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Carbapenemase producing Acinetobacte rbaumannii is frequently associated with
nosocomial infections. Increasing resistance to carbapenems, may significantly
reduce the choice of effective antibiotics. This study was conducted to determine
the occurrence of carbapenmase producing A. baumanniiisolates obtained from
Najaf hospitals. Isolates  were identified according to API 20NE system and more
confirmed using 16sr RNA gene. Carbapenem susceptibility was assayed by
microbroth dilution and other antibiotics using  disks diffusion test . Phenotypic
detection of carbapenemase was performed using the imipenem-EDTA disk and
modified Hodg tests. Then isolates were subjected to monoplex PCR targeting
blaOXA-23,blaIMP and blaVIMgenes. Twelve (1.5.%) A. baumannii isolates were
recovered from clinical infections. Five (41.6%)of isolateswere found to be
imipenem and meropenem resistant (MIC ranged 128-256 µg/ml), of which,
4(66.6%) gave positive result with the imipenem-EDTA disk and modified Hodg
test. PCR experiments showed only two (33.3%) isolates were harbored blaOXA-23

gene. The present findings suggest that emergence of OXA-23 carbapenemase-
producing A. baumannii clinical isolates in Najaf hospitals.
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INTRODUCTION
Acine tobacterbaumanniihave been implicated in recent years
as important nosocomial pathogen especially in intensive care
unit (Bergogne-Berezin and Towner, 1996). A.baumanniiis
responsible for 3-5% of nosocomial pneumonia, and one of the
most common presentations in mechanically ventilated
patients in intensive care units (Dijkshoornet al, 1993).
Carbapenems are the drugs of choice for this pathogen and
carbapenem-resistant A. baumanniihas been frequently
hospital encountered (Dalla-Costa et al, 2003). Meropenem
and imipenem are carbapenems that remain active against
organisms carrying most Ambler classes of β-lactamases
which include many Gram-negative bacilli, including
Acinetobacterspp. However, carbapenem resistance is
increasingly encountered in Acinetobacter isolates worldwide
(Afzal-Shah  and Livermore, 1998). One of the major
mechanisms of carbapenem resistance in this pathogen is the
production of carbapenem hydrolyzing β-lactamases. These
specific groups of β-lactamases are categorized into class B
metallo β-lactamases (MBLs) including IMP and VIM, and
class D (Oxacillinases) including OXA-23-like, OXA-24/40-
like and OXA-58 (Ambler et al, 1991). Carbapenem-
hydrolyzing OXA enzymes are the most important cause of
carbapenem resistance in A. baumannii worldwide (Poirel and
Nordmann, 2006). These began to be described over a decade
ago, in 1993, first description of ARI-1, later renamed OXA-
23, in an imipenem-resistant A. baumannii strain from a
patient in the Edinburgh Royal Infirmary ( Paton et al., 1993).
Isolates of A. baumanniiproducing oxacillinases, OXA-23,
OXA-24 and OXA- 58, are prevalent in Europe and Americas

(Heritieret al, 2005; Villegas et al, 2007), and highly prevalent
in Asia-Pacific region including Thailand (Mendes et al,
2009). In Iraq, little attention has been paid to the
carbapenmase producing isolates. However, in the Najaf city,
no information are regarding the molecular studies of the
occurrence of OXA-23 carbapenmaseA. baumannii producing
clinical isolates.  Hence, the proposed aim of this study is to
identify and detect OXA-23 carbapenmase producing A.
baumannii isolates recovered from hospital settings in the
Najaf city.

MATERIAL AND METHODS
Isolation and Identification of Isolates

A total of 770 clinical specimens (included 450 sputum , 210
urine and 110 burns swabs) were collected from patients in
Najaf hospitals over four months period starting from April to
July, 2011. Isolates were recovered from clinical samples after
culturing on MacConkey agar and incubated for overnight at
37oC, non lactose fermenting bacteria (colorless or slightly
beige) were subcultured and incubated for additional
overnights. Suspected bacterial isolates which their cells are
Gram negative coccobacillary or diplobacillus and negative to
oxidase which further identified using API20 NE system and
confirmed by molecular detection using 16s ribosomal RNA
gene according to (Misbahet al., 2005).

Antimicrobial susceptibility testing

Isolates were plated on Mueller–Hinton agar and their
susceptibilities to different antibiotics were tested by disk
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diffusion method according to the Clinical and Laboratory
Standard Institute’s guidelines (2010).

Phenotypic Detection of Carbapenamase

Imipenem-EDTA disk method

Screening for metallo β-lactamases (MBL) was performed
using disks containing 1900 µg of EDTA plus 10 μg of
imipenemdiskwere placed on the inoculated plates containing
Muller Hinton agar. An increase of ≥ 17 mm in zone diameter
in the presence 1900 µg of EDTA compared to imipenem
alone indicated the presence of an MBL (Lee et al., 2003)
Modified Hodg test:Imipenem was used for carbapenemase
detection as described by Lee et al. (2001). Positive test has a
clover leaf-like indentation of E. coli ATCC 25922 growing
along the test organism growth streak within the imipenem
disk diffusion zone.

PCR amplification

DNA was extracted from the isolates by boiling one to three
colonies in 100 µl of sterile ultrapure water for 10 min
followed by centrifugation for 1 min at 14,000 rpm (Brown et
al., 2005). To amplify the genes encoding carbapenemases, a
monoplex-PCR was run using th primers of blaOXA-23 (1065bp:
F/5'-GATGTGTCATAGTATTCGTCG-3' and R/5'-
TCACAACAACTAAAAGCACTG-3'), blaIMP(587bp:F/5'
CGGCCKCAGGAGMGKCTTT-3' and R/5'-
AACCAGTTTTGCYTTACYA-3') and blaVIM (633bp: F/5'-
ATTCCGGTCGGRGAGGTCCG-3 'and R/5'-
GAGCAAGTCTAGACCGCCCG-3') were described by Yin
et al., (2008) and Yun-Song et al., (2006). Amplification was
performed in a 25 µl volume as recommended by Promega Go
Tag Green Master mix instruction. PCR amplifications were
carried out on a thermal cycler (Gene Amp, Singapore). The
cycling conditions for amplification were as follows: for
blaOXA-23 gene, initial denaturation of 5 min at 95 C and 30
cycles of 1 min at 95 C, 1 min at 55 C, and 1 min at 72 C,
followed by 7 min at 72 C, for blaIMP, and blaVIM initial
denaturation at 93 C for 3 min and 40 cycles of 1 min at 93 C,
1 min at 55 C, and 1 min  at 72 C, followed by 7  min at 72 C;
Amplified products were detected by agarose gel-
electrophoresis in 1% Tris-borate-EDTA (TBE) agarose
(Promega, USA) and staining with ethidium bromide.The
electrophoresis result was detected by using gel documentation
system (Biometra).

RESULTS
Based on the conventional tests and amplification of 16s
ribosomal RNA gene enabled to isolation and identification of
12 (1.5.%)  isolates as A. baumannii from the 770 clinical
samples, excluding scant growth (Table 1).

According to the results of the antimicrobial susceptibility
testing by disk diffusion for 12 A. baumannii isolates, all
isolates were resistant to most of the antimicrobials tested. The
highest rates of susceptibility were observed with piperacillin-

tazobactam (41.6%; n=5), ampicillin-sulbactam (50%; n = 6)
and amikacin (58.3%; n = 7) (Fig. 1).

Microbroth dilution assay showed that 5(41.6%)isolates were
found to be carbapenem resistant, MICs ranged from 128 to
≥256 µg/ml, of which, 4(33.3%) demonstrated enhancement of
inhibition zone, with the imipenem-EDTA test and modified
Hodg test, while no remarkable distinct change was noticed in
the others isolates (Table 2).

Two isolates (2/5; 40%) of carbapenem resistant A. baumannii
gave blaOXA-23 PCR products using specific primers gene.
Moreover, the amplification of DNA of 5 isolates of
carbapenem resistant with blaIMP, andblaVIM primers, observed
presence only one (1/5; 20%) of blaIMP positive isolate. The
blaVIM was  not detected in this study (Fig. 2).

Consequently,table (3) shows the isolates that harbored OXA-
23 gene appeared as extensive drug resistant (XDR), which
exhibited resistance to at least 5 classes of antibiotics were
used in this study.

Table 1 Distribution of A. baumannii isolates among
clinical samples recovered from Najaf hospitals

Clinical sample No. No. (%) of A. baumannii isolate
Sputum 450 4 (0.88%)
Urine 210 6 (2.8%)

Burn swab 110 2 (1.8%)
Total 770 12 (1.5%) Fig. 1 Antibiotic susceptibility pattern of A. baumannii isolates

(n=12) according to CLSI 2010.

Table 2 Frequency of carbapenem susceptibility and
carbapenemase producing A. baumannii isolates.

A. baumannii
isolate

(n=12)*

Resistance
to

carbapenem
(MIC µg/ml)

Phenotype of carbapenemase
production

Imepenem-
EDTA test

Modified Hodge
test

AU1 8 - -

AU2 128 - -

AU3 ≥256 + +

AU4 ≥256 + +

AS5 8 - -

AS6 4 - -

AS7 8 - -

AB8 4 - -

AB9 ≥256 + +

AB10 128 + +

AS11 8 - -

AS12 4 - -

Total 5(41.6 %) 4(33.3 %) 4(33.3 %)
*AU: A. baumannii isolated from urine, AS: from sputum, AB: from burn
wound.
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DISCUSSION
The current report provided an evidence that the A. baumannii
may be silently spread with low proportion 1.5% (Table 1) in a
hospital settings and highlighted the threat of undetected
reservoirs. However, The source of infection may include
health care device or the environment can involve with transfer
of microorganisms between staff and patients (Kollef and
Schuster, 1994).

Antibiotic resistance is a major clinical problem in treating
infections that caused by this bacteria.Using the disk diffusion
method, results showed high resistant rates (83.3-100)% of A.
baumanniito carboxypenicillin (carbenicillin and ticarcillin),
fluoroqinolones (ciprofloxacin, gatifloxacin and levofloxacin),
extended spectrum cephalosporins (cefotaxime, ceftriaxone,
ceftazidime and cefoxitin) and aminoglycosides (gentamicin
and tobramycin). The highest resistant were also found against
amoxiclave and trimethoprim (Fig. 1). This result is in
accordant with the results being reported in Carvalhoet al.,
(2011). Reports hypothesized that the versatility of plasmids
together with the abuse of antimicrobials in human medicine
may have largely contributed to the spread of antimicrobial
resistance worldwide (Carattoli, 2009). In the same manner,
piperacillin-tazobactam, ampicillin-subactam and amikacin
were the most active drug after carbapenem, study results
similar to report from Iran, Feizabadiet al., (2008) found that
42.1% and 38.2% of carbapemem resistant A. baumannii were
susceptible to piperacillin-tazobactam and amikacin,
respectively. These findings suggest the presence of another
resistance mechanism that has not been previously
investigated, such as extended spectrum β-lactamases, the

modification of penicillin-binding proteins and the up-
regulation of the efflux system (Zarrilliet al. 2009).

Microbroth dilution assay (Table 2) revealed high degree of
resistant to carbapenem (MIC range 128- ≥256 µg/ml).
Resistance to this antibiotic has emerged due to the production
carbapenem-hydrolyzing enzyme (carbapenmases) among A.
baumannii(Kohlenberget al., 2009). Moreover, the resistance
to carbapenems may involve several combined mechanisms
other than carbapenemases, include modifications to outer
membrane permeability and hyperproduction of AmpC β-
lactamases (Nordmannet al., 2009)

Recently, modified Hodge test and imipene-EDTA disc test
became the most acceptable confirmatory test to detect all type
of carbapenemases for infection control and epidemiological
purpose (Lee et al., 2003). Phenotypic screening for
carbapenmase production confirmed that 4(33.3%) A.
baumannii isolates were carbapenmase producer by both
methods (Table 2). The main enzymes may involve in
carrbapenem resistance are OXA-carbapenemases
(Kohlenberget al., 2009).

Interestingly, nosocomial outbreaks with Acinetobacter strains
producing these enzymes have been reported from various
region in the world (Stoeveet al., 2008). Present study
recorded the first two blaOXA-23 harbored carbapemem resistant
A. baumannii clinical isolates in Najaf hospital (Fig. 2). This
result is correspond with same study in Irish Republic was the
first report of two OXA-23 carbapenemases  in
Acinetobacterspp. isolated from a biliary drain fluid specimen
and the second isolate was cultured from a sputum specimen
(Boo et al., 2006). However, Many strains of OXA-23
producing A. baumannii from the same clone were responsible
for an epidemic of nosocomial infection from 2005 to 2007 in
Tunisia (Mansour et al., 2008).

As in the present study, such isolates (blaOXA-23 positive A.
baumannii) exhibit resistance to most antimicrobials that
recommended by CLSI (2010) and appeared to be extensive
antibiotic resistance (XDR)  (Table 3), this may creating a
serious problem for choice of therapy, this results was more
identical with the  report of emergence XDR in A. baumannii
isolates from patients in ICUs of Samsung Medical Center in
Seoul, South Korea (Kim et al., 2006). Hence, The occurrence
of  isolates contain blaOXA in Najaf hospital may resulted from
transfer of plasmid among resistant isolates rather than, several
isolate may produce identical restriction pattern suggest the
dissemination of OXA-23 due to a clonal spread of resistant A.
baumannii isolates (Chang et al., 2012).  In present study
amplification for blaIMPmetalo β-lactamases (class B) were
negative, but study detected the blaVIM type metalo β-
lactamases allele in one (20%) isolate of carbapenem-resistant
A. baumannii (Fig. 2). Plasmid mediated VIM enzymes, which
are located within a variety of integron structures, which they
have been incorporated as gene cassettes in A. baumannii. In
addition, carbapenem-resistant A. baumannii have been
reported which possess metalo β-lactamase instead of plasmid
mediated class D (OXA type enzyme) (Jan and Niels, 2006).

CONCLUSION
Our study has shown the spreading of multidrug resistant and
blaoxa-23 harbored A. baumannii isolates among patients with
burn wound infections. Hence, it is suggested that, such

Fig. 2 Ethidium bromide-stained agarose gel of PCR amplified
products fromextractedDNA of Carbapenemresistant A.

baumanniiisolates and amplified with blaIMP and blaOXA-23 gene primers.
The electrophoresis was performed at 70 volt for 1.5 hr.  Lane (L),

DNA molecular size marker (l0000-bp ladder), Lane (A4) of A.
baumanniiisolates show positive results with blaIMP(587 bp), Lanes

(A2, 3, 9 and 10) show negative results with blaIMPgene. Lanes A9 and
A10 show positive results with blaOXA-23 gene (1065 bp), lanes A2, A3

and A4 show negative results.

Table 3 Antibiotic susceptibility profiles of blaOXA-23

gene harbored A. baumannii clinical isolates.
Isolate code No. Resistant antibiotics*

AB9 AMP, AC, CTX, CI, CAZ, ATM, FOX, TOB,
PTP, CN,  TEP, CIP, GT,  TIC, PY, A/S

AB10 AMP,AC, CTX, CI, CAZ, ATM, FOX, TOB,
CN, CIP, GT,  LEV, TIC, PY, A/S

* AMP, Ampicillin; AC, Amoxi-clav; CTX, Cefotaxime; CI, Ceftriaxone; CAZ,
Ceftazidime; ATM, Aztreonam; FOX, Cefoxitin; TOB, Tobramycin; PTP,
Piperacillin-tazobactam; CN, Gantamycin; TEP, Trimethoprime; CIP,
Ciprofloxacin; LEV, Levofloxacin; GT, Gatifloxacin; TIC, Ticarcillin; PY,
Carbenicillin; A/S, Ampicillin-sulbactam.
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CN, CIP, GT,  LEV, TIC, PY, A/S

* AMP, Ampicillin; AC, Amoxi-clav; CTX, Cefotaxime; CI, Ceftriaxone; CAZ,
Ceftazidime; ATM, Aztreonam; FOX, Cefoxitin; TOB, Tobramycin; PTP,
Piperacillin-tazobactam; CN, Gantamycin; TEP, Trimethoprime; CIP,
Ciprofloxacin; LEV, Levofloxacin; GT, Gatifloxacin; TIC, Ticarcillin; PY,
Carbenicillin; A/S, Ampicillin-sulbactam.
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isolates, which consequently poses an increased threat to
hospitalized patients in Najaf hospitals and more importantly,
avoiding misuse and overuse of antibiotics may reverse the
undesired effects of multidrug resistant and OXA-producing
bacteria.

Acknowledgment

The authors are very grateful to department of medical
microbiology in faculty of medicine. The authors thank the
anonymous reviewers for their valuable comments and helpful
revision suggestions.

References
Afzal-Shah, M., and Livermore, D.M.(1998). Worldwide

emergence of carbapenem-resistant Acinetobacterspp. J.
Antimicrob. Chemother.,41: 576–7.

Ambler, R.P.. Coulson, A.F., Frére, J.M., Ghuysen, J.M., Joris,
B., Forsman, M., et al. (1991). A standard numbering
scheme for the calss A β-lactamases. Biochem. J., 276:
269-70.

Bergogne-Berezin, E. and Towner, K .J. (1996). Acinetobacter
spp. as nosocomial pathogens: microbiolgical , clinical and
epidemiological features. Clin. Microbiol. Rev., 9(2):148-
165.

Boo, T. W., F. Walsh, and B. Crowley. 2006. First report of
OXA-23 carbapenemase in clinical isolates of
Acinetobacter species in the Irish Republic. J. Antimicrob.
Chemother., 58:1101-1102.

Brown, S., Young, H.K. and Amyes, S.G. (2005).
Characterization of OXA-51, a novel class D
carbapenemase found in genetically unrelated clinical
strains of Acinetobacterbaumanniifrom Argentina. Clin.
Microbiol. Infect., 11: 15-23.

Carattoli, A. (2009).  Resistance plasmid families in
Enterobacteriaceae. Antimicrob. Agents Chemother.,
53:2227-38.

Carvalho, K.R., Carvalho-Assef, A.P.D., Santos, L.G., Pereira,
M.J., Asensi, M.D. (2011). Occurrence of blaOXA-23 gene
in imipenem-susceptible Acinetobacterbaumannii. Mem.
Inst. Oswaldo Cruz, Rio de Janeiro, 4: 505-506.

Chang,  K., Lin, M.,  Lin, N.,  Wu, W., Kuo, H.,  Lin, T.,
Yang, T.,  Chen, Y. and Liou, M. (2012). Clonal spread of
multidrug-resistant Acinetobacterbaumannii in eastern
Taiwan. J. Microbiology, Immunology and Infection.45:
37-42.

Dalla-Costa L.M., Coelho J.M., Souza H.A., Castro M.E., Stier
C.J., Bragagnolo K.L., Rea-Neto A., Penteado-Filho S.R.,
Livermore D.M. and Woodford, N.(2003). Outbreak of
carbapenem-resistant Acinetobacterbaumannii producing
the OXA-23 enzyme in Curitiba, Brazil.  J. Clin.
Microbiol., 41: 3403-3406.

Dijkshoorn, L., Aucken, H. M., Gerner-Smidt, P., Kaufmann,
M. E., Ursing, J. and Pitt. T. L.(1993). Correlation of
typing methods for Acinetobacterisolates from hospital
outbreaks. J. Clin. Microbiol., 31:702–705.

Feizabadi, M.M., Fathollahzadeh, B., Tahirekalani, M.,
Rasoolinejad,  M.,  Sadighifard,  N.,  Aligholi, M., Soroush
S. and Mohammadi-Yegane, S. (2008). Antimicrobial
susceptibility patterns and distribution of blaoxa genes
among Acinetobacter spp. Isolated from patients at Tehran
hospitals. Jpn. J. infect. Dis., 61: 274-278.

Héritier,  C.L.,  Poirel, P.E., Fournier, J.M., Claverie, D.,

Raoult P. (2005). Characterization of the naturally
occurring oxacillinase of
AcinetobacterbaumanniiAntimicrob. Agents Chemother.,
49: 4174-4179.

Jan,Walther-Rasmussen and Niels, Høiby.(2006).OXA-type
carbapenemases.  Journal of Antimicrobial Chemotherapy,
57:373-383.

Kai-Chih Chang, Ming-Feng Lin, Nien-Tsung Lin, Wen-Jui
Wu, Han-YuehKuo, Teng-Yi Lin, Tsai-Lian Yang, Yu-
Chuan Chen, Ming-Li Liou. (2012). Clonal spread of
multidrug-resistant Acinetobacterbaumannii in eastern
Taiwan. Journal of Microbiology, Immunology and
Infection. 45:37-42.

Kim, K.M., Yoo, J.H., Choi, J.H., Park, E.S., Kim, K.S., K,im
K.S.(2006). The nationwide surveillance results of
nosocomial infections along with antimicrobial resistance
in intensive care units of sixteen university hospitals in
Korea. Kor., J. Noso. Infect. Control, 11:79–86.

Kohlenberg, A., Brümmer, S., Higgins, P.G., Sohr, D.,
Piening, B.C., de Grahl, C., Halle, E., Rüden, H., Seifert,
H. (2009). Outbreak of carbapenem-resistant
Acinetobacterbaumannii carrying the carbapenemase
OXA-23 in a German university medical centre. J. Med.
Microbiol.,  58 (Pt 11):1499-507.

Kollef, M., Schuster, D. (1994). Ventilator associated
pneumonia clinical considerations. AJR MAJ.,
Roentgeonal,163: 1031-1035.

Lee, K., Chong, Y., Shin, H. B., kim, Y.A ., Yong, D. and
Yum, J. H. (2001). Modified Hodge and EDTA-disc
synergy tests to screen metallo-β-lactamase-producing
strains of Pseudomonas and Acinetobacter species .Clin.
Microbiol .Infect.,7: 88-91.

Lee, K., Lim, Y.S., Yong, D., Yum, J. H. and Chong, Y.
(2003). Evaluation of the Hodge test and the imipenem-
EDTA double-disk synergy test for differentiating metallo-
β-lactamase-producing isolates of Pseudomonas spp. and
Acinetobacter spp. J. Clin. Microbiol., 41(10): 4623-4629.

Liou Ming-Li, Lin Ming-Feng,Chang Kai-Chih, Kuo Han-
Yueh. (2010). Carbapenem-resistant
Acinetobacterbaumannii in Taiwan. J. Biomed. Lab. Sci.,
22: 3.

Mansour, W., Poirel, L., Bettaieb, D., Bouallegue, O.,
Boujaafar, N., Nordmann, P. (2008). Dissemination of
OXA-23-producing and carbapenem-resistant
Acinetobacterbaumannii in a University Hospital in
Tunisia. Microb. Drug. Resist., 14:289-92.

Mendes, R.E., Bell,  J.M., Turnidge, J.D., Castanheira,  M. and
Jones, R.N. (2009). Emergence and widespread
dissemination of OXA-23, -24/40 and -58 carbapenemases
among Acinetobacter spp. in Asia Pacific nations: Report
from the Sentry Surveillance Program. J. Antimicrob.
Chem., 63: 55-59.

Misbah, S., Hassan, H., Yusof, M.Y., Hanifah, Y.A.,
AbuBakar, S. (2005). Genomic species identification of
Acinetobacter of clinical isolates by 16S rDNA sequencing.
Singapore Med J., 46(9):461-4.

National Committee for Clinical Laboratory Standards. (2010).
Performance standards for antimicrobial susceptibility
tests, 12th ed.  Approved standard M100-S17. NCCLS,
Wayne, Pa.

Nordmann, P., Cuzon, G. and Naas, T. (2009). The real threat
of Klebsiellapneumoniaecarbapenemase-producing
bacteria. Lancet Infect. Dis., 9(4): 228-236.



International Journal of Recent Scientific Research, Vol. 5, Issue, 8, pp.1407-1411, August, 2014

1411 | P a g e

Paton, R., Miles, R. S., Hood, J. and Amyes,  S. G. B. (1993).
ARI-1: β-lactamase- mediated imipenem resistance in
Acinetobacterbaumannii. Int. J. Antimicrob. Agents, 2:81–
88.

Poirel, L., and Nordmann,  P. (2006). Carbapenem resistance
in Acinetobacterbaumannii: mechanisms and
epidemiology. Clin. Microbiol. Infect., 12:826–836.

Stoeva, T., Higgins, P.G., Bojkova, K., Seifert, H. (2008).
Clonal spread of carbapenemresistant OXA-23-positive
Acinetobacterbaumannii in a Bulgarian university hospital.
Clin. Microbiol. Infect., 14:723-727.

Villegas, M.V., Kattan, J.N., Correa, A., Lolans, K., Guzman,
A.M., Woodford ,N., Livermore, D., Quinn, J.P.(2007).
Dissemination of Acinetobacterbaumannii clones with
OXA-23Carbapenemase in Colombian hospitals.

Antimicrob. Agents Chemother., 51(6):2001-4.
Yin, X., Hou, T., Xu, S., Ma, C., Yao, Z., Li, W. and Wei,

L. (2008). Detection of drug resistance-associated genes
of multidrug-resistant Acinetobacterbaumanii.
Microbial. Drug Resist., 14: 145-150.

Yun-Song, Yu, Ting-Ting,  Qu, Jian-Ying,  Zhou, Jie
,Wang, Hong-Yang, Li, Walsh, Timothy R.(2006).
Integrons Containing the VIM-2 Metallo-β-Lactamase
Gene among Imipenem-Resistant Pseudomonas
aeruginosa Strains from Different Chinese Hospitals.
Journal of Clinical Microbiology, 44(11):4242-4245.

Zarrilli, R., Giannouli, M., Tomasone, F., Triassi, M.,
Tsakris, A. (2009). Car¬bapenem resistance in
Acinetobacterbaumannii: the molecular epidemic
features of an emerging problem in health care
facili¬ties. J. Infect. Dev Ctries, 5: 335-341.

*******


