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Abstract

Background: Brucellosis, also known as « Mediterranean undulant fever », remains the most common zonoosis world-
wide. Its myriad presentation and various symptoms explain the diagnostic delay. The cornerstone of treatment includes
effective antibiotics for an adequate length of time which varies according to the clinical presentation and the associated
complications. We aimed to evaluate treatment regimens of human brucellosis.

Materials and methods: We conducted a prospective study including all patients hospitalized in the infectious diseases
department for brucellosis between 1992 and 2021. The diagnosis was confirmed by either isolation of Brucella bacteria
from body fluids or the presence of positive titers (above 1/160) in Wright standard agglutination test.

Results: During the study period, we included 223 patients, among which 145 were males (65%). The mean age was 40+17
years. There were 106 cases of acute brucellosis (47.5%), 108 cases of sub-acute brucellosis (48.5%) and 9 cases of chronic
brucellosis (4%). Among patients with acute or sub-acute brucellosis, the combination of DOX-RIF was significantly associ-
ated with a favorable evolution of the disease (OR=3.8 ; p=0.025), a lower risk of complications (OR= 0.2 ; p<0.001) and
side effects (OR=0.1 ; p<0.001). Among patients with sub-acute brucellosis, treatment with the combination of DOX-RIF-
cotrimoxazole was significantly associated with a lower risk of death (OR=0.3 ; p=0.038), while the combination of DOX-
RIF-ciprofloxacin was significantly associated with a higher risk of relapse (OR=8 ; p=0.023). Treatment regimens based on
triple-antibiotic therapy were significantly associated with a higher risk of complications (OR=3.7; p=0.016) and adverse
effects (OR=4; p=0.034).

Conclusion: Brucellosis remains a public health problem. The disease evolution depend on the combination of antibiot-
ics used. In addition to measures aimed to eradicate animal brucellosis, human prophylaxis is essential to avoid Brucella

contamination pending effective human vaccination.
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Evaluation of treatment regimens of human brucellosis
Background

Brucellosis, also known as “Mediterranean undulant fever”,
remains the most common zonoosis worldwide [1]. It is caused
by Gram-negative coccobacillus bacteria belonging to the ge-
nus Brucella which include 12 species [2]. Its myriad presenta-
tion and various symptoms explain the diagnostic delay and
the evolution of the disease to the sub-acute cases of brucel-
losis with the occurrence of osteoarticular, cardiovascular and
neurological complications [3]. In front of clinical suspicion of
brucellosis, laboratory tests will confirm the diagnosis when

indicating the presence of the organism or a specific immune
response to its antigens [4, 5]. The cornerstone of treatment
include effective antibiotics for an adequate length of time
which varies according to the clinical presentation and the as-
sociated complications [4]. In this perspective, the aim of our
work was to evaluate treatment regimens of human brucel-
losis.

Methods
Study design

We conducted a prospective study including all patients hos-
pitalized in the infectious diseases department for brucellosis
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between 1992 and 2021.

Data collection and case definitions

Data were collected from the medical records of patients on
pre-established sheets. We included all cases of brucellosis.
We specified socio-demographic characteristics, including
age, gender, and urbanity of residence. Previous medical his-
tory, the revealing symptoms, physical examination signs and
laboratory investigations were recorded. Treatment regimens
and the disease evolution were noted.

Clinical presentation of the disease included acute, sub-acute
and chronic brucellosis. Acute brucellosis was defined by
undulant or intermittent fever accompanied by malaise, an-
orexia and prostration. Sub-acute brucellosis was defined by
the occurrence of complications including osteoarticular, car-
diovascular, urogenital or neurological complications. Chronic
brucellosis, also known as “chronic fatigue syndrome”, was
defined by the long-term persistent fatigue or a fever, physi-
cal, psychological, sexual asthenia and general malaise or psy-
choneurosis. The diagnosis was suspected in front of clinical
signs and symptoms suggestive of brucellosis, especially with
a previous exposure to Brucella (consumption of unpasteur-
ized dairy products or close contact with livestock). Its was
confirmed by either isolation of Brucella bacteria from body
fluids (blood, cerebrospinal fluid (CSF), abscess, joint fluid) or
the presence of positive titers (above 1/160) in Wright stan-
dard agglutination test (SAT).

Statistical analysis

Statistical analysis was performed using the SPSS 20 software.
Categorical variables were presented as numbers and per-
centages. Continuous variables were expressed as means and
standard deviations (SD), if they were normally distributed.
For non-normally distributed data, we used median and inter-
quartile ranges. Chi square and Fisher exact test were used to
compare two frequencies when applicable. The odds ratio was
used to measure the association between an exposure and an
outcome. The difference between the groups was considered
significant when p<0.05.

Table 1: Clinical presentations of cases of brucellosis.

Variables Number | Percentage (%)
Acute brucellosis 106 47.5
Sub-acute brucellosis 108 48.5
Osteoarticular involvement | 82 36.7
Spondylodiscitis 69 30.9
Sacroiliitis 12 5.4
Arthritis 4 1.8
Neurological involvement 17 7.6
Endocarditis 6 2.7
Genitourinary involvement 5 2.3
Chronic brucellosis 9 4

Results

Patients’ characteristics

During the study period, we included 223 patients, among
which 145 were males (65%). The mean age was 40£17 years.
Rural origin was noted in 183 cases (82%). In total, 188 pa-
tients consumed unpasteurized dairy products (84.3%) and
160 patients had a close contact with livestock (71.7%). There
were 106 cases of acute brucellosis (47.5%), 108 cases of sub-
acute brucellosis (48.5%) and 9 cases of chronic brucellosis
(4%) (Table 1). Patients consulted after a mean delay of 30[15-
80] days. The revealing symptoms included fever (83.4%),
night sweats (70.9%) and arthralgia (54.7%). Physical exami-
nation signs included fever (32.3%), spinal tenderness (26%)
and splenomegaly (9.9%) (Table 2). Blood cultures, performed
in 169 cases (75.7%), were positive for Brucella in 38 cases
(22.5%). Cultures for CSF and abscess were positive for Brucel-
la species in 29.4% and 36.3% of the cases, respectively. As for
SAT, it was positive with a titer of 21/640 in 57 cases (25.6%),
>1/1280 in 50 cases (22.5%), 21/320 in 43 cases (19.2%) and
>1/2560 in 26 cases (11.7%). Treatment regimens varied ac-
cording the clinical presentation and complications. Patients
with acute brucellosis received oral doxycycline (DOX) 200
mg daily and oral rifampicin (RIF) 15 mg/kg daily in 100 cases
(94.3%) for a mean duration of 45+23 days. Patients with sub-
acute brucellosis received the combination of DOX and RIF in

Table 2: Revealing symptoms and physical examination signs
of patients with brucellosis.

Variables Number Percentage (%)

The revealing symptoms
Fever 186 83.4
Night sweats 158 70.9
Fatigue 127 57
Arthralgia 122 54.7
Back pain 79 354
Weight loss 70 31.4
Myalgia 62 27.8
Sacroiliac pain 25 11.2
Vomiting 23 10.3
Nausea 12 5.4
Cephalalgia 9 4

Physical examination signs
Fever 72 32.3
Spinal tenderness 58 26
Splenomegaly 22 9.9
Lymphadenopathy 16 7.2
Hepatomegaly 12 5.4
Sensory deficit 12 5.4
Motor deficit 11 49
Cranial nerve disorders | 2 0.8
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Table 3: The disease evolution of patients with brucellosis.

Disease evolution, Acute brucellosis | Sub-acute
N (%) brucellosis
Favorable evolution | 105 (99.1) 99 (91.6)
Complications 1(0.9) 10(9.2)
Side Effects 3(2.8) 9(8.3)
Sequelae 6(5.6) 14 (12.9)
Relapse - 8(7.4)
Death 1(0.9) 2(1.8)

N : Number, %: Percentage

Table 4: Disease evolution of acute or sub-acute brucellosis
cases treated with doxycycline and rifampicin.

Odds ratio p-value
[95%; CI]
Favorable evolution | No 1
Yes | 3.8[1.3-117] | 9025
Complications No 1
Yes 0.2[0.08-0.5] | <0.001
Side Effects No 1
Yes | 0.1[0.07-0.5] | <0-001
Sequelae No 1
Yes | 0.7[0.3-1.9] |0-98
Relapse No 1
Yes 0.3[0.08-1.5] | 0-220
Death No 1
Yes | 0.1[0.01-1.1] | %065

Cl : Confidence interval

Table 5: Disease evolution of sub-acute brucellosis cases ac-
cording to the treatment regimens prescribed.

57 cases (52.7%), DOX-RIF-cotrimoxazole in 37 cases (34.2%)
and DOX-RIF-ciprofloxacin in 10 cases (9.2%). Patients with
chronic brucellosis received symptomatic treatment based on
analgesics and nonsteroidal anti-inflammatory drugs with a
favourable evolution of the disease in all cases.

Comparative analysis of treatment regimens

Among patients with acute or sub-acute brucellosis, the com-
bination of DOX-RIF was significantly associated with a favor-
able evolution of the disease (OR=3.8 ; p=0.025), a lower risk
of complications (OR= 0.2 ; p<0.001) and side effects (OR=0.1
; p<0.001) (Table 4).

Among patients with sub-acute brucellosis, treatment with
the combination of DOX-RIF-cotrimoxazole was significantly
associated with a lower risk of death (OR=0.3 ; p=0.038), while
the combination of DOX-RIF-ciprofloxacin was significantly as-
sociated with a higher risk of relapse (OR=8 ; p=0.023). Treat-
ment regimens based on triple-antibiotic therapy were signifi-
cantly associated with a higher risk of complications (OR=3.7;
p=0.016) and adverse effects (OR=4; p=0.034) (Table 5).

Discussion

Our study highlighted the myriad presentations and various
manifestations of brucellosis, upon which treatment regimens
might differ. Among patients with acute or sub-acute brucel-
losis, the combination of DOX-RIF was significantly associated
with a favorable evolution of the disease, a lower risk of com-
plications and side effects. Among sub-acute brucellosis cases,
the combination of DOX-RIF-cotrimoxazole was significantly
associated with a lower risk of death, while the combination
of DOX-RIF-ciprofloxacin was significantly associated with a
higher risk of relapse.

Brucellosis is a multisystem disease that might affect any or-
gan. The revealing symptoms included fever (87%), fatigue
(63%), arthralgia (62%) sweats (55%) and vomiting (26%) [1],
which was similar to our results. The absence of fever might

DOX-RIF-cotrimoxazole DOX-RIF-ciprofloxacin Triple-antibiotic therapy
Odds ratio Odds ratio Odds ratio
[95%; CI] p-value [95%; CI] p-value [95%; CI] p-value
Favorable evolution | No 1 1 1
Yes | 0.7[0.2-2.3] 0748 175.410.08-2.4] 0.307 0.3 [0.1-1.4] 0.133
Complications No 1 1 1
Yes | 1.5[0.5-4.3] 0410 [3610.9-14.4] 0.077 3.7[1.2-11.3] 0.016
Side Effects No 1 1 1
Yes | 0.9[0.2-3.4] 1 2.2[0.4-11.8] 0.307 4[1.03-15.8] 0.034
Sequelae No 1 1 1
Yes | 0.5[0.1-1.7] 0310 5 570.5-11.1] 0.191 0.7[0.2-2.2] 0.645
Relapse No 1 1 1
Yes | 0.2[0.03-2.1] 0.259 8 [1.5-40.4] 0.025 1.1[0.2-5] 1
Death No 1 1 1
Yes | 0.3[0.2-0.4] 0.038 "5 970.8-1] 4 0.4 [0.3-0.5] 0.096

DOX : Doxycycline ; RIF : Rifampicin ; Cl : Confidence interval
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be explained by the undulant type of fever or the administra-
tion of non-steroidal anti-inflammatory drugs or antipyretics.
In front of clinical suspicion of brucellosis, laboratory inves-
tigations should be ordered. Bacterial isolation is the gold
standard. The sensitivity of blood cultures is high during the
acute phase of brucellosis, while it is usually low during the
sub-acute phase. Blood cultures offer the benefit of confirm-
ing the diagnosis even at en early stage of the disease when
the infection is not clinically suspected, since brucellosis is
known as the « great imitator » [6]. In the absence of a posi-
tive culture, the diagnosis relies on serological tests [7]. Al-
though it does not provide direct evidence of the presence of
the microorganism, serological tests remain an indispensable
diagnostic tool for human brucellosis, especially in countries
of endemicity [6].

The main goal of treatment is to shorten the duration of
symptoms and to prevent complications, relapse, chronicity
and mortality [8]. It is based on the administration of effective
antibiotics, which have activity in vitro against Brucella spe-
cies, for an adequate length of time. Complicated cases might
require the addition of surgical treatment or/and corticoste-
roids [4]. Treatment of acute cases of brucellosis is based on
a dual therapy due to the high relapse rate with monother-
apy. The World Health Organization recommended the asso-
ciation of oral DOX (100 mg twice a day) and oral RIF (600 to
900 mg daily) for 6 weeks since 1986 [9]. This regimen is still
prescribed by the most infectious diseases specialists not only
because DOX-RIF is an all-oral regimen, but also because of
the low price and the availability of rifampicin in all countries
including the developing ones [10]. Several regimens were
proposed including the association of DOX for 6 weeks and
aminoglycosides : gentamicin for 7 to 10 days or streptomycin
for 2 or 3 weeks (48), the combination of quinolones and RIF
for 6 weeks and the combination of cotrimaxazole and RIF (es-
pecially for children and pregnant women) for 6 weeks [11]. A
previous systematic review and meta-analysis concluded that
the regimen combining DOX and streptomycin were superior
to combined DOX-RIF in terms of both relapse rate and treat-
ment failure. Also, no significant difference was noted with
combined DOX-gentamicin and combined DOX-streptomycin
[12]. An other study reported that the combination of cotri-
moxazole-RIF among children with brucellosis showed failure
and relapse rate that was not significantly different from the
combination of DOX-RIF [9]. To conclude, among patients with
acute brucellosis, the association of DOX and aminoglycosides
was the preferred treatment with the lower rate of relapse
and treatment failure. In our study, none of our patients re-
ceived this combination and 94.3% of patients with acute bru-
cellosis received DOX-RIF with a favourable evolution of the
disease in 99.1% of the cases.

Regimens prescribed for sub-acute brucellosis cases varies ac-
cording to the associated complications. As for osteoarticular
brucellosis, the combination of DOX-RIF or DOX-streptomycin
were the most prescribed regimens. The DOX-streptomycin
combination was more effective but less tolerated because of
the intramuscular injections [13, 14]. Due to its high bone pen-
etration, ciprofloxacin was prescribed in association with RIF,
and compared to DOX-streptomycin. No significant difference

concerning clinical response was noted, but the cost of cipro-
floxacin plus RIF therapy was higher [15]. In our study, DOX-
RIF-ciprofloxacin was significantly associated with a higher risk
of relapse.

The treatment of neurobrucellosis is not yet consensual.
However, recent studies have recommended a therapeutic
regimen based on the combination of 3 or even 4 antibiot-
ics which have good central nervous system penetration [16,
17]. Erdem et al studied the efficacy and tolerance of a triple
therapy containing ceftriaxone. Three groups including the
combination of DOX-RIF-ceftriaxone, DOX-RIF- cotrimoxazole
and DOX-RIF-Ceftriaxone relayed by DOX-RIF-cotrimoxazole
on discontinuation of ceftriaxone. This study had shown that
treatment regimens containing ceftriaxone were more effec-
tive with less treatment failure and fewer relapses compared
to the DOX-RIF-cotrimoxazole regimen [18]. None of our pa-
tients received ceftriaxone for neurobrucellosis. However, the
disease evolution was favorable in 91.6% of the cases of sub-
acute brucellosis. According to the European Society of Cardi-
ology guidelines, treatment of Brucellar endocarditis is based
on a combination of DOX-RIF-cotrimaxazole for 23-6 months
[19]. However, other regimens were prescribed such as DOX-
RIF-ceftriaxone, DOX-RIF-streptomycin, DOX-RIF- cotrimoxa-
zole et DOX-streptomycin-ceftriaxone. The mortality rate was
lower in patients receiving streptomycin [20].

Conclusion

Brucellosis remains a public health problem. The disease evo-
lution depend on the combination of antibiotics used. In ad-
dition to measures aimed to eradicate animal brucellosis, hu-
man prophylaxis is essential to avoid Brucella contamination
pending effective human vaccination.
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