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INTRODUCTION

Brucellosis exists worldwide and is a systemic
infection caused by facultative intracellular bacteria

of the genus Brucella that can involve many organs
and tissues 1,2. The disease has limited geographic
distribution 3, but remains an important public health
problem in the Mediterranean region, including
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Summary
Brucellosis, a zoonosis with worldwide distribution, is a systemic infection and

still an important public health problem in Turkey. The best antimicrobial combina-
tion and schedule for the treatment of brucellosis with spondylitis has not yet been
clearly determined. In a prospective and randomized study, we compared the effica-
cy of five antimicrobial regimens for treatment of 102 patients with lumbar brucel-
lar spondylitis. Patients were randomly assigned to receive antimicrobial combina-
tion therapy. Twenty patients received streptomycin 1 g/day intramuscularly for 15
days and tetracycline-HCl, 500 mg every 6 h orally for 45 days (ST), 21 patients
received streptomycin 1 g/day i.m. for 15 days and doxycycline 100 mg every 12 h
orally for 45 days (SD), 20 patients received doxycycline 100 mg every 12 h orally
for 45 days and rifampicin 15 mg/kg per day in a single morning dose orally for
45 days (DR), 19 patients received ofloxacin, 200 mg every 12 h orally for 45 days
and rifampicin 15 mg/kg per day in a single morning dose orally for 45 days (OR),
and 22 patients received streptomycin 1 g/day i.m. for 15 days and doxycycline
100 mg every 12 h orally for 45 days plus rifampicin 15 mg/kg per day in a single
morning dose orally for 45 days (SDR). Initial therapeutic failure occurred in 2
patients (10%) in the ST regimen group, 4 patients (19%) in the SD group, 3
patients (15%) in the DR group and 5 patients (26%) in the OR regimen. In addi-
tion, 2 patients (10%) in the DR group and 5 patients (26%) in the OR regimen
relapsed during the follow-up period. There was no relapse in any patients in the
ST, SD, and SDR groups. The response rates were 90% in the ST and 81% in the
SD groups. In contrast, there was a maximum good response (100%) and no
relapse in the SDR group. In conclusion, a combination of doxycycline, strepto-
mycin, and rifampicin can be recommended as therapy for brucellar spondylitis and
to reduce relapse rates.

Key words: Brucellar spondylitis, doxycycline, streptomycin, rifampicin, brucel-
losis.
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Eastern Turkey 4-7. Osteoarticular complications are
common in brucellosis and have been described in
20-60% of cases 1. Especially lumbar spondylitis is
the most prevalent and important clinical form of
osteoarticular involvement in adults with brucellosis
8,9. Spondylitis may be difficult to diagnose and can
be complicated by potentially devastating neurologi-
cal or vascular conditions because of failure in diag-
nosis 10-12. On the other hand, even though a combi-
nation of effective antimicrobial agents is the treat-
ment of choice, management of brucellar spondylitis
still remains controversial in terms of drug selection,
duration of treatment, and the role of surgery 13-18. 

In our study, we performed a prospective ran-
domized study to compare several combination
antimicrobial regimens for patients with brucellar
spondylitis.

MATERIALS AND METHODS

This study is a prospective, randomized trial
comparing the efficacy of some combinations of
antimicrobial agents known to be effective against
brucellar spondylitis. Fifty-six males and 46 females
(mean age 40.5 years, range 21 to 69 years) with
brucellar spondylitis were treated and followed-up at
Turgut Ozal Medical Center, Inonu University,
Malatya, Turkey, between 1992 and 2001. The
patients were randomly categorized according to
given combinations of antimicrobial agents and final
outcomes. Five different combinations of antimicro-
bial agents, which were left to the discretion of our
trials and approved by the institutional review board,
were given to the patients with brucellar spondylitis.
All the patients signed an informed consent. 

The brucellosis diagnosis was established by
using the following criteria: 1. consumption of un-
pasteurized milk or other dairy products in history,
2. compatible clinical picture (fever, sweating,
arthralgia, hepatomegaly, splenomegaly or other
signs and symptoms), 3. detection of anti-Brucella
antibodies at significant titer (1/160 or more) in a
standard tube agglutination test (SAT), 4. isolation of
Brucella species in blood culture. 

Blood cultures were performed and incubated up
to 3 weeks using BACTEC 9120 (Becton Dickinson,
Madrid, Spain). Presumptive identification was made
on the basis of colony morphology, Gram staining,
oxidase, and urea test. Brucella species appeared as
non-pigmented, non-hemolytic, and punctate
colonies after 48 h incubation. All suspicious
colonies were examined by Gram staining and posi-
tive oxidase and urea test 19. As serological tests, the
standard tube agglutination (SAT) and rose Bengal
tests were done by standard methods. We used SAT
for all patients and 98 patients were found to be
positive according to SAT. However, only in 4

patients with SAT seronegativity, we had performed
SAT with AHG for whom brucellosis was suspected
clinically. For spondylitis, the radiographic findings
were recorded by determining epiphysitis of the
anterosuperior angle of the vertebra, narrowing of
the disc space, erosion, sclerosis, vertebral collapse
and osteomyelitis. All patients with suspected
spondylitis on plain radiograph were scanned by CT.
Brucellar spondylitis is considered as focal and dif-
fuse by CT or MRI. Focal spondylitis was defined as
focal areas of abnormal signal intensity, usually local-
ized in the anterior aspect of an end plate of a verte-
bra at the diskovertebral junction. Diffuse spondylitis
was defined as diffuse abnormal signal intensity of
adjacent vertebrae and the intervening disk.
Although radiography is sufficient for demonstrating
focal spondylitis, MR imaging is preferred for assess-
ing diffuse disease 20. MRI was performed in 64
patients.

Treatment groups 

Twenty patients received streptomycin 1 g/day
i.m. for 15 days and tetracycline-HCl, 500 mg every
6 h orally for 45 days (ST group); 21 patients
received streptomycin 1 g/day i.m. for 15 days and
doxycycline 100 mg every 12 h orally (SD group)
for 45 days; 20 patients received doxycycline 100
mg every 12 h orally for 45 days and rifampicin 15
mg/kg per day in a single morning dose orally for
45 days (DR group); 19 patients received ofloxacin,
200 mg every 12 h oral ly for 45 days and
rifampicin 15 mg/kg per day in a single morning
dose orally for 45 days (OR group) and 22 patients
received streptomycin 1 g/day i.m. for 15 days and
doxycycline 100 mg every 12 h orally for 45 days
plus rifampicin 15 mg/kg per day in a single morn-
ing dose orally for 45 days (SDR group). Maximum
rifampicin dose was 900 mg/day. All patients were
followed up for at least 6 months after stopping the
therapy (Table 1). 

Patients were monitored for therapy efficacy and
toxicity using clinical and laboratory data. Complete
blood count, erythrocyte sedimentation rate (ESR),
serum transaminase, creatinine, lactate dehydroge-
nase, gamma-glutamyl transpeptidase, alkaline phos-
phatase, albumin, bilirubin and electrolyte levels
were measured on days 7, 14 and at the end of the
therapy. Control serology for brucellosis was per-
formed at the end of therapy. Blood culture, brucel-
losis serology and radiological and other diagnostic
imaging methods were re-performed according to
the symptoms of the patients’ duration of follow-up.
After the end of therapy, patients were reassessed
as outpatients at months 1, 3, 6, and 12, as well as
whenever clinical symptoms reappeared. Drug safety
was assessed on the basis of clinical adverse events
and laboratory tests. Table 2 shows the demograph-
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ic characteristics and clinical-symptomatic findings of
patients at baseline in the five combination antimi-
crobial agents groups. 

The patients receiving five different combination
regimens were classified into 3 groups according to
the clinical outcome of brucellar spondylitis at the
end of follow-up. The response was considered good
if the patient recovered and did not have any clinical
or bacteriological signs of infection. If the patient
continued to have clinical and bacteriological signs
that suggested persistent infection after 45 days of
treatment, this was considered to be therapeutic fail-
ure. If the patient had initially recovered, but clinical
signs reoccurred and at least a four-fold rise in spe-
cific IgG antibodies was detected in SAT with 2-mer-
captoethanol, this was considered relapse.

Statistical analysis

Statistical analysis was performed by using the
Statistical Package for the Social Sciences (SPSS).
The results are presented as mean ± SEM. κ2 test
for qualitative variables and Student’s t-test for quan-
titative variables was used for statistical analysis. A p
value of <0.05 was considered statistically signifi-
cant.

RESULTS

One hundred and two patients (56 males and 46
females) with brucellar spondylitis were evaluated.
There were no significant differences in age, sex,
and duration of the symptoms prior to therapy,
serological test positivity and extent of spondylitis.
Low back pain was the most common symptom
(100%). Constitutional symptoms and fever were the
other common symptoms (77.4% and 57.8%,
respectively). The time from onset of symptoms to
diagnosis of spondylitis was 16 months (median, 8
weeks). All patients were followed-up for at least 6
months.

Standard tube agglutination testing of initial sam-
ples from 98 of the 102 (96%) patients was positive
for antibodies to Brucella spp (titer ≥1:160). Blood
cultures from 12 (11.7%) of 102 patients were posi-
tive. ESRs were measured for all patients (mean
ESRs 40.5 mm/h). Mean WBC was 7780/mm3.
Leukocytosis (>10,500/mm3) was found in 20
patients. Four patients (3.9%) had focal spondylitis
and 98 had diffuse disease (96.1%). Three patients
had epidural abscess and one had paravertebral
abscess by CT and MRI.

Fourteen (13.7%) initial therapeutic failures and
7 (6.8%) relapses occurred during the study period.
Initial therapeutic failure occurred in 2 patients
(10%) in the ST regimen, in 4 patients (19%) in the
SD group, in 3 patients (15%) in the DR group, and
in 5 patients (26%) in the OR group. In addition, 2
patients (10%) in the DR regimen and 5 patients
(26%) in the OR group relapsed during the follow-up
period. The organism could not be isolated from any
of these patients. There was no relapse in any
patients in groups ST, SD, and SDR. Good
response occurred in the ST (90%) and SD (81%)
groups. In contrast, there was a maximum good
response (100%) and no relapse in the SDR group
(p<0.05). Treatment outcomes are shown in Table
3. There were no differences between patients with
therapeutic failure and relapses in terms of age, sex,
duration of the symptoms, blood culture positivity
and extent of spondylitis. The patients with thera-
peutic failure and relapses were treated with an
alternative regimen.

All antimicrobial regimens were generally well
tolerated. Severe toxic effects were uncommon in all
five antimicrobial regimens. The most commonly
observed adverse effects were gastrointestinal com-
plaints (12%-17% for all groups); including heart-
burn, epigastric pain, nausea, and vomiting.
Therapy was not interrupted in any patient due to
severe hypersensitivity reaction and elevated liver
transaminase levels (more than five times the base-
line levels). 

TABLE 1 - Antimicrobial combinations, dosage and schedule.

Groups N. Combination of antibiotics Dosage and duration of therapy

ST 20 Streptomycin + Tetracycline-HCl 1 g/d i.m.* (15 d) +500 x4 mg/d p.o. (45 d)

SD 21 Streptomycin + Doxycycline 1 g/d i.m. (15 d) + 100 x2 mg/d p.o. (45 d)

SDR 22 Streptomycin + Doxycycline + Rifampicin 1 g/d i.m. (15 d) + 100 x2 mg/d p.o. (45 d) + 
15 mg/kg (600-900 mg/d) x 1 p.o. (45 d)

DR 20 Doxycycline + Rifampicin 100 x 2 mg/d p.o. (45 d) + 15 mg/kg (600-900 mg/d) 
x 1 p.o. (45 d)

OR 19 Ofloxacin + Rifampicin 200 x2 mg/d p.o. (45d) + 15 mg/ kg (600-900 mg/d) x
1 p.o. (45 d)

*i.m. = intramuscular, p.o. = per oral, d = day
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TABLE 2 - Characteristics of patients with brucellar spondylitis divided into five antimicrobial combination groups.

Characteristics Groups

ST SD SDR DF OF Total

Number (%) 20 (19.6%) 21 (20.6%) 22 (21.6%) 20 19.6%) 19 (18.6%) 102 (100%)

Mean age 44.6 38.5 41.8 40.7 37.1 40.5

Male/female 12/8 11/10 12/10 11/9 10/9 56/46

Living in urban/rural area 15/5 11/10 12/10 11/9 10/9 59/43

Risk factors 

Occupational exposure 2 5 1 0 3 11

Ingestion of unpasteurized milk 18 15 10 9 9 61
/ dairy products

Mean duration of symptoms 7 8 7 7 9
before therapy (weeks)

Symptoms

Lower back pain 20 21 22 20 19 102

Fever 17 10 7 8 8 50

Constitutional symptoms 18 17 19 15 10 79

Positive cultures 4 3 5 3 1 16

Serological tests

SAT ≥1/160 20 21 20 18 19 98

SAT with AHG ≥1/160 0 0 2 2 0 4

Four-fold rise titer 12 17 11 9 11 60

Other laboratory tests

WBC ( /mm3) 

<4000 9 8 10 8 9 44

4000-10,000 5 7 9 10 7 38 

>10,000 6 5 5 4 6 20

Hemoglobin

<12g/dl 0 2 7 2 2 13

>12g/dl 20 19 15 18 17 89

ESR

<50 mm/h 20 20 18 20 18 96

>50 mm/h 0 1 4 0 1 6

Elevated ALT/AST 10 5 12 8 9 44

CRP positivity (mg/L) 20 21 22 20 19 102

Radiological findings

Focal spondylitis 1 1 0 1 1 4

Diffuse spondylitis 19 20 22 19 18 98

Epidural abscess 0 0 3 0 0 3

Paravertebral abscess 0 0 1 0 0 1

SAT: Standard tube agglutination test, AHG: anti-human globulin, WBC: white blood cells, 
ESR: erythrocyte sedimentation rate, ALT: alanine aminotransferase, AST: aspartate aminotransferase, 
CRP: C-reactive protein, MRI: magnetic resonance imaging
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DISCUSSION

Diagnosis of brucellosis needs to be confirmed
by laboratory tests. Blood culture is still the standard
method. Automated incubation-detection methods
are effective but allowance should be made for the
relatively slow growth of the organism 3,21. In our
cases, we detected blood culture positivity in 7
patients (6.9%) for B. melitensis, and in 5 patients
(4.9%) for B. abortus (total: 11.7%). In our cases, a
brucella SAT titer of more than 1/160 was detected
in 100% and a four-fold rise titer was found in 59%.
Al Soub et al reported the importance of serological
brucellar tests in developing countries 22. Serological
tests were also helpful in the diagnosis of brucellar
spondylitis. Spondylitis is one of the major manifes-
tations of osteoarticular brucellosis. The incidence of
spondylitis reported in the literature varies signifi-
cantly, ranging from 10% to >50% 8,9,13. Brucellar
spondylitis occurs most commonly in adults aged
between 50 and 60 years. The lumbar spine is the
most frequently involved area for spondylitis 20,22-26.
It can be either focal or diffuse 9,13. In our series, the
mean age was 40.5 years and our patients were
younger than other series. The other demographic
and clinical characteristics of our patients were simi-
lar to those of previously described groups of
patients with brucellar spondylitis 13,22-26. 

The aim of an antimicrobial regimen is to con-
trol the acute symptoms of brucellosis and to pre-
vent complications and relapses. The choice of regi-
men and duration of therapy should be based on the
presence of focal disease. Treatment with a single
antibiotic and of short duration carries a high risk
for relapse 14,27. The treatment recommended by the
World Health Organization (WHO) for acute brucel-
losis in adults is rifampicin 600 to 900 mg and
doxycycline 200 mg daily for a minimum of 6 weeks
28. Nevertheless, there are very few comparative tri-
als on this issue and none of them has shown the
advantages of the DR regimen over the DS regimen.
In most of studies, the DR regimen showed higher
relapse rates than the DS 14,17,29,30. Ariza et al
reported that the DR regimen is a less efficacious
combination therapy to prevent brucellosis relapses
than is the classical ST combination when both are
administered for 30 days 31. 

Early diagnosis and optimal treatment are known
to be effective and surgical procedures are rarely
required in brucellar spondylitis. However, treatment
of brucellar spondylitis remains controversial with
regard to the selection of antibiotics and treatment
duration. The most widely used antibiotic combina-
tion for therapy is tetracycline or doxycycline and
streptomycin; this combination provides sustained
improvement in the condition of 60%–90% of
patients 13,16. In previous trials, most therapeutic fail-
ures in patients treated with the DR regimen consist-
ed of clinical lesions in the spine. Ariza et al report-
ed that doxycycline plus rifampicin might be less
effective in patients with brucellar spondylitis 14. The
regimens containing streptomycin yielded statistically
more favorable results than other combinations 30.
Mousa et al reported that prolonged treatment with
a combination of three anti-brucella drugs was nec-
essary 11. Ariza et al recommended the combined
antibiotic regimen of streptomycin plus doxycycline
for good clinical improvement in brucellar spondylitis
cases 13. Some studies also recommended strepto-
mycin plus doxycycline plus rifampicin combination
in brucellosis complicated with neurobrucellosis,
endocarditis and unresponsive or low responding
spondylitis 2,3. 

The duration of antibiotic therapy for brucellar
spondylitis is longer than for systemic brucellosis
without spondylitis 32. Although the duration varies
considerably in different studies, treatment includes
antibiotics administered for a period between 6 and
12 weeks 13,16. On the other hand, the ST regimen
seems superior to the SD regimen in our study. The
reason for such a superior result is unknown.
However, the higher toxicity profile of tetracycline
compared to doxycycline makes less use of it in the
standard regimens in many diseases including brucel-
losis. Therefore, tetracycline resistance may decline
through the years with less use of the drug. 

In our study, the streptomycin plus doxycycline
plus rifampicin combination was found to be the
most effective combination for treatment of brucellar
spondylitis, as we observed no therapeutic failure or
relapse in this group. Complete response was also
achieved in the SDR group in 3 patients with
epidural abscess and 1 patient with paravertebral

TABLE 3 - Outcomes of the antimicrobial therapy.

Group N. Good response (%) Failure (%) Relapse (%) Total (%) 

ST 20 18 (90) 2 (10) 0 20 (100)

SD 21 17 (81) 4 (19) 0 21 (100)

SDR 22 22 (100) 0 0 22 (100)

DR 20 15 (75) 3 (15) 2 (10) 20 (100)

OR 19 9 (48) 5 (26) 5 (26) 19 (100)
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abscess. Therefore, triple combination is more effec-
tive especially in patients with complicated brucellar
spondylitis. The highest therapeutic failure and
relapse rates were observed with the OR regimen in
our study (26% both of them). Despite their in vitro
activity against Brucella spp., quinolones do not
appear to constitute adequate therapy for acute bru-
cellosis 33-35.

In conclusion, brucellar spondylitis is an impor-
tant disease in eastern Turkey and other developing
countries. The SDR combination is very effective
therapy and this triple drug regimen reduces failure
and relapse rates in brucellar spondylitis. 
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