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[Abstract] Objective To observe the in vitro susceptibility test result of ceftazidime/avibactam (CZA) combined

with aztreonam (ATM), as well as imipenem (IPM) and meropenem (MEM) respectively combined with ceftazi-

dime (CAZ), cefoperazone/sulbactam (SCF), amikacin (AK), levofloxacin (LEV) and fosfomycin (FOS) to
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KPC-, NDM- and IMP-producing carbapenem-resistant Enterobacterales (CRE). Methods 38 non-repetitive CRE
strains were isolated from clinical specimens. The minimal inhibitory concentration (MIC) of antimicrobial agents
against CRE strains was determined by micro-broth dilution method. Combined antimicrobial susceptibility test was
performed by the chessboard dilution method. Fractional inhibitory concentration (FIC) index was calculated to de-
termine the combined effect. Results The MICs of CZA to 22 KPC-producing strains were <<4 ng/mL, to 16 class
B metallo-enzyme(NDM and IMP)-producing strains were >>128 pg/mL. The synergy rate of CZA was 100% after
combined with ATM. The synergy rate of IPM or MEM combined with SCF was the highest, which were 63.2%
and 68. 4% respectively, and the sum of synergy rate and addition rate was 100% , while the sum of synergy rate
and addition rate of IPM combined with FOS was the lowest (40. 5%). Among Klebsiella pneumoniae (KP)
strains, the synergy rates of IPM or MEM combined with SCF were both 68% , the sum of synergy rate and addi-
tion rate was 100% , the sum of synergy rate and addition rate of IPM combined with FOS was the lowest (24%).
Among Escherichia coli (ECO) . the synergy rates of IPM or MEM combined with SCF were 44. 4% and 77. 8% re-
spectively, the sum of synergy rate and addition rate was 100% . the sum of synergy rate and addition rate of IPM
combined with FOS was the lowest (66.7%). Among genotype KPC strains, the synergy rates of IPM or MEM
combined with SCF were 72. 7% and 63. 6% respectively, the sum of synergy rate and addition rate was 100% , the
sum of synergy rate and addition rate of IPM combined with FOS was the lowest (22.7%). Among genotype NDM
strains, the synergy rates of IPM or MEM combined with SCF were 46. 7% and 80. 0% respectively, the sum of
synergy rate and addition rate was 100% , the sum of synergy rate and addition rate of IPM combined with FOS was
the lowest (64.3%). All combined schemes had no antagonistic effect. Conclusion CZA alone or in combination
with ATM is effective for CRE strains. Among all the combinations of IPM and MEM respectively with other anti-
microbial agents, the sum of synergy rate and addition rate of IPM and MEM combined with SCF is the highest, and
the sum of synergy rate and addition rate of IPM combined with FOS is the lowest. Not all combination schemes are
effective. The effect of different combination schemes on the same strain is different. and the effect of the same combi-
nation scheme on different strains is also different. The dose ratio between two agents is also important.
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56. 8% ., IPM Bk A FOS 1 P [f] 5 55 41 Jin % 2 Al i
K. 0 40.5% , HARBAIE R WK 2.
2.3 M ABAFE L KP L ECO 4 A H L
CZA B4 ATM 78 ECO f1 KP o [7] & K
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Table 1 MIC values of different antimicrobial agents against 38 CRE strains

3 CFR NDM >128 >128 >128 64 4 8 2 32 =>256

11 KP KPC >128 4 >128 =>128 64 >128 =>128 32 =256

18 KP KPC >128 1 >128 >128 64 >128 >128 32 >256

22 KP KPC >128 1 >128 >128 64 >128 1 64 =256

26 KP KPC >128 2 >128 >128 64 >128 >128 32 =>256

38 KP NDM >128 >128 >128 >128 8 32 16 0.25 =>256

43 KP KPC >128 0.5 >128 >128 32 128 8 4 =256

46 KP KPC 128 0.25 >128 >128 64 >128 8 8 =256

50 KP KPC >128 0.5 128 >128 64 128 16 4 =256

53 KP KPC 32 0.25 =>128 64 64 >128 8 64 =256

59 KP KPC 32 0.5 >128 >128 128 >128 4 128 =>256

65 KP KPC 128 0.5 128 >128 128 >128 8 64 =256

69 ECO NDM >128 >128 >128  <C0.125 8 64 4 32 256

90 ECO NDM >128 >128 >128 =>128 8 128 2 32 =256

102 ECO NDM >128 >128 >128 128 8 16 2 32 256

108 KP KPC >128 2 >128 >128 64 >128 >128 32 >256

111 ECO NDM >128 >128 >128 4 8 64 >128 32 256

114 CFR NDM >128 >128 >128 >128 8 16 2 4 16

120 ECO NDM >128 >128 >128 0.25 8 16 128 0.5 256
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F2 11 MEES X 38 Bk CRE T AR bR AN TE5C (FE B/ FHE &0
Table 2 Synergic, addition, irrelevant and antagonistic effects of 11 combined regimens on 38 CRE strains
LISEWIE S BAWBH  WhERIR O] AR CO] PSR+ fmRR O] BRELR D] #SEIRFOD]
CZA+ ATM 13 13(100) 0 13C100) 0 0
IPM + AK 12 2(16.7) 4(33.3) 6(50. 0) 6(50. 0) 0
IPM + CAZ 38 11(28.9) 25(65.8) 36(94.7) 2(5.3) 0
IPM + SCF 38 24(63.2) 14(36. 8) 38(100) 0 0
IPM+ LEV 34 7(20.6) 22(64.7) 29(85.3) 5(14.7) 0
IPM + FOS 37 4(10.8) 11(29.7) 15(40.5) 22(59.5) 0
MEM + AK 12 3(25.0) 3(25.0) 6(50.0) 6(50.0) 0
MEM + CAZ 38 10(26. 3) 18(47. 4) 28(73.7) 10(26. 3) 0
MEM + SCF 38 26(68.4) 12(31.6) 38(100) 0 0
MEM + LEV 34 6(17.6) 27(79. 4) 33(97. 1) 1(2.9) 0
MEM + FOS 37 7(18.9) 14(37.8) 21(56.8) 16(43.2) 0
F3 11 FEA T EAE KP 5 ECO R AN JG 36 5 H/E R ol
Table 3 Synergic, addition, irrelevant and antagonistic effects of 11 combined regimens on KP and ECO
KP(n=25) ECO(n=9)
mank B0 opme omme PRET xs omms D0 wme owws DRET e ik
o OOT  [ROD] [8 (%) kDT TROD] () O] RO [8 (%) ] kD] TROD]
CZA+ATM 3 3(100) 0 3(100) 0 0 9 9(100) 0 9(100) 0 0
IPM + AK 9 0 3(33.3) 3(33.3) 6(66.7) 0 3 2(66.7) 1(33.3) 3(100) 0 0
IPM + CAZ 25 5(20.0) 18(72.0) 23(92.0) 2(8.0) 0 9 4(44.4) 5(55.6) 9(100) 0 0
IPM + SCF 25  17(68.0)  8(32.0) 25(100) 0 0 9 4(44.4) 5(55.6) 9(100) 0 0
IPM+ LEV 23 4(17.4)  17(73.9) 21(91.3) 2(8.7) 0 7 1(14.3) 4(57.1) 5(71.4) 2(28.6) 0
IPM + FOS 25 0 6(24.0) 6(24.0) 19(76.0) 0 9 4(44.4) 2(22.2) 6(66.7) 3(33.3) 0
MEM + AK 9 0 3(33.3) 3(33.3) 6(66.7) 0 3 3(100) 0 3(100) 0 0
MEM + CAZ 25 4(16.0)  11(44.0) 15(60. 0) 10(40. 0) 0 9 5(55.6) 4(44.4) 9(100) 0 0
MEM + SCF 25 17(68.0) 8(32.0) 25(100) 0 0 9 7(77.8) 2(22.2) 9(100) 0 0
MEM+LEV 23 2(8.7)  20(87.0) 22(95.7) 1(4.3) 0 7 1(14.3) 6(85.7) 7(100) 0 0
MEM + FOS 25 1(4.0) 9(36.0) 10(40.0) 15(60.0) 0 9 4(44.4) 4(44.4) 8(88.9) 111D 0

2.4 NWHKRSGZEEFARAARB AR T OERK
N CZA B4 ATM fE£77 B 254 J& 8 NDM., IMP
B AR P [R] SR 2 100 %05 JE A KPC i Ak
IPM.MEM &t & SCF Pp[a] ¥ 60 % LA F, 43 51 K
72.7%.63. 6%, Pp[E 3 5 A I Z Y 1002,
MEM ¢4 FOS B PRI 3 540 R Z F1 Ry 31.8%,

IPM Bt & FOS 1 P [F] 2 5 41 5 2 F i A%, ok
22.7% ;KK A NDM B # b, IPM 5 MEM Bt 4
SCF P [F 2R 40 %0 L 1. 4351 46.7 %6 .80. 0 %0, Hp[F]
REHMEZ N 100% . MEM B4 FOS #Y B ]
RGN EZ K 92.9% ., IPM B4 FOS 4 P [7)
REMIMEZ FEAL, H 64.3% . HATELE 4,
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Table 4 Synergic, addition, irrelevant and antagonistic effects of 11 combined regimens on strains with different genotypes
KPC(n=22) NDM(n=15) IMP(n=1)

Rerk B0 owme mne 0L GkR miE D0 WRE Whe DL Gk B S0 WRE RWE GRE

) [KOD] (0] (0] [kOD] [#On)] ) (kO] [0 (0] [kOD] [HOn)] () [HOO] TROD] [ROD] [ROD]
CZA+ATM 0 N N N N N 12 12(100) 0 12(100) 0 0 1 1(100) 0 0 0
IPM + AK 9 0 3(33.3) 3(33.3) 6(66.7) 0 32066.7) 1(33.3)  3(100) 0 0 0 N N N N
IPM + CAZ 22 4(18.2) 16(72.7)  20090.9) 209.1) 0 15 7(46.7) 8(53.3)  15(100) 0 0 1 0 1(100) 0 0
IPM + SCF 22 16(72.7)  6(27.3)  22(100) 0 0 15 7(46.7) 8(53.3)  15(100) 0 0 T 1(100) 0 0 0
IPM+ LEV 22 40182 16(72.7)  20090.9) 209.1) 0 1 3(27.3) 6(54.5)  9(81.8) 2(18.2) 0 1 0 0 1(100) 0
IPM +FOS 22 0 5(22.7) 5(22.7)  17(71.3) 0 14 4(28.6) 5(35.7)  9(64.3) 5(35.7) 0 1 0 1(100) 0 0
MEM + AK 9 0 3(33.3) 3(33.3) 6(60.7) 0 3 3(100) 0 3(100) 0 0 0 N N N N
MEM+CAZ 22 3(13.6)  9(40.9) 12(54.5)  10(45.5) 0 15 7(46.7) 8(53.3)  15(100) 0 0 1 0 1(100) 0 0
MEM+SCF 22 14(63.6)  8(36.4)  22(100) 0 0 15 12(80.0) 3(20.0)  15(100) 0 0 1 0 1(100) 0 0
MEM+LEV 22 209.1)  20(90.9)  22(100) 0 0 1 3(27.3) 7(63.6) 10(90.9) 1(9.1) 0 1 1(100) 0 0 0
MEM+FOS 22 0 7(31.8) 7(31.8)  15(68.2) 0 14 7(50.0) 6(42.9)  13(92.9) 1(7.1) 0 1 0 1(100) 0 0
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I PR 2% s TPM Fll MEM 43 51 5 FOS 1k 4 24 0 50
PhEVE R ok 4296 .33 % MEM B4 SCF I 24 AJ
oo B AR L £ 2 T 2 I R R e T RED L
AWEFEESE MEM FI AK Bt A FH 2536 7 Tif % 7
g R AR (E N RN W e R R R N Py S o
RAEHGRITFIT SO HE AN E 2 A
B 07 ERES BRI TE IR 7 ZE WA SR O T TR PR
89 SN (S 75 1 S BT TR 2 DI 5 T SRR A5 TR M

AR CZA BE ATM, 2 IPMMEM 73 %]
5 A H I 25 90 0 B 6 34T 25 080 . R & 3
HREP/EA. CZA Xt 7r= KPC W fk SU . (B4 7™~ B

F4& )R NDM,IMP R 25, 55 ATM J5. &
A ARG B U R R L 5 Sk R — 8, e
% KPC 3 #k i1 KP 1, IPM,MEM Bt 4 SCF [
60 % LA L, P[] 2 5 4 R Z R 100 % 5 78
NDM itk F1 ECO 1, IPM, MEM Bt 4 SCF Hh [l
R A070 LA b B IE R 5 AR R Z RS 1000,
MEM + SCF Al % ¥ &% F IPM + SCF, #f 55l
IR B R PR RIS FOS X4 2 ik 5 7
LA B A A B AE T H X CRE T 0 19 156 4 25 f5015 i
KA. ABFEEH . IPM + FOS % KPC 5 NDM B #
R IR 2R 5 A0 Jin % 22 f 4 B R 220 7% .64, 3%,
MEM + FOS 7£ KPC,NDM T #k 7 B [5] 5 5 41
RZFA N 31.8%.92. 9%, 1EBEAIBIT IR
NN N RS S L WA N R/ I ¥ 2
PRI CZA 3597 KPC # CRE T #RJ& . CZA
A ATMIGYT B R4 8 HiA CRE Ji&ge,
AR YEE T KPC.NDM,IMP = i 3 [H 7 1
PRIEATHR G 25 Ol g S BNAR 47 A R G VR FHAICR .
IPM . MEM 74351l 5 £ 40 0 25 1) 19 3K & 24 50 30 7
AN R gAY AR FH 45 SR A A 22 5% NDM i #k 1) TPM
+LEV fl MEM + LEV P[] 28 5 4 2 Z K T
KPC B # ., IPM + SCF #il MEM + SCF }[a] % 5 #f
nFZ M KPC Ak AR A RIS T R R RS
A Z % T KPC Hkk. KP 5 ECO B4 24
oA 45 R i, KP iy IPM + LEV P[] 5 5 4
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% 2z fE F ECO, CZA + ATM, IPM + SCF fI
MEM + SCF P[] 2 5 4 i & Z 1 5 ECO #H[A] ,
REA I U A 5 AR Z MBEF ECO,

B Ak AS T B Bk 1 PR 2 B A MIC E bR R A
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