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Abstract
Background: Acinetobacter baumanii /calcoaceticus infections were important for patients.
Objective: the objective of this paper to determine the level of resistance to the widely used antibiotics in clinical isolates of
Acinetobacter baumanii /calcoaceticus 40 isolates were collected from special hospital in Muğla and recorded at specimens.
Results: The resistance rates for, Ampicillin- Sulbactam, Imipenem, Meropenem, Cefepime, Levofloxacin and Ceftazadime were
95%. In our study, colistin was the lowest resistance antibiotics with12,5%. In our study, 38 isolates showed seven to ten antibiotic
resistance. But only two isolates showed no antibiotic resistance any of the antibiotics isolted from urine and ear cultures.
Conclusion: Resistance rates of Acinetobacter baumanii /calcoaceticus complex isolates to were tigecyline and colistin very low
and the rate of resistant Acinetobacter baumanii /calcoaceticus complex to Ampicillin/Sulbactam, Imipenem, Meropenem,
Cefepime, Levofloxacin and Ceftazadime was significant. It would be a good idea to consider surveillance of antibiotic usage and
restriction of using broad spectrum antibiotics before development of resistance to these agents.
Keywords: acinetobacter baumanii /calcoaceticus, antibiotic resistance, clinical isolates
1. Introduction
Acinetobacter calcoaceticus–baumannii (ACB) complex is
emerging as one of the most common causes of hospitalacquired infections (HAIs) in intensive care units (ICUs)
worldwide and is often resistant to multiple antibiotic classes,
complicating treatment [7]. Acinetobacter baumannii is a
strictly aerobic, non-motile, Gram-negative bacillus belonging
to the A. calcoaceticus–baumannii complex within the family
Moraxellaceae
of
the
order
Gammaproteobacteria.
Identification by phenotypic methods or DNA–DNA
hybridisation does not reliably distinguish A. baumannii from
other members of the A. calcoaceticus–baumannii complex
(henceforth referred to as A. baumannii) [7]. This poses
challenges clinically because A. baumannii can be pathogenic
whereas A. calcoaceticus is environmental. The exact
reservoir of A. baumannii remains undefined [27]. Members of
the Acinetobacter calcoaceticus–baumannii complex (ACB
complex) are the predominant acinetobacter in clinical
settings, and isolates are usually multiresistant, complicating
therapy. Carbapenems have become the drugs of choice for
serious acinetobacter infections in our country and have
retained better activity than other antimicrobials. Nevertheless,
reports of carbapenem resistance among Acinetobacter species
are accumulating steadily [1]. Some early reports described
acinetobacters with -lactamase-independent carbapenem
resistance [4, 9, 31]. In contrast to other Acinetobacter spp., A.
baumannii is uncommon in nature compared with the hospital
environment [7]. A. baumannii is able to survive on dry
surfaces in hospital environments for up to 4 months [33].
The aim of this study was to determine the characteristics and
patterns
of
antibiotic
resistance
among
isolates

of Acinetobacter calcoaceticus–baumannii complex recovered
from clinical specimens in Muğla.
2. Materials and Methods
Microbiological analyses and antibiotic susceptibility
testing
Bacterial Isolates
40 ACB complex were isolated from clinical samples in
Muğla. Bacterial isolates were identified to level of species
and subspecies by using the morphological and traditional
biochemical tests according to standard methods described by
[28, 18]
. The isolates are defined as the agent of hospital
acquired infections, if they emerged after 72 hours of
hospitalization. All isolates were obtained from patients at
intensive care units. In total, 40 ACB complex were isolated
from various clinical samples and detected by the VITEK 2
Compact system (BioMerieux, France) at the microbiology
laboratory of our hospital between from January to December
2015.
Anti-biogram Pattern of ACB complex
Antibiotic resistance was determined by an agar disc diffusion
test [2] using Mueller-Hinton agar (Difco) according to Clinical
and Laboratory Standards Institute (CLSI) recommendations
[5]
. Ten different antibiotics were used. For antibiotic
resistance determination, the isolates were grown in LuriaBertani (LB) broth until the turbidity equal to the 0.5 Mc
Farland standart (approximately 108cfu/ml). Cultures were
swabbed on to the Mueller–Hinton agar and all isolates were
tested against Ampicillin/Sulbactam (SAM, 20 µg/ml),
Imipenem (IPM, 10 µg/ml), Meropenem (MEM, 10 µg/ml),
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Cefepime (FEP, 5 µg/ml), Levofloxacin (LVX, 30 µg/ml),
Ceftazidime (CAZ, 10 µg/ml), Trimetroprim/Sulfamethoxale
(SXT, 30 µg/ml), Amikacin (AN, 30 µg/ml), Tigecyline
(TGC, 10 µg/ml) and colistin (CL, 10 µg/ml).
The isolates those grown in inoculation were evaluated as
resistant and the others were evaluated as susceptible. The
antibiotic discs were dispensed sufficiently separated from
each other so as to avoid overlapping of inhibition zones. The
plates were incubated at 37°C, and the diameters of the
inhibition zones were measured after 18 hr. All susceptibility
tests were carried out in duplicate and were repeated twice if
discordant results had been obtained.
Multiple Antibiotic Resistance Index:
For all isolates, we calculated the MAR index values (a/b,
where a represents the number of antibiotics the isolate was
resistant to, b represents the total number of antibiotics the
isolate tested against). A MAR index value ≥ 0.2 is observed
when isolates are exposed to high risk sources of human or
animal contamination, where antibiotics use is common; in
contrast a MAR index value <or = 0.2 observed when
antibiotics are seldom or never used [17, 20].
3. Results
The results of the antibiotic susceptibility of the isolates are
shown in Table 1. The antibiotic susceptibility was determined
by the disc agar diffusion method in accordance with the
instructions of the antibiotic disc manufacture (Oxoid). The
number of isolates are shown in Table 1.

The resistance rates for, Ampicillin/Sulbactam, Imipenem,
Meropenem, Cefepime, Levofloxacin and Ceftazadime were
95%. In our study, colistin was the lowest resistance
antibiotics with12,5%.
Table 1: Antibiotic suspectibility pattern of A.baumanii isolated from
clinical samples
Antibiotics
SAM
IPM
MEM
FEP
LVX
CAZ
SXT
AN
TGC
CL

Resistance
38(95%)
38(95%)
38(95%)
38(95%)
38(95%)
38(95%)
36(90%)
35(%87,5)
12(30%)
5(12,5%)

Intermediate
0 (0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
3(%7,5)
3(7,5%)
0(0%)

Sensitive
2(5%)
2(5%)
2(5%)
2(5%)
2(5%)
2(5%)
4(10%)
2( %7,5)
25 (62,5%)
35 (87,5%)

Abrevations;, SAM: Ampicillin Sulbactam, IPM; Imipenem,
MEM;Meropenem, FEP; Cefepime, LVX: Levofloxacin,
CAZ: Ceftazadime, SXT: Trimetroprim/ Sulfamethoxale, AN;
Amikacin, TGC: Tigecyline
CL: Colistin
In our study, the most resistant antibiotics were
Ampicillin/Sulbactam, Imipenem, Meropenem, Cefepime,
Levofloxacin, ceftazidime with 95%. Tigecyline and Colistin
were the most sensitive antibiotics with 87,5% and 62,5%
respectively.

Table 2: Number of clinical samples and Multiple Antibiotic Resistance Index 40 ACB complex strains
Source of isolates
Number of isolates Multiple Antibiotic Resistance Index (MAR)
Tracheal aspirate
16(40%)
0.7 (1isl), 0.8(9 isl), 0.9(3 isl) 1( 3isl)
Urine
6(15%)
0.8(5isl), 0(1isl)
Wound
5(12,5%)
0.8(4isl), 0.9(1isl)
Blood
5(12,5%)
0.7(1isl), 0.8(4isl)
Broncoalveolar Lavage
1(2,5%)
0,8(1 isl)
Mucus
2(%5)
0,8(2 isl)
Abces
2(%5)
0.9(1 isl), 0.8(1 isl)
Ear Cultures
1(2,5%)
0(1isl)
Cathather
1(2,5%)
0,8(1isl)
Throat Cultures
1(2,5%)
0,9(1isl)
Total
40

In the present study, the isolates obtained from Tracheal
aspirate( 40%), urine( 15%), Wound and blood (12,5%). In
our study, 38 isolates showed seven to ten antibiotic
resistance. But only two isolates showed no antibiotic
resistance any of the antibiotics isolated from urine and ear
cultures in Table 2.
4. Discussion
Kattel et al (2012) [15] reported that All ACB complex were
found to be 100% sensitive towards Imipenem. Only half
(50%) isolates showed susceptibility towards cotrimoxale,
gentamicin, ceftazidime,piperacillin, piperacillin tazobactam,
amikacin, and cefepime. All isolates were resistant towards
amoxycillin/ampicillin,
cephalexin,
norfloxacin,
nitrofurantoin, nalidixic acid, cefotaxime, amoxycillin plus,
clavulanic acid, and all isolates were found MDR.
Colistin was used clinically because of its proven ability to
treat infections caused by MDR- A baumannii and other MDR
organism [22]. Many studies have reported cure rates or

improvement with colistin of 57-77% among severely ill
patients with MDR Acinetobacter species infection [19]. The
ACB complex isolated at various places still show a high
susceptibility to colistin. In our study 87,5% were susceptible.
Rifampicin, tigecycline, colistin and polymyxin are considered
the last resort drugs. However, increasing resistance rates and
higher minimum inhibitory concentration are being reported
for tigecycline [23]. Emergence of resistance during treatment
has been reported Peleg et al., 2007 [26] probably mediated by
efflux pumps [23]. We report a higher percentage (30%) of
ACB complex resistant to it than those reported from places
where it was introduced earlier, for example, 2.7% from the
UK [12] and 26% from Argentina [6]. Tigecyline, a novel broad
spectrum glycylcycline was approved by FDA and the
European Medicines Agency for the treatment of complicated
skin and intraabdominal infections [3].
Aminoglycoside and quinolone resistance are also common
place [21]. The bacterium utilizes plasmid or transposon coded
aminoglycoside modifying enzymes [24], efflux pumps,

58

European Journal of Biotechnology and Bioscience

alteration in target ribosomal protein and ineffective transport
to interior of bacteria [32]. Amikacin resistance was detected in
87,5% of the ACB complex from our study. Chromosomal
mutations altering the target enzymes DNA gyrase and
topoisomerise IV; efflux pump and acquisition of mobile
genetic element are mechanisms by which ACB complex
acquired resistance to quinolones [25].
In the present study, the prevalence of ceftazidime resistance
in A. calcoaceticus-baumannii was 95%. However, a much
lower rate of resistance (6.0%) was reported in Japan [13]. Our
rate is higher than those reported in Japan and in the United
States and Canada [26, 27].
Carbapenem-resistant A. calcoaceticus-baumannii complex
has emerged in many parts of the world. The main mechanism
of resistance is through the acquisition of B and D class
carbapenemases [28]. In a study from Taiwan, the carbapenem
resistance of the Acinetobacter species isolated was 10%.8 In
another study, Acinetobacter species had a rate of resistance to
imipenem that increased from 0% to 42% during the study
period [29]. In the present study, imipenem remained the
antimicrobial most sensitive (5%) against A. calcoaceticusbaumannii complex, and the resistance rates were high (95%).
Conversely, a low rate of resistance to imipenem (3.2% of
isolates) was reported in Japan [26]. Regional variation in
imipenem resistance was noted when North America (4.5% of
isolates) and Latin America (11% of isolates) were compared
[8]
.
Jaffar et al (2007) [14] reported that none of the isolates showed
Trimetroprim/ Sulfamethoxale resistance. Conversely, ın our
study, Trimetroprim/ Sulfamethoxale resistance was seen
90%.
In our study the resistance rates were detected as 95% in
cefepime and the results were similar to the results of other
recent studies in our country [10]. This result might be
construed to mean that neither third-generation cephalosporins
nor quinolones appear suitable for A. baumannii complex
infections.
Notably, our findings show that Levofloxacin is ineffective
against ACB complex (95% resistance), In the present study,
involving 40 clinical isolates of ACB complex, 38 (95%)
isolates were detected to have resistant zone sizes for
meropenem when tested by disk diffusion method. Indian
study by Taneja et al. in 2003 [30] reported a high incidence of
more than 20% carbapenem resistance among Acinetobacters.
As a results a high resistance ratio develops against
levofloxacin and meropenem which are the antibiotics
commonly used until recent years for A. baumannii complex,
with a resistance ratio increasing constantly in the whole
World [10].
ACB complex is notorious for its multidrug resistance (MDR).
The rapid emergence and spread of MDR strains may be due
to the combined effect of upregulation of its innate resistance
mechanism coupled with gene acquisition following lateral
gene transfer and clonal spread of MDR clones [29, 30]. This
process is aided by selective pressure exerted by the use of
broad spectrum antibiotics and transmission of strains among
patients. In the present study, 71.3% ACB complex were
MDR. Variable rates of MDR- ACB complex are reported by
other researchers from Nepa [21, 16, 32]. Besides the differences
in the study setting and study population, non uniformity in
the definition of MDR could be the reason for the variation in
the percentages of MDR isolates.

In conclusion, the present study recorded data on the rates of
antimicrobial resistance observed in A. calcoaceticusbaumannii complex isolates from a hospital in Turkey. The
antimicrobials most active against these isolates were colistin
and tigecycillin. The observed difference in the antimicrobial
resistance rates between those observed in this study from
Turkey and those reported in other parts of the world may
have been related to factors such as antimicrobial use patterns,
infection control practices, and climate, as has been suggested
in other studies from other parts of the World [11].
5. References
1. Afzal‐Shah, Livermore DM. ''Worldwide emergence of
carbapenem‐resistant Acinetobacter spp.
Journal
of
Antimicrobial Chemotheraphy. 1998; 41:576-577.
2. Bauer AW, Kirby WMM, Sherris JC, Turck M.
''
Antibiotic susceptibility testing by a standardized single
disc method'', American. Journal of Clinical. Pathology.
1966; 45:493.
3. Bradford PA, Weaver-Sands DT, Petersen PJ. In Vitro
activity of tigecycline against isolates from patients
enrolled in phase 3 clinical trials of treatment for
complicated skin and skin structure infection and
complicated intra- abdominal infections', Clinical
Infectious Disease 2005; 41(5):315.
4. Clark RB. Imipenem resistance among Acinetobacter
baumannii: association with reduced expression of a 33–
36 kDa outer membrane protein, Journal of Antimicrobial
Chemotheraphy. 1996; 38:245.
5. CLSI. Performance standards for antimicrobial
susceptibility testing, 15th informational supplement.
Document M 100- S 15''. Clinical and Laboratory
Standards Institute, Wayne, PA..Danish. 2005.
6. Curcio D, Fernandez F. Tigecycline Disk Diffusion
Breakpoints of Acinetobacter spp.: a Clinical Point of
View. Journal of Clinical Microbiology, 2007;
45(6):2095.
7. Dijkshoorn L, Nemec A, Seifert H. An increasing threat
in hospitals: multidrug-resistant Acinetobacter baumannii,
Nature Reviews Microbiology, 2007; 5:939.
8. Gales AC, Jones RN, Forward KR, Linares J, Sader HS,
Verhoef J. Emerging importance of multi-drug resistant
Acinetobacter species and Stenotrophomonas maltophilia
as pathogens in seriously ill patients: geographic patterns,
epidemiological features, and trends in the SENTRY
Antimicrobial Surveillance Program (1997-1999).
Clinical Infectious Diseases. 2001; 32(2):104.
9. Gehrlein M, Leying H, Cullmann W, Wendt S, Opferkuch
W. Imipenem resistance in Acinetobacter baumanii is due
to altered penicillin‐binding proteins, Chemotherapy.
1991; 37:405.
10. Guckan R, Kilinc C, Demir AD, Capraz A, Yanik K.
Antimicrobial Susceptibility of Acinetobacter baumannii
complex Isolated From Different Clinical Samples In A
Tertiary Care Hospital. Journal of Antibiotics Research,
2015; 1(1):1.
11. Hart CA, Kariuki S. Antimicrobial resistance in
developing countries'', British Medical Journal. 1998;
317:647.
12. Henwood CJ, Gatward T, Warner M et al. Antibiotic
resistance among clinical isolates of Acinetobacter in the
UK, and in vitro evaluation of tigecycline (GAR-936),

59

European Journal of Biotechnology and Bioscience

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Journal of Antimicrobial Chemotheraphy. 2002; 49:47987.
Ishii Y, Alba J, Kimura S, Yamaguchi K. ''Evaluation of
antimicrobial activity of beta-lactam antibiotics by Etest
against clinical isolates from 100 medical centers in Japan
(2004), Diagnostic Microbiology Infectious Diseases.
2006; 55:143.
Jaffar A, Al-Taffiq MD, Thangiah X, Mohandhas BS.
Prevalence of Antimicrobial Resistance in Acinetobacter
calcoaceticus‐baumannii Complex in a Saudi Arabian
Hospital, Infection Control and Hospital Epidemiology,
2007; 28(7):870.
Kattel HP, Mishra SK, Acharya J, Sigdel MR, Prasad N et
al. Antibiotic sensitivity profile of different uropathogens
in a tertiary care center in Nepal. JNAMLS. 2012;
11(1):19.
Khanal S, Joshi DR, Bhatta DR, Devkota U, Pokhrel BM.
β-lactamase-producing multidrug –resistant bacterial
pathogens from tracheal aspirates of intensive care unit
patients at National Institute of Neurological and Allied
Sciences, Nepal, ISRN Microbiol, 2013, Article ID
847569, 5.
Krumperman PH. Multiple antibiotic resistance indexing
of Escherichia coli to identify high-risk sources of fecal
contamination of foods, Applied and Environmental
Microbiology. 1985; 46:165-170.
Macfaddin JF. Biochemical Tests for Identification of
Medical Bacteria. 3rd ed. Lippincott Williams and
Wilkins,USA. 2000.
Maragakis LL, Perl TM. Acinetobater baumannii:
epidemiology, antimicrobial resistance and treatment
options, Clinical Infectious Diseases, 2008; 46:1254.
Matyar F, Kaya A, Dinçer S. Antibacterial agents and
heavy metal resistance in Gram-negative bacteria isolated
from seawater, shrimp and sediment in Iskenderun Bay,
Turkey, Science of the Total Environment. 2008;
407:279.
Mishra SK, Rijal BP, Pokhrel BM. Emerging threat of
multidrug resistant bugs-Acinetobacter calcoaceticus
baumannii
complex
and
Methicillin
resistant
Staphylococcus aureus, BMC research notes, 2013; 6:98.
Montefour K, Frieden J, Hurst S, Headley C, Headley D,
Martin M. Acinetobacter baumannii: an emerging
multidrug-resistant pathogen in critical care, Critical Care
Nurse. 2008; 28:15.
Navon-Venezia S, Leavitt A, Carmeli Y. High tigecycline
resistance multidrug –resistant Acinetobacter baumannii. '
Journal of Antimicrobial Chemotheraphy, 2007; 59:772.
Nemec A, De Baere T, Tjernberg I, Vaneechoutt M, Van
Der Reijden TJ, Dijkshoorn L. Acinetobacter ursingii sp.
Nov. and Acinetobacter schindleri sp. nov, isolated from
human clinical specimens, International Journal of
Systematic Evolunationary Microbiology, 2001; 51:1891.
Peleg AY, Seifert H, Paterson DL. Acinetobacter
baumannii: Emergence of a successful pathogen, Clin
Microbiology Reviews, 2008; 21:538.
Peleg AY, Potoski BA, Rea R et al. Acinetobacter
baumannii blood stream infection while receiving
tigecycline: a cautionary report, Journal of Antimicrobial
Chemotheraphy, 2007; 59:128-31.
Perez F, Hujer AM, Hujer KM, Decker BK, Rather PN,
Bonomo RA. Global challenge of multidrug-

28.

29.

30.
31.

32.

33.

resistant Acinetobacter baumannii. Antimicrobial Agents
Chemotheraphy. 2007; 51:3471.
Schreckenberger PC,
and
von
Graevenitz
A.
Acinetobacter, Alcaligenes, Moraxella, Methylobacterium
and other nonfermentative gram-negative rods''.
In: Murray PR, Baron EJ, Pfaller MA, Tenover, FC, Yolk
en RH, editors. Manual of clinical microbiology. 7th
ed. Washington, DC: ASM Press. 1999, 539.
Taneja N, Maharwal S, Sharma M. Imipenem resistance
in nonfermenters causing nosocomial urinary tract
infections, Indian Journal Medical Science. 2003; 57:294.
Towner KJ. The genus Acenetobacter. Prok 2006; 6:746.
Urban C, Go E, Mariano N et al. Effect of sulbactam on
infections caused by imipenem‐resistant Acinetobacter
calcoaceticusbiotype anitratus,
Journal
Infectious
Diseases, 1993; 167:448.
Vila J, Marti S, Sanchez-Cespedes J. Porins, effl ux
pumps and multidrug resistance in Acinetobacter
baumannii, Journal of Antimicrobial Chemotheraphy,
2007; 59:1210.
Wendt C, Dietze B, Dietz E, Ruden H. Survival
of Acinetobacter baumannii on dry surfaces, Journal of
Clinical Microbiology, 1997; 35:1394.

60

