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The in vitro activity of moxifloxacin against Coxiella burnetii was compared to those of pefloxacin, ofloxacin,
and doxycycline. MICs of moxifloxacin ranged from 0.5 to 1 pg/ml for the Nine Mile, Priscilla, and Q212
strains. Moxifloxacin was not bactericidal against C. burnetii at 4 pg/ml.

Coxiella burnetii, a strict intracellular bacterium, is the etio-
logic agent of Q fever (8). Q fever is a worldwide zoonosis and
is endemic in virtually every country in the world except New
Zealand (5). The incidence varies greatly between different
geographical locations but seems to be highest in regions
where there is medical interest in the disease. The disease is
rare in northern Europe but is common in southern Europe,
the United Kingdom, Canada, Japan, and Australia. In south-
ern France, 5 to 8% of endocarditis cases are due to C. burnetii,
and the prevalence of acute Q fever in southeast France is 50
per 100,000 inhabitants (16). In the United States, 20 to 60 Q
fever cases are reported annually, but the true incidence may
be greatly underestimated. The disease may present by acute
manifestations, including a self-limited febrile illness, pneumo-
nitis, or hepatitis. Chronic Q fever is typically an endocarditis.
For acute Q fever, antibiotics with a bacteriostatic activity are
sufficient in order to shorten the duration of the disease.
Chronic Q fever is a severe disease which can relapse despite
years of antibiotic treatment. In this case, bactericidal activity
is required to eradicate C. burnetii infection. Tetracyclines re-
main the first-line antibiotics to treat acute Q fever. Fluoro-
quinolones are effective against C. burnetii in vitro (4, 6, 9, 12,
18) and have been used as an alternative to tetracyclines in vivo
(8). Moxifloxacin is a new fluoroquinolone compound which is
under investigation because of its improved intracellular phar-
macokinetic properties and its good activity against both gram-
positive and gram-negative bacteria (1). In this study we have
evaluated the bacteriostatic and bactericidal activities of this
new fluoroquinolone against three strains of C. burnetii as
compared to the activities of pefloxacin, ofloxacin, and doxy-
cycline.

The Nine Mile isolate, which is the reference isolate for
acute infection was obtained from O. Baca (University of New
Mexico, Albuquerque). The Priscilla (a goat isolate) and Q212
(a human isolate) strains, which are reference strains for
chronic infection, were obtained from T. Hackstadt (Rocky
Mountain Laboratory, Hamilton, Mont.). Strains were cul-
tured in 1.929 murine fibroblast cells (12). The antibiotics used
were moxifloxacin (Bayer AG, Leverkuzen, Germany), oflox-
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acin (Diamant, Puteaux, France), pefloxacin (Rhone Poulenc
Rorer, Paris, France), and doxycycline (Pfizer, Neuilly, France).
The bacteriostatic and bactericidal effects of antibiotics against
C. burnetii were determined using previously described mod-
els (7, 12). Briefly, for the bacteriostatic effect, the activity of
antibiotics was evaluated by their capacity to inhibit C. burnetii
growth in shell vials as compared to a drug-free control leading
to 50% infection of cell monolayers after 6 days of incubation
of cultures. The bactericidal activity was assessed by a quanti-
tative assay (7). L929 cells persistently infected with the Nine
Mile and Q212 C. burnetii strains for 9 months were used
for the quantitative bactericidal assay. Moxifloxacin was added
to the culture medium at 4 wg/ml. Bactericidal activity corre-
sponded to a significant reduction in bacterial titers (using
Student’s ¢ test at the 95% confidence limit) after 24 h of an-
tibiotic exposure as compared to the primary inoculum dose.
All experiments were performed in duplicate and repeated to
confirm results.

Moxifloxacin was not toxic during challenges for 1.929 and
HEL cells at concentrations of up to 4 pg/ml, as determined by
the trypan blue dye exclusion test (7, 12). Results for the MICs
in the two independent experiments were the same. Moxifloxa-
cin was bacteriostatic against C. burnetii, and complete growth
inhibition was obtained at concentrations of 0.5 pg/ml for the
Nine Mile and Priscilla strains and 1 pg/ml for the Q212 strain
(Table 1). No bactericidal activity was demonstrated with 4 pg
of moxifloxacin per ml in this assay; i.e., no significant differ-
ences in bacterial titers between untreated controls and cul-
tures receiving 4 g of moxifloxacin per ml for 24 h were noted.

Moxifloxacin represents a potential therapy for community-
acquired respiratory tract infections (8). Moxifloxacin is a new
fluoroquinolone compound which has been reported to be
more effective than ofloxacin and ciprofloxacin against a wide
range of pathogens, including Streptococcus pneumoniae, Chla-
mydia pneumoniae, Mycoplasma pneumoniae, and Legionella
pneumophila (2, 3, 13-15). The intracellular pharmacokinetic
properties of moxifloxacin are improved compared to those of
the oldest fluoroquinolone compounds (10). In animal models,
the toxicity of moxifloxacin is comparable to that of the less
toxic fluoroquinolones (17). Moxifloxacin appears to have a
lower propensity than other fluoroquinolones for causing pho-
totoxicity, hepatitis, and central nervous system excitatory ef-
fects in humans. The most common adverse effects are gastro-
intestinal disturbances (1). The aim of the present study was to
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TABLE 1. MICs of moxifloxacin, pefloxacin, ofloxacin,
and doxycycline against C. burnetii

MIC (pg/ml)

Strain
Moxifloxacin Ofloxacin Pefloxacin Doxycycline
Nine Mile 0.5 1 1 1
Priscilla 0.5 1 1 1
Q212 1 2 2 2

assess the in vitro antibiotic activity of this new, promising
compound against C. burnetii, which is also an etiologic agent
of community-acquired respiratory tract infections. Moxifloxa-
cin was 2 times more active than pefloxacin and ofloxacin but
was as effective as other fluoroquinolone compounds such as
levofloxacin (9). Fluoroquinolones have been used successfully
to treat patients suffering from acute Q fever (8). In contrast,
in the case of chronic Q fever, a bacteriostatic regimen is not
curative (8). We have found in this study that moxifloxacin was
not bactericidal against C. burnetii at a concentration of 4 pg/
ml, which is in accordance with previous reports for other
fluoroquinolones (7). Recently we have demonstrated that a
combination of doxycycline and the lysosomotropic agent chlo-
roquine was bactericidal against C. burnetii (7, 11).

In conclusion, our results indicate that moxifloxacin pos-
sesses promising in vitro activities against C. burnetii and may
be a safe alternative to tetracyclines in cases of acute Q fever
and that clinical trials are warranted. This enlarges the spec-
trum of activity of this compound for the empirical treatment
of atypical pneumonia. Conversely, the absence of bactericidal
activity of this compound against C. burnetii does not substan-
tiate a therapeutic benefit in using this drug to treat patients
with chronic Q fever.

This work was supported by Bayer Pharma, Puteaux, France.
We acknowledge Guy Vestris for technical assistance.

REFERENCES

1. Balfour, J. A, and L. R. Wiseman. 1999. Moxifloxacin. Drugs 57:363-374.
2. Bebear, C. M., H. Renaudin, A. Boudjadja, and C. Bebear. 1998. In vitro

ol

11.

12.

13.

14.

15.

16.

17.

18.

ANTIMICROB. AGENTS CHEMOTHER.

activity of BAY 12-8039, a new fluoroquinolone against mycoplasmas. Anti-
microb. Agents Chemother. 42:703-704.

. Fass, R. J. 1997. In vitro activity of BAY 12-8039, a new 8-methoxyquino-

lone. Antimicrob. Agents Chemother. 41:1818-1824.

. Gikas, A,, I. Spyridaki, A. Psaroulaki, D. Kofterithis, and Y. Tselentis. 1999.

In vitro susceptibility of Coxiella burnetii to trovafloxacin in comparison with
susceptibilities to pefloxacin, ciprofloxacin, ofloxacin, doxycycline, and clar-
ithromycin. Antimicrob. Agents Chemother. 42:2747-2748.

. Kazar, J. 1993. Q fever is absent from New Zealand. Int. J. Epidemiol. 22:

945-949.

. Keren, G., A. Keysary, R. Goldwasser, and E. Rubinstein. 1994. The inhib-

itory effect of fluoroquinolones on Coxiella burnetii growth in in-vitro sys-
tems. J. Antimicrob. Chemother. 33:1254-1255.

. Maurin, M., A. M. Benoliel, P. Bongrand, and D. Raoult. 1992. Phagolyso-

somal alkalinization and the bactericidal effect of antibiotics: the Coxiella
burnetii paradigm. J. Infect. Dis. 166:1097-1102.

. Maurin, M., and D. Raoult. 1999. Q fever. Clin. Microbiol. Rev. 12:518-553.
. Maurin, M., and D. Raoult. 1997. Bacteriostatic and bactericidal activity of

levofloxacin against Rickettsia rickettsii, Rickettsia conorii, “Israeli spotted
fever group rickettsia” and Coxiella burnetii. J. Antimicrob. Chemother. 39:
725-730.

. Pascual, A., I. Garcia, S. Ballesta, and E. J. Perea. 1999. Uptake and

intracellular activity of moxifloxacin in human neutrophils and tissue-cul-
tured epithelial cells. Antimicrob. Agents Chemother. 43:5-12.

Raoult, D., M. Drancourt, and G. Vestris. 1990. Bactericidal effect of doxy-
cycline associated with lysosomotropic agents on Coxiella burnetii in P388D1
cells. Antimicrob. Agents Chemother. 34:1512-1514.

Raoult, D., H. Torres, and M. Drancourt. 1991. Shell-vial assay: evaluation
of a new technique for determining antibiotic susceptibility, tested in 13
isolates of Couiella burnetii. Antimicrob. Agents Chemother. 35:2070-2077.
Roblin, P. M., A. Kutlin, T. Reznik, and M. R. Hammerschlag. 1999. Activity
of grepafloxacin and other fluoroquinones and newer macrolides against
recent clinical isolates of Chlamydia pneumoniae. Int. J. Antimicrob. Agents
12:181-184.

Schulin, T., C. B. Wennersten, M. J. Ferraro, R. C. J. Moellering, and G. M.
Eliopoulos. 1998. Susceptibilities of Legionella spp. to newer antimicrobials
in vitro. Antimicrob. Agents Chemother. 42:1520-1523.

Soman, A., D. Honeybourne, J. Andrews, G. Jevons, and R. Wise. 1999.
Concentrations of moxifloxacin in serum and pulmonary compartments fol-
lowing a single 400 mg oral dose in patients undergoing fibre-optic bron-
choscopy. J. Antimicrob. Chemother. 44:835-838.

Tissot-Dupont, H., D. Raoult, P. Brouqui, F. Janbon, D. Peyramond, P. J.
Weiller, C. Chicheportiche, M. Nezri, and R. Poirier. 1992. Epidemiologic
features and clinical presentation of acute Q fever in hospitalized patients—
323 French cases. Am. J. Med. 93:427-434.

Von Keutz, E., and G. Schluter. 1999. Preclinical safety evaluation of moxi-
floxacin, a novel fluoroquinolone. J. Antimicrob. Chemother. 43:91-100.
Yeaman, M. R., L. A. Mitscher, and O. G. Baca. 1987. In vitro susceptibility
of Coxiella burnetii to antibiotics, including several quinolones. Antimicrob.
Agents Chemother. 31:1079-1084.



