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In vitro Antimicrobial Combination Therapy in
Metallo-B-lactamase Producing Pseudomonas aeruginosa

Seung-Bok Hong

Department of Laboratory Medicine, Pundang Jesaeng General Hospital, Seongnam 463-774, Korea

Metallo--lactamase (MBL) can hydrolyze all B-lactams except monobactams and frequently coexists with
various antibiotic resistance genes such as aminoglycoside resistance, sulfonamide resistance gene, etc.
Therefore, the effective antibiotics against infections by these bacteria are markedly limited or can't even be
found. We tried to search in-vitro antimicrobial combinations with synergistic effects for a VIM-2 type MBL
producing Pseudomonas aeruginosa, isolated from clinical specimen.

On the selection of antibiotic combinations with synergistic effects, we performed a one disk synergy test,
modified Pestel's method, in agar without aztreonam (AZT). The bacteriostatic synergistic effects of this tests
were scored as S; (by susceptibility pattern in agar without antibiotics), S, (by the change of susceptibility
in agar with or without antibiotics) and S; (S; + S;) and was classified into weak (1 point), moderate (2
points) and strong (3 points) by S; score. Subsequently, we carried out the time-killing curve for the
antibiotic combinations with the strong synergistic bacteriostatic effect.

One VIM-2 type MBL producing P. aeruginosa confirmed by the PCR showed all resistance against all
B-lactams except AZT, aminoglycoside and ciprofloxacin. In the one disk synergy test, this isolate showed
a strong bacteriostatic synergistic effect for the antibiotic combination of AZT and piperacillin-tazobactam
(PIP-TZP) or AZT and amikacin (AN). On the time-killing curve after six hours of incubation, the colony
forming units (CFUs/mL) of this bacteria in the medium broth with both combination antibiotics were
decreased to 1/18.7, 1/17.1 of the least CFUs of each single antibiotics. The triple antibiotic combination
therapy including AZT, PIP-TZP and AN was shown to be significantly synergistic after 8 hrs of exposure.

In a VIM-2 MBL producing P. aeruginosa with susceptibility for AZT, the triple antibiotic combination
therapy including AZT, PIP-TZP and AN may be considered as an alternative antibiotics modality against the
infection by some MBL type. But the antimicrobial combination therapy for many more MBL producing
isolates is essential to know as soon as possible for the selection of effective treatment against the infection
by this bacteria.

Key words : Metallo-3-lactamase(MBL), Antimicrobial combination therapy, One disk synergy test,
Time-killing curve

WAARL - FE, (
g A
Tel : 031-779-0254

E-mail : sbhong8646@hanmail.net

$)463-774 7A7|% AdEA EFT MEF 2552
A AeAle) sk

166



I. M =

Metallo-B-lactamase(MBL)= 1354 Aol XA}
= B-lactamase = A W7} 7HE
< Xgsto] 2 Blactam FTAE 7HEEsf sk
2 MBL f32te] 52 o5 o ot 7He] X5
At EAE o7 Ao 7 B A tKNordamann2}
Poirel, 2002). &l Pseudomonas aeruginosa(Watanabe
5, 1991)%} Acinetobacter(Yum 5, 2002)9 2 X =4
vt a5 Al Serratia marcescens(Osano g,
1994), Enterobacter cloacae(Jeong 5, 2003) 5] A
oA MBLO| Aol S7HEaL vk dA7HA] A AlA
Ao g 5%F9 MBL §380o] Eg5x J=dl(Riccio
S, 2000; Lauretti 1999; Toleman 2002;
Castanheira 5, 2004; Lee 5, 2005) =t oA = VIM-28
I} IMP-139]| Pseudomonas species 2 Acinetobacter
speciesOll Al F2 E2 %1 Ao H(Lee 5, 2003), 200513
AANN A2z ZRelA SIM-18(Lee 5, 2005)°] A
o] RuHh

@2 MBL A7 el o3k 2] X 5A] Al gk
A7) P31 01K (Watanabe 5, 1995; Matsumura
5, 1997; Nagano 5, 1999) 938202 AL-&-5]7] 304
Q#; Aj7ko] 2% Ao|tKGilpin 5, 1995; Payne,
1993; Walter 5, 1996). WehA &) AFE S0 A
oA Aol st ko Z Al MF e ol _‘-:_f?:}
2 g oy ofA7kA] MBL 478 oA Al R
ol tigt AF= vl == FaAY HE )
T3] uA oA i) FEEEe] 7440 ,]6]_ =x
o) i) 48 TR ol 3 72
Bkl 1) 521 o2 ST, Pt
gk A2 checkerboard %
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Al Z3tel gk Algo] 7hsshdt Aol FEaie, 4
(bacteriostatic) &I E £ e Dol UG
(Eliopoulos 5, 1996). Time-killing curve= A W3
o o3&t At (bactericidal) &35 H]"’é 31 in vivod] &
o} 7 & A=Y AT W ToF 1S AZF H

o)

weo] go] 28 3)

[y Wake &
A gk & ko °iE‘r(El1opoulos 5, 1996).

o] Aol 5&L& MBL XA P. aeruginosa®l X &%
A 23S one disk synergy HAFZ Al

Al gatA] Z2FS time-killing curves 531
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1. CHet o=
PCRol|l 93] VIM-28 MBLZ &91¥® P. ageruginosa
CBU 01/11/569(Fig. 1)E U2 Asaae Hol= o
TAZSGS AEsIA AEE Al 2] et s
EHE time-killing curveZ IS A T
2. SN 2 AL

(1) Hze)
MIC) =3
Imipenem(IMP, Merk/Sharp&Dohme, Rahway, N.J

%% (minimal inhibitory concentration,

USA), meropenem(MEP, Yuhanyanghang Pharmaceutical,
Seoul, Korea), aztreonam(AZT, BMS, Co, Princeton, N.J.
USA), cefepime(FEP, Bayer Korea, Seoul, Korea),
ceftazidime(CAZ, Jeiljedang Pharmaceutical, Seoul, Korea),
piperacillin(PIP, Yuhanyanghang Pharmaceutical, Seoul,
Korea), piperacillin-tazobactam(PIP-TZP, Yuhanyanghang

Pharmaceutical, Seoul, Korea), amikacin(AN, Boryeng

M 1

2

Fig. 1. Detection of amplified product of blaVIM-2 gene in 2%
agarose gel electrophoresis. Lane M, DNA size marker (100 bp
ladder); lane 1, VIM-2 producing P. aeruginosa (801 bp); lane
2, negative control.



Pharmaceutical, Seoul, Korea), ciprofloxacin(CIP, Bayer
Korea, Seoul, Korea) 59 FHAA TEMIC)S =43}

Ed), MIC& NCCLS A% (NCCLS, 2000)] whz} m]
HA A B o 82 th5 o] Attt o g
oA =Rt Feh ks M-S McFarland 0.5 #(10°
CFU/mL)? 2 F thA] 108) 3]48ked(1x10" CFU/mL)
w2} FHIg 3t A plate(ZH2F 100 pL)oll 5 uLA-& HE
&t HFE=7) well B 5x10° CFUZF EA| &3t o]
A& MF71oA 16~ 18413 wjFetsict. vl A 3wt 3
=#YE Y38+ P. aeruginosa ATCC 278535 AT &
T2 ARSIt HadAleme 79 4ol St

2 BANA g H2BER BRI,

3. AL5TE Hol= e M gl time-killing
Al

() AsEIE Hole A AEAA

2 MBL XA P. aeruginosa®| 3+ HAAJA s&
7} 74 $re AZT(MIC; 8 pg/mL)¥} o8] 7}A] B-lactam
A 22]3  aminoglycoside, CIP,
tetracycline(TE),  trimethoprim-sulfamethoxazole(SXT)<]
Haads dz=a gbioez AdsiiitHone  disk
synergy test). &5 &Il gk AEHALS 9Js) AZTE
sub-MIC(1/2 MIC, 4 pg/mL) #j A S A =39tk AZT 4
ng WA oA McFarland 0.5 #2] %ol 95 1S
AET F foM AT Al H2aE Selsal 37
CollM 16~18413F v sttt ol FAlol FAE 3
7¥eHA] %62 MH iAol 7] A gAas SeF
AZT 4 pg viA1 ] Ao} vlwstqtt. s a el B4
2 Pestel 5(1995)9] W we} Fsads HHs) )
Aok A FEAE 9A e v A(S)NA FEAS),
FTRAE®D, AFE®R)N w=t 242 2, 1, 0 HE Fofs)
Aok FHAE B2 wjA A A A o] Al
WA G A A HE3 Hlaste] A oF
o] e B-HS2) HFE A3 sto] FosiAth 5 R
—l, [-8¢] 73 23, R—89] 4% 3%, S-S0l A
A7ol S7keE A= 14, 2 ol9ldl= 0s oIkl
th s ade] HE 182 8,7 ;9] sy #AE
A=, 1379 H9$ weak, 27, moderate, 373, strong 2.2
w45k

vancomycin(VA),
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(2) Time-killing curve

A
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One disk synergy AAMIA Fsa3p7}t 71 2 3t
Z3S A3t time-killing curveS FHAJstAT 941
AZT#} PIP-TZPS] ® ol o3t g a7t 713 2171 o
ol Agstdar, AZTZ AN9| W32 synergy score™
weak ©]AA T Z71E A U7} PIP-TZP U222 7}
A7) w ol Heett.

Time-killing curveE 2}4d3}7] 913t AZTS 75 12
MIC(HEF% 4 pgmL)S A€3t93 PIP-TZP= 1/2
MIC(32 ng/mL)< A=ttt 12t AN9] 7-¢- MIC7}

>256 pg/mLE 1/2 MIC(128 pg/mL)= dF Hod =&

P

g FRle FEEA 8F sHNCEE XEH EF
7|ESZ 16 pgmL(AEHS]; 10~25 pug/mL, =

=
Ml >35 pug/mL, (Moyer®} Pippenger, 19949)E X&)

R |

=z =

T AZE 55+ MH dA81 =] 7.6 mLol] McFarland 0.5
FH1x10° CFU/mML)S] 74 04 mLE Yol & # 5%
7} 5x10° CFU/mL7}F SA 39tk olojA 0A1ZE, 3417
6A1ZE 24412 Fof] o] A}t w9
Eliopoulos "' (Eliopoulos &, 1996)t 2 A&} =H,
Z} AlZkeket 0.5 mLE 38k 0.45% 2495 4.5 mL
ol 410} 10'%8 10° 74A] Ald 343l o] F 25 uLE
st BAPOl HEFEATE w5 AMe FAMuj
(10" x40x T2 AAretde.

Pat—1 ==
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Im. A I}
1. ¥ESTIE Ho|= M9 MHZAL

MBL A4 P. aeruginosa®| W3 Asa3s Hole=
FHAE AES $13) one disk synergy testS Al Y3}
=Hl, P. aeruginosa CBU/01/11/569< Alg3t ZE
lactam  AIAZT(MIC; 8ug/mL) A<,
glycoside 123 CIP] WAdS Hoj(Table 1) AZT
A& o] &3t JEEIAE Hole A
Ak AZT 4 pg SHraf Aol A PIP-TZPE 738 F5a
(strong)E HETh AN, CAZ ¥ FEPL 747}
moderate ‘35 &35 K THTable 2). Carbapenem (IMP,
MEM), aminoglycoside &F7#l(gentamicin, tobramycin),

1)
iE‘.E__
weak %

cephalosporin(cefazolin, cefuroxime, cefuroxime, cefotaxime),



Table 1. The minimal inhibitory concentration (MIC) of VIM-2
MBL producing P. aeruginosa

Antibiotics MIC (ug/mL)
Imipenem 256
Meropenem 64
Aztreonam 8
Cefepime 32
Ceftazidime 32
Piperacillin 128
Piperacillin-tazobactam 64/8
Amikacin >256
Ciprofloxacin 128

penicillin(penicillin G, ampicillin, oxacillin), SXT, VA,
TE, clindamycin, erythromycin, chloramphenicol 52| &
TAle BF Aeadpyt dEHA Stk 99 A=
Hlgo g F 7HA] Al 23S AP35t time-killing

curve2 A EINE FAstarA} st A AR A

[e)
295 H AZTH PIP-TZPY ZFS Hdsda, F
A2 v oFet As & I weak) S BYAT o1 Qe o
A Z7H6 — 13.5 mm)S Bl AZTH AN XS
g5kt
2. Time-killing &/

AZTe} PIP-TZPY] WE2 oA =& 6A17F T
AZT(1.5%x10°CFU/mL) ¥+ PIP-TZP(1.2x10° CFU/mL)¢]
9= Al FoET g7 VISTE s

(6.4x10" CFU/mL). 18]3 AZTS} ANS] ¥ A= 3
A =3 6417 3o AZT =X AN (1.1x10" CFU/mL)
o] &5 Aol FART A4} 1/17.12 ZASAY
(6.4x10° CFU/mL). A= §] F ¢ 9v] & 458
7 epgA] kol 9 Al iAo W¥Es Algsoh
A A FEAE BHESAS W A =F ATt
AZT(1.2x10" CFU/mL), PIP-TZP (1.1x10" CFU/mL) %
AN (24x10° CFU/mL)9] &% Fojo| Hlste] =7}
1/183.32 7FA3ted(6x10° CFU/ML) 9v] e AEa 7
£ HYHFigs. 2, 3, 4).

Iv. 1

]

MBLS AAste ol 93 1as x838t7] flg 3
TAe] Aele - o] FtkPayne, 1993). AA} MBLOJ
of3) 7t A e Al A B A HEe]
3y Foll A THMatsumura 5, 1997; Nagano 5, 1999)
o] g AE AHEsteH W AjZto] Qe Fo|o} w
g 71E ARREI e Al FolA delste]of
siv) wAle] Waeo] se) tikol
olth. 3FT AT A} WYo] AH
A WA P. aeruginosa®l 23 7ol
o]- &5 1 JEH(Dejongh 5, 1986), ©]
A2} aminoglycoside®] ol oot Asazrt & 49
] thDejongh 5, 1986; Miller 5, 1986). L&} ©}3]
7HA] MBLE A A8H= P. aeruginosa®l| Xl W& QW &
ol Uit Bl 53] =&t 2 AoA= MBLS A

=1
=X

Table 2. Screening for the antibiotics with the synergistic bacteriostatic effect in combination in aztreonam in VIM-2 MBL producing

P. aeruginosa

Agar with 0.5 MIC

Antibiotic disc

of aztreonam

PIP-TZP CAZ FEP AN
Inhibition zone 19.0 mm 16.0 mm 15.5 mm 13.5 mm
Increased inhibition zone* 8.5 mm 5.5 mm 5.0 mm 7.5 mm
Change of Susceptibility R ->S R >1 R >1 R >R
Synergic scoret , S; 0 0 0 0
Sy 3 2 2 1
S3 (Si1+S2) 3 2 2 1

* Increased inhibition zone (mm) in agar with 0.5 MIC of aztreonam than control (without antibiotics)

t  Synergic score were defined as Pestel's method (Pestel et al. 1995) (see text for material and methods)

Abbreviation; PIP-TZP, piperacillin-tazobactams; CAZ, ceftazidime; FEP, cefepime; AN, amikacin.
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Log10 CFU/ml

Fig. 2. Time-killing curves of a VIM-2 MBL producing P.
aeruginosa after the exposure of AZT (4 pg/mL), TZP (32/4 1
g/mL), or the combination of both. MIC: AZT; 8 ug/mL,
TZP; 64/8 pg/mL.

Abbreviation: A+T, aztreonam plus piperacillin-tazobactam.
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Fig. 3. Time-Killing curves of a VIM-2 MBL producing P.
aeruginosa after the exposure of AZT (4 ng/mL), AN (16 ng/
mL), or the combination of both. MIC : AZT; 8 pg/mL, AN;
>256 pg/mL

Abbreviation: A+A; aztreonam plus amikacin.

J8= P. aeruginosa® A one disk synergy FAME ©]-&
3ol FeaIE Hole FAAE ZoHITh One disk

synergy testv= Pestel &(Pestel 5, 1995)¢] RS W3}

o] AgEg e, FHAS A4S wR 9 4A &L wiR
A ARG DA o]z AEENE FAAo T =4
& 91% Ho 2 BEENE Hole FAAS R

o &g ?“i?oﬂ/ﬂ“ P. aeruginosa CBU
01/11/5697} AZ 01] 2L Hol o] gtA|9t BTt
o FeEAE Hole A 2o FUth AZTS}
PIP-TZPS] HgellA At} S77} 7}%} 7o ofof
A AZT3 ANS| Bl A= 9 AAT) 2717} B
Z 5] o](Table 2) ©|5 Al 2O Z time-killing curve
£ stk

IHSA FHEAIA time-killing A8 9] 7)E2 o1& 7}
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Fig. 4. Time-killing curves of a VIM-2 MBL producing P.
aeruginosa after the exposure of AZT (4 ug/mL), TZP (32/4 n
g/mL), AN (16 ng/mL), or the combination of the three.
Abbreviation: A+T+A, aztreonam plus piperacillin-tazobactam
plus amikacin.

SE7F G HH
A THCappelletty 2}
Rybak % 1996) w}a‘r A A =F F 6~8A17F Y
Fead fFFE #wEsAE Bavb lom(Glewst
Pavuk, 1984), AA &2 B-lactam &t A L t)F-&-o] it
Al 8AIZE ool A Foj7} HEE 9] A|Qto] 9]“] A
S Ao 2 AZEY. Time-killing 1\]75401]/\1 A F

>0

= —

= MICSH ?g%— =& e =], o Z*OE 1/4
MIC EE 12 MIC 283 8% &2 ¥52 183}

x4%fh:}(Euiopoulos S, 1996). ¥ AFA = 7EH R

12 MICE A9890om ANS 1/4 MIC(>64 pg/mL)°]
A H(toxic level>35 pg/mL, Zaske, 1980)°| 022
S o]ste] A|F FX(therapeutic range; 10~25
gmL)E dgste] FEA =F 6A1F e 82t A=
sk 28 A3 AZTS} PIP-TZPS) H ol sjA 2z
zro] A RT A B A= AT v A= FsEH
(1008] o]Fe] # 4 7w FEEA LAUATHFIg. 2). 1
U dF 7oA aminoglycosideo] L= WA LA T B
-lactamA| ko] WL ov] Sl AsaAHE UEd
Aokl A Ao A HEaHe] ol&H Ut
(Miller 5, 1986). P. aeruginosa CBU 01/11/569= AN
gk MIC7} 256 pg/ mL o3& B o AZTS} one
disk synergy ZAtellX A7 W] A F7HE AT
18] 3 time-killing curveol| A= ANI} AZT(B-lactams)2]
W32 AZTH PIP-TZPS] B3 &9} fAFSHATHFig.
3). WA o] Al A AE Wested AlFsHAl HA=H,

o] Aol e Zt2e] Al 2R A =F F 8
AZHll 9u) Qe AEEIN1/183E 7A)E Ho(Fig. 4)
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