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Introduction

Over the past two decades, antimicrobial resistance  has 
become a latent health threat. Our capacity to treat wides-
pread infectious diseases is under threat (1). One such orga-
nism,  Acinetobacter baumannii (A. baumannii), has been 
recognized by (WHO) as a global priority pathogen and 
is categorized as an ESKAPE pathogens (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa, and 
Enterobacter spp.) (2). It has been demonstrated to quickly 
pick up antimicrobial resistance genes (3). According to 
(4), it is the primary pathogen responsible for nosocomial 
infections such as ventilator-associated pneumonia, endo-
carditis, bacteremia, wound infections, meningitis, and 
urinary tract infections in immunocompromised patients 
and in patients with underlying diseases who have spent a 
long time in the hospital. 

The last line of defense for the treatment of severe 
Gram-negative bacilli infections is carbapenem (merope-
nem and imipenem). The emergence of inherent or acqui-
red carbapenemases belonging to the class B or class D 

oxacillinases, as well as decreased cell permeability and 
mutations that can cause upregulation or downregulation 
of efflux system activity, may all contribute to the evolu-
tion of carbapenem resistance (5). The most comprehen-
sive description of a carbapenem resistance mechanism 
is prescribed previously (6,7). The hydrolyzing metallo 
β-lactamases (Class B β-lactamases), including BlaIMP, 
BlaVIM, BlaSIM, and BlaNDM, are typically claimed to be asso-
ciated with drug resistance mechanisms. Whereas oxacil-
linases (Class D β-lactamases) are genes encoding OXA 
β-lactamases are present in plasmids and chromosomes 
(8). There are now six OXA subclasses that are related 
to A. baumannii: BlaOXA-23,  BlaOXA-24, BlaOXA-51, BlaOXA-58, 
BlaOXA-143, and BlaOXA-235   (7). Also widely reported (9, 10) 
is the coexistence of class D and class B carbapenem hy-
drolyzing genes in MDR A. baumannii strains. In addition, 
BlaOXA-51  was a key marker for identifying the organism at 
the species level. The global spread of carbapenem-resis-
tant A. baumannii (CRAB), on the other hand, has been re-
lated to BlaOXA-23, which has been found all over the world 
(11).

Multi-locus sequence typing (MLST) is an unambi-
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investigation revealed a significant level of diversity among A. baumannii isolates.
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guous typing method for identifying accurate and por-
table nucleotide sequences of internal fragments of mul-
tiple housekeeping genes (12). MLST is superior to other 
typing techniques in a number of ways. MLST is a per-
fect typing method for an epidemiological investigation 
since, in addition to resolution, it offers clear typing data 
to interchange and compare findings between laboratories 
(13). Additionally, a key advantage of MLST is a derived 
nomenclature of sequence types (STs), which have been 
widely and quickly adopted by the community and have 
enabled the expansion of global collective knowledge on 
the distribution, spread, and biological characteristics of 
the main clonal groups (14). The evolution of the A. bau-
mannii genomes depends heavily on recombination. This 
phenomenon is of relevance in several particular locations. 
According to a number of research, the Oxford method 
should be adopted in order to take advantage of this beha-
vior for categorization and keep track of the capsular type 
(14). There are three "worldwide" clonal lineages for A. 
baumannii: international clones (ICs) I, II, and III. The 
ability of this lineage to integrate novel genes and their 
adaption to hospital environments can be explained by the 
ICII's widespread presence in many hospitals throughout 
the world (8).

The molecular epidemiology of A. baumannii infection 
outbreaks in numerous nations throughout the world has 
been thoroughly investigated. On the epidemiology of A. 
baumannii and other infections in hospitalized patients 
in Iraq, however, few studies have been released (15). 
Additionally, limited molecular typing techniques have 
been used in earlier research from Iraq, which is crucial 
for obtaining reliable epidemiological data and understan-
ding the spread of the organism (16-18). To determine the 
sequence type, genetically define the carbapenem resis-
tance phenotype, and clarify the epidemiology of MDR A. 
baumannii in Kurdistan region of Iraq, the Oxford MLST 
scheme was used in the current work. Additionally, the ge-
netic characteristics of the antimicrobial resistance profiles 
contributing to the medications widely used for MDR A. 
baumannii infections in Kurdistan, Iraq, were identified by 
finding both intrinsic and acquired genetic factors linked 
with resistance in these isolates.

Materials and Methods

Bacterial isolates 
Between August 2021 and April 2022, this cross-sectio-

nal investigation was conducted in the primary microbio-
logy laboratory at four separate hospitals in the Kurdistan 
area of Iraq (Emergency Hospital, West Erbil Emergency 
Hospital, East Erbil Emergency Hospital, and Rizgary 
Teaching Hospital). A total of 450 clinical samples were 
collected from ICU patients, including blood, urine, spu-
tum, wound swabs, burns, and Cerebrospinal fluid (CSF). 
Clinical samples were immediately transported in trans-
port media and cultivated within 30 minutes.

Culture and identification
The samples were inoculated on blood agar, Acineto-

bacter CHROMagar (CHROMagar, Paris, France), and 
MacConkey agar medium and incubated at 37°C for 24 
hours. Gram staining, culture morphology, and Gram-ne-
gative identification (GN) cards in the VITEK 2 compact 
system (bioMérieux, France) revealed that the culture 

growth was A. baumannii. Each patient's age, gender, 
date of hospitalization, and culture type were all docu-
mented.Throughout the experiment, an ATCC strain of 
A.baumannii (19606) was donated by Medya Diagnostic 
Center to serve as a control.

Antibiotic susceptibility testing
The Vitek 2 Compact system (bioMérieux, Inc., Mar-

cy-l'Etoile, France) was used to test general antimicro-
bial susceptibilities for A. baumannii identification. After 
overnight incubation at 37°C, the bacterial suspension was 
prepared for all isolates to make a turbidity adjustment 
to match the McFarland 0.5 standard in 0.45% sterile so-
dium chloride solution. The suspensions (2 mL) were put 
into VITEK 2 ID and AST cards (19). Ceftazidime, imi-
penem, meropenem, piperacillin, amikacin, tigecycline, 
tetracyclin, colistin, gentamicin, tazobactam, tobramycin, 
ciprofloxacin, tri/sulfamethoxazole, and levofloxacin were 
among the antibiotics utilized. Data were analyzed using 
Clinical and Laboratory Standards Institute (CLSI) break-
points, and results were classified as susceptible (S), inter-
mediate (I), or resistant (R) (20). 

DNA extraction
To preserve genetic variety during storage, strains were 

kept at -70°C in 20% (vol/vol) glycerol in BHI medium 
and cultivated overnight on MacConkey agar at 37°C. A 
loopful from a colony was suspended in 500 µl of distilled 
water. The DNA extraction kit (G-nad and Beta Bayern) 
was used in line with the manufacturer's instructions. 
DNA was kept at -20°C until it was needed. The exact 
primers and PCR conditions for detecting oxacillinases 
(BlaOXA-51, BlaOXA-23, BlaOXA-58) and metallo B- lactamases 
(BlaNDM, BlaIMP, BlaVIM) were used as previously published 
"Table 1". 3 µl MDR A. baumannii whole genomic DNA 
was used as a template for the PCR (5 µl nucleus free wa-
ter, 10 µl master mix, 1µl per primer). In a thermocycler 
(Eppendorf, M Germany), a standard PCR amplification 
program was employed as follows: initial heating to 95°C 
for 5 minutes, followed by thirty cycles of amplification. 
Each cycle included three phases: denaturation at 95°C 
for 30 seconds, annealing at a suitable temperature for 30 
seconds, and extension at 72°C for an appropriate time, 
followed by a final elongation step for 5 minutes at 72°C. 
Finally, the PCR product was stored at 4°C until they were 
analyzed. The annealing temperature was selected based 
on the melting temperature of the screening primer pair 
(about 5°C lower than the primer melting temperature). 
The length of the predicted amplified DNA was used to 
calculate the elongation time. The PCR products were 
electrophoresized in 1% agarose gel, stained with ethi-
dium bromide, and seen with a UV transilluminator.

MLST
MLST was used to evaluate the genetic diversity of 

carbapenem-resistant isolates using Oxford scheme pri-
mers listed on the A. baumannii MLST database website 
(https://pubmlst.org/organisms/acinetobacter-bauman-
nii). The seven conserved housekeeping genes (gltA, gryB, 
gdhB, recA, cpn60, rpoD, and gpi) were amplified using 
the methodology given by (23). Magnetic bead purifica-
tion was used to purify the amplified PCR products. The 
Applied Biosystems SeqStudio Genetic Analyzer was 
used for sequencing. The A. baumannii MLST database 
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trial after being assured that their identities would be kept 
anonymous.

Statistical analysis
Frequencies and percentages were used to describe the 

variables in this study. Antimicrobial susceptibility or re-
sistant rates were calculated as the number of susceptible 
or resistant organism divided by the total number of tested 
organism, for a given antibiotic.

Results

Characteristics of A. baumannii  isolates: 
Sixty three non-duplicate A. baumannii isolates were 

recovered from 450 total clinical samples from hospita-
lized patients in this study. The patients' ages ranged from 
5 months to 62 years, with a mean of 42.3 years.  There 
were 36 males (56.25%) and 27 females (42.85%). Fur-
thermore, the most common source of A. baumannii isola-
tion from ICU patients was surgical-site wound infection 
(36.5%), followed by burn (23.8%), urine (15.87%), spu-
tum (12.69%), blood (7.93%), and CSF (3.17%) "Table 2".

was used to define the allelic numbers and sequence types 
(STs). . Kani was given to the isolates name, and a digit 
number, such as Kani 22, refers to isolate number 22, 
and so on. Clusters of related STs (designated as clonal 
complexes; CCs) were evaluated using the Phyloviz 2.0 
software's Global Optimal eBURST (goeBURST) (https://
www.phyloviz.net/goeburst). The clonal complex was 
investigated at both the single locus variant (SLV) and 
double locus variant (DVL) levels to give additional subs-
pecies-level information that could benefit in A. bauman-
nii outbreak research, because the majority of outbreaks 
reported around the world have been proven to contain 
certain MLST clonal complexes.

Ethical statement
The research proposal was submitted to the ethics com-

mittee of Hawler Medical University's College of Medi-
cine (number: 8-11HMU.ME.EC), and official permission 
was obtained for sample collection from Rizgare Teaching 
Hospital, Erbil Emergency Hospital (EMC), West Erbil 
Emergency Hospital, and East Erbil Emergency Hospital 
in Erbil city. All patients had agreed to participate in the 

Targeted 
genes Primer sequences (5′-3′) Product size

(bp)
Annealing Temperature 

(°C)
Elongation 

time References

BlaOXA-51 F:TAATGCTTTGATCGGCCTTG    353 bp 53°C 30 sec (6)
R: TGGATTGCACTTCATCTTGG

BlaOXA-23  F: GATCGGATTGGAGAACCAGA 501bp 53°C 40 sec (6)
R: ATTCTTGACCGCATTTCCAT

BlaOXA-58 F: AAGTATTGGGGCTTGTGCTG 599bp 43°C 40 sec (6)
R: CCCCTCTGCGCTCTACATAC

BlaNDM F: CACCTCATGTTTGAATTCGCC 984bp 52°C 60 sec (21)
R: CTCTGTCACATCGAAATCGC

BlaIMP F: GGAATAGAGTGGCTTAAYTCTC 188bp 53°C 30 sec (22)
R: CCAAACYACTASGTTATCT

BlaVIM F: GATGGTGTTTGGTCGCATA 390bp 55°C 40 sec (22)
R: CGAATGCGCAGCACCAG

Table 1. Primer sequences, product sizes, annealing temperatures and elongation time for β-lactamase encoding and resistance genes in clinical 
isolates of A. baumannii.

Sex < 1 1-10 11-20 21-30 31-40 41-50 >50 Total(%)
Male - 1 4 12 6 3 10 36(56.25%)
Female 1 1 4 3 3 8 7 27(42.855)
Total 1 2 8 15 8 12 17 63(100%)
Specimen
CSF 1 - - - 1 - - 2(3.17%)
Blood - - 1 2 1 - 1 5(7.93%)
Sputum - - 1 3 - 3 1 8(12.69%)
Urine - - 1 3 1 1 4 10(15.87%)
Burn - 2 1 1 2 5 4 15(23.80%)
Wound - - 4 6 4 2 7 23(36.50%)
Total 1 2 8 15 9 10 17 63(100%)

Table 2. Age group, Sex and clinical specimen distribution among A. baumannii.
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Antimicrobial resistance pattern of MDR A. baumannii 
clinical isolates 

"Table 3" shows the resistance rate of A. baumannii 
isolates to a range of antibiotics. A. baumannii isolates 
demonstrated high resistance to piperacillin (96.9%), ta-
zobactam (90.6%), ceftazidime and tri/sulfamethoxazole 
(both 89.1%), gentamycin ( 82.8%), and levofloxacin 
(81.3%). The susceptibility of A. baumannii to colistin 
and Tigecycline was highest (95.3%) and   (73.4%) res-
pectively.

Distribution of carbapenem-resistant genes in A. bau-
mannii isolates

As shown in "Table 4" PCR screening analysis was uti-
lized to identify genes responsible for metallo β-lactamase 
(MBL) and class D carbapenem hydrolyzing enzyme in 
A. baumannii isolates. All A. baumannii isolates tested 
positive for at least one carbapenemase resistance gene. 
The intrinsic β-lactamase BlaOXA-51   gene was found in 63 
CRAB (98.4%). Other class D β-lactamase genes, such as 
BlaOXA-23    and BlaOXA-58, were found in 62 (96.8%) and 36 

(56.3%) of CRAB isolates, respectively. Among the MBL 
genes, It was discovered that (45, 70.3% and 43, 67.2%) 
were positive for BlaIMP and BlaVIM genes, respectively. 
Only 18 (28.1%) of the isolates carried BlaNDM. 

Distribution of carbapenem-resistant gene combina-
tion among A. baumannii. 

Of the various combinations identified, the most com-
mon co-existence of genes present among clinical isolates 
were BlaOXA-23, BlaOXA-51 (95.31%) "Table 5", followed 

Genes Number %
BlaOXA-51  63 98.4
BlaOXA-23   62 96.9
BlaOXA-58  36 56.3
BlaIMP 45 70.3
BlaVIM 43 67.2
BlaNDM 18 28.1

Antibiotics 
Susceptible Intermediate Resistant

Number % Number % Number %
Meropenem 11 17.2 5 7.8 48 75
Imipenem 12 18.8 5 7.8 47 73.4
Ceftazidime 7 10.9 0 0 57 89.1
Tazobactam 4 6.3 2 3.1 58 90.6
Piperacillin 0 0 2 3.1 62 96.9
Tigecycline 47 73.4 17 26.6 0 0
Levofloxacin 11 17.2 1 1.6 52 81.3
Ciprofloxacin 9 14.1 15 23.4 40 62.5
Gentamycin 5 7.8 6 9.4 53 82.8
Tobramycin 13 20.3 6 9.4 45 70.3
Amikacin 8 12.5 5 7.8 51 79.7
Tetracycline 12 18.8 32 50 20 31.3
Colistin 61 95.3 3 4.7 0 0
Tri/sulfamethoxazole 4 6.2 3 4.7 57 89.1

Table 3. Antimicrobial susceptibility profile among A. baumanii isolates.

Table 4. Distribution of Carbapenem resistance genes among A. 
baumanii isolates.

Gene combination Number %
BlaOXA-23, BlaOXA-51 61 95.3
BlaOXA-23, BlaOXA-51, BlaOXA-58 32 50
BlaOXA-23, BlaOXA-51, BlaOXA-58, BlaIMP 24 37.5
BlaOXA-23, BlaOXA-51, BlaOXA-58, BlaIMP, BlaVIM 19 29.7
BlaOXA-23, BlaOXA-51, BlaOXA-58, BlaIMP, BlaVIM, BlaNDM 4 6.25
BlaOXA-51, BlaOXA-58 34 53.1
BlaOXA-51, BlaOXA-58, BlaIMP 26 40.6
BlaOXA-51, BlaOXA-58, BlaIMP, BlaVIM 20 31.3
BlaOXA-51, BlaOXA-58, BlaIMP, BlaVIM, BlaNDM 5 7.8
BlaOXA-58, BlaIMP 25 39.1
BlaOXA-58, BlaIMP, BlaVIM 19 29.7
BlaOXA-58, BlaIMP, BlaVIM, BlaNDM 5 7.8
BlaIMP, BlaVIM 29 45.3
BlaIMP, BlaVIM, BlaNDM 9 14.1
BlaVIM, BlaNDM 13 20.3

Table 5. Distribution of carbapenem-resistant genes combination among A. baumanii isolates.



120

Khelat Adhem Abduljabar and Ahang Hasan Mawlood / Carbapenemase-related genes in A. baumannii, 2023, 69(11): 116-124

by co-existence of (BlaOXA-51,  BlaOXA-58) and (BlaOXA-23, 
BlaOXA-51, BlaOXA-58) which was detected in 53.12 % and 
50% respectively. While the less common combination of 
genes was detected in 4 isolates  (6.25 %) consisting of 
the co-existence of all tested carbapenemase genes in the 
present study (BlaOXA-23, BlaOXA-51, BlaOXA-58, BlaIMP, BlaVIM, 
BlaNDM).

MLST and distribution of sequence types (STs) among 
isolated A. baumannii

In this study, the amplification of seven housekeeping 
genes was performed and the PCR result was shown in "Fi-
gure 1".One of the forty-two clinical A. baumannii isolates 
tested by MLST was the reference strain Kani16, which 
was related to ST 195. The remaining 41 isolates were 
classified into 33 different sequence types (STs). Among 
the 33 STs found, 21/33 (63.6%) STs were newly assigned, 
accounting for 21/42 (50%) of total isolates. Only one iso-
late (Kani 28) was untypeable due to the inability of one of 
the alleles gpi to be amplified "Table 6".

The results confirmed that ST 556 (n=4) had the grea-
test frequency rate among clinical isolates, followed by ST 
218 (n=3). Notably, ST 195, 387, and 441 were all pres-
ent in an equal number of A. baumannii isolates (n=2). 
Furthermore, the remaining STs were found to be dupli-
cated only once among A. baumannii isolates "Table 6". 
Remarkably, the most common worldwide clonal lineage 
is CC92, which corresponded to ICII. Only two isolates 
from ST 441, on the other hand, matched CC109/ ICI. The 
present investigation revealed a significant level of diver-
sity among A. baumannii isolates.

To detect the clonal complex distribution among stu-
died isolates, an online geoBurst analysis tool (http://
www.phyloviz.net/goeburst/#Description) was used. The 
result was shown that thirty-two separate STs were grou-
ped into 5 clonal complexes (CCs) and 9 singletons. STs 
(218-2882-2879-195), (502-2872), (556-2885), (350-556), 
(2589-1624) in CC1, STs (122-441-2884) in CC2, STs 
(2883-2841-2881) in CC3 were grouped at level of single-
locus variants (SLV); among them 9 STs were allocated 
for the first time. STs (195-2882) in CC1, STs (441-2876) 
in CC2, STs (2874-1641) in CC4, and STs (2870-2873) 
in CC5 have been pooled at level double-locus variants 
(DLV), with 5 newly assigned STs "Figure 2".

Discussion

Carbapenem is a significant therapeutic for dangerous 
hospital-acquired infections as well as for the treatment 
of patients infected with multidrug-resistant organisms, 
notably A. baumannii (24). This could be attributed to 
their broader antibacterial action and low side effects (5). 
WHO has designated CRAB as one of the most difficult 
pathogens to control and treat (25).  

The prevalence rate of CRAB varies from one country 
to another (26).  The current investigation found that the 
majority of clinical isolates (47/64, 73.4%) were resistant 
to both meropenem and imipenem, as well as significant 
resistance to piperacillin, tazobactam, ceftazidime, tri/sul-
famethoxazole, gentamycin, and levofloxacin. Notewor-
thy, there were still a few antimicrobial medicines that 
were effective against the majority of CRAB, such as tige-
cycline (47/64) 73% and colistin (61/64) 95%, respecti-
vely. This is comparable to a recent study conducted in 

Bagdad city (17), who discovered that the drug resistance 
rate of A. baumannii to imipenem and meropenem was 
greater than 80%, whereas all isolates were sensitive to 
colistin and tigecycline. This investigation found that 62% 
and 89% of isolates were resistant to ciprofloxacin and tri/
sulfamethoxazole, respectively, Radhi and Al-Charrakh 
conduct a study in Babylon province, Iraq and discovered 
a lower rate of resistance to the same antibiotics, which 
was 20% and 60%, respectively (18). Furthermore, (27) 
conducted a similar study in Tehran and discovered that 
all isolates of A. baumannii were resistant to the majority 
of drugs. CRAB isolates limits treatment options, poten-
tially leading to greater morbidity and mortality rates (28). 
Overall, studies have demonstrated that MDR A. bauman-
nii strains can acquire antimicrobial resistance through 
insertion sequences (IS), integrons, and resistance islands 
(RIs). Because of its particular property, A. baumannii is 
a problematic nosocomial infection and one of the most 
dangerous threats to hospitalized patients (24).

Several mechanisms might lead to carbapenem resis-
tance in A. baumannii; however, the most common mecha-
nism reported is the presence of oxacillinases and metallo-
lactamase (29). As a result, screening for carbapenemase 

Figure 1. Agarose gel electrophoresis of PCR amplification of 7- 
housekeeping genes; MLST genes. Lane 1: marker 100 bp, Lane 2: 
gltA (722 bp); Lane 3: gyrB (594 bp); Lane 4: gdhB (420 bp); Lane 5: 
recA (425 bp); Lane 6: rpoD (672 bp); Lane 7: cpn60 (640 bp); Lane 
8: gpi (456 bp); Lane 9: negative  control.

Figure 2. shows an eBURST analysis of all A. baumannii isolates in 
our investigation using MLST data. STs are represented by numbers. 
A line connects STs in the same cluster designated as clonal com-
plexes; CCs. The other nine (9) STs in the figure were unrelated to any 
group and were singletons.
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resistance genes is essential in order to decide on the best 
potential therapy regimen. The distribution of the exa-
mined genes encoding oxacillinases (BlaOXA-51, BlaOXA-23, 
BlaOXA-58) and metallo-lactamases (BlaIMP, BlaVIM, and 
BlaNDM) is shown in "Table 4".The current investigation 
found that 98% of the total isolates tested positive for A. 
baumannii (BlaOXA-51   ). BlaOXA-23    was detected in almost 

96% of confirmed isolates, and BlaOXA-58   was detected in 
56% of the isolates. These findings are comparable to those 
of Ganjo et al, who found that BlaOXA-51 and BlaOXA-23  were 
more abundant in A. baumannii isolates, but in contrast to 
our findings, BlaOXA-58  was not found in any isolate (30). 
In line with this finding, (31) identified a significant pre-
valence of BlaOXA-23   bearing A. baumannii strains in Iraqi 

Id Isolate 
name Source Sex Age

Oxford MLST allele scheme
ST

gltA gyrB gdhB recA cpn60 gpi rpoD
8719 Kani 2 Wound Male 55 33 31 3 28 1 107 5 2840 ⃰⃰  ⃰
8720 Kani20 Wound Female 16 1 1 66 60 33 269 41 2841 ⃰⃰  ⃰
8726 Kani14 Wound Male 25 1 12 3 2 2 102 3 350
8727 Kani15 Wound Female 3 1 3 3 2 2 96 3 195
8728 Kani16 Blood Reference - 1 3 3 2 2 96 3 195
8729 Kani1 CSF Female 5M 1 12 3 2 2 94 3 2589
8730 Kani8 Blood Male 29 1 50 3 2 2 94 3 1624
8731 Kani10 Wound Male 54 1 3 3 2 2 102 3 218
8732 Kani18 Wound Male 56 1 15 4 11 4 140 4 387
8733 Kani19 Wound Female 23 1 15 4 11 4 140 4 387
8734 Kani21 Wound Male 57 1 15 2 28 1 157 32 1641
8744 Kani25 Wound Female 45 1 305 ⃰⃰⃰ 167 67 2 289 89 2851 ⃰⃰  ⃰
8940 Kani22 Wound Male 19 129 305  ⃰⃰⃰ 167 67 124 102 89 2870 ⃰⃰  ⃰
8941 Kani 28 Wound Female 43 1 96 3 29 2 - 3 ND
8942 Kani 29 Wound Male 39 1 96 3 2 2 100 3 2872 ⃰⃰  ⃰
8943 Kani 6 Wound Male 24 10 12 4 11 4 100 5 441
8944 Kani 41 Blood Male 16 1 3 3 2 2 102 3 218
8945 Kani 30 Wound Male 44 129 305  ⃰⃰⃰ 59 67 124 100 89 2873 ⃰⃰  ⃰
8946 Kani 33 CSF Male 36 18 12 3 2 2 144 3 2885 ⃰⃰  ⃰
8947 Kani 35 Urine Male 25 1 12 2 28 4 157 32 2874 ⃰⃰  ⃰
8948 Kani 38 Urine Female 23 18 45 3 60 4 269 79 2886 ⃰⃰  ⃰

8949 Kani 36 Wound Male 19 1 15 13 60 30 476  
⃰⃰⃰ 2 2875 ⃰⃰  ⃰

8950 Kani 40 Blood Female 42 18 12 148 11 4 100 5 2876 ⃰⃰  ⃰
8951 Kani 48 Wound Male 35 13 90 3 6 101 80 5 2877 ⃰⃰  ⃰
8952 Kani 57 Urine Female 55 129 246 177 7 211  ⃰⃰⃰ 80 258  ⃰⃰⃰ 2878 ⃰⃰  ⃰
8953 Kani 39 Wound Female 27 10 12 4 11 4 100 5 441
8954 Kani 44 Wound Male 31 1 3 3 2 2 102 3 218
8955 Kani 3 Wound Female 42 1 3 3 2 2 98 3 2879  ⃰⃰  ⃰
8956 Kani 32 Wound Female 53 18 96 3 6 4 100 5 2880 ⃰⃰  ⃰
8957 Kani 34 Wound Male 51 1 1 42 60 33 269 41 2881 ⃰⃰  ⃰
8958 Kani 42 CSF Male 61 1 12 3 2 2 100 3 502
8959 Kani 52 Wound Male 28 1 12 3 2 2 144 3 556
8960 Kani 53 Wound Male 23 1 3 3 29 2 102 3 2882 ⃰⃰  ⃰
8961 Kani 55 Wound Female 37 1 1 3 60 33 269 41 2883 ⃰⃰  ⃰
8962 Kani 59 Sputum Male 60 10 12 42 11 4 100 5 2884 ⃰⃰  ⃰
8963 Kani 60 Sputum Male 25 1 12 3 2 2 144 3 556
8964 Kani 61 Sputum Female 42 10 12 4 6 4 100 5 122
8965 Kani 64 Wound Male 41 1 12 3 2 2 144 3 556
8966 Kani 13 Wound Female 33 1 3 3 6 92 100 5 2871 ⃰⃰  ⃰
9323 Kani 62 Urine Female 52 1 12 3 2 2 144 3 556
9324 Knai 63 Wound Male 33 10 12 3 6 92 100 5 2894 ⃰⃰  ⃰

Table 6. Description of the STs (novel and previously recorded) found in the current study based on the Oxford scheme (A. baumannii).
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patients. In Asia, the acquired BlaOXA-23   is the primary 
genetic determinant.  Through conjugation, the BlaOXA-23   
gene on a plasmid can be transferred between A. bauman-
nii. As a result, antibiotic-resistant bacteria are spreading 
fast over the world (32). Furthermore, in contrast to the 
current data, (29) reported in Erbil city that the BlaOXA-58   
gene was not identified in any of the A. baumannii iso-
lates. Another study published in Egypt found that all iso-
lates contained BlaOXA-51, but a lesser percentage of isolates 
(78% vs. 96% in our study) tested positive for BlaOXA-23. 
The presence of BlaOXA-51  was discovered to have minimal 
carbapenemase activity; however, when this gene is ove-
rexpressed, it exhibits considerable carbapenemase acti-
vity. As a result, resistance to carbapenem in A. baumannii 
required the existence of other acquired oxacillinases such 
as BlaOXA-23, BlaOXA-143, BlaOXA-24, and BlaOXA-143   enzyme (4). 
Furthermore, (6) utilized a PCR screening test for a total of 
196 clinical isolates and found that 48.4% were BlaOXA-51, 
46.3% were BlaOXA-23, and 5.3% were BlaOXA-58, which was 
lower than the results obtained in this investigation.  

In addition to oxacillinases, the distribution of MBL 
genes was screened in the current study, which can be cal-
led the second most prevalent carbapenemases in CRAB. 
It has been found that the percentage of the BlaIMP, Bla-
VIM,   andBlaNDM was 70%, 67%, and 26%, respectively. 
This rate was higher than the results conducted by (31) in 
Sulaimani city, Iraq, where 10.7% and 2.8% of CRAB iso-
lates contained BlaIMP and BlaVIM, respectively; however, 
BlaNDMwas not discovered in any A. baumannii isolate. In 
a study on the epidemiology of common resistant bacterial 
infections in Arab League nations, (26) discovered that 
the prevalence of CRAB was highest in Iraq, followed by 
Lebanon and Syria (89%, 70.5%, and 64.0%, respectively) 
in the Levant. The high resistance to this class of antibio-
tics may be attributable to their widespread use in Iraqi 
hospitals (18). Furthermore, variants in the distribution of 
different carbapenamase genes in different nations may be 
associated with varied ecological situations, antibiotic the-
rapy programs, and variant antibiotype patterns (3).

The co-existence of a number of intrinsic and acquired 
carbapenemase-encoding genes has been observed, with 
acquired carbapenemase-encoding genes being more pre-
valent. Isolates with multiple acquired carbapenemase-en-
coding genes account for 61/64 (95.3%) of all CRAB iso-
lates. Many investigations in the Mediterranean region (8) 
and China (33, 34) have found clones bearing numerous 
carbapenemase-encoding genes. It appears that the rising 
combination of these genes may result in an increase in 
carbapenem resistance among A. baumannii isolates (35).

A notable finding in this investigation was the co-exis-
tence of oxacillinase and MBL in some isolates, which has 
been observed in numerous studies conducted in countries 
with uncontrolled antibiotic usage (8). The connection of 
these genes by class 1 (occasionally class 3) integrons, 
which are embedded in transposons, could explain the 
increased occurrence of co-existing MBL. Integrons allow 
resistance genes to flow between integrons in plasmids, 
and plasmids allow genetic material to be transferred to 
different bacteria.  Our findings verified the presence of 
Blaoxa-23, Blaoxa-51, Blaoxa-58, BlaIMP, BlaVIM, and BlaNDM in 4 
(6.3%) of the cases. In line with this finding, (32) discove-
red in Nipal a greater incidence of isolates 6 (13.6%) har-
boring the BlaNDM gene and Blaoxa-51  in addition to Blaoxa-23. 
In contrast to the current work, they did not find MBL 

genes such as BlaVIM and BlaIMP.
MLST typing, which is frequently utilized in the cha-

racterisation of genotypes circulating in hospitals (36), 
was employed to analyze the A. baumannii population 
structure.We detected 32 A. baumannii STs in our study, 
21 of which were previously unknown genotypes. In fif-
teen isolates, new alleles were found in novel allelic com-
binations. The majority of them were SLVs and DLVs 
from existing clones.  STs 2879 and 2882, for example, 
were SLVs and DLVs of ST 195. Furthermore, ST2884 
and ST2876 were the SLV and DLV of the ST 441. These 
data suggest that the novel STs were produced by local 
genetic alterations in existing clones. It also shows that 
highly adapted A. baumannii genotypes from CC92 have 
diffused and grown locally, culminating in the creation of 
different SLVs or DLVs in CC92.

 Five new STs, on the other hand, had novel alleles that 
resulted in a new allelic profile and have been assigned to 
the MLST website (ST 2851, ST 2870, ST 2873, 2875, 
and 2878). Some of the STs found belonged to clonal 
complexes, with 16 isolates belonging to the CC92/CC2 
(Oxford/Pasteur) scheme, which corresponds to IC2, and 
just four isolates belonging to the CC109/CC1 (Oxford/
Pasteur) scheme, which corresponds to IC1. The majori-
ty of reported outbreaks worldwide have been shown to 
contain MLST IC2 and IC1 (37). According to the current 
study, the carbapenemase expressing genes Blaoxa-23 was 
discovered in the majority of these isolates. According to 
prior findings, the majority of clinical isolates from Asia, 
the United States, and Australia belonged to CC92 and had 
Blaoxa-23. The extensive circulation of imipenem-resistant, 
BlaOXA-23 generating CC92 is unmistakably the reason 
for China's fast-rising carbapenem resistance (38). Be-
cause novel antibiotics to treat CRAB are unavailable, and 
there is uncertainty about whether new treatments would 
ever be useful, infection control policy and practice based 
on the framework of these phylogenetic and epidemiolo-
gical findings is crucial in slowing the spread of CRAB. 
Without such steps, we will enter a period in which CRAB 
infections and minor injuries will be fatal (1).

In conclusion, The current investigation discovered 
substantial levels of carbapenem resistance in A. bauman-
nii. Blaoxa-23 and BlaIMP have been identified as important 
carbapenem resistance factors in CRAB isolates. Addi-
tionally, 33 different STs were found, 21 of which are 
unique. The isolates are related to international spread 
clones with extraordinarily high resistance rates, sugges-
ting that A. baumannii can survive in hospitals by gaining 
several resistance genes. In light of similar findings from 
Iraq, doctors and healthcare workers must be aware of the 
A. baumannii population in order to implement effective 
infection control procedures and antimicrobial treatments. 
Thus, molecular and genomic technologies must be used 
to monitor the prevalence of A. baumannii clinical isolates 
and may aid in the implementation of appropriate inter-
ventions, contributing to hospital infection control.
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