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Abstract: Pythium insidiosum keratitis is an aggressive, vision-threatening corneal infection increasingly recognized across India, 
particularly among agricultural workers during monsoon season. Frequently misclassified as fungal keratitis, it responds poorly to 
conventional antifungals because the oomycete has a cellulose- and β-glucan–rich wall and lacks ergosterol, leading to therapeutic 
delay and rapid stromal melt. Indian cohorts have refined a practical diagnostic signature such as tentacular or reticular peripheral 
infiltrates with guttering, early endothelial plaque and hypopyon, and minimal satellite lesions. Calcofluor white and KOH show broad, 
ribbon-like, sparsely septate filaments; blood agar often grows colonies while Sabouraud shows scant growth; IVCM reveals thin, 
linear, right-angle branching hyphae; and PCR/ITS sequencing confirms species. Emerging immunology indicates early evasion of 
pattern-recognition receptors (TLR/CLR pathways) followed by dysregulated neutrophilic inflammation that accelerates collageno
lysis. Management in India has converged on a surgery-first bias for deep or progressive disease early therapeutic keratoplasty with 
wide margins combined with targeted medical therapy: topical linezolid 0.2% and azithromycin 1% (± minocycline systemically), 
aggressive lubrication, and stromal melt mitigation (oral doxycycline, cautious steroids only post-control). Adjuncts include cyanoa
crylate for impending perforation and intracameral/ intrastromal antibiotics in selected cases. Outcomes improve with rapid organism- 
specific therapy, meticulous peri-operative planning, and vigilant recurrence surveillance. India’s experience underscores priorities for 
the next decade: point-of-care diagnostics (LAMP/CRISPR), standardized drug susceptibility platforms, optimized peri-keratoplasty 
protocols, and host-directed immunomodulation to temper destructive inflammation without impairing clearance. This review 
synthesizes epidemiology, clinical diagnostics, immunopathogenesis, and management, translating India-derived insights into 
a pragmatic framework for regions confronting the global spread of Pythium keratitis. 
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Introduction
Pythium insidiosum, once considered an obscure aquatic pathogen confined largely to veterinary infections, has rapidly 
transformed into a significant and uniquely challenging cause of human keratitis.1 Over the past decade, its clinical 
recognition has expanded dramatically, particularly in India, where microbial keratitis already represents a major cause of 
preventable corneal blindness. In this setting—characterized by agricultural exposure, water-associated trauma, and 
variable access to tertiary eye care—Pythium keratitis has shifted from an infrequently encountered organism to 
a pathogen of considerable public health concern.2 This epidemiologic re-emergence has required clinicians to reassess 
long-held assumptions about atypical keratitis and to adopt diagnostic and therapeutic strategies tailored to the specific 
biology of Pythium. Historically, global reports of Pythium keratitis were limited to sporadic cases from Thailand, 
Australia, and the United States. However, India now accounts for the highest number of documented cases worldwide, 
with increasing reports from states such as Tamil Nadu, Karnataka, Odisha, and West Bengal.3 Several tertiary eye 
hospitals have documented Pythium in 2–5% of microbial keratitis isolates—an extraordinary rise from earlier decades 
when it was nearly absent from the literature. This increased detection reflects both heightened awareness and improved 
laboratory confirmation, but also environmental and occupational conditions that foster zoospore proliferation.4 India’s 
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substantial agrarian workforce, combined with monsoon-related flooding and extensive interaction with stagnant water, 
creates ideal conditions for exposure, especially following corneal trauma with vegetative material.5

The clinical challenge of Pythium keratitis stems largely from its close resemblance to fungal ulcers. Patients often 
present with reticular or tentacular infiltrates, dense stromal involvement, or hypopyon—features that mimic filamentous 
fungi and lead to empirical antifungal treatment.6 Yet Pythium is not a fungus; it is an oomycete with a cellulose-rich cell 
wall and an absence of ergosterol, rendering conventional antifungal agents such as natamycin, voriconazole, and 
amphotericin B ineffective.7 This biological mismatch contributes directly to treatment delays, rapid stromal melt, and 
high rates of perforation. Recognizing this risk, Indian clinicians have played a leading role in describing distinctive 
clinical clues—such as peripheral guttering, early endothelial plaques, and linear tentacular extensions—that help 
differentiate Pythium from fungal keratitis.8 Diagnosis remains another critical barrier. On KOH or calcofluor white 
staining, Pythium filaments appear broad, ribbon-like, and sparsely septate, overlapping with mucorales and complicating 
early interpretation. Sabouraud dextrose agar, a standard fungal medium, often yields poor or delayed growth. Indian 
laboratories have demonstrated more reliable recovery on blood agar, where characteristic colonies appear within 
24–48 hours, although definitive identification often requires leaf incubation techniques.9 Molecular tools—including 
PCR assays and ITS sequencing—provide excellent specificity but are largely restricted to specialized centers. Advances 
such as in vivo confocal microscopy, which demonstrates thin, linear, right-angled stromal filaments, have proven 
especially valuable in resource-limited settings and often raise suspicion before culture confirmation.10 

Therapeutically, the Indian experience has driven a paradigm shift. Persistent antifungal failures prompted systematic 
exploration of alternative antimicrobial agents.11 Clinical evidence now supports the use of topical linezolid 0.2% and 
azithromycin 1% as first-line therapy—an approach that contrasts sharply with management of fungal or bacterial 
keratitis.12 Oral tetracyclines, such as doxycycline and minocycline, are frequently added for their stromal-protective 
effects and immunomodulatory benefits. Nevertheless, medical therapy alone is often insufficient. Early therapeutic 
keratoplasty (TPK) with wide excision remains central to management, though recurrence within the graft and post
operative complications such as endothelial plaques continue to pose challenges. Indian protocols emphasize periopera
tive systemic antibiotics, delayed initiation of topical steroids, and meticulous postoperative surveillance to reduce 
reinfection risk.1 Beyond clinical observations, Indian research has begun to elucidate the immunopathogenesis of 
Pythium keratitis. Emerging evidence suggests that Pythium evades early immune recognition by masking molecular 
patterns normally detected by Toll-like and C-type lectin receptors, allowing unchecked stromal invasion.2 The sub
sequent host response is delayed yet intense, dominated by heavy neutrophilic infiltration and marked pro-inflammatory 
cytokine release, which accelerates stromal breakdown and collagenolysis.3 Understanding these host–pathogen interac
tions offers opportunities to explore adjunctive, host-directed therapies aimed at tempering destructive inflammation 
while maintaining microbial control. Finally, the Indian experience highlights critical systemic and public health 
considerations. Many affected individuals present late after receiving empirical antifungals from peripheral centers or 
traditional healers, by which time corneal damage is often irreversible. This underscores the urgent need for community 
education, improved referral pathways, and point-of-care diagnostics in secondary eye-care facilities. National programs 
such as the NPCB have begun to recognize atypical pathogens like Pythium within broader corneal blindness strategies, 
reflecting a shift toward more comprehensive microbial surveillance. Collectively, India has played a pivotal role in 
defining the epidemiology, clinical phenotype, laboratory diagnosis, therapeutic protocols, and immunological under
pinnings of Pythium keratitis. What was once a rare zoonotic pathogen has emerged as a global ophthalmic threat, and 
the Indian experience now serves as the primary knowledge base guiding international clinicians and researchers. This 
review differs from our earlier publications by integrating the most recent epidemiological patterns and consolidating 
several advances that were not previously available. In particular, we highlight newly emerging diagnostic tools— 
including AI-assisted AS-OCT interpretation, high-specificity IVCM features, and rapid molecular platforms such as 
LAMP and RPA—and we summarize evolving concepts in biosensor-based detection and host-directed therapy. This 
review also provides an updated synthesis of translational insights into immunopathogenesis and incorporates current 
refinements in early surgical decision-making. Together, these additions offer a forward-looking perspective that extends 
beyond our prior work and reflects the latest developments in the field.
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Methodology
Search Strategy
A structured literature search was conducted to identify relevant publications on Pythium insidiosum keratitis. The search 
was performed across major biomedical databases, including PubMed/MEDLINE, Scopus, Web of Science, and Google 
Scholar. Additional sources such as reference lists of key articles, conference proceedings, and institutional case series 
from Indian tertiary eye-care centers were reviewed to capture region-specific data.

Search Terms
The following MeSH terms and free-text keywords were used in various combinations: “Pythium insidiosum”, “Pythium 
keratitis”, “Oomycete keratitis”, “Pythium infection”, “microbial keratitis”, “corneal ulcer”, “linezolid”, “azithromycin”, 
“therapeutic keratoplasty”, “India”, “epidemiology”, “diagnosis”, “zoospore”, “immunopathogenesis”. Boolean operators 
(AND/OR) were applied to maximize sensitivity.

Time Frame
Given the sharp rise in reported cases in the past decade, the primary search included studies from 1988 to 2025. Earlier 
historical reports were included selectively to provide context for epidemiological evolution.

Inclusion Criteria
Studies were included if they met the following criteria: Discussed human ocular infection caused by Pythium 
insidiosum. Reported clinical features, diagnosis, microbiology, management, outcomes, or immunopathogenesis. 
Provided original data, such as case reports, case series, observational studies, or laboratory studies. Articles from 
India and other global regions were included to allow comparative interpretation.

Exclusion Criteria
The following were excluded: Studies describing only Veterinary Pythiosis without ophthalmic relevance. Articles lacking 
primary data (eg, commentaries without clinical or laboratory details). Reports where keratitis etiology remained unconfirmed 
or mixed infections without clear attribution to Pythium. Non-English publications lacking available translations.

Study Selection Process
Two reviewers independently screened the titles and abstracts for relevance. Full-text articles meeting the eligibility 
criteria were assessed and synthesized. Any disagreements were resolved by discussion and consensus.

Data Extraction and Synthesis
Key information extracted included: Demographics and geographic distribution, clinical hallmarks and diagnostic 
features, laboratory findings (KOH/CFW, culture, PCR), medical therapy (linezolid, azithromycin, adjuncts), surgical 
management (TPK timing, techniques, outcomes), recurrence patterns and prognostic factors, immunological and 
pathogenesis insights. Given the heterogeneity of available literature, a narrative synthesis approach was used rather 
than a meta-analysis. Indian cohort data were given emphasis due to the high regional prevalence and contribution to 
global understanding.

Epidemiology
The epidemiology of Pythium insidiosum keratitis in India has undergone a striking transformation in the past decade, with 
rising case notifications from multiple states. While earlier considered sporadic or anecdotal, recent multicenter reports now 
identify Pythium as a significant contributor to microbial keratitis, accounting for 2–5% of cases in tertiary eye care 
hospitals.1 Geographic distribution has not been uniform: coastal and riverine belts appear disproportionately affected, 
likely reflecting the pathogen’s preference for warm, aquatic environments where zoospore proliferation is greatest. States 
such as Pondicherry,2 Tamil Nadu,3 Andhra Pradesh4 and Odisha,5 have reported clusters, though isolated cases from 

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S568552                                                                                                                                                                                                                                                                                                                                                                                                   4813

Gurnani and Kaur

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



central and northern India suggest that the organism’s reach may extend beyond traditionally recognized ecological niches. 
This regional patterning underscores the interplay between environment and occupation in shaping disease burden. The 
typical patient profile in India further highlights this ecological link. Most affected individuals are outdoor or agricultural 
workers, particularly those involved in paddy cultivation, fishing, or manual labour in standing water.6 Ocular trauma with 
vegetative material or direct exposure to contaminated water is a consistent risk factor across studies, emphasizing how 
occupational hazards translate into microbial vulnerability. Unlike other opportunistic ocular infections, systemic immu
nosuppression has not emerged as a major predisposing factor.7 Indeed, many patients are otherwise healthy young adults 
whose livelihoods place them in direct contact with high-risk environments. This demographic skew not only magnifies the 
socioeconomic consequences of visual loss but also illustrates why Pythium has become a uniquely Indian challenge. 
Another important feature of the epidemiology is its seasonal clustering. Several Indian centers have observed peak 
caseloads in the months following the monsoon, when stagnant water, humid soil, and flooding events provide ideal 
conditions for Pythium growth and dispersal. Monsoon-related agricultural activity further increases exposure, creating 
a confluence of risk factors.2 The seasonal rhythm of Pythium keratitis resembles patterns seen in other filamentous keratitis 
pathogens but with a sharper and more consistent correlation to rainfall and waterlogged environments. Such clustering 
carries important implications for surveillance, resource allocation, and public awareness campaigns, allowing eye care 
facilities in endemic regions to anticipate and prepare for seasonal surges.8 From an epidemiologic standpoint, the Indian 
experience has been pivotal in transforming global understanding of Pythium keratitis. India’s high case volumes have 
enabled recognition of its clinical profile, refined diagnostic cues, and clarified risk factors with far greater precision than 
scattered case reports elsewhere. As surveillance continues to expand and molecular confirmation becomes more acces
sible, it is likely that the true burden of Pythium keratitis in India will prove even greater than current estimates. The 
combination of environmental predisposition, occupational exposure, and seasonal vulnerability makes India a natural 
epicenter for this pathogen, with lessons that resonate across other tropical and subtropical regions now beginning to report 
their own emerging cases. Over the past decade, Pythium insidiosum keratitis has transitioned from a rare clinical entity to 
a significant and increasingly recognized cause of microbial keratitis in tropical and subtropical regions. India continues to 
report the highest burden globally, particularly in agricultural states where warm, humid climates promote zoospore 
proliferation in stagnant water sources. Recent surveillance data from tertiary centers indicate that Pythium now accounts 
for 5–10% of ulcers initially presumed to be fungal, marking a substantial rise compared to older reports where it was 
virtually absent from keratitis registries. Misdiagnosis remains a major contributor to poor outcomes, with up to 50% of 
untreated or late-treated cases requiring therapeutic keratoplasty, and over 30% resulting in severe visual impairment. 
Emerging international reports from Southeast Asia and parts of the Middle East suggest that Pythium may be under- 
recognized rather than truly rare, with environmental and occupational exposures—especially agricultural labour, trauma in 
paddy fields, and water-related injuries—driving incidence. Increased reporting may also reflect better diagnostic suspicion, 
improved microbiological techniques, and heightened clinician awareness. Although most published reports highlight 
a high burden of Pythium keratitis in coastal regions such as Puducherry, Tamil Nadu, Andhra Pradesh, and Odisha, 
emerging data indicate that the pathogen is also present in several other coastal states including Karnataka, West Bengal, 
Gujarat, Maharashtra, and Goa but with fewer confirmed cases. The lower numbers from these regions likely reflect under- 
recognition, limited laboratory confirmation, and reporting gaps rather than true absence of disease, particularly because the 
environmental conditions (standing water, paddy fields, aquaculture zones, warm–humid climate) are comparable. Beyond 
farmers, multiple other occupational groups appear to be at elevated risk, including fishermen, aquaculture workers, paddy- 
field laborers, sanitation workers exposed to sewage or wet soil, and individuals engaged in activities involving prolonged 
exposure to stagnant or floodwater. Recent case series from high-burden districts also suggest increased susceptibility 
among young adults engaged in manual outdoor labour, as well as individuals with frequent minor ocular trauma in humid 
settings. Incorporating these broader epidemiological patterns provides a more complete understanding of India’s geo
graphic and occupational risk landscape.9 Figure 1 depicts the epidemiological distribution of Pythium insidiosum keratitis.

Microbiology and Pathogenesis
The microbiology of Pythium insidiosum distinguishes it fundamentally from both bacteria and fungi, and explains many 
of the diagnostic and therapeutic challenges clinicians encounter. Unlike true fungi, the cell wall of Pythium is composed 
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primarily of cellulose and sparse β-1,3-glucan, with complete absence of chitin, a defining fungal marker.10 This 
structural composition not only contributes to its misidentification under the microscope but also underlies its poor 
response to conventional antifungal therapy. Recent biochemical studies have also highlighted the presence of hydro
xyproline-rich proteins, which may contribute to rigidity and environmental resilience, as well as interactions with host 
tissue.11 The plasma membrane notably lacks ergosterol, further explaining the ineffectiveness of polyenes and azoles, 
the cornerstone drugs for fungal keratitis. The life cycle of Pythium insidiosum is equally relevant to its pathogenicity. It 
reproduces asexually through motile biflagellate zoospores, which are released in aquatic environments and exhibit 
chemotaxis toward damaged corneal epithelium.12 Upon reaching the corneal surface, the zoospores encyst, adhere 
firmly, and germinate into hyphae. These hyphae penetrate the corneal stroma, proliferating rapidly and causing tissue 
necrosis, melt, and eventual perforation if unchecked. This ability to exploit even minor epithelial breaches explains why 
ocular trauma with vegetative matter or water splash is such a consistent risk factor in endemic Indian settings.13 The 
invasive hyphae often track deep within the stroma, producing clinical signs such as tentacular infiltrates and endothelial 
plaques. The pathogenesis of Pythium keratitis is shaped as much by host response as by the organism’s intrinsic 
virulence. Early in infection, Pythium demonstrates remarkable immune evasion strategies. By masking its β-glucan 
components, it effectively blunts recognition by host pattern recognition receptors, particularly Dectin-1 and Toll-like 
receptor 4 (TLR4).14 This dampened signalling delays the activation of innate immune pathways and cytokine release. 
Partial activation through TLR2 pathways leads to a muted inflammatory response, insufficient for effective clearance but 
enough to allow stromal invasion. Only later in the course of disease does the host mount a more robust immune 
response, characterized by delayed IL-1β release and neutrophil influx.15 Unfortunately, by this stage the infection is well 
established, and the inflammatory response becomes exaggerated and destructive, contributing to collagenolysis, corneal 
melt, and scarring. This biphasic interaction—early immune evasion followed by delayed, hyperinflammatory damage 
helps explain the aggressive clinical course and poor prognosis of Pythium keratitis despite appropriate surgical and 
medical interventions.16 In sum, the unique cell wall architecture, aquatic life cycle with zoospore-driven invasion, and 
immunological stealth collectively define the microbiology and pathogenesis of Pythium insidiosum. These insights, 

Figure 1 Depicts the epidemiological distribution of Pythium insidiosum keratitis. India and Thailand are highlighted in bold to indicate high endemicity of Pythium insidiosum cases.
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many of which have been derived from Indian case series and laboratory investigations, underscore why Pythium 
behaves differently from classical fungal pathogens and demand a distinct diagnostic and therapeutic paradigm.16 Early 
diagnosis is critical in Pythium keratitis, as the window during which corneal damage remains potentially reversible is 
narrow. The most appropriate and actionable stage for diagnosis is within the first 3–5 days of symptom onset, when the 
organism is largely confined to the anterior to mid-stroma and before enzymatic collagenolysis accelerates tissue melt. 
During this early phase, characteristic features—such as tentacular infiltrates, reticular or “sinewy” stromal patterns, 
peripheral guttering, and early endothelial plaques—are most evident and can be captured reliably using AS-OCT and 
in vivo confocal microscopy. At this stage, prompt initiation of organism-directed therapy (linezolid ± azithromycin) can 
halt progression and, in many cases, prevent the rapid stromal necrosis that necessitates therapeutic keratoplasty. Delayed 
diagnosis, particularly after deep stromal invasion or limbal extension, significantly reduces the likelihood of medical 
salvage and is associated with higher rates of perforation and recurrence. Emphasizing diagnosis during this early, pre- 
melt phase is therefore essential to preserving corneal integrity and improving outcomes. Figure 2 depicts the micro
biology and pathogenesis of Pythium insidiosum keratitis.

Mechanism of Resistance
Although true antimicrobial resistance in Pythium insidiosum is not yet well-defined, emerging observations suggest that 
reduced responsiveness may develop under therapeutic pressure. Laboratory studies have shown variable susceptibility to 
linezolid and macrolides across environmental isolates, raising the possibility of strain-specific differences rather than 
uniform sensitivity. Clinically, delayed presentation, deep stromal invasion, and biofilm-like organization within necrotic 
tissue may mimic resistance by limiting drug penetration rather than reflecting true genetic resistance. The absence of 
ergosterol-targeted pathways also means that prior antifungal exposure does not induce resistance but can delay appropriate 
therapy, indirectly worsening outcomes. Ongoing genomic and transcriptomic work is beginning to identify stress-response 
pathways and efflux mechanisms that may contribute to reduced drug efficacy, underscoring the need for standardized 
susceptibility testing and longitudinal surveillance as antibiotic-based regimens become widely adopted.2,9,17

Clinical Features
The clinical presentation of Pythium insidiosum keratitis is often dramatic, with patients reporting severe ocular pain, 
photophobia, watering, and rapidly worsening vision. Unlike bacterial keratitis, the pain is often disproportionate to the 
size of the infiltrate, and progression may be swift despite empirical antifungal therapy.2 A history of antecedent 
trauma with vegetative matter or exposure to contaminated water is frequently elicited, particularly in patients from 
rural and agrarian backgrounds. On slit-lamp examination, several distinctive features have now been recognized as 
highly suggestive of Pythium keratitis. The most characteristic are feathery, branching “tentacular” infiltrates that 

Figure 2 Depicts the microbiology and pathogenesis of Pythium insidiosum keratitis.

https://doi.org/10.2147/OPTH.S568552                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 4816

Gurnani and Kaur                                                                                                                                                                  

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



radiate outward from the central lesion into the peripheral stroma, creating a reticular or net-like pattern.9 Peripheral 
guttering is another important diagnostic clue, where localized thinning occurs at the margins of the infiltrate, giving 
a hollowed-out appearance. In many cases, a reticular or plaque like stromal infiltrate develops, which can be mistaken 
for deep fungal infection. In the early course of the disease, endothelial plaques may be minimal or absent, in contrast 
to the dense endothelial exudates seen with aggressive fungal keratitis.17 However, progression can be rapid, with 
extensive stromal necrosis, thinning, and corneal melt leading to impending perforation. Certain red flags help 
distinguish Pythium keratitis from fungal ulcers at the bedside. Chief among these is the lack of clinical response to 
natamycin or azole antifungals within 48–72 hours of therapy initiation. Instead of improvement, the infiltrates often 
continue to expand, with circumferential spread into the periphery and deep stromal invasion despite maximal 
antifungal therapy.1 This paradoxical worsening under antifungal coverage should immediately raise suspicion of 
Pythium, especially when accompanied by tentacular extensions or guttering. Unlike typical fungal ulcers, satellite 
lesions are uncommon, and hypopyon, though present, tends to be sterile and disproportionate to the severity of 
stromal disease. Collectively, these clinical observations have been shaped by extensive experience in Indian tertiary 
care centers, where large case series have allowed the delineation of a clinical signature of Pythium keratitis. 
Recognition of these features at an early stage is vital for initiating organism-specific therapy, planning timely surgical 
intervention, and preventing catastrophic visual outcomes.17

Diagnosis
Clinical Indicators
The clinical diagnosis of Pythium insidiosum keratitis in India hinges on the ability to recognize subtle but distinctive features at 
the slit lamp, often in patients with a history of rural exposure. One of the earliest and most reliable bedside indicators is the 
presence of tentacular stromal extensions linear infiltrates radiating outward from the central lesion into uninvolved cornea.16 

These “feathery arms” or reticular projections are highly suggestive of Pythium and differ from the satellite lesions typically seen 
in fungal ulcers. Accompanying this is peripheral guttering, a unique phenomenon in which the peripheral corneal stroma thins 
and excavates, producing a hollowed-out appearance adjacent to the infiltrate. Together, tentacular spread and guttering are now 
considered hallmark features in Indian case series.18 Another important clue, especially emphasized by tertiary eye care centers in 
Tamil Nadu, West Bengal, and Karnataka, is the rapid peripheral creep of the infiltrate. Unlike fungi, which often remain 
localized before expanding centripetally, Pythium frequently extends circumferentially toward the limbus, threatening early pan- 
corneal involvement.19 This extension is often observed in patients with antecedent water or soil trauma, such as paddy farmers 
exposed to muddy fields during monsoons, or in those injured with vegetative material. Such an exposure history, when 
combined with rapid clinical progression, strongly raises suspicion of Pythium in the Indian setting. Other subtle but useful signs 
include a plaque-like stromal infiltrate, which appears as a flat, whitish lesion resembling disciform keratitis, and a relatively 
clean epithelial surface compared to the depth of stromal involvement.20 Endothelial plaque formation may be minimal in early 
stages, which can mislead clinicians accustomed to fungal patterns. Hypopyon, when present, tends to be sterile and small 
relative to the aggressiveness of the stromal disease. Importantly, the poor or absent response to natamycin or azole antifungals 
within 48–72 hours serves as a red flag. Indian ophthalmologists have highlighted that continued progression despite intensive 
antifungal therapy is a critical differentiator of Pythium keratitis from filamentous fungal infections.21 From an Indian 
perspective, where microbial keratitis is among the leading causes of corneal blindness, the ability to recognize these features 
early is crucial. In resource-limited rural settings where laboratory confirmation may be delayed, reliance on these clinical 
markers can be life-saving for the cornea. Widespread training of ophthalmologists and residents in recognizing tentacular 
infiltrates, guttering, and peripheral creep has already improved early suspicion rates in endemic regions.22

Laboratory Diagnosis
The laboratory diagnosis of Pythium insidiosum keratitis in India has evolved significantly over the past decade, guided 
by the need for practical, cost-effective methods that can be adopted in diverse clinical settings. The standard workflow 
typically begins with direct smear examination, proceeds to culture confirmation, and incorporates advanced tools when 
available.23 Smear-based microscopy remains the first-line test in most Indian eye hospitals. Corneal scrapings examined 
with 10% potassium hydroxide (KOH) and calcofluor white reveal characteristic broad, ribbon-like, sparsely septate 
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hyphae. A bright cellulose signal is often noted with calcofluor, while stains designed to highlight chitin, such as 
lactophenol cotton blue, frequently yield negative or weak results is an important distinction from fungal keratitis.24 

Gram’s stain can occasionally show thick-walled hyphae but lacks sensitivity. The diagnostic value of smears in India 
lies in their rapid turnaround, affordability, and applicability in rural centers. Culture techniques provide definitive 
identification and have been optimized locally. Unlike filamentous fungi, Pythium demonstrates robust growth on blood 
agar and chocolate agar, often producing colonies within 24–48 hours.25 In contrast, growth on Sabouraud dextrose agar 
is weak or absent, which can mislead clinicians who rely solely on fungal culture media. Some reference centers employ 
zoospore induction methods—using grass leaves or aquatic plant material—to stimulate the production of motile 
biflagellate zoospores, confirming the organism’s identity.26 Although labour-intensive, this technique has been invalu
able in research and teaching settings. Confirmatory methods are increasingly available at tertiary institutions. 
Polymerase chain reaction (PCR) targeting the internal transcribed spacer (ITS) region provides rapid, highly specific 
confirmation of Pythium DNA. In surgical cases, histopathology of excised corneal buttons often demonstrates hyphae 
infiltrating the stroma with accompanying inflammatory response, supporting the diagnosis.27 Periodic acid-Schiff (PAS) 
and Gomori methenamine silver (GMS) staining may reveal hyphae, although the absence of chitin continues to 
complicate interpretation. Adjunctive diagnostic tools complement microbiology in challenging cases. In vivo confocal 
microscopy (IVCM) has gained traction in India as a non-invasive method that can demonstrate broad, non-septate, right- 
angled filaments within the corneal stroma, raising suspicion before cultures finalize.28 Anterior segment optical 
coherence tomography (AS-OCT), while not specific, provides valuable insights into the depth and extent of stromal 
involvement, informing surgical decision-making. These adjuncts are particularly useful in high-volume centers where 
rapid triage of keratitis is essential. From an Indian perspective, the strength of this stepwise laboratory workflow lies in 
its adaptability. Rural centers can rely on smears and blood agar cultures for early suspicion, while tertiary institutions 
incorporate molecular and imaging adjuncts for confirmation.29 Together, these approaches have enabled Indian 
ophthalmology to lead the global refinement of Pythium keratitis diagnostics, bridging the gap between clinical suspicion 
and organism-specific therapy. Table 1 depicts the comparative features of Pythium keratitis versus fungal keratitis.

Table 1 Depicts the Comparative Features of Pythium Keratitis versus Fungal Keratitis

S. No. Feature Pythium Keratitis Fungal Keratitis

1 Onset & progression Rapid, fulminant; deep stromal extension within days Subacute; slower progression over days to 

weeks

2 Pain/photophobia Often disproportionate to clinical appearance Variable, usually correlates with infiltrate 

size

3 Infiltrate morphology Reticular/plaque like infiltrates; feathery “tentacular” 

extensions; peripheral guttering common

Feathery-edged, dry, raised infiltrates; 

satellite lesions more typical

4 Epithelial surface Minimal epithelial defect early; overlying epithelium may 

appear intact

Large epithelial defect often present at 

outset

5 Hypopyon Common, early, often associated with rapid melt Common, but typically later and smaller 

relative to infiltrate

6 Endothelial plaque Usually absent or minimal in early stages Prominent endothelial plaque is common

7 Response to 
antifungals

Poor or absent Variable; often responsive to natamycin, 

voriconazole, amphotericin B

8 Response to 
antibacterials

Linezolid, azithromycin show activity No significant role

9 KOH + Calcofluor 
smear

Broad, ribbon-like, aseptate hyphae; bright cellulose signal; 

chitin stains often negative

Septate, branching hyphae; chitin positivity 

common

(Continued)
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Immunopathogenesis—What Indian Cohorts Teach Us
Insights from Indian cohorts have been pivotal in shaping our current understanding of the immunopathogenesis of Pythium 
keratitis. Unlike classical bacterial or fungal keratitis, where inflammation is often immediate and proportional to microbial 
burden, Pythium follows a distinctive “stealth then storm” paradigm.30 In the early stages of infection, corneal tissue invasion 
occurs silently, with little overt inflammation. Clinical observations from tertiary centers in Tamil Nadu, Puducherry, and 
Odisha consistently describe ulcers that initially appear deceptively indolent despite deep stromal penetration. This clinical 
impression correlates with immunological data demonstrating low levels of pro-inflammatory cytokines IL-1β and TNF-α 
during the early phase. The organism achieves this stealth mode through immune evasion mechanisms such as masking β- 
glucan motifs, which prevents effective activation of Dectin-1 and TLR4 pathways and blunts early innate responses. As 
infection progresses, however, this quiet phase gives way to an abrupt inflammatory surge.30 Indian studies have documented 
a late rise in IL-8, a potent neutrophil chemoattractant, coinciding with the onset of severe stromal infiltration, suppuration, and 
corneal melt. Clinically, this translates to the rapid progression, collagenolysis, and tissue necrosis seen after a short window of 
apparent stability.31 Histopathological studies from Indian corneal buttons reinforce this, demonstrating massive neutrophil 
infiltration in later stages, often disproportionate to the viable organism load. Thus, the bulk of corneal destruction in Pythium 
keratitis results not from direct microbial lysis but from host-mediated damage triggered by delayed immune recognition.32 

These findings carry important therapeutic implications. Conventional strategies aimed at simply suppressing inflammation 
may be counterproductive if applied indiscriminately in early stages. Instead, therapies that unmask the organism early, 
enhance timely pathogen recognition, and prime innate responses may improve outcomes by reducing the destructive late 
hyperinflammation.33 This paradigm also underscores the rationale for exploring immunomodulators or adjunctive therapies 
tailored to the unique kinetics of Pythium pathogenesis. By elucidating this distinct immune trajectory, Indian cohorts have 
provided critical mechanistic insights that not only explain clinical aggressiveness but also highlight future avenues for host- 
directed interventions. Figure 3 depicts the immunopathogenesis of Pythium insidiosum keratitis.

Table 1 (Continued). 

S. No. Feature Pythium Keratitis Fungal Keratitis

10 Culture Grows better on blood/chocolate agar; poor growth on 

Sabouraud

Grows well on Sabouraud dextrose agar

11 Histopathology Aseptate, ribbon-like hyphae without chitin Septate hyphae with chitin wall

12 Confocal microscopy Thick, non-septate, rope-like strands Thin, septate, branching hyphae

13 Prognosis Poor without early TPK; high recurrence risk at graft-host 
margin

Better prognosis with antifungal therapy and 
surgery if required

Figure 3 Depicts the immunopathogenesis of Pythium insidiosum keratitis.
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Management
Medical Therapy—Evidence Based from Indian Cohorts
The management of Pythium insidiosum keratitis represents one of the most challenging frontiers in Indian corneal 
practice. Over the last decade, large case series from Indian tertiary centers have demonstrated that conventional 
antifungal agents are ineffective as monotherapy, primarily due to the oomycete’s cellulose-rich, ergosterol-deficient 
cell wall.2 This failure of polyenes and azoles has forced a paradigm shift toward repurposed antibacterials and 
experimental adjuncts. Among antibiotics, linezolid has emerged as the cornerstone. Topical linezolid 0.2–0.4% eye 
drops, instilled hourly in the acute phase and gradually tapered, consistently demonstrate activity against Pythium isolates 
in vitro and in vivo.34 Clinical cohorts from Tamil Nadu and West Bengal confirm improved outcomes when linezolid is 
initiated early, with reduced recurrence and better graft clarity following keratoplasty. Azithromycin 1% eye drops, used 
alone or in combination, have shown synergistic effects, possibly due to their ability to disrupt protein synthesis and 
inhibit biofilm formation.9 Some centers have also tried systemic azithromycin as an adjunct, particularly in deep stromal 
infections, although evidence remains anecdotal. Combination therapy with linezolid plus azithromycin is increasingly 
adopted in Indian protocols, reflecting both laboratory synergy and clinical benefit. Adjunctive strategies are under active 
exploration. Cellulose-targeting therapies—such as cellulase and cellulose biosynthesis inhibitors (CBIs) hold promise in 
disrupting the pathogen’s unique cell wall structure, although these remain largely experimental.20 Tetracyclines (oral 
doxycycline or minocycline) are sometimes added for their anti-collagenolytic effects, aiming to reduce stromal melt 
rather than direct antimicrobial action. In parallel, interest is growing in immune-modulatory approaches, including 
topical toll-like receptor (TLR) agonists, designed to unmask the organism and enhance early host recognition. While still 
in preclinical stages, these strategies reflect the translational research momentum driven by Indian experience.34 Evidence 
from Indian cohorts highlights important trends in the medical management of Pythium keratitis. Early initiation of 
linezolid–azithromycin–based therapy has been associated with improved response rates, yet overall success with 
medical therapy alone remains modest, with many series reporting progression requiring therapeutic keratoplasty in 
30–40% of cases. Adherence can also be challenging, as hourly dosing regimens, limited access to compounded linezolid 
preparations, and delayed presentation often reduce treatment effectiveness. Major clinical barriers include deep stromal 
invasion at the time of diagnosis, rapid melt despite therapy, and difficulty achieving adequate drug levels in full- 
thickness infiltrates. Integrating structured follow-up protocols, improving availability of topical formulations, and 
adopting point-of-care diagnostics to enable earlier initiation of appropriate therapy may help overcome these limitations 
and enhance clinical outcomes in high-burden regions.2–5,35 Overall, the Indian approach to medical management is 
pragmatic and evidence-informed: early suspicion, rapid switch to antibacterials, combination therapy where feasible, 
and aggressive monitoring for failure or recurrence. Yet, despite these advances, medical therapy alone remains 
insufficient for many patients, underscoring the continued need for timely surgical intervention as part of a combined 
strategy. Table 2. Highlights the practical drug regimens used for Pythium keratitis in Indian centers. Table 3. Depicts the 
reported and practical drug combinations for Mixed Pythium–Fungal Keratitis in Indian centers.

Surgical Therapy
Surgical intervention, particularly therapeutic penetrating keratoplasty (TPK), remains the cornerstone of management in 
advanced cases of Pythium keratitis. Medical therapy alone is often inadequate once the infection progresses to involve 
the deep stroma, shows rapid extension, or when there is an impending or established corneal perforation. In such 
situations, early surgical intervention is critical to limit disease progression and prevent intraocular extension.2 The 
guiding principle of TPK in Pythium keratitis is generous excision with wide margins of uninvolved corneal tissue, 
typically extending at least 1–1.5 mm beyond the clinically apparent infiltrate. This aggressive approach helps reduce the 
risk of residual organism at the graft–host junction, which is a major contributor to recurrence.36 During the procedure, 
meticulous interface irrigation with appropriate antimicrobial solutions is advocated to minimize residual microbial load. 
In the postoperative period, targeted antimicrobial therapy must be continued aggressively, and the introduction of 
corticosteroids should be delayed until there is clear microbiological and clinical evidence of infection control.12 This is 
in contrast to routine fungal or bacterial keratitis, where topical steroids are often considered earlier to control 
inflammation. Despite timely and well-executed TPK, the risk of recurrence in Pythium keratitis remains significantly 
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Table 2 Highlights the Practical Drug Regimens Used for Pythium Keratitis in Indian Centers

S. No Drug Formulation/Route Typical Dosage & 
Frequency

Rationale/Notes

1 Linezolid 0.2–0.5% topical eye 

drops (ex tempore, from 

IV formulation)

Hourly during waking 

hours initially; tapered 

over weeks

Consistently reported activity against Pythium; often 

combined with azithromycin.

Oral 600 mg tablets Twice daily (adjust for 

weight/renal status)

Good systemic penetration; adjunct for severe or deep 

keratitis.

3 Azithromycin 1% topical drops or 1% 
ointment

6–8 times/day (drops) 
or 2–3 times/day 

(ointment)

Macrolide with reported efficacy; synergistic with linezolid.

Oral 500 mg tablets Once daily × 5–7 days 

(then taper if needed)

Added in extensive cases or with scleral involvement.

3 Tigecycline 
(selected centers)

0.5–1% topical drops 

(compounded)

Hourly, then tapered Investigational; some centers use for resistant/refractory 

cases.

4 Minocycline/ 
Doxycycline

Oral 100 mg tablets Once or twice daily Adjunct; may have anti-collagenase and anti-inflammatory 

role.

5 Adjuvants Lubricants, antiglaucoma 

medications and 

cycloplegics

Standard supportive 

therapy

For comfort and epithelial protection.

6 Avoided Standard antifungals 

(natamycin, voriconazole, 
amphotericin B)

— Ineffective against Pythium; often lead to delays in 

appropriate therapy.

7 Linezolid 0.2–0.5% topical eye 
drops (extempore from 

IV formulation)

Hourly during waking 
hours initially; tapered 

over weeks

Consistently effective against Pythium; cornerstone therapy; 
often combined with azithromycin.

Oral 600 mg tablets Twice daily (adjust for 

weight/renal status)

Excellent stromal penetration; adjunct for deep/limbal or 

severe disease.

8 Azithromycin 1% topical drops or 1% 

ointment

6–8× per day (drops) 

or 2–3× per day 

(ointment)

Synergistic with linezolid; widely used in Indian cohorts.

Oral 500 mg tablets Once daily × 5–7 days 

(then taper if needed)

Added in extensive or scleral disease; provides systemic 

cover.

9 Tigecycline 
(selected centers)

0.5–1% topical drops 

(compounded)

Hourly, then tapered Investigational option for refractory cases; limited 

availability.

10 Minocycline/ 
Doxycycline

Oral 100 mg tablets Once or twice daily Adjunct role; anti-collagenase and anti-inflammatory 

benefits.

11 Adjuvants Lubricants, antiglaucoma 

medications, cycloplegics

Standard supportive 

therapy

Improve comfort; protect epithelium; reduce inflammation.

12 Antifungal 
Agents

Natamycin, voriconazole, 

amphotericin B

Not recommended 
once Pythium is 
confirmed

Antifungals are commonly started empirically because 

Pythium often mimics fungal keratitis. Should be 
discontinued immediately once Pythium is 

microbiologically confirmed unless co-existing fungal 

infection is suspected.

(Continued)
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higher than in fungal keratitis, necessitating close postoperative monitoring. Repeat TPK or adjunctive measures may be 
required in recurrent or non-resolving cases. Thus, while surgical therapy offers the best chance of eradicating infection 
and preserving globe integrity, outcomes are often guarded, and a multidisciplinary approach combining surgical 
vigilance with tailored medical therapy remains essential.37 Figure 4 depicts the surgical checklist for managing 
Pythium insidiosum keratitis.

Table 2 (Continued). 

S. No Drug Formulation/Route Typical Dosage & 
Frequency

Rationale/Notes

13 Antifungals + 
Anti-Pythium 
drugs

Natamycin/ Voriconazole 
+ Linezolid/ 

Azithromycin

— When to Suspect Co-existing Fungal Infection
• Presence of satellite lesions

• True septations on smear

• Rapid feathery extension with pigmented infiltrates
• Culture showing mixed growth (bacteria/fungi)

• Poor response to Pythium-directed therapy despite early 

initiation

Table 3 Depicts the Reported and Practical Drug Combinations for Mixed Pythium–Fungal Keratitis in Indian Centers

S. No Combination Regimen Topical Drugs Systemic 
Drugs

Notes/Rationale

1 Linezolid + Azithromycin + 
Natamycin

Linezolid 0.2–0.5% hourly + 
Azithromycin 1% 6–8×/day + Natamycin 

5% hourly

— Most common regimen; dual cover 
against Pythium (LZD+AZM) + fungi 

(Natamycin).

2 Linezolid + Natamycin + 
Voriconazole

Linezolid 0.2–0.5% hourly + Natamycin 

5% hourly + Voriconazole 1% q1–2h

Oral 

Voriconazole 

200 mg BD

Used when Fusarium/Aspergillus co- 

infection suspected; broader fungal 

coverage.

3 Linezolid + Azithromycin + 
Amphotericin B

Linezolid 0.2–0.5% hourly + 

Azithromycin 1% 6–8×/day + 
Amphotericin B 0.15% q1–2h

— For mixed Pythium + Candida 

keratitis (rare, but reported).

4 Linezolid + Azithromycin + 
Natamycin + Voriconazole

LZD 0.2–0.5% hourly + AZM 1% 6–8×/ 
day + Natamycin 5% hourly + 

Voriconazole 1% q1–2h

Oral 
Voriconazole 

200 mg BD

Aggressive 4-drug topical regimen 
used in non-responders before 

surgery.

5 Linezolid + Tigecycline + 
Natamycin

Linezolid 0.2–0.5% hourly + Tigecycline 

0.5–1% hourly + Natamycin 5% hourly

Oral Linezolid 

600 mg BD

Experimental; Tigecycline reported 

in refractory cases.

6 Linezolid + Azithromycin + 
Natamycin + Systemic 

Azithromycin

Topical LZD 0.2–0.5% + AZM 1% + 

Natamycin 5% hourly

Oral 

Azithromycin 

500 mg OD × 
5–7 days

Used in deep stromal/marginal 

extension; systemic AZM adds 

bioavailability.

7 Linezolid + Azithromycin + 
Natamycin + Systemic 

Itraconazole

LZD 0.2–0.5% hourly + AZM 1% + 
Natamycin 5% hourly

Oral Itraconazole 
100–200 mg OD

Some centre’s add systemic azoles 
for posterior extension or scleral 

involvement.

8 Linezolid + Azithromycin + 
Natamycin + Doxycycline

LZD 0.2–0.5% + AZM 1% + Natamycin 

5% hourly

Oral Doxycycline 

100 mg OD/BD

Doxycycline as anti-collagenase 

adjunct; supportive in melt 
prevention.

Abbreviations: LZD, Linezolid, AZM, Azithromycin.
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Practical Approach for Rapid Diagnosis—An Indian Perspective
In India, where the majority of reported cases of Pythium keratitis have emerged, a pragmatic and stepwise approach is crucial 
given the rapid course and high morbidity associated with this infection. The first and most important step is a high index of 
suspicion in any keratitis case with history of exposure to soil or contaminated water, especially when slit-lamp biomicroscopy 
reveals tentacular infiltrates, peripheral guttering, or a reticular plaque-like appearance.2 Once suspected, patients should 
undergo urgent microbiological evaluation, with direct smear and culture being prioritized for same-day reporting. Given the 
characteristic cellulose positivity on calcofluor/KOH mount and rapid blood or chocolate agar growth, early laboratory 
confirmation can significantly alter outcomes. Confirmation by leaf incarnation is a must as this is the gold standard.9 Pending 
culture results, empirical initiation of linezolid and/or azithromycin therapy is recommended, as multiple reports from India 
suggest favourable outcomes compared to conventional antifungals, which are largely ineffective. If the clinical course 
deteriorates within 24–48 hours, or when deep stromal infiltrates manifest, progressive tentacular extensions, or descemeto
cele formation are observed, an early therapeutic penetrating keratoplasty (TPK) becomes the cornerstone of management.34 

Unlike fungal keratitis, conservative waiting can be disastrous in Pythium, as delayed intervention often results in rapid 
corneal melt, perforation, or intraocular extension. Therefore, surgical decision-making should be proactive rather than 
reactive, with wide excision margins (≥1–1.5 mm of clear cornea) considered essential to reduce recurrence. The postoperative 
phase demands vigilant monitoring for rim recurrence, which can occur in up to one-third of cases despite meticulous TPK. 
Any suspicion of recurrence at the graft–host junction warrants prompt re-intervention, either with re-TPK or localized 
excision, to prevent intraocular invasion.35 Adjunctive therapy with targeted antimicrobials should be continued aggressively, 
and topical corticosteroids should be withheld until infection control is unequivocally established. From an expert perspective, 
this Indian experience underscores two key lessons: first, that speed and time of diagnosis and intervention directly translates 
into globe salvage; and second, that surgical aggressiveness must be tempered with vigilant postoperative care, as incomplete 
clearance and premature immunosuppression remain the Achilles’ heel of Pythium management. The practical pathway 

Figure 4 Depicts the surgical checklist for managing Pythium insidiosum keratitis.
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adopted in India is early and high index of suspicion, microbiology-driven therapy, and timely surgical intervention which has 
now become a model for global management of this unique and challenging pathogen.2 Figure 5 depicts the diagnostic 
algorithm for managing Pythium insidiosum keratitis.

Figure 5 Depicts the diagnostic algorithm for managing Pythium insidiosum keratitis.
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Advanced Surgical Interventions in Endemic Countries
In countries such as Thailand, where Pythium keratitis has historically been a well-recognized entity, the surgical 
philosophy has traditionally been even more radical than in India. While India has shifted toward early therapeutic 
penetrating keratoplasty (TPK) with organism-specific medical cover, Thai centers have often favoured definitive globe- 
sacrificing surgeries—including evisceration, enucleation, or even exenteration—as the treatment of choice in severe or 
non-responsive cases.32 Although rare, such interventions have been reported in Southeast Asian case series, particularly 
where patients presented late. The rationale behind this aggressive stance is rooted in the historically poor outcomes with 
medical therapy (conventional antifungals being ineffective) and the high recurrence rates post-keratoplasty reported in 
earlier series. In fact, several Thai studies from the 1990s and 2000s highlighted that primary enucleation/evisceration 
yielded higher cure rates than attempted keratoplasty, as attempts at globe preservation often ended in recurrence and 
delayed definitive surgery.32 Figure 6 depicts stepwise management pathway with decision points for early TPK.

Outcomes and Prognosis
The ultimate visual outcomes in Pythium keratitis are dictated less by the sophistication of available therapeutics and 
more by the rapidity of accurate diagnosis and the timeliness of surgical intervention. Delay of even a few days can shift 
the prognosis from corneal salvage to irreversible loss of the eye, underscoring the unforgiving natural history of this 
organism.38 Early suspicion, laboratory confirmation, and proactive surgical therapy with therapeutic penetrating 
keratoplasty (TPK) can significantly alter the trajectory of the disease. Patients who undergo timely TPK, particularly 
before perforation or intraocular extension, often retain a useful anatomical globe and may even achieve functional visual 
rehabilitation with secondary optical procedures.39 However, recurrence remains the Achilles’ heel of surgical therapy. 
The organism’s propensity to infiltrate subtly beyond the clinically visible margins means that if even minute foci of 
hyphae are left behind at the graft–host junction, rim recurrence is almost inevitable This recurrence is usually aggressive 
and can compromise even a well-performed graft within days. As a result, close and vigilant postoperative surveillance is 
indispensable, with a low threshold for re-intervention.2 Unlike fungal keratitis, where inflammation can sometimes be 
tempered with topical corticosteroids the early postoperative period, in Pythium keratitis such immunosuppression can be 
disastrous if introduced prematurely. When compared directly to fungal ulcers, Pythium keratitis demonstrates a much 
faster rate of tissue destruction, often leading to deep stromal melt or descemetocele within days.9 Yet, paradoxically, the 
same aggressive course makes the role of decisive early surgery more rewarding by swiftly removing infected tissue and 
re-establishing structural integrity, the clinician can sometimes salvage both the globe and vision. In centers with 
established diagnostic and surgical pathways, success rates are steadily improving, and long-term outcomes, though 
guarded, are far more encouraging than a decade ago.40 From an expert perspective, the prognosis in Pythium keratitis 
hinges on two pillars: speed and decisiveness. Speed in recognizing and confirming the pathogen, and decisiveness in 
adopting early, wide, and aggressive TPK rather than persisting with futile medical therapy. Where these principles are 
applied, the narrative shifts from inevitable blindness to realistic prospects of visual rehabilitation, a transformation that 
represents one of the most significant advances in managing this newly recognized corneal pathogen.41

Public Health & Systems Perspective
From a public health standpoint, Pythium keratitis poses unique challenges in India, where agricultural exposure, 
monsoon-related surges, and limited early diagnostic capacity converge to create a high disease burden. The first point 
of contact for most patients remains district hospitals, secondary-level centers, or teaching institutions, where ophthal
mologists and general physicians may be unfamiliar with the distinctive clinical appearance of Pythium.1 Awareness- 
building among these first-contact providers is therefore critical, enabling earlier suspicion and timely referral to tertiary 
corneal units before catastrophic progression occurs. Diagnostic strengthening at the grassroots level also has the 
potential to transform outcomes. Introducing point-of-care microbiological tools, such as rapid 10% KOH plus calcofluor 
white staining, can empower even modestly equipped laboratories to differentiate Pythium from fungal keratitis within 
hours.42 Embedding referral triggers directly into electronic medical record (EMR) systems or order sets—for example, 
flagging cases with reticular or tentacular infiltrates that fail to respond to antifungals—could standardize care pathways 
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and reduce delays in escalation. From a preventive standpoint, the monsoon season represents a predictable period of 
heightened risk, especially in endemic districts where paddy cultivation and waterlogged fields increase exposure.39 

Incorporating seasonal messaging into local health campaigns, eye hospital outreach programs, and agricultural advi
sories could raise community awareness of early symptoms and the importance of urgent consultation. Likewise, simple 
protective strategies for farm workers, including the distribution and promotion of affordable protective eyewear, could 
reduce the incidence of soil- and water-related corneal trauma that often precedes infection.6 Taken together, these 
measures reflect a shift from viewing Pythium keratitis solely as an ophthalmic problem to approaching it as a systems- 

Figure 6 Depicts stepwise management pathway with decision points for early therapeutic penetrating keratoplasty. KOH − Potassium hydroxide, CFW − Calcofluor white, 
PCR – Polymerase chain reaction, MALDI-TOF – Matrix Assisted Laser Desorption Ionization-Time of Flight, AI – Artificial intelligence, ↓ – Reduction, PK – Penetrating 
keratoplasty, TPK – Therapeutic penetrating keratoplasty, Rx – Treatment.

https://doi.org/10.2147/OPTH.S568552                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 4826

Gurnani and Kaur                                                                                                                                                                  

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



level challenge that spans public health, occupational safety, and clinical care. The Indian experience highlights that 
combating this pathogen requires not only surgical and pharmacological advances but also integration of awareness, 
diagnostics, and preventive strategies into the health system. This multipronged approach has the potential to signifi
cantly reduce the morbidity of what is otherwise an aggressive and sight-threatening condition.2

Research Gaps and Priorities
Despite growing recognition of Pythium keratitis as a distinct clinical entity, substantial gaps remain in diagnostics, 
therapeutics, and systems-level knowledge, which continue to constrain patient outcomes. One of the most pressing needs 
is the development of rapid, point-of-care diagnostic tools. Current reliance on conventional microscopy and culture often 
results in delays, while clinical overlap with fungal keratitis can mislead first-line providers.17 The design of cellulose- 
targeted fluorescent probes and Pythium-specific PCR kits represents a promising frontier, enabling rapid, accurate, and 
field-adaptable detection. Such innovations could transform case detection in endemic districts, especially if integrated into 
cost-effective, portable diagnostic platforms. In terms of treatment, there is a critical gap in drug development. While 
linezolid and azithromycin have shown relative efficacy, their pharmacokinetics and pharmacodynamics in the corneal 
microenvironment remain poorly characterized. Rigorous studies on optimized dosing, tissue penetration, and toxicity 
profiles are urgently needed. Beyond this, novel therapeutic avenues such as cellulose biosynthesis inhibitors offer the 
potential for pathogen-specific ophthalmic formulations that could revolutionize management, particularly as adjuncts to 
surgical therapy.20 Another underexplored area is immunotherapy. The unique immune response elicited by Pythium spp. 
offers an opportunity for standardized antigen preparation and carefully designed clinical trials assessing the safety and 
efficacy of localized immune-priming adjuncts. If successful, such interventions could reduce recurrence rates and improve 
graft survival post-TPK. Finally, there is a strong case for establishing a national registry of Pythium keratitis in India, 
coordinated across tertiary eye centers. A multicenter dataset would enable robust evaluation of surgical timing, graft 
dimensions, recurrence risk factors, and drug-response protocols, thereby refining clinical guidelines and improving 
evidence-based care. Such a registry could also provide invaluable insights for global ophthalmology, given India’s unique 
position at the epicenter of this pathogen’s recognition and management. From an expert standpoint, closing these gaps 
requires a multi-pronged research strategy that spans laboratory innovation, clinical pharmacology, immunology, and public 
health infrastructure. Only through coordinated efforts can the shift be made from reactive treatment to proactive control, 
ultimately redefining the prognosis of Pythium keratitis worldwide.2,9,17 Emerging therapeutic research is increasingly 
focused on exploiting the unique structural and biological features of Pythium compared with bacterial and fungal 
pathogens. Its cellulose-rich, chitin-deficient cell wall, absence of ergosterol, and distinct β-glucan masking mechanisms 
have opened avenues for novel drug targets that differ fundamentally from antifungal or antibacterial approaches. Potential 
candidates under investigation include cellulose-binding agents, β-glucan–targeting molecules, oomycete-specific enzyme 
inhibitors, and host-directed immunomodulators that modulate neutrophilic inflammation without compromising pathogen 
clearance. Highlighting these distinctions may help guide future therapeutic development and encourage exploration of 
drugs tailored specifically to oomycete biology.

Advances in Diagnostics
Significant breakthroughs in diagnostic technology have reshaped the clinical approach to Pythium keratitis, reducing 
diagnostic delays that previously spanned days to weeks.

Advanced Point-of-Care Imaging (AS-OCT & IVCM)
Recent enhancements in anterior-segment imaging have greatly improved early recognition of Pythium keratitis. AS- 
OCT now allows rapid, non-invasive identification of features such as tentacular hyperreflective tracks, granular stromal 
dots, peripheral guttering, and early endothelial plaques—patterns that help distinguish Pythium from fungal ulcers. In 
vivo confocal microscopy further supports diagnosis by demonstrating broad, ribbon-like filaments with right-angled 
branching (8–12 µm), a finding shown to have high sensitivity and specificity. Together, these imaging tools enable early, 
confident suspicion of Pythium keratitis and help shorten the time to organism-directed therapy.43
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Rapid Molecular Diagnostics
Rapid molecular diagnostics have greatly shortened the time needed to confirm Pythium keratitis, reducing the delay 
from several days to under an hour. PCR assays targeting ITS or 18S rDNA provide high diagnostic accuracy, with 
sensitivities around 96% and specificities close to 98%. LAMP assays offer simple, color-based detection and have 
shown excellent early sensitivity, while recombinase polymerase amplification (RPA) delivers ultra-rapid results in 
roughly 20 minutes. These technologies are especially valuable in secondary eye-care settings where culture facilities 
are limited, enabling faster initiation of organism-directed therapy.44

Lateral Flow Immunoassays (LFIA)
Prototype 15-minute antigen detection strips have shown >90% accuracy and require no instrumentation, making them 
ideal for peripheral clinics.45

Emerging Biosensor Technologies
Cutting-edge aptamer-based electrochemical biosensors and smartphone-linked readers can detect Pythium antigens in 
under 10 minutes. These devices promise high specificity, low cost, and portability—key attributes for field deployment 
in endemic regions.46

Artificial Intelligence (AI) for Automated Diagnosis
Recent advances in anterior-segment imaging have greatly improved the early recognition of Pythium keratitis. High- 
resolution AS-OCT now allows rapid, non-invasive visualization of distinctive stromal patterns such as tentacular 
hyperreflective tracks, granular dot-like infiltrates, peripheral guttering, and early endothelial plaques, all of which 
strongly favour a diagnosis of Pythium over fungal keratitis. In vivo confocal microscopy complements this by 
identifying the pathogen’s characteristic broad, ribbon-shaped filaments with right-angled branching, measuring approxi
mately 8–12 µm, features that have demonstrated high sensitivity and specificity in clinical studies. Together, these 
imaging modalities enhance early diagnostic confidence and facilitate timely initiation of organism-directed therapy, 
reducing the risk of delays that often worsen clinical outcomes.47

Advances in Therapy
Future Therapeutic Possibilities
Ongoing translational research is steadily expanding the therapeutic horizon for Pythium keratitis, focusing on strategies 
that go beyond antimicrobial therapy alone. Emerging host-directed immunomodulatory approaches aim to temper the 
destructive inflammatory cascade while preserving pathogen clearance, thereby reducing stromal melt and improving 
visual outcomes. Parallel advances in cellulose-targeting diagnostic and therapeutic probes are being explored to exploit 
the unique cell wall biology of Pythium, enabling more precise organism detection and ultimately facilitating targeted 
drug delivery. In addition, biosensor-guided treatment algorithms—integrating real-time pathogen detection with point-of 
-care decision support—are under development to personalize therapy and optimize timing of interventions such as 
keratoplasty. Together, these innovations hold promise for lowering recurrence rates, improving graft survival, and 
ultimately reducing the need for emergency therapeutic keratoplasty in severe or refractory disease.43

Conclusion
The Indian experience has been pivotal in reframing Pythium keratitis from a clinical curiosity into a rapidly destructive 
oomycete infection requiring early recognition, organism-directed therapy, and timely surgical intervention. Anchoring 
care to India-specific workflows—fast-track KOH and calcofluor microscopy, early use of linezolid and azithromycin, 
and proactive therapeutic keratoplasty with wide margins—has significantly improved outcomes and now serves as 
a reproducible model for other regions where Pythium is emerging. Looking ahead, rapid molecular diagnostics and 
targeted therapeutic approaches hold promise for reducing delays and mitigating the severe inflammatory damage 
characteristic of this disease. India’s frontline contributions have not only advanced local patient care but also provided 
a practical global blueprint for managing this increasingly recognized pathogen.
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