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Abstract; The aim of this study was to investigate the effect of Escherichia coli bacteriophage ®199 combined with clindamycin hydrochlo-
ride on bactericide 1. The biological characteristics of bacteriophage ®199 with Escherichia coli 0157, H7 as the host bacterium were stud-
ied, and the antibacterial effect of bacteriophage ®199 combined with clindamycin hydrochloride was evaluated. The results showed that
phage ®199 was a muscle—tailed bacteriophage with a head diameter of about 50 nm and a tail length of about 100 nm. Bacteriophage 199
could survive stably at 40-60 °C and maintain lysis activity in the pH range of 3-12, indicating that phage ®199 had a wide temperature tol-
erance and good acid—base tolerance. The optimal MOI of phage ®199 was 1, and the one—step growth curve showed that the incubation peri-
od was 5 min, the lysis period was 5 min, and the lysis amount was 44. The phage was able to inhibit the growth of bacteria within 3 h. In
addition, the results of the antibiotic combination showed that the combination of bacteriophage ®199 and clindamycin hydrochloride had a
synergistic effect, which could reduce the effective concentration of antibiotics to 1/2 MIC when combined with the bacteriophage with a titer

of 10°~107 PFU/mL, and to 1/4 MIC when combined with a titer of 10° PFU/mL.

Keywords: Escherichia coli; phage; biological properties; antibiotic; antibacterial activity

KGFFHE 0157, HT R—FEENEEESOR WG, XL ARG . KIBFHE 0157 HT
W, WETHAE A RN, IR SRR LR R RO R A, R RE S E 1T
A, AR B R R S RANEIE T IR AL RIS EY RGN, SIRIETE . A, X4
JER, HARENEPRMET R, E—MEZEMA

Wk FL YT 2024-03-01; f&[81 F38: 2024-10-25 AR T A RIBIT RIB AR 0157,
HEWH, EREAHLITSE (2023YFD1800300) ; H%K H H7 R R TR (H R34 FE A5 IR ES LA

REHFILETH (32172858) . . = . .
SATARRA Py B B T 2 1 BT 25
B, A, f BT IRFEMEREA 73 B BZ TN 25 TR AR, 3K SETH 24 R A ]

IR WALE, HOE, BN, WEGEHL, Eoma,  BERUE] T HUEFIAIT IR A 20 14D 80 4R
daijianjun@ njau. edu. cn, 'fJ(\: , Aﬂ]?jﬁifmx‘ %%%%*ﬁi%ﬁﬁmﬁéﬁ‘ﬁ_ E/‘Jj(%



BHEEE 20254 H£57% 1 <99 .

FFA 0157, H7 Btk sk, BEEVUERNY
K, ZEMAHBEHIGZL, W4, AMTREWE N4
LR PRI A T R AR, LR R
MRS ERNZEMN KIHATHE 0157, HT
BRUT ORI IR B HE— 2 B A R T PR

W A — e [ SR A AR R A
YEATE R RAR ve &, FLEA 3038 B A W 4 ] g
R IR R ST R A AR S T L R fiE
SRR S LA AR, WERARIA T A
KGRI T — ke, —WnFse R, WG A
22 F R 24 1l R 5 T A1 R R 1 40 11 B R B R Gk
99% AT A RS HeAh, BFE A GE ik 3 FhEf
XF 0157 H7 KIGFFREMVER IR G K “GRI" ik
PN R, BEERE T /N RAFE R LS %
FUOT RIS HRE B T W R ARG T O R BE L R
1M, Wi RN i 2 A TSR, 00T fEfE
R 1 V) P 30 06 32 A Al 2 73 L ) 398 3 e P A 11
Y RSN AR R BT PEY ) SRR — AW
PRICTEAY) I B3 2 AT IR e

T TP ZRNE B A A RS R A R AL, I
PREGREE P22 oA RIS I6)T, 584l
Pk Zag AR AR L, AR AN B Bl R
s AL T R P AR T 2 b, B R R A A
el =24 HLdad IR B A e A 25 38 RE S TR AR 25
MIEIVER, REIRITECRP ) AR T K
FFRWE R R $199 Fe R Z % (Mol) | — 4K
MR S5 A Wy~ e, RIS T KA AF 3 0157,
H7 XEARISTAE R I 250, 7Dt IEal L HERSY T W
TR R vE R RIS 2GR

1 #PRS 7%

L1 FEEHH

KIGFFE 0157 HT R R ITIRE B% 5 5 45
il e B R R AO R 2E B B A e N R S
B E AR WD A SE 50 5 A3 2 O A LR R e o A
®199; Mueller—Hinton (MH) };3REWG A EFH Y
FEARARAF,; SRR E R AL R EREA
FRH]
1.2 EEERMNE

K FRUZ A ik A TWE R ARG 5 . 1 5 0157 .
H7 KIGFFEE SR 208001, B 100 pL B 5100 L
W RIR A 45, A 45 CHY Luria—Bertani (LB)
EART ) IRAEEIA LB P, 30 Cid kiR, 1
AR A A B O AR, A S mL SM i, 4 C
FCE 12 h, SRS WCE SM W 0.22 wm B S8BT U,
ARSI B A W R AR 2RI, T 4 CORER

K FAUZ AR A T W B ARSI E iR IR
TRZAH I SM YRR AT 10 545 e BE, B H B
B 100 pL 5 100 pL X540 KI5 0157, H7 R
5], A 45 CHY LB [k, IRAEHEIA LB F
M, 30 Cib s, 5 2 REUH AR, 150w 5
1 30~300 Z A, B DL FERAE 3 Wk, BUFEY
B R I I PR A ALY
1.3 ESHEENE

WEBE R 35 2 10°PFU/mL, B 10 L %5 240
P& b, FE 10 min i R8RS fS, AR 4R
W= 2 AR, I 10 L BEESIR (PTA, 2%), H
RIT 5 min J5 il H7650 % 5 B 7 & 4 55
(Hitachi, Japan) WLELIHE R IARZER
1.4 &£ MOI HlE

e fE MOT 248 W B A 5 40 B i B ZE L LUAEL R
MR AL TRAEE IR, 0157, HT KBTS
EXHOH, M LB BRI R E 1x107 CFU/mL,
SM VAR B R4, (M P4 5 40 B A9 MOL 2 0. 001
0.01, 0.1, 1, 10 #1100, HX 200 wL B ¥ FI I b 44
W, REWSEET 37 €., 180 v/min FE KPP IFE
5h, 10000 g B.0> 8 min, WHC FyERGEIE, JEGE
it 10 A% LURR R L K A2 A0 5 Wt AR AT
B B R MO iR i 5, A EAE 3 IR,
1.5 —HEKEBENE

B 1 mL BERR @199 Fl 1 mL 0157: H7 DiefE
MOLIRAYIE], 37 CEHEME 10 min, WHEHRE,
10 000 g #5.0» 8 min, FH 2 mL i LB 5532 3R 4 2 Ik
DL BRI BT Al mE R R, A E 37
B 5 mL LB} EDIE, BT 37 €. 180 t/min
PR, MR 5~ 10 min BUH EBHEAT A R
B, BUZ TR E WA, RHER 3 K,
1.6 ZfF&ENE

BU1 mL ¥l 1 x10° CFU/mL 8 K 5 #F 5
0157. H7, M LB ¥E% 3 Wa ke 10 52 1x 10’
CFU/mL, $% M MOT 455U 100wl W T 74 RN Tk
RAIJE A 96 fLAk . R B 4F 1Y 7 W A1 LB 4%
100 pL, JREIEIA 96 FLAH, 1E MR IR, H
200 pL LB A 96 LAk, 1ER= AAXT IR, M4l E
23 4L, BRSO ESECHER 37 °C, 180 r/min &
i, FFEE12 h, %30 min K30 1 K 0D, fH, ¥ T
RBUEZ: HlR I 2 th 42
1.7 BEEHAZEMSE pH F2E

TEREAS 1.5 mL [ EP & HA 500 L W B 4,
S35ETF 40, 50, 60, 70, 80 F190 CHIFE, M
30 min B 100 L WG ARV SM W 10 545 LU i
B, 38 R BUZ AR I E mE AR ALY, — SRR



- 100 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 1

1.5h, BHER 3K,

FIFHER R A NaOH 9715 SM YR pH A, e il
B pH {EN 2~ 13 ) SM #& . 7E 1.5 mL 1 EP &4y
SIMA 900 L AN[F] pH (B SM AT 100 L f9 105 B
T, WAG T 37 CHFRATINE 1 h, BFHULIESR
AT 10 A5 HOAR BE LA T WU S b ok T 7 s 1 AR &
. HAHESE 3K,
1.8 HBEMAEER/MIEKRE (MIC) AE

K FH 96 FL U B AR i 5 R 7e KB R 1) MIC, B
LR TR R BEWH 256 mg/mL, ] MH 5535007
B2 512 peg/mL, 7E 96 FLARH 28 2 ~ 10 FLAFFLIMA
100 pL MH 355338, 7655 1, 2 fLPA 100 L 572
TME R, 82 fLTFMRIRAT, 2 5B, MkiK
B2 10 L, KIBFF s sR =X 800, H MH 5
FeHMFEE 1x10° CFU/mL, &ALINA 50 wL H,
5512 LI 50 wL MH K5 dk a3 5 BH 1 XF 1R
(KPR +MH 355558 ) FIFAPEXT 4] (MH K
FRIE) 96 FLAE T 37 CRFEA PR FE 12 h, i
FiE bR A 45 FLAE 600 nm 4L OD {8, HHEE 3K,
1.9 HEE 0199 FAHRERE kB RIS A

ZHECHR [27] KW TR R D199 FIEL R s ks
RSN A B ROR . BBl H 512 pg/mL AL
R, 1E 96 LA TP &FLINA 100 pL MH X537
WAL LR B i T B R . RIGFTF ks
FEEXEO, FH MH 5 5R R RE 1x10° CFU/mL,
BALIA 50 pL JW . HERRH N 10° ~ 10° PFU/mL
IR AR D199 TRk, 25 1 47515 4 77 A 50 pL
W4y 10° . 10° . 107H1 10° PFU/mL MEF A, {f
AL 200 pL AR, B 7 =CanE 1 R,

HiARWE/ (g - mL)
512 256 128 64 32

4 0000000
@ OO000000
2000000000
»QOO0000000

E1 EEE $199 FIH BT AREREINEES K AMERE

WA 1AV BE/(PFU + mL™")

[F] A i 5 H P X6 BRI P B B S K 96 FLAR
BT 37 CRIFEAPE SR 12 b, (B AR ORI A5 5L
7E 600 nm &b OD {8, THAEPIEZCE, AKX, Bt
WRCR% = (XIRYL 0D, . fH-IRILH 0D, 1H) /

2 #HR

2.1 IREE ©199 K HIEE B SYHE

WK 2A Fi, WK D199 1 3@ B 245 4 |
W, ERWMERE, NEEW, HREYHN 2 mm, &
HBDE R (B 2B), BERER ©199 i 2 Wik Sk
EHAAYH 50 nm () - EAR, B AT DO Y
BB, KEEZH 100 nm, JB TWURRIEE A,

A, WERR @199 TE AR BEA ; B. WEREA 199 fi L5 T H
B (HEBIR =50 nm)

B2 MEE $199 EEFEWER

2.2 EEE ®199 HiE MOI

WE 3 s, BERR ©199 B AE MOI 24 0. 01 ~
100 B 6EG£355] 10° PFU/mL, JfH7E MOI H 1 i,
W T AR PR B d e A 9. 24x10° PFU/mL, PR MG T
®199 575 F 1 0157, HT HyffE MOI M 1,

101 P28 _aq

e 524

WM g(PFU - mLY)

100 10 1 01 001 0001

MOHH

B3 EEE $199 f&E MOI

2.3 EEEK $199 —HE KLk

WK 4R, FERER @199 ZEHT 5 min LA JCHA
WAL, 5~10 min WA 2RITHE, KRB TRE,
S v = 117 1SV 359 0 R B Vs RS S 4 s A B
WA R D199 AYIRIYIN 5 min, 2N 5 min, 2
fife iR 44,



B S®E 2025 4F

£578% F1M - 101 -

W B A Ng(PFU + mL")

5} [8] /min

B4 BEEE P19 —F 4Kz

2.4 TEHEE ©199 A5 ZAE i 2 E

PR AR D199 517 5 LA dE MOT IR & 1537 3F
FRELUEE 12 h, S50 5 i, 76013 h N, BERE
& ®199 BEWE 58 M H KA FF I 0157, HT ALK,
RINWE AR R R 0157, H7 MR 2 K |

75 O BRI R DA P
@ 0157:H7+® 199
m 0157:H7
& LB
1.0
@E
Q%
S 0.5
0.0+ :
0 2 4 6 8 10 >
B8] /h

E5 MR O199 {k5hSLHR i 2k

2.5 MEEE ©199 HIETEMR pH FREMH

WK 6 i, 7E40~60 CHIEEF A $199 figigia
FEFAE, 7270, 80 CHIWER AN TE 1.5 h N2
TR, 7E90 CHEE 30 min J& W BRSO,
DI F4EREH], MR D199 7E 40~ 60 °C 16 [l N T 1
FeARasE, 7E 70 °C J L bR T B s E] A= A

WK 7 frs, WA ©199 16 pH {E-N 3~ 12 i
HABETEME, pH R 2 113 B 58 23 806
X B 48 B2 B W AR D199 X R B HL A — 5 1Y it 57
PE, 7E pH {8 3~ 12 B 7] DIFAEAETE

40 C
~ 550 C
2 A 60 C
E #70 C
; &80 C
2 90 C
&
5
s
&
=
i
£
P} 8] /min
B 6 MEEE ®199 8EERME
121
= 104
—
g
S
=
[=%
& 6
s
B4
&
# 2]
o4+—b—r—b——r—r—r——r——v—v—e—
1 2 3 4 5 6 7 8 9 10 11 12 13 14

pHE

E7 WEEE $199 pH {EEEE

2.6 HEEEMEZRR MIC &

K AN B S5 AN R R B Bk IR FR E LARST R
AT A R IR SE KT K 1 MIC, 455R, SRR itk &
SR E 0157 HT B MIC 4 64 wg/mL,

2.7 EEE ©199 SHRBREAREREIMNIENA

P ERIR SRR R SR AR D199 (RS
BAERRE AR, i R B AR T R
NG MIC 78 L, S553RA01E 8A AfR, 4R
TRHEE S 10° PFU/mL B, $hW2 5ok aE R 1) MIC 458
64 wg/ml; WE B K W A 10° PFU/mL A1 107
PFU/mL B, $TAR A BOR R 172 MIC; 41
BRI N 10° PFU/mL I, $idE R AR ERFZ
1/4 MIC,

E— AR A0 TR OD g, (A ISR, &
8B I T WA AR 5 Eh R v MR R IR G I H I RUR,
BEARRAEIERRSCE, BUABK, Bk, &
Y PR A TR O B, FLES R SR 8A —3K,



- 102 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 1
d PreE R (g - mL) B
512 256 128 64 32 16 8 4 0
a 100
o 10 80
57 e "
ﬁ .
" E E i 40
Ha 2 20
[=9]
izt P 0
o £ 10
5 =
K "
% bl
+ 108
S
512 256 128 64 32 16 8 4 0
T Y PUERWE (ng - mL)
MHIE TR+ R B MHEEFR
A WERR SRR ERE RIS N 96 FLAR; B. AHTA 5 R IR SORER KA BT ACR
8 HBMREMEBERSEEE ©199 BRENANRENR
3 it K, MITHIHIAR B 26 1 B A . BRIR T MR 3K

AR T LARIAFFR 0157, HT R ER
WERR AR D199 HyAE Y 2FRerE, IF HIEp ik ©199 54,
1% v PR B R 1K RE A RIS R A AT TR X R R s MRS 2R
) MIC, Wi AR ©199 (A Y) 2= etk B, HfefE
MOI K 1, REfE 78 SUZ B AR - A b T B M 9 0 B
B, AR, BEEAR @199 GEMEFE 3 h ik
RAF AR AR, 38 A 375 5 FL B8 L5583 s 1 1k 199
& THURRIRERE A, HA EHARZHR 50 nm B AT
JEZ974 100 nm AU HB, AL BROKE A2 L8 52
e Wk PR (R A AR AE ™, VR — i E iAW A R
AN BAF 016 B0 T A BB 9% Kk 45 38R A R A
FHUS S I AR v A A AR S [ B R pHL [ A5 R
FIAAERE T R, WA ®199 7E 40 ~60 °C i Bl M fiE
SRR R S, 7E pH M 3 ~ 12 5 Bl B B 10
APEE R, RILRB S B TE 1R B TR A
AAF, UESEIZ N B A BT R0 R A

HTHUAE R, S0 R 2407 i 24544 (] 35
JUEE, H TN A 1R S BOR R — A R
B TCIA B RAFBIRTTRCR , PRI TE I PR
B E A2 E A Y T, HEE A
BZWMRRS WoR, SRR E XL,
Wk AR S P A: R EA DR RIAE T, AT Akt S 200 1R Je%
Yool A PRI B L B Ah, R 2 Y I R
BT B W R R S P A: RIS N UG YT 2 E i 24520
PGS R B, JF BLBUSR T80k B3 MR 3L
R B M E R AT b, R
I SRR 50S WAL LA, 0] 240 TR RS S

I A A A0 A 11 4 T 4 R 0 ) 200 R %) A 3 ok
ROANE, AR THEGEA A

AW R, B AR R s MR B A, FhR e
MRE R X AT H G MIC R 64 pg/mlL, PUEBCRE
2% Hoph il FHWE AR, 108 ~ 10° PFU/mL 1Y W B 14
®199 #RTCIETE 12 h NI KB FFE 0157 HT 4
K, A MRS R YR, TEREATEE R 10°~107
PFU/mL B}, REGENGHiAE R A MW ERE R 1/2
MIC; FEWER KRR 10° PFU/mL B, BEAZ(EHTA:
R R P EEFE 2 1/4 MIC, FEWBEA 0 FH AT LA
MR EIE 25 PTEROR . AR R S5t
ARSI R M HRE E 12
MIC™ i A 3 30 [ A P A A Wk & 174
MIC, WEHEE THHRCR . XA FRCR iY77 £ ]
AESE P R R 80 . —J7 w2 40 b8 o] BE R st
P BIR il feff TGk R ke A 2 A B BIL A G 2 AR )
It BB R BT B HL] 2 [ 0] BEAAfEA B Ve, B
B — FhHE BT AE 1 1Y ) B £ I 55 5 — b B fE
F3EA LI S T W R A A R B A R, 4
PR P R 2 25 2 JE MR el AR g P A T HL I B RE g, (H
JEIENE i 2 45 AT i S BT 25 40 T R T AR R T
JRITEL S T, A BRI TR A B [ 1 T R
TR R AR T 40 R, IR AR T M 25 R AR
g

Zil, AUFS R T —FhAg % 2R K AT R
0157 H7 M2t R ©199, H 5 Eh R v bk
RIS e LRI A 40 TR AR, R RhIR
FHI7 26 T4 il b i 25 R AP B 0157 HT7 511



BHEEE

2025 4F

£578% F1M - 103 -

Y BT LE R R A . SR, H TR R Sk
%%mMﬁ&%Mﬁf SO T BLE P ), — 7 T
SENE AR AT e 5P RE  Z AR RS B, %ﬁ%m
Fmﬁﬂ%ﬁ?f@%mﬁﬂ%m T3 — 7 I J2
RSP RBCHASR T B T 2040 8 N i R MR
E%ﬁmw,mmMWhﬁoﬁﬁ%ﬁﬁﬁW%%
R 255, DR KRB 0157, HT N
R, ERMBREFEYIR, X8RN,

s TR PR I A B3R T B RE 8 I AT 75 40 IR 10 B,
PEET S IR YT SR, LR S I 20 R i 24
A R MG E BT IR A, DL ) B 2
PRBIfED AT G2 A Wt B A — e 2 3R B 1o 1% K e
Az

SEM

(1] ZRE, £HUK, A0, % KBFTE 0157, HT7 WA R
W25 TR R ) i 8 S LR ()], S re i, 2023, 63
(8):3203-3218.

[2] LIZARDO M, MAGALHAES R M, TAVARIA F K. Probiotic adhe-
sion to skin keratinocytes and underlying mechanisms [ J]. Biology,
2022, 11 (9). 1372.

[3] KUANG M, YU H, QIAO S, et al. A novel nano—antimicrobial pol-
ymer engineered with chitosan nanoparticles and bioactive peptides as
promising food biopreservative effective against foodborne pathogen
E. coli O157~caused epithelial barrier dysfunction and inflammatory
responses [ J]. International Journal of Molecular Sciences, 2021,
22 (24) . 13580.

[4]  ARVIDSSON I, TONTANAHAL A, JOHANSSON K, et al. Apyrase
decreases phage induction and Shiga toxin release from E. coli 0157 ;
H7 and has a protective effect during infection [ J]. Gut Microbes,
2022, 14 (1) 2122667.

[5] BUMUNANG E W, ZAHEER R, STANFORD K, et al. Genomic
analysis of Shiga toxin—producing E. coli 0157 cattle and clinical
isolates from Alberta, Canada [J]. Toxins, 2022, 14 (9): 603.

[6] ZHOU Y, CHEN Y, LIU Y, et al. Controlled copper in situ growth—

and field -

amplified lateral flow sensors for sensitive, reliable,

deployable infectious disease diagnostics [ J]. Biosensors and Bio-
electronics, 2021, 171 112753.

(7] DUESE, 258, Somt, A% RSl K1 e i i ok
BTk PNJ1809-36 A= 427 itk e S B4 40 A [J]. B A
4, 2021, 52 (6 ) 1677-1688.

[8]  TORRES-ELIZALDE L, ORTEGA-PAREDES D, LOAIZA K, et
al. In silico detection of antimicrobial resistance integrons in Salmo-
nella enterica isolates from countries of the Andean Community [J].
Antibiotics, 2021, 10 (11) . 1388.

(9] SmHYE, EEAT. KIBRAEE 0157 « H7 Pk R ZitEmrot ik e
[J]. WipyBE=, 2021, 33 (11): 1117-1121.

[10] MENG J, ZHAO S, DOYLE M P,
Escherichia coli 0157, H7 and O157; NM isolated from animals,
food, and humans [ ]]. 1998, 61
(11): 1511-1514.

et al. Antibiotic resistance of

Journal of Food Protection,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

OBAIDAT M M, STRINGER A P. Prevalence, molecular character-

ization, and antimicrobial resistance profiles of  Listeria

monocytogenes , Salmonella enterica, and Escherichia coli 0157, H7
on dairy cattle farms in Jordan [ J]. Journal of Dairy Science, 2019,
102 (10) . 8710-8720.

OBAIDAT M M. Prevalence and antimicrobial resistance of Listeria
monocytogenes , Salmonella enterica and Escherichia coli 0157. H7
Comparative Immunology,

Microbiology and Infectious Diseases, 2020, 70. 101447.
ATNAFIE B, PAULOS D, ABERA M, et al. Occurrence of Esche-

in imported beef cattle in Jordan [J].

richia coli O157. H7 in cattle feces and contamination of carcass
and various contact surfaces in abattoir and butcher shops of
Hawassa, Ethiopia [J]. BMC Microbiology, 2017, 17 (1): 24.
ABREHAM S, TEKLU A, COX E, et al. Escherichia coli 0157,
H7:. distribution, molecular characterization,  antimicrobial
resistance patterns and source of contamination of sheep and goat car-
casses at an export abattoir, Mojdo, Ethiopia [J]. BMC Microbiolo-
gy, 2019, 19 (1) 215.

CHEVALLEREAU A, PONS B J, VAN HOUTE S,

et al. Interac-

tions between bacterial and phage communities in natural
environments [ J]. Nature Reviews Microbiology, 2022, 20 (1)
49-62.
SHEN S, HUO D, MA C, et al. Expanding the colorectal cancer bi-
omarkers based on the human gut phageome [ ]].
Spectrum, 2021, 9 (3): e00090-21.

MENDOZA S D, NIEWEGLOWSKA E S, GOVINDARAJAN S, et
al. A bacteriophage nucleus —like compartment shields DNA from

CRISPR nucleases [J]. Nature, 2020, 577 (7789) . 244-248.
FAYEZ M S, HAKIM T A, AGWA M M, et al. Topically applied

Microbiology

bacteriophage to control multi—drug resistant Klebsiella pneumonia in-
fected wound in a rat model [ J]. Antibiotics, 2021, 10
(9) : 1048.

WANG Y, SUBEDI D, LI J, et al. Phage cocktail targeting STEC
0157: H7 has comparable efficacy and superior recovery compared
with enrofloxacin in an enteric murine model [ J]. Microbiology
Spectrum, 2022, 10 (3): e00232-22.

FONG K, MU K, RHEAULT J G, et al. Bacteriophage—insensitive
mutants of antimicrobial—resistant Salmonella Enterica are altered in
their tetracycline resistance and virulence in Caco—2 intestinal cells
[ J]. International Journal of Molecular Sciences, 2020, 21
(5): 1883.

KOONJAN S, CARDOSO PALACIOS C, NILSSON A S. Population
dynamics of a two phages—one host infection system using Escherichia
coli strain ECORS57 and phages vB_ EcoP_ SU10 and vB_ EcoD_

SU57 [J]. Pharmaceuticals, 2022, 15 (3): 268.

AGHAEE B L, KHAN MIRZAEI M, ALIKHANIM Y, et al. Impro-
ving the inhibitory effect of phages against Pseudomonas aeruginosa
isolated from a burn patient using a combination of phages and anti-
biotics [J]. Viruses, 2021, 13 (2): 334.

TKHILAISHVILI T, WINKLER T, MULLER M, et al. Bacteriopha-
ges as adjuvant to antibiotics for the treatment of periprosthetic joint
infection caused by multidrug — resistant Pseudomonas aeruginosa
[J]. Antimicrobial Agents and Chemotherapy, 2019, 64 (1):
€00924~-19.

TKHILAISHVILI T, MERABISHVILI M, PIRNAY J P, et al. Suc-



- 104 -

Animal Husbandry & Veterinary Medicine

2025 Vol. 57 No. 1

[29]

[30]

[31]

[34]

[35]

[36]

[37]

cessful case of adjunctive intravenous bacteriophage therapy to treat
left ventricular assist device infection [ J]. Journal of Infection,
2021, 83 (3): el-e3.

TR, R % R BN B8 R XA R I AT B . IR B o A
SMIEIREE [T]. hER, 2023, 18 (6 ) 135-137,
Abfefd, Mherin, i sc, . WERE IR S HA RGBS N H K
PRREVERIPLE (1], hEPIA R A&, 2022, 47 (10): 985~
993.

WIEEHE, R, MR, 4F. PHB26 MEE K SHUAE RBHA
A 22 T 24 et i S M R AR BB IR R [T, R
e, 2024, 64 (2). 473-488.

ZERLHE. FOMER R XA R IR MR R T RCR IR (1], &
PR ERLE (TR, 2020 (4): 15-16.

LA, FOMREE R IFAL R A TR T Y 23 B B R SR T
248 [D]. BEA, BEARY, 2023.

MA Y L, LU C P. Isolation and identification of a bacteriophage ca-
pable of infecting Streptococcus suis type 2 strains [ J]. Veterinary
Microbiology, 2008, 132 (3): 340-347.

DOS REIS T F, HORTA M A C, COLABARDINI A C, et al.
Screening of chemical libraries for new antifungal drugs against Asper-
gillus fumigatus reveals sphingolipids are involved in the mechanism
of action of miltefosine [J]. mBio, 2021, 12 (4): e0145821.
A, PRRR, SN, HUA R S HURZ Y b R IR A
BT (1], BEdaeak, 2017, 37 (3): 116-121.
RIE, W, B, 5 IR NAE ICU RAERG BE I
WM [J]. WK aL%0, 2022, 23 (11); 781-
786.

SHLEZINGER M, COPPENHAGEN-GLAZER S, GELMAN D, et
al. Eradication of vancomycin - resistant Enterococci by combining
phage and vancomycin [J]. Viruses, 2019, 11 (10) . 954.
TORRES-BARCELO C, HOCHBERG M E. A window of opportunity
to control the bacterial pathogen Pseudomonas aeruginosa combining
antibiotics and phages [J]. PLoS One, 2014, 9 (9): el06628.
CHATTERJEE A, JOHNSON C N, LUONG P, et al. Bacteriophage
resistance alters antibiotic —mediated intestinal expansion of Entero-
cocci [ J]. Infection and Immunity, 2019, 87 (6) : e00085-19.
CHANG R Y K, DAS T, MANOS J, et al. Bacteriophage PEV20

and ciprofloxacin combination treatment enhances removal of Pseudo-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

monas aeruginosa biofilm isolated from cystic fibrosis and wound pa-
tients [J]. The AAPS Journal, 2019, 21 (3). 49.

DICKEY J, PERROT V. Adjunct phage treatment enhances the ef-
fectiveness of low antibiotic concentration against Staphylococcus au-
reus biofilms in vitro [J]. PLoS One, 2019, 14 (1) 0209390.
R, NIRBR B~ N BEREE I 25 Y0 1T BRI R AT T A% B AR
KT TE R RSP RE R EUIE [D]. W/ARE: Rk
Ar R, 2023.

CASTLEDINE M, SIEROCINSKI P, INGLIS M, et al. Greater
phage genotypic diversity constrains arms — race coevolution [ J .
Frontiers in Cellular and Infection Microbiology, 2022, 12 834406.
MORRISETTE T, KEBRIAEI R, LEV K L, et al. Bacteriophage
therapeutics: a primer for clinicians on phage — antibiotic
combinations [ J]. Pharmacotherapy, 2020, 40 (2): 153-168.
GORDILLO ALTAMIRANO F, FORSYTH ] H, PATWA R, et al.
Bacteriophage —resistant Acinetobacter baumannii are resensitized to
antimicrobials [ J]. Nature Microbiology, 2021, 6 (2): 157-161.
CANFIELD G S, CHATTERJEE A, ESPINOSA J, et al. Lytic bac-
teriophages facilitate antibiotic sensitization of Enterococcus faecium
[J]. Antimicrobial Agents and Chemotherapy, 2021, 65 (5):
€00143-21.

SUDAGAR A J, RANGAM N V, RUSZCZAK A, et al. Valorization
of brewery wastes for the synthesis of silver nanocomposites
containing orthophosphate [ J]. Nanomaterials, 2021, 11 (10):
2659.

REE, A, TN, 55 WEA SSRGS N BTt
[J]. hEbiAERSRE, 2017, 42 (10) : 842-848.

JIANG L, YANG W, JIANG X, et al. Virulence—related O islands
in enterohemorrhagic Escherichia coli 0157 H7 [ J]. Gut
Microbes, 2021, 13 (1): 1992237.

VOIT M, TRAMPUZ A, GONZALEZ MORENO M. In vitro evalua-
tion of five newly isolated bacteriophages against E. faecalis biofilm
for their potential use against post — treatment apical periodontitis
[J]. Pharmaceutics, 2022, 14 (9) . 1779.

DIALLO K, DUBLANCHET A. Benefits of combined phage —
antibiotic therapy for the control of antibiotic —resistant bacteria: a

literature review [ J]. Antibiotics, 2022, 11 (7). 839.



