disease,
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NMOSD: Neuromyelitis Optica Spectrum Disorder, TINU: Tubulointerstitial Nephritis and Uveitis, IBD: Inflammatory Bowel Disease, PsA:
Psoriatic Arthritis, TNF-a: Tumor Necrosis Factor alpha
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yme disease
Immune MS-associated Uveitis
Sarcoidosis
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(Choroid +Retinitis,
Neuroretinitis)

VZV, Bartonella
Syphilis , Toxoplasmosis

CMV, Candida, West Nile,

Tuberculosis

Sarcoidosis

Birdshot Chorioretinitis
Relentless placoid
PIC
MFCPU
MWEDS
APMPPE
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Figure Table 1.5. Anatomical classification of uveitis. Anatomical classification of uveitis and regions affected — anterior (grey),
intermediate (green), posterior (blue), panuveitis (pink). APMPPE (Acute Posterior Multifocal Placoid Pigment Epitheliopathy), CMV
(Cytomegalovirus), HSV (Herpes Simplex Virus), JIA (Juvenile Idiopathic Arthritis), MFCPU (Multifocal Choroiditis and Panuveitis), MS
(Multiple Sclerosis), MWEDS (Multiple Evanescent White Dot Syndrome), PIC (Punctate Inner Choroidopathy), VZV (Varicella-Zoster Virus)
From (128-132)
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1.6.4 Idiopathic uveitis

Idiopathic uveitis refers to uveitis in which no clear aetiology has been established after
investigation. This can occur in up to a third of patients (33). Idiopathic uveitis is one the most
common uveitis diagnoses in Europe and the United States (133). These patients are often
subjected to prolonged or repeated courses of corticosteroids, which can improve their symptoms
and visual parameters, but responses may only be temporary. However, corticosteroids hold risks
of their own, including an increased risk of ocular or systemic infection, cataracts and other
metabolic and bone health adverse effects (134). 60-85% of patients with idiopathic uveitis in a
different case series maintain a visual acuity of 20/40 or better (32). Other studies suggest that
early treatment and lack of activity at 3 months, as well as younger age at onset is associated with

fewer complications in idiopathic uveitis (135).

Follow-up is important in idiopathic uveitis to ensure the clinical diagnosis remains idiopathic and
no other cause is found. 29% of patients with idiopathic uveitis patients in tertiary centre had a
systemic diagnosis identified in a series of 179 over a course of 8 year, including sarcoidosis,

HLA-B27 associated uveitis, tubular interstitial nephritis with uveitis and other (136).

Finally, new studies are using predictive artificial intelligence (AI) and genomic and
transcriptomic testing to help identify subsets of idiopathic uveitis and define new syndromes.
Looking at transcriptomics of patients with idiopathic compared to four distinct syndromes of
uveitis, helped reclassify 11 out of 38 patients into the other subgroups (e.g. sarcoidosis) (137,

138).
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1.7 Clinical complications of uveitis

There are ophthalmologic complications that can occur in untreated or undertreated uveitis. These

include macular oedema, cataracts, glaucoma, synechiae, band keratopathy, vitreous opacities,

vitreous haemorrhage, retinal neovascularisation, and retinal detachment (134) (Table 1.5). All

these complications can have effects on visual acuity and ultimately lead to blindness (11, 96).

Non-ophthalmic complications of uveitis include ongoing pain and headaches (139).

Characteristic Definition
Cystoid Macular Edema Most common cause of vision loss due to chronic fluid accumulation
(CME) in the macula.
Cataracts Secondary to chronic inflammation or prolonged corticosteroid
therapy.
Glaucoma/Ocular Elevated intraocular pressure from trabecular meshwork damage or
Hypertension steroid use.

Retinal Detachment

May occur due to vitreous traction or exudative retinal detachment in
severe cases.

Chorioretinal Scarring &
Atrophy

Irreversible damage from prolonged inflammation, leading to
permanent vision impairment.

Band Keratopathy & Advanced cases may develop corneal calcification (band keratopathy)
Hypotony or phthisis bulbi (shrunken eye).

Cystoid Macular Edema Most common cause of vision loss due to chronic fluid accumulation
(CME) in the macula.

Table 1.6. List of complications of uveitis and associated changes (140-142).

1.8 Classification of the course of uveitis

Uveitis can be classified in terms of acuity and disease course. Uveitis is classified as acute from

onset to a period of three months. It is classified as recurrent if it happens twice or more within a
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duration greater than three months. Finally, it is said to be chronic if an episode lasts for more than

three months. The characterisation of acuity and course can aid with diagnosis (134).

1.8.1 Classification of severity

As part of the consensus classification, the severity of uveitis is quantified based on clinical
appearances (see table 1.6 and table 1.7 for anterior chamber classification). This classification
relies on the presence of cells and characterisation of the vitreous fluid as observed on the slit-
lamp examination, as well as the retinal descriptions and the optic disc swelling. Disease severity

influences therapeutic pathways (33).

score description clinical findings

0 nil cells nil

0.5 trace nil
1 minimal posterior pole visible
2 mild posterior pole slightly hazy
3 moderate posterior pole very hazy
4 marked posterior pole barely visible
5 severe fundus details not visible

Table 1.7: The severity of anterior and posterior chamber uveitis (46).

grade/description of anterior chamber | grade of AC | number of cells in field (IxXImm
(AC) flare cells slit beam)
0-none 0- <1
0.5+ 1-5
1+ faint 1+ 6-15
2+ moderate (iris and lens details clear) 2+ 16-25
3+ marked (iris and lens details hazy) 3+ 26-50
4+ intense (fixed and plastic aqueous) 4+ 50+

Table 1.8: Clinical classification of severity of anterior chamber. From SUN 2005 classification.
The consensus classification of the activity in the anterior chamber (33).
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1.9 Overview of the immune system in the eye

The eye is thought to be immune privileged, whereby the immune system does not mount a typical
immune response in order to protect the organ from damage by inflammatory responses (143). The
term was coined by Sir Peter Medawar in the 1940s when evaluating immune privilege in the
context of transplant medicine, whereby transplanting other body tissue into the anterior chamber
of the eye did not elicit an immune response (144). Immune privilege in the eye is supported by

the fact that 90% of corneal transplants do not experience rejection (145).

There are a few mechanisms that may contribute to immune privilege (146). Firstly, physical
barriers exist which provide a separation. This is specifically defined by the blood retina barrier
(BRB) by way of tight junctions in the retinal pigment epithelial layer ( see figure 1.7) and lack of
exiting lymphatics (147). The BRB regulates the influx and the exit of micronutrients and
substances. Sources of regulation include the tight junctions previously mentioned, as well as
caveolae , which cave-like invaginations which trap large molecules (148), and Muller cells which

create the foot processes (147) (Figure 1.7).
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Figure 1.7: Localisation of the inner and outer BRB. The iBRB is formed by endothelial cells lining the
vasculature of the inner retina. These vessels vascularise the retina up to and including the OPL, with the
photoreceptor cell layer remaining avascular. The oBRB is formed by the retinal pigment epithelial cells
(RPE) and regulates the exchange of material from retina to choroid. Abbreviations: blood retina barrier
(BRB), inner limiting membrane (ILM), ganglion cell layer (GCL), inner nuclear layer (INL), outer
nuclear layer (ONL) and outer segments (OS). From (147).

Secondly, an anti-inflammatory milieu in the eye exists, which is made up of soluble and insoluble
regulatory compounds. These include tumour growth factor (TGF)-B, a-melanocyte stimulating
hormone, and vasoactive intestine peptide. The Muller cells and the pigmented epithelium in the
retina, iris and ciliary body, inhibit T cells and induce cluster of differentiation (CD)86, CTLA-4
(clathrin light-chain A) and Fas ligand (FasL). These chemokines induce Tregulatory to further

tighten the junction and inhibit further immune active cells from entering the retina (149).

Anterior chamber associated immune deviation (ACAID) refers to the induction of a systemic
form of tolerance to an external antigen introduced into the ocular environment in order to prevent

damage to the ocular structures (149). The concept of “immune privilege” is based on the
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expression of immunosuppressive factors on ocular tissue and fluids that can suppress immune
responses that may otherwise result in damage to ocular tissues. The induction of ACAID occurs
due to infiltration of circulating monocytes that then emigrate to the thymus and spleen where they
induce T regulatory cells that inhibit the escalation of a cell-mediated immune response (Figure
1.8 from(150)). The immune system of the eye can also induce apoptosis of infiltrating immune
cells by FasL expression, as well as by selectively activating a Th 2 (T-helper cell type 2)

population, thereby further reducing immune/inflammatory damage to the eye (151, 152).

The study by Stein-Streilein (149), highlights how the eye employs mechanisms like anterior
chamber-associated immune deviation (ACAID) to suppress inflammation and maintain tolerance.
However, dysregulation of these processes can lead to autoimmune conditions such as uveitis. The
paper emphasizes the roles of regulatory T cells and cytokines in balancing immune responses,
preventing excessive inflammation while protecting against pathogens. It also discusses how
breakdowns in immune tolerance can trigger uveitis, underscoring the importance of
understanding ocular immune regulation for developing targeted therapies. This work provides a

foundation for exploring immune-mediated pathways in the pathogenesis of uveitis.
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Figure 1.8: Anterior chamber associated immune deviation is a mult-organ generalized process. Anterior
chamber associated immune deviation is the presence of a highly immune mute milieu in the uvea causing
the release of inhibitory cytokines in the periphery which causes these tissues to release regulatory
molecules such as IL-10 and FAS and FAS-L Abbreviations: IL-10: interleukin 10, Fas-L: Fas Ligand
(137).

1.9.1 Cytokines as a marker of different manifestations of disease

Cytokines are molecules secreted by the immune system cells in response to an immunogenic
stimulus (153). Cytokines primarily enable communication between appropriate immune cells and
serve to escalate or diminish immune responses and inflammation accordingly. Of these cytokines,

a subgroup of important molecules is called chemokines, which are small molecules whose main
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function is to facilitate movement of molecules in the immune system (154). Cytokines have

multiple functions including:

1. Signalling: differentiation of certain types of immune cells and increasing/decreasing the

response of particular subsets of immune cells

2. Facilitating an inflammatory or anti-inflammatory response

3. Regulation of immune responses based on feedback loops

4. Increasing permeability and ability of immune cells to move to the circulation via cell

adhesion molecules

5. Chemokines: serve to direct chemicals or immune cells towards tissue injury (153).

Proinflammatory cytokines

Cytokine Principal source Primary activity
GM-CSF Th cells Growth and differentiation of monocytes and dendritic
cells

IL-1a Macrophages and other Costimulation of APCs and T cells, inflammation and
APCs fever, acute phase response, hematopoiesis

IL-1B Macrophages and other Costimulation of APCs and T cells, inflammation and
APCs fever, acute phase response, hematopoiesis

IL-2 Activated Thl cells, NK Proliferation of B cells and activated T cells, NK functions
cells

1L-3 Activated T cells Growth of hematopoietic progenitor cells

IL-§ Th2 and mast cells Eosinophil growth and function

IL-6 Activated Th2 cells, APCs, | Acute phase response, B cell proliferation,
other somatic cells thrombopoiesis, synergistic with IL-1 and TNF on T cells

IL-7 Thymic and marrow stromal | T and B lymphopoiesis
cells

IL-8 Macrophages, somatic cells | Chemoattractant for neutrophils and T cells

1L-9 T cells Hematopoietic and thymopoietic effects

IL-12 B cells, macrophages Proliferation of NK cells, IFN production, promotes cell-

mediated immune functions

IL-18 Macrophages Potent inducer of IFN-y by T cells and NK cells

IFN-a Macrophages, neutrophils Antiviral effects, induction of class | MHC on all somatic
and some somatic cells cells, activation of NK cells and macrophages

IFN-y Activated Thl and NK cells | Induces of class | MHC on all somatic cells, induces class

II MHC on APCs and somatic cells, activates
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macrophages, neutrophils, NK cells, promotes cell-
mediated immunity, antiviral effects

NK cells, sensory neurons

MIP-1a Macrophages Chemotaxis
MIP-18 Lymphocytes Chemotaxis
TNF-a. Macrophages, mast cells, Cell death, inflammation, pain

Table 1.8a is for proinflammatory cytokines. Adapted from(155-162). Abbreviations:

APC: antigen presenting cell, MHC: major histocompatibility complex, Ig: immunoglobulin, NK:
natural killer, GM-CSF: granulocyte-macrophage colony stimulating factor, IL: interleukin, [FN:
interferon, MIP: macrophage inflammatory protein, TNF': tumour necrosis factor.

Anti-inflammatory cytokines
Cytokine Principal source Primary activity
IFN-p Macrophages, neutrophils Antiviral effects, induction of class I MHC on all somatic
and some somatic cells cells, activation of NK cells and macrophages
TGF-$ T cells, monocytes Chemotaxis, IL-1 synthesis, IgA synthesis, inhibit
proliferation
IL-4 Activated T cells B cell proliferation, eosinophil and mast cell growth and
function, IgE and class Il MHC expression on B cells,
inhibition of monokine production
IL-10 Activated Th2 cells, CD8+ | Inhibits cytokine production, promotes B cell proliferation
T and B cells, macrophages | and antibody production, suppresses cellular immunity,
mast cell growth
IL-11 Stromal cells Synergistic hematopoietic and thrombopoietic effects
1L-13 Th2 cells IL-4-like activities
TNF-p Thl and Tc cells Phagocytosis, Nitrous Oxide production, cell death

Table 1.8b anti-inflammatory cytokines. Adapted from (155-162). Abbreviations:
APC: antigen presenting cell, MHC': major histocompatibility complex, Ig: immunoglobulin, TNF':
tumour necrosis factor, TGF': tumour growth factor, CD: cluster of differentiation
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Figure 1.9: The differentiation of a naive T cell. An illustrative figure showing the various pathways an
immature T-cell can differentiate into, depending on the cytokines it encounters and the cytokines it
subsequently produces. From (163). Abbreviations: Th: T-helper cell, IL: interleukin, TGF. tumour
growth factor, GATA and STAT are genes and do not stand for anything: , IFN: interfereon, Treg: T-
regulatory cell, FOXP3: forkhead box protein 3, AHR: aryl hydrocarbon receptor, RORC: RAR-related
orphan receptor C.

The role of cytokines in differentiating infectious from immune pathologies is evident in many
types of neuroinflammation. The disease state can dictate which type of cell the naive t-cell
differentiates to (figure 1.9). A meta-analysis in 2016 (147), evaluated different cytokines in the
cerebrospinal fluid (CSF) of patients with inflammatory central nervous system pathologies. The
study found that C-X-C motif chemokine ligand 13 (CXCL13) and B-cell activating factor (BAFF)
were elevated in antibody mediated disorders. IFN-y: Interferon gamma was elevated mainly in
viral encephalitis. Th-2 and Th-17 was increased in acute disseminating encephalomyelitis and

neuromyelitis optical spectrum disorder in comparison to MS, where Th-1 and Th-17 are more
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elevated (164). Another study by the same group looked at cytokines in N-methyl-D-aspartate
receptor (NMDAR) encephalitis versus enterovirus encephalitis and found highly sensitive
cytokines in close to 80% of samples. CSF Th-17 and Th-2-related cytokines were more correlated
with NMDAR encephalitis. Furthermore, CXCL13 and CXCL10 were associated with worse
outcomes (165, 166). These studies postulate that serum and CSF cytokines could be used to

predict diagnosis in undifferentiated clinical presentations.

Cytokines play a pivotal role in the immune response and inflammation, and their profile can aid
in differentiating the various causes of uveitis. Furthermore, they can be used to understand the
dominant underlying pathogenic disease processes in certain disorders (see tables 1.8a and 1.8b).
In uveitis, evaluating cytokine profiles in serum, aqueous humour, or vitreous humour at different

stages of disease activity may facilitate diagnosis (167).

Interleukin-6 (IL-6) is a cytokine that has been implicated in the pathogenesis of uveitis, and
elevated levels may be associated with non-infectious uveitis in various body fluid areas, such as
autoimmune uveitis (168). In particular, the II-10/IL-6 ratio in the vitreous humour has been
identified in potentially differentiating an inflammatory or infective process from a
lymphoproliferative process, whereby a ratio of IL-10/IL-6 of <1 favours inflammation as the
cause of uveitis (150). Tumour necrosis factor-alpha (TNF-a) is another key cytokine that
contributes to inflammation and may be elevated in both infectious and non-infectious uveitis. In
particular, TNF-a in the aqueous humour has been seen in conditions like HLA-B27-associated

anterior uveitis and Behget's disease (95, 169). Interferon-gamma sampled from in intraocular
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samples, produced by T-helper 1 cells, may be linked to infectious uveitis, including toxoplasmosis

and tuberculosis associated uveitis, and other intracellular pathogens (170).

Thl-mediated responses may be associated with infectious uveitis, while Th2 responses are
implicated in autoimmune uveitis (163). Within infective uveitis, there may be further
differentiating cytokine profiles. For example, the cytokine profile of Toxoplasma reveals elevated

IL-17 compared to viral causes (170).

A study examining sera and aqueous humours from 75 patients with idiopathic uveitis, compared
to controls with infectious uveitis, immune uveitis, and non-inflammatory aetiologies, revealed
distinct clusters of cytokines associated with idiopathic uveitis. These cytokines include IL-1Ra,
IL-6, IL-8, IL-12, IL-17, IP-10, MIP (macrophage inflammatory protein)-la, MIP-1§, MCP
(monocyte chemoattractant protein)-1, G-CSF, and TNF-a. Further analysis indicated that IL-10,
IL-17, and IL-21 were specifically associated with idiopathic uveitis compared to all control
groups. Additionally, cytokines such as IL-5 and IL-9 were elevated across all inflammatory
groups, correlating with Th-1 and Th-9 responses previously reported in the literature (171).

In a study by Sauer et al. (170), a cytokine profile multiplex assay was used to evaluate 27
cytokines and chemokines in aqueous humour samples from patients, aiding in the diagnosis
within the research cohort. This approach significantly reduced the percentage of idiopathic uveitis
cases from 40% to 18% (from 25 patients to 11 patients), ultimately guiding more accurate
treatment plans. This highlights the utility of cytokine profiling from intraocular fluid in

differentiating uveitis aetiologies and improving diagnostic precision.
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The research by Sauer et al. (2015) and Errera et al. (2022) (171) adds substantial evidence to the

field of cytokine profiling in uveitis. Sauer et al. identified IL-17A and IL-10 as markers for

toxoplasmosis and viral uveitis, respectively, through intraocular levels, while Errera et al.

provided a comprehensive profile of cytokines, chemokines, and growth factors in human aqueous

humour in idiopathic uveitis.

Below is a summary of the common changes in cytokines in certain aetiologies of uveitis (Table

1.9). Table 1.10 describes the increase in serum or aqueous or vitreous humour cytokines in certain

conditions.

Disease (ocular fluid)

Increase

Decrease

No Change or Not
Detectable

Immune Pathologies

Behget disease TNF-a, IL-1pB, IL-6, IL- | TNF-a, IL-1B, IL-6, | TNF-a, IL-1B, IL-
(aqueous) 8, CCL2, IL-22, IP-10, IL-17A, CCL2 6, IL-17A, CCL2
IL-12

Birdshot TNF-a, IL-1p, IL-6 IL-8, CCL2 -

chorioretinopathy

(aqueous)

HLA-B27-positive TNF-a, IL-1pB, IL-8, IL-6 | - CCL2

uveitis (aqueous) recently

Juvenile idiopathic IL-6, IL-8 - CCL2

arthritis (aqueous)

Sarcoid uveitis TNF-a, IL-1p, IL- - CCL2

(aqueous) 8,eotaxin

Sarcoid uveitis TNF-o, IL-6, IL-8, IL- - IL-1B

(vitreous) 17A, CCL2

Vogt-Koyanagi-Harada | TNF-a, IL-18, IL-6, IL- | TNF-a, IL-1B, IL-6, | TNF-a, IL-1p, IL-

syndrome (aqueous) 8, CCL2 IL-8, IL-17A, CCL2 | 6, IL-8, IL-17A,
CCL2

Demyelinating
Autoimmune including
NMDA receptor
antibody disease and
experimental
autoimmune disease
(CSF and serum)

Th17,IL-17, IL-21,IL-4,
CCL-17, CXCL-13/10
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Fuch’s iridocyclitis
(aqueous)

IL-8, IFN-gamma, MCP-
1,MIP-1B, TNF-a

Idiopathic Pathologies

Idiopathic uveitis
(serum and aqueous)

TNF-a, IL-6, IL-7, IL-8,
IL-9, CCL2, IP-10, IL-
17,1L-21, IL-23, IL-Ra,
G-CSF, MCP-1, MIP-10,
RANTES, VEGF

TNF-a, IL-1pB, IL-6,
IL-17A, CCL2, IFN-
gamma, [L-5

TNF-a, IL-1pB, IL-
6, IL-17A, CCL2

Infectious Pathologies

Viral uveitis (serum and
aqueous)

IL-1pB, IL-2, IL-15,IFN-
gamma, [L-12, IL-6, IL-
4, IL-5, IL-13, IL-10, IL-
8, MIP-1pB, MIP-1a,
MCP-1, IP-10,G-
CSF,RANTES, Eotaxin,
VEGF, PDGF-BB

Toxoplasma uveitis
(serum and aqueous
humour)

IL-12, 1I-17, G-CSF,
IFN-gamma, IP-
10,eotaxine, MCP-1
TNF- a, IL-5, IL-6, IFN-
v, IL-15, MIP-1p, MIP-
la, MCP-1, IP-10,
RANTES, Eotaxin,
PDGF-BB

Tuberculous Uveitis
Vitreous and serum
samples

IFN-y, TNF-q, IL-6, and
IL-10, CCL-2, CXCLS,
CXCL9, CXCL10

IL-9

Syphilitic uveitis
Aqueous and vitreous
samples

IL-17F, TNF RI, TNF
RII, IL-16, OPN, and
MCSFR

MCP-3, LIF, G-
CSF, MIP-3a, and
GH
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Tablel.9: Cytokines in the literature in different studies including type of specimen collected (aqueous,
CSF, serum) and aetiology (95, 150, 169, 171-174)

Elevated serum levels

Elevated aqueous humour levels

Elevated vitreous levels

IL-1

HLA-B27-Associated Uveitis

HLA-B27-Associated Uveitis,
Birdshot Chorioretinopathy

Sarcoid uveitis

IL-2

Idiopathic Pediatric Uveitis,
Bechet’s Disease, FUS

HLA-B27-Associated Uveitis,
Idiopathic Anterior Uveitis,
Fuchs’ Uveitis syndrome
,Juvenile Idiopathic Arthritis
Uveitis, Birdshot
Chorioretinopathy, Bechet’s
Disease

Idiopathic Pediatric Uveitis

IL-6

HLA-B27-Associated Uveitis,
Fuchs’ Uveitis syndrome,
Bechet’s Disease

HLA-B27- Associated Uveitis,
Idiopathic Anterior Uveitis,
Birdshot Chorioretinopathy,
Bechet’s Disease, Vogt-
Koyanagi-Harada

HLA-B27-AU, Fuchs’
Upveitis syndrome, Juvenile
Idiopathic Arthritis Uveitis,
Sarcoidosis, Pars planitis,
Multiple Sclerosis,
Idiopathic Pediatric Uveitis,
Bechet’s Disease

IL-15

HLA-B27- Associated Uveitis,
Bechet’s Disease, Vogt-
Koyanagi-Harada

IFN-y

Bechet’s Disease, Sarcoid
uveitis

HLA-B27-associated disaease,
Idiopathic Anterior Uveitis,
Fuchs’ Uveitis Syndrome,
Juvenile Idiopathic Arthritis
Uveitis, Behcet’s Disease, Vogt-
Koyanagi-Harada

Sarcoid uveitis

TNEF-

Bechet’s Disease

HLA-B27-Associated Uveitis,
Fuchs’ Uveitis Syndrome,
Juvenile Idiopathic Arthritis
Uveitis, Birdshot
Chorioretinopathy, Vogt-
Koyanagi-Harada, Bechet’s
Disease

Sarcoid uveitis
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IL-17 | Sarcoid uveitis, Idiopathic HLA-B27- associated Uveitis, -
Anterior Uveitis, Idiopathic Idiopathic Anterior Uveitis,
Pediatric Uveitis, Birdshot Birdshot Chorioretinopathy,
Chorioretinopathy , Vogt- Bechet’s Disease Vogt-Koyanagi-
Koyanagi-Harada, Bechet’s Harada
Disease

IL-23 | Birdshot Chorioretinopathy - -
Bechet’s Disease, Vogt-
Koyanagi-Harada

IL-8 |- Idiopathic Anterior Uveitis, Sarcoid uveitis
Bechet’s Disease, Vogt-
Koyanagi-Harada

MCP- | - Fuchs’ Uveitis Syndrome

1

MIP- | - Fuchs’ Uveitis Syndrome Sarcoid uveitis
1B

IL-10 | Elevated intraocular levels are attributed to regulatory mechanisms activated along with
inflammation. IL-10/IL-6 <1; suggestive of uveitis IL-10/IL-6 >1; suggestive of intraocular
lymphoma

Table 1.10: Association of certain cytokines with certain aetiologies group by cytokine. From (150).

Evaluating acute serum cytokine levels, along with other clinical and laboratory parameters, could
contribute to a more precise diagnosis and guide the selection of appropriate therapeutic

interventions in uveitis conditions (175).

1.10 Current unmet needs

There is currently a dearth of literature related to non-invasive investigations that may help
differentiate infectious from immune-mediated causes of uveitis. Furthermore, there is a lack of

biomarkers to classify patients with idiopathic uveitis, and these patients risk delayed diagnosis
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and treatment, resulting in worse outcomes. Current studies evaluating this question are often
retrospective, may include patients with chronic uveitis, or require invasive investigations such as

intraocular sampling.

Our study builds on these findings by focusing on non-invasive serum samples and expanding the
sample size to include acute-phase samples. This approach aims to refine the differentiation of
infectious versus immune-mediated uveitis, utilising cytokine profiles to classify undifferentiated

cases more accurately and guide targeted treatments.

1.11 Aims

Aim 1: To prospectively evaluate a cohort of patients with acute uveitis in order to delineate the
natural history, clinical presentations, therapeutic responses, and outcome measures of patients
with confirmed infectious versus immune-mediated uveitis and compare this to patients with

idiopathic uveitis.

Aim 2: To identify clinical and immunological biomarkers which may differentiate immune-

mediated from infectious aetiologies, via non-invasive profiling including clinical and serological

biomarkers.

Aim 3: To apply any identified clinical and immunological biomarkers to better classify patients

with idiopathic uveitis.
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Aim 4: To evaluate the value of clinical and immunological biomarkers to predict severity,

therapeutic responses, and outcomes in immune-mediated, infectious and idiopathic uveitis.

1.12 Hypotheses

Hypothesis 1: There will be immunological biomarkers which help differentiate patients with

uveitis from healthy controls.

Hypothesis 2: There will be clinical and/or immunological biomarkers which help differentiate

immune mediated uveitis from infectious uveitis.

Hypothesis 3: Identifying these differentiating profiles may assist with better classifying patients

with idiopathic uveitis, with therapeutic and prognostic implications.

1.13 Significance and outcomes

This study will focus on the comprehensive prospective evaluation of a cohort of uveitis patients,
with acute non-invasive biological samples obtained within three months of onset or relapse of
uveitis. This study will enable the identification of clinical and immunological profiling as a

valuable tool in the diagnosis and management of uveitis.
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Chapter 2 Methods

2.1 Participant recruitment and inclusion and exclusion criteria

2.1.1 Participant Recruitment

This study obtained comprehensive clinical information in patients with acute uveitis presenting

to eye clinics in two tertiary hospitals in New South Wales, Australia - Westmead Hospital and

Sydney Eye Hospital. All patients provided written informed consent.

Data was collected from the following sources:

1.

Structured interviews with patients during their initial clinical evaluation in person where
possible (or via a phone interview during a period of COVID restrictions for face-to-face
consultations).

Detailed analysis of clinical notes inclusive of paper files and electronic medical records.
Evaluation of visual fields, optical coherence tomography (OCT), and fluorescein
angiography as outlined in section 2.3.

Evaluation of all available infectious and immune blood tests and radiology undertaken as
outlined in sections 2.4 and 2.5.

Serological evaluation of cytokine and autoantibody profiles as outlined in section 2.6.
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2.1.2 Inclusion criteria

All consecutive patients from the two uveitis clinics were screened from July 2021 to February
2023. Inclusion criteria were:

-Confirmed diagnosis of uveitis (of any aetiology).

-Acute presentation of uveitis with consent and sample collection obtained within 90 days of

clinical onset, inclusive of onset presentation or a relapse of known uveitis.

2.1.3 Exclusion criteria

-Patients outside the 90-day timeframe or classified under a chronic condition.
-Diagnosis not consistent with uveitis.

-Patient who was not willing to provide written consent

2.2 Clinical phenotyping

The information collected from the participants in the study is outlined in the next sections.

2.2.1 Demographic information
Patients were interviewed with clinical information obtained including description and chronology
of symptoms, exposure to medications or chemicals that might cause uveitis, description of

previous diagnoses related to uveitis, family history of immune disease and current medications

(see Table 2.1 and figure 2.1).
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2.2.2 Symptoms and clinical assessment

Symptoms associated with uveitis were assessed. These included a description of the initial
episode of uveitis, and/or previous episodes. Furthermore, other systemic symptoms, that are
relevant to certain diagnoses, were ascertained including mouth ulcers, arthropathies, fevers,

weight loss.
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Category Data collected
Demographics e Hospital clinic
e Date of birth
e Gender

e Ethnicity
e Date of symptom onset

e Date of sample collection

e First presentation or relapse

e Medications while on sample collection

e Time in days from symptoms onset to sample collection

Clinical data e Working diagnosis of current episode

e Age at symptom onset in initial episode

e Age at symptom onset in current episode

e Laterality

e Ubveitis etiology (immune, idiopathic, infectious, other)

e Previous systemic diagnosis (if applicable)

e Optic disc swelling

e C(lassification of uveitis — anterior, intermediate, posterior, panuveitis

e Associated optic neuritis present or absent

e Associated optic perineuritis present or absent

e Eye pain (scale from 0-10, including at worst ,and most recent clinic visit. Other data
included does pain wake patient up night)

e Description of symptoms: pain, blurriness, floaters, subjective changes, headaches,
etc.

e Systemic symptoms: mouth ulcers, fevers, arthropathy, gut symptoms, weight loss,
rashes, etc.

e Family history of autoimmunity

e COVID vaccinations including brand and timepoint, if available
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e Exposure to chemicals or agents related to uveitis

e Medication history

e Response after topical treatment

e Response after oral treatment

e Total number of episodes

e Data at follow up (further relapses, visual acuity at latest follow up)
e Visual acuity at all clinic visits

Ophthalmic data e Humphrey Visual fields at all clinic visits

¢ Indocyanine green examinations

e Fluorescein angiography examinations

e Optical coherence tomography at all clinic visits: retinal nerve fibre layer
measurements in micrometers, and central macular thickness
e Presence or absence of macular oedema

e Presence or absence of optic disc swelling based on fundoscopy exam/slit lamp exam
by ophthalmologist
e Other ophthalmic diagnosis before, during and after episode

Radiology e CT Chest

e PET scan

e MRI- Brain or spine

e CT or MRI of the orbits

e Other imaging

e Chest X-Ray

Other investigations e Intraocular specimens including vitreous vs aqueous humour

e Other relevant tests (e.g. MOG antibodies, AQP4 antibodies, or intrathecally
restricted oligoclonal bands)

e Lumbar Puncture data if any

Blood tests e Immunological screening:
o Anti-nuclear antibody titre
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O 0 O 0O 0O 0o 0O o0 O O o0 O

Extractable nuclear antigen
Anti-nuclear cytoplasmic antigen
Erythrocyte sedimentation rate
C-reactive protein

Ig subclasses

Angiotensin converting enzyme
Double stranded DNA

Lupus anticoagulant

Beta-2 glycoprotein
Anticardiolipin antibody

C citrullinated protein
Rheumatoid factor

C3,C4

e (QGeneral blood tests:

O O O O

o

Full blood count and differentials

urea and creatinine levels

C-reactive protein

Calcium, magnesium, sodium and potassium levels
liver function tests

e Infectious screening:

0O 0O 0O 0O 0 0o o 0 o O o o

CMV PCR

TB IGRA 1i.e. Quantiferon Gold
Syphilis serology tests, VDRL, RPR confirmatory
Herpes simplex virus PCR
VZV PCR

HIV serology

Toxoplasma serology
Bartonella Serology

Chlamydia serology

Leptospira serology

Rickettsia serology

VZV PCR
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o HLA-B-27

Table 2.1: Clinical, demographic serological and investigation data collected for our patients. Table summarising data collected for patients
enrolled in study, clinical and pathological. Abbreviations: ACE (Angiotensin Converting Enzyme), ANA (Anti-Nuclear Antibody), ANCA (Anti-
Nuclear Cytoplasmic Antibody), AQP4 (Aquaporin-4), C3 (Complement Component 3), C4 (Complement Component 4), CMV PCR
(Cytomegalovirus Polymerase Chain Reaction), CRP (C-Reactive Protein), CT (Computed Tomography), dsDNA (Double Stranded DNA), ENA
(Extractable Nuclear Antigen), ESR (Erythrocyte Sedimentation Rate), FBC (Full Blood Count), HLA-B-27 (Human Leukocyte Antigen B27), HIV
(Human Immunodeficiency Virus), HSV PCR (Herpes Simplex Virus Polymerase Chain Reaction), Ig (Immunoglobulin), MOG (Myelin
Oligodendrocyte Glycoprotein), MRI (Magnetic Resonance Imaging), OCT (Optical Coherence Tomography), PET (Positron Emission
Tomography), RF (Rheumatoid Factor), RPR (Rapid Plasma Reagin), TB IGRA (Tuberculosis Interferon-Gamma Release Assay), VDRL
(Venereal Disease Research Laboratory), VZV PCR (Varicella-Zoster Virus Polymerase Chain Reaction).
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Figure 2.1 data collected in clear form divided by category including analysed data.

2.2.3 Pain evaluation

Ocular pain data was collected. This included pain at time of sample collection, date at worst eye
pain, pain with eye movement and pain that wakes up patient from sleep on a validated pain

scale from 0-10. Furthermore, data on headache severity and type was collected.
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2.2.4 Therapeutic approaches

Data on the participants’ medication at time of collection was collected. Furthermore, date of
treatment was recorded. This included topical ophthalmic treatments, oral and infusion therapy.
Information on corticosteroid treatment including dates, and dosing regimen. Furthermore, we

collected data on any ophthalmological procedures.

2.3 Ancillary visual investigations

2.3.1 Visual acuity

Visual acuity was performed at every clinic visit and documented. Visual acuity was measured
manually at 6 meters using Snellen charts (Figure 2.1). A visual acuity of 6/6 is considered normal
and indicates what the patient can see in comparison to what a person with normal vision should
be able to see at six meters distance. For stastical anylysis, the data was then LogMAR transferred.
The transformation is LogMAR = -log(1/V), where "V" is the decimal visual acuity score (the

lower number in the Snellen fraction). A 6/6 visual acuity corresponds to a LogMAR value of 0.0.
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Figure 2.2: Two different Snellen charts. An example of a Snellen Chart used to assess visual acuity
usually at 6 meters or 20 feet. From (176, 177).

2.3.2 Visual fields

Visual field data was evaluated using Humphrey visual fields, using a Zeiss HVF analyser (Figure

2.2). The field can be captured in 3 settings depending on the suspected pathology. 30-2 refers to

a test grid that evaluates 30 degrees of the central visual field, testing 76 points spaced 6 degrees

apart. It is commonly used in glaucoma and neurological diagnosis and monitoring, capturing both

central and peripheral field defects. 24-2 covers 24 degrees of the central field, testing 54 points.

It is more time-efficient than the 30-2 and often preferred for glaucoma patients, focusing on areas

where early damage occurs. 10-2 examines 10 degrees of the central visual field, with a denser

grid (2-degree spacing) testing 68 points. It is used for detecting conditions affecting the central

vision, such as macular or advanced glaucoma (178).
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Figure 2.3: Representative Humphrey'’s visual field. Image illustrating an example of an output of a
Humphrey Visual field. The sensitivity is then transcribed to a greyscale image and visual field patterns
are measured in decibels which is the limit of detection at certain points. False positives and false
negative (labelled FP and FN) are used to determine the reliability and validity of the test. From (178).

All visual field data was collected using a 30-2 setting, but where visual acuity was severely
affected other settings such as 24-2 or 10-2 were utilised, and this was documented. The analysis
of visual field data depends on looking at changes of sensitivity compared to a mean of known
sensitivity in certain locations in the field, with -2Db corresponding to abnormality (179). Other
data recorded included the distribution of the visual field loss, which could be a predictor of
concomitant pathology (for example, a larger blindspot can point towards an increased in

intraocular/intracranial pressure) (179).
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2.3.3 Optical coherence tomography (OCT)

OCT data was obtained using the Zeiss 6000 Cirus machine in all cases. OCT is a non-invasive
imaging technique that uses light waves to take cross-sectional pictures of the retina, allowing
detailed visualisation of its layers to aid in diagnosing and monitoring retinal conditions like
macular degeneration and glaucoma (180). It provides high-resolution images to help look at the
structural integrity of the retina and optic nerve. Data was collected from initial and follow up
OCT examinations performed on all patients. This included the retinal nerve fibre layer thickness
in either eye in micrometers and the central macular thickness in either eye in micrometers. The
abnormal value was when the value of the retinal nerve fibre layer and central macular thickness
were more than normal for age according to the machine’s standardised values. Macular oedema
was assessed based on central retinal thickness; and verified by the ophthalmologist. Data for every

visit was collected until latest follow up with data last checked on the 6™ of August 2024.

2.3.4 Fluorescein angiography (FA) and indocyanine green analysis (ICGA)

FA and ICGA are imaging techniques used to visualise blood flow in the retina and choroid,
respectively, often employed together in the California Protocol to diagnose retinal diseases like
age-related macular degeneration and polypoidal choroidal vasculopathy. FA involves injecting
fluorescein dye into a vein and capturing images as the dye travels through the retinal vasculature.

It highlights abnormal blood vessels, leakage, and areas of ischemia in the retina (181).

ICGA uses indocyanine green dye, which is infrared-based, making it particularly effective for

visualising the deeper choroidal vessels beneath the retina. It helps in detecting abnormalities in
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conditions like choroidal neovascularisation and posterior choroidal vasculopathy (PCV) (182).

Data was collected at any documented angiogram examination.

2.4 Radiological data

We also included data of imaging results if they are relevant to the diagnosis and treatment of
uveitis. This was either through the central electronic medical record, or outpatient radiological
information. This included sacroiliac X-ray, computer tomography (CT) or magnetic resonance
imaging (MRI) looking for sacroiliitis; MRI of the brain to evaluate for concurrent neurological
disease, and/or position emission tomography and CT chest abdomen pelvis to evaluate for

concurrent systemic immunological or infiltrative disease or tumours.

2.5 Serum cytokine/chemokine profiling

Cytokine, chemokine and growth factor levels were measured in patient serum samples, age- and
sex-matched healthy controls and MS controls. Samples were collected, spun for 10 min at 1300
g, the supernatant was aliquoted and frozen at -80°C until analysis. We used the following Merck
Millipore® MILLIPLEX® assays: Human Cytokine/Chemokine/Growth Factor Panel A
(#HCYTA-60K-26-plex) to measure eotaxin (C-C motif chemokine ligand 11 (CCLI11)),
granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage (GM)-CSF, GROa (C-
X-C motif chemokine ligand-1 (CXCL1)), interferon (IFN) a2, IFN-y, IL-1pB, IL-1 receptor
antagonist (IL-1RA), IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 (p70), IL-13, IL-17A, IL-20, IFN-
v inducible protein 10 (IP-10, CXCL10), monocyte chemoattractant protein-1 (MCP-1, CCL2),
monokine induced by gamma interferon (MIG, CXCL9), macrophage inflammatory protein

(MIP)-1a (CCL3), MIP-1B (CCL4), tumour necrosis factor (TNF)-a and vascular endothelial
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growth factor A (VEGF-A); and Human Cytokine/Chemokine/Growth Factor Panel B (#HCYTB-
60K-9-plex) to measure IL21, interferon—inducible T cell alpha chemoattractant (I-TAC,
CXCLI11), MIP-3B (CCL19), stromal cell-derived factor 1 (SDF-1, CXCL12), thymus and
activation-regulated chemokine (TARC, CCL17), B cell-attracting chemokine 1 (BCA-I,
CXCL13), a proliferation-inducing ligand (APRIL), B-cell activating factor (BAFF) and IL-23,

according to the manufacturer’s instructions.

Briefly, the included standard samples and quality control samples as well as the magnetic beads
were prepared, and patient serum samples were thawed and spun down at 10,000 g for 10 min.
The standard sample dilution series, the quality control samples (both mixed with appropriate
serum matrix) and the patient sera were incubated together with magnetic beads specific for the
selected cytokines/chemokines/growth factors overnight (16-18 h, protected from light) at 2-8°C
while shaking at 800 RPM. Subsequently, the plate was washed three times with wash buffer using
a handheld magnet and shaking at 500 RPM, followed by incubation with detection antibodies for
1 h at room temperature while shaking at 500 RPM. Next, streptavidin-phycoerythrin was added
and the plate was incubated for another 30 min while shaking. The plate was washed three times
again, beads were resuspended for 5 min while shaking in 150 pl of 1x sheath fluid (XMAP®
Sheath Concentrate PLUS, RUO; Millipore® #4050023), and the plate was read on a Luminex®
200™ (LX10011005401, Luminex Corporation, Austin, Texas, The United States) using
xPonent® software (version 3.1.971.0, Luminex Corporation, Austin, Texas, The United States).
When reading the plate right away was not possible, plate was stored at 4°C and agitated for 10
min while shaking at 500 RPM at room temperature right before measurement. Standard curve

fitting was optimised using Belysa® software (version 1.0.19, Merck, Darmstadt, Germany).
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2.6 Statistical analysis plan
Jamovi (Version 2.3.9, Jamovi), Microsoft Excel (version202402, Microsoft Office) ,SPSS

(version 29.0.0.0, IBM), and R (version R-4.5. 1. tar. Gz) were used for statistical analysis. To
analyse the differences between continuous and categorical variables, we employed the Kruskal-
Wallis test, a non-parametric statistical method particularly suited for comparing multiple
independent groups when the assumptions of normality or homogeneity of variance are not met.
This test was chosen because our dataset included non-normally distributed continuous variables
and categorical variables with more than two levels, making it an appropriate tool for detecting
significant differences across groups. Descriptive statistics were first computed for clinical and
historical data where quantifiable measures were available, providing a foundational
understanding of the dataset. The primary objective of the analysis was to explore and identify

potential differences in key variables based on aetiology.

Cytokine/chemokine multiplex data was analysed using Belysa® Immunoassay Curve Fitting
Software (version 1.0.19, Merck) to calculate cytokine/chemokine concentrations, and the data
was batch-corrected using 2 reference samples in each batch. R Studio (version 2025.05.0, Posit
PBC; packages: tidyr, dplyr, factoextra, ggpubr, ggplot2, FactoMineR, mixOmics, broom, vegan,
vegdist, pairwiseAdonis, pheatmap, tidyverse) and log2 transformed data without missing values
was used for the principal component analysis (showing confidence ellipses) and Permutational
Multivariate Analysis of Variance (Euclidean distance matrix, 999 permutations, p values were
corrected for multiple comparisons using the Holm method). Shapiro-Wilk test was used to analyse
data for normal distribution. The Spearman correlation heatmaps were calculated using

pairwise.complete.obs and ward as the hierarchical clustering method.
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Kruskal Wallis for general comparisons and post-hoc Dunn’s for group comparisons with
Bonferroni or Benjamini-Hochberg correction for multiple comparisons within disease groups

were used, to ensure an exploratory approach to find cytokines/ chemokines of interest.
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Chapter 3 Clinical correlations

3.1 Cohort demographics

67 patients were prospectively recruited. The clinical characteristics and visual outcomes of
patients presenting with acute uveitis were investigated. Our cohort included 36 (54%) females

and 31 (46%) males.

Cohort level data was analysed with respect to patient demographics, clinical associations, and
outcomes with statistical methodology outlined in Chapter 2. Briefly, Kruskal-Wallis testing was
used for multilevel non-parametric analysis unless otherwise specified, given the multilevel nature
of the independent variable and violation of assumption of normality of most data. We additionally
performed pairwise comparison using the Dwass-Steel-Critchlow-Fligner method and a post-hoc

Bonferroni correction to adjust for multiple comparisons.

The median duration of follow-up of patients in this cohort was 19 months (range 7-29 months).
At the time of latest follow-up, 29/67 (43%) patients were classified as being in the immune-
mediated group, 17/67 (25.4%) in the infectious group, and 21/67 (31%) in the idiopathic group
(Figure 3.1). The gender distribution between aetiological groups was not significantly different
(immune 18/29 female, 62%; infectious 6/17 female, 35%; idiopathic 12/21 female, 57%;

p=0.203).

The diagnoses were mainly made by clinical assessment and directed investigations. In the

immune-mediated group, patients with HLA-B27 related disorders were diagnosed based on a
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positive HLA-B27 test in association with additional systemic manifestations such as ankylosing
spondylitis or Crohn’s disease. Patients with sarcoidosis were based on an associated clinical
presentation in combination with an elevated angiotensin converting enzyme levels and/or
histopathological confirmation. Patients with VKH were diagnosed based on their clinical
presentation in conjunction with their OCT, fluorescein, and indocyanine findings. Vaccine related
patients were diagnosed by multidisciplinary expert consensus Birdshot uveitis was diagnosed
based on the birdshot appearance on dilated eye exam and with a confirmatory HLA-A 29 test. A
patient deemed to have drug induced uveitis was on adalimumab for their psoriatic arthritis when
they developed uveitis, and who improved with oral prednisolone and stopping the adalimumab.
Their diagnosis was made based on the correlation of the symptoms to the cessation of the

medication.

In the infectious group, patients diagnosed with uveitis due to syphilis, tuberculosis,

toxoplasmosis, HSV and Bartonella had their diagnosis confirmed with a typical clinical

presentation confirmed with relevant serology.
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Figure 3.1 Distribution of cause of each measured uveitis episode by aetiology. This diagnosis was based

on_consensus of uveitis specialists in tertiary clinics where the patients were recruited
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The ethnic distribution of participants (n=67) is illustrated in Figure 3.2, with Northern European
individuals representing the largest demographic group, accounting for 30 participants (45%). This
was followed by South Asian (15%) and Southeast Asian (12%) participants, comprising 10 and
eight individuals, respectively. Smaller proportions were observed among participants of East
Asian or Middle Eastern descent (6%), South European (7%), and Continental Asian (4%).

Participants of North African and Continental European descent each accounted for 4% (n = 3),

Frequency of ethnicities by participant (n=67)

Continental European, 1, 2% T3
Pacific Islander, 2, 3%

Indigenous Australian, 1, 2%

East European, 2, 3%

South European, 5, 7%

East Asian/MiddIe Eastern,
4, 6%
North African, 1, 2% \

Continental Asian, 3, 4%
Southeast Asian, 8, 12%

South AS|an, 10, 15%

Northern European, 30,
45%

Figure 3.2 Ethnic distribution of cohort
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while East European, Indigenous Australian, and Pacific Islander ethnicities were represented by

one participant each (2%).

Patient recruitment took place between 2021 to 2023, mostly during the Covid pandemic. Due to
reports of vaccine triggered episodes of uveitis, we documented proximity of vaccination to onset
of acute uveitis in this cohort of patients. Among the 67 patients, 13 individuals (19%) had received
a COVID-19 vaccine (either AstraZeneca or Pfizer) within one month of uveitis onset. 18 patients
(27%) had received their vaccination more than one month prior to presentation (range: 1 month
to 9 months with one patient refusing to get a COVID-19 vaccination). Two patients (3.0%) were
unvaccinated, while vaccination status was unavailable for 11 individuals (16%). Among those
with a known vaccination timepoint (n=31), the odds of presenting with uveitis within one month
of COVID-19 vaccination were 0.72 times the odds of developing uveitis more than one month

after vaccination.

3.2 Clinical data

Clinical data findings are summarised in Table 3.1. The median age at disease onset was similar
across all three uveitis categories, 38 years (range: 4-59) in the immune group, 36.5 years (range:
17-59) in the infectious group, and 38 years (range: 4—77) in the idiopathic group (p=0.954).
Similarly, the median age of patients at the time of the current episode of acute uveitis prompting

recruitment to this study also showed no significant differences between aetiological groups.
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Patients were recruited during an acute presentation of uveitis — either at first presentation of
uveitis, or during a relapse. Patients with an infectious aetiology were mainly recruited at first
presentation of uveitis (14/17, 82%), compared to only 11/29 (38%) of immune-mediated patients
and 10/21 (48%) of patients with an idiopathic aetiology (p=0.014), who were mostly recruited

during a relapse.

A relapsing disease course was more frequently identified in the immune-mediated group (20/29
patients, 69%), compared to the infectious group (3/17, 18%) and idiopathic group (12/21, 57%);
p=0.024). This was mostly driven by relapses in the immune group compared to the infectious
group (p=0.004). Patients with infectious uveitis most frequently had a monophasic course, with
this identified in 14/17 (82%) of the patients. The median number of relapses in the immune-
mediated group was 24 relapses (interquartile range (IQR 15-30)) compared to a median of 8
relapses in the infectious group (IQR 3-13), and 18 in the idiopathic group (IQR 7-29; p=0.003).
Pairwise comparisons of these groups revealed this was primarily driven by a reduced number of

relapses in the infectious group compared to the immune-mediated group (p=0.0024).

There were no statistically significant differences between aetiological groups regarding laterality
of uveitis, uveitis classification (anterior, intermediate, posterior or panuveitis), or the presence of

optic disc swelling or optic neuritis.

The immune-mediated uveitis patients more frequently had a coexisting autoimmune systemic
disorder (18/27, 67%) compared to the other groups (p=0.00008). This was higher compared to

both the infectious (29%, p=0.045), and the idiopathic group (5%, p=0.00007). The associated
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systemic disorders in the immune-mediated group included HLA-B27 related disease (n=13),
juvenile rheumatoid arthritis (n=2), Behcet’s disease (n=2), idiopathic arthritis, sarcoidosis (n=2),
VKH (n=2). However, the presence of active features of systemic autoimmunity such as a rash,
joint pain and swelling, mouth ulcers, serositis, fevers and lymphadenopathy, headaches,
diarrhoea, at the time of clinical evaluation at recruitment were not significant between the three

groups (41% in immune, 24% in idiopathic and 19% in infectious, p=0.216).

A similar proportion of immune-mediated (10/27, 37%) and idiopathic patients (7/20, 35%)
reported a family history of autoimmunity in first degree relatives, whereas no patient from

infectious group did (p = 0.016).

Self-reported eye pain was further characterised, including pain at nadir, pain with eye movement,
pain with sleep, and pain at latest follow-up. There were no significant differences between
aetiological groups. Median pain scores at nadir ranged from 1 to 3 out of 10, and were reduced to
0 in all groups at follow-up, suggesting clinical resolution or effective management of symptoms

in all three groups of patients..

Among patients with an immune-mediated aetiology (n = 29), the duration of follow-up ranged
from 4 to 37 months, with a median of 24 months. There were no missing values in this group. In
the infectious group (n = 16), follow-up duration was shorter, ranging from 4 to 33 months, with
a median of 8.5 months; one case had missing follow-up data and was lost to follow up. For the
idiopathic group (n = 20), follow-up ranged from 3 to 36 months, with a median of 18.5 months,

with one missing value recorded due to loss to follow up. Kruskal-Wallis of all three groups
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demonstrates a significant result of p=0.002. This difference was largely driven by the longer

follow-up duration of the immune-mediated group compared to the infectious group (p=0.028).

Autoimmune markers were tested in 50/67 patients (74.62%) of patients as part of their work up.
Out of those patients 12/50 (24%) had a weakly positive ANA 1:80, which is usually not felt to be
a positive investigation. Eight patients ( 16%) had strongly positive ANAs. Of these patients, four
were idiopathic patients, three were infectious patients and one was immune patient. Two patients
had positive ANCA ENA positivity, both of whom are idiopathic patients. This was thus, not used

as a way to determine aetiology of diagnosis despite being part of the “screening” uveitis bloods.
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Table 3.1 Clinical features of uveitis patients with immune-mediated, infectious and idiopathic aetiologies

Chapter 3 Clinical Correlations

Pairwise Comparison p value

; Immune Infectious Idiopathic
Totarlli)zt;ents n=29 n=17 n=21 p value immune- immune- infectious-
infectious idiopathic idiopathic
Gender female 36/67 (54%) | 18/29 (62%) 6/17 (35%) 12/21 (57%) 0.203 0.192 0.936 0.382
Median age at onset of 38477 | 38459 0207504 gy 0.954 0.967 0.994 0.954
uveitis 59)
Median age at onset of
current uveitis episode 43(16-78) | 44 (17-72)  38(18-45) 43 (16-78) 0.680 0.876 0.681 0.923
Days from onset to blood
sample collection (median, | 33.5(1-154) | 39(1-154)  31(5-85)  27(4-129) 0.837 0.793 0.975 0.968
range)
Clinical =~ Relapsing 35/67 (52%) | 20/29 (69%) 3/17 (18%) 12/21 (57%)
ConrSe _ 14/17 0.024* 0.004%* 0.672 0.053
(%) Monophasic 32/67 (48%) | 9/29 (31%) (82%) 9/21 (43%)
o 14/17

Initial episode (%) 35/67 (52%) | 11/29 (38%) 82w 10°21(48%) 0.014* 0.011* 0.776 0.075
Number of relapses 18 (6.5-28.5) | 24 (15-30) 8 (3-13) 18 (7-29) 0.003%* 0.0024* 0.33771 0.084
(median, IQR) ’ ' ) : ’ ’
Laterality: bilateral (%) 29/66 (44%) | 12/29 (41%)  7/29 (24%)  10/29 (34%) 0.125 0.795 0.483 0.876
}JveiFiS anterior 25/67 12/29 (41%)  4/17 (24%)  9/21 (43%)
ocation
%) intermediate 6/67 (9%) 129 3%)  2/17(12%)  3/21(14%)

posterior 15/67 (22%) | 529 (17%)  7/17 (41%)  3/21 (14%)

panuveitis 15/67 (22%) | 7/29 (24%)  3/17 (18%)  5/21 (24%) 0.180 0.338 0.821 0.182

other 6/67 (9%) | 4/29 (14%)  1/17(6%)  1/21 (5%)

(combination)
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Presence of optic disc
swelling (%)

Presence of optic neuritis
(%)

Coexisting systemic
autoimmunity/disease(%)
Presence of active features
consistent with systemic

autoimmunity (%)

Family history of
autoimmune disease (%)

Pain at nadir (0-10)
(median, range)

Pain with sleep present (%)

Pain with eye movement
(%)

Pain at follow up (0-10)
(median, range)

Duration of follow up in
months (median, range)

Meds associated with
uveitis (%)
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19/66 (29%)

16/65 (25%)

24/64 (38%)

20/66 (30%)

17/64 (27%)

2 (0-10)

20/64 (31%)

20/64 (31%)

0 (0-6)

19 (7-29)

18/67 (27%)

7/28 (25%)

7/28 (25%)

18/27 (67%)

12/29 (41%)

1027 (37%)

2 (0-8)

6/27 (22%)

9/27 (33%)

0 (0-3)

24 (4-37)

11/29 (38%)

6/17 (35%)

5/17 (29%)

5/17 (29%)

3/16 (19%)

0/17 (0%)

1(0-9)

3/17 (18%)

4/17 (24%)

0 (0-1)

8.5 (4-33)

5/17 (29%)

6/21 (29%)

4120 (20%)

1/20 (5%)

5/21 (24%)

7/20 (35%)

3 (0-10)

4/20 (20%)

7/20 (35%)

0 (0-6)

18.5 (3-36)

2/21%
(10%)

0.758

0.769

0.00008%%***

0.216

0.016*

0.392

0.935

0.769

0.131

0.002%%*

0.082

0.770

0.945

0.045*

0.280

0.013*

0.703

0.982

0.992

0.236

0.028*

0.831

0.848

0.891

0.00007**%*

0.406

0.989

0.629

0.930

0.772

0.311

0.675

0.065
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0.986

0.745

0.117

0.929

0.021*

0.442

0.982

0.734

0.987

0.106

0.267
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Ocular/ophthalmic 34/67

o, 0, 0,
complications (G070 | 1327(82%) 81T @7%)  13121(62%) 0.563 1 0.511 0.577

This table shows clinical data across the three (immune, idiopathic and infectious) groups. The Kruskal-Wallis test was used for group comparisons
and the Dwass-Steel-Critchlow-Fligner test was used for pairwise comparisons. Significant p values are indicated by asterisks: *: p<<0.05, **: p<<
0.01, ****p<<0.0001. The p-values shown include post-hoc Bonferroni correction to adjust for multiple comparisons.

72



Biomarker profiles in acute uveitis Chapter 3 Clinical Correlations

3.3 Ancillary investigations

A fluorescein angiogram was performed when it was deemed appropriate by a clinician and
patients gave consent. 27/67 (40%) patients had a fluorescein angiogram investigation in our
cohort. Out of these patients 11/27 (41%) had a normal or unremarkable angiogram. 3/27 number
that had a pathological feature presented with two concomitant abnormalities. Observed clinical
observations included: vasculitis in four cases, vascular leak in three cases, neovascularisation in
two cases, retinitis in two cases and choroiditis in two cases. Hyperautofluorescene, keratitic
papules, macular star, serpiginous vessel, capillary occlusion, and a raised disc was noted in one
patient each. Nine patients proceeded to have an indocyanine green angiography with three

patients confirmed to have a vascular leak and, all of whom had panuveitis.

3.4 Therapeutic approaches

All patients in this cohort received at least one modality of treatment. 43/67 (64%) received topical
corticosteroids. 42/67 (63%) patients had oral corticosteroids for more than three days. This was
likely related to corticosteroids being prescribed by the emergency department while patients
awaited follow up in ophthalmology clinics. 4/67 (6%) patients received intravenous
corticosteroids. In the idiopathic group and immune-mediated group, all bar one idiopathic patient
received topical steroids. 15/27 (56%) patients in the immune-mediated group were on steroid-
sparing therapy. Five were on methotrexate (33%), six received a TNF-a inhibitor (40%), two were

on azathioprine (13%) and two were on mycophenolate 1. 3/15 (20%) patients were on
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methotrexate and prednisolone at the same time for a prolonged period. 1/15 (6.67%) patients was
on both TNF-a inhibitor and methotrexate with attempts to wean the methotrexate at the time of

last review.

In the immune-mediated group, all patients received immunotherapy. This included patients oral
steroid sparing immunosuppression including azathioprine (two patients) or methotrexate (seven
patients), either with corticosteroids as an adjunct, or due to steroid side effects. 11/29 (38%)
patients received adalimumab to treat ankylosing spondolyitis. 10/29 patients were treated with
mycophenolate, nine with methotrexate, three with intravenous immunoglobulin, and two with
tacrolimus to treat uveitis associated with VKH. One patient with a diagnosis of juvenile
rheumatoid arthritis with multi-systemic manifestations including uveitis, received a combination

of rituximab, certolizumab, azathioprine and leflunomide.

25/67 (37%) of patients received antimicrobial therapy. This included all 17 patients in the
infectious group, seven in the immune-mediated group, and one patient in the idiopathic group.
5/67 (7.5%) patients were given IV benzyl penicillin, four in the infectious group for treatment of
syphilis, and one patient in immune-mediated group for empirical management of unexplained
fevers. 11/67 (16%) patients received trimethoprim sulfamethoxazole for pneumocystis jirovecii
prophylaxis, while on high doses of prednisolone. Nine of these patients were in the immune-
mediated group and two were in the infectious group. 6/67 (9%) patients were treated with
valacyclovir (three immune-mediated, three infectious patients) and 3/67 (4.5%) patients received
intraocular antivirals, for HSV uveitis (n=2) and suspected HSV uveitis (n=1). 2/67 (3%) patients

in the infectious group received doxycycline for the treatment of bartonella and as second line

74



Biomarker profiles in acute uveitis Chapter 3 Clinical Correlations

treatment for toxoplasmosis (n=1 each). 4/67 (6%) patients received combination therapy for
tuberculous uveitis (rifampicin, isoniazid, pyrazinamide, ethambutol and vitamin B6
supplementation), with an additional patient presenting with tuberculosis uveitis treated with
topical steroids only. Some treatments were only used by a single patient as detailed: entecavir
(immune-mediated patient due to hepatitis B core positivity while on concurrent steroids),
ciprofloxacin (2" line anti tubercular therapy), augmentin (indication unclear in immune-mediated
patient), oral clindamycin (empiric therapy in an idiopathic patient with fevers) and another patient
under the infectious group who received clindamycin for toxoplasma treatment, idiopathic patient,

cephazolin (infectious patient with bartonella uveitis and an allergic reaction to ceftriaxone).

3.5 Visual function and outcomes

Visual outcomes were assessed in 95 affected eyes in the uveitis cohort (39 eyes immune-mediated
group, 24 eyes infectious group, 32 eyes idiopathic group, Table 3.2). A Kruskal Wallis test was
used to analyse differences between the three groups, followed by pairwise comparisons using the
Dwass-Steel-Kritchkow-Fligner test. Bonferroni corrections were applied to adjust for multiple

comparisons.
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Table 3.2 Visual outcomes in affected eves

Chapter 3 Clinical Correlations

pairwise comparisons p value

Total N Immune Infectious Idiopathic p-value
eyes=95 n=39 n=24 n=32 immune-infectious immune- infectious-
idiopathic idiopathic
0.34 [0.09-
VA nadir logmar (median:IQR) 0.74] 0'30[503'(]”' 041[0.17-0.79] 037[0.12-0.77]  0.37 0.331 0.728 0.835
0.14 [0-0.26]
VA latest follow up logmar
(median:IQR) 01[0-0.19] 0.16 [0.02-0.33] 0.21 [0-0.31] 0.053 0.086 0.117 0.999
106 [94-131]
. . 105.5 [94.5- 107 [94.8-
RNFL nadir (um) (median:IQR) 106 [95-132] 120.8] 122.8] 0.99 0.999 0.991 0.993
RNFL latest follow up (um)
(median:IQR) 101 [82-111] 101 [84-111] 100 [84-110.5] 101 [74.8-112.5] 0.91 0.955 0.912 0.998
macular thickness layer at nadir 270 [259.5- " .
(um) (median:IQR) 269 [247-288] 292.5] 250 [222.5-277] 269 [250-303.3]  0.037 0.030 0.925 0.126
Macular thickness layer at latest 261.5[237- 263 [243-
follow-up (um) (median:IQR) 277] 276.5] 253 [216.5-271] 264 [239.5-278] 0.27 0.304 0.999 0.324
. . -4.8[-13.3- - -2.3 [-7.3- - -8.8 [-19.9- - -4.5[-13.1- -
visual fields (dB) (median:IQR) 1] 0.67] 3.8] 1.9] 0.34 0.364 0.590 0.791
normal 12/39 (31%0 5/14 (35.7%) 4/13 (30.1%) 3/12 (25%)
centrocaecal 5/39 (13%) 1/14 (7.1%) 1/13 (7.7%) 3/12 (25%)
field loss peripheral 2/39 (5%) 0/14 (0%) 1/13 (7.7%) 1/12 (8.3%)
o . N o N o 0.56 0.990 0.643 0.990
type (%) diffuse 7/39 (18%) 1/14 (7.1%) 2/13 (15.4%) 4/12 (33%)
altitudinal 6/39 (15%) 3/14 (21.4%) 3/13 (23.1%) 0/12 (0%)
increased blind 6/39 (15%) | 3/14(21.4%)  2/13 (15.4%) 1/12 (8.3%)

spot
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other
macular oedema at nadir

macular oedema at latest
follow-up

Intraocular pressure at nadir
(median:IQR)

Intraocular pressure at latest
follow up(median:IQR)

1/39 (3%)

31/92 (33.7%)

10/92 (10.9%)

14 [11.25-
16.75]

13.5[11-15]

1/14 (7.1%)

9/39 (23.1%)

3/39 (7.7%)

14 [11-17]

13[10-15.5]

0/13(0%)

8/23 (25%)

2/23 (8.7%)

14[11-18]

14[11-15.25]

0/12 (0%)

14/30 (46.7%) 0.12

5/30 (16.6%) 0.46
14 [12-15] 0.84
14 [12-14.5] 0.84

Chapter 3 Clinical Correlations

0.583

0.989

0.987

0.808

0.583

0.989

0.869

0.951

0.665

0.677

0.876

0.976

This table shows the clinical features of affected eyes grouped by immune, infectious and idiopathic uveitis aetiologies. Group were compared using the
Kruskal-Wallis test and pairwise comparison was done using the Dwass-Steel-Critchlow-Fligner correction. The p-values shown include post-hoc Bonferroni
corrections to adjust for multiple comparisons. Significant p values are indicated by asterisks: *: p<<0.05, **: p<<0.01, ****p<<(0.0001. OCT:- Ocular

coherence tomography, RNFL: Retinal nerve fibre layer. VA: Visual acuity,
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Visual acuity was measured using the LogMAR transformation as previously validated (183) and
as described in Chapter 2. Visual acuity (VA) at nadir did not show any significant differences
across the three groups (p=0.37, median (IQR) — immune-mediated (0.3, 0.01-0.53), infectious
0.41, 0.17-0.79) and idiopathic (0.37, 0.12-0.77). However, a trend towards better outcomes in the
immune-mediated group compared to the infectious group at latest follow-up (p=0.086) was
observed (immune-mediated 0 (0-0.19) versus infectious median logMAR VA 0.16 (0.02-0.33),

suggesting potentially more visual recovery in immune uveitis.

The retinal nerve fibre layer (RNFL) thickness at nadir and at follow up was not significant
between the three groups, either at nadir or at latest follow-up. Macular oedema at nadir was
observed in more than one third of patients with uveitis (31/92 eyes, 34%) compared to macular
oedema at follow-up (10/92 eyes, 11%). However, the groups did not have any statistically
significant differences in rates of macular oedema at nadir nor at follow up (p= 0.12 and p=0.46
respectively). The macular layer thickness at nadir was different in the groups tested (p=0.037).
The difference in pairwise comparisons was seen primarily in the immune-mediated group
(immune-mediated 270 (259.5-292.5), which was significantly higher at nadir than in the
infectious group (250, 222.5-277, p=0.030). No significant differences in macular layer thickness

were found at last follow-up.

There were no significant differences in overall visual field measurements between aetiological

categories (p=0.34). Furthermore, there was no significant difference in the type of visual field
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defect between aetiologies. The presence of macular oedema at nadir and at latest follow up was

not significantly different between the groups (p=0.12 and p=0.46 respectively).

Intraocular pressure was not different at nadir or at latest follow up in all 3 groups and was not

different before the introcular pressure group as a whole at nadir and at follow up.

Approximately half of the patients (34/67=50.74%) developed a concomitant ophthalmic
diagnosis or complication, either as a complication of the disease of which they are diagnosed
with, a complication of the treatment of the current uveitis episode, or because of previous uveitis
episodes or treatments. In the immune-mediated group, 13/27 (48.15%) had a concurrent
ophthalmic complication. Three patients (11.11%) developed cataracts as a result of the condition,
and one required cataract surgery. Two (7.47%) patients developed glaucoma, and two needed a
vitrectomy. Two patients developed a lacrimal gland infection and one patient (3.70%) required
a tuberectromy. One patient developed cystoid macular oedema, one had a tear duct blockage and
one developed corneal clouding. In the infectious group, 8/17 (47%) of patients had
ophthalmologic complications. Three (17.65%) patients had cataracts, two (11.76%) had
glaucoma, one (5.88%) developed optic atrophy, and one developed retinal inferior right lateral
ischemia. In the idiopathic group, 13/21 (62%) patients developed complications. 5/21 (23.81%)
developed cataracts, of whom three required surgery. Two (9.52%) developed optic atrophy. One
(4.76%) patient needed a vitrectomy and keratectomy. One patient developed synchioloysis and
another patient developed iris bombe. One patient developed glaucoma and that required

trabeculectomy.
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Chapter 4 Cytokine analysis in acute uveitis

4.1 Cytokine analysis.

To characterise immune, infectious and idiopathic uveitis patients in more detail, we next sought
to measure and analyse the concentration of 35 cytokines and chemokines in the serum of our
patients with acute uveitis. Merck Milliplex® multiplex assays were use, which enables testing
multiple proteins in one sample simultaneously. The following cytokines and chemokines were
measured in the serum of 65 uveitis patients and 30 age-matched healthy controls (HC): APRIL
(A Proliferation-Inducing Ligand), BAFF (B-cell Activating Factor), BCA-1 (B-cell Attracting
Chemokine-1 or CXCL13), Eotaxin, G-CSF (Granulocyte Colony-Stimulating Factor), GM-CSF
(Granulocyte-Macrophage Colony-Stimulating Factor), GRO-a (Growth-Regulated Oncogene-
alpha or CXCL1),IFN-02 ,IFN-y (Interferon-gamma), I-TAC (Interferon-Inducible T-cell Alpha
Chemoattractant or CXCL11), IL-1 B (IL-1P), IL-1ra (IL-1 Receptor Antagonist), IL-2 , IL-4 , IL-
5,1L-6, IL-8 (or CXCLS), IL-10 , IL-12p70 (IL-12 p70 heterodimer), IL-13, IL-15 , [L-17a., IL-
21, 1L-22 , IL-23 , IP-10 (Interferon Gamma-Induced Protein 10 or CXCL10), MCP-1 (Monocyte
Chemoattractant Protein-1 or CCL2), MIG (Monokine Induced by Gamma Interferon or CXCL9),
MIP-1a (Macrophage Inflammatory Protein-1a or CCL3), MIP-1B (Macrophage Inflammatory
Protein-1p or CCL4), MIP-3f (Macrophage Inflammatory Protein-3 or CCL19), SDF-1 (Stromal
Cell-Derived Factor-1 or CXCL12), TARC (Thymus and Activation-Regulated Chemokine or
CCL17), TNF-a (Tumor Necrosis Factor-alpha) and VEGF-a (Vascular Endothelial Growth
Factor-alpha . These cytokines were compared to sera of healthy controls and to each other in

statistical analysis.
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4.2 Healthy control with three aetiological groups comparisons

Data on cytokines is summarized in the table 4.1.

Table 4.1 Comparison of 35 cytokine levels across healthy controls (HC), immune, infectious, idiopathic groups then a second comparsions

Chapter 4 Cytokine analysis in acute uveitis

without healthy controls

) ] ) o Pairwize-comparisons pyaiys (HCvs- Pvalue-for- Pairwise-comparisons-pvalue-(disease-
Cytokines-T (gﬁﬁh I}n;;;i-;n- j;ﬂrig_f;:i Iﬁﬁ;i P-Talue-for- group) General-test- group-vs-diseqse group)o
}:;? ﬂl?:hnﬁis_ﬂ median- fFdedion- fdedion- [dedian- i?f}?gff of Oisefj
s [ORJT  IQRJT  IQR)T  IQRT 5 oo
2a =320 —25m — 8o —7m Eroup HC- ) ) HC- sease Tmmuine- Tnmune- Infectious-
n =2 n H=e HC-infectiouso i . - ; . . o e )
Immunes Idiopathico Eroups infectiousn Idiopathico  idiopathico
T 4002712 3512 [3020-  3362[2048-
APRIL: [2664- 38150 48620 442175 0.574a la 12 12 0.333a 0. 4602022 04602020 05962130
42570 <
1740 y7001230-  1508[1339-  1939[1323
BAFF= [1579- ' 22£5]; - 23[?]; - 5 5[791; - 0.740 s 1o 12 0624z 07349085 0725273z 0.725273
200072 ' 3 '
40.4- 62.66- 82.61- 77 64
BCA-1= [33.41- [45.61- [60.63- [49 Eé 1207 0.000073*%% %5 00486145z 0000060+ =**y  0.002258**y 008462 00824982 0.2951802 0.205180=
3882 3031k 176. TR T
213.1- 72311531 2283 220.2-
Eofazip= [139.6- 33[2 QJE ) [134.7- [126.7- 0.923a 12 12 1o 0.8260 0.262101= 0.269101= 0.869101=
246 22 ’ 262.6 303 2%
63.47- 38.46- 4818 86.324.18
G-C5F= [49.1- [40.76- [27.98- ’ 26 3'&3 01532 1= 02943272 12 0.09172 03059412 0.2770342 0.0892772
107.1J5 92.44]p 7833)0 -
7948 11.08-  7.631[1.55 11.45-
GM-CS5F= [6.36- - 6ﬂi 1032 N 33 gl-ﬂ - [7.084- 0.1572 0.6579632 0.9840032 0.2610392 0.114= 0.1211092 0.9904 742 01211002
23720 76311031 31 194970
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He y ) y ) Ldiopathi Pairwise comparisons p.value (HC vs P value for Pairwise comparisons p value (disease
Cytokines (pg/ml) m]TgL;Zfl " Z]; e;;l/%s iliogfg/tmllc P Value for group) General test group vs disease group)
n patients=95 . . . . general test of disease
LT median [Median [Median [Median
n cytokines= of 4 HC vs group vs
[TOR] IOR] I0R] IOR] :
35 n=30 n=25 n=1I8 n=21 group HC . . HC disease Immune Immune Infectious
HC infectious . . . . . . s .
Immune Idiopathic groups infectious Idiopathic  idiopathic
48.75 447 [3535- 3091 55.51
GRO-a [31.96- .58 13'] [23.68- [30.79- 0.0119 1 0.007117* 1 0.0136 0.018767* 0.742858 0.018767*
79.32] : 38.17] 65.73]
46.46 27.54 23.1[11.49- 27.27
IFN-a2 [20.04- [18.66- '39 41'] [5.827- 0.0603 1 0.051872 0.139116 0.238 0.294213 0.294213 0.839659
60.14] 47.59] ' 38.91]
71.89 87.58 145 [79.48- 153.1
IFN-y [34.43- [43.56- 169 1'] [25.94- 0.195 0.637694 0.189407 0.263495 0.781 0.847237 0.847237 0.991881
149] 206.2] : 302.8]
10.31 11.68 10.87 14.32
IL-10 [5.807- [5.912- [6.958- [8.905- 0.642 1 1 0.782692 0.526 0.537813 0.537813 0.537813
28.9] 36.45] 20.19] 37.24]
5.623 4.269 3.969 5.935
IL-12p70 [2.833- [2.245- [2.245- [3.352- 0.67 1 1 1 0.438 0.827632 0.425128 0.425128
8.241] 15.35] 15.66] 27.13]
81.88 111.9 72 [55.08- 90.92
IL-13 [57.05- [70.07- 188 '2] [39.85- 0.31 0.188778 1 1 0.486 0.569473 0.569473 0.824248
136.5] 234.2] : 309.5]
139 13.6 [10.32- 8.858 13.37
IL-15 [10.52- ’ 19 3]' [7.048- [6.714- 0.174 1 0.12138 1 0.188 0.212442 0.612017 0.354046
19.87] : 13.83] 21.34]
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He J ) J ) Ldiopathi Pairwise comparisons p.value (HC vs P value for Pairwise comparisons p value (disease
Cytokines mune i ’.lf ectious Hop athic P Value for group) General test group vs disease group)
n patients= (pg/ml) pg/ml in pg/ml in pg/ml .
patients=95 . . . . general test of disease
LT median [Median [Median [Median
n cytokines= JIOR] IOR] IOR] IOR] of 4 HC vs group vs
35 n=30 n=25 n=18 n=21 group HC HC infectious HC disease Immune Immune Infectious
Immune Idiopathic groups infectious Idiopathic  idiopathic
32.93 25.95 5.559 18.31
IL-17a [14.19- [9.689- [2.444- [10.16- 0.00412%%** 1 0.001745%* 1 0.00775%* 0.009755%* 0.852891 0.016723*
42.57] 55.17] 10.78] 59.27]
10.13 10.22 3.726 8.141
IL-1B [5.325- [3.726- [1.115- [0.4054- 0.0922 1 0.098191 0.812628 0.101 0.106444 0.339845 0.386772
21.25] 20.25] 7.054] 29.49]
6.201 7.753 1021 7.004
IL-1Ra [4.77- [5.312- ) [3.282- 0.936 1 1 1 0.956 0.906014 0.906014 0.906014
[3.184-15.7]
9.46] 13.81] : : 24.81]
1.6 2.087
IL-2 [0.737- [0.7383- 12_626%()92]61 0392(3295[(5)3%]5 0.258 1 1 1 0.193 0.22414 0.22414 0.818879
2.923] 6.35] : :
1.69 4.275
1L-21 [0.69- [0.9925- 1.840.69- 2.95510.69- 0.972 0.287886 1 1 0.105 0.101374 0.449249 0.286922
5.225] 21.42]
7.12] 23.7]
154 [89- 207.3 169.8 219.8
1L-22 [125.7- [146.6- [180.6- 0.0869 0.227963 0.911165 0.076882 0.555 0.629203 0.629203 0.629203
223.6]
: 564.6] 314.4] 407.4]
37.34
IL-23 [4.99- 58'221[‘;']99_ 7'1154?1'?9_ 27.1236[‘;.]99_ 0.255 0.218285 1 1 0.231 0.31333 0.31333 0.749098
82.22] ’ ’ ’
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He y ) y ) Ldiopathi Pairwise comparisons p.value (HC vs P value for Pairwise comparisons p value (disease
Cytokines (og/ml) mmu/Zfl " Z]; ectl/?nuls il;Op a/tmllc P Value for group) General test group vs disease group)
n patients=95 PET PET Pg/ P/ general test of disease
n cytokines= median [Median [Median [Median of 4 HC vs group vs
[TOR] IOR] I0R] IOR] :
35 — _ _ _ group HC . . HC disease Immune Immune Infectious
n=30 n=25 n=18 n=21 HC infectious
Immune Idiopathic groups infectious Idiopathic  idiopathic
3.992 2.87 [1.92- 2.992 3.114
IL-4 [1.973- G a14] [2.192- [1.701- 0.972 1 1 1 0.994 0.963377 0.963377 0.963377
6.161] : 4.915] 7.389]
3.36 2.755
IL-5 [1.596- 23-957[506491]24 1;_929[907;]51 [1.357- 0.0345* 0.647846 0.015152* 1 0.0824 0.163836 0.430633 0.085070
6.295] : : 4.706]
2.242 2.508 2.18 4.285
IL-6 [1.043- [0.3053- [0.8124- [1.582- 0.47 1 1 0.575459 0.45 0.500167 0.500167 0.500167
4.389] 7.498] 3.744] 7.954]
30.31 38.65 2593 44.08
IL-8 [11.27- [21.55- . [11.18- 0.547 0.500995 1 1 0.529 0.635555 0.635555 0.793606
[12.96-123]
94.7] 340.1] : 181.8]
92.24 115.9 114.8 223.7
1P-10 [71.35- [87.57- [67.32- [102.4- 0.0106* 0.677114 1 0.00298%* 0.0315* 0.723817 0.036043* 0.036043*
137.9] 168.2] 190.3] 285.1]
49.01 58.94 67.33 130.3 0.000182**
I-TAC [30.79- [41.83- [47.14- [68.55- 0.000989%** 0.446319 0.71608 AR 0.000926%*** 0.873667 0.014747* 0.014747*
89.81] 109.9] 83.37] 189.8]
572.5 550.2 449.1 621.7
MCP-1 [417.5- [368.2- [275.9- [428.1- 0.0695 1 0.092605 1 0.0413* 0.044169* 0.952142 0.044169*
754.5] 865.2] 496.4] 779.6]
2609
MIG [1825- 3686 [2195- 3039 [2250- 6158 [2668- 0.017* 0.186629 0.625668 0.005102** 0.19 0.765785 0.189583 0.189583
3752] 6265] 6519] 9705]
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He J ) J ) Ldiopathi Pairwise comparisons p.value (HC vs P value for Pairwise comparisons p value (disease
Cytokines (og/ml) mmu/Zfl " Z]; ectl/?nuls iliop a/tmllc P Value for group) General test group vs disease group)
n patients=95 rfz) eg Jian [ﬁ‘i dian [MIZ ‘g’ian [MIZ fh’an general test of disease
n cytokines= of 4 HC vs group vs
[TOR] IOR] I0R] IOR] :
35 - — — — group HC HC disease Immune Immune Infectious
n=30 n=25 n=18 n=21 HC infectious
Immune Idiopathic groups infectious Idiopathic  idiopathic
30.29 25.02 15.93 3542
MIP-1a [17.7- [10.82- 6 507’_37 8] [7 47§-64 7] 0.669 1 1 1 0.591 0.579888 0.985489 0.579888
46.13] 65.87] : : : :
48.97 5491 48.61 63.94
MIP-1 [36.47- [39.38- [35.23- [37.28- 0.326 0.472111 1 0.365864 0.546 0.563927 0.822727 0.563927
61.81] 89.33] 75.05] 95.22]
3053 85.14 131.5[63.7- 102.8
MIP-3f3 [32.01- (37 98-187] 1.67 6]. [60.18- 0.0258* 0.278757 0.056469 0.021905* 0.543 0.707093 0.707093 0.790641
89.91] ’ ’ 200.15]
4748
SDF-1 [3857- 5283 [3985- 4684 [4068- 5366 [3819- 0.535 0.756737 1 0.628388 0.692 0.784795 0.784795 0.784795
5660] 6185] 5435] 6871]
101.7 131.9 116.1 127.1
TARC [62.15- [104.8- [63.26- [97.97- 0.146 0.078480 1 0.397987 0.551 0.636736 0.636736 0.636736
167.1] 223.9] 207.4] 205.1]
32.57 33.93 35 [30.67- 49.23
TNF-a [28.36- [21.91- D 2'] [36.42- 0.0266* 1 1 0.013974 0.0396* 0.868190 0.049632* 0.067531
42.83] 49.95] : 81.51]
329.1
VEGF- a [173.2- 332542%1' 305416‘%79' 292'120[;?8' 0.9 1 1 1 0.75 0.858017  0.858017  0.901324
680.1] : :
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Table 4.1 Concentrations of all 35 cytokines/chemokines are shown as median with IOR. Kruskal Wallis for general comparisons
then and post-hoc Dunn’s for group comparisons with Bonferroni correction for multiple comparisons or post-hoc Benjamini-Hochberg
with Bonferroni correction were used for groups comparisons, as indicated. Abbreviations: A Proliferation-Inducing Ligand (APRIL),
B Cell-Activating Factor (BAFF), B Cell-Attracting Chemokine 1 (BCA-1, also known as CXCL13), Eosinophil Chemotactic Protein
(Eotaxin, or CCL11), Granulocyte Colony-Stimulating Factor (G-CSF), Granulocyte-Macrophage Colony-Stimulating Factor (GM-
CSF), Growth-Regulated Oncogene-alpha (GRO-a, or CXCL1), HC (Healthy Control), Interferon-alpha 2 (IFN-a.2), Interferon-gamma
(IFN-y), Interleukin-1 beta (IL-1p), Interleukin-1 receptor antagonist (IL-1Ra), Interleukin-10 (IL-10), Interleukin-12 subunit p70 (IL-
12p70), Interleukin-13 (IL-13), Interleukin-15 (IL-15), Interleukin-17 alpha (IL-17a), Interleukin-2 (IL-2), Interleukin-21 (IL-21),
Interleukin-22 (IL-22), Interleukin-23 (IL-23), Interleukin-4 (IL-4), Interleukin-5 (IL-5), Interleukin-6 (IL-6), Interleukin-8 (IL-8, or
CXCLS), Interferon gamma-induced protein 10 (IP-10, or CXCLI10), Interferon-inducible T-cell alpha chemoattractant (I-TAC, or
CXCL11), Monocyte Chemoattractant Protein-1 (MCP-1, or CCL2), Monokine Induced by Gamma Interferon (MIG, or CXCLY),
Macrophage Inflammatory Protein-1 alpha (MIP-1o0, or CCL3), Macrophage Inflammatory Protein-1 beta (MIP-1p, or CCL4),
Macrophage Inflammatory Protein-3 beta (MIP-3f, or CCL19), Stromal Cell-Derived Factor 1 (SDF-1, or CXCL12), Thymus and
Activation-Regulated Chemokine (TARC, or CCL17), Tumor Necrosis Factor-alpha (TNF-a), and Vascular Endothelial Growth Factor
A (VEGF-A).
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As shown in Table 4.1 and Figure 4.1 the following cytokines and chemokines differed
significantly between HC and any of the three uveitis aetiologies: BCA-1 was lower in HC
compared with immune-mediated uveitis (HC: median [IQR] 40.4 pg/ml [33.41-58.82]; immune-
mediated: 62.66 pg/ml[45.61-80.31]. p= 0.049), infectious uveitis (82.61 pg/ml [60.65-176.7],

p=0.00006), and idiopathic uveitis (77.64 pg/ml [49.89-120], p=0.0023).

GRO-a showed higher concentrations in HC compared with infectious uveitis (HC: 48.75 pg/ml
[31.96-79.32]; infectious uveitis: 30.91 [23.68-38.17], p=0.0071). IL-5 concentrations were lower
in infectious uveitis compared to healthy control levels (infectious uveitis: 1.299 pg/ml [0.5518-
2.977]; HC: 3.36 pg/ml [1.596-6.295], p= 0.015). IL-1700 concentration was higher in HC
compared with infectious uveitis (HC: 32.93 ng/ml [14.19-42.57]; infectious: 5.559 ng/ml [2.444-

10.78], p= 0.0017).

Five cytokines were found to have higher serum concentrations in the idiopathic uveitis group
compared with HC: I-TAC (idiopathic uveitis: 130.3 pg/ml [68.55-189.8]; HC: 49.01 pg/ml
[30.79-89.81], p=0.000182), MIG (idiopathic uveitis : 6158 pg/ml [2668-9705]; HC: 2609 pg/ml
[1825-3752], p= 0.0051), MIP-3f (idiopathic uveitis : 102.8 pg/ml [60.18-200.15]; HC: 50.53
pg/ml [32.01-89.91], p= 0.02195), IP-10 (idiopathic uveitis: 223.7 pg/ml [102.4-285.1]; HC:
92.24 pg/ml [71.35-137.9], p= 0.00298), and TNF-a (idiopathic uveitis: 49.23 pg/ml [36.42-

81.51]; HC:32.57 pg/ml [28.36-42.83], p= 0.013974).

87



Biomarker profiles in acute uveitis

BCA-1

* %

sk ok K

2000

1500 .

1000+

pg/mi

500

IL-5

MIG
* %

50000

40000
— 30000~ ‘
£
o)) . °
2 20000 .

88

pg/mi

GROa
300 *k
200
E
c) L]
o .
100 X

IP-10

800

*%

600

400~ oo

pg/ml

MIP3p
1000 x
800 .
600
400 . : :
2004 ¥ eepae :ij

pg/ml

3000

2000

pg/ml

1000

200+

150

Chapter 4 Cytokine analysis in acute uveitis

I-TAC

%k k

IL-17a

* %k

TNFa



Biomarker profiles in acute uveitis Chapter 4 Cytokine analysis in acute uveitis

Figure 4.1: Comparison of serum cytokine/chemokine levels in Healthy controls (HC) and uveitis patients
The concentrations of nine relevant cytokines/chemokines are shown as bar graphs (median with IOR) of
HC (n=30, dark purple) immune-mediated uveitis (n=39, blue), infectious uveitis (n=24, green) and
idiopathic uveitis patients (n=32, orange) Asterisks indicate : * : p<0.05, ** : p<0.01, *** : p<0.001,
Ak - p<0.0001 Abbreviations: BCA-1 (B-cell activator type 1), GRO-a (Growth-Regulated Oncogene-
alpha, also known as CXCL1), IL-2 (Interleukin-2), IL-5 (Interleukin-5), IL-17a (Interleukin-174), IP-10
(Interferon Gamma-Induced Protein 10, also known as CXCL10), ITAC (Interferon-Inducible T-cell
Alpha Chemoattractant, also known as CXCL11), MIG (Monokine Induced by Gamma Interferon, also
known as CXCL9), MIP-3b (Macrophage Inflammatory Protein-3 beta, also known as CCL19), TNF-
alpha (Tumor Necrosis Factor-alpha).

4.3 Cytokine and chemokine profiles in immune-mediated, infectious and
idiopathic uveitis
Next, we compared the serum concentrations of cytokines and chemokines between immune,

infectious and idiopathic uveitis patients. Serum concentrations are demonstrated in Table 4.1, and

relevant cytokines and chemokines are displayed in Figure 4.2.

Several cytokines/chemokines were significantly different between the three uveitis groups. The immune-
mediated and idiopathic uveitis groups had higher concentrations of GRO-a in comparison to the infectious
group (immune-mediated: median (IQR) 44.7 pg/ml [35.35-58.13] infectious uveitis: 30.91 pg/ml [23.68-

38.17], p= 0.0188; and idiopathic uveitis: 55.51 pg/ml [30.79-65.73], p=0.0188).

IL-170 concentrations were significantly higher in the immune group, with the median immune
concentration being 25.95 pg/ml, (IQR 9.689-55.17) compared to the infectious concentration (5.559 ng/ml,
2.444-10.78, p-value immune-infectious= 0.009755). Idiopathic uveitis also had an elevated IL-17a

concentration compared to infectious uveitis (idiopathic 18.31 ng/ml, IQR 10.16-59.27, p=0.016723).

The highest IP-10 levels were observed idiopathic uveitis group (223.7 pg/ml, 102.4-285.1), compared to
the immune-mediated (115.9 pg/ml, 87.57-168.2, p=0.0360) and infectious group (114.8 pg/ml, 67.32-

190.3, p=0.0360).
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Additionally, I-TAC levels were significantly higher in idiopathic uveitis when compared to
infectious and immune uveitis (immune uveits: 58.94 [41.83-109.9] idiopathic uveitis: 130.3 pg/ml
[68.55-189.8]; infectious uveitis: 67.33 pg/ml [47.14-83.37], p=0.0147). MCP-1 levels were
higher in the immune-mediated and idiopathic group compared to the infectious group (immune-
mediated: 550.2 pg/ml [368.2-865.2]; infectious: 449.1 pg/ml [275.9-496.4], idiopathic: 621.7
pg/ml [428.1-779], p-value immune-infectious and infectious-idiopathic both = 0.044).
Lastly, TNF-a was significantly lower in the immune-mediated group compared to the idiopathic

group (immune-mediated: 33.93 pg/ml [21.91-49.95]; idiopathic: 49.23[36.42-81.51], p=0.0496)
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Figure 4.2 : Cytokine/Chemokine levels of immune, infectious and idiopathic uveitis patients. Bar graphs
(median; IQR) of significantly different cytokines. Kruskal-Wallis test with post-hoc Dunn's test and
Benjamini-Hochberg correction (significance.*: p<0.05). Abbreviations: GRO-a (Growth-Regulated
Oncogene-alpha), I-TAC (IFN-inducible T-cell Alpha Chemoattractant), IL-17a (Interleukin-17 alpha), IP-

10 (Interferon gamma-induced Protein 10), MCP-1 (Monocyte Chemoattractant Protein-1), and TNF-a
(Tumor Necrosis Factor-alpha).
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4.4 Live-cell based assay for MOG Antibody detection.

We used a live cell-based analysis to investigate if any of the serum samples were MOG

antibody positive. None of the 67 samples tested returned a clear positive result.

4.5 Cluster analysis of cytokine and chemokine levels

After identifying relevant cytokines and chemokines that were significantly different in the serum
of HC and the three uveitis aetiologies, we proceeded to characterise the cytokine/chemokine
profile more thoroughly. Firstly, we developed heatmaps of Spearman correlation coefficients of
cytokines/ chemokines and applied hierarchical clustering in HC, immune, infectious and
idiopathic uveitis, respectively (Figures 4.3 — 4.6). Strong correlations between cytokines/
chemokines are depicted in red colour, whereas negative correlations are shown in blue. A white
colour indicates no correlation between the respective cytokines/ chemokines. Dendrograms show
the pattern formation as a result of hierarchical clustering. HCs (Figure 4.3) only showed little
correlation between cytokines/ chemokines, whereas in the three uveitis groups (figure 4.4-4.6),
distinct pattern were observed. Especially in the idiopathic uveitis group (Figure 4.6), strong
correlations of predominantly pro-inflammatory cytokines/ chemokines were observed,

highlighting a potential underlying inflammatory cause.
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Figure 4.3: Heatmap showing Spearman correlation coefficients (positive correlation = red, negative
correlation = blue, no correlation = white) and hierarchical clustering dendrograms (left y-axis, top
x-axis) of 35 cytokines and chemokines (right y-axis, bottom x-axis) in the serum of healthy controls

(n=23).
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Figure 4.4: Heatmap showing Spearman correlation coefficients (positive correlation = red, negative

correlation = blue, no correlation = white) and hierarchical clustering dendrograms (left y-axis, top

x-axis) of 35 cytokines and chemokines (vight y-axis, bottom x-axis) in the serum of immune-mediated
uveitis patients (n=23).
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Figure 4.5: Heatmap showing Spearman correlation coefficients (positive correlation = red, negative

correlation = blue, no correlation = white) and hierarchical clustering dendrograms (left y-axis, top

x-axis) of 35 cytokines and chemokines (right y-axis, bottom x-axis) in the serum of infectious uveitis
patients (n=15).
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Figure 4.6: Heatmap showing Spearman correlation coefficients (positive correlation = red, negative

correlation = blue, no correlation = white) and hierarchical clustering dendrograms (left y-axis, top

x-axis) of 35 cytokines and chemokines (right y-axis, bottom x-axis) in the serum of idiopathic uveitis
patients (n=15).

Next, principal component analysis (PCA) was performed, to study whether the 35
cytokines and chemokines show visual clustering in two dimensions. PCA was done for HC as

well as the immune, infectious and idiopathic uveitis groups; as well as the three uveitis groups
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Figure 4.7: Principle component analysis of 35 cytokines/chemokines in healthy controls (HC,
n=23, grey), immune-mediated (n=23, blue), infectious uveitis (n=135, green) and idiopathic
uveitis (n=15, orange). Individual points and confidence ellipses are shown.

Figure 4.7 shows the PCA of HC and the three uveitis groups including all 35

cytokines/chemokines. Confidence ellipses indicated differential clustering between the uveitis
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groups and HC (Permutational Multivariate Analysis of Variance (PERMANOVA) Pr(>F)=0.045;
pairwise comparisons all non-significant).

A more refined analysis including only the cytokines/chemokines with significant differences
between HC and any of the uveitis groups (as discussed in Chapter 4.2 and visualised in Figure
4.1) in an overall Kruskal-Wallis test was undertaken next. As presented in Figure 4.8, after
limiting the included cytokines/chemokines to BCA-1, GRO-a, I-TAC, IL-17a, IL-5, IP-10, MIG,
MIP-3B, and TNF-0, a better separation between groups could be achieved (Figure 4.8A,
PERMANOVA Pr(>F)=0.001; pairwise PERMANOVA: HC-immune p=0.679, R2=0.015; HC-
infectious p=0.006, R2=0.198; HC-idiopathic p=0.006, R2=0.125; immune-infectious p=0.03,
R2=0.092; immune-idiopathic p=0.068, R2=0.063; infectious-idiopathic p=0.02, R2=0.113). The
relative contribution of the most differentiating cytokines/chemokines for driving this clustering

are highlighted in Figure 4.8B.

Dim2 (16.1%)

infectious

'
'
|
i
|
'
idiopathic
= o s
N et : 1
. '
. '
!

0.5

.
.
' .
'
. . '
.
—_ .
9 .
s HC
© 0f-===-=====------- e b Sl
= . immune
E |- : ’
a .

' 4
-4 -2 0 2 4 -1.0 -0.5 0.0 0.5
Dim1 (29.7%) Dim1 (29.7%)

Figure 4.8: A: Principal component analysis of 9 relevant cytokines/chemokines in healthy controls (HC,
n=23, grey), immune uveitis (n=23, blue), infectious uveitis (n=15, green) and idiopathic uveitis (n=15,
orange). Individual points and confidence ellipses are shown. B: Plot showing the relative contribution of
each cytokines/chemokine for driving clustering into either dimension.
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Figure 4.9 shows a PCA including all 35 cytokines/chemokines, and evaluating differences only
between the three uveitis groups, with healthy controls excluded. No significant differences
between immune, infectious, and idiopathic uveitis (PERMANOVA Pr(>F)=0.099; pairwise

comparisons all non-significant) were observed.
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Figure 4.9: Principal component analysis of 35 cytokines/chemokines in immune uveitis (n=23, blue),
infectious uveitis (n=15, green) and idiopathic uveitis (n=15, orange). Individual points and confidence
ellipses are shown.
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However, a focused PCA and PERMANOVA analysis of cytokines/chemokines between the three
uveitis groups only, allowed a more selective approach and demonstrated a more pronounced
separation between groups. After limiting the included cytokines/chemokines to the six relevant
ones (GRO-a, I-TAC, IL-17a, IP-10, MCP-1, and TNF-a) (see Chapter 4.3, Figure 4.2) that
showed significant differences in the overall Kruskal-Wallis test between groups, the PCA
demonstrated distinct clusters (Figure 4.10A; PERMANOVA Pr(>F)=0.002; pairwise
PERMANOVA: immune-infectious p=0.01, R2=0.134; immune-idiopathic p=0.042, R2=0.073;
infectious-idiopathic p=0.003, R2=0.164). The relative contribution of the most differentiating

cytokines/chemokines for driving this clustering are highlighted in Figure 4.10B.
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Figure 4.10: A: Principal component analysis of 6 relevant cytokines/chemokines in immune uveitis
(n=23, blue), infectious uveitis (n=15, green) and idiopathic uveitis (n=15, orange). Individual points
and confidence ellipses are shown. B: Plot showing the relative contribution of each
cytokines/chemokine for driving clustering into either dimension.

These results suggest that the infectious and immune-mediated uveitis aetiologies studied here
show a distinct peripheral cytokine/chemokine profile which may be of diagnostic utility. However,

the idiopathic uveitis cohort seems to be a more separate group, with significant heterogeneity.
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Chapter 5 Discussion and conclusions

To the best of our knowledge, this is the first study to integrate a prospective, non-invasive
cytokine/chemokine evaluation of acute uveitis across all major aetiological groups—immune-
mediated, infectious, and idiopathic—with a healthy control comparison. This study features
longitudinal follow-up with comprehensive assessment of both clinical and immunopathological
outcomes, allowing for cross-group comparisons. Previous studies investigating cytokines in
uveitis focused on retrospective cohorts, required more invasive intrao-ocular samples,
investigated only one of these aetiological groups, or evaluated cytokine profiles in one or more

specific diseases (171, 184, 185).

5.1 Limitations

We defined patients as having acute uveitis as being within 90 days of uveitis onset, in order to
ensure standardised recruitment. This could have led to patients being recruited with biosamples
collected very early (within a few days of onset and before the commencement of antimicrobial or
immune treatment), as well as patients within two months of onset with antimicrobial treatment or
immunotherapy already on board. The impact of such treatment on the cytokine and chemokine
milieu may need to be recognised. Recruitment was made more challenging in the context of the
COVID-19 pandemic at the time of recruitment, which made rapid attendance to clinic and acute
sample collection more difficult during periods of lockdown. Regardless, we were able to
consistently recruit, and sample consented patients within the defined timeframe, and we collected

samples as close to disease onset as possible to mitigate this limitation.
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The Kruskal-Wallis test was selected as the most appropriate statistical method for comparing non-
parametric data across the multiple independent groups in this study. Recruitment numbers for this
project were limited due to constraints imposed by the COVID-19 pandemic and the finite data
collection period of the project. The resultant reduction in sample size may have diminished the
statistical power to detect smaller effect sizes, and this is acknowledged as a recognised limitation
of the study.

Another limitation was the heterogeneity of causes of both immune and infectious uveitis. The
pathology of uveitis may be different between different immune-mediated aetiologies, which may
present varied cytokine/chemokine profiles. A subgroup analysis by disease would have further
elucidated some of these differences, however the numbers of patients with specific disease
aetiologies within these broader categories were small, and as a result robust disease specific

associations were out of the scope of this study.

5.2 Implications of results

In our cohort, patients with immune-mediated uveitis had more relapses and were followed up for
longer than idiopathic and infectious uveitis patients, respectively. The immune-mediated patients,
as might be intuitively thought, had more frequent systemic autoimmune diagnoses or a family
history of autoimmunity in first degree relatives. Furthermore, patients with idiopathic uveitis had
the highest rate of ophthalmologic complications, highlighting the real-world challenges of

treating an undifferentiated condition symptomatically, without clear aetiological guidance.

Out of the tested visual outcomes, many were similar between diagnostic categories, or did not

reach significance. The only finding that was different was the macular thickness at nadir
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presentation was higher in the immune-mediated uveitis group compared to the infectious uveitis
group. This relative lack of difference in visual parameters between diagnostic categories could be
due to the fact that changes in the retinal layer thickness, for example, may be dynamic at different
times of the disease process, and depend on how quickly the acute OCT was performed.
Regardless, the macular thickness difference at nadir points towards a potential signal looking at

the severity of disease by aetiology.

Our data suggests that while certain demographic and clinical features are consistent across uveitis
aetiologies, significant differences exist in the clinical course, relapse patterns, systemic
associations, and initial macular involvement, highlighting the importance of considering the

aetiology for the management of uveitis.

We had previously described the presence of uveitis in patients presenting with acute MOGAD
with associated optic neuritis (110). None of the patients in this cohort of 67 patients were MOG

antibody positive, which may indicate that this is a relatively uncommon cause of uveitis.

Of our 35 evaluated cytokines, we identified nine cytokines which best differentiated uveitis
patients from healthy controls, and six which discriminated well between diagnostic categories of
acute uveitis. BCA-1 emerges as a cytokine that is significantly higher in all disease groups than
in healthy controls. This cytokine is usually a chemotactic cytokine that attracts B cells (186),
suggesting that B cell activation and migration to the otherwise immune-privileged uvea could be

a marker of early inflammatory disease.
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In keeping with prior studies, our studies demonstrated IL-17, TNF-a, and Th-1 mediated as being
useful differentiators. Patients with immune-mediated uveitis had higher IL-17a levels, compared
to the infectious and idiopathic groups, suggesting a contribution of the Th-17 pathway in the
pathophysiology of immune-mediated uveitis. On the other hand, patients with infectious uveitis
had lower IL-17a and lower GROa levels, which both play a role in neutrophil recruitment,
suggesting an impairment of neutrophil recruitment in infectious uveitis. Interestingly, the
cytokines that were elevated in idiopathic uveitis compared to immune or infectious uveitis (IP-
10, TNF-a, and MCP-1) are involved in Th-1 mediated inflammation, suggesting a potentially

common underlying disease pathogenesis within patients in this group.

In immune-mediated uveitis, our study demonstrated a strong Th17 skew, marked by elevated
IL-17a levels, which aligns with existing literature and partially overlaps with findings from Errera
et al., who reported IL-17 elevation in idiopathic cases. Notably, Errera’s study did not include a
distinct immune-mediated group, highlighting the value of our data in differentiating autoimmune
from idiopathic uveitis. In infectious uveitis, we observed lower levels of both IL-17a and GROa,
suggesting impaired neutrophil recruitment—an insight not explored in Errera’s work. Their focus
on toxoplasmosis may explain this difference, as neutrophilic responses could be more suppressed
in parasitic than in viral uveitis. The identification of GROa downregulation in our study offers a
novel perspective on deficits in innate immunity. In idiopathic uveitis, both Errera’s work and our
study consistently identified elevated levels of IP-10, TNF-a, and MCP-1, reflecting a Th1-biased
inflammatory profile. This convergence reinforces our hypothesis that a shared Thl-mediated

mechanism may underlie pathology across idiopathic uveitis cases.
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Heat maps of hierarchical clustering demonstrated a fairly separate profile between the three
aetiologies and healthy controls. We identified the nine most important contributors of
cytokines/chemokines that best differentiated healthy controls from uveitis patients, and the six
which best differentiated between uveitis aetiologies. This allowed for clear separation of
infectious and immune-mediated uveitis in principle component analysis using a limited panel of
cytokines and chemokines, which may enable translation for clinical and diagnostic utility, while

being targeted and cost-effective.

Interestingly, patients with idiopathic uveitis were fairly separate from both immune-mediated and
infectious uveitis groups, suggesting that some patients with uveitis classified as idiopathic may
have a distinct underlying aetiology (for example, genetic etc). Alternatively, the group currently
classified as idiopathic is likely to be made up of a fairly heterogenous group of disorders that do

not cluster well together.

Regardless, using the current profile of 9 key cytokines/chemokines identified in our study may

be used to raise the clinical index of suspicion for an immune-mediated vs infectious cause.

5.3 Conclusions and future directions

Our study provides a comprehensive clinical and cytokine/chemokine analyses of prospectively
recruited patients with acute immune-mediated, infectious, and idiopathic uveitis. We identified a
refined panel which provided good discrimination between immune-mediated and infectious
aetiologies, and which could assist clinicians in the diagnostic work up of patients where the

aetiology of uveitis is unclear.
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Future research priorities include replication of the findings of this study in larger and more
geographically diverse cohorts, as well as an understanding of how cytokine/chemokine profiles
may vary longitudinally over a patient’s disease course. Patients with idiopathic uveitis may have
more heterogenous aetiologies, and based on our results, the role of the innate immune system in

these patients should be further evaluated.
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