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Activities of BAY 12-8039 against 205 pneumococci were tested by agar dilution. MICs (in micrograms per
milliliter) at which 50 and 90% of the isolates are inhibited (MIC50s and MIC90s, respectively) were 0.125 and
0.25 (BAY 12-8039), 2.0 and 4.0 (ciprofloxacin and ofloxacin), and 0.25 and 0.5 (sparfloxacin). b-Lactam
MIC50s and MIC90s for penicillin-susceptible, -intermediate, and -resistant strains, in that order, were 0.016
and 0.03, 0.25 and 2.0, and 2.0 and 4.0 (amoxicillin); 0.03 and 0.06, 0.25 and 4.0, and 4.0 and 8.0 (ampicillin);
0.03 and 0.06, 0.5 and 4.0, and 4.0 and 8.0 (cefuroxime); and 0.03 and 0.125, 0.25 and 2.0, and 4.0 and 8.0
(cefpodoxime). At two times their MICs after 24 h, BAY 12-8039, ciprofloxacin, ampicillin, and cefuroxime were
uniformly bactericidal (99.9% killing) against 12 strains; other compounds were bactericidal at four times their
MICs.

The incidence of pneumococci resistant to penicillin G and
other b-lactam and non-b-lactam compounds has increased at
an alarming rate (1). The problem is exacerbated by the ten-
dency of these organisms to spread from country to country
and from continent to continent (14, 15). In the United States
a recent survey has shown an increase in penicillin resistance
from ,5% before 1989 (,0.02% of isolates for which MICs
are $2.0 mg/ml) to 6.6% in 1991 to 1992 (1.3% of isolates for
which MICs are $2.0 mg/ml) (3). In another recent survey,
23.6% of pneumococci were not susceptible to penicillin (5).
High rates of isolation of penicillin-intermediate and -resistant
pneumococci occur in middle ear fluids from patients with
refractory otitis media (2).

There is a need of oral compounds for treatment of otitis
media, sinusitis, bronchitis, and community-acquired pneumo-
nia caused by penicillin-intermediate and -resistant pneumo-
cocci (7, 8, 11, 12). Quinolones such as ciprofloxacin and
ofloxacin yield moderate in vitro activities against pneumo-
cocci (11, 12, 17, 18, 21, 22).

BAY 12-8039 is a new experimental broad-spectrum 8-me-
thoxyquinolone with activities against gram-positive and -neg-
ative aerobes, anaerobes, chlamydiae, Mycoplasma spp., and
Legionella spp. (4, 6, 9, 10, 13, 25). This study employs standard
agar dilution MIC methodology to test the activities of BAY
12-8039, ciprofloxacin, ofloxacin, sparfloxacin, ampicillin,
amoxicillin, cefuroxime, and cefpodoxime against 205 penicil-
lin-susceptible and -resistant pneumococci. Additionally, the
activities of these compounds against 12 penicillin-susceptible
and -resistant pneumococci were investigated by broth dilution
(MIC) and time-kill analyses.

To obtain MICs by agar dilution, we used 53 penicillin-
susceptible (MICs, #0.06 mg/ml), 76 penicillin-intermediate
(MICs, 0.125 to 1.0 mg/ml), and 76 penicillin-resistant (MICs,
2.0 to 16.0 mg/ml) pneumococcal strains. For time-kill studies,

four penicillin-susceptible, four penicillin-intermediate, and
four penicillin-resistant strains were tested. Agar dilution was
performed as described previously (11). Broth dilutions to ob-
tain MICs for 12 strains were performed according to National
Committee for Clinical Laboratory Standards recommenda-
tions (16). Standard quality-control strains were included in
each run of agar and broth dilutions (16).

For time-kill testing, tubes containing 5 ml of cation-ad-
justed Mueller-Hinton broth plus 5% lysed horse blood with
doubling antibiotic concentrations were inoculated with 5 3
105 to 5 3 106 CFU/ml and incubated at 35°C in a shaking
water bath (17, 20). Tubes were vortexed, and the contents
were plated for viability counts. The original inoculum was
determined by using the untreated growth control (17, 20).
Viability counts of antibiotic-containing suspensions were per-
formed at 0, 3, 6, 12, and 24 h, by plating dilutions onto 5%
sheep blood agar plates. The lower limit of sensitivity of colony
counts was 300 CFU/ml (17, 20).

Time-kill results were analyzed by determining the number
of strains which yielded a change in log10 CFU per milliliter of
21, 22, or 23 at 0, 3, 6, 12, and 24 h, compared to counts at
time zero. Antimicrobials were considered bactericidal at the
lowest concentration that reduced the original inoculum by $3
log10 CFU/ml (99.9%) at each of the time periods, and they
were considered bacteriostatic if the inoculum was reduced
by 0 to 3 log10 CFU/ml. With the sensitivity threshold and
inocula used in these studies, no problems were encoun-
tered in delineating 99.9% killing, when this was present.
Bacterial carryover was addressed as described previously
(20).

Results of MIC testing are presented in Table 1. MICs of
quinolones were independent of those of penicillin G. BAY
12-8039 yielded the lowest MICs of the quinolones tested (its
MICs at which 50 and 90% of isolates are inhibited [MIC50 and
MIC90, respectively] were 0.125 and 0.25 mg/ml), with all
strains being inhibited by 0.5 mg/ml. Sparfloxacin was the next-
most-active quinolone, with a MIC50 and a MIC90 of 0.25 and
0.5 mg/ml, respectively, followed by ciprofloxacin and ofloxacin
(both of which had a MIC50 and a MIC90 of 2.0 and 4.0 mg/ml,
respectively). MICs of b-lactams rose with those of penicillin
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G. Amoxicillin was the most active b-lactam, followed by am-
picillin, cefuroxime, and cefpodoxime. MIC50 and MIC90 val-
ues (in micrograms per milliliter) of b-lactams for penicillin-
susceptible, -intermediate, and -resistant strains (in that
order) were 0.016 and 0.03, 0.25 and 2.0, and 2.0 and 4.0
(amoxicillin); 0.03 and 0.06, 0.25 and 4.0, and 4.0 and 8.0
(ampicillin); 0.03 and 0.06, 0.5 and 4.0, and 4.0 and 8.0
(cefuroxime); and 0.03 and 0.125, 0.25 and 2.0, and 4.0 and
8.0 (cefpodoxime).

MICs obtained by broth dilution for the 12 strains studied by
time-kill analysis are listed in Table 2. MICs of individual
strains were within one dilution of those obtained by agar
dilution. Time-kill analysis (Table 3) showed that, at two times
the MIC after 24 h, BAY 12-8039, ciprofloxacin, ampicillin,
and cefuroxime were bactericidal (99.9% killing) against all
strains; other compounds were bactericidal at four times the
MIC. After 12 h, BAY 12-8039 showed 90% killing of all
strains at the MIC and 99% killing at two times the MIC; after
6 h, it showed 99% killing of all strains at two times the MIC;
and after 3 h, it showed 90% killing of all strains at two times
the MIC. Similar results relative to the MICs were obtained for
ciprofloxacin, ofloxacin, and sparfloxacin. After 12 h, amoxicil-
lin showed 90% killing of all strains at two times the MIC and
99% killing at four times the MIC; after 6 h, it showed 90%

killing of all strains at four times the MIC; and after 3 h, it
showed 90% killing of all strains at eight times the MIC. Kill
patterns of all b-lactams were similar, relative to their respec-
tive MICs. However, quinolones killed strains slightly more
rapidly than b-lactams after 3 and 6 h.

BAY 12-8039 is a new broad-spectrum methoxyquinolone
(4, 6, 9, 10, 13, 25). Other fluoroquinolones with expanded
gram-positive coverage which are currently being developed or
are in use are levofloxacin, sparfloxacin, grepafloxacin, gati-
floxacin, clinafloxacin, trovafloxacin, and DU-6859a (12, 17, 18,
20–24). MICs of levofloxacin range between 0.5 and 2 mg/ml,
while those of grepafloxacin, sparfloxacin, and gatifloxacin are
similar (0.125 to 0.5 mg/ml) for these strains (18, 21–23). MICs
of clinafloxacin and DU-6859a are a few dilutions lower than
those of the last two compounds (18, 24). MICs of trovafloxa-
cin are similar to those of BAY 12-8039 (18). The superior
antipneumococcal activity of amoxicillin compared to those
of other oral b-lactam agents has been described before
(19).

MIC and time-kill data of BAY 12-8039 for pneumococci
are similar to those published previously from studies of
smaller numbers of strains (4, 25). With an oral dosage regi-
men of 400 mg daily, a maximum concentration of the drug in
serum of 3.2 mg/ml has been obtained in humans; the time to
maximum concentration of the agent in serum is 1 to 2 h, and
its half-life is approximately 12 h (13).

Dalhoff et al. have shown BAY 12-8039 to have concentra-
tion-dependent killing throughout all concentrations studied,
whereas the bactericidal effects of ciprofloxacin, ofloxacin, and
sparfloxacin were concentration dependent only up to 0.25 to
1 times the MIC. Although MICs of BAY 12-8039 and spar-
floxacin differed by a factor of 2, killing rates were qualitatively
and quantitatively different. Resistance to BAY 12-8039 devel-
oped less frequently than resistance to ciprofloxacin in pneu-
mococci (4). Protein binding of BAY 12-8039 (,50%) is sim-
ilar to that of many quinolones but less than that of trovafloxacin
(85%) (25).

The results of our study indicate good in vitro antipneumo-
coccal activity of BAY 12-8039, with MICs well within achiev-
able levels in serum. If no significant toxicologic results are
found, and pending favorable results of pharmacokinetic and
in vivo efficacy studies, this compound will be a promising
agent for outpatient treatment of pneumococcal respiratory
tract infections in areas with a high incidence of penicillin-
resistant strains.

This study was supported by a grant from the Bayer Corporation,
West Haven, Conn.

TABLE 1. MICs obtained by agar dilution of individual agents for
205 pneumococcal strains

Compound Type of
straina

MIC (mg/ml)b

Range 50% 90%

Penicillin G S 0.016–0.06 0.03 0.06
I 0.125–1.0 0.5 1.0
R 2.0–16.0 4.0 8.0

BAY 12-8039 S 0.06–0.5 0.125 0.25
I 0.06–0.5 0.125 0.25
R 0.06–0.5 0.125 0.25

Ciprofloxacin S 0.5–8.0 2.0 4.0
I 0.5–8.0 2.0 8.0
R 0.5–8.0 2.0 4.0

Ofloxacin S 1.0–8.0 2.0 4.0
I 1.0–8.0 2.0 4.0
R 1.0–8.0 2.0 4.0

Sparfloxacin S 0.06–2.0 0.25 0.5
I 0.125–1.0 0.25 0.5
R 0.125–1.0 0.5 0.5

Amoxicillin S 0.008–0.125 0.016 0.03
I 0.008–4.0 0.25 2.0
R 0.125–8.0 2.0 4.0

Ampicillin S 0.03–0.125 0.03 0.06
I 0.03–4.0 0.25 4.0
R 0.5–16.0 4.0 8.0

Cefuroxime S 0.008–0.25 0.03 0.06
I 0.03–8.0 0.5 4.0
R 0.5–16.0 4.0 8.0

Cefpodoxime S 0.03–0.25 0.03 0.125
I 0.03–4.0 0.25 2.0
R 0.5–32.0 4.0 8.0

a S, penicillin susceptible; I, penicillin intermediate; R, penicillin resistant.
b 50% and 90%, MIC50s and MIC90s, respectively.

TABLE 2. MICs obtained by broth dilution of agents for 12
pneumococcal strains

Drug

MIC or MIC range for four pneumococcal
strains of typea:

S I R

Penicillin G 0.03 0.125–0.5 2.0–4.0
BAY 12-8039 0.125–0.25 0.25 0.125–0.25
Ciprofloxacin 1.0–2.0 2.0–4.0 1.0–4.0
Ofloxacin 2.0–4.0 2.0–4.0 2.0–4.0
Sparfloxacin 0.25–1.0 0.5–1.0 0.25–0.5
Amoxicillin 0.016–0.03 0.03–0.5 2.0
Ampicillin 0.03 0.06–1.0 2.0–4.0
Cefuroxime 0.03 0.125–1.0 2.0–4.0
Cefpodoxime 0.03 0.125–2.0 2.0–4.0

a S, penicillin susceptible; I, penicillin intermediate; R, penicillin resistant.
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G. L. Ridgway, and R. N. Grüneberg. 1996. In vitro activity of BAY 12-8039
against bacterial respiratory tract pathogens, mycoplasmas and obligate an-
aerobic bacteria, abstr. F8, p. 101. In Abstracts of the 36th Interscience
Conference on Antimicrobial Agents and Chemotherapy. American Society
for Microbiology, Washington, D.C.

7. Friedland, I. R., and G. S. Istre. 1992. Management of penicillin-resistant
pneumococcal infections. Pediatr. Infect. Dis. J. 11:433–435.

8. Friedland, I. R., and G. H. McCracken, Jr. 1994. Management of infections
caused by antibiotic-resistant Streptococcus pneumoniae. N. Engl. J. Med.
331:377–382.

9. Georgopoulos, A., A. Buxbaum, and W. Graninger. 1996. Activity of BAY
12-8039 against 1154 clinical isolates of Streptococcus pneumoniae, abstr. F5,
p. 100. In Abstracts of the 36th Interscience Conference on Antimicrobial
Agents and Chemotherapy. American Society for Microbiology, Washing-
ton, D.C.

10. Herrington, J. A., J. A. Federici, B. G. Painter, J. M. Remy, M. L. Barbiero,

TABLE 3. Time-kill results

Drug Dose

No. of strains with indicated change in log10 CFU/mla at:

3 h 6 h 12 h 24 h

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

BAY 12-8039 8 3 MIC 12 9 6 12 12 9 12 12 11 12 12 12
4 3 MIC 12 8 4 12 12 8 12 12 11 12 12 12
2 3 MIC 12 4 0 12 12 6 12 12 11 12 12 12
MIC 9 1 0 11 9 3 12 11 11 12 12 11
0.5 3 MIC 1 0 0 3 1 0 8 6 4 8 7 5

Ciprofloxacin 8 3 MIC 12 8 4 12 12 9 12 12 11 12 12 12
4 3 MIC 12 8 4 12 12 9 12 12 11 12 12 12
2 3 MIC 12 8 1 12 12 8 12 12 11 12 12 12
MIC 11 4 1 12 11 5 12 12 11 12 12 11
0.5 3 MIC 3 0 0 8 5 0 7 4 4 8 7 5

Ofloxacin 8 3 MIC 12 8 6 12 12 9 12 12 11 12 12 12
4 3 MIC 12 8 5 12 12 8 12 12 11 12 12 12
2 3 MIC 11 8 4 12 12 8 12 12 11 12 12 11
MIC 11 6 3 11 9 6 12 12 11 12 12 11
0.5 3 MIC 4 1 0 5 3 3 6 4 4 6 6 4

Sparfloxacin 8 3 MIC 12 8 4 12 12 9 12 12 11 12 12 12
4 3 MIC 12 8 2 12 12 8 12 12 11 12 12 12
2 3 MIC 12 5 0 12 12 4 12 12 11 12 12 11
MIC 8 1 0 11 7 2 12 11 10 11 11 11
0.5 3 MIC 1 0 0 5 0 0 6 6 5 8 7 4

Amoxicillin 8 3 MIC 12 8 3 12 10 7 12 12 10 12 12 12
4 3 MIC 11 8 2 12 10 6 12 12 10 12 12 12
2 3 MIC 8 5 1 10 9 5 12 10 10 12 12 11
MIC 7 2 0 9 7 4 10 9 8 11 11 10
0.5 3 MIC 3 1 0 4 2 0 5 5 4 5 4 4

Ampicillin 8 3 MIC 12 7 1 12 12 8 12 12 11 12 12 12
4 3 MIC 11 7 1 12 12 8 12 12 11 12 12 12
2 3 MIC 11 6 1 12 11 6 12 12 11 12 12 12
MIC 8 3 0 10 9 2 12 12 8 11 11 10
0.5 3 MIC 3 1 0 4 1 0 4 4 3 4 4 4

Cefuroxime 8 3 MIC 12 7 2 12 12 7 12 12 11 12 12 12
4 3 MIC 11 6 2 12 12 7 12 12 11 12 12 12
2 3 MIC 11 6 1 12 11 6 11 11 10 12 12 12
MIC 8 5 1 11 9 6 10 9 9 11 11 9
0.5 3 MIC 3 0 0 3 1 0 5 3 3 4 3 3

Cefpodoxime 8 3 MIC 12 2 0 12 11 6 12 12 9 12 12 12
4 3 MIC 9 1 0 12 10 6 12 12 9 12 12 12
2 3 MIC 3 0 0 9 6 2 11 9 6 10 10 10
MIC 1 0 0 3 1 0 6 5 4 7 7 6
0.5 3 MIC 0 0 0 0 0 0 0 0 0 0 0 0

a Negative numbers indicate the number of log10 CFU per milliliter below that at time zero.

2788 NOTES ANTIMICROB. AGENTS CHEMOTHER.



and B. E. Thurberg. 1996. In vitro activity of BAY 12-8039, a new quinolone,
abstr. F4, p. 100. In Abstracts of the 36th Interscience Conference on An-
timicrobial Agents and Chemotherapy. American Society for Microbiology,
Washington, D.C.

11. Jacobs, M. R. 1992. Treatment and diagnosis of infections caused by drug-
resistant Streptococcus pneumoniae. Clin. Infect. Dis. 15:119–127.

12. Jacobs, M. R., and P. C. Appelbaum. 1995. Antibiotic-resistant pneumococci.
Rev. Med. Microbiol. 6:77–93.

13. Kubitza, D., H. H. Stass, W. Wingender, and J. Kuhlmann. 1996. BAY
12-8039 (I), a new 8-methoxy-quinolone: safety (S), tolerability (T) and
steady state pharmacokinetics (PK) in healthy male volunteers, abstr. F25, p.
104. In Abstracts of the 36th Interscience Conference on Antimicrobial
Agents and Chemotherapy. American Society for Microbiology, Washing-
ton, D.C.

14. McDougal, L. K., R. Facklam, M. Reeves, S. Hunter, J. M. Swenson, B. C.
Hill, and F. C. Tenover. 1992. Analysis of multiply antimicrobial-resistant
isolates of Streptococcus pneumoniae from the United States. Antimicrob.
Agents Chemother. 36:2176–2184.

15. Munoz, R., J. M. Musser, M. Crain, D. E. Briles, A. Marton, A. J. Parkinson,
U. Sorensen, and A. Tomasz. 1992. Geographic distribution of penicillin-
resistant clones of Streptococcus pneumoniae: characterization by penicillin-
binding protein profile, surface protein A typing, and multilocus enzyme
analysis. Clin. Infect. Dis. 15:112–118.

16. National Committee for Clinical Laboratory Standards. 1997. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
3rd ed. Approved standard M7-A4. National Committee for Clinical Labo-
ratory Standards, Wayne, Pa.

17. Pankuch, G. A., M. R. Jacobs, and P. C. Appelbaum. 1994. Study of com-
parative antipneumococcal activities of penicillin G, RP 59500, erythromy-
cin, sparfloxacin, ciprofloxacin, and vancomycin by using time-kill method-
ology. Antimicrob. Agents Chemother. 38:2065–2072.

18. Pankuch, G. A., M. R. Jacobs, and P. C. Appelbaum. 1995. Activity of CP
99,219 compared to DU-6859a, ciprofloxacin, ofloxacin, levofloxacin, lome-
floxacin, tosufloxacin, sparfloxacin, and grepafloxacin against penicillin-sus-
ceptible and -resistant pneumococci. J. Antimicrob. Chemother. 35:230–232.

19. Pankuch, G. A., M. R. Jacobs, and P. C. Appelbaum. 1995. Comparative
activity of ampicillin, amoxycillin, amoxycillin/clavulanate and cefotaxime
against 189 penicillin-susceptible and -resistant pneumococci. J. Antimicrob.
Chemother. 35:883–888.

20. Pankuch, G. A., C. Lichtenberger, M. R. Jacobs, and P. C. Appelbaum. 1996.
Antipneumococcal activities of RP 59500 (quinupristin/dalfopristin), peni-
cillin G, erythromycin, and sparfloxacin determined by MIC and rapid time-
kill methodologies. Antimicrob. Agents Chemother. 40:1653–1656.

21. Spangler, S. K., M. R. Jacobs, and P. C. Appelbaum. 1992. Susceptibilities of
penicillin-susceptible and -resistant strains of Streptococcus pneumoniae to
RP 59500, vancomycin, erythromycin, PD 131628, sparfloxacin, temafloxacin,
Win 57273, ofloxacin, and ciprofloxacin. Antimicrob. Agents Chemother.
36:856–859.

22. Spangler, S. K., M. R. Jacobs, G. A. Pankuch, and P. C. Appelbaum. 1993.
Susceptibility of 170 penicillin-susceptible and -resistant pneumococci to six
oral cephalosporins, four quinolones, desacetylcefotaxime, Ro 23-9424 and
RP 67829. J. Antimicrob. Chemother. 31:273–280.

23. Wakabayashi, E., and S. Mitsuhashi. 1994. In vitro antibacterial activity of
AM-1155, a novel 6-fluoro-8-methoxy quinolone. Antimicrob. Agents Che-
mother. 38:594–601.

24. Wise, R., J. P. Ashby, and J. M. Andrews. 1988. In vitro activity of PD
127,391, an enhanced-spectrum quinolone. Antimicrob. Agents Chemother.
32:1251–1256.

25. Woodcock, J. M., J. M. Andrews, F. J. Boswell, N. P. Brenwald, and R. Wise.
1997. In vitro activity of BAY 12-8039, a new fluoroquinolone. Antimicrob.
Agents Chemother. 41:101–106.

VOL. 41, 1997 NOTES 2789


