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Abstract

Background: To solve the difficulty in determining the appropriate treatment regimen for
patients infected with extensively drug-resistant Acinetobacter baumannii (XDRAB), it is
necessary to develop various strategies to increase the therapeutic effect of antimicrobial
agents. The purpose of this study was to select the treatment combination showing the
greatest antimicrobial effect among seven candidate antimicrobial substances.

Methods: Seven strains of XDRAB were used in this study. The composition of the treatment
consisted of colistin as the base and one of the seven antimicrobial substances, doripenem,
minocycline, tigecycline, linezolid, fusidic acid, vancomycin, or alyteserin E4K peptide. The
interaction between the drugs in each combination was evaluated by measuring the synergy
rates using time-kill analysis.

Results: The synergy rates of the seven combinations tested in the time-kill assay in this
study were as follows, in descending order from the combination with the highest synergy
rate: colistin + minocycline (57.1%), colistin + alyteserin E4K (50.0%), colistin + tigecycline
(42.9%), colistin + vancomycin (28.6%), colistin + doripenem (14.3%), colistin + fusidic acid
(14.3%), and colistin + linzolid (0%). None of the combinations showed antagonism. The three
combinations showing bactericidal activity and the rates of their bactericidal activity were
colistin + alyteserin E4K combination (33.3%), colistin + minocycline (14.3%), and colistin +
vancomycin (14.3%).

Conclusion: The colistin + minocycline and colistin + alyteserin E4K treatment combinations,
which showed high synergy rates, can be considered as promising candidates for future in
vivo experiments evaluating combination therapies.
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Introduction

Multidrug-resistant Acinetobacter baumannii (MDRAB)”Z} #F33] Q)31 o
S AR FAAIE 27| ofH 2 A E A5t | Aol Al A 2 RmTkE &0
AAIs}7| Ieh thdsh ek 7ol Al Esith. MDRABE Q1% 7415 €2k x| &
G&|of gt Al ek oh et F/dA 02 A ALGE| 0] @ 2] 9 A AlE
01 g4l B g2 ¥ (unorthodox Antimicrobial Combination Therapies)y S A| = 5H= H2FE AJA |1 Q)
ot

FA| WS FE517] 95t 28 HeEke] dgho 2 gk HEFO] = (antimicrobial peptide)
oF -2 tiA| Aol thoha = AL7F 3] of k. Pt HEfe| = Foll A & Alyteserin-2a
(ILGKLLSTAAGLLSNLNH,)= AHF=74H] Q1 Alytes obstetricans] 15 H2H|Eof| A 2] 22|H
Qo] 24 a-LpA13 Heko] =olch1], 3714) Alyteserin FEFOl =3 alyteserinLe EAK TER] =(0]
halyteserin EAKE OFAy= ThAl UV A, baumanni 2220] ool 4218 A7 o1 4do] glka
HEloh2],

2 7o) BHL 940 WEAIIE Holk 23S M) 98 ik 2ael WEkan
= |kt it o2 918l 77K FEEAL colisint 27} 225 750] Aol Tl 75
9] extensively drug-resistant Acinetobacter baumannii (XDRAB)E T4 C. 2 1 G35 ZH2}F ZAFSHY
th. = A. baumannii v T3l £3] AFEE= A EZ /dH colistin + doripenem 82} colistin +
minocycline 23}, |14 Z|+of| 7HEHH tigecyclines AF8-3F colistin + tigecycline 225 133/ Al
T-of] 22X Qe B =20l okA| &2 LA H colistin + linezolid 2} colistin + fusidic acid 23T,
colistin + vancomycin 2 3}; 12|31 T+t TEFO] =91 alyteserin EAKS- A3t colistin + alyteserin E4AK
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Materials and methods
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2008 1956 2012'd 12€97FA] 5zt 2 sty oA Ml oAt =l A Z,
A. baumannii 2 57 =]0] W5 B A. baumannii 5 XDRAB 75 755 thA}0 2 BA A}
SIS, 52 F W Al & Aol ARESISIT,. 7E 578 VITEK 2 System (bioMérieux,
Marcy-1 Etoile, France)S- ©]-&35}] VITEK2 GN 7= (bioMérieux) = ZAFSHY] A. baumannii 2 57
= #5553 WO blagy, s, polymerase chain reaction (PCR) [3]2} Higgins PCR [4]2 A|3)5}od
B 3 7% A. baumannii = 5735t Al 44 AR VITEK?2 System= ©]-8-510]
AST-N225 7FE 2 ZAL5to] 42335191t XDRAB 73 o}-= Magiorakos S{5]°] AIAIGH 7)ol
e} ofefjel Zro] oA Acinetobacter w%:01| THEF multidrug-resistant (MDR), extensively drug-
resistant (XDR) %! pandrug-resistant (PDR) All w2 74 2] 3t 7| & 3ol| 7% A 5 271 olste] &
A HFE A Qe BE WA 2 H S | A 17]2] A|Aol] thal] 7H4Ad o] $l= A. baumannii
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Time-kill 24 5! alyteserin E4K0{| {2t minimal inhibitory concentration (MIC)
=X

Timekill 498 AlYSH 7t #59] w2 287} A0S w) 2F 527} 1X10° CFUML
7} =] %= & 9H%] Mueller-Hinton (MH) brothol] %7 Fith AFESH @hd-E 23t 5% += colistin 2 pg/
mL [6], doripenem 8 pg/mL [7], fusidic acid 1 pg/mL [6], linezolid 8 pg/mL [8], minocycline 4 g/mL [9],
tigecycline 2 pig/mL [10], vancomycin 32 pg/mL [11]°] AT, Alyteserin EAK= ZF T 2 1/4X MIC
of sjgsl= F=2 ARSFITH ATtHA XDRAB 759] alyteserin E4KO]l Tt MIC )7} 2080
ng/mLo|g710]l ZF FFHEE 1/4X MICO] SEshe B2 (5~20 pgmL)S 22 o] AR
MH Brothol] S22 #3271 HE5H AIFGTE 37°C W 870l A oAkt 24475t vl
Yot FHS F A 108] Al A5taL, 84S MH agar plate©l] HE5to] sHH vl & & X
245 AHslglni12)

24AIZE B T, 71 B/ o] =2 TEekA| AR oA At o R HEHA A
o)A 2kt F 47} 2 log,, CFU/ML ©]4F ZHA3t 49 Asan) Qlokal o
(indifference) B2 w 47} 2 log,, CFU/mLH]|Y
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(antagonistic) §H-3-2 2 log,, CFUMLO)F 2.2 Z713t 4= A olsidti13]. 2= v HSFE
24RO St 52713 logy, CFUMML ©/d A45ie i ahd 2 o] JIekal g s irh13]

4

=42 MIC Z78 2} time-kill FA]0]] AR Al = Sigma-Aldrich (St. Louis, MO, USAA}F
9] A|Z-S ARESFATE Alyteserin E4K peptide (°]5} alyteserin E4K)+= oL A (AnyGen, Inc., Gwangju,
Korea) SJAtof| 98% <& 2 F2AIZSHICE Alyteserin EAKOY thgh 2] A Al 5= (MIC)= Clinical
and Laboratory Standards Institute guideline] th} 2|8 A] 0] 25| A3 8 (broth microdilution assay)2-
= S7stlni14)

Results

7%50] =2 23l th$H time-kill £4 ZAT}+= Table 12} Supplementary Table 1(Supplementary
Table 1 in the online-only Data Supplement)ef] 4| A=} 3t} 28 & HEo 2 ARSRlS te o
3% A7t A otk = 292 AMERle Wl dea o] w3 2R EH U
20 2 7|51 colistin + minocycline 232 445 G 3H80] 57.1%2 7 =9kl Atk <0
E= colistin + alyteserin E4K 223}H0] 50%, colistin + tigecycline 23}H0] 42.9%, colistin + vancomycin &
o] 28.6%, colistin + doripenem Z 34} colistin + fusidic acid 30| =T 14.3%, colistin + linezolid &
o] 0%t
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Table 1. Results of time-kill assay against two-drug combinations of colistin and various antibiotics or a peptide for seven extensively drug-

resistant A. baumannii clinical isolates

. Logl0 (VC)at 24 hr Log10 (VC combination Interaction Bactericidal activity’

Strain — - — - — - — -
Colistin Doripenem Colistin + Doripenem —VCMASA)at24hr  Colistin + Doripenem Colistin + Doripenem

11127 92 92 99 0.7 I NB

111-28 93 92 94 0.2 I NB

111-29 8.6 9.5 9.5 09 I NB

111-31 10.1 9.8 92 -0.6 I NB

64-26 9.1 93 34 58 Synergy* NB

131-16 6.1 92 54 -0.7 I NB

130-87 8.0 94 8.0 0.0 I NB

Strain Logl10 (VC) at 24 hr Log10 (VC combination Interaction Bactericidal activity
Colistin Tigecycline Colistin + Tigecycline —VCMASA) at 24 hr Colistin + Tigecycline Colistin + Tigecycline

111-27 92 9.1 93 0.2 I NB

111-28 93 94 8.5 -0.8 I NB

111-29 8.6 99 9.0 04 I NB

111-31 10.1 8.1 5.1 3.0 Synergy NB

64-26 9.1 94 64 2.7 Synergy NB

131-16 6.1 92 64 03 I NB

130-87 8.0 8.5 45 35 Synergy NB

Strain Logl0 (VC)at 24 hr Log10 (VC combination Interaction Bactericidal activity
Colistin Linezolid Colistin + Linezolid —VCMASA) at 24 hr Colistin + Linezolid Colistin + Linezolid

111-27 9.2 8.1 9.3 1.2 | NB

111-28 93 95 94 0.1 I NB

111-29 8.6 94 9.0 04 I NB

111-31 10.1 94 94 0.0 I NB

64-26 9.1 92 93 02 I NB

131-16 6.1 94 74 13 I NB

130-87 8.0 10.0 83 03 I NB

Strain Logl10 (VC) at 24 hr Logl0 (VC combination Interaction Bactericidal activity
Colistin Fusidic acid Colistin + Fusidic acid —VCMASA) at 24 hr Colistin + Fusidic acid Colistin + Fusidic acid

11127 92 93 3.8 54 Synergy NB

111-28 93 93 92 -0.1 I NB

111-29 8.6 10.2 94 0.8 I NB

111-31 10.1 99 94 0.5 I NB

64-26 9.1 93 94 03 I NB

131-16 6.1 93 64 03 [ NB

130-87 8.0 95 83 03 I NB

Strain Logl10 (VC) at 24 hr Logl0 (VC combination Interaction Bactericidal activity
Colistin Minocycline Colistin+ Minocycline =~ —VCMASA)at24hr  Colistin+ Minocycline ~ Colistin + Minocycline

111-27 92 33 1.8 -1.5 I B

111-28 93 85 -1.0 32 Synergy NB

111-29 8.6 94 54 32 Synergy NB

111-31 10.1 94 5.8 3.6 Synergy NB

64-26 9.1 42 34 -09 1 NB

131-16 6.1 53 42 -12 I NB

130-87 8.0 55 32 23 Synergy NB
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Table 1. Results of time-kill assay against two-drug combinations of colistin and various antibiotics or a peptide for seven extensively drug-
resistant A. baumannii clinical isolates (continued)

Strain Logl0 (VC)at 24 hr Log10 (VC combination Interaction Bactericidal activity
Colistin Vancomycin ~ Colistin+ Vancomycin ~ —VCMASA)at24hr  Colistin+ Vancomycin ~ Colistin + Vancomycin

111-27 92 92 15 =17 Synergy B

111-28 93 92 94 0.1 | NB

111-29 8.6 82 9.1 09 I NB

111-31 10.1 9.5 8.6 -09 I NB

64-26 9.1 9.0 6.1 29 Synergy NB

131-16 6.1 9.2 64 03 1 NB

130-87 8.0 92 6.6 -14 I NB

Strain Log10 (VC) at 24 hr Log10 (VC combination Interaction Bactericidal activity
Colistin Alyteserin EAK ~ Colistin + Alyteserin EAK ~ —VCMASA)at24hr  Colistin + Alyteserin E4K ~ Colistin + Alyteserin E4K

11127 9.1 9.1 42 4.9 Synergy NB

111-28 93 93 9.2 -0.1 I NB

111-29 94 94 93 -0.1 I NB

111-31 93 93 0.0 93 Synergy B

64-26 94 94 93 -0.1 | NB

131-16 92 92 0.0 92 Synergy B

130-87 ND ND ND ND ND ND

">3 log,, CFU/mL reduction compared with the initial inoculums; " <2 log,, change in CFU/mL at 24 hr with the combination compared with the most active
single agent; 2 log,, CFU/mL reduction with the combination compared with the most active single agent of 24hr.

Abbreviation: VC, viable colony count; I, Indifference; NB, non-bactericidal; B, bactericidal; ND, not done; MASA, most active single agent.
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Atk Alyteserin E4K peptide2t 75-2] &tA(colistin, doripenem, tigecycline, linezolid, fusidic acid,
minocycline, vancomycin) IOl A] T-EA|A| 2 A5 (bactericidalityyS 29! w5 ATH B
A|A| o] AbatH]E-S 23 2 B colistin + alyteserin EAK 30| 33.3% (2/6)2 7 P& &AL colistin
+ minocycline 282} colistin + vancomycin 30| STt 212f 143% (1/7)2 1 tha Yl o2
Zg oM Aetse W 4 gl

Discussion

2 Aol A ZALSH obA| 23 752 B3t E7HE XDRABU MDRAB T2 T2 2 timekill
A8 A3 o] A Aztel ] wato] A E ekt

Colistin + minocycline 22| 5 RTHEE 57.1%% & AollA 7H =2 Aeaie2 H3l
O+ 92.3%°] g5 ETHES B Tan 5{15]9] Halof| HJSH A-c- ko] W2 Hollth1e].

2 Aof|A] FHAR =2 5T 8-S B H colistin + tigecycline 232 F5ata2
2.9%EA 4.1~100%2] 35 TS HRH EF=2o] A5arhe HY ol AATH16-19].

Principe 517} AFEEH O 2 FE5 8IS Ho|= 752 1A AHS F timekill 7]"H 2

2RI HAE o F, F BN BE SIS Hole %”J*Mxl S 2Rg-2 Holtk
1 WESh= B O = MDRABO| Tt colistin + tigecycline -714—%4 A& AT AR
T AHH O 2 243 F 255(83%)H oA 8-S B 1125 5 157} imekill Q1A 45
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2182 HojA] A4S aIE-2 4.2% (1/24)°1 AT} 0] F3Eol| 4] A5 tigecycline / colistin FA] &=
= ZF2F 27025 mg/L 0| =t o]+= & Aol 4] A3 tigecycline / colistin 2FA] 512 /2 mg/L
| ] 2 s =it T3 D52 F AR RE ARt U o S ETE Q17FsH3
T timekill 7|02 24% AEZ ¢t} 7JA}SH Zlo] of B 2 o|2] Q0IE 1 1 oilo] Lk Akig
THEol FFE FHE 7570l AL BT Peck S{18] imipenem W8 A. baumannii EH &
2|5 655 in vitro time-kill A3 O 2 ZAFSIA-E- wf colistin + tigecycline Z3Hl| Thal] 1 X MIC 5%
Z RIS o] AL A 65 EL5H(100%) 5282 B O 0.5X MIC 5E= o] AAFA] 652
547 (66.7%)7H &5 AHES HA

Vidaillac 51201 A. baumannii 455 T/ 22 colistin + vancomycin 82| % %] (static) time-kill
A2 305w 0.5X MIC 245 Lol A 43 HE(100%) A5 a 782 H 11 025X MIC A=
Lol A 334(75%) S arhe-S BTkl 3o, 2 Lol A<= colistin + vancomycin 23] 4
28 3H80] 28.6%2HAHEs] RFt) Vidaillac 512012) AF A7} AFEEE OFA| S (0.25 X MIC B
£ 05X MIO)|| whet /g5 a0 gelAls Ae Bo|7| wj2ol A& of e A 55 A
83t Vidaillac 52} 2 A0 45 EHE 2po] T YH-E-2 Al s ol w2 2FA Q1 Zpolof] 7]
AIZE 7Fs/do] okt A7

A 3L0j| A colistin + doripenem F5H2] A5 TS 143%2 20.8%~100%2] A5G 1HE-S 2
AH Ef=ro] AL g i-g Q) H Tt WktH16,21,22). Pankuch S{21]°] A. baumannii 2552 time-
B 32wl colistin + doripenem 23> MIC HE T 22 <5 I of| A IE(100%) &2] 50l this]
2F2-S- B 3th Principe 5122]°] MDRABE- thA}C 2 colistin + doripenem X342] A4S 28-S
RIS ] AAEE Aol = 245 F 8577t 6 E3E B 11 8F F 557} timekill &
WOﬂH & BIE YERLE 152 F AAR 0l R ASE IS o A5t ok
W7ol AR AT 20.8% (524)F 3L AR E EAof] A1 5T time-kill ZFRIFHAF
2ol A5 rhgo] B Aol Hlsh Hlad] Roks 202 AZHETh 150 AtollA
5-35H= A. baumannii 22|55 7ol 72 OFA 2o th$h S akgo] A=
obct B30k WA A% QIARS9] o] A/gel 71131 75/ o] lekar A
SU A2 A Y U HEH S Hole 5Y FE9 FFEE oA
A= AAIBETH22]. gt Aol AR BLS SE9] o
Faartohaohd, A2 o2 ATsolA s aTheo] A
Xkﬁéﬂi% Ao Holm, 1 Zpol= 7]o] Q91 7heks] a7 o] of2]
2h-gsto] Uehs d/do & A2

Phee 56 11—.—4 A. baumannii (MDRAB 355, XDRAB 45, PDRAB 33, type strain 155)°]] T
3 colistin + fusidic acid B gA12] ax}o]] ti3l] ] A= Sk 9 17 B = B (11/11, 100%)2} time
kill 2A1H(6/6, 100%) 2= F713S t 5 4f5 a7 ASE Atk B ugiott & Atof|A
colistin + fusidic acid 23] AF5a 1H2-2 143% 2 AG 5] Wt

Ma “5{23]2> MDRAB %! XDRAB FAFR HHS F2AIZ] 5 &0l A] colistin-linezolid 23

AJAIUNA colistin T+ 2] %] of] H] 5] Akt W AR5 G317} 9117] w0l MDRAB % XDRABO]|
9J3l| 9t Z= 1| 7hedof| et x| & thQFO 2 A colistin- linezolid B-& Q¥ 2] A4 a1/} 215
Aokar sick HhH B d3Lof| A= colistin- linezolid 23 A 2] Aol 445 a1H80] 0%0]%)
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2 Aol AR HA| 271 75000 Eoel7] wiol| A& -‘—}T*-_Fol‘-‘}:l—v—%ﬂ' AHEAQI A,
baunannii 2] §4-& tESHHIL B )= o] AR 2 Aol A ARk ofg] A 23H=2
‘e aTteol Bf =0 e it Bt B2 A3S Hel o|f-= A gt o]/ Aol g W
| YF= A 4= AT A2t = 2l o 2= 0] §AJ0 ]‘4’ LH"J ];H—J zfol, A4 2}
o], &7 JF ¢ A S|
of| &Jsf xfo]7} & 7Fs/d o] UArkar AYZF=| QI 2 AtollA ’%_!":’—4?_} 57 P7‘]'—' zt ‘?—7—0“
tis 2 7FA] AR 37| wizol #=
+ ol2] QRIS ATBAIE 27| ofe} 2 2 2 A2 dHAI o2k "57—1]'%‘:}.

A7 S aakae] Zpolof 7|ofd 4= Tl Hol= of
/ol wet A=telE B A arEo] SR ATHE Oliva 512412 ol B 4= Ql3ich
time-kill ZJAOYA] colistin + meropenem 2! colistin + tigecycline =32 colistin 734>/3 52} colistin
A=/ ol thsiArt Adts H S Ae2 L]‘E]"ZHA‘:{]_ HHA colistin + vancomycin 2 colistin +
rifampin Z2H colistin 1= UAJF7kA] 33 35 Kol thol Alt-s B A5 282 UrERlTh
[24]. 12 time-kill AAE A|YSEF=F 47 ]’ 3—|—°ﬂ Eifoto] o] 52| At ARkAQl 7
= UEZA off= 371 A7 o 2 o= AJZHE T ’¥FA MDRAB 22500f| tifsf] o3t
OoFAIU| EHE| 215t A9} doripeneme W RkSHo] A|IAHEER O &2 oFAITH o A-g-S A
= W 135(542%) 35 AES =t = HAIE 45282 doripenem Bl LTOHA
AAEJ k= B QJoh22], 75 4ol whet Arke] tha/d2 Db 4= QAT ek
7] B4 2t of2] 8RlE0) wet At e ¥ S arkee] 4t gekd
O = 7L o|2{3t thst 29159 FFo| HRHA o= A-gsto] = e At X]'°]7]'
=7Fs/do] lthar Helck,

2 AT T T 11127 77 s BT time-kill 240l A F AT A
g-o] Bk (indifference)= 1?1 ©]-8+= minocycline TH5-C 2 = FAY G I} EHofLba] 1
S7}F R = X 23S wiol] B3l 1008 o] Xfo]7F UA] ehgh7] whiZo|th. o2 gt A/
HEREA A Lo M= IH2HE of| 7} Ut} Zusman 5251 HEHEAJof] Z3AIZ] A
imipenem¥} colisting AFSF 3712] A= colistin T QR Ol A] B2 2-2(100%) Arits= Hof
FO2A J5ate] dgo] 27tk 0155}93\‘:]’. T12fA o] A& AlQlotal BA gt
7} imipenem - colistin A/ A &0] 67%= /= U= HolFglt} o] Aib= w5-2] E/4Jo]|
e} oA ol thgh Hhg-o] Dbtk A2 01 T EORE o & 7M. 5 BEA ol of
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