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In vitro activity of tigecycline as a therapeutic option
against multidrug-resistant Acinetobacter spp.
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SUMMARY
The study was performed to detect the in vitro activity of tigecycline in multidrug-resistant Acinetobacter isolates from
patients in Hacettepe University Adult Hospital, Turkey. The microorganisms were isolated from clinical specimens
of patients with respiratory and bloodstream infections. Thirty (66.7%) of the 45 inpatients were in ICUs. In vitro activity of imipenem, meropenem, ceftazidime, ciprofloxacin and aztreonam in 124 Acinetobacter species isolated was
evaluated by microdilution test. Overall, 51 (41%) Acinetobacter spp. were found to be resistant to ≥3 antibiotics belonging to different antimicrobial classes and defined as multidrug-resistant (MDR). Among the MDR Acinetobacter
spp. 32 (62.7%) were Acinetobacter baumannii and 19 (37.3%) Acinetobacter lwoffii. In vitro activity of tigecycline
against MDR isolates were studied by E-test. Each MDR isolate was also tested for metallo-beta-lactamase (MBL)
production using CLSI guidelines. Forty-five (88.2%) of the isolates were found to produce MBL. The MIC90s of all
antimicrobial agents tested except tigecycline were ≥64 µg/ml whereas the MIC50 and MIC90 of tigecycline were found
1 µg/ml and 1.5 µg/ml, respectively. ERIC-PCR results revealed that bloodstream and respiratory isolates had nine
and six different patterns, respectively. In conclusion, tigecycline has been shown to have potent in vitro activity against
MDR Acinetobacter spp. and might be of therapeutic value in the treatment of infections due to MDR Acinetobacter
spp., including those harbouring MBLs. Further clinical trials are needed to confirm the efficacy of tigecycline in the
management of MDR Acinetobacter infections.
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INTRODUCTION
Acinetobacter is an important gram-negative, nonfermentative pathogen that can give rise to nosocomial infections especially in intensive care units
(ICU’s) (Jain and Danziger, 2004). Acinetobacter
species mainly cause pneumonia and bacteremia
in hospital setting with high mortality and morbidity rates (Rossolini et al., 2007). Acinetobacter
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is resistant to many antimicrobial agents belonging to different classes and increased antimicrobial resistance of this organism makes its
treatment difficult (McGowan, 2006). Although
carbapenems are known to be one of the very few
antimicrobial agents showing consistent activity
against Acinetobacter, the emergence of carbapenem-resistant Acinetobacter strains leaves the
drug out of utility. Carbapenem resistance in
Acinetobacter occurs by beta-lactamase production like metallo-beta-lactamases (MBL) or oxacillinases, porin loss or modification of penicillinbinding proteins, but it is mainly attributed to
production of carbapenemases (Poirel and
Nordmann, 2006). Increasing reports of carbapenem-resistance in Acinetobacter requires exploration of new antibiotics.
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Tigecycline is the first commercially available glycylcycline which was licensed by the USA’s Food
and Drug Administration in June 2005.
Tigecycline presents a wide spectrum of antimicrobial activity for the treatment of multidrug-resistant infections including Acinetobacter spp.
(Rose et al., 2006).
This study was designed to assess the in vitro activity of tigecycline against multidrug-resistant
clinical strains of Acinetobacter spp. isolated from
patients in a tertiary 850-bed university hospital
in Ankara, Turkey. We also tested the presence of
MBL in multidrug-resistance Acinetobacter spp.
to see the activity of tigecycline despite the presence of MBLs.

MATERIALS AND METHODS
Bacterial strains
A total of 124 Acinetobacter spp. obtained from
clinical specimens of patients admitted to
Hacettepe University Hospital between January
and December 2003 were included in the study.
Only one isolate per patient was accepted in the
study. Species identification was performed by
Gram staining, oxidase test and Sceptor system
(Becton Dickinson, USA).
Antimicrobial susceptibility testing
Antimicrobial agents tested against 124
Acinetobacter isolates were imipenem, meropenem, ciprofloxacin, ceftazidime, aztreonam and
tigecycline. The MIC values of antibiotics other
than tigecycline were determined by using the
broth microdilution method of the Clinical and
Laboratory Standarts Institute (CLSI, 2006).
Susceptibility for the antimicrobial agents was
determined according to the interpretive criteria
of CLSI, 2006. MIC testing for tigecycline in MDR
isolates was performed by E-test using a standardized 0.5 McFarland inoculum on freshly prepared Mueller-Hinton agar plates (BBL,USA). As
there were no interpretive criteria approved for
tigecycline while testing Acinetobacter spp., the
MIC values were interpreted according to the instructions provided by the manufacturer (AB
Biodisk, Solna, Sweden) at the point of 80% inhibition. Interpretive criteria for tigecycline MICs
were determined according to the US Food and
Drug Administration-approved criteria, suscepti-

bility at ≤2 μg/μl and resistance ≥8 µg/µl, applied
for Enterobacteriaceae (Wyeth Pharmaceuticals,
2005). Escherichia coli ATCC 25922 was used as
a quality control for E-test.
Multidrug-resistance
Multidrug-resistance was defined as resistance to
three or more classes of antimicrobial agents.
These classes were carbapenems (imipenem,
meropenem), cephalosporins (ceftazidime), fluoroquinolones (ciprofloxacin), monobactams
(aztreonam). Tigecycline was not included in the
determination of multi-resistant Acinetobacter
spp. as interpretive criteria are not available.
Metallo-beta-lactamase production
Imipenem and EDTA disk diffusion combined test
was used to detect MBL production. Acinetobacter
isolates were inoculated onto Mueller-Hinton agar
as described for the disk diffusion method by CLSI
guidelines (CLSI, 2006). Two separate imipenem
(10 µg) disks (Becton-Dickinson, USA) were
placed on an agar plate and 10 µl of a 0.5 M EDTA solution (pH 8.0) (Sigma, Germany) was added
to one of the imipenem disks. After an overnight
incubation at 35°C, the inhibition zones around
the imipenem disks with and without EDTA were
measured and compared with each other. An increase of ≥7 mm in the zone diameter for imipenem in the presence of EDTA was interpreted as a
positive test result.
Enterobacterial repetitive consensus PCR
Enterobacterial repetitive consensus (ERIC)-PCR
was conducted in 25 µl volume, each containing
2 µl of genomic DNA from 51 MDR Acinetobacter
clinical isolates, 25 mM MgCl2, 30 pM of ERIC1R
(5’-ATGTAAGCTCCTGGGGATTCAC-3’), 30 pM of
ERIC2 (5’-AAGTAAGTGACTGGGGTGAGCG-3’),
1 U of Taq polymerase (Qiagen, Germany), 0,2
mM of each dNTP. Amplification was carried out
with the following program: 95ºC for 5 min followed by 5 cycles of 1 min at 94ºC, 1 min at 30ºC,
1 min at 72ºC and 40 cycles of 1 min at 94ºC, 1
min at 52ºC, 1 min at 72ºC. A final extension step
was run at 72ºC for 5 min.
The amplified PCR products were electrophoresed in 2% agarose gels with 1xTAE running buffer at 110 V for 2 and a half hours. Φx174
HaeIII molecular marker was used as a size
marker to calculate the absolute lengths of the
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bands in individual sample lanes in all gels. After
the gels were stained with ethidium bromide, the
bands were examined by Ultra Violet Products
(UVP) White /UV transilluminator and Grab-IT
2.0 annotating grabber programme.
The isolates were categorized as “ Identical” if
their patterns had the same numbers of bands
and as “Different” based on a single band difference.

values of the antimicrobial agents tested against
Acinetobacter spp. are presented in Table 1.
MIC90s of all antimicrobial agents tested, were
≥64 µg/ml except tigecycline (Table 1). Tigecycline
was the only antimicrobial agent which displays
a good activity against MDR strains with MIC90
of 1.5 µg/ml. Forty-five (88.2%) of the isolates
were found to have MBL production. Tigecycline
did not appear to be affected by the presence of
MBL.

RESULTS

ERIC-PCR analysis
Fifty one clinical isolates, when evaluated with
ERIC-PCR, generated distinct bands varying from
7 to 11 bands. Due to variation in characteristics
of blood/CVC/bone marrow and bronchoalveolar
lavage/sputum samples, they were evaluated in
separate Tables (Tables 2 and 3). Nine ERIC-PCR
patterns A-E (A. baumannii) and T-W (A. lwoffii)
represented MDR Acinetobacter spp. among
blood/CVC/bone marrow isolates according to
hospital location (Table 2). MDR Acinetobacter
spp. from bronchoalveolar lavage/sputum samples showed 6 ERIC-PCR patterns F-H (A. baumannii) and X-Z (A. lwoffii) according to hospital location (Table 3).

Patient characteristics
A total of 51 (41%) Acinetobacter isolates out of
124 were found to be multidrug-resistant. Six
(11.8%) of these strains were isolated from outpatients and 45 (88.2%) of them were isolated
from inpatients. Thirty (66.7%) of the inpatients
were from ICUs of internal medicine, general surgery, thoracic surgery, cardiovascular surgery and
anesthesiology. None of the MDR strains were
isolated from the same patient.
Among the multidrug-resistant Acinetobacter spp.
32 (62.7%) isolates were identified as A. baumannii and 19 (37.3%) as A. lwoffii. They were
isolated from bronchoalveolar lavage (BAL)
(n=23), blood (n=16), central-venous catheters
(CVC) (n=7), sputum (n=4) and bone-marrow
(n=1) specimens.

DISCUSSION
Acinetobacter spp. can cause infections in the hospital setting especially in ICUs. The most frequent
manifestations of Acinetobacter infections are respiratory and bloodstream infections associated
with outbreaks. Acinetobacter infections can
cause an increased morbidity and mortality fa-

Antibiotic susceptibility
All of the multidrug-resistant isolates were resistant to carbapenem; imipenem, fluoroquinolones; ciprofloxacin and cephalosporin; ceftazidime. The in vitro activities, MIC50 and MIC90

TABLE 1 - Antimicrobial susceptibilities of multidrug-resistant Acinetobacter spp. (n=51).
Antimicrobial agent

MIC50 (µg/ml)

MIC90 (µg/ml)

Range (µg/ml)

Resistance %

Imipenem

64

128

8-256

100

Meropenem

32

64

4-256

96.1

Ciprofloxacin

64

128

64-256

100

Ceftazidime

128

256

32-256

100

Aztreonam

128

256

8-256

98

Tigecycline

1

1.5

0.094-2

-
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cilitating poor prognosis (Rossolini et al., 2007).
In the present study, 27 (52.9%) of the patients
had respiratory and 24 (47.1%) had bloodstream
infections. A total of 45 (88.2%) Acinetobacter in-

fections were identified >48 hours after the patients were admitted to the hospital and thus met
the criteria for nosocomial infection (Masterton
et al., 2007). Although community acquired

TABLE 2 - Characteristics of Acinetobacter spp. isolated from blood/CVC/bone marrow samples.
Isolate

Date of isolation

Sex

Site of isolation

Ward

Species

ERIC-PCR

1

16/01/2003

M

Blood

GSICU

A. lwoffii

T

2

30/01/2003

M

Blood

CVSICU

A. lwoffii

U

3

07/02/2003

F

Blood

IMICU

A. baumannii

C

4

28/02/2003

F

Bone marrow

IMICU

A. lwoffii

T

5

28/02/2003

F

CVC

IMICU

A. baumannii

A

6

12/03/2003

M

Blood

GS

A. lwoffii

U

7

24/03/2003

F

Blood

IM

A. baumannii

B

8

15/04/2003

M

Blood

GSICU

A. lwoffii

U

9

17/04/2003

M

Blood

Outpatient

A. lwoffii

W

10

17/04/2003

F

Blood

IMICU

A. lwoffii

U

11

24/04/2003

F

Blood

Outpatient

A. baumannii

D

12

28/04/2003

F

CVC

Outpatient

A. baumannii

B

13

13/05/2003

F

CVC

AICU

A. baumannii

D

14

30/05/2003

F

Blood

IMICU

A. lwoffii

W

15

13/06/2003

M

CVC

IMICU

A. baumannii

D

16

25/06/2003

M

Blood

IMICU

A. lwoffii

W

17

14/07/2003

M

CVC

GS

A. baumannii

D

18

28/07/2003

F

Blood

Outpatient

A. lwoffii

V

19

07/08/2003

F

CVC

IM

A. baumannii

D

20

11/08/2003

F

Blood

IM

A. baumannii

E

21

29/08/2003

F

Blood

IM

A. lwoffii

W

22

03/09/2003

M

Blood

IM

A. baumannii

D

23

05/09/2003

M

Blood

IMICU

A. baumannii

D

24

03/11/2003

F

CVC

Outpatient

A. baumannii

D

CVC: cardiovascular catheters; Al: A. lwoffii; ICU: Intensive care unit; IM: internal medicine; GS: general surgery; CVS: cardiovascular surgery;
A: anesthesiology.
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TABLE 3 - Characteristics of Acinetobacter spp. isolated from bronchoalveolar lavage/sputum samples.
Isolate

Date of isolation

1

28/01/2003

2

Sex

Site of isolation

Ward

Species

F

Sputum

IM

A. baumannii

F

20/02/2003

M

BAL

Neurology

A. baumannii

F

3

26/02/2003

F

BAL

IMICU

A. baumannii

F

4

03/03/2003

M

BAL

GSICU

A. baumannii

F

5

19/03/2003

F

BAL

GS

A. lwoffii

X

6

21/03/2003

F

BAL

IMICU

A. lwoffii

X

7

27/03/2003

M

BAL

IMICU

A. lwoffii

X

8

28/03/2003

M

BAL

IMICU

A. baumannii

F

9

18/04/2003

M

BAL

IMICU

A. lwoffii

X

10

18/04/2003

F

Sputum

IM

A. baumannii

F

11

24/04/2003

F

BAL

IMICU

A. lwoffii

Y

12

28/04/2003

M

BAL

IM

A. baumannii

F

13

01/05/2003

M

BAL

IMICU

A. baumannii

F

14

05/05/2003

M

BAL

IMICU

A. baumannii

F

15

22/05/2003

F

BAL

IMICU

A. baumannii

F

16

29/05/2003

M

Sputum

AICU

A. baumannii

G

17

02/06/2003

M

BAL

IMICU

A. baumannii

F

18

23/06/2003

M

Sputum

IMICU

A. baumannii

F

19

24/06/2003

F

BAL

GSICU

A. lwoffii

X

20

25/06/2003

F

BAL

IMICU

A. baumannii

F

21

11/07/2003

M

BAL

IMICU

A. baumannii

H

22

14/07/2003

F

BAL

IMICU

A. baumannii

F

23

29/07/2003

F

BAL

Outpatient

A. lwoffii

Z

24

05/08/2003

F

BAL

IM

A. baumannii

F

25

05/08/2003

M

BAL

GSICU

A. baumannii

F

26

11/08/2003

F

BAL

IM

A. baumannii

F

27

14/08/2003

F

BAL

IM

A. lwoffii

X

BAL: bronchoalveolar lavage; Al: A. lwoffii; ICU: Intensive care unit; IM: internal medicine; GS: general surgery; A: anesthesiology.

ERIC-PCR
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Acinetobacter infections are uncommon, they are
increasingly recognized (Dijkshoorn et al., 2007;
Falagas et al., 2007). In the present study, only six
(11.8%) community-acquired MDR Acinetobacter
infections were detected in the study population.
Multidrug-resistance in Acinetobacter spp. is on
rise all over the world (Gaynes et al., 2005; Coelho
et al., 2006; Falagas et al., 2006). Carbapenem-resistant Acinetobacter baumannii infections are associated with prolonged ICU or hospital stay
(Lotholary et al., 1995; Smolyakov et al., 2003;
Playford et al., 2007). In our study, 30 (58.8%) of
the patients were hospitalized in ICUs and 15
(29.4%) of the patients in other wards which indicates this correlation.
Carbapenems being a last line of defense in
Acinetobacter infections become a powerful selector in multidrug-resistance. In Acinetobacter
spp., carbapenem resistance mainly occurs by
production of OXA carbapenemases or more
rarely, MBLs (Livermore D., 2005 and Poirel L.
and Nordmann P., 2006). In our study, of 51 MDR
Acinetobacter isolates, 45 (88.2%) were found as
MBL producers, but all the isolates were resistant
to imipenem. MBL production is typically associated with resistance to aminoglycosides and
quinolones (Cornaglia et al., 2007). In the present study, all MBL-producing isolates were also
resistant to ciprofloxacin. Therapeutic options
available to treat these multidrug-resistant
Acinetobacter infections are limited. Acquisition
of beta-lactamase genes which plays a significant
role in multidrug-resistance of Acinetobacter isolates leaves polymixins as the mere drug in treatment. However, polymixins are not clinically
available agents because of their toxicity (Falagas
M.E. and Kasiakou S.F., 2005). Although in vitro
synergy studies indicate the efficiency of combination therapies for these infections
(Timurkaynak et al., 2006), the role of monotherapy versus combination therapy is unclear and
needs to be confirmed by clinical trials that aim
to identify the most appropriate regimens for the
treatment of Acinetobacter infections (Murray and
Hospenthal, 2005; Peleg, 2007).
Tigecycline is a novel antibiotic being the first
member of a new class of glycylcyclines. It was
approved by the US Food and Drug
Administration for the treatment of complicated skin and soft tissue infections and complicated intra-abdominal infections (Rice L.B., 2006).

Tigecycline has a potent activity against a variety
of gram-positive and gram-negative bacteria including multidrug-resistant gram-negative bacilli (Rose et al., 2006). Tigecycline also appears to
be a promising agent for the treatment of multidrug-resistant Acinetobacter infections in various studies (Seifert et al., 2006; Ratnam et al.,
2006; Tiengrim et al., 2006; Hoban et al., 2007;
Halstead et al., 2007). In the present study, tigecycline demonstrated a good in vitro activity
against multidrug-resistant Acinetobacter isolates
with MIC50 and MIC90 values of 1 µg/ml and 1.5
µg/ml, respectively. The MIC90 values of tigecycline among the studied isolates for respiratory
and bloodstream infections were different.
Although the MIC50s were the same (1 µg/ml) for
both groups, MIC90s were found 1.5 µg/ml and 2
µg/ml, respectively. When we evaluated
the relationship between the highest MIC value
(2 µg/ml) with the site of infection/ward of inpatients/bacterial species and sensitivity to tigecycline in our MDR isolates, we found that three
were from bloodstream and two were from respiratory samples. Two of the three bloodstream
samples and one of the two respiratory samples
were from patients in ICUs. Among these isolates, one bloodstream and one respiratory isolate were A. baumannii. This data does not indicate a relationship between parameters considered since we do not have any resistant isolates
against tigecycline. So tigecycline may be considered an alternative therapeutic option that can
be used empirically for patients with respiratory
infections when other treatment options are not
available.
In this study, the genotypic relatedness of MDR
Acinetobacter isolates was investigated by the molecular typing method, ERIC-PCR. It was used to
show the genotype patterns of our MDR
Acinetobacter spp. since it can generate a characteristic genomic fingerprint which can be used to
determine intra- and inter-species genotypic variations among Enterobacteriaceae, P.aeruginosa
and A. baumannii ( Jeong et al., 2006). ERIC-PCR
analysis showed common genotypic patterns
among isolates of our patients (eg. -D pattern in
bloodstream isolates) hospitalized in different
wards at different times. These data could not be
attributed to an outbreak as it has been proposed
that strains with these characteristics circulate in
the community and are selected in hospitals
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through selective antibiotic pressure (Dijkshoorn
et al. 1996).
MBL production of Acinetobacter isolates in a
hospital setting requires surveillance data for the
selection of empiric therapy and monitoring of
resistance control. Our results which are adequate to alert us to restrict the overuse of carbapenem in ICUs indicate that this attempt
should be taken as a priority to prevent drug pressure resulting in the development of new resistance in the hospital environment. Tigecycline
presents itself as a promising agent to limit the
spread of these pathogens. Tigecycline has a potent in vitro activity and might have useful therapeutic activity in patients with respiratory infections due to multidrug-resistant Acinetobacter
spp, including those harbouring MBLs. However,
further clinical studies are still required to evaluate its efficacy especially in the treatment of invasive infections.
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