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Mycotic or fungal keratitis (FK) is a sight-threatening infection of the cornea by filamentous fungi or yeasts. 
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1. Introduction

Mycotic or fungal keratitis (FK) is a severe and potentially blinding infection of the cornea (Figure 1) and is considered an

ophthalmic emergency . It is one of the leading causes of microbial keratitis (MK) or corneal ulcer. The latest

conservative estimates predict that there are close to 1.5 million new infections every year , which correlate with

estimates published more than 20 years ago . The burden of FK is greatest in tropical and subtropical countries,

accounting for between 20 and 60% of MK cases presenting in tropical regions , likely a result of climate (higher

temperatures and relative humidity) and frequent agriculture-related ocular trauma .

Figure 1. Fungal keratitis in a patient presenting to an ophthalmic hospital in Nepal. The causative organism was

confirmed to be Fusarium sp. on culture. (A): The conjunctiva is hyperaemic, causing the eye to be red. There is a white

corneal infiltrate with feathery serrated margins and satellite lesions present. There is also a small hypopyon. (B): The

same eye as viewed with a cobalt blue filter after instillation of topical fluorescein. The area staining in green represents a

defect in the corneal epithelium.

Fungal keratitis is caused by yeasts and filamentous fungi but the pattern of infection varies globally with respect to

aetiology and predisposing risk factors relating to geographical location and occupational exposure. Infections due to

Candida spp. and other yeasts are typically associated with steroid use, ocular surface disorders, previous ocular surgery,

contact lens wear and underlying illness resulting in immuno-incompetency , mostly occurring in temperate climes.

However, the main burden of disease globally is attributable to the filamentous fungi and these infections predominantly

affect the poorest patients in warm, humid, tropical climatic regions . There have also been reports of an increase in

Fusarium-related keratitis in contact lens wearers in temperate, industrialised regions . Interestingly, even within

developed countries fungal keratitis is a disease of poverty: infections are associated with contact lens wearers from

deprived or low socioeconomic backgrounds .

2. Risk Factors

There are numerous risk factors for developing fungal keratitis, some attributable to the individual such as age, gender or

pre-existing ophthalmic or systemic disease, with others dependent on extrinsic factors including the income status of the

patient, occupation, contact-lens use, previous ocular surgery and region.

2.1. Age and Gender

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
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likely to have predisposing systemic and ocular co-morbidities such as diabetes mellitus and ocular surface disease .

Patients between the ages of 20–40 make up the majority of cases . In areas of high incidence of fungal

keratitis such as south India, the majority of young patients (aged between 21 and 50) typically have fungal keratitis,

compared to the majority of patients over 50 years old who typically have bacterial keratitis .

In SSA and India where the burden of FK is greatest, the majority of cases of fungal keratitis are reported in males 

. Interestingly, one study from Nepal reports a higher proportion of females compared to males , whilst other studies

from Nepal report male preponderance . The reason for this difference is unclear; it may be due to different

socioeconomic factors, health seeking behaviour or differing study methodology. In Europe and North America, there is

considerable variation in the reported proportion of men with fungal keratitis .

2.2. Trauma

Preceding ocular trauma is a key predisposing risk factor for the development of fungal keratitis, regardless of

geographical region. This is particularly true for trauma with vegetative material and trauma occurring during agricultural

practices. Injury to the eye allows for a disruption to the corneal epithelium, permitting fungal pathogens to infiltrate the

cornea . Furthermore, injury with plant matter can lead to direct inoculation with fungal conidia. For

regions where a fungal aetiology is the most common form of microbial keratitis such as South Asia and SSA, the reported

rates of trauma range from 24 to 83% .

2.3. Occupation

Given the clear risk that trauma, particularly with organic material, poses to the cornea it is not surprising that occupations

that carry a high risk of occupational ocular injury are associated with developing fungal keratitis. In particular, agricultural

labourers and subsistence farmers are the most likely to develop fungal keratitis, reported to be between 56–74% of

cases from studies in Nepal and India .

2.4. Diabetes Mellitus

Diabetes mellitus (DM) is of increasing public health concern globally, with the incidence increasing at an alarming rate in

LMICs . It is well-established that patients with DM are at an elevated risk of developing fungal infections , and DM is

the most important systemic risk factor for developing fungal keratitis . DM has also been shown to be an independent

risk factor for the severity of fungal keratitis . It is thought that hyperglycaemia can alter the ocular surface

microenvironment including changes to the commensal organisms and enzyme action, allowing easier fungal adherence,

proliferation and corneal penetration . The associated reduced immune response seen in diabetes is also likely to be a

significant factor in increasing host susceptibility to fungal infection .

2.5. HIV

There have been a number of studies from SSA that have suggested an association between HIV infection and fungal

keratitis, following a number of case reports of fungal keratitis in AIDS patients at the start of the HIV/AIDS pandemic 

. A prospective study from Tanzania in 1999 found that 81% of the patients with fungal keratitis were HIV positive,

compared to only 33% in non-fungal cases (p < 0.001) . Another study from Tanzania a few years later found the

prevalence of HIV infection amongst MK cases to be double that of the wider population , although this did not directly

compare the proportion of HIV positive fungal MK cases to bacterial MK cases. A more recent, nested case control study

from Uganda where over 60% of MK cases were fungal, found a strong association between HIV infection and MK (OR

83.5, p = 0.02) . There have been no studies to date looking at this association outside of SSA.

2.6. Traditional Eye Medicine

The use of traditional eye medicine (TEM) to treat a wide range of eye problems is commonplace in LMICs . Most

TEM contain non-sterile preparations comprising plant matter, often herbs or dried leaves, and are therefore a potential

route for inoculating the cornea with microorganisms, particularly fungal pathogens . Although there are no studies that

have specifically looked at TEM as a risk factor for fungal keratitis, it has been found to be an independent risk factor in

developing microbial keratitis in Tanzania and Uganda , where a fungal aetiology make up the majority of MK

cases.
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2.7. Topical Corticosteroids

It is well established that glucocorticoids are associated with an increased risk of invasive fungal infection due to the

dysregulation of the patient’s immunity . This holds true for prior topical steroid use, which is an independent risk factor

for developing fungal keratitis . Prior topical corticosteroid use is also associated with deeper corneal penetration and a

worse clinical outcome . Although topical corticosteroid use is associated with both yeast and filamentous fungal

infections, it may be a stronger risk factor for yeast infection .

2.8. Ocular Surface Disease

Pre-existing ocular surface disease (OSD, a diverse range of disorders that lead to an abnormal ocular surface such as

dry eye disease, corneal exposure, blepharitis, persistent epithelial defects or ocular surface inflammatory conditions)

compromises the corneal epithelium and therefore allows fungal pathogens to invade the cornea. Furthermore, these

conditions are often treated with topical corticosteroids or bandage contact lenses, which further increases the risk of

developing fungal keratitis. Although OSD is more often associated with yeast infection , it remains a risk factor for

filamentous fungal infection: a multi-centre study from the US found 29% of cases of fungal keratitis were associated with

OSD, 42.6% of which were filamentous and 53.1% were yeast . Cases of fungal keratitis with pre-existing OSD are less

frequently reported in LMICs than in developed countries, other than in areas such as Tanzania, where OSD due to

trachoma exists .

2.9. Contact Lens Usage

In industrialised countries, contact lens use constitutes the main predisposing factor for developing fungal keratitis, with

studies showing between 37% and 67% of fungal cases were contact lens wearers . It is important to consider,

however, that it is not simply the contact lens wear itself that carries the risk-it is the type of lens used, the frequency of

replacement and how the lenses are cleaned-and with what. For example, the global outbreak of Fusarium keratitis

between 2005–2006 was caused by a specific contact lens cleaning solution . The current proportion of patients with

fungal keratitis in LMICs associated with contact lens usage is low, but this is likely to increase as these countries

industrialise leading to an increased number of contact lens wearers and fewer people involved in manual agricultural

labour.

2.10. Previous Ocular Surgery

A prior history of ocular surgery, including cataract, laser-refractive or corneal transplantation surgery, has been

associated with the development of fungal keratitis in both developed and lower-middle income countries . Yeasts

are often the most commonly implicated pathogen following surgery ; for example, in a study from Boston, USA, yeasts

accounted for 67% of post-surgical fungal infections. Of note, this group of patients had the worst outcome in terms of

final visual acuity. In this study, all surgeries were a form of corneal transplantation . However, it should be noted that

prior ocular surgery is more likely to be a stronger risk factor for bacterial, rather than fungal, keratitis ; a study from

Brazil found 32% of bacterial keratitis cases were associated with previous ocular surgery, compared to just 8% of fungal

keratitis cases .

Despite intravitreal injections for retinal disease becoming the most commonly performed intraocular procedure globally

, and corticosteroid periocular injections being used routinely for the treatment of diabetic macular oedema , there

have been no cases of fungal keratitis associated with this treatment reported in the scientific literature to date. However,

other complicating local fungal infections have been reported, including fungal endophthalmitis, fungal orbital abscesses

and conjunctival mycetoma .
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