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Fusarium species are common plant and animal pathogens. For humans, there are two dominant species com-
plexes, F. solani species complex (FSSC) and F. oxysporum species complex (FOSC), which both infect immuno-
compromised individuals. However, there are few reports related to elasmobranchs infected by Fusarium species.
In this study, we report a case of a rough-tail stingray from an ocean park infected by FSSC diagnosed using

histopathology and microscopic observation, with morphological characteristics and molecular techniques used
to identify the pathogen. Histopathology showed fungal hyphae invading stingray tissues, while micro/macro-
conidia were found under the microscope. We identified this pathogen as FSSC 12 through phylogenetic analysis
using internal transcribed spacer (ITS) and elongation factor 1-alpha (EF1-a) sequences. Furthermore, we report
that application of voriconazole (orally) and terbinafine (topically) constituted an effective therapy, curing the

stingray.

1. Introduction

The genus Fusarium can cause multiple fungal infections in plants
and animals worldwide, resulting in reduced crop production, fatal
mycotoxins or diseased individuals [1-3]. In humans, F. solani species
complex (FSSC) and F. oxysporum species complex (FOSC) are the most
prevalent and can cause superficial or invasive fusariosis [4]. Fusarium
infections in elasmobranchs are rare, and the first FSSC infection was
reported in a black spotted stingray in 2015 [5]. FSSC infections can
cause cutaneous lesions that turn to ulcers on the skin surface and lead to
death of infected animals [5].

However, literature documenting fungal infections in cartilaginous
or ornamental fish is rare, probably as therapeutic drugs are limited and
expensive. In this report, we described a rough-tail stingray from Far-
glory Ocean Park (Hualien, Taiwan [E121°36'10”, N23°54'04"]) infec-
ted by F. solani species complex. The diseased stingray was cured by
applying antifungal drugs voriconazole (orally) and terbinafine
(topically).
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2. Case

A white discolored lesion was observed on the dorsal aspect of a
rough-tail stingray (Dasyatis centroura) in 2016. The stingray was born at
Farglory Ocean Park (Hualien, Taiwan) in March 2016 and kept in an
area of 5.8 m x 3.1 m x 0.75 m, which was connected to a tank of
750,000 L. Water quality parameters were: temperature 24.7-26 °C,
salinity 33.3-33.7 parts per thousand, pH 7.5-8.3, and oxygen 6.6-6.8
mg L!. The stingray was fed capelin and horse mackerel. To prevent
contagious infection, the diseased stingray was quarantined immedi-
ately in a tank of 1300 L, and the water quality parameters were: tem-
perature 23.7-26 °C, salinity 33.1-33.9 parts per thousand, pH 8.1-8.7,
and oxygen 6.4-6.9 mg L.

For disease symptom observation, skin scraping was performed in
mid-May 2016, and a large number of hyphae were noted under a light
microscope. Consequently, for immediate therapy, 10% iodine solution,
methylene blue, merbromin solution and salicylic acid were applied
topically, but to no avail. The situation got worse in early June when the
symptoms became cutaneous ulcers on the ventral side, and pink-to-
light tan patches with reddish rims were seen, especially around the
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Fig. 1. Combination of voriconazole and terbinafine is therapeutic to
rough-tail stingray infected with Fusarium solani. Before drug application,
white and discolored lesions were seen on the dorsal aspect of the snout, and
the lesions eventually turned to ulceration (red arrowheads). On the ventral
side, cutaneous ulcers with light tan patches and red margins appeared, espe-
cially around the mouth and gill slits (yellow arrowhead). After systemic vor-
iconazole and topical terbinafine antifungal therapy, the white lesions on the
dorsal side decreased, and the patches on the ventral side disappeared after 15
weeks. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)
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Fig. 2. Histopathology analysis of the infected rough-tail stingray. Tissue
samples of infected stingray were fixed in 10% neutral buffered formalin,
sectioned at 4 pm, and stained with Gomori methenamine silver (GMS) or pe-
riodic acid-Schiff (PAS). White arrows represent invasive hyphae of F. solani.

mouth and gill slits (Fig. 1). Through skin scraping and microscopic
examination, fungal hyphae were noted on ventral cutaneous lesions.
Biopsy was performed on July 1st, 2016. Tricaine methanesulfonate
(MS-222) 50 ppm was used for anesthesia, and the biopsy punch was 4
mm in diameter and two specimens were obtained from the diseased
stingray. Each biopsied tissue was subdivided into two portions. The
major portion was fixed in 10% neutral buffered formalin and submitted
to Chang Gung Memorial Hospital (Linkou, Taoyuan, Taiwan) for his-
topathologic diagnosis, and the minor portion was preserved in the
transport medium and submitted to the department of Plant Pathology
and Microbiology, National Taiwan University (Taipei, Taiwan) for
fungal identification and antifungal susceptibility test.
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Fig. 3. Morphology of Fusarium solani LHS13 isolated from the infected
rough-tail stingray. (A) The F. solani colony on PDA medium. An agar disc
with fungal culture was placed on a PDA agar plate, and incubated at 28 °C for
7 days. (B)&(C) Microscopic morphology of F. solani obtained from the colony
edge (blue square). The micro-conidiophore was signed by blue arrows. (D)&
(E) Microscopic morphology of F. solani obtained from colony center (red
square). The macro-conidiophore is indicated by the red arrow. Scale bar = 20
pm. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

2.1. Histopathology and pathogen identification

All tissue samples were fixed in 10% neutral buffered formalin,
sectioned at 4 pm, and stained with periodic acid-Schiff (PAS) and
Gomori methenamine silver (GMS). Upon histopathological examina-
tion, the cutaneous lesion revealed a moderate to severe, chronic,
multifocal to coalescing, and ulcerative dermatitis, and the hypodermis
was infiltrated with inflammatory cells (granulocytes and phagocytes).
Branching, and septate fungal hyphae existed in the dermis and the
junction between the epidermis and dermis (Fig. 2).

The isolated pathogen was incubated on the PDA agar plate for
morphology observation. The colony morphology showed white and flat
hyphae with a little red-to-purple pigment in the center of the colony
(Fig. 3A). On the other hand, through the ITS and EF1-a sequences blast
and analyses, we found that this pathogen belonged to the Fusarium
solani species complex, and named F. solani LHS13 [6,7]. To further
characterize its microscopic structure, parts of colony were streaked out
and observed with a light microscope. It was noted that F. solani pro-
duced two types of conidia: macroconidia and microconidia like most of
Fusarium species do [8]. The macroconidia were straight with a rounded
apical or basal cell, comprised of 6-7 cells, and present near the central
colony, while the microconidia were elliptical, comprised of 1-2 cell(s),
and mostly found at the edge of colony (Fig. 3B-E).

2.2. Phylogenetic analysis

The ITS or EF1-o DNA fragments were amplified with primer pair
ITS5/ITS4  (GGAAGTAAAAGTCGTAACAAGG/TCCTCCGCTTATTGA-
TATGC) or EF-1/EF-2 (ATGGGTAAGGARGACAAGAC/GGARGTAC-
CAGTSATCATGTT) respectively, sequenced (MissionBiotech, Taiwan)
and searched using the algorithm of basic local alignment search tool
(BLAST) in GenBank from National Center for Biotechnology Informa-
tion (NCBI, https://blast.ncbi.nlm.nih.gov/Blast.cgi) and from the
Fusarium Multi Locus Sequence Typing Database (MLST, http://www.
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Table 1

Fusarium species and DNA sequence information used in this study.
Fusarium species strain Source Reference
F. solani LHS13 Stingray This study
F. falciforme MCCF 2106 Clinical (from keratitis patient) This study
F. solani MCCF 1541 Clinical (from onychomycosis patient) This study
F. solani MPVI 77-13-4 Plant [18]
Fusarium species strain DNA accession number in NCBI Reference

ITS EF1-a

F. rectiphorum FRC S-1842 JF433043 JF433026 [5,9]
F. kurunegalense FRC S-1833 JF433036 DQ247511
F. plagianthi NRRL22632 AF178417 AF178354
F. illudens NRRL22090 AF178393 AF178326
F. solani NRRL46705/FMR7141 AM412637 - [14]
Fusarium sp. NRRL 22642 - DQ246844 [15]

wi.knaw.nl/Fusarium/). Results showed that the pathogen isolated from
infected stingray possessed 99.8% identity with F. solani NRRL46705
FSSC12 strain FMR7141 (GenBank: AM412637) in ITS sequence and
100% identity with Fusarium sp. NRRL 22642 FSSC12 (GenBank:
DQ246844) in EF1-a sequence. The phylogenetic analyses were then
schemed by MEGA X 10.1.7 software using the neighbor-joining
method, and inferred from ITS or EF1l-a sequence data respectively
(Table 1) (Fig. 4). Sequences were aligned by MUSCLE algorithm and the
phylogenetic trees were rooted using clade 1 of the FSSC [5,9].

2.3. Antifungal susceptibility test

Antifungal susceptibility test was performed following the Clinical
and Laboratory Standards Institute guideline M38-A2 [10]. We found
that voriconazole and terbinafine can inhibit the growth of F. solani
LHS13 at 8 pg/mL for both minimal inhibitory concentration (MIC) and
minimal fungicidal concentration (MFC).

2.4. Antifungal therapies

Antifungal therapy (Table 2) was started with itraconazole (Spor-
anox, Janssen, Belgium) on June 24th, 2016, and topical treatment with
a combination of terbinafine (Lamisil, Swiss) and dimethyl sulfoxide
(DMSO 90% gel) was performed from July 5th, 2016. Oral itraconazole
was replaced with voriconazole (VFend, Pfizer, America) at 3 mg/kg
from July 21st, 2016, because the disease exacerbated. Although the
systemic and topical antifungal drugs were given, the cutaneous lesions
still expanded rapidly. Thus, the dosage of voriconazole was then
adjusted to 4 mg/kg from August 18th, 2016 while topical treatment of
terbinafine continued, and an antibiotic therapy using enrofloxacin at
10 mg/kg (Baytril, Bayer, Germany) was initiated in order to prevent
secondary infections (Table 2).

In early September 2016, the epidermis of rough-tail stingray grad-
ually changed to a white discolored lesion in the dorsal aspect and fewer
hyphae were found. Thus, systemic oral voriconazole and topical ter-
binafine treatments were continued for one additional month, and
eventually no fungus was noted in the same area from October 13th,
2016. Oral voriconazole and topical terbinafine was discontinued on
November 4th, 2016 since the stingray no longer showed any symptoms.

3. Discussion
In Fusarium oxysporum species complex (FOSC), there are chromo-

somes called lineage-specific (LS) chromosomes, which contain genes
associated to host specificity, and these LS chromosomes are different in
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FOSC infecting plants and humans [11]. In FSSC, there are some addi-
tional chromosomes other than core chromosomes, which are similar to
LS chromosomes and are called conditionally dispensable (CD) super-
numerary chromosomes. Features of these CD supernumerary chromo-
somes are also associated with host specificity [12]. We identified the
pathogen of the diseased stingray through morphological observation
and phylogenetic analysis using ITS and EF1-a sequencing, and found
that the pathogen belonged to FSSC clade 3, which was comprised of
most F. solani strains [13]. In addition, sequence BLAST from NCBI or
MLST showed that this pathogen came from FSSC 12, which was similar
to the results described in 2015 [5], and the most related strains
FMR7141 and NRRL 22642 were isolated from aquarium sand [14] and
prawn [15], respectively. Consequently, it could be inferred that the
captive environment possibly harbors Fusarium which could infect
aquatic organisms. However, whether FSSC 12 was specific to its host,
elasmobranchs, remains unclear.

In terms of therapeutic cases related to elasmobranchs before 2020,
there was a case using voriconazole to cure Fusarium infection of bon-
nethead sharks [16], and there was no report of successful terbinafine
application. In addition, some cases showing the recovering from bac-
terial infection by using an antibiotic enrofloxacin were also included in
an elasmobranchs husbandry manual [17]. Using our therapeutic
approach, the colonization of the pathogen was reduced through the
application of voriconazole and terbinafine, and secondary infection
with bacteria invading through the epidermis wounds was prevented by
applying enrofloxacin. There was less information documenting topical
dosage of antifungal drug applied on elasmobranchs, so the strategies of
drug application in this case might be assessed as a potential guideline
for stingrays infected by F. solani.

Cases of marine creatures infected by fungal pathogens have seldom
been investigated, and few reports mention elasmobranchs like sharks or
stingrays, which may be because of the high cost of health care and the
inconvenience of drug application. Here, we have presented a successful
therapeutic strategy in a rough-tail stingray infected by F. solani in an
artificial environment.

Ethical statement

All experiments including tissue collection and drug administration
in this study complied with ethical standards, and the diseased animal (i.
e. stingray) observed in this case report was well cared and quarantined
in appropriate environment.
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Fig. 4. Phylogenetic analysis of Fusarium solani LHS13 isolated from the infected rough-tail stingray by using (A) internal transcribed spacer (ITS) and (B)
elongation factor 1 alpha (EF1-a) sequences. The phylogenetic analyses were performed by MEGA X 10.1.7 software with the neighbor-joining method and
inferred from ITS and EF1-a sequence data respectively. The phylogenetic trees were rooted using clade 1 of the FSSC. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in the same
units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood
method and are in the units of the number of base substitutions per site.
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Table 2
Administration of antimicrobial drugs to a stingray infected by F. solani.
Date Drug Dosage and Comments
application
2016/ Itraconazole 5 mg/kg, PO
06/24 (Sporanox) SID
2016/ Itraconazole 5 mg/kg, PO
07/05 SID
Terbinafine 5 g, topical
(Lamisil)
2016/ Voriconazole 3 mg/kg, PO Lesions still extended rapidly
07/21 (VFend) SID and disease exacerbated.
Terbinafine 5 g, topical
2016/ Voriconazole 4 mg/kg, PO Epidermis began to recover
08/18 SID from ulcers in early September
Enrofloxacin 10 mg/kg, PO 2016.
(Baytril) SID
Terbinafine 5 g, topical

PO: by mouth (per os); SID: once a day (semel in die)
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