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Efficacy of alginate microsphere oral vaccine against Miamiensis avidus
(Ciliophora: Scuticociliatida) in olive flounder (Paralichthys olivaceus)

Su-Mi Shin and Sung-Ju JungT

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Republic of Korea

The efficacy of the alginate microsphere (Alginate MS) oral vaccine against Miamiensis avidus
in olive flounder (Paralichthys olivaceus) was confirmed through challenge infections by both im-
mersion and injection routes. In trial 1, the formalin-inactivated M. avidus coated with alginate, des-
ignated as ‘IMatAlginate MS’ group, and the IMa group were administered with vaccines mixed
with feed, with a total antigen dose of 3.75 x 10° cells/fish. When challenged with immersion infection
at five weeks post vaccination, the relative percent survival (RPS) in the IMa+Alginate MS group
was 50% (immersed in 50% seawater) and 37.5% (immersed in 100% seawater). The group that
received only IMa showed a low survival rate. In trial 2, the antigen was fed mixed with feed at
a total dose of 2.38 x 10° cells/fish for 5 days. Two weeks after oral vaccination, fish were intra-
peritoneally injected for infection. The RPS in the IMa+Alginate MS group was 30.8%, while the
IMa-only group showed no vaccine efficacy. At five weeks post vaccination, when subjected to chal-
lenge infection by immersion in 50% seawater, the IMa+Alginate MS group recorded a RPS of
42.9%, whereas the IMa group had a RPS of 14.3%. The results of this study indicate that coating
M. avidus antigen with alginate can provide higher protection in olive flounder compared to administer-
ing the antigen alone.

Key words: Miamiensis avidus, Scuticoiliate, Oral vaccine, Olive flounder, Alginate
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of SAFoEAN WAZH B HE=H7A] AN
FE LT FUelA ZES st 4y
A 2~FE IV Uronema marinum, Pseudocohnilem-
bus persalinus, Miamiensis avidus (=Philasterides di-
centrarchi) ©]™(Jee et al., 2001; Kim et al., 2004a;
2004b; Jung et al., 2007), ©15 M. avidus?} ‘g ] ol
A3 HAAds dozitta ¢#A AtH(Song et
al, 2009). 2FE7IE FAE A FHoZE= I
HEx o2 ¥ =298, pyrimethamine, salicylanilides
niclosamide, oxyclozanide 5 ©]-83% 3}5+ a8 &
o] &3}A Tk o] 3 WY o7 =S AH3A A
g 4= @lt(glesias et al,, 2002). ©] &3} ©]-FZ min-
eral oil & VR ZAZ AL831S] Philasterides di-
centrarchi °l t¥ E&3} W2 (Lamas et al., 2008;
Sanmartin et al., 2008) 2 ™S X}=A|(CpG ODN)E
483 2FEIE AoE A AES AASH
3 At(Lee and Kim, 2009; Kang and Kim, 2015).
20208 AAIH o2 Hx2 SEuTtolM M. avi-
dus BA1o] AF-g3tol AEstaial, WH A7}
A7 E A &A1 23] HFSh= M. avidus GLFAHY
AEAAe FF)H ~FIdANRZA AN M. avidus
9 Tenacibaculum maritimum ©] E3HE 72
R EIRW)o] FE53]7FE HATHNIFS, 2020).
M. avidusZoll Th3F WAL B2 FAFE 4] 9
P2 o] g WAl ol g A7)l WY
P S AF3HA T, 20 gH|FHe] 22 o Foll= A

§317] YE o Walolth 2FEAFLe AF
WS Qyoln, 7] AolnE Fehael
A7A WPk Ayolr] WRe] AFE|TtEol

7] YA oA Zr)o BAG e A&
F Aol F g atth of Foll WAlS T3t
Z2E FAL AAS A7 el O F A
7} 2E@ 20 A AAH ZEA B
HE A7]9] o7l A& F e
o] wl Al HFH o] TH(Rombout et al., 1986). ©]
A= B3t 94kl o 99 4HE%
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(GALT; gut-associated lymphoid tissue) 7}x] =235}
Al k= Aol ¢ 7itkE7] Wizl o] AghA
o] tH(Russell-Jones, 2000).

Alginate microsphere= U2 A E3|4 B S0

=0

7HA AL Qlo] Bo] ALeEE WAl F'A F shol
TH(Bowersock et al., 1999; Martins et al., 2007). T3k
Alginate= 1 AHAZ o] F A®W o) thgt WY vkg-
< A F doeE s Ravt ey
(Fujiki et al., 1994; Romalde et al., 2004; Huttenhuis
et al,, 2006), °|H ¥ 54& o] &3t HT =&l
A theFst &-ol tlgk Alginate microsphere 7)1t
ZATFWAE N3 A TH(Tian et al., 2008; Behera
et al., 2013; Ballesteros et al., 2015). W&}A] & A
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B Aol M AR 2FH IS M. avidusE
o2, 2005100 ool A Bed Y28 ARESHS
THJung et al. 2005). YS2+ chinook salmon Onco-
rhynchus tshawyscha embryo Al Z(CHSE-214)° #
T T 10°Coll A vt A 28 HA o= A
Hj oF3le] ARE-SFSATE CHSE-214A4] 9] Hlj ol &=
25 cm”® A3 B oF& =2} 2~ F(Thermo Fisher Scien-
tific, China)oll 10%2] 2B} o} & 3 (Gibco, USA)F
penicillin-streptomycin (Gibco, USA)S 3 7}3+ Dul-
becco's Modified Eagle medium (DMEM; Gibco,

M



AV O|E I Miamiensis avidus (Ciliophora: Scuticociliatida)

USA)S A-8-31Th CHSE-214 Ao X M. avi-
dus YS2F5 15CollA 543 v efste] Holga<d
O F A}E3F CHSE-214AM| E7} &0 o0& Ho|X
2e As gelgt & x=23d EF3E A
ot xadd 28ste vyS2rh 3w =
228 500 ppmEEE F7F3 T 4Tl A wut
SFATE oo A, 134 x goll A 108 B¢t °M'l€r€46}
oA M avidusE 831 Au|Adoz AnE A
st ks B8A4s @ AS gl 1 %
%%Lx—li}ﬁ 32l _Q_oﬂg _/,\_Eﬂo].g;‘do] ES]-H;(]
%2 DMEME AME3t] 108 59 134 x g2 WA
E23le 23] M &3 3 Phosphate Buffer Saline
(PBS, pH 7.2)0. 2 A3}l= &Y B5Z g3o] A}
g3tk AFMAY 13] A Z o= 75 em® S8k~
= 457) (=4 x10° cells) ] S AFR3IHAIL X
2oz E&3]g &2 o|F IMa (inactivated
M. avidus)Z YEFY AT}

Alginate microsphere (Alginate MS) ZaHAl
x-"xl-

Alginate MSE Tian et al. (2008) 7oA A
S HEFsk AFAT. 15 mlo] SFF
Alginate (Sigma-Aldrich, USA)E o] 12417t A&
oA &3 Al A 0.3% Alginate &4 UP%%D}.
o] % 15 ml9] alginate &S T2 OE £
343k M. avidus B4 (IMa) 3 ml (=4 x 10° cells)&}
e & 53tS 98l 1500 rpmell A 58 F<F adt
319t AlginateS} IMa & 2] E3HE(W)= 4.5 ml
Span-80 (sorbitan monolaurate, Sigma-Aldrich, USA)
o] E9] & 600 ml| paraffin oil (0)oll H7}3+
2, 1500 rpmoll A 1083 wHHsle] water in oil
(W/0) A¥-& FAstA et 12 WO &Hel 0.15M
CaCl, (Sigma-Aldrich, USA)E 15 ml ¥ o] nyt7]
(1000 rpm)il Al 2/\]7P &<k 1y ;}%‘\E} o] & 1000
x goll A 1023 A2l e & AR 70% &3
<2 F W AlFste FFE QoA 24/\17P o]

Az BAS A F g SoiodE T FE
AlaratAet. Aze WAL 4Coll A B3t Bt

STt Abmol B3 W pBSel ol g

AT WA} A (Paralichthys olivaceus)d] W3 EFH7 313

avidus®] FAZIHE gPstaa Aok A
7+ 2 Takagishi et al. (2009)2] WHS M3}
A8, 5.8+1.2 g9 7.8+1.64 g9 F 7}A
A719] A& AR T IAAELE s
=2 30%, 50% 2L 100%= A3 37Fx o] 21O
2 FYPAach FAZEL 37 =9 &4 1L
o 10mt2le] YXE 4833l M. avidus (1.12 x
107 cells) ¥l ¥ S 231 (A7} o o] H o] A3} H A
AAANZ 3 7o Oé%i‘r S8 gE d4E 200
A FIEstAth AAZTE ol F AMSFE 39S
ARG s ER @_Wﬂ R R 7 ST A B

Awrel 2 BT

ﬂll

I~

FAZEY =
FAZGL B Eo s AP 58 + 1.2
g9l Agolell= @ v & 1 x 10% 5 x 10° &

1 x 10° cells/100ul®] FE2, 7.8 + 1.64 g2 Ao
|= 12 x 10°, 5.3 x 10* 2 1.2 x 10* cells/100ul®]
TER AESATh Adols 2509 UV A= 3l
F7F Eole 2ol 10wy F88ta, F2
ANZTE AHREH FEL7A 2021 CE FA
Atk HARE 289 Bot WY #EEtY V=5
o, H At o] B A5 AA st 2FE] Tl 9
g FHALE 1A
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» o

Ax|ZES S8t E5H7HTrial 1)

Trial-1°1 A= A &4 %9 2= Alginate MS©]
5 A5 AYEAh. WYL F 1200k |
A Aef(58+12 ¥ FAAR 471 LF(Ma+

Alginate MS, IMa, 2=, v iz o
2 o] 30‘:’]'1"4’&] T3t ATE FAsAT

(Table 1). IMa+Alginate MS 13 IMa 152 ©]
A Z=2] 1% D= ALRo] WAL o] 5U7
o] Eolstglon, Uz Rt 3
o] Aol 1mtE] G 3.75 x 10° cellse] HE2 319
o4 fadst v 4guEe s 5

Y% el Y ABE TS



314 PR

ATES FREYRREH 5F F 59 30mHE]
HAE 1574 Yol 838131 50% a2k 100
% a4 2704 1.12 x 10 cells/IL/tank®] F =&
HolA 71&s B U YHoE AR 7+
AAA ATwale] &58 8215 th(Table 1).

HARAZZE 3 20ColA A3 A 289 F<F MY
e e A = s KR T AR RS i R R AR
o} HE AR 2FHANSS FlstArth

FAZED AX|ZHE S5 £5HIKTrial -2)
Trial 1914& AAGHOZ MAlo] 558 H7t
FAEE BT} 108114 20

sk o

Z 192v12] 9] gA] x]0{(7.8 + 1.64 )5 47l9] HF
:rL(n = 24)2 o] 20-21 Ci G5k AFSEEY
Th(Table 1). 7474 L A F2] 1%l 6—“1:1——5—]_1‘_:__
Abgo)] WAL Aol 5U7F Yo Bty
7k T 6‘%«] o] Ao 1vte] EL238 x 10°
cellso] = &= 7l 2ot v gz
T ﬂwzgﬂ %‘?4@1 Fo] Autk ARE T3}
%E o1i1j E1 2_]__ *r‘

v AAFEeE Z
T HY FRIZRE
27 %, 2519 3TF S0l 4] ol 147}
¥ F8EI M avidusS 5.7 x 10" cell/fish/100ul
o] FEE B FARZ ZAIAANAT F2 20-21
CE fFASHHA 28¥Y3t # %— J&r%_o}gau}

AARE S AT v TEIERYH 557 %, 18
E19] 50% 3ll7F £+ 47H4 zo X &
10”831 M avidusS 1.12 x 107 cell/1L

ol 4 & AIZF A F 2009 50% S H7Fek
o} o] & AL Trial 13 FL3A F3HstH ).

I

7
Al
}

FAE /‘—1% Graph pad prism 5 software (Version

5.02)E ©]&3}4] log lank (mantel-cox) test= 3}
o). %A & (relative percentage survival, RPS)2
o029 448 &-831e] AHE3H THAmend, 1981).
RPS =[1-(% mortality in vaccinated group/%
mortality in control group)] x 100

2SS9 =2
2 AP Addisn FEddE2 43 dn-

stitutional Animal Care and Use Committee)2] <91
stoll Y AA AL} FTTARG ] we) =3 s}
2 THCNUIACUC-YS-2019-8).

2 I

AAx1zd

H 58+12 g (8.57+1.48 cm) =712] A& o]0
A& 30%SF 50% s ol A B HARSEA AL 100%
ol A= 90%7}F #AFSEA ThH(Fig. 1A). ¥ 7.8
+1.64 g (9.3+0.96 cm) A F oA A = 30% 3l
A 25 AR Y 50%2F 100% 3l ol A=
2zt 40%%F 30%7F # AR A TH(Fig. 1B). F 7HA|
ol YA 77] 2F BTl '] vl °01 5T
5 F A= wE A7 Vet J A3
AR JA = 9] Alda =d ¢ Xl
ALE s 9354E EA(Fig 10). = ?IO
9 Aruyt A g 295 dnFoE A%
< o 2FEISS FQ & 5 AT

go"o

=Arze

58+ 12g9 Agojol 3 mig] F 1 x10°, 5 % 10°
2 1 x 10 cells/100uld] FEE 17&%/\}6‘}91% o
ZYZ} 86.6%, 33.3% 2 13.3%2] F2 HAME-S Ve
YA THFig. 1D). 7.8+ 1.64 g2 A& oo 12 x 10°,
53x 10" 212 x 10 cells/lOOulfﬂ._ BANAS 1%

oM E 66.6%, 33.3% 2 26.6%7} H A3 tHFig.
1E). #HAtol& ERATo] 3402 959 4
W2 2 25 Foll kA Kol A7 AT
(Fig. 1F). 3l F3td 283 B 2 i B

A& &detA gAole ~FHISS HES F
AT
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A Immersion infection B Intraperitoneal injection
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Fig. 1. Cumulative mortality and clinical signs of olive flounder infected by immersion (A-C) and intraperitoneal
injection (D-F). Fish in two weight groups, 5.8 +1.2 g (A) and 7.8 +£1.64 g (B), were maintained at 30%, 50%
and 100% of seawater then immersion infected with M. avidus concentration of 1.12 x 107 cells/IL for 1 hour. Olive
flounder infected by immersion exhibited white patches, typical ulcers, and hemorrhages on the skin (C). In addition,
fish were intraperitoneally injected with three different concentrations of M. avidus, 1 % 10*, 5 x 10° and 1 x 10’
cells/fish/100ul into 5.8+1.2 g (D) and 1.2 x 10°, 5.3 x 10" and 1.2 x 10* cells/100ul into 7.8+ 1.64 g (E) of

fish. M. avidus injected fish exhibit distended abdomen due to hemorrhagic ascites (F).

AX|ZEHS E5t 5T 7K Trial 1) Fig. 2).

AAZ ZFAAZH S u] IMat+Alginate MSZ15©]
7 EE Eed HYI FHYELEL 50% ZAZED AX|AHS S5 S5LINTrial -2)
2ol A 50%, 100% 3l ZHE A 37.5%A AT B T8 257 & BOE FALY

(Table 1, Fig. 2). IMa¥t F33F OFANAE F 15

= T
83k ¢ IMa+Alginate MSSF-o] 72 At A

o
BF 58.8%2 HAMEES 7|E3te ZEuERT &2 30.8%HA 2T AlginateZ Y- FHZHA|
oF O
=

HAFE(50%2}F 66.67%)3 ZFe]7F §1ATh (Table 1,

IMaFo] - WAle] B gurt AF gl
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A 100 -
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g 40 ——IMa
3
§ —A—IMa+tAlginate MS
a2 20 =
——Naive
0 T T T T I e e e e B R
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Fig. 2. Survival curves of experimental trial-1. Fish were orally immunized with M. avidus antigen dose 3.75 x
10° cells/fish and subsequently immersion infected with M. avidus at a concentration of 1.12 x 107 cells/L for 1
hour. The immersion infection was carried out in 50% seawater (A) and 100% seawater (B). IMa+alginate MS (-2-),

IMa (-0-), control (-#-) and naive (-m-) groups.
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Fig. 3. Survival curves of experimental trial-2. Fish were orally immunized with M. avidus antigen dose of 2.38
x 10° cells/fish and subsequently fish were intraperitoneally injected with 5.7 % 10* cells/fish/100ul (A) and immersion
infected with 1.12 x 10" cells/L in 50% seawater (B). IMa+alginate MS (-2-), IMa (-0-), control (-#-) and naive

(-m-) groups.

TKTable 1, Fig 3). 7474 J Fo T8 557 £ 31A
ZaoZ FALA 3 -9 IMatAlginate MS2] 7
PAYELL 42.9%, IMa Fol 7= AhYELL

143%%5 7] 539 tH(Table 1, Fig. 3).
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2FE|FIE S AF BAEHE Agely, 2] 2}

o] B A Ao Y74 watE Aol
w ol 2FE|7ME )28ty YEAE Abel =

of BAG ] HErts @ Mol Pasih E3

2+ F71] xofellA FAF Fof whalo] wial Fof

7} B7hsE) el BE a7)9) offol MAS
A sk WA HE o FolM 78S Bl
UE HE AGS FE T 5 A ATHA )
ol Pastth T} ATE Fold FAe B
Wl AEE AFe7] ol asEnz 9 Bol=
P FUL B3 1

Boate] ZA7tA Agd o] 28
3}t}(Somamoto and Nakanishi, 2020). ©] 2] 3t Td"f—j
o A Alginatew W2 =4, A, ALY
Hold A H=2 §EA4& 7}11 g mlcrosphereA
7t EZ 2 ARE-E o] ShThH(Lee et al., 2012; Popov et
al., 2018). & A7-= Alginate microsphere (Alginate
MS) & 83 M. avidus ZLE PE33 & AR
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Mo

o o] Jx)o] T3}, Alginate MS ¢ &
R RA H5e BT

WA AT E5e AZA7) A8 A
9 -e AEslch Brha e ATAS AL
7] SsAE WAl st st GA Wl
FeS Wrtehr] A WAl A FATE
248 MeEst= Aol F83H(Somamoto and
Nakanishi, 2020). B2l e] AT EA7} HA4 AR
o= Ao A9 S ASsi, =8 JA7E FAARG
A 73 FASE A R0l rE A AE o
2 WAle] g58 stz stk g ATl
AN A2FEIES AAAZZ ZEA 78 o)A 9
71 wEt FHARE S| Zol7t wow =77t &
Aol A= HARS o] AV ol AYHA %
9k}, Parama et al. (2003)% 3] 5o] A S W Zo
of R A7+ o] 71531 3L, Takagishi et al. (2009)
< AGEolA drRtsjrrt JAFHe] & Ao
doa Busta ek JHEE B AT s A

LR UAE eI AT o

Qs

om[

O{N r*

A
/\
R

cells/tanki 71974@ ]Zi*é o 30%2] TSH—roﬂ/ﬂ
25 HAABIA I 100% sFoll A 58+1.2 g
90%, 7.8+ 1.64 goll A= 30%7}F BlASEE o of A
o] =717} Zkﬁ—’,:%, He AETEYTE HAVE
o #AEE S Rl ol B ATellA
91-8-3} Takagishi et al. (2009)2] AT+ A9} = FAL
st B AFolAE WA g%8 Hrislr] st
o 50%2F 100%°] F2A& AR o=
30%2] sl A= v& F 1F4 Blste AbsT
o AFo] @ol A7]= AR Hol ofF ol 7tajA|
= 2EH 2T A3 Aoz A4 WiEelth
S AF8HAl Park and Min (2018)—0— 10, 15,20 & 25
psu (2F 28.5%, 42.8%, 57.1% L 71.4%31<F)2]

of Y& AR AEERI 107 15 psu°ﬂ/‘1 24
A =E3ANFAE W 8RO ZHEH =F2=27}
deste] Y7 AQ RN 54T 2EH 29
VI L Ae Husith I3 ER £ Ao
AeE @xo) 7eiAs 2Ed 29 JFo]

50% =2k 100% 34 22AA HAAAS HA|
st A g-wAlo] %S HUhskTh

Trial 194 IMa+Alginate MS 132 M. avidus
of disl 37.5-50%° FJHAE=ES YERAT
(Table 1, Fig. 1). Z#Y} IMa¥t £33 159 A%
Zad =T vl =g HARS S eI o=
IMa W B3k 159 B M avidusol 3 WY
| &3] WAPEA For AlginateE &
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