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foodborne pathogen responsible for fatal diseases such as gastroenteritis, septicemia, and
necrotizing fasciitis in humans via the ingestion of contaminated seafood, posing a great threat
to both aquaculture and public health security. The abuse and over-use of antibiotics have
caused drug residues in aquatic products and bacterial resistance. It is therefore urgent to
develop safe and effective antibiotic substitutes. As a bacterial virus, phage possesses many
advantages such as host specificity, easy availability, easy preservation, and high efficiency,
which attracted increasing attention in the prevention and control of diseases in aquaculture and
in the field of food safety. This paper reviewed the studies of vibriosis in aquatic animals and its
bacteriophage therapy, aiming to provide a theoretical basis and data support for the application

of V. parahaemolyticus phage in the biocontrol of diseases in aquaculture.
Keywords: ibrio parahaemolyticus; aquatic animals; vibriosis; phage therapy
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Table 1  Application of Vibrio parahaemolyticus bacteriophage in aquatic animals
Aquatic animal Source Characterization method  Phage strains Delivery method References
name
Shrimp P. vanmamei Farming TEM, DNA sequencing  VPPI Bath immersion [36]
wastewater feeding
P. vanmamei Sea water TEM, DNA sequencing  PG07 Feeding [37]
P. vanmamei Shrimp pond  TEM, DNA sequencing V5 Spray [38]
water
P. monodon Shrimp pond  TEM VPI Feeding [39]
water VP7
VP9
P. monodon larvae  Shrimp pond =~ TEM VVP1 Bath immersion [40]
water
Whiteleg shrimp Shrimp and Unknown A3S Bath immersion [41]
larvae clams Vpmsl
Other  Oyster Sea water TEM, DNA sequencing  pVp-1 Bath immersion; [42]
aquatic Distribution droplets
animals Oyster Sea water TEM vB_VpaS_OMN Distribution droplets [43]
Mussel Sea water DNA sequencing VP10 cocktail ~ Bath immersion [44]
A. japonicus A. japonicus TEM PVP1 Feeding [45]
pond water PVP2
Aquatic Brine shrimp; Opyster tissues TEM, DNA sequencing ~ VPT02 Bath immersion [46]
products Ready-to-eat fillet
Ready-to-eat Shrimp pond ~ TEM, DNA sequencing  LPVP16 Distribution droplets [47]
crayfish meat water (unpublished) LPVP19
LPVP28
Shrimp meat Farming TEM, DNA sequencing  F23sl Distribution droplets [48]
wastewater

s TR AR R RSS2 AR DAY

SR, LA W95 32 I 45 24 st ) e 3 97 a5 R
M) 5% M L A — B, R4 2 RO R 4
Lomeli-Ortega ZFUIFGE A B, 5 A RRYL 1 %t
AL, BUE 1-12 h 5 kT VP IEEA
Vpmsl 2525 FLANEEXT IR O AF 16 R LB & T
B, 24-36 h J5 25 25 WIAAIG 26 10 2RI W14
A3S TR G 6 h e KW 252, AR5 R Bl 4
2y At 1] A HE IR A R B A o Jun ZECCREAN T I BT {4
pVp-1 XF FLANEEXT IR G e RAP AR, 455 R
&Yy AHPND 5 Mg B A= AR 1 IR A
REFEAR AR A SE TR (100%), 1M 2476 A T8 Y4 By

24 h G BIXF AN [RIZED6 IR AT 3 1Rk 4 T B Ak
P, IR A AR R 1R 4 2 BB K AR T R N
100%F% 2 50%; N TJYLHT 24 h [A] B X HRR
B s At 1 e iy A T 3, e 4 Y A
SETRAENG , RBALEN TURGLT, NE IR IR IS
FEAL TR, W P A R B R PLAN I X e Az
AHPND 1%t o

RS RO R G 2 X
PERPVE IR Y . Alagappan ZEP7RGAFSE TN K
AR5 247 Rt 25 T 302 AR R AP RSCR | AT
RINER L ZG T, W I IARTR A 25 25 1A 2 P LN
HEEXTHR 96 h (1) BFRFET- 5 (R (20%), T — I

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3626 (YIS Gk

Microbiol. China

RRZG A BIFET AT 30%—-40%Z [0 ; +F
BHE FIRG 20T, MR ARG 4525101058 192 h
() BFEIE R (70%), WAL T2 — W s AR 4
2L(60%F1 65%); 25 R RN 24 245 1R 560 41
F005 2R W 1 1 R4 25 40 o 3 v] e X IR g A
BRI REA 5, TSR T 171 AR 25 24 i s B 1A 7
HoA 2% 5 A Rk O A M, B AR
KA AEIE IR AT DLl 7 d, RRIEK T4
PR 28 5% T 1 R A Rt a1 B sk, ik
ARG R AL A R A B2 3 A B T R S 4
LA™ Mk, BIBMORAZ T,
T RIRA BRI — 252, R AR RE 2%
540 FLANEE X IR 52 VP B Il; , SRS AT A
R, W R ARTR A 48 25 TR T AR IR AR T 3 —
WERARLG 25 . A, SR —BEREIRAM L, 1RE
W B A VP 1 2 iRt B B B I 3. Tok
SECT NI K J S PLANEE S IR Ay B 3R A 3 bk
VP ZUPEREDAIR, SR —WEpEIAAELL, 3 PRI
PRHTIR A YIXT VP anenp FIE VPappnp R 1 LA
FORIEIE 91.5%F1 92.3%, B RALT 2467 fe

TR R B — I TR 1K (84.6%)

WA MR, TR AR — I A
S T8I MR IT AR . Dubey P MG IRIR VP
SRR B AR VS N R B VP R
RIALFL 1 b S5 TR R AR %) 240 R AR T R
78.1%. Stalin ZE O BESY Xt R SR 15 K A0 85
153 VP ZUPENE A VVPL, TESCK s 46 PRI
N VP IRy ZiR, 4R 24 h ifA 0.1 mL
TWEEHy 2.3%10"° PFU/mML AIWETEAK, 72 h J5 20 7H
M 10° CFU/mL FR&ZE 10° CFU/mL, %h4F
RG220 90%.

2.2.2  H K= sh ¥ E]iE Mo & fE B I = KB
R

RIS i 3R e TR A A At K ™ Bl i R

e 15 FR N A /D o Ren ZE WA T R[] 748 F

PVP1. PVP1 IRA WA T M ARk IR
VP BRI S8 B TRTT AR, R e
F - (MOI=10, MOI=100)F W & 1K VA 7 L AE 5
RERTHUERIRITAL, AR RIS (50%)
B EN T RIGITUL(30%)., %45 R 520
H LA — 2, BRI B AT VP TR YT AR
SRR A Y = E . Jun P H £ 2
Mt 25 VP HEHFE CRS 09-17 B YL K OF V4t Wi
(Crassostrea gigas)/ri - H & FIEE A pVp-1 iz
HIALFE, 72 h AN 8.9%10° CFU/mL /b
1.4x10 CFU/mL. 33X J2& 1 UCZE 4 07 Hh g FH s p7 44
Pl 2 251t 25 i VP ZE451], Onarinde S5V % PRk &
g 1.3x10° PFU/mML 9 10 ¥EMEFAIR-S Y VP10
REFE LI = 4500 T [WIRPERE K DT A 11 01
(Mytilus edulus)FETa ) VP [ EAMLLIT .
AWFFERY], VP WRTEIARE W 5 e N
VP aupnD ] Eﬁfﬁ%[%ﬁ] o

Wong S5 AT 5 v 4355 1) 10 50 1 s R 4
VP06 BEZLF 28.1% IR, fFE VP, ¥
I S 4E GBS . Cao 2BV SCIE (Meretrix
meretrix) ' 4 B F W OVP ZL M g R K
vB_VpaP_MGD2 FEZLfi# 90% (27/30)AY5Z2 1 VP
iy 2 ik, o 17 #2255 VP witk. Sk
T IX LA 5T T A S P AR P g IS
223 BEIA NS E AR 77K A= S0 T B Rz A

BR TN T FRF IS VP 58 Fn D12k
W, BERE AR IZ N T VP IS YK
Wb, Zhang 2PV R —Fk VP RSP T
& OMN, XHMIR Y VP 2450 87.1% (27/31);
TR AR OMN W T AN TI5 4% VP TG A,
48 h 5405 A F2 T8 1 VP Mk B [ AR 28 ) vk s
1) 10%, 72 h JEARWRCRIEE] 99%, KGR
& OMN W] 5 2010 R 2R 1T VP B0 . Jun
SEIUE VP Y5 UL S R0 R 2 Tt FFT VP I TR A
pVp-1 U7 B8 J (9 B i) P 2R 30 P R A R TR A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



P25 IR BRI TSN iR K FL R T 1A Bl i i T it 3627

S, A2 12 h BERENS 4 W5 TN 2% 1T 04 40 B 20
1.44x10° CFU/mL FR&Z 1.94 CFU/mL. A5/
EE 60 i =S KER S TR A B 5 BRI
FUPEVE AR, Vpp MIX (5 ARG AR IR A 0)%F
M VP kR (AR 42 #ROM L ZN 100%, 1 H
Vpp MIX ZbBE VP V5 ¥t /-, 7E 25 °ClEIR
AEFR 6 h i, A TP TS A B BRI T
2.2 logio (CFU/mL). Teng “5“70% VP I i 409 2
TR /N ERF AR, ERFR R VP
71 fif 52 AR 2.36 logyo (CFU/mL), Xia 2181
P VP AR F23s1 HA 4 MOI=1 000 i, A4
RETE 12 h NA AR P R TH VP F23 AR K
(25 °C)o You ZEUO AT 43 B 5 VP 240k TR
& VPT02, 1] VP it 25 kK FORC 023; 4
MOI=10 i}, VPTO02 GERFERYL VP Y FEAF MR 147
TR 16.7%IR T 2 46.7%, FFHER RN AR fa
) VP I 3.9 log)y (CFU/mL), A VPT02
S — T BT ™ o
2.2.4 &l 7 M G M B A 7E 7K R 3h 4 R R R R
=)

gr BTk, RV K B e iR AR TE K 7 sl
AN A IR (1) BEREAIRITRBCR 257
SR o A AR TR A IR I T A D A 2
TR AR B 1Y) bE 23R 22 AR, AN 2 7] B vy o A5
I, TRHR TR A K= s R s A, A
I A5 3 5 118 It T A 1) e %o Wt R AT 97 ORI
WELE . (2) WA R I b B TR AT
BURAT o 7K 7= Sl T e (R B Jk 2 Z2 g JL i, Wt
PRATE & W fE [R] B 4 X6 22 o 24 T s — 240 1 7
ZARMR, 16 ERE T H AR RERm 2451 17 4k .
(3) Wk TR AR il 1) e Rt P A R B, o SRAE S
TR W AT 3k AT R 5 W R R 0 21 2 A
W B 300 RN AR IR AR DG, AR IE
e B HE— 25 R 5 IS ] A0 58 BT AR 50 o I PR AR
7 R sZ R, DRl B AR TR A 45 256 A RE S A M

IERIBTT o (4) WERATIRSCR BRI SE DT A K .
W TR P 7 0 AT 280 P REN A RE 5 T A SR AR AL
iy, FLEATREH A AL, T E ik — ST IR UL
THEM IR, FEOTTEE R A 25 1R R

3 RUE VR R A B AR B
ok

3.1 fHE

AR AR TR T G R R A AR K SRR
A2 E KRR, TPRE LS A LT
PB4 T Bes b K SRR i B b 2 R A
IXT LA ZE it 2 1 S 25 5% B8 (R ORI 2 7=
R A 2R A FH 2 2 B PR, s RS 7 94k
— MR ARSI R BRI, BERCY T
K FRFE MY A TR B B BRPUAE R
AR EE , W BRAAAE 7K ™ Sl 4 A o 1 3 B 4 Hh LA
RO (1) WEEAREA & B 1E ERE
ReTEAE I AE HAR RRAE RGO T, S5
P b KRR Fh R A IR R It AE R 2 H T i
P, BT BH L AL M IE R E Y (2) i
SRR BT AR R 0 A BRR SE D  TE BE AR FT
HFE A 2R, 7T AIREE H IR IR AS Wy o3
SRR, AT ARWREAL, (3) WRAIATTERE
rE TR R B IR, BRI A R i) B
Ko (4) WERRIATT DI E B, A A5 Ao BE W
TRERR W | e S A BRI S EE 0 AN R AR A TS
g, M E A A2, miE R R
XTI E R, A 25 B 25 By A
(5) WERE AR BB T EAE A BRAEAE, A
FREATESN YA . (6) WRIRIRM A2 XA =
WK, TS, DRSS, RERTEUMUHZY, T
ZPE RS 2 . A IR R, RS
U A AT LUAE XS 4T 20 TR B A B 4
FIRCRPST . BT 2, W AT IRy R7

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3628 (YIS Gk

Microbiol. China

DAL, A E S, e s 4w it
W E A EE RKIE ).
3.2 Bk
321 TEEIBIRE

FUMEE DR 1 B R SRR — U]
G117, BEAELE AR A P A R R R
e DR , AR R AR R 1 iR A, HAER
fift— PP — 24N BT, AR ] T I Ve R 7E
e FH W B AR 7 9 0 DA e P SR B i
LB — I PR AN BB A 25508 1l 22 Tk 200 TR B0 o 55
e r A R 22 P v TR AR TR R R R N T A T 2
U, XA ] BRSO IS 0 40 T LAk BB 6 1Y)
VERR, 0 36 R WS R ANt i AR
B Y0 A BRI LA B gk g A7 s B 1R 5 4 R 1)
AERT B 30 %o 5 BT A 0 R VPG 7 3 I R T AR
IER AR A1 I 1 0 N 3R N e o R ka
PR A I0C AL T LA B DR R0 I A5 | REAE A 4K
fifE o AE EREAS B I, WFIE R, W Btk
JE B PR R AT AR A O R DA i T 40 i b R
JIC, DT e s P A ) R P 503, AT A PR TS 24
PEAY A . Rasmussen 2GR BT, 5k
g1 FH e R 1A KVP40 Flzi4E % Phaeobacter
inhibens DSM 17395 AHLL, K P& 156 & (1 A fE
RV K A H By IR 5t R b BB T 38
322 EEAIE

S SRAHAS TP AE M 250, 20 TR 7= A I R
PUPE R TR/, 8 78 200 T 03 TR (A R T 5 4 A
SE[E] AR R, AR A T SR R AR Y
RIRGaRE . W LT PRI P IRz 1k . M5 ARk
S AR S s BEL TR A A, S S0 T AR A
D R FRAR Y WRST AR B R
T HUENE AT, 30% 13T R AR 21 1 2 BX
i galU JEH Lk (galu JE K2 5 IR 2 (kg
ZREA OO SRIMIEX Kk FACHE <&
Feorh, WERE R TR Y S e kR AL

WX HTSZ ARG I | R SEDR R 28 | X B il 1
A7 HEA M . BT CRISPR & 145024 5@ At
MRS I VAL 7 i s B L L ST =B S )
N PERT, F S — MR S R B TR
RSP R MR AP, FEW R 594 R
RSO0 T, 20 P Ak R W R RS i, L
T 123 B 2 0 55 ke B AR 2R A U i
YA T BE3%R LA LPS 41 532 52 4% o 05 T (AR 0%
ESIPUp KR P o N2 R RN P i
LPS [3R35 , 3 B0 585 [ 41 P 76 X0 B 14 14 [
B, ST R ) AR BRI MW P A L
TR N 2R | BRI RS2 AR, 40 1R R
P23 Ao R S IR DR ) e A 7 A W TR AR, [T
S S REAL?, Chan RIS, 1
14 OMKO1 5 i &% fi% B Jfl ' MexAB- Fll
Mex-XY-OprM AMHEZR BIFMEE T M (OprM)AH
A A A B AR 2 AR A A 3 Sk A At
WEFE NPT A R RUS . AN, W B RS R
I7 B ELAT AN TR A R e s o AR R AT 2
B, 82 A R PR R A R ek 2 W B A B
B, B AT L, R AR R A R IR A
7 1 o g A A P9 X85 R G o 3 T R R R R I B
TBIT PR PR
3.23 BRI NFAAH

SRR AR e W A R B R L 45 24T
252l 7 IIXME LU , T RS S0 B AARTR YT ROR
TR B e A o Wi TR AR Al s TR (AR sl At e A=
RICHIEE, 2GR F 2G4 50 g 5 ) v i 42
F. 2 AT RERIH EMRIVER, Wl R A
FEPUVEH, FHZ90F i n] BE S iRy T4 % . i
SRR, TR R L BEEPIAR . SLAamepk
PUPR R S ZR PRI IS | I3 TR 14« SATA-8505 4b
T 4> % {7, %5 25 3K 18 (Saphylococcus aureus)2: 1l
PREHUEMERC . Wik, KEE GRS, W
PRI 35 07 B G T 2 24 iR A PN 4 2 5] 2 )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



P25 IR BRI TSN iR K FL R T 1A Bl i i T it 3629

5%, I SR AU T R AR R 2 B S
PUR 25 M R AR T LB
324 HFAIBEHERRIK

M TR AARTE 7K™ Bl AR PN 1) 328 26 0% B 42 G
RPNPURE A WA AW . AP T
WY RN E NG Y 7= R =0 N, Y 1 D R
BRR A8 X R0, A BRI 3 H v T A ) R
E, SRTE ZF 22 1 o e 14 2ok 75 v g 7 4 K i 401
I, T EUN A I TR AT R A o ] 5 A 1
S 1 3 1 A G TR AR A WG ISCRT 3835, % B vk
JEE P e D A 3 06 2 SR AR 7, DT RG n A= W
JE DA ST AL, 2 5 WA B AR AE 7K™ 3l iy B
PR EOCTE R IR, 248K, R RpEHA ey H
R i) 3R SR 10, e N ARk e g D AT 3 5k S A
B P DA R IR BE 22 ] 1 O R T A AR Ak T
TR ) A

4 RZ

ERALE S A 24k SR aE M sh % 6
HR K DL A5 K 7 o B PR 4, A BR a2
g A S AT R 1520 123600, FREIR
IKFEFREE TR 2 R B R 67%), SR,
K= FRAE 7 B PO P T ME G 5 | R AT K
TR A AL, AR TR,
IK T S DA PR AR AR . ISR, VP AR
FORPEIE 5 0 SR TR IRSEHG . 2114
Y B 9 A5 I TR g B 2 4 Ko W 7R A M 1 T R
ABTERIUR . RE HAT, SRR R
FU 0 B AT I SEAE VP BT T HA
FEIIRITRCR , A BB BUE Z K™ 2R
PR A D B4R B . SR, W PR RS bR
R FECHUS N F oK = 3258, 15 7 2 1)
R BRI | AR SORT B Y — SR RN ] BB 1Y) R
eIk

4.1 FRREFEKEEEEHBR

W PR A (R i e, AR FREE BRI T
BRI 350 32 I P o 90 i B 114 26 40 B 45 5
R R IR T R AR, AR
FE ik 2R LA VP A 1E 3 1Y W8 K S I
(Aeromonas hydrophila)W {4 , 12 m B IR EE 2 Bk
DAJELRE BT ) 1) 4 2 R A R e Dy 1 210,
Wi DA 1R 55 oA 2 Bl 25 A TR A (1 FH B RE S 21 P
[FIHL A3, Wi TR IR S e A Rl R (R 5 45 A=
PRI ARV A5 97 105 T B 2 o ke I T (A YA 7 ) BAR
Beo JiAb, WEDEIAR XS I ] LA RO vE
Wk AT A 300 9 i 20, el 07 0 R 2 1 1
A, 2 HETWE ARG RIG YT 1 R EER SR Ty 2
— o I TR A S (R BF R AT £l ] A IR
R TR A DR | 6T T RE BRI X e e Y Bk
o P SBT3 R T R A ME DL L, g
R B v e R AR T 550 7 g PR A%
4.2 T A EE dmiE 5 KBS I & K

BEE R g BR 1) R & JE, CRISPR-Cas
A5 AR A W TR A P A BB k22 4 g T
AT DL o S DR g, B s A TR AR 1) 1
T, oCERE MR N R SR, R
BE 3 Y K BT BOML AR & A I B0 9% 0E I
o 48K, ANy xof 3 PR 4 g 1 I B AR A T
R LA B AN AT I 1 2B 7 SR SUKE R
BRIPRER o
4.3 S R0EN MR T AR a0 AT A A T Ml 1k D 5

— o AR B W A R DI AL, e ST
— BRI . AR Al T, LAk 2
I B A2 o] 9] A RS g P 114) 75 2, [R) s 8 0 22 Bk A
FR AR N TR o FLUR, T 0T I B A 7 4
PA R, R ORUE I TR A7 B i Fo e
P H AT b A0 (i) P Wk o A 5 38 R T
PRI, A AR E M, BT A TR AR A Bk
IR o W AR T 22 8 A | 5T b kit

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3630 WA

FIER

Microbiol. China

BETR R S5 AL T BROK AN AR BORE , BERE
SCBLE A RO R ik, SCRE R e AR E
P, H S TR, AN SRRS AR i 2
SRAN R AT , (o PRV R T 1 el AR 3 2 T AR E R
o e AT AR T SR T L R AN A I %
4.4 RSMEE AT ORG BB EGER

9N E 2K Sh Y R R B, JEHR
WIS A TR, i S0 AR 57t 28 P e i o 550 ey 11
SR TR AR o SR T 7 3 5 o 552 A= 3L et
AAETEAE AL BB TR L 8% B 1 Wi T 1A A 0k 2
iR, DRI, i i v s A ol 70 7 1 e 45 2 ik
A v 14 245 38 % AR AR AL R R BT DR R

R SR W TR AT 12 2 7 A 240 TR R B A T
B, L2 o A0 2R T F e AR 1) 750 DA S 36 = i 31
WA AR 2 TAR 2N T s A HAT 1 24
S, QR IRAL SR TR AR BEA T 25 W OT R I 2y
AL R ZRIBCHE S Ik B (AT FRUAR R BEE X 24
I AR A TR O R Ok IR, SR S BRI
X W TR AR ™ i R AT 1T TS BRI, T4
HAUARIE, LSRRI L MR 35T |
APE T B RIRERE, DL oo PRI o o 4
1) MY R S ORS00 S5 75 TR Gk T A i Y Jo
I 4 e A S, e PR e 7 ™ i A 2k D
P AR o MEAE, IR IR R TR A Tl A T
W, T E AR L AR HRA L . R B R ARTE AN [ K
PPN I 2 AR 1A AL, k2 Wk R A
2R 2 E] | ARG, e ELSE ISR ER 5
FAE T BEATIAIR OIS, A TR AR RYR YT
HOR o IR, BNLIAAELRE B REMALAL « 5%
SR A R B HTER T, SN R X A i1
e TR T

R ORI TR TS 14 R HUASE I T3 77 A 1 22 1) AL
MRS R , (AN AT RN, Wi R H A B R
IR L RS AL S ARAT L AR SR EER
PR 2y SR SRR, S AP H AR

o D TR T 245 1) H 2 5 4 B9 AT RICR s o AR
FEMY 7= M e T TR 14 S SRR, Bt B2 158
AR, 1 A A ) Bl P B AR A 1Bk
PSRV A ER | R . RTRREEA R

REFERENCES

[1] GARCIA K, BASTIAS R, HIGUERA G, TORRES R,
MELLADO A, URIBE P, ESPEJO RT. Rise and fall of
pandemic Vibrio parahaemolyticus serotype O3: K6 in
southern Chile[J]. Environmental Microbiology, 2013,
15(2): 527-534.

[2] LI LZ, MENG HM, GU D, LI Y, JIA MD. Molecular
mechanisms of Vibrio parahaemolyticus pathogenesis[J].
Microbiological Research, 2019, 222: 43-51.

[3] CAO YZ, ZHANG YJ, LAN WQ, SUN XH.
Characterization of vB_VpaP_MGD2, a newly isolated
bacteriophage
multidrug-resistant Vibrio parahaemolyticus[J]. Archives
of Virology, 2021, 166(2): 413-426.

(4] wh/Ne, skiEme, EEIFS, PRmem. I i bR
PSR 475 G BOIR 5 P SR 20 M [0, Bl 5 A 1
Tk, 2015, 41(7): 263-267.

HAN XL, ZHANG HY, CAO MX, SHEN XS. Analysis
on current pollution of Vibrio parahemolyticus in

with  biocontrol  potential against

seafood in China and its controlling strategy[J]. Food
and Fermentation Industries, 2015, 41(7): 263-267 (in
Chinese).

[5] CECCARELLI D, HASAN NA, HUQ A, COLWELL
RR. Distribution and dynamics of epidemic and
pandemic Vibrio parahaemolyticus virulence factors[J].
Frontiers in Cellular and Infection Microbiology, 2013, 3:
97.

[6] TRAN L, NUNAN LD, REDMAN RM, MOHNEY LL,
PANTOJA CR, FITZSIMMONS K, LIGHTNER DV.
Determination of the infectious nature of the agent of
acute hepatopancreatic necrosis syndrome affecting
penaeid shrimp[J]. Diseases of Aquatic Organisms, 2013,
105(1): 45-55.

(7] REG, A, 2w, frsg . w0 o o e mE s A
Vpas_PP24 {973 %€ S AE YA HEPE)]. Yl
2, 2022, 49(11): 4644-4658.
WU CG, FU JY, L1 Y, HE ZG. Isolation, identification,
and characterization of Vibrio parahaemolyticus phage
Vpas PP24[J]. Microbiology China, 2022, 49(11):
4644-4658 (in Chinese).

(8] #U3CIA, Bk, oo, FERT, 28, HisCa. mlE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



P25 IR BRI TSN iR K FL R T 1A Bl i i T it 3631

LT 73 BE0E AR 53 B AR TS 245 1 R i 25 3 5 23 e ], 7
JiK PR, 2020, 16(1): 9-16.
WEI WJ, ZHAO S, WANG Y, ZHOU JF, LI XC, FANG
WH. Detection of antibiotics resistance and distribution
of resistance genes in Vibrio parahaemolyticus from
cultured shrimp[J]. South China Fisheries Science, 2020,
16(1): 9-16 (in Chinese).

(9] TEREERG KA COCT IR A IR FE Ml ¢ (0, K
FIE TR [7]. HEK™, 2019(3): 3-6.
Ten ministries and commissions jointly issued “Several
Opinions on Accelerating the Green Development of
Aquaculture”[J]. China Fisheries, 2019(3): 3-6 (in
Chinese).

[10] LU ZY, FENG L, JIANG WD, WU P, LIU Y, JIANG J,

KUANG SY, TANG L, LI SW, ZHONG CB, ZHOU XQ.

Dietary mannan oligosaccharides strengthens intestinal
immune barrier function via multipath cooperation
during Aeromonas hydrophila infection in grass carp
(Ctenopharyngodon idella)[J]. Frontiers in Immunology,
2022, 13: 1010221.

[11] FIRMINO JP, GALINDO-VILLEGAS J,
REYES-LOPEZ FE, GISBERT E. Phytogenic bioactive
compounds shape fish mucosal immunity[J]. Frontiers in
Immunology, 2021, 12: 695973.

[12] DOAN HV, HOSEINIFAR SH, RING@ E, ESTEBAN
MA, DADAR M, DAWOOD MAO, FAGGIO C.
Host-associated probiotics: a key factor in sustainable
aquaculture[J]. Reviews in Fisheries Science &
Aquaculture, 2020, 28(1): 16-42.

[13] BRI, skokZe, Ve, WERIMAE K™ FRE0l T 5T
HEJR[I]. K723, 2021, 45(9): 1605-1615.

CHEN Y, ZHANG YA, ZHOU Y. Research progress of
bacteriophage in aquaculture[J]. Journal of Fisheries of
China, 2021, 45(9): 1605-1615 (in Chinese).

[14] skFa . 1L Z< 4 DL IEOICTR At A T~ el e S o g Bk R
KA[D]. #2%: ZRA KA LA 3, 2021.
ZHANG RQ. Epidemiological investigation of Vibrio
from shellfish in Shandong Province and detection of
virulence genes[D]. Tai’an: Master’s Thesis of Shandong
Agricultural University, 2021 (in Chinese).

[I5] HAN JE, TANG KFJ, TRAN LH, LIGHTNER DV.
Photorhabdus insect-related (Pir) toxin-like genes in a
plasmid of Vibrio parahaemolyticus, the causative agent
of acute hepatopancreatic necrosis disease (AHPND) of
shrimp[J]. Diseases of Aquatic Organisms, 2015, 113(1):
33-40.

[I6]LI P, KINCH LN, RAY A, DALIA AB, CONG Q,
NUNAN LM, CAMILLI A, GRISHIN NV, SALOMON

D, ORTH K. Acute hepatopancreatic necrosis
Vibrio  parahaemolyticus

maintain an antibacterial type VI secretion system with

disease-causing strains
versatile effector repertoires[J]. Applied and Environmental
Microbiology, 2017, 83(13): e00737-e00717.

[17] FEIGE, FaicH, XU, kAR, 3KIE, BMAR, 25,

BRI, SR/NEE, B DL X R A B A0 1R Ak
KE(BVS)IE . Mg HLHT[I]. K= 244R, 2021, 45(9):
1563-1573.
WANG YG, YU YX, LIU X, ZHANG YG, ZHANG Z,
LIAO MJ, LI B, CAI XX, RONG XJ, LUO K. Pathogens
and histopathological characteristics of  shrimp
postlarvae bacterial vitrified syndrome (BVS) in the
Litopenaeus vannamei[J]. Journal of Fisheries of China,
2021, 45(9): 1563-1573 (in Chinese).

(18] Edhdh, T, B, B XUH DL 2020 4E7TI54 UF

IR WA M 0], JK =985, 2021, 42(7):
70-73, 76.
WANG JJ, FANG P, CHEN J, YUAN R, LIU XH.
Monitoring and analysis of shrimp and crab breeding in
Jiangsu Province in 2020[J]. Journal of Aquaculture,
2021, 42(7): 70-73, 76 (in Chinese).

[191 ARANGUREN CARO LF, MAI HN, CRUZ-FLOREZ R,
MARCOS FLA, ALENTON RRR, DHAR AK.
Experimental reproduction of white feces syndrome in
whiteleg shrimp, Penaeus vannamei[J]. PLoS One, 2021,
16(12): €0261289.

[20] DONG XX, LI Z, WANG XH, ZHOU M, LIN L, ZHOU
Y, LI JQ. Characteristics of Vibrio parahaemolyticus
isolates obtained from crayfish (Procambarus clarkii) in
freshwater[J].  International  Journal of  Food
Microbiology, 2016, 238: 132-138.

[21] WANG LP, JIANG LH, LIU G, WU CW, LIU BJ, LIU
LQ, LV ZM, GONG L, SONG XJ. Molecular
characterization and expression of TAK-binding proteins
(TABI1-3) in Larimichthys crocea infected by Vibrio
parahemolyticus and LPS[J].
Comparative Immunology, 2019, 98: 108-118.

[22] B35, BAXUME, T 2298, e, Tk @A s 3R
B R 25 1 S0 P W 5T (0], K R4, 2008, 27(7):
340-343.
HU L, ZHAO FM, YU LP, LI Y, WANG B.

of pathogenic turbot
Scophthalmus maximus[J]. Fisheries Science, 2008,
27(7): 340-343 (in Chinese).

[23] AMALINA NZ, SANTHA S, ZULPERI D, AMAL
MNA, YUSOF MT, ZAMRI-SAAD M,
INA-SALWANY MY. Prevalence,

Developmental and

Identification bacteria in

antimicrobial

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3632 WA

2

FiE Rk

Microbiol. China

susceptibility and plasmid profiling of Vibrio spp.
isolated from cultured groupers in Peninsular
Malaysia[J]. BMC Microbiology, 2019, 19(1): 251.

[24] HAMPTON HG, WATSON BNJ, FINERAN PC. The
arms race between bacteria and their phage foes[J].
Nature, 2020, 577(7790): 327-336.

[25] JEONG HW, KIM JA, JEON SJ, CHOI SS, KIM MK,
YI HJ, CHO SJ, KIM IY, CHON JW, KIM DH, BAE D,
KIM H, SEO KH. Prevalence, antibiotic-resistance, and
virulence characteristics of Vibrio parahaemolyticus in
restaurant fish tanks in Seoul, Korea[J]. Foodborne
Pathogens and Disease, 2020, 17(3): 209-214.

[26] ALT S, HOSSAIN M, AZAD AB, SIDDIQUE AB,
MONIRUZZAMAN M, AHMED MA, AMIN MB,
ISLAM MS, RAHMAN MM, MONDAL D, MAHMUD
ZH. Diversity of Vibrio parahaemolyticus in marine
fishes of Bangladesh[J]. Journal of Applied
Microbiology, 2021, 131(5): 2539-2551.

[27] CHEN HH, DONG SL, YAN Y, ZHAN L, ZHANG JY,
CHEN JC, ZHANG Z, ZHANG YY, MEI LL.

and population of Vibrio
parahaemolyticus isolated from freshwater fish in
Zhejiang Province, China[J]. Foodborne Pathogens and
Disease, 2021, 18(2): 139-146.

[28] JIANG Y, YAO L, LI F, TAN Z, ZHAI Y, WANG L.
Characterization of antimicrobial resistance of Vibrio
parahaemolyticus  from
(Apostichopus  japonicas)[J]. Letters in
Microbiology, 2014, 59(2): 147-154.

[29] le ROUX F, BLOKESCH M. Eco-evolutionary dynamics
linked to horizontal gene transfer in vibrios[J]. Annual
Review of Microbiology, 2018, 72: 89-110.

[30] URQUHART EA, JONES SH, YU JW, SCHUSTER BM,
MARCINKIEWICZ AL, WHISTLER CA, COOPER VS.
Environmental conditions associated with elevated
Vibrio parahaemolyticus concentrations in great bay
estuary, new Hampshire[J]. PLoS One, 2016, 11(5):
e0155018.

[31] LI 'Y, PEI XY, YAN J, LIU DR, ZHANG HN, YU B, LI
N, YANG DJ. Prevalence of foodborne pathogens
isolated from retail freshwater fish and shellfish in
China[J]. Food Control, 2019, 99: 131-136.

[32] GORDILLO ALTAMIRANO FL, BARR JJ. Phage
therapy in the postantibiotic era[J]. Clinical
Microbiology Reviews, 2019, 32(2): ¢00066-¢00018.

[33] VENTURINI C, PETROVIC FABIJAN A, FAJARDO
LUBIAN A, BARBIRZ S, IREDELL J. Biological
foundations of successful bacteriophage therapy[J].

Prevalence analysis

cultured sea cucumbers

Applied

EMBO Molecular Medicine, 2022, 14(7): ¢12435.

[34] Z 5. WERKIGTRIATIE . A Ak XIEMEY

RO R L K (0] B AEaE e, 2017, 62(23):
2577-2580.
AN R. Past,
therapy—dialogue with phage experts in microbiology[J].
Chinese Science Bulletin, 2017, 62(23): 2577-2580 (in
Chinese).

[35] FEINER R, ARGOV T, RABINOVICH L, SIGAL N,
BOROVOK I, HERSKOVITS AA. A new perspective on
lysogeny: prophages as active regulatory switches of
bacteria[J]. Nature Reviews Microbiology, 2015, 13(10):
641-650.

[36] JUN JW, HAN JE, GIRI SS, TANG KFJ, ZHOU XH,
ARANGUREN LF, KIM HJ, YUN S, CHI C, KIM SG,
PARK SC. Phage application for the protection from

present and future of phage

acute hepatopancreatic necrosis disease (AHPND) in
Penaeus vannamei[J]. Indian Journal of Microbiology,
2018, 58(1): 114-117.

[37] DING TY, SUN HZ, PAN Q, ZHAO FY, ZHANG ZZ,
REN HY. Isolation and characterization of Vibrio
parahaemolyticus bacteriophage vB_VpaS PGO7[J].
Virus Research, 2020, 286: 198080.

[38] DUBEY S, SINGH A, NAVEEN KUMAR BT, SINGH
NK, TYAGI A. Isolation and characterization of
bacteriophages from inland saline

Vibrio parahaemolyticus
contamination in  shrimp[J]. Indian
Microbiology, 2021, 61(2): 212-217.

[39] ALAGAPPAN K, KARUPPIAH V,
DEIVASIGAMANI B. Protective effect of phages on
experimental V. parahaemolyticus infection and immune
response in shrimp (Fabricius, 1798)[J]. Aquaculture,
2016, 453: 86-92.

[40] STALIN N, SRINIVASAN P. Characterization of Vibrio
parahaemolyticus and its specific phage from shrimp
pond in Palk Strait, South East coast of India[l].
Biologicals, 2016, 44(6): 526-533.

[41] LOMELI-ORTEGA CO, MARTINEZ-DIAZ SF. Phage
therapy against Vibrio parahaemolyticus infection in the
whiteleg shrimp (Litopenaeus vannamei) larvae[J].
Aquaculture, 2014, 434: 208-211.

[42] JUN JW, KIM HJ, YUN SK, CHAI JY, PARK SC.
Eating oysters without risk of vibriosis: application of a

Vibrio parahaemolyticus in
oysters[J]. International Journal of Food Microbiology,
2014, 188: 31-35.

[43] ZHANG H, YANG ZQ, ZHOU Y, BAO HD, WANG R,

aquaculture
environments to control

Journal of

bacteriophage against

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



P25 IR BRI TSN iR K FL R T 1A Bl i i T it 3633

LI TW, PANG MD, SUN LC, ZHOU XH. Application of
a phage in decontaminating Vibrio parahaemolyticus in
oysters[J]. International Journal of Food Microbiology,
2018, 275: 24-31.

[44] ONARINDE BA, DIXON RA. Prospects for biocontrol
of Vibrio parahaemolyticus contamination in blue
mussels (Mytilus edulus): a year-long study[J]. Frontiers
in Microbiology, 2018, 9: 1043.

[45] REN HY, LI Z, XU YP, WANG LL, LI XY. Protective
effectiveness of feeding phage cocktails in controlling
Vibrio parahaemolyticus infection of sea cucumber
Apostichopus japonicus[J]. Aquaculture, 2019, 503:
322-329.

[46] YOU HJ, LEE JH, OH MJ, Hong SY, KIM D, NOH J,
KIM M, KIM BS. Tackling Vibrio parahaemolyticus in
ready-to-eat raw fish flesh slices using lytic phage
VPTO02 isolated from market oyster[J]. Food Research
International, 2021, 150: 110779.

[47] TENG L, ZOU G, ZHOU Y, LI J, SONG ZY, DONG
XX, MA ZX, ZHENG ZJ, CHEN HC, LI JQ. Phage
controlling method against novel freshwater-derived
Vibrio parahaemolyticus in ready-to-eat
(Procambarus clarkii)[J]. Food Research International
(Ottawa, Ont), 2022, 162(Pt A): 111986.

[48] XIA H, YANG HJ, YAN N, HOU WF, WANG HJ,
WANG XH, WANG HX, ZHOU M. Bacteriostatic
effects of phage F23sl and its endolysin on Vibrio
parahaemolyticus[J]. Journal of Basic Microbiology,
2022, 62(8): 963-974.

[49] GUO YT, LI J, ISLAM MS, YAN T, ZHOU Y, LIANG
L, CONNERTON IF, DENG K, LI JQ. Application of a
novel phage vB_SalS-LPSTLL for the biological control
of Salmonella in foods[J]. Food Research International
(Ottawa, Ont), 2021, 147: 110492.

[50] DONATI VL, DALSGAARD I, SUNDELL K,
CASTILLO D, ER-RAFIK M, CLARK J, WIKLUND T,
MIDDELBOE M, MADSEN L. Phage-mediated control
of Flavobacterium psychrophilum in aquaculture: in vivo
experiments to compare delivery methods[J]. Frontiers in
Microbiology, 2021, 12: 628309.

[51] ALMEIDA GMF, MAKELA K, LAANTO E,
PULKKINEN J, VIELMA J, SUNDBERG LR. The fate
of bacteriophages in recirculating aquaculture systems

crayfish

(RAS)-towards developing phage therapy for RAS[J].
Antibiotics (Basel, Switzerland), 2019, 8(4): 192.

[521 7R3k, FRIB %, #e3CWK, WA, BRE, WIEEAK, AR
= bk AHPND S0 2L 1 M 91 SR W TR 1A 4 73 25
We g e HorE Wy R M (0], UK PR 2R AR, 2019, 43(5):

1378-1396.

QIAO H, XU XL, FEI WB, HUANG J, CHEN H, HU
YL, CONG Y. Isolation, identification and biological
properties of 3 lytic phages against
AHPND-associated Vibrio parahaemolyticus[J]. Journal
of Fisheries of China, 2019, 43(5): 1378-1396 (in
Chinese).

[53] MAKAROV R, LOMELI-ORTEGA CO,
ZERMENO-CERVANTES LA, GARCIA-ALVAREZ E,
GUTIERREZ-RIVERA JN, CARDONA-FELIX CS,
MARTINEZ-DIAZ SF. Evaluation of a cocktail of

bacterio

phages for the control of presumptive Vibrio
parahaemolyticus  strains  associated to  acute
hepatopancreatic  necrosis  disease[J].  Aquaculture

Research, 2019, 50(11): 3107-3116.

[54] WONG HC, WANG TY, YANG CW, TANG CT, YING
C, WANG CH, CHANG WH. Characterization of a lytic
vibriophage VP06 of Vibrio parahaemolyticug[J].
Research in Microbiology, 2019, 170(1): 13-23.

[55] KR/NXL, = dik, sKOfE, BRI, MpdiRIR. BV ik o R

T SR A W T AR ) U 26 K LA T 7™ i 22 A TP Y
B[I]. B, 2019, 40(10): 141-148.
ZHENG XS, GAO L, ZHANG H, RAO SQ, YANG ZQ.
Screening for broad-spectrum lytic phage against Vibrio
parahaemolyticus and its application to marine
products[J]. Food Science, 2019, 40(10): 141-148 (in
Chinese).

[S6] ROYER S, MORAIS AP, Da FONSECA BATISTAO
DW. Phage therapy as strategy to face post-antibiotic era:
a guide to beginners and experts[J]. Archives of
Microbiology, 2021, 203(4): 1271-1279.

[S7]1LI XH, HU TX, WEI JC, HE YH, ABDALLA AE,
WANG GY, LI YZ, TENG TS. Characterization of a
novel bacteriophage Henu2 and evaluation of the
synergistic antibacterial activity of phage-antibiotics[J].
Antibiotics (Basel, Switzerland), 2021, 10(2): 174.

[58] KORTRIGHT KE, CHAN BK, KOFF JL, TURNER PE.
Phage therapy: a renewed approach to combat
antibiotic-resistant bacteria[J]. Cell Host & Microbe,
2019, 25(2): 219-232.

[59] LI XH, HE YH, WANG ZL, WEI JC, HU TX, SI JZ,
TAO GZ, ZHANG L, XIE LX, ABDALLA AE, WANG
GY, LI YZ, TENG TS. A combination therapy of phages
and antibiotics: two is better than one[J]. International
Journal of Biological Sciences, 2021, 17(13): 3573-3582.

[60] RASMUSSEN BB, KALATZIS PG, MIDDELBOE M,
GRAM L. Combining probiotic Phaeobacter inhibens
DSM17395 and broad-host-range vibriophage KVP40

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3634 WA

FiE Rk

Microbiol. China

against fish pathogenic vibrios[J]. Aquaculture, 2019,
513: 734415.

[61]LE S, YAO XY, LU SG, TAN YL, RAO XC, LI M, JIN
XL, WANG J, ZHAO Y, WU NC, LUX R, HE XS, SHI
WY, HU FQ. Chromosomal DNA deletion confers phage
resistance to Pseudomonas aeruginosa[J]. Scientific
Reports, 2014, 4(1): 4738.

[62] LEON M, BASTIAS R. Virulence reduction in
bacteriophage resistant bacteria[J]. Frontiers in
Microbiology, 2015, 6: 343.

[63] CHAN BK, SISTROM M, WERTZ JE, KORTRIGHT
KE, NARAYAN D, TURNER PE. Phage selection
restores antibiotic sensitivity in MDR Pseudomonas
aeruginosa[J]. Scientific Reports, 2016, 6: 26717.

[64] KUMARAN D, TAHA M, YI QL, RAMIREZ-ARCOS S,
DIALLO JS, CARLI A, ABDELBARY H. Does

treatment order matter? Investigating the ability of

bacteriophage to augment antibiotic activity against
Staphylococcus aureus  biofilms[J].
Microbiology, 2018, 9: 127.

[65] Food and Agriculture Organization of the United

Frontiers in

Nations. The state of world fisheries and aquaculture
2020[R]. Sustainability in 2020.
DOI:10.18356/8d6ea4b6-en.

[66] HASSAN SWM, ALI SM, AIMISHERFI MM. Isolation
and molecular

action, Rome,

marine
Aeromonas phages: protective effects for Nile Tilapia
infected with Aeromonas hydrophila[J]. Journal of Pure
and Applied Microbiology, 2018, 12(3): 1175-1185.

[67] ADLER BA, HESSLER T, CRESS BF, LAHIRI A,
MUTALIK VK, BARRANGOU R, BANFIELD J,
DOUDNA JA. Broad-spectrum CRISPR-Casl13a enables
efficient phage genome editing[J]. Nature Microbiology,
2022, 7(12): 1967-1979.

characterization of some

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



