
5 Rudberg S, Ullman E, Dahlquist G. Relationship between early
metabolic control and the development of microalbuminuria—a
longitudinal study in children with type 1 (insulin-dependent)
diabetes mellitus. Diabetologia 1993;36:1309-14.

6 Bojestig M, Arnqvist HJ, Karlberg BE, Ludvigsson J. Glycemic control
and prognosis in type 1 diabetic patients with microalbuminuria.
Diabetes Care 1996;19:313-7.

7 Gorman D, Sochett E, Daneman D. The natural history of
microalbuminuria in adolescents with type 1 diabetes. J Pediatr
1999;134:333-7.

8 Rudberg S, Persson B, Dahlquist G. Increased glomerular filtration
rate as a predictor of diabetic nephropathy—an 8-year prospective
study. Kidney Int 1992;4:822-8.

9 Diabetes UK. National paediatric diabetes audit. Results from the
audit year 2002. London: Diabetes UK, Royal College of Nursing,
RCPCH, British Society of Paediatric Endocrinology and Diabetes,
2004.

10 Holl RW, Swift PG, Mortensen HB, Lynggaard H, Hougaard P,
AanstootHJ, et al. Insulin injection regimens andmetabolic control in
an international survey of adolescents with type 1 diabetes over

3 years: results from the Hvidore study group. Eur J Pediatr
2003;162:22-9.

11 Bryden KS, Peveler RC, Stein A, Neil A,Mayou RA, Dunger DB. Clinical
and psychological course of diabetes from adolescence to young
adulthood: a longitudinal cohort study. Diabetes Care
2001;24:1536-40.

12 Reckelhoff JF, Granger JP. Role of androgens in mediating
hypertension and renal injury. Clin Exp Pharmacol Physiol
1999;26:127-31.

13 Amin R, Schultz C, Ong K, Frystyk J, Dalton RN, Perry L, et al. Low IGF-I
and elevated testosterone during puberty in subjects with type 1
diabetes developing microalbuminuria in comparison to
normoalbuminuric control subjects: the Oxford regional prospective
study. Diabetes Care 2003;26:1456-61.

14 SchultzCJ,NeilHA,DaltonRN,DungerDB.Riskofnephropathycanbe
detected before the onset ofmicroalbuminuria during the early years
after diagnosis of type 1 diabetes. Diabetes Care 2000;23:1811-5.

Accepted: 25 January 2008

Treatment of human brucellosis: systematic review and
meta-analysis of randomised controlled trials

Keren Skalsky,1 Dafna Yahav,1 Jihad Bishara,2,3 Silvio Pitlik,2,3 Leonard Leibovici,1,3 Mical Paul2,3

ABSTRACT

Objectives To determine and quantify differences in

efficacy between treatment regimens for brucellosis.

Design Systematic review and meta-analysis of

randomisedcontrolled trials assessingdifferent antibiotic

regimens and durations of treatment for human

brucellosis.

Data sources PubMed, CENTRAL, Lilacs, conference

proceedings, and bibliographies with no restrictions on

language, study year, or publication status.

Review methods Search, application of inclusion and

exclusion criteria, data extraction, and assessment of

methodological quality independently performed in

duplicate. Primary outcomes were relapse and overall

failure resulting from primary failure or relapse. Relative

risks with 95% confidence intervals were calculated and

pooled with a fixed effect model.

Results 30 trials and 77 treatment arms were included.

Overall failure was significantly higher with doxycycline-

rifampicin compared to doxycycline-streptomycin, mainly

due to a higher rate of relapse (relative risk 2.80, 95%

confidence interval 1.81 to 4.36; 13 trials, without

heterogeneity). Results were consistent among patients

with bacteraemia and complicated brucellosis.

Doxycycline-streptomycin resulted in a significantly

higher rate of failure than doxycycline-rifampicin-

aminoglycoside (triple drug regimen) (2.50, 1.26 to 5.00;

two trials). Gentamicin was not inferior to streptomycin

(1.45, 0.52 to 4.00 for failure; two trials). Quinolones

combined with rifampicin were significantly less effective

than doxycycline combined with rifampicin or

streptomycin (1.83, 1.11 to 3.02, for failure; five trials).

Monotherapy was associated with a higher risk of failure

than combined treatment when administered for a similar

duration (2.56, 1.55 to 4.23; five trials). Treatment for six

weeks or more offered an advantage over shorter

treatment durations.

Conclusions There are significant differences in

effectiveness between currently recommended treatment

regimens for brucellosis. The preferred treatment should

be with dual or triple regimens including an

aminoglycoside.

INTRODUCTION

Brucellosis is the commonest zoonotic infectionworld-
wide. Treatment is given to shorten the duration of
symptoms, prevent relapse, and avert complications.
Recommendations for specific regimens are incon-
sistent. Guidelines of the World Health Organization,
last published in 1986, recommend doxycycline with
rifampicin for six weeks in place of their previously
recommended regimen of tetracycline for six weeks in
combinationwith streptomycin for the first two to three
weeks.1 The relative merits of these two regimens are
still being discussed.2-5 Recent consensus recommen-
dations of an expert panel proposed doxycycline-
streptomycin and doxycycline-rifampicin as first line
regimens, without quantifying the differences between
them.6

We performed a systematic review and meta-
analysisof all randomisedcontrolled trials that assessed
different antibiotic regimens for the treatment of
brucellosis to identify the optimal treatment regimen
and duration of treatment and to obtain quantitative
estimates of effect for the difference between existing
regimens.

METHODS

We included randomised or quasi-randomised con-
trolled trials that tested any single or combination
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antibiotic treatment for Brucella infections compared
with placebo, no treatment, or another antibiotic
regimen. We included trials in adults or children with
documented infections caused by Brucella spp.
Our four predefined comparisons were any tetra-

cycline combinedwith any aminoglycoside versus any
tetracycline combined with rifampicin or its deriva-
tives; combination regimens with a quinolone versus
combination regimens without quinolones; any com-
bination of drugs versus any monotherapy; and
combination treatment administered for 30 days or
less versus six weeks or longer. Our two predefined
primary outcomes were relapse; and “overall failure,”
defined as either therapeutic failure or relapse.
Secondary outcomes included therapeutic failure;
development of complications of disease; all cause
mortality; any discontinuation of treatment; and any
adverse events. See bmj.com.

Search strategy and analysis

We searched for all relevant studies regardless of
language, publication status, or year of publication. See
bmj.com for search terms. We searched conference
proceedings for unpublished trials, trial registries for
ongoing and unpublished trials and scanned the
references of all included and excluded trials. Two
reviewers performed the search, applied inclusion
criteria and independently extracted data from
included trials. Differences were resolved by discus-
sion with a third reviewer. We contacted authors for
clarifications and missing outcome data.
We calculated relative risks for dichotomous data.

We pooled trials comparing similar regimens. Num-
bers needed to treat (NNT) were calculated as 1/risk
difference obtained from a meta-analysis of the trials.
We assessed methodological quality, and conducted

sensitivity and funnel plot analyses for the main
comparison between tetracycline-aminoglycoside
and tetracycline-rifampicin. We used a χ2 test of
heterogeneity and the I2 measure of inconsistency to
assess heterogeneity in the results of the trials. All
analyses are shown using the fixed effect model, unless
significant heterogeneity (P<0.1) was present, in which
case we used a random effect model. See bmj.com for
details.

RESULTS

The search strategy resulted in 101 potentially relevant
publications. After exclusions we included 30 rando-
mised controlled trials comprising 77 treatment
arms.w72-w100 Full characteristics of Brucella infection
among included patients and exclusion criteria are in
table A on bmj.com. No patients with Brucella endo-
carditis or neurobrucellosis were included. Follow-up
ranged from3 to 36months.Noneof the trials reported
on mortality as an outcome, nor were specific adverse
events reported, except for ototoxicity, and only a few
reportedon thedevelopment ofBrucella complications.
Six trials reported adequate allocation concealment
and 12 reported adequate allocation generation (see
bmj.com). Two trials were double blind,w74 w97 and the
remaining were open label.

Tetracycline-streptomycin v tetracycline-rifampicin

Thirteen trials,with1058patients,were included in this
comparison.w72-w84 Streptomycin was administered for
21 days in eight trial arms and 14-15 days in six, while
tetracycline and rifampicin were administered for the
duration of treatment, 30-45 days. Overall failure was
significantly higher with tetracycline-rifampicin (rela-
tive risk 2.30, 95% confidence interval 1.65 to 3.21;
figure). We found no significant heterogeneity for the
overall comparison (P=0.81, I2=0%). The difference
with regard to overall failure originated mainly from a
difference in relapse rates (2.86, 1.84 to 4.43).
Therapeutic failure was higher with tetracycline-
rifampicin, but the difference was not significant and
of smaller magnitude (1.54, 0.87 to 2.71; 10 trials).
Treatment with tetracycline-rifampicin had to be
discontinued more often than treatment with tetra-
cycline-streptomycin (1.43, 1.03 to 2.00). Adverse
events in general and discontinuation because of
adverse events were similar for the two treatment
groups (1.08, 0.84 to 1.39, and 1.20, 0.40 to 3.59,
respectively; values >1 favour the streptomycin arm).
Ototoxicity was reported only in the tetracycline-
streptomycin group (six of 262 patients, five trials).
When we restricted the analysis to doxycycline-

streptomycin versus doxycycline-rifampicin we found
a similar trend: a significant disadvantage with
doxycycline-rifampicin with regard to overall failure
(2.27, 1.62 to 3.16), relapse (2.80, 1.81 to 4.36), and
rates of discontinuation (1.41, 1.01 to 1.97), without
heterogeneity.
Subgroup and sensitivity analyses—Overall failure was

higher with tetracycline-rifampicin among patients

  Acocella 1989w72

  Ariza 1985w73

  Ariza 1992w74 

  Bayindir 2003w75 
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with brucellosis confirmed by culture (2.79, 1.53 to
5.08; three trials) and among patients with complica-
tions of brucellosis (2.63, 1.41 to 4.93; four trials).
Confidence intervals overlapped for all categories of
methodological quality, although quasi-randomised
trials tended to exaggerate the advantage of tetra-
cycline-streptomycin. Exclusion of trials with inade-
quate concealment of allocation yielded a relative risk
of 1.74 (1.14 to 2.65) for overall failure and2.25 (1.27 to
3.98) for relapse. The funnel plots for overall failure
and relapse did not show selection bias.

Quinolone v non-quinolone based regimens

Five trials compared quinolone-rifampicin with dox-
ycycline-rifampicin.w75 w79 w93 w94 w98 Overall failure was
non-significantly higher in the quinolone group (1.40,
0.77 to 2.52), with no heterogeneity (P=0.63, I2=0%).
Both relapse (1.28, 0.64 to 2.53) and therapeutic failure
(1.74, 0.59 to 5.19) were more common in the
quinolone arm, but not significantly so. The analysis
of adverse events favouredquinolone-rifampicin (0.37,
0.22 to 0.63; three trials). Discontinuation because of
adverse events was reported in a single trial, with no
significant difference.w79

Two trials compared quinolone-rifampicin with
doxycycline-streptomycin.w75 w79 Overall failure was
higher in the quinolone arm (2.28, 1.17 to 4.46), with
some heterogeneity (P=0.13, I2=57%). Relapse (3.21,
1.14 to 9.00) and therapeutic failure (1.57, 0.59 to 4.16)
occurred more often with quinolones. There was no
difference in rates of adverse events or discontinuation
because of adverse events.
Comparison of any quinolone based regimen versus

a regimen without a quinolone showed a significant
disadvantage to the quinolone arm with regard to
overall failure (1.83, 1.11 to 3.02), with some hetero-
geneity (P=0.14, I2=42.9%). Subgroup analyses were
scarce. Overall failure was significantly higher with
quinolone based regimens among patients with com-
plicated brucellosis in two trials, without heterogeneity
(2.93, 1.48 to 5.78).

Monotherapy v combination treatment regimens

Seven trials assessed monotherapy.w78 w81 w88-w92

When co-trimoxazole was the monotherapy, overall
failure was not significantly different (1.27, 0.81 to
1.99; three trials, 257 patients), though therapeutic
failure was more common (2.49, 1.26 to 4.89; three
trials, 294 patients). For tetracycline monotherapy
(two trials, 211 patients), the respective relative risks
were 1.01 (0.58 to 1.77) and 0.25 (0.03 to 2.32). Two
small trials that assessed ceftriaxone and cipro-
floxacin asmonotherapywere stopped early because
of a significant disadvantage in the monotherapy
arm.w91 w92 Two trials assessed six months of
co-trimoxazole monotherapy compared with short
term combination therapy (28 days).w81 w89 When we
limited the analysis to trials that compared similar
durations of treatment for combination treatment
and monotherapy, overall failure was more common
with monotherapy (2.56, 1.55 to 4.23; five trials),
while the two trials that compared longmonotherapy
with short combination therapy found no significant
difference.

Short (<30 days’) v long (≥6 weeks’) duration of

treatment

Four trials compared duration of treatment with the
sameor similar regimens in both trial arms.w72 w80 w95 w97

Overall failure was significantly more common with
short treatment duration (3.08, 1.01 to 9.38; random
effects model P=0.07 and I2=61.9% for heterogeneity).
Both therapeutic failure (3.02, 1.03 to 8.80) and
relapse (1.70, 1.19 to 2.44) were significantly more
common with the shorter duration, without significant
heterogeneity.
Four trials examined short duration (21-30 days)

doxycycline-streptomycin compared with long dura-
tion doxycycline-rifampicin.w72 w76 w80 w82 Relapse rates
were non-significantly higher with short duration
doxycycline-streptomycin (2.29, 0.87 to 6.03) with no
significant heterogeneity. The differences in overall
failure and therapeutic failure were not significant, and

Recommendations for the treatment of uncomplicated brucellosis among non-pregnant adults

WHO/FAO 19861 Ioannina 20076 Current review*

First line regimen Doxycycline 6 weeks +
rifampicin 6 weeks

Doxycycline 6 weeks+streptomycin 2-3 weeks Doxycycline 6 weeks+rifampicin 6 weeks
+gentamicin 2 weeks OR doxycycline 6 weeks
+gentamicin 2 weeks

Alternative Tetracycline 6 weeks +
streptomycin
2-3 weeks

Doxycycline 6 weeks+rifampicin 6 weeks Doxycycline 6 weeks+streptomycin 2 weeks

Second line regimen Doxycycline 6 weeks+gentamicin 1 week Doxycycline+rifampicin 6 weeks OR tetracycline
6 weeks+gentamicin/streptomycin 2 weeks

Optional, poor
evidence

Co-trimoxazole Co-trimoxazole+doxycycline+other 6 weeks OR
ofloxacin or ciprofloxacin+doxycycline+/−other
6 weeks

Co-trimoxazole+doxycycline/rifampicin 6 weeks

Not recommended Azithromycin OR meropenem Monotherapy OR <30 days of treatment OR
quinolone with or without rifampicin/doxycycline

*Examines only drugs and regimens tested in randomised controlled trials. Duration of treatment (in table) and dosing recommendations based on

durations and doses most commonly used in all included trials: doxycycline 100 mg twice daily; gentamicin 240 mg once daily; rifampicin 900 mg

once daily; streptomycin 1g once daily; tetracycline hydrochloride 500 mg four times a day. Aminoglycosides administered intramuscularly and other

drugs orally.
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both comparisons were significantly heterogeneous
(1.74, 0.35 to8.72, and4.02, 0.35 to 46.42, respectively,
random effects model).

Other comparisons

Streptomycin v gentamicin—Two trials compared strep-
tomycin with gentamicin, both in combination with a
tetracycline.w85 w86 Rates of failure and relapse were
higher with streptomycin, but the results were not
significant (1.45, 0.52 to 4.00, for overall failure; 2.50,
0.56 to 11, for therapeutic failure; 1.19, 0.33 to 4.35, for
relapse). Adverse events were similar overall, while
adverse events leading to discontinuation were less
common with gentamicin (0.19, 0.01 to 3.99). No
heterogeneity was observed in these comparisons.

Dual v triple drug regimens—Two trials compared
doxycycline-streptomycin with doxycycline-rifampi-
cin-aminoglycoside.w75 w87 Overall failure was signifi-
cantly higher with the dual drug regimen (2.50, 1.26 to
5.00, without heterogeneity). Rates of therapeutic
failure (3.85, 1.37 to 11.0) and relapse (1.49, 0.55 to
4.0)werealso inhigherwith thedual regimen, although
the confidence intervals are wide. No adverse events
that required discontinuation of treatment occurred in
both trials.

Doxycycline v tetracycline—Four trials compared doxy-
cycline with tetracycline. There were no differences
between these drugs when administered for a similar
duration of time (two trials).w75 w90 A shorter regimen of
doxycycline-streptomycin was significantly inferior to
a longer regimen of tetracycline-streptomycin (two
trials, 6.25, 2.44 to 16.7, for overall failure).w72 w80

Other—Two trials were not included in previous
comparisons. One assessed the combination of co-
trimoxazole-rifampicin compared with co-trimoxa-
zole-doxycycline.w100 Overall failure and treatment
failure were significantly more common without
doxycycline (1.79, 1.08 to 2.98, and 2.86, 1.25 to
6.54, respectively). One small trial compared six with
eight weeks of cotrimoxazole-rifampicin.w96 Overall
failure was non-significantly higher with the shorter
treatment (5.56, 0.70 to 44.09).

DISCUSSION

In this systematic reviewon the treatmentof brucellosis
we compared the specific drugs used in treatment
regimens, monotherapy, dual and triple drug regi-
mens, and duration of treatment in 30 randomised
controlled trials.
The combination of tetracycline-streptomycin was

significantly superior to tetracycline-rifampicin,
mainly with regard to rates of relapse, with a number
needed to treat of 11 (8 to 17) with tetracycline-
streptomycin to prevent one relapse after treatment
with tetracycline-rifampicin. The tetracycline adminis-
tered to 1038 out of 1058 patients included in this
comparison was doxycycline. Gentamicin could
replace streptomycin in combination regimens for
brucellosis. Quinolones were assessed in combination
with rifampicin and were less effective than doxy-
cycline with rifampicin or streptomycin.
Trials assessing monotherapy were less effective

than combination therapy. Two trials assessed triple
combination therapy with tetracycline-aminoglyco-
side-rifampicin and found it to be significantly more
effective than the most effective dual regimen of
tetracycline-aminoglycoside. The main difference
was in primary failure of the regimen with an NNT of
10 patients (6 to 33) with triple combination therapy to
prevent one therapeutic failure with dual therapy.
Finally, treatment duration of six weeks or more
resulted in a lower frequency of relapse than three to
fourweeks’ treatment. Both longduration tetracycline-
aminoglycoside and tetracycline-rifampicinweremore
effective than short duration tetracycline-aminoglyco-
side therapy,withNNTsof 20 (12 to 50) and9 (5 to 100)
patients, respectively, to prevent one relapse.
The table summarises the recommendations from

our systematic review compared with previous
recommendations.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Several classic combination regimensare available for the treatment of brucellosis in addition
to newer antibiotics, such as quinolones

Many randomised controlled trials have assessed these regimens, though the evidence has
not recently been summarised

Treatment recommendations from authoritative sources are contradictory

WHAT THIS STUDY ADDS

A triple drug regimen of doxycycline, gentamicin, and rifampicin offers an advantage over
doxycycline with an aminoglycoside, and doxycycline-aminoglycoside regimens are superior
to doxycycline-rifampicin

Quinolones are inferior to other drugs

Six weeks’ treatment is associated with a lower rate of relapse than shorter regimens
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