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Abstract

Antibiotic sensitivities for Linezolid of 20 strains that reported as Brucella melitensis in blood cultures
between 2014 and 2016 were evaluated by disc diffusion and E-test methods. According to the disc
diffusion method results, 20 Brucella melitensis strains had ≥ 25 mm of antibiotic sensitivity zones. E-
test measurements revealed that MIC values were between 1.5 and 6 µg. Linezolid can be an alternative
when the treatment of Brucellosis prolongs and becomes difficult due to recurrences and relapses, or
when it becomes complicated in cases like spondylodiscitis or neurobrucellosis.
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Introduction
The responsible agent for brucellosis is a gram-negative,
asporous, immobile, small coccobacillus bacteria. They
reproduce easily in wet and humid environments, and they can
live for a long time in raw milk and dairy products. They are
inactivated by boiling and pasteurization [1]. Disease primarily
exists in animals and generally transmits to humans by
consumption of non-pasteurized milk and dairy products, direct
contact of secretions of infected animals with disintegrated
skin, inhalation of aerosols or inoculation to conjunctiva [2].

It can be seen almost everywhere and ages all over the world,
particularly in Mediterranean and Middle East countries [3].
Brucellosis is reported endemically in our country.
Seropositivity for brucellosis is about 2%-8% in healthy
population, whereas this rate ranges between 2%-25% in risk
groups [4].

Linezolid is a synthetic molecule and a member of
oxazolidinone family, which exerts its effects by binding to 50
S ribosomal subunits and by inhibiting protein synthesis [5]. It
has good efficiency particularly against methicillin-resistant
staphylococcus and vancomycin-resistant enterococcus, and
also other gram-positive pathogens including penicillin-
resistant pneumococcus, and macrolide-resistant streptococcus
[6,7]. Linezolid is indicated for dermal and soft tissue
infections, lower respiratory tract infections, and vancomycin-
resistant enterococcus infections. It is effective against atypical
respiratory pathogens (Legionella pneumophilia, Mycoplasma
pneumonia and Chlamydia pneumonia). Linezolid also has in-
vitro efficiency against Neisseria gonorrhoea and Neisseria
meningitides, but its effectiveness is limited against
Haemophilus influenza [8]. It is ineffective against gram-
negative bacillus because of the efflux pump of the bacteria. It

is effective against gram-positive anaerobic, but has limited
effectiveness against Bacteriodes fragilis [5]. It exerts well in-
vitro activity against Mycobacterium tuberculosis and
Mycobacterium avium complex and rapidly growing
mycobacteria [9,10]. It has excellent in-vitro activity against
Nocardia [11].

Brucellosis treatment has a long duration, and two of
Streptomycin, Doxycycline and Rifampicin are the most
frequently used antibiotics. Nevertheless, relapse rates were
reported about 20.4%-22.6% in previous studies [12]. As a
consequence, studies are conducted about alternative
treatments for brucellosis. In this study, we have evaluated the
in vitro efficiency of linezolid against Brucella melitensis.

Material and Methods
Anaerobic blood culture bottle sample (BD Bactec plus
Aerobic Culture Vials) of patients were kept in blood culture
incubation equipment (BD Bactec FX). Following a positivity
alarm for the sample, passages have been done to 5% sheep
blood agar (SBA) and Eosin Methylene Blue (EMB) agar
mediums, and kept in bacteriologic incubator by controlling for
growth at 37°C for 48 h. At the end of 48th hour, when
adequate growth is observed, gram staining revealed gram-
negative coccobacillus (Brucella spp.). Moreover,
agglutination with Brucella polyvalent antiserum was detected
serologically, and 20 strains were directly taken under
examination.

Bacteria colonies taken from culture environment by disc
diffusion method were diluted until 0.5 McFarland level, and
cultured to 5% Sheep Blood Agar (SBA) medium. Linezolid
(LNZ) 30 µg (Bio-analyse) antibiotic discs were put to
cultures. Samples were kept in bacteriologic incubator by
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controlling for growth at 37°C and approximately for 48 h.
Then, inhibition zone was measured around Linezolid (LNZ)
30 µg (Bio-analyse) antibiotic discs. In E-Test method, bacteria
suspension was prepared with samples, which were taken from
same bacterial colonies until 0.5 Mc Farland level and
cultured. Then, Linezolid E-Test strip (Bioanalyse MIC Test
Strips, 0.016-256 µg) was located, and kept in bacteriological
incubator for 48 h and the values were recorded. Finally,
according to the values recorded in disc diffusion method and
measurements with millimetric ruler, inhibition zones around
Linezolid (LNZ) 30 µg antibiotic discs of 20 Brucella
melitensis strains were found to be ≥ 25 mm (Figure 1).

Figure 1. Disc diffusion measurements for Brucella melitensis strains.

Figure 2. E-test method for Brucella melitensis strains.

Table 1. Linezolid E-test MIC values.

Number of Strain (n:20) MIC values (µg)

11 1.5

3 2

4 4

2 6

The evaluations in E-test method revealed that MIC values
were 1.5 µg in 11 strains, 2 µg in 3 strains, 4 µg in 4 strains,
and 6 µg in 2 strains (Table 1 and Figure 2).

Result and Discussion
Agents for the treatment of the zoonosis of brucellosis include
antimicrobial agents like doxycycline, rifampicin,
ciprofloxacin, tetracycline, and streptomycin. Nevertheless,
best treatment regimen has not been defined exactly. Complete
eradication of the microorganism is difficult, and recurrences
are frequent [13]. Therefore, the ideal step in the treatment of
brucellosis is to take steps to minimize treatment failure and to
relapse the rate [13]. 19 isolates of the Brucella isolates
obtained from 82 blood cultures were found to be susceptible
to rifampicin with the E-test method [14].

Kaya et al. reported that streptomycin had high MIC values by
broth micro dilution method in Brucella species isolated from
blood samples of 34 suspected brucellosis patients [15].

Altun et al. reported that three isolates on a total of 96 strains
of Brucella spp. isolated from blood and bone marrow cultures
were resistant to TMP/SMX, tetracycline and streptomycin
using by E-test method [16].

For this reason, studies conducted with drugs that are different
from the classical treatments, which are already being used for
Brucella management. Denk et al. evaluated the in vitro
sensitivities of classical antibiotics, and quinolones and
macrolides, and found that especially azithromycin was
sensitive among quinolones and macrolides, and recommended
its use in combination treatment [17]. Other antibiotics were
also studied for brucellosis treatment, and antibiotic sensitivity
tests of tigecycline for Brucella bacteria were conducted. E-test
methods revealed that tigecycline had in vitro efficiency on
Brucella, and it was recommended as an alternative treatment
method [18-20]. Linezolid, which is generally used for gram-
positive bacterial infections, was found to be effective on
Brucella in in vitro analyses in our study.

It was reported that Linezolid had excellent in-vitro activity
against all gram-positive bacteria [5,6]. MIC values ≤ 2 mg/L
for Streptococcus pneumonia and enterococcus were
considered to be sensitive [7]. Additionally, effects of
Linezolid on some microorganisms other than gram-positives
were also evaluated, and it was found to have limited activity
against Haemophilus influenza (MIC: 4-16 mg/L) [7].

The studies on mycobacteria revealed that Linezolid had
moderate potent anti-tuberculosis activity in both drug-
sensitive and drug-resistant disease [9,10]. For decreasing the
toxic effects with long-term use, daily dose of the antibiotic
was decreased [21]. Additional studies have been conducted on
especially nocardia infections that seen in immunosuppressed
patients. Linezolid was suggested to be an alternative to co-
trimaxazole in the treatment of nocardiosis and its empirical
use was suggested for particularly the nocardiosis treatment in
organ transplanted patients [1,22]. Linezolid was also used for
treatment of nocardia peritonitis due to peritoneal dialysis [23].

In our study, MIC value of Linezolid for Brucella melitensis
was found to be 1.5-6 µg and it was thought to be effective in
the treatment of brucellosis.
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Conclusion
Brucella is common in some parts of the world. Brucellosis has
a prognosis with recurrences and relapses, and its treatment is
prolonged and difficult especially when it is complicated with
spondylodiscitis or neurobrucellosis. Resistance to classical
antibiotics began to increase in Brucella treatment. Eventually,
alternative treatments (mainly tigecycles) with other antibiotics
were examined. Mycobacteria revealed that Linezolid had
moderate potent anti-tuberculosis activity in both drug-
sensitive and drug-resistant disease. In our study, Linezolid
was found to be effective in vitro against Brucella melitensis,
this study provide new approach for brucellosis treatment
especially resistant species and complicated brucellosis.
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