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Microorganism-derived compounds, such as peptidoglycan, lipoteichoic acid, and f-glucan were supplemented in the
scuticociliate Miamiensis avidus (M. avidus) vaccine to verify the specify component contribution to the adjuvant
effect. Vaccine was formulated with the inactivated M. avidus antigen (YS2, 4.44x10° cells/fish) in combination with
either peptidoglycan (10 pg and 100 pg/fish), lipoteichoic acid (5 pg and 50 pg/fish), or B-glucan (10 pg and 100 pg/
fish). Olive flounder injected with peptidoglycan supplemented vaccine (10 pg and 100 pg/fish) exhibited significant
protection, and the relative percent survival (RPS) was 55% and 65% at 4 weeks post vaccination (wpv), respectively,
at the corresponding doses. The vaccine groups with added lipoteichoic acid (5 pg and 50 pg/fish) exhibited RPS of
40% and 5%, respectively. Additionally, the group with added B-glucan (100 pg/fish) exhibited RPS of 35%, but no
effect was observed in the group with added 10 pg/fish B-glucan. At 8 wpv, olive flounder injected with peptidoglycan
and lipoteichoic acid supplemented vaccines exhibited protection with RPS range of 11/11% and 5/21%, respectively,
at the respective doses. M. avidus vaccine containing 10 pg and 100 pg/fish of B-glucan exhibited the RPS of 32% and
37%, respectively. Conclusively, peptidoglycan contributed in high protection of the M. avidus vaccine, and thus, it
can be used as an effective adjuvant in the M. avidus vaccine.
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M B o}, Sl A A 1990 o 28 Y 2] o)l A 27 7H50] 9]
Sk 7+ AbEl7E ASo2 BalE Qo (Lee et al., 1994), o]
AFLEIZSL Oligohymenophore7d Scuticociliatia®l7d-o]] % Ffulct QAL E3 A A 248 9uksla gtk Y|

&5h= 714 YEFolth A7)+ 9F 31.5 (21-37) um X 18.5 o e §sl= AFE7eL Uronema marinum, Pseu-

(11-28) pmo| o], HES whe} 8-12749] Hmedv} 7o) ZRE
of| 1742] 71 A7} Q)th(Jung et al., 2007). Z A A2 0 & o]
(Dicentrarchus labrax; Dragesco et al., 1995), southern bluefin
tuna Thunnus maccoyii (Munday et al., 1997), El5(Scuph-
thalmus maximus; Dykova and Figueras, 1994; Iglesias et al.,
2001; Puig et al., 2007), ‘& 2| (Paralichthys olivaceus; Kim et
al., 2004a; Jung et al., 2005) ¥ silver pomfret Pampus argen-
teus (Azard et al., 2007) 5 ThFet ARYE] ZhAE AL Q)

docohnilembus persalinus, Miamiensis avidus (=Philasterides
dicentrachi) 5-2] 350l (Jee et al., 2001; Kim et al., 2004a,
2004b; Jung et al., 2007), ©]= 5 M. avidus 7} ‘g 2| of| 733+ ¥
/& Holal Ith(Song et al., 2009). ~FE[7Hgof 49
o= ol 8-S FHIS Aol B4 E AL, A o] Ash, AIM
23, a2 S0l UERdti(Jungetal., 2007). 57}
S o7t RS Sl AWR WA TSt SARke
ZX W7 Y ] 227 9] AR He FEsh] el
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oA e RelRxA Hoh ATE WA 653

Uukzi ol 315k H(formalin, pyrimethamine, salicylanilides
niclosamide, oxyclozanide 5) 2 2+ AFE7IS 23] -
AlsH=d] olz-2-0] th(Iglaeias et al., 2001). o], My &
Qe HAR XA Z 0|3t &3} Philasterides dicentrachiol
o3t ¥ Al (Jesus et al., 2008; Sanmartin et al., 2008) & H <}
=A|(CpG OND) £ o] 23t M. avidus A o] WHE0] A A =]
S th(Lee and Kim, 2009; Kang et al., 2013; Kang et al., 2014;
Kang and Kim, 2015). A A1 0 & AFE]7} 64122020
A5 o2 Sejuetol| A AH-83HE el o WA 2 A7
7FE|7) 9k Tt 28] FF5H M. avidus T AL (412}
9)ek#E) i} M. avidus®} Tenicibaculum maritimumol] 2~
HAHZA7F M7 TPl AR g A al)o] F55171H Bt
CHNIFS, 2020).
wlolw 2 Al w4 A2 A] B3t 57wl

7171 913t A7 2= A A A H A=A
7)%6= A tH(Thim et al., 2012). Z|Fofl &0, HAol| A LAY
3= nlo| Y A4 &9 A 9l S(viral hemorrhagic septicemia,
VHS)S thdo 2 583} vfo|e| o) Aqdall HY H 24|
£ H71stwAlo] Zidbe] a1 ARE-S1E © 2 K (Vinay et al., 2013;
NIFS, 2020), o 24| 9] F-2/do] Sthats]= A 7|71 ¥
o} o3t o|fr &, Ay Aol A= v AR ZAE 4
O 2 M. avidus W41 85730l tiet A5 6k 1 5
=&3}5 Sterptococcus parauberis®] 7 7}ol| 251o] M. avidus
Hl A 0] B 50] st 23S 82 o 91SItH(Kim, 2013). ©]
= S. parauberis®] £7/320] HAHZA|ZA 7|52 5t ¥
A1) Tl & PGS OJlgieh. S. parauberisi= 1P
o2 o] F9] Ay LA E] peptidoglycan, lipoteichoic
acidiz HAIIE SHAIBHE fisto] o] welAlE Byl U
Al 280 4 5 AHHY RS- FEgthar g A itk
whebA], Z13He} 3+t QL S. parauberis®] A 3LH A o] WO Tt
AEE SN 28-S FHoRM M. avidus W419] A%
b 7] Aol 229t

o A+= S. parauberis?} M. avidus®] ™ E A2 2}
ol 2keFsto] 1ol dat o Al ARt fAkRh A=
AHZA| THFO R AASIY L, 0] 52 M. avidus W
Ftol -2 AESHAL
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2 Aol AME-R M 2 A= A= AL §li= Bacillus sub-
tilis 212 peptidoglycan (Sigma-Aldrich, St. Louis, MO,
USA), Bacillus subtilis 2} 2] lipoteichoic acid (Sigma-Al-
drich) 2 Euglena gracilis {2 2] B-glucan (Sigma-Aldrich)=-
At

wojnad] Folo] ofgh AARE, 414, A sk, § U
W% WEh 5 FAEY WS SHest 24 18 109}
2](22.1£1.5 g, 13.1£0.5 cm)¥® F4J319931, 100 uL DMEM
(Dulbecco’'s Modified Eagle Medium)of| peptidoglycan (10
pg, 100 pg), lipoteichoic acid (5 pg, 50 pg), B-glucan (10 pg,
100 pg)yS A7Fste] 574 AT 20 Lo 807t =-8-5 =
Z0f| 23°Ce] 27102 2047 542 F4 AT, Y5 HE],
Ajojig Paalict.

AFE[FIE HiY

AR o] AFESE AFE7FS-E M. avidus F 22, 200519
ool Al 223t YS25 ARE-SF3IthJung et al., 2005). YS2
+ chinook salmon Oncorhynchus tshawytscha embryo A3
(CHSE-214)°]] 153t 2 20°Cel| uljoFsl3om, 25 cm? A3
v k-8 Z2kA 3 (Thermo Fisher Scientific, Shangai, China)©]]
10% fetal bovine serum (FBS; Gibco, Amarillo, TX, USA),
penicillin-streptomycin (100 U/mL; Gibco), streptomycin (50
pg/mL; Gibco, USA)E 75t DMEM (Gibco, USA)S A}
8519t}

HHA M=
CHSE-214 M| 2ol A YS2& 547t v ste] Holg G o=
ARE-SE CHSE-214 Al227} @482 HolR] o= 2 &
15+ 3 15°Col| A 105271 1,500 rppm 2.2 YAlE]5}0] -80°C
of 287 Y FHste] B A F o, oS WAl P o R
AHESETE Al S ol AFETREY Y W S

o3t 5o ghulal BaslE AL BRIt

S 7] 3 ool B AT E AL 444 10°
cells/fish7} = =5 1145}aL of 7o HAHZAE27H4] 5=
= A7rste] mhelg 100 pLs A5+ J=SDMEMO.2
2% §FS Wt WolR AR Sk vhelg 217} ) pep-
tidoglycan (10 pg, 100 ng), ii) lipoteichoic acid (5 pg, 50 pg),
iii) B-glucan (10 pg, 100 pg)©] &= Z4s}3ct (Table 1).
AN U 2HE ATEPIES HE £0f

H o B 2 A (peptidoglycan, lipoteichoic acid, B-glucan) ¥ &
s} ATE|150) ThE Eofo] of3t i olRE H7l5}] 9]
3] ZF A3 0](23.541.5 g, 14.040.5 cm) 12 500k2] 4] 1A
SIS LE. Peptidoglycan £ 52 1) peptidoglycan (10 pg),
ii) peptidoglycan (100 pg) 2.2 4-4435}%t}. Lipoteichoic acid
o] 52 i) lipoteichoic acid (10 pg), ii) lipoteichoic acid
(100 pg)2.2 743519}, Bgluican £o] LE-L i) B-glucan
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(10 ug), if) P-glucan (100 pg) 0.2 FAFFAL}. thrT-0] A%
i) B2 ATLE] 7} A(YS2, 4.44 X 10° cells/fish), ii) DMEM
0] P(control), iii) Bl o] H(naive) TA3HATH Aol
22-23°C9) 4= W 3lo] 3= 150 L7} 485 220 4] AH%5}
k. Eof 43 5 7.2 % 10 cells/100 pLo] AFLE|7}5-S 744
AT,

o R A7} Al £0]

W 2 24| 9] (peptidoglycan, lipoteichoic acid, B-glucan) 4
A o) U uAle] B olns Wolslr) 913 7t Aol
(24.8+1.9 g, 15.2+0.4 cm) 7158 50024 F4515IL}. Pep-
tidoglycan F¢] 152 i) peptidoglycan (10 pg)+E&3} AF
E|7} SFA(YS2, 4.44 < 10° cells/fish), ii) peptidoglycan (100
ug)y R8s} AE] 7} H(YS2, 4.44 % 10° cells/fish) .2 7
A3l 4tk Lipoteichoic acid ¢ 1552 1) lipoteichoic acid (10
Hg)HEEFS} ALE] 7} BF(YS2, 4.44 X 10° cells/fish), ii) lipo-
teichoic acid (100 pg)+=3F AFE]7} 3H(YS2, 4.44 X 10°
cells/fish) .2 G431 L). B-glucan £o] 152 i) B-glucan
(10 pe)+Eersl AFE|7L ahI(YS2, 444 10° cells/fish),
ii) B-glucan (100 pg)+E&st AFE]7} SFA(YS2, 4.44 X 10°
cells/fish)© & A5}t 279 < i) DMEM Fof
(control), ii) H] 5o} H(naive) = LA 5FITH A § of+=22-23°C
of 528 W910] 3} 150 L7k -8 0l H AF%akct. )
Al o] 345 9 857 A ek Al of| A 277155 100 L

W 87k0 2 7HIA) A WAle] HS WSS 2 18- 20
ulelH 0 2 25 Le] 87t 8 SzolH 23°Ce] 278 §
A A CE WAl Bo] T 43 T145-2(33.2+4.1 g, 15.9+0.6 cm)
7.2 % 10%cells/100 uL 2] AFE] 712 A AL, 85 1152
(35.6+3.1g, 16.1+0.5 cm) 7.1 X 10° cells/100 pL 2] AFLE] 715
= AEAR 5 2147 HAReS sk tK(Table 1). A
ol AT e ARIAES F3l 90-100%7F H A
ol2& & AAsHch

SAEM ¥ MUiMEEZ(relative percentage

S A EA-2 Graph pad prism 5 software (Version 5.02)E ©]
25197 long lank (mantel-cox) test2 353t} At A & -E(rela-
tive percentage survival, RPS)2 T}-2-2] 42412 885} 0] ALZ
3 tHAmend, 1981).

RPS=[1-(% mortality of vaccinated group/% mortality in
control)][x100
2 3

HAL Ao Qe 4=

2 Aol FRFo R MARE 350 W E A (peptido-
glycan, lipoteichoic acid, B-glucan) F-0] A] o]A} §-9, Ao &

Table 1. Results of the vaccine efficacy test at 4 and 8 weeks post vaccination

Groups . Concentration in 1 F)O pL . MOI;taIity Rfs P value
Antigen dose (cells) Adjuvant (ug) Infection dose (cells) (%) (%)
Naive - - -
Control 7.2x10% 100 - -
M. avidus+PG 10 4.44x10° 10 7.2x10° 45 55  <0.0001
4 weeks M. avidus+PG 100 4.44x10° 100 7.2x10° 35 65 <0.0001
PO i ation M avidus+LTAS 444105 5 7.2%10° 60 40  0.0007
M. avidus+LTA 50 4.44x10° 50 7.2x10° 95 5 0.4363
M. avidus+B-glucan 10 4.44%x10° 10 7.2%x10° 100 0.3151
M. avidus+B-glucan 100 4.44%x10° 100 7.2x10° 65 35 0.0177
Naive - - -
Control 7.1x10° 95 - -
M. avidus+PG 10 4.44%10° 10 7.1x10° 85 11 0.8707
8 weeks M. avidus+PG 100 4.44%10° 100 7.1x10° 85 11 0.5103
f,’gi’imaﬂon M. avidus+LTA 5 4.44x10° 5 7.1%108 90 5  0.2366
M. avidus+LTA 50 4.44%10° 50 7.1x10° 75 21 0.3585
M. avidus+B-glucan 10 4.44%10° 10 7.1x10° 65 32 0.1560
M. avidus+B-glucan 100 4.44%x10° 100 7.1x10° 60 37 0.0400

RPS, relative percent survival; PG, peptidoglycan from Bacillus subtilis (Sigma-Aldrich); LTA, lipotheichoic acid from Bacillus subtilis
(Sigma-Aldrich); B-glucan, B-glucan from Euglena gracilis (Sigma-Aldrich).
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Fig. 1. Cumulative mortality of olive flounder vaccinated with Miamiensis avidus vaccine formulated with 3 different microorganism-
derived compounds. Fish were challenged at 4 and 8 weeks post vaccination (wpv) by intraperitoneal injection with M. avidus 7.2x10° cells/
fish and 7.1x10° cells/fish, respectively. M. avidus vaccine formulated with peptidoglycan 10 pg and 100 pg then challenged at 4 wpv (A)
and 8 wpv (B), vaccine formulated with lipoteichoic acid 5 pg and 50 pg then challenged at 4 wpv (C) and 8 wpv (D), and vaccine formu-
lated with B-glucan 10 pg and 100 pg then challenged at 4 wpv (E) and 8 wpv (F).

&, A3 F|AF 52 TRE A T 2 Aol A AATE 352 W E 24| (peptidoglycan, lipo-
SoEAN| 3 BHe ATEISY B Sojo ofgt  !Cihoic cid, Pelucan) B S STETIG A HE FO
MES - O3} 1 2] o] A AIEL-2 10-20% H 2 21l 5] Qjth( AT} 1)
o=

FA)). ol g8 dEFole AFEIS A2 E dAo W



656 Ayt - 34%

e AT ¢ Yle AR Ao, ot ol F 2 |
S 1]9} %%@ AFETSS SRR FE O] WAl gt
1_0

Peptidoglycan 7t uiAl

Peptidoglycan %7} ¥HAI=0] 422 & M. avidusE 7 A, 10
ug2| peptidoglycan®] 323 15(PG 10)2 45%, 100 ugo]
peptidoglycan©] SZ£3HE 1E(PG 100)2 35%2] ] EH A
7]&8}311 7} 189 RPSE 7¥2F 65, 55%$ATHFig. 1, Table
1) 1:H _%2 zj%oﬂ §r4o1oﬂ oML;Go 5/@94 EH}J—_q. ‘@—7}"
5ol&¢l ]/\}7} HhAYsto], 4 16U ol AgF Jﬂl/\Ml ] =7t

ARG 83 & 159 AL M. avidus =& 2 95%
9] A AT BojH AL, peptidoglycan= 7}5} l—ﬁ ©. 3%
AFE HARE s 10 pgdt 100 pge H71RE 15 2

85%9] HEIAE-L |l m, 2t 159 RPSE 1%
SRRIE| e}, ¥4l Fof 85 T15-2 W4l Fof 47} gt A

O H|I A 1L 552 7hadks 2 02 Hol T Table 1).

Lipoteichoic acid &7} Bl

Lipoteichoic acidE& HY R ZA| =2 713t A& Foldt 5 4
—r7} A3t 152 A2, 5 pgd lipoteichoic acid7F 71 1
2 194 A 71A] 60%2] AR A1, 50 pgo lipoteicho-
ic a01d7} SERME 52 T T 5UA el A o] 95%7F HAF
o) o]2+&= FZA3t A HATKFig. 1). 50 pg® lipoteichoic
acid 7152 5%2] RPSE 22 24, 40%] AT =8-S 2
2l 5 ug® lipoteichoic acid ZLFRE T} G50 WYcH(Table 1).
57 15 G SUARE b Bl 9597 o
Alof| o] 2 F ). WAl —Eroﬁ 85 152, 5 ug? lipoteichoic acid
7} 715 wlAl o] A-2- 90%, 50 uge lipoteichoic acid”} %7}
A2 75%7F H|Abol| o] 2 A, 7 T15-9) RPS+= 717} 5%,
21%= 2FQ1 %] I cH(Table 1).
f—glucan &7} g4l
B-glucano] E§H% WAl Fof 43 A1} A], B-glucan©] 10 pg
= 100 pg H7He WAS Foigh A= ZH7E 100%2t
65%9] HFHA S e 9 o™, RPS= 712} 0%%} 35% 5
310l 9IthFig. 1, Table 1), W4l Eof 822 3 A&k 7+ Al
31 9] A} B-glucan 10 pg LE0f A ] A RYEL-2S 32% = 0
A =] 477 A1A] g 2341 e] ATk =9ko o, B-glucan
100 pg 5S84l Fo] 457 21 AR 41317 37%¢)
At A Eg-0] B ol HTH(Table 1).
L
ATEFEE 7|4 RO 2 A 2] ko] o
of F83t 2717 HHUA = delA IthCheung et al., 1980).
AR Ao A= -80°Coll Al =23He M. avidus T HE

ZAZA ZEL O Eﬂﬁ}ﬂ S. parauberiss &3}
dus HAZ 2] of] Foq5H32 wl, M. avidus 31
oI5t 15 H TS, parauberis®} M. avidus 39S S35 159]
M. avidus 9 © 258 =& AEES YEPH A oh(Kim,
2013). o]of] & Aol A= et dto] Al ?*3%@‘{
peptidoglycan¥} lipoteichoic aicd 1] 3l 0|} F-ALSE 7|5
A B-glucan©] M. avidus ®A10] &5 F7A ]7] 3 OFO}
3 SSIC O B QAU PSS 1
5= TLR (toll-like receptor)E A= 8}= él%i = TLR2
S TLRAS A=fste] 78] Z7l] 7]ofe 4 918l ¥
3] 4] lthi(Michelsen et al., 2001).

2 Aol A= M. avidus ol A=Al Q= 1+
9] M| 229 1A= 2l peptidoglycan (10 pg, 100 pg), lipotei-
choic acid (5 pg, 50 pg)2} B-glucan (10 pg, 100 pg)S HE
A= F7HREHAE JA ol FoTt 3 M. avidus 7ol H
St E52 Y55t} sFAT) Peptidoglycans vl 10 pg
T} 100 pg= A713E 15 AAEE0] 212 55%2) 65% 2 T
279} ) wate] &A|gE 2po]2 LFERf QIthP < 0.0001). A3
A|32H 0] 2= Q 3t LA AJH-9] peptidoglycana CD14, Toll-like
receptor 2 (TLR 2), nucleotide oligomerization domain (Nod)-
containing proteins 5= = }o] 41283} H A2 2 lyso-
ZymeS FUBHE 5 A 71358 ol A 4449 At
A A= 7FAH(Dziarski and Gupta, 2005). wHbA], Al-A]
Ao thato] thefet sy =] AR S A7 2
2 Q1 A=A 2 AR5 1Tk, Peptidoglycans: o3k 4]
74010l A= Vibrio anguillarumol] th3}o] 1o 2 o] gFAk=| Q)
3I(Matsuo and Miyazano, 1993), Enterococcus seriolicid®] T}
Stloj & Z71A| 7)== A 02 BB QI tk(Ttami et al., 1996).
2 o] Lo A& peptidoglycan©] M. avidusthA19] F5-8 =7}
A7) 2Hgo] 9= AL BHol51A=1] peptidoglycane] A1
Arelukg 2j=to] wiAle] A Suol 7ol e Ao A7t
itk 12l wAIE S 85 Folis AFAIESo] 1% Yot
#47] wiel7] felliz 7]ofalA] Fok Aoz AZE

Lipoteichoic acidi= CD14¢} TLR 29| &S - 510] 4]
ANz Aslst T g oke] AFE A2 2RI AT} E Ao K
AS SR Wl o] 5L Fushs Ao Ky
% th(Isaac, 2002). Lipoteichoic acidE 73t w4l Z150f A
Al Fof 40 5 ugE M7t A5 150] 40%2] RPS
2 e} 9. 0 LK (P=0.0007) 50 pg 713t 1% T120] A
A AEE O] 5%E Wokar, WAl Fo Aol 5%2t 21%
2o A AEL-S Ho 11pote1ch01c acid7} M. avidus©l Hf
A e e 7] Fot Ao
2 gslint,

-glucan o] A] 9155 E= Alare] gl vl ofsol
o5l F7HI7]E Aakgo] dialis thao] AaiT A

gl 7F HaL = 3lal, B-glucans o] A] o] 771 A o] tigh A

lo o

2 o Ml
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Feo] ST == A AAE] o3 Aol Hre A qltt
(Robertsen et al., 1990; Nikl et al., 1993; Siwicki et al., 1994;
Yoshida et al., 1995). & Aol A B-glucans 71 T152,
100 pg 7t A] WAl o 45270 35%, 85ERol| 37%2] dth
AEEE 2o vlsiA = Fofrt &L F7H Haltt
(P<0.05). 12Ut o]} W el fglucand 10 ug H7h
o Aol WAL 459 857 T P gto] 0.10]4k0.
2 v} 2ol 2 Mol x| ¢gheh. e BE prglucan WY
4% o] A WA LSS Z7hAZ 41 9ot pglucan
=082 M. avidus®] AR ZA| = AMES7 = o A S
2 Az,

Holele] 471713k Thisto] Agol A8 A2 Wl
F7HAI71E AR A So] AIX47IZ1E AR

< 7HA A= Seoke) o WA E 85 5 B-glucans 100 ug 3
7Fet T 0] 9] 9] e gl A AEES] AiAle HolA] &k
of. Wb, S A1 A 5 A FUS e
KA 9 Ay Re] Bl Aol ek 27k AT} 2
t}. M. avidus 391} peptidoglycans 37}t g Al o 2-8-517]
o Aeet e U R M 249 TRl A3k 9 WAl
dofl izt d5-71 e g Aol

o] o] ANE FRhshH 2 Aol A AHE-RE peptidoglycan,
lipoteichoic acid®} B-glucan & M. avidus W A12] W& H A
& peptidoglycans 71gh whAlo] WA 4570l 55%%}
65%°] FidEas UEtlo] 7MY B0l e g ol%
peptidoglycane M. avidus WA 7§k 9]t H R 2A] 2] 7
et FHEA R AR 4= 9l& Aoloh AHA
7= =4E0] B A9 W4l tisto] 1
7l B YEle AL ol B g Ao S
Aol whet 54 WA o Aot W B 2AE A afjof gt
wepa], 2 Aol A At HAH A S 7}
o] M. avidus®]| T3t Wolgle S7A17]= 282 d5et
IHE-8 M. avidus B8 A1 7f|dto]| Qlo] Q273
= Aotk

N
N
el

L o[N ofN

f
ok o
N>

it

AL AL

o] =2 20219 BjeF4AHE A0 HPsATEE| &7
U0 AL Wot 4 E ATAUTHATLE S414] AT
HE)). £ ATLE Sl glof 2T et 59 ek ALgA
Holl Eg8 417 4 AT AALE ERhT

References

Amend DF. 1981. Potency testing of fish vaccines. International
symposium in fish biologics: serodiagnostics and vaccines.
Dev Biol Stand 49, 447-454.

Azard IS, Al-Marzouk A, James CM, Almatar S and Al-Ghar-

i

A W7t 257} A

657

abally H. 2007. Scuticociliatosis-associated mortalities and
histopathology of natural infection in cultured silver pomfret
(Pampus argenteus Euphrasen) in Kuwait. Aquaculture 262,
481-491. https://doi.org/10.1016/j.aquaculture.2006.10.033.

Cheung PJ, Rigrelli RF and Ruggieri GD. 1980. Studies on the
morphology of Uronema marinum Dujardin (Ciliatea: Uro-
nematidae) with a description of the histopathology of the
infection in marine fisjes. J Fish Dis 3, 295-303. https://doi.
org/10.1111/.1365-2761.1980.tb00400.x.

Dragesco A, Dragesco J, Coste F, Gasc C, Romestand B, Ray-
mond J and Bouix G. 1995. Philasterides dicentrarchi n.
sp. (Ciliophora, Scuticociliatida), a histophagous opportu-
nistic parasite of Dicentrarchus labrax (Linnaeus, 1785),
reared marin fish. Eur J Protistol 31, 327-340. https://doi.
org/10.1016/50932-4739(11)80097-0.

Dykova I and Figueras A. 1994. Histopathological changes in
turbot Scophthalmus maximus due to a histophagous ciliate.
Dis Aquat Organ 18, 5-9.

Dziarski R and Gupta D. 2005. Peptidoglycan recognition in in-
nate immunity. J Endotoxin Res 11, 304-310. https://doi.org
/10.1177/09680519050110050801.

Iglesias R, Parama A, Alvarez MF, Leiro J, Fernandez J and
Sanmartin ML. 2001. Philasterides dicentrachi (Ciliophora,
Scuticociliatida) as the causative agent of scuticociliatosis
in farmed turbot Scophthalmus maximus in Calicia (NW
Spain). Dis Aquat Organ 46, 47-55. https://doi.org/10.3354/
dao046047.

Isaac Ginsburg. 2002. Role of lipoteichoic acid in infection and
inflammation. Lancet Infect Dis 2, 171-179. https://doi.
org/10.1016/S1473-3099(02)00226-8.

Itami T, Kundo M, Uozu M, Suganuma A, Abe T, Nakagawa A,
Suzuki N and Takahashi Y. 1996. Enhancement of resistance
against Enterococcus seriolicida infection in yellowtail Se-
riola quinqueradiata (Temminck and Schlegel), by irak ad-
ministration of peptidoglycan derived from Bifdobacterium
thermophilum. J Fish Dis 19, 185-187.

Jee BY, Kim YC and Park MS. 2001. Morphology and biology
of parasite responsible for scuticociliatosis of cultured olive
flounder Paralichthys olivaceus. Dis Aquat Organ 47, 49-
55. https://doi.org/10.3354/dao047049.

Jesus L, Sanmartin ML, Parama Al, Castro R, Cabaleiro S, Ruiz
De Ocenda MV, Barja JL and Leiro J. 2008. Optimization of
an inactivated vaccine against a scuticociliate parasite of tur-
bot: Effect of antigen, formalin and adjuvant concentration
on antibody response and protection against the pathogen.
Aquaculture 278, 22-26. https://doi.org/10.1016/j.aquacul-
ture.2008.03.015.

Jung SJ, Kitamura SI, Song JY, Joung IY and Oh MJ. 2005.
Complete small subunit tRNA gene sequence of the scutico-
ciliate Miamiensis avidus pathogenic to olive flounder Para-
lichthys olivaceus. Dis Aquat Organ 65, 159-162. https://doi.
org/10.3354/dao064159.



658 A3} -

Jung SJ, Kitamura SI, Song JY and Oh MJ. 2007. Miamiensis
avidus (Ciliophora: Scuticociliatida) causes systemic infec-
tion of olive flounder Paralichthys olivaceus and is a senior
synonym of Philasterides dicentrarchi. Dis Aquat Organ 73,
227-234. https://doi.org/10.3354/dao073227.

Kang YJ, Kim DS and Kim KH. 2013. Protective potential of
CpG 1668 motif-harboring plasmids against Miamiensis
avidus (Ciliophora: Scuticociliatida) infection in olive floun-
der Paralichthys olivaceus. Aquac Res 45, 934-939. https://
doi.org/10.1111/are.12020.

Kang YJ, Choi SH and Kim KH. 2014. Preventive and therapeu-
tic effects of auxotrophic Edwardsiella tarda mutant harbor-
ing CpG 1668 motif-enriched plasmids against scuticocilia-
tosis in olive flounder Paralichthys olivaceus. Exp Parasitol
144, 34-38. https://doi.org/10.1016/j.exppara.2014.06.007.

Kang YJ and Kim KH. 2015. Immunochemotherapy with
doxycycline and CpG-ODN 1668 for treatment of scutico-
ciliatosis in olive flounder Paralichthys olivaceus. Aqua-
culture 435, 143-145. https://doi.org/10.1016/j.aquacul-
ture.2014.09.024.

Kim SM, Cho JB, Kim SK, Nam YK and Kim KH. 2004a.
Occurrence of scuticociliatosis in olive flounder Paralich-
thys olivaceus by Phiasterides dicentrarchi (Ciliophora:
Scuticociliatida). Dis Aquat Organ 62, 233-238. https:/doi.
org/10.3354/da0062233.

Kim SM, Cho JB, Lee EH, Kwon SR, Kim SK, Nam YK and
Kim KH. 2004b. Pseudocohnilembus persalinus (Ciliopho-
ra: Scuticociliatida) is an additional species causing scutico-
ciliatosis in olive flounder Paralichthys olivaceus. Dis Aquat
Organ 62, 239-244. https://doi.org/10.3354/da0062239.

Kim YJ. 2013. Adjuvant for scuticociliate Miamiensis avidus
vaccine. M.S. Thesis. Department of Aqualife medicine,
Chonnam National University, Gwangu, Korea.

Lee EH and Kim KH. 2009. CpG-ODN increases resistance
of olive flounder Paralichthys olivaceus against Phiaste-
rides dicentrarchi (Ciliophora: Scuticociliatia) infection.
Fish Shellfish Immunol 26, 29-32. https://doi.org/10.1016/].
151.2008.10.001.

Lee NS, Park JH, Han KS and Huh MD. 1994. Histopathologi-
cal changes in fingerlings of Japanese flonder Paralichthys
olivaceus, with severe scuticociliatosis. J Fish Pathol 7, 151-
160.

Matsuo K and Miyazano 1. 1993. The influence of long-term
administration of peptidoglycan on diseases resistance and
growth of juvenile rainbow trout. Nippon Suisan Gakkaishi
59, 1377-1379. https://doi.org/10.2331/suisan.59.1377.

Michelsen KS, Aicher A, Mohaupt M, Hartung T, Dimmeler S,
Kirschning CJ and Schumann RR. 2001. The role of toll-
like receptors (TLRs) in bacteria-induced maturation of mu-
rine dendritic cells (DCs): peptidoglycan and lipoteichoic
acid are inducers of DC maturation and require TLR2. J
Biol Chem 276, 25680-25686. https://doi.org/10.1074/jbc.

N

MO011615200.

Munday BL, O’Donoghue PJ, Watts M, Rough K and
Hawkestord K. 1997. Fatal encephalitis due to the scutico-
ciliate Uronema nigricans in sea-caged, southern bluefin
tuna Thunnus maccoyii. Dis Aquat Organ 30, 17-25. https://
doi.org/10.3354/dao030017.

National Institute of Fisheries Science. 2000. Aquatic medicine
catalog. Retrieved from https://www.nifs.go.kr/distantwa-
ter/skin/doc.html?fh=20210118101351712_0.pdf&rs=/dis-
tantwater/preview/nifs_newsletter/# on Jun 23, 2021.

Nikl L, Evelyn TPT and Albright LJ. 1993. Trials with an orally
and immersion-administered B-1,3 glucan as an immuno-
prophylactic against Aeromonas salmonicida in juvenile
chinook salmon Oncorhynchus tshawytscha. Dis Aquat Or-
gan 7, 191-196.

Puig L, Traveset R, Palenzuela O and Padrés F. 2007. Histo-
pathology of experimental scuticociliatosis in turbot Scoph-
thalmus maximus. Dis Aquat Organ 76, 131-140. https://doi.
org/10.3354/dao076131.

Robertsen B, Rorstad G, Engstad R and Raa J. 1990. En-
hancement of non-specific disease resistance in Atlantic
salmon, Salmo salar L., by a glucan from Saccharomyces
cerevisiae cell walls. J Fish Dis 13, 391-400. https://doi.
org/10.1111/j.1365-2761.1990.tb00798 x.

Sanmartin ML, Parama A, Castro R, Cabaleiro S, Leiro J, La-
mas J and Barja JL. 2008. Vaccination of turbot, Psetta
maxima (L.), against the protozoan parasite Philasterides
dicentrarchi: effects on antibody production and protec-
tion. J Fish Dis 31, 135-140. https://doi.org/10.1111/j.1365-
2761.2007.00876.x.

Siwicki AK, Anderson DP and Rumsey GL. 1994. Dietary in-
take of immunostimulants by rainbow trout affects non-spe-
cific immunity and protects against furunculosis. Immunol
Immunopathol 41, 125-139. https://doi.org/10.1016/0165-
2427(94)90062-0.

Song JY, Kitamura SI, Oh MJ, Kang HS, Lee JH, Tanaka SJ and
Jung SJ. 2009. Pathogenicity of Miamiensis avidus (Syn.
Philasterides dicentrarchi), Pseudocohnilembus persalinus,
Pseudochonilembus hargisi and Uronema marinum (Cili-
ophora, Scuticociliatida). Dis Aquat Organ 83, 133-143.
https://doi.org/10.3354/da002017.

Thim HL, Iliev DB, Christie KE, Villoing S, McLoughlin MF,
Strandskog G and Jergensen JB. 2012. Immunoprotective
activity of a samonid alphavirus vaccine: Comparison of
the immune responses induced by inactivated whole virus
antigen formulations based on CpG class B oligonucle-
otides and poly I: C alone or combined with an oil adju-
vant. Vaccine 30, 4828-4834. https://doi.org/10.1016/j.vac-
cine.2012.05.010.

Vinay TN, Kim YJ, Jung MH, Kim WS, Kim DH and Jung SJ.
2013. Inactivated vaccine against viral hemorrhagic septice-
mia (VHS) emulsified with squalene and aluminum hydrox-



W Egd WelwzA] Ao} ATEs WA 659

ide adjuvant provides long term protection in olive flounder
Paralichthys olivaceus. Vaccine 31, 4603-4610. https://doi.
org/10.1016/j.vaccine.2013.07.036.

Yoshida T, Kruger T and Inglis V. 1995. Augmentation of
non-specific protection in african catfish Claria gari-
epinus (Burchell), by the long-term oral administration of
immunostimulants. J Fish Dis 18, 195-198. https:/doi.
org/10.1111/.1365-2761.1995.tb00278 x.



