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The MICs of pristinamycin for genital pathogens were compared with those of ampicillin, tetracycline,
erythromycin, and ciprofloxacin. Pristinamycin was active against all the strains studied. Because of this
activity and its lack of toxicity, pristinamycin might be a valuable therapeutic agent for treating major sexually
transmitted diseases.

Most bacterial sexually transmitted diseases can be effec-
tively treated. However, the emergence and spread of plas-
mid- or chromosomally mediated antimicrobial resistance to
penicillins, tetracyclines, and erythromycins limit the use of
these antibiotics. Since sexually transmitted diseases caused
by different pathogens are frequently concurrent, especially
in women (6), treatment with a single antibiotic with a broad
spectrum of activity against these pathogens would be of
great clinical value. Pristinamycin, a natural antibiotic which
belongs to the family streptogramins and is composed of
several compounds, shares the antimicrobial-activity spectra
of macrolides and lincosamides (2, 8). However, fewer
strains are resistant to pristinamycin (8, 9) than to macro-
lides and lincosamides. This antibiotic has been shown to
have high in vitro activity against gonococci, including
penicillinase-producing strains (11, 13) and mycoplasmas
(10). There are no data available about its activity against
Chlamydia trachomatis and Gardnerella vaginalis. We have
therefore examined the in vitro activities of pristinamycin
against clinical isolates of Neisseria gonorrhoeae, Myco-
plasma hominis, Ureaplasma urealyticum, C. trachomatis,
and G. vaginalis.
A total of 15 penicillinase-producing N. gonorrhoeae, 50

non-penicillinase-producing N. gonorrhoeae, 40 M. hominis,
30 U. urealyticum, 12 C. trachomatis, and 50 G. vaginalis
strains were used. All the strains were isolated from patients
with genital diseases who were attending the Sexually Trans-
mitted Diseases Clinic of the Purpan Hospital of Toulouse
(1986 to 1988). The organisms were stored at -70°C until
use.
The antimicrobial agents used were pristinamycin (Spe-

cia), ampicillin (Bristol Laboratories), tetracycline (Dia-
mant), erythromycin (Abbott Laboratories), and ciproflox-
acin (Bayer).
MIC tests with N. gonorrhoeae and G. vaginalis were

performed by an agar dilution technique with Mueller-
Hinton agar supplemented with 5% horse blood, as de-
scribed previously (7). Twofold serial concentrations from
0.001 to 4 ,g/ml were incorporated into the medium for N.
gonorrhoeae tests; doubling concentrations of 0.004 to 128
,ug/ml were used for G. vaginalis tests. The inocula were
prepared from a 24-h culture on agar medium and diluted to
obtain 105 CFU per spot. After incubation of the inocula for
48 h in 10% CO2 at 37°C, the MIC was determined by
observing the lowest concentration of antibiotic in which
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bacterial growth was inhibited. In each experiment, World
Health Organization N. gonorrhoeae reference strains A, B,
C, D, and E were included; the MICs of tetracycline and
pristinamycin for these strains were similar to those obtained
by Riou et al. with peptone agar (11).
MIC testing of M. hominis was performed by an agar

dilution technique with modified Hayflick medium without
penicillin. Plates containing serial dilutions of antibiotics
(0.06 to 64 ,ug/ml) were inoculated with 104 CFU/ml by using
a multipoint inoculator. The plates were then incubated at
37°C in 5% CO2 for 48 h and read under a stereomicroscope.
The MIC was defined as the lowest concentration of antimi-
crobial agent that inhibited the development of visible
growth on agar plates. In each experiment, two reference
strains, Staphylococcus aureus ATCC 25923 and M. hominis
PG21, were included. The MICs for the S. aureus strain
were established on Mueller-Hinton agar and compared with
those obtained with Hayflick medium. The MIC of tetracy-
cline for strain PG21 was 64 pug/ml.
The MICs for U. urealyticum were determined in micro-

dilution plates (12 by 8 wells). The growth medium was
Shepard broth without penicillin. The plates containing
serial dilutions of antibiotics (0.06 to 64 ,ug/ml) were inocu-
lated with 104 CFU/ml and incubated in 5% CO2 for 48 h.
The MIC was defined as the lowest concentration of antimi-
crobial agent which prevented color change. In each exper-
iment, S. aureus ATCC 25923 and one laboratory strain, U.
urealyticum 2K160, kindly supplied by C. Bonnissol, Institut
Pasteur de Paris, were used as controls. The MICs for the S.
aureus strain were determined on Mueller-Hinton agar and
compared with those obtained with Shepard broth. The MIC
of tetracycline for strain 2K160 was 0.5 p.g/ml.
The MIC for C. trachomatis was determined by a modifi-

cation of a previously described method (12). All the clinical
isolates and a laboratory strain of C. trachomatis (LGV-II
ATCC VR-902) used as a control were passaged extensively
in the laboratory and at least twice in antibiotic-free main-
tenance medium (Eagle minimum essential medium with
10% fetal bovine serum, 1% glutamine, and 5 g ofglucose per
liter). Monolayers of antibiotic-free McCoy cells were grown
in 96-well microdilution plates seeded at a concentration of
2.0 x 105 cells per ml. After 48 h of incubation, the C.
trachomatis strains were each inoculated (250 to 500 inclu-
sion-forming units per well). Monolayers were then centri-
fuged for 60 min at 1,500 x g, aspirated, and overlaid with
appropriate serial dilutions of the antibiotic being tested
(0.03 to 64 ,uglml). All dilutions were made with the above-
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TABLE 1. Comparative activities of pristinamycin
against genital pathogens

Organism Antimicrobial MIC (lLg/ml)'
(no. of isolates) agent Range 50%1 90%

N. gonorrhoeae, Pristinamycin 0.016-0.5 0.06 0.25
non-penicilli- Ampicillin 0.016-1 0.06 0.5
nase produc- Tetracycline 0.125-4 0.5 2
ing (50) Erythromycin 0.03-1 0.125 0.5

Ciprofloxacin 0.002-1 0.004 0.008

N. gonorrhoeae, Pristinamycin 0.03-0.5 0.125 0.5
penicillinase Ampicillin >2 >2 >2
producing (15) Tetracycline 0.5-4 1 2

Erythromycin 0.06-0.5 0.125 0.5
Ciprofloxacin 0.002-1 0.004 0.008

C. trachomatis Pristinamycin 0.5 0.5 0.5
(12) Ampicillin >32 >32 >32

Tetracycline 0.06 0.06 0.06
Erythromycin 0.06-0.125 0.06 0.06
Ciprofloxacin 1 1 1

U. urealyticum Pristinamycin 0.25-2 1 2
(30) Tetracycline 0.25-32 1 4

Erythromycin 0.5-16 2 8
Ciprofloxacin 2-32 4 8

M. hominis (40) Pristinamycin 0.5-2 1 1
Tetracycline 0.25-64 0.5 8
Erythromycin >32 >32 >32
Ciprofloxacin 0.5-2 1 2

G. vaginalis (50) Pristinamycin 0.016-0.125 0.06 0.125
Ampicillin 0.06-1 0.125 0.5
Tetracycline 0.125-128 2 64
Erythromycin 0.008-0.125 0.03 0.06
Ciprofloxacin 0.5-16 1 2

a 50%o and 90%, MIC for 50 and 90% of isolates, respectively.

This possibility was suggested by a study in which 40
patients who were given 500 mg of pristinamycin four times
daily for 2 weeks were cured of nongonococcal urethritis (1).
The tetracyclines and erythromycin are the drugs most
frequently used to treat infections associated with mycoplas-
mas. These compounds are not ideal, because of the spread
of tetM-mediated resistance and (in the case of erythromy-
cin) lack of activity against M. hominis. Pristinamycin with
ciprofloxacin was the only compound used in this series
which demonstrated potentially useful activity against my-
coplasmas. Our results were similar to those reported by
Quentin et al. (10). Furthermore, for mixed infections in-
volving M. hominis (bacterial vaginosis and pelvic inflam-
matory disease), pristinamycin appears very promising. This
antibiotic was reported to show in vitro activity similar to
that of chloramphenicol against anaerobic bacteria (5). It
showed excellent activity against G. vaginalis in our series,
with a MIC for 90% of strains tested of 0.125 ,ug/ml.
Although discrepancies have been found between the in
vitro and in vivo susceptibilities of G. vaginalis, clinical
studies of pristinamycin in bacterial vaginosis appeared
justified.
A number of problems compromise the efficacy of cur-

rently available regimens in the antimicrobial therapy of
bacterial sexually transmitted diseases. These include anti-
microbial resistance, frequent side effects, lack of alternative
regimens for pregnant women or patients with drug allergies,
and ineffectiveness of most regimens against all pathogens in
polymicrobial infections or in simultaneously occurring in-
fections. Pristinamycin is an especially well-tolerated antibi-
otic without toxic side effects (4, 9). The results of our in
vitro study show its broad spectrum of activity against major
genital pathogens. In preliminary trials, the drug appears
effective in the treatment of gonococcal and nongonococcal
urethritis (1); studies of its clinical effectiveness in other
genital tract infections are warranted.

mentioned antibiotic-free maintenance medium containing
0.5 ,ug of cycloheximide per ml. Appropriate antibiotic-free
controls were included on each plate. Cultures were incu-
bated for 48 h at 35°C and then fixed and stained for
enumeration of inclusions by using a fluorescein-conjugated
monoclonal antibody (Ortho Diagnostics, Inc.). The lowest
concentration of each antibiotic which completely inhibited
inclusion formation was defined as the MIC. In each exper-

iment, the reference strain (LGV-II) was included; the MIC
of tetracycline for this strain was 0.06 ,ug/ml.
The MICs of pristinamycin and the other antimicrobial

agents for isolates of N. gonorrhoeae, C. trachomatis, U.
urealyticum, M. hominis, and G. vaginalis are shown in
Table 1. The break point for pristinamycin, calculated on the
basis of standards established by the Comitd Franqais de
l'Antibiogramme (3), is .2 ,ug/ml. All the strains studied
were susceptible, according to this break point. Pristinamy-
cin had a high intrinsic activity against each strain of N.
gonorrhoeae tested. No difference was observed between
penicillinase- and non-penicillinase-producing strains. Our
results are in agreement with those previously reported (11,
13). C. trachomatis (MIC, 0.5 jig/ml) appeared to be less
susceptible to pristinamycin than gonococci. Pristinamycin
was less active than tetracycline and erythromycin against
this organism but more active than ciprofloxacin or ampicil-
lin. These findings confirm the possibility that pristinamycin
could be of benefit in the therapy of chlamydial infections.

LITERATURE CITED
1. Bazex, J., and P. Cantala. 1985. Uretrites a gonocoques, Chla-

mydia et Ureaplasma: efficacitd de la pristinamycine. Infectiol-
ogie 5:32-33.

2. Cocito, C. 1979. Antibiotics of the virginiamycin family, inhib-
itors which contain synergistic components. Microbiol. Rev.
43:145-198.

3. Courvalin, P., F. Goldstein, A. Philippon, and J. Sirot. 1986.
Tableau de catdgorisation clinique du Comitd Francais de
l'Antibiogramme de la Socidt6 Francaise de Microbiologie.
Pathol. Biol. 33:295-296.

4. Frottier, J. 1976. Synergistines. Encycl. Med. Chir. Ther.
3:25010 F10.

5. Laforest, H., M. Fourgeaud, H. Richet, and P. H. Lagrange.
1988. Comparative in vitro activities of pristinamycin, its com-
ponents, and other antimicrobial agents against anaerobic bac-
teria. Antimicrob. Agents Chemother. 32:1094-1096.

6. Lefevre, J. C., S. Averous, R. Bauriaud, C. Blanc, M. A.
Bertrand, and M. B. Lareng. 1988. Lower genital tract infec-
tions in women: comparison of clinical and epidemiologic find-
ings with microbiology. Sex. Transm. Dis. 15:110-113.

7. LefRvre, J. C., E. Gaubert, M. C. Tempesta, and M. B. Lareng.
1988. Surveillance des souches de Neisseria gonorrhoeae
isoldes A Toulouse. Sensibilit6 aux antibiotiques in vitro et
contenus plasmidiques. Pathol. Biol. 36:635-638.

8. Le Goffic, F. 1985. Structure activity relationships in lincosa-
mide and streptogramin antibiotics. J. Antimicrob. Chemother.
16(Suppl. A):13-21.

9. Modai, J. 1985. Comparative evaluation of macrolides, lincosa-
mides, and streptogramins, in staphylococcal infections. J.
Antimicrob. Chemother. 16(Suppl. A):195-197.

10. Quentin, C., P. Cantet, H. Renaudin, and C. Bebear. 1985.

VOL. 33, 1989



2154 NOTES ANTIMICROB. AGENTS CHEMOTHER.

Sensibilite aux antibiotiques des mycoplasmes pathogenes pour
l'homme. Pathol. Biol. 33:205-212.

11. Riou, J. Y., I. Lind, and M. Guibourdenche. 1985. Antibiotic
susceptibility of 83 penicillinase-producing Neisseria gonor-
rhoeae strains isolated in France. J. Antimicrob. Chemother.
16(Suppl. A):209-212.

12. Stamm, W. E., and R. Suchland. 1986. Antimicrobial activity of

U-70138F (paldimycin), roxithromycin (RU 965), and ofloxacin
(ORF 18489) against Chlamydia trachomatis in cell culture.
Antimicrob. Agents Chemother. 30:806-807.

13. Thabaut, A., M. Meyran, and M. Huerre. 1985. In vitro com-
parison of macrolides, lincosamides, and synergistins on Neis-
seria gonorrhoeae. J. Antimicrob. Chemother. 16(Suppl. A):
213-215.


