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Background: The purpose of this paper is to describe clinical characteristics and determine
correlations between clinical outcomes and antifungal susceptibility among molecularly char-
acterized ocular Fusarium isolates in Brazil.

Methods: Forty-one Fusarium isolates obtained from 41 eyes of 41 patients were retrieved
from the ophthalmic microbiology laboratory at Sdo Paulo Federal University and grown in
pure culture. These isolates were genotyped and antifungal susceptibilities determined for each
isolate using a broth microdilution method. The corresponding medical records were reviewed
to determine clinical outcomes.

Results: The 41 isolates were genotypically classified as Fusarium solani species complex
(36 isolates, 88%), Fusarium oxysporum species complex (two isolates, 5%), Fusarium dimerum
species complex (one isolate, 2%) and two isolates that did not group into any of the species
complexes. Final best corrected visual acuity varied from 20/20 to light perception and was
on average 20/800 (logarithm of the minimum angle of resolution (LogMAR) 1.6). A history
of trauma was the most common risk factor, being present in 21 patients (51%). Therapeutic
penetrating keratoplasty was necessary in 22 patients (54%). Amphotericin B had the lowest
minimum inhibitory concentration for 90% of isolates (MIC, ) value (2 Lg/mL) and voriconazole
had the highest (16 ug/mL). There was an association between a higher natamycin MIC and
need for therapeutic penetrating keratoplasty (Mann—Whitney test, P < 0.005).

Conclusion: Trauma was the main risk factor, and therapeutic penetrating keratoplasty was
necessary in 54% of patients. Amphotericin B had the lowest MIC, (2 ug/mL) of the three
antifungal agents tested. There was an association between higher natamycin MIC levels and
corneal perforation, emphasizing the need for antifungal susceptibility testing and tailoring of
antifungal strategies.
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Introduction
Brazil, like other countries having an important territorial part in the tropical zone, has
a significant number of fungal keratitis cases, ranging from 11% to 56% of all positive
cultures.'? In countries like India and People’s Republic of China, fungi can be the
etiology in up to 36% and 62%, respectively, of all keratitis cases.>* Among the fungi
causing keratitis, Fusarium species is the most prevalent. Studies show that 45%—67%
of fungal keratitis in Brazil is caused by this microorganism."*%”7 Among the Fusarium
species that are pathogenic to the eye, Fusarium solani is the most common (found in
up to 91% of isolates),” followed by Fusarium oxysporum and Fusarium dimerum.®’
Treatment of keratomycosis is still largely empirical, without a consensus on
the role of susceptibility testing in choosing the most appropriate therapy. Ocular
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microbiology laboratories do not routinely perform antifungal
susceptibility testing because it is time-consuming, labori-
ous, and challenging, especially for molds. However, in
vitro resistance of Fusarium isolates against many of the
available antifungal agents has been demonstrated to be
common, mainly for F solani. Studies have already shown
that there is a correlation between antibiotic susceptibilities
and clinical outcomes in bacterial keratitis.'’ !> Some studies
are starting to show that a relationship between antifungal
susceptibility and clinical outcomes might also exist in
cases of fungal keratitis.'*!> Methods for testing antifungal
susceptibility have improved significantly. Determination of
the minimum inhibitory concentration (MIC) for Fusarium
species has been demonstrated to be clinically relevant and
provides valuable information for choosing the best topical
antifungal therapy.

There is a lack of epidemiologic and clinical information
on fungal ulcers in Brazil. Also, information on antifungal
susceptibilities and correlation with clinical outcomes is
limited, and such information will be very useful to improve
treatment strategies for Fusarium species, which is the main
pathogen in cases of fungal keratitis in Brazil and many other
countries. In the present study, 41 isolates from 41 patients
presenting with Fusarium keratitis were identified by geno-
typing, tested for their antifungal susceptibility to natamy-
cin, amphotericin B, and voriconazole, and correlated with
clinical outcomes.

Methods and materials

Isolates

Forty-one Fusarium isolates, representing 41 patients,
were retrospectively selected from the ocular microbiology
laboratory at the Federal University of Sao Paulo, based on
the availability of medical records. We included isolates
from 1997 to 2010. The source of all isolates was corneal
scrapings from patients with keratitis. The reference strains
Candida albicans American Type Culture Collection (ATCC)
90028, Candida parapsilosis ATCC 22019, and Candida
krusei ATCC 6258 were included as quality controls for the
Clinical and Laboratory Standards Institute antifungal test-
ing method. Morphologic species-specific identification of
all strains was performed in the mycology laboratory at the
Federal University of Sao Paulo.

Medical records review

Following institutional ethics committee approval (Comité
de Etica em Pesquisa da Universidade Federal de Sdo Paulo,
registration number 1066/08), the medical records from

the 41 affected patients were made available for review.
All patients included in the chart review had positive corneal
culture results for Fusarium species.

The follow-up best corrected visual acuity (BCVA)
of patients treated with topical or oral antimicrobial
agents was the visual acuity measured when the patient
was considered cured (inactive corneal scar with intact
epithelium). No patient had additional pathology at base-
line to account for decreased visual acuity at any time
during management.

The final BCVA of patients who underwent therapeutic
penetrating keratoplasty was the last BCVA measured prior
to surgery. For this group of patients, the time to cure was
assigned as an estimate, which was the longest time to cure
among clinically treated patients.

Snellen visual acuities were converted to the logarithm of
the minimum angle of resolution (LogMAR) for the purpose
of data analysis. Vision levels, classified as count fingers,
hand motion, and light perception, were assigned Snellen
acuities of 1/200, 0.5/200 and 20/20,000. The corresponding
LogMAR visual acuities were 2.3, 2.6, and 3.0, respectively,

similar to a previously published scale.'

Antifungal susceptibility tests

The methodology as described in the Clinical and Labora-
tory Standards Institute document M38-A2!7 was followed
for broth dilution antifungal susceptibility testing of fila-
mentous fungi. Additive drug dilutions were prepared to
yield twice the final strength required for the test. Stock
solutions of amphotericin B, voriconazole, and natamycin
at their final concentrations were frozen at —80°C until
needed. The agents evaluated in this study have well estab-
lished microdilution MIC ranges for the quality control
strains used.

Isolates and DNA extraction

Forty-one Fusarium isolates, collected from 41 patients
seen in the department of ophthalmology at the Federal
University of Sdo Paulo were retrospectively selected from
the ocular and molecular microbiology laboratory culture
collection, based on availability of medical records. All
isolates were recovered from corneal scraping cultures from
patients with clinically diagnosed infectious keratitis. Frozen
isolates on skim milk were cultured twice on Sabouraud
agar. Total fungal DNA was extracted from fresh cultured
isolates after boiling for 15 minutes using the PrepMan ultra
sample preparation reagent (Applied Biosystems, Bedford,
MA, USA).
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Amplification and sequencing of internal

transcribed spacer region

The internal transcribed spacer region, comprising ITSI,
ITS2, and 5.8S rRNA, was amplified in a 25 UL polymerase
chain reaction mixture containing 10 uL. GoTaq Green poly-
merase chain reaction (PCR) Master Mix (3.0 mM MgCl,
200 uM deoxynucleoside triphosphate [dNTP], buffer, and
1 U Taq DNA polymerase, Promega, Madison, WI, USA),
0.4 UM of each of the following primers, F18S (5-GCGGAG-
GGATCATTACCGAGTT-3") and F28S (5-CAGCGGGT-
ATTCCTACCTGATC-3%), 1 L. DNA template, and diethyl
dicarbonate water. Amplification was performed using the
Master Cycler gradient thermocycler (Eppendorf, Hamburg,
Germany) with the following conditions: one cycle at 95°C
for 3 minutes, followed by 45 cycles with a denaturation
step at 95°C for 30 seconds, an annealing step at 55°C for
30 seconds, and an extension step at 68°C for 2 minutes.
The amplification was carried out in the presence of negative
and positive controls. Amplified products separated on 1%
agarose gel were purified using a QIAquick purification kit
(Qiagen, Valencia, CA, USA). Polymerase chain reaction
products were sequenced on both strands using Big Dye
Terminator chemistry on the 3000 ABI genetic analyzer
(Applied Biosystems). The sequences obtained were edited
using SeqMan (DNAStar, Madison, WI, USA) and searched
for similarity in GenBank using the BLAST algorithm pro-
gram with automatically adjusted parameters.

Phylogenetic analysis

Before alignment, sequences were scanned for quality using
the Phred base-calling program. The upstream and down-
stream regions just after the primer annealing regions were
manually trimmed (SeqMan, DNAStar). Thirty-nine edited
sequences ranging from 502 to 566 base pairs exported as a
FASTA file were aligned using the Muscle multiple sequence
alignment algorithm implemented by the Molecular Evolu-
tionary Genetics Analysis program version 5.1.'"8 Assignment
of haplotypes was done using DnaSP version 5. For the
purposes of comparison in the phylogenetic tree, sequences
of the internal transcribed spacer region representing a
recent Fusarium species complex classification system were
included.® The internal transcribed spacer sequence from
Lecanicillium lecanii was used as an outgroup (DQ007051).
Selection of the substitution model that best fits the data as
well as estimation of model parameters such as base pair fre-
quencies, substitution rates, transition and transversion ratio,
proportion of invariant sites, and gamma shape parameter,
were computed using jModel test.!” A Bayesian phylogenetic

tree implementing the general time reversible model with a
proportion of invariable sites and gamma-distributed rate
variation across sites was constructed using MrBayes version
3.1.2.% Posterior probabilities of the tree were estimated by
running two simultaneous and independent Metropolis-cou-
pled Monte Carlo Markov chains with three heated and one
cold chain for 5 million generations. Chains were sampled
every 100th cycle. The consensus tree was summarized after
discarding the first 25% generations as burn-in. The tree was
visualized and edited using Mesquite version 2.75.%!

Nucleotide sequence accession humbers
The ITS nucleotide sequences reported in this work have been
deposited in GenBank under accession numbers JX270136,
JX270138 to JX270143,1X270148 to JX270153,JX270157
to JX270173, and JX270175 to JX270183.

Statistical analyses

The statistical analyses were performed using Stata software
version 11.0 (College Station, TX, USA). Tests of signifi-
cance were two-tailed with P = 0.05. Fisher’s exact test was
performed for categorical variables. The nonparametric
Mann—Whitney test was used to analyze data that did not
follow a normal distribution (ie, antifungal MICs).

Results

Identification

Morphologic identification of the organism as belonging
to the Fusarium genus took a mean of 5.8 (2—14) days.
Identification to the species level after genus classifica-
tion took 4 further days on average. Morphology-based
identification classified the 41 isolates as F solani (n = 35),
F oxysporum (n = 4), and F dimerum (n = 2).

Based on genotype, the 41 isolates were classified into
three groups, ie, F solani species complex (FSSC, 36 isolates,
88%), F oxysporum species complex (FOSC, two iso-
lates, 5%), and F dimerum species complex (FDSC, one
isolate, 2%), with two isolates not grouping in any species
complex. The relationship between the genotyped isolates
is shown in the consensus tree (Figure 1). In the major spe-
cies complex found, ie, FSSC, 16 distinct haplotypes were
identified. Haplotype D was the most frequent among the FSSC
(13 of 34 sequences, 38.2%). The posterior probability sup-
porting the whole FSSC clade was 63%. An internal subcluster
including haplotypes c, k, p, and q clustered together with a
posterior probability support of 91%. The FDSC and FOSC
groups, each represented by a single haplotype, were supported
by a posterior probability of 98% and 100%, respectively.
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Figure | Consensus Bayesian phylogenetic tree of the ITS | and ITS 2 regions
summarized after discarding as burn-in the first 25% generations of the Metropolis-
coupled Monte Carlo Markov chain analysis. Numbers in the branches indicate the
posterior probabilities estimate. Letter in parentheses corresponds to the haplotype.
Only one sequence of each haplotype is represented in the tree. The parenthesis
marked (¥) represents isolates that did not group into any species complex.
Abbreviations: FSSC, Fusarium solani species complex; FOSC, Fusarium oxysporum
species complex; FDSC Fusarium dimerum species complex; ITS, internal transcribed
spacer region.

Clinical characteristics and epidemiology
The 41 samples were isolated from 41 eyes of 41 patients.
The clinical characteristics of the patients are shown in
Tables 1 and 2. The mean follow-up time in this study was
9.3 (1-24) months. Mean time to diagnosis, defined as the inter-
val from symptom onset until a specific diagnosis was made,
was 19 £ 12 (3-90) days. Risk factors for infectious keratitis
were found in 26 patients. A history of trauma was the most
frequent risk factor, being present in 21 patients (51%).

Management

Complete information on the treatment protocol was pres-
ent in the records of 37 patients. Patients who had a positive
culture and/or microscopy for a mold were started on a topi-
cal antifungal, ie, natamycin 5% or amphotericin B 0.15%
hourly. A systemic antifungal (ketoconazole 200 mg or

fluconazole 200 mg twice daily) was added for ulcers larger
than 6 mm in diameter or if no improvement with topical
antifungal use was seen after 5 days.

Topical amphotericin B 0.15% (compounded from
Fungizone®, Bristol-Myers Squibb, New York, NY, USA)
was used in 24 cases, as monotherapy in seven cases, and
in combination with other antimicrobial agents in 15 cases.
Topical natamycin 5% (Pimaricina®, Ophthalmos, Sao
Paulo, Brazil) was used in 14 cases and as monotherapy in
one case. Oral fluconazole 150 mg (generic fluconazole,
Medley Pharmaceuticals, Campinas, Sdo Paulo, Brazil) or
ketoconazole 200 mg (generic ketoconazole, Medley Phar-
maceuticals) twice daily was used in 29 cases.

Therapeutic penetrating keratoplasty was necessary in
22 patients (54%), the indication being perforation in 19 cases
and severe infiltrates nonresponsive to clinical therapy in three
cases. Seven of the therapeutic grafts failed (four due to reinfec-
tion, two because of rejection, and one as a result of stromal
melting) and repeat penetrating keratoplasty was successful in
only one case, which had failed initially because of rejection.

Antifungal susceptibility testing

Antifungal susceptibilities were tested for 38 isolates. Minimum
inhibitory concentrations for 90% of the isolates (MIC,)),
medians, and MIC ranges for the Fusarium isolates are listed
in Table 3. Amphotericin B had the lowest MIC values and
voriconazole had the highest. Most of the isolates were equally
susceptible to natamycin and amphotericin B. There was a
strong association between a higher natamycin MIC and need
for penetrating keratoplasty (Table 4).

Discussion

Fungal keratitis is a very prevalent disease in developing
countries, and tends to have a poorer outcome when com-
pared with keratitis caused by other pathogenic organisms.
Fusarium is the leading pathogen in fungal keratitis in most
of the studies worldwide, particularly in tropical regions.>”’
Information on epidemiology, antifungal susceptibilities,
and correlation with clinical outcomes is lacking, and such
information is useful from a prognostic, diagnostic, and
therapeutic viewpoint.

In the present study, the main genotypically identified
species complex was FSSC (F solani, in 88% of patients).
Another study performed in the same institution 8 years earlier
found a similar frequency (91%).” Morphology-based iden-
tification showed that 85% of the isolates belonged to the F'
solani species. One isolate that was morphologically classified
as F dimerum, when identified afterwards by genotyping, was
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Table | Clinical characteristics of keratitis cases

Patient Fusarium Age Sex Risk factors Treatment Time to
species (years) delay (days) cure (days)
| F. solani 54 M - 10 180
2 F. solani 17 M - 90 102
3 F. solani 56 M Trauma 30 70
4 F. solani 52 M Trauma 28 60
5 F. solani 36 M Trauma 19 270
6 F. solani 37 M Trauma 10 90
7 F. solani 46 M Trauma 48 110
8 F. solani 44 M Conjunctivitis 8 150
9 F. solani 52 F - 18 -
10 F. solani 85 M Trauma 30 180
Il F. solani 41 F - 18 240
12 F. solani 31 F Trauma 10 180
13 F. solani 20 M Conjunctivitis 16 90
14 F. solani 49 M Trauma 7 150
15 F. solani 32 M - 12 45
16 F. solani 42 M Trauma 10 60
17 F. solani 39 M Trauma 30 60
18 F. solani 59 F Trauma 40 180
19 F. solani 47 M Trauma 15 60
20 F. solani 20 M Trauma 30 60
21 F. solani 53 M Trauma - 112
22 F. solani 40 F Conjunctivitis 25 240
23 F. solani 33 M Trauma - -
24 F. solani 60 M Trauma 26 180
25 F. solani 54 M Trauma 15 180
26 F. solani 52 M - 45 90
27 F. solani 36 M Trauma 15 60
28 F. solani 35 M - 12 90
29 F. solani 66 M Trauma 4 60
30 F. solani 48 M Trauma 30 90
31 F. solani 46 M - 3 36
32 F. solani 40 M - 18 60
33 F. solani 47 F - 20 30
34 F. solani 76 F - 20 -
35 F. solani 49 M - 21 30
36 F. solani 73 M - 17 -
37 F. oxysporum 49 M - - 105
38 F. oxysporum 30 M CL 7 30
39 F. dimerum 28 M CL 4 15
40 Fusarium species 57 M Surgery 21 90
41 Fusarium species 41 M Conjunctivitis 7 240
Totals/ 36 F. solani 45+ 147 34M 20 trauma 19+ 124 107+ 71.5
means * 2 F. oxysporum 7F 4 conjunctivitis
standard | F. dimerum 2CL
deviation 2 Fusarium species | surgery

Abbreviations: M, male; F, female; CL, contact lens wear.

shown to be FSSC. Further, two isolates morphologically iden-
tified as £ oxysporum were genotypically classified as belong-
ing to the Fusarium genus but did not group in any species
complex. Overall, the accuracy of morphologic identification,
performed in the present study by a mycology laboratory, was
97.6%. In a previous study by the same author, a discrepancy
of up to 50% between morphology-based and genotype-based

identification was found when species-specific morphologic
identification was performed by a general microbiology labo-
ratory.’ In that study, based on morphologic identification, a
shift occurred toward mistakenly identifying F oxysporum
instead of F solani.

Most of the patients affected were male (83%) and in a
productive age group (mean 46 years), which agrees with
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Table 2 Further clinical characteristics of keratitis cases

Patient Initial Final Ulcer Prior Penetrating Treatment MIC N/V/IA
BCVA BCVA location steroid keratoplasty given

| 23 2.0 C No Yes N, K 4/8/4

2 23 1.6 - - - - 8/8/1

3 23 2.0 C No - N, K, F 0.125/8/0.5

4 0.8 0.2 C Yes - A 4/8/0.5

5 23 23 C No Yes N, A, F 4/412

6 0.1 0.1 C Yes - N, K 4/16/1

7 2.6 23 - No Yes N, K 8/8/4

8 2.0 0.5 C No - N, K 4/8/4

9 1.0 0.4 - - - A -

10 26 2.6 C No Yes K 4/4/0.5

I 3.0 2.6 C - Yes A K 4/16/2

12 26 2.0 C No Yes N, K, A 8/8/2

13 23 0.4 C No - A 1/16/1

14 26 2.6 C No Yes A K 4/8/2

15 0.4 0.4 C No - N, K 4/2/4

16 2.0 2.0 C No Yes N, A, K 4/2/2

17 0.4 0.5 C No - N, K 0.03/8/0.5

18 23 2.6 C No Yes A K 4/8/2

19 0.7 0.1 C No - N, K 0.125/8/0.25

20 0.7 0.7 P No - N, K 8/4/4

21 1.6 1.6 - - - - 4/16/2

22 3.0 23 C No Yes A 8/8/4

23 23 - - No - - 4/8/1

24 2.6 2.0 C No Yes K 4/4/1

25 26 23 C No Yes A K 0.25/4/0.5

26 23 23 C No Yes A 8/8/2

27 0.7 0.5 C Yes - A K 4/8/1

28 23 2.0 C No Yes A K 8/4/2

29 0.9 0.4 P Yes - A K -

30 23 - C No Yes A F K -

31 26 23 C Yes Yes A K 8/8/1

32 23 23 P - Yes N, K 8/16/0.5

33 2.0 23 C No - A 4/8/0.5

34 2.6 2.6 - - Yes A K 8/2/0.5

35 2.6 2.6 - Yes A K 8/8/1

36 23 23 - Yes Yes A 4/1/0.5

37 1.6 - - No - A K 4/2/1

38 23 2.0 P No - - 4/8/2

39 0.2 0 C No - N 4/412

40 23 0.5 C No Yes A K 8/8/4

41 2.6 2.6 C Yes Yes A K 4/8/1

Totals/means + 1.9+0.88 1.6 £0.96 29C

standard deviation 4P

Note: BCVAs are expressed in logarithm of the minimum angle of resolution (LogMAR).
Abbreviations: BCVA, best corrected visual acuity; C, in the central 6 mm of the cornea; P, peripheral; N, natamycin; A, amphotericin B; K, ketoconazole; F, fluconazole;

MIC, minimum inhibitory concentration; N, natamycin; V, voriconazole.

several other studies of fungal keratitis.***? This is probably
due to the fact that males, particularly those of working age,
are more involved in outdoor activities, with greater exposure
to foreign bodies and trauma.

Comparing outcomes between the different species of
Fusarium in this study, the only significant difference was
a greater need for therapeutic penetrating keratoplasty

with F solani isolates when compared with F oxysporum
and F dimerum isolates (Fisher’s exact test, P = 0.05).
Another study performed by the same authors in South
Florida also demonstrated that F solani isolates were
associated with a higher rate of therapeutic penetrating
keratoplasty than other Fusarium species.? It has been
demonstrated that £ solani has the capacity to form more
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Table 3 MIC  values for voriconazole, natamycin, and
amphotericin B (ug/mL)

Voriconazole Natamycin Amphotericin B
(n=35) (n=35) (n=35)

MIC,, 16 8 2

Median 8 4 |

Range 1-16 0.25-16 0.03—+4

Abbreviation: MIC_;, minimum inhibitory concentration for 90% of isolates.

biofilm than other species complexes.”® The ability to
form biofilm makes an isolate more resistant to antifungal
agents than their planktonic counterparts without biofilm.
E solani biofilms have demonstrated reduced susceptibility,
mainly for amphotericin B, which could in part explain the
worse clinical outcomes for F solani compared with other
Fusarium species.

Of note, the majority of studies published on this sub-
ject and used for comparison describe outcomes for fungal
keratitis in general, and not specifically for keratitis cases
involving Fusarium species. The only study found in the
literature which shows outcomes specifically for Fusarium
keratitis was performed by Alfonso et al.?

In the present study, final visual outcomes were poor, with
amean final BCVA of 1.60 LogMAR (20/800), ranging from
20/25 to light perception. Final BCVA was =20/40 in only
11% and =20/200 in 64% of the patients. Another study per-
formed in Brazil also showed poor final BCVA of >20/40 in
28% of patients and <20/200 in 63%.° We identified much
better final BCVA results in studies performed in other
countries. In a Chinese study of early surgical intervention,
final BCVA was =20/40 in 47% of patients and =20/200 in
only 4%.* Two studies in the US also showed data on
visual acuity, ie, 56% of patients in a North Florida study
had =20/40, and 65% in a South Florida study had =20/50
and 18% <20/100.26%

Therapeutic grafts were necessary in this study for
22 patients (54%). Another study in Brazil had a therapeutic
penetrating keratoplasty rate of 38%.> This is a high inci-
dence when compared with studies carried out in developed
countries, which show a need for penetrating keratoplasty

Table 4 Association between mean (SD) MIC values for antifungal
agents and need for PK

No need for PK Need for PK P-value*
Natamycin 3.21 (2.68) 6.21 (3.27) 0.005
Voriconazole 8.93 (4.06) 7.05 (4.53) 0.116
Amphotericin B 0.74 (0.63) 1.48 (1.81) 0.183

Note: *Mann—Whitney test.
Abbreviations: MIC, minimum inhibitory concentration;
keratoplasty; SD, standard deviation.

PK, penetrating

in 21%-25% of cases.?’*° On the other hand, in developing
countries, there is still a high need for penetrating kerato-
plasty to treat fungal keratitis cases, being necessary in
40%—47% in India'**' and performed in 88% of severe cases
in a study from People’s Republic of China.*

Mean time to diagnosis, defined as the interval from
symptom onset until a specific diagnosis was made, was
19 (3-90) days. This is a long interval, considering that each
day of delay decreases the chance of a good visual outcome.
As our institution is a reference center, many cases only reach
a specific diagnosis and treatment after being treated by one
or more general physicians or ophthalmologists. In one study
performed in the US, a mean time to diagnosis of 9 days was
found.?® Another study from the US found a mean time to pre-
sentation of 9 days.?” Another study from People’s Republic of
China showed a mean time to presentation of 27 days.* A study
from India found that patients with a time to presentation of
more than 10 days had statistically significant higher rate of
surgical intervention, mostly due to corneal perforation.’!

Trauma was found to be the main risk factor in our study,
being documented in 51% of patients. Of these, 62% were
from organic sources. Other studies in Brazil and abroad
corroborate this finding, and it is well known that trauma and
foreign bodies are an important source of fungal ocular infec-
tions.* %2739 Steroid use was found to be present in 15% of the
patients. In other studies, it varied from 7% to 26%.%26:"

A low incidence of contact lens wear (5%) has been
found among the patients we studied. Studies in developed
countries, such as the US, show higher rates of contact lens
wear among the risk factors, varying from 40% to 47%,
and up to 52% during the contact lens-related outbreak in
2005-2006.2%273% A study in People’s Republic of China,
mostly involving rural patients, did not identify a history
of contact lens wear in any of 654 cases of fungal keratitis.*
This demonstrates a worldwide variation in the prevalence
of contact lens-related fungal keratitis, and in Brazil, as in
People’s Republic of China and other developing countries,
contact lens wear is a less frequent risk factor for fungal
keratitis, with trauma still being the most important one.

A long time to cure was also found, being 110 days on
average. Fungal ulcers typically take a longer time to heal
than bacterial ulcers. The long time to diagnosis found in this
study may be one of the main factors implicated in increasing
the severity of the disease and prolonging the time to cure.
This outcome was found to be shorter in studies performed
in the US, ranging from 53 to 67 days.?¢#

In our study, the results of in vitro susceptibility tests
(Tables 2 and 3) demonstrated mostly high MIC levels to

Clinical Ophthalmology 2013:7

submit your manuscript

1699

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Oechsler et al

Dove

available antifungal agents among Fusarium species, particu-
larly when compared with published susceptibility profiles for
other fungi, such as Aspergillus and Candida species.’>*

Antifungal sensitivity was not significantly different
between species of Fusarium, probably due to the small num-
ber of non-F solani isolates. Amphotericin B was the study
drug with the lowest MIC levels against Fusarium isolates
(MIC,, 2 ug/mL), as seen in other susceptibility studies in the
US (2 ug/mL),*** Italy (2 wg/mL),* and People’s Republic of
China (2 ug/mL* and 4 ug/mL*"). Natamycin had an MIC, of
8 wg/mL in our study, which varied by one dilution in other
studies (4 ug/mL?>* for isolates from the US and India, and
8 ug/mL and 16 pg/mL for two other studies in India).'*"
In the present study, voriconazole had a MIC, of 16 pig/mL.
Other studies testing voriconazole for Fusarium species found
an MIC, as low as 4 pg/mL in US,* 8 pg/mL in Italy,’* and
16 pug/mL in People’s Republic of China.’” This shows the
high MICs for antifungals needed to treat Fusarium species
in general, especially for voriconazole. Other fungi, including
Aspergillus and Candida species, are more susceptible than
Fusarium species to azoles, particularly voriconazole.*

In the present study, the MIC, for natamycin was
8 wg/mL and for amphotericin B was 2 pug/mL for the tested
isolates. Due to the inherent toxicity of amphotericin B eye
drops, the commonly used topical concentration for this drug
is 0.15% (1.5 mg/mL), whereas it is 5% (50 mg/mL) for
natamycin. In this study, this difference of about 30 times
between natamycin and amphotericin B concentrations and a
difference of only two dilutions in MIC, between them sug-
gests that natamycin eyedrops should be used as the first-line
antifungal agent for Fusarium keratitis at our institution.

Interestingly, an association was found between higher
MIC levels for natamycin and need for therapeutic penetrat-
ing keratoplasty due to corneal perforation. A recent study
from a fungal corneal ulcer trial in India also showed that
higher MICs for natamycin and voriconazole were associated
with an increased chance of corneal perforation.'*

Previous studies have demonstrated that lower MICs are
correlated with better outcomes because re-epithelialization
occurs earlier in those cases.'*" Isolates with higher MICs
are more difficult to treat and take more time to respond
to therapy. Poor penetration of antifungal agents in the
corneal stroma is also a limiting factor for rapid clearance of
infection.®® Taken together, higher MIC levels and the typi-
cally poor tissue penetration of antifungals hamper achieve-
ment of pharmacodynamic targets and therapeutic levels of
these drugs, contributing to worse clinical outcomes.

In Brazil, natamycin and amphotericin B are the mainstay
of treatment for fungal corneal ulcers. Therefore, it is reason-
able to believe that there may be association between higher
natamycin MICs and higher incidence of corneal perforation.
These data corroborate the fact that antifungal susceptibility
testing may be important to guide treatment of cases with
Fusarium keratitis.

Because of the inherent limitations in a retrospective
study, the clinical data were incomplete in some cases, spe-
cifically for risk factors and some follow-up information.
Only a small sample size of non-F solani isolates was
available due to the high prevalence of F solani in Brazil.
In future studies, a larger number of isolates from all spe-
cies may provide more power for interspecies comparisons
involving Fusarium.

Conclusion

In the present study, we investigated the epidemiologic data
for genotyped isolates from Fusarium keratitis at a reference
center in Brazil. Trauma was the main risk factor (51%),
and therapeutic penetrating keratoplasties were necessary
in 54% of patients. Poor follow-up BCVA (mean 20/800)
was demonstrated, along with a long mean time to diagnosis
(19 £ 12 days) and mean time to cure (110 = 72 days). We
also performed antifungal susceptibility tests and correlated
these with clinical outcomes. Amphotericin B had the lowest
MIC,, (2 ug/mL) of the three antifungal agents tested. There
was an association between higher natamycin MIC levels and
corneal perforation. Our study shows that Fusarium keratitis
has a poor outcome, especially in developing countries, and
suggests that more resistant strains have a higher risk of per-
foration, emphasizing the need for antifungal susceptibility
testing and the tailoring of antifungal strategies.
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