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a b s t r a c t

Purpose: To investigate the dematiaceous fungal profile of patients with ocular mycoses attending a tertiary 
eye care hospital in Coimbatore, India
Methods: The identification of dematiaceous fungus based on their morphology, their genotypes, and the 
measurement of the minimum inhibitory concentrations (MICs) using microdilution method of routinely 
used antifungal drugs were all compared.
Results: A total of 148 dematiaceous fungi were isolated during a study period of 27 months. Isolates were 
confirmed as Curvularia spp. (n = 98), Exserohilum spp. (n = 32), Alternaria spp. (n = 14), Exophiala spp. 
(n = 2), Cladosporium sp. (n = 1) and Aureobasidium sp. (n = 1). Out of 50 well grown isolates characterized 
genotypically based on the amplification and sequencing of the ITS region of the ribosomal RNA gene cluster 
and subsequent BLAST analysis, Curvularia lunata (n = 24), C. aeria (n = 1), C. spicifera (n = 8), C. hawaiiensis 
(n = 1), C. maydis (n = 2), C. papendorfii (n = 2), C. geniculata (n = 3), C. tetramera (n = 2) and Exs. rostratum 
(n = 7) were identified. In vitro antifungal susceptibilities of the most tested dematiaceous isolates showed 
that voriconazole had a MIC50 of 0.25 μg ml−1, while amphotericin B had a MIC50 of 0.25 μg ml−1 for 
Curvularia spp. and Alternaria spp.
Conclusion: Voriconazole proved to be the most effective drug against the pigmented filamentous fungi, 
followed by amphotericin B, itraconazole and econazole.
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1. Introduction

Mycotic keratitis/keratomycosis is a general term for fungal in-
fection of the cornea; it is one of the major causes of ocular in-
fectious fungal disease that leads to vision loss and morbidity. In 
countries having temperate climate such as the United Kingdom and 
northern parts of the United States of America, the incidence of 
mycotic keratitis is very low. However, in tropical and sub-tropical 
countries it is more than 50% of all the culture-proven cases of 
keratitis [1,2]. Especially in India, the incidence of dematiaceous 
fungal keratitis is common due to the tropical climate and a large 
agrarian population [3,4]. Trauma, occupation, age, weather condi-
tions, pre-existing ocular diseases, systemic diseases, use of contact 
lens and chronic use of corticosteroids are reported to be the major 
risk factors [4,5].

Dematiaceous fungi are deeply pigmented fungi which contain 
melanin or melanin-like pigment within their hyphae and/or spores 
[6,7]. They are ubiquitous among soil, spread via airborne spores and 
are common phytopathogens [8,9]. More than 100 species of de-
matiaceous fungi have been reported to cause human infections 
including phaeohyphomycosis, chromoblastomycosis and eumycotic 
diseases [6,10,11]. The most frequently implicated genera in ocular 
mycoses are Curvularia, Alternaria, Exserohilum and Cladosporium, 
and this group has emerged as the third most common cause of 
keratomycosis after Fusarium and Aspergillus species [8,12]. Curvu-
laria has been reported as the most prevalent causative agent of 
dematiaceous fungal keratitis [13–15] followed by endophthalmitis 
[13,16,17] and conjunctivitis [18]. Dematiaceous fungi are primarily 
identified based on their morphological characteristics, i.e., pig-
mentation, septation, length and width of the conidia, size of the 
hyphae and conidiophores [11,19,20]. Conventional identification of 
these pigmented molds based on morphological features is often 
difficult and may lead to misidentification of the correct species. 
Also, the morphological patterns may not be clear due to factors like 
the absence of spores, prior antifungal therapy and slow growth of 
the fungi. The taxonomy of Bipolaris, Curvularia, Exserohilum and 
related genera is confusing due to the nomenclatural conflicts of the 
teleomorphic genus Cochliobolus and their anamorphs in Curvularia 
and Bipolaris [21,22]. Under such circumstances, molecular methods 
that are available today offer an alternative approach for the ap-
propriate identification of dematiaceous fungi [23,24]. DNA ampli-
fication followed by sequencing of the internal transcribed spacer 
(ITS) region of the ribosomal RNA gene cluster and comparison of 
the sequence data with the entries in GenBank by nucleotide BLAST 
analysis has become a highly useful and alternative diagnostic tool 
for the accurate identification of dematiaceous fungi [25–28].

Rapid identification and initiation of appropriate antifungal 
therapy are essential for the successful treatment of fungal corneal 
infections [1,29–31]. The amount of antifungal data which are 
available today for dematiaceous molds is inadequate. Antifungal 
susceptibility testing is essential for the surveillance of resistance 
and for the comparison of the in vitro efficacy of new and existing 
antifungal agents. Based on the available susceptibility data, vor-
iconazole, itraconazole and amphotericin B are considered to be 
important drugs in the treatment of dematiaceous fungal infections 
[8,20,32–35]. However, amphotericin B resistant Curvularia spp. have 
also been reported from Tamilnadu [36]. Therefore, the present 
study explores the dematiaceous fungal profile of patients with 
ocular mycoses attending a tertiary eye care hospital in Coimbatore, 
Tamilnadu, India by the comparative analysis of the morphological 
identification and genotypic identification of dematiaceous fungi 
and the determination of the minimum inhibitory concentrations 
(MICs) of commonly used antifungal agents in order to collect an-
tifungal susceptibility data for dematiaceous fungi from this part of 
the world.

2. Materials and methods

2.1. Isolates

Corneal scrapings were collected between October 2012 and 
December 2014 from keratitis patients attending Aravind Eye 
Hospital and Postgraduate Institute of Ophthalmology, Coimbatore, 
India. The samples were processed microbiologically for the isola-
tion of the causative agents as described earlier [37]. Dematiaceous 
fungi were identified based on their deep pigmentation on potato 
dextrose agar (PDA - 250 g of potato slices, 15 g agar, 10 g dextrose 
and 1000 ml distilled water) plates. Microscopic observation after 
lactophenol cotton blue mount preparation of the fungal cultures 
employing the cellophane tape flag method [38] was performed for 
the initial identification of the isolates. All the identified fungal 
isolates were maintained in 0.85 % saline solution and refrigerated at 
4 ºC for further studies.

2.2. Morphological study

The fungal isolates were grown on Sabouraud's dextrose agar 
(SDA - 10 g of mycological peptone, 40 g dextrose, 15 g agar and 
1000 ml distilled water) medium for 14 days at 28 °C. Spores on the 
surface of each plate after incubation were harvested by adding 5 ml 
of sterile distilled water. Number of spores as well as the size and 
number of septa in conidia per isolate were measured using a he-
mocytometer fitted on a light microscope (Carl-Zeiss, Germany) with 
an appropriate objective lens (20×). The number of spores per ml 
was calculated using the formula [A + B + C + D + E (represents 4 
corner areas plus one central area on Pertoff -Hausser counting 
chamber)] × 2000 and sizes were calculated, and mean values were 
taken [39].

2.3. Molecular identification

Morphologically confirmed Curvularia isolates (n = 50) were 
grown in potato dextrose broth (PDB; Difco Laboratories, Inc., USA) 
for 5 days at 28 °C on a rotary shaker at 200 rpm. Only 50 (51 %) 
Curvularia isolates grew well in subculture and hence those 50 iso-
lates subjected for molecular identification. The fungal mycelium 
was harvested by filtration through Whatman filter paper and DNA 
was extracted by using MasterPure Yeast DNA purification kit 
(Epicenter, Madison, Wisconsin, USA) according to the instructions 
of the manufacturer. The complete ITS (including ITS1–5.8S rRNA- 
ITS2) region was amplified by PCR using the ITS1 (5′-TCCGTAGGTG 
AACC-3′) forward and ITS4 (5′- TCCTCCGCTTATTGATATGA-3′) re-
verse primers [40]. The reaction mixture contained 1 mM Taq 
polymerase buffer (Zenon, Szeged, Hungary), 200 mM dNTPs, 1 mM 
of each primer, 5U Taq polymerase (Zenon, Szeged, Hungary) and 
50 ng of genomic DNA in a final volume of 25 µl. Amplification 
conditions for the complete ITS region with the primers ITS1 and 
ITS4 were as follows: denaturation at 94 °C for 3 min, 35 cycles of 
94 °C for 30 s, 48 °C for 40 s and 72 °C for 40 s, and a final extension 
at 72 °C for 2 min

The ITS amplicons were subjected to DNA sequencing at LGC 
Genomics (Germany) and the individual sequence readings were 
assembled to contigs by using the PREGAP and GAP4 programs of the 
STADEN Package [41]. A BLAST search of these sequences against the 
GenBank nucleotide databases (www.ncbi.nlm.nih.gov) was per-
formed to identify the isolates at the species level. All the sequence 
data were deposited in GenBank (accession numbers KU221450 to 
KU221499). The evolutionary history was inferred by using the 
Maximum Likelihood method based on the Jukes-Cantor model [42]. 
Evolutionary analyses were performed in MEGA7 software with 
1000 bootstrap replicates [43].
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Fig. 1. Macroscopic and microscopic appearance of Curvularia sp. (A & B), Exserohilum sp. (C & D), Alternaria spp. (E & F), Aureobasidium sp. (G & H), Exophiala sp. (I & J) under 45 × 
objective of light microscopy.
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Fig. 2. Scanning Electron Microscopic images of 21-days old C. lunata culture showing septate sympodial geniculate conidiophores with multicellular conidia on 4th day of 
incubation; at 2000 × (A-B), 3000 × (C), 4000 × (D); 21st day of incubation; at 4000 × (E-G), 5000 × (H).
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2.4. In vitro antifungal susceptibilities

Antifungal susceptibility testing was performed, and the data 
were interpreted as outlined in CLSI document M38-A2 [44]. The 
commonly used and commercially available drugs such as ampho-
tericin B (AMB), nystatin (NYT), ketoconazole (KTZ), miconazole 
(MCZ) and fluconazole (FLZ) (HiMedia, Mumbai, India), natamycin 
(NAT) and itraconazole (ITZ) (Sigma-Aldrich, St. Louis, MO, USA), 
voriconazole (VRZ), clotrimazole (CLZ) and econazole (ECZ) (Aurolab, 
Madurai, India) were selected for the study.

Inoculum (0.4 × 104 to 5 × 104 CFU/ml) was diluted in the ratio of 
1:50 with RPMI-1640 media (Sigma-Aldrich, St. Louis, MO, USA). A. 
flavus ATCC 204304 was included in all batches of experiments for 
quality control. For the broth microdilution method, 100 µl of each 
drug dilution and 100 µl of the prepared spore suspension were 
added into U-bottomed microtiter plate wells. The plates were in-
cubated at 28 °C until growth was visible in the control well. MIC 
results were observed visually and were defined as the lowest drug 
concentration that caused 80 % inhibition of the growth in com-
parison to the growth control [44]. The MIC50 was taken as the MIC 
that was the median value and similarly, the MIC90 was the 90th 

percentile value and represented the concentration of the drug that 
would inhibit 90 % of the isolates tested [45].

3. Results

A total of 9131 ocular samples were collected during the 27 
months of the study period and the incidence of culture-proven 
cases was noted to be 2129 (23.3 %). Among these, 1309 (61.48 %), 
792 (37.20 %) and 28 (1.31 %) were found to be caused by fungi, 
bacteria and parasites, respectively. Of all the fungal isolates ob-
tained, it was found that 186 (14.20 %) cases were due to dema-
tiaceous fungi. Among these isolates, Curvularia spp. (n = 105), 
Exserohilum spp. (n = 25), Alternaria spp. (n = 14), Exophiala spp. 
(n = 2), Cladosporium sp. (n = 1) and Aureobasidium sp. (n = 1) were 
identified based on macroscopic and microscopic features (Fig. 1 & 
2). A total of 38 isolates did not sporulate even after 21 days of in-
cubation and were considered as unidentified dematiaceous fungi 
(UID), which were excluded from the current study. Based on am-
plification of the ITS region and comparison of the sequences with 
those available in the GenBank nucleotide database, the isolates 
were identified as C. lunata (n = 24), C. aeria (n = 1), C. spicifera 
(n = 8), C. hawaiiensis (n = 1), C. maydis (n = 2), C. papendorfii (n = 2), 
C. geniculata (n = 3), C. tetramera (n = 2) and Exs. rostratum 
(n = 7).(Fig. 2).

The ITS sequence analysis of the isolates revealed that the mor-
phologically characterized ‘Curvularia spp.’ isolates also included of 
Exserohilum rostratum (n = 7). Percentage of correlation between 
morphological and molecular identification of Curvularia spp. was 
noted as 72% (Table 1).

A maximum likelihood phylogenetic tree (Fig. 3) was generated 
with a total of 50 sequences for ITS1–5.8S rRNA-ITS2 with 9 re-
ference strains viz., C. spicifera SZMC 13068, E. rostratum CATAS-ER01, 
S. rostrata CBS 128062, C. hawaiiensis CBS 103.97, C. lunata 
UFMGCB4427, C. aeria CNRMA4.1002, C. papendrofii MAL 1162, C. 
geniculata UPM1190 and B. tetramera IARI 3446 as out group. Ap-
proximately, 4 distinct clades were revealed that included C. spici-
fera, C. lunata, C. geniculata and C. tetramera. Clade 1 grouped E. 
rostrata and C. spicifera along with the standard sequences of SZMC 
13068, CATAS-ER01 and CBS 128062; clade 2 grouped C. lunata, C. 
geniculata and C. aeria along with standard sequences such as 
UFMCGB 4427, CNRMA4.1002. Also, E. rostrata were grouped with C. 
spicifera, C. lunata with C. aeria (B. aeria).

Conidial characteristics of all the isolates tested revealed that 
Exserohilum spp. exhibited a maximum mean conidial length of 
212.9 µm, followed by Alternaria spp. (143.2 µm) and Curvularia spp. 
(75.2 µm). The recorded mean maximum width of Curvularia spp. 
conidia was 17.8 µm, followed by Alternaria spp. (16.1 µm) and 
Exserohilum spp. (6.3 µm). Curvularia spp. had the lowest number of 
septa (1−8), but they produced the highest number of spores 
(68,000/ml) when compared to other dematiaceous isolates 
(Table 2).

3.1. In vitro antifungal susceptibilities of dematiaceous molds from 
fungal keratitis

The MIC50 and MIC90 values of the tested antifungal agents are 
shown in Table 3. The MIC50 of VRZ was recorded as 0.25 µg ml−1 for 
all the tested dematiaceous isolates, except for Alternaria spp. which 
showed MIC50 of 0.5 µg ml-1. AMB was found to be the next effective 
antifungal agent with MIC50 of 0.25 µg ml-1 for Curvularia spp. and 
Alternaria spp., followed by 0.5 µg ml-1 for Exserohilum spp., Exo-
phiala spp., Cladosporium spp. and Aureobasidium spp. The minimum 
MIC50 of ITZ was 0.5 µg ml1 for Curvularia spp., Exserohilum spp., 
Exophiala spp., Cladosporium spp. and Aureobasidium spp. Exactly, 91 
% of Curvularia spp. and Exserohilum spp. were susceptible to ≤ 
1 µg ml-1 of ECZ. It was also noted that FLZ exhibited MIC90 of ≥ 
32 µg ml-1 for all the isolates. The MIC of NTM and NYT ranged be-
tween 1 µg ml-1 and 128 µg ml-1 for the isolates tested. From these 
results the most effective antifungal agent was noted to be VRZ, 

Table 1 
Dematiaceous molds from keratomycosis. 

Morphological identification by lactophenol 
cotton blue staining at 40 × magnification

Number of isolates subjected to 
molecular identification

Molecular identification by 
complete ITS sequencing

% agreement between morphological 
identification and molecular identification

Curvularia spp. (n = 112) 50 Curvularia lunata (n = 24) 
Curvularia aeria (n = 1) 
Curvularia hawaiiensis (n = 1) 
Curvularia spicifera (n = 8) 
Curvularia papendorfii (n = 2) 
Curvularia geniculata (n = 3) 
Curvularia maydis (n = 2) 
Curvularia tetramera (n = 2) 
Exserohilum rostratum (n = 7)

72
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followed by AMB, ITZ & ECZ. FLZ and NTM, while NYT was ineffective 
against all the isolates tested.

4. Discussion

Keratitis due to dematiaceous fungi is becoming more common 
in recent years [10,11,16,46]. In India, filamentous fungi such as Fu-
sarium spp. and Aspergillus spp. are the most predominant in corneal 
infection, while the third most common cause of fungal keratitis is 
the group of dematiaceous fungi [8,12]. In the present study, a total 
of 1309 fungi were obtained after processing the 9131 ocular sam-
ples. Among these, a total of 186 isolates were identified as dema-
tiaceous fungi. In the present study, Curvularia spp. was found to be 
the most predominant among the dematiaceous group, which is in 
accordance with previous reports [13–18,47].

ITS has become the main molecular marker sequence for the 
identification of fungi, because it is usually able to resolve inter- and 
sometimes also intraspecific differences, it is present in all fungal 
genera in several copies which makes the amplification efficient, and 
it is uploaded in the highest numbers among the different markers 
to sequence databases [16,25,48]. Though the phylogenetic analyses 
resulted in an unresolved tree, it revealed approximately 4 distinct 
clades that include C. spicifera, C. lunata, C. geniculata and C. tetra-
mera. Clade 1 grouped E. rostrata and C. spicifera along with the 
standard sequences of SZMC 13068, CATAS-ER01 and CBS 128062; 
clade 2 grouped C. lunata, C. geniculata and C. aeria along with 
standard sequences such as UFMCGB 4427, CNRMA4.1002. Also, the 
analysis revealed that E. rostrata are grouped with C. spicifera, C. 
lunata with C. aeria (B. aeria). C. australiensis, C. hawaiiensis and C. 
spicifera have atypical, straight, short conidia and were originally 
classified as Bipolaris species. However, they have recently been 
transferred to the genus Curvularia based on molecular phylogenetic 
studies [21,49], therefore these former Bipolaris species are reported 
in the present study as Curvularia species. Conidial characteristics of 
the examined isolates were in agreement with the observations of 
previous studies [21,35,50,51]. Sporulation rate on SDA was lower for 
most of the tested isolates, therefore other general-purpose media 
(Czapek Dox agar, corn meal agar and oatmeal agar) may be em-
ployed for better sporulation.

While analyzing the antifungal susceptibilities, it was revealed 
that VRZ was the most effective drug, followed by AMB, ITZ and ECZ. 
All the tested isolates were inhibited at the concentration of 
≤ 0.5 µg ml-1 of VRZ, except from a few isolates of Alternaria spp. The 
in vitro efficacy of VRZ against dematiaceous fungi was also reported 
by Espinel-ingroff [32,33,52], Sabatelli et al. [34], Durkin et al. [53], 
Da Cunha et al. [20,54] and Alex et al. [16].

AMB (0.0625 µg ml-1–1 µg ml-1) recorded effective MICs next to 
VRZ, similar to the findings of other studies [16,21,33,34,52,53]
where MIC values ranged between 0.03 µg ml-1 and 1 µg ml-1. 
However, a MIC value of 2 µg ml-1 for AMB was also noted in the case 
of two isolates of each Curvularia spp. and Cochliobolus spp. Even 
though AMB showed good in vitro activity, it has been reported that 
its ocular penetration is low and hence higher doses may be required 
which may also lead to severe systemic toxicity [55–57].

In this study, very low concentrations of ITZ and ECZ inhibited 
most of the tested dematiaceous fungal isolates. However, a few 
isolates of Curvularia spp. and Alternaria spp. required higher con-
centration of ITZ and ECZ. Lower MICs of ITZ were also reported by 
Guarro et al. [51], Wilhelmus and Jones [8], Pfaller [33,52], Sabatelli 
et al. [34], Espinel-Ingroff [32], Durkin et al. [53], Alex et al. [16], and 
Da Cunha et al. [20,54]. The current antifungal susceptibility data of 
KTZ, CLZ and MCZ (MIC ≤ 32 µg ml-1) are also comparable with 
previous studies [8,16,21,53,58].

We report NTM, NYT and FLZ as the least effective drugs for 
dematiaceous fungi from keratomycosis. NTM and NYT could inhibit 
all the isolates only at the concentration of 64 µg ml-1. None of the 

Fig. 3. Phylogenetic tree using maximum likelihood evaluation method with 1000 
bootstrap replications showing the genetic diversity of Curvularia spp. (n = 50) isolates 
and reference strains (SZMC13068, CATAS ER01, CBS 128062, UFMGCB 4427, 
CNRMA4.1002, MAL 1162, UPM 1190, CBS 103.97, IARI 3446) based on the sequence 
analysis of internal transcribed spacer (ITS) sequences. Scale bar represents genetic 
distance.
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isolates were inhibited below 16 µg ml-1of FLZ, similarly to the re-
sults of Durkin et al. [53], Da Cunha et al. [54] and Krizsán et al. [21]. 
Although NTM is the drug of choice for fungal keratitis in developed 
countries [55,59,60], in the present study NTM showed lesser ac-
tivity against the tested molds. Similar to our findings, the inefficacy 
of NTM was reported by Pradhan et al. [61] and Krizsán et al. [21].

5. Conclusion

In conclusion, Curvularia spp. are the foremost pathogens in de-
matiaceous fungal infections of the eye in Tamilnadu, South India. 
Discrimination of the dematiaceous molds by morphological char-
acteristics is inadequate; and therefore, genotypic characterization is 
recommended for an appropriate diagnosis and choice of therapy. Based 

on the observed MIC data in the present study we report that VRZ - 
followed by AMB, ITZ and ECZ - are the potential antifungal agents for 
the treatment of dematiaceous fungal eye infections in humans.
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Table 2 
Conidial characteristics recorded in the case of the studied dematiaceous fungi. 

Strains Length (µm) Width (µm) Number of septa Number of spores/ml

Curvularia spp. (n = 98) 75.2 (12.8–127.9) 17.8 (5.1–19.3) 5 (1–8) 68,000 (2000–1,50,000)
Exserohilum spp. (n = 32) 212.9 (178.4–245.1) 6.3 (5.2–8.3) 8 (7–11) 27,000 (2000–67,000)
Alternaria spp. (n = 14) 143.2 (116.8–189.8) 16.1 (14.2–23.7) 6 (3–9) 35,000 (4000–71,000)

*Ranges are shown in parentheses

Table 3 
In vitro minimal inhibitory concentration (MIC) values (µg/ml) of selected antifungal agents against the dematiaceous fungal isolates. 

Species (No of isolates tested) Antifungal agent MIC (µg/ml) MIC range (µg/ml) % Total at ≤ 1 µg ml− 1

50 % 90 %

Curvularia spp. (n = 98) 
[Curvularia lunata (n = 24) 
Curvularia spicifera (n = 8) 
Curvularia aeria (n = 1) 
Curvularia hawaiiensis (n = 1) 
Curvularia maydis (n = 2) 
Curvularia tetramera (n = 2) 
Curvularia papendorfii (n = 2) 
Curvularia geniculata (n = 3) 
Curvularia spp. (n = 55)]

AMB 
NTM 
NYT 
VRZ 
ITZ 
KTZ 
CLZ 
FLZ 
MCZ 
ECZ

0.25 
8 
4 
0. 25 
0.5 
1 
1 
16 
2 
0.5

0.5 
16 
8 
0.5 
2 
16 
4 
32 
4 
1

0.0625–2 
1–32 
1–8 
0.0625–0.5 
0.0625–4 
0.125–32 
0.125–8 
4–64 
0.5–4 
0.0625–4

98 
0 
6 
100 
78 
58 
63 
0 
31 
91

Exserohilum spp. (n = 32) 
[Exserohilum rostratum (n = 7) 
Exserohilum spp. (n = 25]

AMB 
NTM 
NYT 
VRZ 
ITZ 
KTZ 
CLZ 
FLZ 
MCZ 
ECZ

0.5 
8 
4 
0.25 
0.5 
1 
2 
16 
2 
0.5

0.5 
16 
8 
0.5 
2 
8 
4 
32 
4 
2

0.0625–2 
4–16 
1–8 
0.0625–0.5 
0.0625–4 
0.125–16 
0.25–4 
4–64 
0.5–4 
0.125–2

94 
0 
3 
100 
88 
53 
50 
0 
50 
91

Alternaria spp. (n = 14) AMB 
NTM 
NYT 
VRZ 
ITZ 
KTZ 
CLZ 
FLZ 
MCZ 
ECZ

0.25 
32 
32 
0.5 
1 
4 
4 
32 
4 
2

0.5 
64 
128 
1 
4 
16 
8 
64 
8 
4

0.25–1 
8–128 
16–128 
0.25–2 
0.25–8 
2–32 
1–8 
8–64 
1–8 
0.25–8

100 
0 
0 
93 
57 
0 
7 
0 
7 
43

Others (n = 4) 
[Exophiala spp. (n = 2) 
Cladosporium spp. (n = 1) 
Aureobasidium spp. (n = 1)]

AMB 
NTM 
NYT 
VRZ 
ITZ 
KTZ 
CLZ 
FLZ 
MCZ 
ECZ

0.5 
8 
64 
0.25 
0.5 
8 
2 
16 
2 
2

0.5 
64 
64 
0.5 
1 
16 
4 
64 
8 
4

- 
8–16 
- 
0.25–0.5 
0.125–1 
4–16 
1–2 
16–64 
2–8 
2–4

100 
0 
0 
100 
100 
0 
0 
0 
0 
0

AMB, amphotericin B; NTM, natamycin; NYT, nystatin; VRZ, voriconazole; ITZ, itraconazole; KTZ, ketoconazole; CLZ, clotrimazole; FLZ, fluconazole; MCZ, miconazole, ECZ, 
econazole;
MIC50 and MIC90 were defined as the lowest concentrations inhibiting the growth of 50% and 90% of the isolates of a species, respectively.

A. Mythili, C.S. Shobana, K. Krizsán et al. Journal of Infection and Public Health 16 (2023) 25–33

31



Arabia for funding this research work through the project number 
(IFP-2020-88).

References

[1] Manikandan P., Dóczi I., Kocsubé S., Varga J., Németh T.M., Antal Z., et al. 
Aspergillus species in human keratomycosis. 2008. https://doi.org/10.3920/ 
978–90-8686–635-9.

[2] Kredics L, Narendran V, Shobana CS, Vágvölgyi C, Manikandan P, Varga J, et al. 
Filamentous fungal infections of the cornea: a global overview of epidemiology 
and drug sensitivity. Mycoses 2015;58. https://doi.org/10.1111/myc.12306

[3] Chander J, Singla N, Agnihotri N, Arya S, Deep A. Keratomycosis in and around 
Chandigarh: a five-year study from a north Indian tertiary care hospital. Indian J 
Pathol Microbiol 2008. https://doi.org/10.4103/0377-4929.41700

[4] Gopinathan U, Sharma S, Garg P, Rao GN. Review of epidemiological features, 
microbiological diagnosis and treatment outcome of microbial keratitis: ex-
perience of over a decade. Indian J Ophthalmol 2009;57:273–9. https://doi.org/ 
10.4103/0301-4738.53051

[5] Mravičić I, Dekaris I, Gabrić N, Romac I, Glavota V, Missoni EM. Srinivasan M, 
editor. An Overview of Fungal Keratitis and Case Report on Trichophyton 
Keratitis London: Keratitis; 2012. https://doi.org/10.5772/33695. cited 2022 
Nov 22.

[6] Jacobson ES. Pathogenic roles for fungal melanins. Clin Microbiol Rev 2000. 
https://doi.org/10.1128/CMR.13.4.708-717.2000

[7] Fleming RV, Walsh TJ, Anaissie EJ. Emerging and less common fungal pathogens. 
Infect Dis Clin North Am 2002. https://doi.org/10.1016/S0891-5520(02)00041-7

[8] Wilhelmus KR, Jones DB. Curvularia keratitis. Trans Am Ophthalmol Soc 2001.
[9] Brandt ME, Warnock DW. Epidemiology, clinical manifestations, and therapy of 

infections caused by dematiaceous fungi. J Chemother 2003. https://doi.org/10. 
1179/joc.2003.15.Supplement-2.36

[10] Silveira F, Nucci M. Emergence of black moulds in fungal disease: epidemiology 
and therapy. Curr Opin Infect Dis 2001. https://doi.org/10.1097/00001432- 
200112000-00003

[11] Revankar SG, Sutton DA. Melanized fungi in human disease. Clin Microbiol Rev 
2010. https://doi.org/10.1128/CMR.00019-10

[12] Garg P, Gopinathan U, Choudhary K, Rao GN. Keratomycosis: clinical and mi-
crobiologic experience with dematiaceous fungi. Ophthalmology 2000. https:// 
doi.org/10.1016/S0161-6420(99)00079-2

[13] Bashir G, Hussain W, Rizvi A. Bipolaris hawaiiensis keratomycosis and en-
dophthalmitis. Mycopathologia 2009. https://doi.org/10.1007/s11046-008- 
9144-x

[14] Gupta N, Samantaray JC, Duggal S, Srivastava V, Dhull CS, Chaudhary U. 
Acanthamoeba keratitis with Curvularia co-infection. Indian J Med Microbiol 
2010. https://doi.org/10.4103/0255-0857.58736\rIndianJMedMicrobiol_2010_ 
28_1_67_58736

[15] Wanmali SS, Nagdeo NN, Thombare VR, Mathurkar H, Curvularia A. Most 
common missed occulomycosis in ocular trauma. JMSCR 2014;2:1344–8.

[16] Alex D, Li D, Calderone R, Peters SM. Identification of Curvularia lunata by 
polymerase chain reaction in a case of fungal endophthalmitis. Med Mycol Case 
Rep 2013. https://doi.org/10.1016/j.mmcr.2013.07.001

[17] Jaramillo S, Varon CL. Curvularia lunata endophthalmitis after penetrating ocular 
trauma. Retin Cases Br Rep 2013. https://doi.org/10.1097/ICB.0b013e31828ef0a9

[18] Eghtedari M, Pakshir K. Asyptomatic fungal cyst of conjunctiva caused by bi-
polaris spicifera. Iran J Med Sci 2006.

[19] Kobayashi H, Sano A, Aragane N, Fukuoka M, Tanaka M, Kawaura F, et al. 
Disseminated infection by Bipolaris spicifera in an immunocompetent subject. 
Med Mycol 2008. https://doi.org/10.1080/13693780701883490

[20] da Cunha KC, Sutton DA, Fothergill AW, Gené J, Cano J, Madrid H, et al. In vitro 
antifungal susceptibility and molecular identity of 99 clinical isolates of the 
opportunistic fungal genus Curvularia. Diagn Microbiol Infect Dis 2013. https:// 
doi.org/10.1016/j.diagmicrobio.2013.02.034

[21] Krizsán K, Tóth E, Nagy LG, Galgóczy L, Manikandan P, Chandrasekaran M, et al. 
Molecular identification and antifungal susceptibility of Curvularia australiensis, 
C. hawaiiensis and C. spicifera isolated from human eye infections. Mycoses 
2015;58:603–9. https://doi.org/10.1111/myc.12367

[22] Krizsán K, Papp T, Manikandan P, Shobana CS, Chandrasekaran M, Vágvölgyi C, 
et al. Razzaghi-Abyaneh M, Shams-Ghahfarokhi M, Rai M, editors. Medical 
Mycology: Current Trends and Future Prospects CRC Press; 2015. p. 147–204. 
https://doi.org/10.1201/b18707

[23] de Hoog GS, Guarro J, Gene J, Ahmed Sarah. Atlas of clinical fungi. Int Microbiol 
2001. https://doi.org/10.1007/s101230100009

[24] Ellis D, Davis S, Alexiou H, Handke R, Bartley R. Descriptions of Medical Fungi. 
seond ed. South Australia, Australia: Nexus Print Solutions; 2007.

[25] Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, et al. 
Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA 
barcode marker for Fungi. Proc Natl Acad Sci USA 2012. https://doi.org/10.1073/ 
pnas.1117018109

[26] Toul P, Castillo L, Hofman V, Bouchara JP, Chanalet S, Gari-Toussaint M. A pseudo 
tumoral sinusitis caused by Bipolaris sp. J Infect 2006. https://doi.org/10.1016/j. 
jinf.2006.02.008

[27] Dyer Z, Wright R, Rong I, Jacobs A. Back pain associated with endobronchial 
mucus impaction due to Bipolaris australiensis colonization representing aty-
pical Allergic Bronchopulmonary Mycosis. Med Mycol 2008. https://doi.org/10. 
1080/13693780801968563

[28] Bagyalakshmi R, Therese KL, Prasanna S, Madhavan HN. Newer emerging pa-
thogens of ocular non-sporulating molds (NSM) identified by polymerase chain 
reaction (PCR)-based DNA sequencing technique targeting internal transcribed 
spacer (ITS) region. Curr Eye Res 2008. https://doi.org/10.1080/ 
02713680701864780

[29] Kredics L, Narendran V, Shobana CS, Vágvölgyi C, Manikandan P, Varga J, et al. 
Filamentous fungal infections of the cornea: a global overview of epidemiology 
and drug sensitivity. Mycoses 2015. https://doi.org/10.1111/myc.12306

[30] Manikandan P, Varga J, Kocsubé S, Anita R, Revathi R, Németh TM, et al. 
Epidemiology of Aspergillus keratitis at a tertiary care eye hospital in South 
India and antifungal susceptibilities of the causative agents. Mycoses 
2013;56:26–33. https://doi.org/10.1111/j.1439-0507.2012.02194.x

[31] Manikandan P, Vismer HF, Kredics L, Doczi I, Marasas WFO, Bhaskar M, et al. 
Corneal ulcer due to Neocosmospora vasinfecta in an immunocompetent pa-
tient. Med Mycol 2008. https://doi.org/10.1080/13693780701625149

[32] Espinel-Ingroff A. In vitro fungicidal activities of voriconazole, itraconazole, and 
amphotericin B against opportunistic moniliaceous and dematiaceous fungi. J 
Clin Microbiol 2001. https://doi.org/10.1128/JCM.39.3.954-958.2001

[33] Pfaller MA, Messer SA, Hollis RJ, Jones RN, Steele-Moore L, Dipersio JR, et al. 
Antifungal activities of posaconazole, ravuconazole, and voriconazole compared 
to those of itraconazole and amphotericin B against 239 clinical isolates of 
Aspergillus spp. and other filamentous fungi: Report from SENTRY antimicrobial 
surveillance program. Antimicrob Agents Chemother 2002. https://doi.org/10. 
1128/AAC.46.4.1032-1037.2002

[34] Sabatelli F, Patel R, Mann PA, Mendrick CA, Norris CC, Hare R, et al. In vitro 
activities of posaconazole, fluconazole, itraconazole, voriconazole, and ampho-
tericin B against a large collection of clinically important molds and yeasts. 
Antimicrob Agents Chemother 2006. https://doi.org/10.1128/AAC.00163-06

[35] Da Cunha KC, Sutton DA, Fothergill AW, Cano J, Gené J, Madrid H, et al. Diversity 
of Bipolaris species in clinical samples in the United States and their antifungal 
susceptibility profiles. J Clin Microbiol 2012. https://doi.org/10.1128/JCM. 
01965-12

[36] Varughese S, David VG, Mathews MS, Tamilarasi V. A patient with amphotericin- 
resistant curvularia lunata peritonitis. Perit Dial Int 2011;31:108–9. https://doi. 
org/10.3747/pdi.2010.00120

[37] Mythili A, Babu Singh YR, Priya R, Shafeeq Hassan A, Manikandan P, 
Panneerselvam K, et al. In vitro and comparative study on the extracellular en-
zyme activity of molds isolated from keratomycosis and soil. Int J Ophthalmol 
2014;7:778–84. https://doi.org/10.3980/j.issn.2222-3959.2014.05.07

[38] Harris JL. Safe, low-distortion tape touch method for fungal slide mounts. J Clin 
Microbiol 2000.

[39] Denning DW, Venkateswarlu K, Oakley KL, Anderson MJ, Manning NJ, Stevens 
DA, et al. Itraconazole resistance in Aspergillus fumigatus. Antimicrob Agents 
Chemother 1997. https://doi.org/10.1093/jac/47.3.333

[40] White TJ, Bruns T, Lee S, Taylor J. Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics. PCR Protoc 1990. https://doi.org/10. 
1016/B978-0-12-372180-8.50042-1

[41] Staden R, Beal KF, Bonfield JK. The Staden package, 1998. Methods Mol Biol 
2000;132:115–30.

[42] Jukes TH, Cantor CR. Evolution of protein molecules. Mamm Protein Metab 1969. 
https://doi.org/10.1016/B978-1-4832-3211-9.50009-7

[43] Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary genetics analysis 
version 7.0 for bigger datasets. Mol Biol Evol 2016. https://doi.org/10.1093/ 
molbev/msw054

[44] Wayne P.A. M38-A2 reference method for broth dilution antifungal suscept-
ibility testing of filamentous fungi; Approved Standard—Second Edition. Clin Lab 
Stand Inst 2008. https://doi.org/10.1002/pds.3512.

[45] Drummond LJ, McCoubrey J, Smith DGE, Starr JM, Poxton IR. Changes in sensi-
tivity patterns to selected antibiotics in Clostridium difficile in geriatric in-pa-
tients over an 18-month period. J Med Microbiol 2003. https://doi.org/10.1099/ 
jmm.0.05037-0

[46] Revankar SG. Dematiaceous fungi. Mycoses 2007. https://doi.org/10.1111/j.1439- 
0507.2006.01331.x

[47] Santosh P, Sunanda K, Shubhangi G, Ajit J. Corneal abscess caused by Bipolaris 
spicifera. Indian J Pathol Microbiol 2011;54:408–10.

[48] Ferrer C, Colom F, Frasés S, Mulet E, Abad JL, Alió JL. Detection and identification 
of fungal pathogens by PCR and by ITS2 and 5.8S ribosomal DNA typing in ocular 
infections. J Clin Microbiol 2001. https://doi.org/10.1128/JCM.39.8.2873-2879. 
2001

[49] Manamgoda DS, Cai L, McKenzie EHC, Crous PW, Madrid H, Chukeatirote E, et al. 
A phylogenetic and taxonomic re-evaluation of the Bipolaris - Cochliobolus - 
Curvularia Complex. Fungal Divers 2012. https://doi.org/10.1007/s13225-012- 
0189-2

[50] Koshy S, Daniel E. Biporalis keratomycosis in a leprosy patient: a case report. 
Lepr Rev 2002;73:76–8.

[51] Guarro J, Akiti T, Almada-Horta R, Morizot Leite-Filho LA, Gené J, Ferreira-Gomes 
S, et al. Mycotic keratitis due to Curvularia senegalensis and in vitro antifungal 
susceptibilities of Curvularia spp. J Clin Microbiol 1999.

[52] Pfaller MA, Diekema DJ. Rare and emerging opportunistic fungal pathogens: 
concern for resistance beyond Candida albicans and Aspergillus fumigatus. J Clin 
Microbiol 2004. https://doi.org/10.1128/JCM.42.10.4419-4431.2004

[53] Durkin SR, Henderson T, Raju R, Ellis D. Successful treatment of phaeohypho-
mycotic keratitis caused by Bipolaris australiensis. Clin Exp Ophthalmol 2008. 
https://doi.org/10.1111/j.1442-9071.2008.01871.x

[54] Da Cunha KC, Sutton DA, Gené J, Capilla J, Cano J, Guarro J. Molecular identifi-
cation and in vitro response to antifungal drugs of clinical isolates of 

A. Mythili, C.S. Shobana, K. Krizsán et al. Journal of Infection and Public Health 16 (2023) 25–33

32



Exserohilum. Antimicrob Agents Chemother 2012. https://doi.org/10.1128/AAC. 
00488-12

[55] Thomas PA. Current perspectives on ophthalmic mycoses. Clin Microbiol Rev 
2003. https://doi.org/10.1128/CMR.16.4.730-797.2003

[56] Xie L, Zhai H, Zhao J, Sun S, Shi W, Dong X. Antifungal susceptibility for common 
pathogens of fungal keratitis in Shandong Province, China. Am J Ophthalmol 
2008. https://doi.org/10.1016/j.ajo.2008.04.019

[57] Khoo SH, Bond J, Denning DW. Administering amphotericin b-a practical ap-
proach. J Antimicrob Chemother 1994. https://doi.org/10.1093/jac/33.2.203

[58] Shobana CS, Mythili A, Homa M, Galgóczy L, Priya R, Babu Singh YR, et al. In vitro 
susceptibility of filamentous fungi from mycotic keratitis to azole drugs. J Mycol 
Med 2015:25. https://doi.org/10.1016/j.mycmed.2014.10.024

[59] Srinivasan M. Fungal keratitis. Curr Opin Ophthalmol 2004;15:321–7.
[60] Bhartiya P, Daniell M, Constantinou M, Islam FMA, Taylor HR. Fungal keratitis in 

Melbourne. Clin Exp Ophthalmol 2007. https://doi.org/10.1111/j.1442-9071.2006. 
01405.x

[61] Pradhan L, Sharma S, Nalamada S, Sahu SK, Das S, Garg P. Natamycin in the 
treatment of keratomycosis: correlation of treatment outcome and in vitro 
susceptibility of fungal isolates. Indian J Ophthalmol 2011;59(6):512–4. https:// 
doi.org/10.4103/0301-4738.86328

A. Mythili, C.S. Shobana, K. Krizsán et al. Journal of Infection and Public Health 16 (2023) 25–33

33


	Molecular identification, phylogeny and antifungal susceptibilities of dematiaceous fungi isolated from human keratomycosis
	1. Introduction
	2. Materials and methods
	2.1. Isolates
	2.2. Morphological study
	2.3. Molecular identification
	2.4. In vitro antifungal susceptibilities

	3. Results
	3.1. In vitro antifungal susceptibilities of dematiaceous molds from fungal keratitis

	4. Discussion
	5. Conclusion
	Declaration of interest
	Acknowledgments
	References




