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Effectiveness of norfloxacin and ofloxacin for
treatment of gonorrhoea and decrease of in vitro
susceptibility to quinolones over time in Rwanda

Jos Bogaerts, Waldina Martinez Tello, Jeannete Akingeneye, Veronique Mukantabana,
Eddy Van Dyck, Peter Piot

Abstract
Objective-To study the effectiveness of
single-dose norfloxacin and ofloxacin in
the treatment of gonococcal urethritis in
men, and to monitor in vitro antimicro-
bial susceptibility to these antibiotics
over time.
Setting-Centre Me'dico-Social de
Bilyogo, Kigali, Rwanda. The only clinic
in Rwanda using quinolones for the
treatment of gonorrhoea.
Method-As part of a monitoring pro-
granume, men with gonococcal urethritis
were evaluated after treatment with nor-
floxacin (800 mg) in 1986 and 1987, and
after treatment with ofloxacin (400 mg)
in 1989.
Results-Neisseria gonorrhoeae was
eradicated from the urethra from 96.0%
(1891197) and from 97*1% (1661171) men
treated with norfloxacin and ofloxacin,
respectively. Overall 38*2% of the pre-
treatment isolates produced penicillinase
(PPNG isolates) and 20*4% (441216) of the
tested non-PPNG isolates were chromo-
somally resistant to penicillin (MIC k220
mgIl). Resistance to tetracycline and thi-
amphenicol was common in both PPNG
and non-PPNG and increased consider-
ably in 1989. All isolates were susceptible
to kanamycin, spectinomycin, ceftiax-
one, norfloxacin, ofloxacin and
ciprofloxacin. However, a higher number
of isolates recovered in 1989 showed
decreased susceptibility to the
quinolones. Treatment failure occurred
more often in subjects with isolates hav-
ing MIC values k0*06 mg/L of norfloxacin
(p = 0.006). Seven out of 13 patients who
did not respond to therapy had no signs
nor symptoms ofurethritis.
Conclusion-Quinolone antibiotics are
now indicated as a first line treatment of
gonorrhoea in countries with a problem
of antimicrobial multiresistance.
However, antimicrobial susceptibility to
the quinolones may decrease rapidly,
and close monitoring of the in vitro
susceptibility of N gonorrhoeae and the
clinical effectiveness of the antibiotics is
imperative.

(Genitourin Med 1993;69:196-200)

Introduction
Uncomplicated gonorrhoea is very frequent
among young adults in Kigali, capital of

Rwanda, Central Africa. At the Centre
Medico-Social de Bilyogo (CMS),
Nyamirambo, Kigali, about 1500 new cases
of gonococcal urethritis and cervicitis are
diagnosed yearly. The CMS is a primary
health care centre situated 3 km from the lab-
oratory of the Centre Hospitalier de Kigali
(CHK), the only laboratory performing bac-
teriological cultures in the city and the prefec-
ture of Kigali (population of 1,4000,000).

In 1985, a single oral dose of 800 mg of
norfloxacin cured 97.5% of patients in Kigali,
and was significantly more effective than a
single oral dose of 2.5 g of thiamphenicol.'
Because of the widespread existence of
Neisseria gonorrhoeae resistant to penicillin,
tetracycline and thiamphenicol, norfloxacin
was selected as first line treatment of uncom-
plicated gonorrhoea in men and non-preg-
nant women, presenting at the CMS of
Bilyogo. Norfloxacin is less expensive than
both spectinomycin and cefotaxime, the only
third generation cephalosporin available in
Rwanda, and can be given by mouth. In
1989, it was replaced by ofloxacin because of
a shortage in the supply of norfloxacin.
We present here results of monitoring the

efficacy of quinolones for the treatment of
uncomplicated gonorrhoea, as well as the
antimicrobial susceptibility patterns of gono-
coccal isolates over time in Kigali.

Materials and methods
Patient selection and study design
Patients included only adult men who pre-
sented with urethral discharge and who had
not taken antibiotics within the preceding 72
hours. Patients were instructed to abstain
from sexual contact until a negative follow up
culture. Only patients from whom N gonor-
rhoeae was isolated during the first visit and
who returned for a follow up culture, 3 to 7
days after treatment, were included for evalu-
ation. Classification of cure or failure was
based on the results of the culture at the fol-
low up visit.

In March, September and October 1986,
and in May 1987, respectively, 254 and 103
consecutive men received a 800 mg single
oral dose of norfloxacin. A total of 318 men
who visited the centre in May, June, October,
November and December 1989 were given a
400 mg single oral dose of ofloxacin. At the
follow up visit all patients, except those seen
in 1987, were interviewed about complaints
of dysuria, and the presence of a discharge
was recorded. Postgonococcal urethritis was
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defined as the presence of a urethral dis-
charge with a negative gonococcal culture
after treatment.

Gonococcal culture and antimicrobial
susceptibility testing
Urethral specimens were immediately inocu-
lated onto Thayer-Martin medium and incu-
bated in a candle jar at 37°C for 3 days.
Gram staining on the discharge was not per-
formed. Isolates were identified as N gonor-
rhoeae by standard techniques and were
tested for ,-lactamase by the chromogenic
cephalosporin (Nitrocefin; Oxoid Ltd.) tech-
nique. All isolates were kept in skim milk at
- 80°C and shipped to Belgium for confirma-
tory identification and susceptibility testing.

Minimal inhibitory concentrations (MICs)
were determined by an agar dilution method
on GC agar (Oxoid) supplemented with 1%
IsoVitaleX (BBL Microbiology Systems,
Cockeysville, Md.). The inoculum, corre-
sponding to 104 colony forming units per
spot, was delivered with a multipoint inocula-
tor. MIC plates were incubated for 24 h at
37°C in a 5% CO2 atmosphere. The MIC
was read as the lowest concentration of the
antimicrobial agent that allowed no visible
growth.

Results
Treatment results
Three hundred and one (84 3%) out of 357
consecutive men who received norfloxacin
had culture proven gonorrhoea at the first
visit. Of the patients with gonorrhoea, 197
(65A4%) returned for a follow up visit (129 in
1986, 68 in 1987). Among the 301 pretreat-
ment isolates, 109 (36.2%) produced ,B-lacta-
mase. The proportion of penicillinase
producing N gonorrhoeae isolates (PPNG)
was lower among evaluable patients than
among subjects who did not return for follow
up (64/197 or 32-5% versus 45/104 or
43.3%; p = 0 07).
Two hundred and forty nine (78.3%) out

of 318 men who received ofloxacin had cul-
ture proven gonorrhoea. One hundred and
seventy two (69. 1%) of the gonorrhoea
patients returned for follow up. One of them
admitted re-exposure and was excluded for
evaluation. Among the 249 pretreatment iso-
lates, 101 (40.6%) were PPNG. PPNG iso-
lates were equally frequent in evaluable and
non evaluable patients (69/171 or 40.4% ver-
sus 32/78 or 41.0%).

After a single dose of norfloxacin, 121

Table 1 Results of treatment with norfloxacin and ofloxacin in men with uncomplicated
gonorrhoea

Treatment No. of No. of Post treatment urethral
regimen evaluable % with patients discharge
(years) patients PPNG* cured (%) in cured patients (%)

Norfloxacin 197 32-5 189 (96.0) 6-7
(1986-1987)

Ofloxacin 171 40 4 166 (97-1) 12-7
(1989)

*Penicillinase producing Neisseria gonorrhoeae.

(93.8%) out of 129 men were bacteriological-
ly cured in 1986 and there were no failures
among the 68 patients treated in 1987. The
overall cure rate was estimated at 96.0%
(189/197) (table 1). Clinical symptoms of
urethritis persisted in only three men who
failed to respond to therapy, including two
patients with dysuria and discharge, and one
with dysuria only. The five remaining men
who were still culture positive after therapy,
had no urethral discharge nor symptoms of
urethritis at 3 days following treatment. Eight
(6.7%) out of 121 bacteriologically cured
patients had a posttreatment discharge and
another 16 (13.2%) had complaints of
dysuria without a discharge. Overall, five
(4.9%) out of 102 clinically cured patients
(only patients from 1986 were interviewed)
had still a positive control culture.

In the ofloxacin group, 166 (97-1%) out of
the 171 evaluable patients were cured bacteri-
ologically (table 1). Clinical symptoms of ure-
thritis persisted in three out of five patients
who had a positive test-of-cure culture,
including two with dysuria and discharge and
one with only a discharge. Twenty-one
(12.7%) cured patients had a discharge post-
treatment. Complaints of dysuria without dis-
charge persisted in 52 (31 3%) others.
Overall, two (2. 1%) out of 95 men with clini-
cally cured gonorrhoea had still a positive
control culture.

Antimicrobial susceptibility ofN gonorrhoeae
and correlation with treatment outcome
MIC results were available for 200 (66.4%)
and 143 (57 4%) pretreatment isolates from
the men treated with norfloxacin and
ofloxacin, respectively. For posttreatment iso-
lates, MIC values were available for respec-
tively five and three patients who failed
therapy. All isolates were fully susceptible to
kanamycin and spectinomycin (MIC, <32
mg/l), and to ceftriaxone (MIC, <0 06 mg/l)
(table 2).
The prevalence of PPNG in the original

sample of pretreatment isolates was some-
what higher in 1989 than in 1986/1987
(40.6% versus 36.2%). However, the propor-
tion of PPNG among all isolates recovered at
the laboratory of the CHK has been fairly
constant since 1984 (unpublished data).

In non-PPNG isolates, chromosomal type
resistance to penicillin (MIC, .2.0 mg/l) was
significantly more common in 1989 than in
1985 (38-8% versus 14.6%; X2 = 7.57; p =

0 006). Similarly, resistance to thiamphenicol
(MIC, .2 mg/l) was not diagnosed in 1985
but reached 71.8% of non-PPNG and 43-2%
of PPNG isolates in 1989. In non-PPNG,
resistance to tetracycline (MIC, .4 mg/l) was
observed in 60.0% of isolates during 1989, as
compared with 26.8% of isolates during 1985
(2 = 12.18; p < 0.001). High-level plasmid-
mediated resistance to tetracycline (MIC,
.16 mg/l) was not seen in our study popula-
tion but emerged in Kigali during 1989 after
the end of this study.

In 1985, only a single non-PPNG isolate
showed a MIC value of 0-125 mg/A of nor-
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Table 2 Evolution of in vitro susceptibility ofN. gonorrhoeae isolatesfrom Kigali

1985* 1986-1987 1989

PPNG nonPPNG PPNG nn PPNG PPNG nonPPNG
Antimicrobial MIC N = 22 N = 41 N= 69 N = 131 N = 58 N = 85
agent (mgl/) % % % % % %

Penicillin G <0-50 - 63-4 - 42-0 - 27-1
0.50-10 - 22-0 - 49-6 - 34-1

22-0 100 14-6 100 8-4 100 38-8
Tetracycline <1-0 31-8 19-5 68-1 56-5 55-2 27-1

2-0 31-8 53-7 17-4 19-8 15-5 12-9
24-0 36-4 26-8 14-5 23-7 29-3 60-0

Thiamphenicol <0-5 45-5 48-8 44.9 22-1 37-9 12-9
1-0 54-5 51-2 23-2 29-0 18-9 15-3

.2-0 - - 31-9 48.9 43-2 71-8
Norfloxacin .0-03 50-0 61-0 69-6 55-7 67-2 38-9

0-06 50.0 36-6 24-6 39-7 12-1 22-3
.0-125 - 2-4 5-8 4-6 20-7 38-8

Ofloxacint .0-03 95-6 97-2 81-0 67-1
0-06 4-4 5-8 17-2 31-8

.0-125 - - 1-8 1.1
Ciprofloxacint .0-03 100 100 98-3 98-8

0-06 - - 1-7 1-2

*Reference 1.
tOnly 45 PPNG and 86 non PPNG from 1986/1987 were tested. Ofloxacin and ciprofloxacin were not tested in 1985.

floxacin, but MIC values of .0- 125 mg/l were

observed in 20-7% of PPNG and in 38-8% of
non-PPNG in 1989. Decreasing in vitro sus-

ceptibility was also observed for ofloxacin. In
1989 already 19-0% of PPNG and 32-9% of
non-PPNG had MIC values of .0-06 mg of
ofloxacin/ml. In contrast in 1986/1987, only
4-4% and 5-8% of PPNG and non-PPNG
showed MIC values of 0-06 mg/l of ofloxacin.

Table 3 shows the MIC geometric mean
values of all tested antibiotics for N gonor-
rhoeae isolates with low and increased MICs
of norfloxacin and ofloxacin. Decreased sus-

ceptibility to norfloxacin (MIC .0-125 mg/l)
and decreased susceptibility to ofloxacin
(MIC .0-06 mg/i) were significantly associat-
ed with higher MIC values of all other
antimicrobials.

Patients infected with gonococcal strains
exhibiting an MIC of .0-06 mg/i of nor-
floxacin more often failed therapy with this
antibiotic than patients infected with more
susceptible strains (fig). The failure rates on
norfloxacin therapy were respectively 2/87
(2-3%), 4/43 (9-3%) and 2/8 (25-0%) for
MIC values of <0-03 mg/I, 0-06 mg/I and
.0-125 mg/i of norfloxacin (X2trld: 7-66; p =

0-006). For four patients who did not
respond to norfloxacin, paired pre-treat-
ment/post-treatment gonococcal isolates were
available for susceptibility testing giving

MICs of 0-015/0-06, 0-06/0-06, 0-06/0-125,
and 0-125/0-125 mg/I of norfloxacin respec-
tively. Overall, six out of eight men who failed
to respond to therapy, and 45 (34-6%) out of
130 cured patients harboured isolates with
MIC values .0-06 mg/i of norfloxacin
(Fisher's exact test, 2-tailed: p = 0-051).
Of four patients who did not respond to

ofloxacin, two harboured an isolate with a
MIC value <0-03 mg/I, and two with a MIC
of 0-06 mg/I of ofloxacin. Paired pre-treat-
ment/post-treatment gonococcal isolates were
tested for two of these patients; the corre-

sponding MICs were 0-06/0-015 and
0-008/0-008 mg/I of ofloxacin.
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Figure Correlation between treatment outcome and in
vitro susceptibility to norfloxacin

Table 3 N gonorrhoeae MIC values (geometric means) of different antimicrobial agents with respect to in vitro susceptibility of norfloxacin (343 iso-
lates) and ofloxacin (274 isolates)

MIC nofloxacin (mgll) MIC ofloxacin (mgll)
.0-06 .0-125 .0-03 .0-06

Antimicrobial N = 288 N = 55 p N = 228 N = 46 p

Penicillint 0-44 2-03 <0-001 0-58 2-17 <0-001
Tetracycline 1-32 3-78 <0-001 1-35 3-89 <0-001
Thiamphenicol 0-92 2-50 <0-001 0-98 2-61 <0-001
Kanamycin 16-78 24-5 <0-001 19-23 27-28 <0-001
Spectinomycin 22-33 26-6 0-009 21-72 27-73 0-001
Ceftriaxone 0-005 0-014 <0-001 0-005 0-015 <0-001
Ciprofloxacin 0-005 0-020 <0-001 0-005 0-018 <0-001
Ofloxacin 0-014 0-054 <0-001 - -

Norfloxacin - - 0-03 0-125 <0-001

*Kruskall-Wallis test
tOnly non PPNG isolates: in the norfloxacin group, 216 non PPNG were identified: 177 had a MIC value of .0-06 mg/L of norfloxacin, 39 had a MIC of .0- 125
mg/L); in the ofloxacin group, 171 non PPNG were identified; 138 had a MIC value of <0-03 mg/L of ofloxacin, 33 had a MIC value of.0-16 mg/L.

E.......
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Discussion
The present study once more documents the
staggering problem of multiresistance among
N gonorrhoeae isolates in Africa. Both nor-
floxacin and ofloxacin as a single dose were
highly effective for the treatment of uncom-
plicated gonorrhoea due to multiresistant
strains in men, with cure rates of over 95%.
Treatment failure with norfloxacin was asso-
ciated with decreased in vitro susceptibility to
this quinolone.

During 1985-1988, norfloxacin was exclu-
sively used for treatment of uncomplicated
gonorrhoea at the CMS clinic of Bilyogo.
The product was not available elsewhere in
the country, though a total of 500 tablets
(each containing 400 mg of norfloxacin) were
imported by the major drug importer in the
middle of 1987 and were exclusively sold in
one private pharmacy in Kigali. In
1986/1987, patients with gonorrhoea who
presented at the CMS harboured more fre-
quently isolates with MIC values .0.06 mg/l
of norfloxacin than patients who were treated
elsewhere (unpublished data). In 1989, 5
years after the introduction of norfloxacin in a
single clinic, a significantly higher proportion
of isolates had MIC values >0125 mg/l of
norfloxacin. Similarly, ofloxacin was not
imported in Rwanda before 1989 and its use
was strictly limited to patients consulting the
CMS clinic. The proportion of strains show-
ing MIC values .0.06 mg/l of ofloxacin was
also higher during 1989 than during
1986-1987.
These results confirm that strains, relative-

ly resistant to one quinolone, have also
decreased susceptibility to other members of
the group,2 3 and that even limited use of
quinolones in a community fairly rapidly
leads to a gradual development of antimicro-
bial resistance. The studies also suggest that
decreasing in vitro susceptibility of N gonor-
rhoeae, at least to norfloxacin, is associated
with a decreasing therapeutic efficacy of the
quinolones. Therefore, it is of utmost public
health importance that the in vitro suscepti-
bility and/or therapeutic efficacy of
quinolones be closely monitored when these
are recommended and used for the treatment
of gonorrhoea in a country.

In spite of the absence of signs or symp-
toms of urethritis, seven (3.6%) out of 197
clinically cured patients from both treatment
regimens had still a positive gonococcal cul-
ture at 3 to 7 days after therapy. The relative
frequency of asymptomatic carriers ofN gon-
orrhoeae after apparently successful treatment
with a single dose of a quinolone, and the risk
of transmitting such isolates is unknown.
Among the five asymptomatic men from the
norfloxacin failure group, only three post-
treatment isolates were available for sensitivi-
ty testing (MICs, 0-06 mg/l, 0-125 mg/l and
0. 125 mg/l of norfloxacin). A single posttreat-
ment isolate was tested from the two asymp-
tomatic ofloxacin failures (MIC of 0-015 mg/l
of ofloxacin). This suggests that isolates from
asymptomatic patients who failed therapy had
similar susceptibility patterns than those from

symptomatic patients who did not respond.
Although an incubating reinfection cannot be
excluded in these asymptomatic patients, this
seems unlikely as all men were seen within six
days after treatment. Finally, it may be that a
single dose of 800 mg norfloxacin for an
infection caused by a strain with MIC values
20 125 mg/l of norfloxacin results in a signifi-
cant reduction of bacterial numbers, but
without eradication. Clinical manifestations
may then rapidly disappear when most of the
pathogens are killed, but culture remains posi-
tive, and disease may relapse when bacterial
numbers reach a critical threshold in the ure-
thra. As patients were not requested to come
back after 7 days, this hypothesis could not be
verified. It is not clear whether asymptomatic
carriership is more common after therapy
with quinolones, than with other antibiotics,
but our results stress the need for a bacterio-
logical test of cure when monitoring the
efficacy of recommended treatment regimens.
The World Health Organization recently

proposed regimens for the treatment of
uncomplicated gonorrhoea for areas with a
high prevalence of PPNG or chromosomally
resistant strains. These regimens include, as
single doses, ceftriaxone (250 mg by intra-
muscular injection), ciprofloxacin (500 mg
per os) and spectinomycin (2 g by intramus-
cular injection). In many developing coun-
tries third generation cephalosporins are not
available, and are too expensive for the first
line treatment of gonorrhoea. Spectinomycin
is widely available but it is also expensive and
must be given in intramuscular injection.4
Quinolone antibiotics are highly effective for
the treatment of uncomplicated gonorrhoea
and even of gonococcal keratoconjunctivitis
in adults.' 5-13 They offer the advantage of oral
administration, but cannot be given to chil-
dren aged under 16 years or to pregnant
women, and the risk for rapid development of
resistance may be higher than with other
antibiotics.14-18 In addition, the high preva-
lence of the human immunodeficiency virus
(HIV) in Central Africa, especially in patients
with sexually transmitted diseases, makes oral
therapy preferable over parenteral administra-
tion of drugs to decrease the risk of parenteral
transmission of HIV. Finally, from a public
health point of view it seems desirable that a
highly effective treatment regimen for gonor-
rhoea be used, even if such a drug is slightly
more expensive than less effective alternatives
such as the now widely used kanamycin.
Such an approach should benefit both the
patient (by reducing the risk of complica-
tions) and the community (by slowing down
the development of antimicrobial resistance
and by decreasing the duration of infectivity
of patients which reduces the transmission of
gonorrhoea).

Despite the problems mentioned above,
quinolones are now indicated as a first line
treatment of gonorrhoea in countries with a
problem of antimicrobial multiresistance,
provided that the antimicrobial susceptibility
of N. gonorrhoeae and clinical effectiveness of
the quinolones be closely monitored.
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