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Comparative in vitro activity of garenoxacin against Chlamydia spp.
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The in vitro susceptibilities of 33 isolates of Chiamydia trachomatis, Chlamydia pneumoniae and
Chlamydia psittaci to a new quinolone drug, garenoxacin (BMS-284756), in comparison with
levofloxacin, ciprofloxacin, doxycycline, erythromycin and roxithromycin, were determined.
Garenoxacin was the most active of the quinolone drugs tested, with identical MIC and MBC,
which ranged from 0.007 to 0.03 mg/L. The MIC and MBC of the other two quinolones tested, levo-
floxacin and ciprofloxacin, were also identical, ranging from 0.25 to 2 mg/L. The MICs and MBCs
of doxycycline, erythromycin and roxithromycin were also determined.

Introduction

Members of the genus Chlamydia are obligate intracellular
parasites that play an important role in both human and animal
diseases! Chlamydia trachomaus causes human genito-
urinary tract infections and is associated with neonatal con-
junctivitis and pneumoniis. Chlamydia psittaci strains are
related 1o human respiratory tract infections acquired from
infected antmals Chlamydia pneumoniae 1s a relatively new
species, which causes respiratory tract infections in humans.
Chiamydia pecorum strains are 1solated from ruminaats.
Althoughtetracyclines and macrolides were recommended as
first-line drugs for the treatment of chlarnydial infections in
humans, the development of effective antimicrobial agents
for the reatment of chlamydial infections ts very important, tn
order to prevent the frequent recurrence of these wnfections
The new fluoroquinolones have potent (n vitro activity against
a broad range of atypical respiratory pathogens, including
Legronella, Chlaniydia species® and Mycoplasma pneumo-
niae ' Ia the present study, we tested the activity of a new
quinolone. garcnoxacin (BMS-284756), against C. tracho-
mates, C.opsittact and C prcwnond e SLANS 10 COMPAson
with the gquinolone diugs levotloxacin and ciprofloxacin. and
with doxycycline, crythtomycnt and ;‘oxx(hromyc1n
Guatenoxacin v a dey F(6) quinolone (lacking the 6-
position tluotine typical of cxisting tluaroquinolones) with i
Broad ranve of antibactend activay agatast Gram negatnve

and Gram postiine pathoncns mcduding certan quinolone

resistant strains.? This des-F(6) quinolone exhibits activity
against respiratory pathogens and could be a therapeutic
option for empirical treatment of respiratocy tract infections.
The high intrinsic in vitro activity against fastidious and
atypical microbial species such as mycoplasmas? or urea-
plasmas, Legionella spp., Helicobacter pylori’ Borrelia
burgdorferi, C. trachomatis and C. pneumoniae strains and
gonococci,® supports its use for the treatment of community
and nosocomial infections

Garenoxacin has the same mechanism of action against
DNA topoisomerases as other quinolones but has a stronger
level of potency ® [n fact, its antibacterial activity and spec-
trum compared with five quinoloaes (trovafloxacia, moxi-
floxacin, levofloxacin, ofioxacin and crprofloxacin) was found
to be high against a significant number of Grami-positive and
Gram-negative, aerobic and anacrobic bacteria ®

Materials and methods

Bacicerial strains and growth conditions

A total aumber ot 33 Clilamydia 1solates were tested 10
C. tnachomatrs ssolates thiee C prresrnomac solates and
20 C psitraciisolates lsolates of C trachomats 1ncluded tive
typed stratas (serovars D E H, Fand LGV 2) and five untyped
clinical 1solates iecenty wolated trom wretheal <wabs of male
paticnts with noun-gonacoccal wethrius € prettnonac
1nolates comprised onc recentivolate fron ftaly and two tefer

ence sobates 100207 tarremally malated i 1967 1 Landoa
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from an lraman child with trachoma) and CM-1 (a clinical
1solate from the Centers for Disease Coantrol and Prevention,
Audanta, GA, USA. ATCC VR -1360) serologically ideatical
by the micro-immunofluorescence test to the reference isolate
TWI83 (ATCC VR-2282). The 20 isolates of C. psitraci
studied included eight reference strains and 12 isolates from
infected animals in [taly (provided by Dr Magnino, Diag-
nostic Sectian, Zooprophylactic lastitute, Pavia, laly). The
eight ceference strains were represented by the avian (para-
keet) strain 6BC (USA). the ovine (lamb) strain A22 (Scot-
land), the ovine strains W73, §26/3 and P787 (Scotland). the
caprine aboction strain Krauss 15 (Scotlaad), the feline pneu-
moaitis strain FePn-145 (USA) and the mentagopneumonitis
strain MePn-343 (ferret, USA). Susceptibility testing of the
33 chlamydial isolates tested was performed in LLC-MK?2
cells (a continuous cell line derived from Rhesus moakey
kidney tissue) grown in 24-well plates containiag a glass
coverslip (diameter, 12 mm) at the bottom. The cell growth
medium was Eagle's minimum essential medium (EMEM)
supplemented with 10% heat inactivated fetal calf serum
(FCS), 10 mg/L gentamicin, 10 mg/L. vancomycin and con-
taining 2 mM glutamine and 1.7 mg/L. glucose.

Antimicrobial drugs and sensitivity assays

The antimicrobial drugs were provided as powders and solu-
bilized according to the instructions of the manufacturers.
Garenoxacin was supplied by Bristol-Myers Squibb (Syra-
cuse, NY, USA), levofloxacin was purchased from Ortho-
McNeil Pharmaceutical (Mt Prospect, 1L, USA). cipro-
floxacin was supplied by Bayer (West Haven, CT, USA), and
doxycycline. roxithromycin and erythromycin were pur-
chased from Sigma (Milan, ltaly) Each of the 24-well plates
was inoculated with an 1noculum of chlamydiae that yielded
5 x 10" inclusion forming units (ifu) per mullilitre and centri-

fuged at 1700g foc { h The medium was then removed and
replaced with EMEM supplemented with (0% FCS, glucose
(5 mg/L), cycloheximide (1 mg/L) and serial twa-fold dily-
tions of each antibiotic. All tests were run in triplicate. After
incubation at 35°C ford8 h, cultures were fixed with methanol
and stained for inclusions with a fluocescein-conjugated
monoclonal antibody specific for the chlamydial lipopoly-
saccharide genus-specific antigen.” The MIC was the lowest
conceatration preventing >90% chlamydial inclusion detec-
tion compared with the deug-frce control. The minimal bac-
tericidal coacentration (MBC) was determined by aspirating
the antibiotic-containing medium, washing wells twice with
phosphate-buffered saline, adding antimicrobial-free medium
and re-incubating the plates for 48 h at 35°C. Cells were then
fixed and stained as described above. The MBC was the
lowest antibiotic concentration resulting in >90% reduction
of inclusions.

Results

The MICs and MBCs for C. trachomatis and C. psittaci are
showa w Table 1. The MICs and MBCs for C. preumoniae
are shown in Table 2. Both the MICs and MBCs of garen
oxacin for the 33 Chlamydia isolates ranged between 0.007
and 0.03 mg/L. The MIC values of levofloxacin and cipro-
floxacin were the same as the MBCs, ranging between
0.25and { mg/L. and between | and 2 mg/L, respectively. The
MICs of doxycycline ranged between 0.03 and 0.06 mg/L.
and the MBCs ranged between 0.06 and 0.125 mgA.. The
range of MICs of erythromycin was between 0.125 and
1 mg/L. and MBCs ranged from Q 25 10 2 mg/L.. The MICs of
roxithromycin ranged between 0.06 and 0.25 mg/L and the
MBCs between0.125and 0.5 mg/L..

Table 1. MICs (mg/L) and MBCs (mg/L) of garenoxacin and other antimicrobials for 30 isolates of C. trachomats and C. psitiacy

No.of

Agent Organism isolates MIC range
Garenoxacin C. irachomats 10 0007-003

C psittaci 20 0007-003
Levofloxacin C 1nachomaris 10 0.25-1

C. psittact 20 02505
Ciprotloxacun C rrachomatis 10 -2

C psittaca 20 -2
Doxycycline Cteac humatis ] 003006

C puttac 20 003-006
Erythromycin C trachoatin 10 01251

C pattace 20 0125025
Raxtheomycin C vadliouann 10 0125-025

C patiaca 20 006-0 25

MIC,,  MIC,,  MBCrange  MBC, MBC,
0015 0.03 0007-003 0015 003
0015 0.03 0007-003 0015  00°
05 0.5 025-1 05 i

0.5 0.5 02505 05 0.5

2 2 (-2 2 2

! 2 1-2 1 2
0.03 006 006-0.123 006 0125
003 0.06 006-0 125 006 0175
05 i 025-2 ! 2

05 03 025-1 1 i
032s 0725 025-05 s 05
0125 05 0 125-05 a2 0
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Ciprofloxacin Doxycycline Erythcomycin Roxl(hromy;ir;
[solates MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
FB ~go1s o0o0ls 1 1 2 006 0125 025 05 0125 025
CM-1 0015 0015 { 1 l 006 0125 025 a.5 0.125 0.25
OL-207 0.007 0.007 05 05 2 0.06 0.125 0.25 0.5 G.125 0.2s
Discussion

Chlamydia spp. are human pathogens that cause respiratory
and genital tract infections worldwide. Tetracycline and
macrolides have been used frequently for the treatment of
chlamydial infoctions. Receatly, quinolones have attracted
interest for their potential use in the therapy of respiratory
infections. {n vitro studies have also demonstrated that some
fluoroquinolones are active against chlamydial species.?

In this study, the activity of the new quinolone, garen-
oxacin, has been tested in vitro against Chlamydia spp. in
comparison with other quinolones, and with doxycycline and
the macrolide drugs, erythromycin and roxithromycin.

Garenoxacin was the most active of the quinolone drugs
tested, with MICs and MBCs ranging from0.007 t0 0.03 mg/L.
The concentration of garenoxacin at which 90% of the iso-
lates were inhibited and killed was 0.03 mg/L for C. tracho-
matis and C. psittaci isolates The MICs and the MBCs of
garenoxacin ranged from 0.007 to 0.015 mg/L for the three
C. pneumoniae isolates. The MICs and MBCs of garenoxacin
were consistent from species to species and from strain to
strain. These results are very similar to those reported recently
by Malay et al® who tested five strains of C. trachomatis
(MICs and MBCs of 0.015 mg/L) and 20 recent clinical 1so-
lates of C. preurmoniae (MICq and MBCyq 0 0.015 mg/L).

The finding that for the 33 chlamydial 1solates studied the
MICs of garenoxacin. levofloxacin and ciprofloxacin were
the same as the MBCs confirms previous observations that
qutnalones, at concentrations equivalent to their MICs, seem
to kill chlamydial strains *'* Qur MIC data were also similar
to a previous finding.'® Malay er al® reported that garen-
oxacin was the most active quinolone against C. pneumoniae
and C. trachomaus isolates tested. Ouc data confirm those
results In addition. our data also demonstrated that gaien-
oxactn was the most active quinolone agaast C psiaci,
therefore demonstuating that garcnoxacin is the most active
quinolonc tested thus far agamst chlamydiac

Finally, 1t 1s noteworthy that i this study there was no
significant  vartation v antinucrobral scasitivaty  among
Stratns trom the vanious chlamiydial species and several

passages of the chlamydial strains in cell culture did not
modify their sensitivity to antimicrobial drugs.
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