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Abstract

PURPOSE: This case demonstrates a less commonly encountered type of 
fungal keratitis caused by Curvularia species and highlights the current 
standard of care for fungal keratitis. 

CASE REPORT: A 48-year-old Caucasian woman was referred with a two-
week history of a red, painful, and blurry right eye. On biomicroscopic ex-
amination, the presence of a white focally elevated infiltrate with feathery 
borders, an overlying epithelial defect, and satellite lesions led to a clinical 
diagnosis of fungal keratitis. Culture results suggested that Curvularia was 
the most likely causative organism. This report presents a review of fungal 
keratitis including treatment strategies based on susceptibility testing and 
evidence-based reasoning.

CONCLUSION: Fungal keratitis is a condition that can initially be misdiag-
nosed, and delays in treatment can significantly affect visual outcomes. The 
combination of strong clinical knowledge, communication with local mi-
crobiology laboratories, and the ability to adjust treatment strategies during 
follow-up can help to effectively manage this condition.
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INTRODUCTION
Fungal keratitis can account for over 50% of cases of microbial keratitis 
depending on the geographic location. While visual outcomes vary, fungal 
keratitis tends to have a worse prognosis than bacterial keratitis.1 This case 
report highlights some important considerations when managing fungal 
keratitis, including recognizing clinical features, the use of culturing, and 
initiating empirical treatment with the readiness to adjust as necessary.

CASE REPORT
Visit 1
A 48-year-old Caucasian woman was referred for a 2-week history of a red, 
painful, and blurry right eye. She reported that she had used Tobradex (to-
bramycin 0.3% and dexamethasone 0.1% ophthalmic solution) QID OD for 
a few days – she had it from a previous infection a few years previously. Her 
referring primary eye care provider discontinued Tobradex and prescribed 
Maxitrol (dexamethasone/neomycin/polymyxin B sulfate) ointment QID 
and Ocuflox (ofloxacin 0.3% ophthalmic solution) QID OD. The patient re-
ported having been at a garden festival a few weeks prior but denied any 
ocular trauma. Personal ocular history included extended wear of soft con-
tact lenses. Personal medical history included a chronic heart condition, no 
previous surgeries, no systemic medications, and no known medication al-
lergies. She was alert to time, person, and place.

Aided visual acuities with spectacles were 20/30 OD PH NI and 20/20 OS. 
Intraocular pressures by applanation were 10 mmHg OD and 12 mmHg 
OS. Relevant clinical findings in the right eye included a 1.75 mm vertical 
by 1.65 mm horizontal corneal lesion located mid-peripheral nasally with 
white fluffy borders, slight stromal elevation, and overlying epithelial de-
fect measuring 1.5 mm vertically and 1.3 mm horizontally that stained with 
fluorescein (Figure 1). Two satellite lesions with minimal punctate staining, 
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inferior to the larger lesion with similar borders were also noted in the right eye. Grade 1 corneal edema and corneal 
haze were present OD and the anterior chamber was deep and quiet OD. Anterior segment findings OS and poste-
rior segment findings (assessed with dilation) OD and OS were unremarkable.

Fungal keratitis OD was suspected. The larger ulcer was scraped and cultured on four growth media plates: blood agar, 
chocolate agar, MacConkey agar, and IMA (inhibitory mold agar) with gentamicin. Maxitrol was discontinued and the 
patient was prescribed topical natamycin 5% ophthalmic suspension Q1h while awake and Q2h overnight OD. Ocuflox 
was adjusted to Q2h OD while awake. Contact lens wear was discontinued. A follow-up was scheduled for the next day.

Visit 2
On Day 2, the patient reported similar vision and symptoms; there had been no worsening. Aided visual acuity with 
spectacles was 20/30 OD. Anterior segment examination showed a nasal mid-peripherally located 1.75 mm vertical 
by 1.65 mm horizontal stromal infiltrate and 1.6 mm vertical by 1.5 mm horizontal overlying epithelial defect which 
stained upon fluorescein instillation (larger than initially noted due to corneal scraping), with white precipitate in 
the epithelial defect from the topical natamycin OD (Figure 1). Satellite lesions with minimal punctate fluorescein 
staining were still present in OD. No culture results had been received from the microbiology lab at that time.

Figure 1: A. Fungal ulcer with satellite lesions on Day 1. B. Precipitate in fungal ulcer from topical natamycin on Day 2. C. 
Fading stromal infiltrate with no overlying epithelial defect on Day 15. D. Anterior stromal scar at final follow up on Day 70.

  

  

  

Figure 1. A. Fungal ulcer with satellite lesions on Day 1.  B. Precipitate in fungal ulcer from topical natamycin 

on Day 2.  C. Fading stromal infiltrate with no overlying epithelial defect on Day 15.  D. Anterior stromal scar 

at final follow up on Day 70. 

 

 

The treatment plan was continued and a follow-up was booked 2 days later.

Visit 3
On Day 4, the patient reported slight worsening of her symptoms, including foreign body sensation and irritation 
OD. She reported good compliance with her topical medications. Aided visual acuity was OD 20/40-3 PH NI. Ante-
rior segment examination showed a 1.8 mm vertical by 1.25 mm horizontal stromal infiltrate with a 0.75 mm vertical 
by 1.0 mm horizontal overlying epithelial defect. The infiltrate appeared to have faded compared to the initial visit, 
and the epithelial defect was smaller. Satellite lesions were present but also had a fading appearance. No culture 
results were available at that time. 

To decrease the corneal toxicity from the topical medications, topical natamycin was decreased to Q2h while awake 
and to Q4h overnight OD. Ocuflox was decreased to TID OD. A follow-up was scheduled for the next day.

Visits 4 and 5
The next two visits were to ensure that the presumed fungal keratitis was not worsening and that the patient’s symp-
toms were improving. The patient reported a slow decrease in discomfort but minimal change in vision. Anterior find-
ings were unchanged. No bacterial growth was reported and was considered to be conclusive at this point by the lab.  
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No fungal growth was reported. However, since fungal growth can take longer, this was considered a preliminary report. 
Topical natamycin was decreased to Q3h OD only during waking hours. A follow-up was scheduled for 3 days later.

Visit 6
On Day 11, the patient reported feeling much better and that her vision had significantly improved. Aided visual 
acuity was 20/25 OD. Anterior segment examination showed a 1.8 mm vertical and 1.2 mm horizontal fading stro-
mal infiltrate with no epithelial defect. Small satellite lesions with a fading appearance without epithelial staining 
remained. Preliminary lab results came back positive for fungal growth – Curvularia or Bipolaris reported. Further 
speciation and susceptibility testing was requested.

Because of concern for persistent stromal infection, topical natamycin was increased to Q2h while awake plus Q3h over-
night OD. Ocuflox TID OD was continued. Oral antifungal medications were discussed as an option to provide broader 
coverage. The patient noted that she wanted to minimize the possibility of systemic adverse effects in the choice of medi-
cations, and oral posaconazole 200 mg BID po was prescribed. A follow-up was scheduled for 4 days later.

Visit 7
On Day 15, the patient reported that she had run out of topical natamycin. Vision was stable but slight itchiness was 
reported OD. Aided visual acuity was 20/25-1 OD. Anterior segment showed a 1.75 mm vertical by 1.2 mm horizontal 
fading stromal infiltrate without any overlying epithelial staining (Figure 1). The satellite lesions which had faded 
into scars remained similar in size. Minimum inhibitory concentration (MIC) values from the microbiology lab 
showed that the species grown were most susceptible to amphotericin B and voriconazole. It was suspected to be 
most likely Curvularia but further speciation was not possible per the lab.

Topical amphotericin B 0.15% prepared by a compounding pharmacy was prescribed Q2h while awake and Q3h 
overnight OD. Oral posaconazole 200 mg BID po and topical Ocuflox TID OD were continued. Topical natamycin 
was discontinued. A follow-up was scheduled for 2 days later.

Visit 8
On Day 17, the patient reported similar symptoms and good compliance with treatment. Aided visual acuity was 
20/30 OD. Corneal appearance was unchanged OD. Topical amphotericin B was decreased to Q3h including over-
night, and all other treatments were continued without changes. A follow-up was scheduled for 4 days later.

Visit 9
On Day 21, the patient reported that her right eye felt significantly better, and that she felt she could resume normal activi-
ties. Aided visual acuity was 20/25 OD. Anterior segment findings included a fading 1.75 mm vertical by 1.2 mm horizontal 
stromal scar and smaller satellite scars, with no epithelial defects or staining OD. IOP was 16 mmHg OD and 17 mmHg OS. 

Topical amphotericin B was decreased to Q4h, including overnight, Ocuflox was decreased to BID, and Lotemax 
SM (loteprednol etabonate 0.38% ophthalmic gel) BID OD was initiated to decrease stromal inflammation. Oral 
posaconazole was continued. A follow-up was scheduled for 1 week later.

Visit 10
On Day 28, the patient reported no changes; she felt that her right eye was doing well. Aided visual acuity was 20/20-
1 OD and 20/20-2 OS. Corneal appearance was stable OD. 

Tapering of all medications was initiated – topical amphotericin B was decreased to QID for 1 week, then to TID 
for another week, BID for another week, and QD for another week before being discontinued OD. Ocuflox was dis-
continued. Lotemax SM BID OD was continued. Oral posaconazole 200 mg QD was recommended for another 2 
months. A follow-up was scheduled for 2 weeks later.

Visit 11
On Day 42, the patient reported no change in vision or comfort, and good compliance with treatment. Aided visual 
acuity was unchanged OD and OS. The cornea appeared stable, with evidence of damage from the fungal infection 
shown as an anterior stromal and sub-epithelial scar (Figure 2). All other findings including posterior segment were 
unremarkable. Tapering of medications was continued with the exception of Lotemax SM which was continued at 
BID to be discontinued after 1 month. A follow up was scheduled for 1 month later.
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Figure 2: Anterior segment OCT 5 Line Raster through stromal scar OD on Day 42. Hyperreflectivity at the anterior stromal 
layers correspond with irregular collagen from mycotic-related damage.
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Visit 12
On Day 70, the patient returned for her final follow-up. She reported no change in vision or comfort over the last 
month and good compliance with her medications; she had completed all medication tapering. Aided visual acuity 
was 20/25+1 OD and 20/20-1 OS. Corneal appearance was stable (Figure 1).

Proper contact lens hygiene was reviewed including caution against overnight wear and a recommendation for 
switching to daily disposable contact lenses. The patient was released back to her primary eye care provider for a 
spectacle lenses update and continued routine eye care.

DISCUSSION
Although typically considered relatively rare, fungal keratitis can account for up to 50% of microbial keratitis cases 
depending on geographic location.1,2 It is more common in tropical climates while its incidence is relatively lower 
in the United States and likely Canada.1 Fungal keratitis is typically associated with long-term corticosteroid use, 
chronic contact lens wear, or trauma with exposure to vegetative matter.1 In certain studies, it is more common in 
agricultural areas and younger men.3 Although less common than bacterial keratitis in the US and likely Canada, 
studies have shown that the visual outcome is worse with fungal keratitis, making this an important condition to 
diagnose and treat appropriately.1,4,5

Important differential diagnoses include bacterial keratitis, other microbial keratitis, or sterile infiltrates. Specific aspects 
of the lesion’s clinical appearance can inform differential diagnosis, and the remainder of this discussion will highlight 
important practice pearls that clinicians can use to navigate through the diagnosis and management of this condition.

CLASSIFICATION
The three morphological classifications of fungi in clinical practice are filamentous, yeast, and dimorphic forms.4 

Filamentous
Most commonly found in plants and soil, filamentous fungi are multicellular organisms that have branched hyphae.4 
In tissue, filamentous fungal mycelia extend along the corneal lamellae and potentially can penetrate Descemet’s 
membrane, resulting in intracameral infection.4 It is the most common cause of mycotic keratitis, particularly in 
tropical climates, and has been reported to cause over 90% of fungal keratitis cases.6 Fusarium and Aspergillus are 
the most common filamentous fungi to cause mycotic keratitis (over 50% of cases), with pigmented dematiaceous 
species including Bipolaris and Curvularia causing between 16 and 19% of infections.7,8 

Trauma is the most common factor associated with filamentous fungal keratitis, and is found in 40-60% of cases.3 In 
Curvularia keratitis specifically, trauma has been reported in 72% of cases.8 Curvularia species have been identified 
as the most prevalent airborne fungal spores, especially in hot and dry climates.8 Curvularia can also grow on soft 
contact lens materials. For culture purposes, Curvularia species have been shown to grow in 2-4 days, on average, 
with semisynthetic growth media.8 The pathophysiology of Curvularia keratitis is unclear.8 However, with airborne 
fungal particles, it is suspected that the specific antigens involved in fungal-associated allergic sinusitis may induce 
corneal inflammation, thereby breaking down the epithelium as an inflammatory process initially, and forming a 
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mycotic ulcer as a result of continued exposure to fungal particles.8

Yeast
Yeast forms of fungi are unicellular. They can form either pseudo-hyphae (elongated budding) or true hyphae in 
tissue. The most common type of yeast in mycotic keratitis is Candida species.4 Though less common in general than 
filamentous forms, Candida is more often causative in temperate climates than in hotter climates.9 Keratitis caused 
by yeast is frequently associated with pre-existing ocular surface disease, epithelial compromise with contact lens 
contamination, and systemic conditions such as diabetes and immunocompromise.3,4 In fungal endophthalmitis, 
Candida species are the most common cause.10 

Dimorphic
Dimorphic forms of fungi reproduce in their yeast phase in tissues but grow in their mycelial phase in culture me-
dia. This form has not been documented to cause keratitis but is more commonly associated with posterior segment 
inflammation. An example of a dimorphic fungus is Histoplasma species.4

DIAGNOSIS
Fungal keratitis is typically slow to progress but can have rapid infiltrative development depending on the caus-
ative organism and the presence of pre-existing corneal damage.4,11 A tentative diagnosis is typically made clinically, 
combining the clinical presentation with consideration of the aforementioned risk factors. The classic appearance 
of fungal ulcers includes feathery or serrated borders, elevated epithelial slough or infiltration, and non-yellow 
colouration.3,4 In the clinical diagnosis, the presence of one of these three features yields a 63% specificity, whereas 
all three features combined yield a 83% specificity.3 Satellite lesions are also highly suggestive of fungal keratitis.1 
Conjunctival injection, anterior chamber reaction, and corneal edema may be minimal in early stages, but hypopyon 
and focal suppuration can be present in advanced stages. Fungal keratitis is most often misdiagnosed as bacterial 
keratitis or keratitis secondary to Acanthamoeba or herpes simplex.11 

A definitive diagnosis of fungal keratitis requires confirmation by laboratory testing, with the gold standard in-
volving corneal smears or culturing. With corneal smears, Gomori’s methenamine silver stain identifies fungal or-
ganisms best.4 Culture media for fungal organisms include Sabouraud’s agar, potato dextrose, brain-heart infusion 
broth, and blood agar.4 Some studies have found that IMA with gentamicin may be better than Sabouraud’s agar for 
isolating fungal growth in poly-microbial keratitis.8,12 Typically, fungal organism growth can be demonstrated within 
a few days, but because some fungal organisms grow relatively slowly in culture, it is imperative to wait two weeks 
before confirming a negative culture or the absence of fungal growth.4,8 While Curvularia has been shown to grow 
in various culture media within a few days, it is interesting that the results for the patient in this case report did not 
come back until Day 11; the microbiology lab was unable to explain why this was the case.

The culture positivity rate is approximately 50% for microbial keratitis in general, and approximately 75% for fun-
gal keratitis.1,13 Positivity rates for corneal smears have been inconsistently reported in studies1,4, and therefore, in 
our practice, cultures are performed more commonly than smears. Anecdotally, the greatest microbial yield is at the 
base of the ulcer and the leading edges of the infiltrate, being mindful of any corneal thinning to avoid iatrogenic 
perforation.14 Not every local microbiology laboratory performs susceptibility testing. If available, it is imperative to 
request follow-up susceptibility testing despite having ordered it initially; many labs will not perform susceptibility 
testing again unless requested, likely because this step has to be outsourced. The microbiology lab was unable to 
explain why the redundancy in requesting susceptibility testing was required. Even though the susceptibility results 
were not obtained until Day 15, they were still significant for developing the treatment plan for this patient during 
follow-up, as it led to a change in medications which allowed for a better treatment response.

Other laboratory tests include polymerase chain reaction techniques, in vivo confocal microscopy, and corneal bi-
opsy if corneal tissue has re-epithelialized over the fungal lesions and deeper stromal layers are involved.4 In this 
case, the stromal involvement was very shallow and the overlying epithelial layers were not intact at presentation. 

Curvularia keratitis
Curvularia keratitis tends to be much slower to progress than the more commonly investigated Fusarium keratitis, 
and tends to present with much less inflammation than other fungal keratitis.6,7 Wilhelmus and Jones observed that 
typical diagnoses of Curvularia keratitis can take over a week from the time of infection due to patients’ delays in 
seeking care.8 Its symptoms develop relatively slowly and more insidiously, although peripheral corneal locations 
of Curvularia ulcers present with increased suppuration which can mimic bacterial keratitis.8 In chronic and ad-
vanced cases, there may also be pigment present within the fungal ulcers due to melanin in Curvularia cellular walls 
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(recall its classification as a pigmented dematiaceous fungus).8 Although certain clinical features can inform the 
diagnosis, laboratory confirmation is extremely helpful to direct treatment. 

In this patient, no history of trauma was present. However, her recent visit on a garden tour, history of extended-
wear contact lenses, clinical appearance, and culture results contributed to the definitive diagnosis of fungal kera-
titis, most likely Curvularia keratitis.

TREATMENT
There are two main classes of anti-fungal medications, polyenes and azoles; other less commonly-used medications 
include pyrimidine flucytosine and echinocandins.2 The management of fungal keratitis most commonly involves 
topical treatment because the role of oral antifungal medications has not been clearly defined.2

Polyenes
Polyenes attack fungal cell walls and are especially effective against filamentous and yeast forms.2 However, at ther-
apeutic doses, there is toxicity to human tissue.2,4 Examples of this class include natamycin and amphotericin B.2 

Topical natamycin 5% has broad-spectrum coverage that is dose dependent, and is the only FDA-approved topical 
medication for mycotic keratitis.2 It is the preferred drug for filamentous fungal keratitis.4 The recommended dosage is 
initially Q1-2h in the affected eye, tapered according to the therapeutic response.2,4 It has no effect on bacteria so cover-
age with topical antibiotics in the case of polymicrobial keratitis should be considered.4 Known adverse effects include 
mild irritation, redness, foreign body sensation, and precipitation or particle suspension in the epithelium, which was 
demonstrated in this case.2 There have been very few studies on the application of oral natamycin for fungal keratitis.

Topical amphotericin B 0.15% is highly effective against yeast but less so against filamentous species.4 It is the drug of 
choice in Candida-associated keratitis.4 Oral amphotericin B does not reach ocular therapeutic levels and has systemic 
side effects including renal failure and hepatoxicity, limiting its routine use in fungal keratitis.2,4 However, because side 
effects with oral amphotericin B are dose-dependent and can be managed, it is a category B medication and the saf-
est FDA-approved oral antifungal medication for pregnancies.2,4 Interestingly, susceptibility testing in this case found 
that the Curvularia species isolated was most susceptible to amphotericin B and voriconazole rather than natamycin.

One main limitation to topical polyenes is poor penetration through an intact cornea.2 In such cases, epithelial de-
bridement, oral antifungal medication, or subconjunctival or intracameral injection of medication may be required, 
depending on the severity of the infection. However, studies on these additional steps have been inconclusive. 

Azoles
Azoles inhibit fungal cell-wall synthesis.2 Examples of this class include ketoconazole, fluconazole, voriconazole, 
and posaconazole.2,4 

Voriconazole is a broad-spectrum anti-fungal medication: its efficacy is dose dependent, but it is fungicidal at low con-
centrations.2,4 It is particularly effective against Aspergillus, yeast, and dimorphic fungi. It has good corneal penetrance 
and is a good alternative if topical natamycin results in a limited response.2,4 Oral voriconazole is FDA-approved for 
invasive and refractory filamentous infections.2 Adverse effects include visual changes (somewhat hallucinogenic), 
cardiac changes such as QT prolongation, bone toxicity, and hepatoxicity.2 It is a category D medication and liver func-
tion must be monitored during its use.2 In the Mycotic Ulcer Treatment Trial Part II, the addition of oral voriconazole 
to topical natamycin in Fusarium keratitis was not associated with a statistically significant improvement when com-
pared to topical natamycin alone; however, a subgroup analysis showed less corneal perforation when oral voricon-
azole was included in the treatment plan.2 Therefore, standard of care for Fusarium keratitis is topical natamycin and 
oral voriconazole in certain cases, such as slow or minimal epithelial healing, persistent stromal inflammation, ocular 
surface co-morbidities like dry eye disease, rosacea keratopathy, and herpetic keratopathy.2,4 

On the other hand, topical voriconazole for fungal keratitis is considered off-label use, although it has been ac-
cepted as a good alternative in cases that are unresponsive to topical natamycin.2 However, in the majority of cases, 
topical natamycin gave better visual outcomes and lower rates of perforation compared to topical voriconazole for 
Fusarium keratitis in the Mycotic Ulcer Treatment Trial Part I.4

Posaconazole is a second-generation azole similar to voriconazole. It is broad-spectrum and non-inferior to other 
medications within its class.2 Oral posaconazole has been shown to be effective in fungal keratitis, including cases 
that are non-responsive or resistant to natamycin, voriconazole, and amphotericin B.2 It has delayed-release prop-
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erties and has been studied at 200 mg po QD up to QID.2 Systemic adverse effects include fever, diarrhea, nausea, 
and headaches: hepatoxicity and QT prolongation are also possible, but are less common than with the use of oral 
voriconazole.15 It is a category C medication and has been shown to be well tolerated with chronic use.2,15 However, 
it tends to be more expensive than oral voriconazole.2,15 The patient in this case expressed concern with the known 
adverse side effects of voriconazole and elected to take posaconazole instead. The decision for additional oral anti-
fungal medication was made in consideration of the two-week delay from onset of symptoms to diagnosis and the 
relatively slow stromal improvement. An oral azole was chosen over an oral polyene medication to allow for broader 
coverage, as culture results had not been received at the time of prescribing.

Other anti-fungal medications
Echinocandins and flucytosine are examples of other classes of anti-fungal medications that have applications in 
systemic fungal infections, although their topical use for fungal keratitis is limited at this time.2 Specifically, flucyto-
sine has little effect on filamentous species.2

TREATMENT RECOMMENDATIONS
It is imperative that empirical treatment is initiated and continued while waiting on culture results. Topical natamycin 
dosed frequently, with oral voriconazole or posaconazole considered in cases of stromal infection, is becoming more 
accepted as the standard of care for fungal keratitis. The treatment duration is much longer than for other corneal 
infections: in general, treatment for fungal keratitis may last 12 weeks, while more specifically, cases of Curvularia 
keratitis are treated for a mean duration of 40 days.4,8 This patient was treated for 70 days, but was stable by Day 42. 

The role of topical steroids in Curvularia keratitis is poorly defined, as studies have been inconclusive.8 While not 
recommended in the early stages of active infection, prudent clinical judgment can be used to determine if stromal 
inflammation remains after signs and symptoms suggest that the active infection has resolved. In this case, it is dif-
ficult to say whether the ultimate appearance of the residual stromal scar would have differed much with or without 
the addition of Lotemax SM.

In 15-20% of typically more severe cases, medical management fails, and lamellar keratectomy or therapeutic kera-
toplasty may be required.4,8 The development of newer drug-delivery options such as nanoparticles and improved 
testing methods such as next-generation sequencing may allow for more effective treatment, as well as faster spe-
ciation and susceptibility testing.1

CONCLUSION
Fungal keratitis can be easily misdiagnosed and mistreated if not properly evaluated and followed. Although rela-
tively rare, it can result in significant visual morbidity and visually significant scarring can be permanent. This case 
of Curvularia keratitis demonstrated the benefit of combining clinical knowledge, appropriate laboratory testing, 
and the ability to adjust treatment plans during follow-up, which resulted in a positive outcome for the patient.

It is vitally important to recognize the behaviour of normal corneal healing at all layers. A mycotic ulcer can re-
epithelialize with a remaining stromal response despite still having active infection. Judicious monitoring of the 
clinical response, timely medication adjustment, corneal culturing, and efficient referral practices can make the dif-
ference in saving a patient’s sight. Not all fungal keratitis cases end as positively as this one, and it is not impossible 
to encounter a fungus in everyday practice. l
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