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[ Abstract)

antibiotics, drug resistance of bacteria has become a major prob-

With the long-term and widespread use of

lem in the treatment of burn infection. For treating multidrug re-
sistant bacteria, phage therapy has become the focus of atten-
tion. Development of phage therapy to fill the blank of this field
in China is extremely urgent.

[ Key words] Bacterial infections;  Bacterio-

Burns;

phages; Therapy

Fund program: National Natural Science Foundation of
China (81571896 ); Key Program of Logistics Scientific Re-
search of the PLA (BWS11J039)

[RgiA] Bl MRS MEVEREK; AT

EEUR EHEA AP E (81571896) s & 4 )5 ¥}
BFitJ) 5 5 H (BWS11J039)

FPERGEZHTRRXLETAREZH &
HEER TR FAAE) ZHEUNRSRRE
HUBGR  EREFREA A, REE™
ERGME LERE, R EEN RSB RG A
# MOF -ty £ E R E,

BAT 4 M R e, 0k 2 BT B 4 &
FHhR. AT, MEER FRAZTHNS ZEA, HH
WA RS RARARFAERR, B
REWE LI REm# KT AT AR LR,
REEMEUR A ECHTREE, RS RA
LU L EEW W, %R LT k%
B, BAMREFIR TR SR T ALER, &
mok TR EE K WO R, XA B AR
=B R o

Hxtm WA R RLER ZEN
MEEWHL BHEERFAREENTAEEE
FWE REHHEMA, RS ARG,
ERAEEWBTRERARBRAERS . AR, BHF
HH T ER G IR E s MR, B

DOI:10.3760/cma. . issn. 1009-2587.2016.09. 001
3 HL00:400038 TR, 55 = A28 O 2 VY A IR e 4 A B 7 0
B e et 5 2 A0 ERE AR E

WAEVEF . % 5E , Email ; yizhipen@ sina. com

Ge {7 2 = B S B W = SR 9T

-

W R LR R BT o it

) °

EANINH AR ETERTE

1 EEEE

MR — R RKBAE KN E, AR
EARFRAR, ERDN—FAELTEILEHN KT
STk RO M R e A R, R
MAEEE A, S EEEREENTR AR,
CONE LI -2: 5 S

MEEBTAERENEA (D) ERTE R
B ERKBORE W R, BT VRN IEE R,
MG RMESRE, TR _ER L LEL S
R, TIRE kA E ESRME, RAMAH L
WEZHE, T2#FNANEFEH, (2)F R T
MEFHGAEE - IPRALBEHEEARERA,
EEAEN AN ERBENEE, BT RRTZ
HUWW A EN R, T WA AEARLM;
F 0 (3) AR R A R R AN A o B
R, e HARRREEHETUFTELTEE
JUE ARG R R, B R F AR B ot
UEAEZRKEAETNER, B REFH. (4)%
WHEL R R AKX R B v W e %z
20 W RE R BN 5 MR 2, B MR R W R B %
T

2 MEEART R L EMIR

# & A Twort £ 1915 4 & % & I % W 4K, 2 %
HIATHENH R 5 5 % m & K A Herelle £ 1917 4
MEBEEHE,FELHTT — RIS RAKRELR,
Herelle i 2 An 4 7 v W 0K B9 PR 47 52 30, WL 22 3| £
MR R W e % Tk WK% Aa e TR
B, MjE, AR EER T ILERK FHEF RS H
FJa i T I BUAF K T o Herelle 89 #F % & R 5] 2
THMNEEFRAHFEHFN) 2K E, RN A&
EMHER L THEERFRA " £ _R# R
B, AR A E E A N W R A A
THEMETHOEE, R TREARE LN E
o AT, HMAE 9B FHFEZHRKEE R, AHE
145 S FFERZTUAEEFFFEHXRAE ZFRIK



- 514 - BB 25 2016 49 H 4 32 %% 9 8] Chin J Burns, September 2016, Vol. 32 ,No. 9

ZRE, MR EFHT ZERFTERETRYE,EHEER
X — R R ET O REH KW AR

HEXR, AENMEETNRAHL S B &5 ™%,
2014 4 CHINET & [& 48 ¥ fif 25 1 b 0 4% & 09 30 4%
PR,AGBRERE AR EFERERERNTE X
% 22.4% " & H 2 6B  R B B ok TR 25
FH, X—WAHFERFANIRTEF RN EN, &
BRTHAERNT ZEE, HER, RMNERM
FENHFEAAENEERT EHERENLE,
*ERF . FELL AL EEEYER(FDA) £ H
WEMFLS(ASM) E LA AR E FHEFHFNZL
7%

2011 47, % [ FDA B 7 & 1 Ff i1 B R A9 A
WAEEERWA, B ZRmAEETHARET
b O157 :HT K fpAF @ & %, # £ B a7, £ E FDA
ELAMETINEEHERARNALE R FMA,
2014 4 % B a8 5 % 3w o R T K R RO R
ERBETWEHNE_RZ —, FF ASM £ 2 F#
# 7 Phagoburn it %', % B = B bR B Fr s 4 4
B3t 11 KB, B EARABTEANART &K
B RGTEERENERERRE, REFTEEH
o AR TR T R B R B R R K AT R
%, 2015 4 12 F ,(Science) 4 & K %k X & ,#5 B %
W RGO RE SR AR EENER
Bttt E RS HATRYE, B RLCEH
FHTER T VI8R5, B v B R0 o7 M 15 R
A 7 kAT T AT . B4, (Nature) 2 &% £
FXE, BB 1AM L LR W RAET RGBT A
BW AR ¢, X EHEE E D F RN
FHREUEEAFCTFRRL RN, EHE
MAEERARERE BT R ER"

3 BEAENMARBRREHAR
3.1 AR T R B BT 4 R B
EXERAARETENEANE Tt & 4
TR Je 2 T 25 # I R 30 AT H, DA IX S KT 30 AT
WHRAFIHRFALERAR, BEAATAF 2 E
H 30 Abk R 3 Sl R 3 R L R B
R, W REMETER, FRARERLF
I R BUERBN SRR, TR TEHETHANE,
MpAak KW EMFREINT, NELEBTHAEN
THEa#, A ARBA G ZRFLHK L SHATE
R A, 8 AW R [ R TR S KT B AT
WA AT R R R R, T AR B W R AR

AEHEETAXZREY, A 8RB KGN
R AR A R ] 40 R A B R W R AT, ML
At EHFHTMEMERERE LT M, £
HRAAH - FERKEFEDRER S BIET %
R IE T R R T AN Rt R 2
WEREHMAFEREE®R T ERESBA" %
5 Takemura-Uchiyama %¢ 7l m wERLETAEECH
HREABKRFEDRNRRAMN, BB, EHR
MANEE S WREREFMLEINE —F#HT
kB, ELRELHE ", WA, EFANEE KL
AT R Bk S v W RGBT Bk S E /N RO T ® AR
RERANEH  RTIEERTEN L2 RRER
BFHEH(FXLEK),
3.2 AASWASENAETERARAEHE
FREFEANEHBEARARZ N EF IR, BH
FE-—MUBEHEN ) TRBAME, AT HLE
Ko EMELH L EHEHANEFZH B4
o, 5 EHEAL  AAHZNEAZCN R R
HEREYT BRI AR, AW E AN ERE R,
Bl A BERENETERABTZINL T TURSE
raWAEBRERT, ERLZHETLAHR
U AR RER AEAR A BEE AW
MY X ERMTAEE —REMY R AT AN
BWEREE X AEEZEFTRTFN, A5 4&
RE,
MNeEEEHEH WS E KT 2 H MK SAL-1 f
Plyl87 %W KA W&, TR KTF ATMEE
7% # 3R (MRSA) 3 Xt MRSA & 42 /N B H 697 &%
RO RSN LI E S, v R T E T UL K
HHRER) . AEHERY, 0 H MR ERE S
WARE Cpl-711 % WKW &, 7 R R L LB o Fr
HHRE P AU EFE R R R AR RN
PR W RAW R, I ARKS A ELHME . E2H
WP, EH RN KR B AT W R
Bl PlyABl w WA A W &, R BRI, T R4
AMOSUMLHMAHMKAHIFE(FXLEK),
3.3 AlAwmwEAkEEEEEXELFIAEMEX
% % CRISPR/Cas ¥ ] £ K 40
CRISPR/Cas 2 i 4 & % F 7 # th B ¥ 40 i &
Bl % % % K, CRISPR 7 7 & 41 72 40 W W )7 Bt 9 K
P, XBERRELZE XTI G XA LR ST
Ry EE A b b, & JEIESE T CRISPR 7 7 4
STAWASEEANEZAERD AW
CRISPR J7 7| # 3 i # 4% RNA, /& # #9 # 45 RNA 7



AR RE G 22 K 2016 4F 9 H 55 32 455 9 ] Chin J Burns, September 2016, Vol. 32, No. 9 . 515 .

D Wk X E AP m o Fo e E, BT
CRISPR 57| Mt by — 41 Cas B B K BB N ¥ 1
By T b R BT U v AR R A, R R X R Y E R

CRISPR/Cas % %4 ¢ 4% & & 4% € 9 DNA F 7],
AR A THEREGSEFF(F 2 E
HeF A XE)MRFEE, B iz & E XHAAN
CRISPR/Cas 4 & %, Yosef %% F| i ¥ B 14 o 18
R K f5 3 88 1 9% Fr CTX-M-15 2 NDM fit 2§ 3 A &y
CRISPR/Cas i £ % , it 2 /7 JR 1 4 38 JR o 1 14 1% 3%
CRISPR/Cas #i = % 5 , A K oy B B & 107 &
R E 10°, 5 1 K % % B CRISPR/Cas 47t & & #t #
BrEEGE —REE, FEFHAEFHH B %
B\ R FEN, B A A X AR R R
PHEEREE, AR AERER T AKRNE R
B

4 ERPENEEEGT

B AEWEREEFARFAAN LT, E2ER
R % B A0 B 20 W o v W R 2 R O 52 b A
MR, BRAESCHEREGRA N LT, Bl T
AR BB A R, T R 4 AT
WA B, AT 0 £ B W Ak R R, B A Y T
HEFENNEAZRR2 LR, Hit, &REBA
e bR IF R v B A R B R G R 4T B AR R BT R .

T A T A S v T AT O R R o ey
o MTHEANAWERFE MAWEA NS
MRA,BFFERKHE T 2 - MEERAK
EEHAEWRE, BEWENEEARFRFIEZER
HRELD B WK, RS H AL 1 000 M % W&
W WA E, N LB - EER, EFEMNA
i R E WA Sk BT MY # KR 5 AT W AR, &
T L0 R 75 o B BT AR W AR H#E AT 2 2K, B R
WhEE, BARE—FHE",

W PR B o, v A R S UA T B A E e R AR
BREAE, GFEEHEN 2 HEL BF EH, 5 W
EEER LR R A B ER, NE
A B AR, N A W R SR AL AT R A
PRI mmn ey cEAR, ¥ELHARMA
WARMATIFA AR, BIEATR L2 .F
HEEE R LR R, LI R R A

WREFEIN T ERERBETERE TR
R, v IR YRR ST U T DL AL N R R
7o E LA R E W XA Rk
FEAERLT  SHARERRBTHAAMER L

RANEY  HEFFAHLANZEREA, REN
Ve e A N R A R N - ]
B A EANE AT E B

2 3% 3k

[1] Church D, Elsayed S, Reid O, et al. Burn wound infections
[J]. Clin Microbiol Rev,2006, 19 (2). 403-434. DOI: 10.
1128/CMR. 19.2.403-434.2006.

[2] Polavarapu N, Ogilvie MP, Panthaki ZJ. Microbiology of burn
wound infections [ J]. J Craniofac Surg, 2008, 19 (4): 899-
902. DOT:10. 1097/SCS. 0b013e318175h410.

[3] Hauser AR, Mecsas J, Moir DT. Beyond antibiotics; new thera-
peutic approaches for bacterial infections [ J]. Clin Infect Dis,
2016, 63(1): 89-95. DOI.10. 1093/ cid/ciw200.

[4] Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii: e-
mergence of a successful pathogen [ J]. Clin Microbiol Rev,
2008, 21(3): 538-582. DOI:10. 1128/CMR. 00058-07.

[5] Gong YL, Chen J, Liu CJ, et al. Comparison of pathogens and
antibiotic resistance of burn patients in the burn ICU or in the
common burn ward [J]. Burns, 2014, 40(3) :402-427. DOI.
10.1016/j. burns. 2013.07.010.

[6] Karaiskos I, Giamarellou H. Multidrug-resistant and extensively
drug-resistant Gram-negative pathogens: current and emerging
therapeutic approaches [ J]. Expert Opin Pharmacother, 2014,
15(10) ; 1351-1370. DOI.10.1517/14656566.2014.914172.

[7] Salmond GP, Fineran PC. A century of the phage: past, present
and future [ J]. Nat Rev Microbiol, 2015, 13(12): 777-786.
DOI:10. 1038/nrmicro3564.

[8] Kutateladze M, Adamia R. Bacteriophages as potential new ther-

apeutics to replace or supplement antibiotics [ J]. Trends
Biotechnol, 2010, 28(12): 591-595. DOI:10. 1016/j. tibtech.
2010.08.001.

[9] Chaudhry WN, Haq IU, Andleeb S, et al. Characterization of a
virulent bacteriophage LK1 specific for Citrobacter freundii isola-
ted from sewage water [ J]. J Basic Microbiol, 2014, 54(6) .
531-541. DOI;10. 1002/ jobm.201200710.

[10] Borysowski J, Gorski A. Is phage therapy acceptable in the im-
munocompromised host? [J]. Int J Infect Dis, 2008, 12(5):
466-471. DOI.:10.1016/j. ijid. 2008.01. 006.

[11] Rohwer F, Segall AM. In retrospect: a century of phage lessons
[J]. Nature, 2015, 528 (7580): 46-48. DOI. 10. 1038/
528046a.

[12]  #AfhS, ABEER, R, 5. 2014 4F CHINET b [= 40 5 fif 25
FESEI (). oA 5 L9725, 2015,15(5) 5 401410
DOI:10.3969/j. issn. 1009-7708.2015.05.001.

[13] Evaluation of phage therapy for the treatment of Escherichiac coli
and Pseudomonas aeruginosa burn wound infections ( Phase T -
Il clinical trial) [ EB/OL]. (2016-03-08) [2016-07-07 ]. ht-
tp://cordis. europa. eu/project/rcn/108695 _en. himl.

[14] Young R, Gill JJ. MICROBIOLOGY. Phage therapy redux--What
is to be done? [J]. Science, 2015, 350 (6265) :1163-1164.
DOI.10. 1126/science. aad6791.

[15] BT /R, ENE, 2RAE A, 55, ™5 be i B2 4 10 43 2512 it 25
{60 D AN Sl T T e 0 2 R AR SR AR AE 3 A 0] AR e 4
Z+4:,2016,32(9) :517-522. DOI: 10. 3760/ cma. j. issn. 1009-
2587.2016.09.002.

[16] XBMITE, 47T R, SRAEA , . W B R IR 7 12 T 25 80 [0 3 AT
BT SRR AE /N BRI [ )] AR Be i A ik, 2016,32(9)
523-528. DOI:10.3760/cma. j. issn. 1009-2587.2016.09.003.

[17] Takemura-Uchiyama I, Uchiyama J, Osanai M, et al. Experi-

mental phage therapy against lethal lung-derived septicemia



[18]

[19]

[20]

[21]

[22]

[23]

BB 25 2016 49 H 4 32 %% 9 8] Chin J Burns, September 2016, Vol. 32 ,No. 9

caused by Staphylococcus aureus in mice[ J]. Microbes Infect,
2014, 16(6) :512-517. DOI;10.1016/]. micinf. 2014.02.011.
Schmelcher M, Donovan DM, Loessner MJ. Bacteriophage endo-
lysins as mnovel antimicrobials [ J ]. Future Microbiol, 2012, 7
(10):1147-1171. DOI.:10.2217/fmb. 12.97.

Fischetti VA. Lysin therapy for Staphylococcus aureus and other
bacterial pathogens[ J/OL]. 2016
[2016-07-07]. http://www. ncbi. nlm. nih. gov/pubmed/2672
8063. [ published online ahead of print January 5, 2016 ]. DOI.
10.1007/82_2015_5005.

Jun SY, Jung GM, Yoon SJ, et al.
pre-formulated recombinant phage endolysin,
Antimicrob Agents, 2013,41(2) :156-161.
ijantimicag. 2012. 10.011.

Singh PK, Donovan DM, Kumar A.

chimeric phage endolysin Plyl187 protects mice from Staphylococ-

Curr Top Microbiol Immunol,

Antibacterial properties of a
SAL-1 [J]. Int ]
DOI: 10. 1016/j.
Intravitreal injection of the
cus aureus endophthalmitis [ J]. Antimicrob Agents Chemother,
2014, 58(8) :4621-4629. DOI.10.1128/AAC.00126-14.

Diez-Martinez R, De Paz HD, Garcia-Fernandez E, et al. A no-
vel chimeric phage lysin with high in vitro and in vivo bactericidal

J Antimicrob

1093/jac/

activity against Streptococcus pneumoniae [ J].
Chemother, 2015, 70 (6 ): 1763-1773. DOI: 10.
dkv038.

Dong H, Zhu C, Chen J, et al. Antibacterial activity of Stenotro-

phomonas maltophilia endolysin P28 against both Gram-positive

[24]

[25]

[26]

[27]

and Gram-negative bacteria [ J]. Front Microbiol ,2015, 6:1299.
DOI: 10.3389/fmich.2015.01299.

Marraffini LA. CRISPR-Cas immunity in prokaryotes [ J]. Nature,
2015,526(7571) :55-61. DOI; 10. 1038/ naturel5386.

Yosef I, Manor M, Kiro R, et al.
phages programmed to sensitize and kill antibiotic-resistant bacte-
ria[ J]. Proc Natl Acad Sci U S A,2015,112(23) .7267-7272.
DOI: 10.1073/pnas. 1500107112.

Fan H, Fan H, An X,
IMEI1, a new N4-like bacteriophage [ J].
(24) . 13861.DOI.:10.1128/]JVI. 02684-12.
Fan X, Teng T, Wang H,
ophage, SWUL, isolated from Chinese soil as revealed by genom-
ic characteristics [ J]. J Virol,2012,86 (18):10230-10231.
DOI; 10.1128/JVI.01568-12.

Temperate and lytic bacterio-

et al. Complete genome sequence of

J Virol, 2012, 86

et al. Biology of a novel mycobacteri-

(W Fs H 1 :2016-07-07)
(AR Bk 4T)

A5 AtEX

H/%ﬁm\,%r‘{# ﬁf’lﬂlil

QMW R AR IR T[] AR R i 2R,

2016,32(9) :513-516. DOI: 10. 3760/cma. j. issn. 1009-2587. 2016.

09.001.

Peng YZ,Huang GT. Phage therapy for bacterial infection of burn[ J].
Chin J Burns, 2016,32(9) :513-516. DOI.10.3760/cma. j. issn. 1009-
2587.2016.09.001.

AN

AR Hh A I 2 2 2 e 50 T 4 HE A UL

1

PG SR, P SCHR 2RI T R SCERR AT S, B SO T S SR s AT S (R A 5 O

bR AT 5

e N TS

{10 R B 2SR AR T B AR B T I T .

MBS B SCIREE T Y

FRAES T CRM) s URSH R RA45 5,70 7 O [ R AR SCRE T AR5 35 5%

2

A LSO A4 T SCEE P A IR OO 2 5, P RS0 ) BT R B SOSR R R o [ A TR
Xt IR B, T BA TR 3 www. zhsszz. org“ fEHE LA ERSH .

5t 4> 11 H

LR
(1) B4 00 H < E KT 0 SR & e R (973 314)) (2013CB532002)

Fund program ; National Key Basic Research Program of China (973 Program) (2013CB532002)
(2) Jea 0 H R A RFE R4 (30271269)
Fund program; National Natural Science Foundation of China (30271269 )

3

LR LU BF 500 A K5 i, AR 2
E L) i e B E bR . WRMZE RS

P 22

BFSE05 B3 B I, bR 5 e o 5 W 2 0V T
P
A6 1 5 16 B 512, At 54 XXXXXX

4 ZFH Ik
HELS A R R T TE 3 ~ 5 4
N
[1] g, HBE, E 50 A 44 0 XL I 1) 36t A5 A A B (T ). P A
cma. j. issn. 0253-3758.2015. 09. 003.
(2] sBRAE. ™ Epe 4 000 LR 3 AL B e PR 8 S TR IR [ T]. vh e e

3760/cma. j. issn. 1009-2587.2016.05.001.

G T F 44 FR B ST

2 UL A B AR R R AT 1 T AR ) 2 B 2 (PR P Y Lt XA Y B
B AE SO (I ESC S R T

W) Fe 20 4 ul H 2R R Y R [ 2 F

B R A SCSCHR . Xb A DOT 4 5 (4 SCHk 46 138 3¢ H: DOT, 31 Ti% 45 SCHR R B

0 I G 2% R, 2015,43(9) :760-764. DOI:10. 3760/

5 e i, 2016,32(5) :257-259. DOI: 10.

ESUETE S



