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The rate of bactericidal activity of a new quinolone, CI-934, was compared with that of amoxicillin for 20
strains of Streptococcus faecalis. At 10 and 100 ,ug/ml, the bactericidal activity of CI-934 was more rapid at 6
h than that of amoxicillin. A paradoxical effect (a killing rate higher at 1 Fg/ml than at 100 ,Ig/ml at 6 h) was
observed for 19 of the 20 strains with amoxicihlin and for 1 of the 20 strains with CI-934. It remains to be
demonstrated whether in vivo studies will confirm the results obtained in vitro.

CI-934 is a new quinolone carboxylic acid exhibiting
particular strength against gram-positive bacteria. Even no-

tably resistant organisms such as Enterococcus spp. and
methicillin-resistant Staphylococcus aureus are susceptible
to CI-934 (1).

In this investigation, we evaluated with killing curves the
rate of bactericidal activity of CI-934 for Streptococcus
faecalis compared with that of amoxicillin.

MATERIALS AND METHODS

Bacterial strains. Twenty strains of S. faecalis isolated
from blood cultures were identified by the methods recom-

mended by Facklam and Carey (3). These group D strepto-
cocci were hippurate positive, L-pyrrolidonyl aminopep-
tidase positive, and bile-esculin positive and grew in 6.5%
NaCl. The identification of these strains was confirmed by
the API 20 Strep system (Analytab Products, Plainview,
N.Y.).

Antibiotic. Amoxicillin was obtained from Beecham Re-
search Laboratories, Brockham Park, Betchworth Surrey,
United Kingdom, and CI-934 (lot W) was from Warner
Lambert, Morris Plains, N.J. Manipulations were performed
in glass tubes protected from light by metal foil to avoid the
possible degradation of CI-934 by light.

Antimicrobial susceptibility testing. MICs were determined
by the macrodilution broth method prescribed by Jones et al.
(4). The tubes were incubated at 35°C for 24 h. The mean
MICs and ranges (in micrograms) for amoxicillin and CI-934
were 0.4 (0.2 to 0.8) and 0.24 (0.01 to 0.4), respectively.

Killing curves. (i) Preparation of inocula. Portions of five
colonies growing on Iso-Sensitest agar were suspended in 10
ml of Iso-Sensitest broth. The tube was placed on a test tube
rotator (Cenco; Breda Scientific B.V., Tilburg, The Nether-
lands), stopped at turbidity 0.5 McFarland standard (HF
Instrument turbidometer; Shaban Manufacturing Inc.,
Fredonia, N.Y.), and then diluted 1/100 in Iso-Sensitest
broth medium containing different antibiotic concentrations.
The initial bacterial density was approximately 106 CFU/ml.

(ii) Incubation. All inoculated tubes (final volume, 2 ml)
were incubated in plastic racks in a water bath at 35°C.

(iii) Sampling. Immediately after inoculation and vortexing
and then after 3, 6, and 24 h, a petri dish (diameter, 16 cm)
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containing 30 ml of Iso-Sensitest agar medium was inocu-
lated (before and after dilution, 1/10 and 1/100, respectively)
with 0.05 ml of the culture which was distributed on the agar

surface by the spiral inoculator system (Spiral System In-
struments, Inc., Bethesda, Md.) (6, 10). In this system, a

variable cam-activated syringe dispenses the culture from
the center to the edge of the plate in a logarithmically
decreasing quantity in the form of an Archimedes spiral. The
Spiral 500 laser colony counter and the Casba 800 micropro-
cessor (Spiral System Instruments, Inc.) were used for the
CFU count. Antibiotic carry-over could be detected by the
absence of colonies in the center of the petri dishes.

RESULTS

The killing curves (mean CFU ± the standard deviation)
for 20 strains of S. faecalis exposed to 1, 10, and 100 ,ug of
CI-934 or amoxicillin per ml are shown in Fig. 1.
With CI-934, the bactericidal activity was more rapid as

the concentration was increased, except for 1 of the 20
strains. For this strain, the killing was more rapid with 1
,ug/ml than with 10 and 100 ,ug/ml.
With amoxicillin, a paradoxical effect (manifested by 1

log10 CFU/ml or more) was observed for 19 of the 20 strains.
At 6 h, there was a significant difference (Mann-Whitney
test) between the CFU per milliliter of S. faecalis tested with
1 and 10 ,ug of amoxicillin per ml (P < 0.00003) or with 1 and
100 jig/ml (P < 0.00003).

Overall comparison of these two antimicrobial agents
shows a more rapid killing rate at 6 h by CI-934 than by
amoxicillin at 10 ,ug/ml (P < 0.00003) and 100 ,ug/ml (P <
0.00003).

DISCUSSION
CI-934 is a new azaquinolone possessing an increased

antimicrobial activity against gram-positive bacteria (1). Its
activity against various species of streptococci, and S.
faecalis in particular, appears better than that of other
quinolones. Cohen et al. reported that all S. faecalis strains
were inhibited by .0.8 jig of CI-934 per ml (1). We showed
in the present study that the bactericidal action of CI-934
against S. faecalis is more rapid than that of amoxicillin at 10
and 100 ,ug/ml.

Amoxicillin (alone or in combination with an aminoglyco-
side) is considered the reference antibiotic for treatment of
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FIG. 1. Killing curves (mean CFU ± the standard deviation) for

20 strains of S. faecalis exposed to CI-934 and amoxicillin.

S. faecalis infections. A paradoxical effect or Eagle effect (2)
of beta-lactams on S. faecalis has been described (7, 8), in
which the bactericidal activity of beta-lactams decreases
with increasing beta-lactam concentrations. We were sur-
prised by the extent of the paradoxical effect of amoxicillin
on S. faecalis.
Many technical factors influence the determination of

bactericidal activity (9). In this study, we used log-phase
inocula and excluded the presence of carry-over, which
would have been well detected in the spiral inoculator
system by the absence of growth in the center of the petri
dish. The spiral plater distributes 0.05 ml from the center to
the edge of the dish in a logarithmically decreasing quantity.
With a 16-cm petri dish, there is more than a 100:1 change in
the volume plated per millimeter of radial advance from the
start (center) to the end (edge) of the plating cycle (6, 10).
With amoxicillin, carry-over was excluded, because the
killing curves for S. faecalis exposed to amoxicillin did not
change when a penicillinase was added to the agar.
The effect of penicillin on S. faecalis is a matter for

discussion. Tolerant strains, for example, may not be clearly
distinguishable from nontolerant strains on the basis of
MBC-to-MIC ratios in Mueller-Hinton broth. A penicil-
lin gradient and replicate plate was proposed for the demon-

stration of tolerance in streptococci groups B and D (5).
However, the paradoxical effect is a different phenomenon.
In a previous study using a triple-layer method and ampicil-
lin neutralization by a beta-lactamase, we found a paradox-
ical effect for 10 of 10 S. faecalis strains (11).

Pharmacological studies will define the concentrations of
CI-934 attained in the urine, blood, and tissues and should
predict whether the effects observed in vitro can be expected
(at least theoretically) in vivo.

It can be concluded that the in vitro bactericidal activity of
CI-934 for S. faecalis appears to be more rapid at 6 h than
that of amoxicillin, an antibiotic for which a major paradox-
ical effect has been observed.
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