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In vitro Antimicrobial Synergy against Imipenem-Resistant Acinetobacter baumannii

Heungsup Sung, M.D., Soo Jin Choi, M.D., Soojin Yoo, M.D., and Mi-Na Kim, M.D.

Department of Laboratory Medicine, University of Ulsan College of Medicine and Asan Medical Center, Seoul, Korea

Background : Most imipenem-resistant Acinetobacter baumannii (IRAB) isolates are multiresistant,
leaving few options for an effective antimicrobial therapy. We purposed to select possible candidates
for the combinations of antimicrobials that are synergistic in vitro for inhibitory or bactericidal activi-
ties against IRAB and evaluate the usefulness of double disk synergy test (DDS) in predicting syn-

ergistic bactericidal activity.

Methods : Fifty-five IRAB isolates recovered from patients during the period from August 1999 to
November 2000 were tested for susceptibilities to amikacin, gentamicin, tobramycin, piperacillin,
piperacillinftazobactam, cefotaxime, cefepime, cefoperazone/sulbactam (C/S), imipenem, meropen-
em, ciprofloxacin, levofloxacin, trimethoprim/sulfamethoxazole, chloramphenicol, minocycline, and
colistin by the Clinical and Laboratory Standard Institute agar dilution method. Three isolates show-
ing different susceptibility profiles were tested for antimicrobial synergy by DDS and then by time-

kill study (TKS) using DDS-positive combinations.

Results : Colistin, C/S, and minocycline were active in 50 (90.9%), 50, and 44 (80.0%) isolates,
respectively, and all the other drugs were active in less than 20% of isolates. Minocycline-imipen-
em, minocycline-C/S, minocycline-amikacin, imipenem-tobramycin, C/S-amikacin, and C/S-tobramycin
combinations showed synergistic inhibitory or bactericidal activity by TKS when the same combi-
nations were synergistic in DDS; however, C/S-imipenem was found synergistic on DDS, but not by

TKS.

Conclusions : Colistin, C/S, and minocycline were relatively active against IRAB. DDS might help
predict the synergistic antimicrobial effect of TKS if one of the combinations was susceptible.

(Korean J Lab Med 2007;27:111-7)
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A WAolm tE o8 Al E WA 2 g5 Ws
AYAL Q7] wipell AR A A" @7 ale- FTs, 4]
Imipenem A 29 porine & $£3}38}7, penicillin-binding
protein (PBP) 2] 3}%=9} p-lactamaseo] i3k eHgAjo] &
ol Al GAWA A. baumanniidl tal 74 G379 g4t
A2 AREEo] ST 5], Agotat ol A= 199810l imipenem
WAl A. baumannii (imipenem-resistant A. baumannii, IRAB)
7F AE AEE ol I vl A% F7kete 200099 5.6%.
2001l = 8.7%0 Datglch =uie] 6& 22 HYolM % IRAB
o] "]go] 2000 9%lA 20019 22% 2 EA3| Z71etdTiE
Huzb glom6], A=zl v A AFellME 1999\ €]
6.2% 914 200399= 13% 2 F7Ftgwrol AT, 8],

RABS] o8 2908 7129 g4 Fole as99 ot
Y= A7 gREe R A E colisting 7o) AL R <l
& ARSaHA BY IR X EsAY F 7HR] o] FHAIE H
otel Asted A7t iz, 5], olo] ¥ ATIIAE RAB
of gt o] gl A% IRAB #F& e E 583
E Hol:= 344 HIHE 7, AFAdA Ao AL
g e olFT 238 (double disk synergy) FHARE Al
b2t ZAAHtime-kill study)d 23S g2 F JeAE &
opE A} sk4iT
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1999@ SYHE 20004 1197HA] Y SxelA HHE R
= A3 555F¢] IRABE -70°C o YER A3 1:}7} o] o

*1—%0}325}. 7% 4% g4l 244 AR MicroScan Neg
Combo type 21 (Dade Behring, West Sacramento, USA)Z
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Clinical and Laboratory Standard Institute (CLSI)¢] 715
(9]0 meh dpsAEe R Hzold

ry concentration, MIC) S ZA3}4 T} Azithromycin, amikacin,

=% (minimum inhibito-

gentamicin, tobramycin, piperacillin, piperacillin/tazobactam,
cefotaxime, ciprofloxacin, levofloxacin, chloramphenicol, mino-
cycline, trimethoprim/sulfamethoxazole (SXT), colistin, rifam-
pine Sigma-Aldrich (St. Louis, MO, USA)ol|A T3t A}

4381997, imipenem (MSD, Elkton, VA, USA), arbekacin
(Meiji Seika Co., Tokyo, Japan), cefepime (Bristol Myers
Squibb Co.,, New York, NY, USA), cefoperazone/sulbactam
(C/S: Pfizer Inc,, New York, NY, USA), meropenem (Ast-
raZeneca, Cheshire, UK) 59| dAlE AZALZEE 7)151to}

tam & 240 710] §lo) 204 oi2 A4e ek
3. OIBEIATENRY ZA}

oA AtolM A, baumanniol NE5AES BHY ShaA &
=S A2, C/S-imipenem, C/S-amlkacm, C/S-minocy-
cline, C/S-tobramycin, C/S-ciprofloxacin, minocycline-imipe-
nem, minocycline-ciprofloxacin, minocycline-amikacin, mino-
cycline-tobramycin, imipenem-tobramycin, imipenem-amikacin,
imipenem-ciprofloxacin®] Zgol| thall o|Fr)AIT AR S AA]
S OIFTI2AAY HAL A UAATEE B3] ol
o 372 S5k, UA3 F9 Azl A AAA RoEA
A= V\ELE vj 23k B A& Mueller-Hinton 3HdH|
A& AHESIAAL, CLSI H2T g 2710 BHojA ol 3

ZetH11]. 35C g1l awr v § AHE A=asle
g, & txd AlolollA Adgasel] gk dAte] e ditel
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1 C/S 16 pg/mL, amikacin 16 yg/mL,
tobramycin 1 pg/mL, imipenem 8 pg/mL 2 minocycline 2
pg/mLE X853t} Mueller-Hinton broth (MHB)ell -3}
© FaAs A7 gaAE Wqﬁ& TEE AT § MHBOﬂ
g7} McFarland No, 057} HEE #4& ¥&311 Zc]*‘
7} 10° CFU/mL7} =2 g9& 7} stk AFHES 35C
oAl 4, 8, 2417k T A7 Wik & AATE 54 6}‘%} A
gE A 2% F o A a3t P 2 dAlE =l
E AME v uot SetA WAl [ =47t 2logiy CFU/mL ©]
A AeAE R Adsigiviiz].
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1. A%
T 557 T 227(400%)7F EF71AANA EEUL, A
HAA A 85(145%), FEoNA 73(12.7%), Jackson Pratt HY

A AN 65(109%), HHFANN 357:(55%), D, 24, &
oAzt 23(3.6%), 71EF AAAA 3F(55%) 7 B2 =H QT
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Table 1. MICs of 55 A. baumannii isolates against common an-
timicrobials

. . o o MICso MICso
Antimicrobial (s) %S %l (ugiml) (ug/ml)
Azithromycin NA NA 64 128
Piperacillin 10.9 9.1 256 256
Piperacillintazobactam 16.3 3.6 128 256
Cefotaxime 0 0 >128 >128
Cefoperazone/sulbactam 90.9 0 16 16
Aztreonam 0 1.8 >128 >128
Cefepime 9.1 36 128 128
Meropenem 0 36 16 32
Imipenem 0 18.1 64 32
Ciprofloxacin 18.1 0 >32 >32
Levofloxacin 18.1 18 16 16
Gentamicin 0 1.8 >64 >64
Tobramycin 7.2 0 64 >64
Amikacin 54 23.6 64 128
Arbekacin NA NA 8 16
Minocycline 80 0 2 2
Colistin 90.9 0 05 1
Rifampin NA NA 4 8
Sulbactam NA NA 16 32
Trimethoprim/ 127 0 32 64
sulfamethoxazole
Chloramphenicol 0 0 >128 >128

Abbreviations: NA, not available due to the lack of interpretative crite-
ria; %S, percentage of susceptible isolates; %I, percentage of interme-
diate resistant isolates; MICs and MICw, MICs at which 50% and 90%
of isolates are inhibited, respectively.
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A. baumannii 555 it A 7HA AALNA] colistin
o] 5057(90.9%), C/S°l| 505, minocyclineol] 445(80.0%)7} 7+
$AOT & A4A HEE Bt 1 99 Al tisA
= 20% m|qto] 7HEAlS B0 cefotaxime, aztreonam, me-
2449 23

AATH Table 1). Arbekacin®] MICsp 8 yg/mL, MICy 16
ug/mL = aminoglycosideAl &+ 5 MIC X7} 717 Skt

ropenem, gentamicin 2 chloramphenicol®l]

w
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ohet atAl 9ol tigh 52 AARE S8l colistin, C/S,
minocyclined] 744 HolHA] amikacin®] 7ZH=AIQl 35, tob-
ramycin®] 7HFAQl 45, ciprofloxacin®] ZHEAIl 105F SollA]
7} 154 338 Agsiith 3 WAl #5(IRABL) = imipenem
MIC7} 32 pg/mLZE WAl 2™, amikacin, C/S, minocycline
o] MICE 27 16 pg/mL, 16 pyg/ml, 2 pg/mLE Z4740]
Aot + WAl #5(IRAB2)+ C/S, minocycline, tobramycin
MIC7} 747 8 pg/mL, 012 pg/mL, 1 ug/mLE 24409
O™, imipenem, amikacin MIC7} 242} 32 yg/mL, 64 pg/mL
2 YA FFATh Al HA FF(IRAB3) = C/S, minocycline,
ciprofloxacin MIC7} 2442} 16 ug/mL, 012 ug/mL, 025 ug/
mLZ 7HpA0]9 2™, imipenem, amikacin MIC7}F 242} 64 yg/

Table 2. Antimicrobial susceptibility and synergy results of the isolates tested by double disk synergy tests and time-kill studies

Antimicrobial combination tested by

MICs ( ug/mL)
Strain No. Double disk synergy tests Time-kill studies
P C/s AK ™ MC Cl Synergistic Non- Synergistic Non-
synergistic synergistic
IRAB1 32 16 16 16 2 4 MC+IP MC+AK MC+IP MC+C/S
C/S+AK MC+C/S MC+AK IP+C/S
IP+C/S CIS+AK
IRAB2 32 8 64 1 0.12 4 MC+IP MC+TM MC+IP IP+AK
MC+C/S MC+TM IP+C/S
MC+AK MC+C/S
IP+AK MC+AK
IP+TM IP+TM
IP+C/S C/S+T™M
C/S+TM CIS+AK
C/S+AK
IRAB3 64 16 128 16 0.12 0.25 MC+AK MC+IP None MC+IP
IP+AK MC+Cl MC+C/S
IP+C/S MC+C/S MC+CI
IP+ClI IP+AK
C/S+AK IP+C/S
C/S+Cl IP+Cl
CS+AK
CS+Cl

Abbreviations: IP, imipenem; C/S, cefoperazone/sulbactam; AK, amikacin; TM, tobramycin; MC, minocycline; Cl, ciprofloxacin.
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Fig. 1. Double disk synergy tests of three A. baumannii isolates.
(A) The isolate 1 showed synergy at the combination of MC+IP,
IP+C/S, and C/S+AK. (B) The isolate 2 showed synergy at the com-
bination of MC+IP, MC+C/S, MC+AK, IP+AK, IP+TM, IP+C/S, C/S
+TM, and C/S+AK. (C) The isolate3 showed synergy at the com-
bination of MC+AK, IP+AK, and IP+C/S. The black dots denote
synergy between the two drugs.

Abbreviations: See Table 2.

mL, 128 pg/mLE WAo]th(Table 2).

IRAB1S o)==t A3 A3} minocycline-imipenem, C/S-
amikacin, C/S-imipenem©] At&2H-0] 91917, minocycline-
amikacin, C/S-minocyclinedl= 4520l SIS th(Fig. 1A).
AlZk-%bt 7AYo A minocycline-imipenem, minocycline-ami-
kacin, C/S-amikacin 24217 2291 52k8-0] FHEE S
THFig. 2A). C/S-imipenem %> C/S9 TU3 AF4E
HofA 2ol filth

IRAB2E o]t 2382 237} minocycline-imipenem, mi-
nocycline-C/S, minocycline-amikacin, imipenem-amikacin, imi-
penem-tobramycin, imipenem-C/S, C/S-tobramycin, C/S-ami-
kacin Z§ol] AzFgo] 919121, minocycline-tobramyecin A}
oldl= Asagol YthFig. 1B). Az AAIA imi-
penem-tobramycin® 4, 8, 24A|17F B5F Ab=z-go] A& QO
M, minocycline-imipenem, minocycline-tobramycin, minocy-
cline-C/S, C/S-tobramycin, C/S-amikacin< 24|74 AF<2F
Lo] FFAEJTHFig. 2B). C/S-imipenem¥} imipenem-ami-
kacin<> olFtAAg Y Adde g gsagol sixlth

IRAB3-2 o|Zt) A3 384 A3} minocycline-amikacin, imi-
penem-amikacin, imipenem-C/S Afo]ol] AF=zre-0] 1o,
C/S-amikacin, C/S-minocycline, C/S-ciprofloxacin, minocy-

cline-colistin, imipenem-colistin, imipenem-minocycline A}o]o
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Fig. 2. Time-kill tests for three A. baumannii isolates. (A) IRAB1
showed synergistic killing at the combination of MC+IP, MC+AK,
and C/S+AK. (B) IRAB2 showed synergistic killing at the combi-
nation of MC+IP, MC+TM, MC+C/S, MC+AK, IP+TM, C/S+TM,
and C/S+AK. (C) IRAB3 showed no synergistic killing at any com-
bination of antimicrobials. The number in parentheses denotes
the concentration ( ug/mL) of antimicrobials tested.
Abbreviations: See Table 2.

= AsAHo] ¢St Fig. 1C). A4t AAMIME A5z
| $e o] AUtH(Fig. 2C).
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H A9 [IRAB 555F colistin®} minocycline®] 2Hz+ 90.9%
S 80%°] s Hol OiAl <RA|e] 7hsAdS B4k Colistin
e 19499 AHEIUE polymyxin ALY FHAZ AAFE
AEAYOE Q8] AFEOEE AMSEA gy T oAl
A, baumannii®} Pseudomonas aeruginosa®] &0l AF-E 3
o5, 13-15]. THAIWAl T colistindll T+ #4419 P. aerugi-
nosa®t A. baumannii 79SS 2 8317] Y3l colistimethate sodi-
um$ AT A} P 7% 60-100% (F1+ 69.7%, 23/33),
BH@el A% 25-76% (B 59.8%, 79/132), BF A9 B¢
50-83% (Ht 75%, 12/16) 014 X5 AF3l%go] Bag v}
QltH16-20]. & Aol X+ 5d4F9 colistin WA A. baumannii
7F BEEOH, BE colistin AEE TS Fo] gl AN
25t ook AbA 0 2 colistin WA A, baumannii7}
B[21, 22]E90H, poB §AA 97|98 83 A, bau-
mannii subgroup®l] W} colistin WA & ZFo]7}F AJ[23], col-
istin AHE- Aol 24 AAPE 298 ZoE A AT Imipe-
nem3} sulbactamo] WAlel thAlWAl A, baumanniid] Z9% 7
o] 9¥s57]AdAHH R A minocycline®]} doxycycline
02 AFA] 6%o] N F5HAT= BA7} 9Joi[24], minocycline=
3 AL Aol wel IRAB Q3837 HdsHA A BE2
E ARgo] 7HeE Aotk

CLSIoIME C/Soll that A, baumannii®] % 7155 A A5}
A skt 2 Aol A cefoperazone?] FtAl 444 71EE
43& o 90.9%¢] IRAB7} C/Sel 74=/3 0|4tk Sulbactam-
S A, baumanni®l Hel] AlEI Agrabgo] 9lom[25],
SFA WA Fo AN Zd AE ZdelA] AW
gkt 2Hgol gle(26, 27]¢] LERTE ESH cefoperazone} am-
picillin 53 72 f-lactam A|A| 9] FHES F7MAI7IER, IRAB
Z ampicillin/sulbactam (A/S) Z& C/Sell 74A43¢1 7% sul-
bactam 3t AA¢] AHES 2T 5 28] IRABO] 9
o ¥ Fr|HEHHolY S =AHNA A/STE EAH 0T
[25, 271 Eaet A 983 FAAME C/S7} imipenem/
cilastin? Hlwate] A5 A& FH APFEANA Zol7} gtk B
7F ol HHEER o} HPFAE Aol TheE FoE 7
wHE T 28],

Minocycline-imipenem, minocycline-C/S, minocycline-ami-

> rl

A

3',94 oL

kacin, imipenem-tobramycin, C/S-amikacin, C/S-tobramycin
Al 2l A 23Rl PR 29 A olFH LA
AN et Hold A4t AAPINE F5AeS &
+ AATE WA A7 23 2 AR v A
FsAEs #AT F ik oY A3+ sulbactame
] Aol A sulbactam®ll 734291 A. baumannii 45+ 4
XMICHA Atah8-S Hel ¥, 7 d5e Adae
o] Yotk Bast fAkeE Aot 29]. & dAellx IRABL

c

(

o M1 q
ofo B ot
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7} IRAB2E C/S-amikacin, minocycline-imipenem, minocy-
cline-amikacin® 24¢l 45285 B33 IRAB3E ©)FH
23PN A 28-S Bole A o] AUAT A7
At AAIA s AES Uehlie 292 fisdth o]+ IRAB3
+ imipenem} amikaicin®] MIC7} 128 pg/mLE I EUjA o]
A7) Eo R ke

WS WA TS AT gAY 54E A
A7IH o] FSEHE BXHOE o] &3t 30]. WAl &
TAZ MICTHA] 8Al T8 =o|H AJ52do] Yehd F 9l
< Aoltt. AT FHAE A MY el A AHEaA &3t
Slofof 214 gk elwlol A Fe2kgol Sltkal & 4= 7] wWiiwel &
Aol A ARl aFAe] S Az HARA SR
of e FrE ARSIt o] S[31] imipenem WA e
S7TNAQ 29959 A. baumanni 755 S E checker-
board O 2 Al A4S AARE A3} A/SS} tobramycin,
A/S&} meropenem, colistin®} rifampin®l] ZF 195 2 colistin¥}
ceftazidimeo] thal] 2¢FolAgh 71 3= Bk sich
o] Aol AMESt gFE0] ol Al WAl WEl
siAatdeel, WA StAE Z¥ehe A a3t "olds
& T Atk

B Q7N AT O ged IS Hole A 3Re

A HYES AN 2obc FA 9Pl 2gelt Asbt g
B FFUE DA e AL ¢ 4 It 53 C/S-imi-

penem X3S HIE T]AAE
5 AZE-AHE ZAAA] 24417k
At EE ASE eE
imipenem< W alle ™ RAB 475 BT
oA Asaart Aths B [32]9} checkerboard 2 Z me-
ropenem ¥ sulbactam< WIS W 487FF F 37450l A
SEY EE FEAHQ dsadt gite Hy[3B]ES 1T
w C/S-imipenem X0 o]FTAA PN 525 He
AL sulbactam?} imipenem Alo]9] A2 0F #ATETy
H Y imipenem ¥} cefoperazoneS & T} B-lactam AAZA C/S-
imipenem< HP3t= AL C/S TE2H HE| ASAES B

d T gl Ao AdEn o[Ad IRABA 93 ol A7}

=

S rir it}
24
oX,
o
o
=
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>
os]
N
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N
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o

& Al A AEE 7Idske el §71 wiel AARt
FAE AAPE st At Ak A W 23S
[e]

@ E QPN FAHOE ANE A
3} Q1H Ausk Ank olFriaagY Ao AZ-AE WA

o] 57| wirell AR A AAZE

A4S T o]8F g Ao FAIFHAC
AR O Z colistin, C/S, minocycline th¥&29] IRABoI o
3 S FASL ol tiAlAlS] 7HsAd ol it IRABS
ot Aztek hdo] MAIgS o o] iAl kAol sl FH L
1

h=
Hagsrge B gedel gt FRAE AL o5 4
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2 : Imipenem WA Acinetobacter baumannii (IRAB)+&
02 FAE WAS A 7497t Botr 71&9] gA Fo
T 39H HAE S F fle AT dFEeth & At
T AR RS olddte] IRABO 83 3+t WHES
3 olFU LAY AR AT AR ARE 5
otobr 72 aHSiTh

2 Y g 0 1999d 8E5E 20004 1197k EellA 55
39 3l A £2]¥ IRAB #FE tdCE 319tk Amikacin,

gentamicin, tobramycin, piperacillin, piperacillin/tazobactam,
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cefotaxime, cefepime, cefoperazone/sulbactam (C/S), imipen-
em, meropenem, ciprofloxacin, levofloxacin, trimethoprim/
famethoxazole, chloramphenicol, minocycline, colistin S°f T
8 gAYl o HAaAAFEAAES A Al
A FHER 39FE Al olF AN st
E5 HolE A ZYROE A4t AAKE Aldsksth
B3} : Colistinell 5075(90.9%), C/Sell 50757, minocycline
o] 4455(80.0%) 7} /o1t ThE Aol tisiM = 20%
njEke] S Helnh 2ol e detAlE Z§ete] Mino-
cycline-imipenem, minocycline-C/S, minocycline-amikacin,
imipenem-tobramycin, C/S-amikacin, C/S-tobramycin %2
o)FULATIHAA FeaE-S HolH, A2 AAIAME
A52E-& #2442 9tk C/S-imipenem X o|FT X~
AN = A EAAT A4t AAIAME s

ZE : Colistin, C/S, minocycline& thii2] IRABY| sl
A9E FABIAL o] tiRIA 9] s ol Slth gAY
ShaA Y 2O o|FHAIAI AAE de ALE A7

At AR AE ST 5 U3t
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