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Brucellosis is an endemic zoonotic disease 
of the Mediterranean basin, and causes 

frequent, serious complications if not treated 
effectively. Despite extensive misuse of broad 
spectrum antibiotics, and the ubiquitous nature 
of Brucella species (Brucella spp.), the optimum 
therapeutic agents for brucellosis are still highly 
effective in many parts of the world. Our 
current knowledge goes back to earlier years 
and has not changed through the decades; that 
is, the most recommended antimicrobials for 
the treatment of brucellosis are still tetracycline, 
doxycycline, streptomycin, rifampin, gentamicin, 
trimethoprim/sulfamethoxazole, ceftriaxone, and 
quinolones in various combinations. According 
to the World Health Organization guidelines, 
the most preferable combination is stated to be, 
doxycycline plus rifampin or streptomycin.1,2 
Each of the recommended regimens has some 
disadvantages; the relapse rate is variable and 
unpredictable, and the toxicity may cause serious 
problems, especially in children and pregnant 
women.3,4 According to the literature, little  
published data are available on the susceptibility 
patterns of Brucella spp., and many of these 
reported data are from studies that used older 
strains obtained from different sources at different 
times, dating decades ago. Studies also suggest that 
the development of clinically important antibiotic 
resistance is less likely to occur with first line 
antibiotics. Screening the actual resistance pattern 
is also a very important issue, due to the increasing 
concerns regarding a potential biological warfare, 
and the need for defense. In various applications of 
alternative therapeutic regimes, doxycycline seems 
to be highly effective and much less expensive than 
most of the fluoroquinolones, and appears to have 
similar efficacy in most studies. Since brucellosis 
is not very common in the USA, where 100 to 
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ABSTRACT

Objective:  To test in vitro susceptibilities of Brucella 
melitensis (B. melitensis) blood isolates obtained from an 
endemic region, by broth microdilution susceptibility test.

Methods: Fifty blood isolates were tested with anti-brucella 
antibiotics, namely, tetracycline, gentamicin, streptomycin, 
ceftriaxone, ciprofloxacin, levofloxacin, ofloxacin, and 
rifampin. All of the clinical isolates belonged to the group 
of B. melitensis biotype-3. This study was performed at the 
Clinical Microbiology Laboratory of the Medical School of 
Ondokuz Mayis University, Samsun, Turkey, in 2005.

Results:  In terms of minimum inhibitory concentration-90  

(MIC90) values, tetracycline (MIC90 0.25 microgram/mL) 
and rifampin (MIC90 0.5 microgram/mL) still continue to 
be the most effective antibiotics; however, ceftriaxone and 
streptomycin demonstrated higher MIC values, although 
they were still effective in vitro against B. melitensis strains 
with MIC90 of 8 microgram/mL.

Conclusion:  All first line, and alternative antimicrobial 
agents could be used in various combinations in the treatment 
of human brucellosis. High MIC values of ceftriaxone and 
streptomycin are alarming, and should be closely monitored 
during the therapy.
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200 cases occur each year, there has not been a standard 
procedure adopted for in vitro susceptibility testing of 
Brucella spp. by the Clinical and Laboratory Standards 
Institute5 (CLSI, formerly the National Committee for 
Clinical Laboratory Standards), before the year 2006. 
Therefore, the options for treatment were not chosen 
to be microbiologically evidence-based. The first-line 
antibiotics considered to be used were of empirical 
nature in the management of the infection. However, 
some techniques including E-test on Mueller-Hinton 
agar and Mueller-Hinton agar, supplemented with 
5% sheep blood, agar dilution method with Mueller-
Hinton agar, supplemented with 1% hemoglobin and 
1% PolyViteX, and broth microdilution in Mueller-
Hinton broth, supplemented with 1% hemoglobin and 
1% PolyViteX, broth microdilution in Brucella broth 
are used for susceptibility testing of Brucella spp.6-11 
On the other hand, procedures implemented for the 
isolation of these bacteria can be a significant hazard 
for the personnel working in the laboratories, where the 
organism is cultured.12 Since Brucella spp. are facultative 
intracellular bacteria, an ideal combined regimen would 
be expected to provide high penetration rates into 
macrophages, plus greater stability and activity inside 
the acidic environment of phagolysosomes. Quinolones 
have shown to have good intracellular penetration and 
in vitro activity against Brucella spp. However, their 
cost and reduced activity in acidic pH could pose some 
problems.4,7 Lack of bactericidal activity against Brucella 
spp., development of resistance during therapy, and high 
relapse rates have also been described with quinolones. 
Another choice is rifampin; however, the increasing 
incidence of tuberculosis in some parts of the world 
should be taken into consideration when using rifampin 
on the non-tuberculosis patients in the endemic areas. 
It seems epidemiologically more important to prevent 
resistance patterns in Mycobacterium tuberculosis.13,14  
Ceftriaxone has a good in vitro activity against Brucella 
spp., and has been suggested as an alternative parenteral 
therapeutic agent, but failure of ceftriaxone in the 
treatment of acute brucellosis has also been reported.15 
All of the facts stated above have necessitated the search 
for new drugs in the treatment of brucellosis, and also 
have shown the need of monitorized antimicrobial 
susceptibility tests against Brucella spp. to be repeated 
at periodic intervals, with particular care in endemic 
regions. This study aimed to monitor the antimicrobial 
susceptibilities of B. melitensis biotype-3, the most 
common Brucella spp. seen in our region,16,17 to 
commonly used anti-Brucella agents.

Methods. Fifty strains of Brucella spp. were isolated 
from blood cultures of inpatient wards, in a tertiary 
training hospital in Central Anatolia, Ankara, Turkey, 

between September 1999 and August 2003. Brucella 
strains were isolated from the blood samples using an 
automated culture system (BACTEC 9050; Becton 
Dickinson, Sparks MD, USA). All of the isolated 
strains were sent to a reference center (Pendik Veterinary 
Research Laboratory, Istanbul, Turkey) for confirmation 
and biotyping. All isolates were kept in Brucella broth in 
-80oC until the work day. This study was performed at 
the Clinical Microbiology Laboratory of Medical School 
of Ondokuz Mayis University in 2005. The isolates 
were identified on the basis of colony morphology, 
CO2 requirement, H2S production, dye sensitivity 
(basic fuchsin and thionin), slide agglutination with 
monospecific A and M antiserum, and susceptibility 
to Tbilisi bacteriophage.18 An inoculum equal to a 0.5 
McFarland turbidity standard was prepared for each 
Brucella isolate from the blood agar. The following 
antibiotics were used; tetracycline (Sigma), gentamicin 
(Bilim Co, Istanbul, Turkey), streptomycin (Sigma), 
ceftriaxone (Eczacibasi, Istanbul, Turkey), ciprofloxacin 
(Bayer Turk Kimya San, Ltd, Sti, Turkey), levofloxacin 
(Fako Ilaclari AS, Turkey), ofloxacin (Hoechst Marion 
Roussel) and rifampin (Sigma). The stock solutions were 
prepared from standard powder forms of antibiotics. 
Susceptibility tests were performed using Brucella 
broth (Oxoid, UK).19 All experiments were performed 
in a safety Class II cabinet, and a mask with hepafilter 
was used for all experiments. The well broth micro 
dilution method was applied by using 96 well micro 
titer plates. Each well was inoculated with 100 µL of 
Brucella broth, and antibiotics were diluted 2-fold. All 
antibiotics were tested in the concentration of 32-0.03 
µg/mL. An inoculum equal to 0.5 McFarland turbidity 
standard (1:100 dilution) was prepared, and each well 
was inoculated with 100 µL of bacterial inoculums of 
5x105 CFU/mL. The plates were incubated for 48 hours 
in 5% CO2 at 37 oC. The lowest concentration that 
completely inhibited visual growth was recorded and 
interpreted as MIC. The MICs of each antimicrobial 
agent were determined, and taken as basis in the 
calculation of MIC50 and MIC90 values.

Results. In this study, all Brucella spp. were identified 
as B. melitensis biotype-3. The MIC50 and MIC90 values 
of the antibiotics are shown in Table 1, and the MIC 
ranges were summarized in Table 2. While tetracycline 
demonstrated the lowest MIC90 value (0.25 µg/mL) in 
this study, streptomycin and ceftriaxone demonstrated 
the highest MIC90 (8 µg/mL) values. Quinolones 
showed lower MIC90 values (1-2 µg/mL) than that of 
streptomycin, a very frequently used antibiotic in the 
treatment of brucellosis and other kinds of infections 
observed in the area.
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Discussion. Human brucellosis is an important 
and ongoing public health problem in Turkey, specially 
in Central Anatolia. Different antibiotic combinations 
are used for effective treatment of the disease.6,7,20-22  
However, some of the agents used in the therapy of the 
disease, like ceftriaxone and quinolones, are also used in 
the treatment of other common infections; and rifampin 
and streptomycin are frequently used in the treatment 
of tuberculosis. Susceptibility testing of Brucella is not 
routinely performed in clinical practice.

In this study, tetracycline had the lowest MIC50 
and MIC90 values (0.125-0.25 µg/mL). Similar results 
had been reported by Bodur et al21 from the same 
area. Rubinstein et al11 found minocycline to be the 
most active antibiotic against B. melitensis among 
conventional anti-brucella agents (rifampin and 
streptomycin). The findings of this study also imply 
that combination therapies with doxycycline should 
still depend on the first line regimens in the treatment 
of human brucellosis. On the other hand, streptomycin 

demonstrated the highest MIC values, but when used 
in combinations with other anti-brucella agents, it has 
high effectivity and low relapse rates. This may be related 
to its in vivo effectivity as reported before.23 Especially in 
osteoarticular brucellosis with sacroileitis, a significantly 
high cure rate can be achieved through combination 
therapies using streptomycin.24 It should be considered 
that streptomycin has less intracellular activity with 
high MICs that might cause problems in the treatment 
of brucellosis, and might lead to therapeutic failures. 
All 3 quinolones tested in this study have low MICs 
with nearly similar values. According to these results, 
quinolones can be used in the treatment of brucellosis as 
part of a combination. Although quinolones are capable 
of intracellular penetration and concentrate within 
phagocytes, such agents might be suitable to be used 
against infections caused by Brucella spp., however, they 
appear to lack effectiveness at low pH values found in 
phagolysosomes. Previous clinical reports also indicated 
that acidity impairs the activities of quinolones.8,25 
So far, Arda et al26 indicated that levofloxacin is 
ineffective in the treatment of experimental murine 
brucellosis as monotherapy, or in combination with 
rifampicin. Nevertheless, quinolones might play a role 
in combination therapy in cases where intolerance or 
resistance precludes the use of one of the commonly 
used antibiotics.27 Ceftriaxone may be considered a 
second-line therapy for brucellosis.28 In our study, 
MICs of ceftiaxone demonstrated variable values of 
0.25-8 µg/mL. For this reason, antibiotic susceptibility 
of Brucella isolates to ceftriaxone should be carefully 
determined in clinical isolates. Several studies showed 
that rifampin had excellent anti-brucella activity. This 
fact, together with its good intracellular penetration and 
clear synergism in combination with doxycyclin, made 
it a good first line drug for the treatment of brucellosis.23 
High activity of rifampin in the phagolysosomes of 
macrophages has also been documented.8 Rifampin 
is frequently used in tuberculosis patients, however, 

Table 1 - In vitro activities of antimicrobial agents against Brucella 
melitensis biotype-3.

Antibiotics MIC range
(µg/mL)

MIC50 
(µg/mL)

MIC90
(µg/mL)

Tetracyclin    <0.03-0.25 0.125             0.25

Gentamycin 0.25-2            1             2

Streptomycin      2-8            4             8

Ceftriaxone 0.25-8            4             8

Ciprofloxacin 0.25-1            1             1

Levofloxacin 0.25-1            1             1

Ofloxacin 0.25-2            1             2

Rifampin 0.25-2           0.5             0.5

MIC - minimum inhibitory concentration.

Table 2 - Minimum inhibitory concentration (MIC) ranges of Brucella melitensis. 

Antibiotics Number of occurrences at indicated MIC (μg/mL)

32 16 8 4 2 1 0.5 0.25 0.125 0.06 0.03 <0.03

Tetracycline 0 0 0 0 0 0 0    16   28 5 0 1

Gentamycin 0 0 0 0    22    20 7 1 0 0 0 0

Streptomycin 0 0 7   37 6 0 0 0 0 0 0 0

Ceftriaxone 0 0 8   25    12 1 3 1 0 0 0 0

Ciprofloxacin 0 0 0 0 0    27   20 3 0 0 0 0

Levofloxacin 0 0 0 0 0    35   14 1 0 0 0 0

Ofloxacin 0 0 0 0    25    17 7 1 0 0 0 0

Rifampin 0 0 0 0 1 4   25    20 0 0 0 0
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there is great risk of a potential selective pressure on 
Mycobacterium tuberculosis if solely used on other 
infections.1 

In conclusion, in vitro activities of the conventional 
anti-brucella antibiotics were tested by the broth 
microdilution method, and tetracycline, rifampin, and 
quinolones demonstrated the lowest MICs. Therefore, 
these agents are still the first line regimens to treat 
brucellosis, when other clinical features (age, affected 
systems, hepatic and renal functions, combination 
therapies) of the patients were considered. All antibiotics 
demonstrated low MICs except ceftriaxone, and 
streptomycin, hence susceptibility of strains to these 
agents should be tested, especially in cases of treatment 
failure. However, susceptibilities to the biotypes of the 
said agents need to be studied further.

References
  
  1.	 Young EJ. Brucella species. In: Mandell GL, Bennett JE, 

Dolin R, editors. Mandell, Douglas and Bennett’s Principles 
and Practice of Infectious Disease. 5th ed. Philadelphia (PA): 
Churchill Livingstone; 2000. p. 489-496, 2386-2393.

  2.	 Joint Food and Agricultural Organization of the United Nations 
(FAO)/World Health Organization (WHO) Expert Committee 
on Brucellosis. 6th report. Technical Report Series 740. WHO, 
Geneva, Switzerland.

  3.	 Trujillano-Martin I, Garcia-Sanchez E, Fresnadillo MJ, Garcia-
Sanchez JE, Garcia-Rodriguez JA. In vitro activities of five new 
antimicrobial agents against Brucella melitensis. Int J Antimicrob 
Agents 1999; 12: 185-186. 

  4.	 Trujillano-Martin I, Garcia-Sanchez E, Martinez IM, Fresnadillo 
MJ, Garcia-Sanchez JE, Garcia-Rodriguez JA. In vitro activities 
of five new antimicrobial agents against Brucella melitensis. 
Antimicrob Agents Chemother 1999; 43: 194-195.

  5.	 Performance standards for antimicrobial susceptibility testing; 
16th Informational Supplement. CLSI document M100-S16. 
USA: Clinical and Laboratory Standards Institute; 2006.

  6.	 Orhan G, Bayram A, Zer Y, Balci I. Synergy tests by E test and 
checkerboard methods of antimicrobial combinations against 
Brucella melitensis. J Clin Microbiol 2005; 43: 140-143. 

  7.	 Kocagoz S, Akova M, Altun B, Gur D, Hascelik G. In vitro 
activities of new quinolones against Brucella melitensis isolated 
in a tertiary-care hospital in Turkey. Clin Microbiol Infect 
2002; 8: 240-242.

  8.	 Akova M, Gur D, Livermore D, Kocagoz T, Akalın HE. In 
vitro activities of antibiotics alone and in combination against 
Brucella melitensis at neutral and acidic pHs. Antimicrob Agents 
Chemother 1999; 43: 1298-1300.

  9.	 Gür D, Kocagöz S, Akova M, Unal S. Comparison of E test to 
microdilution for determining in vitro activities of antibiotics 
against Brucella melitesis. Antimicrob Agents Chemother 1999; 
43: 2337.

10.	 Turkmani A, Ioannidis A, Christidou A, Psaroulaki A, Loukaides 
F, Tselentis Y. In vitro susceptibilities of Brucella melitensis 
isolates to eleven antibiotics. Ann Clin Microbiol Antimicrob 
2006; 5: 24.

11.	 Rubinstein E, Lang R, Shasha B, Hagar B, Diamanstein L, 
Joseph G, et al. In vitro susceptibility of Brucella melitensis to 
antibiotics. Antimicrob Agents Chemother 1991; 35: 1925-
1927

12. 	Baysallar M, Kilic A, Besirbellioglu B, Doganci L. [Laboratory 
acquired brucellosis]. Mikrobiyol Bul 2004; 38: 325-326. 
Turkish.

13.	 Garcia-Rodriguez JA, Bellido JLM, Fresnadillo MJ, Trujillano 
I. In vitro activities of new macrolides and rifapentine against 
Brucella spp. Antimicrob Agents Chemother 1993; 37: 911-
913.

14.	 Khan MY, Dizon M, Kiel FW. Comparative in vitro activities 
of ofloxacin, difloxacin, ciprofloxacin, and other selected 
antimicrobial agents against Brucella melitensis. Antimicrob 
Agents Chemother 1989; 33: 1409-1410.

15.	 Lang R, Dagan R, Potasman I, Einhorn M, Raz R. Failure of 
ceftriaxone in the treatment of acute brucellosis. Clin Infect 
Dis 1992; 14: 506-509.

16.	 Simsek H, Erdenlig S, Oral B, Tulek N. [Insan kaynaklı 
Brucella izolatlarının tip-biyotip tayini ve epidemiyolojik olarak 
irdelenmesi.] Klimik Dergisi 2004; 17: 103-106. Turkish.

17.	 Baysallar M, Aydojan H, Kilic A, Kucukkaraaslan A, Senses 
Z, Doganci L. Evaluation of the BacT/ALERT and BACTEC 
9240 automated blood culture systems for growth time of 
Brucella species in a Turkish tertiary hospital. Med Sci Monit 
2006; 12: BR235-BR238.

18.	 Winn WC Jr, Allen SD, Janda WM, Koneman EW, 
Schreckenberger PC, Procop G, editors. Koneman’s Color 
Atlas and Textbook of Diagnostic Microbiology: miscellaneous 
fastidious gram-negative bacilli. 6th edition. Philadelphia (PA): 
Lippincott Co; 2006. p. 488-490.

19.	 Zimbro MJ, Power DA, editors. Difco & BBL Manual: Manual 
of Microbiological Culture Media. Detroit (MD): Becton, 
Dickinson and Co Sparks, MD; 2003. p. 104-106.

20.	 Baykam N, Esener H, Ergonul O, Eren S, Celikbas AK, 
Dokuzoguz B. In vitro antimicrobial susceptibility of Brucella 
species. Int J Antimicrob Agents 2004; 23: 405-407.

21.	 Bodur H, Balaban N, Aksaray S, Yetener V, Akinci E, Colpan A.  
Biotypes and antimicrobial susceptibilities of Brucella isolates. 
Scand J Infect Dis 2003; 35: 337-338. 

22.	 Celik I, Cihangiroglu M, Denk A, Akbulut A. In vitro 
susceptibility of clinical isolates of Brucella melitensis to fucidic 
acid. J Infect Chemother 2005; 11: 101-103.

23.	 Colmenero JD, Fernandez-Gallardo LC, Agundez JAG, Sedeno 
J, Betinez J, Valverde E. Possible implications of doxycycline-
rifampin interaction for treatment of brucellosis. Antimicrob 
Agents Chemother 1994; 38: 2798-2802.

24.	 Kosar A, Aygündüz M, Yaylı G. [Ikiyüzseksen bruselloz 
olgusunda farklı iki tedavinin karsılastırılması]. Infek Derg 
2001; 15: 433-437. Turkish.

25.	 López-Merino A, Contreras-Rodríguez A, Migranas-Ortiz R, 
Orrantia-Gradín R, Hernández-Oliva GM, Gutiérrez-Rubio AT, 
et al. Susceptibility of Mexican Brucella isolates to moxifloxacin, 
ciprofloxacin and other antimicrobials used in the treatment of 
human brucellosis. Scand J Infect Dis 2004; 36: 636-638.

26.	 Arda B, Tuncel M, Yamazhan T, Gokengin D, Gurel O. Efficacy 
of oral levofloxacin and dirithromycin alone and in combination 
with rifampicin in the treatment of experimental murine 
Brucella abortus infection. Int J Antimicrob Agents 2004; 23: 
204-207. 

27.	 Al-Idrissi HY, Uwaydah AK, Danso KT, Qutub H, Al-Mousa 
MS. Ceftriaxone in the treatment of acute and subacute human 
brucellosis. J Int Med Res 1989; 17: 363-368.

28.	 Palenque E, Otero JR, Noriega AR. In vitro susceptibility of 
Brucella melitensis to new cephalosporins crossing the blood-
brain barrier. Antimicrob Agent Chemother 1986; 29: 182-
183.

13Actual20061258.indd   1242 7/18/07   2:53:20 PM


