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Antimicrobial Therapy for Infections Caused by Multidrug-Resistant
Gram-Negative Bacteria

Cheol-In Kang

Division of Infectious Diseases, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

The incidence of infections caused by multidrug-resistant (MDR) Gram-negative bacteria has increased over the past decade and
extensively drug-resistant (XDR) infections are now on the rise, especially in non-fermenters such as Pseudomonas and Acin-
etobacter species. Unfortunately, our therapeutic options for these pathogens are extremely limited. Infections due to anti-
microbial-resistant bacteria are associated with a greater likelihood of inappropriate antimicrobial therapy, which has adverse ef-
fects on the outcomes of patients with serious infections. Physicians who are treating immunocompromised patients should be
aware of not only the current epidemiological status of antimicrobial resistance but also appropriate antimicrobial therapy for MDR
pathogens. Although carbapenems are considered a mainstay for the treatment of extended-spectrum beta-lactamase (ESBL) or
AmpC B-lactamase-producing pathogens, antimicrobial stewardship for the appropriate use of carbapenems should be implemented
to preserve these important antimicrobial agents. For carbapenem-resistant XDR infections, colistin and tigecycline could be con-
sidered a therapeutic option, based on the in vitro antibacterial spectrum, although the optimum treatment has not been established.
This review provides a recent update of the antimicrobial therapeutic strategies for serious infections due to MDR or XDR
Gram-negative bacteria, such as ESBL-producers and carbapenem-resistant pathogens. (Korean J Med 2015;88:502-508)

Keywords: Gram-negative bacteria; Antimicrobial resistance; Multidrug resistance; Antimicrobial therapy; Treatment outcome
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Extended—spectrum beta—lactamase 244 ZHHM|IZ

(ESBL—producing Enterobacteriaceae)

hd=t, Bt 59 FlAltol A 34T cephalosporin
AD Al Wde Uetle 58 W73 extended-
spectrum beta-lactamase2 AJAd3l= A o|t}. ESBLL A|4to]
TS0l faxo)7] wiZel ESBLE| F7et A4 Aol wh
2}A] cefotaxime, ceftazidime, cefepime®] %4~ A} &= (mini-
mal inhibitory concentration, MIC)7} t& 4= it} 3FA|qt
MIC7} A ®Heletal steeke $5 A HollA cepha-
losporinZ| & YA S AHESh= B9 A& Al fFAol =
obx] ESBL AY/dt-2 cephalosporinA| g AYAlol| Wgo=
H8hs Zlo] Qbdstth. ESBL A/d+tS cefepimeo]] 7=
< Hol= A97t Wol cefepimes A&7l AMESE = U=
o] MIC7} 2 pg/mL ©]Ql A-9-oll= A= A9} 7Fs/do] =
o} Zol& @3IrH5-8]. ESBL YA 5 cefepime?] MIC7} 1
ug/mL o]5t2 e HQo|= cefepimeS 2| Eo| ARRTF 4=

QIEk= W17k Lot o ARk SR 6] T

oA Ba]x]= ESBL A AAH-S piperacillin/tazobactam
off ZHdQl 7571 60-70%0]l 23trh ESBL Ay d+tolekar
3}tk e piperacillin/tazobactam 734421 7% piperacillin/
tazobactamS ARE-ElE 4= QlOow] S7FA -Lo|A carbape-
nemA| g FAYAE FoIgt 9ol Bls| A5 @ FAF
St A& a3} HE vf QIcH8-12]. 3R]t piperacillin/ ta-
zobactam-2 cephalosporinA| g A9} w2 7[R 2 o+ 4=
7} 1008} o]} Z718HE(10° cfwmLo A 107 cf/ mLE) MIC
7} 8ul] o)A} Z7}8l= ‘inoculum effect’ S Ho|Bg == 7T
Aol A piperacillintazobactame AME-gF W= F& Q3T
[8,13]. 53] high inoculum©] S} == AHF, & 59 &
= skt B4 Ul 144, 55 9" Sollxe piperacillin/
tazobactamo]| 7rAdato|gt e ESBLAY A w0l A= carbape-
nemA|E YA E Folsh= Aol sttt oA &£
%= ESBL A7 +159] amikacinof] th3t 7/ 90% o]
o2 w9 Erh weba] ESBL A+t e $19d0] w2
SR}l A 32 Eo] 2 piperacillin/tazobactam} amikacin2]
Haws vsE 4 1o o] carbapenem®] F-EE
gt A AN EY 5 e aE A A7 A
o]t} ESBL A}t 5= ciprofloxacin = SMX/TMPo]| Z+<=4d
= Uehll= A7t T, ol A &= HYolA
aA o R ARG 7HsTE FAAo] B2 ESBL A/dwtoltal
ste et o5 Al A=Al B8-S Fof 7hssith
ESBL A/d=tollA 7 autales AR & Qe 3
A= carbapenemA|E YA 0] ertapenem, imipenem, mer-
openem, doripenem 5-°| UTH4]. ©] = ertapenemS =5t
acinetobacter40]| &}-2lo] §lo] group 102 BF3}al &
carbapenems< group 22 2FSFCH3]. Ertapenem s-5f,
acinetobacter¢ofl &wtglo] §lok= o] YA vzt 7t
oA 149 13] Foi7} 7hssithe Aol qlof o A
doju 71 te = Fo7} 7hssith ESBL AAdtel &fjt
AR ar A, B W A9 59 ARl =2 ARgRth
Imipenem, meropenem, doripenem®] ESBL A§Ad<toll gt %]
& Aol R WY HE vlgt 2es deA ok
Carbapenem”| 2 YA S| ARg-o] S71sHA 2| carbape-
nem Wt EF F7F FAloIH oS oslr] M=
carbapenemA|2 AAS] @5 WS 2 Wash
ol 27 717 B¢ A 8FeE AR go

f5}t}. Carbapenem-s thAIS WHeE Pdskal A apziQl

oz ME oX
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AmpC B—lactamase MMT

AmpC B-lactamase *§4J-2 ESBL 2441} 317 3A|th cepha-
losporinA| & A WS FEste Ie/dA+te =2
W7ot} ESBLS did+t, #Hlgzhato] 8 W 714
o]aL plasmide]] ]x|3kal ¢=d] ¥Fs AmpC B-lactamase=
chromosome®]| ¢]2|5}3L $J 31 Enterobacter, Citrobacter, Serratia
Y 4 WA 71xolt) 3At cephalosporinA]E &Y A] o]l
e YEfo] 944 oJnl= ESBL A dt} frAFshHA| T
cefepime-2 AmpC B-lactamaseo]] ]38} 2+ E3l=]x] Qro}A
ESBL 234+ &2] AmpC B-lactamase AJAdwtoll A= cefe-
pimeS &I O R ALE3E 22 QItH14]. aFAWF XL ESBL
I AmpC B-lactamaseS 7| AAdsh= w5°] S7F6EL QA
o] Enterobacter 22 AmpC f-lactamase A3+ ZrA oA ce-
fepime2 AREE 79 cefepime?] MICE &1t a7} QL
t}. Cefepime®] MIC7} 1 pg/mL ]8R] 7-$- cefepimeS o]
S ZA7E FAAEE 2-8 pg/mL= g5 E o] Sl A-roll=
Fo15 Q31 cefepime FoJ&d HL 2¢givq8hog &
Tl Aol o 2 3 53K Aol A cefepimes 18-
FOR Foltt 49 AEel Gels UrHeS v
gk BF 2lom ol= T Re|H= #E9 cefepime MICT7} 2
pegmL ooz ASHI Q= A FHSHA] Zi{15]
ESBL A/dat} nE7HA 2 AmpC B-lactamase AY/d<tof 2]
5% 1900 1 BIHOR A8T 4 Qi P

carbapenem#| & YA o] TH4).

Carbapenem LHM ZEHLHM|TH Carbapenem—Resistant

Enterobacteriaceae, CRE)

ESBL 3= AmpC B-lactamase AJAwFol|A] Al3E2Q] porin
mutation®] EYE]H carbapenem WAL S Eah U car-
bapenem WA AliAlFe] 7P &5 WA 7ol T
carbapenemase@}= A4S AT O B4 carbapenem WA-S
LEMY = carbapenemases-producing Enterobacteriaceae (CPE)
7h olgv 7 fle= Edska qlom old A 7|
AL plasmidE Efal o5 7+ Aubrt golsith= oA 4]
Z15t BA|7F E)31 Qlek Carbapenem WAl AUjAl«t el

e
A BE 1EE 4 = A= colistind} tigecycline

o]tH16-19]. Amikacino] ZH44¢Ql ¢ FoE 1A
o A7 BT A A=A
Colistin- 400] W A 7fdt=]o] Al Qo) Fakg oz Ay
qto]l SEE AL 2T AU 282+ Aol St
SHHA] TA] AAREE] 7] AIRRRE oFA| o]t} Carbapenem /3
wofA Foldd vieh thE avpAQl A7} gl
9] Fol5 dsA|TE 71Xt =l;
3 5ol wAIZE "ok A Al71E 2Rl A] “colistin 150 mg
iv q 12 & FoalA|qt 2| ofsal/ofest A+ At A,
XJPD*W s 5= 8%, 8ol HaLE
UTH20]. ZZ A== &5l &J5kH 300-450 mg F &=
9] loading doseE Foi3t & Al7]5, AEHAS EH=E A
AHE A &S HF 2-33] EsA FofstA =T, 60
kg oo B 475 7H AddlollAl= HiFE <150 mg
ivq 12 Eoh FN E2e S5 Foldfjof gty &S
Folgh A9 A= iﬂ% Y 5 AR Z4
540l S/t AolEw 2
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o= FolE Q3}21]. Atypical pathogen
4 Seistrel Aeio] Fobd AeaHE] 15 e 28
4 AR LG Hsoht s So) THeA RS 1Y
3jjof 3= o2 | Hol A= tigecycline?] AR A5}
A 9k=t}. 100 mg loading dose= EOU]??P
12 2 Aot} 5 FAge

4)4

5 21 Aro vy H]ﬂ14 t>'o]— ] FAISHC) i{L Sil
o)A} carbapenem U4 Aol oJ3t F5 7Rle] A=
of tigecycline, colistin, carbapenem2 g Fo3t 39 59
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CIMILHE ==, Acinetobacter

=4, Acinetobacterst 52 non-fermenters® E555HH
non-fermenters©f] AMEE = U= A= AlRtE] Uk
PenicillinA| € &AA| 3= piperacillin, ticarcillin, cephalosporin
AD YA = ceftazidime, cefepime, group 2 carbapenem”|
o &R A, fluoroquinoloneA|d &AYA| = ciprofloxacin, levo-
floxacin, Z12] 31 aztreonam®] ST} o] = 3714 A|E YA
o Wds Hol= B-F thAlW o= #75t=t non-fer-
menters w52 carbapenem UWAJS SIS ThA|UAdSto]
Safe}, Carbapenemoll olak siefehe che A T4
A % 2ol Sl Aol dow Boizk A15aiHe the
AR 25 WAoleha A% colisting FoIsfof gk
Amikacin, tobramycin 5 aminoglycosidesoll Zr<="d<Q1 7-¢-7}+
A9t aminoglycoside THE Q FH-2 %=t Acinetobactera
oAl ek gtk SHAITE practamA| 7o}
aminoglycoside | AYAIE A FoAsk= 745 ‘synergy’
7F leng A A AARIA ‘intermediate’ /g S
o] B-lactamA|E FAYA|7F AcHH amikacin, tobramycin 5
3} Wl ol nefalE 4 Atk flacamA 2 A
Ale At &l ‘time over MIC' 7} F-83F ofAo| =2 2}
Fgo] Aste wtFolA Foshe A5 4xlgte] A Fo
3l= ‘prolonged infusion’2 A|E3fE 4= QITH23]. 5ol
gt carbapenem| € 3AYA|Q] MIC E32E H ', imipenem,
meropenem, doripenem % doripenem®] MIC7} 714 W 7
S HolA Tk YA O 2 doripenem?] A& A7} o S-Y
2] o= WEskA] 9rH24,25].

Acinetobacteri-2 -5 22| minocycline, tigecyclineo]]
Arde Hols B57F Qlol o5 A Fols e
4= 9t} ARk o] 5 A= BF w7 ROt 5 &
HollAl dmafor Rojsh= A9 Fo5 a3tk 2
minocycline FARA|7F @)=go| A= AREEAL QLo obF] =
Wollxl= - AANE AR 7Fssh 100 mg 3HF 23] 7
- Bo3It}26]. ColistinS- carbapenem, tigecycline, amikacin,
rifampin, minocycline 5] THE A <F HH-&-8lA4] Folste
© AT AT @ol o]FofF o A AdolA e
avle] 577} eksbl S9E vk §lo16,19.27). Carba-
penems %= meropenem¥} doripenemo]| A H]ZA LA Q=

‘in vitro synergy’ A7} RI1E]o] colistind} WS 1T

FHQl HANA T2

& A A A=

4 Q1AL rifampin E3F 5= HHO A synergy7} Z SHQIE
oz o] tH28,29]. 3}A|WF Z] L colistin, rifampin®] F3+Q Hi}
colistin 5 Q7S H|wet Q4 A7F M= ot Apg
oA F 2 7HY] 7Rt Afol= AATH30]. Colistin &
T T WAl o S Aol IR 49 S5 Fel
A colistinS F-0]& AL carbapenem Z-& FH Q] p-lactam|

g YAt el Fofsle e L 5= ATH17.31].

Stenotrophomonas maltophilia

Stenotrophomonas maltophiliad-2 WA A o2 ThA| WA
o2A AMEE 4 Q= A} S Asrelo] Slek 5%
oA 7 a4 A= sulfamethoxazole/trimet-
hoprim (SMX/TMP)o|AJgh 2 Ul @57} F7Aleln
B Fol2 @3}l 3 SMX/TMPE: IIuks, 24 o),
A=A 7HEA So] Bzkgo] &35t} Ticarcillin/clavulanate
T AR 7FsE AAIANE S 2] o5=2] WSl
50% oo woba] tAl A AYE Ejlsfof gtk
[32]. Fluoroquinolone A& &A¥A)| 5 levofloxacin, moxifloxacin
9] 7kg=Ado] &t} | levofloxacin®] 2|7 A3}7} SMX/TMP
o] A& Aol FARIthE A At HaEglow £
218 9He Y= levofloxacin®] ©] 2 ATH33,34]. sFA|Th &
< levofloxacin W/ #57F S7H=AlgkA =98 a3l o
AU =S+t Aol Fof 7hert AET JYAE &
10| #2] 5kt Table 1).

T
A

M2 7HE S x|

AR A W 71 5 7P Fast o] B-
lactamase©] L& 7]£9] BrlactamA|D FAA O 2L B-
lactamase inhibitorS YA AA 4 FYAIE NLste = =
YL wo] 5131 Ut} FA ARE %21 B-lactamase inhibitors=
clavulanic acid, tazobactam, sulbactam?1d]], oo T3l WA+
o] A S7kskL Slof wAIZE ek 2T MEA e o
3AF oA}l %21 B-lactamase inhibitors:= avibactam3} MK-
76557} t3EA] 0| Ceftazidime/Avibactam’} Imipenem/MK-7655
AFez At 7 Folth3,35]. FewtS 2T I3
gatell Fatelo] F2 =2 cephalosporinA|Q FHAYA| ZA]
ceftolozane®| 7J=] Q=1 ceftolozane/tazobactam A& O 2
¢ ZHrE] o] 2014\ 129 wl= FDAS] 59l REQLTH36].
Aminoglycoside 4|8 FAJAZA] plazomicin®]| 7REFE] o] 24F
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W A Folm, M= carbapenemA| F FAYA| 24 tomo-
penem, razupenem©| HAE 7k Zo]tH3]. ©|5 tomopenem,
razupenem-> methicillin-resistant Staphylococcus aureus©]| = ¢

48L& zH= o) carbapenemsE FE-S Wl Qi)
Z =

39| cephalosporinA| € YAl WdE el ESBL
%= AmpC B-lactamase AY/datoll o5t 55 HAolA At
Hog /\]——Q—T—TET' = = ‘6‘]%“1“%‘__ carbapeneml'ﬂoé SFAIA| o]
o, SHAF 22 carbapenem | FAA] ALg-2] 2710l whe}
carbapenem WAl 1324 7o WA Hlw=r) Sk
91t} Carbapenem WATS] ML SIS SIALE car-
bapenems ] A1§-8 Zolof 5] 71551 Al PAAE A

25t I 97} @it} Carbapenem thA] SHYA|ZA] cefepime, pi-

peracillin/tazobactam, amikacin, tigecycline 52 &3t A5}
oA EolstEE wF3|oF 3t} Carbapenem WA thAIUA
#+9] FF AAFoIA FolE 18T 5= sle FAE coli-
stino] ™ AU A2} acinetobacter ol A =
Ao]| whe} BolE u#e 5 O‘E}. S}A]HF colistind} tigecy-
cline2 8% FE7F RotA &5 HolA FoAT H$-

/l-lo] XA SurE = e Q1 X]E_ “—LH H‘&]/HO] L-_l;]. Carba-
penems, rifampin, minocycline 53} Wets|A FojsiE 4= 3l
A9k -8 o] TRE A AFmTE FERE Aol dA
Z O = carbapenems 9| THA|UA] LA T HONA ALE-
7hsRt Qbdskal aapAQl ofAI7E A9 il % 4 W
o] ke 7FsAE 917] wjEo] carbapenemA|d YA S

2 A3} A| AME-3A carbapenem WAt WHEE Fol= A 9|

tigecycline= 71

Table 1. Antimicrobial therapy for serious infections caused by multidrug-resistant gram-negative pathogens

Suggested regimens

Pathogens .
Primary

- Comments
Alternative

ESBL-producing pathogens ~ Ertapenem 1 givq24h

AmpC B-lactamase-producing Imipenem/cilastatin 500 mgivq 6 h Piperacillin/tazobactam 4.5 g iv

Meropenem 1 givq8h
Doripenem 500 mgivq8h

pathogens

Carbapenem-resistant

Enterobacteriaceae fections: 150 mgivq 12 h

Check MICs of alternative anti-
microbials

Cefepime 2 givq 8 h

q6-8h
Ciprofloxacin 400 mgivq 12 h
Amikacin 15 mg/kg iv q 24 h,
need therapeutic drug mon-
itoring (TDM)

Consider prolonged infusion of
B-lactams

Colistin for mild-to-moderate in- Tigecycline 100 mg iv loading, 3.5 = targeted average serum

then 50 mgivq 12h steady state level of colistin

base

Colistin for severe systemic in- Amikacin 15 mg/kg iv q 24 h, CrCln = normalized CrCl based

fections:

- Loading dose: 3.5 x 2 x ideal body

weight in kg
- Maintenance dose: 3.5 x [(1.5 x
CrCln) + 30] = total daily dose.
Divide and give q 8-12 h
Extensively drug-resistant Colistin as above
non-fermenters

(carbapenem-resistant)

Stenotrophomonas
maltophilia
idedq 6-12h

on body surface area (BSA):
Pt BSA inm”/1.73 m’

The maximum suggested daily
dose of colistin: 475 mg

need therapeutic drug mon-
itoring (TDM)

Aztreonam 2 g iv q 6-8 h, if sus- Consider combination therapy
ceptible including carbapenem, rifam-
In Acinetobacter infections, ti- pin, or minocycline
gecycline 100 mg iv loading,
then 50 mg iv q 12 h, or high-
dose of amp/sulbactam

SMX/TMP, doses based on TMP Levofloxacin 750 mg iv q 24h
component, 5-20 mg/kg/day div- Ticarcillin/clavulanate 3.2 g iv q

4-6h

ESBL, extended-spectrum beta-lactamase; MIC, minimal inhibitory concentration; SMX, sulfamethoxazole; TMP, trimethoprim.
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