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MIC and time-kill methods were used to test the activities of DU-6859a, ciprofloxacin, levofloxacin, spar-
floxacin, cefotaxime, imipenem, and vancomycin against nine penicillin-susceptible, -intermediate, and -resis-
tant pneumococci. The MIC of penicillin for penicillin-susceptible strains was 0.016 mg/ml, those for inter-
mediate strains were 0.25 to 1.0 mg/ml, and those for resistant strains were 2.0 to 4.0 mg/ml. Of the four
quinolones tested, DU-6859a had the lowest MIC (0.064 mg/ml), followed by sparfloxacin (0.25 to 0.5 mg/ml)
and levofloxacin and ciprofloxacin (both 1.0 to 4.0 mg/ml). Vancomycin inhibited all strains at MICs of 0.25 to
0.5 mg/ml. The MICs of imipenem and cefotaxime for penicillin-susceptible, -intermediate, and -resistant
strains were 0.004 to 0.008, 0.008 to 0.032, and 0.25 mg/ml and 0.016, 0.125 to 0.5, and 2.0 mg/ml, respectively.
DU-6859a was bactericidal at eight times the MICs (0.5 mg/ml) for seven of the nine strains after 4 h and
bactericidal for all nine strains after 6 h at eight times the MICs and after 12 h at two times the MICs. By
comparison, sparfloxacin, the next most active quinolone, was uniformly bactericidal at two times the MICs
only after 24 h, with little activity after 2 h. Levofloxacin and ciprofloxacin were bactericidal against all strains
after 12 h at eight times the MICs and against all strains at 24 h at four times the MICs. Imipenem was
bactericidal against all strains, at concentrations exceeding the MICs, after 24 h. Cefotaxime was also
uniformly bactericidal only after 24 h of incubation at two times the MICs. Vancomycin, despite having
uniformly low MICs for all strains irrespective of their penicillin susceptibility, was uniformly bactericidal only
at two times the MICs after 24 h.

Streptococcus pneumoniae continues to be a significant cause
of morbidity and mortality in humans and is the leading cause
of bacterial pneumonia as well as an important cause of otitis
media and meningitis (1). The past two decades, and in par-
ticular the past 5 years, have witnessed a dramatic increase
worldwide in the incidence of pneumococcal strains which are
resistant to penicillin G and other antimicrobial agents. The
main foci of penicillin-resistant pneumococci are currently
South Africa, Spain, Eastern Europe, and Korea, but wherever
these organisms are sought with the correct techniques they
are being isolated (1). The problem is exacerbated by the
tendency of these organisms to spread from country to country
and from continent to continent (11, 12). In the United States,
recent surveys have shown an increase in penicillin resistance
from ,5% before 1989 (with MICs of $2.0 mg/ml for ,0.02%
of isolates) to 6.6% in 1991 to 1992 (with MICs of $2.0 mg/ml
for 1.3% of isolates) (3, 21). The latter spread is not evenly
divided amongst the states: Block and coworkers have recently
reported a 28% incidence of resistant pneumococci in middle
ear fluids of children with acute otitis media in Kentucky and
a 29% incidence of these strains in nasopharyngeal cultures
from children with otitis media in Tennessee (2).
There is an urgent need for antimicrobial agents which can

be used for oral therapy of infections such as pneumonia,
bronchitis, sinusitis, and otitis media caused by penicillin-re-

sistant pneumococci (4–6). Currently available quinolones,
such as ciprofloxacin, ofloxacin, and lomefloxacin, are either
inactive or marginally active against pneumococci, with MICs
above or clustering around the susceptibility breakpoints (15,
16, 18, 20).
DU-6859a is a new fluoroquinolone with an expanded spec-

trum of activity against aerobic and anaerobic bacteria (7–10,
13, 16, 17). Previous studies performed in our laboratory have
documented excellent activity of this compound against pneu-
mococci, with an agar dilution MIC at which 50% of the iso-
lates are inhibited (MIC50) of 0.064 mg/ml and an MIC90 of
0.125 mg/ml (16). The aim of the study reported here was to
confirm and expand the above findings by testing the activities
of DU-6859a, ciprofloxacin, levofloxacin, sparfloxacin, imi-
penem, cefotaxime, and vancomycin against nine penicillin-
susceptible and penicillin-resistant pneumococci by microdilu-
tion MIC and time-kill methods.

MATERIALS AND METHODS

Bacteria. Nine isolates of S. pneumoniae isolated from clinical specimens were
examined. Of these, three were susceptible to penicillin (MIC, ,0.1 mg/ml),
three were intermediately susceptible to penicillin (MIC, 0.1 to 1.0 mg/ml), and
three were resistant to penicillin (MIC, $2.0 mg/ml).
Antimicrobial agents. The following antimicrobial agents were supplied as

laboratory powders of known potency by the indicated sources: DU-6859a and
levofloxacin, Daiichi Pharmaceutical Co., Ltd., Tokyo, Japan; ciprofloxacin,
Bayer, Inc., West Haven, Conn.; sparfloxacin, Rhône-Poulenc Rorer, Colle-
geville, Md.; imipenem, Merck, Inc., Rahway, N.J.; cefotaxime, Hoechst-Roussel
Pharmaceuticals, Somerville, N.J.; and vancomycin, Eli Lilly & Co., Indianapolis,
Ind.
MIC determination. MICs were determined by the microdilution method
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recommended by the National Committee for Clinical Laboratory Standards
(14), using cation-adjusted Mueller-Hinton broth (Difco Laboratories, Detroit,
Mich.) supplemented with 5% lysed defibrinated horse blood. For MIC deter-
minations, suspensions with a turbidity equivalent to that of a 0.5 McFarland
standard were prepared by suspending growth from blood agar plates in 2 ml of
sterile saline. Suspensions were further diluted 1:10 to obtain a final inoculum of
5 3 105 CFU per well. Trays were incubated overnight in ambient air at 378C.
Standard quality control strains (14) were included in each run.
Time-kill assays. For time-kill studies, glass tubes containing 5 ml of cation-

adjusted Mueller-Hinton broth (Difco) plus 5% lysed horse blood with doubling
antibiotic concentrations were inoculated with 5 3 105 to 5 3 106 CFU/ml and
incubated at 358C in a shaking water bath. Antibiotic concentrations were chosen
to comprise 3 doubling dilutions above and 4 dilutions below the agar dilution
MIC (15).
Lysed horse blood was prepared by freezing and thawing horse blood (Cleve-

land Scientific, Bath, Ohio) several times. Equal volumes of lysed blood and
sterile, deionized water were then mixed and centrifuged at 12,000 3 g for 20
min. Appropriate amounts of 50% lysed blood were then added to the cation-
adjusted Mueller-Hinton broth to yield a final concentration of 5% lysed horse
blood. The bacterial inoculum was prepared by diluting a 16-h broth (medium
described above) culture in the same medium (15). Dilutions required to obtain
the correct inoculum (5 3 105 to 5 3 106 CFU/ml) were determined by prior
viability studies using each strain.
To inoculate each tube of serially diluted antibiotic, 50 ml of diluted inoculum

was delivered by pipette beneath the surface of the broth. The tubes were then
vortexed and plated for viability counts (0 h). Only tubes containing an initial
inoculum within the range of 5 3 105 to 5 3 106 CFU/ml were acceptable.
Viability counts of antibiotic-containing suspensions were performed at 0, 2, 4,

6, 12, and 24 h by plating 10-fold dilutions of 0.1-ml aliquots from each tube in
sterile Mueller-Hinton broth onto Trypticase soy agar–5% sheep blood agar
plates (BBL Microbiology Systems, Cockeysville, Md.). Recovery plates were
incubated for up to 48 h. Colony counts were performed on plates, yielding 30 to
300 colonies. The lower limit of sensitivity of colony counts was 250 CFU/ml.
Time-kill assay results were analyzed by determining the numbers of strains

which yielded Dlog10 CFU/ml of 21, 22, and 23 in comparison with counts at
0 h, for all seven compounds at all five times. Antimicrobial agents were con-
sidered bactericidal at the lowest concentration that reduced the original inoc-
ulum by $3 log10 CFU/ml (99.9%) at each of the times and bacteriostatic if the
inoculum was reduced by ,3 log10 CFU/ml. With the sensitivity threshold and
inocula used in these studies, no problems were encountered in delineating
99.9% killing, when present.

RESULTS

The MIC of penicillin for penicillin-susceptible strains was
0.016 mg/ml, those for intermediate strains were 0.25 to 1.0
mg/ml, and those for resistant strains were 2.0 to 4.0 mg/ml.
Quinolone and vancomycin MICs were not influenced by pen-
icillin MICs. Of the four quinolones tested, DU-6859a had the
lowest MIC (0.064 mg/ml), followed by sparfloxacin (0.25 to 0.5
mg/ml) and levofloxacin and ciprofloxacin (both 1.0 to 4.0 mg/
ml). Vancomycin inhibited all strains at MICs of 0.25 to 0.5
mg/ml. Imipenem and cefotaxime MICs against penicillin-sus-
ceptible, -intermediate, and -resistant strains were 0.004 to
0.008, 0.008 to 0.032, and 0.25 mg/ml and 0.016, 0.125 to 0.5,
and 2.0 mg/ml, respectively (Table 1).
The MICs were all within 1 dilution of bacteriostatic levels.

The results of the time-kill studies are presented in Table 2 and

Fig. 1. As can be seen, DU-6859a was bactericidal at eight
times the MICs (0.5 mg/ml) against seven of the nine strains
after 4 h and bactericidal against all nine strains after 6 h at
eight times the MICs and after 12 h at two times the MICs.
DU-6859a at four times the MICs lowered the colony counts
by 90% for all strains after only 2 h of incubation. By compar-
ison, sparfloxacin, the next most active quinolone, was uni-
formly bactericidal only at two times the MICs after 24 h, with
little activity after 2 h. Sparfloxacin lowered the colony counts
of all strains by 90% after 6 h at four times the MICs.
Levofloxacin and ciprofloxacin were bactericidal against all

strains after 12 h at eight times the MICs and against all strains
at 24 h at four times the MICs. Levofloxacin lowered the
colony counts of all nine strains by 90% after 4 h at four times
the MICs, and ciprofloxacin yielded the same results after 6 h.
Imipenem was bactericidal against all strains, at concentrations
exceeding the MICs, after 24 h and also lowered the counts of
all strains by 90% after 6 h. Cefotaxime was also uniformly
bactericidal only after 24-h incubation at two times the MICs,
lowering counts by 90% after 6 h at four times the MICs.
Vancomycin, despite having uniformly low MICs against all
strains irrespective of their penicillin susceptibility, was uni-
formly bactericidal only at two times the MICs after 24 h,
lowering the counts of all strains by 90% after 12 h at two times
the MICs.

DISCUSSION

The viable count threshold of a 0.1-ml aliquot placed on a
plate is theoretically 10 CFU/ml if one colony grows; however,
for statistical accuracy, the lower limit was set at 25 colonies
(250 CFU/ml, as in a previous study [15]), and this threshold
was therefore used in all experiments. The problem of drug
carryover was also addressed. We believe that spreading 0.1 ml
of undiluted broth on a plate containing 25 ml of medium
would dilute the drug 1:250, further 10-fold dilutions would
dilute the drug 1:2,500, 1:25,000, etc. With the concentration of
drugs used, only undiluted inocula would have had any poten-
tial for drug carryover, and only low counts (,1,000 CFU/ml)
would be likely to be affected. We therefore feel that drug
carryover was not a confounding factor in the generation of the
data.
DU-6859a is a new fluorocyclopropyl quinolone active

against a broad spectrum of bacteria, including staphylococci,
hemolytic and viridans group streptococci, pneumococci, en-
terococci, members of the family Enterobacteriaceae, gram-
negative nonfermentative rods, Moraxella catarrhalis, Hae-
mophilus influenzae, Neisseria gonorrhoeae, and anaerobes (7–
10). The current study confirms the findings of a previous study
that DU-6859a is very active against pneumococci (agar dilu-

TABLE 1. MICs for individual strains

Straina
MIC (mg/ml)

DU-6859a Ciprofloxacin Levofloxacin Sparfloxacin Imipenem Cefotaxime Vancomycin

60 (S) 0.064 2.0 1.0 0.25 0.004 0.016 0.25
149 (S) 0.064 4.0 2.0 0.25 0.008 0.016 0.25
153 (S) 0.064 2.0 1.0 0.25 0.004 0.016 0.5
5 (I) 0.064 4.0 1.0 0.25 0.032 0.125 0.25
95 (I) 0.064 2.0 1.0 0.25 0.032 0.5 0.25
99 (I) 0.064 2.0 2.0 0.25 0.008 0.125 0.5
24 (R) 0.064 1.0 1.0 0.25 0.25 2.0 0.5
37 (R) 0.064 1.0 1.0 0.5 0.25 2.0 0.5
227 (R) 0.064 4.0 4.0 0.5 0.25 2.0 0.25

a S, penicillin susceptible; I, penicillin intermediate; R, penicillin resistant.

VOL. 40, 1996 PNEUMOCOCCAL SUSCEPTIBILITY TO DU-6859a 363



tion MIC90, 0.125 mg/ml) (16). In the current study, DU-6859a
yielded microbroth MICs of 0.064 mg/ml against all nine strains
and was the most active compound as determined by the time-
kill method, yielding uniform bactericidal activity after 6 h at a
concentration of 0.5 mg/ml and after 12 h at a concentration of
0.125 mg/ml. The bactericidal activity of this compound against

pneumococci lies well within levels achievable in serum, with
maximum concentrations of drug in serum (in micrograms per
milliliter) of 0.29 6 0.08, 0.51 6 0.14, 1.0 6 0.14, and 1.86 6
0.36 (means 6 standard deviations) after single oral doses of
DU-6859a of 25, 50, 100, and 200 mg, respectively, given to
human volunteers (13).

TABLE 2. Cumulative time-kill results for all strains

Drug and concna

No. (%) of strains with the indicated Dlog10 CFU/mlb at:

2 h 4 h 6 h 12 h 24 h

21 22 23 21 22 23 21 22 23 21 22 23 21 22 23

DU-6859a
83 9 (100) 6 (66.7) 0 9 (100) 8 (88.9) 7 (77.8) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100)
43 9 (100) 1 (11.1) 0 9 (100) 7 (77.8) 4 (44.4) 9 (100) 9 (100) 6 (66.7) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100)
23 2 (22.2) 0 0 9 (100) 3 (33.3) 0 9 (100) 8 (88.9) 0 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100)
13 1 (11.1) 0 0 5 (55.6) 0 0 6 (66.7) 0 0 8 (88.9) 7 (77.8) 3 (33.3) 7 (77.8) 6 (66.7) 4 (44.4)
0.53 0 0 0 0 0 0 0 0 0 0 0 0 1 (11.1) 0 0
0.253 0 0 0 0 0 0 0 0 0 0 0 0 1 (11.1) 0 0

Ciprofloxacin
83 5 (55.6) 0 0 8 (88.9) 2 (22.2) 0 9 (100) 7 (77.8) 4 (44.4) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100)
43 3 (33.3) 0 0 8 (88.9) 2 (22.2) 0 9 (100) 6 (66.7) 2 (22.2) 9 (100) 9 (100) 8 (88.9) 9 (100) 9 (100) 9 (100)
23 3 (33.3) 0 0 6 (66.7) 1 (11.1) 0 8 (88.9) 6 (66.7) 0 8 (88.9) 8 (88.9) 6 (66.7) 8 (88.9) 8 (88.9) 8 (88.9)
13 0 0 0 5 (55.6) 0 0 6 (66.7) 4 (44.4) 0 6 (66.7) 6 (66.7) 3 (33.3) 7 (77.8) 6 (66.7) 6 (66.7)
0.53 0 0 0 2 (22.2) 0 0 3 (33.3) 1 (11.1) 0 4 (44.4) 1 (11.1) 0 3 (33.3) 1 (11.1) 1 (11.1)
0.253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Levofloxacin
83 7 (77.8) 1 (11.1) 0 9 (100) 6 (66.7) 1 (11.1) 9 (100) 9 (100) 4 (44.4) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100) 9 (100)
43 3 (33.3) 0 0 9 (100) 6 (66.7) 0 9 (100) 7 (77.8) 4 (44.4) 9 (100) 9 (100) 8 (88.9) 9 (100) 9 (100) 9 (100)
23 2 (22.2) 0 0 8 (88.9) 3 (33.3) 0 9 (100) 5 (55.6) 1 (11.1) 9 (100) 9 (100) 7 (77.8) 9 (100) 9 (100) 9 (100)
13 1 (11.1) 0 0 4 (44.4) 1 (11.1) 0 7 (77.8) 4 (44.4) 1 (11.1) 8 (88.9) 7 (77.8) 5 (55.6) 7 (77.8) 6 (66.7) 2 (22.2)
0.53 1 (11.1) 0 0 1 (11.1) 0 0 1 (11.1) 0 0 3 (33.3) 1 (11.1) 0 1 (11.1) 0 0
0.253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sparfloxacin
83 3 (33.3) 0 0 8 (88.9) 6 (66.7) 0 9 (100) 4 (44.4) 0 9 (100) 9 (100) 8 (88.9) 9 (100) 9 (100) 9 (100)
43 2 (22.2) 0 0 6 (66.7) 1 (11.1) 0 9 (100) 2 (22.2) 0 9 (100) 9 (100) 6 (66.7) 9 (100) 9 (100) 9 (100)
23 0 0 0 5 (55.6) 1 (11.1) 0 8 (88.9) 1 (11.1) 0 9 (100) 9 (100) 5 (55.6) 9 (100) 9 (100) 9 (100)
13 0 0 0 3 (33.3) 0 0 4 (44.4) 0 0 7 (77.8) 4 (44.4) 0 3 (33.3) 2 (22.2) 1 (11.1)
0.53 0 0 0 0 0 0 0 0 0 1 (11.1) 0 0 0 0 0
0.253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Imipenem
83 4 (44.4) 0 0 8 (88.9) 1 (11.1) 0 9 (100) 7 (77.8) 0 9 (100) 9 (100) 7 (77.8) 9 (100) 9 (100) 9 (100)
43 4 (44.4) 0 0 7 (77.8) 1 (11.1) 0 9 (100) 6 (66.7) 0 9 (100) 9 (100) 7 (77.8) 9 (100) 9 (100) 9 (100)
23 3 (33.3) 0 0 7 (77.8) 0 0 9 (100) 4 (44.4) 0 9 (100) 9 (100) 6 (66.7) 9 (100) 9 (100) 9 (100)
13 1 (11.1) 0 0 4 (44.4) 0 0 6 (66.7) 2 (22.2) 0 8 (88.9) 7 (77.8) 3 (33.3) 8 (88.9) 8 (88.9) 7 (77.8)
0.53 0 0 0 0 0 0 0 0 0 0 0 0 2 (22.2) 1 (11.1) 0
0.253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cefotaxime
83 2 (22.2) 0 0 6 (66.7) 0 0 9 (100) 2 (22.2) 1 (11.1) 9 (100) 9 (100) 6 (66.7) 9 (100) 9 (100) 9 (100)
43 1 (11.1) 0 0 5 (55.6) 0 0 9 (100) 2 (22.2) 0 9 (100) 9 (100) 4 (44.4) 9 (100) 9 (100) 9 (100)
23 0 0 0 3 (33.3) 0 0 8 (88.9) 2 (22.2) 0 9 (100) 9 (100) 4 (44.4) 9 (100) 9 (100) 9 (100)
13 0 0 0 1 (11.1) 0 0 7 (77.8) 0 0 7 (77.8) 7 (77.8) 0 6 (66.7) 6 (66.7) 5 (55.6)
0.53 0 0 0 0 0 0 1 (11.1) 0 0 1 (11.1) 1 (11.1) 0 2 (22.2) 1 (11.1) 1 (11.1)
0.253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Vancomycin
83 2 (22.2) 0 0 6 (66.7) 0 0 8 (88.9) 7 (77.8) 0 9 (100) 9 (100) 7 (77.8) 9 (100) 9 (100) 9 (100)
43 1 (11.1) 0 0 6 (66.7) 0 0 8 (88.9) 7 (77.8) 0 9 (100) 9 (100) 6 (66.7) 9 (100) 9 (100) 9 (100)
23 0 0 0 5 (55.6) 0 0 8 (88.9) 4 (44.4) 0 9 (100) 9 (100) 5 (55.6) 9 (100) 9 (100) 9 (100)
13 0 0 0 2 (22.2) 0 0 7 (77.8) 1 (11.1) 0 7 (77.8) 7 (77.8) 3 (33.3) 7 (77.8) 7 (77.8) 7 (77.8)
0.53 0 0 0 0 0 0 0 0 0 0 0 0 1 (11.1) 0 0
0.253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

a Concentrations expressed as multiples of the MIC.
b Log10 CFU/ml lower than original inoculum (0 h), indicating the following: 21, 90% killing; 22, 99% killing; and 23, 99.9% killing.
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None of the other quinolones tested showed rapid bacteri-
cidal activity as demonstrated by DU-6859a. In addition, the
MICs of these compounds were all higher than those of DU-
6859a. Sparfloxacin, despite having bactericidal activity later
than DU-6859a, had activity which points to possible clinical
use, on the basis of MICs, bactericidal concentrations, and
levels achievable in serum. Peak sparfloxacin concentrations in
human plasma of 0.44, 0.65, and 1.4 mg/ml were observed 2.5 to
4.5 h after single oral doses of 100, 200, and 400 mg, respec-
tively (18). Imipenem had low MICs but showed bactericidal
activity against all strains only after 24 h. The clinical signifi-
cance of this phenomenon is unknown, as few clinical data for
this drug in treatment of pneumococcal infections are currently
available. Vancomycin MICs were within achievable levels in
serum but marginal in the cerebrospinal fluid. This, together
with its relatively late bactericidal activity, may help explain
unsatisfactory results obtained with vancomycin therapy of
pneumococcal meningitis (23). Cefotaxime was most effective
against penicillin-susceptible and -intermediate strains (19, 22)
but also was bactericidal only after 24 h.
In summary, DU-6859a showed the lowest MICs and most

rapid killing of all quinolone and nonquinolone compounds
tested. Results point to clinical studies of DU-6859a in infec-
tions caused by penicillin-susceptible and -resistant pneumo-
cocci.
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