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Quinolones have been reported to be active against BruceUla species in vitro. In this prospective randomized
study, the efficacy and safety of the combination of ofloxacin plus rifampin were compared with the efficacy and
safety of doxycycline plus rifampin, both combinations administered for a 6-week period in treatment of
brucellosis. Sixty-one patients were enrolled in the study, and 49 had blood or bone marrow cultures positive
for BruceUla melitensis. Thirty patients received 200 mg of doxycycline plus 600 mg of rifampin once daily, and
31 patients were treated with 400 mg of ofloxacin plus 600 mg of rifampin once daily for 6 weeks. Nine patients
in each group had complications of the disease. There was one therapeutic failure in the ofloxacin-rifampin
treatment group, and one patient from each group relapsed (3.3% of those in the doxycycline-rifampin
treatment group versus 3.2% of those in the ofloxacin-rifampin treatment group). Gastric discomfort was the
major side effect observed in 13 patients (43.3%) who received doxycycline plus rifampin, whereas only 2
patients (6.5%) treated with ofloxacin plus rifampin complained of gastric irritation. These results suggest that
the combination of ofloxacin plus rifampin administered for 6 weeks is as effective as doxycycline plus rifampin
given for the same period, regardless of the presence of complications of the disease.

Brucellosis is a major health problem worldwide, espe-
cially in developing countries. The best regimen for the
treatment of acute brucellosis is not clearly determined (2).
Brucella species are facultative intracellular parasites; there-
fore, complete eradication of the microorganism is difficult
to achieve, and relapses are common.
The fluoroquinolones have excellent bactericidal activity

against a variety of bacteria. In addition, they penetrate well
into leukocytes and macrophages, which makes them suit-
able agents in treatment of intracellular infections. Several
studies have reported the in vitro activity of quinolones
against Brucella species (6, 12, 13, 15, 22). However, clinical
trials of monotherapy with ciprofloxacin (4, 17) or ofloxacin
(3, 6) have yielded relapse rates ranging from 16 to 66%. The
numbers of enrolled patients have been relatively small in
these trials, making it difficult to interpret the discrepancy
among these results. Nevertheless, relapse rates with the
quinolones have been considerably higher than those with
conventional antibiotic regimens. It may be expected that
the addition of another antimicrobial agent active against
Brucella species may lower the relapse rates. In this pro-
spective randomized study, the efficacy and safety of the
combination of ofloxacin plus rifampin were compared with
the efficacy and safety of doxycycline plus rifampin, both
combinations administered for a 6-week period in treatment
of brucellosis.

MATERIALS AND METHODS
Between March 1989 and March 1992, 61 adult patients

with brucellosis admitted consecutively to Hacettepe Uni-
versity hospital were enrolled in the study. Patients with
endocarditis or neurobrucellosis were excluded. Individuals
who received antimicrobial therapy prior to the study,
pregnant women, and patients allergic to any of the drugs

* Corresponding author.

employed in the regimens were also not included in the
study.
The diagnostic criteria were a standard tube agglutination

titer of 1/160 or more for anti-Brucella antibodies in the
presence of compatible clinical findings (fever, night sweats,
arthralgia, hepatomegaly, splenomegaly, and lymphadenop-
athy) and isolation of a Brucella sp. from blood or bone
marrow cultures.

Sacroiliitis, spondylitis, peripheral arthritis, and orchitis
were defined by appropriate findings on physical examina-
tion and relevant radiographic, radionuclide, and tomo-
graphic studies. Briefly, pain over the involved vertebral
bodies or sacroiliac joints, accompanied by isotope accumu-
lation in a radionuclide scan, was defined as sacroiliitis or

spondylitis. Narrowing and/or irregularity of the sacroiliac
articular spaces in plain X-ray films were considered to
support the diagnosis of sacroiliitis. The time to deferves-
cence was established as the number of days elapsed from
the start of therapy until the patient became afebrile. Ther-
apeutic failure was defined as the persistence of symptoms
or signs of the disease, or both, at the end of therapy.
Reappearance of symptoms or signs or new positive blood or
bone marrow cultures during the 12 months after therapy
was considered relapse.
Blood and bone marrow cultures were performed by

inoculating samples from all patients before treatment into
Castaneda medium and incubating them for 30 days in case

of no growth. Standard processing techniques were used
(23). Susceptibilities of isolated organisms to ofloxacin,
rifampin, and doxycycline were determined by the standard
tube dilution method. The inoculum consisted of approxi-
mately 108 CFU/ml and was suspended in tryptic soy broth
(Difco Laboratories, Detroit, Mich.). Bactericidal agent ti-
ters in serum were determined by the method described by
Reller and Stratton (20). Sera were taken for measurement at
the fifth day of treatment, immediately before (for trough-

1831

Vol. 37, No. 9

 on M
arch 23, 2020 by guest

http://aac.asm
.org/

D
ow

nloaded from
 

http://aac.asm.org/


ANTIMICROB. AGENTS CHEMOTHER.

TABLE 1. Characteristics of patients treated with doxycycline
plus rifampin or ofloxacin plus rifampina

Value for group
Characteristic

DR OR

Total no. of patients 30 31
Female/male 14/16 17/14
Age range (yr) 18-72 18-70
Mean age ± SD (yr) 34.4 ± 14.3 37.8 ± 15.1
Epidemiologic contact (n)

Occupational exposure 2
Ingestion of dairy products 27 29
None 1 2

No. (%) of patients with a positive 23 (77) 26 (84)
blood and/or bone marrow culture

Median titers of bactericidal agent in 1/2, 1/4 1/2, 1/4
serum (trough, peak)

Agglutination titers
Range 1/160-1/2,560 1/160-2,560
Median 1/640 1/640

Mean duration of symptoms ± SD 31.4 ± 21.7 37.1 ± 24.5
(days)

Complications (no.)
Spondylitis 3 3
Hip arthritis 3 2
Knee arthritis 1 2
Sacroiliitis 1 2
Orchitis 1
Total 9 9

a No statistically significant differences were present between the two
treatment groups.

level measurement) and 2 h after (for peak-level measure-
ment) the antibiotics were given.
Informed consent was obtained from the patients, and the

trial protocol was approved by the hospital ethical commit-
tee. All patients were hospitalized for at least 2 weeks at the
beginning of treatment in order to monitor clinical response
and potential side effects. Complete physical examinations
were performed, and complete blood counts; erythrocyte
sedimentation rates; and serum aspartate aminotransferase,
serum alanine aminotransferase, bilirubin, alkaline phos-
phatase, and creatinine levels were determined at baseline,
at the end of the first and second weeks of treatment, and on
all scheduled follow-up visits. Additional studies were per-
formed as needed.
The patients were then randomized in a nonblinded fash-

ion to receive 200 mg of doxycycline plus 600 mg of rifampin
per day (DR group) or 400 mg of ofloxacin plus 600 mg of
rifampin per day (OR group) for a total of 6 weeks. All
medications were administered once daily. The patients
were reassessed on an outpatient basis after being dis-
charged from hospital. Blood cultures and clinical evalua-
tions were done monthly during the first 3 months postther-
apy and every 3 months thereafter for at least one year.
The chi-square test with Yates' correction and the Fisher

exact test were used for statistical analysis of data.

RESULTS

Thirty patients (14 females and 16 males) received doxy-
cycline plus rifampin, and 31 (17 females and 14 males)
received ofloxacin plus rifampin (Table 1). No statistically
significant differences were found between the two groups of
patients. Blood or bone marrow cultures were positive for 23
(77%) of the patients in the DR group and 26 (84%) of those

TABLE 2. Outcome of treatment in patients receiving
doxycycline plus rifampin or ofloxacin plus rifampin

Value for group
Parameter

DR OR

Mean time (days) to defervescence 5.1 (2-10) 6.3 (2-18)
(range)

No. cured (%) 30 (100.0) 30 (96.8)
No. of therapeutic failures (%) 1 (3.2)
No. relapsed (%) 1 (3.3) 1 (3.2)
No. with side effects (%)

Gastric discomfort 13 (43.3)a 2 (6.5)
Skin rash 1 (3.3) 1 (3.2)

Mean follow-up time + SD (mo) 14.2 ± 5.6 15.1 ± 5.9
a P < 0.005. (Values for all other parameters did not differ significantly

between the two treatment groups.)

in the OR group. All microorganisms isolated were Brucella
melitensis and were found to be susceptible to doxycycline
(MIC for 90% of the strains [MIC90], 0.50 p,g/ml; range, 0.03
to 0.50 ug/ml), rifampin (MIC90, 0.50 ,ug/ml; range, 0.03 to
1.0 p,g/ml), and ofloxacin (MIC90, 0.50 ,ug/ml; range, 0.008 to
0.50 ,ug/ml). Bactericidal agent titers in serum were similar in
both groups, with a median of 1/2 for trough levels and 1/4
for peak levels.
Nine patients in each group suffered from complications of

the disease, including spondylitis (three each in the DR and
OR groups), hip arthritis (three in the DR and two in the OR
group), knee arthritis (one in the DR and two in the OR
group), sacroiliitis (one in the DR and two in the OR group),
and orchitis (one in the DR group). The duration of symp-
toms prior to commencement of therapy ranged from 7 to 60
days (31.4 + 21.7) in patients who received doxycycline plus
rifampin and 10 to 70 days (37.1 + 24.5) in those treated with
ofloxacin and rifampin (P > 0.5).
When only patients with positive cultures were analyzed,

the two regimens produced similar therapeutic outcomes (P
= 0.9). The mean time to defervescence was 5.1 days (range,
2 to 10 days) for patients in the DR group and 6.3 days
(range, 2 to 18 days) for patients in the OR group (Table 2).
Blood cultures during treatment were negative for all pa-
tients. One patient in the OR group who had sacroiliitis
continued to have pain at the end of treatment, although
fever disappeared and cultures became negative, and was
considered a therapeutic failure. Relapse occurred in one
patient from each group. Symptoms recurred 4 months after
the completion of therapy in a patient treated with ofloxacin
and rifampin. Another patient treated with doxycycline and
rifampin had fever and back pain recurring 6 months after
therapy, showing a rising titer in an agglutination test. Blood
cultures were negative in both cases. These patients re-
ceived ofloxacin plus rifampin and showed good responses
to therapy.

Gastric discomfort was the most frequent side effect in the
DR group (occurring in 43.3% of patients), whereas only two
patients in the OR group (6.5%) complained of gastric
irritation (P < 0.005). One patient in each group experienced
skin rash. These side effects were not severe enough in any
of the patients to warrant discontinuation of therapy. No
other side effects attributable to the study drugs were noted,
and compliance, monitored throughout the therapy, was
complete.

1832 AKOVA ET AL.

 on M
arch 23, 2020 by guest

http://aac.asm
.org/

D
ow

nloaded from
 

http://aac.asm.org/


OFLOXACIN-RIFAMPIN IN TREATMENT OF BRUCELLOSIS 1833

DISCUSSION

Although a number of clinical trials have been performed
during the past 40 years since Magill and Killough (19)
suggested tetracycline plus streptomycin for the treatment of
human brucellosis, the optimal treatment modality is an
unsettled issue. Most antibiotics active against Brucella
species resulted in control of initial symptoms; howevcr,
relapse rates were found to be high during follow-up evalu-
ations. Brucella species are intracellular organisms; there-
fore, any treatment regimen should consist of an antibiotic(s)
capable of penetrating mononuclear phagocytes in order to
prevent relapses.
The combination of 3 weeks of tetracycline administration

plus 2 weeks of streptomycin administration was recom-
mended as the treatment of choice for human brucellosis by
the World Health Organization in 1971 (9). It was possible to
lower the relapse rates of 15 and 26% observed previously
(8, 16) to 3 and 8% by prolonging the administration of
tetracycline or doxycycline to 4 or 6 weeks (1, 5, 7).
Rifampin, which was very active against Brucella species,
showed excellent penetration of cells. Trials employing
rifampin alone were discouraged because of the high relapse
rates and the possibility of development of resistance (18,
21). The combination of rifampin plus doxycycline, admin-
istered for 6 weeks, resulted in failure rates of 0 to 13% (1, 5,
7, 16) and was recommended by the World Health Organi-
zation in 1986 in treatment of brucellosis (10).

In vitro studies of ciprofloxacin and ofloxacin against B.
melitensis have shown excellent results. However, clinical
trials employing fluoroquinolones alone have yielded contra-
dictory results. In our own experience with ofloxacin, 21
patients, including those with complications of the disease or
endocarditis, showed a relapse rate of 16% (3), whereas
Lang et al. (17) reported a relapse rate of 66% in 6 patients
treated with ciprofloxacin alone.
The results of the present study indicate that 6 weeks of

treatment with ofloxacin plus rifampin is as effective as 6
weeks of treatment with doxycycline plus rifampin. Initial
response rates were 100% for patients receiving doxycycline
plus rifampin and 97% for those treated with ofloxacin plus
rifampin. Relapse rates were also comparable (1 of 30
patients [3.3%] in the DR group and 1 of 31 patients [3.2%]
in the OR group).
The outcome of treatment for patients with spondylitis

deserves special attention, since discouraging results have
been reported (5). In our series, all patients with spondylitis
were successfully treated with either doxycycline plus ri-
fampin or ofloxacin plus rifampin. A single patient with
sacroiliitis was considered to have failed to respond to
therapy with ofloxacin plus rifampin on the basis of persist-
ing severe pain. Although this clinical condition has been
regarded as reactive arthritis rather than as an infectious
activity of brucellosis by some authors (14), the fact that this
particular patient's pain was not relieved by anti-inflamma-
tory drugs but responded to a further course of therapy with
doxycycline plus rifampin indicated the failure of the oflox-
acin-rifampin regimen.
An important difference between the treatment groups

was the low incidence of side effects with ofloxacin plus
rifampin (9.7% of patients) compared with that seen with
doxycycline plus rifampin (46.7% of patients). Gastric dis-
comfort was observed in 43.3% of the patients receiving
doxycycline plus rifampin, despite the fact that doxycycline
was given after meals in all cases. The incidence of gastric
discomfort was very low (6.5%) in patients treated with

ofloxacin plus rifampin. However, this side effect was usu-
ally very mild in both treatment groups and never led to
premature discontinuation of therapy.
The unacceptably high relapse rates observed with quino-

lone monotherapy, despite the excellent MICs of these
drugs, have led the investigators to evaluate the activity of
quinolones, as well as those of other antibiotics, at low pH
levels which compare to that achieved in phagolysosomes.
Garcia-Rodriguez et al. (11) reported a two- to fourfold
increase in MICs of fluoroquinolones when the pH of the
medium was lowered to 5. In vitro data from our laboratory
yielded similar results, with a four- to eightfold increase in
the MICs of ciprofloxacin and ofloxacin at pH 5.0 (unpub-
lished data). The fact that quinolones are no more bacteri-
cidal against Brucella species when the pH of the test
medium is lowered to 5.0 seems to explain the failure of
quinolone monotherapy. On the other hand, data from our
laboratory showed a two- to fourfold decrease in the MICs of
rifampin against B. melitensis at pH 5.0 (unpublished data).
On the basis of these observations, it is tempting to speculate
that rifampin compensates for the decreased bactericidal
effect of quinolones in the phagolysosome, and this might
explain the lower relapse rate obtained with a combination of
ofloxacin plus rifampin than with ofloxacin monotherapy.
Nevertheless, more data are needed for further clarification.

In conclusion, the combination of ofloxacin plus rifampin
administered for 6 weeks is as effective as doxycycline plus
rifampin given for the same period. However, some caution
is appropriate considering the relatively small sample size in
the trial. In order to detect a minimum difference of 10%
between two groups of patients, the beta error would be
0.44. On the other hand, a true difference between regimens
(i.e., alpha = 0.05 and beta = 0.20) would require 58 patients
to be allocated to each of the treatment groups. The reason
which deterred us from increasing the size of the study group
to that level was a time constraint (approximately five
additional study years would be required). Complications
such as spondylitis responded well to either regimen. The
low rate of side effects with the ofloxacin-rifampin regimen
gives this regimen an advantage over the doxycycline-
rifampin combination and may have an impact on compli-
ance to therapy.
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