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Abstract In a multicenter, prospective study of
filamentous fungal keratitis in Greece, predisposing
factors, etiology, treatment practices, and outcome,
were determined. Corneal scrapings were collected
from patients with clinical suspicion of fungal kerati-
tis, and demographic and clinical data were recorded.
Fungal identification was based on morphology,
molecular methods, and matrix assisted laser desorp-
tion ionization time-of-flight mass-spectrometry. A
total of 35 cases were identified in a 16-year study
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period. Female to male ratio was 1:1.7 and median age
48 years. Corneal injury by plant material, and soft
contact lens use were the main risk factors (42.8% and
31.4%, respectively). Trauma was the leading risk
factor for men (68.1%), contact lens use (61.5%) for
women. Fusarium species were isolated more fre-
quently (n = 21, 61.8%). F. solani was mostly asso-
ciated with trauma, F. verticillioides and F.
proliferatum with soft contact lens use. Other fungi
were: Purpureocillium lilacinum (14.7%), Alternaria
(11.8%), Aspergillus (8.8%), and Phoma foliaceiphila,
Beauveria bassiana and Curvularia spicifera, one
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case each. Amphotericin B and voriconazole MICsqs
against Fusarium were 2 mg/L and 4 mg/L respec-
tively. Antifungal therapy consisted mainly of
voriconazole locally or both locally and systemically,
alone or in combination with liposomal AmB. Cure/
improvement rate with antifungal therapy alone was
52%, keratoplasty was required in 40% of cases, and
enucleation in 8%. In conclusion, filamentous fungal
keratitis in Greece is rare, but with considerable
morbidity. A large proportion of cases resulted in
keratoplasty despite appropriate antifungal treatment.

Keywords Fungal keratitis - Filamentous fungi -
Fusarium - Purpureocillium lilacinum -
Epidemiology - Greece

Introduction

Fungal keratitis is a serious, difficult-to-treat infection
of the cornea, usually resulting in poor visual outcome.
Keratitis caused by filamentous fungi is considered an
ophthalmic emergency often leading to eye loss, and a
major global public health problem mainly in tropical
and subtropical regions. High rainfall, longer rainy
season and high humidity have been identified as
favorable environmental conditions for fungal growth
in those areas [1]. Moreover, people from these
countries are often engaged in agriculture, or work
outdoors. This makes them more vulnerable to corneal
injury by plant material, causing a defect in the
epithelial barrier and allowing fungi to gain access into
the corneal stroma [1]. This defect may be also caused
by contact lenses, a compromised ocular surface, the
use of topical and systemic corticosteroids, or a
previous ocular surgery [2]. Eradication of the fungi
becomes extremely difficult after penetration into the
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deeper structures of the eye [3]. Topical antifungals
are not effective in these cases and surgical therapy,
typically with therapeutic penetrating keratoplasty is
recommended [4, 5]. Therefore, an early and accurate
diagnosis is of great importance for a possible good
outcome. Diagnosis is challenging due to overlapping
signs and symptoms with other ocular infections,
including bacterial, viral, and parasitic Kkeratitis,
although certain clinical characteristics may suggest
fungal infection [6].

The proportion of fungal keratitis as a subset of
microbial keratitis varies from 1 to 67% between
countries. The largest proportions occur in areas with
tropical or subtropical climate and the lowest in
Europe [7]. The annual incidence has been estimated
to be 1-1.4 million cases per year globally, with
variations between countries [7]. There are also
regional variations regarding involved fungi, risk
factors of the affected patients and mode of transmis-
sion. Knowledge of the local epidemiology is helpful
in decision making for prompt initiation of the
appropriate treatment. Moreover, monitoring the local
epidemiology may bring out new emerging pathogens
or even outbreaks.

The purpose of this study was to provide an
overview of the burden and epidemiology of fungal
keratitis in Greece, focusing on filamentous fungi as
causative microorganisms and their susceptibility to
antifungals. The underlying patient risk factors, usual
treatment practices and outcome, were also studied.

Materials and Methods
Participating Hospitals/Centers

During the years 2005-2021, a nationwide multicen-
ter, prospective, observational study took place. The
following centers participated with several cases:
seven tertiary care academic or state hospitals (Attikon
University Hospital, Laikon General Hospital of
Athens, General Hospital of Athens “Georgios Gen-
nimatas”, Evangelismos General Hospital of Athens,
General Hospital of Nikaia, Piraeus, University
Hospital of Patras, General Hospital of Nea Ionia),
one private general hospital (Hygeia), one private
ophthalmology hospital (Athens Eye Hospital), as
well as the Department of Microbiology, Medical
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School, National and Kapodistrian University of
Athens.

Patients

Patients with symptoms and signs of keratitis were
examined in the Ophthalmology departments of the
participating hospitals. Corneal scraping specimens
from patients were collected at the hospital of
admission and were inoculated on nutrient media as
per standard of care. A direct Gram stain and
potassium hydroxide (KOH) microscopy for the
presence of fungal hyphae were also performed. Only
adult patients with positive cultures were included in
the study, whereas no case with a positive direct
microscopy and a negative culture came to our notice.
Demographic and clinical data, risk factors, antifungal
treatment, and outcome of each case were recorded in
a Case Report Form and sent to our department (4th
Department of Internal Medicine, Medical School,
National and Kapodistrian University of Athens,
Attikon hospital) together with the isolated fungus,
for further identification to species level and antifun-
gal susceptibility testing. An informed consent of the
patient was not required, as the patients received
treatment as per standard of care. This was an
observational study, approved by the ethics committee
and Scientific Council of our hospital.

Methods

All samples were taken by the ophthalmologist at the
examination site, using a surgical blade or a Kimura
spatula, after local anesthesia. Very rarely a thiogly-
collate-moistened Dacron swab was used. Corneal
scrapes were immediately inoculated onto the follow-
ing media: 2 blood agar plates (BA), one for aerobic
and one for anaerobic culture, chocolate agar (CHOC),
Sabouraud dextrose agar (SDA) plates, non-nutritient
agar (NNA), and thioglycollate broth. In addition,
glass slides were smeared for Gram stain and KOH
(10%) preparation, for light microscopy. The corneal
scrapes were transferred onto the solid media using the
“C” streak technique, with multiple C-shaped streaks
on each medium. The scraping was repeated several
times, and a fresh one was used for each medium. In
order to determine the microbial cultures as signifi-
cant, the following criteria were used: (i) growth of the
same organism on two or more solid culture media at

the site of inoculation; (ii) semi-confluent growth at
the site of inoculation or growth on one solid medium
consistent with microscopy; or (iii) growth of the same
organism on repeated scraping [6]. The SDA plates
were incubated at 30 °C and 37 °C aerobically for
1-4 weeks.

Initially, all isolates were identified morphologi-
cally by standard mycology methods including eval-
uation of the macroscopic and microscopic
characteristics of the colony. Fusarium isolates were
further identified to species level by molecular meth-
ods and/or matrix assisted laser desorption ionization
time-of-flight mass-spectrometry (MALDI-TOF MS).

Molecular Identification

Fusarium isolates were molecularly identified at the
Universita degli Studi di Milano, Milan, Italy, in the
framework of the ECMM survey of fusariosis in
Europe [8] by sequencing of the translation elongation
factor 1-o gene (TEF1-a), and/or at the Westerdijk
Fungal Biodiversity Institute (formerly CBS-KNAW
Fungal Biodiversity Centre, Utrecht, the Netherlands)
by multilocus sequence typing using the internal
transcribed spacer region (ITS), the TEF1-o and the
second largest subunit of RNA polymerase (rPB2), as
previously described [9].

MALDI-TOF MS

For the MALDI-TOF MS analysis two platforms were
used: the Bruker Biotyper (microflex LT/SH, Bruker
Daltonik GmbH, Leipzig, Germany) and the Autof
ms1000 (Autobio Diagnostics, Zhengzhou, China).
Procedures were performed according to the manu-
facturers’ instructions. In brief, each Fusarium isolate
was inoculated on SDA plate (Oxoid, UK) and
incubated at 35 °C for 3-5 days, until well-isolated
colonies were clearly visible and could be harvested.

The samples were treated for protein extraction
before their transfer to the target plate, either by a rapid
formic acid on-target extraction approach or, in case of
“no identification result”, an in-tube protein extrac-
tion approach with ethanol, formic acid, and acetoni-
trile. Cutoff scores for reliable species/genus
identification were 9.000-10.000/6.000-8.999 for
Autof ms1000 (Library database version 1.1.11), and
2.00-3.00/1.70-1.99 for Bruker Biotyper (BDAL Fil-
amentous Fungi/577 MSPs). Analysis of each strain
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was performed in duplicate, and the results with a
higher range/score were used for final identification
[10-12].

Antifungal Susceptibility Testing (AST)

For the AST the EUCAST E.Def 9.3.2 broth microdi-
Iution reference method for conidia forming molds
was applied [13]. For amphotericin B (AmB) and the
azoles, the minimum inhibitory concentration (MIC)
was determined, whereas for the echinocandins
(anidulafungin, micafungin and caspofungin) the
minimum effective concentration (MEC) was evalu-
ated microscopically after 48 h of incubation, as
described [13].

Results

Demographic, clinical and laboratory data are pre-
sented in Table 1.

Demographic Data

Twenty-eight patients were treated for confirmed
filamentous fungal keratitis during the 16-year study
period and reported to our survey. In addition, seven
incidents were published as case reports during the
same period [14-20]. As our study did not preclude
publication of isolated cases, authors were free to
publish their cases independently of the registry.
These cases occurred at the same time-period, and we
were aware of some of them as they happened.
Therefore, we considered that they would not intro-
duce any bias and were included in our prospective
study. One more published case involving fungi
complicating acanthamoeba keratitis [21] was not
included in the study due to lack of mycological data.
Twenty-two (62.8%) patients were men, with female-
to-male ratio 1:1.7. The median age at the time of
diagnosis was 48 years.

@ Springer

Clinical Presentation

The patients usually sought medical advice 2-8 days
after trauma or initial symptoms. Signs upon presen-
tation varied, including corneal infiltration and ulcer
of at least 4 mm diameter with or without satellite
lesions, diffuse keratitis with stromal edema, hypop-
yon, and progressive corneal thinning. The patients
complained of blurred vision, pain, tearing and
photophobia. Other predisposing factors were bullous
keratopathy (two cases), herpes infection, irradiation-
related local immunosuppression, use of topical
dexamethasone, while no data were reported for 2
cases (5.7%).

Risk Factors

Corneal accidental injury and the use of soft contact
lenses were the main risk factors [15 cases (42.8%),
and 11 cases (31.4%), respectively]. Different risk
factors were observed between men and women: for
men the leading risk factor was trauma (15/22 cases,
68.1%). They reported accidental injury with a piece
of wood or other plant material (a tree branch, onion
leaf, or olive fruit have been reported) while working
outdoors or during agricultural activities, or acciden-
tally rubbing the eye with soil. In six cases the patients
were farmers or agricultural workers, four of which
were immigrants from Asiatic countries. Contact lens
use and previous ocular surgery followed [three,
(13.6%), and two (9%) cases, respectively]. Of note,
in one of the cases keratitis was diagnosed after
keratoplasty which was performed after accidental
injury (case 21, Tablel). No underlying risk factors
were reported for the remaining two cases. In contrast,
the predominant risk factor for women was contact
lens use (8/13 cases, 61.5%), followed by previous
ocular surgery or other underlying ocular condition
(Table 1). No trauma case was reported among female
patients.

Fungal Pathogens

Fusarium spp. was the predominant cause of fungal
keratitis (n = 21, 60%) followed by Purpureocillium
lilacinum (n =35, 14.3%), Alternaria spp. (n =4,
11.4%), Aspergillus spp. (n = 3, 8.6%), and Phoma
foliaceiphila, Beauveria bassiana and Curvularia
spicifera, one case each. In one case an Aspergillus
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Table 1 continued

Cure after

Outcome (cure or

Antifungal therapy

Risk factor

Gender

M/F

Age

Date

ID method

Organism

Case

keratoplasty

improvement Y/N)

N, keratoplasty

VOR eye drops + fluconazole p.o

29 M Trauma

2021

MALDI-TOF

Curvularia spicifera

35

[20]

NA no data available, VOR voriconazole, AmB Amphotericin B, NAT natamycin, POS posaconazole, PP pars plana

“Pterygium excision

"Keratoplasty due to bullous pseudophakic keratopathy

“Irradiation-related local immunosuppression after primary penetrating keratoplasty, conjunctival melanoma 10 y earlier, professional exposure to plant material

9Primary penetrating keratoplasty for advanced keratoconus 10 years earlier, diabetes mellitus II

and a Fusarium strain were isolated simultaneously.
Among Fusarium spp., isolates belonging to the F.
solani species complex (SC) (including five F. solani
sensu stricto and one F. falciforme) predominated (6/
21, 28.5%), followed by F. fujikuroi SC isolates: F.
verticillioides (4/21, 19%) and F. proliferatum (3/21,
14.3%). F. oxysporum SC was isolated from two cases
(9.5%) and F. delphinoides (F. dimerum SC) from one.
Five (23.8%) Fusarium strains were unspeciated as
they were no longer available (Table 1). Fusarium
infection was mostly associated with the use of soft
contact lens (8 out of 11 contact lens wearers, 72.7%).
Three F. verticillioides (30%), two F. proliferatum
(20%), one F. oxysporum (10%) and two unspeciated
strains were involved. Other risk factors for Fusarium
keratitis were trauma (9 out of 15 trauma cases, 60%),
bullous keratopathy, and herpes infection.

Fusarium solani was isolated only from trauma (5/
15, 33.3%) and from a case with underlying herpes
infection. F. verticillioides and F. proliferatum were
isolated from soft lens users (three and two cases,
respectively), followed by trauma (one case each),
while risk factors for two F. oxysporum infections
were soft lens use and bullous keratopathy.

Purpureocillium lilacinum was the cause of five
keratitis cases. Trauma was the risk factor in two of
them, soft contact lens in one, and irradiation-related
local immunosuppression after primary penetrating
keratoplasty in one patient with history of conjunctival
melanoma 10 years earlier, but with professional
exposure to plant material. There were no available
data for the fifth case.

Aspergillus flavus was identified in two and A.
nidulans in one of three cases of Aspergillus Keratitis.
No risk factors were found in two cases, whereas in the
third case, A. flavus was isolated with Fusarium sp.
from a patient after unspecified eye surgery.

Alternaria was identified in four cases: two A.
alternata; one A. chlamydospora; one Alternaria sp.
One case occurred after injury with a tree branch,
another complicated bullous keratopathy, while there
are no data for the third and fourth cases.

Antifungal Susceptibility
AmB and voriconazole MICsqs against Fusarium
strains were 2 mg/L and 4 mg/L, respectively. Geo-

metric means were 1.2 mg/L. and 2.2 mg/L, respec-
tively. No clinical break points exist currently for

@ Springer
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Table 2 'Antifungal Case  Organism Antifungal MICs (mg/L)
susceptibility profile of
isolated fungi AmB VOR POS ITZ CAS* AND* MCF*
7 Fusarium verticillioides 0.25 1 - 0.50 >16 > 16 > 16
10 Fusarium verticillioides 2 4 - 025 >16 > 16 > 16
12 Fusarium verticillioides 2 2 - 1 > 16 > 16 > 16
11 Fusarium proliferatum 2 4 - 4 >16 >16 > 16
16 Fusarium proliferatum 2 4 - 4 > 16 > 16 > 16
2 Fusarium solani 0.25 16 16 4 > 16 > 16 > 16
13**  Fusarium solani 2 4 - 4 > 16 > 16 > 16
18**  Fusarium solani 2 4 - 4 > 16 > 16 > 16
14 Fusarium falciforme 2 4 - 4 > 16 > 16 > 16
15 Fusarium oxysporum 2 2 - 2 >16 >16 > 16
22%*  Fusarium spp. 1 0.13 013 0.25 0.02 0.02
24 Fusarium spp. 0.5 002 >16 >16 >16 >16 > 16
30 Fusarium spp. 1 >16 >16 - > 16 > 16 > 16
4 Purpureocillium lilacinum 1 1 050 2 > 16 > 16 > 16
6 Purpureocillium lilacinum 4 0.03 - 0.50 >16 > 16 > 16
AmB amphotericin B, VOR 21%*  Purpureocillium lilacinum  0.50 0.06 0.25 0.25 > 16 > 16 > 16
Voriconazolﬁ f[’gg 25  Aspergillus flavus 0.12 006 050 050 1 1 1
posaconazote, 26 Aspergillus nidulans 025 003 012 012 050 050 050
itraconazole, CAS
caspofungin, AND 17%*%  Alternaria alternata 0.06 0.13 0.06 0.02 0.13 - -
anidulafungin, MCF 27 Alternaria alternata 025 013 013 025 - - -
micafungin 19 Alternaria chlamydospora 1 050 025 - - - -
*Minimum effective 3 Alternaria spp. 013 001 - 003 - - -
concentration (MEC) )
34**  Bauveria basiana 2 4 025 025 - 0.25 0.13
**Keratoplasty ) . .
35%*%  Curvularia spicifera 1.5 0.02 - - 32 - -
—Not done

Fusarium species. Based on clinical break points of A.
fumigatus [22], we found that against five out of the 13
isolates tested (38.5%), the AmB MIC values were
lower or equal to 1 mg/L. Similarly, the MICs of
voriconazole and itraconazole were lower than 1 mg/
L against 3/13 (23.1%), and 4/13 (30.8%) of isolates,
respectively. The echinocandins exhibited no antifun-
gal activity, except against one unspeciated Fusarium
isolate (Table 2). Against P. lilacinum strains, MICs of
AmB and voriconazole were low, while echinocandins
showed no activity. Only in one of them AmB MIC
was 4 mg/L. All antifungals used were active against
two Aspergillus isolates.

Treatment
Data on the applied antifungal therapy were available

for 22 patients. One of them received antifungals only
after keratoplasty. The most used was voriconazole

@ Springer

(18 patients), locally or both locally and systemically,
and in combination with other antifungals. Liposomal
AmB followed, either topically or systemically (seven
cases). In five cases liposomal AmB was used in
combination with voriconazole or replaced it when
in vitro susceptibility results were available (Table 1).
In two cases liposomal AmB was used also for
subconjunctival injections. The patients did not
receive any antibiotic or antifungal treatment before
specimen collection unless they had an underlying
disease or preceding surgery. All patients received
antibiotics simultaneously, as per standard of care.
Outcome was known for 25 of 35 cases (71.4%).
Thirteen of 25 patients (52%) were cured with
antifungal therapy alone (Table 1). In these cases,
improvement was obvious after 1-2 days of treatment.
MICs of AmB and voriconazole were low in seven out
of 11 with known treatment (63.6%, Table 2). For
another 10 patients (40%) penetrating keratoplasty
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was required due to deterioration despite antifungal
treatment. Data on drug therapy were available in nine
of them, as shown in Table 1, and MICs in seven
(Table 2). Interestingly, in four of them (57.1%) AmB
and voriconazole MICs were low. Cure or improve-
ment of visual acuity after keratoplasty was observed
in five cases. Three needed a second graft, while no
data were available for the remaining two. Two of the
patients with a second keratoplasty improved and one
was lost to follow up. Enucleation had to be performed
in two out of the 25 patients (8%) with known
outcome, including one published case [15]. Data on
time elapsed between onset of symptoms and initiation
of antifungal treatment was available for nine kerato-
plasty and one enucleation patients. The median time
was 20 days (range 7 to > 30 days). For the cured with
antifungal therapy alone, data were available only for
three patients, with a median of 7 days (range
3-15 days).

Discussion

Fungal keratitis constitutes a particular burden in
tropical developing countries, where it may comprise
up to 67% of infectious keratitis cases [23, 24]. In
tropical and subtropical climates filamentous fungi are
the predominant etiological microorganisms while
trauma is the main risk factor [7]. In contrast, limited
cases of fungal Kkeratitis are reported in developed
countries, in Europe and USA, where it is considered
to be a rare ocular infection often misdiagnosed, with
use of contact lenses as the predominant risk factor
[25-35].

Our data show that in Greece, trauma and soft
contact lens use equally contributed to the disease
burden. It was remarkable that trauma was associated
only with men. Moreover, four of our 15 trauma
patients were immigrants. This high representation
can be easily explained, as immigration has grown in
recent years in Greece and many young men are
occupied in agricultural activities. Therefore, they are
exposed to accidental injuries by plant material, or
contact of the eyes with organic matter or contami-
nated soil.

Among women, the leading risk factor was contact
lens wear, as in other European countries [27-29],
followed by previous ocular surgery and bullous
keratopathy.

Regarding fungi involved in keratitis, Fusarium
and Aspergillus species are globally more commonly
reported [5], followed by dematiaceous fungi of the
genus Curvularia [4]. Fusarium was the predominant
cause of keratitis in the present study. Fusarium
species are ubiquitous in the environment, and they are
also important phytopathogens affecting a wide vari-
ety of crops. In humans they cause a wide spectrum of
infections, from superficial or locally invasive in
immunocompetent, to disseminated life threatening
infections in immunosuppressed patients. Keratitis is
among the most prevalent infections in the immuno-
competent, along with onychomycosis and skin
infections [36].

Fusarium ocular infections are associated with high
morbidity and poor clinical outcome [37]. Manage-
ment is often difficult as Fusarium is usually resistant
to antifungals currently available, including AmB,
azoles, echinocandins and terbinafine [37]. Further-
more, in vitro studies have demonstrated that F. solani
can form biofilms resulting in increased resistance to
antifungal agents [38]. Fusarium keratitis is common
in tropical and subtropical countries where it is mainly
associated with trauma by plant material [39]. In
recent years it also concerns developed countries with
moderate climate, where it is associated with contact
lens use as predominant risk factor [23]. An outbreak
of contact lens-related Fusarium Keratitis has taken
place during the years 2005-2006 in Asia (Singapore
and Hong Kong), North America and in a few
European countries. It has been associated with the
multipurpose disinfection solution ReNu® with Mois-
tureLoc® (Bausch and Lomb, Rochester, NY) [40, 41]
and it ended as soon as the solution was recalled and
withdrawn from the market. The investigations that
took place to find the source of the epidemic showed
that a critical factor in this event was not any
contamination of the solution (the strains isolated
from the users were not related), but the formula of the
solution itself, which exhibited reduced activity
against Fusarium under certain conditions. More
specifically, the antimicrobial alexidine, contained in
the solution, appeared to lose its effect on Fusarium
strains when its ReNu plastic bottle was heated
[42, 43]. No cases using that specific solution were
reported in Greece. Undoubtedly, poor hygiene prac-
tices by the contact lens wearers and no compliance
with the manufacturer’s instructions increases the risk
for fungal infections. A Greek study by Mela EK et al.
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2015 on contact lens storage cases of asymptomatic
users, showed that isolation of fungi is possible even
among users that reported compliance, therefore they
are at risk for contamination [44]. Furthermore,
disinfectant solutions containing hydrogen peroxide
were found to be less effective than various alternative
solutions in eliminating fungal species [44].

F. solani keratitis is a severe disease requiring a
long time of therapy. Moreover, it has been demon-
strated that it has higher pathogenic potential and is
associated with untreated infections with subsequent
keratoplasty more often than non-solani Fusarium
species [45]. Our study focused particularly on
Fusarium species epidemiology. Of the ten patients
requiring emergency keratoplasty despite antifungal
therapy, four suffered from Fusarium keratitis, two of
which with F. solani. Furthermore, in both cases
resulting in enucleation, Fusarium strains were
involved, one F. solani and one non-speciated [15].
Although F. solani SC is considered to be the most
prevalent species worldwide, in our case series it was
outnumbered by other species, among which F.
Sfujikuroi SC was isolated more frequently. This is in
line with the findings of the ECMM study on invasive
infections due to Fusarium species in Europe [8], in
which F. fujikuroi SC (formerly Giberella fujikuroi)
was the most frequent etiology of proven or probable
disseminated infections, with most cases reported
from Southern European countries. Therefore, there
may be an association with the geographical distribu-
tion of species. F. solani SC was mainly the cause of
localized infections in the ECMM study [8]. An
interesting finding in the present study was that F.
solani was isolated only from trauma patients and a
patient with underlying herpes infection, but the
statistical significance of this difference could not be
assessed, as the number of patients was very small. If
confirmed in larger studies, probably different eco-
logical distribution of species, selective growth in soft
lens storage solutions, or differences in pathogenesis
might explain this finding. This merits further inves-
tigation, as F. solani and F. vertcillioides (also known
as F. moniliforme) have usually different antifungal
susceptibility profiles, F. solani being more suscepti-
ble to AmB and more resistant to azoles [8]. In line
with the literature [46], Fusarium keratitis isolates in
the present study were associated with higher antifun-
gal MICs, but no interspecies differences were noted.
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Echinocandins had no effect, as Fusarium is intrinsi-
cally resistant to them [46].

Two more cases requiring keratoplasty had infec-
tion caused by P. lilacinum. P. lilacinum (formerly
Paecilomyces lilacinus) is a saprophytic fungus found
in soil, air, wood and plants, and a rare cause of severe
keratitis, usually after trauma. It has also been found as
a contaminant of antiseptic skin lotions and solutions
used as sterilizers for artificial lenses [47]. Other risk
factors are chronic keratopathy, previous ocular
surgery, corneal trauma or contact lens wear [48].
Cases without prior ocular trauma but associated with
immunosuppression, use of systemic immunosuppres-
sants and topical corticosteroids have been described
as well [49]. In our study trauma was the predominant
risk factor. P. lilacinum is associated with high
antifungal MICs, causing a difficult to treat ocular
infection. Voriconazole has been found to be the most
effective, but further studies are required for the
establishment of the optimal treatment [50, 51].

A. flavus has been identified in two of the three
cases of Aspergillus keratitis in the present study. This
species has been shown to be the leading cause of
ocular infections among other Aspergillus species in
several published studies [52-54]. Following A.
fumigatus, A. flavus is the leading cause of invasive
and allergic aspergillosis, particularly in climates with
high temperature and humidity, where it appears to be
the predominant agent of sinusitis, keratitis, and
cutaneous infections [55]. All of them are difficult to
treat infections due to the significant resistance of A.
flavus to azoles [55, 56]. In one of our cases the isolate
appeared to be wild-type according to EUCAST [22]
and was successfully treated with voriconazole. The
second case had a double infection with Fusarium sp.
and resulted in keratoplasty.

In the present study four patients suffered from
Alternaria keratitis. In two patients A. alternata, a
saprophytic dematiaceous mold was identified. The
most common human infections due to Alternaria
species include cutaneous and subcutaneous infec-
tions, oculomycosis (keratitis, endophthalmitis), ony-
chomycosis and sinusitis [57]. Trauma, previous
ocular surgery, and pre-existing corneal diseases are
more commonly associated with Alternaria keratitis
[57, 58]. However, cases of soft contact lens related
Alternaria Keratitis have also been reported [59, 60].
In our study, ocular trauma with a tree branch in one
case and bullous keratopathy in another were reported
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as predisposing risk factors. According to literature,
Alternaria has variable responses to topical and
systemic antifungals. AmB has shown variable
in vitro activity, while triazoles including itracona-
zole, voriconazole and posaconazole, have exhibited
low MICs [57], as in our cases. Terbinafine and
caspofungin have been found to be in vitro active
against Alternaria [57)].

Curvularia spicifera (formerly Bipolaris spicifera)
was isolated from one patient in our study. Bipolaris is
a large genus of dematiaceous hyphomycetes, includ-
ing several significant plant pathogens with worldwide
distribution. The species considered to be pathogenic
in humans are B. spicifera, B. hawaiiensis, B.
australiensis and, to a lesser extent, B. papendorfii
[61]. After the most recent taxonomic revisions based
on molecular phylogenetic studies, the Bipolaris
human pathogens have now been shifted to the genus
Curvularia [62]. They can infect both immunocom-
petent and immunosuppressed patients, mainly in
tropical and subtropical areas. The most common
infections are allergic sinusitis, keratitis, endoph-
thalmitis, onychomycosis, peritoneal dialysis-associ-
ated peritonitis, lung, and skin infections [62].
Keratitis caused by C. spicifera has been rarely
reported [20].

The present study revealed also new opportunistic
fungi as causes of keratitis in Greece. Phoma spp. are
known to be phytopathogens that are widely dis-
tributed in the environment mainly in aquatic systems
and soil [17]. Beauveria bassiana is also an oppor-
tunistic fungus ubiquitous in soil and is widely used as
biopesticide due to its entomopathogenic properties
[19]. Both can become pathogens in patients who are
at risk due to immunosuppression.

Therapy of fungal keratitis consists of topical
antifungal medication with or without surgical inter-
ventions. Many of the antifungals differ in their
corneal penetration activity and effectiveness [7].
Natamycin (5%) is the treatment of choice for
filamentous fungi, but topical liposomal AmB (L-
AmB) (0.3-0.5%) and voriconazole (1%) are sug-
gested as alternatives [63]. Topical voriconazole is
particularly useful in fungal keratitis not responding to
natamycin [23]. In our study the most used was
voriconazole, locally or both locally and systemically,
and in combination with other antifungals. In two
cases intraocular injection of L-AmB was adminis-
tered. Due to the low number of patients, different

etiologies, and poor information of the severity of
infection upon seeking medical advice, no conclusions
can be made on the efficacy of treatment by antifun-
gals alone.

By poor response to antifungals, surgery must take
place to prevent perforation. Periodic debridement is
useful to remove necrotic tissues from the cornea and
achieve better penetration of antifungals. Patch graft
and transplant can be used as final attempt to restore
the cornea and normal vision [23]. In our study,
keratoplasty was required for a considerable number
of patients, and in two cases enucleation was per-
formed. Recently published results from the German
Fungal Keratitis Registry were similar, with 54.6% of
patients requiring keratoplasty and 8.6% enucleation
[23].

According to our data, it is understood that despite
the improvement of diagnosis and treatment of fungal
keratitis, its prognosis is still poor. It remains a severe
ocular infection with unpredictable outcome, resis-
tance to antifungals in most cases, and necessity of
long healing time.

Our study is the first to present collective data on
filamentous fungal keratitis in Greece, there are
however certain limitations. As fungal keratitis is not
a notifiable disease, cases might be underreported.
Though one of the participating hospitals is a signif-
icant ophthalmology referral center (General Hospital
of Athens ”Georgios Gennimatas®), serving patients
with more complex medical conditions throughout
Greece, this remains a point of concern. Furthermore,
we did not have reported cases diagnosed as fungal
keratitis based solely on the light microscopy results
(culture-negative). Light microscopy is less sensitive
than culture, however, a diagnosis can still be estab-
lished if fungal hyphae can be demonstrated on Gram
stain or KOH preparations [64, 65]. Taking into
account the number of collected cases only, a tentative
estimate of annual incidence of fungal keratitis would
result in 0.1-0.5 per million population/year (based on
the 2011 population-housing census ~ 11 million).
This is in line with incidence reported in other
European countries [30, 32—34]. Another limitation
of the study is that several data and final outcome are
missing in a number of cases. As our main contacts for
obtaining data were the Microbiology departments of
the hospitals, we did not have always full access to the
records of the patients, whereas some isolates were no
longer available for further analysis. We were able to
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show however, that keratoplasty was unavoidable for a
large proportion of patients, despite appropriate anti-
fungal therapy. It appears that many patients waited
too long before seeking medical help or were treated
for bacterial keratitis at least for a week prior to the
diagnosisof fungal keratitis. Therefore, awareness for
the risks for a fungal infection should be increased,
and samples for direct microscopy and culture should
be taken timely.

In summary, our study shows that filamentous
fungal keratitis in Greece is rare, but with considerable
morbidity. Both trauma and soft contact lens use were
the most usual risk factors, the first concerning men
and the latter mainly women. Fusarium species were
the organisms isolated more frequently, while cases
with more unusual fungi were also revealed. Despite
appropriate antifungal treatment, a large proportion of
cases resulted in keratoplasty as a last attempt to
restore vision.
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