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In vitro antimicrobial activity of avibactam in combination with ceftazi-
dime, aztreonam or meropenem against carbapenem-resistant Klebsiella

pneumoniae

YU Meng', WANG Yu-jie', YU Qing-hua', HU Fu-pin® (1. Department of Laboratory Medi-
cine , Qingdao Municipal Hospital , Qingdao 266000, China; 2. Institute of Antibiotics , Hua-
shan Hospital » Fudan University , Shanghai 200040, China)

[Abstract] Objective To study in vitro antimicrobial activity of combination of avibatam (fixed concentration of 4
pg/mL) and B-lactam antibiotics against carbapenem-resistant Klebsiella pneumoniae (CRKP). Methods Non-re-
petitive CRKP strains isolated from a hospital were collected, minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of ceftazidime/avibatam, aztreonam/avibatam, and meropenem/avibatam
against CRKP was detected with broth microdilution method, carbapenemase resistance genes were determined by
polymerase chain reaction (PCR). Results Among 63 CRKP strains, 57 strains harbored blagpc gene, 5 strains
harbored metalloenzyme gene, and 1 strain did not found common carbapenem-resistant gene. Among 57 CRKP
strains with positive blaxpc gene, MICs of ceftazidime/avibatam, aztreonam/avibatam, and meropenem/avibatam
were <<8/4, 4/4, and 0.5/4 pg/mL respectively, avibatam significantly decreased the MICs, and MIC,, values of

ceftazidime, aztreonam and meropenem. Among 5 CRKP strains with positive metalloenzyme gene, avibatam did
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not decrese MICy, of ceftazidime and meropenem, but decreased MICy, of aztreonam by 99. 8% , MBCs, and MICs, of

three compound of avibatam against 63 strains of CRKP were identical, their MBC,, and MIC,, were identical. Con-

clusion Combination of avibatam with three common B-lactam antibiotics (ceftazidime, aztreonam and meropenem)

has a good antimicrobial effect on CRKP strains expressing KPC-2 carbapenemase, combination with ceftazidime or

meropenem has no inhibitory effect on metalloenzyme-harboring CRKP strains. but combination with aztreonam has

a good antimicrobial effect on metalloenzyme-harboring CRKP strains.
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Table 1 PCR primers and product size of carbapenem-resis-

tant genes
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blagpc KPC-F CGTCTAGTTCTGCTGTCTTG 7987
KPC-R CTTGTCATCCTTGTTAGGCG
blaxpu NDM-F GGTTTGGCGATCTGGTTTTC 6217
NDM-R CGGAATGGCTCATCACGATC
blapxpssie OXA-F GCGTGGTTAAGGATGAACAC 43817

OXA-R CATCAAGTTCAACCCAACCG

blayp IMP-F GGAATAGAGTGGCTTAAYTCTC 23217
IMP-R GGTTTAAYAAAACAACCACC

blayiv VIM-F GATGGTGTTTGGTCGCATA 39017
VIM-R CGAATGCGCAGCACCAG

blayiox MOXMF  GCTGCTCAAGGAGCACAGGAT 520

MOXMR CACATTGACATAGGTGTGGTGC

blacyr CITMF  TGGCCAGAACTGACAGGCAAA 4621
CITMR  TTTCTCCTGAACGTGGCTGGC
blapua DHAMF  AACTTTCACAGGTGTGCTGGGT 405

DHAMR CCGTACGCATACTGGCTTTGC

blace ACCMF  AACAGCCTCAGCAGCCGGTTA 3461
ACCMR  TTCGCCGCAATCATCCCTAGC

blagye EBCMF  TCGGATAAGCCGATGTTGCGG 3020
EBCMR  CTTCCACTGCGGCTGCCAGTT
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P 9 /T\ ) Py . 0 W
BRCO0. 5560 H hh blawec, IR+ 2 (3. 256) £t 1.3.5~8 1 B KPC-2 3 PR BV 7 bk 5 YK GG 4 I PR KPC-2 52 [ 9
blaxom: F H, & A 1 ¥ (1. 6%) K B blavoms « Btk

blawps DOlaww o FH 1 #k CRKP 5 Tl WL ok 4 5 B 1 CRKP Bk 2532 F PCR 438 7 49y i vk [&]
B LR Y R L, B H AmpC B 3 blapya . Figure 1  Electrophoresis of PCR amplification products of
UL 1, CRKP resistance genes

R4 PR R I AH A 5 R XA A A R R CRKP B Ak 9 MIC Fil MBC A8 45 28 (pg/mL)

Table 4 MIC and MBC detection results of antibiotics and their avibatam compound on CRKP strains harboring different genes

(pg/mlL)
M KPC 3 CRKP(n=57) 4 MBLs K] CRKP(n=5)
TH s mfes/ RiA/ %P EPEE/ A Alew/ AW/ £ ETEWE/
W mgem U g gy weesm e WEEm S0P peam gy maes
MIC JEi [l 16~256 0.5/4~8/4 64~256 0.06/4~4/4 4~256 0.03/4~0.5/4 128~  64/4~128/4 0.06~ 0.03/4~0.25/4 2-128 1/4~128/4
256 128

MIC;, 64 2/4 256 0.5/4 64 0.125/4 256 128/4 0.5 0.125/4 16 2/4

MIC,, 256 8/4 256 2/4 128 0.5/4 256 128/4 128 0.25/4 128 128/4
MBC i [ - 0.5/4~8/4 = 0.06/4~4/4 = 0.03/4~0.5/4 = 64/4~128/4 - 0.03/4~0.25/4 - 1/4~128/4

MBC;, - 2/4 - 0.5/4 - 0.125/4 - 128/4 - 0.125/4 - 2/4

MBCy, - 8/4 - 2/4 - 0.5/4 - 128/4 - 0.25/4 - 128/4




= R Y i 24 A 2022 4E 3 A48 21 #5455 3 ] Chin J Infect Control Vol 21 No 3 Mar 2022 o 243 .

3 itig

J AT B B 4 A G A il R v T A TR X ik T R 0
it 25 € ol 4t A R A S TR Bk
CRKP H 1997 4F [E 4 1 Wi 38 LAk, Bl E 76 i
T N 0 AT . AR R AE T, 2021 4R 3R
=] it 98 5 T A TR 0T 0 i 355 R L 36 R R T 24 A6 5A
23.1%.24. 4% | By CRKP 1 8 5 1 B i) |
28 % 1P 2 B8 R B R T Rk A 28 Al i 2 R
Yezx't®, CRKP Tif 25 Ml il 41 35 AmpC i 5 & 7=
ESBLs %5 &AM L8 H kR s E S AMER RS
FEE L T BRI A 28EF Y KPC, B 2
) NDM K D 250§ i) OXA-48) 21 [T blagee
LR PR E o 3 B CRKP 7= AR iy d 2 R,
AR 63 ¥k CRKP 23 B, 90. 5% 1) TR #
blagpc» 3 PRI BAPE o 5 3% B AT &0 — B0 Rkl
blaxon (4. 8%6) \blawe B (3. 270 B bR - 1 BR 5 DL Bk
T B0 0 3 RS I 28 B L (R Y AmpC g 3 A
blapua » HED LT 25 7] 68 J2 7 AmpC B 45 5 B AL
ik 2% 5 T 2l A E SR R G0 R s A R L 1B A 1
— W5t . CRKP 38 % #5717 2 A4~ 1 245 56 L 8 40
WEAA ZEm 2, B E e . A 63
Pk CRKP FEAR X B- N Bt i 288 1 D 6 41+ 57 52 5+l
FR 28 B e s A S B R 2 ) I T 24 R 3 T 95 %%,
Xt 52y f e VR e ) R R A AN 22, 206, X BRI OK R
BARUBR N 38.1%,90. 5% 1Y 52 12k 1 % 85 i 3 % il
JE R AT T 4 Bt . (R R R A2 ) BT oK
L R RN PR R v R 2 SRR R AR
() 16 B X6 I PR it CRKP 8% YL 36 97 4 A 51 K Bk ik .
o 24 [ 2H AR Dy — ol T 4 G 40 ) 590 L 3T ok 7E HT CKKP
BRI R A EEAER . 5E WA H ) B e
Al e £ 3 RN v 2 R S5 ) AH LE L BT 4 I 3H B 5
Rl S A HORYIE B2 RE g il A
2 (f1 45 ESBLs #l KPC).C 2% (AmpC) fil {28 D
2k 3P BERCHER (i OXA-48)" {4 MBLs %k .
H R I R P 0 Tl o R0 2 2 5 B B 2R Bk
FAWE AW LR EPUR R ER. hRE B
71« BT 4 B 10 5 Sk At il L B R RS R R 0
it A 22 B T B R AP A ROR 6 T3R8 KPC i
1R TR R & BT A4 8 38 T A S At At mE Az ith B MICy, 43
BITF B 99.6%0.99. 9% 5 X F 2 1K 4 e i 1) Bl ok (AL 45
NDM & IMP) , a] fifi 2 fili 5 MIC,, A R FE A% 99. 8%,
L] 4 1 3 A B A 0 ISk B A g MIC, [m] i, [

P — 00 3K 56 S 7 5 BT 4 B HE B A il R Tl 48 Al
blaNDM [ ) CRE bk & i 15 MICs, & MICy, 4351
TR 99.9%.,99. 8%,

AT KB 57 BRIE blagec , B 1) CRKP
PR TR o B 2 B 30 R Sk A6 At B 22 it e R0 55 B 0% B X
H MICs, J2 MIC,, T [ 96. 9% ~99. 8% ;5 ik
4 JE W) CRKP B b, B 4 30 R (0 Sk 760t 0 | 55
% B xF H MICo, {4 T T B o HL B 4 £ 35 AT i 41
it B % L MIC,, f F R 99.8% .

g5 F TR B4 MR R L BN R R 2R B AR
2GR A nE | 22 R B3 20 85 p ) W] A 5 48
blaxpe, 5 1) CRKP [ ¥k, HI A G A 20m il MBLs
LR PA P CRKP B 4% 5 5 24 i g 1565 7T A 803 il
blaxee I FH Y S MBLs Z B FH 4 ) CRKP B #% .
A5 52 15T R EICRR 0l 2 3R 08 4 TR Tl A T AR A BR
AL DL IR 52 1 A 80 0 g JHC At ik 245 4L ) 7 e LA
HWCE 2505 . Ik R Bt CRKP &Y 6 77 42 4L o 4
M TEFE .

MBFR AR EYFRARAEH AR,

(& % x ]

[1] Kontopidou F, Giamarellou H, Katerelos P, et al. Infections
caused by carbapenem-resistant Klebsiella pneumoniae among
patients in intensive care units in Greece: a multi-centre study
on clinical outcome and therapeutic options[ J]. Clin Microbiol
Infect, 2014, 20(2): 0117 — O123.

[2] Amit S, Mishali H, Kotlovsky T, et al. Bloodstream infec-
tions among carriers of carbapenem-resistant Klebsiella pneu-
moniae ; etiology, incidence and predictors[ J]. Clin Microbiol
Infect, 2015, 21(1): 30 — 34.

[3] Yin DD, Wu S, Yang Y. et al. Results from the China Anti-
microbial Surveillance Network (CHINET) in 2017 of the in
vitro activities of ceftazidime-avibactam and ceftolozane-
tazobactam against clinical isolates of Enterobacteriaceae and
Pseudomonas aeruginosa[ J]. Antimicrob Agents Chemother,
2019, 63(4): e02431 - 18.

[4] Keepers TR, Gomez M, Celeri C, et al. Bactericidal activity,
absence of serum effect, and time-kill kinetics of ceftazidime-
avibactam against f-lactamase-producing Enterobacteriaceae
and Pseudomonas aeruginosa [ J]. Antimicrob Agents Che-
mother, 2014, 58(9). 5297 — 5305.

[5] Lagacé-Wiens P, Walkty A, Karlowsky JA. Ceftazidime-avi-
bactam: an evidence-based review of its pharmacology and po-
tential use in the treatment of Gram-negative bacterial infec-
tions[J]. Core Evid, 2014, 9; 13 — 25,

[6] Toussaint KA, Gallagher JC. B-lactam/p-lactamase inhibitor



. 244 .

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

o e e

[n

o P 1 2% 5K 2022 4

3 A% 21 B 3

Chin J Infect Control Vol 21 No 3 Mar 2022

combinations; from then to now [J]. Ann Pharmacother,
2015, 49(1) .

Poirel L, Walsh TR, Cuvillier V, et al. Multiplex PCR for de-

86 — 98.

tection of acquired carbapenemase genes[ ]J]. Diagn Microbiol
Infect Dis, 2011, 70(1): 119 —123.

Pérez-Pérez FJ, Hanson ND. Detection of plasmid-mediated
AmpC beta-lactamase genes in clinical isolates by using multi-
plex PCR[J]. J Clin Microbiol, 2002, 40(6): 2153 — 2162.
Tzouvelekis LS, Markogiannakis A, Psichogiou M, et al. Car-
bapenemases in Klebsiella pneumoniae and other Enterobacte-
riaceae: an evolving crisis of global dimensions[J]. Clin Micro-
biol Rev., 2012, 25(4)

Munoz-Price LS, Poirel L, Bonomo RA, et al.

682 - 707.
Clinical epide-
miology of the global expansion of Klebsiella pneumoniae car-
bapenemases[ J]. Lancet Infect Dis, 2013, 13(9)
MacKenzie FM, Forbes KJ, Dorai-John T, et al.

785 = 796.
Emergence
of a carbapenem-resistant Klebsiella pneumoniae[]]. Lancet,
1997, 350(9080) . 783.

CHINET v [ 4 B i 245 W I 0. il 48 5 75 47 549 %) 30 Jig 85 g
2B R B it 25 45 i [ EB/OL]. [2022 - 02 = 127, http://
www. chinets. com/Data/GermYear.

CHINET China Antimicrobial Surveillance Network. Changes
of resistance of Klebsiella pneumoniae to imipenem and mero-
penem[ EB/OL]. [2022 = 02 = 12]. http://www. chinets.
com/Data/GermYear.

van Duin D, Perez F, Rudin SD, et al. Surveillance of carbape-
nem-resistant Klebsiella pneumoniae : tracking molecular epi-
demiology and outcomes through a regional network[J]. Anti-
microb Agents Chemother, 2014, 58(7): 4035 — 4041.
Nordmann P, Dortet L., Poirel .. Carbapenem resistance in
Enterobacteriaceae: here is the storm! [J]. Trends Mol Med,
18(5):

Cheng L, Cao XL, Zhang ZF. et al.

2012, 263 - 272.

Clonal dissemination of
KPC-2 producing Klebsiella pneumoniae ST11 clone with high
prevalence of ogxAB and 7mtB in a tertiary hospital in China:
results from a 3-year period[J]. Ann Clin Microbiol Antimi-
crob, 2016, 15; 1.

Patel G, Bonomo RA.

“Stormy waters ahead”: global emer-

gence of carbapenemases[J]. Front Microbiol, 2013, 4. 48.
M4z, M, %75, 4. KPC-2 K& IMP-4 B4 S+ # B 240
T T R 2 2 B T (D0, AR A W R S A A
2015, 35(6): 419 — 426.

Chen JY, Fu Y, Yang Q, et al. Carbapenemases KPC-2 and

(18]

[19]

[20]

[21]

[22]

IMP-4 mediated carbapenem resistance in Enterobacteriaceae
strains[ ] ]. Chinese Journal of Microbiology and Immunology,
2015, 35(6):
Shields RK, Clancy CJ, Press EG, et al.

419 = 426.

Aminoglycosides for
treatment of bacteremia due to carbapenem-resistant Klebsiella
pneumoniae ] ]. Antimicrob Agents Chemother, 2016, 60

(5):
Lin L, Xiao XG, Wang XN, et al.

3187 — 3192,
In vitro antimicrobial sus-
ceptibility differences between carbapenem-resistant KPC-2-
producing and NDM-1-producing Klebsiella pneumoniae in a
teaching hospital in Northeast China[J]. Microb Drug Resist,
2020, 26(2): 94 —99.

Karaiskos I, Giamarellou H. Multidrug-resistant and exten-
sively drug-resistant Gram-negative pathogens: current and
emerging therapeutic approaches[J]. Expert Opin Pharmaco-
ther, 2014, 15(10) .

Vasoo S, Cunningham SA, Cole NC, et al.

1351 - 1370.

In vitro activities
of ceftazidime-avibactam, aztreonam-avibactam, and a panel of
older and contemporary antimicrobial agents against carbape-

nemase-producing Gram-negative bacillil J]. Antimicrob Agents

Chemother, 2015, 59(12); 7842 — 7846.

AR, BB, FAE, . B4 A Sk A nE B 4 it R X
Mo 5 7 285 04 B 1 R 400 R AR SN B IS PR g (D). o e s o
e, 2020, 30(1): 15— 19.

Lin L, Xiao XG, Wang N, et al. In vitro antimicrobial activi-
ties of ceftazidime-avibactam or aztreonam-avibactam against
carbapenem-resistant Enterobacteriaceae[ J]. Chinese Journal
of Nosocomiology, 2020, 30(1): 15— 19.

(R34 4 0B

A5 RN T, EERE, Tige, 5. bige DS ke .
o A S B X T A 7 R A 5% R A TR B PR SN R

(1.

o ] R s ) 2 7k . 2022, 21(3) 1239 — 244, DOT: 10. 12138/j.

issn. 1671 — 9638. 20222098.

Cite this article as ;

al.

ceft

YU Meng, WANG Yu-jie, YU Qing-hua, et
In vitro antimicrobial activity of avibactam in combination with

azidime, aztreonam or meropenem against carbapenem-resis-

tant Klebsiella pneumoniae[ ]J]. Chin J Infect Control, 2022, 21

(3):

239 - 244. DOI: 10.12138/j. issn. 1671 = 9638. 20222098.



