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Fungal keratitis (FK) is a sight-threatening disease caused by infection
of the cornea by filamentous fungi or yeasts. FK can be challenging to
diagnose and treat. In tropical, low, and middle-income countries, it

Published: March 2023 accounts for the majority of cases of microbial keratitis (MK).

Filamentous fungi, in particular, Fusarium spp., the aspergilli, and
dematiaceous fungi are responsible for the most significant burden of
disease. The predominant risk factor for filamentous fungal keratitis is
trauma, typically with organic, plant-based material. In 2020, the
incidence of FK was estimated to be over 1 million cases per year, with
a significant geographical variation. Diagnosing FK is challenging;
accurate diagnosis relies on reliable microscopy and culture. Current
topical antifungals are not very effective; infections can progress
despite prompt treatment. Antifungal drops are often unavailable.
When available, natamycin is usually the first-line treatment. However,
infections may progress to perforation in ~25% of cases. Future work
needs to be directed at addressing these challenges and unmet needs.
This review discusses the epidemiology, clinical features, diagnosis,
management, and etiology of FK.
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Introduction:-

Fungal Keratitis, also known as mycotic keratitis, keratomycosis, or oculomycosis, is a severe sight- threatening
condition. This highly damaging corneal infection often leads to permanent blindness and eye loss 1,2. The
condition is most prevalent in tropical and subtropical locations and has been estimated to account for 20-60% of all
culture-positive corneal infections in these climates3. Fungal keratitis tends to be a poorly treated condition with
very high morbidity1,2. Corneal infections have been declared a silent epidemic4, yet the size of this epidemic has
never been carefully estimated. Fungal keratitis occurs secondary to often minor ocular trauma in most cases.
Infected individuals are frequently young, healthy agricultural or outdoor workers who experience an injury from
organic matter such as during harvesting2.Traumatizing agents from a variety of plant and animal sources have been
recorded, even dust particles2. As men make up a greater proportion of agricultural and outdoor workers, they are
more prone to the disease than women. Candida spp infections might superimpose on pre-existing Herpes simplex
keratitis or corneal defects from contact lens wearing. Unsafe hygiene practices such as overnight wear and
ineffective cleaning have been associated with fungal keratitis. Contact lens wearers of low socioeconomic status are
at increased risk of developing the condition, attributed to a inadequate education about hygienic eye care and
insufficient cleaning solution use5. Fungal infections of the cornea are caused by more than 100 different species,
although over 95% are caused by the filamentous fungi Fusarium spp and Aspergillus spp and the yeast Candida
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spp. Filamentous fungi are responsible for most fungal infections in tropical and subtropical climates, with yeast
being more frequent in temperate climates. Corneal infections caused by filamentous fungi tend to have a worse
prognosis than those caused by yeast species2. Fungal keratitis typically presents subacutely with eye pain, followed
by blurred vision, redness, excessive tearing or discharge, and photophobia. It progresses to ulceration, opacification
of the cornea and, more rarely, endophthalmitis6. Corneal perforations are common and five to six times more likely
than in bacterial keratitis, and often result in the need for eviscerationl. For the patient, the consequences range from
visual impairment and blindness, to loss of the globe and disfigurationl.General trends and risk factors are widely
reported, but there has been very little epidemiological research conducted in Africa, Asia, and central and South
America to calculate its global incidence. The aim of this Review was to appraise the existing literature concerning
the incidence of fungal keratitis, the optimal means of making the diagnosis, and to use the most reliable data to
estimate the global burden of this condition .

Epidemiology of Fungal Keratitis

Incidence

In 2020, Brown et al. estimated the incidence of fungal keratitis to be 1,051,787 cases per annum, within a range of
between 736,251 and 1,367,323 cases per annum’ The morbidity associated with FK is approximately 10-25% of
eyes with FK will perforate or need surgical removal*®.

Risk Factors

Despite age and gender not being independent risk factors for fungal keratitis, they both affect other risk factors such
as trauma, which is more common in younger men who tend to be agricultural labourers®®. It is also important to
note that older patients tend to have a more severe disease and worse outcome™®. Furthermore, older patients are
more likely to have predisposing systemic and ocular co-morbidities such as diabetes mellitus and ocular surface.
There have been a number of studies that have suggested an association between HIV infection and fungal
keratitis''. Other risk factors like traditional eye medicine, topical Corticosteroids, pre-existing ocular surface
disease, contact lens usage, prior history of ocular surgery, including cataract, laser-refractive or corneal
transplantation surgery*2.

Clinical Features

suggestive of a filamentous fungal infection: firm or dry elevated slough, an irregular or feathery stromal infiltrate
edge, satellite infiltrates, an immune ring, and endothelial plaques2. A hypopyon (pus in the anterior chamber) might
also be present. Because of the overlap in the clinical signs at presentation, it is often not possible to clinically
distinguish fungal keratitis from other types of corneal infection5,13.

Acutely, fungal keratitis typically leads to reduced vision due to the presence of the infection and inflammation in
the cornea, blurring the vision 12.

Diagnosis

Conventional microbiological methods remain to be the “gold standard” for the diagnosis of FK. Culture results are
highly specific but insensitive and time-consuming, And expertise is required to identify the fungal species isolates
precisely2,14,15. Smear microscopy is a rapid and direct method. A recent study shows that the positive detection
rate of smear is higher than that of culturel5. A suggested set of smears for direct microscopic detection of fungal
structures in corneal material would be: a wet preparation (potassium hydroxide or lactophenol cotton blue), a
Gram-stained smear, a smear for staining by special fungal stains (Giemsa, periodic acid Schiff, Gomori
methenamine silver stain, calcofluor white )2. In vivo confocal microscopy (IVCM) is a rapid method to diagnose
FK and is non-inva- sive safe technique, becoming a kind of routine16,17. In addition, it has unique advantages that
can monitor therapeutic responsel6-18. Currently, IVCM is the only means allowing to detect the depth of
infection, helping determine the time for appropriate surgical treatment . PCR is a rapid and sensitive diagnostic
method, which has been widely used in the diagnosis of in- fectious keratitis19,20.

Ocular Mycology

Fusarium spp.

Fusarium keratitis is a sight-threatening condition that often affects otherwise healthy individuals during their most
economically active years of lifel,21. Without adequate treatment, infection progresses relentlessly to
perforationl,8, endophthalmitis22, and ultimately loss of the eye in the form of enucleation23,24.
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Aspergillus sp.
Aspergillus spp. are the second most frequently reported causative organisms of fungal keratitis globally. Several
species have been associated with corneal infection, the commonest being A. flavus, A. fumigatus, A. niger and A.
terreus13,25,26.

Dematiaceous Fungi

The most commonly reported ocular pathogens after Fusarium spp. and Aspergillus spp. are representatives from the
dematiaceous moulds, a diverse group of fungi characterised by their ability to produce melanin, which has long
been regarded as a unique pathogenic advantage?7.

Curvularia spp. are the most commonly reported of the dematiaceous fungi globally. Many other genera have also
been reported to cause keratitis including Bipolaris spp., Exserohilum spp., Alternaria spp., Ulocladium spp.,
Lasidoplodia theobromae and Colletotrichum spp. 13,19,28.

Other Filamentous Fungi
Other filamentous fungi less frequently reported include: Sarocladium spp, Penicillium spp., Paecilomyces spp.,
Scedosporium spp. and Purepureocillum lilacinum12.

Management

Anti-fungal treatment

Natamycin, with a broad spectrum and stong anti-fungi activity, is safe and effective at a very low concentration®’.
Currently, natamycin is considered to be the most effective topical medical agent against Fusarium and
Aspergillus®*3. However, it has poor coverage against Candida species.

Amphotericin B is a drug choice for Aspergillus and Candida, while poor activity against Fusarium species®®. The
side effect of amphotericin B is that it is toxic to human cells at a higher dose. Therefore, it is not a first line drug in
treatment of FK while other better agents are at hands™. Instrastromal injection of amphotericin B may be an adjunct
for deep severe FK. Intracameral amphotericin (ICAMB) can be a safe agent in FK refractory to local conventional
therapy to better outcome®.

Fluconazole is known because of its low side effect and good intraocular penetration®. The 0.2% fluconazole is
effective in FK combined with 5% natamycin. Subconjunctival injection of fluconazole has been found efficacious
in patients unresponsive to conventional antifungal medi- cal treatment of Candida and alternaria keratitis. However,
fluconazole has narrow cover- age of filamentous fungi. Oral ketoconazole combined with topical miconazole was
effective in FK, but it did not add benefit to topical natamycin in deep FK3*%,

It has been proposed that liposomal formulation of voriconazole and itraconazole has better antifungal activity and is
effective in treatment of FK. Voriconazole aqueous drops have higher penetration and can be used topically in FK**,

Terbinafine is an efficient anti-fungal agent used in fungal skin diseases. It also inhibits the growth of fungi in
cornea. It has been proved that topical terbinafine was effective in filamentous keratomycosis. Tacrolimus (FK506),
a novel immunosuppressant, can inhibit the inflammation caused by fungi. Caspofungin eye drops seem to be a
possible alternative for treatment of FK. But it still needs more randomized controlled trails.**

CXL has been recently used as a promising and worthwhile treatment in refractory infectious ker- atitis, defined as
PACK-CXL: photo activated chromophroe for keratitis®.

Therapeutic Surgical Intervention

Penetrating keratoplasty (PK) is the most commom therapeutic surgery™. It has been suggested that early suigical
management of PK was require. PK is an effective method in corneal in- fectious and non-infectious diseases
resisitant to other treatment®. It is critical to remove the infected tissue through surgery to vision. Lamellar
keratoplasty (LK) and deep anterior lamellar keratoplasty (DALK) are selected for focal invasion or infection that
did not invasive into deep layers of cornea®.
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New Methods

A study used a novel combination of cryotherapy and anti-fungal agents to treat ulcer of FK and found that
cryotherapy was effective in treating ulcer. Rose Bengal-mediated photodynamic therapy (PDT) can inhibit the
growth of fungi. It may contribute to useful treatment for infectious keratitis. With the role of VDR in innate
immunity being discovered gradually, a new target of treatment can be explored for FK. All-trans retinoic acids
(ATRA) is proved to have anti-in- flammatory and immunoregulatory effects. However, it is difficult to put the new
targets into use clinically. We still need to do more clinical trials®.

Conclusion:-

Mycotic keratitis, particularly when caused by filamentous fungi, is a global problem. The incidence and main risk
factors vary with geographical location and level of economic development; trauma with organic material is the
main risk factor whilst in wealthier, temperate countries contact lens use or ocular surface disease are the
predominant associations.
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