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ABSTRACT 

Acinetobacter baumannii is an opportunistic pathogen causing various nosocomial infections. The aim of this study was to 

characterize the molecular support of carbapenem-resistant A. baumannii clinical isolates recovered from four hospitals in 

Tripoli, Libya. Bacterial isolates were identified and antibiotic susceptibility testing was performed using automated sys-

tem. Carbapenem resistance determinants were studied phenotypically using two different techniques: E-test; chromogenic 

culture media. Polymerase chain reaction (PCR) amplification was used to determine the presence of bla OXA23 and blaO-

XA51 genes among isolates. A total of 119 isolates were characterized, overall the resistance prevalence was extremely high 

for aminoglycosides (79-96.6%), fluoroquinolones (94-96%), cephalosporins (96.6-100%) and carbapenemes (93.2-

100%), all isolates were susceptible to colistin. In addition, 97.5% of isolates were identified as multidrug resistance 

(MDR). Varying degree of phenotypic detection of carbapenemes was determined; highest levels of carbapenemes were 

detected using chromogenic media (76.5%) compared with E-test (45.4 %). The carbapenem resistance-encoding genes 

detected were blaOXA23 (84%) and blaOXA51 (73.1%); the highest occurrence of blaOXA23 was demonstrated in Tripoli’s Cen-

tral Hospital (5/5; 100%) then in Tripoli Medical Center (44/51; 86.27%). The co-occurrence of these genes was demon-

strated in (75/119; 63%) showing dissemination of carbapenemes resistance MDR A. baumannii in hospitals. This study 

shows that the high prevalence of OXA-23 contribute to antibiotic resistance in Libyan hospitals and represents the high 

incidence of the association of these two carbapenemases in an autochthonous MDR A. baumannii isolated from patients 

in Libya, indicating that there is a longstanding infection control problem in these hospitals. 
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INTRODUCTION1 

A. baumannii is an opportunistic pathogen mainly 

involved in healthcare-associated infections, with 

increased mortality and morbidity(1). It is associated 

with a wide range of clinical complications, such as 

pneumonia, septicemia, urinary tract infection, 

wound infection and meningitis, particularly in im-

munocompromised patients(2). The serious concern 

associated with this bacterium is the increasing 

prevalence of multidrug resistant isolates, especially 

carbapenem resistant ones. Outbreaks of car-

bapenem resistant A. baumannii strains have been 

documented in diverse geographical areas including 

Europe, South America and Asia(3-5), but little in-

formation is available from North Africa(6,7). In Lib-

ya, dissemination of carbapenemases, such as the 

blaOXA-23-like and blaOXA-24-like genes, among 

A. baumannii isolates has been reported previous-

ly(8). 

Carbapenem resistance in Acinetobacter species is 

most commonly caused by the production of OXA-

type carbapenemases(9). The OXA-type car-

bapenemases comprise four broad groups: blaOXA-

23-like, blaOXA-40-like, blaOXA-58-like and an 

intrinsic blaOXA-51-like(10,11). In Libya, limited 

numbers of epidemiological studies concerning A. 

baumannii have been reported(7,8). Such information 
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is important in guiding clinicians to select the best 

alternative drug(s) to treat serious infections associ-

ated with carbapenem resistant A. baumannii. The 

aim of this study was to characterize A. baumannii 

molecular epidemiology in Tripoli-Libya. 
 

MATERIALS AND METHODS 

Identification and antibiotic susceptibility testing of 

isolates  

During 2013-2014, Specimens were collected from 

different anatomical sites including (urine, stool, 

sputum, cerebro spinal fluid, blood), swabs (wound 

exudates, ear, throat, rectal, axilla, nasal), endotra-

cheal tube tip, central line tube, urine catheter, exe-

cration in naso gastric tube. All specimens were tak-

en as part of the clinical workup was included in this 

laboratory-based surveillance study. Demographic 

data, age, gender of the patients, in/out patients, de-

partment, and type of specimens were recorded from 

four major teaching hospitals: Tripoli Medical Cen-

tre (TMC); Tripoli Pediatric Hospital (TPH); Burn 

and Plastic Surgery Hospital (BPSH) and Tripoli 

Central Hospital (TCH).  All isolates were identified 

to the species level and tested for their susceptibility 

to a variety of antimicrobial agents by the BD Phoe-

nix Automated Microbiology System (USA) accord-

ing to the manufacturer’s instructions. A. baumannii 

isolates that showed resistance to at least three clas-

ses of antibiotics such as fluoroquinolones, amino-

glycosides, and cephalosporins were defined as mul-

tidrug resistant (MDR) in accordance to the defini-

tions provided by Magiorakos and colleagues(12). 
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Phenotypic detection of carbapenem-hydrolysing oxa-

cillinases 

Carbapenem resistance determinants were studied 

phenotypically using two different techniques: 

chromogenic culture media, this screening medium 

(Chromatic CRE) used for detection carbapenem-

resistant Enterobacteriaceae and non-fermentative 

Gram negative bacilli (Liofilchem, Italy) and E-test 

(Liofilchem, Italy) according to manufacturer’s in-

structions and as previously described(13).  

Pseudomonas aeruginosa ATCC 27853 and Esche-

richia coli ATCC 25922 were used as controls for 

susceptibility testing. In this investigation, speci-

mens were collected under approved ethical stand-

ards and the study was reviewed and approved by 

the Faculty of Pharmacy, University of Tripoli and 

hospitals participating in this study. 
Molecular detection of blaOXA23 and blaOXA51 genes 

Polymerase chain reaction (PCR) amplification was 

used to determine the presence of carbapenem-

hydrolysing oxacillinases blaOXA-23 and blaOXA-51 

genes among isolates. The primers used for PCR 

amplification of the carbapenemase genes are listed 

in (table 1).  

 
(Table 1) Primers used in the amplification of selected 

carbapenemase genes 

Name 
Nucleotide sequence  

(5′ → 3′) 

Product 

size 

(bp) 

Location 

OXA-

23-

like 

F- 

GATGTGTCATAGTATTCGTCGT 

R- TCACAACAACTAAAAGCAC-
TGT 

1064 

 

blaOXA-

23 

OXA-

51-

like 

F- TAATGCTTTGATCGGCCTTG 

R- TGGATTGCACTTCATCTTGG 
353 

blaOXA-

51 

 

All isolates were screened for the presence of genes 

encoding blaOXA-23 and blaOXA-51 by PCR using pre-

viously reported primers14. The plasmids were iso-

lated using the QIAGEN Plasmid Mini Kit (QI-

AGEN, Valencia, CA), according to the manufactur-

er's instructions. The reaction mixture contained a 

total of 25 µl: 5 µl of 5X Red Load Taq Mix com-

posed of Taq Polymerase, 0.05 u/µl dNTPs (200 

µM) (dATP, dCTP, dGTP, dTTP) reaction buffer 

with KCl and MgCl2 (1.5 mM) red dye, gel loading 

buffer, stabilizers (Metabion, Martinsried- Germa-

ny); 0.5 µl of 10pmol/µl of each primer, 2-50ng of 

the extracted plasmid DNA. The thermal profile 

included one cycle of initial denaturation at 95oC for 

2 min followed by 35 cycles at 95oC for 30 sec, an-

nealing at 52oC for 30 sec, and extensions at 72oC 

for 45 sec. The PCR reaction was carried out with 

TC-412 thermocycler (Techne, Duxford, Cambridge, 

U.K.). Five µl of the PCR amplification products 

were electrophoresed in agarose (2% m/v) contain-

ing 0.5 ug/mL ethidium bromide.  

The amplified PCR products were visualized under 

UV light and electronically documented with a gel 

documentation system (MultiDoc-It Digital Imaging 

System UVP, Cambridge, UK). A 100bp DNA lad-

der (Metabion, Martinsried- Germany) was used as a 

molecular size marker. 
 

RESULTS 

A total of 119 isolates A. baumannii isolates were 

characterized, the majority was isolated from pa-

tients at BPSH (57; 48%) and TMC (51; 42.8%) 

compared with other hospitals; TPH (6; 5%) and 

TCH (5; 4.2%). A 98.2% of strains were isolated 

from in-patients specimens primarily from burn 

wounds (61.5%) and less frequently from tips (ETT 

and central line etc.) (16.5%); blood (8.2%) and 

urine (5.5%). Most (85.3%) were obtained from pa-

tients hospitalized in ICUs (burn, neonatal, surgical 

etc.) and the remaining from patients housed in other 

hospital sectors. 

Overall the resistance prevalence was extremely 

high for aminoglycosides (79-96.6%), fluoroquin-

olones (94-96%), cephalosporins (96.6-100%) and 

carbapenemes (93.2-100%), all isolates tested were 

susceptible to colistin . Over ninety percent of iso-

lates showed resistance to imipenem and mero-

penem and exhibited minimum inhibitory concentra-

tion (MIC) >8µg/ml. In addition, 97.5% of isolates 

were identified as MDR (figure 1). Varying degree 

of phenotypic detection of carbapenemes was de-

termined; highest levels of carbapenemes were de-

tected using chromogenic media (76.5%) compared 

with E-test (45.4%)  (Table 2).  

 
(Table 2) Phenotypic and genotypic detection of car-

bapenem resistant A. baumannii  

Isolate phenotype Genotype 

A. Bau-

mannii 

E test 

MBL 

No (%) 

 

54 

(45.4) 

Chromogen 

media 

No (%) 

 

 

91 (75.5) 

OXA-

23 

 

No (%) 

 

100 

(84) 

OXA-51 

 

No (%) 

 

87 

(73.1) 

High level of carbapeneme resistance-encoding 

genes were detected blaOXA23 (84%) and blaOXA51 

(73.1%). A. baumannii harboring carbapeneme re-

sistance-encoding genes were mainly detected in 

ICUs (93/119; 78.1%); the highest was demonstrated 

in TCH (5/5; 100%) and BPSH (42/57; 73.7%) (Fig-

ure 2). The co-occurrence of blaOXA23 and blaOXA51 

were demonstrated in (75/119; 63%) showing dis-

semination of carbapenemes resistance MDR A. 

baumannii in hospitals.  
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 (Figure 1) Antibiotic resistance of A. baumanni isolated from different clinical specimens 

 

Antibiotic A.Baumanniin = 119 (%) 

Amikacin 94 (79) 

Gentamicin 115 (96.6) 

Ertapenem 119 (100) 

Imipenem 112 (94.1) 

Meropenem 111 (93.2) 

Cefoxitin 119 (100) 

Ceftazidime 115 (96.6) 

Ceftriaxone 119 (100) 

Cefepime 115 (96.6) 

Ciprofloxacin 114 (96) 

Levofloxacin 112 (94) 

Amoxicillin-clavulanate 119 (100) 

Piperacillin-Tazobactam 106 (89.1) 

Colistin 0 (0) 

Trimetoprim-sulfametoxazol 73 (61.3) 

Aztreonam 119 (100) 

Ampicillin 119 (100) 

MDR 116 (97.5) 

ESBL 115 (96.6) 
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 (Figure 2) A. baumannii harbouring carbapenem resistance-encoding genes in four Tripoli hospitals. 

 
DISCUSSION 

The widespread of carbapenem-resistant A. bau-

mannii constitutes a global public health threat. Mo-

lecular characterization of mechanisms and epide-

miology of MDR is a remarkable step to monitor its 

spreading and develop therapeutic strategies. Over 

ninety percent of A. baumannii strains collected 

from four hospitals in Tripoli were resistant to 

imipenem and meropenem, higher than that previ-

ously reported in Libya(15). Carbapenem resistance 

has rapidly increased worldwide and prevalence of 

imipenem-resistant strains has reached 100% in 

some countries(16). 

All our imipenem-resistant strains were MDR, as 

commonly reported worldwide(17,18), this is may be 

inherent to the accumulation of mutations selected 

by various antibiotics before introduction of car-

bapenems, and to the multiple mechanisms of car-

bapenem resistance in A. baumannii conferring sim-

ultaneous resistance to antibiotics of other classes(19). 

Overall, MDR Acinetobacter strains remain suscep-

tible to colistin. Besides imipenem, it also should be 

noted the very high prevalence (100%) of aztreonam 

resistance in our strains. This antibiotic, which nor-

mally is not or weakly hydrolyzed by OXA-

carbapenemases types, constitutes a therapeutic so-

lution in combination with a large broad spectrum 

serine beta-lactamases inhibitor(20). In agreement 

with our study, the prevalence of trime-

thoprim/sulfamethoxazole resistance (61.3%) in A. 

baumannii is high in many geographic regions(21). 

Trimethoprim resistance in Acinetobacter can be 

related to housekeeping dfr genes and to efflux sys-

tems(22,23). 

Carbapenem resistance was investigated by pheno-

typic and genotypic tests of all strains. Although few 

A. baumannii strains were found to be positive by 

phenotypic tests used in the study, while car-

bapenem resistance genes were not detected, this 

might be adequately explained by the fact only two 

genes associated with carbapenems were investigat-

ed. Different studies have reported positive results 

by MBL phenotypic tests, but MBL resistance genes 

that could not be identified in Acinetobacter strains. 

Suggesting that carbapenem resistance genes, which 

are common in the region, should be investigated to 

evaluate the phenotypic test results correctly(24). 

Carbapenem resistance in A. baumannii is most of-

ten associated with class D β-lactamases (OXA-23-

like, OXA-40-like and OXA-58-like). OXA-23-like 

is the most prevalent of carbapenamases with a 

global distribution and was described as cause of 

nosocomial outbreaks(25-27). We found that OXA-23-

type was the major (84%) carbapenemase mecha-

nism responsible for the resistance phenotype. This 

finding is similar to data previously reported from 

the Gulf region(28,29) and our region (Egypt, Algeria 

and Tunis)(30-33). Class D carbapenemases blaOXA-

23 was identified in 72%, 72.5%, 67.02% and 90% 

of studied carbapenem-resistant A. baumannii strains 

in two Egyptian centres(34), Saudi Arabia(35), Alge-

ria(19) and Lebanon(13), respectively. Hammoudi and 

co-workers suggested that the predominance and 

dissemination of OXA-23 in Lebanon is consistent 

with the worldwide epidemiology of OXA-23 and 

with reports from neighboring countries(13). It is fre-

quently detected in isolates from Asia and Europe, 

and in most cases, it is found concomitantly with the 

blaOXA-51-like gene(36,37). In this study, the co-

occurrence of blaOXA23 and blaOXA51 gene was de-

tected in 63%; 75/119 of isolates. Through molecu-

lar methods this study has indicated that 73.1% of 

the A. baumannii isolates contained the OXA-51 

gene. Although it is clear that blaOXA-51-like genes 

are present in at least the vast majority of isolates of 

A. baumannii, there has been some debate as to 

whether they are present in all isolates of this spe-

cies(38). 
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CONCLUSION 

The high prevalence of  OXA-23 and OXA-51 

among A. baumannii contributes to antibiotic re-

sistance in Libyan hospitals with a great potential for 

spread in ICUs, warrants the attention of a nation-

wide surveillance programme to contain the spread, 

and represents the high incidence of the association 

of these two carbapenemases in an autochthonous 

MDR A. baumannii indicating that there is a 

longstanding infection control problem in these hos-

pitals and emergence of MDR GNB harboring genes 

coding for carbapenemases will undoubtedly limit 

the use of carbapenems in treating serious infectious 

in the country and also in the nearby countries. 

 
ACKNOWLEDGEMENT  

The authors would like to thank the Libyan Authori-

ty for Research, Science and Technology and Na-

tional Centre for Disease Control for supporting this 

work. 
DISCLOSURE STATEMENT 

No competing financial interests exist. 

 
REFERENCES 

1- Joly-Guillou M L. Clinical impact and patho-

genicity of Acinetobacter. Clin Microbiol Infect. 

2005 Nov;11(11):868-73. 

2- Zarrilli R, Crispino M, Bagattini M, Barretta E, 

Di Popolo A, Triassi M, et al. Molecular epidemiol-

ogy of sequential outbreaks of Acinetobacter bau-

mannii in an intensive care unit shows the emer-

gence of carbapenem resistance. J Clin Microbiol. 

2004 Mar;42(3):946-53. 

3- Kempf M, Rolain J-M. Emergence of resistance 

to carbapenems in Acinetobacter baumannii in Eu-

rope: clinical impact and therapeutic options. Int J 

Antimicrob Agents. 2012 Feb;39(2):105-14. 

4- Sevillano E, Fernandez E, Bustamante Z, Za-

balaga S, Rosales I, Umaran A et al. Emergence and 

clonal dissemination of carbapenem-hydrolysing 

OXA-58- producing Acinetobacter baumannii iso-

lates in Bolivia. J Med Microbiol. 2012 Jan; 61:80-4. 

5- Aljindan R, Bukharie H, Alomar A, Abdalhamid 

B. Prevalence of digestive tract colonization of car-

bapenem-resistant Acinetobacter baumannii in hos-

pitals in Saudi Arabia. J Med Microbiol. 2015 

Apr;64(4):400-6. 

6- Bakour S, Kempf M, Touati A, Ameur A A, 

Haouchine D, Sahli F et al. Carbapenemase-

producing Acinetobacter baumannii in two universi-

ty hospitals in Algeria. J Med Microbiol. 2012; 

61:1341-3. 

7- Mathlouthi N, Al-Bayssari C, El Salabi A, Bakour 

S, Ben Gwierif S, A Zorgani A et al. Carbapenemas-

es and extended-spectrum β-lactamases producing 

Enterobacteriaceae isolated from Tunisian and Lib-

yan hospitals. J Infect Dev Ctries. 2016 

Jul;10(7):718-27. 

8- Mathlouthi N, Areig Z, Al Bayssari C, Bakour S, 

Ali El Salabi A, Ben Gwierif S et al. Emergence of 

carbapenem-resistant Pseudomonas aeruginosa and 

Acinetobacter baumannii clinical isolates collected 

from some Libyan hospitals. Microb Drug Resist. 

2015 Jan;21(3):335-41. 

9- Thomson JM, Bonomo RA. The threat of antibi-

otic resistance in Gram negative pathogenic bacteria: 

beta-lactams in peril! Curr Opin Microbiol. 2005 

Oct;8(5):518-24. 

10- Cicek AC, Saral A, Iraz M, Ceylan A, Duzgun 

AO, PelegvAY et al. OXA and GES-type beta-

lactamases predominate in extensively drug-resistant 

Acinetobacter baumannii isolates from a Turkish 

University Hospital. Clin Microbiol Infect. 2014 

May;20(5):410-5. 

11-  Kusradze I, M. Diene S, Goderdzishvili M, Ro-

lain J-M et al. Molecular detection of OXA car-

bapenemase genes in multidrug-resistant Acineto-

bacter baumannii isolates from Iraq and Georgia. Int 

J Antimicrob Agents. 2011; 38:164-8. 

12- Magiorakos AP, Srinivasan A, Carey RB, Car-

meli Y, Falagas ME, Giske CG et al. Multidrug-

resistant, extensively drug-resistant and pandrug-

resistant bacteria: an international expert proposal 

for interim standard definitions for acquired re-

sistance. Clin Microbiol Infect.   2012 

Mar;18(3);268-281. 

13- Hammoudi D, C. Moubareck A, Hakime N, 

Houmani M, Barakat A, Najjar Z et al. Spread of 

imipenem-resistant Acinetobacter baumannii co-

expressing OXA-23 and GES-11 carbapenemases in 

Lebanon. Int J Infect Dis. 2015 May; 36:56-61. 

14- karmostaji A, Najar Peerayeh S, Hatef Salmani-

an A. Distribution of OXA-type class D β-lactamase 

genes among nosocomial multi drug resistant Aci-

netobacter baumannii isolated in Tehran hospitals. 

Jundishapur Journal of Microbiology. 2013 

Jul;6(5):e8219. 

15- Ziglam H, Elahmer O, Amri S, Shareef F, Grera 

A, Labeeb M et al. Antimicrobial resistance patterns 

among Acinetobacter baumannii isolated from burn 

intensive care unit in Tripoli, Libya. Intern Arab J 

Antimicrob agent. 2012; 2:1-5. 

16- Martins HS, Bomfim MR, França RO, Farias 

LM, Carvalho MA, Serufo JC, et al. Resistance 

markers and genetic diversity in Acinetobacter bau-

mannii strains recovered from nosocomial blood-

stream infections. Int J Environ Res Public Health. 

2014;11(2):1465-1478. 

17- Nordmann P, Poirel L, Walsh TR, Livermore 

DM. The emerging NDM carbapenemases. Trend 

Microbiol. 2011 Dec;19(12): 588-595. 

18- Mishra SK, Rijal BP, Pokhrel BM. Emerging 

threat of multidrug resistant bugs – Acinetobacter 

calcoaceticus baumannii complex and methicillin 

resistant Staphylococcus aureus. BMC Res Notes 

2013; 6:98. 

19- Khorsi K, Messai Y, Hamidi M, Ammari H, 

Bakour R. High prevalence of multidrug-resistance 

in Acinetobacter baumannii and dissemination of 

carbapenemase-encoding genes blaOXA-23-like, 

http://www.jjmicrobiol.com/index.php?page=article&article_id=8219
http://www.jjmicrobiol.com/index.php?page=article&article_id=8219
http://www.jjmicrobiol.com/index.php?page=article&article_id=8219


                                                                                                                             Phenotypic and Genotypic Investigation of OXA23 and OXA51 Car- 

N. Elgrew & et al                                                                                                                     bapenemases Producing Acinetobacter baumannii in Tripoli Hospitals 

MMSJ Vol.3 Issue.2 (Winter 2016)                                   www.misuratau.edu.ly                                                            23 

blaOXA-24-like and blaNDM-1 in Algiers hospitals. 

Asian Pacif J Trop Med. 2015; 8:438-446. 

20- Dortet L, Poirel L, Nordmann P. Worldwide 

dissemination of the NDM-type carbapenemases in 

gram-negative bacteria. Biomed Res Int 2014; 2014: 

249856. 

21- Peleg AY, Seifert H, Paterson DL. Acinetobac-

ter baumannii: emergence of a successful pathogen. 

Clin Microbiol Rev 2008 Jul;21(3):538-582. 

22- Su XZ, Chen J, Mizushima T, Kuroda T, 

Tsuchiya T. AbeM, an Hcoupled Acinetobacter 

baumannii multidrug efflux pump belonging to the 

MATE family of transporters. Antimicrobial Agents 

Chemother. 2005 Oct;49(10):4362-4364. 

23- Mak JK, Kim MJ, Pham J, Tapsall J, White PA. 

Antibiotic resistance determinants in nosocomial 

strains of multidrug-resistant Acinetobacter bau-

mannii. J Antimicrob Chemother. 2009 

Jan;63(1):47-54. 

24- Aksoy MD, Çavuşlu S, Tuğrul HM. Investiga-

tion of metallo beta lactamases and oxacilinases in 

carbapenem resistant Acinetobacter baumannii 

strains isolated from inpatients. Balkan Med J. 2015 

Jan;32(1):79-83. 

25- Poirel L, Naas T, Nordmann P. Diversity, epi-

demiology, and genetics of class D beta-lactamases. 

Antimicrobial Agents Chemother. 2010 

Jan;54(1):24-38.  

26- Valenzuela JK, Thomas L, Partridge SR, Van 

der Reijden T, Dijkshoorn L, Iredell J. Horizontal 

gene transfer in a polyclonal outbreak of car-

bapenem-resistant Acinetobacter baumannii. J Clin 

Microbiol. 2007 Feb;45(2):453-460.  

27- Mugnier PD, Poirel L, Naas T, Nordmann P. 

Worldwide dissemination of the blaOXA-23 car-

bapenemase gene of Acinetobacter baumannii. 

Emerg Infect Dis 2010; 16:5-40. 

28- Zowawi HM, Sartor AL, Sidjabat HE, Balkhy 

HH, Walsh TR, Al Johani SM, et al. Molecular epi-

demiology of carbapenem- resistant Acinetobacter 

baumannii isolates in the gulf cooperation council 

states. Dominance of oxa-23-type producers. J Clin 

Microbiol. 2015 Jan; 53:896-903. 

29- Zowawi HM, Balkhy HH, Walsh TR, Paterson 

DL. Beta-lactamase production in key gram-

negative pathogen isolates from the Arabian Penin-

sula. Clin Microbiol Rev. 2013 Jul;26(3):361-380. 

 

 

 

 

 

 

 

 

 

 

 

 

30- Fouad M, Attia AS, Tawakkol WM, Hashem 

AM. Emergence of carbapenem-resistant Acineto-

bacter baumannii harboring the OXA-23 car-

bapenemase in intensive care units of Egyptian hos-

pitals. Int J Infect Dis. 2013 Dec;17(12):e1252-1254.  

31- Mathlouthi N, El Salabi AA, Ben Jomàa-Jemili 

M, Bakour S, Al-Bayssari C, Zorgani AA, Kraiema 

A, Elahmer O, Okdah L, Rolain JM, Chouchani C. 

Early detection of metallo-β-lactamase NDM-1- 

and OXA-23 carbapenemase-producing Acinetobac-

ter baumannii in Libyan hospitals. Int J Antimirob 

Agents. 2016 Jul;48(1):46-50. 

32- Hammami S, Ghozzi R, Daidani M, Ben Redjeb 

S. Carbapenem-resistant Acinetobacter baumannii 

producing the carbapenemase OXA-23 in Tunisia. 

Tunis Med. 2011;89(7):638-43. 

33- Mathlouthi N, Al-Bayssari C, Bakour S, Rolain 

JM, Chouchani C. Prevalence and emergence of 

carbapenemases-producing Gram-negative bacteria 

in Mediterranean basin. Crit Rev Microbiol. 2016; 

7:1-19.  

34- Al-Hassan L, El Mehallawy H, Amyes SG. Di-

versity in Acinetobacter baumannii isolates from 

paediatric cancer patients in Egypt. Clin Microbiol 

Infect. 2013 Nov;19(11):1082-8. 

35- Al-Arfaj AA, Ibrahim ASS, Al-Salamah AA. 

Genetic basis of carbapenem resistance in Acineto-

bacter clinical isolates in Saudi Arabia. Afr J Bio-

technol. 2011;10(64):14186-96. 

36- Mendes RE, Bell JM, Turnidge JD, Castanheira 

M, Jones RN. Emergence and widespread dissemi-

nation of OXA-23, -24/40 and -58 carbapenemases 

among Acinetobacter spp. in Asia-Pacifi c nations: 

report from the SENTRY Surveillance Program. J 

Antimicrob Chemother. 2009Jan; 63(1):55-59. 

37- Higgins PG, Lehmann M, Seifert H. Inclusion of 

OXA-143 primers in a multiplex polymerase chain 

reaction (PCR) for genes encoding prevalent OXA 

carbapenemases in Acinetobacter spp. Int J Anti-

bicrob Agents. 2010; 35:305. 

38- Turton JF, Woodford N, Glover J, Yarde S, 

Kaufmann ME, Pitt TL. Identification of Acineto-

bacter baumannii by detection of the blaOXA-51-

like carbapenemase gene intrinsic to this species. J 

Clin Microbiol. 2006 Aug;44(8):2974-6. 


