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12 FpDU: 2R AL X Wi 08k v 700 IR0 2 A S R
KA 2h S0 4

IRF, REE, Wk (FENHENAARERETF, 114K 266100)

 E: B WEFEHZ (COL) o aBeHm#zxE (TGC) | KF0kER /47232 (SCF) | & F Mk /47232 (SAM) |
£% 34 (MEM) . MAFZ (AK) ARAMZ (LEV) , TGC % %34 SCF, SAM, MEM #= AK, SCF 4 #| %
4 MEM #u AK sFat sk 7 B £ 60 2 R3hAF A (CRAB) RINRA S MARME, TRk ARG B IE 7T 7 £, Fik k%
20231 ~ 2 AFBHTEANRERGRAAT S B6IEE L CRAB 58 4k, RAME RN HHEENERAEZATA
RARITA RIE (MIC) , MEFRATHRES AR, A3 oW HIRLI 4 (FIC) A RBAEBR, 4R COL+SCF
B & A 70.69%, R E 548k EZ Fe % 96.55%, COL+TGC, COL+SAM, COL+MEM, COL+AK, COL+LEV,
TGC+SCF, TGC+SAM, TGC+MEM, TGC+AK, SCF+MEM % SCF+AK Hr Bl % % 3| 4 34.48%, 65.52%, 51.72%,
37.93%, 22.42%, 27.59%, 27.59%, 37.93%, 41.38%, 48.28% #= 25.86%; MR % 5 48w 5 2 4= 5 5| 4 77.58%,
91.38%, 84.48%, 65.52%, 39.66%, 67.25%, 62.07%, 58.62%, 55.17%, 82.76% #= 74.14%. 12 # 25 4 B & 7 & 2+
CRAB H# #k#) MIC & B, MICy, fo2 MIC,, 185 &/ 8254003 A R B A2 B 9B AK, FrAAAS R B ERER, &b
COL+SCF # B & 5 EZ fosk 3, COL+LEV ¥R & 50k f 2 fafm ik, TAEAIGRERAH AL,

KA MR BIGAHIS RNSIFT I, AL B 2GR, IRk B e 5k

FEES: R378.2; R446.5 XHEIFRER: A XEHS: 1671-7414 (2025 ) 02-064-06
d0i:10.3969/j.issn.1671-7414.2025.02.012

Comined Antimicrobial Susceptibility Test of 12 Antibiotic Combinations
Against Carbapenem-resistant Acinetobacter Baumannii

WANG Dongping, SU Aimei, HAN Xinyi ( Department of Clinnical Laboratory, Qingdao Eighth People’s
Hospital, Shandong Qingdao 266100, China )

Abstract: Objective To observe the in vitro susceptibility test result of colistin (COL) combined with tigecycline (TGC),
cefoperazone/sulbactam (SCF), ampicillin/sulbactam (SAM), meropenem (MEM), amikacin (AK) and levofloxacin (LEV),
TGC combined with MEM, SCF, SAM and AK, SCF combined with MEM, AK to carbapenem-resistant Acinetobacter
baumannii (CRAB), and screen the effective anti-infective therapy. Methods 58 CRAB strains were isolated from clinic
specimens from Qingdao Eighth People’s Hospital from January 2023 to December 2023. The minimal inhibitory concentration
(MIC) of antimicrobial agents against CRAB strains was determined by the micro broth dilution method. A combined
antimicrobial susceptibility test was performed by the chessboard dilution method. The fractional inhibitory concentration (FIC)
index was calculated to determine the combined effect. Results The synergistic rates of COL and SCF was 70.69%, and the sum
of synergistic rates and additive rates was 96.55%. The synergistic rates of COL and TGC, COL and SAM, COL and MEM,
COL and AK, COL and LEV, TGC and SCF, TGC and SAM, TGC and MEM, TGC and AK, SCF and MEM, SCF and AK were
34.48%, 65.52%, 51.72%, 37.93%, 22.42%, 27.59%, 27.59%, 37.93%, 41.38%, 48.28% and 25.86%, and the sum of synergistic
rates and additive rates were 77.58%, 91.38%, 84.48%, 65.52%, 39.66%, 67.25%, 62.07%, 58.62%, 55.17%, 82.76% and
74.14%, respectively. The range, MIC, and MIC,, of 12 combination regimens for CRAB strains were decreased to some extent
compared with those of each single drug. No antagonism effect was observed for all the combinations. Conclusion The sum of
synergy rate and addition rate of COL combined with SCF is the highest, and the sum of synergy rate and addition rate of COL
combined with LEV is the lowest, which could provide reference for clinical experience medication.
Keywords: carbapenem-resistant Acinetobacter baumannii; checkerboard testing; combined antimicrobial
susceptibility test; fractional inhibitory concentration index

] 2 ANEAT IR (Acinetobacter baumannii, AB) W WIRRGE. HiH %2 Rge N, BEE B
SRR R BRI, WO TRPIRE . L 8PuA R M, s ﬁ‘ﬁﬁ%@@%ﬁzﬂﬂlﬂ

EEEN: TARY (1987-) , %, fid, FEHIN, WF5Erm . WA, E-mial:wdp19870628@126.com.
BIHEE: JE3E (1979-) , L, Wit, WIEAEHE0, DFE5m: A4, E-mail:lwsuaimei@126.com.
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( carbapenem-resistant Acinetobacter baumannii,
CRAB) M43 B3 AMr b Ft. CRAB B 5| i3
FEBEREL . W IRIA ST AT RS 3G N, 3 1k
7 e P A FE A B 24 W0 ) (China Antimi-
crobial Resistance Surveillance System, CARSS)
2022 AEFERAE R B, AB WFEHESES (imipenem,
IPM ) F1ZEZ 57 (meropenem, MEM ) Yl 245 5%
G390H 53.4% F1 55.3%. BT CRAB J IZTif 25 %
St 2R, I R AT B TR T T I TG 24 T
R, SFLREIFREAZEIAE Y, AR
T R R BRI S B0, BO R
% (colistin, COL ) 43BN E (tigecycline,
TGC) . kfWRAE / &F E2 35 ( cefoperazone/sulbact-
am, SCF) . & NP/ &F 4 (ampicillin/sulbac-
tam, SAM) . MEM, BK-K&E (amikacin, AK)
Mz 2 (levofloxacin, LEV ) ; TGC 435k
4 SCF, MEM, SAM Al AK; SCF 43384 MEM
HAK. 12 B W26 T 7 %856 CRAB 1A
HMENE, FIRAMMBUERAS, NIRRT
CRAB JIT iUk g 1 e J2 B 42 B2 (it S 90 2 228 4K
PR
1 #R5FE
1.1 AR WdE 2023 4F 1 ~ 12 AFBHEN
N BB e A 4% ZRARAS P 73 B 1Y 58 & CRAB (KM
26 k. MY 18 Bk M REVR I 6 Bk . IR 3 B
MEREFR 2 ¥R . 9 2 bk . BB L RR ) L SRR
[F]— A A S AR e AR IR B bk . I TR Y3
i VITEK 2 Compact 4= H S P14 R T2
E, BN CRAB JE A WA A2 H
12 M %54 A  VITEK 2 compact ( 7 [F Bio-
Merieux ) 4= H A 11 % 1€ B 24 8053 i ARG iy
f GN, AST-N335 o It f 4 M2 o, 4%
AP i (Kirby-Bauer, K-B) #h7e 2455 ; 24
AR . BHEFIET MH R (95 Oxoid A H] ) ;
M~FAR . MH AR 22 BT (55 RS A AR 4
ARARAF ) o iEE COL, TGC, SIEURHE, £F
ELH . Z VUMK, IPM, MEM, AK, LEV i

(B S 2 A E TS ) o B kR Ay
B ATCC25922 Fl4d S I% B0 7 ATCC27853 (LA
BRSO ) .

1.3 7k

13,1 SR (MIC) Wl : RS E KA
I EARUEPMZ (Clinical & Laboratory Standards,
CLSI) 2023 4E M100 (33rd ed ) ™ #E 7% i1 {3 1 A
I BRL I AE 58 Bk CRAB XA AIFL A 2 A MIC.
SCF Z: it CLSI Hh 3k AWR AT 5, COL B8k
FE LRI TGC #2358 B 5l 25 i B 1L =)

( Food and Drug Administration, FDA ) #E % (1) 2
Wiksif 7

1.3.2 WAHMER R TAPUA E AR ik
I8 CLSI M100 H# ZR AR BEPLAE R . 25
e B W Bl 43 ) o COL (0.03 ~ 32mg/L) , TGC
(0.12 ~ 128mg/L) , MEM (0.50 ~ 512mg/L) ,
AK (0.25 ~ 256mg/L) , LEV (0.12 ~ 128mg/
L), SCF ( kR 5&F LA L2 + 1) 4%
0.50/0.25 ~ 512/256mg/L B, SAM ( & EPUbks
SPIERECEL 2 ¢ 1) #2 0.50/0.25 ~ 512/256mg/L it
il o ARPEALBVE BT EL AN CLST MO7 H A7 i
P B IE R E 2R, B AR BE A A A R
HEMA 96 FLAR, BRIPIIMA 25w, FMAR
J& 4 10°CFU/mI A B BRI 50 w1 (O faf 71 7% il £
0.50 22 [CEALA 42 AP R, 50 2 % MH R
BE100 %) , LI E L% R R 5 x 10°CFU/
ml™, (35£2) CH;FE 18 ~ 20h, 0 k2l 124
A ) MIC ( MIC g5 B MIC 4 sz ), LA £
PR 25 306 FH e A 41 A 2500 B 45 LAY MIC B ( MIC gy
e A MIC 2z ) o BRI MR 48 2L ( fractional
inhibitory concentration index , FIC )™ /F Jy HI W45
FIC=MIC y1255 52 /MIC s 5555 PMIC 1 o 1o IMIC 4 sz
FIC < 0.50 AHAIVEA, 0.50 < FIC < 1 M infE
HI, 1 <FIC < 2 HIKAEH, FIC > 2 AHEH/E- .
1.4 %t 3454 KA WHONET 5.6 3k 4% 5 F
PrAE RTINS T, THECEORE OB
it 252 . PHEZAAR IR ) R A 3 (% ) KRR
2 R
2.1 S8# CRAB *F# A ZFwyatzhi W EI1,
X} CRAB [ 1 A1 Bt & % 1 & = 09 1T = 47 Bt 4B
% J COL, TGC F1 MH, Tt 2§ % K 1.72%,
12.07% 1 34.48%, X H & bt & R it 25 F 4
41.38% ~ 100.00%.
2.2 58 #% CRAB H# #k xt 7 #F 42 & % #) MIC 14 5
A L3 2. COL X 1 #% B 9 MIC {H 4 4mg/L,
T 255 TGC XF 7 ¥k B 79 MIC fH = 8mg/L, W
fif 255 SCF X} 24 ¥k B () MIC {H = 64mg/L, Hiif
24j; SAM X 44 BRI B MIC {5 = 32mg/L AT 2y ;
MEM (1) MIC ¥ = 8mg/L, Mit2h; AK %f 49 #k
WY MIC i = 64mg/L, Miif25; LEV Xf 45 ¥k
Y MIC {H = Smg/L Mz,
23 12 A B A 7 % 2t 58 %k CRAB H 4k 2 #03X Bb
R % % L3 3. COL+SCF f4 b 7] % &% &5,
h70.69%, P 7] F 5 AH IR Z F R 96.55%.
COL+TGC, COL+SAM, COL+MEM, COL+AK,
COL+LEV, TGC+SCF, TGC+SAM, TGC+MEM,
TGC+AK, SCF+MEM & SCF+AK I @ & 43 %
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W 34.48%, 65.52%, 51.72%, 37.93%, 22.42%,
27.59%, 27.59%, 37.93%, 41.38%, 48.28% 7l
25.86%, P [A] % 5 A 2 2 F 5 5k 77.58%,
91.38%, 84.48%, 65.52%, 39.66%, 67.25%,
62.07%, 58.62%, 55.17%, 82.76% #il 74.14%,

1 58 ¥k CRAB X & R4 RHmZHE
IS W (n) W25 (%)

HHZR (COL) 1 1.72
BmIHE (16C) 7 12.07
KR (MH) 20 34.48
SKADRR / £FEAH (SCF) 24 4138
ZHHAR (DOX) 3 56.89
TR / BRI e (SXT) 39 67.25
FURTUAK/EFEH (SAM) 4 75.86
ZAi%# (T0B) 45 77.58
TR RIPE (LEV) 45 77.58
RR%ER (CN) 49 84.48
PIKRE (AK) 49 84.48
WNTPE (CIP) 56 96.55
WRACPGAR / Al 238 (TZP) 57 98.28
WM (1PM) 57 98.28
kAflBE (CAZ) 58 100.00
kA (CRO) 58 100.00
kAnths (FEP) 58 100.00
BRTGHR SERLER (TIM) 58 100.00
URHLPGH (PRL) 58 100.00
X i (MEM ) 58 100.00

3 itig

CRAB T ZLifi} 25 #L il £ 8 7= o 5 5 M il
(OXA23, OXA24 5 OXA51 %I ) . AMEE M
B As | EShIMIER R B . AR TE
B LA B 25V A s AR 45 1O AR IR 2t R
7~, CRAB MZj{EH ™8, /XX COL, TGC 1 MH
it 25 R ALK, K 1.72%, 12.07% 1 34.48%, Xt H:
YA BTN 41.38% ~ 100%. HET, 25 EK
Yefs 22> (Infectious Diseases Society of America,
IDSA ) 4 TIAYT CRAB JEIL ) 3414k 24

FEZFWMEZR(COL, ZH WA B) . WA EREE(MH,
TGC) . B- NEEIZE (SAM, #FEIH / JEHE
AR ) A N R E PR A R B D
CRAB [ 2R 5L 2 M2 5, G HZ
Pt CRAB JBYWBIT A RO . A 25T LhE
WD AR RN 2T TR EERIVE R, BT kB AE SR
M2 B, e YU AE R ey, HATHER
BeulminEl, MRS ZHEZFHRERRES
TGC [R5 5 e A Zie s 1.

Fz2 581k CRAB WAREIMEZEMN MICERT (n)

MIC {5
(gL ) COL  TGC  SCF

SAM MEM  AK  LEV

0.06 3 0 0 0 0 0 0

0.12 15 5 0 0 0 0 0

0.25 6 3 0 0 0 0 0

0.50 17 16 0 0 0 0 0

1 10 14 0 0 0 0 7
2 6 13 0 1 0 0 3
4 1 0 3 3 0 2 3
8 0 3 2 3 12 2 14
16 0 3 7 7 13 3 18
32 0 1 2 23 11 2 11
64 0 0 12 18 18 22 2

128 0 0 10 3 3 26 0

256 0 0 2 0 1 1 0

AR ER A 2GR 50 45 R /R, COL+SCF [y P
[ 4 70.69%, P EHR S A INARZ I 96.55%,
RTABATIER P RS, SHAE% W Kk
3, HIH COL+SAM, DA 54035 2 1
1 91.38%. 5 3CHk [16]COL FEF [ $H B A i ] i
FWAGE T X CRAB FUR KIEFH—3, Bmpar s
YRR (2g) S K &7 B BRI E] (2h) Xt
CRAB W& KA A . 12 Rl KBS T 2t
CRAB HFRAY MIC {EH, MICs, Al MIC,, {54514~
AZTH FL I R RIREBE (U RRAIG, UL 2Bk & B
AiGrEsR s, B e EER. Hir,
LR Z G R IEIT AB JEYL i e m — i B
2, Al T AR O COL AR MiRYF ™ & AB
YL =2 1 COL 2 —Flh FH 38+ 2 ik 24t
A, RTHEAFE. B MWL i LR
ST 25 Tl U 2 eI R T2 2 T
—ERPRSG . IR R, SRR RLATT
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x3 12 FhEL S 7T R3T 58 %k CRAB BHkEA S IR LR
N R (mg/lL) B (mg/L) FIC[ #k (%))
s MIC{BR MICy, MIC,y, MICER  MICy, MICy — FIC<050 050<FIC<1 I<FIC<2 FIC=2
COL+TGC 2034.48)  25(43.10) 13(22.42) 0
COL 0.06 ~ 4 0.50 2 006 ~1 025 0.50
TGC 0.12 ~ 32 1 8 0.06 ~ 8 025 2
COL+SCF 41(70.69)  15(25.86) 2(3.45) 0
COL 0.06 ~ 4 0.50 2 0.06 ~ 050  0.12 025
SCF 4~ 256 16 128 2~ 128 4 ky)
COL+SAM 38(65.52)  15(25.86) 5(8.62) 0
COL 0.06 ~ 4 0.50 2 0.06 ~ 1 0.12 1
SAM 64 ~ 256 128 256 16 ~ 128 kY) 64
COL+MEM 30(51.722)  19(32.76) 9(15.52) 0
COL 0.06 ~ 4 0.50 2 0.06 ~ 050  0.12 0.50
MEM 8 ~ 256 ky) 64 8 ~ 128 8 ky)
COL+AK 22(3793)  16(27.59) 20(34.48) 0
COL 0.06 ~ 4 0.50 2 0.12 ~050 025 0.50
AK 4~ 256 64 128 1~128 kY) 64
COL+LEV 132242)  10(17.24) 35(60.34) 0
COL 0.06 ~ 4 0.50 2 0.12 ~ 2 025 1
LEV 1~ 64 16 kY) 050 ~ 64 8 16
TGC+SCF 162759 23(39.66) 19(32.76) 0
TGC 0.12 ~ 32 1 8 0.12~16 050 2
SCF 4~ 256 16 128 2~ 128 4 64
TGC+SAM 1627.59)  20(34.48) 22(37.93) 0
TGC 0.12 ~ 32 1 8 0.12 ~ 8 0.50 4
SAM 8 ~ 64 16 64 4 ~ 64 8 ky)
TGC+MEM 22(37.93)  12(20.69) 24(41.38) 0
TGC 0.12 ~ 32 1 8 0.12~16 050 4
MEM 8 ~ 256 kY) 64 8 ~ 128 16 kY)
TGC+AK 24(41.38) 8(13.79) 26(44.83) 0
TGC 0.12 ~ 32 1 8 0.12~16 050 2
AK 4 ~ 256 64 128 2~ 128 64 64
SCF+MEM 28(48.28)  20(34.48) 10(17.24) 0
SCF 4 ~ 256 16 128 2~ 128 4 64
MEM 8 ~ 256 ky) 64 4~ 128 8 ky)
SCF+AK 1525.86)  28(48.28) 15(25.86) 0
SCF 4 ~ 256 16 128 2~ 128 4 64
AK 4 ~ 256 64 128 2~ 128 kY) 64

T ke 75 5 i S A 2 PR AT ( carbapenem-resistant
organism, CRO ) RWRE: S, AW ol =251k
HRHRIT Y M5 A2 A, mTRA
W D, AR EE VR, BEWE 2 T
PRI K, X RE R 7 Bk 25 AB B w1 M
Hasm PO R COL 3Ry, AUl F 5 Kk 47 fp 71

i, SRPERVE RN 25V %, COL 4EHF7F 2mg/L
A, L TGC MIERIAIEEA 2541, TGC+SCF
Prml S AR Z ff &, N 67.25%. TGCEH
VU LBPUER MY, KA BRI U ER
55, HEABURZ5/EH B Ao ™ £
Il TGC 214 A 1 AR A5 1 250 1 KU, 9 HL
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T HANRE R . LM 25 S kE
WA EARAE R A, W 5 HAb P A RIR G AT
CRAB &Je. L)L TGC Jy KAt 1166 & FH 25 77 58 T
IR 2 EH 25 AB B B Y 28 KIRIER, TGC 5
FPELHICS T LARE IR CRAB il 2 SR 35 AOSRAE 3 2
X T CRAB i e i &, TGC Bk43 SCF HVRYT
TR TERG IR BRI ™, AP R —
o 73LL SCF JyJkdlt, B aF L K HAB AL ARt Y
W) Z A TR G 25805, Xt CRAB B 4T
WRAYT LT Iz ks 1, 7 L AT§ ) AB h
f) PBPla, PBPIb ll PBP3, i Ziffl, HA A%
T 24405, PR AN R AR, SCF (J
HIEEF ISR & ) X CRAB 3 A B rYHT
WG TE. AN, I RIS E G R . s SR
FIRDLIE PRI G 7%, X T E R CRAB &
g, AR B Rk Z TS ] REIR &l 22
IR R P

ik, ARSCHAEST 12 PG T2 )7 %% CRAB

IR AROR, IESE 1RGSR g R 25, 3

I AT B Al P o ) - 3% T o e 55 D i 0 s 285 e

WEEXFR “PpE” F0HANT VER, FrlRgigAhse

5T AR R BRI G 25 O i AR

WESH L, TR S H RS g0 = T

25, PAERTEARTE A K-B LA R o ML = nl ik

ek — P, AR BRE M KBS R IS

YEM. SRS SR A RE e 2 UM Im PRI RCR

{HAMTFE N CRAB B ISR T Pt 17— 5

BB SRR, AT T 2 BRI Al R T

BEMERIT SR I UE RN 5635 .
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