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Comparisons of Morphological and Histological Character on Internal Organ
Tissues of Captive Clownfish Affected by Myxosporean Emaciation
Before and After High Water Temperature Treatment b

Satoshi AokT” , Kodai YamacucHT” , Kohei Yosuikawa® , Syota Sarro® and Nobuhiro Suzuki®

Abstract

Myxosporean Emaciation Disease detected on captive bred anemonefishes Amphiprion
ocellaris at Marine Science Museum, Tokai University was diagnosed as parasitism caused by
myxozoan, Enteromyxum leei. Reduction of fish mortality and histological degeneration of were
observed after raised water temperature from 25 to 30 as high water temperature treatment.
Mortality from subject fish were recorded up to 6 weeks after high water temperature treatment,
however, mortality started declining after 6 weeks then recorded no mortality after 10 weeks.
Histological observation on body tissues from affected fish that died before high water
temperature treatment showed tissue necrosis and cell degeneration on intestine, gill, kidney
and liver. Also, myxozoan parasites were observed in intestinal epithelium and gill vessels.
Tissue regeneration on all affected organs were observed after high water temperature treatment.
That suggests lightly affected fish were able to discharge parasite via viscera. From this
experimental study, high water temperature treatment will be expected effective for

Myxosporean Emaciation Disease on tropical and subtropical fish species.

FORRZFEMRE LT, Wik B O Enteromyxum
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FARER ST

EDORRYFEF B HE I TV D (Padrés et
al.,2001 ; Hyatt et al., 2018). Enteromyxum leei
DOFEM72ETRRITI AN, BYfa & DR E K
L D PR TOREYL, I LXOPE Sz FH4A
HORBERZREAWNCEY AT Z L 72 Z1IT XD
YeMIRW D Z ENMBI TS (Yasuda et al,
2002,2005 ; Yanagida et al., 2004) .

H U v~/ I Amphiprion ocellarisiz A X% H

ARAFAFIZJET B - BBV IERETH D .

20174F 1 H B2 b BHE R A HECE R 7 T B O R
KFEIZBWTEHE SN T3~ 4mAaNE LN
HIERZ & L, IHEE-CE &K TZICBEE T
DEBIDFRD LTz, RLHEER DR D S fE ik
B R S AU 72 H SRR 0 FESCBESE AR (R o i e
PICETR L CW TR 2 A 7 A K77 A LICEBRIR
L, HFHMEBE T CRIE LI 2 A, K+ Hh
E. leei> B KA fgsl L7z,

7 v~ INTBET DR BRI
DWW TIE, E leei D N % & Y 5l T O 5

(Yokoyama and Shirakashi, 2007) <2, A2/
e SE RGO B KR 2 25°CH H30C~ LA
SHDHZ L THEDOIHBE LE~DFEREDFEIC
BKTFT2Z EnHEINTWS (China et al,
2014) . ARWFFETIL, Wil K FEER T W fE Tk

REFEBTBENL W7 L7~/ JICTBRBIELT,

E. leeid T AT X 2 G B AMERCH I O FAR IR
W RAEREET D720, FRATE ISR 5 B0
RO HBLHER 722 & OV B A 0O 9 BEAR AL 2 A R
EATHT-DTHRET 5.

mHEFE

HEA - WIRRE - #R

B K P UEER W E O % R R R ISR E S
NV o JRIAFET 7 U LKEE (EA£1660 mm,
31180 mm, HULEIZ & 5 FFRR O H 225y 0
EAL700 mm, ZEA2000 L, KRS & I8H
TR DI H) TRIBEL W7 Lo~/
CY AR B IEE BB A 3~4mkfl) FI300ME KD H
B, KE T PR ORI T H B IR 0 B
I oWIER A B U2 iSE RS K OVBESEfE R oD B

e A, 2017T4E11A 225 20184E8H £ THIZ L T-.

F7o, BSEERT X OMEFEIE 1% OO (K A i Ll

DT R E L o7,

HRRTFROBER

BAE 72 O RER O B b 7o HRAE S S OMBESE(E 1A
B ERE L 7 5 RO KIS L 7R R D
BTaATA N7 T A2 RIZ®IKL, Diff-Quikif %
i LT, DGRBS KV ORI oo A L
Bl LIOReEz@R L. e ThEkokE S
(xR & &bE, REERITER) ZzHEL, #
ZE R L PP TR A RE L7z,

REAMAHE

2018%E2H2H 22516 H M T B KR4 25°Ch»
530 C~Lihx I LA S, AR T COFEE %
ke L C ORI R 2 E Lz, SoKiReTE o
L, KIED27TCUL L& 7e-57-2H5H % HiRO0H
BEL, 8424H F TD200H M- T % 8l
LT, FRABERI% CARIELA O F R IE A
2T, MR 1135.0%0, pHIL8.0RI# 24~ 7=.
HIZ150W A X VT A KT 7347 & W T,
WEH I8~ 1TRFO R JAT Lic. R E L TR A

(W DT> ¥ a 74 x%7 2 Euphausia superba
& 7%V Ruditapes philippinarums X OMiffa o~
7 ¥ Trachurus japonicus) OIES > (1H1[A,
H5H) &ilROR AR (HIEAKLEE, F& O
»S2) (EH1E) Z#fafgT5ETHERL.

REESEHEE

FHEAL R RO 2RI, M L CHIERO
WFEMEE (n=5), HiE30HH (n=4) X159
HE (n=3) IZ/KMEND GBS EARRME L
Bz HW. HRAaEs- 7 )  ZREAFBT
e A B VIR g (MS222) THRRERE, JEED
WZEIVIA R 2 AdL, 10 Y%K AL~ Y 2T
WE LTz, 2Dk, RS O AR i
HE~HED, 2K (TL) - KE (BW) ZHlE#,
PR, 5, BhE, PN, MiEA R L7z, BB
KO NNT T ¢ R (3-5um) AERIL, -~
~ b XU A VY (HEQRG) 2l T,
JEEATFMAE T TR LT,

R BE 0D LL 8%
o aR LEE) S E [CF = BW (g)



BT E D

/ TL ( mm ) x 100] %sRd7-. FEAFLFHE OE
WIZBIT D EMEOLEIZIL, tREZHAWTEHE
FEERDT.

# #

BERADER - &l
TEAAITIRBEHZIZILD E L TEFNRELLR
BRI AE R LTV (Fig. 1A). £7-, EERS
IR AL OB IR D Z7e &9, JEIR A Ll
2 D EIR T HRRPEIEAL Y D AV SRR O #E o PR
DR S 7z (Fig. 1B). Ak - WEKISE) & 123
IR, WRWREL 0D BN A O KA JE CREEN S 2 fIE (4
RKMEfFEE 7 <ESBEELRBO 6N, BIE
THE, BEIIETHITEELI ->TEBY, NE
\HSRE DIRIE ORI 3 esE S vl (Fig. 1C). %
72, —HOMETIIGENRET R EE LWE
B, BT T2V EEME LTz,

HREFROMEL LA

FE LW A S NI B E DN R L O
Al B KFE I HERE L W3 DI, BRI 1 R
DAL T3 L ORBIEOEKE AT — U N L HhkER
Shiz (Fig. 2A, B). BT 3\ OF R FLS] <
N52 D% (Polar capsule) #fFH, & i
E44911.78 pm (10.5-13.9 um), §&1L°%#J6.03 pm

(4.4-7.8 pm) Th-o7z (n=15). KREKITMIE
TEBOEERFD, BERITFEY17.36 um (16.2-
18.7um) Tho7z (n=10). £7=, HIR~DDiff-
quike iz L 0 iREN R ST,

FEMEROETH

FRATO 1M (20174114 3H ~201842 4 4
H) 1%, —HAMY7Z0 FE3.9MEK (0~10fE{K :
AR DKL %) OB KTz (Fig. 3). —
77, FAE“O6HERM (201842H5H ~20184-3 A
260) TIE—@EMY 0 4208 (2~TEEK)
DFEFED N T, DRITTEIEE WA L, 100
% (2018F4A6H) LIRRIZBEIE HIER HERO bl
<l lpoiz.
Fim

RIZH T S RFORERB LA

HIRanE, AL L7osER4e T TR

i il
B

Fig. 1 Severely emaciated Amphiprion ocellaris
infected with Enteromyxum leei. A: Infected fish
was apparently severe emaciated wholly (the
cranial, trunk and caudal peduncle bones, etc.). B:
Excreting white filamentous feces. C: Retention of
mucus in affected intestine.

R JE s B KGR T 7(*5?&)}@%&@%’%
PRAAEN I B, FEARREE A ELAL TR 2
DI BRI TOFIBENR R D BTz, i%ﬁz
L WVHIBELZ X o TR LR O FEAREE TH 5 R
DOTEREERHER L, BEENIITHKIE R o
BARZE e L2 mE ERIRO b (Fig.
4A, B).

FR30 At O MERTIE, KL A NI B ek
7o EAEMRE AL < A bh, MEEENIZEFEL TY
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Fig. 2 The views of Enteromyxum leeiin the intestine
of Amphiprion ocellaris. A: Direct microscopic. B:
Diff-Quik stain. Arrowheads and arrows indicate
fully developed spores and presporogonic
trophozoites, respectively.

eBRDOZ TR S, —EITEARICEER
TWiz., £7z, KiEEARE B ’J:EZ%EH@O)E@ﬁzﬁi

RO B, MERTITRWN O E DI ARG
ht(mgwyﬁﬁwmﬁ%m@mﬁiﬁﬁi&
JEOFBETRO 5T, BEOFEITH LR
o7, REIR bR AN oD AR AN B TR AR O 1
EREEAE R Lz (Fig. 5B).

8 AEATE, EI-REF O AR P
R 20> & BLER LT 38U TR | B2 i A oD v e <0 A 32
HIIE - HBE EORBIROBENED iz,
WAEF CTIXBIARDSMEIR U, 230 RIMERD M L,
9 S MIEIR HFRO b7z (Fig. 4C). BEDIREIL,
PR ER TIERE D Lo 7oy, s io 5
Sl U= BfRES CiEERo 7z (Fig. 4D).

FIR30H # & 159 H # O & TR IR T bRz o
FEROHBE, O o7 EOHERIFEITRD b
Moz, P OFAENED B, — RS OIRE
WEME O ENGED bl (Fig. 50).
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Fig. 3 Changes of weekly mortalities of Amphiprion
ocellaris (Bar) and average water temperature (/ine)
during the outbreak of myxosporean emaciation
disease. Broken line indicates the first day of high
water temperature treatment (5 Feb. 2018).

ABAE D EEIERZE AR D LW IR D2 TR
D HiTz. BEE CIEAMERZ O LD R
WIALERBIG 358 b (Fig. 4E).

FiR159 B # O 3K CTIZIAE 2R A TR b1
oo ENLRAE ORI K & < HAEN
PR, MEMRLER Thorlz (Fig. 5D).

PP AR AT T RAR ORI ILME T
PRI, —%@ﬁﬁ%gw¢’W%%ﬁm@
BEEE ) BREEON RO LN, £72—
BB O T A AEAZ D T He B H SOHEIE N TR O By, YT
D o (EBBOER) <, BIEMAnIZIB W
TR ZE T TV DAL A b (Fig 4F).

FHIR30H % & 1598 th O 2THEE T, AFHALOHM
J B 22 RaAR S M ORZ D HEBE - Rl 7 &R i A8
FROONRL o7, RIRMESLEF LRV,
JFMA O ITR & <, BoHRORMbLBIE S
BN L ho 7z (Fig. 5E) .

PREE HRATE O SEET, BEERFEILRD
LR T.

SRMROREE

-1 AT OO BAFEAE 48 0 A FE 1240 4.02 (= 5)
Thotz. FAR159H ZITITBEEEN M L, B
FEILF-8.18 (n=3) &720, FIRAIE CHER
ENROLNT (p <0.05). £z, KOO
W B HECHERICEE L W nWh s Ly~ )
2 (n=4) CmEZRDIZEZA, TOMEITF
¥)6.91 (n=4) T, FIRQAELHOBYAEEKE DM
THEZETRD b7 (p<0.05).



Fig. 4 Histopathology of Amphiprrion ocellaris infected with Enteromyxum leei before high water
temperature treatment. A and B: Histological sections of intestinal epithelium. Sloughed epithelial cells
are observed in the lumen (arrows). Numerous E£./eei (arrowheads) are seen in the epithelium. HE stain.
C: Histological sections of gill flament. Necrosis at gill filament root and middle part is seen (arrows).
The inset shows a blood stasis at secondary lamellae. HE stain. D: Histological sections of branchial
artery. E.leeiare observed in artery (arrowheads). HE stain. E: Histological sections of kidney. A large
number of vacuoles in the cell (arrows) and extensive necrosis of nephrocyte were observed. HE stain.
F: Histological sections of liver. A large number of vacuoles in the cell (arrows) and disintegration of
hepatic due to extensive necrosis of hepatocytes were observed. HE stain.

] = IR, BB IR T DMK E DR D ITE 78 &
1, BEA D E leerTE R U T STV R
1. FTHROER EREE (Tun et al., 2000 ; £141%2>, 2013 ; ¥IHE, 2017)

KWGED T 7 V7 = 7 TR BB 7R L—HL TS, KHIETIE, S HITHE R



T 57 EF LWHEES, BE AR TERWnWEE
ZHii LTV D78 CEEMOMEITIT R WEEGEE S
OB, ZUE, REBAOBEFEENHEML T
0 FIRIEE ARG T 5 COMMN18HE & KL,
ZORIZHERNEEL LD EE 2 bk,

BRSNS RO I3 = A H
W% %L, Diff-quik¥ @2 Y9 2 208 O R ZE H3
NOFRINZES L CTWDE ETE leeil —E7T %

(W, 2017). —77, AWFIEOF 3R 210.5-
13.9 pm, 1§4.4-7.8 umT, BEFND E. leeiD K & &

(£ £18.9-19.1 um, 1§5.6-11.0 pm) £V H X
R/hEvy (B, 2017). 2 #id Bk % Diff-Quik
et B IZE L7272, [EEWKIZ L - TULHE L 72
HEEZzbN. LER-T, ERBIUET
DI HeLDiff-Quik Yu A | T FRFE AN e Yed~ 5 Yeta b
BIEFER NS, RIEOTHFIKITE leeil B 2 b
o, B, AFEOIEZCHARKEN»LHEE SN T
W DRI I - RO UK FE S L CiE, S
fugund 5. LnL, S fuglIfa+03 3% # O
HET, £&8.3-95 um, 1513.0-15.0 yum T&
528, TLTC2HDOMENKIE THD Z & TE.
leeit R\ CXKBITE 2 (WM, 2017).

2. INBRRAITOERE
BRI L7 AVSRIROEDBIX, E leer
O BIEN S HRER SNz, L, RIEROEE R
TR LD BGE D LR RAEER 53 23 N a e NI i
WL EEZ LN, Enteromyxum leei~®
Y OFMEFHRD -01201L, B 2 MERE I
HLF9 2 &t 2 5 A U TR D 2 & o TR %
TERLL, Diff-Quik¥efa fii L Co 0 BMEEBIZE %
17 9 BERAREN M BTV S (Yanagida etal.,

Fig. 5 Histopathology on various organ tissue of
Enteromyxum leei infected Amphiprion ocellaris
after high water temperature treatment. A:
Histological sections of intestinal epithelium. Day
30 on high water temperature treatment. Some
parasites inclusion bodies (arrowheads) are seen in
the epithelium. Regenerated intestinal epithelia
tissue is observed on the gut lamina propria (arrow).
HE stain. B: Histological sections of intestinal
epithelium. Day 159 (histological normal). HE stain.
C: Histological sections of gill filament. Day 159
(histological normal). HE stain. D: Histological
sections of kidney. Day 159 (histological normal).
HE stain. E: Histological sections of liver. Day 159
(histological normal). HE stain
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2005). L22L, H7 LU~ IR E0/NETIT
MBEOILMEAIC L 2V v T VEBRN R T, A
K~ KEV., RIFETIIABTAKETHS
A5 B2 EAEBEE B b L < IZBHIEAIC Diff-
QuikJ 4 4 fi L CRAMMERBLES L 72Dy, ZoHEIR
E. leetfi &L DEE\ND & 5 KIEEE T O /NI %f
LCHDRAERIETHD LB DN,

3. AEMZOHABMRERERICKZAEME

Enteromyxum leei® lgzaiik~DIZH 3 e 3212
BlEshieolk, IBELBThoTz. 2 b D
PETIE, KT AR EROBEERRETH D
15 8 RGBS b B D VBRI K D HIBE & AR R DR
BIRFBENRD SN, ZoEFE»olEesTiE, B
fig R AR DZEVE & BESE, ITMIRE D ZE kR ME &
PO ENER I, ZTABIZEE L2l
LEOWETIE, R TERECERORELEE L
T, BE LROFBECHE (Tun et al, 2002) 72
<, MREPAZEIC K DR O FEE HFER I K
LG LTW D AREESERSh TS (a4
1E7>, 2013) . AHFZE CIEARE PAZEIZ DUV TUIXREAT
(CRRFT L2 o 723, e oD BEBE0 28 1M 03 e 3R
ENTWDOTIRERES £-> TV D Al fErE L&
V. FE T, TRIR RO REREGE N A L o T ATEN DN R
18 & e ZIERIE, M COMRIEEIZ X DN AL
BREDI THNER L TCWDAREMRH D, I HIZ
A TILBHRERE LR O, EEMEOLE
FAZIX Z N D lRas ODREEAR 2D RKREHEEG LTV
HEEZLNT.

ARFFE TILARIGH 2 BT 5 13\ A1 2 F1R6
W FE CIIBEEMEIAN L S A LR, 20K
WA U, FR10E% DIRRIZEEENFRD b < 72
ST AFERIIGE RIEE A TR R kR R
JOBAEN LGN, Fo, TIEERLEE, I
fis CILATARRE, IR CIXRME OF AN T NE R
BOONBHEREMEITIA N Rolz. ZTD X
1T, 80 C~DFRMHEIZ L > TKENIZEIE L
72 E. leel” X % KR 1 AL CH [~ 0 B 72
TR FE RO Bz,

China et al. (2014) F/KiE23 CTH /LU~
J T E. leei% ZFEEGL S, MM %1230 Cl
SR SRR, THRIIRERNEEIIETL
ol ERELTWS. —F, AT, FiE

BRI X BIEEN R PR OON D ETolEE LT,
X, BEBAOBEIENGE - THLHIRIEHEE
BAth3 2 £ COWYMMN I3 & KL<, ZoMICEE
ENZL BAELEEDEEZ N, F12,
China et al. (2014) 1%, AEIZEG L=V A B
X xEKIRETCEHE L THLIBEANED E. leell 3T
REMICIERE ThH Y, FRROBEIRIZRIEOIEPR Tl
7o < IR OB OTEEITHE S (KA~ P Iz i
K32 LR Lz, RFFEOREBE L7 LI~
J BN THIHECH O ER s RS 5 2
ETHIEN A ~PE &, 0%, IREERO
BANMETLCTRARBE L-EEZ 2 . vk,
FRAR B X RAANTERICIEE LA DR EE
ST L7220184E8 H 24 H LI & flkfoe L, [FI4E
10H 14 H 7 & @ % O B /KIR25~26 C~E T Xt
e, BIfEE CHRBIEETED LN TRV,
Enteromyxum leetli&YL\Z BT D 505457 P>
W EIZH AR 2, SBOMRGERETH 5.

KIfFe % 5D E. leertft AT 2 FRFAE O
2RO LHENHDL—FT, ‘LT 77
WZBWTIH26 CEBZDEKETTH E. leeiD )
PIZXDEBORENRMOENTND (BBE DL,
2015). Chinaetal. (2014) 1%, HiET25Z & TE
leeiD PR & 25 DI @ KR % i Tofafl O Ry bk
ThHhHELTEY, ZOHETHEHRERPEIFHET
XDHDIE, W7 v I~/ I EORE - dEEE
FBEUCIROND FREMEDR H 5.

KR ZEATO o120, HiERKFHER W
DWARZEZG KRB L OFRRHEREZILI LD &3 50
BRICZ K2 W2 WKW, £, %
B - KFEORCHETIIE ERBRICTHRE N
iz, BT, EA ORI 34D HIXARHON
BRORIRBICEHT A8 IEEY 7. =
NHDOH AR HILB L RiF 5.

51 A X &

AL BT - AR - IO - RBIRER(E - =
W PR SR - BUL fEE (2013) #AEY A B
SATHEE U TR N 7 PO . SR ITE,
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