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Abstract: Filamentous fungal infections of the cornea known as filamentous fungal keratitis (FK)
are challenging to treat. Topical natamycin 5% is usually first-line treatment following the results of
several landmark clinical trials. However, even when treated intensively, infections may progress to
corneal perforation. Current topical antifungals are not always effective and are often unavailable.
Alternatives topical therapies to natamycin include voriconazole, chlorhexidine, amphotericin B and
econazole. Surgical therapy, typically in the form of therapeutic penetrating keratoplasty, may be
required for severe cases or following corneal perforation. Alternative treatment strategies such as
intrastromal or intracameral injections of antifungals may be used. However, there is often no clear
treatment strategy and the evidence to guide therapy is often lacking. This review describes the
different treatment options and their evidence and provides a pragmatic approach to the management
of fungal keratitis, particularly for clinicians working in tropical, low-resource settings where fungal
Kkeratitis is most prevalent.
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1. General Management of Fungal Keratitis

Treatment for filamentous fungal keratitis (FK) is usually with topical antifungal
agents. Surgical intervention, usually in the form of a corneal transplant or therapeutic
penetrating keratoplasty (TPK), is generally reserved for cases of corneal perforation, re-
lentless progression (despite medical treatment) and for visual rehabilitation once the acute
infection has resolved and the cornea is scarred. In Africa and other settings where TPK is
not readily available, there is a limited role for temporary tarsorrhaphy and conjunctival
flap to offer tectonic support in advanced cases at risk of perforation. There are a limited
number of antifungals available with action against fungal keratitis, of which there are four
main groups: imidazoles, triazoles, polyenes and fluorinated pyrimidines. These may be
available topically, orally or by intravenous injection. Subconjunctival injection or corneal
stromal injection may also be given.

2. Medical Management of FK
2.1. Topical Treatment

Most antifungal agents used for fungal keratitis belong to either the polyene (natamycin
and amphotericin) or azole (voriconazole (VCZ), ketoconazole (KCZ), fluconazole, itracona-
zole, miconazole, and poscaconazole). Polyenes work by binding to ergosterol (essential for
maintaining cellular membrane integrity) and inhibiting its cellular functions; additionally,
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amphotericin B permeabilises the fungal membrane (natamycin does not) [1-3]. Azoles, on
the other hand, act by inhibiting the biosynthesis of ergosterol [4].

There have been several clinical trials comparing various treatment options for fila-
mentous fungal keratitis over the last few decades, which have been reviewed systemat-
ically [5,6]. All trials to date have been conducted in South Asian countries with a high
incidence of fungal keratitis.

2.2. Natamycin, Voriconazole and Econazole

Natamycin was approved in the 1960s by the FDA and remains the only licensed drug
in the USA for FK. It is produced naturally by the bacteria Streptomyces natalensis [7]. When
manufactured, it is produced as a preserved suspension formulation at a 5% concentration
(50 mg/mL). It must be shaken well before application, as it is a suspension. It is active
against a wide range of fungal organisms, including Fusarium, Aspergillus, Alternaria,
Candida, Cephalosporium, Colletotrichum, Curvularia, Lasiodiplodia, Scedosporium, Trichophyton,
and Penicillium [7,8]. Patients are usually treated initially with one drop hourly (day and
night for 48 h and then daytime only), typically for a week, with the frequency reduced
depending on the clinical response. Once the infection has resolved, it is advisable to
continue with natamycin four times daily for four more weeks [9].

Natamycin has been compared to several other topical agents including voriconazole
and econazole [10-15]. Voriconazole, a triazole antifungal agent licensed for the treatment
of invasive aspergillosis, is used off-label as a topical formulation for the treatment of
fungal keratitis. It is not currently routinely available as a pre-prepared eyedrop, and
instead must be reconstituted from the powder for injection to achieve a concentration
of 10 mg/mL [16]. Once reconstituted, it is advisable to refrigerate it and use within
48 h [16]. Its antifungal activity and dosing regimen is similar to natamycin [17]. An
initial prospective randomised controlled trial (RCT) showed no significant difference
(p = 0.837) between natamycin and voriconazole in terms of primary outcome measure
(time to healing of epithelial defect). The authors therefore concluded that voriconazole
was “an effective and well-tolerated drug” and larger trials were warranted to demonstrate
superiority [10]. Meanwhile, Prajna et al. also compared topical natamycin to voriconazole
in a therapeutic exploratory randomised clinical trial; 120 patients were randomised to
either natamycin or voriconazole, and some had repeated corneal epithelial scraping. The
study also concluded that there was no significant difference between groups for the
primary outcome of visual acuity at three months, with a non-significant trend favouring
voriconazole (0.98 logMAR better, 95%CI: —0.28 to 0.83, p = 0.29). Incidentally, repeated
scraping was associated with a worse outcome, although again this was non-significant
(p = 0.06) [11]. To evaluate the efficacy of voriconazole thoroughly, the Mycotic Ulcer
Treatment Trials (MUTT) were developed [12,13]. In MUTT], topical natamycin 5% was
compared to topical voriconazole 1% in a trial that was due to recruit 368 patients but was
terminated early on recommendation by the trial Data Safety and Monitoring Committee,
as the number of perforations in the voriconazole group were significantly higher than
in the natamycin group (34 vs. 18 perforations, p = 0.02; after 323 recruited). Vision was
—0.18 logMAR better at three months in the natamycin group compared to the voriconazole
group (p = 0.006) [12]. Sharma et al. also found natamycin to be superior to voriconazole
in terms of best spectacle-corrected visual acuity (BSCVA) vision at the final follow-up in
a more recent randomised controlled trial that recruited 119 patients (natamycin mean
BSCVA LogMAR 0.6 (CI 0.4-0.8), compared to voriconazole mean BSCVA LogMAR 1.1
(C10.9-1.2) p = 0.01) [14].

There have been two published meta-analysis studies comparing natamycin to voricon-
azole, with the primary outcome being best spectacle-corrected visual acuity at three
months [5,18]. These included the pilot study by Prajna and colleagues (2010), the study by
Arora and colleagues, and MUTT1 [11,12,19]. The Cochrane review found a non-significant
trend favouring natamycin (Figure 1) [5], whilst McDonald et al. found evidence for
natamycin being superior to voriconazole [18]. The discrepancy between these two results
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is likely due to differences in the inclusion criteria and analysis strategy; the total number
of subjects in the analysis by McDonald was 473, compared to 434 in the Cochrane review.
The Cochrane review analysis used a more conservative random-effects model rather than
a fixed-effect model, as there were only three studies included. There has been no further
published peer-reviewed meta-analysis that includes the more recent study by Sharma et al.
(2015), although if this study were also to be included, then the pooled estimate of effect
would be clearly in favour of natamycin 5% (standardised mean difference 0.34 logMAR,
95% CI 0.17 to 0.50; 12 = 73.3%, p = 0.011; personal communication from Dr Simon Arunga).

5% Natamycin 1% Voriconazole Mean Difference Mean Difference
Study or Subgroup  Mean [logMAR] SD [logMAR] Total Mean [logMAR] SD [logMAR] Total Weight IV, Rand 95% Cl [logMAR] IV, Rand 95% Cl [logMAR]
Arora 2011 1.368 0.887 15 1.775 1.036 15 6.8% -0.41 [1.10, 0.28] I
MUTT 2010 0.349 05405 141 057 0.6654 143 B2E% -0.18 [-0.32,-0.04] E =
Prajna 2010 0.649 0.8 B0 063 076 GO0 30.6% 0.06 [-0.22,0.34] ——
Total (95% CI) 216 218 100.0% -0.12 [-0.31, 0.06] L
Heterogeneity Tau®= 0.01; Chi*= 2.86, df= 2 (P = 0.24); *= 30% I 1 1 |

Testfor averall effect Z=1.28 (P = 0.20)

-2 -1 1] 1 2
Favours natamycin  Favours voriconazole

Figure 1. Forest plot of topical natamycin 5% versus voriconazole 1% (outcome: best spectacle
corrected visual acuity, logMAR). Reproduced from FlorCruz NV, Evans JR. Medical interventions for
fungal keratitis. The Cochrane Database of Systematic Reviews 2015; 4: CD004241 with permission
from John Wiley and Sons [5].

If one considers perforations (or need for TPK) as the outcome measure, there are
significantly fewer perforations or TPKs in patients treated with natamycin 5% compared to
voriconazole [5,18], as reported by the two meta-analyses (risk ratio favouring natamycin
1.89, 95% CI 1.14 to 3.12; I? = 0%, p = 0.01; Figure 2) [18].

5% Natamycin 1% Voriconazole Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Arara 2011 0 15 1 15  33% 0.33[0.01, 7.58]
MUTT 2010 18 141 34 143 746%  0.54(0.32,0.90] -
Prajna 2010 9 60 10 60 221% 0.90[0.39, 2.06) — &
Total (95% CI) 216 218 100.0%  0.61[0.40,0.94] -
Total events 27 45
Heterageneity: Chi*=1.22, df=2 (P=054), F=0% 001 01 10 100

Testfor overall effect: Z=2.23 (P=0.03)

Favours natamycin Favours voriconazole

Figure 2. Forest plot of topical natamycin 5% versus voriconazole 1% (outcome: corneal perforation).
Reproduced from FlorCruz NV, Evans JR. Medical interventions for fungal keratitis. The Cochrane
Database of Systematic Reviews 2015; 4: CD004241 with permission from John Wiley and Sons [5].

Subgroup analysis in MUTT1 demonstrated that the effect of natamycin compared
to voriconazole was significantly greater in those infected with Fusarium species (40%
of patients) compared to those with non-Fusarium species (Aspergillus 17%, other 43%),
for whom there was no evidence of a difference between treatment arms [12]. However,
this subgroup analysis was not prespecified in the MUTT1 protocol. Similar findings
were reported by the 2015 trial by Sharma [14]. However, it is important to acknowledge
that these studies were conducted in South Asian populations, and therefore may not be
generalisable to all other settings.

Natamycin has also been compared to econazole 2%, an imidazole antifungal agent,
investigating time to healing and proportion healed (“success”) at four weeks [15]. In
this trial, 116 patients were recruited in India, of whom the majority were infected with
Fusarium (55.2%), followed by Aspergillus (25.9%), and randomised to either natamycin
5% or econazole 2%. There was no significant difference between the two arms in terms
success (log rank 0.52, p = 0.47) or for time to heal (epithelial defect, log rank 0.82, p = 0.37;
infiltrate, log rank 0.86, p = 0.35). This study may have been inadequately powered to detect
a difference and did not consider vision or perforation rate, unlike the more recent trials,
limiting the usefulness of these results. Although the authors suggested that econazole 2%
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could be an alternative treatment to natamycin, there have been no subsequent randomised
controlled trials, likely due to the emergence of voriconazole to the market. A retrospective
study by the same group comparing natamycin 5% monotherapy with natamycin 5% plus
econazole 2% found no difference between the two arms in terms of “success” (healed
or healing ulcer at four weeks). Despite this, it should be considered that econazole is
considerably cheaper and more widely available than voriconazole and is often the only
topical antifungal available in many Low- and Middle-Income Countries (LMICs) [20].

As with many other eyedrops, when used for a prolonged duration, natamycin can
be toxic to the corneal epithelium. Other side effects include burning or stinging when
applied, ocular discomfort including foreign body sensation, conjunctival hyperaemia,
and epiphora. Topical voriconazole has a similar side effect profile to natamycin, and has
additionally been reported to cause periocular dermatitis.

A new soluble form of topical natamycin (natamycin 1% w/v, “Natasol”) has been
developed, with initial experimental animal studies suggesting it is safe with no cases of
ocular toxicity reported, as well as being non-inferior to natamycin 5% suspension in terms
of its pharmacodynamics and ocular penetration [21]. Further research is warranted, but
the authors hope that patient compliance may be increased in this formulation.

Given the strong evidence for natamycin, it is generally considered the first-line agent
for fungal keratitis, particularly in areas with a high prevalence of Fusarium. For this reason,
it has been added to the WHO essential medicine list [22], although its cost outside of South
Asia (where it is made as a form of off-patent generic medication) remains prohibitively
expensive for many and its availability remains very limited.

2.3. Amphotericin B, Fluconazole, and Echinocandins

Although amphotericin B has been used as an alternative, often second-line, agent
to treat fungal keratitis, there is very limited evidence with regards to its efficacy other
than case reports and case series, some of which have used it in addition to other antifun-
gals [17,23,24]. In its standard form, amphotericin B cannot penetrate the intact cornea.
Amphotericin B has been shown to be more effective against yeasts compared to Fusarium
species [25,26]. There have been no head-to-head trials published to date comparing topical
amphotericin B to other topical agents.

Fluconazole is generally considered to be much more effective against yeast infection
than filamentous fungal infection. A randomised controlled trial comparing natamycin
5% to fluconazole 0.2% was terminated early after only eight patients were enrolled, as
all four patients in the fluconazole arm showed no signs of improvement [27]. However,
rather surprisingly, a more recent case series from Paraguay of filamentous fungal keratitis
patients treated with either fluconazole 0.2% monotherapy or fluconazole 0.2% and oral
ketoconazole 200 mg suggested that fluconazole 0.2% may be effective in filamentous
fungal infections with 70% of patients showing resolution of their disease, with no evidence
of benefit from the addition of oral ketoconazole [28]. There is currently no convincing
evidence to recommend the use of topical fluconazole in filamentous fungal keratitis over
the use of natamycin.

The echinocandins are a relatively novel class of antifungal agent that act by blocking
-(1,3)-D-glucan synthesis, which is an important structural component that maintains
the fungal cell wall integrity [29], and consists of three agents: caspofungin, micafungin,
and anidulafungin. They have been shown to be successful at treating systemic fungal
infections [30,31], and in vitro and animal studies have suggested a potential role for their
use in fungal keratitis [29,32-36]. However, other than several case reports [29,37-41], there
is very limited published evidence regarding their efficacy (particularly as monotherapy),
and their use at present is best considered experimental with larger clinical trials warranted.

2.4. Chlorhexidine for Fungal Keratitis

Chlorhexidine is an antiseptic agent, with both antibacterial and antifungal properties.
It is a widely-used broad-spectrum biocide, killing microorganisms through cell membrane
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disruption [42-44]. For example, chlorhexidine 0.2% w/v solution is very widely used as a
long-term mouth wash for the prevention and treatment of oral candidiasis (a fungal infec-
tion) and for general oral hygiene [45-47]. Chlorhexidine 0.2% mouth wash is considered
to be locally and systemically safe.

Chlorhexidine has been used in ophthalmology for more than 30 years as an eye-drop
preservative, sterilizing contact lenses, pre-operative topical antiseptic and for treating
Acanthamoeba sp. and fungal keratitis [48-53]. It is very important to note that all chlorhexi-
dine solutions used topically in ophthalmic practice are aqueous preparations, i.e., they do
not contain any detergents or alcohol.

In a study evaluating potential affordable antifungal treatments for keratitis, chlorhex-
idine digluconate was compared in vitro with propamidine (Brolene), povidone iodine
and polyhexamethylene biguanide (PHMB) [54]. Several concentrations of these agents
were tested against a panel of 95 fungal keratitis isolates from Ghana and India. The
chlorhexidine 0.2% gave the best results in vitro, with inhibition of 90/95 isolates. The
investigators then conducted a pilot case series study in India of chlorhexidine digluconate
0.2% in 11 patients with fungal keratitis (7 non-severe and 4 severe cases). They found that
10/11 cases healed with chlorhexidine 0.2%; one severe case did not respond. The study
also included a non-randomised comparison group of eight patients with fungal keratitis
(seven non-severe, one severe) who were treated with topical econazole (a frequently used
treatment at that time). They reported that seven out of eight responded to econazole; the
severe case did not respond to the econazole.

Subsequently two pilot RCTs of chlorhexidine for fungal keratitis were conducted. In
the first trial, involving 60 patients conducted in south India, three chlorhexidine gluconate
concentrations (0.05%, 0.1%, 0.2% w/v) were compared to each other and to natamycin
5% [49]. There was evidence suggestive that chlorhexidine 0.2% might be better than
natamycin 5% both in terms of the proportion showing a favourable response by 5 days
(75% vs. 44%) and cure by 21 days (83% vs. 50%). The chlorhexidine 0.2% performed better
than both the 0.05% and the 0.1% concentrations. The chlorhexidine 0.2% w/v concentration
used in this trial is the same as that used in mouthwash, and is systemically safe for oral
mucosal application.

In the second trial, involving 70 patients conducted in Bangladesh, chlorhexidine
0.2% was compared to topical natamycin 2.5% (half standard concentration). There was
evidence chlorhexidine 0.2% was associated with a favourable response in more cases than
natamycin 2.5% by 5 days (89% vs. 51%; RR = 0.23, 95%CI 0.09-0.63) [50]. By 21 days, 44%
of the chlorhexidine treated group were cured compared to 28% of the natamycin group.

Overall, a Cochrane systematic review of treatments for fungal keratitis found a
non-significant trend favouring chlorhexidine 0.2% over natamycin 5% in “curing” by
21-days (RR = 0.70, 95%CI 0.45-1.09) when the data from these two trials was combined;
see Figure 3 [5].

Chlorhexidine 0.2% has recently been compared to natamycin 5% in a non-inferiority
trial conducted in Nepal [55,56]. This trial found strong evidence to suggest that natamycin-
treated participants had significantly better 3-month BSCVA than chlorhexidine-treated
participants, after adjusting for baseline BSCVA (regression coefficient, —0.30; 95% con-
fidence interval [CI], —0.42 to —0.18; p < 0.001). There was no difference in re-culture
positivity between arms at day 7. The majority of chlorhexidine-treated patients healed
(151/175, 86.3%), although this proportion was smaller than that for natamycin-treated
cases (163/173, 94.2%; p = 0.018). Natamycin-treated cases were less likely to perforate or
require an emergency corneal graft, after adjusting for baseline ulcer depth (odds ratio,
0.34; 95% CI, 0.15-0.79; p = 0.013).
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Natamycin Chlorhexidine Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rahman 1997 (1) 7 14 21 32 477% 0.76[0.43,1.36) ——
Rahman 1998 (2) 9 32 14 32 52.3% 0.64 [0.33,1.27] —
Total (95% CI) 46 64 100.0%  0.70[0.45, 1.09] -
Total events 16 35
Heterogeneity: Chi*=0.14, df=1 {P=0.71); F= 0% o1 oh e 100

Testfor overall effect: Z=1.57 (P=0.12) Favours chlorhexidine Favours natamycin

Footnotes
(1) 5% natamycin, 0.05%, 0.1% & 0.2% chlorhexidine, follow-up: 21 days
(2) 2.5% natamycin, 0.2% chlorhexidine gluconate, follow-up 21 days

Figure 3. Forest plot of topical natamycin 5% versus chlorhexidine 0.2% (outcome: clinical cure).
Reproduced from FlorCruz NV, Evans JR. Medical interventions for fungal keratitis. The Cochrane
Database of Systematic Reviews 2015; 4: CD004241 with permission from John Wiley and Sons [5].

Although treatment with natamycin was associated with significantly better visual
acuity, with fewer perforations, compared to treatment with chlorhexidine, the proportion
of healed chlorhexidine-treated cases is comparable to that of voriconazole reported in
earlier trials [11,12,57]. The results from this trial suggest chlorhexidine appears to be
effective in the “sterilisation phase” initially, but prolonged treatment may lead to delayed
re-epithelialisation and worse scarring. A reduced concentration or reduced dosing fre-
quency following initial sterilisation may lead to improved healing and visual outcome;
more research into this area is warranted. These results suggest natamycin remains the
preferred first-line monotherapy treatment for filamentous fungal keratitis, whilst chlorhex-
idine 0.2% may be considered in situations where natamycin is unavailable. A recent case
series from Uganda suggests a potential adjunctive role for chlorhexidine 0.2% in addition
to natamycin 5% in recalcitrant cases [58], with a large randomised controlled trial currently
underway to explore this role further [59].

2.5. Oral Treatment

Adjunctive oral treatment for FK, with either itraconazole, ketoconazole or voricona-
zole, has been investigated, although the added benefit of these oral agents remains un-
certain [9]. In MUTT 2, again in conducted in South Asia (India and Nepal), 240 patients
with severe fungal keratitis (BSCVA logMAR 1.3 or worse) were randomised to either
oral voriconazole or placebo, with all patients receiving topical treatment (initially topi-
cal voriconazole monotherapy prior to the results of MUTT 1, then in combination with
natamycin, two years into recruitment). There was no difference in primary outcome (perfo-
ration rate or corneal graft) within three months between groups (hazard ratio, 0.82; 95% CI,
0.57-1.18; p = 0.29), with more side effects reported in the voriconazole group (p < 0.001).
The study therefore concluded that there was no benefit in adding oral voriconazole in the
treatment of severe filamentous fungal corneal infections [13]. A prespecified subgroup
analysis suggested that Fusarium-infected patients treated with oral voriconazole may have
a reduced rate of perforation, although this was not statistically significant.

An earlier RCT of 54 FK patients treated with topical itraconazole compared oral
itraconazole to no oral treatment (i.e., no placebo in the control arm) [60]. In terms of healing
by six weeks, there was no evidence of a difference between arms (RR 1.0, 95%CI 0.37-2.71).

More recently, an RCT of 50 patients (all treated with topical natamycin) with severe
FK were randomised to either oral voriconazole or oral ketoconaczole [61]. There was
evidence that patients treated with oral voriconazole had 0.26 LogMAR better BSCVA at
three months compared to those treated with oral ketoconazole (95% CI, 0.04-0.48; p = 0.02).
There was no difference in perforation rates between these two groups (p = 0.45).

Oral antifungal therapy has the potential to cause severe, even life-threatening, adverse
effects, primarily in the form of hepatotoxicity. Dosing for voriconazole should be adjusted
for body weight, with adults with a body weight under 40 kg receiving 200 mg twice a
day for two doses (as loading doses) and then 100 mg twice a day for the duration of
therapy [62]. Adults 40 kg and above should receive double this dose. Bioavailability of
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voriconazole is good, with peak plasma concentration achieved between 1.43 and 1.81 h
after ingestion, although it should be taken 1 h before or 2 h after eating [63,64]. Baseline
and then weekly liver function tests (LFTs) are necessary due to the risk of hepatotoxicity;
these can be reduced to monthly if there is no change in LFTs during the initial one month
of treatment [65]. In addition, oral voriconazole can cause visual disturbance, change
in colour vision, and photophobia. These are typically transient and occur in one third
of patients, occurring approximately 30 min after administration and lasting for 30 min.
Rarely, visual hallucinations, confusion, and psychosis have been reported [66].

Given the limited evidence for any additional adjunctive benefit and potential for
systemic side effects, adjunctive oral voriconazole in FK remains controversial and should
not be given routinely, even for severe disease. The need for liver function testing is an
additional challenge to many settings where FK is common, as such tests may not be easily
accessible or affordable.

2.6. Injected Drug Delivery

In addition to topical treatment, injections of antifungals into either the corneal stroma
(i.e., intrastromal injection) or anterior chamber (i.e., intracameral injection) have also
been performed in severe disease where the response to topical treatment has been in-
adequate [67,68]. Options that have been reported in the literature include intracameral
amphotericin B or voriconazole, and intrastromal amphotericin B or voriconazole [9,66,69].
Natamycin has generally been avoided in a targeted manner as it is usually formulated as a
suspension and initial animal studies did not recommend its use [70]; however, there have
been recent experimental studies using a new soluble form of the drug (sterile unpreserved
Natasol 0.01% intrastromal injection), that suggest it may have a role to play [21,71]; further
evaluation is necessary.

Intrastromal injections are performed by injecting a suitable antifungal (e.g., voricona-
zole 50 pg/0.1 mL) loaded within a 1 mL tuberculin syringe with a 30-gauge needle, which
is inserted obliquely into the clear, uninvolved cornea to reach just adjacent to the ulcer
within the mid-stromal level [67]. The drug is deposited circumferentially around the
ulcer by giving five divided doses, resulting in the drug surrounding the ulcer in each
meridian. This can be repeated, with 72 h between injections. There are inherent risks
involved, including spreading infection to new foci, intraocular inflammation, cataract
formation, perforation, raised intraocular pressure, hyphaema, and damage to the corneal
endothelium [9].

Intrastromal voriconazole injections have been compared to topical therapy alone in
two randomised controlled trials [72,73]. The first was a randomised controlled trial of
40 patients who were not responding to initial therapy with natamycin 5%. Patients were
randomised to either topical voriconazole 1% alone or to intrastromal injections of voricona-
zole 50 ng /0.1 mL [72]. The authors found that patients receiving topical voriconazole had a
mean BSCVA of -0.397 better than the intrastromal injection group (p = 0.008). Additionally,
19/20 patients receiving topical voriconazole healed with therapy. The authors concluded
that topical, as opposed to intrastromal, voriconazole may be beneficial in addition to
natamycin in recalcitrant disease not responding to natamycin 5% monotherapy [72]. The
second, more recent, clinical trial compared natamycin 5% monotherapy to natamycin 5%
and intrastromal voriconazole in 70 patients with fungal keratitis [73]. The authors found
no evidence of a difference between the groups for all outcome measures investigated
(BSCVA, scar size, perforation rate, and microbiological cure) and concluded that “studies
consistently suggest voriconazole has a limited role in the treatment of filamentous fungal
ulcers” [73]. Based on these two studies, there is currently no clinical trial-level evidence to
support intrastromal injections of voriconazole. There have, however, been several case se-
ries that suggested intrastromal voriconazole might be beneficial in treating deep infiltrates
or stromal abscesses that were unresponsive to first- and second-line topical and medical
therapy (natamycin 5%, voriconazole 1%, oral itraconazole or ketoconazole) [68,74-76].
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Therefore, intrastromal voriconazole injections may have a limited role in select cases
refractory to initial medical therapy.

There are very limited published data on the use of intracameral voriconazole. One
case series evaluated five fungal keratitis patients with endoexudates who were treated
with a single dose of intracameral voriconazole 50 mcg/0.1 mL, followed by voriconazole
1% topical therapy [77]. All cases demonstrated a complete resolution of infection within
3 weeks to 3 months. Another case series assessed intracameral voriconazole amongst
10 patients with fungal endophthalmitis resulting from keratitis in China [78]. This used
100 mcg/0.1 mL intracameral voriconazole, and was repeated up to eight times over the
course of the disease. The authors reported that “all cases of the fungal anterior chamber
invasion resolved after treatment” [78], and four eyes required therapeutic penetrating
keratoplasties. Therefore, there may be a limited role for intracameral voriconazole injection
in patients with very deep fungal keratitis with anterior chamber spread of the fungus.

There is emerging evidence for the use of intracameral amphotericin B (ICAB) for
patients with deep and/or recalcitrant filamentous fungal infection. There have been three
published small randomised controlled trials evaluating this treatment. In the first trial
of 42 patients, conducted in China, patients received topical and oral fluconazole and
either intracameral amphotericin B or a sham injection, with those receiving intracameral
amphotericin B exhibiting a faster healing time (p = 0.001) [79]. However, in the second
trial, an ICAB (5 pug in 0.1 mL 5% dextrose) injection, in addition to topical natamycin 5%
and oral ketoconazole, was evaluated in 45 patients with deep fungal keratitis [80]. There
were three arms in this trial: medical therapy alone; medical therapy and intracameral
amphotericin B; and medical therapy, intracameral amphotericin B and anterior chamber
washout. This trial found no difference between the arms in terms of treatment success
(primary outcome measure), time to disappearance of hypopyon, time to healing, final
visual acuity, or healing. However, this study may have used too small a sample to detect
a difference, with only 15 patients in each arm. In contrast, two other non-randomised
prospective interventional studies showed improved outcomes for patients treated with
ICAB [81,82]. Non-responding (to medical therapy) patients treated with ICAB had a
significantly greater mean improvement in BSCVA (p < 0.01) compared to responding
patients not treated with ICAB, faster clearance of hypopyon (p < 0.01), fewer scars and
complications (p < 0.05) [82]. In the other study, all patients were given ICAB in addition
to medical therapy, with one arm receiving it early (2 weeks) in contrast to the other
arm receiving it late (4 weeks). Healing time was significantly faster in the early group
(p < 0.001) compared to the late group, whilst there were no perforations (0/25) in the early
group, compared to 10/25 in the late group (p = 0.006) [81]. Several case series also suggest
good outcomes for patients treated with intracameral amphotericin B [83-86]. ICAB may
therefore be an appropriate treatment in select cases including recalcitrant deep filamentous
fungal keratitis cases with hypopyon or anterior chamber involvement. An adequately
powered randomised controlled trial would be helpful to answer this more clearly.

Interestingly there is only limited published evidence on the use of intrastromal
amphotericin B injection on its own, as several case series include it in combination with
another intrastromal antifungal (either voriconazole or fluconazole). One audit from
Egypt that retrospectively reviewed cases of FK not responding to topical therapy found
that those treated with a single intrastromal injection of fluconazole and amphotericin B
healed faster than those who received amphotericin B monotherapy [87]. A case series of
32 patients with progressive FK despite 10 days of combined topical voriconazole 1% and
amphotericin B 0.15% found that 87.5% of patients demonstrated complete resolution of
their fungal keratitis, with the remainder requiring TPK [88]. Patients received between 1
and 18 intrastromal injections (mean 9.3 £ 6.4).

Intrastromal amphotericin B (5 mcg/0.1 mL), intrastromal voriconazole (50 mcg/0.1 mL),
and intrastromal natamycin (10 mcg/0.1 mL) injections have recently been compared in a
three-way randomised controlled clinical trial in fungal keratitis patients not responding
to two weeks of topical natamycin 5% therapy (sixty eyes in total, with twenty in each
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group) [89]. Included patients had more than 50% stromal involvement and an ulcer size of
more than 2 mm. This found the mean duration of healing to be faster in the intrastromal
natamycin group compared to the other two groups (p = 0.02). There was no evidence of a
difference between the groups in terms of healing success, although there was significantly
more deep vascularisation in the intrastromal amphotericin arm.

Overall evidence is lacking to make clear recommendations for the routine use of
either intrastromal or intracameral injections of antifungals, although these techniques can
be considered in select (typically deep-seated) cases not responding to topical treatment.

3. Surgical Treatment
3.1. Therapeutic Penetrating Keratoplasty

Surgical management, typically in the form of TPK, is an important step in managing
a significant proportion of patients with fungal keratitis, predominantly for patients with
perforation, impending perforation, and cases not improving despite maximal medical
therapy [90]. The aim of surgery is to maintain globe integrity, whilst reducing the infectious
burden. The percentage of patients requiring TPK is somewhat variable, with reports in
the literature suggesting between 15-55% of FK patients required a TPK during the course
of their disease [13,90-94]. In MUTT?2, the risk factors for requiring TPK or developing a
corneal perforation include presence of hypopyon (OR 2.28, 95% CI 1.18-4.40, p = 0.01),
increased infiltrate size (OR 1.37, 95% CI 1.12-1.67, p = 0.02, for each additional 1 mm in
infiltrate size), and increasing infiltrate depth (for each step increase in infiltrate depth
(no infiltrate, anterior one-third, up to two-thirds stromal depth, or involving posterior
one-third of stroma) OR 1.69, 95% CI 1.12-2.53, p = 0.01) [95].

Unfortunately, graft survival is often poor for patients with FK due to the active
infection and inflammation, which increases the likelihood of graft rejection, secondary or
re-infection, and secondary glaucoma [90]. Recurrence within the graft has been reported
from 0-47% [92,96-100], and secondary glaucoma in 2-64% of cases [90,92,93,96,101].

TPK success can be considered in terms of anatomical integrity, graft clarity, and visual
improvement. These have been considered by several retrospective studies. Anatomical
integrity has been reported to range from 64-97% [90,96,97,99,102,103], graft clarity from
26-94% [92,96-100], and visual improvement in 6-88% of cases [93,102]. However, these
studies did not specify whether secondary optical keratoplasties were performed.

TPK has a crucial role to play in FK by saving the eye and controlling the infection.
Unfortunately, however, there is a lack of donor cornea material in many LMICs where the
need is greatest. Where tissue is available, the quality is often poor, with low endothelial
cell counts [104]. It has also been suggested that outcomes of TPK for fungal infection in
LMICs may be poor due to delayed use of topical steroids post-operatively due to the fear
of re-infection, meaning inflammation, graft decompensation, and vascularisation are more
commonly encountered [90,104].

3.2. Lamellar Keratoplasty

Lamellar keratoplasty (LK) as an alternative surgical intervention to treat fungal
keratoplasty has been reported in the literature [105-109]. Unlike TPK, which is most
frequently performed for perforations (either impending or frank), in the context of FK,
lamellar keratoplasty is usually performed to surgically resect infections not extending into
the anterior chamber. LK has an advantage over TPK in that corneal donor material can be
preserved in glycerol or dehydration [110,111], meaning that supplying graft material for
LMICs where there is a shortage of fresh corneal donors is potentially possible, although
there remain considerable logistical and legal challenges to overcome before this can be
truly viable. There have also been some published case series of using acellular porcine
donor corneas, with promising results including low recurrence rates and good visual
recovery [112,113]. By preserving the host endothelium, the risk of endothelial immune
rejection post-operatively is removed [114]. However, LK is a technically more challenging
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procedure than TPK and surgeons will still need to convert to a TPK in the event of
perforation, meaning that the advantage of using preserved donor material is lost.

LK has been compared to TPK in two retrospective studies for fungal keratitis [105,115].
An early study from India in the 1960s concluded that “lamellar keratoplasty invariably
fails, because the fungus is able to penetrate Descemet’s membrane” after it found that
6/7 LK cases developed re-infection, compared to only 1/10 cases in the TPK group [115].
However, a recent retrospective study of 94 LK cases and 161 TPK cases from China using
modern surgical techniques found no difference in recurrence rates between groups in
terms of recurrence, whilst the immune rejection rate was significantly lower in the LK
group (1.1% vs. 18.6%, p < 0.001), along with secondary glaucoma (p = 0.018). There
was no difference in visual acuity or refractive outcome between groups [105]. Another
comparative study conducted for infective keratitis cases (including non-fungal cases)
found no significant difference between LK and TPK in terms of therapeutic success
(p = 0.74), whilst LK patients had a significantly greater mean improvement in visual acuity
compared to TPK patients (7.27 lines versus 4.76 lines, p = 0.01) [116].

Whilst these results suggest a potential role for LK in the surgical management of
superficial medically recalcitrant FK, large-scale prospective studies are needed to evaluate
this more definitively. LK may prove useful in settings where human donor corneal material
for full-thickness penetrating keratoplasty is less readily available, potentially with further
development of acellular porcine donor corneas, but this needs to be balanced against the
more technically challenging nature of the procedure.

3.3. Amniotic Membrane Grafts and Conjunctival Flaps

The amniotic membrane is the innermost layer of the placenta, consisting of a single
layer of epithelium, a thick basement membrane, and an avascular stromal matrix [117]. It
exhibits a diverse range of beneficial biological properties, including anti-inflammatory and
antimicrobial, as well as promoting wound healing [118]. Unlike corneal tissue, amniotic
membrane donor tissue is widely available, easy to store, and not prone to graft rejection.
It has been used to treat a wide range of ocular surface disorders including microbial
keratitis, chemical eye injury, corneal perforation, and limbal stem cell deficiency, amongst
others [118-120].

In managing microbial keratitis, amniotic membrane grafts (AMG) have typically been
used as second-line therapy to promote corneal healing in cases of persistent epithelial
defect following the sterilisation phase. However, there is emerging evidence from a recent
systematic review and meta-analysis that there is a benefit in early adjuvant AMG in terms
of more rapid corneal healing and improved visual outcome for moderate-to-severe fungal
keratitis [120]. This review highlighted two RCTs and one non-randomised controlled
study that compared AMG to standard antimicrobial treatment [121-123], and calculated
the pooled estimate of the time to complete corneal healing to be 6.90 days faster in the
AMG group (mean difference — 6.90 days; 95% CI — 11.58 to — 2.21; p = 0.004) [120].

Conjunctival flaps are often used in LMICs, particularly in the African region for
recalcitrant fungal keratitis, as it is a relatively straightforward, low-cost procedure and
does not require any donor tissue. It is believed that healing is promoted by placing a
vascular bed over the ulcer, as well as controlling infection and protecting against small
perforations [124,125]. Despite conjunctival flaps often being used, there is limited pub-
lished work regarding their efficacy. There has been one randomised controlled trial that
compared AMG to conjunctival flaps and found no difference between arms in terms of re-
epithelialisation time, persistence of infection, complications and visual improvement [126].
Conjunctival flaps have also been used in addition to AMG. One case series from China
of 17 patients with FK refractory to medical treatment who underwent conjunctival flaps
in addition to AMG found that the globe was preserved in 15/17 (88%) of cases, whilst
there were no cases of raised intraocular pressure [127]. Conjunctival flaps may therefore
be an appropriate treatment — either alone or in addition to AMG - for severe recalcitrant
FK without large perforations.
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3.4. Corneal Collagen Cross-Linking

Corneal collagen cross-linking (CXL) is a well-established technique that is typi-
cally used in preventing progression of corneal ectasias such as keratoconus and pellucid
marginal degeneration. In brief, CXL involves ultraviolet-A irradiation of the cornea primed
with riboflavin (vitamin B2, a photosensitiser), resulting in the formation of oxygen free
radicals which then form covalent bonds between the stromal collagen fibrils, increasing
the corneal biomechanical stability. Recently, CXL has been considered for the treatment of
FK [128]. There are several claimed mechanisms of action, including:

Direct anti-microbial action by damaging the pathogens” DNA /RNA [129]
Increasing the resistance to the microorganisms’ enzymatic destruction of the corneal
stroma [130]

e  Enhanced corneal penetration of antifungals [131]

However, the evidence for this is limited, with heterogenous protocols and conflicting
results. There have been four RCTs to date comparing CXL and medical treatment to
medical treatment alone. The first study from India of deep, recalcitrant FK cases was
ended early after significantly more patients in the CXL perforated than in the medical
arm; [132] the numbers recruited were therefore low. A second study from China showed
better results for the CXL arm, but this was also a small trial of only 41 patients and the
baseline severity of the cases was not reported [131]. The CLAIR trial, a larger, more recent
RCT from India that randomised 111 patients with FK, found that patients who underwent
CXL plus topical therapy had significantly higher culture re-positivity at 24 h and worse
vision at 3 months, regardless of whether they received natamycin or amphotericin B
as topical therapy [130]. A subsequent analysis concluded that the reason for the worse
vision in the CXL group was corneal scarring and astigmatism [133]. These findings
are in contrast to another recent trial from India of superficial cases, that found patients
treated with CXL healed faster and had better final vision. However, the study was small
and unmasked and the analysis was unadjusted for baseline characteristics [134]. These
trials have been included in a systematic review and meta-analysis investigating the role
of CXL in infectious keratitis, with a subgroup analysis specifically for fungal keratitis
performed following the publication of the CLAIR trial [135,136]. This found that CXL
did not confer any additional benefit or harm in terms of infiltrate size or adverse events,
although an unequivocal recommendation regarding CXL use could not be made due to
the insufficient number of trials and uneven covariate distribution. Taken together, these
studies suggest that there is no role for CXL in severe, deep-seated FK due to the increased
risk of perforation, whilst there is limited evidence for any benefit in superficial cases.

3.5. Argon Laser for Fungal Keratitis

There have been a few case reports on the use of argon lasers as adjunctive treatment for
refractory fungal keratitis unresponsive to topical and systemic therapy [137]. Argon laser
irradiation is performed using argon blue-green wavelengths, a spot size of 500 um, pulse
duration of 0.10 s, and power ranging from 500 to 900 mW until blanching is observed of
the stroma, together with small cavitations that reach the mid-stroma [137]. It is postulated
that argon laser may have a similar mechanism of action to corneal epithelial debridement,
enhancing the penetration of antifungals [137]. In addition, it may be fungicidal as a result
of the thermal effect on the infected tissue [137], as the temperature rises beyond 90 °C
when treated [138].

There have been two small RCTs conducted that included argon laser as a treatment
arm: one that compared argon laser to intrastromal voriconazole injection [139] and the
other comparing argon laser to AMG [140]. Both included patients that were not responding
to topical therapy by day 7. Both trials showed a significantly faster healing time with the
argon laser. There was no statistically significant evidence of a difference in vision between
the two groups [139,140].
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Whilst these studies show some promise for the role of argon lasers, larger, more robust
RCTs are warranted to investigate this further before the use of argon lasers can be recom-
mended routinely for treatment-refractory cases of FK; at present it remains experimental.

4. Management Strategy: A Pragmatic Approach

Developing standardised guidelines applicable to all settings for the management
of FK is challenging, due in part to differences in what treatment options and facilities
are available, the prevailing fungal organisms, and epidemiological factors. Effectively
evaluating any management strategy is also difficult. In spite of this, the so-called TST
Protocol (Topical, Systemic and Targeted Therapy) has been developed based on the
evidence outlined above, with the authors reporting the outcomes after four years of
implementation on 223 cases [76]. This protocol recommends initial monotherapy with
natamycin 5% hourly for 48 h, then every two hours during waking hours until complete
re-epithelialisation. At this point, the dose is reduced to approximately four times a day
for a further three weeks. Cycloplegia and pain relief are given. Patients with deep (>50%
stromal depth), large (>5 mm) ulcers are prescribed a systemic antifungal in addition (oral
KCZ administered 200 mg administered twice daily with meals, or oral VCZ 200 mg twice
daily 2 h after a meal). If there is poor response by day 7-10 after starting treatment, then
topical voriconazole 1% is added, following the same dosing regimen as natamycin. If
patients were still responding poorly after a further 7-10 days, then intrastromal and/or
intracameral injections of antifungals were performed. These are repeated up to a maximum
for four injections, 72 h apart. Patients still not responding despite targeted therapy, patients
with significant corneal thinning contraindicating intrastromal injections, or those with
frank corneal perforations undergo TPK. The treatment “success” rate in this group (healing
without perforation or requiring TPK) was 79.8% overall, i.e., 20.2% of patients required
TPK. This compares to 16% and 43.8% in MUTT 1 and 2, respectively [12,13]. Treatment
success was 89% in patients receiving intrastromal voriconazole, compared to 63.1% in
the medical management group. There was no comparative arm to this study, limiting
conclusions, but it does highlight a potential rational, step-wise approach to managing FK.

In view of the above evidence, first-line management of filamentous FK is usually with
topical natamycin 5% when it is available. It was added to the WHO Essential Medicines
List in 2017 for this indication. However, even when intensive topical natamycin is initiated,
infections frequently progress relentlessly to perforation and loss of the eye in ~25% of
cases, Figure 4 [12,13,20].

Figure 4. Progression of Fusarium fungal keratitis in a Tanzanian patient despite prompt treatment
with topical natamycin 5%. First photograph, baseline presentation; second photograph, progression
of infiltrate and increasing hypopyon at one week despite admission and intensive natamycin
5% treatment; third photograph, corneal perforation at three weeks following presentation.

Additional and alternative drugs are clearly needed if the outcome of these infections
is to improve. Moreover, in many countries antifungal eye drop treatments are simply not
available. This includes most countries in Africa, some Asian countries and some countries
in Europe. Natamycin is relatively expensive even if it is available.

Chlorhexidine 0.2% has been considered as a potential alternative agent that could be
readily available [55]. However, in a recent large randomised controlled trial conducted
in Nepal, natamycin has been shown to be superior to chlorhexidine for the treatment of
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filamentous FK and remains the first-line treatment [56]. Whilst every effort should be
made to ensure that natamycin is widely available and affordable to those most in need, in
the meantime chlorhexidine can be considered an alternative, “better than nothing” agent.
Treatment algorithms that recommend differing strategies (topical, systemic or targeted
therapy) depending on the size and depth of the corneal ulcer at baseline, and how it
responds to initial therapy, may result in improved outcomes and may explain our relatively
low “failure” rate overall. Natamycin should be the first-line agent in such a protocol, with
chlorhexidine substituted should natamycin not be available (Figure 5). Chlorhexidine
may have a role as an adjunctive agent to natamycin [58], with work currently under
way in East Africa to investigate this [59]. Although large-trial data are lacking, topical
amphotericin B could be considered when other agents are unavailable, or as an adjunctive
agent in challenging cases. Further clinical trials are required to investigate this potential
role further.

Filamentous
fungal keratitis

Y

Topical NATA
g 5%
Large ulcer: or
>5mm andlor —— TOpical CHX
I >T5% depth 0.2%*
Perforation ***
Systemic
antifungal
(KCZ/VCZ)
Good response
Poor response
v L4
Continue Add Topical Perforation ***
topical |€————Good response VCZ g? or »  TPK
treatment i poor response
+ | [y
Poor response
Targeted
[~ Good response
e injection**
Poor response
Poor response Repeat
injection at
intervals of 72
hours (max 3)

Good respor

Figure 5. Suggested treatment protocol for filamentous fungal keratitis. * Topical Natamycin 5% is
first-line treatment but chlorhexidine 0.2% can be given if natamycin is unavailable. ** Targeted injec-
tion refers to either intrastromal/intracameral voriconazole/amphotericin B. *** Perforation includes
descemetocele, impending, and frank corneal perforations. Adapted from the TST Protocol [76].



J. Fungi 2022, 8, 1067 14 of 19

5. Conclusions

Fungal keratitis is challenging to treat. The current first-line treatment for filamentous
fungal keratitis is with topical natamycin 5% monotherapy, supported by a robust evidence
base. Additional agents can be used either topically, as targeted injections, or systemically
in more challenging cases, but evidence for their benefit is less established. There remains
a clear role for surgical intervention, usually in the form of therapeutic penetrating ker-
atoplasty in eyes that have perforated; earlier surgical intervention may be helpful, but
requires further research before clear recommendations can be made.

Unfortunately, there remain significant challenges for the management of fungal kerati-
tis, largely attributed to the fact that most patients who suffer with this blinding condition
are some of the poorest in the world, frequently neglected and marginalised. Early anti-
fungal treatment is hampered by poor access to services and inappropriate treatment with
traditional medicine and steroids. Compounding this, natamycin is frequently unavailable,
or if it is, is unaffordable. Alternative agents are therefore warranted, with a clear need for
well-designed clinical trials to provide definitive evidence for their use.

Author Contributions: Conceptualization, J.J.H. and M.].B.; writing—original draft preparation,
J.J.H.; writing—review and editing, ].].H., S.A., AH.AM.A., VH.H. and M.].B.; supervision, M.].B.;
funding acquisition, M.].B. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Wellcome Trust through a fellowship to M.].B. (207472/2./17 / Z).
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects photographed.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Patil, A.; Lakhani, P.; Majumdar, S. Current perspectives on natamycin in ocular fungal infections. . Drug Deliv. Sci. Technol. 2017,
41,206-212. [CrossRef]

2. Ghannoum, M.A.; Rice, L.B. Antifungal agents: Mode of action, mechanisms of resistance, and correlation of these mechanisms
with bacterial resistance. Clin. Microbiol. Rev. 1999, 12, 501-517. [CrossRef] [PubMed]

3. Borelli, C; Schaller, M.; Niewerth, M.; Nocker, K.; Baasner, B.; Berg, D.; Tiemann, R; Tietjen, K.; Fugmann, B.; Lang-Fugmann, S; et al.
Modes of action of the new arylguanidine abafungin beyond interference with ergosterol biosynthesis and in vitro activity against
medically important fungi. Chemotherapy 2008, 54, 245-259. [CrossRef]

4. Lakhani, P; Patil, A.; Majumdar, S. Challenges in the polyene- and azole-based pharmacotherapy of ocular fungal infections. J.
Ocul. Pharmacol. Ther. 2019, 35, 6-22. [CrossRef]

5. FlorCruz, N.V,; Evans, J.R. Medical interventions for fungal keratitis. Cochrane Database Syst. Rev. 2015, 4, CD004241. [CrossRef]
[PubMed]

6.  Schein, O.D. Evidence-based treatment of fungal keratitis. JAMA Ophthalmol. 2016, 134, 1372-1373. [CrossRef] [PubMed]

7. Qiu, S.; Zhao, G.Q,; Lin, J.; Wang, X.; Hu, L.T.; Du, Z.D.; Wang, Q.; Zhu, C.C. Natamycin in the treatment of fungal keratitis: A
systematic review and Meta-analysis. Int. J. Ophthalmol. 2015, 8, 597-602. [CrossRef]

8.  Lalitha, P; Vijaykumar, R.; Prajna, N.V.; Fothergill, A.W. In vitro natamycin susceptibility of ocular isolates of Fusarium and
Aspergillus species: Comparison of commercially formulated natamycin eye drops to pharmaceutical-grade powder. J. Clin.
Microbiol. 2008, 46, 3477-3478. [CrossRef]

9. Sharma, N.; Bagga, B.; Singhal, D.; Nagpal, R.; Kate, A.; Saluja, G.; Maharana, P.K. Fungal keratitis: A review of clinical
presentations, treatment strategies and outcomes. Ocul. Surf. 2022, 24, 22-30. [CrossRef]

10. Parchand, S.; Gupta, A.; Ram, ]J.; Gupta, N.; Chakrabarty, A. Voriconazole for fungal corneal ulcers. Ophthalmology 2012, 119,
1083-1083.e3. [CrossRef]

11.  Prajna, N.V,; Mascarenhas, J.; Krishnan, T.; Reddy, P.R.; Prajna, L.; Srinivasan, M.; Vaitilingam, C.M.; Hong, K.C.; Lee, SM,;
McLeod, S.D.; et al. Comparison of natamycin and voriconazole for the treatment of fungal keratitis. Arch. Ophthalmol. (Chic. III.
1960) 2010, 128, 672-678. [CrossRef]

12.  Prajna, N.V,; Krishnan, T.; Mascarenhas, J.; Rajaraman, R.; Prajna, L.; Srinivasan, M.; Raghavan, A.; Oldenburg, C.E.; Ray, K.J.;

Zegans, ML.E.; et al. The Mycotic Ulcer Treatment Trial: A randomized trial comparing natamycin vs. voriconazole. JAMA
Ophthalmol. 2013, 131, 422-429. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jddst.2017.07.015
http://doi.org/10.1128/CMR.12.4.501
http://www.ncbi.nlm.nih.gov/pubmed/10515900
http://doi.org/10.1159/000142334
http://doi.org/10.1089/jop.2018.0089
http://doi.org/10.1002/14651858.CD004241.pub4
http://www.ncbi.nlm.nih.gov/pubmed/25855311
http://doi.org/10.1001/jamaophthalmol.2016.4167
http://www.ncbi.nlm.nih.gov/pubmed/27787542
http://doi.org/10.3980/j.issn.2222-3959.2015.03.29
http://doi.org/10.1128/JCM.00610-08
http://doi.org/10.1016/j.jtos.2021.12.001
http://doi.org/10.1016/j.ophtha.2011.11.034
http://doi.org/10.1001/archophthalmol.2010.102
http://doi.org/10.1001/jamaophthalmol.2013.1497
http://www.ncbi.nlm.nih.gov/pubmed/23710492

J. Fungi 2022, 8, 1067 15 0f 19

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

Prajna, N.V,; Krishnan, T.; Rajaraman, R.; Patel, S.; Srinivasan, M.; Das, M.; Ray, K.J.; O’'Brien, K.S.; Oldenburg, C.E,;
McLeod, S.D.; et al. Effect of oral voriconazole on fungal keratitis in the Mycotic Ulcer Treatment Trial I (MUTT II): A
randomized clinical trial. JAMA Ophthalmol. 2016, 134, 1365-1372. [CrossRef]

Sharma, S.; Das, S.; Virdi, A.; Fernandes, M.; Sahu, S.K.; Koday, N.K.; Ali, M.H.; Garg, P.; Motukupally, S.R. Re-appraisal of
topical 1% voriconazole and 5% natamycin in the treatment of fungal keratitis in a randomised trial. Br. J. Ophthalmol. 2015, 99,
1190-1195. [CrossRef] [PubMed]

Prajna, N.V,; John, R.K.; Nirmalan, PK.; Lalitha, P; Srinivasan, M. A randomised clinical trial comparing 2% econazole and
5% natamyecin for the treatment of fungal keratitis. Br. |. Ophthalmol. 2003, 87, 1235-1237. [CrossRef]

Bunya, V.Y.; Hammersmith, K.M.; Rapuano, C.J.; Ayres, B.D.; Cohen, E.J. Topical and oral voriconazole in the treatment of fungal
keratitis. Am. J. Ophthalmol. 2007, 143, 151-153. [CrossRef]

Diekema, D.J.; Messer, S.A.; Hollis, R.J.; Jones, R.N.; Pfaller, M.A. Activities of caspofungin, itraconazole, posaconazole, ravu-
conazole, voriconazole, and amphotericin b against 448 recent clinical isolates of filamentous fungi. J. Clin. Microbiol. 2003, 41,
3623-3626. [CrossRef] [PubMed]

McDonald, E.M.; Ram, ES.; Patel, D.V.; McGhee, C.N. Effectiveness of topical antifungal drugs in the management of fungal
keratitis: A systematic review and meta-analysis of randomized controlled trials. Asia Pac. ]. Ophthalmol. 2014, 3, 41-47. [CrossRef]
[PubMed]

Arora, R.; Gupta, D.; Goyal, J.; Kaur, R. Voriconazole versus natamycin as primary treatment in fungal corneal ulcers. Clin. Exp.
Ophthalmol. 2011, 39, 434-440. [CrossRef] [PubMed]

Burton, M.J.; Pithuwa, J.; Okello, E.; Afwamba, I.; Onyango, J.J.; Oates, F.; Chevallier, C.; Hall, A.B. Microbial keratitis in East
Africa: Why are the outcomes so poor? Ophthalmic Epidemiol. 2011, 18, 158-163. [CrossRef]

Velpandian, T.; Nirmal, J.; Sharma, H.P.; Sharma, S.; Sharma, N.; Halder, N. Novel water soluble sterile natamycin formulation
(Natasol) for fungal keratitis. Eur. J. Pharm. Sci. 2021, 163, 105857. [CrossRef]

World Health Organization. World Health Organization Model List of Essential Medicines, 21st List, 2019; World Health Organization:
Geneva, Switzerland, 2019.

Lotery, AJ.; Kerr, ].R.; Page, B.A. Fungal keratitis caused by Scopulariopsis brevicaulis: Successful treatment with topical am-
photericin B and chloramphenicol without the need for surgical debridement. Br. |. Ophthalmol. 1994, 78, 730. [CrossRef]
[PubMed]

Mahdy, R.A.; Nada, W.M.; Wageh, M.M. Topical amphotericin B and subconjunctival injection of fluconazole (combination
therapy) versus topical amphotericin B (monotherapy) in treatment of keratomycosis. J. Ocul. Pharmacol. Ther. 2010, 26, 281-285.
[CrossRef] [PubMed]

Sun, R.L.; Jones, D.B.; Wilhelmus, K.R. Clinical characteristics and outcome of Candida keratitis. Am. J. Ophthalmol. 2007, 143,
1043-1045. [CrossRef] [PubMed]

O’Brien, T.P. Therapy of ocular fungal infections. Ophthalmol. Clin. N. Am. 1999, 12, 33-50. [CrossRef]

Rao, S.K.; Madhavan, H.N.; Rao, G.; Padmanabhan, P. Fluconazole in filamentous fungal keratitis. Cornea 1997, 16, 700. [PubMed]
Sonego-Krone, S.; Martino, D.S.-D.; Ayala-Lugo, R.; Torres-Alvariza, G.; Ta, C.N.; Barbosa, L.; de Kaspar, H.M. Clinical results
of topical fluconazole for the treatment of filamentous fungal keratitis. Graefes Arch. Clin. Exp. Ophthalmol. 2006, 244, 782-787.
[CrossRef]

Patil, A.; Majumdar, S. Echinocandins in ocular therapeutics. J. Ocul. Pharmacol. Ther. 2017, 33, 340-352. [CrossRef]

Chen, 5.C.; Slavin, M. A ; Sorrell, T.C. Echinocandin antifungal drugs in fungal infections: A comparison. Drugs 2011, 71, 11-41.
[CrossRef]

Denning, D.W. Echinocandins: A new class of antifungal. J. Antimicrob. Chemother. 2002, 49, 889-891. [CrossRef]

Goldblum, D.; Frueh, B.E.; Sarra, G.M.; Katsoulis, K.; Zimmerli, S. Topical caspofungin for treatment of keratitis caused by
Candida albicans in a rabbit model. Antimicrob. Agents Chemother. 2005, 49, 1359-1363. [CrossRef] [PubMed]

Kusbeci, T.; Avci, B.; Cetinkaya, Z.; Ozturk, F.; Yavas, G.; Ermis, S.S.; Inan, U.U. The effects of caspofungin and voriconazole in
experimental Candida endophthalmitis. Curr. Eye Res. 2007, 32, 57-64. [CrossRef] [PubMed]

Vorwerk, C.K,; Tuchen, S.; Streit, F; Binder, L.; Hofmdtiller, W.; Behrens-Baumann, W. Aqueous humor concentrations of topically
administered caspofungin in rabbits. Ophthalmic Res. 2009, 41, 102-105. [CrossRef]

Shen, Y.C.; Liang, C.Y.; Wang, C.Y,; Lin, KH.; Hsu, M.Y.; Yuen, H.L.; Wei, L.C. Pharmacokinetics and safety of intravitreal
caspofungin. Antimicrob. Agents Chemother. 2014, 58, 7234-7239. [CrossRef]

Kernt, M.; Kampik, A. Intraocular caspofungin: In vitro safety profile for human ocular cells. Mycoses 2011, 54, e110-e121.
[CrossRef]

Tu, E.Y. Alternaria Keratitis: Clinical presentation and resolution with topical fluconazole or intrastromal voriconazole and topical
caspofungin. Cornea 2009, 28, 116-119. [CrossRef] [PubMed]

Neoh, C.F; Leung, L.; Vajpayee, R.B.; Stewart, K.; Kong, D.C. Treatment of Alternaria keratitis with intrastromal and topical
caspofungin in combination with intrastromal, topical, and oral voriconazole. Ann. Pharmacother. 2011, 45, 681. [CrossRef]
Mitani, A.; Shiraishi, A.; Miyamoto, H.; Sunada, A.; Ueda, A.; Asari, S.; Zheng, X.; Yamamoto, Y.; Hara, Y.; Ohashi, Y. Fungal
keratitis caused by Beauveria bassiana: Drug and temperature sensitivity profiles: A case report. BMC Res. Notes 2014, 7, 677.
[CrossRef]


http://doi.org/10.1001/jamaophthalmol.2016.4096
http://doi.org/10.1136/bjophthalmol-2014-306485
http://www.ncbi.nlm.nih.gov/pubmed/25740805
http://doi.org/10.1136/bjo.87.10.1235
http://doi.org/10.1016/j.ajo.2006.07.033
http://doi.org/10.1128/JCM.41.8.3623-3626.2003
http://www.ncbi.nlm.nih.gov/pubmed/12904365
http://doi.org/10.1097/APO.0b013e3182a618dd
http://www.ncbi.nlm.nih.gov/pubmed/26107307
http://doi.org/10.1111/j.1442-9071.2010.02473.x
http://www.ncbi.nlm.nih.gov/pubmed/21105974
http://doi.org/10.3109/09286586.2011.595041
http://doi.org/10.1016/j.ejps.2021.105857
http://doi.org/10.1136/bjo.78.9.730
http://www.ncbi.nlm.nih.gov/pubmed/7947559
http://doi.org/10.1089/jop.2010.0005
http://www.ncbi.nlm.nih.gov/pubmed/20565316
http://doi.org/10.1016/j.ajo.2007.02.016
http://www.ncbi.nlm.nih.gov/pubmed/17524775
http://doi.org/10.1016/S0896-1549(05)70147-4
http://www.ncbi.nlm.nih.gov/pubmed/9395885
http://doi.org/10.1007/s00417-005-1127-8
http://doi.org/10.1089/jop.2016.0186
http://doi.org/10.2165/11585270-000000000-00000
http://doi.org/10.1093/jac/dkf045
http://doi.org/10.1128/AAC.49.4.1359-1363.2005
http://www.ncbi.nlm.nih.gov/pubmed/15793112
http://doi.org/10.1080/02713680601107157
http://www.ncbi.nlm.nih.gov/pubmed/17364736
http://doi.org/10.1159/000187627
http://doi.org/10.1128/AAC.03324-14
http://doi.org/10.1111/j.1439-0507.2009.01853.x
http://doi.org/10.1097/ICO.0b013e31818225f8
http://www.ncbi.nlm.nih.gov/pubmed/19092423
http://doi.org/10.1345/aph.1P586
http://doi.org/10.1186/1756-0500-7-677

J. Fungi 2022, 8, 1067 16 of 19

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Kokuzawa, S.; Suemori, S.; Mochizuki, K.; Hirose, Y.; Yaguchi, T. Aspergillus tubingenesis endophthalmitis after cataract surgery
with implantation of preloaded intraocular lens. Semin. Ophthalmol. 2014, 29, 218-221. [CrossRef]

Kamoshita, M.; Matsumoto, Y.; Nishimura, K.; Katono, Y.; Murata, M.; Ozawa, Y.; Shimmura, S.; Tsubota, K. Wickerhamomyces
anomalus fungal keratitis responds to topical treatment with antifungal micafungin. J. Infect. Chemother. 2015, 21, 141-143.
[CrossRef]

McDonnell, G.; Russell, A.D. Antiseptics and disinfectants: Activity, action, and resistance. Clin. Microbiol. Rev. 1999, 12, 147-179.
[CrossRef] [PubMed]

Shariff, ].A.; Lee, K.C.; Leyton, A.; Abdalal, S. Neonatal mortality and topical application of chlorhexidine on umbilical cord
stump: A meta-analysis of randomized control trials. Public Health 2016, 139, 27-35. [CrossRef] [PubMed]

Zhou, J.; Hu, B,; Liu, Y,; Yang, Z.; Song, J. The efficacy of intra-alveolar 0.2% chlorhexidine gel on alveolar osteitis: A meta-analysis.
Oral Dis. 2017, 23, 598-608. [CrossRef] [PubMed]

James, P.; Worthington, H.V,; Parnell, C.; Harding, M.; Lamont, T.; Cheung, A.; Whelton, H.; Riley, P. Chlorhexidine mouthrinse as
an adjunctive treatment for gingival health. Cochrane Database Syst. Rev. 2017, 3, CD008676. [CrossRef] [PubMed]

Nittayananta, W.; DeRouen, T.A.; Arirachakaran, P.; Laothumthut, T.; Pangsomboon, K.; Petsantad, S.; Vuddhakul, V.; Sriplung, H.;
Jaruratanasirikul, S.; Martin, M.D. A randomized clinical trial of chlorhexidine in the maintenance of oral candidiasis-free period
in HIV infection. Oral Dis. 2008, 14, 665-670. [CrossRef]

Ellepola, A.N.; Samaranayake, L.P. Adjunctive use of chlorhexidine in oral candidoses: A review. Oral Dis. 2001, 7, 11-17.
[CrossRef]

Ong, H.S.; Fung, S.SM.; Macleod, D.; Dart, ] K.G.; Tuft, S.J.; Burton, M.]. Altered patterns of fungal keratitis at a London
ophthalmic referral hospital: An eight-year retrospective observational study. Am. J. Ophthalmol. 2016, 168, 227-236. [CrossRef]
Rahman, M.R; Minassian, D.C.; Srinivasan, M.; Martin, M.].; Johnson, G.]J. Trial of chlorhexidine gluconate for fungal corneal
ulcers. Ophthalmic Epidemiol. 1997, 4, 141-149. [CrossRef]

Rahman, M.R.; Johnson, G.J.; Husain, R.; Howlader, S.A.; Minassian, D.C. Randomised trial of 0.2% chlorhexidine gluconate and
2.5% natamycin for fungal keratitis in Bangladesh. Br. . Ophthalmol. 1998, 82, 919-925. [CrossRef]

Dart, ] K.G.; Saw, V.P].; Kilvington, S. Acanthamoeba keratitis: Diagnosis and treatment update 2009. Am. |. Ophthalmol. 2009, 148,
487-499.e482. [CrossRef]

Kosrirukvongs, P.; Wanachiwanawin, D.; Visvesvara, G.S. Treatment of Acanthamoeba keratitis with chlorhexidine. Ophthalmology
1999, 106, 798-802. [CrossRef]

Seal, D.; Hay, J.; Kirkness, C.; Morrell, A.; Booth, A.; Tullo, A.; Ridgway, A.; Armstrong, M. Successful medical therapy of
Acanthamoeba keratitis with topical chlorhexidine and propamidine. Eye 1996, 10, 413—-421. [CrossRef] [PubMed]

Martin, M.].; Rahman, M.R,; Johnson, G.J.; Srinivasan, M.; Clayton, Y.M. Mycotic keratitis: Susceptibility to antiseptic agents. Int.
Ophthalmol. 1995, 19, 299-302. [CrossRef]

Hoffman, J.J.; Yadav, R.; Das Sanyam, S.; Chaudhary, P.; Roshan, A.; Singh, S.K.; Arunga, S.; Matayan, E.; Macleod, D.;
Weiss, H.A.; et al. Topical chlorhexidine 0.2% versus topical natamycin 5% for fungal keratitis in Nepal: Rationale and design of a
randomised controlled non-inferiority trial. BMJ Open 2020, 10, e038066. [CrossRef] [PubMed]

Hoffman, ].J.; Yadav, R.; Sanyam, S.D.; Chaudhary, P.; Roshan, A.; Singh, S.K.; Singh, S.K.; Mishra, S.K.; Arunga, S.; Hu, VH.; et al.
Topical chlorhexidine 0-2% versus topical natamycin 5% for the treatment of fungal keratitis in Nepal: A randomised controlled
non-inferiority trial. Ophthalmology 2022, 129, 530-541. [CrossRef] [PubMed]

Brown, L.; Leck, A K,; Gichangi, M.; Burton, M.J.; Denning, D.W. The global incidence and diagnosis of fungal keratitis. Lancet
Infect. Dis. 2021, 21, e49—e57. [CrossRef]

Arunga, S.; Mbarak, T.; Ebong, A.; Mwesigye, J.; Kuguminkiriza, D.; Mohamed-Ahmed, A.H.A.; Hoffman, J.J.; Leck, A.; Hu, V,;
Burton, M. Chlorhexidine gluconate 0.2% as a treatment for recalcitrant fungal keratitis in Uganda: A pilot study. BMJ Open
Ophthalmol. 2021, 6, e000698. [CrossRef] [PubMed]

Hoffman, J.; Arunga, S.; Matayan, E.; Burton, M.]. A Comparison of Two Treatment Regimes for the Treatment of Fungal Eye
Infections in East Africa. In ISRCTN Registry; BMC: London, UK, 2021. [CrossRef]

Agarwal, PK.; Roy, P.; Das, A.; Banerjee, A.; Maity, P.K.; Banerjee, A.R. Efficacy of topical and systemic itraconazole as a
broad-spectrum antifungal agent in mycotic corneal ulcer. A preliminary study. Indian . Ophthalmol. 2001, 49, 173-176. [PubMed]
Sharma, N.; Singhal, D.; Maharana, PK,; Sinha, R.; Agarwal, T.; Upadhyay, A.D.; Velpandian, T.; Satpathy, G.; Titiyal, J.S.
Comparison of oral voriconazole versus oral ketoconazole as an adjunct to topical natamycin in severe fungal keratitis: A
randomized controlled trial. Cornea 2017, 36, 1521-1527. [CrossRef] [PubMed]

National Institute for Clinical Excellence. British National Formulary. Available online: https://bnf.nice.org.uk/drugs/
voriconazole/ (accessed on 10 June 2022).

Purkins, L.; Wood, N.; Ghahramani, P.; Greenhalgh, K.; Allen, M.].; Kleinermans, D. Pharmacokinetics and safety of voriconazole
following intravenous- to oral-dose escalation regimens. Antimicrob. Agents Chemother. 2002, 46, 2546-2553. [CrossRef] [PubMed]
Purkins, L.; Wood, N.; Greenhalgh, K.; Allen, M.].; Oliver, S.D. Voriconazole, a novel wide-spectrum triazole: Oral pharmacoki-
netics and safety. Br. J. Clin. Pharmacol. 2003, 56, 10-16. [CrossRef] [PubMed]

Medicines and Healthcare Products Regulatory Agency. Voriconazole: Reminder of Risk of Liver Toxicity, Phototoxicity, and
Squamous Cell Carcinoma. In Drug Safety Update; HM Government: London, UK, 2014; Volume 7, p. A2.


http://doi.org/10.3109/08820538.2013.835843
http://doi.org/10.1016/j.jiac.2014.08.019
http://doi.org/10.1128/CMR.12.1.147
http://www.ncbi.nlm.nih.gov/pubmed/9880479
http://doi.org/10.1016/j.puhe.2016.05.006
http://www.ncbi.nlm.nih.gov/pubmed/27311991
http://doi.org/10.1111/odi.12553
http://www.ncbi.nlm.nih.gov/pubmed/27479137
http://doi.org/10.1002/14651858.CD008676.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28362061
http://doi.org/10.1111/j.1601-0825.2008.01449.x
http://doi.org/10.1034/j.1601-0825.2001.70103.x
http://doi.org/10.1016/j.ajo.2016.05.021
http://doi.org/10.3109/09286589709115721
http://doi.org/10.1136/bjo.82.8.919
http://doi.org/10.1016/j.ajo.2009.06.009
http://doi.org/10.1016/S0161-6420(99)90169-0
http://doi.org/10.1038/eye.1996.92
http://www.ncbi.nlm.nih.gov/pubmed/8944089
http://doi.org/10.1007/BF00130925
http://doi.org/10.1136/bmjopen-2020-038066
http://www.ncbi.nlm.nih.gov/pubmed/32998924
http://doi.org/10.1016/j.ophtha.2021.12.004
http://www.ncbi.nlm.nih.gov/pubmed/34896126
http://doi.org/10.1016/S1473-3099(20)30448-5
http://doi.org/10.1136/bmjophth-2020-000698
http://www.ncbi.nlm.nih.gov/pubmed/34368461
http://doi.org/10.1186/ISRCTN87195453
http://www.ncbi.nlm.nih.gov/pubmed/15887725
http://doi.org/10.1097/ICO.0000000000001365
http://www.ncbi.nlm.nih.gov/pubmed/28902012
https://bnf.nice.org.uk/drugs/voriconazole/
https://bnf.nice.org.uk/drugs/voriconazole/
http://doi.org/10.1128/AAC.46.8.2546-2553.2002
http://www.ncbi.nlm.nih.gov/pubmed/12121931
http://doi.org/10.1046/j.1365-2125.2003.01993.x
http://www.ncbi.nlm.nih.gov/pubmed/14616408

J. Fungi 2022, 8, 1067 17 of 19

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Sahay, P; Singhal, D.; Nagpal, R.; Maharana, PK.; Farid, M.; Gelman, R.; Sinha, R.; Agarwal, T.; Titiyal, ].S.; Sharma, N.
Pharmacologic therapy of mycotic keratitis. Surv. Ophthalmol. 2019, 64, 380-400. [CrossRef]

Prakash, G.; Sharma, N.; Goel, M; Titiyal, ].S.; Vajpayee, R.B. Evaluation of intrastromal injection of voriconazole as a therapeutic
adjunctive for the management of deep recalcitrant fungal keratitis. AJOPHT 2008, 146, 56-59. [CrossRef]

Sharma, N.; Agarwal, P; Sinha, R.; Titiyal, J.S.; Velpandian, T.; Vajpayee, R.B. Evaluation of intrastromal voriconazole injection in
recalcitrant deep fungal keratitis: Case series. Br. J. Ophthalmol 2011, 95, 1735-1737. [CrossRef]

Maharana, PK.; Sharma, N.; Nagpal, R.; Jhanji, V.; Das, S.; Vajpayee, R.B. Recent advances in diagnosis and management of
Mycotic Keratitis. Indian ]. Ophthalmol. 2016, 64, 346. [PubMed]

Mimouni, M.; Tam, G.; Paitan, Y.; Kidron, D.; Segev, F. Safety and efficacy of intrastromal injection of 5% natamycin in experimental
Fusarium keratitis. . Ocul. Pharmacol. Ther. 2014, 30, 543-547. [CrossRef]

Saluja, G.; Sharma, N.; Agarwal, R.; Sharma, H.P.; Maharana, P; Satpathy, G.; Titiyal, ].S.; Velpandian, T. Determination of surgical
outcomes with a novel formulation of intrastromal natamyecin in recalcitrant fungal keratitis: A pilot study. Indian ]. Ophthalmol.
2021, 69, 2670-2674. [CrossRef]

Sharma, N.; Chacko, ].; Velpandian, T.; Titiyal, ].S.; Sinha, R.; Satpathy, G.; Tandon, R.; Vajpayee, R.B. Comparative evaluation
of topical versus intrastromal voriconazole as an adjunct to natamycin in recalcitrant fungal keratitis. Ophthalmology 2013, 120,
677-681. [CrossRef]

Narayana, S.; Krishnan, T.; Ramakrishnan, S.; Samantaray, P.P.; Austin, A.; Pickel, J.; Porco, T.; Lietman, T.; Rose-Nussbaumer,
J. Mycotic Antimicrobial Localized Injection: A randomized clinical trial evaluating intrastromal injection of voriconazole.
Ophthalmology 2019, 126, 1084-1089. [CrossRef]

Konar, P; Joshi, S.; Mandhare, S.J.; Thakur, R.; Deshpande, M.; Dayal, A. Intrastromal voriconazole: An adjuvant approach for
recalcitrant mycotic keratitis. Indian J. Ophthalmol. 2020, 68, 35-38. [CrossRef]

Kalaiselvi, G.; Narayana, S.; Krishnan, T.; Sengupta, S. Intrastromal voriconazole for deep recalcitrant fungal keratitis: A case
series. Br. ]. Ophthalmol. 2015, 99, 195-198. [CrossRef]

Sharma, N.; Sahay, P.; Maharana, PK.; Singhal, D.; Saluja, G.; Bandivadekar, P.; Chako, J.; Agarwal, T,; Sinha, R.; Titiyal, ].S.; et al.
Management algorithm for fungal keratitis: The TST (Topical, Systemic, and Targeted Therapy) Protocol. Cornea 2019, 38, 141-145.
[CrossRef]

Mittal, V.; Mittal, R. Intracameral and topical voriconazole for fungal corneal endoexudates. Cornea 2012, 31, 366-370. [CrossRef]
Shen, Y.-C.; Wang, C.-Y.; Tsai, H.-Y.; Lee, H.-N. Intracameral voriconazole injection in the treatment of fungal endophthalmitis
resulting from keratitis. Am. J. Ophthalmol. 2010, 149, 916-921. [CrossRef] [PubMed]

Li, Q.T. Clinical curative effect of irrigating the anterior chamber with solution of amphotericin B to treat the fungal keratitis. Int.
J. Ophthalmol. 2011, 11, 1194-1196. [CrossRef]

Sharma, N.; Sankaran, P.; Agarwal, T.; Arora, T.; Chawla, B.; Titiyal, ].S.; Tandon, R.; Satapathy, G.; Vajpayee, R.B. Evaluation of
intracameral amphotericin B in the management of fungal keratitis: Randomized controlled trial. Ocul. Immunol. Inflamm. 2016,
24,493-497. [CrossRef]

Gupta, A.; Thakur, A.; Gupta, S.; Icchpuchany, P.; Tandon, M.; Ram, J.; Chakrabarti, A.; Gosh, A. Early versus delayed intervention
with intracameral liposomal amphotericin B in recalcitrant keratomycosis: Experience of a large case series. J. Clin. Diagn. Res.
2019, 13, NC05-NCO09. [CrossRef]

Sharma, B.; Kataria, P.; Anand, R.; Gupta, R.; Kumar, K.; Kumar, S.; Gupta, R. Efficacy profile of intracameral amphotericin B. The
Often Forgotten Step. Asia Pac. J. Ophthalmol. 2015, 4, 360-366. [CrossRef]

Shao, Y,; Yu, Y,; Pei, C.G,; Tan, Y.H.; Zhou, Q.; Yi, J.L.; Gao, G.P. Therapeutic efficacy of intracameral amphotericin B injection for
60 patients with keratomycosis. Int. . Ophthalmol. 2010, 3, 257-260. [CrossRef]

Yoon, K.C.; Jeong, L.Y.; Im, S.K.; Chae, H]; Yang, S.Y. Therapeutic effect of intracameral amphotericin B injection in the treatment
of fungal keratitis. Cornea 2007, 26, 814-818. [CrossRef]

Yilmaz, S.; Ture, M.; Maden, A. Efficacy of intracameral amphotericin B injection in the management of refractory keratomycosis
and endophthalmitis. Cornea 2007, 26, 398-402. [CrossRef] [PubMed]

Hu, J; Zhang, J.; Li, Y,; Han, X.; Zheng, W.; Yang, J.; Xu, G. A combination of intrastromal and intracameral injections of
amphotericin B in the treatment of severe fungal keratitis. . Ophthalmol. 2016, 2016, 3436415. [CrossRef] [PubMed]

Nada, WM.; Aswad, M.A A ; El-Haig, WM. Combined intrastromal injection of amphotericin B and topical fluconazole in the
treatment of resistant cases of keratomycosis: A retrospective study. Clin. Ophthalmol. 2017, 11, 871-874. [CrossRef] [PubMed]
Aydin, B.; Cubuk, M.O.; Ucgul, A; Ertop, M.; Ozmen, M.C.; Atalay, T.; Akata, F. Combined intrastromal voriconazole and
amphotericin B treatment for persistent fungal keratitis. Eye Contact Lens 2020, 46, 269-273. [CrossRef]

Saluja, G.; Sharma, N.; Agarwal, R.; Sharma, H.P.; Singhal, D.; Maharana, PK.; Sinha, R.; Agarwal, T.; Velpandian, T,
Titiyal, J.S.; et al. Comparison of safety and efficacy of intrastromal injections of voriconazole, amphotericin b and natamycin in
cases of recalcitrant fungal keratitis: A randomized controlled trial. Clin. Ophthalmol. 2021, 15, 2437-2446. [CrossRef] [PubMed]
Mundra, J.; Dhakal, R.; Mohamed, A.; Jha, G.; Joseph, ].; Chaurasia, S.; Murthy, S. Outcomes of therapeutic penetrating
keratoplasty in 198 eyes with fungal keratitis. Indian ]. Ophthalmol. 2019, 67, 1599-1605. [CrossRef]

Rautaraya, B.; Sharma, S.; Kar, S; Das, S.; Sahu, S.K. Diagnosis and treatment outcome of mycotic keratitis at a tertiary eye care
center in eastern India. BMC Ophthalmol. 2011, 11, 39. [CrossRef]


http://doi.org/10.1016/j.survophthal.2019.02.007
http://doi.org/10.1016/j.ajo.2008.02.023
http://doi.org/10.1136/bjo.2010.192815
http://www.ncbi.nlm.nih.gov/pubmed/27380973
http://doi.org/10.1089/jop.2014.0004
http://doi.org/10.4103/ijo.IJO_73_21
http://doi.org/10.1016/j.ophtha.2012.09.023
http://doi.org/10.1016/j.ophtha.2019.03.020
http://doi.org/10.4103/ijo.IJO_378_19
http://doi.org/10.1136/bjophthalmol-2014-305412
http://doi.org/10.1097/ICO.0000000000001781
http://doi.org/10.1097/ICO.0b013e318233f0a8
http://doi.org/10.1016/j.ajo.2010.01.024
http://www.ncbi.nlm.nih.gov/pubmed/20434131
http://doi.org/10.3969/j.issn.1672-5123.2011.07.021
http://doi.org/10.3109/09273948.2015.1057597
http://doi.org/10.7860/JCDR/2019/36244.12696
http://doi.org/10.1097/APO.0000000000000107
http://doi.org/10.3980/j.issn.2222-3959.2010.03.18
http://doi.org/10.1097/ICO.0b013e31806c791e
http://doi.org/10.1097/ICO.0b013e318030767e
http://www.ncbi.nlm.nih.gov/pubmed/17457185
http://doi.org/10.1155/2016/3436415
http://www.ncbi.nlm.nih.gov/pubmed/27721986
http://doi.org/10.2147/OPTH.S135112
http://www.ncbi.nlm.nih.gov/pubmed/28503064
http://doi.org/10.1097/ICL.0000000000000723
http://doi.org/10.2147/OPTH.S301878
http://www.ncbi.nlm.nih.gov/pubmed/34163127
http://doi.org/10.4103/ijo.IJO_1952_18
http://doi.org/10.1186/1471-2415-11-39

J. Fungi 2022, 8, 1067 18 of 19

92.

93.
94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Xie, L.; Dong, X.; Shi, W. Treatment of fungal keratitis by penetrating keratoplasty. Br. ]. Ophthalmol. 2001, 85, 1070-1074.
[CrossRef]

Xie, L.; Zhai, H.; Shi, W. Penetrating keratoplasty for corneal perforations in fungal keratitis. Cornea 2007, 26, 158-162. [CrossRef]
Saha, S.; Sengupta, ].; Banerjee, D.; Saha, S.; Khetan, A.; Mandal, S.M. Systemic evaluation on antifungal susceptibility of keratitis
associated fungal pathogens in Eastern India. . Med. Microbiol. Diagn. 2014, 3, 1.

Prajna, N.V,; Krishnan, T.; Rajaraman, R.; Patel, S.; Shah, R.; Srinivasan, M.; Das, M.; Ray, K.J.; Oldenburg, C.E.; McLeod, S.D.; et al.
Predictors of corneal perforation or need for therapeutic keratoplasty in severe fungal keratitis: A secondary analysis of the
Mycotic Ulcer Treatment Trial II. JAMA Ophthalmol. 2017, 135, 987-991. [CrossRef] [PubMed]

Bajracharya, L.; Gurung, R. Outcome of therapeutic penetrating keratoplasty in a tertiary eye care center in Nepal. Clin.
Ophthalmol. 2015, 9, 2299-2304. [CrossRef] [PubMed]

Selver, O.B.; Egrilmez, S.; Palamar, M.; Arici, M.; Polat, S.H.; Yagci, A. Therapeutic corneal transplant for fungal keratitis refractory
to medical therapy. Exp. Clin. Transplant. 2015, 13, 355-359. [CrossRef]

Liu, Y; Jia, H.; Shi, X.; Wang, ].; Ning, Y.; He, B.; Wang, C.; Zheng, X. Minimal trephination penetrating keratoplasty for severe
fungal keratitis complicated with hypopyon. Can. J. Ophthalmol. 2013, 48, 529-534. [CrossRef]

Chen, W.L.; Wu, C.Y,; Hu, ER.; Wang, 1.]. Therapeutic penetrating keratoplasty for microbial keratitis in Taiwan from 1987 to 2001.
Am. J. Ophthalmol. 2004, 137, 736-743. [CrossRef]

Killingsworth, D.W.; Stern, G.A.; Driebe, W.T.; Knapp, A.; Dragon, D.M. Results of therapeutic penetrating keratoplasty.
Ophthalmology 1993, 100, 534-541. [CrossRef]

Yao, Y.F; Zhang, YM.; Zhou, P; Zhang, B.; Qiu, W.Y,; Tseng, S.C. Therapeutic penetrating keratoplasty in severe fungal keratitis
using cryopreserved donor corneas. Br. . Ophthalmol. 2003, 87, 543-547. [CrossRef] [PubMed]

Sharma, N.; Jain, M.; Sehra, S.V.; Maharana, P.; Agarwal, T.; Satpathy, G.; Vajpayee, R.B. Outcomes of therapeutic penetrating
keratoplasty from a tertiary eye care centre in northern India. Cornea 2014, 33, 114-118. [CrossRef]

Zhang, Q.; Zhao, M.; Xu, M.; Gu, F; Liu, Q.; Chen, Y.; Zhang, H.; Kijlstra, A. Outcomes of therapeutic keratoplasty for severe
infectious keratitis in Chongqing, a 16-year experience. Infect. Drug Resist. 2019, 12, 2487-2493. [CrossRef]

Raj, N.; Vanathi, M.; Ahmed, N.H.; Gupta, N.; Lomi, N.; Tandon, R. Recent perspectives in the management of fungal keratitis. J.
Fungi 2021, 7, 907. [CrossRef] [PubMed]

Chen, X,; Li, X.; Zhang, X.; Guo, X.; Qi, X; Li, S.; Shi, W.; Gao, H. Comparison of complications and visual outcomes between
big-bubble deep anterior lamellar keratoplasty and penetrating keratoplasty for fungal keratitis. Clin. Exp. Ophthalmol. 2021, 49,
550-559. [CrossRef] [PubMed]

Xie, L.; Hu, J.; Shi, W. Treatment failure after lamellar keratoplasty for fungal keratitis. Ophthalmology 2008, 115, 33-36. [CrossRef]
[PubMed]

Xie, L.; Shi, W,; Liu, Z; Li, S. Lamellar keratoplasty for the treatment of fungal keratitis. Cornea 2002, 21, 33-37. [CrossRef]
[PubMed]

Qu, LJ; Xie, L.X. Changing indications for lamellar keratoplasty in Shandong, 1993-2008. Chin. Med. J. 2010, 123, 3268-3271.
[PubMed]

Sabatino, F.; Sarnicola, E.; Sarnicola, C.; Tosi, G.M.; Perri, P,; Sarnicola, V. Early deep anterior lamellar keratoplasty for fungal
keratitis poorly responsive to medical treatment. Eye 2017, 31, 1639-1646. [CrossRef]

Anwar, M.; Teichmann, K.D. Deep lamellar keratoplasty: Surgical techniques for anterior lamellar keratoplasty with and without
baring of Descemet’s membrane. Cornea 2002, 21, 374-383. [CrossRef]

Anwar, M.; Teichmann, K.D. Big-bubble technique to bare Descemet’s membrane in anterior lamellar keratoplasty. J. Cataract.
Refract. Surg. 2002, 28, 398—403. [CrossRef]

Zhang, M.C.; Liu, X,; Jin, Y;; Jiang, D.L.; Wei, X.S.; Xie, H.T. Lamellar keratoplasty treatment of fungal corneal ulcers with acellular
porcine corneal stroma. Am. J. Transplant. 2015, 15, 1068-1075. [CrossRef]

Zheng, Q.; Zhang, Y.; Ren, Y.; Zhao, Z.; Hua, S.; Li, ].; Wang, H.; Ye, C.; Kim, A.D.; Wang, L.; et al. Deep anterior lamellar
keratoplasty with cross-linked acellular porcine corneal stroma to manage fungal keratitis. Xenotransplantation 2021, 28, e12655.
[CrossRef]

Reinhart, W.J.; Musch, D.C.; Jacobs, D.S.; Lee, W.B.; Kaufman, S.C.; Shtein, R.M. Deep anterior lamellar keratoplasty as an
alternative to penetrating keratoplasty: A report by the American Academy of Ophthalmology. Ophthalmology 2011, 118, 209-218.
[CrossRef]

Singh, G.; Malik, S.R. Therapeutic keratoplasty in fungal corneal ulcers. Br. ]. Ophthalmol. 1972, 56, 41-45. [CrossRef] [PubMed]
Anshu, A; Parthasarathy, A.; Mehta, J.S.; Htoon, H.M.; Tan, D.T. Outcomes of therapeutic deep lamellar keratoplasty and
penetrating keratoplasty for advanced infectious keratitis: A comparative study. Ophthalmology 2009, 116, 615-623. [CrossRef]
Van Herendael, B.J.; Oberti, C.; Brosens, I. Microanatomy of the human amniotic membranes. A light microscopic, transmission,
and scanning electron microscopic study. Am. J. Obstet. Gynecol. 1978, 131, 872-880. [CrossRef]

Dua, H.S.; Gomes, J.A ; King, A.].; Maharajan, V.S. The amniotic membrane in ophthalmology. Surv. Ophthalmol. 2004, 49, 51-77.
[CrossRef] [PubMed]

Jirsova, K.; Jones, G.L.A. Amniotic membrane in ophthalmology: Properties, preparation, storage and indications for grafting-a
review. Cell Tissue Bank. 2017, 18, 193-204. [CrossRef] [PubMed]


http://doi.org/10.1136/bjo.85.9.1070
http://doi.org/10.1097/01.ico.0000248381.24519.0d
http://doi.org/10.1001/jamaophthalmol.2017.2914
http://www.ncbi.nlm.nih.gov/pubmed/28817744
http://doi.org/10.2147/OPTH.S92176
http://www.ncbi.nlm.nih.gov/pubmed/26673279
http://doi.org/10.6002/ect.2014.0108
http://doi.org/10.1016/j.jcjo.2013.05.017
http://doi.org/10.1016/j.ajo.2003.11.010
http://doi.org/10.1016/S0161-6420(13)31631-5
http://doi.org/10.1136/bjo.87.5.543
http://www.ncbi.nlm.nih.gov/pubmed/12714387
http://doi.org/10.1097/ICO.0000000000000025
http://doi.org/10.2147/IDR.S204025
http://doi.org/10.3390/jof7110907
http://www.ncbi.nlm.nih.gov/pubmed/34829196
http://doi.org/10.1111/ceo.13951
http://www.ncbi.nlm.nih.gov/pubmed/34032343
http://doi.org/10.1016/j.ophtha.2007.03.072
http://www.ncbi.nlm.nih.gov/pubmed/17588665
http://doi.org/10.1097/00003226-200201000-00008
http://www.ncbi.nlm.nih.gov/pubmed/11805504
http://www.ncbi.nlm.nih.gov/pubmed/21163128
http://doi.org/10.1038/eye.2017.228
http://doi.org/10.1097/00003226-200205000-00009
http://doi.org/10.1016/S0886-3350(01)01181-6
http://doi.org/10.1111/ajt.13096
http://doi.org/10.1111/xen.12655
http://doi.org/10.1016/j.ophtha.2010.11.002
http://doi.org/10.1136/bjo.56.1.41
http://www.ncbi.nlm.nih.gov/pubmed/4550868
http://doi.org/10.1016/j.ophtha.2008.12.043
http://doi.org/10.1016/S0002-9378(16)33135-0
http://doi.org/10.1016/j.survophthal.2003.10.004
http://www.ncbi.nlm.nih.gov/pubmed/14711440
http://doi.org/10.1007/s10561-017-9618-5
http://www.ncbi.nlm.nih.gov/pubmed/28255771

J. Fungi 2022, 8, 1067 19 of 19

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.
139.

140.

Ting, D.S.].; Henein, C.; Said, D.G.; Dua, H.S. Amniotic membrane transplantation for infectious keratitis: A systematic review
and meta-analysis. Sci. Rep. 2021, 11, 13007. [CrossRef]

Miri, A.; Al-Deiri, B.; Dua, H.S. Long-term outcomes of autolimbal and allolimbal transplants. Ophthalmology 2010, 117, 1207-1213.
[CrossRef]

Berguiga, M.; Mameletzi, E.; Nicolas, M.; Rivier, D.; Majo, F. Long-term follow-up of multilayer amniotic membrane transplanta-
tion (MLAMT) for non-traumatic corneal perforations or deep ulcers with descemetocele. Klin. Monbl. Augenheilkd. 2013, 230,
413-418. [CrossRef]

Bourcier, T.; Patteau, F.; Borderie, V.; Baudrimont, M.; Rondeau, N.; Bonnel, S.; Chaumeil, C.; Laroche, L. Amniotic membrane
transplantation for the treatment severe Acanthamoeba keratitis. Can. J. Ophthalmol. 2004, 39, 621-631. [CrossRef]

Sharma, A.; Mohan, K.; Sharma, R.; Nirankari, V.S. Repositioning of pedicle conjunctival flap performed for refractory corneal
ulcer. Middle East Afr. ]. Ophthalmol. 2014, 21, 89-91. [CrossRef]

Gundersen, T. Conjunctival flaps in the treatment of corneal disease with reference to a new technique of application. AMA Arch.
Ophthalmol. 1958, 60, 880-888. [CrossRef] [PubMed]

Abdulhalim, B.E.; Wagih, M.M.; Gad, A.A.; Boghdadi, G.; Nagy, R.R. Amniotic membrane graft to conjunctival flap in treatment
of non-viral resistant infectious keratitis: A randomised clinical study. Br. ]. Ophthalmol. 2015, 99, 59-63. [CrossRef]

Zhong, ].; Wang, B.; Li, S.; Deng, Y.; Huang, H.; Chen, L.; Yuan, J. Full-thickness conjunctival flap covering surgery combined
with amniotic membrane transplantation for severe fungal keratitis. Exp. Ther. Med. 2018, 15, 2711-2718. [CrossRef]

Garg, P; Das, S.; Roy, A. Collagen cross-linking for microbial keratitis. Middle East Afr. ]. Ophthalmol. 2017, 24, 18-23. [CrossRef]
[PubMed]

Alshehri, ].M.; Caballero-Lima, D.; Hillarby, M.C.; Shawcross, S.G.; Brahma, A.; Carley, E; Read, N.D.; Radhakrishnan, H.
Evaluation of corneal cross-linking for treatment of fungal keratitis: Using confocal laser scanning microscopy on an ex vivo
human corneal model. Investig. Ophthalmol. Vis. Sci. 2016, 57, 6367-6373. [CrossRef]

Prajna, N.V,; Radhakrishnan, N.; Lalitha, P.; Austin, A.; Ray, K.J.; Keenan, J.D.; Porco, T.C.; Lietman, T.M.; Rose-Nussbaumer,
J. Cross-Linking-Assisted Infection Reduction: A randomized clinical trial evaluating the effect of adjuvant cross-linking on
outcomes in fungal keratitis. Ophthalmology 2020, 127, 159-166. [CrossRef] [PubMed]

Wei, A.; Wang, K.; Wang, Y.; Gong, L.; Xu, J.; Shao, T. Evaluation of corneal cross-linking as adjuvant therapy for the management
of fungal keratitis. Graefes Arch. Clin. Exp. Ophthalmol. 2019, 257, 1443-1452. [CrossRef]

Uddaraju, M.; Mascarenhas, J.; Das, M.R.; Radhakrishnan, N.; Keenan, ].D.; Prajna, L.; Prajna, V.N. Corneal cross-linking as an
adjuvant therapy in the management of recalcitrant deep stromal fungal keratitis: A randomized trial. Am. |. Ophthalmol. 2015,
160, 131-134.e135. [CrossRef] [PubMed]

Prajna, N.V.; Radhakrishnan, N.; Lalitha, P; Liu, Z.; Keenan, ].D.; Arnold, B.E.; Rose-Nussbaumer, ]. Mediators of the effect of
corneal cross-linking on visual acuity for fungal ulcers: A prespecified secondary analysis from the Cross-Linking-Assisted
Infection Reduction Trial. Cornea 2022, 10. [CrossRef]

Mani, V.J.; Parthasarathy, D.; Padmanabhan, P.; Narayanan, N.; Lakshmipathy, M.; Pachayappan, S.K,; Jayavel, P.; Therese, K.L.;
Madhavan, H.N.R.; Jambulingam, M. Therapeutic effect of corneal crosslinking on fungal keratitis: Efficacy of corneal collagen
crosslinking as an adjuvant therapy for fungal keratitis in a tertiary eye hospital in South India. Ocul. Immunol. Inflamm. 2020, 10,
1-8. [CrossRef]

Ting, D.S.J.; Henein, C.; Said, D.G.; Dua, H.S. Re: Prajna et al.: Cross-Linking-Assisted Infection Reduction (CLAIR): A randomized
clinical trial evaluating the effect of adjuvant cross-linking on outcomes in fungal keratitis. Ophthalmology 2020, 127, e55-e56.
[CrossRef]

Ting, D.S.J.; Henein, C.; Said, D.G.; Dua, H.S. Photoactivated chromophore for infectious keratitis—Corneal cross-linking
(PACK-CXL): A systematic review and meta-analysis. Ocul. Surf. 2019, 17, 624-634. [CrossRef]

Pellegrino, F.; Carrasco, M.A. Argon laser phototherapy in the treatment of refractory fungal keratitis. Cornea 2013, 32, 95-97.
[CrossRef]

Fromer, C.; L'Esperance, F. Argon laser phototherapy of pseudomonas corneal ulcers. Investig. Ophthalmol. 1971, 10, 1-8.
Khater, M.M.; El-Shorbagy, M.S.; Selima, A.A. Argon laser photocoagulation versus intrastromal voriconazole injection in
treatment of mycotic keratitis. Int. ]. Ophthalmol. 2016, 9, 225-229. [CrossRef]

Khater, M.M. Amniotic membrane graft with argon laser photocoagulation versus amniotic membrane graft with tissue debride-
ment for treatment of mycotic keratitis. Semin. Ophthalmol. 2017, 32, 348-352. [CrossRef]


http://doi.org/10.1038/s41598-021-92366-x
http://doi.org/10.1016/j.ophtha.2009.10.028
http://doi.org/10.1055/s-0032-1328394
http://doi.org/10.1016/S0008-4182(04)80027-9
http://doi.org/10.4103/0974-9233.124118
http://doi.org/10.1001/archopht.1958.00940080900008
http://www.ncbi.nlm.nih.gov/pubmed/13582332
http://doi.org/10.1136/bjophthalmol-2014-305224
http://doi.org/10.3892/etm.2018.5765
http://doi.org/10.4103/meajo.MEAJO_305_16
http://www.ncbi.nlm.nih.gov/pubmed/28546688
http://doi.org/10.1167/iovs.16-20110
http://doi.org/10.1016/j.ophtha.2019.08.029
http://www.ncbi.nlm.nih.gov/pubmed/31619359
http://doi.org/10.1007/s00417-019-04314-1
http://doi.org/10.1016/j.ajo.2015.03.024
http://www.ncbi.nlm.nih.gov/pubmed/25841317
http://doi.org/10.1097/ICO.0000000000002965
http://doi.org/10.1080/09273948.2020.1770296
http://doi.org/10.1016/j.ophtha.2020.02.032
http://doi.org/10.1016/j.jtos.2019.08.006
http://doi.org/10.1097/ICO.0b013e318256140e
http://doi.org/10.18240/ijo.2016.02.07
http://doi.org/10.3109/08820538.2015.1090613

	General Management of Fungal Keratitis 
	Medical Management of FK 
	Topical Treatment 
	Natamycin, Voriconazole and Econazole 
	Amphotericin B, Fluconazole, and Echinocandins 
	Chlorhexidine for Fungal Keratitis 
	Oral Treatment 
	Injected Drug Delivery 

	Surgical Treatment 
	Therapeutic Penetrating Keratoplasty 
	Lamellar Keratoplasty 
	Amniotic Membrane Grafts and Conjunctival Flaps 
	Corneal Collagen Cross-Linking 
	Argon Laser for Fungal Keratitis 

	Management Strategy: A Pragmatic Approach 
	Conclusions 
	References

