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The aim of this study was to evaluate molecular epidemiology and mechanisms of β-lactams resistance 
in multidrug resistant Acinetobacter  baumannii strains causing pneumoniae in two intensive care units 
(ICUs) of two Algerian University hospitals. Between January 2010 and May 2011, 23 strains were 
collected. Antibiotics susceptibility testing was performed by the disk diffusion method and agar 
dilution technique. blaOXA-23, blaOXA-24, blaOXA-58, blaOXA-51, blaTEM, blaSHV, blaCTX-M, and blaPER β-
lactamase genes were searched by polymerase chain reaction and sequencing. Clonally, relationships 
between strains were performed by pulsed field gel electrophoresis (PFGE) after macro-restriction by 
Apal enzyme. Nineteen (19) strains were resistant to all β-lactams, two were susceptible only to 
carbapenems. They also exhibited resistance to the majority of the other antibiotics tested, except to 
colistin. blaOXA-51 gene was found in all isolates, blaOXA-23  in 14, and blaTEM-1  in three. PFGE analysis 
showed different patterns in one ICU; however, a clonal diffusion was identified in the second ICU. 
These results underline the necessity of a surveillance program that would include monitoring of ICU-
acquired infections, antibiotic usage and molecular typing of multidrug resistant A. baumannii isolates. 
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INTRODUCTION 
 
Acinetobacter baumannii is one of the most opportunistic 
pathogens responsible for serious infections in intensive 
care units (ICUs) (Schuetz et al., 2012; Dijkshoorn et al., 
2007). Pneumonia is the most reported infection, 
particularly in mechanically ventilated patients (Corbella 
et al., 2000). A. baumannii is responsible for 7.8 to 23% 
of mortality by acquired pneumonia in the hospitals and 
10 to 43% in ICUs (Kempf et al., 2012; Falagas et al., 
2006). A. baumannii exhibits a remarkable ability to 
rapidly develop antibiotic resistance that led to multidrug 
resistance (MDR) within a few decades (Kusradze  et  al.,  
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2011). To date, some strains of A. baumannii have 
become almost resistant to all currently available 
antibacterial agents (Wang et al., 2007; Dijkshoorn et al., 
1996; Magiorakos et al., 2012) mostly through the 
acquisition of mobile genetic elements carrying clusters 
of genes encoding resistance to several antibiotic families 
at once, making it more complex both in regards of the 
prevention and treatment (Ben et al., 2011).  

The main mechanism of resistance to β-lactams in A. 
baumannii is enzymatic degradation by β-lactamases 
(Zarrilli et al., 2009). AmpC cephalosporinase is 
chromosomally encoded by A. baumannii, other 
extended-spectrum β-lactamases (ESBLs) like TEM-92, 
TEM-116, SHV-12, CTX-M-2, CTX-M-43,VEB-1, PER-1, 
PER-2 and a narrow-spectrum β-lactamases  like TEM-1 
and TEM-2 have been described (Peleg et al., 2008).  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&sqi=2&ved=0CEwQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FPolymerase_chain_reaction&ei=-9TmUJObLo7dsgb-roHYAQ&usg=AFQjCNH8lMpt6ywigBg4rET9U329qbuuxg&bvm=bv.1355534169,d.Yms
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Table 1. Primer pairs used for the amplification of β-lactamases gene. 
 

bla gene Primer Sequence 5’ to 3’ Gene size (bp) Reference 

blaoxa-51-like 
OXA-51like-F TAA TGC TTT GAT CGG CCT TG 353 Feizabadi et al. (2008) 
OXA-51like-R TGG ATT GCA CTT CAT CTT GG   

blaoxa-23-like 
OXA-23like-F GAT CGG ATT GGA GAA CCA GA 501 Feizabadi et al. (2008) 
OXA-23like-R ATT TCT GAC CGC AT TTC CAT   

blaoxa-24-like 
OXA-24like-F GGT TAG TTG GCC CCC TTA AA 246 Feizabadi et al. (2008) 
OXA-24like-R AGT TGA GCG AAA AGG GGA TT   

blaoxa-58-like 
OXA-58like-F AAG TAT TGG GGC TTG TGC TG 599 Feizabadi et al. (2008) 
OXA-58like-R CCC CTC TGC GCT CTA CAT AC   

blaTEM 
OT3 ATG AGT ATT CAA CAT TTC CG 850 Ktari et al. (2006) 
OT4 CCA ATG CTT AAT CAG TGA GG   

blaSHV 
OS5 TTA TCT CCC TGT TAG CCA CC 800 Ruppé et al. (2009) 
OS6 GAT TTG CTG ATT TCG CTC GG   

blaCTX-M 
MA-1 SCS ATG TGC AGY ACC AGT AA 550 Poirel et al. (2000, 2008a, b , 2006) 
MA-2 CCG CRA TAT GRT TGG TGG TG   

blaPER 
PER UP ATG AAT GTC ATT ATA AAA GC 927 Nasehi et al.  (2010) 
PER LOW AAT TTG GGC TTA GGG CAG AA   

 
 
 
Oxacillinases found in A. baumannii can be sub-devised 
into five distinct groups: intrinsic OXA-51-like and 
acquired, OXA-23-like, OXA-24-like, OXA-58-like and 
OXA-143; (Ansaldi et al., 2011; Higgings et al., 2009). 
Metallo-β-lactamases (MBLs) have been identified in A. 
baumannii such as IMP, VIM, SIM (Bou et al., 2000) and 
recently NDM-1 ,NDM-2 (Pfeifer et al., 2011; Boulanger 
et al., 2012)  and KPC (Robledo et al., 2011; Azimi et al., 
2012).  

This work constitutes the first molecular research in 
Algeria on the resistance of A. baumannii to β-lactams. 
The aims of this study was to evaluate molecular 
epidemiology and mechanisms of β-lactams resistance in 
MDR A. baumannii strains isolated in the microbiological 
laboratory of Doctor Dorban University hospital of 
Annaba, Algeria. 
 
 
MATERIALS AND METHODS 
 
Bacterial strains 

 
Twenty three (23) non redundant multidrug resistant A.  baumannii 
isolated from protected distal bronchial sampling of 23 patients 
hospitalized in two intensive care units (5  in IBN ROCHED Hospital 
and 18  in IBN SINA Hospital) were collected between January 
2010 and May 2011. The isolates were obtained from patients 
belonging to different age groups: 18 adults (20 to 92 years) and 
five children (2 to 14 months); seven females and 16 males. Strain 
identification was performed by standard techniques and the 
analytical profile index procedure (API 20NE system; bioMérieux, 
Marcy l'Etoile, France) and confirmed by polymerase chain reaction 
(PCR) amplification of the endogen blaOXA-51-like (Donald et al., 
2000). 
 
 

Antibiotic susceptibility testing  
 
The disk diffusion method on Mueller–Hinton agar was employed to 
evaluate susceptibility to the following antimicrobial agents: 
ticarcillin, ticarcillin-clavulanic acid, piperacillin, piperacillin-

tazobactam, ceftazidime, cefepime, imipenem, meropenem, 
aztreonam, cefsulodin, gentamicin, tobramycin, netilmicin, 
amikacin, kanamycin, nalidixic acid, ciprofloxacin, tigecycline and 
colistin. MIC values of ticarcillin, ticarcillin-clavulanic acid, 
ceftazidime, aztreonam, imipenem, meropenem and cefepime were 
determined by agar dilution technique. MBLs production was 
detected using the imipenem-EDTA disk synergy test (Pitout et al ., 
2007) . 

Current quality control testing was performed using the following 
organisms: Pseudomonas aeruginosa ATCC 27853 
and Escherichia coli ATCC 25923. The interpretation of the results 
was referred to the guidelines defined by the Clinical Laboratory 
Standards Institute (CLSI , 2011). 

 
 
PCR amplification and sequencing  

 
Genomic DNA of the isolates was extracted to amplify seven genes 
encoding acquired β-lactamases (blaoxa-23-like, blaoxa-24-like, blaoxa-58-like, 
blaTEM, blaSHV, blaCTX-M and blaPER). Simplex PCR assays were run 
using primers listed in Table 1, as previously described (Peleg et 
al., 2008). 

PCR products from representative strains were purified using a 
purification Kit (Qiagen). DNA sequencing was performed by the 
dideoxy chain terminator method with Big Dye Terminator v.3.1 
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) and 
analyzed using an ABI Prism 3100 genetic analyzer (Applied 
Biosystems). Similarity searches and alignments of both the 
nucleotide sequences were performed with the BLAST program 
(http://www.ncbi.nlm.nih.gov/BLAST) (Caravalho et al., 2009; 
Hammami et al., 2011).  

 
 
Pulsed-field gel electrophoresis (PFGE) 
 
Isolates were typed by PFGE following digestion of intact genomic 
DNA with ApaI (BioRAD, Marnes la Coquette, France). DNA 
fragments were separated on 1% (w/v) agarose gels in 0.5% TBE 
buffer using a CHEF DRIII apparatus (Bio-Rad, Hercules, CA) with 
6 V/cm, pulsed from 5 to 20 s, for 22 h at  14°C. Gels were stained 
with ethidium bromide and photographed under ultraviolet light. The 
ApaI restriction profiles were compared by visual inspection 
according to the criteria by Van Belkum et al. (2007). 
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Table 2. Antimicrobial susceptibility  and beta-lactams MICs values of the 23 A. baumannii isolates. 
 

Strain number Antibiotic resistance profile 
MIC value  (µg/l) 

TIC TCC CAZ FEP IMP MER AZT 

1 TC- TCC-PIP- TZP-CAZ-ATM-FEP-GM 2048 512 512 64 2 1 256 
2 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -K-NA-CIP >2048 >1024 512 64 128 32 512 
3 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -AN-K-NA-CIP >2048 >1024 >2048 256 256 64 >512 
4 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP GM- K 2048 >1024 256 256 128 32 512 
5 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -NA-CIP >2048 >1024 512 >512 128 32 512 
6 TC-TCC-PIP-TZP-CAZ-ATM-FEP-GM-TM-K-NA-CIP 1024 128 512 128 2 4 512 
7 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM 512 512 512 >512 64 16 512 

8 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM- AN-K -NA-
CIP 

>2048 >1024 >2048 256 >2048 64 16 

9 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-NA-CIP 1024 1024 256 256 128 32 >512 
10 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-K-NA-CIP >2048 >1024 >2048 >512 64 16 >512 

11 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP –GM-AN-K-NA-
CIP 

>2048 >1024 >2048 128 128 32 512 

12 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-TM-K- NA-
CIP 

2048 >1024 >2048 >512 128 32 512 

13 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-TM-K-NA-
CIP 

1024 1024 512 128 8 4 512 

14 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-AN-K-NA-
CIP 

>2048 >1024 >2048 256 256 32 512 

15 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-AN-K -NA-
CIP 

>2048 >1024 >2048 >512 256 64 512 

16 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-K-NA-CIP 2048 1024 >2048 >512 256 32 512 
17 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -AN-K--NA-CIP >2048 >1024 >2048 >512 256 64 512 
18 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -NA-CIP >2048 >1024 256 128 256 32 512 
19 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -NA-CIP 2048 1024 256 256 128 32 512 
20 TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -AN-K-NA-CIP >2048 >1024 >2048 64 128 64 512 

21 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -TM-AN-K-NA-
CIP 

2048 >1024 256 64 128 32 512 

22 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-AN-K-NA-
CIP 

>2048 >1024 >2048 256 256 64 >512 

23 
TC-TCC-PIP-TZP-CAZ--IMP-MER-ATM- FEP -GM-TM-AN-K-
NA-CIP 

512 512 >2048 512 128 32 16 

 

TIC, ticarcillin; TCC, ticarcillin-clavulanic acid; PIP, piperacillin; TZP, piperacillin-tazobactam; CAZ, ceftazidime; FEP, cefepime; IMP, imipenem; MER, 
meropenem; ATM, aztreonam; GM, gentamicin; TM, tobramycin; AN, amikacin; K, kanamycin; NA, nalidixic acid; CIP, ciprofloxacin. 
 
 
 

RESULTS 
 

Resistance phenotype for A. baumanni’s strains 
 

Antibiogram data determined by the disk diffusion method 
and interpreted according to the guidelines defined by the 
Clinical Laboratory Standbards Institute (CLSI) revealed 
that all strains of A. baumannii were resistant to 
ticarcillin, ticarcillin-clavulanic acid, piperacillin, 
piperacillin-tazobactam, ceftazidime, cefepime and 
aztreonam. Only two strains were susceptible to 
carbapenems, no strain was resistant to colistin, 
netilmicin and tigecyclin (Table 2).The resistance to β-
lactams of 23 A. baumannii strains was confirmed by 
MICs values (Table 2). 
 
 

PCR amplification of β-lactamase genes and 
sequencing 
 

All strains were positive for blaOXA-51 gene, confirming the 
strain identification. PCR and  sequencing  confirmed  the 

presence of blaOXA-23 and blaTEM-1 in 14 (Figure 1) and 
three strains (Figure 2), respectively. However, blaOXA-24-

like, blaOXA-58-like, blaPER, blaSHV and blaCTX-M were not 
detected in any of our isolates. Two strains contained 
both blaOXA-23 and blaTEM-1 (Table 3). 
 
 

Pulsed-field gel electrophoresis (PFGE) 
 

Among the 23 strains, only 19 were typed by PFGE. 
Seven different profiles were detected. Strains isolated at 
Ibn Roched Hospital showed three different profiles 
patterns (C, E and G). However, in Ibn Sina Hospital, four 
genotypes were identified (A, B, F and D); genotype A:  
A1 (n= 5) and A2 (n=5) was found as the most common 
cluster type (10/16) with 60% harboring the gene blaOXA-

23, followed by B cluster: B1 (n=2) and B2 (n=2) (Table 3). 
 
 

DISCUSSION 
 
Acinetobacter are widely  distributed  in  nature;  they  are 
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Table 3. MDR A. baumannii strains: Demographic data and molecular characterization. 
 

Hospital 
Strain 

number 
Age Sex Date of isolation 

bla genes PFGE 

OXA-51 TEM-1 OXA-23 pattern 

Ibn Roched 
Hospital 

1 5M M 21/01/2010 + +  ND 

2 14M M 13/04/2010 +   ND 

3 4 M F 29/06/2010 +  + E 

4 2 M F 18/11/2010 +   G 

5 6M F 05/01/2011 +  + C 

Ibn  Sina 
Hospital 

6 38Y F 17/01/2010 +   A1 

7 89Y M 19/01/2010 +  + A1 

8 24Y M 03/02/2010 +  + D 

9 48Y M 04/02/2010 +  + ND 

10 20Y F 15/02/2010 +   B2 

11 58Y M 17/02/2010 +  + A1 

12 56Y M 08/03/2010 + + + B1 

13 52Y M 09/03/2010 +   B1 

14 74Y M 22/04/2010 +  + ND 

15 35Y M 25/05/2010 +  + A2 

16 71Y M 13/06/2010 + + + A2 

17 34Y M 17/06/2010 +  + A1 

18 29Y F 06/09/2010 +  + A2 

19 63Y M 24/10/2010 +   A2 

20 92Y M 07/11/2010 +   A1 

21 21Y M 07/11/2010 +  + F 

22 73Y M 19/11/2010 +  + A2 

23 32Y F 01/05/2011 +   B2 
 

M, Man; F, Female; ND , not determined; M, months; Y, years. 
 
 
 

endogenous organisms in various types of soil and water 
(Peleg et al., 2008). A. baumannii have been associated 
with healthcare-associated infections, especially in 
debilitated patients. The main sites of infection are the 
respiratory tract, urinary tract, bloodstream, wounds, and 
burns. Patients with burns and those in intensive care 
units and/or using mechanical ventilation are at greater 
risk (Kempf et al., 2012; Kusradze et al., 2011). An 
increase in the prevalence of resistant strains has been 
seen worldwide and treatment of multidrug-resistant 
strains can be difficult (Drissi et al., 2010; Magiorakos et 
al., 2012). The carbapenems have been the drug of 
choice against this pathogen, but the number of isolates 
resistant to these antimicrobial agents has considerably 
increased (Ben et al., 2011; Poirel et al., 2008a).  

The present study aimed to define the genetic basis of 
23 MDR A. baumannii strains isolated in 2 ICUs of two 
Algerian hospitals. They caused pneumonia in debilitated 
patients using mechanical ventilation.  

All strains were resistant to the most antimicrobials 
tested mainly to β-lactamin. In this study, we report a high 
prevalence of imipenem-resistant (91.30%). There is only 
few data available on carbapenem-resistance in A. 
baumannii from North Africa, especially in Algeria, that 
the percentage of imipenem-resistant A. baumannii 

strains differed among countries and ranged from 5.2% in 
Algeria to 28.8% in Tunisia (Amazian et al., 2006). No 
strain was resistant to colistin.  Despite its renal toxicity, 
colistin has become useful antibiotic for treating infections 
caused by carbapenem resistant pathogens (Lolans et 
al., 2006; Nordmann et al.,2002), but dissemination of A. 
baumannii resistant to colistin is worrying. In another 
side, many studies provide the activity of tigecycline 
against multidrug A. baumannii clinical isolates (Kempf et 
al., 2012; Betriu et al., 2002). All our strains were 
susceptible to this novel antibiotic.  

Majority of the isolates exhibited resistance to other 
antibiotics such as, aminoglycosides and quinolones; 
carbapenem resistance in A. baumannii is associated 
with a variety of combined mechanisms. The major 
mechanism is the production of carbapenem hydrolyzing 
β-lactamases. These specific groups of β-lactamases are 
categorized into class B metallo β-lactamases (MBLs) 
and most frequently class D (oxacillinases) (Kempf et al., 
2012) Other mechanisms include efflux pump, loss or low 
level expression of 29 kDa (CarO), 33-39 kDa, and 43 
kDa (homologous to P. aeruginosa imipenem resistance 
protein, OprD) proteins, and altered affinity in penicillin 
binding proteins (PBPs) (Ben et al., 2011; Peleg et al ., 
2008). 
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Figure 1. PCR detection of blaOXA-23- like gene. M, 100 pb DNA ladder (Promega); C, 
positive control; 1-4, representative strains tested. 

 
 
 

 
 
Figure 2. PCR detection  of  blaTEM. M:  фx174  (Promega); C: positive 
control habouring blaTEM;1-3, representative strains tested. 

 
 
 

The blaOXA-51 gene, considered as a natural component 
of the species chromosome has been used to identify A. 
baumannii (Carvalho et al., 2009). This gene may be 
associated with resistance to carbapenems when ISAbaI- 
type insertion sequences, which carry strong promoters, 
are found upstream to blaOXA gene, resulting in increased 
expression and concomitant resistance to carbapenems 
(He´ritier et al., 2006). In seven strains, where only blaOXA-51 

was detected, resistance can be explained by non 
enzymatic mechanisms (Peleg et al., 2008) or insertion of 
ISAbaI sequences (Kusradze et al 2011; Heritier et al., 
2006). 

Some studies showed that the presence of ISAbaI 
upstream to blaAmpC was correlated with cefepime 
resistance (Lin et al., 2011). All ours trains were also 
resistant to cefepime, but this insertion sequence was not 
searched in ours strains.  

The first identified OXA-type enzyme with carbapenem-
hydrolyzing activity was from a clinical A. baumannii 

strain isolated in 1985 from Edinburgh, Scotland. The 
plasmid-encoding this resistance determinant, initially 
named ARI-1, was found to be transferable, and the gene 
was later sequenced and named blaOXA-23 (Donal et al., 
2000; Nordman et al., 2000). Of note, the origin of blaOXA-23 

was recently identified as the chromosome of 
Acinetobacter radioresistens, a commensal species of 
the human skin (poirel et al., 2008a, b). This enzyme type 
now contributes to carbapenem resistance in A. 
baumannii globally, causing nosocomial outbreaks or 
sporadic infections (Ben et al., 2011; Kempf et al., 2012). 
To the best of our knowledge, the first A. baumannii 
clinical strain harboring blaOXA-23   identified in Algeria was 
in 2004 (Mugnier et al., 2010). 

Among the five oxacillinase groups found in A. 
baumannii, apart from the intrinsic OXA-51 enzyme, only 
OXA-23 was detected in ours strains (14 strains), the 
OXA-23 group was identified worldwide (Mugnier et al 
2010). However,  blaOXA-24-like  and  blaOXA -58-like  were  not  

 

    

                                         

 

501 bp 

850 bp 

        M    C      1      2     3    

M        C      1      2       3       4      

500 bp 

100 bp 

 

    

                                         

 

501 bp 

850 bp 

        M    C      1      2     3    

M        C      1      2       3       4      

500 bp 

100 bp 



  

 
 
 
 
detected in any of ours strains. OXA-24-like enzymes 
were found in Spain, Belgium, Portugal, the Czech 
Republic, Georgia, France and the USA; and OXA-58-like 
enzymes were identified in France, Spain, Belgium, Italy, 
Australia, USA (Kempf et al.,2012) , including Algeria 
(Drissi et al., 2010 , Touati et al., 2012), Tunisia (Poirel et 
al., 2006, 2008a,b ,2000) and recently in Turkey (Metan 
et al., 2012). Usually, OXA-type enzymes exhibit a weak 
hydrolysis of carbapenems and may not always show 
resistance profile, but when they are associated with 
insertion elements, they may have an increase in its 
expression and show resistance to carbapenems (Heritier 
et al., 2006). Further investigations are necessary to 
explore the genetic environment of blaOXA in ours strains. 
MBL production was not detected in any of our strains 
(negative imipenem-EDTA synergy test).  

Other β-lactamases have been reported in A. 
baumannii. These include the TEM-1 type, SHV type, 
CTX-M type , PER-1 , and VEB-1 β-lactamases (Peleg et 
al .,2008). Although they are important, it is difficult to 
assess their impact on resistance in the presence of the 
AmpC cephalosporinase (Corvec et al ., 2003). Three of 
ours strains possess blaTEM-1. 

However, blaPER, blaSHV and blaCTX-M were not detected 
in any of our isolates. A recent study has reported that 
the prevalence of blaTEM-1 genes analyzed by multiplex-
PCR-based (Woodford et al .,2006) among A. baumannii 
isolates in Kaohsiung Armed Forces General Hospital 
(Kaohsiung, Taiwan) was 79.40% (Ben et al ., 2011). The 
same study has showed that in multidrug resistant A. 
baumannii, the presence of blaTEM-1 predicts resistance to 
ceftazidime.  Strain 1, harboring only blaTEM-1 was 
resistant to all β-lactams except carbapenems (Tables 2 
and 3). 

Strains isolated at Ibn Sina Hospital showed the 
dissemination of the genotype A which was  the most 
common cluster type (10/16) followed by B cluster (4/16). 
However, different PFGE patterns were found in Ibn 
Roched Hospital. These data can be related to the 
dissemination characteristics of this microorganism, its 
permanence for long periods in hospitals, its main form of 
dissemination, human contact, and the mobility of 
patients and staff (Mugnier et al., 2010; Lin et al., 2011). 

 
 
Conclusion 

 
The identification of blaOXA-23 in this study confirms the 
wide geographical distribution of carbapenemases 
among A. baumannii as well as their parallel appearance 
in outbreak strains. Additionally, it is important to follow 
antibiotic restriction policies to avoid excessive use of 
carbapenem and other broad spectrum antibiotics in our 
country. Also, it is of great importance to study the local 
epidemiology of A. baumannii isolates to establish the 
best treatment and use the correct epidemiological 
control.  
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