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The in vitro activities of rufloxacin and its metabolite, MF 922, were compared with those of ofloxacin,
ciprofloxacin, erythromycin, and minocycline against Mycoplasma pneumoniae, Mycoplasma hominis, Myco-
plasmafermentans, and Ureaplasma urealyticum. Rufloxacin, MF 922, and ciprofloxacin shared similar activities
against all mycoplasmas tested. (MICs for 90%Yo of isolates tested [MIC90s], 0.5 to 4 ,ig/ml). Ofloxacin had the
lowest MIC%0s for U. urealyticum, M. fermentans, and M. hominis (MIC90s, 0.25 to 1 ,ug/ml) and erythromycin
had the lowest MIC90 for M. pneumoniae (MIC90, 0.004 ,ug/ml).

Fluoroquinolones represent a new class of broad-spectrum
antimicrobial agents which are active against gram-negative
and many gram-positive organisms. These compounds are
bactericidal and generally have good pharmacokinetic and
safety profiles. However, some pathogens, including mycoplas-
mas, are not sufficiently susceptible at low concentrations to
many of the quinolones tested (1-3, 7-9, 16-18, 21, 22, 25, 27,
33, 34). Several new compounds have been developed in an
attempt to broaden the spectrum of activity, increase the
potency, and enhance the disposition of the drug at infection
sites.

Rufloxacin (Fig. 1) is a new oral 6-fluoroquinolone with a
broad spectrum of activity against gram-negative and gram-
positive aerobic bacteria and some intracellular pathogens,
including Chlamydia pneumoniae and Legionella pneumophila
(10, 23, 36). In vitro, the antibacterial activity of rufloxacin is
similar to that of norfloxacin (36), while in animal models it has
activity similar to that of ciprofloxacin (12). In humans phar-
macokinetic studies have demonstrated that rufloxacin is elim-
inated slowly, with a half-life in plasma of about 35 h (14, 19,
37). The drug penetrates well into most body fluids, tissues,
and cells, where it reaches high and stable concentrations,
ranging from 2 to 25 times those in plasma (4, 19, 35, 37).
Particularly high concentrations are achieved in epithelial
lining fluid (peak mean values, 42 ,ug/ml) and alveolar macro-
phages (peak mean values, 88 ,ug/ml) (35). Steady high con-
centrations (60 ,ug/ml) of rufloxacin are attained in urine up to
72 h following administration of a single 400-mg dose (37). In
view of its pharmacokinetic profile, it can be used once daily
for the treatment of urinary (5, 24) and respiratory tract (20)
infections. It is metabolized at a low level. The N-desmethyl
derivative (MF 922) (Fig. 1) is the only microbiologically active
metabolite detected. In urine it accounts for 2% of the given
dose (19). The in vitro activity ofMF 922 is comparable to that
of the parent compound (36). However, their effects on
mycoplasmas have not been described previously.
The objective of the study described here was to determine

the in vitro susceptibilities of Mycoplasma pneumoniae, Myco-
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plasma hominis, Mycoplasma fermentans, and Ureaplasma urea-
lyticum to rufloxacin and MF 922 compared with those of
ofloxacin, ciprofloxacin, erythromycin, and minocycline. Mino-
cycline was selected rather than tetracycline because of its
better in vitro activity against U. urealyticum and M pneu-
moniae (1, 31). All strains tested were both clinical isolates and
American Type Culture Collection standards. In the present
study we investigated the susceptibilities of 160 freshly isolated
U. urealyticum strains (from cervix, urethra, and vagina), 33
low-passage clinically isolated strains of M hominis (from
vagina, urethra, and cervix), 16 low-passage clinically isolated
strains and 2 reference strains (FH and M129) of M pneu-
moniae, and 11 low-passage strains (from vagina and urethra)
and 1 reference strain (PG18) of M fermentans to rufloxacin
and MF 922 in comparison with those of ofloxacin, ciprofloxa-
cin, erythromycin, and minocycline.

Rufloxacin and MF 922 were kindly provided by Mediola-
num Farmaceutici (Milan, Italy). Ofloxacin was obtained from
Sigma Tau (Pomezia, Italy), ciprofloxacin was from Bayer
(Milan, Italy), erythromycin was from Sigma Chemicals (Mi-
lan, Italy), and minocycline was from Cyanamid (Catania,
Italy). Rufloxacin, MF 922, and ofloxacin were dissolved in 5
ml of water, and 0.1 mol ofNaOH per liter was added dropwise
up to a final volume of 10 ml (5,120 ,ug/ml) to improve
solubilization. Erythromycin, ciprofloxacin, and minocycline
solutions were prepared by the procedures of the National
Committee for Clinical Laboratory Standards (26).
Working solutions were prepared in 0.1 M phosphate buffer,

and the final pH was the same as that of the assay medium.
M pneumoniae andM fermentans were grown in SP-4 broth

(pH 7.5) (32). U. urealyticum and M hominis were grown in
10-B broth (pH 6.0) (30). ForM hominis the urea present in
the 10-B broth was replaced with 1% arginine.
The MIC was determined by a broth microdilution assay

that was essentially equivalent to a metabolism inhibition test
(29). Mycoplasma broth (0.025 ml of the specific broth) was
inoculated into microtiter wells. The stock solution (0.025 ml)
of each drug was added to the first well, and serial twofold
dilutions (0.025 ml) were made with a multichannel pipette
beginning with the second well; the final 0.025 ml was dis-
carded. A total of 11 concentrations of each drug were
prepared. A suspension of organisms (0.175 ml) was added to
each well containing the drugs. Plates were sealed with trans-
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FIG. 1. Structural formulas of rufloxacin and MF 922 (for rufloxa-
cin, R = H3C; for MF 922, R = H).

parent acetate and were incubated at 37°C under atmospheric
conditions.
Each strain was cloned three times before the test and was

then used for MIC determinations. The number of organisms
added was verified by making serial 10-fold dilutions in order
to ensure an adequate (103 CFU/ml) but not an excessive
(>105 CFU/ml) amount of inoculum for the test system (15,
29). All microplates were examined after 18 h of incubation
and then once daily until growth in the organism control tube
occurred. The MIC was defined as the lowest concentration of
antibiotic that inhibited a color change in the broth by a given
strain of mycoplasma at the time when the color of the control
tube changed, that is, when the pH of the medium decreased
from 7.5 to 7.0 (M. pneumoniae and M fermentans) or in-
creased from 6.0 to 6.5 (M. hominis and U. urealyticum). For U.
urealyticum, the MIC was read after a single overnight incuba-
tion. The required incubation times were 24 to 48 h for M
hominis and M fermentans and from 3 to 5 days for M
pneumoniae. Further incubations were not carried out. Each
mycoplasma strain was tested six times against each antimicro-
bial agent. The strains were tested six additional times, on
different days, with all drugs to ensure the reproducibility of
the results.
A positive control (growth) consisting of organisms in broth,

a negative control (sterility) consisting of uninoculated broth,
and a drug control consisting of broth with the highest
concentrations of drug were included for each mycoplasmal
strain tested.

Staphylococcus aureus ATCC 29213, Enterococcus faecalis
ATCC 29212, and Escherichia coli ATCC 25922 were included
as controls; the MICs of most of the drugs tested, obtained in
Mueller-Hinton broth, have been published previously (26).
Each of these reference strains was inoculated into microtiter
plates containing 10-B broth, SP-4 broth, Mueller-Hinton
broth (BBL), and the appropriate dilutions of each antibiotic
tested for MIC determinations. These control procedures were
repeated each time that an assay was performed.
The results of the in vitro susceptibility tests are given in

Table 1. The MICs of rufloxacin and MF 922 for the investi-
gated strains were similar to those of ciprofloxacin but were
higher than those of ofloxacin. The three quinolones tested
were active against the erythromycin-resistant and minocy-
cline-resistant mycoplasmas. Erythromycin and minocycline
were the most active antibiotics tested againstM pneumoniae
(MICs for 90% of strains tested [MIC90s], 0.004 and 0.5 ,ug/ml,
respectively), and ofloxacin was the most active among the
quinolones tested (MICs, 0.12 to 0.5 ,ug/ml). Rufloxacin, MF
922, and ciprofloxacin showed comparable in vitro activities
against M pneumoniae.
TheM hominis strains showed the predictable uniform level

of resistance to erythromycin (MICs, .256 ,ug/ml) and a

TABLE 1. Susceptibilities of M. pneumoniae, M. hominis,
M. fermentans, and U. urealyticum to rufloxacin, MF 922,
ofloxacin, ciprofloxacin, erythromycin, and minocycline

Organism Drug MIC (,g/ml)
(no. of isolates) Range50u 90%

M. pneumoniae (18) Rufloxacin 1-2 1 2
MF 922 1-2 1 2
Ciprofloxacin 1-2 2 2
Ofloxacin 0.12-0.5 0.5 0.5
Erythromycin 0.001-0.008 0.002 0.004
Minocycline 0.06-1 0.12 0.5

M. hominis (33) Rufloxacin 1-2 1 2
MF 922 1-2 2 2
Ciprofloxacin 1-2 2 2
Ofloxacin 0.05-1 1 1
Erythromycin .256
Minocycline 0.12-16 1 4

M fennentans (12) Rufloxacin 0.06-2 0.5 0.5
MF 922 0.06-2 0.5 0.5
Ciprofloxacin 0.06-2 0.5 0.5
Ofloxacin 0.06-1 0.25 0.25
Erythromycin 64-.256 .256 .256
Minocycline 0.06-1 0.25 0.5

U. urealyticum (160) Rufloxacin 1-4 2 4
MF 922 2-4 2 4
Ciprofloxacin 0.5-4 2 4
Ofloxacin 0.25-2 0.5 1
Erythromycin 0.06-.256 0.5 .256
Minocycline 0.5-16 4 8

moderate degree of susceptibility to minocycline (MICs, 0.12
to 16 jig/ml).
The M. fermentans strains showed the expected level of

resistance to erythromycin (MICs, 64 to .256 ,ug/ml) and a
remarkable degree of susceptibility to minocycline (MICs, 0.06
to 1 ,ug/ml). Rufloxacin and MF 922 showed comparable
activities against all strains of M. hominis and M. fermentans
(MICs, 1 to 2 and 0.06 to 2 jig/ml, respectively). The MIC90s of
rufloxacin and MF 922 were equal to or lower than those of
ciprofloxacin for all of the strains. The MIC%0 of ofloxacin was
1 dilution lower.
The U. urealyticum isolates were inhibited by erythromycin

at MICs ranging from 0.06 to -256 jig/ml. Of the 160 U.
urealyticum isolates, 26 (16%) were highly resistant to eryth-
romycin (MICs, .256 ,ug/ml). This is in agreement with the
recently increasing frequency of occurrence of erythromycin-
resistant U. urealyticum strains (33, 34). The MICs of minocy-
cline for U. urealyticum were lower than those of erythromycin.
The MICs of ofloxacin were 3 dilutions lower than those of
minocycline and 2 dilutions lower than those of rufloxacin, MF
922, and ciprofloxacin.

Table 2 shows the acceptable MIC ranges of erythromycin,
ofloxacin, ciprofloxacin, and minocycline (26) and the MICs of
rufloxacin, MF 922, ciprofloxacin, ofloxacin, erythromycin, and
minocycline for S. aureus ATCC 29213, E. faecalis ATCC
29212, and E. coli ATCC 25992 when they were tested in our
laboratory in Mueller-Hinton broth (pH 7.2 to 7.4). The MICs
obtained in SP-4 (pH 7.5) and 10-B broth (pH 6.0) are shown
for comparison. SP-4 yielded MICs for S. aureus and E.
faecalis, when they were tested with erythromycin and mino-
cycline, which matched the acceptable MICs for these strains
in Mueller-Hinton broth. In contrast, the MICs of erythromy-
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TABLE 2. Effect of mycoplasmal media on MICs for S. aureus ATCC 29213, E. faecalis ATCC 29212, and E. coli ATCC 25922

MIC (,¢g/ml)
Organism Drug

NCCLS ranget MHb SP-4 10-B

S. aureus ATCC 29213 Rufloxacin NAC 0.5 1 2
MF 922 NA 8 16 16
Ofloxacin 0.12-1 0.25 0.5 2
Ciprofloxacin 0.12-0.5 0.5 1 2
Erythromycin 0.12-0.5 0.12 0.06 2
Minocycline 0.12-0.5 0.25 0.25 0.06

E. faecalis ATCC 29212 Rufloxacin NA 2 8 8
MF 922 NA 8 8 8
Ofloxacin 1-4 2 8 8
Ciprofloxacin 0.25-2 1 4 4
Erythromycin 1-4 2 2 2
Minocycline 2-8 2 2 2

E. coli ATCC 25922 Rufloxacin NA 0.25 0.5 1
MF 922 NA 0.25 0.5 1
Ofloxacin 0.015-0.12 0.03 0.06 0.15
Ciprofloxacin 0.004-0.015 0.008 0.015 0.03
Erythromycin NA NV' NT NT
Minocycline 0.5-2 0.5 0.5 0.5

a Range of acceptable MICs according to the National Committee for Clinical Laboratory Standards (NCCLS) (26).
b MICs obtained in our laboratory in Mueller-Hinton broth.
NA, not available from the National Committee for Clinical Laboratory Standards (26).

d NT, not tested.

cin for S. aureus achieved in 10-B broth differed from those
determined in Mueller-Hinton broth or SP-4 broth, being 2
dilutions higher. Moreover, with the quinolones tested SP-4
and 10-B yielded different MICs for the reference strains.
These MICs were 1 or more dilutions higher than those of
rufloxacin and MF 922 obtained in Mueller-Hinton broth.

Studies comparing the activities of quinolones with those of
erythromycin and other macrolides against M. pneumoniae
have shown that macrolides consistently have the lowest MICs,
often by several dilutions (1, 3, 7, 8, 16, 17, 21, 25, 27, 33, 34).
Fluoroquinolones may have favorable MICs, and some may
perform better than others (3). Therefore, in the ranking of
fluoroquinolones by Kenny and Cartwright (17), ofloxacin and
ciprofloxacin were found to have similar activities against M.
pneumoniae. If we consider this ranking, rufloxacin and MF
922 should have activities similar to those of both of these
quinolones. However, the results obtained in the present study
indicate that ofloxacin is twofold more active than rufloxacin,
MF 922, and ciprofloxacin.

Quinolones are more active than minocycline against M.
hominis, with ofloxacin being more potent than rufloxacin, MF
922, and ciprofloxacin. These results are comparable to those
reported previously by Kenny and colleagues (17, 18). Cipro-
floxacin proved to have an intermediate level of activity,
according to the breakpoint (26).

Unfortunately, few studies have compared the activities of
various antibiotics against M. fermentans (6, 8, 13, 21, 25). In
the present study, M. fernentans was susceptible to minocy-
cline and all quinolones tested.

U. urealyticum showed a variable and somewhat poor degree
of susceptibility to quinolones and in general was less suscep-
tible than M. hominis and M. fermentans to these agents (2, 9,
17, 18, 21, 22, 31, 33, 34). At present, few quinolones can be
considered active; only two of them (sparfloxacin and WIN
57273) have MIC90s of less than 1 ,ug/ml (17, 34). With
reference to the breakpoint MICs (26, 28), our study indicated
that ofloxacin alone may be considered highly active and to

have potential clinical relevance, while rufloxacin, MF 922, and
ciprofloxacin have intermediate activities. Nevertheless, if we
compare rufloxacin with ciprofloxacin, we may say that rufloxa-
cin has greater overall potential, given its superior kinetics in
urine and tissues. The longer period that the rufloxacin con-
centration is greater than the MICs compared with that for
ciprofloxacin and the greater areas under the concentration-
time curve in urine achieved by rufloxacin compared with those
achieved by ciprofloxacin probably compensate, at least in part,
for the moderate degree of potency of rufloxacin in vitro (11,
28, 37). Because of its broad spectrum of activity, rufloxacin
may prove to be an important drug for use in the treatment of
mixed chlamydial, gonorrhoeal, and mycoplasmal genital in-
fections. On this basis, rufloxacin is a potential candidate for
the empiric treatment of sexually transmitted diseases such as
nonspecific urethritis and mucopurulent cervicitis.

Macrolides continue to be the recommended treatment for
mycoplasmal pneumonia, while some reluctance in the rele-
vance of using fluoroquinolones as an alternative treatment for
this pathology has been expressed (3). However, the rufloxacin
concentrations in epithelial lining fluid and alveolar macro-
phages exceed the low breakpoint and the MIC90 for M.
pneumoniae by approximately 7 and 20 times, respectively, 24
h after administration of a single 400-mg dose (35). In view of
its good penetration into respiratory sites, rufloxacin may be
considered a potential new drug for the treatment of M.
pneumoniae pneumonia.

The study was supported by a grant from Mediolanum Farmaceutici,
Milan, Italy.
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