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Table 1. The MICs of vancomycin (VCM) and ceftazidime (CAZ) and FIC indices of the VCM/CAZ combination
against MRSA (19 strains) and Pseudomonas asruginosa (20 strains)

MRSA Pseudomonas aeruginosa
MIC (ug/ml) MIC (ug/ml)
Strain no. FIC index Strain no. FIC index
VCM CAZ VCM CAZ

NG 89003 1.56 400 0.75 NG 91001 6,400 3.13 0.75
NG 89004 1.56 400 1.00 NG 91002 6,400 1.56 . 0.50
NG 89005 3.13 400 1.02 NG 91003 12,800 1.56 1.00
NG 89008 3.13 400 1.00 NG 91004 12,800 3.13 0.75
NG 89016 0.78 400 1,00 NG 91005 6,400 50 0.38
NG 89017 1.56 200 1.00 NG 91006 | 12,800 1.56 0.75
NG 89029 3.13 400 1.00 NG 91007 12,800 1.56 1.00
NG 89031 1.56 200 1.02 NG 91008 6,400 400 0.56
NG 89035 3.13 200 1.00 NG 91009 6,400 1.56 0.75
NG 83037 3.13 400 1.02 NG 91010 6,400 3.13 0.50
NG 89041 1.56 800 1.00 NG 91011 12,800 12.5 0.75
NG 89045 1.56 400 1.00 NG 91012 12,800 3.13 0.63
NG 89046 3.13 400 0.75 NG 91013 12,800 3.13 0.63
NG 89047 3.13 400 0.75 NG 91014 3,200 3.13 0.75
NG 91005 1.56 400 1.00 NG 91015 6,400 100 0.50
NG 91011 1.56 400 1.00 NG 91017 12,800 3.13 0.37
NG 91013 3.13 400 0.56 NG 91018 12,800 0.78 0.75
NG 91024 3.13 200 1.00 NG 91019 12,800 3.13 0.50
NG 91036 1.56 400 1.02 NG 91021 12,800 6.25 0.53

Mean+SD 0.942+0.129 | NG 91023 6,400 1.56 0.63

Mean+SD 0.648+0.175

Inoculum size: 10* CFU/well
VCM: vancomycin, CAZ: ceftazidime.

FIC index: minimum fractional inhibitory concentration index.
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Inoculum size: 10 CFU/well (both MRSA and P. geruginosa)

Medium: Mueller-Hinton broth

s: Growth of MRSA NG 89003

p: Growth of P. aeruginosa NG 91012
VCM: vancomycin, CAZ: ceftazidime.

FIC index: minimum fractional inhibitory concentration index.
Fig.1. In vitro combined effect of vancomycin plus ceftazidime
on a polymicrobial suspension of MRSA and Psexdomonas

aeruginosa.

Table 2. FIC indices of the vancomycin/ceftazidime combination in
polymicrobial suspensions

Organism FIC index against FIC index against
MRSA P. aeruginosa MRSA P. aervginosa
NG 91003 1.0 0.63
NG 91009 1.0 0.56
NG 89003 NG 91012 1.0 0.63
NG 91015 0.75 0.50
NG 91018 0.75 1.0
Mean+SD 0.900+0.137 0.664+0.196

One strain of MRSA and five strains of P. aeruginosa were used.
Inoculum size: 10¢ CFU/well (both MRSA and P. aeruginosa)

VCM: vancomycin, CAZ: ceftazidime.

FIC index: minimum fractional inhibitory concentration index.
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Table 3, Protective effect of vancomycin and ceftazidime in mice
(monomicrobial infection)

Challnege dose EDy, (mg/mouse)
Strain
(CFU/mouse) vCcM CAZ

MRSA NG 89003 2.6X10° 0.09 >10
P, aeruginosa 2.2X10° NT 0.07

NG 91003 ' '
P. aeruginosa 1.2X10° NT 0.04

NG 91012 ‘ :

Mice were infected monomicrobially with the individual strain and then treated
with monotherapy using the individual antibiotics.

NT: Not tested

VCM: vancomycin, CAZ: ceftazidime.

EDso: 50% effective dose

Table 4. LDy, of Pseudomonas aeruginosa in mice
(monomicrobial or polymicrobial infection)

P. aeruginosa LDy, (CFU/mouse)
strain monomicrobial infection polymicrobial infection
NG 91003 2.5X10* 2.6x10*
NG 91012 7.3x10? 5.0%10?

LDg, of P. aeruginosa in polymicrobial infection was determined using the mice
which had been infected with MRSA (at dose of 7XLDs,) and various doses of
P. aeruginosa and then treated with VCM monotherapy.

VCM: vancomycin, CAZ: ceftazidime.

Table 5. Protective effect of ceftazidime in the superinfection model

MRSA P. aeruginosa EDs, of
tral challenge dose trai challenge dose CAZ
X strain no.
strain no (CFU/mouse) (CFU/mouse) (mg/mouse)
2.8%10% (9XLDy,) NG 91003 2.8x10* (11XLDso) 0.024
NG 89003
2.8X10* (9XLDgo) NG 91012 4.7X10° ( 9XLDgo) 0.05

EDs, of CAZ was determined using the mice which had been infected polymicrobially with MRSA
and P. aeruginosa (at above doses) and then treated with a combination of VCM (0.3 mg/mouse)
plus various doses of CAZ.

VCM: vancomycin, CAZ: ceftazidime.

EDso: 50% effective dose
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Mice were challenged polymicrobially and treated with

monotherapy or combination therapy 1 hour after the chal-

lenge. Blood samples were taken from the mice at 1, 3, 5, 8

and 24 hours. Viable organisms in the blood were counted

using appropriate selective media.

Challenge dose: MRSA NG 89003; 2.6 % 10* CFU/mouse, P.

aeruginosa NG 91012; 5.7 x10* CFU/mouse.

Treatment: CAZ; 0.2 mg/mouse, VCM; 0.3 mg/mouse

VCM: vancomycin, CAZ: ceftazidime.

Fig.2. Transition of viable organisms in blood in
the superinfection model.
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An MRSA to Pseudomonas aeruginosa superinfection model in mice and the
effect of ceftazidime plus vancomycin combination therapy

Tameichiro Nagaki, Takeshi Morita, Kunio Taguchi,
Shinobu Tamura, Teruyo Tomita, Kaori Ito,
Kumiko Ogino and Ichiro Fukuda
Preclinical Research Center, Tsukuba Research Labo, Research and Deveropment Division,
Nippon Glaxo LTD,, 43 Wadai, Tsukuba-shi, Ibaraki 300-42, Japan

We investigated the efficacy of ceftazidime (CAZ) plus vancomycin (VCM) combination therapy
in polymicrobial infection by MRSA and Pseudomonas aeruginosa, both in vitro and in vivo. In the in
vitro study, fractional inhibitory concentration indexes were determined by the checkerboard
method. The combination exhibited no antagonism, but was additive in all cases. In the in vivo
study, the effects of combination therapy were assessed in mice which had been infected intraper-
itoneally. MRSA to P. aeruginosa superinfection was observed when mice were infected polymi-
crobially with a small amount of P. aeruginosa and a large amount of MRSA, and then treated with
VCM monotherapy. The effect of combination therapy was assessed using this superinfection model.
The 50% effective dose (EDs,) of CAZ in monomicrobial infection with P. aeruginosa NG 91003
strain was 0.07 mg/mouse, and the EDs, of CAZ in the superinfection model treated with 0.3 mg/
mouse VCM combination therapy was lowered to 0.02 mg/mouse. In the case of the P. aeruginosa
NG 91012 strain, the EDs, of CAZ in both the monomicrobial infection and superinfection model were
almost equal (0.04 mg/mouse and 0.05 mg/mouse respectively) . Changes in viable cells in the blood
were assessed using selective media. An increase in MRSA or P. aeruginosa was observed when the
mice were treated with monotherapy using CAZ or VCM. In the case of combination therapy, both
MRSA and P. aeruginosa were found to decrease or disappear. These results suggested that the CAZ
plus VCM combination is one of the most effective forms of therapy for the MRSA and P. aeruginosa
polymicrobial infections which is frequently observed clinically.



