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In a retrospective study performed over 6 years in Brazil, Fusarium solani was found to be the most common
species causing mycotic keratitis. The genetic diversity of 44 isolates from 39 patients was assessed by
enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) and PCR restriction fragment length poly-
morphism (PCR-RFLP) fingerprinting. ERIC-PCR was more discriminatory than PCR-RFLP for differenti-
ating the strains. By combining of the results of both techniques, we identified 40 genotypes. Molecular typing
revealed a high genomic heterogeneity of the strains of F. solani studied.

Fusarium is a common fungus that causes ocular infections
in humans (2, 12), with keratitis being the most frequent clin-
ical manifestation. The most frequent species of Fusarium
causing keratitis are Fusarium solani and Fusarium oxysporum
(15, 17). More rarely, Fusarium dimerum (15), Fusarium verti-
cillioides, Fusarium sacchari (17), and very recently, Fusarium
polyphialidicum (5) have also been reported. Keratitis is more
common in tropical and subtropical areas. Its incidence corre-
lates with harvest time and seasonal increases in temperature
and humidity (2). A high incidence of fusariosis, especially in
immunocompromised patients, has been found in different re-
gions of the world. However, the incidence of such fungi in
ocular infections are unknown. In this study, we have deter-
mined the incidence of Fusarium in Brazil. For this purpose,
we have performed a retrospective study of all cases of mycotic
keratitis diagnosed over a period of 6 years at a referral eye
care center that treats patients from both urban and rural
areas. We also carried out the molecular genotyping of F.
solani, the most common species, to evaluate its genetic diver-
sity and to determine whether some strains are prevalent in the
area studied. To test the fungi, we used two common molecular
techniques, enterobacterial repetitive intergenic consensus
PCR (ERIC-PCR) and PCR restriction fragment length poly-
morphism (PCR-RFLP).

MATERIALS AND METHODS

Fungal isolates and culture conditions. All cases of fungal keratitis diagnosed
over a 6-year period (1996 to 2002) in the Microbiology Laboratory of the
Ophthalmology Department of the Universidade Federal de São Paulo were
reviewed. The Ophthalmology Department is a referral center that treats pa-
tients from all over Brazil. Diagnosis was established by direct examination of
corneal scrapings positive for fungal elements and repeated cultures of the same
fungus. The samples were handled as previously described (6, 12). Fungal iso-
lates were identified according to the method of de Hoog et al. (3).

A total of 44 isolates of F. solani, including 35 epidemiologically unrelated
isolates, and 9 isolates obtained from 4 patients were cultured on potato dextrose
agar (Pronadisa, Madrid, Spain) at 25°C and tested by ERIC-PCR and PCR-
RFLP analysis of the ribosomal DNA (rDNA), including ITS1, 5.8S rDNA,
ITS2, and the D1-D2 region of the 28S rDNA.

DNA extraction. Genomic DNA was extracted and purified directly from
fungal colonies by using the Fast DNA kit (Bio101, Vista, Calif.) and a FastPrep
FP120 instrument (Thermo Savant, Holbrook, N.Y.) to disrupt the fungal cells.
The DNA was quantified with the GeneQuant pro (Amersham Pharmacia Bio-
tech, Cambridge, England).

ERIC-PCR. The ERIC-PCR was performed in a volume of 50 �l containing 20
mM Tris-HCl (pH 8), 50 mM KCl, 2 mM MgCl2, 200 �M concentrations of each
deoxynucleoside triphosphate, 0.5 �M concentrations of the ERIC primers
ERIC-1 and ERIC-2 (13), 10 ng of genomic DNA, and 2.5 U of Taq polymerase
(Roche Molecular System, Alameda, Calif.). The following PCR conditions were
used with a model 2400 thermocycler (Perkin-Elmer, Norwalk, Conn.): 30 cycles
of 1 min at 94°C, 1 min at 52°C, and 8 min at 65°C and a final extension of 16 min
at 65°C. Amplified products were resolved by electrophoresis in Tris-borate-
EDTA buffer with a 10% (wt/vol) polyacrylamide gel, stained with ethidium
bromide for 30 min, and photographed. An AmpliSize molecular ruler 50- to
2,000-bp ladder (Bio-Rad, Barcelona, Spain) (8 �l) was electrophoresed twice in
each gel. Reactions were carried out three times to confirm reproducibility.

PCR-RFLP. PCR was performed with primer pair ITS5-NL4b (10, 16). The
PCR mixtures (50-�l volume) contained 20 mM Tris-HCl (pH 8), 50 mM KCl,
2 mM MgCl2, 200 �M concentrations of each deoxynucleoside triphosphate, 0.5
�M concentrations of each primer, 10 ng of genomic DNA, and 2.5 U of Taq
polymerase (Roche Molecular Systems). Amplification was carried out with the
following temperature profiles: initial denaturation of 5 min at 95°C; followed by
35 cycles of 1 min at 95°C, 1 min at 55°C, and 1 min 30 s at 72°C; and a final
extension of 7 min at 72°C. Aliquots (7.5 �l) of PCR products were digested for
20 h with 5 U of restriction endonucleases. The restriction enzymes used were
HaeIII, MboI, NarI, CfoI, and AluI. The restriction fragments were separated by
electrophoresis in Tris-borate-EDTA buffer with a 17% (wt/vol) polyacrylamide
gel, stained with ethidium bromide for 30 min, and photographed.

Data analysis. Gel images were saved as TIFF files, normalized with the above
mentioned molecular size marker, and further analyzed with BioNumerics soft-
ware, version 1.5 (Applied Maths, Kortrijk, Belgium). DNA bands detected by
computer were carefully verified by visual examination to correct unsatisfactory
detection. Fingerprints were assigned to a different type when any band differ-
ences were observed. Variations in band intensity were not considered to be
differences. To construct the dendrograms, levels of similarity between the pro-
files were calculated by using the band-matching Dice coefficient (SD) and the
cluster analysis of similarity matrices was calculated with the unweighted pair
group method with arithmetic averages (UPGMA). A band-matching tolerance
of 0.9% was chosen, and similarity matrices of whole densitometric curves of the
gel tracks were calculated by using the pairwise Pearson’s product moment
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correlation coefficient (r value) (14). PCR-RFLP products of each enzyme were
analyzed together to increase the technique’s discriminatory power.

RESULTS

One hundred fifty-two cases of fungal keratitis were diag-
nosed during the period studied. The most common genus
identified was Fusarium, which was isolated from 68 patients
(44.6%). The most frequent species were F. solani (62 pa-
tients), followed by F. verticillioides (3 patients), F. oxysporum
(2 patients), and F. dimerum (1 patient). Other relevant species
were Candida albicans (25 patients), Paecilomyces lilacinus (10
patients), and Aspergillus flavus (7 patients). Aspergillus fumiga-
tus was only isolated on two occasions.

Molecular genotyping. The fingerprints obtained with
ERIC-PCR comprised 12 to 27 amplification bands ranging in
size from 0.1 to 2.1 kb. Thirty-nine groups were obtained with
the 44 isolates (Table 1; Fig. 1). Among epidemiologically
related isolates (same patient), a relative genetic similarity of
�90% was obtained for two pairs of isolates and one group of
three isolates, i.e., the two isolates from patients 26 (95%) and
21 (98%) and the three isolates from patient 14 (100%), re-
spectively. Among unrelated isolates (different patients), a rel-
ative genetic similarity of 100% was obtained for the isolates
recovered from patients 29 and 30. The fingerprints obtained
with PCR-RFLP comprised 1 to 8 amplification bands ranging
in size from 0.1 to 1.2 kb. Thirteen groups were observed with
the 44 isolates (Table 1; Fig. 2). Some of the isolates that were
highly related by ERIC-PCR were also closely related by PCR-
RFLP, i.e., those from patients 26 (100%) and 21 (100%), but
in general, different groupings were obtained. Two of the three
isolates from patient 14 also showed a relative genetic similar-
ity of 100%, but the third was placed further away, although
within the same group as the other two. The two isolates from
patients 29 and 30, which showed a relative genetic similarity of
100% by ERIC-PCR, were placed in different groups by PCR-
RFLP. Using the results from both techniques, we obtained 40
combined genotypes (Table 1).

DISCUSSION

This study shows that F. solani is clearly the most common
fungus causing keratitis, at least in the geographical region
studied. This is, to our knowledge, the most extensive survey
carried out in South America and seems to confirm that Fusar-
ium is the most prevalent fungus on that continent. Other
authors, though studying only a small number of cases, had
indicated that this fungus was the most common cause of
keratitis in Paraguay (9) and Argentina (18). Despite the high
incidence of Fusarium, and although its ability to infect the eye
has been demonstrated in numerous studies (2, 12), it is un-
known whether only a few strains have this ability for eye
invasion or whether this is a general feature of all strains of F.
solani. This issue is key to determining the epidemiology of
these infections. At least at the morphological and cultural
levels, no differences were observed between environmental
and corneal isolates of F. solani (12). Our study demonstrated
a high heterogeneity in the genotypes of the isolates of F.
solani causing keratitis. With a few exceptions, only those iso-
lates collected from the same patient shared the same geno-

type. The fact that practically all of the cases included in the
study were caused by trauma and that the fungi were implanted
directly into the cornea through vegetable matter indicates that
any environmental strain is able to cause corneal infection if
the required conditions are met. Our study confirmed that
fungal keratitis occurs in all age groups, though children tend
to be less affected (2). In our case, only two of the 152 patients
with fungal keratitis studied were under 18 years of age (data
not shown). In general, fungal keratitis is more common in
males than in females. This is probably because males are more
associated with extensive outdoor activity, which involves a
greater exposure to foreign bodies (2). Males were also pre-
dominant in this study.

O’Donnell (11), by using multilocus sequence data, had al-
ready demonstrated a high genetic diversity of F. solani and

TABLE 1. Characteristics and genotypes of patients with
fusarial keratitisa

Patient
no.

Isolate
no. Sex Age

(yr)
Date (mo/day/yr)

of isolation
ERIC-PCR

type
PCR-RFLP

type
Combined

type

p-1 i-1 F 38 04/30/96 28E 6R 1ER
p-2 i-3 M 36 05/15/96 35E 4R 2ER
p-3 i-4 F 40 10/24/96 30E 7R 3ER
p-4 i-5 M 43 04/13/98 34E 3R 4ER
p-5 i-6 M 68 05/05/99 32E 9R 5ER
p-6 i-7 M 44 05/03/00 31E 11R 6ER
p-7 i-9 M 76 07/23/00 36E 10R 7ER
p-8 i-10 M 20 08/18/00 39E 12R 8ER

i-11 08/20/00 18E 2R 9ER
p-9 i-12 F ? 09/05/00 10E 3R 10ER
p-10 i-13 F 31 01/13/02 37E 2R 11ER
p-11 i-14 M 33 08/11/96 12E 2R 12ER
p-12 i-15 M 20 02/18/97 21E 5R 13ER
p-13 i-16 M 56 07/27/97 15E 2R 14ER
p-14 i-17 F 27 02/26/98 25E 2R 15ER

i-18 03/01/98 25E 2R 15ER
i-24 03/11/98 25E 2R 15ER

p-15 i-19 M 63 07/13/98 11E 2R 16ER
p-16 i-20 M 35 09/29/98 4E 2R 17ER
p-17 i-21 M 52 02/06/99 16E 2R 18ER
p-18 i-22 F 73 05/17/99 27E 2R 19ER
p-19 i-23 M 15 08/09/00 17E 2R 20ER
p-20 i-25 M 36 03/28/99 20E 2R 21ER
p-21 i-26 M 18 11/22/99 29E 2R 22ER

i-35 11/29/99 29E 2R 22ER
p-22 i-27 F 39 06/08/00 22E 1R 23ER
p-23 i-28 M 41 08/28/00 5E 1R 24ER
p-24 i-29 M 29 10/10/00 33E 13R 25ER
p-25 i-30 M 39 12/21/00 9E 1R 26ER
p-26 i-31 F 41 12/04/01 38E 9R 27ER

i-39 12/08/01 38E 9R 27ER
p-27 i-32 M 39 01/22/02 19E 2R 28ER
p-28 i-33 M 31 01/13/98 8E 1R 29ER
p-29 i-34 M 46 06/21/99 7E 2R 30ER
p-30 i-36 F 33 02/22/00 7E 8R 31ER
p-31 i-37 M ? 01/24/92 3E 4R 32ER
p-32 i-38 F 39 06/04/00 13E 9R 33ER
p-33 i-40 F 40 10/29/96 26E 2R 34ER
p-34 i-44 M 59 02/19/99 6E 2R 35ER
p-35 i-45 F 48 11/13/99 24E 2R 36ER
p-36 i-46 M 25 12/01/97 14E 3R 37ER
p-37 i-47 M 44 04/12/00 1E 4R 38ER
p-38 i-49 F 42 07/12/01 23E 2R 39ER
p-39 i-51 F 43 07/24/02 2E 4R 40ER

a Abbreviations: M, male; F, female; E, ERIC-PCR genotype; R, PCR-RFLP
genotype; ER, combined ERIC/RFLP genotype; ?, unknown.
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indicated that this taxon is indeed a species complex that con-
tains at least 26 phylogenetically distinct species. Further stud-
ies are needed on the phylogenetic species placement of these
isolates and whether keratitis may be linked to a particular
phylogenetic group within such a complex.

ERIC-PCR, a technique commonly used for typing bacteria
but also occasionally used for fungi (1, 7, 8), was more discrim-
inatory than PCR-RFLP. It was also faster and easier to per-
form. However, the combination of the two techniques pro-

FIG. 1. SD and UPGMA cluster analysis based on ERIC-PCR-
produced patterns. First column, patient number; second column, iso-
late number; third column, ERIC type.

FIG. 2. SD and UPGMA cluster analysis based on the combined
AluI, CfoI, HaeIII, MboI, and NarI RFLP-produced patterns. First
column, patient number; second column, isolate number; third col-
umn, PCR-RFLP type.
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vided the most conclusive results. When only the first
technique was used, it was shown that two isolates recovered
from the same patient (patient 8) 2 days apart were genetically
different (39E and 18E). This technique also showed that two
isolates collected 8 months apart that had infected two patients
(29 and 30) from two very distant regions (Itaquaquece and
São Paulo) shared the same genotype (7E). Apart from these
exceptions, comparatively, the epidemiologically related and
unrelated isolates were best discriminated by the ERIC-PCR
technique. This technique effectively distinguished between
closely related isolates that may be indistinguishable by the
other method. PCR-RFLP recognized significantly fewer ge-
notypes, i.e., less than half of those recognized when ERIC-
PCR was used. Combining the results of these two techniques
showed that the isolates that infected patients 29 and 30 had
different genotypes and confirmed that all of the isolates from
the same patient yielded the same genotype. The only excep-
tions were the isolates that infected patient 8, which were also
very different by PCR-RFLP (approximately 80% similarity).
The fact that a patient was infected with two genotypes is very
interesting. This can be a big problem for clinicians because it
is not easy to be aware of a dual infection and since the two
isolates can have different antifungal susceptibilities, its out-
come can be complicated. Although mixed fusarial infections
can be considered extremely rare, they have occasionally been
detected. A case of a mixed infection by two species of Fusar-
ium in a human immunodeficiency virus-positive patient also
from Brazil was previously reported (4). In that case, the pres-
ence of both species was recognized by a morphological study.
In the present case, morphological techniques alone were not
enough to detect this mixed infection because both isolates
were morphologically very similar.

Although many fungal species have been referenced in a
recent comprehensive review of fungal ocular infections (12),
this study has also shown that several rare fungi usually found
as laboratory contaminants are able to cause keratitis. Labo-
ratory isolates from clinical material should therefore be con-
sidered on an individual basis, and as they may be of clinical
importance, they cannot be disregarded as contaminants (15).
Clinicians should also be aware, as we have demonstrated here,
that two different strains of the same species can infect the
same eye concomitantly, especially if they belong to ubiquitous
genera such as Aspergillus, Candida, or Fusarium. More than
one colony should be collected from cultures derived from
corneal samples, even if they are morphologically similar, to
type them (if possible) and to avoid problems with treatment
when multiple strains with different antifungal susceptibilities
are present.
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