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[ Abstract] Objective: To investigate the in vivo antibacterial activity of fosfomycin combined with imipenem
by using the infection model of Galleria mellonella with Klebsiella pneumonia. Methods: Four strains of carbapenem
resistant Klebsiella pneumonia ( CRKP) and four strains of carbapenem sensitive Klebsiella pneumonia ( CSKP)
isolated from patients with bloodstream infection were collected from Wuxi Second People’s Hospital Affiliated
Nanjing Medical University on January to December 2020. The serotypes of Klebsiella pneumoniae capsule were
typed by wzi gene sequencing. The virulence model of wax moth was used to calculate the 80% lethal dose of different
strains in 96 h, then the antimicrobial susceptibility test of wax borer was carried out to analyze the antibacterial
activity of fosfomycin combined with imipenem in vivo. Finally, the bacterial load was detected by the hemolymph

test of wax borer. Results: Wzi gene sequencing showed that the serotypes of all the four CRKP strains were k64.
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The serotypes of four CSKP strains were K1, K2, K50 and k26, respectively. The in vivo antibacterial activity
result of combined drugs showed that when the MIC value of imipenem was <8 mg-L ™' and fosfomycin <32
mg-L ™" in CRKP group, the antibacterial effect of the combination on two strains was significantly better than that of
single drug, and the load clearance rate of hemolymph bacteria was higher. The antibacterial effect of the combination
on K1-KP531 and K2-KP532 from high virulence in CSKP group was better than imipenem or fosfomycin alone,
with the load clearance rate of hemolymph bacteria lower than that of low virulence strains in CSKP group. Conclusion :

When imipenem MIC <8 mg-L ' and fosfomycin was sensitive, fosfomycin and imipenem showed synergistic effect

in the Klebsiella pneumoniae infection model of Galleria mellonella.

[ Key words |

Jifi % 72 5 1A 18 ( Klebsiella pneumoniae ,Kpn) HA
Iz BURRE T 3 A 2 RPN R A 2 AR g - B
M 2T 25 19 i & 52 75 1A B ( carbapenem-resistant
Klebsiella pneumonia , CRKP) S E (Y £ y7 AH 5 2 44 Al
WU = B 0 il R v A T (Klebsiella pneu-
moniae with high virulenc , HvKP) ¥& i B¢ #1: X 3 15 1
RV A ERVEE N CRKP 1 i 7% 4F 1
i HLAU D BO LR Bt A= 3R 80U HVKP 3 J5 1 392 i
J2 G R AT R WK LT e .
9 50T AP 000 LR YL 10 FET % 5 ik 30%
Leind & PR 2500 O w2 i R v AR T 4 T A0
BES W) R B B, 1R A BF 5 4 B B 5 R X CRKP Y
M 25 AT 50% ARSMNK G 25 Uk BR B s R S
BT B K B AR R AT T CRKP )2 HvKP /93
7o AR A AT B A A Jek 2 D IR 445
LY A8 52 R TE , KR IR B 5 A 5 2% By 18 &
GEAALM MMk BOE AR, &) T 4w 8 )
RSN (LR A R U S U DY £ T 245 0 i 1A
PRI 5 24 BT A8 T8 3 /0, AR BIF 5 R T i A0 A ST
P14 R E I ) B O 5B e B AN [ T 245 R B ) 1 ik %
SR, X W R 5 e B R I IR T Il 4% e
AT R 9 25 W 7 O AT B9 3 Ao

5T %

1 EHRFRIR
W 45 T i BE LR A B R T B T AR N R EE B
2020 4E 1 H—12 A 7r & A MRS 535 19 8 Bk i
RICFAATE , b CRKP 4 Bk %00 S RO fiti
T 1A B ( carbapenem-sensitive Klebsiella pneumonia ,
CSKP)4 B o >R FII% B A B4R 20 m) 5 50 B O i
W HE B RAT UG HE AT BRD 0 , oR T A R A
) Vitek 2-Compact HE47 25 BUkG I . 25 56 2 IR

Cyj‘ 2204
PEMBRG 2021 F355 30 555 23

Galleria mellonella; Klebsiella pneumoniae; virulence; imipenem; fosfomycin

2020 4 3 [ Ifi P 152 56 % b ik Bh 25 CLST M100°77
FHE MIC 35X 25 38 W0 i 3% pi 24 Bl SR ik A7
W52 4%, 2R F] wai B R 3 3F A7 TR A 9 356 BEE 1L 775
TR 21 R
2 KEEESZHRAHRD

A5 b B8 I S 9, 1% e T 10°,107,10°
10°,10*,10° 10> CFU-mL '8y 7 it I 4L, 45 8 41
R VE ST PBS 7 nhil 6 B, 55 9 AL E R A N IR
20, H] 50 L G i G AR #EAT A . RERR 24 h W
Fo M AE IS, WEEZE 96 h, [ — Wk EFHEREE 3 K,
TR LDy .
3 KEEEENREAYERKE"

R4 5 7L 5 96 h X i 19 LDy, o 1 17 b W ik
JERECH] . FEAR I E 6 41, T4l 20 H 4 i, 56
1~ 4 2 T S5 AR O Ve B 1 TR VA5 5F S 2R S E T PBS
SR 6 A X IR ,3T CEH . 4 E 2 h
Je AT 25 W R AT, R R R A (L) 0. 25 g e
) RAPEREILANK (L) 50 kg $#580) 45 25 7 4 HE AT
VLR 2593697 o KIS Lm0 5k 5 x 10 7° A
it (mg) |, 0 e 55 m R 25 25 00 (AR 5 2t 40
250 mg-50 kg ' 8000 mg-50 kg ', A1 A4 AT
V35 B (imipenem , IMP) 1. 25 ug-10 pL ™', 45 2 4
41 25 95 55 2% (fosfomycin, FOS )40 ug+ 10 pL_l o)
3L R LT IMP 1.25 ug+5 pL ™' 5 FOS 40 ug-5
pL BRAIAIT . BB IR ILE T 37 CHUMERE NI E
96 h, f % 24 h WA TF i sk B A 4 AL T- i .
WG FATEE 3 W AW Lai g, | & M sl
O3 Sh R R B (A BUELA W], 95% ) BE R E (h
B £ 245 R F A B ,95% ) o
4 KB HE ki kB R 7T SRS

ATV T 1) T W S0 24 W 0 S 110 2 R T) R
WK T TR 245 ) U0 B AR R 4 41, A 28 K



Wi, TR SIS 25 ) U AT, A 4 Rl R
S — UMLK 5 A 24 ) 1 ) BB 24 b, i 2H ik R
4 HOCAE — U I bk CL U . 0 I 4y He e, o B SR L v
FEAEAE T B B AR BAH R SE T2 19 2y 3L, AR S B 1
W IR 4K 29 30 WL ¥R 20 B0 B i L 10wl it
710,100 1% % ¢, I AR I B 10 wL; 10 4%, 100 4% 2
AN A IR 100 L 23 1) I A T 1ML Ao K i A7
WU E T 37 CHEFEh i E 24 ~36 h, %
SR A R R 1 Al b TR T R IV, I 24 K i vk 2 4
P 6] B/ CFU-mL ™" = N x Bl BERE A x 10 (PR TR
100 pL-1Z10 pL.™") x10(1 mL-100 wL "),
5 BESW

H Graphpad 6.0 % i3 47 550 45 00 4k 38 K2 49 #r
I 2z i A A7 il £ BT it bk B B ey 3k R TR

Rl O A LR 25 1) MIC {5 73 A

Chinese Journal of New Drugs 2021,30(23)

SPSS 22..0 347 96 h LDy, 1 1gLD,, 1185, I #5645 F 77
ST

& R

1 HHRER wi RN ER

25850 5 45 S R . CRKP 41 v K64-KP051 Fil
K64-KP056 ¥ % ¥ & . £ ki § R 8 2%, Ko4-
KP059 \K64-KP062 5 Jill 35 2 | Z K 1A R . 05 75 2
J&, FLWE e K5 ) MIC {H ¥ 8 pg-mL ™', 4 ff
CSKP B #kH 2 #k 7 ESBLs .2 #kdE ™ ESBLs & #, &
RS W 1, %3t wzi W7 .4 #k CRKP (KPO51,
KP056 ,KP059 , KP062 ) B #: 24 h K64 #;4 # CSKP
B R4 A K1, K2, K50, K26, Hirf K1, K2 k% i
4 e 2 7 I R

pgeml ™

WY KP051(K64) KP056(K64) KP059(K64) KP062(K64) KP531(K1) KP532(K2) KP612(K26) KP613(K50)

Fap oK R B =64 =64 =64 =64 <4 <4 <4 =64
A g =64 =64 =64 =64 <0.25 <0.25 =64 =64
Sk 6 i A2 =64 =64 =64 =64 <1 <1 <1 <l
ZHE R 1 2 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
KRB E =16 =16 =16 =16 <l <l =16 =16
Ve 3% v =16 =16 8 8 <0.25 <0.25 <0.25 <0.25
WA =4 =4 =4 =4 1 1 1 1

WR 7 75 AR -l e 2 31 =128/64 =>128/64 =>128/64 =>128/64 8/4 8/4 8/4 8/4
5275 B i W =16/304 =16/304 =16/304 =16/304 <1/19 <1/19 <1/19 =16/304
BER =256 =256 16 16 16 16 16 16
BmmE <0.5 <0.5 <0.5 <0.5 <0.25 <0.25 <0.25 <0.25

2 KEEZNRBGNLER M 5 55 T AP 7

PR B R 50 R R, 8 R TR T R I
FOPE 2 B 5 i o R AR PR L AR R 4 R A AE it
2 5 SPSS 45 H 4y B, W52 K B UE 96 h (1) A= fF %,
Fie B8 wzi S3 YRR AT 43 40,8 BRIATAR 1Y LDy, 1)
ZE BRI R . CSKP 2H K1-KP531 f1 K2-KP532
10° CFU - mL~"; CSKP 4] K50-KP613 4 10° CFU -
mL ™' ; CSKP 4] K26-KP612 34 10’ CFU-mL ™" ; CRKP
4l K64-KP051, K64-KP056 , K64-KP059 , K64-KP062
#510° CFU-mL ™", AR (49 96 h 1) LD, 1 S K
WA PN B TR 25 36 9 0 4 D TR VR MR B L wzi 5 R 46
A 4E R K1-KP531 f1 K2-KP532 N H

3 KRESEFEANREHYITY

R U W 0y ok A A7 R 2R PR T i 8
VLR P25 36 3 Fhic o 25 3R 97 7 XU, 96 h AR 77
R4k B oK. CSKP 4] K1-KP531, K2-KP532, K26-
KP612,K50-KP613 ixX 4 & i i I B 5% p B FH | 0 i
B w5 WA P2 T RUIE T R L W B
5 25 I AT Ak B % 25 % . CRKP 4 Ko64-
KPO51 il K64-KP056 I £ F 25 I B 25 ¥ o i |
75 ; K64-KP059 | K64-KP062 1 25 BF: Fil 14 47 5 HE 17
R T R T R AR R, HAR R
K1,

2205 Cyj
PEMDZE 2021 F55 30 B 23 5 ‘



Chinese Journal of New Drugs 2021,30(23)

KP532-K1 KP532-K2
-0-FOS+KP531 -0- FOS+KP532
-2 FOS+IMP+KP531 -# FOS+IMP+KP532
—&- IMP+KP531 - IMP+KP532
——no drugs ——no drugs
0 1 Il 1 Il 1 1 1 |
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
t/h t/h
KP612-K26 KP613-K50
~®-FOS+KP612 ~0-FOS+KP613
- FOS+IMP+KP612 - FOS+IMP+KP613
—&— IMP+KP612 - IMP+KP613
—*—no drugs —+—no drugs
KP051-K64 KP056-K64
~-FOS+KP051 ~-FOS+KP056
-#-FOS+IMP+KP051 -#FOS+IMP+KP056
—&— IMP+KP051 - IMP+KP056
——no drugs ——no drugs
0 1 Il 1 Il 1 1 1 | 0 L 1 Il 1 1 1 Il |
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
t/h t/h
KP059-K64 KP062-K64
-0-FOS+KP059 -0-FOS+KP062
-# FOS+IMP+KP059 -# FOS+IMP+KP062
- IMP+KP059 - IMP+KP062
—x—no drugs —x—no drugs

1 8 BT 04 1A PN 24 B A A 25

4 KEENHKEHELETER F K50-KP613 F1 K26-KP612, CRKP %] K64-KP051
CSKP 4 K1-KP531, K2-KP532, K50-KP613 , K26- 1 K64-KP056 Ifil bk I 4 P 17 ff i — B AL T Hp 2238 5

KPO12 Iy e s e B R (WO 25 056 FH B 2 R A T 3 Fi (RS ; CRKP 417 % 15 39 19 MIC {E o <8 mg- L™,

2y 257 5 WoR 024 1 TP T W0 i 85 mg R B WA £ <32 mg- L™ ) K64-KP059 #l K64-KP062 1

W RO, E XM E MR DS THAP 96 h P2 FH 0 40 i 6 0 B R T A, Bk g R

H AR EMER, &5 KI-KP531, K2-KP532 WL 2,

X3 iy 245 77 20 i bk B A0 R A AT R T B R R G

2206
@7‘ PEMBRG 2021 F355 30 555 23



Chinese Journal of New Drugs 2021,30(23)

KP531-K1 KP532-K2
Tr 7
5 65 . . .. e g « no drugs 7 6.5 .. .. .o e « no drugs
] . . AFOS £ o o . AFOS
G 551 v IMP 5 5.5 v IMP
e sl Aggh e 5 Agah
> s a * FOS+MP > i s * FOS+MP
S 45t a Ay gk v S ast N Aga &g v
-@' ak A: = Y: @ 4 A..: = vv.:
* k { * *x
53.5- Yoyy-¥ YA L * §3.5 Yoyy-¥ RN o *
. *. *.
R o3 Ml R o3f Mg e
25 24 48 72 96 25 24 48 72 96
t/h t/h
KP612-K26 KP613-K50
Tr 7
"TE. 6'z: .. ee .o T ¢ nodrugs FTE' 6'§ .o .o eee "7« nodrugs
% sl A FOS % 55 A FOS
o st v IMP o s v IMP
2 45) * FOS+IMP D 45 * FOS+IMP
) -
= 4T Ay A 2 4 A A
& 35t ‘; & 35 ‘;
A A 2 - 22 e 'y 4 V-
g 3+ A gy A'vv‘vA "‘w Mo _‘g 3 *:: *‘A ‘W‘ A W Ma
251 A4 A S . 25F .y vy¥
0 24 48 72 96 0 24 48 72 96
t/h t/h
KP051-K64 KP056-K64
Tr 7
o T AL DUV - o
E 6F e . ANV VAVA 4 FOS s 6 e i AN *'1 a FOS
2 551 4 3 55 >4 A
é’ Avgah KYVALVAAY. Sa—— *oknt 7 IMP ; Ay yah “'*'“ B v IMP
= 5t RIS * KK * FOS+IMP b= 5t KYY_ ¥k * KK * FOS+IMP
Q 45F Q 45
) —
2 4t S
¢
ﬁ 35F E 35
® 3t R 3
1 1 1 1 1 1 1 1
25 24 48 72 96 25 24 48 72 96
t/h t/h
KP059-K64 KP062-K64
Tr 7
¥, 651 .. e oo « no drugs T, 65 . . e P—— ~eo « no drugs
; L] e . A FOS S 6r = : 4 FOS
;5‘5_ Agkh Aakh v IMP 25'5 Ayyad Aa-ad v IMP
2 st ah-Aog Avy V¥ S 5f ey v ahAa A Aa
2 [ vy, T Try® * FOS+IMP > vy vvr i " % FOS+IMP
= 4.5 = 4.5
_@ | KooK *ogx _@ KoK gk
g 4 SU— *xx™ g 4 K K K K
& 3.5F * 3.5 * Kk *
R 3r x® 3
25 . , ) . 25 . . ) .
24 48 72 96 24 48 72 96
t/h t/h
B2 8 BREH AY I bk B A
s B CRKP%I}'E‘QTW%’E T JH B 25 0 >, Tk 2 98 78 ¢
T TE o
& HVKP BRI R K, B AR B3 2 &
48 T TR AP TR 200 I IR R L S I R A TR “%oﬁi%%%nmﬁmﬁm%%%%%ﬁﬁﬁ

@Jﬁlmﬁlﬂ’]? YL 5T , CRKP S 24 fY) i AE R e
A HVKP i B 1 04 1 3 2% % 0936 7 440 80Ok MO

PEMARG 2021 F5

30 B

2, FRIT I PR R0 20 (9 16 45 28 S0 A9 ) 25 22 36 6 11K
SN 2 B, X IR 5 T 24 84 R TN R0 Bodis R R

|7



Chinese Journal of New Drugs 2021,30(23)

B o AHIE ST SR FH R YD A ST A R R e R X
V. 55 K A W B 2K P A B O M AT A O R
B : CRKP 21 24 37 iz 15 9 A9 MIC {4 <8 mg- L™,
BB 2 <32 mg- L™ B0 e %5 kA B R AT K
BEE T, CSKP 21 W 25 14 97 3tk T
BAZY R B T TR AR B 2 00 3 R R B I TG
BE S HE

SERR wzi I T % 354 3k T il 98 5 B A1 BT 9
0775 789 43 AR 1) B A I 2, SR — i FH 51
Rz I 55 AT LA il 46 58 B A R 150 22 b i€ B v 78 sk
FRAr L TR ARBE R A o ASHETS A B A M R
() 8 H it 48 55 B A0 T , R wzi M ¥ % B CRKP 3
K64 #1, Yang %" g i#, 2017 4F 2 i 3% [ 19
CRKP & UL 1L 7 B4 45 K47 & K64 ,2017 4F 2 )5
K64 % 5 3 [ CRKP 70% LI I, ABFsH 4 #k
CRKP #J K64 %, 5 HAjTE A RiE " —5, CSKP
v K1-KP531 1 K2-KP532 43 B B I 8 ik e 4 9 I
JHe Pifr i) H 5, K50-KP613 1 K26-KP612 7 ESBLs i%
MR, KL R K2 S 3 R w0
SR 1M Y AR

Rt e JER e R I R - SRR 1ML 355 R K1-KP531
1 K2-KP532 # (5 2 #k CSKP 96 h (i LD,, K & 7
10° CFU-mL ™", 3 7 2 2% 5 T H b i 2 7 76 17 74
3 3 I RRE R AIF 52 O e B 0 Il 4% vE FRAN B . Khalil
2 NS o R, K4 B9 CRKP 3 7 A 42 55
{ELJR 3T AF R 1o 2 5 0T w80 iRt 24 A4 i 48 TR A T AR Y R
ARG 221 N Tt 245 B 00 SR A RO T O M R Bk
0 o AR S0 i I R 40y o S 06 4% B ) S B 96 h, ¢
TR AR T A A ) 45 A A [T, A 24 ~ 120 h RZEEST
T 9% v TR A BR A 3E 7 5 0 TR HE 95 15 W B I B
AR, R TR PRIA 7 1% 0, AR 15 5 RS il e
F14 240 BT 2 70 52 A, 18 T S 2R A BRA 25 S0 5, 45
A T 01 S 06 B AL 25 5 R YR BB BE 96 h fE SR W %%
i (8]

[/ S I N | I I L e
JLBE ) B SR AR B . B RS R N AN UR R T IR
Y 0 AT IR I IR | R i 2R 4 A JEK
Yo, TERRSEE SR, il 5 5 15 10 B 1 it 25 378 20% L
T T 25 R OK S e 50% 1 4 e HfE 1
CRE X} #5 % MIC<32 mg-L ™' i, i LU (&l i f2
TR R MBGIRIT . X CRKP, I R 2y
fem b — MR S BRI AW P R B
8, LAIK B A7 k.

Cyj‘ 2208
PEHFAORNT

2021 £ 25 30 B 23 1

AR I 5 A T 0] R W A Py JR e 455 R A ST KL il
b i AT B R W T B2 N 25 E A Y
WIS R P 2B E G o T S 96 h Y LD, X B A vk
J&i , 2 B P SCHR AV SRR AS S BT 25 iR
ST BB SE 7 58, I BEAE OB S 2 h #E AT i
$IBYT . CRKP 4 4 BRE B ERA A BOR A — 2,
K64-KP051 #i1 K64-KP056 i il Jiiz £ 55 i MIC {f Ky
8 mg L™ WK <32 mg- L', W5 24 3% FH A I7 5k B
e T 2R B ], K64-KP059 Fil K64-KP062
7 2 R bk, WA R =256 mg- LT WAk HEE =16
mg-L ™" B4 25 0 W AR . CSKP 4 K1-KP531,
K2-KP532,K50-KP613 , K26-KP612 1 24 5 i J7 24 4
TER U, PR 24 B 40 MG PR Y v B 0 W AR v TR A0 TR
YT e

JRE I P 245 06 295 R D HR AR 8 BB T B e i
AT97 RCAIE , T2 HE B 4y dh PR HC Al 52 PR AE T 1Y AT RE
P I 98 B A7 g S 504 9K EL VR 2R A7 B R, B IIORS i b
X 25 9 7k AT T o Ik B S B R A
FH 24 A0 EL T 5 225 ] B i ek 2 R e i 0 ) e A P A 44
P g i . CRKP 21 I bk B &5 SR 5 A A7 il 4k 1) 25 51
—H, CSKP 20 /& #5 J7 Jili 48 ve B AT A 3 b 2s 25 05 =0
I bR EEL 240 B A7 A o 3 IO 0 IR T AR o R D R

WA 2% WKk G 0 B 3% mig A7 AR AR P W) PE DL AR R
I BUBIR it 48 5 TR T (JC 2 KT, K21 36 2 & 2
JIWRR) J5 A AR RSO IR T Il R T R
T3 i 9 3 T A PR R L B AR SRR T i R e T A T
S T AE B U s FEIR YT K64 1ML i B /Y it 245 i 4
RN  BER S UM EREGE - RE L
R VA BEROR , i R R T T 24 AL i 58 v TR AN e
ST Y B

[ & % x ® |

[1] ZHANG XT, OUYANG JL, HE WW, et al. Co-occurrence of
rapid gene gain and loss in an interhospital outbreak of carbapen-
em-resistant hypervirulent ST11-K64 Klebsiella pneumoniae| J].
Front Microbiol, 2020, 11 579618.

[2] YU W, SHEN P, BAO Z, et al. In vitro antibacterial activity of
fosfomycin combined with other antimicrobials against KPC-pro-
ducing Klebsiella pneumoniae [ J]. Int J Antimicrob Agents,
2017, 50(2) : 237 - 241.

[3] FALCONE M, BASSETTI M, TISEO G, et al. Time to appropri-
ate antibiotic therapy is a predictor of outcome in patients with
bloodstream infection caused by KPC-producing Klebsiella pneu-
moniae[ J|. Crit Care, 2020, 24(1) : 29.

[4] DOI Y. Treatment options for carbapenem-resistant gram-negative
bacterial infections[ J]. Clin Infect Dis, 2019, 69 ( Suppl 7) :
S565 - S575.

[5] DESBOIS AP, COOTE PJ. Utility of greater wax moth larva ( gal-

leria mellonella) for evaluating the toxicity and efficacy of new



(6]

(8]

[9]

[10]

[11]

[12]

antimicrobial agents[J]. Adv Appl Microbiol, 2012 ,78:25 - 53.
LI G, SHI J, ZHAO Y, et al. Identification of hypervirulent
Klebsiella pneumoniae isolates using the string test in combination
with Galleria mellonella infectivity[ J]. Eur J Clin Microbiol In-
fect Dis, 2020, 39(9) : 1673 - 1679.

Clinical and Laboratory Standards Institute. Performance stand-
ards for antimicrobial susceptibility testing. Thirty informational
supplement[ S]. 2020.

WIOKE, TE22 R0, WA H. wai D9 7 38 8 45 45 I % 58 AR
TR B L G R i E D] R R 5 B A R, 2020, 40
(11) . 2844 -2850.

ARE, WA O i R A R 7 i 48 v R F B R T B
AR [T]. AR R P M e e 2 2k ik, 2018, 38(8) .
611 -615.

YANG H, CHEN G, HU L, et al. Enhanced efficacy of imipen-
em-colistin combination therapy against multiple-drug-resistant
Enterobacter cloacae: in viiro activity and a Galleria mellonella
model[ J]. J Microbiol Immunol Infect, 2018, 51(1) . 70 =75.
BELLICH B, RAVENSCROFT N, RIZZO R, et al. Structure of
the capsular polysaccharide of the KPC-2-producing Klebsiella
pneumoniae strain KK207-2 and assignment of the glycosyltrans-
ferases functions[ J]. Int J Biol Macromol ,2019,130:536 —544.
YANG Q, JIA X, ZHOU M, et al. Emergence of ST11-K47 and
ST11-K64 hypervirulent carbapenem-resistant Klebsiella pneumon-

iae in bacterial liver abscesses from China: a molecular, biologi-

[13]

[14]

[15]

[16]

[17]

Chinese Journal of New Drugs 2021,30(23)

cal,and epidemiological study[ J]. Emerg Microbes Infect,2020,
9(1): 320 -331.

KHALIL MAF, HAGER R, ABD-EL REHEEM F, et al. A
study of the virulence traits of carbapenem-resistant Klebsiella
pneumoniae isolates in a Galleria mellonella model [ J]. Microb
Drug Resist, 2019, 25(7) : 1063 - 1071.

ZHANG YW, JIN LY, OUYANG PW, et al. Evolution of hyper-
virulence in carbapenem-resistant Klebsiella pneumoniae in Chi-
na: a multicentre, molecular epidemiological analysis[ J]. J An-
timicrob Chemother, 2020, 75(2) : 327 -336.

ROMERA D, AGUILERA-CORREA JJ, GARCIA-COCA M, et al.
The Galleria mellonella infection model as a system to investigate
the virulence of Candida auris strains[ J]. Pathog Dis, 2020, 78
(9) : ftaa067.

YAO HJ, LIU JX, JIANG XY, et al. Analysis of the clinical
effect of combined drug susceptibility to guide medication for car-
bapenem-resistant Klebsiella pneumoniae patients based on the
kirby-bauer disk diffusion method[ J]. Infect Drug Resist, 2021 ,
14. 79 -87.

PEREIRA T, DE BARROS P, FUGISAKI L, et al. Recent ad-
vances in the use of Galleria mellonella model to study immune
responses against human pathogens[ J]. J Fungi, 2018, 4(4) .
128.

M H /% B 2021 08 - 10

2209 ‘@7
CPEFTDAVE 2021 F5 30 55 23 F



	2021-23版权页副本.pdf
	2021-23中文目录_复制.pdf
	2021-23英文目录副本.pdf
	D23.pdf
	封底 天大天发.pdf



