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[HE] B8 HiTERERESHEMATE (CRE) 25k, W R BT #2404 X e
KPC. NDMP G JCREBE M AR SMEURNE, TGRS PURGIRIT . FAE WE2022F1H =12
FH W NN RERIGRRA RSB AEEZCREIL3THE, R WHONET 5.6 BI4ESiTHHZGR, #
5 A7 W R I 0 TR 24 DT TR AR R S A R R FE (MILC) R0 Sk ffa A me /BT 4 230 (CZAD
e e (ATM) , EREIER (IPM) 2 AlBERiB %= (COL) « B E (TGC) | Jufhssm
(ETP) . Skffifbng (CAZ) . SLAIWRER/&FEHE (SCF) | FKKEE (AK) RMAERIDE (LEV)
HATBEA 580K, M E R RS (FIC) HEihRIZR 5MNE. 48R CREXCOL. CZA
FITGCHITH 252 50% (0/37) . 27.0% (10/37) F135.1% (13/37) , STAKRAIATMIH 2452 578.4%
(29/37) F194.6% (35/37) , Stkfpiks (CRO) . CAZ. kHiMtf5 (FEP) . VA (CIP) |
LEV. JKRKEZE (CN) . & EPGM/E7EE (SAM) | URH PH#E/flmet24H (TZP) . SCF. ETP.
IPMAIZE B 1 (MEM) HITH 2524 9100% (37/37) o CZAX2THR“KPCH¥EIMICH< 1 pg/ml,
U X100 BIE G R EENDME R IIMICE) > 128 pg/ml, A2y, BEEATMJE ) [F%8100%
(10/10) . IPM + SCFHIHFEIZ NT5.7% (28/37) , AR SHMZRZMEIN100% (37/37) o IPM +
AKH R 5 IR RIK, ~34.4% (10/29) . KPCEFRIE /R, IPM + SCF [ N66.7%
(18/27) , HEIR SHINEZFIN100% (27/27) , IPM + AKKIER SHINEZ R, 28.6%
(6/21) ; NDMPGRIE#krh, IPM + SCFHHEZEH100% (10/10) , IPM + AKIH A 2 540 2
A&, N37.5% (3/8) o FTEBLE T RVTHTUER . it CZARIBEEA ATMX CREF A
%, IPM + SCFRIMh AR SMIMER 2 ks, AI{ENIRKRER T ZZ%,
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[ Abstract] Objective To analyze the drug resistance of carbapenem resistant Enterobacteriaceae
(CRE) in hospital, and to observe the susceptibility test result in vitro of the combined two drugs to KPC-
and NDM-producing CRE to screen effective anti-inflamation therapy. Methods Total of 37 non-repetitive
CRE strains were isolated from clinical specimens from Qingdao Eighth People’s Hospital from January
2022 to December 2022. The drug resistance rate was calculated by whonet 5.6 software. The minimal
inhibitory concentration (MIC) of antimicrobial agents against CRE strains was determined by micro broth
dilution method. Ceftazidime/avibactam (CZA) combined with aztreonam (ATM), as well as imipenem
(IPM) respectively combined with colistin (COL), tigecycline (TGC), ertapenem (ETP), ceftazidime (CAZ),
cefoperazone/sulbactam (SCF), amikacin (AK), or levofloxacin (LEV) was performed by the chessboard
dilution method. Fractional inhibitory concentration (FIC) index was calculated to determine the synergy rate
and additive rate. Results The resistance rates of CRE to COL, TGC and CZA were 0 (0/37), 27.0% (10/37)
and 35.1% (13/37), the resistance rates to AK and ATM were 78.4% (29/37) and 94.6% (35/37), the resistance
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rates to Ceftriaxone (CRO), CAZ, cefepime (FEP), Ciprofloxacin (CIP), LEV, gentamicin (CN), ampicillin/
sulbactam (SAM), piperacillin/tazobactam (TZP), SCF, ETP, IPM and Meropenem (MEM) were 100% (37/37).
The MICs of CZA to 27 KPC-producing strains were << 1 pg/ml (sensitive), and to 10 class B metallo-enzyme
NDM-producing strains were > 128 pg/ml (resistant), the synergy rate of CZA was 100% (10/10) after combined
with ATM. The synergy rate of IPM combined with SCF was the highest (75.7%, 28/37), and the sum of synergy
rate and addition rate was 100% (37/37). The sum of synergy rate and addition rate of IPM combined with AK
was the lowest (34.4%, 10/29). Among the KPC enzyme types strains, the synergy rate of IPM combined with
SCF was 66.7% (18/27), the sum of synergy rate and addition rate was 100% (27/27). The sum of synergy rate
and addition rate of IPM combined with AK was the lowest (28.6%, 6/21). Among the NDM enzyme types
strains, the synergy ratesof IPM combined with SCF was 100% (10/10), the sum of synergy rate and addition
rate of IPM combined with AK was the lowest (37.5%, 3/8). All combined schemes had no antagonistic effect.
Conclusions CZA alone or in combination with ATM are effective for CRE strains. IPM and SCF had the

highest synergy rate and addition rate, which could provide reference for clinical experienced medication.

[Key words] Carbapenem resistant Enterobacteriaceae; Checkerboard testing; Combined

antimicrobial susceptibility test; Fractional inhibitory concentration index
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Pl AUNEAZ — . TFk, HT=8
TEB- N BEZE (extended-spectrum B-Lactamase,
ESBL) M40 & X 2 il 3k /8 1 2 2R 91 1 259 i
LT 25 DL R Bk T IR R PLR ATZ A,
SR BT (carbapenem-resistant
Enterobacteriaceae, CRE) ¥ H K EiZFE FFi&
AU, H AT E A ER R 4 B XX 54 CRE
WATH . HRAE20214F CHINET [ 41 5 i 24 W )
7N, 2005F20214E 174K A], i 48 e & A T X S 8
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CAZ) . kWK /%F LI (cefoperazone/
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H1AE (CR Klebsiella oxytoca, CR-KOX) 3%k,
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35.1%, XTAKFIATMIIR 24 % N 78.4%H194.6%,
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TZP. SCF. ETP. IPMMIMEM [fiiif 2 % 35 N
100%, W32,

T2 37tk CRE X FPIRE I 25K [ ¥k (%) ]

B2 B (%)

FHE (COL) 0 (0.0)
ks /B4 mIE (CZA) 10 (27.0)
BIn®E (TGO 13 (35.1)
BIRRA (AK) 29 (78.4)
il (ATMD 35 (94.6)
kA fifa (CRO) 37 (100.0)
kftiftbiE (CAZ) 37 (100.0)
TG (FEP) 37 (100.0)
IR (CIP) 37 (100.0)
FERWE (LEV) 37 (100.0)
RREZR (CN) 37 (100.0)
ARTEM/ET I (SAMD 37 (100.0)
R PE AR/ ML (TZP) 37 (100.0)
SKTEIRAE/ &Y 24E (SCF) 37 (100.0)
JEflsER (ETP) 37 (100.0)
T ek Rs (IPM) 37 (100.0)
EPHEW (MEM) 37 (100.0)
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—\ 3THRCRE® #X i IH 254 HMICHH

CZAX2TIHRF“KPCH B MR IIMICIE I < 1 pg/ml,
U, %10k = NDME B bk I MIC{H 5 >
128 pg/ml, MiiZ45; ATMXT2PE R FIMICH< 4 pg/ml,
U, XF3SKRTE FIMICHE = 32 ug/ml, A2y,
IPMIMICIE ) = 8 pg/ml, Afit24; COLKIMICIH
$I< 2 pg/ml, NHUK; TGCH 248k H IMICHH <
2 pg/ml, ABUK, XF13FREFIMIC(E = 8 pg/ml,

N 2y; ETPHIMICIE Y = 4 pg/ml, Niif2j; CAZ
FIMICIES = 64 ng/ml, “AfifZ5; SCFMICIEHYY =
64 pg/ml, AfFZG; AKX IMICIEH < 16 pg/ml,
TR, XF29RKE IIMICIE = 64 pg/ml, N2y,
LEVI{MIC{E ) = 8 ng/ml, N2y, W#E3.

= SFRIEA 7 FXS 3T CRE B Ak 25 500 56 P
[EELES

W& 07 G2 R 20 25 W e ST 25 B0 3 Fh 3 R

3 37tk CRE X # HHT W 251 MIC {8

iR il fig A CZA ATM IPM COL TGC ETP CAZ SCF AK LEV
1 KPN KPC 1 > 128 64 1 0.5 16 64 64 128 64
2 KPN KPC 0.5 64 32 0.5 8 8 64 128 64 32
3 ECL NDM > 128 64 8 0.5 1 8 64 64 64 32
4 ECO KPC 1 4 64 1 0.25 16 128 128 64 8
5 KPN KPC 0.25 32 64 0.25 0.5 8 128 256 128 8
6 KPN KPC 1 64 64 1 1 32 64 64 16 64
7 ECO NDM > 128 > 128 16 1 2 4 64 64 128 32
8 ECO NDM > 128 64 8 0.5 8 4 64 64 8 16
9 KPN KPC 0.25 > 128 32 0.25 8 64 64 128 64 16
10 KPN KPC 0.5 > 128 8 0.5 0.5 64 64 64 128 16
11 KOX KPC 0.5 64 64 0.5 1 16 128 128 64 8
12 KPN KPC 1 > 128 128 1 1 > 64 64 64 16 8
13 KPN KPC 1 64 64 1 0.5 32 64 64 128 64
14 KPN KPC 0.125 64 64 0.125 1 64 64 128 4 32
15 KPN KPC 0.125 > 128 128 0.125 16 32 64 64 64 32
16 ECO NDM > 128 2 16 1 8 8 256 64 16 32
17 KPN NDM > 128 > 128 8 1 2 8 128 128 128 16
18 KPN KPC 0.125 64 64 0.5 0.5 16 128 128 64 16
19 ECL NDM > 128 > 128 8 0.5 8 8 256 64 64 8
20 KPN KPC 0.125 > 128 64 0.125 8 8 128 128 128 32
21 ECL NDM > 128 > 128 8 2 0.5 4 128 128 256 16
22 KPN KPC 0.125 > 128 128 0.125 1 32 64 64 64 16
23 KPN KPC 0.5 > 128 8 0.5 0.5 32 64 64 64 32
24 ECO KPC 1 64 64 0.06 1 16 128 128 128 16
25 KPN KPC 1 > 128 128 1 1 > 64 128 64 64 32
26 KPN KPC 2 > 128 16 1 0.5 32 128 128 16 16
27 ECO NDM > 128 > 128 16 0.25 8 8 128 64 64 16
28 KPN KPC 1 > 128 128 1 2 > 64 256 256 64 8
29 CFR NDM > 128 32 16 1 8 8 128 128 128 8
30 KPN KPC 2 > 128 32 0.5 2 32 128 128 16 64
31 KPN KPC 2 > 128 16 0.25 0.5 32 128 64 128 32
32 KOX KPC 2 > 128 128 0.5 8 > 64 256 256 128 32
33 KOX KPC 2 > 128 32 0.5 16 32 128 128 64 32
34 KPN KPC 1 32 32 0.5 1 32 128 128 128 16
35 KPN KPC 0.5 > 128 128 0.06 1 > 64 64 64 64 16
36 CFR NDM > 128 > 128 16 1 16 8 128 64 64 4
37 KPN KPC 1 > 128 128 1 8 > 64 128 64 16 4




rh S0 AN A RS 2% 35 (HL TiR) 20234E10 5 451735 %5581 Chin J Exp Clin Infect Dis (Electronic Edition), October 2023, Vol.17, No.5

e 337 -

WM (BRCOL) o CZA + ATMI P A2 B,
N100%, HRSEIPM + SCF, N75.7%, WhFEFS
IR ZAH100%. TPM + AKPHE] 2 5 H i 2 i
&, N34.4%, WF4,

VU SFMEB & 7 ZEAE AN [F] Bl 2 T R v 1) 24 Bk
LAy EIESE S

CZA + ATM/ENDM Mg 2 i bk ) [A] <
100%. KPCHFHIE#EH, IPM + SCFP AR N
66.7%, Ph[AZE5HMEZMEIN100%, IPM +

AKP R ZR SN 2 FglK, H28.6%; NDM
BB HT, IPM + SCF#[EZ100%, IPM + AK
M EZR S INZE A RAK, H37.5%, WHKS~6.

Fiv SFPEKA J7 EAEAH [FI B B [RICRE B #
1) Hir 171 2 5 AH i 26

M FE RN [E CREBE MR, CZA + ATM.,
IPM + SCF#h A Z 5% 2 f1¥H100%. IPM +
AKFECR-KPNH p R 2 5 AN Z AL, 525.0%,
WFRT~8,

4 8 MG AN 37 #k CRE WHRIME . AN, Took AR A PifE A

ek SR OD  pl0b)  mop) ool meo) o)
CZA + ATM 10 10 (100.0) 0 €0.0) 10 (100.0) 0 €0.00 0 €0.00
IPM + COL 37 0 (0.00 28 (75.7) 28 (75.7) 9 (24.3) 0 (0.0)
IPM + TGC 13 0 €0.00 7 (53.8) 7 (53.8) 6 (16.2) 0 (0.0)
IPM + ETP 37 23 (62.2) 4 (10.8) 27 (73.0) 10 (27.00 0 (0.0)
IPM + CAZ 37 8 (21.6) 18 (48.6) 26 (70.3) 11 (29.7) 0 (0.0)
IPM + SCF 37 28 (75.7) 9 (24.3) 37 (100.0) 0 €0.00 0 €0.00
IPM + AK 29 5 (17.2) 5 (17.2) 10 (34.4) 19 (65.6) 0 €0.00
IPM + LEV 37 12 (32.4) 13 (35.1) 25 (67.6) 12 (32.4) 0 (0.0)
5 S FMPETTRAE 27 ¥k KPC BERIBE MR BB R AN, TR MAEHHR
. A B8 EES [ETIES EEREILES PSS e
o [ (%) ] [ (%) ] [ (%) ] [ (%) ] [ (%) ]
CZA + ATM 0 0 (0.00 0 (0.0) 0 (0.00 0 (0.00 0 (0.00
IPM + COL 27 0 (0.0) 23 (85.2) 23 (85.2) 4 (14.8) 0 (0.00
IPM + TGC 7 0 (0.0) 3 (42.9) 3 (42.9) 4 (57.D 0 (0.00
IPM + ETP 27 19 (70.4) 3 (11.1) 22 (81.5) 5 (18.5) 0 (0.00
IPM + CAZ 27 6 (22.2) 14 (51.9) 20 (74.1) 7 (25.9) 0 (0.00
IPM + SCF 27 18 (66.7) 9 (33.3) 27 (100.0) 0 (0.00 0 (0.00
IPM + AK 21 3 (14.3) 3 (14.3) 6 (28.6) 15 (71.4) 0 (0.00
IPM + LEV 27 9 (33.3) 9 (33.3) 18 (66.7) 9 (33.3) 0 (0.00
o6 8 MIKATTRAE 10 ¥k NDM FERU BRI . AN TERFBAFE
R £ T B A Bl + T i
€73 [# (%) ] [# (%) ] [# (%) ] ¥k (%) ] [# (%) ]

CZA + ATM 10 10 (100.0) 0 (0.0) 10 (100.0) 0 (0.00 0 (0.0)
IPM + COL 10 0 (0.00 5 (50.0) 5 (50.00 5 (50.0) 0 (0.0)
IPM + TGC 6 0 (0.00 4 (66.7) 4 (66.7) 2 (33.3) 0 (0.0)
IPM + ETP 10 4 (40.0) 1 (10.00 5 (50.0) 5 (50.0) 0 (0.0)
IPM + CAZ 10 2 (20.0) 4 (40.0) 6 (60.0) 4 (40.0) 0 (0.0)
IPM + SCF 10 10 (100.0) 0 (0.0) 10 (100.0) 0 (0.00 0 (0.0)
IPM + AK 8 2 (25.0) 1 (12.5) 3 (37.5) 5 (62.5) 0 (0.0)
IPM + LEV 10 3 (30.00 4 (40.0) 7 (70.0) 3 (30.00 0 (0.0)
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£7 S FMEESTTEAE KPC HEkT AR SHINE

CR-KPN (n=22)

CR-ECO (n=2)

CR-KOX (n=3)

CSSES %4 A UEE R [T UEEETIES [T UEEETIES
O Fk (%) ] €7 ) Fk (%) ] €/ ) % (%) ]
CZA + ATM 0 0 (0.00 0 0 (0.00 0 0 (0.00
IPM + COL 22 15 (68.2) 2 1 (50.00 3 2 (66.7)
IPM + TGC 5 2 (40.0) 0 0 (0.00 2 1 (50.00
IPM + ETP 22 12 (54.5) 2 1 (50.00 3 2 (66.7)
IPM + CAZ 22 20 (90.9) 2 2 (100.0) 3 3 (100.0)
IPM + SCF 22 22 (100.0) 2 2 (100.0) 3 3 (100.0)
IPM + AK 16 4 (25.0) 2 1 (50.00 3 1 (33.3)
IPM + LEV 22 15 (68.2) 2 2 (100.0) 3 1 (33.3)
8 S FNELA T RIE NDM bk b 6] 2 5 40 b %
CR-KPN (1#%) CR-ECO (4#f) CR-ECL (3#f) CR-CFR (2Ff)
RS BEAEE HREE MR BAEE MEE AR AN MEE AR BSEE R A%
€79 [k (%) ] €73 [ (%) ] (B [ (%) ] €7/ [ (%) ]
CZA + ATM 1 1 (100.0) 4 4 (100.0) 3 3 (100.0) 2 2 (100.0)
IPM + COL 1 1 (100.0) 4 3 (75.0) 3 2 (66.7) 2 1 (50.0)
IPM + TGC 0 0 (0.00 3 2 (66.7) 1 1 (100.0) 2 1 (50.0)
IPM + ETP 1 1 (100.0) 4 3 (75.0) 3 2 (66.7) 2 2 (100.0)
IPM + CAZ 1 1 (100.0) 4 4 (100.0) 3 2 (66.7) 2 2 (100.0)
IPM + SCF 1 1 (100.0) 4 4 (100.0) 3 3 (100.0) 2 2 (100.0)
IPM + AK 1 0 (0.00 2 1 (50.00 3 2 (66.7) 2 1 (50.00
IPM + LEV 1 1 (100.0) 4 3 (75.0) 3 2 (66.7) 2 2 (100.0)
o’ ANFBEIT AU R 7R 25 . CHINET7E20164:2018

BEEH BT HR KT g AT iz
NiF, CREWEMRAL HBE R 2, &4 CRER YL
BIE£314 75451, HHCREE J 1) V2 R 95 A1 26 1] 1y ik
26%~44%" . AT VEZ PSS AT & R NCRE,
LA KPN, ECO. ECLFMICFRZ", CREX TR &
Wi iU LR Y, EIRASAE
FRt s F A (LIKPCATE) |« B JEB- N BHILREE
(LINDM KD FIDSL2 kT # /Al (LLOXA48
NE) . fEFE, CREEZZKPC. NDMFAIOXA-48
W B, RN IKPC o 1 AT
1, CREFE#UAKPNFIECOK ¥, CR-KPNHH
238k (62.2%) , CR-ECOK: 6%k (16.2%) .
37HRCRE 24 I 21 7= Bk 75 2% M g, Hrp DA77
KPCHF, H27% (73.0%) ; F“NDMIL10#k
(27.0%) o /[ B ol 1) 7= g 1 32 2 284 031 22 R
K, HAFCR-KPNEZLKPCHIE, K228k
(95.7%) ; TMCR-ECOLLF“NDM A ¥, #H4kk
(66.7%) o SEHFEESIH AR, CRERMKRAE

RN 4 [ 244048 T HE36 K B B 193 5k CRE B #: i3F
1T (R BI R FE4E ", 97.4% I CREE MR = T 5 55
WG . a3 THRBAFEAH, CR-KPN (75.7%,
HYCNCR-ECO (9.8%) , AW REIEIEA —
o ABEF AR 2R VIM, IMPRIOXA-48(1)
CRE B Pk o

TEARSNABORIG T, COL. TGCHI—Eesg JLpits
e D BT BE N CREAR-FFU B IR M 254
AW SR SR, 37TFRCREXMCOLHUK, *CZA
FITGCHIT 252 53 5 N27.0%H135.1%, Xt AKA!
ATM [T 2 28 43 51 578 .4%F194.6%, 5% HoAth 3 F
B0 250 T 25 % 9 100% . £ECRE & 24 11 15 5%
T, ZOUFCIELE A A T Z LURITCRE
JEY 1 A 7T FR CZ AN PR K P CHf ) 3 /R 100%
B, Xf P NDMEE ¥ T8 R 100%1 25, 5 ATMIEK
HRMAEEN100%, 5" "M RiE -8, H
W, IPM + SCFIIPhRIZE NT75.7%, WrEZE 54
2 MH100%. IPM + COL, IPM + ETP, IPM +
CAZ. IPM + LEV. IPM + TGC[FZ 5 4802 A
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IR AT5. 7% 73.0%. 70.3%. 67.6%F153.8%.
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