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A case report of farmed olive flounder Paralichthys olivaceus
infected with Myxosporean Parvicapsula anisocaudata

Nam Eun Kim, Ahran Kim, Heyong Jin Roh, Kyoung Sik Gang and Do-Hyung Kim'

Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea

Parvicapsula anisocaudata, a myxosporean parasite, is presumably one of causative agents of
emaciation in olive flounder Paralichthys olivaceus in Korea. In this study, we report a case of unusual
abdominal distension due to exceptionally enlarged liver in farmed olive flounder. For the identification
of the causative agent, bacteria and nucleic acids of virus that are possibly present were attempted
to isolate from internal organs of five fish sampled from a fish farm in Jeju. Although a few bacterial
colonies were isolated from some samples, there was no evidence that fish were primarily affected
by virus and/or bacteria. From histopathological analysis, myxosporean were found in almost all
internal organs, particularly in the stomach. The causative agent was identified as P. anisocaudata
by sequencing a part of small subunit rRNA. This study contains a very unusual case of olive flounder
heavily and systemically infected with P. anisocaudata, showing excessively enlarged liver with a

small amount of ascitic fluid.

Key words: Olive flounder, Myxosporean, Abdominal distension, Parvicapsula anisocaudata
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Class Myxozoa (Subclass Myx-
osporea)®ll &38h= ZIAFOR ol F H &
sHdojFollA ZeE Ao FA7A 13F0] B
35 A tH(Koeie, 2003; Keie et al., 2007; Kodadkova
et al, 2014). HAEAZ0] st &390 B
EolHQl ALz 4HA At Parvicapsulai=
&9 v 27 A(A 7S] tubule Y Bidoll
FE 7] w2l 27714 S (coelozoic parasite) 2-

Parvicapsula
Z Nz
=

[‘ll‘

\1

=
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2 BFsh71% st A7 F2 9 Ml (pseudobranch)
U Al o] 22 7] A F(histozoic parasite)
o2 BV % StH(Keie, 2003). Parvicapsula 42
T BT olF frElely ¥dge] Rud F&

P. minibicornis®} P. pseudobranchicola 2§ ©|t}. P.
minibicornis= V)= HH- Bl Aghe] 2 gl
Aol BFE Aol A F/(Oncorhynchus <)l 7+
g3y F 49 Z7]= AlAo|th(St-Hilaire et al.,

2002; Jones et al., 2003). P. pseudobranchicol = x
29 0le] A dF Ad(Salmo salar) FHES Fo
A AR WAAACH, o) F thA R} Brit-
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ish columbia®] & Aol o] FolAE BHS]
o A=A ZAd=EE 5ol JUth(Nylund et
al., 2005; 2018).

T2 el A ZH2E 200019 2 20041 ol 2
2V A X (Paralichthys olivaceus)| X P. anisocaudata
o] Zrdol HxE BiuEAov AW A g H At
9 #Ed ARE ATHZhao et al., 2000; Cho and
Kim, 2004). o] AFA|Ho A g F7&< et
Ul= XA P. anisocaudata7} A2 0.2
3 Qo B E I THKim et al., 2015; Shin et
al., 2018). Kim et al. (2015)°] W= o] M A x =}
A7 B8Rk ol e} 3h A Fols A H

A

B dX9] Enteromyxum leei, A5
(Tiger puffer)®] Enteromyxum fugu 2 Leptotheca fii-
gu’t tHEA QI o o]th(Yasuda et al., 2005; Yanagi-
da et al., 2004; Ogawa and Yokoyama, 2001). ¢}¢
S el e 3 dA M=
leei(Shin et al., 2018, Sekiya et al., 2016)7} A& =
= Ao ® Yeht fEivet YA g5 A
F 7]'11 O]*o“’ 7/4\ ° 2 AZHEY. B A=
T8= Hole & dAZRH

P. anisocaudata% AE 4 54 0]’91 © tq < A

Enteromyxum

ol MEY
20153 1149 A+
4 gere e}ow

r_>i:-lE
= W
H,
(98]
o
o

cm)— i/\}o}‘}iq 1"%'—% ”‘é‘%% o] MS-
2222 w3t o 94—1— =4 B T 5o
YE S4e dFsta A, vgd D B B

2 o7 A3t 1% NaCle] 3 7}¥ BHIA (Brain
heart infusion agar, Oxoid)oll =23} 28°Coll A 24

A8 - A=

ARE Bk WS Aol Wik A% $4E

9] 168 IDNA 714 E& #A8t3th vlolei 2 4
A 9138 OIE # ¥ <2 (OIE, 2017)01] we} A7) 9]
TYE 22 NEEFE RNAE stof wlol
2324 YWE S (Viral hemorrhaglc septicemia;
VHS)S| ¥<1A<Ql VHS virus (VHASV)S] EA1& &
kRt =AW T A PSS At A 2H
B 3, oprbr], A%, ¥, 9 2 A 23S 10%
2 (pH 7.2-7.4)9 1A} o] F 3}
2} Zusta A& A ZFste] HRE @213t

=X =

Holmxi=o| =X

Myxosporean®] &4 -& 93l P. anisocaudataS}
E. leeis BHA 0.2 3= Eo]iZg}tolwE o] &5}
71 4 oARE Fdsdn. 9A snigl e
B 2 AR, okt 8, A 2AS A =5
Genomic DNAT Accuprep™ Genomic DNA Extrac-
tion Kit (Bioneer Corp., Daejon, Korea)E Al-&-3}¢]
DNAE 3} k. DNAE= NanoVue system (GE
Healthcare Europe, Munich, Germany)©. 2 7 &3}
o] 27| DNAE 50 ngo] H == 3ttt Accu-
Power™ PCR premix (Bioneer Corp., Taejon, Korea)
9}, Myxosporean®)| €:3}= F2| small subunit (SSU)
rRNAE B}l S E S}= MyxospecF(5’-TTCTGCC
CTATCAACTWGTTG-3'"), MyxospecR(5’-GGTTTC
NCDGRGGGMCCAAC- 3’)(Fiala, 2006), P. aniso-
caudata® T Eo]xgto]m EM-F(5‘-CAACCGC
AATGTGTTTACTC-3’), EM-R(5’-CCAAACAACC
TGCCACAATG-3’) (Kim et al., 2015)3} E. leeio
gl Eo]xz}o]H MMI18S-F(5’-CTGGTTGATTC
TGCCAGTGGTC-3’), MM18S-R(5’-CGGTACTAG
CGACGGGCG-3’) (Palenzuela et al., 2002)& ©]-&
3l PCRES 3t} PCR 2HE-2 1% agarose
gelol Al A719%5 3 Gel Doc™ 2000 (Bio-Rad
Laboratories, Hercules, California, USA) 2.2 ©]u]X]
3}3t] amplicon®] YA oA FH-E <13t PCR
AHE F %A M EE AccuPrep™ PCR purification
kit(Bioneer Corp., Taejon, Korea)Z #2] 3} sanger
sequencing 'HOZ2 FIV|AE-E A NCBI
BLAST program 2.2 blastg T3] YX| AFRE
gl At
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71& & F Parvicapsula FE32] A5 EA
< 913l 18S rRNA gene B71AEE 47 213+
EIRB1(5’-ACCTGGTTGATCCTGCCAG-3")%}
EIRB10(5’-CTTCCGCAGGTTCACCTACGG-3") =X
g}o)™ M E(Barta et al., 1997)3 ©]-&3}l PCRS
FhsATE =3 AlTEA S H5t] GenBankOl
&% Parvicapsula % 1152] 18S SSU rDNA ¢
71MES A9 OutgroupZ ALEH FL& Tetra-
capsuloides bryosalmonae ©]ATHNylund et al.,
2005). AH8-2 Z+ F2] Accession no.<= Table 19l
YElAT A% 4= MEGA 7 Z 213 9] Maxim-
um likelihood ¥ -& ©]-&3tof 2+ 38kl 2™ 1,000
3] HFE-35LS] bootstrap value #4S T3 T

Znt W o

]

€ "9A9 354 AR ew
= Ry vro] 2l ¥l th(Fig. 1). W
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Table 1. 18S SSU rDNA sequences of Pavicapsula spp.
used in this study

Accession

species
number P

AF201375.1 Parvicapsula minibicornis
AY308481.1 Parvicapsula pseudobranchicola T01-01
AY584190.1 Parvicapsula unicornis
AYS584191.1 Parvicapsula asymmetrica
DQ231038.1 Parvicapsula minibicornis
DQ515821.1  Parvicapsula kabatai
EF429096.1 Parvicapsula limandae
EF429097.1 Parvicapsula bicornis
EF431928.1 Parvicapsula spinachiae
HQ624978.1 Parvicapsula sp.
KF874229.1 Parvicapsula irregularis
KF874230.1 Parvicapsula petuniae
KU377575.1 Parvicapsula anisocaudata SMK-2015
KY341924.1 Parvicapsula anisocaudata
MF161398.1 Parvicapsula curvatura SPS-2018

U70623.1  Tetracapsuloides bryosalmonae

- Parvicapsula anisocaudata JF2016

= A ATE70A).
ol ZRE WA HAE AT A, A,
W/E= E5o A Vibrio scophthalmi (<&
86% (6/7 7NNk V. harveyi (AEE = 100%
@A EEE Aoy e A= Hv| sk
(10 colony P]¥h E2]® WU Aldo] #2H F
dol F A/l obd Ao & ATt (data not
shown). 18|31 BE AF /WA 4 VHSV E3ZH
HEHA At

WY 2ATA A A7 244 78F 22
7} 1= © M (Fig. 2) 71 &7} myxosporean¥}
FrAFSFATE. WA Myxosporean 5-0] Zzfo]H 2

>
2 ol of

Fig. 1. Infected olive flounder (Paralichthys olivaceus)
showing severe distended abdomen (A), notably caused
by hypertrophied liver (B), and hemorrhages in the
stomach (C).
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Fig. 2. Histopathological changes in olive flounder infected with Pavicapsula anisocaudata. The myxosporean was
found in all the tested organs. Notably, a large number of myxospores were found in the submucosa in stomach
(asterisks). Notice that vacuolation was observed in the kidney, spleen, intestine and gills due to P. anisocaudata,
and some vacuoles in the kidney, spleen and intestine (arrows) contained the parasite. (A) Gill; (B) Liver; (C) Kidney;
(D) Spleen (E) Stomach; (F) Intestine. H&E stain, X400 magnification.

PCRY A= AHE-RE W5 mha])ol A =5 44
< YERY Sl tH(data not shown). Myxospec Z2}o]H
+ Pavicapsula, Enteromyxum, Ceratomyxa, Myxidium
A Kudoa clade®ll 43+ 5} Z2Z SSU rRNAS]
ZZ o) A= 9 tH(Fiala, 2006). L&Y Enterom-
yxum leei & AZEHA ot 5719 AHEolA

22 Parvicapsula anisocaudata®+ol ™k PCR Y+
SollA FA-E YERN A TH(Fig. 3). PCR amplicon
o G7NAME &4 A 71£9 P. anisocaudata?:
100% LAI3FAIL A& Parvicapsula & 32| A%
WA e B AFNAME P anisocaudata (KY
341924.1, KU377575.1)¢F S| 2HY He A< &
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Fig. 3. PCR reaction for the detection of P. anisocaudata
in different organs in infected fish. Five fish samples
(from no.1 to 5) from a fish farm in Jeju island, and
1 healthy fish (no. 6) from University aquarium were
used to detect P. anisocaudata. Note that infection de-
gree is varing from very weak reaction (detected only
in the intestine of no. 1 sample) to strong reactions in
all the organs (no. 4 sample).

QA 3H A ThFig. 4).
PCR= ©] &3 B71E Ad=E gl A 2

e

H AETE % NAe] BS Aol At
WA (Fig. 3, 1) g ol *u‘é =
A& A (Fig. 3, 4‘ﬂ1)
NE Aoz 2 0%11]7} ANEgH 2
Zedsol glgol UYLk ¥ Aol
A2 P. anisocaudata’t ‘A 2] Z2 7] (histo-
20i0) 0.2 53 99| stz ol FFs o Y9
on F¥ g FWshs 540 AU =3 7+ A
7],] leuﬂag};ﬂ Al A3 __7gx4 oZ AA
2 ol7tu] o A F3E(vacuolation)”} &A= ST}
nyo] Zm o] g9l A Aol e
W 9% =e $Hd3 Y A A AU Aol
R = A Th(Fig 2). B ATl A P. anisocaudata?};
obhul, 1o Muksta 5 24 Wol 4d® 2
< B3 Ceratomyxa$t A AZALE 7HAIH
(Molnar, 1994) @& 3 <8AE Tl L2t
of ANH PP YOoA BRAT Fol G F
4 dogl o 58
al., 2015; Shin et al., 2018)2} =
o pge vehiEs 33e 1Y A= 9 A4
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g5 r AY584191.1 Panicapsula asymmetrica
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B9 50 —E DQ515821.1 Parvicapsula kabatai
100 EF431928.1 Panicapsula spinachiae

EF425096.1 Parvicapsula limandae
AY308481.1 Pamvicapsula pseudobranchicola

AY584190.1 Parvicapsula unicornis
MF161398.1 Pamvicapsula curvatura SP5-2018

r EF428097.1 Parvicapsula bicornis

100 L KFE74229.1 Parvicapsula irregularis

gg — AF201375.1 Pavicapsula minibicomis
|: HQB249758.1 Parvicapsula sp.
KFB74230.1 Panicapsula petuniae
K¥341924.1 Parvicapsula anisocaudata
KU377575.1 Pawvicapsula anisocaudata SMK-2015
JF2016(in this study)

0.080

U70623.1 Tetracapsuloides bryosalmonae

Fig. 4. Phylogenetic tree constructed with Maximum likelihood method. Branch supports were obtained by 1000

bootstrap replicates with random sequence additions. The percentage of trees in which the associated taxa clustered

together is shown next to the branches. Tetracapsuloides bryosalmonae was used as an outgroup. All positions with
less than 95% site coverage were eliminated. There were a total of 1047 positions in the final dataset. Evolutionary

analyses were conducted in MEGA7.
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