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Trovafloxacin pneumococcal and staphylococcal postantibiotic effects (PAEs) were 0.7 to 1.8 and 0.7 to 2.4 h,
respectively. For Escherichia coli and Pseudomonas aeruginosa, PAEs were 2.4 to 4.4 h. Pneumococcal and
staphylococcal postantibiotic sub-MIC effects (PA-SMEs) (0.4 times the MIC) were 2.3 to 3.7 and 2.4 to >9.2
h, respectively, and E. coli PA-SMEs (0.3 times the MIC) were 6.8 to >12.0 h. For one P. aeruginosa strain, the
PA-SME (0.4 times the MIC) was >10 h; in the other, rapid bactericidal activity precluded measurement.

The postantibiotic effect (PAE) is a pharmacodynamic pa-
rameter contributing to antibiotic dosing schedules. It is de-
fined as the length of time that bacterial growth is suppressed
following brief exposure to an antibiotic (4, 7). Odenholt-
Tornqvist and coworkers (2, 11, 12) have suggested that during
intermittent dosage regimens, suprainhibitory antibiotic levels
are followed by subinhibitory levels that persist between doses
and have hypothesized that persistent sub-MICs could extend
the PAE. The effect of sub-MICs on growth during the PAE
period has been defined as the postantibiotic sub-MIC effect
(PA-SME), representing the time interval that includes the
PAE plus the additional time during which growth is sup-
pressed by sub-MICs. In contrast to the PA-SME, the sub-MIC
effect (SME) measures the direct effect of sub-MICs on cul-
tures which have not been previously exposed to antibiotics (2,
11, 12).

We examined the PAE, PA-SME, and SME of trovafloxacin,
a fluoroquinolone with a wide spectrum of activity (5, 6, 10, 13,
14), against two penicillin-susceptible, two intermediately pen-
icillin-susceptible and two penicillin-resistant pneumococcal
strains; two methicillin-susceptible and two methicillin-resis-
tant Staphylococcus aureus strains; two Escherichia coli strains;
and two Pseudomonas aeruginosa strains. Organisms were
identified by standard methods (8).

Standard broth microdilution MIC-determining methodol-
ogy (9) was used. The PAE was determined by the viable plate
count method (4) using Mueller-Hinton broth supplemented
with 5% lysed horse blood when testing pneumococci. The
PAE was induced by exposure to a drug concentration equiv-
alent to 10 times the MIC for 1 h. Tubes containing 5 ml of
broth with antibiotic were inoculated with approximately 5 X
10° CFU/ml. Growth controls with an inoculum but not anti-
biotic were included with each experiment. Tubes were placed
in a shaking water bath at 35°C for 1 h. At the end of the
exposure period, cultures were diluted 1:1,000 to remove the
antibiotic. A control containing bacteria pre-exposed to the
antibiotic at a concentration of 0.01 times the MIC was also
prepared.

Viability counts (16) were determined before exposure, im-
mediately after dilution (0 h), and then every 2 h until tube
turbidity reached a no. 1 McFarland standard. Inocula were

* Corresponding author. Mailing address: Department of Pathology,
Hershey Medical Center, P.O. Box 850, Hershey, PA 17033. Phone:
(717) 531-5113. Fax: (717) 531-7953. E-mail: pappelbaum@psghs.edu.

1503

prepared by suspending growth from an overnight blood agar
plate in broth. The broth was incubated at 35°C for 2 to 4 h in
a shaking water bath until the turbidity matched a no. 1 Mc-
Farland standard and checked for viability by plate counts (16).

The PAE was defined (4) as PAE = T — C, where T is the
time required for viability counts of an antibiotic-exposed cul-
ture to increase by 1 log,, above the counts immediately after
dilution and C is the corresponding time for the growth con-
trol.

The PA-SME and SME (12) were measured in two separate
experiments. In cultures designated for PA-SME determina-
tion, the PAE was induced as described above, after exposure
to a drug concentration of 10 times the MIC. Following 1:1,000
dilution, cultures were divided into five tubes. To four tubes,
trovafloxacin was added to make final subinhibitory concentra-
tions of 0.1, 0.2, 0.3, and 0.4 times the MIC. The fifth tube
received no antibiotic. Viability counts were determined be-
fore exposure, immediately after dilution, and then every 2 h
until the turbidity reached a no. 1 McFarland standard. The
PAE was not induced in cultures designated for SME deter-
mination.

The PA-SME was defined (12) as PA-SME = T, — C,
where T, is the time for cultures previously exposed to an
antibiotic and then reexposed to different sub-MICs to in-
crease by 1 log,, above the counts determined immediately
after dilution and C is the corresponding time for the unex-
posed control. The SME (12) was defined as SME = T, — C,
where T is the time for the cultures exposed only to sub-MICs
to increase 1 log,, above the counts determined immediately
after dilution and C is the corresponding time for the unex-
posed control. For each experiment, viability counts (log,,
CFU per milliliter) were plotted against time and results were
expressed as the mean of two separate assays = the standard
deviation.

Pneumococcal trovafloxacin MICs were all 0.06 pg/ml.
Staphylococcal trovafloxacin MICs were 0.016 wg/ml for the
methicillin-susceptible strains and 1.0 pwg/ml for the methicil-
lin-resistant strains. The E. coli trovafloxacin MICs were 0.03
wg/ml, and those for P. aeruginosa were 0.25 pg/ml.

Results are presented in Table 1. The antibiotic at 0.01 times
the MIC had no activity. The mean PAE for the six pneumo-
cocci was 1.3 h, ranging from 0.7 to 1.8 h. Pneumococcal
PA-SMEs were slightly longer than PAEs. At 0.4 times the
MIC, PA-SMEs were 2.3 to 3.7 h, with a mean of 3.2 h.
Pneumococcal PA-SMEs approximated the sum of the PAE
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Mean (range) effect (h)

TABLE 1. PAE, SME, and PA-SME of trovafloxacin against 14 strains”

Strain (drug susceptibility)”

NOTES

0.4 X MIC

0.3 X MIC

0.2 X MIC

PA-SME*
1.4 (1.0-1.8)
1.3 (1.1-1.5)
1.9 (1.8-2.0)
1.6 (1.5-1.6)

1.0 (1.0)

0.1 X MIC

PA-SME
23(2.3-2.5)
3.1(24-3.8)
3.4 (2.5-4.2)
3.4 (1.9-4.8)
3.7(3.5-3.8)
35 (3.5-3.6)

SME
1.1 (0.9-1.4)
6.2 (5.9-6.4)

PA-SME
1.4 (0.9-1.8)
2.4 (2.4)

SME
0.8 (0.7-0.8)
0.4 (0-0.9)

PA-SME
1.5 (1.2-1.8)
1.9 (1.6-2.2)

2.0 (2.0-2.1)

SME
0.2 (0-0.5)
0.4 (0-0.9)

SME?
0.2 (0-0.3)
0.3 (0-0.6)
02(0.2)

PAE®
1.0 (0.2-1.8)

Pneumococcus (pen S)

2.4 (23-2.4)
>9.2(>9.2)

1.9 (1.6-2.2)
1.0 (0.6-1.3)
1.1 (1.1-1.2)
1.4 (1.3-1.6)
1.4 (1.4)

1.6 (1.5-1.6)
1.0 (0.9-1.1)
>9.2 (>9.2)

2.0 (2.0-2.1)
2.4 (2.4-2.5)
2.0 (2.0)

2.5 (2.5)

4.0 (3.9-4.0)
2.0 (1.8-2.1)
2.8 (2.1-3.5)

0.6 (0.6-0.7)
0.4 (0.4-0.5)

0.1 (0-0.2)
0.6 (0.4-0.7)

0.4 (0.3-0.5)
1.4 (1.2-1.6)
0.6 (0.4-0.7)
2.0 (1.2-2.7)

0.2 (0-0.3)

1.7 (1.5-1.9)
1.2 (1.0-1.4)
2.1(2.0-2.2)
3.9 (3.7-4.0)

0.5 (0.5)
0.9 (0.6-1.1)

0.4 (0.1-0.7)
0.4 (0.4-0.5)
0.5 (0.2-0.8)
0.2 (0-0.3)
0.1 (0-0.2)
0.2 (0.2-0.3)
0

1.3 (1.1-1.5)
2.6 (2.5-2.7)
0.3 (0.1-0.5)
0.8 (0.7-1.0)

0.8 (0.7-0.8)
0.3 (0.2-0.3)
0

0.1 (0-0.2)
0.2 (0-0.5)
0.1 (0-0.1)

1.3 (1.1-1.5)
1.8 (1.7-1.8)
1.4 (1.4-1.5)
0.7 (0.6-0.8)
1.4 (1.4-1.5)
2.4(2.3-2.5)

0.9 (0.9)
1.1 (1.0-1.2)

0.7 (0.4-1.0)

Pneumococcus (pen S)
Pneumococcus (pen I)
Pneumococcus (pen I)
Pneumococcus (pen R)
Pneumococcus (pen R)
S. aureus (methicillin S)
S. aureus (methicillin S)
S. aureus (methicillin R)

>5.7 (5.7->8.1)
9.2 (6.7-11.7)
>12.0 (>12.0)
>10.0 (7.1->12.0)
RBE

1.1 (1.0-1.1)
5.1(3.2-7.0)

11.0 (11.0)
2.0 (1.9-2.0)
RBE

2.0 (1.9-2.0)

6.8 (5.2-8.4)

5.6 (4.3-6.9)
RBE

22(20-23) >12.0 (>12.0)

1.4 (0.9-2.0)
RBE

1.3 (1.1-1.5)

52 (4.2-6.2)

6.2 (6.2-6.3)
RBE

4.6 (4.1-5.2)

0.4 (0.4)
0.7 (0.2-1.2)
0.6 (0.5-0.7)
1.6 (0.9-1.5)
RBE

1.0 (0.6-1.3)
3.2(2.9-3.6)
5.4 (5.1-5.7)
3.8 (3.5-4.1)
RBE

0.4 (0.1-0.7)

0.5 (0.3-0.7)

1.0 (0.6-1.3)
RBE

0

2.4 (1.7-3.2)

4.4 (4.0-4.7)

3.6 (3.5-3.6)
RBE/
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¢ Exposure to 10 times the MIC for 1 h at 35°C. The drug was removed by 1,000-fold dilution.

b Pen, penicillin; S, susceptible; I, intermediately susceptible; R, resistant.
4 SME, strains not previously exposed to trovafloxacin at 10 times the MIC.

¢ PA-SME, strains previously exposed to trovafloxacin at 10 times the MIC.

“ Each value is for two separate experiments, unless otherwise noted.
TRBE, rapid bactericidal effect within 1 h.
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and the SME, indicating that sub-MICs alone accounted for
the slightly longer PA-SMEs.

Staphylococcal PAEs were 0.7 to 2.4 h, with a mean of 1.3 h.
PA-SMEs were longer than PAEs. PA-SMEs at 0.4 times the
MIC ranged from 2.4 to >9.2 h. At 0.4 times the MIC, the
PA-SMEs of two staphylococci were >2 h longer than the PAE
plus the SME. This indicates that, for these two strains, sub-
MICs delayed regrowth.

For both E. coli strains and one P. aeruginosa strain, PAEs
were 2.4 to 4.4 h, with a mean of 3.5 h. The PA-SMEs of both
E. coli strains were longer than the PAE plus the SME. At 0.3
times the MIC, the PA-SME was >2 h longer than the PAE
plus the SME. For one strain of P. aeruginosa, the PA-SME at
0.4 times the MIC was >2 h longer than the sum of the PAE
and the SME, indicating that sub-MICs suppressed the re-
growth of these strains when they were pre-exposed to trova-
floxacin in the PAE phase. Rapid bactericidal activity against
one P. aeruginosa strain precluded measurement of the PAE or
the PA-SME.

Trovafloxacin MICs were similar to those described previ-
ously (5, 6, 10). Trovafloxacin, like other quinolones, exhibits
rapid, concentration-dependent bactericidal activity (3, 16).
Longer intervals between doses may be possible when an an-
tibiotic has a long half-life as well as a prolonged PAE and
PA-SME, because regrowth continues to be prevented when
drug levels in serum and tissue fall below the MIC. In this
study, PAEs against gram-negative strains were generally
longer than those against gram-positive strains, indicating pos-
sible differences between the rates at which trovafloxacin killed
these organisms.

Boswell et al. (1) reported trovafloxacin PAEs between 0.3
and 2.3 h for four P. aeruginosa strains. The former study also
reported, as we have, that the PAE against some P. aeruginosa
strains could not be determined because of rapid killing.

PA-SMEs exceeded the sum of the PAE and the SME for
two staphylococcal, one P. aeruginosa, and two E. coli strains,
indicating that for these strains, trovafloxacin at sub-MICs had
a greater effect on pre-exposed than on unexposed cultures.
Therefore, a longer PAE can be achieved by trovafloxacin at
sub-MICs when they follow a suprainhibitory level.

In this study, pre-exposure at 10 times the MIC was below
clinically achievable trovafloxacin levels (15) for all strains ex-
cept the two methicillin-resistant S. aureus strains. For the
other strains, the MICs were so low that concentrations in
serum would exceed the MIC for the entire recommended 24-h
dosing interval (15). Our results suggest that a longer dosing
interval may be possible for the latter strains with a PAE and
a PA-SME, because bacterial regrowth would be prevented
when drug levels in serum fall below the MIC.

This study was supported by a grant from Pfizer, Inc., New York,
N.Y.
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