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Research progress of bacteriophages in the prevention and control of health-

care-associated infection

LIN Jia-bing', GAO Xiao-dong', HU Bi-jie'> (1. Department o f Healthcare-associated In fec-
tion Management; 2. Department of Infectious Diseases, Zhongshan Hospital of Fudan
University , Shanghai 200032, China)

[Abstract] Currently, many urgent issues in the prevention and control of healthcare-associated infection (HAD
need to be solved. The effectiveness of the prevention and control of multidrug-resistant organisms (MDROs) , the
effective removal of biofilms, the identification, prevention and control of water-borne pathogens. and the persis-
tence of surface disinfection of environmental objects all pose higher requirements for the prevention and control of
HAI Bacteriophages are viruses that invade bacteria, and can also transmit genetic materials that confer biological
traits on the host bacteria. The specificity and effectiveness of bacteriophages in reducing MDROs and clearing bio-
films make them potentially a new approach to HAI prevention and control. This review summarizes researches re-
lated to the application of bacteriophages in HAI prevention and control, including their advantages in combating
MDROs and clearing biofilms, as well as their applications in the identification of HAI cases, environmental clea-
ning and disinfection, prevention and control of water-borne transmission, and comprehensive hospital management.

[Key words] healthcare-associated infection; bacteriophage; multidrug-resistant organism; biofilm; environmental

cleaning and disinfection

R 2Y WA O RO RGeS ER IR @ER RS ERER R 2021 43 4 1 H
PEH AR — R S0 ARG G B IR BEAH B R A€ 2021 47 4% T4 et F AR A BR ) X I B Jak
[ . FURT PRI HLA T 2 G 2 T AR~ R a0 . D AE BI04 iR 0 o A R T 25 ) 20K . BR T 2 L
ANASONS BR 355 36 B R W) 0 BOPR BT P 2 R RS . 2R L IR e R R B A O T I R 2 1 g R [ L

[k HBI 2022-10-29

[RemE] EKEARPEEE N EIH (NSFC82072325) 5 1l 17 B B 2 B & J& w0 5 K Iif B 58 300 H (SHDC2020CR2031B) 5 & H K
T L PE e B OF L 4 — 374 CR BSR4 2021ZSFZ09)

[TEERIANT MK 1991 =), 22 (D 48 HE A AR RR Tl N, 3248 R, 3 B2 D 35 % g Jak e 9 948 % it 24 1 0F 9

CEfEEE] HoRk E-mail: hu. bijie@zs-hospital. sh. cn



R YL Pl 26 7 2023 4E 6 H A5 22 %5 6 ] Chin J Infect Control Vol 22 No 6 Jun 2023 o 725

A RS 4 A AR B I R A 4 e TR 1Y 2 S Bl
P RIS T O T R S AP S T T
PREAT R W 7 T B T © R BT i Ml R
b 7R 7GR AP K A P 22 A U R e R —
PRI« A BIF 5 4R T LA R o SR By 4 A
W TR A X 4T R e PN B S T HL R 22 T 2 T 11
[EEESREE 8

FIHT — L8340 25 1 Wi B AR SC 19 i R X 36 © 4
T IR A5 {68 2l 0 A58 70 A W BT S 4% 1) 4 T ik
(19 2 A P AT 250 L D (o T e R AR T e o JR e 1k
PERITRIT > o AN ERIR B2 T W AR L R D SR
B 47 FP B AR ST TS o A 355 LR BT 2 T 24 1 L T BR AR
Wy 57 T AR DA A A A B g S e 491 ) L R BT
T TH B /K PR A 4 B 2 R0 2 e £ 45 A8 B AP B9 N

1 WRE AR

o0

W TR AR 12 5% A T A B 5 O 4 T T A
AR W) A VAR BB A W I W A A R Y T
Sk, A RAE 5 B ER AN, h TRAKEGH
AR T R IR BE T . W AR B R B LR i B0 O 2
XTSRS A R IR e A AT ik . BER DU 2y
W0 A B o kBRI 9 A N DR R AR 1L P 2+ R L Y
R I — HAE TG . SR, HUH 259
TE W R S 7 W7 BRI AN 25 6 P I 1 T 24 7 19
PEAL R A B A L B BT 25 W 7E I PR IR 9T
18 3 PRISE » FEH 5 1R 1 i A b X A ) Y R
PR AR AE 22 URIE ) o 8 S 7% 1 R i o 4 R
VINEYE SNSRI U IPUBZS: ¥ N SRS N
] S o P R AR DAy R e SR R B 9 1) B O %

2 BEAEMAZEMAEHHRLE

o0

ARk, Z F I 24 T Ok R B R AL X R B Y
J TR ), 2 S 2 AT JRR U AN AN AR A R S 1Y L
F 0h 30 23 TR Bk )y L 5D B 4 0 A8 T Al ORI 4% o
RIS NORIE 2 ke e i s g™, B AR AN B %
PR 77 A= B 1 JRU IS, o AS BH o L 88 5 07 AT g
SO R TE VE R B SR AU A T L C A IR
Xof IG5 TR 1K X T 22 T 24 1R Y A v R AT TSR
Zhao %5 {ERLPL ) L - WA N RGPS T
TR KT T DU A 38 K g 35 A B K12 R 4 2 3% 4
ML PAOT A &t . R A K12 15 &
B S M T R @YSZ1.PAOT 15 3 45 5 M 1 1k

DYSZ2 fil K-12/PAO1 £ #y W 1§ & ©YSZ3, ¥
100 mL ¥ B4 10° PFU/mL 19 I B 1K J52 i 34 49
e HIEREEWIRR G L. B MK E 3 4
FE QO CHIRERZE 70 d, 70 d T Hi
JG .3 MR AR WA T LI - MY RS H
BRSO B FIAE S T 24 3 R Ceet W L emd A) 1 32 B
MWk P 1K 5 470 T 245 4 K 5 T T DA 35 AR TS 245
ffE S . Shlezinger 55" & B, 76 %1 71 7 % H it 24
BTG OL T T i R — WA EFLK 1 (BT 3E 1 3K A
Wik TR 44D % i 3 i % 2 BR B (VRED J Hfir B B 1)
YRR T RO EAEM. 0,015 mg/mL 1
HEZRM 1.2X10° PFU/well B & EFLK1 B4
SE PRGN T X VRE Az W B0 A 050 T L A P B
YR TTRET 87% . FE BT B e R B IR YL 4k K 1
AR IR G A W TR AR TR YT R W ST T 4 IR
J R R e AR o R R T B T A O 2 602N ST I
(CRAB) J& YL 1 A3 Be 19 f8 & 3 228 2 W il S 1
AT I W B AR XS R T ) /R 1) CRAD fifi
JIF R B o TE WY W B AR B B B O 2 0 I 9 R R HE VR
2 F i} 2 R e A AR BRI VE A . Liu B R
BRUSE R Hh I fo B T 25 90 5 W TR AR I X T
Tl EY I X & A A Bk, Bt 2
7N o BEL S AN ST B TP T 24 TR R AR R T B R R X
TR A 1 SRR B A VA T TR P T 2 T B Rt A
B RS DU 2 R m i BE R .

3 MEGETREVEFHREE

240 TR A ) 5 1) T B 5 R e SR g M LA A7 i £
JEIN Z— . 46 38 [ g 45 il 5 19075 o0 (CDOO Ak
26526 LA 1 A8 M AR AR by A IR L L 36 1
SE TABT S e (NTHD A 112 80 20 #1342 ) 1 e Al
600 LA L BE Be R iy AR M SR . AR A
AT RUAE B2 7 LA B0 358 ) R 2 T 80 3 ) DL A BR
ARG Al A P BT L D) B A B B DL A
PIpIu R A R — EUE R R T R T
B e LA Bk » L3 G0 8 B R R L5 % AR A B 2l
GBS AN DT 6 5 R Y S B S e

Wit TR AR5 S 1) A 0 I8 1N 00 i 23 il el 7 A B 1B
Tl P 7 28 T A1 58 453 0 ) 0 3 A Sz 410 ) 5510 Cn
FUBHRE) > S i ™ AR A o Tl v e B A
C T o T 0 T 4 0 R 2 1 vy 3 2 T A S b
W R 2 T 22 Bl SR T 0 A B JE G A B T
WAL S 0 A 77 B A2 49 11 XUR: -2 . W R 7 A



o 726 o Y R 4 AR 2023 4E 6 A5 22 %5 6 ] Chin ] Infect Control Vol 22 No 6 Jun 2023

)B4 5t J B AT A W TS BRBE . AR
B, ZMORN R OEE (10" 0107 F1 10° PFU/mL) B9 W
PRI AL PR 5 min, PAIERS 35 o 8150 K 3% A 1
O157: H7 A=y Bcik 43 5320 T 99. 99 % .98 %%
94 %% o DA B AR THI TS 1) 50 2 4 B b T 100 %6
95 %0 .85 Yo » (AR BIL T Wk A A% I A A G 9 THT o DA AR i
B WIRE ST o Wi PR T R Tk B v P ik 2 1
15 RIS BR A R — R B R A 2. R
BRI B A B A B . Jamal 2PV R B RS
R Bl IR AR MI2 4b 38 4 b5 BVA B 1#DE
B A W) R i s Bl A 3 R A v, M2 Ab 3 24,72,
120 h Jg . AEWED BT 2.8.3 f1 3.5 MEZ,
FEEWE AR MI2 X = B 1N 22 58 fii 245 BH V8 B AT o A
JE P T S LA B S 0 1 . Ahiwale 267207 1) {4 4b
5% R, MOT-0. 001 ¥ B () T7 #F 2L w3 1K
BVPaP-3 RE il B= B 43 &5 14 e & Ml BR L 77 A= ) 1B
& . B8 R W ik BVPaP-3 T 24 h J5 , i 45 12
5% 73 25 1) ] o A5 L T 90 o) A 0 K BT 6

W DA R X5 SR8 TS 7 1 S 22 AN [ 1 Wi A AR 4
85 S ARRE T B — W T A L 207 ] DLSE A b B 1k 2R
YRR BN B A 0 B B — W R AR A Ak PR R
W RS 1 ok R v A7 A 15 e T G T A T XU {6l W T
AN R TG 5 T 1 0 W A AR T 9 DR/ B e T AR
AR SR AR 2 IR 5E 0 EE S B AR
XG5 JR8 Y T A Wy B T ok ) A R

4 TR A 7E BE B Rk S B 4R T Y B K R A

4.1 HEAKREERBERA PR A BE R
TN R 2 53R 22— J2 X5 ) 1A T DR L o A 1 2 0
W e A 0 SR D o A ARG 6 T 9 T R R R
P 0. BTG R H R 07 35 Qi e #8597 L ik
T A7 U5 L K A T B I S AR I U AR AR
PRI 7 56y 9k T 6 PR (HL B S e e . W
A Gy I A W0 PR L 22 % R AE A B B 4 1L ) b
T T B, R T R ) S i A I R e M D
it P S A R T 1) DAL T I B JE A DR AR I R AR
ORI T AR 6~8 h P 58 I A AR 4y Y %y
25 E R B R A T 5 AN R AN TR S R R
Wk DA A SCE AT B BRI s L B2 AN I B8 T R i) 2 il
FH WS B R I R VA T 1Y) % B o T 0 A7 S 7 e 2 2 3
AR OB 135 AN W7 8 Ak {EL B A 0 A 52 50 =5 1 R AR
SN R B T A W AR 2 TR BN T Yl
GIEIETLd R Ny D R

R R W R A 5 i o A A A R S I A
2 SO0 A W] A Sy — el bR o A 280 1 2 R ST TR S I
o WA AR 23 TR T A0 DR D AR 4 Sl v R B R A Y
HER R AN —BOhED ) A B TR R IR e B L R A
Cooke 2504 i B i (A X 4 9] it B 420 7 AR 4 5 €0
A ER P (MRSA) B IMLAE (1 58 3 64T 56 2 B B 7R 4y
BBk AL DA E TR MR . Kwon 25050 % 30 AT fff 1] e
AR SRy B 10 9 R DA A Be 28 3 L S 9 N BRI EE e
PRI v 0 i 247993 S A A% 106 55 00+ A 3B R A% e IR O K
B2 1] 1 e e e BRI T B AR AR A

AR o T LA PR J e o A A I T A AR
P o SRR e 1 H S0 A R P T B B SRR g g 1)
DUFN IR BT 5 o AR D01 799 2 18 2 R 8 5 2 ST 1
TR R At 28 1 5 s 1 1) W5 AT K O 0 1 s 1 A 7 32
BoAR AT Sy B2 e Jak e A5 8 ebos 91 W LA B R A
A R
4.2 HEAKEEFIMAEFZEE PO RA
B 7 B 2358 9 4% 3 T 11 R 5205 e S B e SR A% %
M) B . B BE N RS T V5 YL 15 SR T
B il A5 15 B AL Y 45 JBE v AN Z 0 o {1 TR
MRSA Fl VRE 4§ Z i 7] 5| 2 /™ 5 8 L 1) 2 5 i
IR R B P A S T A A DG T A A
— 5 T SR R E R 52 B S s oy — T L Ak
2 B T B CR R I [ A B A W Y B
B L2730 B 700 VR 3 e PR 7 e 28 1 Y L L L
ST FE RO 5 BR R B 7 KPR
ST b 2 B A AT BE NG I R AT 250 . JE b
SN TE T A A2 B — o R 28 AR L L RE R
SR R e TR B R RCR . 5L G A
Eb I T R A A 3 0 1) B A 0 9 U LA R o e R 3
PR 0 R A BE RS U7 ot HR 0 £ T 24 TR ok AR A T R
SR A RIS . R A I TR A R DA% AR R A
B » AN 23 el T Sl 4 A0 L W R AR S R BB AN 7
i R 000 38 B D A A A BRI B A 2 — AR
4 B o 0 358 ) R 2 T A o ik

5 0 A A A S DL B ke 22 T T 24 R R AE
FEES % A R0 S AR 22 2 3 % 1 ) P e B A A Oy B
JE LA R EE 4 (R F 18 0 % 5. Abuladze 257 [ {4
HMELRY 5P P B A TR AR R i R A A 0157 ¢
H7 R4 0] 838 k2> N 75 e i 3 58 R0 6 8 Al
T AR B . o ) R A R R R A S
R 34 PTG 2R A BT A L 1) 920 A % TR
JE AT e I T A X IR B ) R 3R I 22 R 2
WEA R HEBRAE S, 1E Jensen &5 B0 58 s



R YL Pl 26 7 2023 4E 6 H A5 22 %5 6 ] Chin J Infect Control Vol 22 No 6 Jun 2023 o 727

MRSA SR ) 05 T 1A e A7 25005 I 3 3 % T % I 5
N AR IR 26 180 A9 MRSA 17 faf . B 76 9 1A 2% 1
20 T 5 5 RN 28EAVK R 5 50 Wk T A L T e A R
T HE— 20 0 TR R AR AS S AT X R T Y X
BYCTH T R L WL REAE BE B BR BT 0 R AL T R R
FEVEF . BR T IR A 35 1809 i 4 s TR 1A 08 B
VERZSSRIH 8 LMW 1. Tseng S 78 % B
RUrp i S @BTCU-1 W5 A AR 1) A0 V8 e 45 1l 465 4% 4%
BAFE (MTB) , 43 87 55 Ak B B R oBTCU-1 75 9 />
i SRR 25 SAL RGO WV Ty, SRR S
10" PFU/m’ ) BTCU-1 W 5 4 < %5 I J e ik I
SAEFF R (10° CFU/m) 10 s J5 » 3 Hik- Y5 43k A7 3 1
2SN W BT VE T . 25 B T W T A X R
Bt BB 5 UL 1 P A 3 T SIS TR L A R | B R R s e L
A BT B R A0 BE T AT A ROH R BE B UL £
TR 245 17 5 76540 I [ B B8 3 TR0 9 it A A1 %85 2 ot
AT LT 5 B A AT B A i — 20 1 s Jt A4 1) g

MWt T A AN ST DA DR A0 4 ik A% 4, 1 H A b s A%
FEHE 1,

R T ARSMEERY B 5 35 LA S5 B I R PR 55 b o R
THISEWFFE . Ho - & 7 — T 7 TAE W47 95 B
(ICUD AT 118 W5 P 1A 0 198 T 2, 7 A 0 43 ol R
A2 05 1 0 R A b A W TR A8 25 7 75, ICU CRAB
RIFFNTHRTAY 8.57/1 000 835 T B2 H i 1)
5. 11/1 000 #& (P =0.003), i 245 i #% CRAB 1)
di HE A 87. 76 % R [ 46. 07 % (P =0.001)

FETPAS W B R A Sy V8 A 2 e H 6 35 T B R Y
AT b A WF 5T 8 38 1 W AR 5 4 2E TR T
PARG (PCHS AR 254 B ol 815 53 bR
B B S A= W ik PCHS AT 3% 245 1 B2 e b sk 20 B2 Bt 3=
AT 2 45 22 T T 24 995 JRL AT PN 1) g JR 4R 5 et o) g
PR A PR S5 T 8 88 (R T M A 8% P A e R 1K
FH Bl TG 3 A2 A W B B 85 0 1K 3R 1 1) E R e
Ji A, PCHS 194 J1 22 18 1iy ¥t 2 , 1 W5 3 444 T ol
R H B B X 25 G T R E R LA 3 0 3 Ak B
W RMEHEYRORL . 5T W 0 B AR A
TE 1 P TR A8 306 A5 {6l ) AT 7 kb B A3 7 R AE AR
FESZ I [a] b A AS I o [F] B3 28 PR | AR S A 3 B o
B ROR . RSN 50 A 37 1 3 i B L IR g A
I SRR A 4 XU 1 v B SR PCHS BR A 05 T {4
M R s Ty — O iR BOR N
F PCHS BE4 2 X 10° PPU s 14 4 % 5 g 124 1] ik
ATAL 3, B B fs F PCHS B A7 b B, 24 2 3K T %
T LR T 97 % .

Wik T A I DR 02 T Hh A7 A — o R e . 2 8044
RREADL IR 30 T o W R AR B A R AE K R L B PR RV TR
e A R T I A AR 5 o AR A il A T I IR v AR X A
31 B2 e 20 b 2% T I ) R R R T L R A )
B aliAk G B T AR E T A S E0 L Ak o B A
T TR R E SR T R S N R R X
58 & RN 3R 2% F0 ol s B A Ik v A, 3 R L 3
L 5 AT 9 /0 W P A D o g B 0. e A s 5
U 259 —FF 0 S A AL A7 75 77 A= T 05 1K 174 7T RE
AN S0 I TS ) T 2 1 3 R o A W T R Y T A
A L R R I U T 4 A A R A BR B L B
Bt 2 1T 4 TR %85 BE ARG A A% D0t 0T W TR K TS 24
YRR A AT BRALAR o b DR (S P v o 75 25 B W 1 1A 5
FUH 75 07 15 i AH B AR T« 58 A0 4 IR G 2 I A1 W 1 4R
(4T B BE 7717 5 S [ 31 5 700 1) o R T e 1 2 % 91 2
RICHR 7 A SR A A0 7l P A 2 08 B 0D A8 I T
AR FL L AT Hn i Ak 2 i 5 R0 S8R T 1Y) i 4l o
JEL TR ) 2 R R 0 s R S Bl AR . 2R 1
JIT IR W TR AN BE SBCAC A 1) 5 BT 5 7 B B
HETH FERORSEHE T8 4% .

4.3 EEARAE ST LA KR A G E R AR 3R
8 R KRR AL R 2 B Bt B e A% 4 b B BB )
A — TP R AL R G n R E B R R k. FN
HhEA 28 B B K 5 M AL Bl 20 e SRR 2 R )
1 anok e Sk 5k i 8T A L EE AE W4 By (NICUD 4
2 AR B TR ER Y 2R T LB M M K B IR 5] A 19 4 1A
PR 5% FC AP B FH A VS — RS a5 51 i
14 o0 BT B e 38 2 5 R T ML T 2 5 3 1
TG T R R B kT R K A 3 A R
AT+ 5 2 I J A D T T B J7 5 0 LA 5 Bk s PRIt
i B AE AN RBT B 15 G RN BG5S e 2 i SR A L,
B A R0E WK B ER AR AE KR . &
il 7 RO R SRR Y € ) V2 5 P W B AR Sk R T
PeFabn R KA FRFN A W A Lz —. FEAR
BLARGEPERE A NG B0 T o Wit T 4 AT AP S8 ] g i />
KU SRR (0 A48 0 L TR, 3 T A R S
Wik T AR A Sy i D A 1) A7 0070 B 700 o e D00 0 o5 3 O
755> W Serra-Compte %507 75 /K (4 4b B f 72 v fifi
JH W TR AR Sy o 28 e R B 5 U R B S 5 ok L B
AN TR B D7 R X T VG BRBE T . WETRARTE K R4
e (T A R i 9 2 5 5 [ SRR S A S R AR 7
fif o Santiago %5 58 o #4 #E 0 Bk 75 B s 2 il R e
T H (CRKP) A= ¥ JRASE AL 455 40 H 7 B2 e vk T+ 1t
B4 AN [ 2 AR Y B o 1 R W TR AR 7E 37 C 451 AR 3 7,



R YL P 2R A8 2023 4E 6 A5 22 %5 6 W] Chin J Infect Control Vol 22 No 6 Jun 2023

14d G EYRBEREEBEIRT 1D (P<
0.05),25 C &AL B 7,14 d., 24 Wy 5t 1 7% B0Ks %
fIRT 1.4 F1 1.6 D E R g (P<C0. 05) , 3% B I 1R 1A
LA T B 97 A5 b 4 i K U5 M B At 7 ik R 0 T
WA T

I3 T R 4 7 P Tl e 7K Ak B0 2 i
T BT AILAE A 7K Ak P 5 T I S SRy B 4% A KR T
A= YU REVE L AT BE TR B K 1 I R AR A BE R
4.4 HAREEREZSER PG EA W E AR
IR T8 dh Al 7 Bl 55 2 A S 25
LI {0 W N = L A VS I R (A 7 e i |
AP R0 DR E A o 0 s D A v g R B
— R I TR A 1 7 L e 3 B R 2 ) A e
Jai CEDA)HEE B F 8 & Tl DA B 1A O S ik 1 12
fn AR U R Rt 2 AR A N K T
AR B2 e YL B 45 R 28 R B 0 T s A ST 25
ok e L AT 5 7 AL A B B ) 4K 3% T A% 5 55 A
(R A W0 A BOR R G ik R B 1) 25 B T
Wou 25 R I B AR 4 Dy 7 3 31 IR T AL A I
PR AR iR 04 TR AEL 38 2ok 7 32 8 2 s R e 3% 17 4 3 1)
R AR ) W AR A I B A A AR b £ ) W T A
JE W A i A 1 W TR P 1 T T3 9T R IS B B B T
B 5 44 LG TR (A BCHR P ) I e R e 0 A Oy R
TR IT TS I T 1 TR 8 5 45 i RS A A 40 B8 O 1
VAT A B A T3 250 R Y W T
PRSI 2H G o LA XT A AT TR PR L 5 0 B 00 5 B an
JHeFE AR B "™ T fili 48 2 28T BEIGE T IR TR YT 1
TR | 300 R T AR S B PRYR YT IR B IS T T B
YA W N 55 224 5 T, P B 2R B T IR e A BRK -
5 Bg

M P A A JEL Al 50 358, v 118 1l ) o2 ) 4 I o Je 4 B
P R R & AR AE — S (R L, AN [) b L ] 5 H
D 1) = [ JRR % 4 BT 1) 75 J30) R ol S AN (] T W T AR A
SR )R S P S G P A2 B B A o AR X R T
R e TR AR P A A R R D AT 4 v X — SR
PR o 3 3ok o] 8 T AN [ o s 75 J30) 48 D W AT £ XS 2
T i ) AT A A ) A R R D I TR A A T
M7 . BARIE T 0 2 SE PRI G i — R T A
AT 5 B SR e By 45 v 1) T A5 M 5 A R0 S I R AR
Xof 22 TN 24 TR A ) T %) A 80 & D RCTE B A AR A
55 P e B C AT o S B A R 2 AR SR R R
P T BETE 5 B R e B 425 vh iy O B 1 S8 1 A S

= e S e By 478 5 4 PR A S0orh 72 T BLZ —

BLE R I A R AR R

(& % 3 )]

[1] Wu NN, Zhu TY. Potential of therapeutic bacteriophages in
nosocomial infection management[]J]. Front Microbiol, 2021,
12 638094,

[2] Saussereau E, Debarbieux L. Bacteriophages in the experimen-
tal treatment of Pseudomonas aeruginosa infections in mice
[J]. Adv Virus Res, 2012, 83; 123 - 141.

[3] Gindin M, Febvre HP, Rao S, et al. Bacteriophage for gastro-
intestinal health (PHAGE) study: evaluating the safety and
tolerability of supplemental bacteriophage consumption[]J]. ]
Am Coll Nutr, 2019, 38(1): 68— 75.

[4] Summers WC. The strange history of phage therapy[J]. Bac-
teriophage, 2012, 2(2). 130 — 133.

[5] Merabishvili M, Pirnay JP, Verbeken G, et al. Quality-con-
trolled small-scale production of a well-defined bacteriophage
cocktail for use in human clinical trials[J]. PLoS One, 2009,
4(3): e4944.

[6] Wright A, Hawkins CH, Anggard EE, et al. A controlled
clinical trial of a therapeutic bacteriophage preparation in chro-
nic otitis due to antibiotic-resistant Pseudomonas aeruginosa ;
a preliminary report of efficacy[J]. Clin Otolaryngol, 2009,
34(4) . 349 - 357.

(7] %%, B0, VM, 5. Z 31 25 1 S B Jd e H 35 4 0

W RGETFMI]. b EE SR 2K, 2017, 16(7): 616 -
621.
Ling L., Wu WX, Sun SM, et al. Systematic evaluation on di-
rect economic burden of healthcare-associated infection due to
multidrug-resistant organisms[ J]. Chinese Journal of Infection
Control, 2017, 16(7): 616 — 621.

(8] EFF, RS, 4888, £ Wit 24 5 25 Be 8 e 1 22 3% T FH B 8 o T
[J]. BAEEFS54E, 2021, 27(2); 417 - 419,

Wang D, Zhu D, Zou N. Research progress on the economic
burden of hospital infection with multi drug resistant bacteria
[J]. Geriatrics & Health Care, 2021, 27(2) ; 417 — 419,

[9] Zhao YC, Ye M, Zhang XT, et al. Comparing polyvalent bac-
teriophage and bacteriophage cocktails for controlling antibio-
tic-resistant bacteria in soil-plant system[J]. Sci Total Envi-
ron, 2019, 657. 918 — 925,

[10] Shlezinger M, Coppenhagen-Glazer S, Gelman D, et al. Eradi-
cation of vancomycin-resistant Enterococci by combining phage
and vancomycin[J]. Viruses, 2019, 11(10): 954.

[11] Wu NN, Dai J, Guo MQ. et al. Pre-optimized phage therapy
on secondary Acinetobacter baumannii infection in four critical
COVID-19 patients[ J]. Emerg Microbes Infect, 2021, 10
(1): 612-0618.

[12] Liu S, Zhao Y, Hayes A, et al. Overcoming bacteriophage in-



Hh IR R e P A A 2023 4F 6 A5 22 B4 6

Chin J Infect Control Vol 22 No 6 Jun 2023 .

729

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

sensitivity in Staphylococcus aureus using clindamycin and azi-
thromycinat subinhibitory concentrations[ J]. Allergy, 2021,
76(11) : 3446 — 3458,

Chen LK, Kuo SC, Chang KC, et al. Clinical antibiotic-resis-
tant Acinetobacter baumannii strains with higher susceptibility
to environmental phages than antibiotic-sensitive strains[]].
Sci Rep, 2017, 7(1): 6319.

Rumbaugh KP, Sauer K. Biofilm dispersion[J]. Nat Rev Mi-
crobiol, 2020, 18(10): 571 — 586.

R IR, MROL. IRBERE, 5. RKIVIE E A AR S A K E Y RO
JREEI IR ALT]. P EBMESEIE, 2014, 26(2): 163 - 165.
Cheng HJ, Lin F, Xu YY. et al. The distribution and biofilm
formation abilities of bacteria isolated from long term indwe-
lling tubes[ J]. Chinese Journal of Microecology, 2014, 26
(2): 163 - 165.

RETT . S, DA, G5 BT A0 1 A 9 55 B 1) 46
SAHTLCL/ /45 U B I R B 2 R U 5
PR IEIE . P EF AR, 2018 - 09 - 20, 2018 86.

Zhu YF, Kong B, Ma XS, et al. Detection and analysis of
bacterial biofilm contamination in dialysis water[ C]//The 9th
China Clinical Microbiology Conference and Microbiology and
Immunology Forum. Jilin, China, 2018 =09 — 20, 2018 86.
7SR D ) M1 SR B A IR KT R R e R
qacEA1-sull BFEAM MR [D]. ME: MEA K. 2020.
He RP. The resistance of endoscopic Pseudomonas aeruginosa
biofilm to high-level disinfectants and the correlation with
gacE A1-sull gene[ D]. Nanchang: Nanchang University,
2020,

Kaistha SD, Umrao PD. Bacteriophage for mitigation of multi-
ple drug resistant biofilm forming pathogens[J]. Recent Pat
Biotechnol, 2016, 10(2): 184 — 194,

Tomat D, Quiberoni A, Mercanti D, et al. Hard surfaces de-
contamination of enteropathogenic and Shiga toxin-producing
Escherichia coli using bacteriophages [ J ]. Food Res Int,
2014, 57: 123 - 129.

Rodriguez-Melcon C, Capita R, Garcia-Fernandez C, et al.
Effects of bacteriophage P100 at different concentrations on
the structural parameters of Listeria monocytogenes biofilms
[J]. T Food Prot, 2018, 81(12): 2040 — 2044,

Islam MS, Zhou Y, Liang L, et al. Application of a phage
cocktail for control of Salmonella in foods and reducing bio-
films[J]. Viruses, 2019, 11(9) . 841.

Woolston J. Parks AR, Abuladze T, et al. Bacteriophages
lytic for Salmonella rapidly reduce Salmonella contamination
on glass and stainless steel surfaces[]J]. Bacteriophage, 2013,
3(3): €25697.

Abuladze T, Li MR, Menetrez MY, et al. Bacteriophages re-
duce experimental contamination of hard surfaces, tomato,
spinach, broccoli, and ground beef by Escherichia coli O157:
H7[J]. Appl Environ Microbiol, 2008, 74(20) : 6230 — 6238.
Jamal M, Andleeb S, Jalil F, et al. Isolation, characterization

and efficacy of phage MJ2 against biofilm forming multi-drug

[25]

[26]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

resistant Enterobacter cloacae[]]. Folia Microbiol (Praha),
2019, 64(1) . 101 - 111.

Ahiwale S, Tamboli N, Thorat K, et al. In vitro management
of hospital Pseudomonas aeruginosa biofilm using indigenous
T7-like lytic phage[J]. Curr Microbiol, 2011, 62(2); 335 —
340.

Amankwah S, Abdella K, Kassa T. Bacterial biofilm destruc-
tion: a focused review on the recent use of phage-based strate-
gies with other antibiofilm agents[J]. Nanotechnol Sci Appl,
2021, 14. 161 -177.

Molina F, Simancas A, Ramirez M, et al. A new pipeline for
designing phage cocktails based on phage-bacteria infection
networks[ J]. Front Microbiol, 2021, 12: 564532.
Lusiak-Szelachowska M, Weber-Dobrowska B, Gorski A.
Bacteriophages and lysins in biofilm control[J]. Virol Sin,
2020, 35(2): 125 - 133.

Hansen MF, Svenningsen S, Roder HL, et al. Big impact of
the tiny: bacteriophage-bacteria interactions in biofilms[ J].
Trends Microbiol, 2019, 27(9). 739 — 752,

Ferrari RG, Panzenhagen PHN, Conte-Junior CA. Phenotypic
and genotypic eligible methods for Salmonella typhimurium
source tracking[J]. Front Microbiol, 2017, 8. 2587,
Vijayakumar S, Veeraraghavan B, Pragasam AK, et al. Geno-
typing of Acinetobacter baumannii in nosocomial outbreak and
surveillance[ J]. Methods Mol Biol, 2019, 1946 17 — 22.
Jones KM, Karanam B, Jones-Triche J, et al. Phage ligands
for identification of mesenchymal-like breast cancer cells and
cancer-associated fibroblasts[J]. Front Oncol, 2018, 8. 625.
Ziebell K, Chui LD, King R, et al. Subtyping of Canadian iso-
lates of Salmonella enteritidis using multiple locus variable
number tandem repeat analysis (MLVA) alone and in combi-
nation with pulsed-field gel electrophoresis (PFGE) and phage
typing[J]. J Microbiol Methods, 2017, 139; 29 — 36.
Cooke FJ., Gkrania-Klotsas E, Howard JC. et al. Clinical,
molecular and epidemiological description of a cluster of com-
munity-associated methicillin-resistant Staphylococcus aureus
isolates from injecting drug users with bacteraemial J]. Clin
Microbiol Infect, 2010, 16(7): 921 — 926.

Kwon JH, Reske K, O’ Neil CA, et al. Assessment of antibio-
tic-resistant organism transmission among rooms of hospitali-
zed patients, healthcare personnel, and the hospital environ-
ment utilizing surrogate markers and selective bacterial cul-
tures[ J]. Infect Control Hosp Epidemiol, 2020, 41(5): 539
= 546.

Allegranzi B, Bagheri Nejad S, Combescure C, et al. Burden
of endemic health-care-associated infection in developing coun-
tries; systematic review and Meta-analysis[J]. Lancet, 2011,
377(9761) : 228 — 241.

Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic
resistance Pseudomonas aeruginosa in intensive care unit; a
critical review[J]. Genes Dis, 2019, 6(2); 109 - 119.

Del.eo FR, Chambers HF. Reemergence of antibiotic-resistant



[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

730

3

e

2

R P i s 2023 4F 6 H 5 22 25 6

Chin J Infect Control Vol 22 No 6 Jun 2023

Staphylococcus aureus in the genomics eral J]. J Clin Invest,
2009, 119(9) : 2464 — 2474.

Dong FL, Chen JN, Li C, et al. Evidence-based analysis on
the toxicity of disinfection byproducts in vivo and in vitro for
disinfection selection[ J]. Water Res, 2019, 165; 114976.
Mathieu J, Yu PF, Zuo PX, et al. Going viral: emerging op-
portunities for phage-based bacterial control in water treat-
ment and reuse[J]. Acc Chem Res, 2019, 52(4): 849 — 857,
Jensen KC, Hair BB, Wienclaw TM, et al. Isolation and host
range of bacteriophage with lytic activity against methicillin-
resistant Staphylococcus aureus and potential use as a fomite
decontaminant[J]. PLoS One, 2015, 10(7): e0131714.

D’ Accolti M, Soffritti I, Piffanelli M, et al. Efficient removal
of hospital pathogens from hard surfaces by a combined use of
bacteriophages and probiotics: potential as sanitizing agents
[J1. Infect Drug Resist, 2018, 11: 1015 = 1026.

Tseng CC, Chang DC, Chang KC. Development of a biocon-
trol method applying bacteriophage-containing aerosol against
Mycobacterium tuberculosis using the bacteriophage BTCU-1
and M. smegmatis as models[ J]. Microorganisms, 2019, 7
(8): 237.

Ho YH, Tseng CC, Wang LS, et al. Application of bacterio-
phage-containing aerosol against nosocomial transmission of
carbapenem-resistant Acinetobacter baumannii in an intensive
care unit| J]. PLoS One, 2016, 11(12): e0168380.

Caselli E, D’ Accolti M, Vandini A, et al. Impact of a
probiotic-based cleaning intervention on the microbiota eco-
system of the hospital surfaces: focus on the resistome remodu-
lation[ ] ]. PLoS One, 2016, 11(2): e0148857.

Caselli E, Arnoldo L, Rognoni C, et al. Impact of a probiotic-
based hospital sanitation on antimicrobial resistance and HAI-
associated antimicrobial consumption and costs: a multicenter
study[J]. Infect Drug Resist, 2019, 12: 501 = 510.

Huang SS, Datta R, Platt R. Risk of acquiring antibiotic-re-
sistant bacteria from prior room occupants[]J]. Arch Intern
Med. 2006, 166(18) . 1945 - 1951.

D’ Accolti M, Soffritti I, Lanzoni L, et al. Effective elimina-
tion of staphylococcal contamination from hospital surfaces by
a bacteriophage-probiotic sanitation strategy: a monocentric
study[J]. Microb Biotechnol, 2019, 12(4). 742 - 751.
Gutiérrez D, Rodriguez-Rubio L., Martinez B, et al. Bacterio-
phages as weapons against bacterial biofilms in the food indus-
try[J]. Front Microbiol, 2016, 7: 825.

BEPEAR. W TR A B I R UL AN i AF ST (D). B b
A2 KA, 2014,

Cui ZL. The prevention and control of some common health-
care associated bacteria using bacteriophage[ D]. Shanghai:
Shanghai Jiaotong University, 2014,

Oechslin F. Resistance development to bacteriophages occur-
ring during bacteriophage therapy[J]. Viruses, 2018, 10(7):
351.

Baldasso V, Lubarsky H, Pichel N, et al. UVC inactivation of

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[o1]

[62]

[63]

MS2-phage in drinking water-modelling and field testing[ ] ].
Water Res, 2021, 203: 117496.

Stachler E, Kull A, Julian TR. Bacteriophage treatment be-
fore chemical disinfection can enhance removal of plastic-sur-
face-associated Pseudomonas aeruginosa [ J]. Appl Environ
Microbiol, 2021, 87(20): e0098021.

Capelletti RV, Moraes AM. Waterborne microorganisms and
biofilms related to hospital infections; strategies for prevention
and control in healthcare facilities[ J]. ] Water Health, 2016,
14(1): 52 -067.

Kanamori H, Weber DJ, Rutala WA. Healthcare outbreaks
associated with a water reservoir and infection prevention
strategies[ J]. Clin Infect Dis, 2016, 62(11); 1423 — 1435.
Jassim SAA, Limoges RG, El-Cheikh H. Bacteriophage bio-
control in wastewater treatment[]J]. World ] Microbiol Bio-
technol, 2016, 32(4). 70.

Serra-Compte A, Gonzdlez S, Arnaldos M, et al. Elimination
of SARS-CoV-2 along wastewater and
processes[ ] |. Water Res, 2021, 202; 117435.

sludge treatment
Santiago AJ, Burgos-Garay ML, Kartforosh L., et al. Bacterio-
phage treatment of carbapenemase-producing Klebsiella pneu-
moniae in a multispecies biofilm: a potential biocontrol strate-
gy for healthcare facilities[J]. AIMS Microbiol, 2020, 6(1):
43— 63.

Withey S, Cartmell E, Avery LM, et al. Bacteriophages — po-
tential for application in wastewater treatment processes[ J].
Sci Total Environ, 2005, 339(1=3): 1—18.

Holtappels D, Fortuna K, Lavigne R, et al. The future of
phage biocontrol in integrated plant protection for sustainable
crop production[ J]. Curr Opin Biotechnol, 2021, 68;: 60 —
71.

Zbikowska K, Michalczuk M, Dolka B. The use of bacterio-
phages in the poultry industry[J]. Animals (Basel) . 2020, 10
(5): 872.

Nnane DE, Ebdon JE, Taylor HD. Integrated analysis of wa-
ter quality parameters for cost-effective faecal pollution mana-
gement in river catchments[J]. Water Res, 2011, 45(6):
2235 = 2246.

Pinto G, Almeida C, Azeredo J. Bacteriophages to control
Shiga toxin-producing E. coli -safety and regulatory challenges
[J]. Crit Rev Biotechnol, 2020, 40(8): 1081 — 1097.

RS 5iH )D

A5 AAREC MAEVK AR L AN A T (R A B e e B 45
A et R L), vl JR e 4 ) 2% 7k £ 2023, 22.(6) : 724 = 730. DOT:
10. 12138/j. issn. 1671 — 9638. 20233085.

Cite this article as: LIN Jia-bing, GAO Xiao-dong, HU Bi-jie.

Research progress of bacteriophages in the prevention and control

of healthcare-associated infection [ J ]. Chin J Infect Control,
2023, 22(6): 724 — 730. DOI. 10. 12138/j. issn. 1671 — 9638.
2(0233085.



