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Abstract

Background: Acinetobacter, measured as an opportunistic pathogen has lately occurred as a vital nosocomial pathogen in the world, 
frequently relating patients with reduced host defenses. Patients in dangerous cases obtain infections while they are staying in care 
wards, so the incidence of these infections varies significantly in different individuals and clinical settings. Objectives: This work aims to 
examine the prevalence of carbapenem-resistance genes among isolates of Acinetobacter baumannii gathered from three hospitals in Iraq. 
Materials and Methods: A total of 30 isolates of A. baumannii were gathered from different clinical samples from February to July 2022. 
DNA of all specimens was extracted. Gradient polymerase chain reaction was applied to discover the genes of bla-OXA carbapenemases. 
Results: The results exhibited a variation of carbapenemase genes in all isolates that had been examined. Although all isolates had at least 
three genes of carbapenemase that have been tested, the most commonly identified genes in class D β-lactamases were bla OXA-51 and 
bla OXA-23 which was established in all isolates of A. baumannii 30 (100%) tested. It was also found that nine (30%) of tested isolates had 
borne the gene of bla OXA-58. No isolate exhibited amplification for the gene of bla OXA-40. Conclusion: The maximum occurrence and 
prevalence of the genes of OXA β-lactamase in A. baumannii bacteria in Iraqi hospitals were bla OXA-23 and bla OXA-51.
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Introduction
Diversity of nosocomial infections with in the elevation 
morbidity and mortality occurred by Acinetobacter spp., 
including bacteremia, pneumonia, urinary tract, skin 
and soft tissue infections, particularly in severe infection 
patients.[1] Globally, bacterial infections occurrences are 
commonly in and out of hospitals,.[2,3] Acinetobacter spp. 
is considered as skin’s flora, and a large percentage of 
healthy individuals are carriers of this pathogen. Also, the 
hospitalized patients especially when outbreaks happen 
have higher carriage.[4] Resistance of carbapenem is 
attributed primarily to molecular class D (OXA enzymes) 
via OXA-type carbapenemases, and via metallo-β-
lactamases to class B enzymes, the resistance is conveyed 
mostly through chromosomes or through plasmids.[5] 
OXA51-like β-lactamases inherent to Acinetobacter 
baumannii regarded assay for species specification.[6,7] 
Prevalence the resistance to carbapenem in A. baumannii 

can be very high in the Middle East.[8] Numerous studies 
have isolated multidrug-resistant strains and exposed that 
A. baumannii quickly grows resistance to antimicrobials.[9-11]

World Health Organization (WHO) declared that 
A. baumannii is one of multidrug-resistant (MDR) bacteria 
that have the ability escape excellently from antibacterial 
drugs.[12] Resistance mechanisms of A. baumannii have been 
recognized extensively via the literature such as the inactivation 
of the target drugs, modifications of target, pumps of 
multidrug efflux and defects permeability.[13] Therefore, 
many community-acquired Acinetobacter infections have 
been recorded and gradually increased worldwide.[14-16]
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Recent studies indicated the presence of antibiotic 
resistance and virulence factors in A. baumannii recovered 
from animal samples and considered these animals as 
a possible reservoir of multidrug resistance in these 
bacteria.[17,18]

The study directed to govern the occurrence of OXA genes 
accountable for carpenter-resistance in A.  baumannii 
isolates improved from clinical specimens.

Materials and Methods

Clinical samples
The intended of current study was to examine the 
prevalence of carbapenemase genes which bestow 
carbapenem-resistance in isolates of A.  baumannii 
improved from main hospitals in Baghdad, Iraq. Five 
hundred and forty clinical samples were gathered from 
patients admitted to three healthcare centers in Baghdad 
City; Hospital of Ghazi Hariri, Baghdad hospital, 
Paediatric Teaching Hospital and the National center 

Laboratories. The samples included urine, wounds, burns, 
and blood, and were collected during the period from 
February to July, 2022.

Extraction of DNA and amplification of gene by 
polymerase chain reaction
On MacConkey agar cultures were grown and subcultured 
in brain heart infusion broth for extraction of DNA. 
DNA for isolates of A. baumannii was extracted with Kit 
of Genomic DNA Purification (Promega, Wisconsin, 
USA). The following primers, bla OXA-58, bla OXA-51, 
bla OXA-40, and bla OXA-23 were used in this study.[19] In 
an ultimate volume of 20 μL comprising 5 µL DNA, the 
polymerase chain reaction (PCR) was performed, 1.5 µL 
of each forward and reverse primers (Bioneer), 5 µL of 
Green master mix (Bio Labs) and 7 µL of deionized water, 
under the following PCR conditions: 94°C/5 min 1×, 
94°C/25 s, 52°C/40 s 30×, 72°C/50 s, and with final step 
72°C/6 min 30×. By 1.5% agarose gel electrophoresis the 

Table 1: Distribution of genes of carbapenemase in A. baumannii clinical isolates

Isolate Genes

blaOXA-23 blaOXA-40 blaOXA-51 blaOXA-58 
1 + – + +

2 + – + –

3 + – + –

4 + – + +

5 + – + +

6 + – + +

7 + – + +

8 + – + –

9 + – + –

10 + – + –

11 + – + –

12 + – + –

13 + – + +

14 + – + –

15 + – + +

16 + – + –

17 + – + –

18 + – + –

19 + – + –

20 + – + –

21 + – + –

22 + – + –

23 + – + –

24 + – + –

25 + – + +

26 + – + +

27 + – + –

28 + – + –

29 + – + –

30 + – + –

% 100% %0 100% 30%
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products of PCR were separated also stained by 0.5 μg/mL 
Safe Red (Intron) and visualized using gel documentation.

Ethical approval
Verbal consent was obtained from each patient before 
taking samples. The study protocol was approved by the 
committee on publication ethics at the Southern Technical 
University under the reference No. BMS/0333/021 on 
October 11, 2021.

Results

Finding the genes of carbapenemase bla OXA-51, bla 
OXA-23, bla OXA-58, and bla OXA-40 was performed in 
gradient PCR technique.

From Table 1, results of present study showed a variation 
of carbapenemase genes in all isolates that had been 
examined. Although, all isolates had at least three genes 
of carbapenemase which have been tested, the most 

Figure 1: 1.5% Agarose gel with red-safe stained of monoplex PCR-amplified product from extract DNA of A. baumannii isolates with blaOXA-51 gene 
product (353 bp). Lane (L), DNA ladder (100 bp). All isolates showed positive results

Figure 2: 1.5% Agarose gel with red-safe stained of monoplex PCR-amplified product from extract DNA of A. baumannii isolates with blaOXA-23 gene 
product (501 bp). Lane (L), DNA ladder (100 bp). All isolates showed positive results
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commonly identified genes in class D β-lactamases were 
bla OXA-51 [Figure 1] and blaOXA-23 [Figure 2] which 
found in all A. baumannii isolates 30 (100%) tested. It was 
also found that 8 (30%) of the tested isolates had been 
borne blaOXA-58 gene [Figure 3], while none of these 
isolates showed amplification for blaOXA-40 gene.

Discussion
All 30 A.  baumannii isolates in current study (100%) 
approved chromosomally-encoded blaOXA-51-like gene. 
These results support the findings of other research findings 
which indicated that the occurrence of the blaOXA-51 gene 
is a main factor in A. baumannii carbapenem resistance,[8] 
and this result agreed with Egyptian studies declaring 
the all isolates of A. baumannii carried bla OXA-51.[20] In 
isolates of A. baumannii the most prevalent was belong to 
the oxacillinase from class D serine carbapenemases, OXA 
enzymes capability to decompose oxacillin is quicker than 
traditional penicillins.[21] The results revealed that the all 
isolates were positive for the bla OXA-51 gene (100%). 
However, several authors reported that ISaba1 insertion 
element may induce an overexpression for OA-23 other 
than OXA-51.[18]

According to Turton et  al.,[21] isolates containing 
blaOXA-51, should be resistant to (meropenem and 
imipenem) if  these isolates own ISAba1 upstream of 
blaOXA-51. However, our isolates containing blaOXA-51, 
only 14 isolates influenced ISAba1 upstream of 
blaOXA-51. Figure 3 showing that all isolates those were 
positive for blaOXA-51 gave bands in 1.5 kb by ISaba1F 

and OXA-51R primers.[22] Other study suggested bla OXA-
51 accountable carbapenem resistance of such isolates, 
the evidence of existence for ISAba1 gene by the genes 
of bla OXA so its augmentation the blaOXA-51 enzyme 
approves several studies worldwide,[23] whereas these results 
were incompatible with other studies which discovered no 
ISaba1 gene upstream the gene of blaOXA.[24,25] Bratu 
et al.,[26] reported that ISaba1 is one of several supporters 
containing IS elements that show a role in the expression 
of genes that encrypt for antimicrobials resistance. Other 
enzymes of class D have a bigger affinity for imipenem 
compared with meropenem.[27] The role of carbapenem 
resistance seems to be linked with ISAba1,[20] the lack of 
this component, duplicating researches assume a least 
outcome on vulnerability for carbapenem, unexpectedly 
in the incidence of an above expressed efflux pump with 
multidrug properties (Ade ABC).[28] The resistance genes 
diversity is chiefly upsetting due to the hard choice of 
experimental therapy of antibiotic in really the patients 
ill and the potential influence to increase associated costs 
and hospital stay. In bacterial isolates possessing bla OXA-
51-like such as the gene of carbapenemase, meropenem 
and/or imipenem insusceptibility was restricted to the 
strains having ISAba1 upstream to bla OXA-51-like.[19] 
Regarding blaOXA-23-like gene, the current result found 
all strains of Acinetobacter (100%) were possessing bla 
OXA-23-like gene. In contrast with previous local study, 
it was found that 6 (75%) of CRAB isolates carried 
blaOXA-23,[29] whereas Al-Harmoosh,[30] and Alsehlawi 
et al.,[31] found that 4 (40%) and 2 (40%) of A. baumannii 
strains had positive of bla OXA-23 genes, respectively. 

Figure 3: 1.5% Agarose gel with red-safe stained of monoplex PCR-amplified product from extract DNA of A. baumannii isolates with blaOXA-58 
gene product (599 bp). Lane (L), DNA ladder (100 bp). All the isolates showed negative results except 1, 4, 5, 6, 7, 13, 15, 25, and 26 lanes showed 
positive results
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blaOXA-23-like gene in isolates of A.baumannii also 
reported from diverse countries, the OXA-23 is considered 
the first in the resistance among carbapenem OXA-type 
lactamases recognized in A.  baumannii bacteria.[32,33] 
Different countries were exposed to outbreaks caused 
by the strains of A.  baumannii which containing bla 
OXA-23-like genes of carbapenemase.[32,34] From Table 
1, it is obvious that nine isolates (30%) demonstrated a 
positivity to blaOXA-58-like gene. Another one study 
revealed that this gene is carried by this bacteria and it 
is noticed from 2% to as high as 84.9 % globally.[35] In 
contrast, Al-Masoudi et  al.,[36] in Baghdad, and Vali 
et al.,[37] in Kuwait, did not detect blaOXA-58 among their 
clinical A. baumannii isolates. In other studies at Chinese 
hospitals, no detectable percentage of blaOXA-58 genes[38] 
was recorded. The results from Table 1 showed no one of 
the A. baumannii isolates amplified blaOXA-40 genes. The 
formation member of the OXA-24, was later renamed 
OXA-40.[39] AL-Harmoosh[30] documented only 30% of 
A. baumannii bacteria harbored bla OXA-24 gene.

Conclusion
The maximum occurrence and prevalence the genes 
of OXA β-lactamase in A.  baumannii bacteria were bla 
OXA-23 and bla OXA-51. None of the isolates showed 
amplification for the gene of bla OXA-40.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Almasaudi  SB. Acinetobacter spp. As nosocomial pathogens: 

Epidemiology and resistance features. Saudi J Biol Sci 
2018;25:586-96.

2.	 Huang  L, Sun  L, Yan  Y. Clonal spread of carbapenem resistant 
Acinetobacter baumannii ST92 in a Chinese Hospital during a 6-year 
period. J Microbiol 2013;51:113-7.

3.	 Alzaidi  JR, Mohammed  AS. First record of dissemination of 
BLBLI-resistant enterobacter cloacae from public hospitals in 
Baghdad, Iraq. Open Microbiol J 2022;16:e187428582201310.

4.	 Karah  N, Sundsfjord  A, Towner  K, Samuelsen  Q. Insights 
into the global molecular epidemiology of carbapenem non-
susceptible clones of Acinetobacter baumannii. Drug Resist Updat 
2012;15:237-47.

5.	 Brown S, Amyes S. OXA β-lactamases in Acinetobacter: The story 
so far. J Antimicrob Chemother 2006;57:1-3.

6.	 Cicek AC, Saral A, Iraz M, Ceylan A, Duzgun AO, Peleg AY, 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;20:410-5.

7.	 Lee  YT, Kuo  C, Chiang  MC, et  al. Emergence of carbapenem 
resistant non-baumannii species of Acinetobacter harboring 
ablaOXA-51-like gene that is intrinsic to A. baumannii. Antimicrob 
Agents Chemother 2012;56:1124-27.

8.	 Radhi  SH, Al-Charrakh  AH. Occurrence of MBLs and 
Carbapenemases among MDR and XDR Acinetobacter baumannii 

Isolated from Hospitals in Iraq. Indian J Public Health Res Dev 
2019;10:668-90.

9.	 Cerqueira  GM, Peleg  AY. Insights into Acinetobacter baumannii 
pathogenicity. IUBMB Life 2011;63:105560.

10.	 Peleg  AY, Seifert  H, Paterson  DL. Acinetobacter baumannii: 
Emergence of a successful pathogen. Clin Microbiol Rev 
2008;21:538-82.

11.	 McConnell MJ, Actis L, Pachón J. Acinetobacter baumannii: Human 
infections, factors contributing to pathogenesis and animal models. 
FEMS Microbiol Rev 2013;37:130-55.

12.	 Boucher  HW, Talbot  GH, Bradley  JS, Edwards  JE, Gilbert  D, 
Rice  LB, et  al. Bad bugs, no drugs: No ESKAPE! An update 
from the Infectious Diseases Society of America. Clin Infect Dis 
2009;48:1-12.

13.	 Kim DH, Choi JY, Kim HW, Kim SH, Chung DR, Peck KR, et al. 
Spread of carbapenem-resistant Acinetobacter baumannii global 
clone 2 in Asia and AbaR-type resistance islands. Antimicrob 
Agents Chemother 2013;57:5239-46.

14.	 Fournier PE, Vallenet D, Barbe V, Audic S, Ogata H, Poirel L, et al. 
Comparative genomics of multidrug resistance in Acinetobacter 
baumannii. PLoS Genet 2006;2:e7.

15.	 CDC. Acinetobacter baumannii infections among patients at military 
medical facilities treating injured U.S. service members, 2002–2004 
(Reprinted from MMWR, 2004; vol 53, pg 1063-1066, 2004). JAMA 
2004;292:2964-6.

16.	 Lin  MF, Lan  CY. Antimicrobial resistance in Acinetobacter 
baumannii: From bench to bedside. World J Clin Cases 
2014;2:787-814.

17.	 Askari  N, Momtaz  H, Tajbakhsh  E. Acinetobacter baumannii in 
sheep, goat, and camel raw meat: Virulence and antibiotic resistance 
pattern. AIMS Microbiol 2019;5:272-84.

18.	 Antunes  LC, Visca  P, Towner  KJ. Acinetobacter baumannii: 
Evolution of a global pathogen. Pathog Dis 2014;71:292-301.

19.	 Hou  C, Yang  F. Drug-resistant gene of blaOXA-23, blaOXA-24, 
blaOXA-51 and blaOXA-58 in Acinetobacter baumannii. Int J Clin 
Exp Med 2015;8:13859-63.

20.	 Alkasaby  N, El  Sayed  M. Molecular study of Acinetobacter 
baumannii isolates for metallo-β-lactamases and extended-spectrum-
β-lactamases genes in intensive care unit, Mansoura University 
Hospital, Egypt. Int J Microbiol 2017;2017:3925868.

21.	 Turton JF, Ward ME, Woodford N, Kaufmann ME, Pike R, Pitt TL. 
The role of ISAba1 in expression of OXA carbapenemases genes in 
Acinetobacter baumannii. FEMS Microbiol Lett 2006;258:72-7.

22.	 Djahmi  N, Dunyach-Remy  C, Pantel  A, Dekhil  M, Sotto  A, 
Lavigne  JP. Epidemiology of carbapenemase-producing 
Enterobacteriaceae and Acinetobacter baumannii in Mediterranean 
countries. Biomed Res Int 2014;2014:305784.

23.	 Merkier  AK, Centron  D. blaOXA-51 type β-lactamase genes are 
ubiquitous and vary within a strain in Acinetobacter baumannii. Int 
J Antimicrob Ag 2006;28:110-3.

24.	 Sung  JY, Kwon  KC, Cho  HH, Koo  SH. Antimicrobial resistance 
determinants in imipenem-nonsusceptible Acinetobacter 
calcoaceticus-baumannii complex isolated in Daejeon, Korea. 
Korean J Lab Med 2011;31:265-70.

25.	 Peymani  A, Higgins  PG, Nahaei  MR, Farajnia  S, Seifert  H. 
Characterization and clonal dissemination of OXA-23-producing 
Acinetobacter baumannii in Tabriz, northwest Iran. Int J Antimicrob 
Agents 2012;39:526-8.

26.	 Bratu S, Landman D, Martin DA, Georgescu C, Quale J. Correlation 
of antimicrobial resistance with beta-lactamases, the OmpA-
like porin, and efflux pumps in clinical isolates of Acinetobacter 
baumannii endemic to New York City. Antimicrob Agents 
Chemother 2008;52:2999-3005.

27.	 Brown  S, Young  HK, Amyes  SG. Characterisation of OXA-51, a 
novel class D carbapenemase found in genetically unrelated clinical 
strains of Acinetobacter baumannii from Argentina. Clin Microbiol 
Infect 2005;11:15-23.

28.	 Heritier  C, Poirel  L, Lambert  T, Nordmann  P. Contribution of 
acquired carbapenem-hydrolyzing oxacillinases to carbapenem 

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 10/08/2023



Alzaidi: OXA genes of carbapenem-resistance among A. baumannii

         Medical Journal of Babylon  ¦ Volume 20 ¦ Issue 3 ¦ July-September 2023� 637  

resistance in Acinetobacter baumannii. Antimicrob Agents 
Chemother 2005;49:3198-202.

29.	 Al-Hindawi  RA. Molecular Study of β-lactamase Genes in 
Carbapenem Resistant Acienetobacter baumannii (CRAB). Ph.D. 
Thesis. University of Babylon; 2018.

30.	 Al-Harmoosh  RA. Detection of Carbapenem-Resistant Genes of 
Acinetobacter baumannii Isolated from Clinical Samples in Babylon 
Province. Ph.D. Thesis. University of Babylon; 2015

31.	 Alsehlawi ZS, Alshara JM, Hadi ZJ, Almohana AM. First report of 
the blaOxa-23 gene in a clinical isolates of Acinetobacter baumannii 
in Najaf hospitals-Iraq. Int J Recent Sci Res 2014;10:494-501.

32.	 Ergin  A, Hascelik  G, Eser  OK. Molecular characterization of 
oxacillinases and genotyping of invasive Acinetobacter baumannii 
isolate using repetitive extragenic palindromic sequence-based 
polymerase chain reaction in Ankara between 2004 and 2010. Scand 
J Infect Dis 2013;45:26e31.

33.	 Lyon  JA. Imipenem/cilastatin: The first carbapenem antibiotic. 
Drug Intell Clin Pharm 1985;19:895-9.

34.	 Kohlenberg  A, Brummer  S, Higgins  PG, Sohr  D, Piening  BC, 
de Grahl C, et al. Outbreak of carbapenem-resistant Acinetobacter 

baumannii carrying the carbapenemase OXA-23 in a German 
university medical centre. J Med Microbiol 2009;58:1499-507.

35.	 Ben  RJ, Yang  MC, Hsueh  JC, Shiang  JC, Chien  ST. Molecular 
characterization of multiple drug-resistant Acinetobacter baumannii 
isolates in southern Taiwan. Int J Antimicrob Agents 2011;38: 
403-8.

36.	 AL-Masoudi K, AL-Saffar J, Kendla N. Molecular characteristics 
of multidrug resistant Acinetobacter baumannii isolated from 
Baghdad Hospitals. Iraqi J Sci 2015;56:1394-9.

37.	 Vali  L, Dashti  K, Opazo-Capurro  A, Dashti  A, Al  Obaid  K, 
Evans B. Diversity of multi-drug resistant Acinetobacter baumannii 
population in a major hospital in Kuwait. Front Microbiol  
2015;6:743.

38.	 Zhou  H, Pi  B-R, Yang  Q, Yu  Y-S, Chen  Y-G, Li  L-J, et  al. 
Dissemination of imipenem-resistant Acinetobacter baumannii 
strains carrying the ISAba1-blaOXA-23 genes in a Chinese hospital. 
J Med Microbiol 2007;56:1076-80.

39.	 Bou  G, Martinez-Beltran  J. Cloning, nucleotide sequencing, and 
analysis of the gene encoding an AmpC β-lactamase in Acinetobacter 
baumannii. Antimicrob Agents Chemother 2000;44:428-32.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 10/08/2023


