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ABSTRACT: Background: Acinetobacter baumannii (A. baumannii) is one of the most important nosocomial pathogens,
Increasing resistance coupled with the fact that few novel antibiotics are currently available or in the pipeline, leaves patients
and physicians with a very limited armamentarium against these pathogens. Combination therapies are considered as
effective options to overcome this matter. Materials and methods: Fifty A. baumannii isolates were collected from clinical
specimens, from patients in ICU at Ibn Sina Hospital in Rabat, Morocco during the January 2011– January 2012 period.
Antimicrobial susceptibilities to amikacin, ceftazidime, ciproﬂoxacin, amoxcicillin-clavulanic-acid and imipenem were
determined by disk diffusion and the E-test method was used to determine antimicrobial susceptibility and the MIC for
colistin, imipenem, rifampicin and for the combinations tests. Results: 76% of A. baumannii isolates were MDR to antibiotics
(amoxcicilline + clavulanic acid, imepenem, ciprofloxacin, amikacin, ceftazidim, rifampicin) unless colistin. 100%, 26%,and
14% of isolates were susceptible to colistin, imipenem, and rifampicin, respectively. The MIC50 and MIC90 of imipenem were
24µg/ml and >32 µg/ respectively. The MIC50 and MIC90 of rifampicin were 4 µg/ml and 6 µg/ml, respectively. Imipenem
associated with rifampin or with colistin and imipenem alone had the percentages of the rate sensitivity; 28%, 28% and 26%,
respectively. Conclusion: the ﬁndings of this study indicate that colistin has the best activity against A. baumannii, whereas
imipenem in combination with colistin or rifampicin still a good choice to treat nosocomial infections due to multiresistant
A.baumannii.
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1

INTRODUCTION

Acinetobacter baumannii (A. baumannii) is one of the most important nosocomial pathogens because of its longevity in
the hospital environment and ability to resist various antimicrobial agents, such as resistance to broad-spectrum B-lactam
antibiotics by B-lactamases production [1]; he has emerged in the last decades as a major cause of healthcare-associated
infections and nosocomial outbreaks. [2]
The incidence of multidrug-resistant (MDR) A. baumannii is increasing worldwide, including Europe, North America, Latin
America, and Asia. [3]
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MDR A. baumannii is a rapidly emerging pathogen in healthcare settings, where it causes infections that include
bacteremia, pneumonia, meningitis, and urinary tract and wound infections. Antimicrobial resistance poses great limits for
therapeutic options in infected patients, especially if the isolates are resistant to the carbapenems. [2]
Increasing resistance coupled with the fact that few novel antibiotics are currently available or in the pipeline, leaves
patients and physicians with a very limited armamentarium against these pathogens. [4]
Combination therapies are considered as effective options to overcome this matter.
Colistin (also called polymyxin E) belongs to the polymyxin group of antibiotics [5]. Colistin is a bactericidal drug that binds
to lipopolysaccharides and phospholipids in the outer cell membrane of Gram-negative bacteria. It competitively displaces
divalent cations from the phosphate groups of membrane lipids, which leads to disruption of the outer cell membrane,
leakage of intracellular contents, and bacterial deat. [6] [7] [34]
Imipenem is a beta-lactam antibiotic derived from thienamycin with broad spectrum activity used, in combination with
cilastin, to treat various infections. Classified as a carbapenem antibiotic. [9]
Rifampicin is a bactericidal antibiotic drug of the rifamycin group. It is a semisynthetic compound derived from
streptomyces spp that is used as a ﬁrst line drug for the treatment of tuberculosis worldwide. [10]
Antimicrobial agents such as imipenem, colistin and rifampicin have been used for A. baumannii treatment. [3] [11]
However, colistin-resistant and imipenem-resistant A. baumannii have emerged and these isolates are often multidrugresistant. [3] [12] [8]
This is why the combination therapies are considered as effective options to overcome this problem of multiresistance.
The aim of this study was to determine the in vitro activity of colistin, imipenem, and rifampicin alone and in double
combinations against A. baumannii isolated from patients at Ibn Sina Hospital in Rabat,Morocco.

2
2.1

MATERIALS AND METHODS
BACTERIAL STRAINS

Fifty A. baumannii isolates were collected from clinical specimens such as sputum (24), blood (13), urine (11), and pus (2)
from patients in ICU at Ibn Sina Hospital in Rabat, Morocco during the January 2011– January 2012 period. Each isolate was
collected from a different patient. Bacterial isolation and identiﬁcation were performed using standard laboratory methods.
[13]
2.2

ANTIMICROBIAL SUSCEPTIBILITY TESTING AND MIC DETERMINATION

Antimicrobial susceptibilities to amikacin, ceftazidime, ciproﬂoxacin, amoxcicillin-clavulanic-acid and imipenem were
determined by disk diffusion as recommended by the Clinical and Laboratory Standards Institute (CLSI) guidelines. [14]
The E-test method was used to determine antimicrobial susceptibility and the MIC.
Colistin: susceptible ≤2 µg/ml, resistant ≥4 µg/ml; imipenem: susceptible ≤4 µg/ml, resistant ≥16 µg/ml; rifampicin:
susceptible ≤2 µg/ml, low-level resistant 4–8 µg/ml and high-level resistant ≥ 256 µg/ml (CLSI, 2011).
A reference strain of Escherichia coli (E. coli) was used as a control strain.
2.3

ANTIMICROBIAL COMBINATION TESTING
The antimicrobial combination tests were made by the E-test method.

E-test strips of the two antimicrobial agents have been placed at an angle of 90 ° on a Mueller Hinton agar plate
inoculated with a strain of A. baumannii.
The MIC combination is the ihnibition area of each antimicrobial agent cutting the E-test strip.
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3
3.1

RESULTS
ANTIMICROBIAL SUSCEPTIBILITY

Our study indicates that 76% of A. baumannii isolates were MDR to antibiotics (amoxcicilline + clavulanic acid, imepenem,
ciprofloxacin, amikacin, ceftazidim, rifampicin) unless colistin.
Among all the antimicrobial agents tested, 100%, 26%, and 14% of isolates were susceptible to colistin, imipenem, and
rifampicin, respectively. The antimicrobial susceptibility of 50 A. baumannii isolates against three antimicrobial agents is
shown in Table 1.
Table 1: Antimicrobial susceptibility of 50 A. baumannii isolates against Colistin, Imipenem, Rifampicin

Antimicrobial agents

Number of susceptible strains

Rate sensitivity (%)

MIC50

MIC90

Colistin

50

100

0.75

2

Imipenem

13

26

24

>32

Rifampicin

7

14

4

6

The MIC50 and MIC90 values of these three antimicrobial agents showed that all isolates wer susceptible to colistin; it had
the highest antimicrobial activity (100%).
The MIC50 and MIC90 of imipenem were 24µg/ml and >32 µg/ respectively. The MIC50 and MIC90 of rifampicin were 4
µg/ml and 6 µg/ml, respectively.
ANTIMICROBIAL COMBINATION
The effects of combinations of antimicrobial agents; colistin, imipenem and rifampicin against A. baumannii isolates are
shown in Table 2.
Table2: Effects of combinations of antimicrobial agents against fifty A.baumannii

Antimicrobial agents

Number of susceptible strains

Rate sensitivity (%)

MIC50

Imipenem

13

26

24

Imipenem+Colistin

14

28

16

Imipenem+Rifampicin

14

28

12

Imipenem associated with rifampin or with colistin and imipenem alone showed remarkable activity against MDR isolates;
the percentages of the rate sensitivity was 28%, 28% and 26%, respectively. The results demonstrated that the combination of
imipenem and rifampicin reduced the MIC50 of imipenem from 24 to 12µg/ml, and the combination of imipenem and colistin
from 24 to 16 µg/ml.

4

DISCUSSION

This study reveals that colistin has a very higher activity against A. baumannii rate (100%) that imipenem or rifampicin
(Table1).
The same result was obtained from a study done at the University Hospital of Chiang Mai in northern Thailand where it
was indicated that colistin has a higher antibacterial activity against A.baumannii than imipenem (of 132 isolates of A.
baumannii, 96% and 64% were susceptible to colistin and imipenem, respectively). [15] .
Another study was done at Songklanagarind Hospital in Songkhla Province, confirmed that the Also, the study made in
the clinics and intensive care units of Uludağ University Medical School showed that in all studied A. baumannii strains ,
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susceptibility to colistin was determined to be 100% with E-test methods. [16]
Monotherapy based on Colistin showed the problem of nephrotoxicity, neurotoxicity, and a problem of resistance in
Gram-negative bacteria. [17] [18]
When colistin is administered to patients with a history of chronic renal failure, in this case, nephrotoxicity presents a
major health problem. [19]
In order to prevent the emergence of resistance to colistin during processing and to reduce the effect of nephrotoxicity,
colistin combination therapy may be beneficial.
Our results indicate that 76% of isolates of A. baumannii was MDR and 100% of isolates were susceptible to colistin. At
roughly the same result was found in China, Greece and Turkey which showed that 84% of isolates of A. baumannii strains
were MDR and 100% of these strains were susceptible to colistin. [20] [21] [22]
This indicates that the colistin was an effective antimicrobial agent against MDR and non-MDR A. baumannii.
Imipenem has generally been used in A. baumannii treatment [12]. Our data also afﬁrm that imipenem are good choice
for the eradication of A. baumannii isolates (MIC50=24).
Based on the results of in vitro studies, rifampicin has been proposed as an alternative antimicrobial agent for the
treatment of infections due to A.baumannii. [23] [24] [25]
While our results show that rifampicin has a low antimicrobial activity against strains of A. baumannii, with a rate of
sensitivity equal of 14%.
In this study the MIC50 and MIC90 of rifampicin were 4 µg / ml and 6 µg / ml, respectively, to compare results with a study
made by GiamarellosBourboulis et al who reported a MIC50 and MIC90 values higher than 2μg/ml. [11]
The problem of multiresistance pushes clinicians to consider a combination antimicrobial therapy as an alternative to
traiment of infections due to multidrug A.baumannii. The presence of synergy could potentially for reduce toxicity and
improve outcomes for patients with multiresistant bacteria infection. [26]
The combination of imipenem and colistin decreased the MIC50 of imipenem from 24 to 16 µg / ml, which reflects a
positive result of the synergy between the two antimicrobial agents, in contrast to another study in Thailand was found no
synergistically to combinations of these two antibiotics. [27] The same result has been proved after an in vitro study of the
combination Colistin / Carbapenem that Is associated with an improvement in MIC, in the majority of the cases, this
improvement has suggests synergistic combination or an additive effect. [28] .
A study found that the synergy rate between colistin and imipenem was 53.8 µg / ml determined by broth microdilution
[29] while our study found 28% by the E-test method.
Rifampicin is a hydrophobic antibitique with a large molecular weight, negatively charged, this makes it unable to
effectively penetrate only through the outer bacterial membrane of A.baumannii. [30]
To improve the penetration of rifampicin, it is then combined with other antibiotics which can be related to subtantiels
changes in the outer membrane isolates of A. baumannii. [31]
The degree of sensitivity and specific mechanism of resistance of different A. baumannii isolates, are two parameters can
influence the effectiveness of rifampicin when combined with another antimicrobial agent. [30]
In our study the combination of imipenem and rifampicin decreased the MIC50 of imipenem from 24 to 12 µg / ml, which
reflects a very positive result of the synergy between the two antimicrobial agents.
Contrary to a study made by Saballs et al which had results which go against the use of a combination rifampicin /
imipenem against isolates of A. baumannii.[32]
Another study made by Piotr et al confirmed that the use of this combination in the treatment of infections caused by
strains of A. baumannii with high levels of resistance (MIC> 64 mg / l) is not recommended, by cons, in vitro synergy between
rifampicin and imipenem is most likely produced in A. baumannii strains with moderate resistance to imipenem (MIC ≤ 64 mg
/ l). [33]
After all these results we suggest that, in patients suffering from MDR A. baumannii nosocomial infection that is not
responsive to colistin, the combination of imipenem/colistin or imipenem/rifampicin might be beneﬁcial.
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5

CONCLUSION

In conclusion, the ﬁndings of this study indicate that colistin has the best activity against A. baumannii, whereas imipenem
in combination with colistin or rifampicin still a good choice to treat nosocomial infections due to multiresistant A.baumanni.

LIST OF ABBREVIATIONS
A. baumannii: Acinetobacter baumannii
CLSI: Clinical Laboratory Standards Institute
E.coli: Escherichia Coli
MDR: Multidrug resistance
MIC: Minimum inhibitory concentration
MIC50: Minimum inhibitory concentration that inhibits 50% of bacterial isolates
MIC90: Minimum inhibitory concentration that inhibits 90% of bacterial isolates
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