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INTRODUCTION

In the first minireview (66) we considered the activity in
vitro, pharmacokinetic properties, and efficacy of fluoroqui-
nolones for the treatment of urinary tract infections and
prostatitis. In this minireview we review the role of fluoro-
quinolones in the treatment of genital infections and summa-
rize the adverse effects of these agents when used for the
treatment of genitourinary tract infections.

CLINICAL EFFICACY IN
GENITAL TRACT INFECTIONS

Gonorrhea. Neisseria gonorrhoeae strains are exquisitely
susceptible to the newer fluoroquinolones (66), and potency
in vitro has been translated into efficacy in vivo at least with
uncomplicated gonococcal infections. In seven randomized
studies comparing single doses of fluoroquinolones with
single doses of ampicillin, amoxicillin, or penicillin in com-
bination with probenecid or of ceftriaxone or spectinomycin
alone for the therapy of uncomplicated gonorrhea (Table 1),
eradication rates with the fluoroquinolones were comparable
to those with the comparison regimen and ranged from 94 to
100% for both urethritis and cervicitis. In an additional
nonrandomized study (15), norfloxacin (two 600-mg doses
given 4 h apart) cured all 59 patients with gonococcal
urethritis and was comparable to spectinomycin.

Other open or comparative studies with single doses of
norfloxacin (800 mg) (9, 44), ciprofloxacin (100 to 500 mg)
(30, 48, 56), ofloxacin (200 to 600 mg) (3, 14, 33, 42),
enoxacin (200 to 600 mg) (4, 38, 50, 55, 60), or fleroxacin (400
mg) (8) confirmed the efficacy of fluoroquinolones in the
treatment of uncomplicated gonorrhea. Treatment failures
for gonococcal urethritis or cervicitis have been rare with
these agents, except for patients treated with lower doses of
enoxacin. In only one instance was failure associated with
the isolation of a resistant (64-fold increase in the MIC to 2
wg/ml) strain of N. gonorrhoeae identical to the susceptible
pretherapy isolate in serovar and lectin groups and auxotype
(60).

Single doses of fluoroquinolones were effective in eradi-
cating rectal (173 of 174 cases [99%]) and pharyngeal (37 of
41 cases [90%)]) infections in both comparative (Table 1) and
open (4, 8, 30, 44, 55, 60) studies. In the comparative studies,
rectal and pharyngeal infections were eradicated in 80 to
100% of patients given fluoroquinolones, in contrast to 16 to
33% of patients given ampicillin plus probenecid.

Infections caused by penicillinase-producing N. gonor-
rhoeae strains (3, 4, 9, 11, 15, 27, 30, 38, 39, 46, 48, 50, S5,
56, 60) and strains with chromosomally mediated resistance
to penicillin (11) responded similarly to those caused by
penicillin-susceptible strains.

* Corresponding author.

1662

Treatment of complicated or disseminated gonococcal
infections with fluoroquinolones has been reported uncom-
monly. A single case of gonococcal salpingitis (31) and two
cases of gonococcal septic arthritis (41) all responded to
ciprofloxacin given for 7 or 10 days, respectively.

Chlamydia trachomatis infections. None of the currently
available antimicrobial agents, including fluoroquinolones, is
effective as a single dose in eradicating C. trachomatis
genital infections, which most often occur as the syndrome
of nongonococcal urethritis (NGU) or mucopurulent cervi-
citis. Studies which used single doses of norfloxacin (44),
ciprofloxacin (30, 43, 48), ofloxacin (6, 42), enoxacin (55, 60),
or fleroxacin (29) for the treatment of gonorrhea uniformly
reported the substantial persistence of C. trachomatis or the
development of postgonococcal urethritis (3, 9, 38, 46, 56),
which is often caused by C. trachomatis.

When given for 7 to 10 days, however, some fluoroquino-
lones had efficacy in eradicating C. trachomatis from genital
sites (Table 2). Norfloxacin (10) and ciprofloxacin (17) had
little or limited efficacy in patients with NGU, and ciproflox-
acin was significantly less effective than doxycycline, the
current preferred agent, in one comparative study (17). In
contrast, ofloxacin or fleroxacin produced high rates of
eradication of C. trachomatis (Table 2), and ofloxacin was
comparable to doxycycline in one study (19).

In seven of eight patients (88%) with acute epididymitis
associated with the isolation of C. trachomatis from the
urethra, ofloxacin (200 mg twice daily for 14 days) (63)
eradicated the organism, but the local painful swelling re-
sponded slowly, persisting in two men for 12 weeks.

C. trachomatis and N. gonorrhoeae may coexist at genital
sites in substantial numbers of infected heterosexual pa-
tients, and resistance in up to 15% of N. gonorrhoeae strains
may limit the use of tetracycline in the treatment of such
concurrent infections (52). Thus, ofloxacin and fleroxacin
offer the prospect of effective single-agent therapy of these
commonly coexisting pathogens.

NGU caused by agents other than C. trachomatis. Fluoro-
quinolones have limited activity in vitro against Ureaplasma
urealyticum and Mycoplasma hominis (67), other pathogens
that have been implicated in the NGU syndrome. In a
substantial number of cases of NGU no pathogen is identi-
fied.

U. urealyticum was eradicated from the urethra of 17 of 27
men (63%) with NGU given norfloxacin for 10 days, and in
15 of these men (56%) all symptoms resolved (10). In the
only comparative study (17), ciprofloxacin given in high
doses (750 mg twice daily) for 7 days eradicated U. urealyti-
cum from 9 of 13 patients (69%) and was somewhat more
effective than doxycycline, which eradicated the organism
from 9 of 20 patients (45%) (P = 0.12) (17). Data on the
response of M. hominis genital infections to fluoroquino-
lones are not available, but a patient with an M. hominis
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TABLE 1. Randomized comparative studies of single doses of quinolones in the treatment of gonorrhea
No. cured/total no. treated (%) for the following site of infection:
Reference Agent Dose (mg)
. Urethra Cervix Rectum Pharynx
27 Norfloxacin 800 26/27 (96) 18/19 (95) 8/8 (100) 2/2 (100)
Ampicillin + probenecid 3,500 + 1,000 34/36 (94) 20/20 (100) 7/8 (88) 1/3 (33)
39 Norfloxacin 800 142/142 (100) 97/97 (100) 49/49 (100)
Spectinomycin 2,000¢ 144/145 (99) 97/98 (98) 43/43 (100)
43 Ciprofloxacin 250 49/49 (100) 4/5 (80) 1/1 (100)
Ampicillin + probenecid 3,500 + 1,000 47/51 (92) 1/1 (100) 1/6 17)
46 Ciprofloxacin 250 31/34 (91) 3/3 (100) 4/5 (80)
Ampicillin + probenecid 2,000 + 1,000 37/40 (93) 3/3 (100) 1/3 (33)
6 Ofloxacin 400 48/48 (100) 50/50 (100) 13/13 (100) 7/8 (88)
Amoxicillin + probenecid 3,000 + 1,000 52/54 (96) 43/44 (98) 17/17 (100) 7/8 (88)
11 Enoxacin 400 40/40 (100)
Ceftriaxone 250 40/40 (100)
29 Fleroxacin 400 39/39 (100)
Penicillin G + probenecid 2.4% + 1,000 39/39 (100)

4 Given intramuscularly.
4 Million units given intramuscularly.

infection of a prosthetic joint responded to ciprofloxacin
(51). Patients with NGU and negative cultures for C. tracho-
matis and U. urealyticum had similar clinical responses to
norfloxacin (10), ciprofloxacin (17), and doxycycline (17) (61
to 69%). Men with chlamydia-culture-negative urethritis (U.
urealyticum cultures were not done) responded similarly to
ofloxacin (58%) (36). Additional comparative studies are
needed.

PID: The isolation of N. gonorrhoeae or C. trachomatis
from the cervix of a woman with suspected pelvic inflam-
matory disease (PID) is highly predictive of a confirmation of
clinically diagnosed salpingitis if there is a subsequent lapa-
roscopy (52). Other organisms, such as M. hominis and
enteric and anaerobic bacteria, also play a role in some cases
of PID.

A single case of successful treatment of gonococcal sal-
pingitis with ciprofloxacin was reported (31). High doses of
ciprofloxacin (1 g twice daily) given for 5 to 11 days (21)
produced clinical cures in 16 of 21 patients (76%) with
salpingitis of uncertain etiology (negative cervical cultures

TABLE 2. Use of fluoroquinolones in the treatment of
C. trachomatis genital infections

No. cured/total no. treated

Refer- Daily  Dura- (%) for the following
ence Agent dose® tion site of infection:
(mg)  (days)
Urethra Cervix
10 Norfloxacin 800 10 4/25 (16)
17  Ciprofloxacin 1,500 7 1022 (46)°
Doxycycline 200 7 15/20 (75)*
19 Ofloxacin 400 9 11/11 (100) 9/10 (90)
Doxycycline 200° 10 12/12 (100) 7/7 (100)
5 Ofloxacin 400 S 18/20 (90)
36  Ofloxacin 400 7 11/11 (100)¢  17/17 (100)
42 Ofloxacin 400 7 27/27 (100)¢  32/32 (100)¢
40  Fleroxacin 800 7 10/10 (100)
800° 7 5/5 (100)
400° 7 5/5 (100)
¢ Divided twice daily unless otherwise indicated.
b p=0.04.

€ Given as a single daily dose.

4 Of an additional 19 men with NGU and negative C. trachomatis cultures,
all had resolution of their symptoms after the completion of ofloxacin therapy.

¢ Eight patients had additional follow-up chlamydial antigen tests, all of
which were negative.

for N. gonorrhoeae and no chlamydial cultures) diagnosed
by laparoscopy or on clinical grounds. The lack of activity of
many fluoroquinolones against anaerobes in vitro and chla-
mydiae in vivo suggests that the current group of these
agents will have limited use for many cases of PID if used
alone. Other fluoroquinolones, such as tosufloxacin (16) and
PD 127,391 (65), with enhanced activity against anaerobes
and chlamydiae, however, offer the prospect of a future role
for these agents in the therapy of PID.

Chancroid. Fluoroquinolones are potent in vitro against
Haemophilus ducreyi, the agent of chancroid (66). The
genital ulcers and inguinal adenopathy of chancroid re-
sponded to therapy with ciprofloxacin (7, 35, 57) and enox-
acin (32, 34) (Table 3). In the only double-blind comparative
study (35), ciprofloxacin given at 500 mg twice daily for 3
days or as a single dose eradicated H. ducreyi (93 to 95%) at
rates similar to those for trimethoprim-sulfamethoxazole
(TMP-SMX) given for 3 days. Failure of the ulcers to heal by
21 days and the necessity to aspirate buboes occurred only in
the groups given TMP-SMX or a single dose of ciprofloxa-
cin. In two other open studies of ciprofloxacin therapy of
chancroid with one or two 500-mg doses (7, 57), bacterio-
logic efficacy was high (98 to 100%) (7), and ulcer healing
occurred in 87 to 96% of patients. Six patients with persisting
ulcers subsequently responded to ceftriaxone (250 mg given
intramuscularly) (7). In a randomized trial of 169 men with
chancroid, enoxacin (400 mg every 12 h for 1.5 days) was
comparable to a single dose of TMP-SMX in healing (81 to
89%) and sterilization (91 to 93%) of the genital ulcers (34).
Buboes responded equivalently to each regimen. A longer
course of enoxacin (400 mg twice daily for 7 to 12 days)
resulted in healing of chancroidal ulcers in seven of seven
men (32). Thus, ciprofloxacin and possibly enoxacin may be
useful alternatives for the treatment of chancroid, particu-
larly in areas in which resistance to ampicillin, sulfonamides,
and tetracycline is common.

Syphilis. Lesions developing after intradermal or intrates-
ticular inoculation of rabbits with Treponema pallidum ap-
peared to be unaffected by high doses of ofloxacin (58, 61).
Although no data are available for humans, it seems unlikely
that the fluoroquinolones will be active against incubating
syphilis.

Bacterial vaginosis. The etiology of bacterial vaginosis
remains uncertain, but current understanding suggests a role
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TABLE 3. Treatment of chancroid with fluoroquinolones

No. with the following response/no. of patients treated (%):

Reference Agent Dall()r'ng;)se D(l:;:;'s‘;n Bacteriologic response Clinical response®

Eradication Persistence Recurrence Ulcer healing Bubo healing

35 Ciprofloxacin 1,000 3 40/43 (93) 0/43 (0) 3/43 (7) 13/16° (81) 9/9 (100)
5007 41/44 (93) 2/44 (5) 1/44 (2) 13/16° (81) 10/12 (83Y
TMP-SMX 320/1,600 3 41/45 (91) 2/45 (4) 2/4S (4) 12/178 (71) 11/12 (93
7 Ciprofloxacin 1,000 1 44/44 (100) 0/44 (0) 0/44 (0) 89/92" (97) 35/38 (92
5007 43/43 (100) 0/43 (0) 0/43 (0) 85/88 (97) 20/20 (100)

57 Ciprofloxacin 5004 — 21/24% (88) —!

34 Enoxacin 800 1.5™ 72/77 (93) 5177 (6) 0/77 (0) 41/73 (56) 20/23 (87)

TMP-SMX 320/1,600¢ 67/74 (91) 7/74 (9) 0/74 (0) 31/70 (44) 18/22 (82)

32 Enoxacin 800 7-12 7/7 (100) 0/7 (0) 0/7 (0) 7/7 (100) 3/4 (75)"

¢ Divided twice daily unless otherwise indicated.

® Cumulative clinical responses as assessed at 28 (34), 21 (35), 20 (57), 14 (7), and 12 (32) days after entry in the respective studies.

€ One relapse and two reinfections.

4 Given as a single dose.

¢ Two failures and one relapse.

£ Unresolved buboes required aspiration for complete healing.
# Three failures and two reinfections.

% One of 44 ulcers with positive H. ducreyi cultures and 2 of 48 ulcers with negative cultures failed to heal. All three failures responded to ceftriaxone (250 mg)

given as a single intramuscular dose.

f Three of 45 ulcers with negative H. ducreyi cultures failed to heal; failures responded to ceftriaxone.

7 All 25 patients had initial cultures positive for H. ducreyi, but follow-up culturing was not done.

X Three patients did not complete follow-up, but each had reduced ulcer sizes at follow-up at 4 or 7 days.

! All buboes were said to have returned to normal by day 7, but the number of patients with buboes was not given.

™ Three 400-mg doses.

" One bubo persisting at day 7 resolved with an increase in the enoxacin dose to 600 mg twice daily for an additional 5 days.

for bacterial overgrowth in which a variety of bacteria,
including Gardnerella vaginalis, Mobiluncus spp., and
anaerobes, replace lactobacilli in the vagina (52). Norflox-
acin, ciprofloxacin, and ofloxacin have relatively poor activ-
ity against these overgrowing organisms (66).

In a single open study (13) of 22 women with bacterial
vaginosis given ciprofloxacin (500 mg twice daily for 7 days),
clinical cure occurred in 77% of patients and improvement
occurred in an additional 18%. Responses to metronidazole,
the current agent of choice for bacterial vaginosis, were
similar in other studies (52). Comparative studies with larger
numbers of patients are needed.

Miscellaneous genital infections. A single case of Salmo-
nella hadar epididymo-orchitis relapse after prolonged
courses of ampicillin and TMP-SMX was cured with cipro-
floxacin (1 g daily) given for 28 days (37). Ofloxacin (200 mg
twice daily) given for 14 days (63) was used to treat seven
older patients with urologic infections and with acute epi-
didymitis associated with Escherichia coli (six patients) and
Pseudomonas aeruginosa (one patient) bacteriuria. Al-
though bacteriuria was eradicated in all patients, local pain-
ful swelling persisted in six (86%) at the completion of
therapy. Five additional patients with acute epididymitis and
negative cultures had a similarly limited clinical response.
Additional studies are needed.

ADVERSE EFFECTS

Frequency of clinical adverse effects. Because of the high
concentrations of many fluoroquinolones achieved in urine,
the doses used to treat urinary tract infections have been
generally lower than the doses used to treat many infections
outside the urinary tract. In addition, single doses have been
used in many studies of genital infections. A lower frequency
of adverse effects might be expected in such studies than in
those with higher doses, more prolonged therapy, or both.
This supposition is supported by a comparison of the ad-

verse effects in studies of genitourinary infections (Table 4)
with the adverse effects in studies of infections at other sites
(24). Excluding studies with norfloxacin, which seldom
varied in dose and were limited predominantly to infections
of the genitourinary tract, clinical adverse effects occurred in
245 (6.5%) of 3,769 patients with genitourinary tract infec-
tions and 238 (10.5%) of 2,269 patients with other infections
(P < 0.001; x?). A similar analysis of ciprofloxacin studies
also showed a highly significant difference (data not shown).

In a separate analysis of the data from genitourinary tract
infections, clinical adverse effects were reported in 67 (3.3%)
of 2,038 patients given single doses of fluoroquinolones and

TABLE 4. Adverse effects of fluoroquinolones in studies of the
treatment of genitourinary tract infections

No. (%) of the following adverse experience:

Drug and type No. of Central .
a ient Gastro- Skin or
of study patients Total intestinal ~ MeTYOus allergic
system
Norfloxacin
UTI 2,869 410 (14.3) 108 (3.8) 59 (2.1) 13(0.5)
STD 676 49 (7.2) 25@3.7) 24(3.6) 0 (0.0)
Ciprofloxacin
UTI 1,040 78(7.5) 39(3.8) 28(2.7) 11(1.1)
STD 708 37(.2) 26(3.7) 10Q1.9 1(0.1)
Ofloxacin
UTI 290 7.4 2.7 20.7 3(1.0)
STD 534 15(2.8) 7@1.3) 7@.3) 1(0.2)
Enoxacin
UTI 174 43 (24.7) 22 (12.6) 20(11.5) 2(1.2)
STD 636 23 (3.6) 71.1) 2(0.3) 10.2)
Pefloxacin, UTI 104 27 (26.0) 17 (16.4) S (4.8) 54.8)
Fleroxacin
UTI 29 2(6.9 134 1(3.4) 0(0.0)
STD 8 12(14.00 3(3.5 6(.0 33.5)

4 UTI, Urinary tract infections; STD, sexually transmitted diseases.
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TABLE 5. Adverse effects of fluoroquinolones in comparison with other agents or placebo in double-blind studies of the
treatment of genitourinary tract infections®

No. of patients with

No. of patients with

. Daily dose? Duration Comparative Daily dose” Duration
Reference Quinolone (¥11g) (days) advi:::t:gi(;tbs)/no. al;ent (zl'ng) (days) adv(tz:::t:ge(%s)/no.
49 NFX 800 168 5/8 (62) Placebo 84 0/7 (0)°
59 NFX 800 7 125/330 (37.9)¢ TMP-SMX 320/1,600 7 105/216 (48.6)%¢
400 7 96/328 (29.2)¢
17 CFX 1,500 7 14/87 (16) DOXY 200 7 19/83 (23)
35 CFX 1,000 3 2/47 (4.2) TMP-SMX 320/1,600 3 0/46 (0)
22 CFX 500 10 3/31 (10)# TMP-SMX 320/1,600 10 10/34 (29)%
1 CFX 500 7 1/22 (4.6)" TMP-SMX 320/1,600 7 6/23 (26)"
43 CFX 250° 2/49 (4.1) AMP + PBN 3,500 + 1,000 3/51 (5.9)
28 OFX 200 7 2/30 (7) CFX 500 7 2/31 (6)

2 Unless otherwise indicated, urinary tract infections were studied. NFX, norfloxacin; CFX, ciprofloxacin; DOXY, doxycycline; AMP + PBN, ampicillin plus

probenecid; OFX, ofloxacin.
b Divided twice daily unless otherwise indicated.

< All patients received norfloxacin for 84 days; those remaining in the study were then randomized to receive either norfloxacin or placebo for a subsequent
84 days. Adverse effects occurring during the second 84-day period differed significantly (P = 0.018; Fisher exact test).

4P =0.017; .

€ P <0.001; x2

f Sexually transmitted diseases were studied.
£ P = 0.04; Fisher exact test.

h P = 0.054; Fisher exact test.

f Single dose.

in 607 (10.6%) of 5,723 patients given more than one dose (P
< 0.001; x?). Differences in the groups of patients compared
in addition to dose and duration of therapy might also have
contributed to the different frequencies of adverse effects. In
a large double-blind, randomized study adverse effects were
significantly fewer with norfloxacin given in a dose of 200 mg
twice daily than with norfloxacin given in a dose of 400 mg
twice daily (59) (Table 5), and in another double-blind study
(26) significantly fewer central nervous system adverse re-
actions occurred among patients given norfloxacin (400 mg
twice daily) for 3 days as compared with 7 days.

Total clinical adverse effects in studies of treatment of
genitourinary tract infections with fluoroquinolones ranged
from 2.4 to 26% (Table 4). These values can vary depending
on the characteristics of the patient population studied and
the method of ascertainment. In most double-blind, random-
ized, comparative studies adverse effects were equivalent
(17, 22, 35, 43) or significantly fewer (1, 59) in the fluoroqui-
nolone group in comparison with TMP-SMX or doxycycline
(Table 5); ofloxacin and ciprofloxacin also had equivalent
side effects in one small study (28). In another double-blind
study (49) norfloxacin given for 12 weeks had significantly
more side effects than did placebo.

Types of clinical adverse effects. The types of clinical
adverse effects (Table 4) were similar to those previously
described (23) and were most frequently related to the
gastrointestinal tract (nausea, vomiting, abdominal discom-
fort, diarrhea) or central nervous system (headache, dizzi-
ness, sleep disturbance). In two studies, five patients had
seizures while receiving enoxacin (18, 25). Rashes were
uncommon. Candidal vaginitis following fluoroquinolone
therapy was reported in several studies (20, 25, 49, 50, 53).

Laboratory adverse effects. Laboratory abnormalities were
reported in 103 (2.2%) of 4,681 patients treated with fluoro-
quinolones for genitourinary tract infections overall and
were usually mild, rarely requiring the cessation of therapy.
These abnormalities were most commonly hematologic
(transient leukopenia or eosinophilia in 1.2%) or hepatic
(transient elevations of transaminases in 0.85%). Elevations
in serum creatinine were uncommon (0.11%). Crystalluria
has been seen rarely in patients given norfloxacin (45, 54, 62)

and ciprofloxacin (2, 12, 47) and has not been associated with
elevations in serum creatinine.

Drug-drug interactions. Magnesium- and aluminum-con-
taining antacids or sucralfate given concurrently interfere
with the absorption of orally administered fluoroquinolones,
but histamine receptor antagonists do not. The elimination of
theophylline and caffeine is slowed by enoxacin and cipro-
floxacin, but little or no effect occurs with norfloxacin and
ofloxacin. Fenbufen, a nonsteroidal anti-inflammatory agent,
may potentiate the central nervous system toxicities of
enoxacin (24, 64, 67).

Contraindications. Patients with a history of allergic reac-
tions to fluoroquinolones or older agents such as nalidixic
acid should not be given fluoroquinolones. Pregnancy should
be excluded in women treated with fluoroquinolones be-
cause of fetal skeletal abnormalities and wastage seen in
animals given high doses. Children whose skeletal growth is
incomplete should also not routinely receive fluoroquino-
lones because of cartilage erosions that developed in the
weight-bearing joints of juvenile animals given these agents.
Joint toxicities have, however, been rare in the small num-
bers of children reported to have received nalidixic acid or
ciprofloxacin (24, 67).

CONCLUSIONS

For the treatment of uncomplicated cystitis, fluoroquino-
lones have proved equal in efficacy to TMP-SMX and equal
or superior in efficacy to other agents and thus offer alterna-
tives for the therapy of patients unable to receive a drug of
choice. For the treatment of uncomplicated pyelonephritis,
comparative trials are few but suggest efficacy similar to that
of TMP-SMX. For complicated urinary tract infections,
fluoroquinolones have also proved equal or superior in
efficacy to comparative agents and thus offer oral therapy of
infections which otherwise often require parenteral therapy.
Limited studies of bacterial prostatitis suggest promise for
fluoroquinolones, especially with gram-negative bacillary
infections, but more comparative trials are needed.

Single doses of fluoroquinolones are highly effective in the
treatment of uncomplicated gonorrhea, including infections
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caused by penicillin-resistant strains of N. gonorrhoeae.
Rectal infections also appear to respond satisfactorily, but
some pharyngeal infecticns do not. Ofloxacin and fleroxacin,
in addition, hold promise for the treatment of C. trachomatis
infections. TMP-SMX and ciprofloxacin produce similar
clinical responses in chancroid. Thus, these fluoroquino-
lones are likely to be effective alternative therapies for these
genital infections. Studies comparing fluoroquinolones with
ceftriaxone are needed. The roles of fluoroquinolones in the
treatment of disseminated gonococcal infections, culture-
negative NGU, PID, and bacterial vaginosis remain to be
defined. In populations at risk for syphilis, patients given
fluoroquinolones should be monitored with serologic tests
for syphilis. Pregnancy should be excluded in women treated
with fluoroquinolones.

The emergence of bacterial resistance during fluoroqui-
nolone therapy is uncommon but occurs particularly with
complicated urinary tract infections and infections with
difficult-to-treat pathogens, including P. aeruginosa. The
extent to which resistance will be a problem is as yet
unknown. Monitoring for bacterial resistance and studies of
its prevention are needed.

The fluoroquinolones, particularly when used in low or
single doses, have generally been tolerated as well as or
better than conventional agents used for the treatment of
genitourinary tract infections. The central nervous system
toxicities of enoxacin require further monitoring. The low
risk of nephrotoxicity in patients with complicated urinary
tract infections may be especially advantageous.

LITERATURE CITED

1. Allais, J. M., L. C. Preheim, T. A. Cuevas, J. S. Roccaforte,
M. A. Mellencamp, and M. J. Bittner. 1988. Randomized, dou-
ble-blind comparison of ciprofloxacin and trimethoprim-sul-
famethoxazole for complicated urinary tract infections. Antimi-
crob. Agents Chemother. 32:1327-1330.

2. Arcieri, G., E. Griffith, G. Gruenwaldt, A. Heyd, B. O’Brien, N.
Becker, and R. August. 1987. Ciprofloxacin: an update on
clinical experience. Am. J. Med. 82(Suppl. 4A):381-394.

3. Ariyarit, C., K. Panikabutra, A. Chitwarakorn, C. Wongba, and
A. Buatiang. 1986. Efficacy of ofloxacin in uncomplicated gon-
orrhea. Infection 14(Suppl. 4):S311-S313.

4. Bakhtiar, M., and P. L. Samarasinghe. 1988. Enoxacin as one
day oral treatment of men with anal and pharyngeal gonorrhoea.
Genitourin. Med. 64:364-366.

5. Bischoff, W. 1986. Ofloxacin: therapeutic results in Chlamydia
trachomatis urethritis. Infection 14(Suppl. 4):S316-S317.

6. Black, J. R., J. M. Long, B. E. Zwickl, B. S. Ray, M. S. Verdon,
S. Wetherby, E. W. Hook III, and H. H. Handsfield. 1989.
Multicenter randomized study of single-dose ofloxacin versus
amoxicillin-probenecid for treatment of uncomplicated gono-
coccal infection. Antimicrob. Agents Chemother. 33:167-170.

7. Bodhidatta, L., D. N. Tayler, A. Chitwarakorn, K. Kuvanont,
and P. Echeverria. 1988. Evaluation of 500- and 1,000-mg doses
of ciprofloxacin for the treatment of chancroid. Antimicrob.
Agents Chemother. 32:723-725.

8. Boerema, J. B. J., H. L. Moesker, A. Notowicz, and H. J. van de
Rhee. 1988. Fleroxacin (Ro 23-6240) in the treatment of gonor-
rhoea. J. Antimicrob. Chemother. 21:140-141.

9. Bogaerts, J., W. M. Tello, L. Verbist, P. Piot, and J. Vandepitte.
1987. Norfloxacin versus thiamphenicol for treatment of uncom-
plicated gonorrhea in Rwanda. Antimicrob. Agents Chemother.
31:434-437.

10. Bowie, W. R., V. Willetts, and L. Sibau. 1986. Failure of
norfloxacin to eradicate Chlamydia trachomatis in nongonococ-
cal urethritis. Antimicrob. Agents Chemother. 30:594-597.

11. Calderén, E., C. Conde-Glez, G. Echaniz, J. L. Arrendondo, J.
Olvera, C. Hirata, and M. Villafaia. 1988. Results of treatment
of uncomplicated urogenital gonorrhoea with enoxacin com-
pared with ceftriaxone. Int. J. Clin. Pharmacol. Res. 8:247-251.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

ANTIMICROB. AGENTS CHEMOTHER.

. Campoli-Richards, D. M., J. P. Monk, A. Price, P. Benfield,

P. A. Todd, and A. Ward. 1988. Ciprofloxacin. A review of its
antibacterial activity, pharmacokinetic properties and therapeu-
tic use. Drugs 35:373—447.

Carmona, O., S. Hernandez-Gonzalez, and R. Kobelt. 1987.
Ciprofloxacin in the treatment of nonspecific vaginitis. Am. J.
Med. 82(Suppl. 4A):321-323.

Chan, A. S. C,, K. C. Tang, K. K. Fung, and T. K. Ng. 1986.
Single dose ofloxacin in treatment of uncomplicated gonorrhea.
Infection 14(Suppl. 4):S314-S315.

Crider, S. R., S. D. Colby, L. K. Miller, W. O. Harrison, B. J.
Kerbs, and S. W. Berg. 1984. Treatment of penicillin-resistant
Neisseria gonorrhoeae with oral norfloxacin. N. Engl. J. Med.
311:137-140.

Fernandes, P. B., D. T. W. Chu, R. N. Swanson, N. R. Ramer,
C. W. Hanson, R. R. Bower, J. M. Stamm, and D. J. Hardy.
1988. A-61827 (A-60969), a new fluoronaphthyridine with activ-
ity against both aerobic and anaerobic bacteria. Antimicrob.
Agents Chemother. 32:27-32.

Fong, 1. W., W. Linton, M. Simbul, R. Thorup, B. McLaughlin,
V. Rahm, and P. A. Quinn. 1987. Treatment of nongonococcal
urethritis with ciprofloxacin. Am. J. Med. 82(Suppl. 4A):311-
316.

Foot, M., G. Williams, S. Want, M. Roe, G. Quaghebeur, and S.
Bates. 1988. An open study of the safety and efficacy of
enoxacin in complicated urinary tract infections. J. Antimicrob.
Chemother. 21(Suppl. B):97-103.

Fransen, L., D. Avonts, and P. Piot. 1986. Treatment of genital
chlamydial infection with ofloxacin. Infection 14(Suppl. 4):
S$318-S320.

Goldstein, E. J. C., R. M. Kahn, M. L. Alpert, B. P. Ginsberg,
F. L. Greenway, and D. M. Citron. 1987. Ciprofloxacin versus
cinoxacin in therapy of urinary tract infections: a randomized,
double-blind trial. Am. J. Med. 82(Suppl. 4):284-287.

Higele, D., and V. Chysky. 1988. Is pelvic inflammatory disease
an indication for treatment with ciprofloxacin? Infection
16(Suppl. 1):S48-S50.

Henry, N. K., H. J. Schultz, N. C. Grubbs, S. M. Muller, D. M.
Ilstrup, and W. R. Wilson. 1986. Comparison of ciprofloxacin
and co-trimoxazole in the treatment of uncomplicated urinary
tract infections in women. J. Antimicrob. Chemother. 18(Suppl.
D):103-106.

Hooper, D. C., and J. S. Wolfson. 1985. The fluoroquinolones:
pharmacology, clinical uses, and toxicities in humans. Antimi-
crob. Agents Chemother. 28:716-721.

Hooper, D. C., and J. S. Wolfson. 1989. Adverse effects of
quinolone antimicrobial agents, p. 249-271. In J. S. Wolfson
and D. C. Hooper (ed.), Quinolone antimicrobial agents. Amer-
ican Society for Microbiology, Washington, D.C.

Huttunen, M., K. Kunnas, and P. Saloranta. 1988. Enoxacin
treatment of urinary tract infections in elderly patients. J.
Antimicrob. Chemother. 21(Suppl. B):105-111.

Inter-Nordic Urinary Tract Infection Study Group. 1988. Dou-
ble-blind comparison of 3-day versus 7-day treatment with
norfloxacin in symptomatic urinary tract infections. Scand. J.
Infect. Dis. 20:619-624.

Kaplowitz, L. G., M. Simpson, M. Vishniavsky, T. Evans, S.
Vartivarian, R. P. Gruniger, and H. Dalton. 1987. Norfloxacin
in the therapy of uncomplicated gonococcal infections. Am. J.
Med. 82(Suppl. 6B):35-39.

Kromann-Andersen, B., P. Sommer, C. Pers, V. Larsen, and F.
Rasmussen. 1988. Ofloxacin compared with ciprofloxacin in the
treatment of complicated lower urinary tract infections. J.
Antimicrob. Chemother. 22(Suppl. C):143-147.

Lassus, A., O.-V. Renkonen, and J. Ellmén. 1988. Fleroxacin
versus standard therapy in gonococcal urethritis. J. Antimicrob.
Chemother. 22(Suppl. D):223-225.

Loo, P. S., G. L. Ridgway, and J. D. Oriel. 1985. Single dose
ciprofloxacin for treating gonococcal infections in men. Geni-
tourin. Med. 61:302-305.

Mehtar, S., Y. Drabu, and P. Blakemore. 1986. Ciprofloxacin in
the treatment of infections caused by gentamicin-resistant gram-
negative bacteria. Eur. J. Clin. Microbiol. 5:248-251.



VoL. 33, 1989

32.
33.

34.

3s.

36.

37.

38.

39.

41.

42.

43.

45.

46.

47.

49.

50.

Mensing, H. 1985. Treatment of chancroid with enoxacin. Acta
Dermato-Venereol. 65:455-457.

Monk, J. P., and D. M. Campoli-Richards. 1987. Ofloxacin. A
review of its antibacterial activity, pharmacokinetic properties
and therapeutic use. Drugs 33:346-391.

Naamara, W., D. Y. Kunimoto, L. J. D’Costa, J. O. Ndinya-
Achola, H. Nsanze, A. R. Ronald, and F. A. Plummer. 1988.
Treating chancroid with enoxacin. Genitourin. Med. 64:189-
192.

Naamara, W., F. A. Plummer, R. M. Greenblatt, L. J. D’Costa,
J. O. Ndinya-Achola, and A. R. Ronald. 1987. Treatment of
chancroid with ciprofloxacin: a prospective, randomized clinical
trial. Am. J. Med. 82(Suppl. 4A):317-320.

Nayagam, A. T., G. L. Ridgway, and J. D. Oriel. 1988. Efficacy
of ofloxacin in the treatment of non-gonococcal urethritis in men
and genital infections caused by Chlamydia trachomatis in men
and women. J. Antimicrob. Chemother. 22(Suppl. C):155-158.
Noble, M. A., and V. Chan. 1988. Ciprofloxacin treatment of
Salmonella hadar epididymo-orchitis. J. Antimicrob. Chemo-
ther. 21:383-384.

Notowicz, A., E. Stolz, and B. van Klingeren. 1984. A double
blind study comparing two dosages of enoxacin for the treat-
ment of uncomplicated urogenital gonorrhea. J. Antimicrob.
Chemother. 14(Suppl. C):91-94.

Panikabutra, K., C. T. Lee, B. Ho, and P. Bamberg. 1988. Single
dose oral norfloxacin or intramuscular spectinomycin to treat
gonorrhoea (PPNG and non-PPNG infections): analysis of ef-
ficacy and patient preference. Genitourin. Med. 64:235-240.

. Pust, R. A., H. R. Ackenheil-Koppe, W. Weidner, and H.

Meier-Ewert. 1988. Clinical efficacy and tolerance of fleroxacin
in patients with urethritis caused by Chlamydia trachomatis. J.
Antimicrob. Chemother. 22(Suppl. D):227-230.

Ramirez, C. A., J. L. Bran, C. R. Mejia, and J. F. Garcia. 1985.
Open, prospective study of the clinical efficacy of ciprofloxacin.
Antimicrob. Agents Chemother. 28:128-132.

Richmond, S. J., M. N. Bhattacharyya, H. Maiti, F. H. Chowd-
hury, R. M. Stirland, and J. A. Tooth. 1988. The efficacy of
ofloxacin against infection caused by Neisseria gonorrhoeae
and Chlamydia trachomatis. J. Antimicrob. Chemother.
22(Suppl. C):149-153.

Roddy, R. E., H. H. Handsfield, and E. W. Hook III. 1986.
Comparative trial of single-dose ciprofloxacin and ampicillin
plus probenecid for treatment of gonococcal urethritis in men.
Antimicrob. Agents Chemother. 30:267-269.

. Romanowski, B., H. Wood, J. Draker, and M. C. Tsianco. 1986.

Norfloxacin in the therapy of uncomplicated gonorrhea. Anti-
microb. Agents Chemother. 30:514-515.

Schaeffer, A. J. 1987. Multiclinic study of norfloxacin for
treatment of complicated or uncomplicated urinary tract infec-
tions. Am. J. Med. 82(Suppl. 6B):53-64.

Scott, G. R., A. McMillan, and H. Young. 1987. Ciprofloxacin
versus ampicillin and probenecid in the treatment of uncompli-
cated gonorrhea in men. J. Antimicrob. Chemother. 20:117-121.
Self, P. L., B. A. Zeluff, D. Sollo, and L. O. Gentry. 1987. Use
of ciprofloxacin in the treatment of serious skin and skin
structure infections. Am. J. Med. 82(Suppl. 4A):239-241.

. Shahmanesh, M., S. R. Shukla, 1. Phillips, A. Westwood, and

R. N. Thin. 1986. Ciprofloxacin for treating urethral gonorrhea
in men. Genitourin. Med. 62:86-87.

Sheehan, G. J., G. K. Harding, D. A. Haase, M. J. Thompson,
B. Urias, J. K. Kennedy, D. J. Hoban, and A. R. Ronald. 1988.
Double-blind, randomized comparison of 24 weeks of norflox-
acin and 12 weeks of norfloxacin followed by 12 weeks of
placebo in the therapy of complicated urinary tract infection.
Antimicrob. Agents Chemother. 32:1292-1293.

Siboulet, A., J. M. Bohbot, and F. Catalan. 1988. Enoxacin in

51.

52.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

65.

67.

MINIREVIEWS 1667

the treatment of sexually transmitted diseases. J. Antimicrob.
Chemother. 21(Suppl. B):119-124.

Sneller, M., F. Wellborne, M. F. Barile, and P. Plotz. 1986.
Prosthetic joint infection with Mycoplasma hominis. J. Infect.
Dis. 153:174-175.

Stamm, W. E. 1987. Problems in the treatment of bacterial
sexually transmitted diseases. Am. J. Med. 82(Suppl. 4A):307-
310.

Stein, G. E., N. Mummaw, E. J. C. Goldstein, E. J. Boyko, L. B.
Reller, T. O. Kurtz, K. Miller, and C. E. Cox. 1987. A multi-
center comparative trial of three-day norfloxacin vs ten-day
sulfamethoxazole and trimethoprim for the treatment of uncom-
plicated urinary tract infections. Arch. Intern. Med. 147:1760-
1762.

Swanson, B. N., V. K. Boppana, P. H. Vlasses, H. H. Rotmen-
sch, and R. K. Ferguson. 1983. Norfloxacin disposition after
sequentially increasing oral doses. Antimicrob. Agents Chemo-
ther. 23:284-288.

Tegelberg-Stassen, M. J., A. H. van der Willigen, J. C. van der
Hoek, J. H. Wagenvoort, H. J. Van Vliet, B. van Klingeren, T.
van Joost, J. F. Michel, and E. Stolz. 1986. Treatment of
uncomplicated urogenital gonorrhoea in women with a single
oral dose of enoxacin. Eur. J. Clin. Microbiol. 5:395-398.
Tegelberg-Stassen, M. J. A. M., J. C. S. van der Hoek, J. H. T.
Wagenvoort, T. van Joost, M. F. Michel, and E. Stolz. 1986.
Treatment of uncomplicated gonococcal urethritis in men with
two dosages of ciprofloxacin. Eur. J. Clin. Microbiol. 5:244-
246.

Traisupa, A., C. Wongba, and P. Tesavibul. 1988. Efficacy and
safety of a single dose therapy of a 500 mg ciprofloxacin tablet
in chancroid patients. Infection 16(Suppl. 1):S44-S45.

Une, T., R. Nakajima, T. Otani, K. Katami, Y. Osada, and M.
Otani. 1987. Lack of effectiveness of ofloxacin against experi-
mental syphilis in rabbits. Arzneim. Forsch. 37:1048-1051.
Urinary Tract Infection Study Group. 1987. Coordinated multi-
center study of norfloxacin versus trimethoprim-sulfamethox-
azole treatment of symptomatic urinary tract infections. J.
Infect. Dis. 155:170-177.

. van der Willigen, A. H., J. C. S. van der Hoek, J. H. T.

Wagenvoort, H. J. A. van Vliet, B. van Klingeren, W. O.
Schalla, J. S. Knapp, T. van Joost, M. F. Michel, and E. Stolz.
1987. Comparative double-blind study of 200- and 400-mg enox-
acin given orally in the treatment of acute uncomplicated
urethral gonorrhea in males. Antimicrob. Agents Chemother.
31:535-538.

Veller-Fornasa, C., M. Tarantello, R. Cipriani, L. Guerra, and
A. Peserico. 1987. Effect of ofloxacin on Treponema pallidum in
incubating experimental syphilis. Genitourin. Med. 86:214.
Wang, C., J. Sabbaj, M. Corrado, and V. Hoagland. 1986.
World-wide clinical experience with norfloxacin: efficacy and
safety. Scan. J. Infect. Dis. Suppl. 48:81-89.

Weidner, W., H. G. Schiefer, and C. Garbe. 1987. Acute
nongonococcal epididymitis. Aetiological and therapeutic as-
pects. Drugs 34(Suppl. 1):111-117.

. Wijnands, W. J. A., and T. B. Vree. 1988. Interaction between

the fluoroquinolones and the bronchodilator theophylline. J.
Antimicrob. Chemother. 22(Suppl. C):109-114.

Wise, R., J. P. Ashby, and J. M. Andrews. 1988. In vitro activity
of PD 127,391, an enhanced-spectrum quinolone. Antimicrob.
Agents Chemother. 32:1251-1256.

. Wolfson, J. S., and D. C. Hooper. 1989. Treatment of genitouri-

nary tract infections with fluoroquinolones: activity in vitro,
pharmacokinetics, and clinical efficacy in urinary tract infec-
tions and prostatitis. Antimicrob. Agents Chemother. 33:1655—
1661.

Wolfson, J. S., and D. C. Hooper. 1989. Fluoroquinolone
antimicrobial agents. Clin. Microbiol. Rev. 2:378-424.



