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Recent advances in diagnosis and management of Mycotic Keratitis
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Mycotic keratitis is a major cause of corneal blindness, especially in tropical and subtropical countries. The
prognosis is markedly worse compared to bacterial keratitis. Delayed diagnosis and scarcity of effective
antifungal agents are the major factors for poor outcome. Over the last decade, considerable progress has
been made to rapidly diagnose cases with mycotic keratitis and increase the efficacy of treatment. This
review article discusses the recent advances in diagnosis and management of mycotic keratitis with a brief
discussion on rare and emerging organisms. A MEDLINE search was carried out for articles in English
language, with the keywords, mycotic keratitis, fungal keratitis, emerging or atypical fungal pathogens in
myecotic keratitis, investigations in mycotic keratitis, polymerase chain reaction in mycotic keratitis, confocal
microscopy, treatment of mycotic keratitis, newer therapy for mycotic keratitis. All relevant articles were
included in this review. Considering the limited studies available on newer diagnostic and therapeutic
modalities in mycotic keratitis, case series as well as case reports were also included if felt important.
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Mycotic keratitis, commonly known as fungal keratitis,
accounts for approximately 1-44% of all cases of microbial
keratitis, depending upon the geographic location.!"? Overall,
it is more common in tropical and subtropical areas. The
genera that commonly cause infection of the cornea include
Fusarium, Asperqillus, Curvularia, Bipolaris, and Candida.l-®!
Most of the currently available antifungal medications have
limitations, such as poor bioavailability and limited ocular
penetration, especially in cases with deep-seated lesions.!**!
These factors, especially in cases of severe fungal keratitis,
account for the slow resolution of fungal infections, with most
cases finally requiring a therapeutic penetrating keratoplasty
(PKP).l! To overcome these limitations a number of newer
antifungal agents and drug delivery techniques are being
tried to improve outcomes following fungal infections. In this
review, we will discuss the recent innovations, in the diagnosis
and management of fungal keratitis. In addition, a brief update
about emerging fungal organisms would be discussed.

Method of literature search

AMEDLINE search was carried out for articles in the English
language, with the key words, mycotic keratitis, fungal
keratitis, emerging or atypical fungal pathogens in mycotic
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keratitis, investigations in mycotic keratitis, polymerase chain
reaction (PCR) in mycotic keratitis, confocal microscopy,
treatment of mycotic keratitis, newer therapy for mycotic
keratitis. All relevant articles were included in this review.
Considering the limited studies available on newer diagnostic
and therapeutic modalities in mycotic keratitis, case series as
well as case reports were also included if felt important.

Epidemiology and Risk Factors

A review of literature over the past few decades suggests that
the most common risk factor for fungal keratitis is trauma with
vegetable material or objects contaminated with soil.’? While
this has not changed much in developing countries, the use of
contact lenses (CLs), with the solutions used to soak or clean
lenses being the primary culprit, has emerged as an important
risk factor for the occurrence of fungal keratitis in developed
countries.*”! In a large case series of cases with fungal keratitis
reported from 10 tertiary eye care centers across the United
States over a 7-year period, CL wear was the presumed risk
factor in 37% of the cases compared to ocular trauma, which
was the presumed risk factor in 25% of the cases.!! Keay et al.
reported similar results from 11 tertiary care centers across
the United States. In addition, to CL wear and ocular trauma,
ocular surface disease (OSD) was the third most common risk
factor accounting for 29% of cases in their study. Overall, yeasts
were the most commonly isolated organisms in the presence of
OSD. One important finding to notice from this study is that
65% cases of OSD were following PKP."!
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Fungal Pathogens

Common organisms implicated in mycotic keratitis, include
species of Aspergillus, Fusarium, Candida, Curvularia, and
Penicillium.0-¥' Most of these species are saprobes. They invade
traumatized or immunologically compromised corneas.
The rarely reported fungal pathogens include Fonsecaea
pedrosoi,® Lasiodiplodia theobromae,””! Cylindrocarpon species,!"’]
Scedosporium prolificans,™ Metarhizium anisopliae,"? Paecilomyces
species,™ and Pythium insidiosum."

Host Immune Response in Fungal
Infections

An understanding of host immune response to fungal
organisms is important to understand the healing process
as well as devising new treatment strategies. In contrast
to systemic fungal infections, which occur primarily in
immunocompromised individuals, patients with fungal
keratitis are immunocompetent and hence the immune
response differs.' Both innate and adaptive immunity play an
important role in infected corneal tissue at early and late stages
of fungal keratitis. The various factors that have been implicated
to play a role in host response includes polymorphisms in genes
associated Dectin-1/CARD9 and Toll-like receptors (TLRs)
pathways, " upregulation of indoleamine 2,3-dioxygenase,"”!
thymic stromal lymphopoietin production by human corneal
epithelial cells,™ expression of interleukins (IL-8, IL-6 and
IL-1pB)."1 A recent study by Karthikeyan ef al. has brought a lot
of insight into the understanding of human immune response
in fungal infections of cornea.l™ The authors analyzed the
gene expression by quantitative PCR in RNA extracted from
patients with either Fusarium solani or Aspergillus flavus corneal
ulcers. The samples were taken both in early (within 1 week of
infection, n = 85) and late (posttransplant corneas 2 weeks after
infection, n = 20) stage of the disease. Based on their findings
the authors have proposed the probable sequence of host
immune reactions that includes adhesion of conidiophores
containing multiple conidia to cornea following some form of
trauma to the eye; germination of conidia, within the cornea,
resulting in shedding the hydrophobin layer of resting conidia,
and exposure of cell wall B-glucan on the surface that binds to
Dectin-1 on resident corneal macrophages; Dectin-1 activates
neighboring cells to produce C-X-C motif ligand (CXCL)
chemokines and upregulates intercellular adhesion molecule
1 (ICAM-1) expression on vascular endothelial cells in the
peripheral vessels; elevated ICAM-1 and CXC chemokines
mediate recruitment of neutrophils to the corneal stroma;
activation of Dectin-1 and TLR4 on neutrophils by cell surface
B-glucan and mannosyl residues on hyphae in the cornea
resulting in production of reactive oxygen species (ROS) and
fungal killing.["!

It is possible that targeting these receptors and proteins
during corneal infection will help minimize host-mediated
tissue damage while effectively killing fungal hyphae during
corneal infection.

Clinical Features and Laboratory Diagnosis

A fungal corneal ulcer classically presents as a dry, raised lesion
with crenate or feathery borders, presence of satellite lesions
and a hypopyon. Conventional methods for the diagnosis

of fungal keratitis include staining of tissue scrapings with
Gram-stain, 10% potassium hydroxide (KOH) wet mount,
lactophenol cotton blue, Giemsa, or calcofluor white.*l KOH
is one of the most commonly performed direct microscopy
procedures for detection of fungi since it is a rapid and an
inexpensive procedure. It has a sensitivity of 61-94% and
specificity of 91-97% for detecting fungus.** Sabouraud
dextrose agar is a very commonly used culture medium for
isolating fungi.! Over the last decade a number of newer
methods have been devised for detection of fungi. These
methods are described below.

Polymerase chain reaction

PCR has emerged as a sensitive and specific test for the
diagnosis of fungal keratitis.[***?l Various studies have
compared PCR with conventional diagnostic methods in
cases with suspected fungal keratitis. PCR has the highest
positive detection rate overall especially in cases with culture
or smear-negative results [Table 1]."%}

The advantage of PCR-based tests is that only a small
clinical sample is needed for diagnosis and it is rapid. PCR
assay takes 4-8 h, whereas positive fungal cultures require on
an average of 2-7 days."” The major limitation of PCR is that it
is expensive and therefore not readily available. Moreover, in
a few countries like the United States, it has not been validated
for corneal scraping specimens. In addition, artifactual
amplification of nonpathogenic organisms, extraction of
artifacts and amplification of nonpathogenic DNA can lead to
overdiagnosis.®?!! Thus, use of PCR as a stand-alone method
for routine diagnosis of mycotic keratitis is not recommended.
However, it can be useful in certain situations such as; to detect
fungal DNA in corneal scrape material, thereby allowing
antifungal therapy to be started at an early stage of the keratitis;
to detect and then identify the fungal strain in the corneal
material; and for rapid and accurate identification of fungal
strains isolated from keratitis.

Genotyping

DNA sequence-based methods are used for rapid species
identification of an organism. Recent reports suggest that
filamentous fungi harbor unique species-specific in vitro
antifungal agent susceptibility profiles as well as clinical
characteristics.”**! Thus genotyping may help in explaining
the variable presentation and response to treatment of the same
genus among different patients. Oechsler ef al. found a greater
need for therapeutic PKP with Fusarium Solani isolates when
compared with Fusarium oxysporum and Fusarium dimerum
isolates. It has been demonstrated that the ability to form
biofilm by Fusarium Solani makes it more resistant to antifungal
agents than their planktonic counterparts without a biofilm.
In another study, Fusarium Solani isolates were found to have
significantly higher voriconazole (VCZ) minimum inhibitory
concentration 90 percentile (MIC90) values, while the corneal
ulcers from which they were isolated showed a significantly
longer time to cure, a worse follow-up visual acuity and
an increased need for urgent surgical management, when
compared to Fusarium nonsolani isolates and the corneal ulcers
from which isolated." Thus genotyping may yield important
prognostic and therapeutic information that could improve the
management of fungal ocular infections. At present genotyping
is performed only in selective cases and by few laboratories
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Table 1: Utilization of polymerase chain reaction in diagnosis of mycotic keratitis
Author Intervention Study type Indication n* Results Conclusion
Vengayil et al?"  PCR' versus Prospective  Presumed 40 PCR showed highest positivity rates PCR a rapid and
conventional fungal keratitis (50%) with maximum sensitivity sensitive method for
diagnostic methods cases (70%) and least specificity (56.7%)  early diagnosis
PCR took 4-8 h while fungal
cultures took at least 5-7 days
Tananuvat et al®® PCR versus routine Prospective  Suspected 30 Of the thirty samples, PCR was PCR is a useful
diagnostic methods mycotic positive in 93.3% samples, culture  adjunct in cases with
keratitis cases in 40%, and KOH 20% samples negative results from
Culture-negative samples were routine methods
PCR-positive 88.9% cases
Ghosh et al.? PCR versus Prospective  Suspected 32 PCR positive in 84.37% (n=27) PCR may be used as
conventional mycotic cases, KOH in 71.8% (n=23) and an alternative to culture
diagnostic methods keratitis cases cultures in 46.9% (n=15) cases for rapid diagnosis
Kim et al.?¥ PCR versus Prospective  Bacterial 108 PCR found positive in 87.03% PCR is a useful
microbial culture and fungal cases while culture in 51.85% cases adjunct in culture
keratitis Culture negative samples were negative cases
PCR positive in 88% cases
Kuo et al.?%] PCR versus Gram- Prospective  Clinically 50 Sensitivity rate of PCR was 100%  PCR is more sensitive
stain and culture suspected and of culture was 50% and rapid method than

fungal keratitis

Specificity rate of PCR was 96.7%

microbial culture

and of culture was 100%

fPCR: Polymerase chain reaction, n: Number of cases enrolled in the study, *n: Number of cases, KOH: Potassium hydroxide

especially in countries like India. However, considering the
advantages it offers, its use might increase in the future.

Confocal microscopy

In vivo confocal microscopy (IVCM) uses a series of pinhole
apertures to create optical sections of the cornea. It generates
images from the cornea with a resolution of 1 um, which is
enough to yield instant imaging of organisms that are larger
than a few micrometer such as Acanthamoeba cysts and fungal
hyphae.P? Aspergillus hyphae are 5-10 um in diameter with
septations, and branch dichotomously (at an angle of 45°)
while hyphae of Fusarium species typically branch at an angle
of 90°.52% The hyper-reflective elements seen on IVCM must
be differentiated from the basal corneal epithelial nerves, which
have a more regular branching pattern. Stromal nerves, on
the other hand, are much larger in diameter (25-50 um). Both
Aspergillus and Fusarium species hyphae are 200-400 pm long.
In addition, yeasts such as Candida albicans have oval budding
bodies that may develop pseudohyphae. They are 10—40 um
in length and 5-10 um in width.?>*!

The reported sensitivity of IVCM is between 80% and
94%.52%1 There are now several studies of IVCM in fungal
keratitis that compared the sensitivity of cultures to IVCM and
found IVCM to be superior or at par with standard diagnostic
procedures.?**! Brasnu et al. could diagnose all cases of
suspected fungal keratitis (five out of five) using IVCM with
sensitivity equal to the direct microscopy and culture.” Das et
al.in a retrospective review found that IVCM had 83% (1 =5/6)
sensitivity in diagnosing cases of deep fungal keratitis on the
first day of presentation.’”! All these cases had undergone
therapeutic keratoplasty and the subsequent histopathology
of the corneal button revealed filamentous fungi in 83% (5/6)
while, microbiology revealed filamentous fungi in 66% (4/6)
of the cases.’ Kanavi et al. studied 133 cases of infectious
keratitis and found that IVCM has a sensitivity of 94% and

it could identify fungal keratitis in 20.3% (n = 27) of cases in
contrast to 12.0% (n = 16) of the cases by smear and culture
examination.* Similarly Takezawa et al. reported identification
of hyphae in 100% of the suspected fungal keratitis (1 = 6) in
contrast to 83% (5/6) with both smear and culture methods."!
The advantages of [IVCM include noninvasive in vivo technique,
early identification of fungal elements, monitoring and
guidance of treatment, and determination of the depth of
infection.?¥3537-%1 There are several limitation of IVCM. The
technique remains extremely user-dependent as it requires a
skilled operator. Although detection of fungal elements is much
easier compared to bacterial keratitis, the viewer requires some
degree of experience. Patient collaboration and motion artifacts
can affect the scanning. In addition, dense corneal infiltrates
or scarring could preclude proper tissue penetration and
visualization.””* Moreover, the earlier versions were generally
limited to scans of the central cornea. Lastly, in cases of smaller
organisms IVCM is not helpful.l*?!

Antifungal susceptibility testing

Unlike bacterial keratitis, susceptibility testing is not that
frequently used in fungal keratitis. Although, a number of
studies have reported the sensitivity of antifungals these
studies often suffers from the limitation of small sample
sizes, nonuniformity of data reported on MIC or focus on one
particular genus or species.!*** Recently, Lalitha ef al. reported
the MIC of fungal isolates to natamycin (NTM) and VCZ in
isolates from a relatively large sample size.*?! The MIC median
(MIC50) and MIC90 for NTM were equal to or higher than VCZ
for all organisms, except Curvularia species. Compared to other
organisms, Fusarium species isolates had the highest MICs to
VCZ and A. flavus isolates had the highest MICs to NTM. The
result of this study reinforces the previous finding of mycotic
ulcer topical treatment trial (MUTT) that NTM is better than
VCZ. It also explains the clinical observation of poor response
of Fusarium species to VCZ.1*2
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Over the last few years clinicians have realized the value
of susceptibility testing and a larger number of clinicians are
using susceptibility test in the management of fungal keratitis.
However, there is no consensus or any guidelines on the role
of susceptibility testing in guiding treatment decisions and
currently, fungal keratitis treatment is largely empirical.

Smartphone-based digital imaging

Recently Agarwal et al. have reported on the use of
smartphone-based digital imaging in diagnosis and follow-up
of keratitis.* Tissue samples obtained by conventional corneal
scraping were stained and imaged using a smartphone coupled
with a compact pocket magnifier and integrated light-emitting
diode assembly. Photographs of multiple sections of slides
were viewed using smartphone screen and pinch-to-zoom
function. At present, the role of this technology is ill-defined
and further studies are needed to elucidate its definitive role
in mycotic keratitis."*!

Advances in Medical Management

The routinely used topical antifungals, and their concentrations,
are listed in Table 214541

NTM is the treatment of choice for filamentous keratitis,
especially that due to Fusarium species, as shown by the
outcomes of the MUTT L The following section outlines
the latest advances in medical management of fungal keratitis.

Posaconazole

Posaconazole is a new triazole, a synthetic structural analog
of itraconazole.*¥! The mechanism of action involves blocking
of the fungal cell wall ergosterol synthesis.*! In vitro and
in vivo studies have shown that it has broad-spectrum activity
against most Candida species, Cryptococcus neoformans,
Aspergillus species, and zygomycetes, and endemic fungi
(fungal pathogens in defined geographic locations around
the world).14*51

Various published case reports have shown posaconazole
to be an effective agent against Fusarium keratitis that was
resistant to other antifungals [Table 3].*° Posaconazole was
used either systemically alone or in combination with topical
posaconazole suspension in these studies. The dosage of oral
posaconazole was 200 mg suspension four times daily or 400
mg twice a day in these studies.***% The dosing schedule
of topical formulation was 10 mg/0.1 ml and 4 mg/0.1 ml

Table 2: Currently available antifungal agents for treatment of mycotic keratitis

Route of
administration

Agent Spectrum

Major limitation Current indication

Topical 1.5-5 mg/ml
IC/IS* 5-10 pug/0.1 ml

Amphotericin
BI89.40,77,78]

Both yeast and
filamentous

Natamycin(#39:40 Topical 50 mg/ml Drug of choice for
filamentous fungi
Can also be used

for yeast
Miconazole!®*40!

Preparation and
stability

First choice in the treatment of keratitis by
yeasts

Alternative to NTM® in filamentous fungi
IC/IS in deep keratitis or endothelial plaque

First choice in filamentous fungi
Alternative to AMBY in keratitis by yeasts

Poor penetration

Less effective

Econazolel®®4%
Ketoconazole®*4°!

Itraconazole®®49

Fluconazolel®®40l

Voriconazole!®9:40.68-76]

Flucytosinel®9:40!
Caspofungint®40!

Micafungin(®®40l

SCf1.2-10 mg/mi

Topical 20 mg/ml
Systemic 100-400 mg
every 12 h

Topical 10%
Systemic 400 mg/day

Oral 200-400 mg/day
Topical 2 mg/ml
SC 2 mg/ml

Oral 200 mg every
12h

Topical 1 mg/ml
IC/IS 50 pg/0.1 mi
Topical 10 mg/ml

Topical 1.5-5 mg/ml

Topical 1 mg/ml

Both yeast and
filamentous fungi

Filamentous fungi
Broad spectrum

Effective as an adjunct
in Candida spp.

Less effective in
Fusarium spp
Effective for

Candida species

Broad spectrum

Yeasts

Yeasts

Yeasts

than polyenes
Limited data

Limited data
Systemic toxicity

Topical use not as
effective as NTM
Narrow antifungal

spectrum

Cost
Topical form less
effective than NTM

Limited data

Limited data

Limited data

SC with topical therapy in patients with low
compliance

Alternative to NTM in filamentous fungi

Used along with topical therapy in deep
fungal keratitis

Used systemically along with topical
therapy in deep keratitis due to yeasts or
those affecting intraocular tissues

Topical as alternative to polyenes
Oral as adjunct in deep keratitis or those
affecting intraocular tissues

Topical if resistant to polyenes and first-
line triazoles

IS/IC in deep keratitis and Intraocular
involvement

Oral as adjunct in refractory, deep keratitis
or those affecting intraocular tissues
Used along with topical AMB in fungal
keratitis due to yeasts

Yeasts resistant to polyenes and first-line
triazoles

Yeasts resistant to polyenes and first-line
triazoles

*IC: Intracameral, IS: Intrastromal, INTM: Natamycin, {AMB: Amphotericin B, $SC: Subconjunctival
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Table 3: Outcomes of newer modalities in the management of mycotic keratitis

Author Intervention Indication n* Outcome Complication Special comments
Tu et al.¥ Systemic Fusarium keratitis not 3 Complete resolution None Posaconazole is successful in
posaconazole responding to systemic treating cases of pan-resistant
and/or topical VCZ* keratitis
Altun et all®" Topical and systemic Recalcitrant Fusarium 2 Complete resolution None Posaconazole is effective for
posaconazole keratitis of ulcer recalcitrant fungal keratitis
Sponsel et al®?  Topical and systemic AMB! and NTM 1 Significant clearing None Aqueous tap confirmed
posaconazole resistant Fusarium of infiltrate posaconazole to be present at
spp. keratitis with a level of 0.9 pg/ml
endophthalmitis Diagnostic vitrectomy

yielded posaconazole at
a concentration of 0.25 pg/ml
in the vitreous

Arnoldner et al®® Oral posaconazole  Paecilomyces 1 No hyphae 6 None 1/C8 miconazole was injected
recurrence following weeks after starting with oral posaconazole
therapeutic PKP# treatment

Prakash et al®® |/SI'VCZ as an Deep recalcitrant 3 All eyes had Intrastromal bleed Targeted delivery of VCZ

adjunct to topical fungal keratitis resolution of in one case which is a safe and effective for
NTM and VCZ infection resolved by day 7 nonhealing ulcers

Lekhanont et al®® 1/C and I/S VCZ Nonhealing 2 Complete resolution None I/S and I/C VCZ is safe and
L. theobromae keratitis within 4 weeks effective for L. theobromae

keratitis

Kalaiselvi et al® /S VCZ Deep recalcitrant 25 72% patients None Targeted delivery of VCZ is
fungal keratitis had resolution safe and effective in deep

of infection, 15% fungal infections
needed >1 injection Fusarium keratitis may show
suboptimal response

Jain et al.’®" /S VCz Recalcitrant fungal 1 Complete ulcer None I/S antifungal therapy along
tunnel infection resolution with topical therapy may avoid

the need for a second surgical
procedure

Sharma et al®®  Topical versus I/S Recalcitrant fungal 40 BCVA** better Perforation in 1 Better BCVA in topical group

VCZ as an adjunct to keratitis in topical group, eye in topical and was attributed to higher
topical NTM Healing faster in in4 eyesinl/S number of central ulcers in the
topical VCZ group (P=0.22) intrastromal VCZ group

Tu and Hou®” I/SVCz Late-onset post- 2 Complete resolution None Early treatment with 1/S
DSAEK interface anti-fungal therapy helps to
keratitis preserve graft viability and

avoids the need for PK

Tull I/S VCZ with topical Nonhealing Alternaria 3 Two cases resolved None Alternaria keratitis can be

caspofungin 0.5% keratitis with topical successfully managed with

or 0.02% topical fluconazole, 1 either topical fluconazole or

fluconazole case needed I/S a combination of intrastromal
VCZ with topical voriconazole and topical
caspofungin 0.5% caspofungin

Haddad and EI- I/Sand I/C VCZ Nonhealing 1 Complete resolution None I/S and I/C VCZ provides

Mollayess!”" with superficial Acremonium keratitis of infection a cost-effective treatment

keratectomy modality in impeding the
progression of keratitis

Cavallini et al”@ 1/S and I/C VCZ with Post-PRK'" Fusarium 1 Complete resolution None I/C antifungal therapy is

I/C and I/V AMB solani keratitis of infection effective for post-PRK fungal
infections

Sharma et al™ |/SVCZ as an Recalcitrant fungal 12 10 eyes healed with Two cases I/S VCZ may be used as

adjunct to topical keratitis scar formation underwent PKP a treatment modality for
and oral antifungal for perforation recalcitrant fungal keratitis
therapy

Niki et al.l™ I/SVCz Fungal keratitis (yeast 7 Patients with yeast- Ulcer recurrence I/S VCZ is not effective in
+ filamentous fungii) related keratitis noted in cases treating advanced fungal

had complete ulcer with filamentous  keratitis caused by filamentous
healing (n=4) fungii fungi, especially Aspergillus

and Fusarium species
Contd...
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Table 3: Contd...

Author Intervention Indication n* Outcome Complication Special comments
Kuriakose et al.l® Injections of 5 mg Deep keratomycosis 4 Three cases Perforation in one Time from the first injection
amphotericin B in unresponsive to complete resolution case to complete resolution of the
0.1 ml 5% dextrose conventional medical endothelial plaque ranged
treatment from 13 to 52 days
Yilmaz et al.l’®! Intracameral Fungal keratitis not 14 12 cases complete Two cases An effective adjunctive
injections of 5 mg of respond to initial resolution evisceration treatment of fungal keratitis
amphotericin B treatment with topical Four cases unresponsive to conventional
and intravenous anterior antifungal therapy
fluconazole and oral subcapsular
itraconazole cataract
Kaushik et al’?  ICAMB 7.5-10 mgin NTM resistant cases of 3 Resolution in all - Useful to avoid surgical
0.1 ml severe keratomycosis cases intervention in the acute stage
of the disease
Yoon et al.l"® ICAMB 10 pg/0.1 ml ICAMB in Group 14 Faster Increase in Mean concentrations of
A (n=14) versus disappearance hypopyonintwo  ICAMB were 601.6+51.3 ng/ml
conventional treatment of hypopyon with case, IOP rise 1 at 6 h, 98.8+43.1 ng/ml at
only (n=17) ICAMB case 1 day, 57.0+11.6 ng/ml at

3 days, and 52.3+8.3 ng/ml at
7 days after injection

Shao et all™ ICAMB 10 pg in ICAMB injection group 30 90% healed in Four cases ICAMB injection can reduce
0.1 ml (Group A, 30) versus Group A, 46.7% perforated time to disappearance of
topical application healed in Group B hypopyon and time to final
AMB (Group B, 30) improvement in the treatment
of fungal keratitis
Vajpayee et al®® CXL as an adjunct to Moderate mycotic 41 Resolution in 90%  Perforation in No extra benefit of CXL seen
intensive antifungal  keratitis cases with CXL and two cases with over medical management in
therapy in 85.71% cases CXL and in three  cases with moderate mycotic
without CXL cases without keratitis
CXL
Said et al.l® PACK-CXL* as an  Advanced keratitis with 40 No significant Controls: 21% PACK-CXL may be used an
adjunct to antifungal corneal melting difference in three patients effective adjuvant therapy
therapy healing time, BCVA had corneal for severe infectious keratitis
Length and Width  perforation and associated with corneal
of corneal ulcer 1 had recurrence  melting

more in PACK-CXL PACK-CXL
group (P=0.004 and group: 0%

P=0.007)
Shetty et al.l® CXL after poor Therapy resistant 6 Three cases Patients with deep stromal
response to at least fungal keratitis resolved completely keratitis or endothelial plaque
2 weeks of topical failed to resolve
therapy
Tabibian et al.’® Accelerated PACK- Aureobasidium 1 Resolution without None Accelerated PACK-CXL was
CXL as primary pullulans keratitis administration of successfully used as a first-
therapy antibiotics line and sole treatment
Iseli et al.84 CXL Therapy-resistant 5 Four cases Progressive CXL is a viable option
bacterial or fungal had immediate keratitis in one for treating patients with
ulcerative keratitis reduction in case due to infectious keratitis since it
(post-LASIKSS and infiltrate size and immune reaction  avoids the need of emergency
CL!INinduced) melting process keratoplasty
Li et al.®! CXL Keratitis not 8 Healing of corneal None UVA/riboflavin cross-
responding to NTM epithelium and linking is a viable option for
ulcer was achieved management of fungal keratitis
in all cases
between 3 and 8
days
Saglk et al.’®® CXL as an Fungal corneal ulcer 1 Inactivation None CXL can be considered in the
adjunctive therapy ~ nonresponding to I/S noted after two management of unresponsive
VCz CXL procedures corneal ulcers

3 weeks apart

Contd...
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Table 3: Contd...

n* Outcome

Complication Special comments

Author Intervention Indication
Arboleda et al®®  Group 1: No Fungal corneal isolates -
treatment obtained from corneal

Group 2: 0.1% RB
Group 3: 518 nm
irradiation

Group 4: 0.1%
riboflavin + 375 nm
irradiation

Group 5:0.1% RB +
518 nm irradiation

scrapings of patients
with fungal keratitis

Growth inhibition -
noted in plates
exposed to 0.1%

RB with 518

nm irradiation.
Riboflavin PDT

was not effective

RB PDT#* might be
successfully used for treating
fungal keratitis

*n: Number of cases, 'VCZ: Voriconazole, {AMB: Amphotericin B, I/C: Intracameral, I/S: Intrastromal, *PKP: Penetrating keratoplasty, **BCVA: Best corrected visual
acuity, ""PRK: Photorefractive keratectomy, #*PACK-CXL: Photoactivated chromophore for infectious keratitis CXL, SSLASIK: Laser-assisted in situ keratomileusis,
lICL: Contact lens, #PDT: Photodynamic therapy, CXL: Collagen cross-linking, RB: Rose bengal, DSAEK: Descemet stripping automated endothelial keratoplasty,

NTM: Natamycin, L. theobromae: Lasiodiplodia theobromae, UVA: Ultraviolet A

with hourly topical ocular application.*** All cases had
severe fungal keratitis with associated endophthalmitis and
were resistant to routinely used antifungals including VCZ.
Posaconazole use resulted in rapid resolution of infection in
these cases without significant toxicity. Thus, it can be assumed
that posaconazole can be used in cases of mycotic keratitis
that are resistant to standard antifungal therapy. However,
a few issues still need to be addressed. The use of topical
posaconazole alone (without use of the oral preparation) needs
to be investigated further. There is a difference in the reported
concentration of the topical formulation. While Sponsel et
al.® used 10 mg/0.1 ml, Altun et al.®"! used a concentration
of 4 mg/0.1 ml. The safety and efficacy need further study,
including study of a large number of cases.

Echinocandins

Echinocandins are a group of newer antifungals, which act
by inhibiting the synthesis of 1,3-B-d-glucan, leading to cell
lysis due to increased permeability of the cell wall. Currently
available echinocandins comprise caspofungin, micafungin
and anidulafungin. Matsumoto et al. have reported successful
use of topical 0.2% micafungin in cases of refractory fungal
Kkeratitis.?* Topical caspofungin has been used in the cases of
fungal keratitis refractory to VCZ.” There are limited data on
the use of echinocandins to treat fungal keratitis in humans.
There is a need for clinical studies, with adequate sample sizes,
to validate the safety and efficacy of this group of antifungals.

Nano particles for sustained antifungal drug delivery

Cell-penetrating peptides (CPPs) are short peptide sequences
that are able to transport molecules across the cell membrane.
They are employed to enhance extracellular and intracellular
internalization of various biomolecules including plasmid
DNA, siRNA, oligonucleotide, peptide-nucleic acid, peptides,
proteins and liposomes. Jain et al., in an experimental
in vitro study using cultured corneal epithelial cells, reported
enhancing the penetrability of the antifungal drug, NTM,
using such a CPP carrier, namely Tat-dimer (Tat2).! This led
to an enhanced solubility of the drug in aqueous medium and
increased cellular penetrability of NTM. When compared with
unconjugated NTM, a 2-fold increase in antifungal activity
against F. solani was noted following use of CPP-NTM complex.
The formation of this CPP-NTM complex is clinically significant
since it eliminates a major factor behind poor outcome in fungal
Kkeratitis, thatis, poor bioavailability of antifungal agents in the

corneal tissue. Thus future research on such nanoparticle-based
therapy can be very useful in management of fungal keratitis.

Antimicrobial peptides

Antimicrobial peptides (AMPs) have significant potential for
use as antimicrobial agents for ocular or other infections.®
Nature provides us with numerous examples of the use of
peptides and proteins with antimicrobial properties. These
are also present in eye, either in tears or synthesized by
conjunctival and corneal cells. Example of such peptides
include the small peptides o and B defensins and LL-37,
o 37-amino-acid peptide derived from the human cationic
antimicrobial protein (CAP) 18, and proteins, such as lysozyme,
lactoferrin, lactoferricin B, and mucins.®*! These natural
antimicrobial agents act by several different mechanisms of
action such as forming pores in bacterial membranes, resulting
in cell death, preventing attachment, blocking entry, or both,
chelating iron, and digestion of bacterial and possibly fungal
cell walls by lysozyme.**! In vitro studies have shown AMPs
Pc-C and Pc-E reduced binding of Aspergillus fumigatus to
cells, CAP37 inhibits infection, and also kills the pathogen, in
cases of Candida infection, and the cecropin analog Shiva-11
exhibits antimicrobial activity against C. albicans.5 Wu et al.
evaluated the application of synthetic f-sheet forming peptide
(IKIK) 2-NH, and (IRIK) 2-NH, for in vivo fungal keratitis
treatment in comparison with amphotericin B (AMB).[" It was
found that topical solutions of the designed peptides were safe,
and as effective as the clinically-used AMB. Compared to the
costly and unstable AMB, these peptides are water-soluble, less
expensive and stable. The authors concluded that the synthetic
B-sheet forming peptides are promising candidates for the
treatment of fungal keratitis.["]

Theoretically, the use of the cationic peptides as antimicrobial
agents has several distinct advantages: ability to effect
killing of a broad spectrum of microorganisms including
multidrug-resistant fungi, a low risk of development of
resistance, synergy with conventional antibiotics, and
amenability to synthesis.®**! However, the major limitation
is that only experimental studies have been performed, and
evidence in human eyes is lacking. Moreover, the possible
use of the defensins in the eye has been known for more than
two decades, but factors such as destruction of these peptides
by hydrolytic enzymes in the tears or enzymes secreted by
microbes have slowed down research in this field. Thus, future
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studies, including human subjects, and methods to overcome
the above said limitations are needed to establish the role of
AMPs in fungal keratitis.

Advances in Surgical Management

Recent advances have been made to ensure targeted drug
delivery at the site of infection in the form of intrastromal
injections, collagen cross-linking (CXL) and rose bengal (RB)
aided photodynamic therapy (PDT).

Intrastromal voriconazole

VCZ is a triazole antifungal agent, structurally related to
fluconazole but with a fluoropyrimidine group in place of
triazole moiety.*” Similar to other triazole agents, it inhibits
the enzyme 14-alpha-lanosterol demethylase leading to lower
levels of ergosterol, which is an essential component of fungal
cell wall.® This inhibition is far more selective for fungal
enzyme systems compared to the mammalian ones. VCZ has
a broad-spectrum of action against fungal species, including
Candida, Fusarium and Aspergillus species.!®>%!

Various routes of administration of VCZ include oral,
topical, intacameral, and intrastromal delivery. Various studies
have established the efficacy of topical, as well as systemic,
VCZ. Targeted drug delivery of VCZ has been studied for the
management of fungal keratitis not responding to standard
topical therapy. Such a method of drug delivery overcomes a
major limitation of topical antifungal therapy, which is poor
bioavailability of drugs in cases of deep-seated fungal corneal
ulcer. It provides a depot of drug, close to the ulcerated area, at
a dose of 50 pug/0.1 mlin 5 divided doses, from where the drug
is slowly released into the infected tissue.[® Various studies
in the literature have found targeted therapy with VCZ as an
effective approach for deep-seated recalcitrant fungal corneal
infections, not responding to conventional treatment modalities
[Table 3].1%577 Intrastromal VCZ has also been shown effective in
managing secondary lamellar interface infection for late-onset
infectious keratitis after Descemet stripping automated
endothelial keratoplasty,®! Alternaria keratitis,"" recalcitrant
Acremonium fungal keratitis,”"! and postphotorefractive
keratectomy fungal keratitis.”” However, a few issues must
be kept in mind. First, performing any intervention through
a normal cornea in the presence of keratitis may lead to new
foci of infection. There is definitely a risk of inadvardent
anterior chamber entry while performing the procedure in a
hazy cornea. Moreover, a few studies have reported conflicting
results. The study done by Sharma et al. found no benefit of
intrastromal injections over topical VCZ in recalcitrant fungal
keratitis cases not responding to topical NTM therapy for
2 weeks in cases of moderate fungal keratitis.””! Similarly,
Niki et al. found intrastromal VCZ to be successful in treating
Kkeratitis due to yeast only, but not keratitis due to filamentous
fungi, which is in complete contrast to the experimental study
results.” Thus, the role of intrastromal VCZ needs further
research; however, at this point, it may be considered an
alternative in selected recalcitrant cases of fungal keratitis.

Intracameral amphotericin B

AMB is a first-line treatment for keratitis caused by Candida
species in many countries, and is used for the management of
fungal keratitis in regions where NTM is not available.[*] AMB
is also active against Aspergillus species but less effective against

Fusarium species. Intracameral AMB is another approach that
is being utilized for targeted drug delivery. It is indicated
when medical treatment with topical and systemic antifungal
has failed, especially in cases with deep mycosis, endothelial
plaque and presence of hypopyon and/or inflammation of the
anterior chamber.[>” The concentration injected, as described
in literature, ranges between 5 and 10 ug/0.1 ml. The results of
different studies and the reported complications are outlined
in Table 3.757

Corneal collagen cross-linking (riboflavin with ultraviolet-A
irradiation)

Corneal CXL has been found successful in halting the
progression of keratoconus. Over the last few years there has
been much interest in the role of CXL in infectious keratitis.
Multiple studies have been published with conflicting results on
the efficacy of CXL in infectious keratitis [Table 3].[5% Recently,
to distinguish the use of CXL for the treatment of infectious
keratitis from CXL for keratoconus, the term photoactivated
chromophore for infectious keratitis (PACK)-CXL was created
at the ninth cross-linking congress in Dublin, Ireland, in 2013.5!

CXL may act in cases of mycotic keratitis by a direct
antifungal effect and by halting the ongoing melting, thus
helping to avoid emergency keratoplasty.®>%1 PACK-CXL
has shown anti-fungal activity against pathogens such as
C. albicans, Fusarium species, and A. fumigatus.™ The result of
various clinical studies are outlined in Table 3; unfortunately,
the results are a bit contradictory. Vajpayee et al. found that
PACK-CXL adds no extra advantage to the standard antimycotic
regimen.® Similarly, a randomized controlled trial evaluating
the efficacy of CXL as an adjuvant to appropriate antifungal
therapy in nonresolving deep stromal fungal keratitis had
to be stopped before full enrolment because of a high rate
of perforation among the patients in the CXL group (four
out of seven cases perforated in the CXL group compared to
none out of six in the non-CXL group).® Said et al.B" found
that although PACK-CXL did not shorten the time to corneal
healing, it prevented corneal melting. While Iseli et al.,* Saglk
et al.® and Li et al.® found PACK-CXL to be useful in mycotic
Kkeratitis, Shetty et al.® reported good results in the management
of superficial microbial keratitis and poor response in patients
with deep stromal keratitis or endothelial plaque. Abbouda et al.
reported halting of corneal melting with PACK-CXL in one case
while the other developed perforation.®!

The safety of CXL is of concern because the ultraviolet
(UV)-A could damage intraocular structures. Recently, a
detailed analysis of the expected damage compared with
acceptable damage thresholds was published by Spoerl et al.’!
During standard CXL of a cornea with a 400-um thickness, the
irradiances of the UV light reaching the iris, lens, and retina are
orders of magnitude smaller than the damage thresholds, and
the only cell populations at risk are the microbes, the corneal
endothelium, and the keratocytes.’®"*! Post-CXL complications,
such as transient limbitis and a transient increase in the size
of the hypopyon in the first 24 h followed by subsequent
regression, has been reported.®"! Moreover, CXL itself can be
complicated by infectious keratitis.

Rose bengal photodynamic therapy

PDT has been used for numerous applications such as
choroidal neovascularization in age-related macular
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degeneration, corneal neovascularization, for tumor
treatment, Acanthamoeba keratitis, and to prevent lenticular
epithelial cell proliferation.” PDT involves the activation
of photosensitizers using light of varying wavelengths.
The photosensitizer is excited by the light and reacts with
oxygen-generating ROS, which, in turn, react with various
intracellular components to cause cell death.’” Recently, in
an experimental study, Arboleda et al.’? have demonstrated
RB PDT to be successful in infectious keratitis. However,
there are no clinical studies to date to justify PDT with RB
for treatment of fungal keratitis.

Management Guidelines

Management of fungal keratitis largely involves a decision on
which antifungal to use and the route of administration. Current
selection of antifungals is based on animal experiments, clinical
experience, and published sensitivity data [Fig. 1]. In vitro
sensitivity testing of a particular isolate is extremely useful
and should be performed whenever its availability is not a
concern. In most cases, clinical appearance of the keratitis is
sufficient enough to determine whether it is responding to
medical treatment or whether surgery is indicated.

Clinically, commercially available NTM 5% suspension is
the initial drug of choice for fungal keratitis. If worsening of the
keratitis is observed on topical NTM or no improvement is seen
after 2 weeks of therapy, topical AMB 0.15% can be substituted
in cases of Candida spp. keratitis and Apergillus keratitis. A
topical azole such as VCZ 1% can be substituted or added in
cases Fusarium spp. and Apergillus keratitis. The clinician must
determine the length of treatment for each case based on clinical
response and experience. Treatment with a systemic antifungal
agent is recommended in cases of severe deep keratitis, scleritis,
and endophthalmitis. Systemic antifungals are also used after
PKP for fungal keratitis. Several clinical and experimental
studies have reported favorable results in the treatment of
fungal keratitis with systemic ketoconazole, itraconazole,
miconazole, fluconazole, VCZ, and posaconazole. The authors

Fungal keratitis

Natamycin 5%

Responding

Systemic antibiotics
Deep keratitis/Scleritis/Endophthalmitis

Not responding

In vitro Candida — Amp-B 0.15% CXL

sensitivity Aspergillus- Amp-B 0.15% Intrastromal/Intracame

report available or Voriconazole 1% ral Amp-B or
Fusarium- Voriconazole Voriconazole

l 1%

Change the

drug

accordingly

Follow-up Non-responding

Responding

Penetrating Keratoplasty | €

Figure 1: Flowchart for management of fungal keratitis

prefer ketoconazole for its broad spectrum activity and VCZ
when cost of therapy is not a concern. The advantage of VCZ
is that it has a favorable side-effect profile.

The corneal epithelium serves as a barrier to the penetration
of most topical antifungal agents. Thus, debridement of
the corneal epithelium can be helpful especially in cases of
deep-seated keratitis. Although clinical trials have not shown
any advantage of debridement, few clinicians still follow
this.[+ 481

Keratoplasty is primarily indicated for medical treatment
failure. However, under certain situations such as; advanced
keratitis, severe corneal thinning, impending perforations,
Kkeratitis threatening to involve limbus the decision to perform
keratoplasty must be taken early.

Treatment of atypical forms, or rarely reported fungus
is difficult. The difficulty is primarily due to a delayed
diagnosis or lack of evidence on susceptibility to routinely
used antifungals agents. VCZ is the preferred drug in most
such cases of fungal keratitis.®** P. insidiosum keratitis is a
vision-threatening keratitis that can lead to loss of eye in
approximately 80% of the cases."! Few years back, it was
considered to be a rare disease, however, a recent study by
Sharma et al. clearly proved that it is not that uncommon, and
the problem lies with the identification.™ It is a fungus-like
microbe that morphologically exhibits features of branching,
sparsely septate or aseptate filaments and unlike fungi lacks
the characteristic ergosterol in the cytoplasmic membrane.***!
Ocular trauma and CL use are often the predisposing factors.
Reticular pattern of subepithelial and superficial infiltration
or tentacle-like or dot-like corneal infiltrates are reported
to be characteristic, but there is a variability in the reported
studies so far.’**! Demonstration of zoospores, as proposed
by Sharma et al. appears to be the is simplest way to diagnose
these cases early.'"! Confirmation is done by DNA sequencing
of the internal transcribed spacer region of the ribosomal
DNA. Treatment is extremely difficult as the organism is not
sensitive to any of the available antifungals. Wide surgical
excision is the best way to treat such cases. Permpalung et al.*!
and Thanathanee et al.”™ have reported a lower enucleation
rate (45%) with the use of immunotherapy and a combination
of oral terbinafine and itraconazole. However, these authors
remained unsure of the efficacy of the vaccine and attributed
the lack of recurrence in their cases to early keratoplasty with
a wide surgical excision.

Conclusion

Management of fungal keratitis remains a challenge to cornea
specialists. Emerging fungal pathogens and resistance to
existing antifungal drugs have further added to the reasons
for poor prognosis in fungal keratitis. Newer investigative
tools, such as PCR and IVCM, can help in reducing the time
gap between clinical suspicion and microbiological diagnosis.
Newer antifungal agents and newer methods of targeted drug
delivery system can be helpful in treating recalcitrant cases.
Nanoparticles and AMPs have shown promise in experimental
studies and offer hope for improving prognosis in cases of
fungal keratitis in future.
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