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Study on the in Vitro Antibacterials Therapy of Ceftazidime/Avibactam-resistant Klebsiella Pneumoniae

QUE Wancai', CHENG Yu', ZHAO Zhichang!, ZENG Xiaofang', ZHANG Bingging?, LIU Maobai',
QIU Hongqiangl’2*(1.Department of Pharmacy, Fujian Medical University Union Hospital, Fuzhou 350001, China;
2.College of Pharmacy, Fujian Medical University, Fuzhou 350108, China)

ABSTRACT: OBJECTIVE To explore the antibacterial therapy of ceftazidime/avibactam-resistant Klebsiella pneumoniae
strains in vitro and to provide a basic theory for the clinical treatment against such resistant strains. METHODS The possible
resistance genes of two Klebsiella pneumoniae strains were characterized by PCR, and then the amplicons were sequenced. The
effect of monotherapy and combination of the different antibiotics against the resistant strains were evaluated by in vitro time-kill
experiments. RESULTS Deficiency of outer membrane porins and production of metallo-beta-lactamase mediated the two
strains to ceftazidime/avibatan-resistant, respectively. The time-kill experiment results showed that monotherapy and two-drug
combinations of polymyxin B, imipenem, meropenem and fosfomycin could not obtain a satisfactory bactericidal effect.
However, the triple therapy of polymyxin B-meropenem-fosfomycin or polymyxin B-ceftazidime-averbactam could produce
strong and sustained bactericidal effect on the two drug-resistant strains respectively. CONCLUSION Different triple therapy
based on polymyxin B may be an effective strategy against ceftazidime/avibactam-resistant Klebsiella pneumonia strains
underlying a different resistant mechanism.

KEYWORDS: ceftazidime; avibactam; resistance; Klebsiella pneumoniae; in vitro
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Tab. 1 Primers for resistance genes

R nAGEIEY) BG4

blaxpc  TCGCTAAACTCGAACAGG TTACTGCCCGTTGACGCC
CAATCC

blaxpn ATGGAATTGCCCAATATT TCAGCGCAGCTTGTCGGC

blaggs CTATTACTGGCAGGGATCG  CCTCTCAATGGTGTGGGT

blaoxa-4s TGTTTTTGGTGGCATCGAT GTAAMRATGCTTGGTTC

GC
blapyp  GAGTGGCTTAATTCTCRATC AACTAYCCAATAYRTAAC

blayy -~ GTTTGGTCGCATATCGCAAC AATGCGCAGCACCAGGA

TAG
blaoxa-40 CACCTATGGTAATGCTCTTGC GTGGAGTAACACCCATT
cC
Ompk35 CAGACACCAAACTCTCATCA AGAATTGGTAAACGATA
ATGG CCCACG
Ompk36 CAGCACAATGAATATAGCCG GCTGTTGTCGTCCAGCA
AC GGTTG
Ompk37 CATTCCGCAGAATGAGACGG CGACGATGTTATCGGTA
CAAC GAGATAC

2.3 B R R

WL 24 h AR L . WG =255
L2 AR R LR . DML %
LZEHZE B0.5, 1, 2, 4, 8, 16, 64mgL™"), T
WehGFE (10, 20, 40, 60, 120 mgL™'), B IEH
(10, 20, 40, 60, 120 mg-L ")FI#EE (75, 150,
300,500 mg' L"), @QZZH & B(0.5,1,2,4mgL™")
HIERRI 2GS — 2B KR (20, 40,
60, 120 mg-L sl E &% (75, 150, 300 mg-L™),
@=ZHA 2T % R 3x2x2 A £ H & B(0.5,
2, 4 mgL"), EPHRI40, 80 mg L HYMIBEEER
(75, 300 mgL™"); H—H =24 3x3x1 (45 ZHhH
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% B(1, 2, 4mgL ™), kAfbrEC16, 32, 64 mg L")
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R Z E i 25 Mt e SR AR T . A5 LR 2,
3.2 RS
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Ompk35, Ompk36 Fl Ompk37 F[H H ¥ 18445 . i
1 X% XHKP2052 Hkk Ompk35, Ompk36 F1 Ompk37
FEF YK i T Y, BLAST 2B 4h SRR
Ompk35 NEFHERL, Ompk36 1iAE LA G LRI
e, Ompk37 WHEAEIR SN Fo7E . 45U 1,
3.3 WA 4SS
3.3.1 HZjRyT ZHEWER B TEmWKE(6,

R2 FEAGEREBRER

Lanel .DNA marker
Lane2. XHKP2016 NDM
Lane3. XHKP2052 NDM

Lanel. XHKP2016 Ompk35
Lane2. XHKP2016 Ompk36
Lane3. XHKP2016 Ompk37
Lane4. XHKP2052 Ompk35

1 Jifi 3k 52 % {8 % XHKP2016 7 XHKP2052 /5 & &
Y4 B NDM # [H(a)f EIL & &8 Ompk35, Ompk36 70
Ompk37 % [ (b)# PCR ¥ 3 J5 =3k &

Fig. 1 Electrophoretogram of NDM metallo-beta-lactamase
genes(a) and Ompk35, Ompk36 and Ompk 37 genes (b)
amplified from XHKP2016 and XHKP2052 Klebsiella
pneumoniae strains by PCR

64 mg-L )] LU AR Pl R a2 i R BEVE T, PO TR AR
1~2 h WARFRAER, ATERSE 24 h AEHTAE K Tk
FE<16 mg'L', 4~8 h BiEtRH B A, 24 h
REREHR (log10CFU 4Efk<3), TEIRRATARG
SR ETE R N (0.5~4 mg L ) Z R ZE B ik 6h i
PR R A K WG (10, 20, 30, 60,
120 mg-L ") Fl1 35 % K5 .25 (10, 20, 30, 60,
120 mg L YWERTA ML 24 h YIRRE = A FrLeny
AR BR300, 500 mg-L ! 7] % XHKP2052
PR R EAEHT L 8 h i B A K B R (75,
150, 300, 500 mg-L~") A7 ¥ B 20 A AT AT Bisf [1] 412
A %) XHKP2016 Wk~ A RFEAAIEA, 24 h N
SRR, ZRILE 2,

332 PGB PHRRRRXT K A fth B /BT A B 4H 2
i 24, L4 i Sk 70 b i /] 2 0 3H e Bt AS i ke 51
R AFEIER, 24 h GRS, 45500
K 3. IZFHE B NP2 A (s R e w
Kim)X) XHKP2016 FHRIEMNIEKEZFHE B
(<4 pgmL ™) 24 h AREAERFARRASCR ,
45 24 45 T P S R 24 T B R i K B SR LI 45,
HEGHEZHHE B4 pgmL HERE LD A
A RBERCGHOR, (H4IE s e K, &

Lane5. XHKP2052 Ompk36
Lane6. XHKP2052 Ompk37
Lane7. DNA marker

Tab. 2 Drug sensitivity test results of two strains mg-L!
HEtR ZFWEB FRER XY LHFE  BEZR etz RKRER SmHER dliE Skabie/prgirie
XHKP2016 <0.5(S) 0.5(S) 64(R) 128(R) 64(S) 128(R) 256(R) 2(D) 64(R) 128(R)
XHKP2052 <0.5(S) 0.5(S) 64(R) 64(R) 16(S) 256(R) 64(R) 0.5(S) 128(R) 128(R)
T S-HU; - R-TiHZY,

Note: S—susceptible; [-mediation; R—resistance.
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Control

LMI 10 mg-L!
LMI 20 mg-L™!
LMI 30 mgL!
LMI 60 mg-L!
LMI 120 mg-L!

Comtea!
Lontrol

MEM 10 mg-L™*
MEM 20 mg-L!
MEM 30 mg-L™!
MEM 60 mg-L™!
MEM 120 mg-L™!
Control

FOF 75 mg-L
FOF 150 mg-L™!
FOF 300 mg-L™!
FOF 500 mg-L™!

o —

01 2 3 45 6 7 8 910
XHKP2016 XHKP2052

B2 2%#%W%B. LY. *FEERBEZHAHHE
# XHKP2016 F1 XHKP2052 # &t [] 2% B 2 &

KEERFE log CFU, HHREIE/L, BiEME,; RZIKEBIE, PMB-£
W E B; IMI-WRHE; MEM-E2 158 ; FOF-RERR

Fig. 2 Time-kill effect of polymyxin B, meropenem,
imipenem and fosfomycin alone against XHKP2016 and
XHK2052 stains

Gray scale represented log CFU. The less bacteria, the whiter the color,
and vice versa. PMB—polymyxin B; IMI-imipenem; MEM— meropenem,;
FOF-fosfomycin.

XHKP2052
10 10
o 8 8
8 6
5 6
S 4 4
) 2
<5 0
0 4 8 12 16 20 24 0 4 8 12 16 20 24
t/h t/h

-+ Control
= CAZ/AVI 16/4 pgmL™" .o CAZ/AVI32/8 pg-mL™!
+ CAZ/AVI 64/16 pgmL™! -« CAZ/AVI 128/32 pg-mL™!

B 3 LW fer/IT 4% EEXNF @ % XHKP2016
XHKP2052 #y Bt 8] 3R W 20 R

CAZ—3AUBIE ; AVI-PT4EMIH

Fig. 3 Time-kill effect of ceftazidime/avibactam against
XHKP 2016 and XHKP2052 strains

CAZ-ceftazidime; AVI-avibactam.
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01 2 4 6 82 0 1 2 4 6 8 24

Control

PMB 0.5, FOF 75 mg'L™!
PMB 0.5, FOF 150 mg-L™!
PMB 0.5, FOF 300 mg-L!

PMB 1, FOF 75 mg-L™! CIC]
PMB 1, FOF 150 mg-L™! EE
PMB 1, FOF 300 mg-L™!

PMB 2, FOF 75 mg-L!
PMB 2, FOF 150 mg-L™! L ]|
PMB 2, FOF 300 mg-L!

PMB 4, FOF 75 mg-L™! X ]
PMB 4, FOF 150 mg'L™! ]
PMB 4, FOF 300 mg-L™! I

e
0123454678910
XHKP2016 XHKP2052
Bl 4 Z2FWH B Ko#EXNHEK XHKP2016 Ao
XHKP2052 # B [4] 5% B AR
KN log CFU, MEEMA, BliEMN, KZKEBRE, PMB-
ZHW AR B; FOF-BiEH.
Fig. 4 Time-kill effect of polymyxin B and fosfomycin
against XHKP2016 and XHKP2052 strains

Gray scale represents log CFU. The less bacteria, the whiter the color,
and vice versa. PMB—polymyxin B; FOF—fosfomycin.
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01 2 4 6 8 24 0 1 2 4 6 8 24

EM 20 mg-L! ] [
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XHKP2016 XHKP2052
Bl 5 Z%WF B BaxPHEAMEK XHKP2016
XHKP2052 & B [8] 5 B 4 R
KN log CFU, HMEEMAD, BliEMN, KZKEBRE, PMB-
ZHWE B; MEM-EZ 15,
Fig. 5 Time-kill effect of polymyxin B
against XHKP2016 and XHKP2052 strains

Gray scale represented log CFU. The less bacteria, the whiter the color,
and vice versa. PMB—polymyxin B; MEM—meropenem.

333 ZFEE BN A4S ZHEEB
A L P R B R R T XHKP2052 FoA AR IRy
AWMR, MEERMKKENZHEER B
(0.5gmL "), RIHEHMBERIKG TR T, 24h
B8 7 AR 5 K A AR (log1oCFU-mL™! [k =
3). M =264 XHKP2016 &R, (UTE
ZHHEER B mmRERA T, AT R RERL
R, HAWEFEY LR AR, Z8EE B
B A Sk 00 fth i 00 ] 4 [ 2H X BT vk XHKP2016 7E£2
FHTR R BB =2 pg-mL " FV i 15 e /Bn] 44 (5 30 B¢
AR SE 24 h REEH, 23 E B
WREH 4 pg-mL ™' AT B A 45 51 LA
6~7,

and meropenem
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t/h
01 2 4 6 824 01 2 4 6 8 24

Control

PMB 0.5, MEM 40, FOF 75 mg-L™!
PMB 2, MEM 40, FOF 75 mg'L™
PMB 4, MEM 40, FOF 75 mg'L™
PMB 0.5, MEM 80, FOF 75 mg-L™!
PMB 2, MEM 80, FOF 75 mg-L™!
PMB 4, MEM 80, FOF 75 mg-L!
PMB 0.5, MEM 40, FOF 300 mg-L™!
PMB 2, MEM 40, FOF 300 mg-L™* {
PMB 4, MEM 40, FOF 300 mg-L™* 1
PMB 0.5, MEM 80, FOF 300 mg-L™" {
PMB 2, MEM 80, FOF 300 mg-L™!
PMB 4, MEM 80, FOF 300 mg-L™*

L e—
012345678910
XHKP2016 XHKP2052
6 2%EE B RAEXFEFIHRELINFTE K
XHKP2016 F7 XHKP2052 # B 8] 5 5 2 &
IKRIERER log CFU, R, By, 2ZKEZBE, PMB-
ZHHR B; MEM-EP 11 ; FOF-BERH
Fig. 6 Time-kill effect of polymyxin B, meropenem and
fosfomycin against XHKP2016 and XHKP2052 strains

Gray scale represented log CFU. The less bacteria, the whiter the color, and
vice versa. PMB—polymyxin B; MEM—meropenem; FOF—fosfomycin.

PMB 1, CAZ 40, AVI 4 mg'L" |
PMB 1, CAZ 32, AVI 4 mgL~' |
PMB 1, CAZ 64, AVI 4 mgL" |
PMB 2, CAZ 16, AVI 4 mgL~ |
PMB 2, CAZ 32, AVI 4 mgL" |
PMB 2, CAZ 64, AVI 4 mgL"' 1
PMB 4, CAZ 16, AVI 4 mg'L" |
PMB 4, CAZ 32, AVI 4 mgL™
PMB 4, CAZ 64, AVI 4 mgL" |

012345678910
XHKP2016

7 4BWE B HALEMKSNEEEAE K

XHKP2016 # B 7] 3 B 50 4 R

JKEERK log CFU, MRALE/D, BEBH, RZKEBE, PMB-

0000 BOCAZ-OOOOODAVI-ODODODOO

Fig. 7 Time-kill effect of polymyxin B, ceftazidime and

avibactam against XHKP2016 strain
Gray scale represents log CFU. The less bacteria, the whiter the color,
and vice versa. PMB—polymyxin B; CAZ—ceftazidime; AVI-avibactam.
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W 1 25 W06 97 A ALt ] 7R A R I R 1R
MR, SUHHLL, BEIBA 2L A B LR ik
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