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In recent years, myxosporean infection from the cultured olive flounders Paralichthys olivaceus, have been frequently
observed in Jeju island, South Korea. This study aimed to compare histopathological and molecular-biological meth-
ods of examining myxosporean infection from these flounders. Samples were obtained from affected individuals
exhibiting emaciation or abdominal distention and a polymerase chain reaction (PCR) indicative of Parvicapsular
anisocaudata, Enteromyxum leei and Kudoa septempunctata were initiated. Histopathological examination were con-
ducted with H&E stained tissue sections, and then in-situ hybridization (ISH) reaction were processed with selected
sections using P. anisocaudata, E. leei, K. septempunctata and Scuticociliate probes. Renal and intestinal tissue de-
generation were common symptoms associated with all samples. Sever glomerular and renal tubular degeneration
were evident, as were intestinal epithelial desquamation and spore formation in the epithelial cells. The results of
conventional PCR analysis and ISH reactions revealed differences, and we suspect that various microparasites may
have been associated with the symptoms manifested.
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ajtolRol A Uehbs HAEAFRE 24 670 R
(clade)o2 U1l Ql&=t], Myxidium clade, Kudoa clade,
Enteromyxum clade, Ceratomyxa clade, Zschokkella sub-
clade 12|11 Parvicapsula subclade”} 17 o]th(Dykova et
al,, 2013). 2| FAG A oA = TheFet HAxZAZ 3 o
Aol Hirea Qla o] 58] A|&2AQl Wyl Agitel mlA|
= VS T FaeTt okl ukel thekRt A A
SEQJ_ Qlt}. Kudoa clade®)| <531+= Kudoa septempunctata
(Myxosporea:Multivalvulida)= g 2] &] -8 4] 7] A85l= A&
2 2 g 9lom 6-7709] S 7= A 2SO 7,

o 27)o An|3x 02 Bolai B
Y= 2 ohE Ufoll pseudocystE B 3‘6‘}%]‘1 %‘1312
TS A AE B0 28 Ao 22 o]
A ghot pajoini 5] opalel Helo of ke F 7144
TH(Matsukane et al., 2010; Yoshiko et al., 2015; Takeuchi et
al., 2016). Enteromyxum clade®]| <53}= Enteromyxum leei®]
2, 19909t 5 FUHRE] o] o] 950] Yol B 4
o 52} 7h-ee] sLtolch. skt Yol Eape] 243k YAk
5] A} EL o 2 of o] ghARREo] FgS mlAlE Ao
2 dHHI(Tun et al., 2002; Yasuda et al., 2005; Yanagida,
2017), = FAE A oA = o dS2 Beiste] xlEH o8 o
=]} 2HeH(Kim et al., 2011, 2015, 2018). Sekiya et al. (2016)
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3}t Zschokkella subclade?} Parvicapsula subclade Ma-
rine urinary cladez sfjAto] Q] Wlgol A HELE] = A ER}=
R oS LR ool ARl o]5 HolzAFel
Fagszle) §Lo 1511 Qlth(Fiala, 2006; Kodadkova et al., 2014).
=W FAE 2] o A= Parvicapsula subclade®] €3l 73
A}5-© 2 Parvicapsular anisocaudata®) 7+g 0] A1%-2] A3t
oA 211 th(Cho and Kim, 2004; Cho et al., 2005). 1
it skt M= P fARSO] HEEQAL o] EJL HA|o
Fofet Mol xpg o2 QIR w o] {sHA KA 5 TRt i
W& Ee A7t o] Fo] A AL Qlrt. 2ol Zschokkella sub-
clade®] Sinuolinea capsularis7} 3ol A E2]H Y-8-o] &
%)7] %= 3} th(Shin et al., 2019a).

K. septempunctataZ} +5-0f $H4 = o] T F =31 g x| <] HAk
of 222 P n|x|A| &= Sal= WhH(Matsukane et al.,
2010; Yoshiko et al., 2015; Takeuchi et al., 2016), E. 16619}
Parvicapsularsp.2] 7F -2 431, A4 = gl A oheF 4
S5 o H o] thAte] kS vl A o= HolH(Kimetal.,
2011, 2015, 2018; Shin et al., 2018a, 2018b), 7+F o] 7} " Ao
o] 2 A PEHE|o] HOEAE] 7S A A A=
Hake 4= gle HYA7E = A

o] 23t o szx}Zof Of3h thefRt A S0l @ el

Table 1. Information about sampled fish in the present study
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Z&RAA | gt & iZo] B71d F, AUS 5/ HE
o] | 22ekA HAlo|A o zRZ-0] Zhedat
ﬁEi | T2 Yol A k= Qi) o3t 4
Ag-(myxozoa) 2] 7HH 02 o4l El= F4Eel o
(protozoa)ﬂr 22 o2 v 7| A A (micropara-
ol o7} oJAlx] o] We| xR ekA 2kt sH
K& Ao, 1 g A3 2
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A2 Fol 71t of 7 Are] Ul Al

A kol ot ol R ALY BT}
= WA7F UEhv= ol 8 (A-H)Stoll A 2 3t =25 A8
of(h, Dot E= 27 S=x)0llA] 3-5ute] ¥ A Ffste] - 40ute]
O] YA & o2 A, AlF-S AlSshaL, 98 A4y 24
2H4E 7] 251t} Table 10 1 W-8-2 A 2|st%ich

EXtMEst™ HAKconventional PCR)

oIy B 2 AE A WEL SAol W g AR
AR} 23S A MR TR ] A F 52 A 35

Oé_
T oM |
i rlo

ol
-

Farm Evg. TL (cm) Evg. TW (g) External signs Internal signs
A 38.83 552.67 LE (2/3), SE (1/3) -

B 40.83 596.03 LE (2/3), SE (1/3) -

C 28.13 241.80 LE (2/3), AD (1/3) abdominal walls hemorrhage, ascites (1/3)
D1 28.23 199.47 LE (1/3), SE (1/3) -

D2 28.83 181.23 LE (1/3), SE (1/3) -

E1 35.76 481.54 LE (2/5), SE (1/5) liver congestion (1/5)

E2 34.24 434.36 LE (1/5), SE (1/5) -

F 38.40 553.26 LE (2/5), SE (2/5) serous fluid (1/5)

G 44.22 834.12 SE (5/5) white nodule in kidney (1/5)
H 37.36 507.02 SE (4/5) -

TL, total length; TW, total weight; AD, abdominal distention; LE, light emaciation; SE, severe emaciation.

Table 2. Primer sets information for conventional PCR in the present study

Target agent Primer name Sequence (5™-3) Target region, product size Reference
. PANMF AGGAACGTTACATAGCCGGCA .
Parvicapsular sp. 188S, 502 bp Shin et al. (2018b)
MyNMR GACGGTATCTGATCGTCTTCGA
) ELNMF CGGTGACGCCAATCCGTG .
Enteromyxum leei 18S, 192 bp Shin et al. (2018b)
MyNMR GACGGTATCTGATCGTCTTCGA
KSf GTGTGTGATCAGACTTGATATG
Kudoa septempunctata 28S, 356 bp Grabner et al. (2012)
KSr AAGCCAAAA CTGCTGGCCATTT

PCR, polymerase chain reaction.
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Table 3. Primer pairs used for ISH (in-situ hybridization) probe synthesis in the present study

Target agent Primer name Sequence (5™-3’) Target region, product size Reference
. . Parvi-F CGATAGCAGAACGCCGG )
Parvicapsular anisocaudata i 18s, 175 bp Lab. designed
Parvi-R GAGCAGGCCTGCTCTAACATGTA
. ELNMF CGGTGACGCCAATCCGTG Shin et al.
Enteromyxum leei 18s, 192 bp
MYNMR GACGGTATCTGATCGTCTTCGA (2018b)
. . PSSU1 forward GAGAAACGGCTACCACATCTA Rosste-uscher et al.
Scuticociliate 18s, 350 bp
PSSU2 reverse CAAGGTAAAGAGCCTACTCCA (2008)
kudoa-ISH2L ~ AGCGCCTAGTGAGTCATTGA Lee et al.
Kudoa septempunctata 5.8S-ITS2, 185 bp
kudoa-ISH2R ~ ATCCAACACAACTGCCGAAC (2019)

npe] o] ARk A5Re] 2 A8 ZH2) poolingdlal DNA extrac-
tion kit (QITAmp® DNA mini kit; QITAZEN, Hilden, Germany)
£ o] g-3lo] DNAE %3131t Table 2] YERH primer sets
& Ag5to] 4Ol A52] 183 RNA] 918 4931 PCR
(polymerase chain reaction) AAFS E3lo] HHEE E0lslal &

71K R4S ot $2 Selskint

He| R A HANH&E stain)
B A eRAsk AAE SI% 2Aseto| SRR gt
A8, s zEg ZF WA AH(FAD)} Akt
e AT Ei ARE 915 24, D, £, w)
U AR AR WYL 74 sheba 222 WS, Rotary
& nfo] 3 & E(HistoCore MULTICUT; Leica, Nussloch, Ger-
many) & AHgsle] 222 upaalich, Zefo| Satel o] 2}
Al A2A]7] & Hematoxylin and Eosin G41-& AA|5}$ T

Table 4. The results of PCR analysis about Parvicapsular aniso-
caudata, Enteromyxum leei and Kudoa septempunctata for tissue
samples at 8 farms

*Detected sample no./ Total sample no.
(Detected farm no./Total farm no.)

P. anisocaudata E. leei K. septempunctata
K | K | K |

- - + - -

Farm

A
B
C
D1
D2
E1
E2
F
G
H

Rate* 6/10 (5/8)
K, kidney; I, intestine.

1/10 (1/8)

+ + + + + + + + + o+

+ + + + o+ o+

8/10 (7/8)

A2 -2 FskdAn] A (Axio Al; Carl ZEISS, Goettingen,
Germany) 2.2 TH3131 GA} ALEGOl o]u] 2|5 ¢lo] 4
2|8} tH(ZEN 2.3 blue edition; Carl ZEISS, Goettingen, Ger-
many).

ISH (in—situ hybridization)

H&E (Hematoxylin and Eosin)5}to] 325t &eto| =3
2} 22 2 A]of| g Fel= &etol = HHo|| P anisocaudata,
E. Ieei, Scuticociliate 12|11 K. septempunctata®l| £-0]% 5.
2 A3} 98-8l & Dig DNA labeling mix (Roche)E AR5}
o] Digo| £z PCR productE 200bpH] & 2] 27|12 A
%1, o] HHES probeR 1o 24| HH I} hybridization F+
SAIA Feken| 7 o2 WA B3 of .5 21¢1513] T ISH (in-
situ hybridization)3F-3-A1 A 2Hst= Z6ke] A 2L Lee
etal. (2009)2 15|t} Probe 33 ol A8 Primer sets2]
7 5.+= Table 3]l LER ATt

2 o

EXHMESA HAHconventional PCR)

$4H .02 AN} PORS B3 BAESH HA A, P
anisocaudata’= 8714~ 107} & A2 2] A 2|4 HEE
ou, A3l 2R A= HEEA] EUTE. E. leeir= 7714~ 874
23 AlROA AEE o AolAd= 1704 17 A=
A AEEL, K. septempuctata= 17§12 17] Al 29 &334
Z A of| ARt HE 5| S THTable 4).

H2| R 2sHA ZAKH&E stain)

WA VS 252 HAE G
Ak, FeH 02 Yef= A7 02 A9 Al AREA|
9] 22 HA(degeneration of glomerulus and renal tubules,
DeGR; Fig. 1A), Al Y7ol A2 &2 A (plasmo-
dium) (plasmodium in renal tubules, Prt; Fig. 1B)7} 2|4
U= FE7F ool weh 1 FwTt vhEA Wik &
SRS W7ol A uf Al szo] W/4d 7} Bte] 3/(desquamation of
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Fig. 1. Common finding about kidney and intestine sections of olive flounder have pathognomonic symptoms. G, glomerulus; Rt, renal
tubule; white arrow, plasmodium; white circle, degenerate of glomerulus; black arrow, myxospore; black circle, desquamation of epithelial
cells (H&E stain); A&B, kidney of C farm (bar, 50 um); C&D, intestine of C farm (bar, 100 um).

Fig. 2. Protozoan cells in uro-genetic tissue of D1 farm sample (bar,100 um). A, mass of protozoan cells in intratesticular coelome; B, cili-

ates in coelome adjacent to urinary bladder; C, testis tissue after ISH reaction with scuticociliate probe. Arrows, protozoan cells (=ciliates);

ISH, in-situ hybridization.

epithelial cells, Dep; Fig. 1C)0] 35222 YelH, E. leei
T A 7B sk ) Adu] Al szol| -5 o] AR Aol #
ZHe] A th(myxospore in epithelial layer, Mep; Fig. 1D). o] 2+
& 2L A, C, Do GFofoll A F-3tsHA = len 7
Alof whet Al Wf Zs o] AAtER 8 948 AN =
2 o] 2514 BaE= calcinosis 4HE THHE ¢t} £35] DI
o] 9 414 27]0] Wk} gl A& o] XA o] A2
ALY 2) 24 o] AEFOR Mol dAAE] 27
& o|Fo] tha= W H M (Fig. 2A), 83 Ho| A= AR
o] 057 SA7} 25 PERE|CFig 2B). 43HHT)

Aol A A7} s 2] o= 7ol g WAt
are)= Ao wheh S i e =k 2 ofe e
Al Avhee] S 11 H =S YRl of Table 5o 2|3}
Atk H ofoldo] 79 Al o] A== 2715l (autolysis)
7 Y= S 7s7d ol ol = e

ISH 2

H&EHM ol 4] A2 do] igets] w2kl A, C, D1, D2 1]
11 G 2R FH o t3lo] P anisocaudata, E. leei, Scuticociliata
Z12]aL K. septempunctata®]] Tzt ISHRES-S AA|5H3l 00 ~1
A}, A%z 2] Yol A= P, anisocaudata®] tigt ISHYHS-0]
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Fig. 3. Kidney and intestine tissue after ISH. A, kidney of A farm after ISH with Parvicapsular anisocaudata probe (bar=100 um); B, kdney
of D1 farm after ISH with Enteromyxum leei probe (bar=50 pum); C, intestine of D2 farm after ISH with E.leei probe (bar=100 um); D,
intestine of D2 farm after ISH with P. anisocaudata probe (bar=100 um); Arrows, positive reacted cells; ISH, in-situ hybridization.

SokA TRE YO E. leeiol] thet §H-g-2 o -5 vpehubA] ¢
%L, A, C,D 12|31 G| A5 A A& E. leero] Tt RE-3-
o] AT YA WHSA| 2= FAIB] A2 AL & 4= AU
(Fig. 3A, 3B, 30).

HhH A8htol| A= E. leei®] WHg-0] -AlstA k| Q.
4] Well 222} g o] HekslA el = 2 A oA E. leei
of| thgk ISHRHS- E3t i 2ls}A] B2k thFig. 3A, 3B, 3C). &
Sl 20| A] P, anisocaudata®l] T3t 9 WH-2 LIERH A3
7F 2 A= AR D22 3 A ol A ] 3 oAl 2
WellA] efdrh-g-o] T ltkFig. 3D).

D19] A4 2o A e cheke] YAIAE-2 Scutico-
ciliateo]] tfato] ISHYHS-S YetH $Itk(Fig. 2C). K. septem-
puctata©]] ThFF ISHEFS- = &4 0 & sholw] i},

o E

FA HA ol A ThekRt H ol Ak g o] UEhbs 7he-H| o]
Sl thet Fefeta] i AR Q1 Theket W Bt At
7F A5 AL ik 20049 7 2005 A of] =L A A 9] B A
Z A\ A] Parvicapsular anisocaudatas W53t T2 0|54 &
ol sz} 0] Zh4d o] B 1% Q] 1 (Cho and Kim, 2004; Cho et
al., 2005), 22 A]7]o] S mlopx7| @ SFAI Ao 4] HolsE
Aol oJgt o] Yv o] U1 Enteromyxum leeiz T8 81t
(Yasuda etal., 2005). 27|01 13 o] w4 Hefst Ao

AR o 2ol = AQNA o] EAFeHA] EA o FFstaL ok
(Kim et al., 2015; Sekiya et al., 2016). Z|5F7FA] 2] Ao A=
FAA oA Yeph of g ] URIS E. leei® Aot B
1= A, 0|2} WINE P anisocaudata®] Bk A 2] Ujo]
Al P W85 = Harskal QIIAIRE, o5 HH ZAS-0
Erdol ¥t 8- gtoti 7| g5t o] 2fgt ket 2
Metagenomic analysis -+ Multiplex PCRY} 22 EA}AITh
71H& E-85to] ol Sl e HAlolA AEEE 71AA
£ okl A ZAS A A T R ST AA o] 7
Sko] ALeE dAtol A= oY SAdol AR TR Y a3kt
ol E. leei7} &%= Hl&o] AN Wgoll A= o el &
/g WA 1o P, anisocaudata?} E-2- Bl-& 715 %] AtH(Shin et
al,, 2018b). 5& oY S0l At WAl A = HFelA® E.
leei7} Bl 2] & Bl HEE 0] oY S/ E. leei2}o]
= A= QAR E. Jeeitte] A 02 o YFo] YEht=
A Aol 2k oizo] =t

2| AR A 0lA oAY Sl YEhbe AR oyt &
7 U BT AR S Holn #HARsk= o7 HlEsto]
HJNEA S AAIR A, A SeHA o= igat e 9 Ay
Aol Alet dFak Al e] @A, 54 W B4 = shkE
o] EHEnt F/4to] Uehar A7) 224w 3 Uk
o dnjg o m g f 312l AAE SIS W, S T
S}A] R}t Parvicalpsular sp. ©F ThfRt FEj = ¥k = 4]
AEAS 9] plasmodiumo] FHEHE] Itk X 9= 0] A 4]
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W ol A B2l HOlER St whetal W o)A Parvicap-
sular 3-8 ZAJ2] e} 917, 45 Sol 4t Bl 548
HIELO 2 P curvatura® AAgstal QAN Tt HAEZAS(P
anisocaudata, Sinuolinea sp., Myxodavisia sp., “12] 31 Ortho-
linea sp.)2] co-infectiono]] Is}ko] AFslaL 9lom, Z|Lojli=
Myxodavisia jejuensiset= M 28 £2] 54 A4S Hi15}%
T}(Shin et al., 2018a, 2019b).

2 Ao W22 8HA Aol Al Aldol| A o] A Ado] 4]
S A= ] WA S Aol A E. leei®] ARG AV
o] ¥2H=| It} PCRAAN A = A1l A9t P anisocaudata”}
AEE YA, ISH ¥ A A= D2E A 9fstaL Aol Al
P, anisocaudata®} V7| E. leei7} WA 4= A QA0 HE=
A== Qo E3F B E A5lo| A P anisocaudata’t ZEE] 4]
0F2 7126 D29] 2-3ke HAHE U)ol ¥hS opafo] Bhels]
o] 0]T Z71A el ZAF LA 21 © &2 K oltKTable 4, Table
5, Table 6). Z|tof| %FA] g2 A Ea1H Parvicapsular & 7}
&4l P curvaturee]] Tt 7} A G7I4E Aoz Al
A o A= 2704 370 Al mol| A HEE o skl A=
A HEE A ¢kekth(data not shown). PCRAHAMIA K. sep-
tempunctata’t D15:29] 4317 2204 AZE A9 ISH
HE2-ol A= K. septempunctata©]] ot HF3-2 HE Al Z o A
S0 et ghoR o W 79l IS ko2 4ol
Wa Ao 47,

o[ A AF7IA| &] Ko A= BE 2 Aol A e theFet A
HZAZ0] A, axshtol| A HEE AL gl5o] EHRlE St K.
septempunctata= 522\ A, E. leei= A Z 2| of 4] 3E
A7} Heks] IAE AL, P anisocaudatas= ®gA oA R
of EApgo] vy PAkAL) et 2 o4 we Az,
plasmodium®] 73-9- A% % 2] Yol P. anisocaudata? | 9-A|5}4]

of
AT
Wi

of izt Wel=2ehs 665

9k E. leei™= HEE]$1om, PCRAEANNA A3} 2 Aol A K.
septempunctata’} FEE o= Stk H&E HAS 53t A%
221 9] ko Al= theFet 2] Y Al(trophic stage)7}
zhElo] & Ato A FAEA] 92 FHEZAEO] e 24
=ik T3t plasmodium Bt} 71 37171 F LA Eo] A4 A
oA Bzhe|of ISHRE 2HQ1gH A 1} Scuticociliate?] 21 0.2 €421
Elo] Hol 25 qho] ofu et Mg B3 ol ek

Scuticociliates= X F7HA] HX| 2] A| 322} of7u]of| A ZHHZF
e TR T 4 glon FAto] M EH sk Al 24
Ql =& o] Fste] b= A& DA QA TH(Moustafa et
al., 2010), Z|L FAHA FAbol| A At Ao A= HEE =
Zo] R % QlthKim et al., 2019). & &L Aol A F=2=ght
g H& AT LY Aol ERIE DIgRE thE 250
|3l A% ywo] ekstal Askt Adujuf g Ado] Yeht=
NAI7E glol E9] HAloll A vehhs WA St Bt 4
A AWS Asty] of Yot whebi], A4 429 scuticocili-
ate ol WeljAl= o g ¥} anzko] Jadk Ao g A
Z}E )

Y29 vl g Al o] A QR 2 AR = Urtol| A FFdh=
544 ot AT Fel Al J E
o o] o]Fold 4= Qe A et T2 a3 Y| 2
A}5-0] SAIT AR G] RIS 4759 oS 7S 4
Uom, Q7 ko] SAREQ Wlgo| A o) ¢S WAyt vy U
e/ Aldo] alo]= T4 Ale] 22/t IAFR o]0
A ofA| o] Al drkAE Fme)= A4 A1 aglo] F 4= )

A

A oj3} ofFol| A= Parvicapsular sp.2] A% Zhdo] A1 5
20 B2 ALA| (glomeruli)gl— k]]l::l"’d(renal tubule)*c}ﬂ o 9
A (trophozoites) 7} 2Hotn 220 JEE v|A|= ol H

Table 5. Histopathological observations on H&E stained kidney and intestine tissue

Histopathological findings

Farm X X
Kidney Intestine

A DeGR (++,3/3), Prt (++,2/3), calcinosis (1/3) Dep (++,3/3), Mep (++,2/3)
DeGR (+,1/3), Prt (-) Dep (-), Mep (-)

C DeGR (+++,3/3), Prt (+++,3/3) Dep (+++,3/3), Mep (++,3/3)

o1 Ciiatos i gonac: n he coslom (+1+.17) Dep (++,213) Mep(-013)

D2 DeGR (++,3/3), Prt (+,2/3), calcisosis(1/3) Dep (+,2/3), Mep (++,2/3)

E1 DeGR (+), Prt (-) Dep (+), Mep (-)

E2 DeGR (+), Prt (-) Dep (+), Mep (-)

F DeGR (+,2/2), Prt (-), calcinosis (1/2) Dep (+, Bl), Mep (+)

G DeGR (+++,5/5), Prt(+,2/5), calcinosis(1/5) Dep (+++,5/5), Mep (++,4/5)

H DeGR (++,4/4), Prt (++,2/4)** Dep (++,4/4)**, Mep (++,3/4)

DeGR, degeneration of glomerulus and renal tubules; Prt, plasmodium in renal tubules; Dep, desquamation of epithelial cells; Mep, micro-
spore in epithelial layer; BI, bacterial infection; *, gonad removed with the end of kidney tissue; **, this tissue was doubtful of autolysis.
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Table 6. The result of ISH (in-situ hybridization) reaction against
4 kinds of probe

A C D-1 D-2 G

Target agent

K1 KI KI KI1 K|
Pa(vicapsular s e
anisocaudata
Enteromyxum leei T T T T S S
Scuticociliate - e e -+ - e - o
Kudoa septempunctata - - - - - - - - - -

K, kidney; I, intestine.

5k e (Jones et al., 2004a, 2004b), PKD (prolifeative
kidney diseae)= Tetracapsuloides bryosalmonae7} 1%10] 4]
Tk ofF Aol wet S A gt A A7 =
A A = Ao 2 AHslal Qlth(Stephen and Matt, 2006).

G4 FAollA HE ol Y S BT SR A 5 LS4
of] that YRl A 9] YA = T4 7] of 2 Ao
Ao] o X|&E 1 Ql= Aol Y ZAG-0] 7HE FE7
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