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Diaporhte species are plant pathogens rarely involved in human diseases, especially eye diseases. We
report our findings in two undescribed Diaporhte species. Both were identified by their morphological
characteristics and by DNA sequence analyses. In Case 1, an 81-year-old male farmer who had pterygium
surgery 7 years earlier developed keratitis and the causal fungus was identified as a new species of
Diaporthe, D. oculi. This species can be distinguished from the closely related D. limonicola on Citrus limon
(Rutaceae) by the ITS, tef1, and TUB (515/520 ¼ 99.0% in ITS, 315/324 ¼ 97.2% in tef1, and 601/614 ¼ 97.9%
in TUB). The isolate from Case 2, a 68-year-old man with a rose thorn injury, was also identified as a new
Diaporthe species, D. pseudooculi. Phylogenetically, D. pseudooculi is different from the closely related
D. podocarpi-macrophylli by the ITS, tef1, and TUB (525/531 ¼ 98.9% in ITS, 314/333 ¼ 94.3% in tef1, and
436/442 ¼ 98.6% in TUB).

We report on the identification, drug sensitivity, and treatment outcomes for these two new species of
Diaporthe, D. oculi and D. pseudooculi.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Mycotic keratitis is a rare and serious corneal infection generally
found in the tropical and subtropical regions [1,2]. Although Fusa-
rium, Aspergillus, and Candida are common human pathogens, the
Diaporthe species which are widely present in plants and soil are
rarely cause human disease. Eight cases with Diaporthe species
infections have been reported previously [3e10]; 2 cases with
hylo/treebase/phylows/study/
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osteomyelitis [3,4], 3 with cutaneous infections [5e7], and 1 with
bursitis [8]. For ocular infections, only two cases have been re-
ported [9,10]. We presented two new Diaporthe species that have
not been described as ocular pathogens.

2. Materials and methods

2.1. Case presentation

2.1.1. Case 1
An 80-year-old male farmer visited an eye clinic for an un-

comfortable sensation oculus sinister (OS). He was diagnosed with
keratitis and treated with topical antibiotics (1.5% levofloxacin, 0.3%
tobramycin and 0.5% cefmenoxime) and steroids (0.1% betame-
thasone). Because the keratitis did not improve, he was referred to
our hospital, ten days later.

The examination indicated that there was no history of ocular
trauma caused by soil or plants, but he had cataract surgery with
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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removal of a pterygium more than 7 years earlier. His best-
corrected visual acuity (BCVA) was 20/20 oculus dexter (OD) and
20/250 OS. Slit-lamp examination showed a grayish-white, ring-
shaped infiltrate in the central cornea with mild conjunctival in-
jection (Fig. 1A). The left fundus was not visible because of the
corneal opacity. Microscopic examination of corneal scrapings
revealed no signs of bacteria or fungi. Laboratory tests showed no
signs of systemic inflammation. We tentatively diagnosed the pa-
tient with bacterial keratitis and began treatment with intravenous
meropenem, topical levofloxacin and cefmenoxime, and subcon-
junctival injections of vancomycin and ceftazidime. Because Sabo-
uraud agar plates inoculated with corneal scrapings showed fungal
filaments seven days later, he was diagnosed with keratomycosis.
The treatment was replaced to topical 1% voriconazole (VRCZ), 0.1%
amphotericin B (AMPH-B), and 5% pimaricin every hour, and
intravenous VRCZ (400 mg/day). He was also given daily subcon-
junctival injections of 1% VRCZ followed by corneal stromal in-
jections of 1% VRCZ. Since his liver enzymes were elevated on the
14th day, VRCZ was replaced to intravenous liposomal amphoter-
icin B (L-AMB). The size of the corneal lesion decreased, but the
patient developed L-AMB-related hypokaremia on the 22nd day.
Therefore, we performed therapeutic penetrating keratoplasty with
a trephine 1 mm larger than the area of fungal infection to remove
the infected cornea. After the surgery, a lower-than-standard dose
of intravenous VRCZ (100mg/day) was started and the topical VRCZ
was continued.

One week after the surgery, fungal keratitis was confirmed from
the excised corneal specimen, and therewere no fungal elements at
the edge of the tissue (Fig. 1B). The aqueous humor culture was
negative. Then, we supplemented the treatment with topical
corticosteroid (0.1% fluorometholone) and oral dexamethasone
Fig. 1. Case 1. Findings in a patient with keratomycosis. A: Slit-lamp photograph at
presentation showing infected cornea. B: Photomicrograph of a histologic section of
infected cornea obtained after therapeutic penetrating keratoplasty. Grocotto-Gomori
silver staining demonstrating positive elements in the corneal stroma. There are no
fungal elements at the margins of the removed corneal tissue.
(2 mg/day) which were tapered over 1 week. Systemic antifungal
therapy (VRCZ: 100 mg/day) was gradually reduced. His BCVA had
improved to 10/20 OS. No further reactivation of the fungal infec-
tionwas observed while continuing with the topical antifungal and
corticosteroid (0.1% fluorometholone) for 18 months.

2.1.2. Case 2
A 68-year-old man visited our hospital complaining of severe

eye pain and hyperemia OS. He had a rose thorn injury OS while
gardening on the previous day. Our examination showed that BCVA
was hand motion OS and 20/20 OD. Slit-lamp examination
demonstrated severe conjunctival hyperemia, corneal infiltrate
related to a retained foreign body, probably the thorn, and severe
fibrin deposits and hypopyon in the anterior chamber (Fig. 2). We
could not determine how deep the foreign body embedded itself in
the cornea because of corneal clouding and severe anterior cham-
ber reaction. There were no signs of opacities in the vitreous by B-
mode ultrasonography. Laboratory tests showed no signs of sys-
temic inflammation. A complete removal of the foreign body was
impossible, and the excised specimens were submitted for micro-
biological culture. Topical levofloxacin and cefmenoxime and
intravenous cefozopran were administered.

Five days later, Pantoea sp.was identified, and it was susceptible
to almost all antibiotics except ampicillin. We continued the initial
antibacterial therapy, and corneal clouding and anterior chamber
reaction gradually reduced. Because a remnant of the thorn which
had perforated into the anterior chamber was seen, additional
surgery to remove the thorn fragment was performed on the 10th
day. A soft contact lens was used for wound leakage after the
surgery.

Because a filamentous fungus was identified from the removed
specimen, the treatment was switched to topical 1% VRCZ and 0.1%
AMPH-B, 5% pimaricin ointment, and intravenous VRCZ (400 mg/
day). The corneal wound gradually healed and he was discharged 2
weeks after the beginning of the antifungal therapy. At the 2-month
follow-up, the corneal lesion had healed leaving a mild scar. His
BCVA was 4/200 OS because of the development of a cataract. No
further reactivation of the fungal infection has been observed
during the following 8-month with the antifungal therapy (topical
1% VRCZ).

2.2. Fungal strain

The two strains were cultured on Sabouraud dextrose agar
plates and incubated at 25 �C for 7 days in Gifu University. Samples
were sent to Hirosaki University for species identification. Cultures
were deposited in the Japan Collection of Microorganisms (JCM),
Fig. 2. Case 2. Findings in a patient with keratomycosis. Slit-lamp photograph at the
time of presentation showing corneal foreign body, and hypopyon.
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and the Genebank Project of NARO, Japan (MAFF). Specimens were
deposited in the Herbarium of Hirosaki University, Fungi (HHUF).

2.3. Morphological analyses

Macro- and micromorphology and growth characteristics of the
isolates were studied by the methods described by Tanaka et al.
[11]. Briefly, the induction of sexual or asexual fructification was
attempted by culturing the isolates on rice straw agar and/or
incubating small pieces of the colony in sterilized water. Morpho-
logical characters were observed by differential interference and
phase contrast microscopy (Olympus BX53), with images recorded
with an Olympus digital camera (DP21).

2.4. DNA extraction and amplification

Myceliawere grown in potato dextrose agar (20 g potato extract,
20 g dextrose, 1000 mL distilled water), and the DNA of the mycelia
was extracted using the ISOPLANT Kit II (Nippon Gene, Japan) ac-
cording to the manufacturer's instructions. The complete internally
transcribed spacers (ITS) regions of the nrDNA, the intron sequence
of the transcription elongation factor (tef1) gene, and the partial
beta tubulin (TUB) region were sequenced to determine their
phylogenetic position at the generic and species level. These re-
gions were amplified by polymerase chain reaction (PCR) using the
primer pairs:

ITS ¼ ITS1/ITS4 [12], tef1 ¼ EF1-728F/EF1-986R [13], and
TUB ¼ T1/Bt2b [14,15].

Amplifications were performed in 25 mL volumes consisting of
2 mL DNA, 2.5 mL of 10 � TEMPase Buffer I, 2.5 mL of 10 mM dNTP
mix, 1 mL of each primer (20 pM), 1 mL of 25 mM MgCl2, 14.5 mL
MilliQ water, and 0.5 mL TEMPase Hot Start DNA polymerase
(Ampliqon, Denmark). PCR was carried out on a PC 320 thermo-
cycler (ASTEC, Japan) as follows: 95 �C for 15 min, 35 cycles of
1 min at 94 �C, 1 min at the designated annealing temperature
(61.5 �C for ITS, 47 �C for tef1, and 58 �C for TUB), and 1min at 72 �C,
with a final denaturation step of 7 min at 72 �C. The PCR products
were sequenced directly at SolGent Co., Ltd. (South Korea).

2.5. Phylogenetic analyses

The sequences derived from this study were deposited in the
GenBank. First ITS sequences BLAST search on GenBank (http://
www.ncbi.nlm.nih.gov/genbank/) suggested the two strains were
phylogenetically related to D. arecae complex (data not shown). All
sequences were aligned using the MAFFT version 7 [16]. Phyloge-
netic analyseswere conducted usingmaximum likelihood (ML) and
Bayesian methods. The optimum substitution models for each
dataset were estimated using the Kakusan4 program [17] based on
the Akaike information Criterion (AIC; [18]) for theML analysis, and
the Bayesian Information Criterion (BIC; [19]) for the Bayesian
analysis. The ML analysis was performed using the RAxML-HPC2 v.
8.2.10 on Cipres Sience Gateway [20,21] based on the models
selected with the AICc4 parameter (a proportional model among
genes and codons). GTR þ G was used for ITS, tef1, and TUB. Boot-
strap proportions (BPs) were obtained via 1000 bootstrap repli-
cates. Bayesian analysis was performed with MrBayes v. 3.2.6 on
Cipres Sience Gateway [20,22] using substitution models contain-
ing the BIC4 parameter (i.e., proportional codon proportional
model).

SYM was used for ITS, HKY85 for tef1, and HKY85 for TUB. Two
simultaneous and independent Metropolis-coupled Markov-chain
Monte Carlo (MCMC) runs were performed for 2 M generations
with the tree sampled every 1000 generations for the analyses.
Convergence of the MCMC procedure was assessed from the
average standard deviation of the split frequencies (<0.01) and
effective sample size scores (all >100) using MrBayes and Tracer v.
1.6 [23], respectively. The first 25% of the trees were discarded as
burn-in, and the remainder were used to calculate the 50%
majority-rule trees and to determine the posterior probabilities
(PPs) for individual branches. Diaporthe decedens was used as
outgroup according to phylogenies of [24]. These alignments were
submitted to TreeBASE under study number S22393.

2.6. In vitro antifungal susceptibility testing

The minimal inhibitory concentrations (MICs) of the isolates
were confirmed by the broth microdilution method at Osaka Uni-
versity Hospital. We used an order-made kit, Frozen Plate for
Antifungal Susceptibility Testing of corneal infection (Eiken
Chemical Co., Ltd., Tokyo). The drugs used were AMPH-B
(0.03e16 mg/mL), flucytosine (0.12e64 mg/mL), fluconazole (FLCZ;
0.12e64 mg/mL), itraconazole (ITCZ; 0.015e8 mg/mL), miconazole
(0.03e16 mg/mL), micafungin (MCFG; 0.015e16 mg/mL), VRCZ
(0.015e8 mg/mL), and pimaricin (0.03e16 mg/mL). Because there
was no established method of testing the susceptibility of the
Diaporthe species, we performed that by the following conditions.
Because the conidia-forming ability was low on potato dextrose
agar, and adequate amounts of conidia could not be collected, we
collected conidia and hyphae together by scraping the colony with
an inoculating loop and used the mixture for MIC determination.
Then the number of mycelia along with conidia in the inoculum
was counted using a hemocytometer (BurkereTurk cell counter)
and adjusted to a final concentration of 0.4 � 104 cfu/mL. Because
this fungus did not grow at 35 �C, the plates were incubated at
25 �C, and the MICs were read after 48 h when growth of the
control was well observed. These culture conditions referred to the
CLSI M38-A2 standard.

3. Results

3.1. Phylogenetic analyses

ML and Bayesian phylogenetic analyses were conducted using
an aligned sequence dataset comprised of 642 nucleotide positions
from TUB, 503 from ITS, and 364 from tef1. The alignment contained
a total of 37 taxawhich consisted of 37 taxa in TUB, ITS, and tef1. The
combined dataset provided higher confidence values for the
generic and species levels than did those of the individual gene
trees. Of the 1558 characters included in the alignment, 515 were
variable and 1005were conserved. TheML treewith the highest log
likelihood (�8351.892) is shown in Fig. 5. The Bayesian likelihood
score was �8330.051. The topology recovered by Bayesian analysis
was identical to that of the ML tree.

Results from phylogenetic analyses indicated that our two
strains (JCM 32617 and JCM 32616) were phylogenetically distinct
from the other species belonging to the D. arecae complex. Their
morphological features were also distinct from those of other
species of the D. arecae complex [25]. Therefore, we establish the
two new species as below.

3.2. Morphological analyses, taxonomy

Case 1 (Fig. 3)
Diaporthe oculi Mochiz. & Kaz. Tanaka, sp. nov.
MycoBank: MB 825540.
Sexual morph: Unknown. Asexual morph: Conidiomata pyc-

nidial, scattered to 2e3 grouped, immersed, erumpent at the
ostiolar neck, globose to depressed globose, 90e250 mm high,
110e310 mm diam, with yellow to pink conidial mass. Ostiolar neck

http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/


Fig. 3. Diaporthe oculi (HHUF 30565) in Case 1. aef. Conidiomata, f. Conidioma with yellow sporulation, g, h. Longitudinal sections of conidiomata, i. Ostiolar neck, jel. Conidiomatal
walls at the base of ostiolar neck (j), side (k) and base (l), meo. Conidiogenous cells, p, q. Alpha conidia. Scale bars: aec ¼ 2 mm, def ¼ 500 mm, g ¼ 50 mm, h ¼ 100 mm,
iem ¼ 20 mm, neq ¼ 5 mm.
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cylindrical, central, 150e480 mm long, 80e140 mm diam, composed
of rectangular, thick-walled, 2.5e12.5 � 2.5e7.5 mm, dark brown
cells. Conidiomatal wall 5e8 mm thick at side, composed of 3e4
layers of 2.5e10 � 2e3 mm, flattened, pale brown cells; wall at the
base of ostiolar neck 30e38 mm thick, composed of polygonal to
rectangular, 2.5e12.5 � 2.5e5 mm, brown cells. Paraphyses absent.
Conidiophores reduced to conidiogenous cells. Conidiogenous cells
are cylindrical to lageniform, 6e15 � 2e5 mm, phialidic. Alpha



Fig. 4. Diaporthe pseudooculi (HHUF 30617) in Case 2. aed. Conidiomata (d. Conidioma with yellow sporulation), e, f. Longitudinal sections of conidiomata, g. Conidiomatal wall, hej.
Conidiophores and conidiogenous cells, k, l. Alpha conidia, m, n. Beta conidia. Scale bars: a ¼ 1 mm, b ¼ 500 mm, c, d ¼ 200 mm, e, f ¼ 50 mm, g, ken ¼ 10 mm, h, i ¼ 20 mm, j ¼ 5 mm.
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conidia fusoid-ellipsoid, 5e8.5� 2e3 mm (av. 6.7� 2.4 mm, n¼ 50),
l/w 2.3e3.2 (av. 2.7 n ¼ 50), hyaline, aseptate. Beta and gamma
conidia not observed.

Specimen examined: Japan, Gifu, Gifu University, mycelial
isolate from diseased human eye, culture Gifu_U_D ¼ JCM
32617 ¼ MAFF 246252 (Dried culture specimen, HHUF 30565 ho-
lotype designated here).

Sequences: LC373514 (ITS), LC373516 (tef1), and LC373518 (TUB).
Case 2 (Fig. 4)
Diaporthe pseudooculi Mochiz. & Kaz. Tanaka, sp. nov.
MycoBank: MB 825541.
Sexual morph: Unknown. Asexual morph: Conidiomata pyc-

nidial, scattered to 2e3 grouped, immersed, erumpent at the
ostiolar neck, globose to depressed globose, 220e330 mm high,
180e280 mm diameter with white to yellow conidial mass. Ostiolar
neck cylindrical to papillate, central, 100e220 mm long, 45e130 mm
diameter. Conidiomatal wall 12e20 mm thick at side, composed of
2.5e10 � 2e5 mm, flattened, polygonal cells. Paraphyses filamen-
tous, 50e65 mm long, 1.5e2.5 mm wide. Conidiophores hyaline,
5e12 � 2e5 mm. Conidiogenous cells cylindrical, 12e18 � 2 mm,
phialidic. Alpha conidia ellipsoid, 6e9� 2e3.5 mm (av. 7.3� 2.8 mm,
n ¼ 50), l/w 2.1e3.2 (av. 2.6, n ¼ 50), hyaline, aseptate. Beta conidia
sigmoid, 21.5e33.5 � 1.2e1.7 mm (av. 27.0 � 1.4 mm, n ¼ 30),
aseptate, hyaline. Gamma conidia not observed.

Specimen examined: Japan, Gifu, Gifu University, mycelial
isolate from diseased human eye, culture Gifu_U_68M ¼ JCM
32616 ¼ MAFF 246452 (Dried culture specimen, HHUF 30617 ho-
lotype designated here).

Sequences: LC373515 (ITS), LC373517 (tef1), and LC373519 (TUB).

3.3. Fungal identification

A BLAST analysis of the 3-gene sequence alignment showed that
each isolated fungus differed from known species, and the
morphological features of the isolates were not consistent with any
Diaporthe. We identified our isolates as new Diaporthe species
based on molecular and morphological data.

3.4. In vitro antifungal susceptibility testing

TheMICs to AMPH-B, flucytosine, FLCZ, ITCZ, miconazole, MCFG,
VRCZ, and pimaricin for Case 1 were; 0.25, >64, 64, 1.0, 2.0, 0.03,
<0.015, and 2.0 mg/mL respectively. For Case 2, they were 0.25, >64,
>64, 1.0, 2.0, 0.06, 0.12, and 4.0 mg/mL respectively. These are
reference values because there was no established method of
testing the susceptibility of the Diaporthe species.

4. Discussion

Although Diaporthe is very prevalent in nature, they rarely cause
human disease. Earlier reports said that infections of Diaporthe
species were caused in patients who were treated with



Fig. 5. Maximum-likelihood (ML) tree of Diaporthe arecae complex based on the ITS-tef1-TUB sequences. An ML bootstrap proportion (BP) greater than 70% and Bayesian posterior
probabilities (PP) above 0.95 are presented at the nodes as ML BS/Bayesian PP. A hyphen (“-”) indicates values lower than 70% BP or 0.95 PP. Ex-holotype and isotype strains are
indicated with superscripts H and I respectively. The newly obtained sequences are shown in bold and red. Numbers following the taxon names represent GenBank accession. The
scale bar represents nucleotide substitutions per site.
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immunosuppression drugs [4e8]. It suggested that the pathoge-
nicity of Diaporthe species was not strong.

Only two cases of ocular infections with Diaporthe species were
reported previously (Table 1) [9,10]; a case of mycotic scleral
keratitis caused by Diaporthe phoenicicola 6 weeks after pterygium
surgery [10,26] and a case of fungal keratitis caused by unidentified
Diaporthe that resulted from a rose thorn injury [9]. In our Case 2,
the rose thorn injury led to fungal infection, similar to a previous
report [9]. Although the patient did not have an obvious injury in
Case 1, his hobby was gardening and he had a history of pterygium
surgery. The relationships between fungal scleral keratitis and
pterygium surgery also have been reported [10,27e30]. Hsiao CH
et al. reported that the latency period between the time of pte-
rygium excision and the onset of infectious scleritis was 8.9 ± 10.5
years (range, 1 week to 32 years) [27]. Singh RP et al. reported a
sclerokeratitis case 10 years after pterygium excision with mito-
mycin C [30]. The use of cytotoxic drug such as mitomycin C during
pterygium surgery destroys conjunctival and episcleral tissue, and
also blood vessels. In case 1, we did not know whether adjunctive
therapy such as mitomycin C was used during the pterygium
operation or not. However, we suspected that these eyes might be
susceptible to infection by bacteria or fungi because of the pte-
rygium surgery causing an absence of protective tissue and blood
supply [27]. And it is well known that topical steroids exacerbate
keratomycosis [31,32]. Although the Case 1 patients did not have a
traumatic episode, he had diabetes mellitus and was prescribed
topical steroids as an initial therapy. We suspected these factors
enabled to anchor Diaporthe species on ocular surface and to be
keratomycosis.

In Case 1, the causal fungus was identified as a new species of
Diaporthe, and was named D. oculi. It can be distinguished from the
closely related D. limonicola on Citrus limon (Rutaceae) by the ITS,
tef1, and TUB (515/520 ¼ 99.0% in ITS, 315/324 ¼ 97.2% in tef1, and
601/614 ¼ 97.9% in TUB). Paraphyses and beta and gamma conidia
reported for D. limonicola [33] were not observed in D. oculi.
Morphologically, D. oculi is similar to D. arengae found from Arenga
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engleri (Arecaceae), but the latter species has longer conidiophores
up to 60 mm and beta conidia [34]. The isolate from Case 2 was also
identified as a new Diaporthe species, D. pseudooculi. Phylogeneti-
cally, D. pseudooculi is different from the closely related
D. podocarpi-macrophylli by the ITS, tef1, and TUB (525/531 ¼ 98.9%
in ITS, 314/333 ¼ 94.3% in tef1, and 436/442 ¼ 98.6% in TUB). It
differs from D. podocarpi-macrophylli isolated from healthy leaves
of Podocarpus macrophyllus (Podocarpaceae) in the longer beta
conidia (vs. 8.5e31.5 mm; [35]).

These two new Diaporhte species share close phylogenetic af-
finities with D. arecae species complex [25] but were scattered in
different clades in the analysis of the combined dataset (Fig. 5).
Although measurements of the alpha conidia are similar in these
two new species, the absence of paraphyses and beta conidia
differentiate D. oculi from D. pseudooculi. These species have the
same habit, the human eye, and the pathogenicity of these species
is another point interest. Due to the limited number of infectious
cases, however, the detail of their virulence is not yet to be known.
Further study is warranted.

In the earlier cases with Diaporhte species, diverse therapies
have been used because the optimal treatment had not been
established (Table 1) [3e10]. The antifungal susceptibility of kera-
tomycosis seemed to be different from those of subcutaneous in-
fections. The scleral keratitis caused by D. phoenicicola responded
well to topical natamycin (pimaricin) and oral FLCZ [10]. The case of
Diaporthe sp. keratitis was successfully treated by a combination of
penetrating keratoplasty and topical VRCZ and AMPH-B therapy
[9]. Although Case 1 eventually needed keratoplasty, topical and
systemic VRCZwere effective. Case 2was treatedwith topical VRCZ,
AMPH-B, and pimaricin with intravenous VRCZ. Both isolates had
good susceptibility to AMPH-B, VRCZ, ITCZ, and MCFG similar to
previous results [9]. We tested the isolates by broth microdilution
following the modified CLSI M38-A2 standard. Further studies are
needed to standardize antifungal susceptibility testing of filamen-
tous fungi especially species of Diaporthe.

In conclusions, two new species of Diaporthe capable of causing
human diseases particularly keratomycosis were found.
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