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Abstract 

Background Infectious uveitis is a significant cause of visual impairment worldwide, caused by diverse pathogens 
such as viruses, bacteria, fungi, and parasites. Understanding its prevalence, etiology, pathogenesis, molecular mecha-
nism, and clinical manifestations is essential for effective diagnosis and management.

Methods A systematic literature search was conducted using PubMed, Google Scholar, Web of Science, Scopus, 
and Embase, focusing on studies published in the last fifteen years from 2009 to 2023. Keywords included “uveitis,” 
“infectious uveitis,” “viral uveitis,” and others. Rigorous inclusion and exclusion criteria were applied, and data were syn-
thesized thematically. Gene symbols related to infectious uveitis were analyzed using protein-protein interaction (PPI) 
networks and pathway analyses to uncover molecular mechanisms associated with infectious uveitis.

Results The search from different databases yielded 97 eligible studies. The review identified a significant rise in pub-
lications on infectious uveitis, particularly viral uveitis, over the past fifteen years. Infectious uveitis prevalence varies 
geographically, with high rates in developing regions due to systemic infections and limited diagnostic resources. 
Etiologies include viruses (39%), bacteria (17%), and other pathogens, substantially impacting adults aged 20–50 
years. Pathogenesis involves complex interactions between infectious agents and the ocular immune response, 
with key roles for cytokines and chemokines. The PPI network highlighted IFNG, IL6, TNF, and CD4 as central nodes. 
Enriched pathways included cytokine-cytokine receptor interaction and JAK-STAT signaling. Clinical manifestations 
range from anterior to posterior uveitis, with systemic symptoms often accompanying ocular signs. Diagnostic strate-
gies encompass clinical evaluation, laboratory tests, and imaging, while management involves targeted antimicrobial 
therapy and anti-inflammatory agents.

Conclusion This review underscores the complexity of infectious uveitis, driven by diverse pathogens and influenced 
by various geographical and systemic factors. Molecular insights from PPI networks and pathway analyses provide 
a deeper understanding of its pathogenesis. Effective management requires comprehensive diagnostic approaches 
and targeted therapeutic strategies.
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Introduction
Uveitis, also known as intraocular inflammation, is a 
complex inflammatory condition that may affect the 
significant parts of the eye, including the ciliary body, 
iris, retina, vitreous, or choroid. It comprises over 25 
disorders associated with the characteristic signs of 
intraocular inflammation [1]. Despite its classifica-
tion as an orphan disease, uveitis is the fourth leading 
cause of blindness among the working-age population, 
highlighting its substantial impact on public health [2]. 
Unfortunately, its social and economic impact remains 
unreported in existing literature. Globally, uveitis 
accounts for approximately 10% of blindness cases in 
the Western world among working-age individuals [3, 
4]. Although epidemiology and types of uveitis exhibit 
considerable variation, particularly in the Asian region, 
precise incidence rates remain to be determined in many 
parts of the world [5, 6].

Uveitis is classified anatomically based on the specific 
structures involved; it may manifest as anterior, interme-
diate, posterior, or panuveitis, each with distinct clinical 
features and treatment strategies [7]. The onset of uveitis 
can vary, ranging from abrupt to insidious, which poses 
significant challenges in diagnosis and management. 
Uveitis can be caused by various factors including infec-
tious agents, immune-mediated, trauma, toxins, mas-
querade syndromes, and post-surgical complications [8].

Infectious uveitis arises from diverse pathogens, 
including bacteria, viruses, fungi, and parasites, each 
with its unique pathogenic mechanisms and clinical pres-
entations. These infectious agents can access to the eye 
through various routes, such as hematogenous spread, 
direct inoculation, or reactivation of latent infections [9, 
10]. Although non-infectious etiologies such as immune-
mediated, systemic inflammatory conditions, and idi-
opathic factors contribute to a significant proportion of 
uveitis cases, infectious agents also play a crucial role, 
particularly in specific geographic regions and patient 
populations [11]. Understanding the epidemiology, clini-
cal manifestations, molecular mechanisms and treatment 
principles of infectious uveitis is essential for ophthal-
mologists and healthcare providers to effectively manage 
this sight-threatening condition and preserve visual func-
tion in affected individuals. This review aims to provide 
a comprehensive overview of infectious uveitis, covering 
its recent research trend, prevalence, etiologies, patho-
genesis, molecular mechanisms using the protein-protein 
interaction network analysis, clinical features, diagnos-
tic approaches, and management strategies, focusing on 
recent advancements and emerging trends in the field. 
The novelty of this article lies in its synthesis of distinct 
sources, offering a cohesive narrative that not only high-
lights the diverse etiologies of infectious uveitis but also 

examines the complex molecular mechanisms underlying 
its pathogenesis. This review article on infectious uveitis 
could play a critical role in creating existing knowledge, 
highlighting recent advancements, and identifying gaps 
in understanding. It would be an invaluable resource for 
clinicians and researchers, facilitating evidence-based 
decision-making, fostering collaborations, and ulti-
mately improving patient care and outcomes in uveitis 
management.

Methodology
A systematic literature search was conducted utilizing 
several scientific databases, including PubMed, Google 
Scholar, Web of Science, Scopus, and Embase, to identify 
relevant studies published within the last fifteen years 
(2009–2023). The search was carried out between Febru-
ary 2024 and May 2024.

A comprehensive set of specific keywords was 
employed to refine the search, encompassing terms such 
as “uveitis,” “infectious uveitis,” “prevalence of infec-
tious uveitis,” “etiologies of infectious uveitis,” “differen-
tial diagnosis of infectious uveitis,” “clinical patterns and 
treatments of infectious uveitis,” “viral uveitis,” “vector-
borne diseases,” “acute retinal necrosis,” “dengue pos-
terior uveitis,” “West Nile Virus chorioretinitis,” “Rift 
Valley retinitis,” “chikungunya posterior uveitis,” “Epstein 
Barr viral uveitis,” “Syphilitic uveitis,” “Ebola posterior 
uveitis,” “Zika posterior uveitis,” “Non-viral infectious 
uveitis,” and “polymerase chain reaction.” Initially, our 
search strategy focused on keywords primarily related 
to viral uveitis. However, we recognize the importance 
of including other common causes of infectious uveitis, 
such as ocular tuberculosis and ocular toxoplasmosis. 
Therefore, the search terms were expanded to include 
“ocular tuberculosis,” “ocular toxoplasmosis,” “bacterial 
uveitis,” “fungal uveitis,” and “parasitic uveitis” to ensure 
a more comprehensive review of all relevant infectious 
agents associated with uveitis. To enhance the complete-
ness of the search and reduce bias, additional keywords 
related to non-infectious uveitis were also included, such 
as “non-infectious uveitis,” “immune-mediated uvei-
tis,” “drug-induced uveitis,” “isolated ocular uveitis,” and 
“autoimmune uveitis,” allowing for a comparative analy-
sis between infectious and non-infectious causes of uvei-
tis. The expanded search strategy aimed to cover the full 
spectrum of uveitis types and minimize the risk of omit-
ting relevant studies.

 The selection of research and review articles for inclu-
sion in this review was based on a rigorous screening 
process. Initially, titles and abstracts were assessed for 
relevance to infectious uveitis. Articles were included 
according to the following criteria: (1) studies pub-
lished in English between 2009 and 2023; (2) articles 
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that provided substantial insights into the prevalence, 
etiology, pathogenesis, clinical features, diagnostic 
approaches, and management strategies for infectious 
uveitis; (3) both original research articles and systematic 
reviews were included to provide a broad perspective; (4) 
studies with sufficient methodological rigor, such as ran-
domized controlled trials, cohort studies, case-control 
studies, and systematic reviews, were prioritized, and 
(5) any studies that used molecular or protein-protein 
interaction (PPI) network analysis and pathway analy-
ses related to infectious uveitis. However, studies were 
excluded if they met any of the following criteria: (1) 
Articles with non-English language; (2) case reports, edi-
torials, conference abstracts, and articles with insufficient 
sample sizes or unclear methodology; (3) non-humans 
studies or unclear etiologies; and (4) articles published 
before 2009 to maintain relevance with the latest research 
and developments in the field. A total of 97 articles met 
eligibility criteria according to the PRISM guidelines [12], 
while the complete screening and selection process of all 
relevant studies are presented in Fig. 1.

Analysis of molecular mechanisms of infectious uveitis
The primary gene symbols underlying infectious uveitis 
were sourced from four databases: DisGeNET (https:// 
www. disge net. org/), GeneCards (https:// www. genec ards. 

org/), OMIM (https:// omim. org/) and TTD (https:// db. 
idrbl ab. net/ ttd/). The selected intersecting genes were 
then uploaded into STRING 11.0 (https:// string- db. org/ 
cgi/ input. pl/) to generate the protein-protein interac-
tion (PPI) network for infectious uveitis. A high confi-
dence score threshold (≥ 0.7) was applied to ensure the 
reliability of the interactions. The resultant network 
was visualized using Cytoscape software. However, the 
key topological parameters such as degree centrality, 
betweenness centrality, and closeness centrality were cal-
culated to identify hub proteins within the network. The 
PPI network was visualized with nodes sized proportion-
ally to their degree of connectivity and colored to reflect 
their centrality. Edges represented the interactions, with 
thickness indicating the interaction strength [13, 14].

GO and KEGG pathway analysis
GO enrichment and KEGG pathway analysis were con-
ducted using the DAVID Bioinformatics Resources 6.8 
database (https:// david. ncifc rf. gov/) to explore potential 
pathways associated with infectious uveitis. The results 
were visualized as bar plots showing fold enrichment and 
-log10(FDR) values, indicating statistical significance. 
FDR correction was applied to adjust for multiple testing, 
with FDR < 0.05 considered statistically significant [15, 
16].

Fig. 1 Flow and selection of preclinical studies (n = number of publications)

https://www.disgenet.org/
https://www.disgenet.org/
https://www.genecards.org/
https://www.genecards.org/
https://omim.org/
https://db.idrblab.net/ttd/
https://db.idrblab.net/ttd/
https://string-db.org/cgi/input.pl/
https://string-db.org/cgi/input.pl/
https://david.ncifcrf.gov/


Page 4 of 15Asghar et al. Journal of Ophthalmic Inflammation and Infection           (2024) 14:60 

Statistical analysis
False discovery rate (FDR) correction was applied to 
adjust for multiple testing in GO and KEGG enrichment 
analyses. A threshold of FDR < 0.05 was considered statis-
tically significant. Fold enrichment was calculated as the 
ratio of observed to expected counts of proteins associ-
ated with a given term or pathway, providing insight into 
the degree of over-representation.

Results and discussion
Trends in research publications on infectious uveitis
 The analysis of research publication trends over the last 
fifteen years, spanning from 2009 to 2023 in the PubMed 
database, reveals a significant rising pattern in the field 
of uveitis research, as showed in Fig.  2. The data pre-
sented in the figure describe the publication numbers 
across five distinct categories: uveitis, infectious uveitis, 
non-infectious uveitis, viral uveitis, and non-viral uvei-
tis. Upon close examination, there was a notable surge 
in research publications on infectious uveitis. This trend 
indicates a growing interest in explaining the etiologies of 
infectious uveitis, specifically those related to viral patho-
gens. Compared to non-infectious uveitis, the emphasis 
on infections associated with uveitis highlights the evolv-
ing landscape of uveitis-related research. Infectious uvei-
tis comprises a variety of manifestations, including both 
local and systemic infections, and the increasing trend 
in publication numbers within this specific category 
suggests a growing recognition of the pathogenesis of 
infectious-associated uveitis. The viral-associated uveitis 
emerges as a critical point for research, with a significant 
increase in publication numbers in recent years. Sev-
eral notable factors could contribute to this increasing 
trend, such as increased awareness of different etiologies 

associated with infectious uveitis, advancements in 
diagnostic approaches, and the significant impact of 
infections globally in the last few years. However, non-
infectious associated uveitis remains an important 
research area, as evidenced by several publications over 
the past fifteen years.

Prevalence of infectious uveitis
 The prevalence of infectious uveitis exhibits signifi-
cant variations influenced by various factors such as 
geographic location, environmental conditions, socio-
economic status, genetic predispositions, and histo-
pathological characteristics. Notably, infectious uveitis 
accounts for up to 25% of cases of visual impairment in 
developing countries [17]. The estimated global preva-
lence rate of infectious uveitis gathered from previous 
studies is illustrated in Fig.  3. The global map revealing 
the prevalence of infectious uveitis highlights signifi-
cant cases in specific regions, notably North and South 
America, Africa, and certain Asian countries. In South 
America, particularly in areas characterized by dense 
urban populations and inadequate healthcare access, the 
prevalence of infectious uveitis is markedly increased. 
For instance, Brazil exhibits a high prevalence rate of 
81%, highlighting the considerable burden of this ocu-
lar disorder [9, 18, 19]. Across Africa, countries such 
as Ethiopia (77%), Tanzania (73%), South Africa (66%), 
and Angola (63%) exhibit a concerning prevalence of 
infectious uveitis, reflecting various socioeconomic and 
healthcare challenges prevalent in these regions [20–
22]. Similarly, Asian countries like Pakistan (49%), India 
(37%), and China (21%), demonstrate significant bur-
dens of infectious uveitis, attributed to factors such as 
population density, inadequate sanitation infrastructure, 

Fig. 2 Publications trends of last 15 years (from 2009 to 2023) from PubMed on uveitis related research subjects
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and limited healthcare resources [23–28]. Viral infec-
tions associated with uveitis are commonly found in the 
African and Asian regions and are associated with envi-
ronmental and genetic factors, climate changes, and sys-
temic non-infectious conditions [21, 29, 30]. The high 
prevalence in these areas highlights the urgent need for 
targeted interventions, including enhanced public health 
initiatives, improved access to medical care, and compre-
hensive strategies. The availability of modern treatment 
to manage infections and their related complications in 
developed countries has also altered the epidemiology of 
uveitis [31]. Due to inconsistencies in available data, the 
prevalence of infectious uveitis remains uncertain and 
should be interpreted with caution.

 However, infectious uveitis exhibits distinct patterns 
concerning prevalence, affected anatomical regions, age 
distribution, and gender susceptibility. The data indicates 
that acute, non-granulomatous anterior cyclitis and iri-
tis in the anterior region are the most prevalent forms 
of uveitis, i.e. 53%, as shown in Fig.  4 [31]. Subsequent 
types include retinitis, retinochoroiditis, neuroretini-
tis, choroiditis, and chorioretinitis linked with posterior 
uveitis (39%). Notably, posterior uveitis primarily stems 
from toxoplasmosis, cytomegalic virus (CMV) retinitis, 
and dengue maculopathy [32]. In addition, intermediate 

uveitis exhibits a lower prevalence (8%) compared to 
anterior and posterior uveitis but still contributes to the 
spectrum of infectious uveitis [20].

Regarding age distribution, adults aged 20–50 years 
are notably susceptible, accounting for 60–80% of cases 
within this age range, with an average onset age of around 
40 years. Infectious uveitis is relatively rare in individuals 
under 10 years old and those over 70 [33, 34]. Gender dif-
ferences in incidence rates are minimal, though a slightly 
higher prevalence is observed in females [23, 35]. Under-
standing these trends is vital for healthcare professionals 
in diagnosing, treating, and managing infectious uveitis.

Etiology of infectious uveitis
More than 60 causes of uveitis have been reported glob-
ally and can be classified into six major groups (Fig.  5). 
The causal epidemiology may vary depending on various 
factors such as ethnic and genetic factors (sarcoidosis and 
HLA-B27), disease definition (e.g., sarcoidosis), environ-
mental factors (e.g., tuberculosis), the certain ophthalmic 
entity’s inclusion in the idiopathic uveitis patients (e.g., 
pars planitis), patient’s recruitment method (e.g., tertiary 
centers) and the investigations of paraclinical examina-
tions (e.g., nuclear imaging) [36, 37]. Due to these factors, 
significant heterogeneity was observed in the reported 

Fig. 3 A global map representing the prevalence of infectious uveitis, with varying shades of red indicating different levels of prevalence. Areas 
with a lighter shade of red represent lower prevalence, while those with a darker shade of red indicate higher prevalence. This color gradient 
serves to visually illustrate the distribution and intensity of infectious uveitis across different regions worldwide (Prevalence rates may not be fully 
representative and lacked exact values due to differences in geographic regions, limited informations and diagnostic criteria)
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literature. Figure 5 presents a comprehensive analysis of 
reported etiologies for uveitis, describing percentages for 
each category. Among these, immune-mediated uveitis 
represents 35% of reported cases, while infectious uvei-
tis accounts for 33% [38, 39]. Uveitis caused by inflam-
mation was comprises 12% of cases, while drug-induced 
uveitis and isolated ocular uveitis contributing 10% and 
15% respectively [9, 22]. Undifferentiated uveitis (mas-
querade syndromes) constitutes the largest proportion at 
42% [8]. The major causes of uveitis are found to be infec-
tious, immune-mediated, or some malignancies. The 
involved association between the human immune system 
and several infectious agents, including viruses, bacteria, 

fungi, and parasites, highlights the narrative of uveitis 
etiology.  However,  lacked exact values, with estimates 
based on available information.

Further analysis of infectious uveitis reveals that infec-
tions in uveitis can be more confined to the eye region 
(ocular toxoplasmosis) or with more generalized infec-
tions (syphilis, tuberculosis, or Lyme disease) or systemic 
infections. The summarized data of previously reported 
worldwide studies also indicated that uveitis is more 
commonly associated with systemic infections (58%) than 
local or non-systemic infections (29%) [40–43]. But, fur-
ther research is needed to confirm these estimates.  The 
predominance of systemic infections underscores the 

Fig. 4  Estimated global prevalence infectious uveitis according to the ocular anatomical regions (Values are based on available studies, 
but variability exists due to differing research designs and populations)

Fig. 5  Percentage of reported etiologies for uveitis and further division of infectious uveitis in percentages (Note: Estimates vary widely and should 
be interpreted with caution due to differences in study populations and methodologies)
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importance of considering broader health implications 
when evaluating uveitic patients.

Specific types of infectious uveitis are also explained, 
Fig.  5 shows that viral agents (39%), followed by bacte-
ria (17%) and other infectious agents (27%), are the major 
causes of infections worldwide, as reported in previous 
studies [40, 44, 45]. Fungal and helminthic infections 
contribute 2% and 6% of cases, respectively, while toxo-
plasmosis accounts for 9% [46–49]. However, these esti-
mates vary widely and should be interpreted with caution 
due to differences in study populations and methodolo-
gies. This detailed analysis provides valuable insights into 
the distribution of uveitis etiologies, emphasizing the 
significant proportion of infectious causes and the diver-
sity within this category. Understanding the relative fre-
quencies of different infectious agents can aid clinicians 
in prioritizing diagnostic tests and selecting appropriate 
antimicrobial therapies.

Molecular mechanism of infectious uveitis
Protein‑protein interaction (PPI) network analysis
The PPI network for infectious uveitis, generated using 
the STRING database, highlights the centrality of key 
proteins in the disease’s molecular landscape (Fig.  6). 
IFNG (Interferon Gamma) emerges as the central node 
(hub protein), indicating its key role in initiating the 
immune response. It is known for activating macrophages 
and promoting antigen production, which are crucial in 
combating ocular infections [50]. Other highly connected 
nodes, such as IL6, TNF, IL10, IL17A, and IL15, suggest 

these cytokines are critical in the inflammatory pathways 
associated with infectious uveitis. The presence of CD4 in 
the network points to the involvement of T-helper cells, 
which play a significant role in adaptive immunity [51]. 
Inhibitors targeting these cytokines, such as anti-TNF 
therapies, could be explored for their efficacy in treat-
ing infectious uveitis. The centrality and connectivity of 
certain proteins suggest they could serve as biomarkers 
for disease activity or therapeutic response. For instance, 
elevated levels of IFNG, IL6, or TNF in ocular fluids 
might indicate active inflammation and guide treatment 
decisions.

KEGG pathway and Gene Ontology (GO) enrichment analysis
The KEGG pathway analysis identifies several path-
ways significantly enriched related to infectious uveitis 
including cytokine-cytokine receptor interaction which 
highlights the extensive network of cytokine signaling 
involved in mediating the immune response as indi-
cated in Fig. 7A. JAK-STAT signaling pathway also found 
known for its role in transmitting signals from cytokine 
receptors to the nucleus, leading to gene expression 
changes that cause inflammation [52]. Additionally, 
modulating the JAK-STAT pathway might offer a thera-
peutic possibility given its significant role in cytokine 
signaling. Moreover, Th17 cell differentiation and Th1/
Th2 cell differentiation pathways also obtained which are 
crucial for the polarization of T-helper cells, which can 
influence the type and severity of the immune response 
in uveitis [53]. The pathway sting visualization indicates 

Fig. 6  Protein-protein interaction (PPI) network associated with infectious uveitis
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Fig. 7  (A) KEGG pathway (B) KEGG string analysis associated with infectious uveitis
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significant cross-talk between pathways such as inflam-
matory bowel disease, TNF signaling pathway, and IL-17 
signaling pathway (Fig.  7B). This interconnectivity sug-
gests that similar molecular mechanisms might be at play 
in infectious uveitis and other inflammatory diseases. 
The overlap of enriched pathways with those involved 
in other inflammatory diseases suggests that therapeu-
tic strategies successful in conditions like inflammatory 
bowel disease might be modulated for infectious uveitis. 
The shared molecular mechanisms also provide a frame-
work for understanding the broader immune dysregula-
tion in uveitis.

GO enrichment analysis for biological processes 
reveals significant over-representation of immune 
response-related terms. The top enriched biological 
processes include: adaptive immune response, regula-
tion of T cell activation and leukocyte cell-cell adhesion 
(Fig. 8). This indicates the activation of specific immune 
mechanisms targeting pathogens in the eye. These pro-
cesses are crucial for the migration and activation of 
immune cells within ocular tissues [54]. The cellular 
component enrichment analysis further supports these 
findings by highlighting the involvement of components 
such as: Interleukin-6 receptor complex, phagocytic vesi-
cle lumen and endosome lumen (Fig.  8B). It is suggest-
ing a key role for IL-6 signaling in the pathophysiology 
of infectious uveitis alongside active phagocytosis and 
antigen processing within immune cells in the eye [55]. 
Figure 8C showing the molecular component enrichment 
analysis indicates Toll-like receptor 4, icosatetraaenoic 
acid binding, and arachidonic acid binding reflecting a 
significant inflammatory modulation associated with 
infectious uveitis.

Hypothetical pathogenesis of infectious uveitis
Different viral, bacterial, and parasitic infections have 
recently been linked with anterior and posterior uveitis 
and other common ocular manifestations. After success-
ful PPI network, KEGG pathway and GO enrichment 
analysis associated with infectious uveitis, the complex 
molecular mechanism of infectious uveitis is also hypoth-
esized in Fig.  9 (Created by BioRender.com), explaining 
the complex interplay between invading infectious agents 
and the defense mechanisms of the ocular microenvi-
ronment. These infections might trigger inflammatory 
responses, which have been demonstrated to initiate 
and exacerbate uveitis. Notably, the immune response, 
particularly the activation of T-helper type-2 cells, could 
plays a pivotal role in ocular damage and potential visual 
loss. Cytokines and chemokines may further propagate 
the inflammatory signals, coordinating the signaling of 
various immune cells to the site of infection [56]. The 
balance between anti-inflammatory mediators and 

pro-inflammatory signals could influences the severity 
and duration of infectious uveitis [10]. Moreover, gene 
expression alterations at the molecular level may also 
emerged as important contributors to the pathogenesis 
of infectious uveitis, necessitating further exploration at 
the genetic level.

 Furthermore, pathological vascular changes char-
acteristic of infectious uveitis are predicted in three 
stages: normal vessels, early-stage infection, and late-
stage complications (Fig.  10). The uveal region serves 
as a focal point for these inflammatory responses, 
with immune cells in this region and surrounding tis-
sues actively engaging in the inflammatory cascade. It 
has been reported that infectious uveitis often spreads 
hematogenously from one part of the body to another, 
particularly affecting the vascular uvea, often accom-
panied by breaches in the blood-eye barrier [10, 57]. In 
infectious uveitis, normal blood vessels with an intact 
blood-retinal barrier, composed of endothelial cells, tight 
junctions, pericytes, and a basement membrane, might 
undergo significant pathological changes. Early-stage 
infection cloud leads to endothelial cell damage, loss of 
tight junctions, pericyte loss, and basement membrane 
thickening, resulting in increased vascular permeabil-
ity and inflammation. In late-stage complications, these 
changes may resulted in the loss of endothelial cells and 
neovascularization, where abnormal and leaky new blood 
vessels form, further exacerbating tissue damage and 
inflammation.

Understanding the mechanism of ocular involvement 
in systemic infectious diseases is crucial in comprehen-
sively elucidating the pathogenesis of infectious uvei-
tis. Virulence factors of pathogens, host susceptibility, 
and environmental triggers also contribute to the com-
plex pathogenesis of infectious uveitis. Further research 
focusing on elucidating these molecular and cellular 
pathways will be invaluable in developing targeted thera-
peutic strategies to mitigate the detrimental effects of 
infectious uveitis and improve patient outcomes.

Clinical manifestations of infectious uveitis
The clinical manifestations of infectious uveitis show a 
broad spectrum of ocular disorders, varying in severity 
and presentation depending on the type and nature of the 
causative pathogen. Infectious uveitis can evoke a range 
of inflammatory symptoms from mild discomfort to 
severe, vision-threatening complications. Anterior uvei-
tis, characterized by inflammation of the iris and ciliary 
body, typically occurs with photophobia, ocular pain, and 
blurred vision [58]. Conversely, posterior uveitis, involv-
ing the retina and choroid, tends to produce more severe 
symptoms, including visual field defects, floaters, and, in 
severe cases, permanent blindness. Intermediate uveitis, 
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Fig. 8  (A) Biological enrichment processes (B) cellular enrichment processes (C) molecular enrichment processes associated with infectious uveitis
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affecting the peripheral retina and vitreous, may manifest 
with symptoms such as peripheral vision disturbances 
and vitreous floaters [59, 60].

Moreover, the clinical manifestations of infectious uvei-
tis can extend beyond ocular symptoms, often presenting 

with systemic signs and symptoms indicative of the 
underlying infection. For instance, viral uveitis may be 
associated with concurrent viral illnesses, such as influ-
enza or herpes simplex virus infection, presenting symp-
toms such as fever, malaise, and lymphadenopathy [61]. 

Fig. 9  Hypothetical molecular mechanism of infectious uveitis Created in BioRender. Asghar, M. (2024) https://BioRender.com/t53x034

Fig. 10 Hypothetical pathological vascular changes in infectious uveitis Created in BioRender. Asghar, M. (2024) https://BioRender.com/t02c088
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Similarly, bacterial uveitis may manifest with signs of 
systemic infection, including fever and elevated inflam-
matory markers [62]. Parasitic uveitis, such as toxoplas-
mosis, may present with systemic symptoms depending 
on the extent of the infection [63]. Furthermore, the 
clinical course and severity of infectious uveitis can vary 
significantly depending on various factors, including the 
virulence of the pathogen, host immune response, and 
timely intervention. Some cases of infectious uveitis may 
present as acute, self-limiting episodes, while others may 
progress to chronic inflammation with recurrent flare-
ups, leading to irreversible ocular damage and vision loss 
if left untreated [38]. Understanding the diverse clinical 
manifestations and natural history of infectious uveitis is 
crucial for guiding treatment decisions and optimizing 
patient outcomes.

Diagnosis and management
The clinical diagnosis and treatment of infectious-asso-
ciated uveitis pose significant challenges, demanding a 
comprehensive approach integrating evaluation, specific 
laboratory investigations, and therapeutic strategies. Dif-
ferential diagnosis initiates with a detailed patient his-
tory encompassing recent infections, systemic illnesses, 
and other relevant factors linked to specific infections. 
Clinical examinations, such as fundus fluorescein angiog-
raphy (FFA) and optical coherence tomography (OCT), 
are invaluable tools for assessing the nature and severity 
of uveal inflammation. Confirmation of diagnosis often 
involves laboratory testing, including serological assays, 
PCR analyses, and culture techniques aimed at identify-
ing specific infectious agents [38, 64]. Table  1 provides 
an overview of the investigation processes typically 

employed in clinical settings for specific types of uveitis 
associated with common infectious agents. Furthermore, 
discussion surrounding the diagnosis of infectious uveitis 
warrants an exploration of viral and non-viral etiologies. 
Understanding the distinct clinical manifestations, diag-
nostic techniques, and therapeutic approaches tailored to 
each infectious agent is paramount for effective manage-
ment. Viral uveitis, characterized by diverse ocular mani-
festations, necessitates specific diagnostic modalities 
such as PCR analysis for viral DNA or antigen detection. 
Non-viral infectious uveitis, attributed to bacteria, fungi, 
or parasites, requires careful consideration of serologi-
cal testing, culture techniques, and imaging modalities 
to identify the causative pathogen accurately. Emerging 
technologies, such as multiplex PCR assays and next-gen-
eration sequencing, promise to enhance infectious uveitis 
diagnostic accuracy and efficiency.

The management of infectious-associated uveitis 
demands a particular and targeted therapeutic approach. 
Tailored antimicrobial agents, including antiviral, antibi-
otic, or antifungal medications, are selected based on the 
identified infectious agents to combat the causative path-
ogen directly. Additionally, anti-inflammatory agents are 
crucial in minimizing inflammation and preventing com-
plications related to ocular manifestations.

Conclusion
This comprehensive review highlights the complex rela-
tionship between uveitis and infections, demonstrat-
ing the varied clinical manifestations and molecular 
mechanisms involved. The analysis of the PPI networks 
and enriched pathways provides crucial insights into 

Table 1 List of investigations for confirmed diagnosis of specific type of infectious uveitis

Type of infectious uveitis Investigations

Dengue associated uveitis Detection of dengue IgM antibodies, Fluorescein angiographic examinations, OCT scan

Rift valley fever associated uveitis Detection of IgM antibodies, Estimate the rising titer of IgG antibody, PCR technique, Fluorescence 
angiography

West Nile infection associated uveitis Detection of IgM antibody in infected blood serum or in CSF, OCT scan

Chikungunya associated uveitis Virus can detected in blister fluid by PCR, Viral genome in their CSF sample, IgM antibodies for Chikun-
gunya, FFA, OCT scan

Zika virus associated uveitis RT-PCR technique, CT scan, IgM antibody can be detected in CSF

HIV associated uveitis Count of CD4+, FFA, Detection of HIV related antibodies

Covid-19 RT-PCR, OCT, FFA

Ebola virus infection associated uveitis RT-PCR, Viral culture technique, OCT scan

Epstein-Barr virus infection associated uveitis PCR, Histopathological examination of the ocular specimen, Detection of IgM antibodies, Viral capsid 
antigen (VCA) IgG and IgM can also be detected

Syphilitic uveitis Rapid plasma regain (RPR), Venereal disease research laboratory (VDRL) test, Microhemagglutinin assay, 
Fluorescent treponemal, Antibody absorption test

Ocular tuberculosis Isolation of Mycobacterium TB from ocular region, PCR testing also perform on ocular fluid, Tuberculin 
skin sensitivity test, Radiological findings, Gamma interferon release assay
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potential therapeutic targets, emphasizing the role of 
cytokines such as IFNG, IL6, and TNF. However, our 
findings offer significant insights into infectious uveitis; 
the conclusions remain constrained by the current body 
of evidence, particularly regarding the variability in diag-
nostic capabilities and treatment access across differ-
ent regions. As the understanding of infectious uveitis 
evolves, there is a need for further epidemiological and 
molecular studies to validate these pathways and explore 
new therapeutic interventions, especially those tailored 
to viral uveitis.

Future perspective
Future research in the field of infectious uveitis is com-
posed to investigate deeper into the interplay between 
infectious pathogens and the ocular immune system. 
The surge in research output, particularly in infectious 
uveitis, underscores the evolving landscape of this field 
and the need to address emerging challenges. With the 
escalating prevalence of infectious diseases and anti-
microbial resistance, there is a growing emphasis on 
exploring innovative antimicrobial-targeted therapies. 
Moreover, investigating the role of the ocular microbi-
ome in the pathogenesis of infectious uveitis and unrav-
elling the complexities of the ocular immune response 
hold promise for the development of novel therapeutic 
interventions.

Limitations
The limitations of this review include variability in study 
designs, geographical biases, and inconsistent diagnos-
tic criteria across the included studies. Furthermore, 
the heterogeneity among studies, particularly in patho-
gen identification and classification, affects the gener-
alizability of our findings. Additionally, publication bias 
may have influenced the results, as studies from regions 
with limited diagnostic resources may underreport infec-
tious uveitis cases. Future research should aim for stand-
ardized diagnostic criteria and broader geographical 
representation to provide a more comprehensive under-
standing of the global epidemiology of infectious uveitis. 
In addition, The prevalence of infectious uveitis remains 
unclear, lacked exact values with available data showing 
variability depending on the population, limited informa-
tion and methodology used.
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