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& & 7 ey g3t vr]e] Feodle F2 A
o]7]e] Wi F ZEeR UF AL HAH e
gt} I3 2|5t E o] 83 WA FAIN Fo
FolFoe dF WHPEol YT Ao
Bk oh e} Yol X Mg A E A3 Aot
(Jee et al., 1996).
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g 7] 53 2 FAdEE Fol g B
o B 40{(Oncorhynchus mykiss), ™| 7]
(Silurus asotus) R o] 22} Yo (Cyprinus carpio)
o] 1 o] F olfe WA F Tde B Hol H¥
gle A48 Ao52A BT AT FAMNE
S5g w71 12g % o] 22t dof 15 goliTt.

&5 Ui =24 U ujeY

Y F e A Arie 37 Y A E
&to] 8-ZAFA(7-7.5 ppm), pH(740.2) 2 4218
+1°0)0. 2 2% 301 f2] 22 A1es e
H, H % F2o W Fo] AsHA A AP 29
cme] A7) gof 1vlel e} A7e FrNEe] A
o} 10u}te] & BAlo +83le] x|ojel ARl B
o] 28 ARE At 1 F HE ol
gele #do] el & e &t Fa, 3
& o AR Ao 108} & F7} £ 4T &
7rdol &ls 13v}2] £ 100k & BolWl Ty
oAl AR Ao 10mfe] & 483t g WSt
o Zgo] A&A R dojUng stHA] WA
Aol g gracl.

EHle| ME A=

Mo @ Ho| Hole #AEHE o7 A
&, A0 9 o7iulE S F7| 2 wo] Yo Z
Zd 29l 71455 e trophontE A3
w oAt A5 Mol zRE Wold bk A
48l protomontE x| A3t FE  theronti=
HE protomontE 3} HFr7l ol e 100
ml H]o] Aol =83tod 20-24A]7F FQF 18+ 1'CR
W Fated 2+ Algol kgt

Trophont 2 protomonte 402 AH A
gt Q19 A Mg AL&sI o™ theront=
Dickerson et al.(1981)2] #hHof| w2} Hemocyto-
meter ®=+= Sedgwick-Rafter counting cell2 34|
Agdtd 1 HadeS A9 4F 439 w22 4
Arate] AHgs Tt

L

olFH HA AFL 119 edag7t 8o 9
= 31-8%¢] "lo}A 370 AlgoiQd FA7R Fof
210} 10mte], wj7] 2o} 7oj2] 9 o] 2l <o

U5 - ol H

supEld & 8% F ol FHE A5 2UA8C
T 21°C))oll A FY & theront 5= (107] &) /mhH=
45-60 &7+ = EA| A HAskAct.

F&d, FAME A 9 theront T 7
A AIEE 3719 AE Fze] FR7) Fo] 2o
10mf2} 4] =8ated AAletdch =28 3 Alg
S FEE 15C, 18C 2 21°Coll M3t TLE
theront 5= (107]d/mhE A A)stgom FA
g oAl 7 Alge BY3 F2(18°CplA B
Tt =E2A7he Zeldte 4lAletgT). &, tro-
phont¥= o} 10-20 7§ %) & 24A) 7}, protomont
= o] A 8-1670 A = 24A17F 2 theronty o] A|F
480-72070 ) 2 45-60% Bt 2t mFAIZC. 1
23 theront 59 49 AL Fdd &
(18°C)l| A o} Al*¢ 300-20007] M) 2] theront % &
HAlske ).

STE #E Alg e 29hE = 39kE 0 2 45}
Qo 7} Age] BE Agoles =&2F MEE
g agrt 0] e 31 L3 vloAd #4838}
of 14 Bt 4 A5E A e g1
Algole] HFo F8sle B 28 JHEHA
golstg el #42 Dickerson et al.(1981)
o] z7d me} Al FE 70% o] Fe] o] &
g o) Ao st

oI9| ZeoioiAe 54 Wa

ojAol| Ao} Wi F wd AYL Yol 5
2 18°CoAl A FAAH o o] 500t E oA
150070 # 2] therontZ2 45-60 27+ = ZA1A <9
RS A7 5 7Y EB oY evtEly Fohyof
2 3 3uigle AAl FEgo2 Unx 3niele
Z32 8o ALgslr)

d I

Ui S HHet

W ol AstAl " TR Foldd A
FAME], w7l & o]xekdl o] XolE A
FE3 A3 FR7Fo] RojolA HEE EAF
4 919l 3L(Table 1, Fig. 1(a)) F&H 2 18°Col
A FAE0l 2ol fxH AHRE B 4 Ao
(Table 2). 12|30 2| &A1 A GHE 9sfl A
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AW AR (2R 7-75 ppm, pH; 710.2,
& 1BEICYE #A FNEH LY PR
AAstal dgoid 14E AAE APz 7
oM o 20d Fo MY Fol HAE Hol
g #35g 4 AT &, o] § WolRRE +d
A £ 18'CAA 20-2471 7+ FF vl okatod
thero) therontE 2 & 4= AUTHFig. 1).

WEEC| ol9| Y R

F98 fUe NHFE AAYOR do ofF
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Table 1. Exposure of some fishes to Ichthyophthirius
multifiliis infecting rainbow trout at different temperature

Bod . Number of
Species weigzt Nun{her thl?f::r fish infected'
@ °f o @
Rainbow trout’ 5 10, 10 18, 18 8, 9 (85)
Catfish 12 10, 10 21, 18 0, 0 (0)
Carp 15 10, 10 21, 18 0, 0 (0)

"Infected fish was defined as development of visible
white spots. * Control group.

d

Fig. 1. Propagation of Ichthyophthirius multifiliis in
rainbow trout fry by serial passage. A, Trophonts in
caudal fin (arrow), X6.7. B, Trophonts in skin, x 18.
C, Protomonts, X 18. D,Tomonts, x 100. E, Tomites,
X 40.

AollA ol FHRE B o, TR Fo] APl
Z9e A7 o b, w7)eh ojagtd <
of AlgFellMe #AdE MAE W3 & 4 A
ot aglm 7o) gld RAge] AldTe
70%2] ZH &S Jehdlo] g2 dE-E Ve
WATKTable 3). B4g =& 5% % AA
FLEZE LE AY 20 HEE AAE &
A& F Aoy I FolME & 18C A EF
7b g e WA &87%)S Uehio]l A4 H
7ol fFed RE ¢ & UATH(Table 4). FA)
ugd dlo] wal v & e AHE g HE
W)= theront A3 Fol|A] glo] 40-60%2] 7o)
ld whd v A] Alg el A= T E AAE
& 2 4= g1ti(Table 5). €+, theront 58
2 AGEE 2 AR A% Table 637 2} F,
o} 4% theront =7} o] A Z 300-8007] A} (3-87R A/
ml) o] ’do] =¥ 7Hed AA= Felo] =t YA
ol #AC70%)e & + gldvh. v ofAg
10007H R (1074 A} /ml) o] ol A& ¥ A 2
o] = A &G 150078 H (15 7} 4] /ml) o)
ol HY 100%2] Hde]l fisEe A d

Table 2. Exposure of rainbow trout fry to Ichthyoph-
thirius multifiliis infecting rainbow trout at different
temperature

Temperature Number Number of fish _
(¢C) of fish  infected' (%) [nfection
IN] 10, 10, 10 0,0, 1 (3) -
18 10, 10, 10 7. 9, 10 (87) +
21 10, 10, 10 3, 3, 4 (33) -

' Refer to Table 1. * A group was consider infected if 7
of 10 fish developed white spots.

Table 3. Exposure of some fishes to Ichthyophthirius
multifiliis theront at different temperature

. Temper- Number of
Fish (g) Challenge e Number figy nfecteq
dose ¢C) of fish (%)
Rainbow 1000 18 10, 10 6, 8 (70)
trout (5)
Catfish (12) 1000 21 7,7 0,0 (0)
Carp(15) 1000 21 5.5 0,00

"Each group of 5-10 fish was exposed in 1 1 of de-
chlorinated water for 45-60 minutes. A dose was in-
dividual number/fish. * Refer to Table 1.
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Table 4. Exposure of rainbow trout fry to Ichthy-
ophthirius multifiliis theront at various temperatures

Temper- Number of
amre  Challenge  Number e jnfected |nfoction’
C) dose' of fish (%)
15 1000 10,10,10 2,2,1(17)
18 1000 10, 10, 10 7,9, 10 (87) +
21 1000 10,10, 10 4, 4,5 (43) ~

'«2 Refer to Table 1. * Refer to Table 2.

Table S. Exposure of rainbow trout fry to various
stage of Ichthyophthirius multifiliis at different exposure
time

Table 7. Relationship between the parasite size and
days of postexposure during artificial infection of
Ichthyophthirius multifiliis at 18°C

Diameter (im)

Postexposure
Range Mean+SD Number of
(day) o

examination

0 25-64 4254113 30

1 32-73 54.0£13.9 30

2 48-110  80.9+17.6 30

3 84-300 148.1+63.7 30

4 110-300 191.7%46.6 30

5 110-380  263.7+69.6 30

6 200-520  302.7+71.8 30

7 110-600 426.3+115.5 30

Developmental Challenge Number Number of fish

stage dose’ of fish infected® (%)
Trophont 10 20, 20 0, 0 (0)
20 10. 20 0, 0 (0)
Protomont 8 20, 30 0, 0 (0)
16 20, 20 0, 0 (0)

Theront 480 10, 20 4, 9 (43)
720 20, 20 12, 11 (58)

'Trophont and protomont group of 10-30 fish was ex-
posed in 1 or 3 | of dechlorinated water for 1 day at
18°C. Theront group of 10-20 fish was exposed in 11
of dechlorinated water for 45-60 mi-nutes at 18°C. A
dose was individual number/fish. * Refer to Table 1.

Table 6. Exposure of rainbow trout fry to varing num-
bers of Ichthyophthirius multifiliis theront at 18°C

_ Challeng dose Number Number of Infection
Group'  ndffish)  of fish fish infected® rate (%)
1 300 10, 10, 10 2,0, 4 20
2 500 10, 10, 10 5, 5, 4 46.7
3 800 10, 10, 10 7, 5, 6 60
4 1000 10, 10, 10 8, 9, 9 86.6
5 1200 10, 10, 10 10, 8, 10 933
6 1500 10, 10, 10 10, 10, 10 100
7 2000 10, 10, 10 10, 10, 10 100
8 0 10, 10 0,0 0

'«2 Refer to Table 1.

1%t

oI9| AHoloiMel S WE

FE 18CAAM A ZA- FAAN FolollM =
29 Aol W A ] A7) W3k Table 70
A Re upel ok Fgd 25-64 pm(H A, 425

um)e| FA| 7} AAF A|zho] Aol met A&
Al W gYate] 749 THUA o= 110-600 pm
(FH 1, 4263 um)e} Z7) 7} 5L, E Ao w
g Y 3UAIRE Setx oz wigo] ol
glo} o] W RE FAl= A&s]leE Aoz gEH
ot FH o R FA9 Helgd Walel A9E Fig.
20 e 249 2d Aol & R 7} 715 A
o g wddy] Al g B Uy, #Ad
AR R = F5E7 @A8| BIE 7] AlFee
on 7+ edAl= ol B9 7t A3 S8R
ot aela FAE 29 717te] Aagd met &
A7} 30} oprin] At 4] A FHEo R
o] F3k] Tt

L - |

QA7 WHFO in virro ¥igE B7HEetA
Aol A oFE A% FxATe oz
oAHo A FHE FAAT 2 e, g8 ATE
< o Fo wat ztzhe] whH-S AAEm Ut
Hines and Spira(1973)¢} Houghton and Matthews
(1990)= +& 2rC, §& 4k% 6.6-79 ppm 2 pH
70-7.5 A& JolE Ag FHAA WySS
ull 3l o}, Dickerson er al.(1981), McCartney et
al.(1985) 2 Davis(1995)= 4=& 22:42°C, §& 4t
2 7-8ppm 2 pH 6-89] Z ol zpullv]7]ol A
WiFo] sheetcta stdch. 18]l Ling er al
(1993)8 & 28-30°C, &-& 2% 6.0-7.8 ppm 2
pH 6.5-7.6 7o FgolelA weFe] 7He8ct
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7 B3d ub 9lrh. §9, Hines and Spira(1973), 1 &tlch. Z12jit Clayton and Price(1987, 1992,
Dickerson er al.(1984), McCartney et al(1985),  1994) ¥ Brabrand(1994)e 7 3ol thet A &g
Ewing et al.(1988), Houghton and Matthews(1990) o] T}& o} Z7F wE AlXo] & oFuUdMx
9 Davis(1995)= WA 5ol ¥a] st opE o] AR B Aol vepdicta 2agk ub o]
22 dx SIAARE WY3o weo] 7hssttt Bl felst e o FolM WY o] wieke A

Fig. 2. Photographs of 5 um cross sections of gill in the rainbow trout fry postexposure (PE) during artificial in-
tection Ichthyophthirius multifiliisat 18°C. a, Phoront (Ph) 12 hours PE in gill, x40. b-c, Phoront (Ph) one day PE
in gill filament, X 200. d-e, Trophont (Tr) two days PE in the gill interlamella spaces, > 400. f, Trophont (Tr) three
days PE adjacent to blood bassel, x 100. g, Maginification of (f), x400. h, Trophont (Tr) four days PE partially
wrapped portion of cartilage, x 200. i, Trophont (Tr) five days PE disrupting the host epithelium, % 200. j, Tro-
phont (Tr) six days PE in the gill interfilament spaces, x 40. k, Maginification of (j), x 200. I, Trophont (Tr) in cau-
dal fin, x6.7. Nu, macronucleus: CV, contractile vacuole; C, cartilage; He, host cell.
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Fig. 2. Continued.

2SS L F Uk

2270 folojaie] WA F e dA FHE
o] 2948 374 zAsoA 7hEEtd e, of¥
ZA AFE A7 d7ae] £& 2dde B2
zol& RATh &, 24 % FujofolA e
e o Fol HA FHr i e £
o] o]z 1 I o} o] ZAP“‘I*‘]E o HhR
2Z2AME0e] HA FHT} £& £l H)
oko] 7hgdtdT. ol2ig zole FAE Fole
oA g7 (18C)ell Wi Fol A2l - YepH oz A
239d Aoz Atiago) ¢, 7] 2 ot
o oJole] Alg el M WY F 74 AHE AT
29 A AYdl| AHEH strain, WA F] A
A BA R APA 2HAM Aol o] f7F 2
F Aoy gtk AlE o F9 A7Y 78§

A7} o] F3kef| Abo] 7}k 7] W& A
drt.

W 2o i3k ofA 2 HelYe] ARE ZALS
71 dalME olE A S FEsH WY F
Qe AHE7F o, olE AE= o] &HI 3
B Aol A% olfel AME dod FoUe #
o Aol AFakgvitt &, o 7k dg o
Aol 242 gstd e fE Y-S AAE
1 9lu}. Hines and Spira(1973)t= ol A3 4074 4]
9] trophont® 4= 18-21"CollA] A &Yoo AZF
o] 7#dE FEakaL, 4007442 trophont & 22-
2590 whol] Aol B 100% #HAHA ATt Ling er
al.(1993)& 200070 %12} tomite & 5= 28-30°Cof]
A FEoE 14T 95% ol HAMAY. &
H Areerat(1974)= 47§32 trophontZ 42 19-

AOE Al&



w4z Al Wl 2] Z(Ichthyophthirius multifiliis)o] ®a o 57

21°Col| A 2P| 7] & 7Lkl 100% H A Z 2
o, Dickerson et al.(1981)2 10007} & 2] tomite(10
tomite/m)2 & 20°Coll 4] 2hdvf| 7)ol 30% =%
AlA 70% o)) #4E & skt

A g 9AME F theronte] AlETollA 2+
o] ¥ £ A% Azl Dickerson et al(1981),
Ling et al.(1993) ¥ Jee er al.(1997)2] 4| 7+ 7]
of sl ZHybel AX|slY o Hines and Spira
(1973) 2 Areerat(1974)2] trophont(protomont) 7+
d7)19e zold Bt o2t atele <19 7
Aol AH8E o Fe Al A7)(Aol T ),
trophont\} protomont®] =% Fxol Wt Y
T Azrt gebd £ ole Ao] & flolgtn A
25 1 REbS in vitro$} in vivooll A theront2)
94 5d Aol7t 7] WEe) Ao And
t}. o] gt A= Jee er al(1997)9] in vitrool A
theront Y5 XY Aol D] in vivooll Al &
A wd Al ggao] ol theront2 FE
&2 ZAY oh W EH & gete 1 %7}
UAE FET 5 e F2o 2oA Ad S &€
o71x] B¥d Aoz Azhect.

W 3o whd ©hA| 9} theront ZHH L &0
37 A5 W=t} Ling er al(1993)& 5& 28-
30°Cell A FEolol A& =Sk, Dicker-
son et al.(1981)& 4= 20°Col| A vl 7] o] w3
28 Z+9A| A}, &8, Parker(1965) ¥ Lom and
Dykova(1992)t= theront2] 4=Ho] 4=& 23-24°Col|
A 30412 o o], 7S IdolA Wad
—?— 12713t ojuell & 9F 34%0] 31 204]Z}o] 7346}

HooF 1% EFSIAIN B & e FRdM e
theront e A7 7Ado] gobd + Udtn
stk 181 McCallum(1982)& Ay Aoz 7+
FA|71 o] FollA] A A theront®] <F 20%Kto] A4
&t trophont2 ®Til sho WY Fo] WA HA
whet <19l ZEE ofFolA FA BE P M=
o] gatzl 4 vt stlc}. E3FF, Ewing et al
(1986) zhdlvf|7]<] <19] Z+d A @A of7juld
71 & WA Fo] WA 47} 0-1083t] theront =
Zd e o S0%2 7HAashd, 10-45% =FlA
= dAEA A" gk v )lo] theront7}
34 vtz A A Fo vjf- AEH T USE
& 4 et

S u}& theront ¢1¢] 4 A]?aoiw T
18°Ce] Al oA Hare] 4HES Ve 7
Aol HH £ FHoz #uHJW TS
theront =% A]toll & o]l A o) A= Ew-
ing et al.(1986)2] X ol t3hd 3jeo]E Holxm
AL FEFH Aol A dhelo] Fold & okn
&t Parker(1965) 2 Lom and Dykova(1992)-4 H
nE vhE A5 Ho gt o] Ape]rt
W 2] HA EAdel el Avta driEve
F2] fefloll i theronte] 2t o] +2H 2 3}

ol7} Yv] WSl Hew Aztect elm o)A
2 iy o] el frefol wet HAdAY Aoz
tefaietn Hug A dx|ghs o2 Bl
B A} Azb= Nigrelli er al.(1976)7} Valtonen
and Keranen(1981)0] 2] %3} vfe} o] Wiy 3o
7t7] g 7o AeA Erd A& Hea
ol guich AW WA HA Fgo] M2 THE o]
HFE W) Fr| £ Jee ef al(1997)0] B33+ v
ﬁtﬂ/l e ool 2 el Jebhdthe AR

€ s AR AbRE

Ling er al (1993)& =& 28-30°Col| ] &5-o0]of
ol &g 20007] &l (207] #l/m1)2] tomite 2 1] 10
Dickerson ef al. (1981)2 =& 20°Cef| 4] 2}l 7]
o] oj&ed 10007] A (107 A /mD2] tomite = 219
#E S FYC70%)yH 0.2 frrsldt.

2 18'Col|A] theront FEH 2 F2|7) $oid
WY E AHES ZAR A}, oA 100074 A
(1070 A /mi) o] Fell A FH AN HFo] Frr=lo]f
HY 74E ve 47 d79 dAdE AHRE B
AR Y Feo UM WE 2o)E BY
th ol Al S AFE S FHCT0%H =
FE3t7] HelAe of ol FEgle] A AT
100070 &) (1074 #) /m1)2}  theront7} H Q8P 27
7g st A e thd ool mapy =28 ¢

glstoiol g& delTa vk wekx iy o
FAH HE frrde HA: HE w9 23
ol9lo| = M o] &§o] FAHOE FR%H
Ao @ gethE)do).

Mg el YEAE el F28 A F9 8
Ul S50 319 Yo 1y r&% 48l ¢ ﬂ+
A dtaeiey HE e g Hol1
r}. Hass(1933)i o] Zo] +& 15~20’C°i|1~1 ek 7
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duhol] &3t FAZ AEtn Y3 Suzuki
(1935 42 19°CollA} ¢F 7-8 &, & 17°Col A
10-11%, & 14°CoAlAl 14-15Y, aa8la ¢& 7

"Coll A 20-214 ¥kl z+z} S00 ume] trophont 2 2t
2gictn sldct. 12]m Maclennan(1942) 2
Davis(1953)= o 7<) A E, A =2fn] £ o}y
oA o] Fo] wtdsld 1 A7)z} °F 100-1000
wn@Eﬂﬁ%“ﬂ%$%ﬂ%ﬂqLowL
Hines and Spira(1973) =& 18-20'Cof|A] 84wt
of o 618 pme] & FAZ dGin B
% u} 2lc}. ¥, Ewing and Kocan(1986)& 42
21°Co A Q19 74 sURjo] 2k 248 ume] tro-
phont2 el Yol (mucocyst), A A (lipid)
2 $E5F 5ol A& BEEG 1 gt

& Aol & 18°Ce| T} FojollA] WAy
Zo g Y g 2R 3}, Agd 25-64 pm
@ 425um)e] FA7 2 TdHde 110-
600 ym(FH : 4263 ym)e] A7 FE S
A Z719 A FERAAA R FE5E T 84
& Fefetd et gasAY. vl A 4
£} tih AlolE Bk opd dgPolA A
of metre 7&'?—] 3L A (110-300 um)yF-E] 33| 7}
Aedhe Ao RAlEY 2 £ 2HolEx
A A 7123 27171 3719 B tad
e Wi Fof iAol mEt s e Gie] @
2l UL oz Atgdr) §, 29 7k 2
AR E AFst] YA £ 23 FEM F2H
P = 02 bl B B o M g R B B o e i
3t# & phoronte} 5 FA| 7t I ddstn A7)
T ¥ trophont7} #agol ulal WA Fof 7]
A dAlE 284 2 Yre Zlo] uigalsic
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Studies on Ichthyophthirius multifiliis Fouquet,
1876 in Freshwater Fishes
II. Experimental Infection and Development of I. multifiliis

Bo-Young Jee, Ki-Hong Kim*, Soo-II Park* and Yi Cheong Kim

Pathology Division, National Fisheries Research and Development Institute
*Department of Aquatic Life Medicine, Pukyong National University

Concerned to the lyfe cycle of Ichthyophthirius multifiliis, the experimental infection and development of
the parasites were studied in the several freshwater cultured fishes. Opitimum conditions for the propagation
of the parasite by serial passage with the rainbow trout fry was observed. Visiable white spots were
examined in the body surface, fins and gills of the healthy fries, and a stable infection has been maintained
for 2 months in the experimental system (Temperature: 18+ 1°C: DO: 7-7.5 ppm; pH: 7+0.2). Induction
conditions for artificial infection of the parasite by interms of the host fishes, stages of the parasites, and
rearing temperature regimes was investigated. Rainbow trout fries showed a positive infection which was
resulted from exposure of theront at 18°C. The rainbow trout fries induced white spots on the body surface
at 3-7 days exposure to the theronts at 18°C. It was found that exposure of the rainbow trout fries exposed
to 1,000 theronts per fish (10 theront/ml) for 45-60 minutes at 18°C would consistently produce infection.
Perfect infection (100%) was induced when the fries were exposed to 1,500 theront per fish (15 theront/ml)
under laboratory condition. Development of I multifiliis in the rainbow trout was observed for 7 days post-
exposure (PE). The parasite increased in average diameter from 54 pm on the st day PE to 426 um on the
7th day PE. In the initial infestation period, the parasites were found on the gill epithelium. and on the 3rd
day PE they invaded into the basal part of the gill filament adjacent to the major blood vessels, particularly
the afferent vessels. Morphological change of buccal apparatus were observed on the 2nd day PE. Contractile
vacuoles were more prominent on the 4th day PE, and they had notable changes on the 7th day PE.

Key words:  Ichthyophthirius multifiliis, Experimental infection, Developmental stage
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