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Phialemoniopsis species are ubiquitous dematiaceous molds associated with a wide variety of superficial and systemic infections
in human. In this study, we isolated a mold from the forearm nodule biopsy specimen from a patient with underlying liver cir-
rhosis, ankylosing spondylosis, and tuberculosis. He was treated with itraconazole, but unfortunately, he succumbed as a result
of disseminated tuberculosis with multiorgan failure. The histology results of the skin biopsy showed necrotizing granulomas in
which numerous fungal elements were found. On Sabouraud dextrose agar, the fungal isolate grew as white-to-cream and
smooth-to-velvety colonies. Microscopically, oval-to-cylindrical conidia were observed from abundant adelophialides, which
possessed barely visible parallel collarettes but no basal septa. The azole drugs voriconazole, itraconazole, and posaconazole, as
well as amphotericin B, showed high activities against this fungus. Internal transcribed spacer, 28S nuclear ribosomal DNA
(nrDNA), and (3-actin and B-tubulin gene sequencing showed that this fungus is most closely related to but distinct from Phia-
lemonium curvata. Matrix-assisted laser desorption ionization—time of flight mass spectrometry (MALDI-TOF MS) and hierar-
chical cluster analysis showed that the MALDI-TOF MS spectrum of this fungus is most closely related to that of Phialemonium

pluriloculosa. We propose a new species, Phialemoniopsis hongkongensis sp. nov., to describe this fungus.

hialemoniopsis is a newly established anamorphic genus that

accommodates filamentous fungi with morphological fea-
tures resembling Phialemonium species. It currently contains four
species, namely, Phialemoniopsis cornearis, Phialemoniopsis cur-
vata, Phialemoniopsis ocularis (type species), and Phialemoniopsis
pluriloculosa (1). Members of this genus are widely distributed in
the environment, having been isolated from air, industrial water
(2), plant materials (3-5), river water, sewage, and soil (2), making
these fungi emerging opportunists for causing human infections.
Phialemoniopsis species have been detected in different conti-
nents, including Africa (4), the Americas (1-3, 6-16), Antarctica
(2), Asia (5,17-21), and Europe (2, 22-25). Although Phialemoni-
opsis species grow as pale colonies, melanin has been detected in
their hyphae, and therefore, infections due to these dematiaceous
molds are considered to be phaeohyphomycosis (6). Phialemoni-
opsis species have been reported to cause endocarditis and endo-
vascular infections (9, 17, 20, 22), endophthalmitis and keratitis
(2, 15, 16, 18, 19), fungemia (7, 12, 24), meningitis (21), septic
arthritis and spondylodiscitis (10, 23), and skin and soft tissue
infections (1, 6, 8, 25) in humans, with some cases being fatal
infections. In addition, they have been isolated from various clin-
ical specimens, including those from cerebrospinal fluid, corneal
and vitreous fluid, peritoneal dialysis catheter, sinus, skin lesions
and nails, and synovial fluid, although the clinical details of the
patients were not presented (1, 2, 13). Phialemoniopsis species are
also opportunistic animal pathogens, having caused pleural effu-
sioninadog (11), and they were isolated from the coarse outer fur
of sloths (14).

Recently, we isolated a mold from a necrotizing granuloma-
tous forearm nodule biopsy specimen. Microscopic examination
of the fungal culture was not conclusive. Internal transcribed
spacer (ITS) sequencing showed that it was clustered with, but
significantly different from, known Phialemoniopsis species.
Therefore, we hypothesized that the isolate may represent a novel
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fungal species. To test the hypothesis, we performed additional
phenotypic and genotypic characterization on the isolate and
compared its characteristics with those of closely related fungal
species. On the basis of the findings, we propose a new species,
Phialemoniopsis hongkongensis sp. nov., to describe this fungus.
Identification of Phialemoniopsis species by gene sequencing, phe-
notypic characterization, and matrix-assisted laser desorption
ionization—time of flight mass spectrometry (MALDI-TOF MS)
were discussed.

MATERIALS AND METHODS

Patient and strains. This study has been approved by the Institutional
Review Board of the University of Hong Kong/Hospital Authority Hong
Kong West Cluster. All clinical data of the index patient were collected by
retrieving and analyzing the patient’s hospital record. Clinical specimens
were collected and handled according to standard protocols and were
grown on Sabouraud dextrose agar (SDA) (Oxoid, United Kingdom) with
chloramphenicol (50 pg/ml) (Sigma-Aldrich, St. Louis, MO, USA) at
37°C to obtain the case isolate HKU39™. The reference strains P. cornearis
CBS 1317117, P. curvata CBS 490.82", P. ocularis CBS 110031", and P.
pluriloculosa CBS 131712" were obtained from the Centraalbureau voor
Schimmelcultures of the Royal Netherlands Academy of Arts and Sciences
(CBS-KNAW Fungal Biodiversity Centre), the Netherlands.

Received 4 June 2014 Returned for modification 13 June 2014
Accepted 23 June 2014

Published ahead of print 25 June 2014

Editor: D. W. Warnock

Address correspondence to Susanna K. P. Lau, skplau@hku.hk, or Patrick C. Y. Woo,
pcywoo@hku.hk.

Copyright © 2014, American Society for Microbiology. All Rights Reserved.
doi:10.1128/JCM.01592-14

September 2014 Volume 52 Number 9

1sanb Aq 8T0Z ‘0€ 1oqwiadaq uo /Bio wse wal//:dny woly papeojumoq


http://orcid.org/0000-0001-6705-2866
http://orcid.org/0000-0002-7510-1696
http://dx.doi.org/10.1128/JCM.01592-14
http://jcm.asm.org
http://jcm.asm.org/

Phenotypic characterization. The fungal strain HKU39" was inocu-
lated onto potato dextrose agar (PDA) (Difco, BD Diagnostic Systems,
Sparks, MD, USA) with chloramphenicol (50 pg/ml) for fungal culture as
the inoculum for other procedures. Slides for microscopic examination
were prepared by the agar block smear preparation method we described
previously (26). HKU39" was also examined by scanning electron micros-
copy, performed according to our previous publication (27), with modi-
fications. An enzyme activity test was performed using the API-ZYM sys-
tem (bioMérieux, France), and a carbohydrate assimilation test was
performed using the API 20 C AUX system (bioMérieux, France), accord-
ing to the manufacturer’s protocols. For HKU39" and the reference
strains, the effect of different temperatures on growth on PDA was stud-
ied, as described in our previous publication (28).

DNA extraction, ITS, partial 285 nrDNA, partial 3-actin, and B-tu-
bulin gene sequencing, comparative sequence identity analyses, and
phylogenetic analyses. Fungal DNA extraction, PCR amplification,
and DNA sequencing of the ITS, partial 28S nrDNA, and partial B-actin
and B-tubulin genes for the patient isolate HKU39" and the reference
strains were performed according to our previous publications (28), using
the primer pairs ITS1/ITS4 (29) for the ITS, NL1/NL4 (30) for the 28S
nrDNA, LPW26272/LPW26273 (designed in this study by selecting the
conserved regions from the alignment of the B-actin gene sequences of
Phialemoniopsis species) for the 3-actin gene, and TUB2-F/TUB2-R (31)
for the B-tubulin gene. The sequences of the PCR products were compar-
atively analyzed by pairwise alignment, with the optimal Global alignment
parameters, using BioEdit 7.2.0 (32). The sequences of the PCR products
were also compared with sequences of closely related species from Gen-
Bank by multiple sequence alignment using MUSCLE 3.8 (33) and then
were end trimmed. Poorly aligned or divergent regions of the aligned
end-trimmed DNA sequences were removed using Gblocks 0.91b (34,
35), with relaxed parameters. Tests for substitution models and phyloge-
netic tree construction, by the maximum likelihood method, were per-
formed using MEGA 6.06 (36).

MALDI-TOF MS. MALDI-TOF MS was performed according to our
previous publication (37), with modifications. Briefly, fungal cells were
cultured in 10 ml of Sabouraud dextrose broth (Oxoid, United Kingdom).
The cells were then harvested and washed with 1 ml of distilled water. The
pellet was resuspended in 300 pl of distilled water and 700 .l of absolute
ethanol. The mixture was vortexed and centrifuged at 14,000 rpm for 5
min. The supernatant was removed, and the pellet was air-dried for 2 h.
The pellet was then resuspended in 50 pl of 70% formic acid (Sigma-
Aldrich) and an equal volume of acetonitrile (Fluka, Switzerland), fol-
lowed by centrifugation at 14,000 rpm for 5 min. One microliter of the
supernatant was transferred to an individual spot on the MSP 96-well
polished steel BC target plate (Bruker Daltonics, Germany). Each spot was
further overlaid with a-cyano-4-hydroxycinnamic acid (HCCA) matrix
(Sigma-Aldrich). The target plate was then analyzed by the microflex LT
system (Bruker Daltonics). A protein profile from each spot, with m/z
values of 3,000 to 15,000, was generated. The profiles were analyzed using
the MALDI Biotyper 3.1 software (Bruker Daltonics). A representative
spectrum of each strain was further selected for hierarchical cluster anal-
ysis using ClinProTools 3.0 (Bruker Daltonics).

Antifungal susceptibility test. The susceptibility of HKU39" to six
different antifungal drugs was tested using the Sensititre YeastOne plates
(Trek Diagnostic Systems, United Kingdom), according to the manufac-
turer’s protocol for Aspergillus species and our previous publication (38).

Nucleotide sequence accession numbers. The ITS, partial 28S
nrDNA, and partial B-actin and B-tubulin gene sequences of HKU39™
and the reference strains have been deposited in GenBank with the acces-
sion numbers KJ573442 to KJ573461.

RESULTS

Index patient. A 55-year-old Chinese construction site worker
had noticed a nodule on his right forearm for 6 months. This right
forearm nodule had appeared and progressively enlarged over the
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Subcutaneous Mycosis and Phialemoniopsis hongkongensis

FIG 1 (a) Photomicrograph of the biopsied right forearm nodule showing
a necrotizing granuloma with necrotic debris and acute inflammatory cells
surrounded by epithelioid histiocytes and occasional multinucleated giant
cells (hematoxylin and eosin stain, original magnification, X 10). (b) Pho-
tomicrograph of the same field showing numerous fungal elements near
the necrotizing granuloma (Grocott’s methenamine silver stain, original
magnification, X10). (c) Magnified section of panel b (Grocott’s methen-
amine silver stain, original magnification, X40).
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ITS

— Phialemoniopsis curvata Hebei201101 (Meningitis, China; KF318613)
Phialemoniopsis curvata UTHSC R3448 (Eye, Isracl; AY818324)
Phialemoniopsis curvata 9OUFPR (Dialysate, Brazil; KC354795)

Phialemoniopsis curvata UTHSC R3447 (Eye, Israel; AY818323)
Phialemoniopsis curvata UTHSC 04-956 (Sinus, USA; HE599295)
Phialemoniopsis curvata CBS 490.827 (Skin lesion, USA; KJ573443)
Phialemoniopsis curvata UTHSC 06-4324 (Canine pleural fluid, USA; EU035984) 3 % 3
B Phialemoniopsis curvata UTHSC 08-2292 (Blood, USA; HE599294) PhlalemonloPSls curvata
Phialemoniopsis curvata SLE (Fish lesion, USA; DQ403199)

Phialemoniopsis curvata FMR 6321 (Blood, Brazil; AJ012299)
Phialemoniopsis curvata FMR 6322 (Blood, Brazil; AJ012300)
Phialemoniopsis curvata CBS 489.82 (Keratitis, USA; AY464131)
Phialemoniopsis curvata CBS 509.82 (Nail, Netherlands; AY464129)
Phialemoniopsis curvata CBS 832.71 (Keratitis, unknown location; HE599293)

©
>3

Phial psis hongkongensis HKU39T (Sub nodule, Hong Kong; K3573442) | Phialemoniopsis hongkongensis
Phialemoniopsis pluriloculosa CBS 1317127 (Toe nail, USA; KJ573446)
7 ‘Phialemonium sp.” LVPELBS52_12 (Ocular tissue, India; IX868802) Phialemoniopsis pluriloculosa

Phialemoniopsis pluriloculosa UTHSC 09-3589 (Synovial fluid, USA; HE599287)
‘Phialemonium sp.” LVPELH4100_11 (Ocular tissue, India; JX868780)
‘Phialemonium cf. curvatum’ LVPELLH1787_11 (Ocular tissue, India; JX868751)
Phialemoniopsis cornearis UTHSC 06-1465 (Shin aspirate, USA; HE599285)
70| Phiale iopsis cornearis CBS 1317117 (Corneal fluid, USA; KJ573445)
‘Phialemonium cf. curvatum’ LVPELH3921_11 (Ocular tissue, India; JX868776)
‘Phialemonium cf. curvatum® LVPELH4305_11 (Ocular tissue, India; IX868784)
Phialemoniopsis ocularis CBS 1100317 (Keratitis, Brazil; KJ573444)
Phialemoniopsis ocularis UTHSC 05-2527 (Peritoneal dialysis catheter, USA; HE599281)
86| [ Phialemoniopsis ocularis UTHSC 07-3736 (Left hand, USA; HE599283)
Phialemoniopsis ocularis UTHSC 09-2358 (Aspirate cellulitis, USA; HE599282)
‘Phialemonium sp.” F5072 (Sloth coarse outer fur, USA; KF746157)
‘Phialemonium sp.” F5070 (Sloth coarse outer fur, USA; KF746155)
Lecythophora lignicola CBS 267.33" (HE610335)

Phialemoniopsis cornearis

Phialemoniopsis ocularis

0.02

28S nrtDNA

Phialemoniopsis curvata FMR 6322 (Blood, Brazil; AB278183)

Phialemoniopsis curvata FMR 6321 (Blood, Brazil; AB278182)

Phialemoniopsis curvata UTHSC 06-2147 (Nail, USA; FR745928)

Phialemoniopsis curvata UTHSC 07-11 (Cerebrospinal fluid, USA; FR745929)

Phialemoniopsis curvata UTHSC 07-2173 (Vitreous fluid, USA; FR745930)

Phialemoniopsis curvata UTHSC 08-693 (Cerebrospinal fluid, USA; FR745932)

Phialemoniopsis curvata CBS 832.71 (Keratitis, unknown location; HE599276)

1 Phialemoniopsis curvata UTHSC 08-2292 (Blood, USA; HE599277)

Phialemoniopsis curvata UTHSC 04-956 (Sinus, USA; HE599278) Phialemoniopsis curvata

Phialemoniopsis curvata UTHSC R-3448 (Eye, Isracl; FR745931)

Phialemoniopsis curvata UTHSC R-3447 (Eye, Israel; FR745927)

Phialemoniopsis curvata UTHSC 06-4324 (Canine pleural fluid, USA; EU035985)
Phialemoniopsis curvata CBS 490.82" (Skin lesion, USA; KJ573448)

1 | | Phialemoniopsis curvata UTHSC 04-350 (Synovial fluid, USA; FR691979)
Phialemoniopsis curvata UTHSC 07-1284 (Toenail, USA; FR691980)
Phialemoniopsis curvata UTHSC 02-2050 (Forearm, USA; FR691978)
Phialemoniopsis curvata CBS 489.82 (Keratitis, USA; AB189157)

Phialemoniopsis hongkongensis HKU39T (Sul nodule, Hong Kong; KJ573447) | Phialemoniopsis hongkongensis

Phialemoniopsis pluriloculosa UTHSC 09-3589 (Synovial fluid, USA; HE599272)

Phial iopsis pluriloculosa CBS 1317127 (Toe nail, USA; KJ573451)

Phialemoniopsis cornearis UTHSC 06-1465 (Shin aspirate, USA; HE599270)

Phialemoniopsis ocularis UTHSC 05-2527 (Peritoneal dialysis catheter, USA; HE599266)

Phialemoniopsis cornearis CBS 1317117 (Corneal fluid, USA; KJ573450) . . . .

Phialemoniopsis ocularis CBS 1100317 (Keratitis, Brazil; KJ573449) Phial psis pluriloc

Phialemoniopsis ocularis UTHSC 07-3736 (Left hand, USA; HE599268)

Phialemoniopsis ocularis UTHSC 09-2358 (Aspirate cellulitis, USA; HE599267)

*Phialemoniopsis curvata’ CBS 365.61 (Cornea, Germany; AB278184) | Phialemoniopsis sp.

Lecythophora lignicola CBS 267.33" (FR691986)

81
Phialemoniopsis cornearis/

Phialemoniopsis ocularis/
1}

0.02

FIG 2 Phylogenetic trees showing the relationship of P. hongkongensis to its closely related species. The trees were inferred from ITS and partial 28S nrDNA,
{3-actin gene, and B-tubulin gene sequence data by the maximum likelihood method with the substitution model K2 (Kimura 2-parameter model) + G
(gamma-distributed rate variation) (ITS and partial 28S ntDNA) or TN93 (Tajima-Nei model) + G (partial B-actin and B-tubulin genes). The scale bars indicate
the estimated numbers of substitutions per base. The numbers at the nodes indicate the levels of bootstrap support calculated from 1,000 trees, and bootstrap
values of <70 are not shown. All names and accession numbers are given as cited in the GenBank database. The sequences that were newly obtained in this study
are highlighted in bold.
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B-actin gene

95 Phialemoniopsis curvata UTHSC 08-2292 (Blood, USA; HE599262)
Phialemoniopsis curvata UTHSC 04-956 (Sinus, USA; HE599263)
Phialemoniopsis curvata UTHSC R-3448 (Eye, Israel; HE599260)
Phialemoniopsis curvata UTHSC 06-4324 (Canine pleural fluid, USA; HE599256)

98 Phialemoniopsis curvata CBS 490.827 (Skin lesion, USA; KJ573453)

82

Phial ionsis I "

Phialemoniopsis curvata UTHSC R-3447 (Eye, Israel; HE599259)

Phialemoniopsis curvata CBS 832.71 (Keratitis, unknown location; HE599261)

Subcutaneous Mycosis and Phialemoniopsis hongkongensis

Phialemoniopsis curvata

0.02

B-tubulin gene

99

) e e z

Phialemoniopsis pluriloculosa CBS 1317127 (Toe nail, USA; KJ573456)
Phialemoniopsis pluriloculosa UTHSC 09-3589 (Synovial fluid, USA; HE599255)
Phialemoniopsis ocularis UTHSC 09-2358 (Aspirate cellulitis, USA; HE599250)
Phialemoniopsis ocularis UTHSC 07-3736 (Left hand, USA; HE599251)

Phialemoniopsis ocularis CBS 1100317 (Keratitis, Brazil; KJ573454)

900 phiatemoniopsis ocularis UTHSC 05-2527 (Peritoneal dialysis catheter, USA; HES99249)

Phialemoniopsis cornearis CBS 1317117 (Corneal fluid, USA; KJ573455)
9

Phialemoniopsis curvata CBS 832.71 (Keratitis, unknown location; HE599310)
Phialemoniopsis curvata UTHSC 04-956 (Sinus, USA; HE599312)
Phialemoniopsis curvata UTHSC 06-4324 (Canine pleural fluid, USA; HE599305)
Phi iopsis curvata CBS 490.82" (Skin lesion, USA; KJ573458)
Phialemoniopsis curvata UTHSC R-3448 (Eye, Isracl; HE599309)
Phialemoniopsis curvata UTHSC R-3447 (Eye, Israel; HE599308)

Phialemoniopsis curvata UTHSC 08-2292 (Blood, USA; HE599311)

is HKU39" ( nodule, Hong Kong; KJ573452) | Phialemoniopsis hongkongensis

Phialemoniopsis pluriloculosa

Phialemoniopsis ocularis

Phialemoniopsis cornearis

3 Phialemoniopsis cornearis UTHSC 06-1465 (Shin aspirate, USA; HE599253)

Lecythophora lignicola CBS 267337 (HE610345)

Phialemoniopsis curvata

r Igkong

Phial.

76 I iopsis pluri

Phinll AR
F psis plur

Pl

92

is HKU39™ (Sub
l losa UTHSC 09-3589 (Synovial fluid, USA; HE599304)
losa CBS 1317127 (Toe nail, USA; KJ573461)
_82‘_ Phialemoniopsis cornearis CBS 1317117 (Corneal fluid, USA; KJ573460)
Phi. iopsis cornearis UTHSC 06-1465 (Shin aspirate, USA; HE599302)
Phialemoniopsis ocularis UTHSC 05-2527 (Peritoneal dialysis catheter, USA; HE599298)
Phialemoniopsis ocularis CBS 1100317 (Keratitis, Brazil; KJ573459)
89 | Phialemoniopsis ocularis UTHSC 09-2358 (Aspirate cellulitis, USA; HE599299)

Phialemoniopsis ocularis UTHSC 07-3736 (Left hand, USA; HE599300)

nodule, Hong Kong; KJ573457) I Phialemoniopsis hongkongensis

| Phialemoniopsis pluriloculosa

Phialemoniopsis cornearis

Phialemoniopsis ocularis

.
Lecythophora

0.01

laCBS 267.33T (HE610353)

FIG 2 continued

preceding 6 months prior to admission. The patient had liver cir-
rhosis secondary to chronic hepatitis B for which he was receiving
0.5 mg of oral entecavir daily, newly diagnosed HLA-B27-positive
ankylosing spondylitis, and active sputum smear-positive multi-
lobar pulmonary tuberculosis for which he received 300 mg of oral
isoniazid, 600 mg of rifampin, 1 g of ethambutol, and 500 mg of
levofloxacin daily. An examination revealed a 4-cm by 3-cm by
3.5-cm, firm, nontender, and subcutaneous nodule with overlying
inflammatory skin changes at the extensor surface of the right
forearm. There was no discharge, bleeding, or ulceration. Chest
radiography showed multilobar consolidations as a result of his
active tuberculosis. Laboratory tests showed leukocytosis (13.8 X
10°/liter; reference range, 4.4 X 10° to 10.1 X 10%/liter) with neu-
trophilia (12.0 X 107/liter; reference range, 1.2 X 10° to 3.4 X

September 2014 Volume 52 Number 9

10%/liter) and lymphopenia (0.7 X 10°/liter; reference range, 1.2 X
10” to 3.4 X 10%/liter), hyponatremia (127 mmol/liter; reference
range, 136 to 148 mmol/liter), normal liver function tests and
serum creatinine levels, and elevated C-reactive protein (10.2 mg/
dl; reference range, <0.76 mg/dl) and erythrocyte sedimentation
rate (107 mm/h; reference range, <20 mm/h).

The biopsy of the right forearm nodule showed multiple
necrotizing granulomas with necrotic debris and acute inflam-
matory cells surrounded by epithelioid histiocytes and occa-
sional multinucleated giant cells (Fig. 1a). Numerous fungal
elements were identified in the necrotizing granulomas in the
Grocott’s methenamine silver-stained section (Fig. 1b and ¢).
Gram and Ziehl-Neelsen stains did not show any bacteria or
acid-fast bacilli. A culture of the biopsied tissue revealed tiny
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Tsang et al.

TABLE 1 Growth rates of HKU39" and its closely related species at different temperatures on PDA

Growth rate (mean radii of fungal colonies [mm] after 21 days of incubation) of:

Incubation P. hongkongensis P. curvata CBS P. ocularis CBS P. cornearis CBS P. pluriloculosa
temp (°C) HKU39" 490.82" 1100317 1317117 CBS 131712"
20 16.6 21.3 27.4 30.4 19.8

25 31.0 26.9 36.3 40.0 27.2

30 35.7 34.5 27.8 >45 35.3

35 6.0 10.0 0” 22.3 2.8

37 0° 2.6 0° 0 0"

“ No growth was observed in this test, but growth was observed on streaked agar plates.

b No growth was observed in this test, but weak growth was observed on streaked agar plates.

moldy colonies at the primary inoculation sites after 3 days of
incubation at 37°C on horse blood agar, chocolate agar, Mac-
Conkey agar, and Sabouraud dextrose agar. The size of the
colonies increased to about 7 mm in diameter after 1 week of
incubation. No mycobacteria or contaminants were isolated.
The patient was treated with 200 mg oral itraconazole twice
daily. Unfortunately, his clinical condition deteriorated with
progressive multiorgan failure and cord compression second-
ary to a collapsed T12 vertebral body, which was smear and
culture positive for Mycobacterium tuberculosis, despite having
received antituberculosis medications. An immunological
work-up for underlying immunodeficiency syndromes associated
with severe disseminated tuberculosis and opportunistic fungal
infections, including a combined HIV antigen/antibody test and
anti-interferon-gamma autoantibody test, were negative. He fi-
nally succumbed as a result of disseminated tuberculosis with
multiorgan failure 1 month after admission.

ITS, partial 28S nrDNA, and partial $-actin and -tubulin
gene sequencing, comparative sequence identity analyses, and
phylogenetic analyses. PCR of the ITS, partial 28S nrRNA, and
partial B-actin and B-tubulin genes of HKU39" and the refer-
ence strains showed bands at about 500 bp, 550 bp, 650 bp and
500 to 550 bp, respectively. Pairwise alignment showed the
partial ITS of HKU39" possessed 97.5% sequence identity to
that of P. pluriloculosa CBS 131712", 97.3% sequence identity
to that of P. curvata CBS 490.827, and 94.4 to 95.0% sequence
identities to the ITS of other Phialemoniopsis species; the par-
tial 28S nrDNA of HKU39" possessed 99.5% sequence identity
to that of P. curvata CBS 490.82" and 97.3 to 98.2% sequence
identities to the partial 28S nrDNA of other Phialemoniopsis
species; the partial B-actin gene of HKU39" possessed 93.6%
sequence identity to that of P. curvata CBS 490.82" and 91.0 to
91.8% sequence identities to the partial 3-actin gene of other
Phialemoniopsis species; and the partial B-tubulin gene of
HKU39" possessed 91.8% sequence identity to that of P. cur-
vata CBS 490.827 and 82.3 to 82.7% sequence identities to the
partial B-tubulin gene of other Phialemoniopsis species. Phylo-
genetic analyses included 437 nucleotide positions of ITS, 432
nucleotide positions of partial 285 nrDNA, 646 nucleotide po-
sitions of the partial B-actin gene, and 373 nucleotide positions
of partial B-tubulin gene and showed that HKU39" occupies a
unique phylogenetic position in the ITS, B-actin gene, and
B-tubulin gene trees (Fig. 2). HKU39" is most closely related to
but distinct from P. curvata, suggesting it is a novel Phialem-
oniopsis species (Fig. 2).

Phenotypic characterization of HKU39". The API-ZYM test

3284 jcm.asm.org

for HKU39" showed that it was positive for N-acetyl-B-gluco-
saminidase, acid phosphatase, alkaline phosphatase, esterase
(C4), esterase lipase (C8), B-glucosidase, leucine arylamidase, and
naphthol-AS-BI-phosphohydrolase. The API 20 C AUX test for
HKU39" showed that it assimilated N-acetylglucosamine, L-arabi-
nose, D-cellobiose, D-galactose, D-glucose, D-lactose, D-maltose, su-
crose, D-trehalose, xylitol, and D-xylose. On PDA, HKU39T grew at
20°C, 25°C, 30°C, and 35°C, with optimal growth occurring at 30°C
(Table 1). No growth at 37°C was observed for the inoculated conidia,
but growth at 37°C was observed for streaked plates.

MALDI-TOF MS. The protein mass spectra of HKU39" and
the other Phialemoniopsis species are shown in Fig. 3a. P. curvata
CBS 490.82" was identified as Phialemonium species (top match
score, 2.184), whereas HKU39™, P. cornearis CBS 1317117%, P. ocu-
laris CBS 110031%, and P. pluriloculosa CBS 131712" were not
identified by MALDI-TOF MS, which was probably due to the
lack of their protein mass spectra in the MALDI Biotyper Refer-
ence Library 3.1.2.0 (Bruker Daltonics) MS database. Hierarchical
cluster analysis showed that the protein mass spectrum of
HKU39" is most closely related to that of P. pluriloculosa CBS
131712" (Fig. 3b).

Antifungal susceptibility of HKU39". The susceptibilities of
HKU39" to voriconazole, itraconazole, posaconazole, ampho-
tericin B, fluconazole and flucytosine were 0.12 pg/ml, 0.5 pg/
ml, 0.5 pg/ml, 1 pg/ml, 16 pg/ml, and >64 pg/ml, respectively.
The azole drugs voriconazole, itraconazole, and posaconazole,
as well as amphotericin B, showed high activity against
HKU39", but the drugs fluconazole and flucytosine showed
low activity against HKU39".

TAXONOMY

Phialemoniopsis hongkongensis Tsang, Chan, Ip, Ngan, Chen,
Lau, Woo, sp. nov. MycoBank accession no. MB 808614. Known
distribution: Hong Kong. Etymology: named after Hong Kong,
where the holotype was isolated. Specimen examined: Hong
Kong; from the right forearm nodule biopsy of a human in 2007.
Holotype: dried culture in the Herbarium of Biological Resource
Center, National Institute of Technology and Evaluation (NBRC),
Japan, with the accession no. NBRC H-13231. Ex-type cultures:
HKU39" (= NBRC 110143" = NCPF 7868").

The colony on SDA was white to cream and smooth to velvety,
with a diameter of about 35 mm with radial grooves after 3 weeks
of incubation at 25°C (Fig. 4a). The reverse of colony was also
white to cream, without diffusing pigment (Fig. 4b). Old cultures
were dark brown (Fig. 4c). Microscopically, short adelophialides
without basal septa were abundant with barely visible parallel col-
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FIG 3 (a) MALDI-TOF mass spectra of Phialemoniopsis species. The numbers above the peaks indicate the m/z ratios of the respective cellular proteins. Intens.,
intensity; a.u. absorbance units. (b) Dendrogram generated from hierarchical cluster analysis of MALDI-TOF mass spectra of Phialemoniopsis species.

formed along hyaline, smooth-walled hyphae with a width of
around 1 to 1.5 pm (Fig. 4f and h). The conidia were small, hya-

larettes. Discrete phialides with basal septa were less common and
they were long, cylindrical, and tapered slightly toward the apex

(Fig. 4d). Polyphialides were occasionally observed (Fig. 4e).
Conidia were produced by phialides, positioned intercalary, and
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line, cylindrical, oval or rod-shaped, slightly curved, and smooth-
walled in slimy heads, with a size of about 2 to 3 by 1 to 2 wm
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FIG 4 Colony surface (a) and reverse of colony (b) on SDA after 3 weeks of incubation at 25°C. (c) Colony surface on SDA after 5 weeks of incubation at 25°C.
(d) Discrete phialide with basal septum (arrow) (light micrograph, calcofluor white stain). (e) Polyphialide (arrow) (light micrograph, calcofluor white stain).
(f) Intercalary conidia along hyaline hyphae (light micrograph, lactophenol cotton blue stain). (g) Detail of conidia (light micrograph, lactophenol cotton blue
stain). (h) Conidia and intercalary adelophialides along the hyphae (scanning electron micrograph). (i) Monophialide with inconspicuous collarette along the
smooth-walled hyphae and a newly formed conidium produced through the opening of phialide (scanning electron micrograph).
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(Fig. 4g and i). No chlamydospores were observed after 4 weeks of
incubation on low-nutrient medium.

Although P. hongkongensis is morphologically similar to P.
curvata, it can be distinguished from P. curvata by its shorter
conidia. P. hongkongensis can also be distinguished from other
Phialemoniopsis species by the absence of chlamydospores. Ge-
notypically, P. hongkongensis can be well distinguished from
other Phialemoniopsis species by sequencing the ITS, B-actin
gene, and B-tubulin gene.

DISCUSSION

We report here the isolation of HKU39" in pure growth from a
patient biopsy specimen of a right forearm nodule. The clinical
significance of the fungus was evident by the demonstration of
fungal invasion to the patient’s tissue as well as granulomatous
inflammatory reactions in the histological sections of the biopsied
specimen. A culture of the biopsy specimen also showed colonies
at the primary inoculum on all agar plates inoculated with the
specimen, supporting that the isolate was from the clinical speci-
men instead of due to contamination. The sequencing of four
different DNA regions commonly used for phylogenetic studies,
including the ITS, 28S nrDNA, 3-actin gene, and B-tubulin gene,
and phylogenetic analyses showed that HKU39" stood out as a
unique branch that was distinct from the other Phialemoniopsis
species in the ITS, B-actin gene, and B-tubulin gene trees gener-
ated (Fig. 2). Although HKU39" was most closely related to P.
curvata in the phylogenetic trees, the clustering of HKU39" to P.
curvata was supported by bootstrap values of <90 (Fig. 2). More-
over, comparative sequence identity analyses showed that the par-
tial ITS sequence of HKU39" was the most similar to that of P.
pluriloculosa, but the partial sequences of the other three gene loci
of HKU39" were the most similar to those of P. curvata. Notably,
a hierarchical cluster analysis of the MALDI-TOF mass spectra
revealed that HKU39" was most closely related to P. pluriloculosa
instead of P. curvata (Fig. 3). All these results supported that
HKU39" should belong to a novel Phialemoniopsis species distinct
from any other members of this genus, and we propose a novel
species, P. hongkongensis, to accommodate HKU39". Since Phia-
lemoniopsis species are ubiquitous and the patient was a construc-
tion site worker who was prone to unnoticed repeated minor trau-
mas, we speculate that he had probably acquired the infection via
direct inoculation of the fungus to his forearm through one of the
trauma events. As for antifungal susceptibility, the susceptibility
profile of HKU39" is similar to those of P. curvata and P. ocularis
(15, 23). The azole drugs voriconazole, itraconazole, and po-
saconazole, as well as amphotericin B, showed high activity against
all these three Phialemoniopsis species, but the drugs fluconazole
and flucytosine showed low activity against these species. There-
fore, itraconazole, voriconazole, posaconazole, and/or amphoter-
icin B can be considered the drugs of choice for the treatment of
Phialemoniopsis infections.

The fact that P. curvata exhibits much better growth at 37°C is
important for its association with more cases of systemic mycoses,
whereas P. hongkongensis and other Phialemoniopsis species are
causes of relatively superficial infections. When the taxonomy of
the genus Phialemonium was reviewed in 2013 using molecular
phylogenetics, Phialemonium curvatum and Sarcopodium oculo-
rum were transferred to a new genus, Phialemoniopsis, and ob-
tained their current names, P. curvata and P. ocularis, respectively;
two other new species (P. cornearis and P. pluriloculosa) were also
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established under this genus (1). Among these four Phialemoni-
opsis species, only P. curvata grew at 37°C, whereas the other three
Phialemoniopsis species, only their streaked plate cultures, but not
conidia, grew well at 37°C (Table 1). Notably, previous reports
have shown that P. curvata is a much more common cause of
deep-seated systemic mycoses (7,9, 10, 12, 17, 20-24) than are the
other Phialemoniopsis species. As for the other Phialemoniopsis
species, they were usually recovered from more superficial body
sites (1, 15, 25), where the temperature is usually lower than the
core body temperature (<37°C). We speculate that this is because
the conidia of these three Phialemoniopsis species do not germi-
nate beyond 35°C (30°C for P. ocularis), making them uncommon
causes of systemic mycosis. Interestingly, in the present study, we
also showed that only the streaked plate cultures, but not the
conidia of P. hongkongensis, grew well at 37°C, and P. hongkongen-
sis was also associated with a relatively superficial necrotizing
granulomatous infection of the forearm.

Multilocus sequencing is so far the most reliable way to distin-
guish between Phialemoniopsis and other morphologically similar
fungal genera, as well as to identify various members of Phialem-
oniopsis down to the species level. It has been suggested that infec-
tions by Phialemoniopsis species might be underreported due to
the misidentification of clinical Phialemoniopsisisolates, which are
morphologically similar to fungi belonging to other genera more
commonly found in human infections, such as Acremonium and
Fusarium (13). As for identification to the species level, the mor-
phological differences among the various Phialemoniopsis spe-
cies are even more subtle and unreliable. As revealed by the ITS
tree generated in this study (Fig. 2), a number of Phialemoni-
opsis strains, which were identified as Phialemonium cf. curva-
tum or Phialemonium sp. by other authors (P. K. Balne, S.
Sharma, A. K. Reddy, P. Garg, and C. Kannabiran, unpublished
data), should actually be P. cornearis (strains LVPEL.H1787_11,
LVPELLH3921_11,LVPEL.H4100_11,and LVPEL.H4305_11) or P.
pluriloculosa (strain LVPELB52_12). Moreover, as revealed in the
28S nrDNA tree generated in this study (Fig. 2), the strain CBS
365.61, which was identified as P. curvatum, may represent an-
other novel Phialemoniopsis species. As for the potential use of
MALDI-TOF MS for fungal identification, P. curvata was cor-
rectly identified as a species in the genus Phialemonium, to which
it previously belonged. Therefore, theoretically, the other Phia-
lemoniopsis species might also be correctly identified, provided
that enough protein mass spectra of each Phialemoniopsis species
are included in the MALDI-TOF MS database and the database is
up-to-date (37, 39).
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