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The new therapy of bacteria infection: bacteriophage therapy

GUO Ting-Ting, LI Ling*, SUN Yuan-Zhang, CHEN Yu-Chun, GU Wei
(Biological Research Institute, Shandong Baolai-Leelai Bio-engineering Co., Ltd, Tai’an 271000, China)

Abstract: In the prevention of sepsis and some other severe bacterial diseases, the traditional antibiotic therapy
appeared more and more serious bacterial resistance, antibiotic residues and other problems, therefore phage therapy
and some other non-anti therapies have received widespread attention. Here we elucidate and evaluate the
classification and biological characteristics of phages, the clinical results of the application of phage in the treatment
of animal and human bacterial infections, and also analyze the advantages and disadvantages of phage therapy.

Phage therapy has shown many incomparable advantages, which is a promising alternative to antibiotics for

bacterial pathogens.

Key words: bacterial infection; multiple resistant bacteria; antibiotics; bacteriophage therapy

2011 4F, Sulakvelidze " 7£ Bacteriophage %% i&.
ARRWR ARy CHBR b A AR, N ZE R
BREMHAEY PR T B REENER". B4R
it, MER ELALFEAE 107 MR, 2T Kk
25 10°%~10° A, 45 50 L e 294 107 A gt 1 14 P
Chanishvili® #, — A4~ 42 §f, Willian Twort Fl
Félix d’Herelle 5 J& /& 30 W6k BT 44 RE O B 40 B, HL
A ALY AN . K2 20 HH2D 30 4K,
IR BRI 77 B ASE s ) FH W T A 8 97 22 v 4 1 12
P, WRREE. IRE WIRAMEE. DR L
Bh HEMGERL SRS SRS R G, 1925 4,
Sinclair Lewis £ (B2 2% ) — i 42 205 H
W B AR T T N B B B B

SRTT, T RHINR AR TR T T 2 R BUT

MR — B4, TR s R4, BB 20 A
40 R R 25 WA 50 SEACRLE AR B, A
MIFEAIE R T W FUWGE T AR D4, (HAERTIRER.
=, BERE ARSI R R — MR BRI AR E
F) 20 40 90 AKX, FUAE AR AT T 0 25 40 1 Kk
AN L, AR S T R AT R E
PUMBRIRGE BTk BrRAMERE .
ARILEBNA TWERARN >R I 7 W
WA TVEII LSRR, I ] EEREE TR R AR T 30
AN A0 T SR L A e R AR B 45 2R, A UL
% SR 24 4 R IS AR A o XTI T B A R

S HER: 2015-09-15; 1&EIHEA: 2015-12-10
*BIE1EE: E-mail: liling3210@163.com



818 AR

8%

B, RTINS TE 0 KA I RV A A SR,
EREAGUERIBIT 2 AR, WKWK
e ™ &, IR B AATIORE

1 BEFEF S IR EEYFHFE

H AT &I 6 000 2 Pk p 44, 45 6 196 #f
YR W T R 88 Fh il A ME Ak . OB AR R,
BER. 2R BRI, 2RSS KRR
LR dsDNA. FRR dsDNA. PR ssDNA, IR
ssSRNA F1£E IR dsRNA, F b DLZE Rk dsDNA J§ £,
2005 47, [H PR R 5> 22 02 (ICTV) AR 9 Wk 1 4
BRI, TG FEARRHIE S g 32 RS AT
T ARG H G4,

Wik B AR L Ve 27 SR AE B S AE AR, IR AR
a8 F RN BT 2 A RS A E, FEARR 8 4
Pl RUENE. WIENE. Dhia R R AR R . —
TEPF LRI N B A TR AR VR TT, Hoh i e H
1) 3 MR—NURRERN KRR SRR RN
BHEL S T R R R R TR AR . Sein A 8 T 5%
AR 220K W 8 A o2 T W B Ak Y 07 Fr 4 s

T VR A W e TR A%, R B 2 ik B AR 4 L A o
JAMAMEE— 20, X H R T-Wa B R 2 0 B T R B 3R
SR G AL B 7 F A EAME, G0 A IR A R
Redr R IE4s & K AT i LamB 3246 P, 5 5900 %
32 AR S5 BT, — LelR B R e % & RCRr 7 10 1 Bl (7K
fire il 22 WG AN 22 bl 2L AR G ) P A I o 22 B S
IXEEEELE I VAT L B VAR BN P A ™

Wik B AR I S AR BRI, 7 A ) TR i )= s A
MuBE, H¥ B S EYENRE E4it, FiG
HEAT W B AR LB R R TA A e ok B A 2 0T
) 2 B A AL MR B AR AR IR AN EE B i, e
e AR R AR A, R A, BT
Wk R AR . AR B AR I REAR B 2 MR B AR P . 16
BIRAS S HAD IR R 25, Gn i = vl A R 1) 8 7R i o
g U0, AR YR A B, Wi B A 2 7 AR — R,
WNEZR . NE BT & RS SE, X Ll
HRES AN 40 f BE, (R AT 4H iR . X LU
TR ESR. RS ARSI, 1
VB — Tl B % B 7RV 97 TSI e JF A ™ 2 (1 40 1A
e 01,

T SRR B A (A Y R RN R AR ) B AN B )
2F B S RS BE RSk b, IR
A F R EHEMAL S T AKX, SR 2 BAL
W, FEIEMEAETN, W D I e A 2 9 1 3 AR B B

PRI T A U rh I DR I T A — A ) R
F 33 3 5 — AN R e S . sebr b, B4R
R AT SV TR 280055 T A ot 4 1 i PR 2L 3 A % % 1)
AR, Goeter 25 " 5 48 4 I B 44 Lk o 3 (R
ACFEERS AR ER R, e SRR 55 1 3 B IR 24 1
SN TR AR HEC R FIRE BF R R,
o7 R WG T A S iX — R, S A SR TR T AR s e
A, BEBE IR T W B Ak BB M I A RE S, Lu
A Collins"™ 4 7 J2 [H 4 A\ B M3 Wi B 44, 4
HERMNKERE LexA3 JIHE A, &AL HT
LN H B E 25 DNA [ /. kst B 5 R,
% 5 20 W A AR K AT B A ARR R I R T, HL
1E G fi 18 K P K 1 1/ BT iR B8, o M3
Wi T A S PR R, REE S D RAAE R
M7 Bdgar 25 M 01 70 T 3 [R] S50 AR s B8 44422 e 2 o
Tk 240 TR T R TR P R U SR IR, (A
P TR R 2 B S o 2 R 25 e R UK 1 R

2 BEEATAESM ERMR

H 20 40 80 FELIK, BRAFAIZ R 49T
ERH T A5 SR AE 2 M VRO R
7, IR TIOR3 14 TR AL

BB T ASFIRGAR R, U0y AR TS
FHAEHEY. P RGURGe. ARG, AT
RS B PREGIEGE. B BRI GA)
LSS BUW A R KT R 2 2T (4
SRR L O N BRI AT T il e
AT T 0o B R R ER A ) 50 U 41 B3R 55
EHNAE T ARG T, BREEEES . TR,
JRIFBESS B ES WIS RIS N4 2

XEERFTLE R B, MR AR IR KB Y4E
TR EABRAER, Hrb 3 T 7i 4 B o w6 i
TPECR M B A THUAEFRE Y TN R
EOGRIT RRI T, MR ARG DU R T IRAE
73 JE AT (1 250 R B AR T U — 7 v B

3 EEHTIEEANEERIMR

WG DA V2 8 RS T NS TR 9T /2 AE 1921
4E, Bruynoghe 1 Maisin® 1) FH Wit 1 44 6 97 5z Jok A
TR YL, 20 T4 30 4RAR, W AT I A
2 TR NN MR, T 2E R 4 R
RSS2« WSCILAEE J9F T8 AR g LA R B o 0 286 e 1) A ik
gL B,

2 20 20 40 SRR, WRTE AT R BAEE T [ 5K



F7 ST, S YN B PR T R —— R B TR 819
F1 IR AT AR I A SR
SR YA LAY WERAAYTIE ROR EE PN
TR 4704 2R I AT N JiINARER Dy KB TR, BRI AL YT [15]
RIGRCR AR LT
Kip¥sas INH 5 i i s 1755 FIR BE WD KGR, L F% [16]
B U P2 973 TSI A e R
KI5 A B SR AW AE w5 ¢ PN JULPR B KN H Ay [17]
A B T L T ¢ v 7 AT B AN JRIRLE N BRI K 73.33% [18]
R KER LR WG A AR B A5 P A 2618 F ) S A [19]
T FF 4 PG PR 4 B 7 2 R B T
R A e
T P 42 P8 AP 4 2 2 B A 51 A IR /N I s R 71100%, J7se Tl [20]
HRMELHER
TR P4 PH PR 4 2 (0 2 R A 5 BSR4 /NER BN BERERANRIIT R, ERF [21]
VRS IR JE 5 A A
G A A BR A 51 SIS S A 4 B R /INER NN Wk T 7 XS5 2 YR o S50 2 T A v [22]
i S IR, TSI B R,
TR 2 5L
S o FHT A R | R SR R ES MR TCB R SORE B, A PR KT B [23]
b
JKER 51 AT F AT # M WK AR B AT f ) BT 2R [24]
BTV T IR 5| Tk e L MElE ST IR E RSO TIRE B R [25]
P REB- P B R 0 IO ST R B R &g PR F R PR RR e, 5 i [26]
AT G A5 PR 24 WA A L IR R A TEXS T [27]
TE R BRI, e v T Ay 3
IV ] G & C RS 24 WEBNEMDTTRESEEL T [28]
R, ERHEES 7 A M RE A
HR R EA R
SRS i R ) M Rgh 2 PRI T A B A5 VT L B [29]
— I B AR T AR AT
TR it 9% 5 1K B /NER B R A R A IR T B [30]
e SO T K T S U 9% /NER 16 s A TR R, AR mEmIL100%  [31]
% S 25 A0 R AT S B0 5 /INER B EaY AV, G I e, [32]
NRTGHE
S B ) A1 P T /NER R Wk A A7 Y B A R /N BRI [33]
R, HxZ Hif 2540 5l &2
i A 2
77 B- PN TR R I AT 1 5 e i s ¢ g MEENES REERREIL100% [34]
AR Y

S BV TR, R I3 PN AR RR ) X ST 307 1 I R A

(B KR AFAEARRENL HAS RTZ 5200 DA 3R 2 1 1)

i PRAIEFC AR, AR TR YT AT 51 ) 1 1 I e
i PRI 7T, 3K L LS R R B A AT T A ATt 1
WZESNSH TR, IEHER, SCH KRR K
PRSL PRI AT, e i sk 5 I P Wt T RV 97 ER i
FFE SRR A8 R i g BT, DU U AR i 2 45 T
A M) FH R TR A Y0 P 3 PHORT T 1 < 24 € 81 4 BR TR
SRR AREl Gy, AR T LB AR 2R B

Tk, R E B RIS UE B 1 W TR ATV
22 4%, Sulakvelidze F1 Kutter™ F] FH 7 % K B W
FRIRER . WA B R B R T4 V697 AR, %
Vg, BeAh, B2 KRN E ] TR AR
ST 25 R B G S, B H AT, AR RIE A
HHEL A AR 1

2009 4=, Wright 25 ¥ % 38 7 — 58 F) FH G 1



820 AR

8%

WRIT N R Rk 0 T ARG, EZEE R R
B IHE AR E AT B E RS EEE. Ak
RIS FIH S 10 Pl g 74 198 & WA 7 i 2%
RefEshRmEME R H 2%, 455858 R5 X A
5 P R NS R NS ORI OE @ RN 1 R
IS RFEFR (WIAIE. JREE. . MEMRAREE ) #
ARENE, HEAR RN ™,

Abedon 25 B - 2011 45 ) FH W 5 44 39E 47 5 4
JRGLIETT I T HIIG R EG, 3 P 588 ek I A A ) e
(1] BFC-1 JR & wi s ab # G E il hr, B aEr
pe) A H BIATE AR 22 4 [

H AT, W B AR FH V0 T7 N AR B 1 0 B
R M, S A Rk SR R Y S A
RIUFACR

4 BEEFTTERMS

Wik B AR A — PR S B R dEFRF AP AT I
HARGUE A, RN, B TAEAALH S 2 A T
%, HX G\ G kmzytkangisaEm Y.

PUAE R ISR AEH 2 2B E W
SR, TR A B AR SR — M, U SR .
W RN, WREAARTTIEA S IAYUR EHE R, 1M
AN B P95 B i A R

BT = KRS BEMLME . AT iale, DR,
AR M DA W T AT V2 K AR R R AE RS R, {H H R
A T SRR, W TR IR A B R RIE .
Sarker % "I 8 1 B FH K AT A 6 R A T4 1R
TEH 32 A AE S R b 1Y) B8 35 35 0 H B
HEARIEIR.

WR B A ATz, T B o 0 I B, AT
T s R GRS REIT B BAh, BETEH
IR T Wk B R R A T (R T R A P AR B £
HEERE ) AP RE .

Wik B AT V2 BB 0% S5 35 A Y 4 Bz B Singla
2 DU 2] R Wt B8 A7 Yk T AN YR 9T 50 T AP R R 51 A
() it 28 ke v, A5 /N BB FE R B ARV 9T S
LI TS B SEORE S N3 B8 S 55 FAR T WG 7K1
T A 40 PR 77K P 55 3542 157 » Weber-Dabrowska 25
IR, WREARGIT H8ER . N TR,
JIR AR EH RGeS St i B Gt C- B B Al 48
MO AT A B2 5w, R B AR S 2 9 R &
5532 RECE SR TR, (HIX A2 Joox {41 1) W ¢
WG, ATk S R FU gl . 2012 4,
Miedzybrodzki % " #F 78 & L, R A 24 3 i i v C-

SN R KPS 10 mg/dL, R R B4R 9T )5, C-
SNEER A2 SR

MG FEE b, BB AR T I AR T 414
#9%. Miedzybrozki %5 ™ i) FH W B 44 B D1 VA 97 6
161) 7 %2 1R B RS 4% (03E MRSA) 11 523 5k 78 43 15 W
TIX— .

FERRIG B M b, WA T A,
AT DLOIE B KPS R 8CR, BaPidE xRl
ffi . F7E 20 tHh2d 80 4 AXH), Smith f& H [ &
PRETT IR R AT TR PR /0N BRURF S By S Wk 1 o)
A SENEE8E RS, HHWE R T
FEHTURER. &Nk, &EER. ZHFE N,
1M Sakandelidze' FIBF 50 40 R I, V497 NSS40 1
g, WS B R R R EGIR RS, A
U2 2R RITIGEE TR A 1) SR 96 97 20 S A P B A 2R B 7
G TT, SCERART TR

Zx FRTR, WR AR IE B AR A A LU LA
(D) X ZFham e (LFEm 25 i ) Bk 2) T—
PESR, AR T 4ERFHES AT s 3) TRIER ; 4)
GIATTZ 5 (5) BRI N 5 (6) ARG 5 (7) $rm
7o

5 EEATTARNERM

ZR L RTIR, W AT I R IR T R R
FEARH R R (HA, Y B R LE A R
IR R 2B 2R 2GR I BRI [A] 55 .

2 SN FH W T A 9 6 A B I S 1 Sl 7R R
HERF B 58 1 A IR AL B A R R XS R
WAL RIEREA. BB, B ER A
CWORE (2 DX 4L E B I AE ) 4 009 D
A 5 AR JE R P G T A AR (A A R R, R
Xt Bl A A ) W R A AR o AN IR R R
XA TT SRR B IR B SRR BRI
Yyseis BT PANMRATATH . JuffRix A
WA, NATTER T R R AN T, BT
MRAR G IO 20 T T 7 B O, 2 IR A BN A% %R SR
BEAT 7338, JF A A R R 52 10 2 PR 1 Mk 1 4 2 Rl it
PR RS R AR B FEVAE IS AR B AR 4k
BT FIRZEIRTT BRI Gs IiE iRGeSems, JT
R o H TR AR - 18 AR A E 1,
H AT U55A IR E AT IR . 34k, i
[EERENORZE LU I878: Wik 7/EENPR I Ntfe ¢d RS
A R B AT B AL A A A AT REdE, SR T %
R AR AE. BRIEZ AN, BT R RS 1 ) 52



HTIH s, S AR KT E—— R AT 821

F| pH FIBGHISZ 0, K0, EEEAE G IERA
AR BRI RN . Y PRIENER T A
WITRCR, B RAARHE R4 25, 0% KM
TP L TR AR A HE T B, i e Wk A AR AP R
B oy B O pH i 52 A% e AR RS E T A

AT AR T B RIEAT RS
SEEURTER RN E AT R, SR AT
Bl 24 1 AR AT P

B H AT, C2AT V2 W R 1 2 T AL e
1113 ELVF 22 38 (0 6 B 2 A IR AN i s B, VR
SRR D RE 0 M AN A, I 2 S e A R R B A0
J U ] 5 R 5000 P vl ) HE A AT 55 B AR B 7,
IXLERE AR A5 P AE A B A Rk

SRR PENE AR SRR, B OB T AU
WIS R A RN N, I R, X
FRV P GENR L —REIER, 5l E
TE ) SO SRS V5 o

WEE AR, SEEE R RGN
R, RS R G R IEERT, TH
FETRIR P B 2R G AR B A A Y, AR Y R
A LR A S T RIS . DA
IR — A 7 A SO A
PR ERE M  TR AARE R) T AR, A KW P A7 R
R ILRER IR A, GARmME AR ™
TRBELAEAR, AR AR A7 R ]

ARSE B WETE RV R AR S 3 B
B AEGUE PRI B AR 1R 2. AT L I 7 4
MR B B 110 7 A DU LR R AT 4 BpOT 0 32 4R
Bk ZAREH . GRS A A
A5 R A AR RAZ BN T8 3 U AR AL ( FEfi
ZREL AMEE ) Bk, e S T A
R A S, AT BEL L 7 A W B A 9] 2 >4
PP 2 T G I 12 T ) SV 5 20 M DR 9 B TR R A 3
BaE AT, A Ml Sl B T R F336 K ek iR
AZSER S NI 2507 f 55 1 A 3R A X Wt B 4 F336
(RE7IRE N LS 7/ @ S i o )= F eV )
G2 BEM AT 2 IR R G ) il = W52
A, R TR A e B A ) 52 A Bk b
2 VAR R AR X AR 25 s HAR U E L,
LR E I S R G W RG VE T 7& DNA
) FEY R 1 1 1 R 0 1T ML R R ) DD o . S 2
S ARG B AR BT PEE B 7k DNA, LA I i =
SR 1) L DTk A e A s PR B 2
SEIEME, LB R TR R AR AR T AR B

rIAR e

BeAk, WU AEL, ARG A A R )
JRAT BT R 5 AT T S5 SR RSN AS R
REE, BRI N TR A VAR T R, L
AR AE [ v R e DX R £ S AR, HE DL
piris .

H BT B AR R R AN 257, T %
VEE R, TR EE R FDA, 82 RN S A%
VERUER A B G — o bR B, (B Py S
PR B A Flb AL AR T B AW A, VR 2 ARE R
PERIT FEAUAL R RRAL, DA WG T A A S 22 AR 22 1
2P, HAE R TR A TR NI 0 S HEAE i R L
S T 5

6 45

W TR A 2 B AR B2 2R T AR R (R A
MRSA) i) —F A2 TR, HAERT EAAERS,
{EABAHEER R BARGE Bk . JR1M,  BEE AT I
IASHTER N, W T R 7 925 R D 28 SR BR B 2 28K 2=
v Al I 2 G B BIF 7T 7 T I DR S
BRI D BRI R A2 5 Y, BT A2 K A A IE
FERNZ 5 BN AR R AL A 3R T, dng e
Gat7/E

FEN, WERRGISRIENEA, WAER.
A2 WEREAN AR 1, CUARAIE B E T AV ST 40 B 1
PR 7 BA AT R RS RS U AR, W
PRI R AR PR T 4R PR om B iR, 245 N1k,
W TR R A T2 IF RN T 4 T otk T
Tl T T 3 AN F I A L P T A 2 AN 4

[ ]

[1]  Sulakvelidze A. Bacteriophage: A new journal for the
most ubiquitous organisms on Earth. Bacteriophage,
2011, 1: 1-2

[2]  HIRAE, 75, £, 5 WRE RSN YA R PG
(¥ AT FCE . [ 85 25 9 35, 2015, 49: 66-9

[3] Chanishvili N. Phage therapy--history from Twort and
d'Herelle through Soviet experience to current approaches.
Adv Virus Res, 2012, 83: 3-40

[4] Eaton MD, Stanhope BJ. Bacteriophage therapy: review
of the principle and results of the use of bacteriophage in
the treatment of infection (I) (II) (IIT). J] Am Med Assoc,
1934, 103: 1769-76

[5] XuYQ,LiuY,Liu, et al. Bacteriophage therapy against
Enterobacteriaceae. Virol Sin, 2015, 30: 11-8

[6] Wittebole X, De Roock S, Opal SM. A historical overview
of bacteriophage therapy as an alternative to antibiotics
for the treatment of bacterial pathogens. Virulence, 2014,



822

G gEEd

8%

[10]

[11]

[12]

[13]

[14]

[18]

1:226-35

Philbey AW, Mather HA, Gibbons JF, et al. Serovars,
bacteriophage types and antimicrobial sensitivities
associated with salmonellosis in dogs in the UK (1954-
2012). Vet Rec, 2014, 4: 94

Manyuhina OV, Lawlor KB, Marchetti MC, et al. Viral
nematics in confined geometries. Soft Matter, 2015, 30:
6099-105

Chatterjee S, Rothenberg E. Interaction of bacteriophage 1
with its E. coli receptor, LamB. Viruses, 2012, 4: 3162-78
Schenk M. Bacteriophages: an alternative to antibiotics.
Dtsch Med Wochenschr, 2014, 4: 124-5

Nakonieczna A, Cooper CJ, Gryko R. Bacteriophages and
bacteriophage-derived endolysins as potential therapeutics
to combat Gram-positive spore forming bacteria. J Appl
Microbiol, 2015, 119: 620-31

Goeter FA, Hall AR, Buckling A, et al. Parasite host range
and the evolution of host resistance. J Evol Biol, 2015, 5:
1119-30

Lu TK, Collins JJ. Engineered bacteriophage targeting
gene networks as adjuvants for antibiotic therapy. Proc
Natl Acad Sci USA, 2009, 106: 4629-34

Edgar R, Friedman N, Molshanski-Mor S, et al. Reversing
bacterial resistance to antibiotics by phagemediated
delivery of dominant sensitive genes. Appl Environ
Microbiol, 2012, 78: 744-51

Rahmani R, Zarrini G, Sheikhzadeh F, et al. Effective
phages as green antimicrobial agents against antibiotic-
resistant hospital Escherichia coli. Jundishapur J
Microbiol, 2015, 2: e17744

Smith HW, Huggins MB. Effectiveness of phages in
treating experimental Escherichia coli diarrhoea in calves,
piglets and lambs. J Gen Microb, 1983, 129: 2659-75
Barrow P, Lovell M, Berchieri A Jr. Use of lytic
bacteriophage for control of experimental Escherichia coli
septicemia and meningitis in chickens and calves. Clin
Diagn Lab Immunol, 1998, 5: 294-8

Kumari S, Harjai K, Chhibber S. Bacteriophage versus
antimicrobial agents for the treatment of murine burn
wound infection caused by Klebsiella pneumoniae B5055.
J Med Microbiol, 2011, 60: 205-10

Yilmaz C, Colak M, Yilmaz BC, et al. Bacteriophage
therapy in implantrelated infections: an experimental
study. J Bone Joint Surg Am, 2013, 95: 117-25

Schuch R, Lee HM, Schneider BC, et al. Combination
therapy with lysin CF-301 and antibiotic is superior to
antibiotic alone for treating methicillin-resistant
Staphylococcus aureus-induced murine bacteremia. J
Infect Dis, 2014, 9: 1469-78

Singh PK, Donovan DM, Kumar A. Intravitreal injection
of the chimeric phage endolysin Ply187 protects mice
from Staphylococcus aureus endophthalmitis. Antimicrob
Agents Chemother, 2014, 8: 4621-9

Tamariz JH, Lezameta L, Guerra H. Phagotherapy faced
with Staphylococcus aureus methicilin resistant infections
in mice. Rev Peru Med Exp Salud Publica, 2014, 1: 69-77
Drilling A, Morales S, Boase S, et al. Safety and efficacy

[26]

(28]

[31]

[32]

[33]

of topical bacteriophage and ethylenediaminetetraacetic
acid treatment of Staphylococcus aureus infection in a
sheep model of sinusitis. Int Forum Alllergy Rhinol, 2014,
3:176-86

Dufour N, Debarbicux L, Fromentin M, et al. Treatment
of highly virulent extraintestinal pathogenic Escherichia
coli pneumonia with bacteriophages. Crit Care Med, 2015,
6: ¢190-8

Wong CL, Sieo CC, Tan WA, et al. Evaluation of a lytic
bacteriophage, @ st1, for biocontrol of Salmonella
enterica serovar Typhimurium in chickens. Int J Food
Microbiol, 2014, 172: 92-101

Shivaswamy VC, Kalasuramath SB, Sadanand CK, et al.
Ability of bacteriophage in resolving wound infection
caused by multidrug-resistant Acinetobacter baumannii in
uncontrolled diabetic rats. Microb Drug Resist, 2015, 2:
171-7

Colom J, Cano-Sarabia M, Otero J, et al. Liposome-
encapsulated bacteriophages for enhanced oral phage
therapy against Sa/monella spp. Appl Environ Microbiol,
2015, 14: 4841-9

Kim JH, Kim JW, Shin HS. Effect of dietary
supplementation of bacteriophage on performance, egg
quality and caecal bacterial populations in laying hens. Br
Poultry Sci, 2015, 13: 1-5

Hammerl JA, Jackel C, Alter T, et al. Reduction of
campylobacter jejuni in broiler chicken by successive
application of group II and group III phages. PLoS One,
2014, 12: 1-17

Diez-Martinez R, De Paz HD, Garcia-Fernandez E, et al.
A novel chimeric phage lysin with high in vitro and in vivo
bactericidal activity against Streptococcus pneumonia. J
Antimicrob Chemother, 2015, 6: 1763-73

Dufour N, Debarbieux L, Fromentin M, et al. Treatment
of highly virulent pathogenic Escherichia coli pneumonia
with bacteriophages. Crit Care Med, 2015, 6: ¢190-8

Cao F, Wang XT, Wang LH, et al. Evaluation of the
efficacy of a bacteriophage in the treatment of pneumonia
induced by multidrug resistance Klebsiella pneumoniae in
mice. Biomed Res Int, 2015, 2015: 752930

Basu S, Agarwal M, Kumar Bhartiya S, et al. An in vivo
wound model utilizing bacteriophage therapy of
Pseudomonas aeruginosa biofilms. Ostomy Wound
Manage, 2015, 8: 16-23

Cho YH. Molecular microbiology in antibacterial research.
J Microbiol, 2014, 3: 185-7

Bruynoghe R, Maisin J. Essais de thérapeutique au moyen
du bacteriophage du Staphylocoque. Compt Rend Soc
Biol, 1921, 85: 1120-1

Abedon ST, Kuhl SJ, Blasdel BG, et al. Phage treatment
of human infections. Bacteriophage, 2011, 1: 66-85
Technology to defeat bactierial infection shows positive
results[EB/OL]. Medical News Today, 2008. http://www.
medicalnewstoday.com/articls/98346.php

Verbeken G, De Vos D, Vaneechoutte M, et al. European
regulatory conundrum of phage therapy. Nat Microbiol,
2007, 2: 485-91



Eyd

W, 5.

ST PEIR T I —— W AT

823

[39]

[40]

[41]

[44]

[45]

[49]

[50]

[51]

[53]

[54]

Sulakvelidze A, Kutter E. Bacteriophage therapy [M]//
Kutter E, Sulakvelidze A. Bacteriophage biology and
applications. Boca Raton, Fl: CRC Press, 2005: 381-436
Slopek S, Weber-Dabrowska B, Dabrowski M, et al.
Result of bacteriophage treatment of suppurative bacterial
infections in the years 1981-1986. Arch Immunol Ther
Exp: Warsz, 1987, 35: 569-83

Weber-Dabrowska B, Mulczyk M, Gorski A.
Bacteriophage therapy of bacterial infection: An update of
ournstitute, sexperience. Arch Immunol Ther Exp: Warsz,
2000, 48: 547-51

Wright A, Hawkins CH, Anggard EE, et al. A controlled
clinical trial of a therapeutic bacteriophage preparation in
chronic otitis due to antibiotic-resistant Pseudomonas
aeruginosa. Clin Otolaryngol, 2009, 34: 349-57
Saussereau E, Vachier I, Chiron R, et al. Effectiveness of
bacteriophages in the sputum of cystic fibrosis patients.
Clin Microbiol Infect, 2014, 12: 983-90

Liu J, Yan R, Zhong Q, et al. The diversity and host
interactions of Propioni bacterium acnes bacteriophages
on human skin. ISME J, 2015, 9: 2078-93

Pincus NB, Reckhow JD, Saleem D, et al. Strain specific
phage treatment for Staphylococcus aureus infection is
influenced by host immunity and site of infection. PLoS
One, 2015, 4: 0124280

SRIE . 7 M B KA DR M T R I T A P88 -4 1) 43 B 7
PUAR RS 2 2R 7L [D). R F Rk K2, 2011
Qadir MI. Phage therapy: a modern tool to control
bacterial infections. Pak J Pharm Sci, 2015, 1: 265-70
Sarker SA, McCallin S, Barretto C, et al. Oral T4-like
phage cocktail application to healthy adult volunteers
from Bangladesh. Virology, 2012, 434: 222-32

FPA T BRI PR 43 B MRS AZE ) 58 1 W 8 42 0 ik 1
FC. WRE R 2 B A4, 2013, 4: 584-5

Foca A, Liberto MC, Quirino A, et al. Gut inflammation
and immunity: what is the role of the human gut virome.
Mediat Inflamm, 2015, 2015: 326032

Singla S, Harjai K, Katare OP, et al. Bacteriophage-loaded
nanostructured lipid carrier: improved pharmacokinetics
mediates effective resolution of Klebsiella pneumoniae-
induced lobar pneumonia. J Infect Dis, 2015, 2: 325-34
Weber-Dabrowska B, Zimecki M, Mulczyk M. Effective
phage therapy is associated with normalization of cytokine
production by blood cell cultures. Arch Immunol Ther
Exp: Warsz, 2000, 48: 31-7

Miegdzybrodzki R, Borysowski J, Weber-Dabrowska B, et
al. Clinical aspects of phage therapy. Adv Virus Res, 2012,
83: 73-121

Alves DR, Perez-Esteban P, Kot W, et al. A novel
bacteriophage cocktail reduces and disperses Pseudomonas
aeruginosa biofilms under static and flow conditions.
Microl Biotechnol, 2015, 4: 28491

Ma YS, Pacan JC, Wang Q, et al. Microencapsulation of
bacteriophage Felix O1 into chitosan-alginate micro-
spheres for oral delivery. Appl Environ Microbiol, 2008,

[56]

[57]

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

74: 4799-805

IS, A0, BEM, & OWRIEBITN S MK
W —JF S DRI TR . B A5 B R, 2015, 47: 138-40
Heussler GE, Cady KC, Koeppen K, et al. Clustered
regularly interspaced short palindromic repeat-dependent,
biofilm-specific death of Pseudomonas aeruginosa
mediated by increased expression of phage-related genes.
MBio, 2015, 3: ¢00129-15

Abedon ST. Bacteriophage secondary infection. Virol Sin,
2015, 1: 3-10

PRI, RN T 24 A1 PR T ik Wk B A i 7). TR SRR 2 bt
A F S, 2011, 32: 223-8

Kim KP, Cha JD, Jang EH, et al. PEGylation of
bacteriophages increases blood circulation time and
reduce T-helper type 1 immune response. Microb
Biotechnol, 2008, 1: 247-57

PRI R, A S R O B R I e T VE LA R ER
JHH, 2015, 3: 409-11

Sorensen MC, Gencay YE, Birk T, et al. Primary isolation
strain determines both phage type and receptors
recognised by Campylobacter jejuni bacteriophages. PLoS
One, 2015, 1: e0116287

Hossain MJ, Rahman KS, Terhune JS, et al. An outer
membrane porin protein modulates phage susceptibility in
Edwardsiella ictaluri. Microbiology, 2012, 158: 474-87
Holst Srensen MC, van Alphen LB, Harboe A, et al.
Bacteriophage F336 recognizes the capsular phosphora-
midate modification of Campylobacter jejuni NCTC11168.
J Bacteriol, 2012, 193: 6742-9

Sekulovic O, Ospina Bedoya M, Fivian-Hughens AS, et
al. The Clostridium difficile cell wall protein CwpV
confers phase-variable phage resistance. Mol Microbiol,
2015, 98: 329-42

Leon M, Bastias R. Virulence reduction in bacteriophage
resistant bacteria. Front Microbiol, 2015, 6: 343

Boudry P, Semenova E, Monot M, et al. Function of the
CRISPR-Cas system of the human pathogen Clostridium
difficile. MBio, 2015, 5: 529-36

Barrangou R, Vander Oost J. Bacteriophage exclusion, a
new defense system. EMBO J, 2015, 2: 134-5

B, AR, i, S Y0 SEAT B U T A S
AW T 3 TR ) 5 08 2 58 . AR o S AR Y B
R, 2015, 427: 584-7

FOGME, BB, LB, . BrARER T B ARSI T A
ANz 2B B i A TRESR, 2013, 29: 247-50
Drulis-Kawa Z, Majkowska-Skrobek G, Maciejewska B.
Bacteriophages and phage-derived proteins--application
approaches. Curr Med Chem, 2015, 14: 1757-73

Hussain MA, Liu H, Wang Q, et al. Use of encapsulated
bacteriophages to enhance farm to fork food safety. Crit
Rev Food Sci Nutr, 2015 [Epub ahead of print]

Haq IU, Chaudhry WN, Akhtar MN, et al. Bacteriophages
and their implications on future biotechnology: a review.
Virol J, 2012, 9: 9



