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MO PAU
1. Pit van dé

Ca Hong my (Sciaenops ocellatus) 1a déi twong nudi
bién c6 gié tri kinh té cao, c6 toc do sinh truong nhanh, kha
nang thich nghi rong va dugc xac dinh la mot trong nhiing
loai nudi tiém nang trong chlen lugc phat trién nudi bién
cua Viét Nam dén nam 2030, tim nhin dén nim 2045. Tuy
nhién, cing véi xu hudng phat trién nudi tham canh, dich
bénh dang trd thanh mot trong nhitng rao can Ion ddi voi
hiéu qua va tinh bén viing cia nghé nudi, trong d6 bénh
xuat huyét do vi khuan Vibrio alginolyticus gay thiét hai
dang ké vé ty 1é séng, nang sut va hiéu qua kinh té.

Vibrio alginolyticus 1a vi khuan phan bé phé bién trong
moi truong nuwdc man va nudc lo, ¢d kha ning ton tai 1au
dai trong hé théng nuéi va lay truyén qua nhiéu con dudng
khac nhau. Kha niang gay bénh cuaa loai vi khuan nay 1 két
qua cua sy phdi hop nhiéu yéu té doc lyc lién quan dén kha
nang di dong, bdm dinh, x&m nhap, hinh thanh mang sinh
hoc, thu nhan sat va tiét cac doc to. Bén canh do, viéc sir
dung khang sinh kéo dai trong phong va diéu tri bénh da
lam gia ting nguy co xuat hién cac chung vi khuan khang
thudc, anh huong dén hiéu qua diéu tri, an toan thuc pham
va moi truong nuoi.

Trong bdi canh phét trién nudi trong thity san theo hudéng
tiép can Mot sic khoe (One Health), giam phu thudc vao
khang sinh va tang cuong cac bién phap phong bénh chu
dong dang tro thanh yéu cau cap thiét. Vaccine dugc xem
la mot trong nhiing giai phap bén vitng nham nang cao kha
nang bao vé vat nudi, han ché sir dung khang sinh va nang
cao hiéu qua quan ly dich bénh. Trong d6, vaccine bat hoat
toan bo té bao co uvu diém vé tinh an toan, dé diéu ché va
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van duy tri duoc phd khang nguyén tuong ddi day du cua
tac nhan gay bénh.

Mic du bénh do V. alginolyticus trén c4 bién di dugc
nghién ciru tai nhiéu qudc gia, nhung & Viét Nam van con
thiéu cac nghién ctru mang tinh hé thong vé dic diém sinh
hoc, doc luc, kha nang khang khang sinh, con duong lay
truyén ciing nhu phat trién vaccine trén ca Hong my. Dic
biét, chua c6 nhiéu dit liéu phuc vu viéc luya chon chang vi
khuan dai dién dé phat trién vaccine bat hoat toan bo té bao
su dung qua thuc an. Vi vay, luan an “Nghién ciru dac
diém sinh hoc ciia vi khuan Vibrio alginolyticus va diéu
ché vaccine bat hoat toan b té bao dé phong bénh xuit
huyét trén ca Hong my (Sciaenops ocellatus)” duoc thuc
hién nhiam goép phan bé sung co sé khoa hoc va thyc tién
cho cong tac phong bénh trong nuéi ca bién.

2. Muc tiéu nghién cau

Xay dung co sé khoa hoc va thuc tién cho viéc phat
trién vaccine bt hoat toan bo té bao Vibrio alginolyticus
phong bénh xuit huyét trén c4& Hoéng my (Sciaenops
ocellatus) thong qua: (i) xac dinh dic diém hinh théi, sinh
hoda, doc luc, kha nang khang khang sinh va kha nang gay
bénh cuaa V. alginolyticus phan lap tir ca Hong my méc bénh
xuat huyét; (ii) xac dinh cac con duodng lay truyén caa V.
alginolyticus trén ca Hong my trong diéu kién thuc nghiém;
va (iii) diéu ché vaccine bat hoat toan bo té bao, danh gia
tinh an toan, kha nang kich thich dap tng mién dich va hiéu
qua bao hg cua vaccine khi st dung qua thire an.
3. 'Y nghia khoa hoc va thyc tién
3.1. Y nghia khoa hoc

Luan an bd sung co so khoa hoc vé dic diém sinh
hoc, doc luc, kha nang khang khang sinh, kha nang gay
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bénh va con duong lay truyén caa V. alginolyticus gay bénh
xuat huyét trén ca Hong my trong diéu kién nudi bién tai
Viét Nam. Két qua nghién ciru gép phan 1am sang to co sé
khoa hoc cho viéc lua chon chang vi khuan phuc vu phat
trién vaccine bat hoat toan bo té bao phong bénh xuat huyét
trén ca Hong my.
3.2. Y nghia thuc tién

Két qua nghién ciru cung cap co so thuc tién phuc
vu nhan dién tdc nhan gay bénh, danh gia nguy co khang
khang sinh, xay dung cac bién phap quan ly dich bénh va
phét trién vaccine bat hoat toan bo té bao sir dung qua thuc
an phong bénh xuat huyét trén c4 Hong my, gop phan giam
st dung khang sinh va huéng t6i phat trién bén viing nghé
nuéi ca bién tai Viét Nam.
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Chuong 1. TONG QUAN TAI LIEU
1. Pic diém sinh hec cia ca Hong my va bdi canh phat
trién nghé nuodi
Ca Hong my (Sciaenops ocellatus) 1a loai c& bién c6

gia tri kinh té cao, c6 ngudn gdc tir viing ven bién phia Tay
Dai Tay Duong va hién dugc nudi thuong pham tai nhiéu
qudc gia, trong d6 Trung Quéc chiém phan 16n san luong
toan cau. Véi tdc do sinh truong nhanh, kha nang thich nghi
rong, hiéu qua stir dung thirc an cao va chat luong thit tot,
ca Hong my dugc xac dinh 1a mot trong nhitng ddi twong
wu tién phat trién trong chién lugc nubi bién caa Viét Nam.
Tuy nhién, cung vai qua trinh mé rong quy mé nudi tham
canh, nghé nudi ca Hong my dang phai d6i mat véi nhiéu
thach thirc nhu bién dong méi truong, chi phi san xuit ting,
yéu cau han ché str dung khang sinh va dic biét I su gia
tang cta cac bénh truyén nhiém do vi khuan, trong d6 bénh
do Vibrio alginolyticus dugc xem la mot trong nhirng nguy
co quan trong dbi véi su phat trién bén viing cua nghé nudi.
2. Bénh do Vibrio alginolyticus, khang khang sinh va
vaccine trong nudi ca bién

Vibrio alginolyticus 1a vi khuan Gram 4m, wa man, phan b
phé bién trong mdi truong nudc bién va nudéc lo, €6 kha ning
ton tai lau dai trong hé théng nudi va gay bénh trén nhiéu doi
twong thiy san. Kha ning gay bénh cua vi khuan la két qua coa
su phdi hop nhiéu yéu té doc hee nhu kha ning di dong, bam
dinh, hoat tinh enzyme ngoai bao, doc té tan mau, hé thdng tiét
protein, kha nang thu nhan sat va hinh thanh mang sinh hoc.
Trong diéu kién nudi tham canh, vi khuan c6 thé lay truyén qua
nguodn nudc, tlep xUc tryc tiép gitra ca bénh va ca khoe hoac
qua thirc an nhiém khuan, 1am gia tang nguy co bung phét dich
bénh trong hé théng nuodi.
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Song song vei do, viéc s dung khang sinh keéo dai trong
nudi trong thuy san dd 1am gia ting hién twrong khang khang
sinh ¢ cac loai Vibrio, anh huong dén hiéu qua diéu tri va
lam tang nguy co lan truyén cac gene khang thudc trong
moi trudng. Trong bdi canh do, vaccine dugc xem 12 giai
phap phong bénh cha dong c6 nhiéu trién vong. Dic biét,
vaccine bat hoat toan bo té bao ¢6 wu diém vé tinh an toan,
dé diéu ché, chi ph| hop 1y va van duy tri dugc pho khang
nguyén tuong dbi day du cua tac nhan gay bénh. Mac du da
co nhleu nghién ciru vé vaccine phong bénh do Vibrio trén
mot so loai ca bién, nhung céc nghlen ctru ddi véi V.
alginolyticus trén ca Hong m¥ van con han ché, dic biét dbi
Véi vaccine sir dung qua duong an.

3. Khoang tréng nghién ciu va hwéng tiép can caa
luan an

Céc nghién ciru trude day cho thay van con nhiéu khoang
trbng trong nghién ctu bénh xuat huyét do Vibrio
alginolyticus trén ca Hong my tai Viét Nam, bao gom viéc
thiéu cac dir liéu mang tinh hé théng vé dac diém sinh hoc,
doc luc, kha nang khang khang sinh, kha nang gay bénh va
con duong lay truyén cua vi khuan. Bong thoi, chua co
nhiéu nghién ctru lya chon chung vi khuan dai dién phuc vu
phét trién vaccine bat hoat toan bo té bao ciing nhu déanh
gia tinh an toan, kha ning kich thich dap trng mién dich va
hiéu qua bao ho cua vaccine s dung qua thirc an.

Trén co s¢ do, luan an duogc thuc hién theo hudng tiép can
tir nghién ctru dac diém sinh hoc, doc luc, kha nang khang
khéang sinh, kha ning gdy bénh va con dudng lay truyén cua
V. alginolyticus dén lra chon chung vi khuan dai dién, diéu
ché vaccine bat hoat toan bo té bao va danh gié tinh an toan,
kha ning sinh mién dich ciing nhu hiéu qua bao ho trén ca
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Hong my. Céch tiép can nay gép phan xay dung co s¢ khoa
hoc cho viéc phat trién vaccine phong bénh xuat huyét va
dinh hudng céc giai phap phong bénh bén viing trong nudi
cé bién.

Tur tdng quan tai liéu cho thay, mac du d co nhiéu
nghién cau vé Vibrio alginolyticus trén cac loai c& bién,
nhung tai Viét Nam chua c6 nghién ctru day du tr phan 1ap,
danh gia doc lyc, khang khang sinh, co ché lay truyén dén
phét trién vaccine bat hoat trén c4& Hong my. Pay chinh 1a
khoang trong khoa hoc ma luan an tap trung giai quyét.
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Chuong 2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU
2.1. Pdi twong va pham vi nghién ciru
Péi twong nghién ciu cua luan an 1a vi khuan Vibrio
alginolyticus phan Iap tir c4 Hong my (Sciaenops ocellatus)
méc bénh xuat huyét tai cac ving nuéi 1ong bién thudc Pha

Loc va Pha Vang, thanh phd Hué. Ca Hong my khée manh

dugc sir dung trong cac thi nghiém danh gia kha nang gay

bénh, con duong lay truyén va hiéu qua vaccine.

Nghién ctru dugc thyc hién tir thang 11 nim 2023 dén thang

01 nam 2026 tai Phong thi nghiém Bénh hoc thuy san, Khoa

Thay san, Truong Pai hoc Nong Lam, Pai hoc Hué; Phong

thi nghiém Sinh hoc phén tir, Truong Khoa hoc Thu y, Pai

hoc Sydney (Uc); Trung tdm Cong nghé Sinh hoc Thanh
phé Hb Chi Minh va Céng ty TNHH MTV Sinh héa Phu

Sa (Can Tho).

2.2. N9i dung nghién ciru

< Phan lap, xac dinh dic diém hinh thai, sinh hoa va dinh
danh vi khuan gay bénh xuat huyét trén ca Hong my.
< Nghién ctru cac dic diém doc luc va khao sat cac gene
lién quan dén doc luc caa V. alginolyticus.
< Nghién ctru dic diém khang khang sinh va khao sat cac
gene lién quan dén kha niang khang khang sinh cua V.
alginolyticus.

¢ Dénh gid kha nang giy bénh va xéc dinh cac con duong
lay truyén cua V. alginolyticus trén ca Hong my trong
diéu kién thuc nghiém.

% Diéu ché vaccine bit hoat toan bo té bao V.
alginolyticus va danh gia tinh an toan, kha nang kich
thich dap trng mién dich trén ca Hong my.

< Panh gia hiéu qua bao ho cua vaccine bat hoat toan bo
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té bao phong bénh xuat huyét do V. alginolyticus trén
ca Hong my.
Hé¢ théng ngi dung nghién ctru va mdi lién hé giira cac hop phén nghién ciru clia
ludn an duwoce trinh bay tai So dé 2.1

khudn (TSA™, TCBS, HiCrome™ Vibrio catalase, API20E — dinh danh

l

s ~ X ~
Luu trir trong glycerol 20%, & -80 °C Xiic nhin II"‘E.I? hi—i_l.li-_‘:-\"l.f_'\l-Dl-T“F
MS va PCR/gvrB

- . 3 R
[ Thu mau bénh phim phin 1ap vi [ Tao dong thuan, Gram, oxidase, ]

L v v
Y ‘
, . ™y ™
Khio sdt cic yeu to dje lye (di dong, Khiie sit dic diém khing khang
caseinase, lipase, phospholipase, sinh (kiéu hinh va hé so gene
haemolysin, biofilm va cac gene doc luc) khing)
. S/ _ J

| |
v

[ Lura chon ching Vibrio alginolyticus VA1S ]

Thu nghiém kha ning Dieu che vaccine, thu Thir nghiém xdc dinh
ey bénh va xdc du'!h nghiém llnhh an toin, tinh higu qua bio h§ cia
3 - A > : W LUR T £} ; . ok -
con du ong liy truyén sinh mién dich, licu vaceine trén cd Hng my
trong diéu kién thurc lwong sir dung

Hinh 2.1. So d6 nghién ciru tong thé cria ludgn dn

2.3. Phuong phap nghién ciru
2.3.1. Thu mdu, phan ldp va dinh danh vi khudn

Mau c& Hong my mac bénh xuat huyét duoc thu tai cac
viing nudi 1ong bién thudc Phi Loc va Pha Vang, thanh phd
Hué. Vi khuan duogc phan lap trén cac moi truong TSA b
sung NaCl, TCBS va HiCrome™ Vibrio Agar. Cac chung
phan lap duoc xac dinh dic diém hinh thai, sinh hoa, dinh
danh bang MALDI-TOF MS va xac nhan bang PCR khuéch
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dai gene gyrB. Quan hé di truyén gitra cac ching dugc phan
tich dya trén trinh tu nucleotide cua gene gyrB.
2.3.2. Ddnh gid djc lwe va dic diém khang khang sinh

Céac chung V. alginolyticus dugc danh gia kha nang di
dong, hoat tinh enzyme ngoai bao, hoat tinh tan mau, kha
nang hinh thanh mang sinh hoc va khao sat cac gene lién
quan dén doc luc bang PCR. Kiéu hinh khang khang sinh
dugc xac dinh bang phuong phip khuéch tin dia gidy
Kirby-Bauer ddi vai 21 loai khang sinh thudc 9 nhdm khéc
nhau dudi cac diéu kién do man khac nhau. Chang cé tiém
ning doc lrc cao nhit duoc khao séat cac gene khang khang
sinh bing k§ thuat PCR.
2.3.3. Thar nghiém gay bénh, nghién citu con dwong lay
truyén va vaccine

Chang V. alginolyticus c6 tiém niang doc luc cao

nhat dugc sir dung trong céc thi nghiém xac dinh gia tri
LDso, danh gia cac con duong lay truyen qua ngudn nudc,
tiép xUc truc tiép va thirc an. Vaccine bat hoat toan bo té
bao duoc diéu ché bang formalin, phdi tron vao thic an va
danh gia tinh an toan, kha ning kich thich dap tng mién
dich, hi¢u qua bao ho trén ca Hong my thdng qua hiéu gia
khang thé, ty Ié Song va ty 18 bao ho twong ddi (RPS).
2.3.4. Phan tich sé lidu

Céc s6 liéu duoc xur ly bang phan mém IBM SPSS Statistics
20.0. Su khac biét giira cac nghiém thirc dwoc danh gia bang
phan tich phuong sai mot nhan té (One-way ANOVA) két hop
phép kiém dinh Tukey HSD ¢ mitc ¥ nghia p < 0,05. D4i V6i
dit lieu ty 1é séng, su khac biét duoc danh gia bang kiém dinh
log-rank theo mé hinh Kaplan—Meier.
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Chuwong 3. KET QUA NGHIEN CUU

3.1. Phan lap, dinh danh va xac nhan loai vi khuan gay
bénh xuat huyét trén ca Hong my
3.1.1. Két qUa thu méu bénh pham va phan l@p vi khudn

T cac mau ca Hong m§ con sdng c6 biéu hién dién
hinh cua bénh xuét huyét thu tai ving nuéi 1ong ven bién
Phi Loc va Phia Vang, thanh phé Hué, nghién ciru da phan
lap duoc 20 ching vi khuan, ky hiéu tir VAO1 dén VA20.
Céc chang phan lap déu co hinh thai khuan lac va dic diém
hinh thai té bao dién hinh cia nhém Vibrio, 1a co sé cho cac
budce dinh danh va xac nhan loai tiép theo.

H|nh 3.1. Toa do vung thu mau benh pham

3.1.2. Piic diém hinh thdi, sinh héa va dinh danh vi khudn

Két qua khao sat dac diém hinh théi, sinh hoa va phan
ing API 20E cho thay toan bo 20 ching phan lap c6 céac
dic diém phu hop vai Vibrio alginolyticus. Két qua dinh
danh bang khéi phé MALDI-TOF MS va PCR khuéch dai
gene gyrB déu xac nhan 20 chung phan lap thuoc loai
Vibrio alginolyticus. Phén tich trinh ty nucleotide gene
gyrB va cay phat sinh chung loai tiép tuc khang dinh méi
quan hé di truyén cua cac ching nghién ctu véi cac chung
V. alginolyticus da cong bé trén GenBank.
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1000 bp

N VAD! VAGZ VAD VADE VAOS VADE VADT VASS VADS VAI0 VAI! VAIZ VAIS VAW VAIS VAIE VAT? VAID VAT VAR P

Vibeso dsbelicus gyl gene for DNA gyrase subunt I, iolate BIHAN19

g proteobacten | 13 leaves
9 )j\'h*-m-mlmﬂnmﬂu(mmﬂ.pmlﬁ
Vb alginobyce ram ZJ0428 gyrase B soburst () . patal oo
'Y ol g peoceodactens 0 keaves
A prowcbucten esves
Vb alpmolyxus stran FAY chromonom |, cotmpletc sequenxe
? §-protechaciena 7 leaves
9Vibeo sp. KO40601S DNA gyrase subenit B (gyr) gene, partial o
'Y g proteobactera 16 lenves
<l - protcobaciena | 6 leaves
g prctecbacera 2 bemves
95 Vibro algisolyticus srain ZJ-0 chromosoms |, complete sequence
3Vbno alpmolytas st 2)-T chromosomne |, complee sequence
9 9Vibrio alginolyicus gy gene for DNA gyrase subosit B, solate BIBNVFY
9Vibrio alginolyticus strain FDAARGOS. |14 chromosome |, complete sequence
9Vibno alpnolytxus ra b SA chromenons |, complic soquence
O s alpoolyticen trann 118 oo |, compiete e
9o alpnolytacs i e B chromoson . complete sequence

Qo aimolyticus tren 243901 chromosoms 1, complete soquence
e e DN B o

w NBRC 15630 = ATCC | 1. complete sequence

QVibrio alginolyticus wrain FDAARGOS 108 chromoscme |, complete sequence
DWibero algmolyticus straum HY 901 chromosome 2, complete sequence

2"""”"’""“,“ 17749 DNA gyrase subunit B (gye)gene, partil s

< Viriolginolytcus VATS
Hinh 3.2. Két qua PCR/gyrB cua 20 chung vi khuan va

cay phat sinh chung loai cia VA15
3.2. Pdc diém dgc \lwe va cdc gene lién quan dén déc luc
cua Vibrio alginolyticus
3.2.1. Biéu hi¢n cac yéu té déc luc

Céc chuing V. alginolyticus phan lap déu biéu hién kha ning
di dong, hoat tinh enzyme ngoai bao, hoat tinh tan mau va kha
nang hinh thanh mang sinh hoc & cac muc do khac nhau. Két
qua danh gia tong hop cho thay 10 ching gom VA15, VA17,
VAI10, VA08, VAO5, VA04, VA1l, VA18, VAOL va VAO7
¢4 tiém nang doc luc cao hon cac chung con lai, trong d6 chiing
VA5 dat gié tri cao nhat va dugc lya chon 1am ching dai dién
cho cac nghién ctu tiép theo.



12

imk K5 g o difing ol o ching Wivis siginofrtices

gn

i?}

i ii Nal

. ii
:.’

ﬁ‘f&"ﬁfﬁw?rﬁﬂ ”“'

!hmmmmmmmﬁ-qmwnmm
21

Maallalls iliiiiii'ii

F PP PSPPI

€. Khindng sin sish haemolysn ol cée chilng Vibro slginalyticus
20

laailallilissaliflis

]

F A F PP F

nmmmmmmmmw

mliill Ii Iliiil Ilii

F PP P PP PIPAF P FAFIASSE, S

. 1s0at tish enzyme phospholipase ola c4C ching Vs siginoytious

g%iiﬁiiiilillﬁiiiiliﬁi

F PP AP PIPLPEAE P JECI

F. i ning s ming ninh hos (biofim) ols clic ching Wibno sipnolysous

=

B

oe ﬁ ﬁ
P EP P &

Tikazcn

o \
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Bing 3.1 Xép hang tiém nang doc luc ciia 20 ching Vi
khuan V. alginolyticus

Meam

i R
Wals 24,330 1,970 1,910 1,850 1,520 0,230 1,912 1000 1,000 1000 3000 1
VAT 24,330 1,940 1,900 1. BR (] 0,230 1,895 1,00 0,926 1,600 2820 2
Walo 24,000 1,940 1,900 [ (0] 0,230 1,902 0,933 0,958 1000 2911 3
WalR 24,000 1,940 |, 580 1,890 1 EED 0,230 1,598 0953 0,937 1000 2R90 4
WS 23,670 1,940 1,920 LRI (] 0,230 1,880 0,906 X% 1,600 2769 5
Wand 23,670 1,940 [Re] 1,850 1RO 0,230 1,873 0,906 0,842 1000 2748 L]
Wall 23,000 1,940 1,900 1,880 1.E30 0,230 1,290 LEln 09035 1000 2715 7
WalR 23330 2000 1910 1850 LERD 0220 1,912 (LEST 1Lo00 66T 2524 3
Vaol o 233300 1910 190 1840 1780 0,220 1,862 0,857 0TS 0667 2313 9
Va7 22330 1910 1910 1850 LE3D 0220 1875 0,714 042 66T 2223 ]
Van: 18,230 690 1,740 1,70 L5370 0,220 1,675 0,143 (000 0667 0ELD Ll
Wald 18,230 1,750 1,740 1,700 (] 0210 1,718 0,143 0179 0,333 06535 12
Wan: 18,670 1680 1,740 1,720 LaTo 0210 1,702 o191 L6 0,333 (I 13
Vala 17,670 1750 1,740 1,720 Leel 0210 1,718 (490 0179 0333 0361 14
WalZ 18,330 1,680 1,720 1,70y 1LATD 02100 1695 0,143 (R0 0,333 0560 L5
WAl I 7,670 1,720 1,740 1,720 Lagd 0210 1,715 0490 0,168 0,333 0550 L&
Ve 17,670 1,700 1,740 1,704 1700 0210 1,710 (490 0,147 0333 0,310 17
Wang 17,330 1,720 1,740 1,720 LeT0 0210 1,712 (L000 0,158 0,333 0491 I8
Wall 17670 1,710 1,740 1,720 LA30 02040 1,700 0490 0,105 0oon 0154 19
VALY 17,230 1,720 1,740 1,70 1L6ED 0,2060 1,710 000 0,147 0,000 0,147 1]

3.2.2. Hé so gene déc luc

Két qua khao sat cac gene lién quan dén doc luc cho
thdy cac chung c6 doc luc cao mang nhiéu gene lién quan
dén kha nang di dong, bam dinh, hé théng tiét, doc tb tan
mau va co ché thu nhan sat. Ching VA15 dong thoi mang
nhiéu gene doc luc quan trong, phi hop véi két qua danh
gia doc lyc kiéu hinh va duoc lva chon dé nghién ciru kha
ning gay bénh, con dudng lay truyén va diéu ché vaccine.
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3.3. Pic diém khang khang sinh va cac gene lién quan
dén kha niing khang khang sinh ciaa Vibrio alginolyticus
3.3.1. Anh huong ciia dp min dén kiéu hinh khdng khdng sinh

Két qua khao sét cho thay ndng do NaCl trong mdi trudng
nudi cdy anh huong dén muac d6 nhay cam khang sinh cua
cac chung V. alginolyticus. Cac ching phan lap biéu hién
khang vai  amoxicillin,  ampicillin,  vancomycin,
streptomycin va trimethoprim/sulfamethoxazole, trong khi
van nhay cam véi nhiéu nhém khang sinh khac. Sy thay doi
nong do NaCl 1am thay d6i duong kinh vong vo khuan doi
véi mot s6 khang sinh khao sét.

0% M
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|I-|II-||II|II|IIII
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R
lIllIl-IIIIIII.II]I
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Hinh 3.4. Két qua nghién ciru anh huong cia NaCl toi
kiéu hinh khang khang sinh cua vi khuan V. alginolyticus
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3.3.2. Hé so gene khing khdng sinh

Két qua PCR cho thay chung VA15 mang nhiéu gene
lién quan dén khéang fluoroquinolone (gnrA, gqnrB, gnrsS), p-
lactam (blaSHV, blaCTX-M), macrolide (ermA, ermB,
ermC), tetracycline (tetB, tetE, tetG), sulfonamide (sull,
sul2, sul3), aminoglycoside (strA-strB), phenicol (fexA),
polymyxin (mcr) va gene da khang (cfr). Két qua nay phu
hop véi kiéu hinh khang khang sinh caa ching nghién ctu
va cho thay VA15 c6 tiém ning da khang khang sinh.
3.4. Khd ndang gdy bénh thuc nghiém caa Vibrio
alginolyticus trén ca Hang my
3.4.1. Gia tri LDso cua chung Vibrio alginolyticus VA15

Trén co so két qua danh gia doc hec, ching V. alginolyticus
VA5 dugc lya chon dé xac dinh kha ning gy bénh thuc
nghiém trén c& Hong my béng phuong phép tiém va phuong
phap ngam. Két qua cho thay chung VA5 c6 kha nang gay
bénh xuat huyét trén ca Hong my vai gid tri LDso theo duong
tiém la 4 x 10* CFU/ca va theo duong ngdm la 5 x 10°
CFU/mL, ching minh day la chung c¢6 doc luc cao va thich
hop dé sir dung trong cac nghién ciu tiép theo.
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Hinh 3.5. Ty I sng ctia c& Hong my sau khi cam nhiém
VA15 bang phuong phap tiém
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Hinh 3.6. Ty 1¢ séng cua ca Hong my sau khi cam nhiém

VA15 bang phuong phap ngam
3.4.2. Biéu hién bénh ly va tai phan ldp vi khuan
Sau khi cam nhidm, c& Hong my xuat hién cac dau hiéu

bénh 1y dién hinh cta bénh xuit huyét nhu giam an, boi 1o do,
sAm mau co thé, tudt vay, Xuat huyét ngoai da, mon vay, gan sung
va xung huyét. Vi khuan V. alginolyticus dugc tai phan 1ap thanh
cdng tir cac ¢ thé cam nhiém va duoc xac nhan bang PCR khuéch
dai gene gyrB, dap tng cAc tiéu chuan xac dinh téc nhan gay bénh
trong diéu kién thyc nghiém.
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Hinh 3.7. DAu hiéu bénh ly ciia c& Hong my sau khi cam
nhiém vi khuan V. alginolyticus
3.5. Con dwong lay truyén caa Vibrio alginolyticus trén ca
Hong my trong diéu kién thuc nghiém
3.5.1. Ly truyén qua nguéon nudc

Ket qua thi nghiém cho thay V. alginolyticus c6 kha nang lay

truyén qua moi truong nudce. Ca khoe sau khi tiép xdc vai nguon
nudc chira vi khuan hozc sir dung chung ngudn nudc voi ¢ mang
mam bénh déu xuat hién dau higu bénh 1y dic trung va ghi nhan
ty 1¢ chét tich Iy ting theo thoi gian. Mat d6 Vibrio tong sd va V.
alginolyticus trong nudc thay doi theo thoi gian thi nghiém, phan
&nh kha ning ton tai va phét tan cua vi khuan trong méi truong
Nuoi.
3.5.2. Lay truyén qua tiép xuc truec tiép

Trong diéu kién nudi chung, V. alginolyticus c6 kha
nang lay truyén tir ca bénh sang ca khoe théng qua tiép xdc
truc tiép. Ty 1& chét tich lily cia nhém ca khoe ting dan trong
thoi gian theo ddi va vi khuan dugc tai phan 1ap tir cac cé thé
mac bénh, khang dinh kha ning lay truyén truc tiép cua tac
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nhan gay bénh trong quan dan nudi.
3.5.3. Lay truyén qua thirc dn

Két qua nghién ciru cho thay V. alginolyticus c6 kha nang
lay truyén qua thtre an nhidm khuan. Cé st dung thirc an bo
sung vi khuan xuat hién céc biéu hién bénh 1y dién hinh, ty
I¢ chét tich lily tang theo thoi gian va vi khuan duoc tai phan
lap tir c&c mau bénh pham. Tong hop két qua céc thi nghiém
cho thiy V. alginolyticus c6 thé lay truyén qua ba con duong
gom nguon nudc, tiép xUc truc tiép va thirc an, trong do lay
truyen qua nguon nude la con duong co y nghia quan trong
d6i véi sy phat tan mam bénh trong hé thdng nubi.
3.6. Diéu ché va ddnh gid higu qud vaccine bdt hogt toan
bé té bao Vibrio alginolyticus
3.6.1. Tinh an toan cua vaccine

Chung V. alginolyticus VA15 duoc bat hoat hoan toan
bang formalin va sir dung dé diéu ché vaccine bat hoat toan
bo té bao. Két qua danh gia trén ca Hong my cho thiy
vaccine khong anh huong dén ty 1¢ sdng, toc do tang truong
va hé sé chuyén d6i thirc dn cia ca. Phan tich mé bénh hoc
gan va rudt khdng ghi nhan cac bién dbi bat thuong giira
nhom st dung vaccine va nhom déi chuang, chung to
vaccine bao dam tinh an toan trong dleu kién thi nghiém.

Hinh 3.8. Mo benh hoc rut ca Hong my (A dbi chung B — ca dung vaccine)



Hinh 3.9. M6 bénh hoc gan ca Hog my (A dol chung B ca dung vaccine)
3.6.2. Khd nang kich thich dap #ng mien dich
Vaccine bat hoat toan b té bao V. alginolyticus st dung
qua thirc an ¢ kha néng kich thich dap tng mién dich dic
hiéu trén ca Hong my. Hiéu gia khang thé tang theo thoi gian
sau khi su dung vaccine va dat gia tri cao nhat & nghiém thirc
sir dung ndng d6 106 CFU equivalent/c4, dugc lya chon cho
c4c thi nghiém danh gia hiéu qua bao ho tiép theo.

Bang 3.3. Hiéu gia khang thé ngung két cua ca Hong
my sau khi thu nghiém vaccine

Hiéu gia khang thé (log2, Mean + SD)

Nghiém thire Liéu vaccine
Ngay 0 Ngay 7 Ngay 14 Ngay 28
Poi chitng 0 6,00 £0,00*0 5,67+£0,58 6,330,588 7,00=% 1,002
10° CFU
NT1 . , 6,33+0,58 833+0,58" 8,67+0,58° 8.67+0,58"
equivalent/ca
10 CFU
NT2 . , 6,33+0,58 9,00+£0,00° 9,67+0,33° 10,33 +0,00°
equivalent/ca
10" CFU
NT3 576+0,33* 9,33+0,58° 9,33+0,58° 10,33 +0,00°

equivalent/ca
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3.6.3. Hiéu qud bdo h¢ cua vaccine

Sau khi cam nhiém thuc nghiém bang chung V.
alginolyticus VA15, cac nhom sir dung vaccine déu ¢ ty 16
séng cao hon nhom déi chung. Vaccine st dung mot lidu dat
ty 16 bao ho twong ddi (RPS) 44,2%, trong khi nghiém thic
sir dung liéu nhic lai dat 53,5%, cho thay viéc sir dung liéu
nhéc lai gilp nang cao hiéu qua bao hd cua vaccine dbi Voi
bénh xuét huyét trén ca Hong my.

Ty 1§ chét tich Wy (%) 6] —————
"0

Hinh 3.10. Ty Ié chét tich lily (A) va x4c suét sdng cua ca
Hong my (B) trong thir nghiém hiéu qua bao ho cua vaccine
3.6.4. Biéu hién bénh ly, tai phan lap vi khuan va mo
bénh hoc sau cam nhiém

Sau cam nhiém, nhom dbi ching xuat hién cac dau hiéu
bénh 1y dién hinh caa bénh xuat huyét voi mac do ton
thuong mo gan va than ro rét. Trong khi do, cac nhom st
dung vaccine c6 biéu hién bénh nhe hon, ty Ié tai phan lap
vi khuan thap hon va ciu tric mé gan, than duoc bao tén
t6t hon so voi nhom ddi chiing. Két qua nay khang dinh
vaccine bat hoat toan bo té bao V. alginolyticus c6 kha ning
han ché ton thuong bénh 1y va nang cao kha ning bao vé ca
Hong my truéc sy cam nhiém caa vi khuan gay bénh.



Hinh 3.10. Tén thuwong mé gan cua c& Hong my khi cam nhiém vi khudn V.
alginolyticus (Miii tén vang: cdu trdc bé gan bi phé v&; miii tén tring: xuat hién ving
hoai tir lan téa; vong tron vang: ghi nhan sy xam nhidm cua cac té bao viém)

Hinh 3.11. Tén thwong moé than cua c& Hong my khi cam nhidm vi khuin V.
alginolyticus. Miii tén tréng: bién dang ciu than; mii tén vang: gidn thoai hoa va bong troc
biéu md éng than; mii tén xanh: xung huyét va sy xam nhidm té bao viém tai md k&; vong
tron vang: hoai tir lan téa.
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KET LUAN VA KIEN NGHI

Két luan

1. Nghién ciru da phan 1ap va dinh danh 20 chang vi khuan (VAO1
- VA20) tir c& Hong my (S. ocellatus) méc bénh xuat huyét tai
thanh phé Hué. Két qua dinh danh bang cac dic diém hinh thai,
sinh hda, MALDI-TOF MS va PCR gene gyrB xac nhan toan
b6 cac chung phan 1ap thudc loai V. alginolyticus.

2. Céc chuang V. alginolyticus phan Iap biéu hién nhiéu dic tinh
lién quan dén doc lyc, bao gom kha néng di dong, hoat tinh
enzyme ngoai bao (caselnase lipase va phospholipase), hoat
tinh B - haemolysin va kha nang tao mang sinh hoc. Két qua
PCR xdc dinh su hi¢n di¢n cua cac gene lién quan dén kha ning
di dong, bam dinh, san sinh doc t6, hé thong tiét va thu nhan
sat. Trén co s¢ diém doc luc tong hop, VA5, VA17, VAI10,
VAO08, VA05, VA04, VA1, VA18, VAOL va VAO7 thé hién
tiém nang doc luc in vitro cao hon so véi cac chang con lai.

3. Céac chang V. alginolyticus phan lap biéu hién khang voi
amoxicillin, ampicillin, vancomycin, streptomycin va
trimethoprim/sulfamethoxazole. Nong d6 NaCl trong mdi
truong thir nghiém anh huong dén kiéu hinh nhay cam khang
sinh cua vi khuan. Ching VA15 mang 18 trong s6 21 gene lién
quan dén khang khang sinh dugc khao sat; tuy nhién, su hién
dién cua cac gene nay khong hoan toan tuong dong véi kiéu
hinh khang khang sinh.

4. Trén co so cac dac tinh lién quan dén doc luc in vitro va sy hién
dién cua cac gene lién quan dén doc luc, VA15 dugce lya chon
lam chung dai dién cho cac nghién cuu tiép theo. Két qua cam
nhiém thuc nghiém xéac nhan VA15 c6 kha ning gay bénh trén
c& Hong my, véi LDso 12 4,0 x 10* CFU/cé4 d6i voi phuong phap
tiém va 5,0 x 105 CFU/mL di voi phuong phap ngam. Trong
diéu kién thi nghiém, V. alginolyticus VA5 c6 kha nang gay
nhiém qua dudng ngam, lay truyen gian tiép qua méi truong
nudc va tiép xdc glua ca nguon lay véi ca nhan; vi khuan cling
c6 kha nang gy nhiém khi dwgc cung cap qua thic an co bo
sung vi khuan.
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Vaccine bat hoat toan bo té bao tir V. alginolyticus VA15 da
dugc didu ché va danh gia tinh an toan, dap ng khang thé
ngung két va hiéu qua bao ho trén cd Hong my trong diéu kién
thi nghiém. Vaccine st dung qua duong thic an ¢ lidu 10°
CFU-equivalent/ca dat ty 1¢ bao ho twong d6i (RPS) 44,2% Voi
phac @6 mét liéu va 53,5% véi phac do c6 lidu nhic lai. Két qua
nay 1a co sé cho viéc tiép tuc ti wu hoa cong thirc va phac do
sir dung vaccine nham nang cao hiéu qua bao ho.

Kién nghi

1.

Danh gia mirc do biéu hién gene lién quan dén doc luc va khang
khang sinh trong qua trinh cam nhiém in vivo bang cac phuong
phap phu hop nhdm 1am r3 hon mdi lién hé gitra su hién dién
cuia gene, biéu hién gene va kiéu hinh quan sat dugc.

Tiép tuc nghién ctru co ché dap wng mién dich cua ca Hong my
dbi vai vaccine V. alginolyticus, bao gom cac chi tiéu mién dich
té bao, dich thé va biéu hién cac gene lién quan dén dap ung
mién dich. Pong thoi, tang tan suat ldy mau, dic biét bo sung
thoi diém ngay 21, d¢ mo ta day di hon dong hoc dap tng
khang thé sau khi str dung vaccine va liéu nhic lai.

Nghién ciru téi uu hoa cong thic vaccine bat hoat toan té bao,
bao gom viéc lya chon chat bd trg, hé din truyén va vat liéu
bao vi nang ph hop nham nang cao tinh 6n dinh, kha nang bao
vé khang nguyén va hiéu qua bao ho khi stir dung qua duong an.
Panh gia cac phuong thic va phac do cap vaccine khac nhau,
dic biét 1a phac d6 gay mién dich ban dau bang phuong phap
ngam & giai doan cé& gidng va str dung vaccine dudng an lam
lidu nhic lai ¢ giai doan ca lon.

Danh gia hiéu qua bao ho cua vaccine ¢ quy md I6n hon va
trong didu kién nudi thuc té, voi thoi gian theo ddi dai hon,
trudc khi xem xét kha nang tng dung trong phong bénh do V.
alginolyticus trén ca Hong my nudi thwong pham.
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INTRODUCTION
1. Background of the study

Red drum (Sciaenops ocellatus) is a highly economically
valuable marine cultured species, exhibiting rapid growth and
broad adaptability. It has been identified as a highly potential
candidate in Vietnam's marine aquaculture development
strategy up to 2030, with a vision toward 2045. However,
concomitant with the intensification of aquaculture, infectious
diseases have emerged as a major hurdle to the efficiency and
sustainability of the industry. Notably, hemorrhagic disease
caused by the bacterium Vibrio alginolyticus results in
substantial losses in terms of survival rate, productivity, and
economic profitability.

Vibrio alginolyticus is a bacterium ubiquitous in marine and
brackish water environments, capable of long-term persistence
in aquaculture systems and transmitting via multiple routes. Its
pathogenicity is driven by the synergistic action of multifactorial
virulence characteristics related to motility, adhesion, invasion,
biofilm formation, iron acquisition, and toxin secretion.
Furthermore, the prolonged use of antibiotics for disease
prophylaxis and treatment has escalated the risk of antibiotic-
resistant strains emerging, which subsequently compromises
therapeutic efficacy, food safety, and the aquaculture
environment.

In the context of aquaculture development aligned with the One
Health approach, reducing antibiotic dependence and
strengthening proactive disease prevention measures have
become imperative. Vaccination is considered a sustainable
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strategy to enhance host protection, minimize antibiotic usage,
and improve disease management efficacy. Among vaccine
types, the inactivated whole-cell vaccine offers distinct
advantages, including safety, ease of preparation, and the
retention of a relatively comprehensive antigenic profile of the
pathogen.

Although V. alginolyticus-induced diseases in marine fish have
been investigated in numerous countries, Vietnam still lacks
systematic studies concerning the biological characteristics,
virulence, antibiotic resistance, transmission routes, and vaccine
development specifically for red drum. Particularly, there is a
scarcity of data supporting the selection of a representative
bacterial strain for the development of an inactivated whole-cell
vaccine administered orally via feed. Therefore, the dissertation
entitled "Study on the biological characteristics of Vibrio
alginolyticus and the development of an inactivated whole-cell
vaccine for the prevention of hemorrhagic disease in red drum
(Sciaenops ocellatus)" was conducted to establish a
comprehensive scientific and practical foundation for disease
prevention in marine aquaculture.

2. Objectives of the study

To establish the scientific and practical basis for the
development of an inactivated whole-cell Vibrio alginolyticus
vaccine for the prevention of hemorrhagic disease in red drum
(Sciaenops  ocellatus) through: (i) determining the
morphological, biochemical, virulence, antibiotic resistance
characteristics, and pathogenicity of V. alginolyticus isolated
from diseased red drum; (ii) determining the transmission routes
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of V. alginolyticus in red drum under experimental conditions;
and (iii) developing an inactivated whole-cell vaccine, and
evaluating its safety, immunogenicity, and protective efficacy
when administered orally via feed.

3. Scientific and practical significance

3.1. Scientific significance

The dissertation enriches the scientific basis regarding the
biological characteristics, virulence, antibiotic resistance,
pathogenicity, and transmission routes of Vibrio alginolyticus
causing hemorrhagic disease in red drum (Sciaenops ocellatus)
under marine aquaculture conditions in Vietnam. The research
findings contribute to elucidating the scientific foundation for
the selection of a representative bacterial strain to develop an
inactivated whole-cell vaccine for the prevention of
hemorrhagic disease in red drum.

3.2. Practical significance

The research findings provide a practical foundation for
pathogen identification, antibiotic resistance risk assessment, the
establishment of disease management strategies, and the
development of an inactivated whole-cell vaccine administered
orally via feed for the prevention of hemorrhagic disease in red
drum. Consequently, these contributions facilitate the reduction
of antibiotic dependence and align with the sustainable
development of marine aquaculture in Vietnam.
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Chapter 1. LITERATURE REVIEW

1. Biological characteristics of red drum and the context
of its aquaculture development
Red drum (Sciaenops ocellatus) is a highly economically
valuable marine fish species originating from the western
Atlantic coast. It is currently cultured commercially in numerous
countries, with China accounting for the vast majority of global
production. Owing to its rapid growth rate, broad environmental
adaptability, high feed utilization efficiency, and excellent meat
quality, red drum has been identified as a priority species in
Vietnam's marine aquaculture development strategy. However,
concomitant with the expansion of intensive farming scales, red
drum aquaculture is encountering multiple challenges, including
environmental fluctuations, rising production costs, stringent
requirements to restrict antibiotic use, and notably, the
escalation of bacterial infectious diseases. Among these, the
disease caused by Vibrio alginolyticus is considered one of the
critical threats to the sustainable development of the industry.
2. Vibrio alginolyticus-induced disease, antibiotic
resistance, and vaccines in marine aquaculture

Vibrio alginolyticus is a Gram-negative, halophilic bacterium
ubiquitously distributed in marine and brackish water environments,
capable of long-term persistence in aquaculture systems and causing
diseases in various aquatic species. Its pathogenicity results from the
synergistic action of multifactorial virulence characteristics,
including motility, adhesion, extracellular enzyme activity,
hemolysin toxins, protein secretion systems, iron acquisition ability,
and biofilm formation. Under intensive farming conditions, the
bacterium can be transmitted via waterborne exposure, direct contact
between diseased and healthy fish, or feedborne transmission,
thereby exacerbating the risk of disease outbreaks in aquaculture
systems.

Concurrently, the prolonged use of antibiotics in aguaculture has
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escalated antibiotic resistance in Vibrio species, compromising
therapeutic efficacy and increasing the risk of disseminating
antibiotic resistance gene in the environment.

In this context, vaccination is considered a highly promising
proactive disease prevention strategy. Particularly, the inactivated
whole-cell vaccine offers advantages in terms of safety, ease of
preparation, reasonable cost, and the retention of a relatively
comprehensive antigenic profile of the pathogen. Although
numerous studies have investigated vaccines against Vibrio-induced
diseases in several marine fish species, research on V. alginolyticus
in red drum remains limited, especially regarding vaccines
administered orally via feed.

3. Research gaps and the research approach of the
dissertation

Previous studies indicate that there remain substantial research
gaps concerning hemorrhagic disease caused by Vibrio
alginolyticus in red drum in Vietnam, including a lack of
systematic data on the biological, virulence, antibiotic
resistance, and pathogenic characteristics, as well as the
transmission routes of the bacterium.

Furthermore, there is a scarcity of research regarding the
selection of representative bacterial strains for the development
of inactivated whole-cell vaccines, alongside the evaluation of
the safety, immunogenicity, and protective efficacy of such
vaccines administered orally via feed.

Accordingly, the dissertation was conducted using an approach
that progresses from investigating the biological characteristics,
virulence, antibiotic resistance, pathogenicity, and transmission
routes of V. alginolyticus, to the selection of a representative
bacterial strain, the formulation of an inactivated whole-cell
vaccine, and the subsequent evaluation of its safety,
immunogenicity, and protective efficacy in red drum. This
comprehensive approach contributes to establishing the
scientific foundation for the development of vaccines against
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hemorrhagic disease and orienting sustainable disease
prevention strategies in marine aquaculture.

The literature review demonstrates that although numerous
studies have investigated Vibrio alginolyticus in various marine
fish species, Vietnam still lacks comprehensive research
encompassing the isolation, virulence assessment, antibiotic
resistance profiling, transmission mechanisms, and the
development of inactivated vaccines specifically for red drum.
This constitutes the fundamental scientific gap that the
dissertation aims to address.

Chapter 2. MATERIALS AND METHODS

2.1. Object and scope of the study
The research object of this dissertation is the bacterium Vibrio
alginolyticus isolated from diseased red drum (Sciaenops
ocellatus) in marine cage-culture areas in Phu Loc and Phu VVang
communes, Hue City. Healthy red drum were utilized in
experiments evaluating pathogenicity, transmission routes, and
vaccine efficacy.
The research was conducted from November 2023 to January
2026 at the Laboratory of Aquatic Animal Pathology, Faculty of
Fisheries, University of Agriculture and Forestry, Hue
University; the Molecular Biology Laboratory, Sydney School
of Veterinary Science, The University of Sydney (Australia); the
Biotechnology Center of Ho Chi Minh City; and Phu Sa
Biochem Co., Ltd. (Can Tho City).
2.2. Research contents
e |Isolation, morphological and biochemical
characterization, and identification of the bacteria
causing hemorrhagic disease in red drum.
e Investigation of the wvirulence characteristics and
screening of virulence-associated gene of V.
alginolyticus.
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Investigation of the antibiotic resistance characteristics
and screening of antibiotic resistance gene of V.
alginolyticus.

Evaluation of the pathogenicity and determination of the
transmission routes of V. alginolyticus in red drum
under experimental conditions.

Preparation of an inactivated whole-cell V. alginolyticus
vaccine, and evaluation of its safety and
immunogenicity in red drum.

Evaluation of the protective efficacy of the inactivated
whole-cell vaccine for the prevention of hemorrhagic
disease caused by V. alginolyticus in red drum.

bacterial isolation (TSA*, TCBS,

staining, oxidase, catalase, API
20E —id EI:ntifica tion

Collection of diseased samples for [ Pure culture isolation, Gram }

HiCrome™ Vibrio Agar)

!

-~

\.

Storage in 20% glycerol at -80°C ] [ Species confirmation using

MALDI-TOF MS and PCR/gyrB

Investigation of virulence factors (motility,

v v

J

. . . Investigation of antibiotic resistance
caseiuase, lipase, phospholipase, characteristics (phenotype and
haemolysin, biofilm, and virulence- . .
” resistance gene profile)

associated gene) )

i |
v

[ Selection of Vibrio alginolyticus strain ]

1

v

Evaluation of experimental

Vaccine preparation, Evaluation of the protective
evaluation of safety, efficacy of the vaccine in red
immunogenicity, and dosage drum

pathogenicity and
determination of >
transmission routes

Figure 2.1. Overall research flowchart of the dissertation



2.3. Research methods

2.3.1. Sample collection, bacterial isolation, and
identification

Diseased red drum samples were collected from marine cage-
culture areas in Phu Loc and Phu Vang districts, Hue City.
Bacteria were isolated on TSA supplemented with NaCl, TCBS,
and HiCrome™ Vibrio Agar. The isolates were subjected to
morphological and biochemical characterization, identified by
MALDI-TOF MS, and confirmed via PCR targeting the gyrB
gene. The phylogenetic relationship among the isolates was
analyzed based on the nucleotide sequence of the gyrB gene.
2.3.2. Evaluation of virulence and antibiotic resistance
characteristics

The V. alginolyticus strains were evaluated for their motility,
extracellular enzymatic activities, hemolytic activity, and
biofilm formation ability, alongside the screening of virulence-
associated gene using PCR. The antibiotic resistance phenotype
was determined by the Kirby-Bauer disk diffusion method
against 21 antibiotics belonging to 9 different classes under
various salinity conditions. The strain exhibiting the highest
virulence potential was subsequently subjected to the screening
of antibiotic resistance gene via PCR.

2.3.3. Pathogenicity assay, investigation of transmission
routes, and vaccine evaluation

The V. alginolyticus strain exhibiting the highest virulence
potential was utilized in experiments to determine the LDso
value, and evaluate the transmission routes via waterborne
exposure, direct contact, and feedborne transmission. An
inactivated whole-cell vaccine was prepared using formalin,
incorporated into feed, and evaluated for its safety,
immunogenicity, and protective efficacy in red drum based on
antibody titers, survival rate, and relative percent survival
(RPS).



2.3.4. Statistical analysis
Data were analyzed using IBM SPSS Statistics version 20.0

software. Differences among treatments were evaluated using one-
way Analysis of Variance (ANOVA) followed by Tukey’s Honestly
Significant Difference (HSD) test at a significance level of p <0.05.
For survival data, differences were assessed using the log-rank test
based on the Kaplan-Meier model.

Chapter 3. RESULTS

3.1. Isolation, identification, and species confirmation of
the bacteria causing hemorrhagic disease in red drum

3.1.1. Results of sample collection and bacterial isolation

From live red drum samples exhibiting typical signs of
hemorrhagic disease collected from marine cage-culture areas in
Phu Loc and Phu Vang communes, Hue City, a total of 20
bacterial strains, designated as VAOL to VA20, were isolated.
All isolates displayed colony and cellular morphological
characteristics typical of the Vibrio group, serving as the basis
for subsequent identification and species confirmation steps.

07 0"

N
107°42'0°€ 107°480°E

Figure 3.1. Coordinates of the sampling areas
3.1.2. Morphological and biochemical characterization,
and bacterial identification
The results of the morphological and biochemical
characterization, alongside API 20E profiles, demonstrated that
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all 20 isolates exhibited characteristics consistent with Vibrio
alginolyticus. Species identification via MALDI-TOF MS and
PCR targeting the gyrB gene confirmed that all 20 isolates
belonged to Vibrio alginolyticus. Furthermore, nucleotide
sequence analysis of the gyrB gene and phylogenetic tree
construction reaffirmed the phylogenetic relationship between
the investigated isolates and V. alginolyticus strains published in

GenBank.

Figure 3.2. PCR results targeting the gyrB gene of the 20

1000 bp
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bacterial isolates and the phylogenetic tree of strain VA15
3.2. Virulence characteristics and virulence-associated
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gene of Vibrio alginolyticus

3.2.1. Expression of virulence factors

The V. alginolyticus isolates exhibited motility, extracellular
enzymatic activities, hemolytic activity, and biofilm formation
ability to varying degrees. The comprehensive assessment results
revealed that 10 strains, namely VA15, VA17, VA10, VAQS8, VAO5,
VAO04, VA1l VA18, VAL, and VAO7, possessed higher virulence
potential compared to the remaining isolates. Among them, strain
VA15 achieved the highest value and was selected as the
representative strain for subsequent studies.

A. Motility of Vibrio alginolyticus
=z

”Iiill II Iliiil Ilii

B. Caseinase act\vuy of Vibrio a/gmz:/yrlcus

élaali ii ii-iii iiii

C. Haemolyllc ac\lvny of Vibrio a/gmolyncus

ginlli"i“mii"ii

vvvvvv

ez

D.|ipase activity of Vibrio a/gm o/yrrcus

LALILIL.CLIL.

Phosphcllpase activity of Vibrio alglnolyncus

?iiaiiﬁilillaiaiiliai

S ELE

02/D ratio

ouco

F. Biofilm formation ability of Vibrio a/grno/ytﬂcus

o i i i i ﬁ i i ﬁ i
& & F

Figure 3.3. Results of V|rulence expressmn of the bacterial
isolates
Table 3.1. Virulence potential ranking of the 20 V.
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alginolyticus isolates

] Mean . .
Casein Phosphol  Haemo N N_Enzyme_ N

Strain  Motility e Lipase ipase Iysin Bioflm  Enzyme_ l‘loﬁ;ity ndex Biol;hu Score  Ramk
Index
VALS 24330 1970 1910 1850 1,920 0230 1912 1,000 1,000 1,000 3,000 1
VALT 24330 1940 1910 1,880 1850 0230 1895 1000 0926  L000 2926 2
VAL0 24000 1940 1900 1,890 1880 0230 1902 0953 0958  L000O 291l 3
VA0S 24000 1940 1880 1,890 1880 0230 1898 0953 0,937 1,000  2.890 4
VAOS 23670 1940 1920 1810 1850 0230 1880 0906 0863  L000 2769 §
VAQ4 23670 1940 1910 1,850 1800 0230 1875 0906 0842  L000 2748 6
VALl 23000 1940 1910 1380 1.830 0230 189 0810 0905  L000 2715 7
VAI8 23330 2000 1910 1850 1,890 0220 1912 0857 1,000 0,667 2,524 §
VAQL 23330 1910 L1910 1,340 L1790 0220 1862 0857 07890 0667 2313 9
VAQ7 22330 1910 1910 1350 1830 0220 L8755 0714 0842 0667 2223 10

jr

VAO3 18330 1690 1740 1700 1570 0220 1675 0143 0000 0,667 0810
VAI4 18330 L1750 L1740 1,700 L1680 0210 L1718 0143 0179 0333 0655 12
VAQ2 18670 1,680 L740 1720 L1670 0210 L702 0191  0ll6 0333 064l 13
VAL6 17670 L750 L1740 1720 L1660 0210 L718 049 0179 0333 0561 14
VAL2 18330 L1680 L1730 1700 L1670 0210 L1695 0043 0840 0333 0560 IS
VA2 17670 L1720 L1740 1720 1680 0210 L715 0490 0168 0333 050 16
VAQ6 17,670 L700 L1740 1,700 L700 0210 L710 049 0147 0333 0529 17
VA0S 17330 1720 1740 1720 1670 0210 1,712 0000 0158 0333 0491 I8
VAI3 17670 L710 L1740 1720 1630 0200 1700 0490 0105 0,000 0154 19
VAL9 17330 L720 L740 1,700 1680 0200 L710 0000 0147 0,000 0147 20

3.2.2. Virulence gene profile

The screening results of virulence-associated gene demonstrated
that highly virulent strains harbored multiple gene related to
motility, adhesion, secretion systems, hemolytic toxins, and iron
acquisition mechanisms. Strain VA15 simultaneously possessed
numerous crucial virulence gene, which was consistent with the
phenotypic virulence assessment results, and was subsequently
selected for further investigations into pathogenicity,
transmission routes, and vaccine preparation.
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Table 3.2. PCR detection of virulence-associated genes in the
ten Vibrio alginolyticus isolates with the highest composite
virulence scores

Isolate

Targeted gene Phendtspe 1S VAIT VA0 VAU VAUS VAW VAIL VA VAUL VAW
flad Motility + + + + + + + + + +
flaC + + + + + + + + + +
NigE + + 4 + 4 + 4 E +
fird + + + + + + + + + +
{irB + + + + + + + + + +
fic + + + + + + + + + +
flak + + + + + + + + + +
tdh Hemolysin . - - - - ;
irh t + + + + + + + + +
tlh + + + + + + + + + +
fepA Pili + + + + + + + + + +
vopB T35S + + + + + + + + + +
vopD + + + + + + + + + +
vgrG T6SS + + + + + + + + + +
poud Iron acquisition + + + + + + + + + +
pvsd + + + + + + + + + +

=

Note: +: Indicates presence, and - Indicates absence of PCR amplification for the corresponding target gene

3.3. Antibiotic resistance characteristics and
antimicrobial resistance gene profile of Vibrio
alginolyticus

3.3.1. Influence of salinity on the antibiotic resistance
phenotype

The survey results indicated that the NaCl concentration in the
culture medium affected the antibiotic susceptibility levels of the
V. alginolyticus strains. The isolates exhibited resistance to
amoxicillin, ampicillin, vancomycin, streptomycin, and
trimethoprim/sulfamethoxazole, while remaining susceptible to
numerous other antibiotic classes. Variations in NaCl
concentration altered the inhibition zone diameters for several
tested antibiotics.
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3.3.2. Antibiotic resistance gene profile

The PCR results revealed that strain VA15 harbored multiple
gene related to fluoroquinolone resistance (qnrA, gnrB, gnrS),
beta-lactam resistance (blaSHV, blaCTX-M), macrolide
resistance (ermA, ermB, ermC), tetracycline resistance (tetB,
tetE, tetG), sulfonamide resistance (sull, sul2, sul3),
aminoglycoside resistance (strA-strB), phenicol resistance
(fexA), polymyxin resistance (mcr), and multidrug resistance
(cfr). These findings are consistent with the antibiotic resistance
phenotype of the investigated strain and indicate that strain
VA15 possesses a high potential for multidrug resistance.

3.4. Experimental pathogenicity of Vibrio alginolyticus
in red drum

3.4.1. LDsg value of Vibrio alginolyticus strain VA15

Based on the virulence evaluation results, V. alginolyticus strain
VA15 was selected to determine its experimental pathogenicity in
red drum via injection and immersion challenge methods. The
results demonstrated that strain VAL5 is capable of causing
hemorrhagic disease in red drum, with an LDso value of 4.0 x 10*
CFU fish™ via the injection route and 5.0 x 10° CFU mL? via the
immersion route, proving that this is a highly virulent strain suitable
for use in subsequent studies.
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Figure 3.5. Survival rate of red drum (Sciaenops ocellatus)

following challenge with V. alginolyticus VAL5 via injection
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Figure 3.6. Survival rate of red drum (Sciaenops ocellatus)
following challenge with V. alginolyticus VA15 via immersion

3.4.2. Clinical signs and bacterial re-isolation
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Following challenge, red drum exhibited typical clinical signs of
hemorrhagic disease, including anorexia, lethargy, body darkening,
scale loss, cutaneous hemorrhage, fin erosion, as well as a swollen
and congested liver. V. alginolyticus was successfully re-isolated
from infected fish and confirmed via PCR targeting the gyrB gene,
satisfying the criteria for confirming the causative pathogen under
experimental conditions.
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Figure 3.7. Clinical signs of red drum (Sciaenops ocellatus)
following challenge with V. alginolyticus VA15

3.5. Transmission routes of Vibrio alginolyticus in red drum
under experimental conditions

3.5.1. Waterborne transmission

Experimental results demonstrated that V. alginolyticus is capable of
waterborne transmission. Healthy fish exposed to bacteria-
containing water or sharing a water supply with pathogen-carrying
fish both exhibited characteristic clinical signs and recorded an
increasing cumulative mortality over time. Total Vibrio density and
V. alginolyticus counts in the water fluctuated over the experimental
period, reflecting the survival and dissemination capacity of the
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bacterium in the aquaculture environment.

3.5.2. Direct contact transmission

Under cohabitation conditions, V. alginolyticus is capable of
transmitting from diseased fish to healthy fish via direct contact.
Cumulative mortality of the healthy fish group increased
progressively over the monitoring period, and the bacterium was
successfully re-isolated from affected individuals, confirming
the direct transmission capacity of the pathogen within farmed
fish populations.

3.5.3. Feedborne transmission

Research results indicated that V. alginolyticus is capable of
feedborne transmission. Fish fed with bacteria-supplemented
diets exhibited typical clinical signs, cumulative mortality
increased over time, and the bacterium was successfully re-
isolated from clinical specimens. Overall findings from the
transmission trials demonstrated that V. alginolyticus can be
transmitted through three distinct pathways: waterborne, direct
contact, and feedborne, among which waterborne transmission
represents a major pathway for pathogen dissemination in
aquaculture systems.

3.6. Formulation and efficacy evaluation of an
inactivated whole-cell Vibrio alginolyticus vaccine

3.6.1. Vaccine safety

V. alginolyticus strain VA15 was completely inactivated with
formalin and utilized to formulate a whole-cell inactivated
vaccine. Evaluation in red drum demonstrated that the vaccine
exerted no adverse effects on the survival rate, growth rate, or
feed conversion ratio (FCR) of the fish. Histopathological
analysis of liver and intestinal tissues revealed no abnormal
alterations between the vaccinated and control groups,
confirming that the vaccine maintains safety under experimental
conditions.



Figure 3.8. Intestinal histopathology of red drum (Sciaenops
ocellatus) (A — control; B — vaccinated fish)

Flgure 3 9. Liver hlstopathology of red drum (SC|aenops
ocellatus) (A — control; B — vaccinated fish)
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3.6.2. Ability to stimulate immune response

The whole-cell inactivated V. alginolyticus vaccine administered
via feed demonstrated the capacity to stimulate a specific immune
response in red drum (Sciaenops ocellatus). Antibody titers
increased over time post-vaccination, reaching the highest level
in the treatment group receiving a dose of 10° CFU-equivalent
fish, which was selected for subsequent protective efficacy
challenge experiments.

Table 3.3. Agglutinating antibody titers of red drum
(Sciaenops ocellatus) post-vaccination

Survival

Dose SGR PR o
Treatment . rate
(CFU equivalent/fish) ~ (%/date)  (Mean=SD) )
0
NTI 10° 214+0,12  1,33+0,10 100
NI2 106 226+0,18 1,350,012 100
NT3 107 2,18£0,15 140014 100

Control 0 21640014 134£011 100
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3.6.3. Vaccine protective efficacy

Following experimental challenge with V. alginolyticus strain
VA5, all vaccinated groups exhibited higher survival rates
compared to the control group. The single-dose vaccine
administration achieved a relative percent survival (RPS) of 44.2%,
whereas the booster-dose regimen reached 53.5%, demonstrating
that the administration of a booster dose enhances the protective
efficacy of the vaccine against hemorrhagic disease in red drum
(Sciaenops ocellatus).

Cumulative mortality (%)
@1 Kaplan-Meier survival probability

-~ Experimental monitoring period (days) Days post-infection

A B

Figure 3.10. Cumulative mortality (A) and survival probability of
red drum (Sciaenops ocellatus) (B) in the vaccine protective
efficacy trial

3.6.4. Clinical signs, bacterial re-isolation, and
histopathology post-challenge

Following challenge, the control group exhibited typical clinical
signs of hemorrhagic disease, accompanied by marked tissue
damage in the liver and kidneys. In contrast, the vaccinated
groups showed milder disease manifestations, lower bacterial re-
isolation rates, and better-preserved liver and kidney tissue
architecture compared to the control group. These findings
confirm that the whole-cell inactivated V. alginolyticus vaccine
can mitigate pathological damage and enhance protection in red
drum (Sciaenops ocellatus) against pathogenic bacterial
challenge.



Figure 3.10. Liver tissue lesions in red drum (Sciaenops ocellatus) following V.
alginolyticus challenge (yellow arrows: disruption of hepatic cord architecture;
white arrows: diffuse necrotic areas; yellow circles: inflammatory cell infiltration)

Figure 3.11. Kidney tissue lesions in red drum (Sciaenops ocellatus) following V.

alginolyticus challenge (white arrows: glomerular deformation; yellow arrows: degenerative
dilation and desquamation of tubular epithelium; green arrows: congestion and

inflammatory cell infiltration in interstitial tissue; yellow circles: diffuse necrosis)
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Chapter 4. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

1. The study isolated and identified 20 bacterial strains (VAO1-
VA20) from red drum (S. ocellatus) suffering from hemorrhagic
disease in Hue City. Species identification based on
morphological and biochemical characteristics, MALDI-TOF
MS, and PCR targeting the gyrB gene confirmed that all isolated
strains belonged to V. alginolyticus.

2. The isolated V. alginolyticus strains exhibited various virulence-
associated traits, including motility, extracellular enzymatic
activities (caseinase, lipase, and phospholipase), beta-haemolysin
activity, and biofilm formation capability. PCR analysis
determined the presence of gene associated with maotility,
adhesion, toxin production, secretion systems, and iron
acquisition. Based on composite virulence scores, strains VA15,
VAL7, VA10, VA0S, VAOD5, VAO4, VAll, VA18, VAOL, and
VAOQ7 demonstrated higher in vitro virulence potential compared
to the remaining strains.

3. The isolated V. alginolyticus strains exhibited resistance to
amoxicillin, ampicillin, vancomycin, streptomycin, and
trimethoprim/sulfamethoxazole. The NaCl concentration in the
testing medium influenced the antibiotic susceptibility phenotypes
of the bacteria. Strain VAL5 harbored 18 out of the 21 investigated
antibiotic resistance gene; however, the presence of these gene did
not completely correspond to the antimicrobial resistance
phenotypes.

4. Based on in vitro virulence-associated traits and the presence of
virulence-associated gene, VA15 was selected as the
representative strain for subsequent studies. Experimental
challenge confirmed that VAL5 is pathogenic to red drum, with an
LDso value of 4.0 x 10* CFU fish™ via injection and 5.0 x 10°CFU
mL?* via immersion. Under experimental conditions, V.
alginolyticus VA15 demonstrated the ability to cause infection via
immersion, indirect transmission through the water environment,
and contact between shedding host fish and recipient fish; the
bacterium was also capable of causing infection when
administered via bacteria-supplemented feed.
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A whole-cell inactivated vaccine prepared from V. alginolyticus
VA15 was formulated, and its safety, agglutinating antibody
response, and protective efficacy were evaluated in red drum
under experimental conditions. Oral administration via feed at a
dose of 10° CFU-equivalent fish achieved a relative percent
survival (RPS) of 44.2% with a single-dose regimen and 53.5%
with a booster regimen. These results provide the baseline for
further optimizing the vaccine formulation and administration
protocols to enhance protective efficacy.

RECOMMENDATIONS

1.

Evaluate the expression levels of virulence-associated and
antibiotic resistance gene during in vivo infection using
appropriate methods to further clarify the relationship between
gene presence, gene expression, and observed phenotypes.
Further investigate the immune response mechanisms of red drum
to the V. alginolyticus vaccine, encompassing cellular and
humoral immune indicators as well as the expression of immune-
related gene. Additionally, increase sampling frequency—
specifically incorporating a day-21 time point—to more
comprehensively describe antibody response kinetics following
primary vaccination and booster administration.

Conduct research to optimize the whole-cell inactivated vaccine
formulation, including the selection of suitable adjuvants, delivery
systems, and microencapsulation materials to enhance stability,
antigen protection, and protective efficacy when administered
orally via feed.

Evaluate different vaccine administration methods and
immunization regimens, particularly a strategy combining
primary immunization via immersion at the fingerling stage with
oral booster administration during the grow-out stage.

Assess the protective efficacy of the vaccine on a larger scale and
under field farming conditions, with extended monitoring periods,
prior to considering its practical application for preventing disease
caused by V. alginolyticus in commercial red drum aguaculture.
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