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Al Otraqchi: Study of Plasmid Deoxyribonucleic Acid Profile of Acinetobacter baumannii of Diabetic Foot 
Ulcers

The main objective is to study the genotypic and characterization of plasmid deoxyribonucleic acid content of 
resistant isolates in Erbil city. A total of 39 Acinetobacter baumannii were isolated from 102 diabetic foot ulcer 
patients, whose ages ranged from 37 to 88 y, attending various medical wards of hospitals in Erbil city, Iraq, 
between May 2020 and March 2021. Isolates were tested for the presence of extended-spectrum beta-lactamases 
and metallo beta-lactamases. The presence and prevalence of multidrug-resistant isolates namely blaOXA-51-

like, blaOXA-23-like, ISAba1 and outer membrane protein A expression of oxacillinase carbapenemases gene and 
biofilm formation respectively were screened on the molecular level. Finally, plasmid deoxyribonucleic acid 
profile was determined and the biofilm-forming capacity was measured. Most isolates showed high resistance 
to different antimicrobial agents tested, the most effective agents were colistin and polymyxin B. 12 (30.76 
%) isolates were tested positive for extended-spectrum beta-lactamases, while all 39 (100 %) were metallo 
beta-lactamase producers. 27 (69.23 %) of isolates were biofilm producers, while 12 (30.76 %) were non-
biofilm producers. The blaOXA-51-like, blaOXA-23-like, ISAba1 and outer membrane protein A genes were detected in 
all 39 (100 %) isolates. The genes encoding resistance to certain antibiotics, in addition to genes that coding 
for extended-spectrum beta-lactamase and biofilm formation were located on plasmids. Analysis of plasmid 
deoxyribonucleic acid content revealed that 25 (64.10 %) isolates harbored from one to several plasmid bands 
ranging from 1 kilo base pairs to more than 10 kilo base pairs. No thermo-sensitive plasmids were detected. 
Due to the emergence of multidrug-resistance, Acinetobacter baumannii is evolving into a global health threat. 
Carbapenems are effective therapeutic agents for Acinetobacter baumannii nosocomial infections. Before 
deciding the course of treatment, it is important to consider the aforementioned interaction since the presence 
of multiple species may worsen the infection.

Key words: Acinetobacter baumannii, plasmid profile, biofilm formation, genotypic characterization, 
carbapenems

Diabetes Mellitus (DM), usually known as diabetes, 
is a kind of metabolic diseases which characterized 
by a high blood sugar level during an extended time 
period as a result of insulin shortage, unusual insulin 
response or even both. It can make many problems, 
such as chronic kidney disease, cardiovascular 
disease and foot ulcers if not treated[1-3]. The diabetes 
prevalence is rising throughout the world, so that 
in 2010, about 200 million people were diabetic[4]. 
Based on the International Diabetes Federation (IDF) 
reports in 2019, almost 578.4 million and 700.2 
million people have diabetes by the end of 2030 and 
2045, respectively[5,6].

Acinetobacter baumannii (A. baumannii) as a Gram-
negative pleomorphic bacterium which has a high 
occurrence among immunocompromised patients[7]. 
Most places have A. baumannii, an opportunistic 
pathogen that is particularly common in hospitals 
and other healthcare facilities, stays there for a long 
time and is easily transferred between patients[8]. 
Moreover, it is affecting severe illness like diabetes 
and prolonged hospital stay may have the risk 
of developing a hospital-acquired infection and 
prolonged exposure to antimicrobial agents may 
have the effect[9]. Nosocomial infections caused by 
A. baumannii are characterized by high morbidity 
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and mortality, particularly in patients with severe 
medical conditions. These infections include skin 
and soft tissue infections, pneumonia, bacteremia and 
urinary tract infections[10]. Bacterial skin infections 
are a complicated problem[11]. According to recent 
data, 25 % of people with diabetes will experience 
a foot ulcer during their lifetime and the disease has 
developed into a very serious chronic condition with 
rising global prevalence[12]. Due to hyperglycemia’s 
impact on leukocyte function, diabetics are more 
likely to contract infections[13]. The infection in most 
cases makes an ulcer that has been open for a long 
time and not treated adequately; so that it is one of 
the most usual, critical and hard to treat[14,15].

Diabetic Foot Ulcers (DFUs) are a significant and 
growing public health concern. Multidrug-Resistant 
(MDR) A. baumannii is gradually becoming dominant 
among diabetes patients. The issue of plasmid-
mediated resistance to broad-spectrum-lactams is 
getting worse all over the world. A. baumannii is 
a frequently isolated pathogen in Diabetic Foot 
Ulcer (DFU), which can range from soft tissue to 
bone infections and are usually poly-microbial in 
nature[16,17]. A. baumannii has been identified as one 
of the microbes connected to a higher frequency of 
major amputation[18]. In the last two decades, the 
emergence and spread of bacterial infections resistant 
to beta (β)-lactams, particularly to third generations 
of cephalosporins and carbapenems, have grown to be 
an emerging problem on a global scale[19,20]. Infection 
risk factors are 10 times higher in DFU patients than 
in non-DFU patients and male patients are more 
likely to contact infections than female patients[21]. 
The second most common isolated micro-organism 
from non-fermented bacteria in foot ulcer infections 
is A. baumannii.

Although Acinetobacter wound infection showed 
an isolation rate of 11.1 %, it poses a problem 
to clinicians whether to treat it aggressively as 
a pathogen or as a colonizer[22]. When it comes 
to treating infections, brought by this organism, 
carbapenems, which were once used as the standard 
therapy, are no longer effective. In individuals 
with diabetic and non-DFU, a variety of variables 
contribute to the establishment and survival of MDR 
A. baumannii biofilm production which is the most 
common among them[23]. The rise in Metallo Beta-
Lactamase (MBL) in A. baumannii is concerning 
development in the spread of β-lactam resistance, 
which affects many cephalosporins, carbapenems, 

penicillin’s and monobactams[24]. Age, length of 
hospital stay, underlying conditions like diabetes or 
tumors, or overcrowding in the hospital wards are 
additional risk factors for colonization or infection 
with MBL producers[25]. Infection outbreaks brought 
on by A. baumannii, that are resistant to various 
antibiotic classes, including carbapenems, are a 
severe concern in many specialized hospital units, 
such as Intensive Care Units (ICUs).

This resistance was proved by Ebrahem et al. They 
observed that A. baumannii was 100 % strong biofilm 
forming and it has capacity to extend the resistance 
to all antimicrobial substances used for treatment[26]. 
The main impact of a carbapenem-resistant A. 
baumannii infection is the requirement to use “last-
line” antibiotics like Colistin (CL), Polymyxin B 
(PB) or Tigecycline (TIG)[27].

Beta-lactamase Oxacillinase (blaOXA) genes 
encoding carbapenem-hydrolysing β-lactamases 
(carbapenemases), belonging to molecular class-D 
(OXA enzymes), have emerged globally as the main 
mechanism responsible for this resistance. The 
blaOXA genes of Acinetobacter species can be divided 
into four phylogenic subgroups. The blaOXA51-like gene, 
which is intrinsic to A. baumannii[28], ordinarily 
expresses at a low level, but the Insertion Sequence 
A. baumannii (ISAba1) upstream of the gene can 
cause the gene to overexpress. In contrast, blaOXA23-

like, blaOXA24-like and blaOXA58-like genes were consistently 
associated with resistance or at least, with reduced 
susceptibility[29]. For an epidemiological objective, 
phenotypic techniques like bio-typing and serotyping 
as well as molecular techniques like Polymerase 
Chain Reaction (PCR) and plasmid profile analysis 
were used[30]. This study is conducted according to the 
ethical committee at Hawler Medical University. The 
main aim is to study genotypic and characterization 
of plasmid Deoxyribonucleic Acid (DNA) content of 
MDR A. baumannii in Erbil city.

MATERIALS AND METHODS
Bacterial species:
A total of 39 A. baumannii bacteria were observed 
in 102 DFU patients of all ages who were collected 
from various medical wards and ICU departments 
of hospitals in Erbil city for a period of 10 mo, from 
May 2020 to March 2021. Samples were inoculated 
on blood agar and MacConkey agar (BD BBLTM, 
United States of America (USA)), and isolates were 
recognized using standard microbiological techniques 
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and biochemical tests. The VITEK 2® compact system 
was then used to identify species (bioMérieux, France). 
The antimicrobial susceptibility of A. baumannii 
isolates was tested by the modified Kirby-Bauer disc 
diffusion method as recommended by the Clinical 
and Laboratory Standard Institute (CLSL, 2015) 
and VITEK 2® compact guidelines[31]. MDR isolates 
underwent additional testing to determine whether 
they could produce MBL. Resistance to two or more 
drug classes with therapeutic relevance is referred to 
as MDR. While VITEK 2® compact identification 
and susceptibility testing confirmation were carried 
out by Gram-Negative (GN) card and Antimicrobial 
Susceptibility Testing (AST) N326 and A. baumannii 
American Type Culture Collection (ATCC) 19606 was 
used as quality control strains.

β-lactamase test:
All A. baumannii isolates were tested for β-lactamase 
using the Cefinase disc (BD BBLTM, USA). It is coated 
with nitrocefin, a chromogenic cephalosporin that changes 
color quickly from yellow to red when a β-lactamase 
hydrolyzes the amide bond in the β-lactum ring. The 
yellow-colored disc becomes red in the area where 
the isolate is spread on it when a bacterium produces 
this enzyme in substantial levels. As a positive control, 
Staphylococcus aureus (ATCC 29213) was used[32].

AST:
AST was carried out for 19 different therapeutically 
important antibiotics, such as Imipenem (IMP: 10 g), 
Meropenem (MEM: 10 µg), Ceftazidime (CAZ: 30 
µg), Cefotaxime (CTX: 30 µg), Cefepime (CEP: 30 
µg), Ciprofloxacin (CIP: 5 µg), Levofloxacin (LVX: 5 
µg), Piperacillin (PIP: 100 µg), PIP-Tazobactum (TZM: 
100/10 µg), Netilmicin (NET: 10 µg), Tobramycin (TN: 
10 µg), Amikacin (AN: 30 µg), Gentamycin (GN: 10 
µg), Tetracycline (TE: 30 µg), Trimethoprim (TMP)/
Sulfamethoxazole (STX: 1.25/23.75 µg), TIG: 15 µg, 
PB: 30 µg and CL: 10 µg by Kirby-Bauer disc diffusion 
method on Mueller-Hinton Agar (MHA) (BD BBLTM, 
USA) and incubated for 18-24 h at 35° according to 
Clinical Laboratory Standards Institute guidelines[31] 
and VITEK 2® compact (AST N326). The resistance to 
at least three categories of the drugs was considered as 
a MDR[33].

Extended-Spectrum Beta-Lactamase (ESBL) 
phenotypic detection of isolates:
The Double-Disc Synergy Test (DDST) was used 
to identify ESBLs. The isolates were tested for the 
presence of an inhibition zone on MHA for CAZ (30 g), 

CTX (30 g) and CAZ (30 g)+clavulanic acid (10 g). On 
MHA, two pairs of disks, CAZ with CAZ/clavulanic 
acid and CTX with CTX/clavulanic were positioned 
with a 20 mm gap between them. If the inhibition 
zone diameter in the presence of clavulanic acid was 
≥5 mm bigger than that without it, the ESBL test was 
considered positive[34].

Phenotypic detection of MBL:
Determination of MBL production among A. 
baumannii isolates, a recently prepared bacterial 
suspension adjusted to 0.5 McFarland was streaked 
for confluent growth on a MHA plate using a swab. 5 
ml of Ethylenediaminetetraacetic Acid (0.5 M EDTA) 
solutions were added into a paper disk, 6 mm in diameter 
and dried without being overfull. The disks were placed 
at the center of the plate. 10 mg of MEM, MEM with 
EDTA, IMP and IMP with EDTA disks were placed at 
a distance of 10 mm from the center, and the plate was 
incubated at 37° for 16-18 h. Disks with EDTA alone 
were served as the negative control. The presence of 
a zone around the antibiotics containing EDTA disks 
would indicate an MBL producer. Zone of inhibition 
larger than 2 mm when EDTA was added to the MEM 
and IMP disks, the isolate was considered to be MBL 
positive. The test was repeated three times[35,36].

Biofilm production:
In vitro biofilm, the detection was done by the 
quantitative microtiter plate method described by 
Christensen in 1985 which was considered as the gold 
standard method for biofilm detection. Each isolate was 
grown overnight in Tryptic Soy Broth (TSB) with 0.5 
% glucose. 200 ml of cell suspension was inoculated 
in sterile 96 well polystyrene microtiter plates. After 
24 h of incubation, the wells were gently washed 3 
times with 200 µl of Phosphate-Buffered Saline (PBS), 
then dried in an inverted position and stained with 1 % 
crystal violet for 15 min. The wells were rinsed again 
in 20 µl of ethanol 95 % to solubilize crystal violet. The 
Optical Density at 620 nm (OD620) was determined 
using a microplate reader. Each assay was performed 
in triplicate and the average OD was considered as 
Non-biofilm producer: OD<Optical Density cutoff 
value (ODc) negative, weak biofilm producer: ODc 
negative≤OD<2 ODc negative, medium biofilm 
producer: 2ODc negative≤OD<4 ODc negative and 
strong biofilm producer: 4 ODc negative≤OD[37].

Genotypic identification of A. baumannii isolates: 
The molecular analysis of multidrug and biofilm 
formation associated genes blaOXA51-like, blaOXA23-like, 
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ISAba1 and outer membrane protein A (ompA) in the A. 
baumannii isolates was employing standard multiplex 
PCRs. The defined and the sequences of the primers 
used in this study were listed in Table 1[38-40]. The primer 
mixing for carbapenemases and biofilm encoding 
genes were made in eppendorf tube and 20 µl of the 
reaction medium was employed for the PCR (2 µ DNA 
template+0.5 µM of each primer+4 µl hot start red load 
5× Master Mix (3.5 mM Magnesium chloride (MgCl2) 
final concentration)+fill to 20 µl with distilled water). 
The PCR conditions are as follows-Initial incubation at 
95° for 5 min followed by 30 cycles of reaction with 
the step of denaturation at 95° for 30 s, annealing at 
OXA51-like and OXA23-like 57° and ompA 56° for 
30 s and elongation at 72° for 1 min, followed by 30 
cycles and the step of final extension was at 72° for 7 
min. The electrophoretically separated PCR amplicons 
with red safe dye on a 1 % agarose and observed under 
Ultraviolet (UV) light.

Characterization of plasmid DNA content:
Isolation of plasmid DNA content from A. baumannii 
isolates: Preparation of plasmid miniprep kit had 
been optimized for the rapid high-yield plasmid DNA 
purification from 1-2 ml liquid. From a freshly streaked 
bacterial plate, one colony was taken and inoculated 
into Luria-Bertani (LB) broth with the appropriate 
antibiotic. The culture was shaken all night long during 
incubating. The extraction procedure was performed 
at room temperature according to the plasmid DNA 
miniprep kit guide.

Determination of plasmid DNA concentration: 
Plasmid DNA quantity was measured by Nano-Drop 
spectrophotometer to estimate the concentration and 
purity of extracted plasmid DNA through reading the 
absorbance at OD 260/280 nm and the ratio of reading 
should be between 1.9-2.2 in order to confirm the purity.
Detection of the thermo-sensitive plasmid DNA 
among A. baumannii isolates: A single colony from 
fresh bacterial isolate was inoculated onto sterile 
nutrient agar plates and cetrimide agar with and without 
antibiotics. The inoculated plates were incubated at 
25°, 37° and 42° overnight respectively, then the results 
of bacterial growth in each condition were recorded[41].

Determination of the site of conferring resistance 
to antimicrobial agents and biofilm formation: This 
is carried out by isolation of the plasmid DNA from 
the A. baumannii isolates and then transforming into 
standard bacterial strain (Escherichia coli (E. coli) 
Douglas Hanahan alpha (DH5-α)) that acts as bacterial 
hosts for DNA uptake. Before 24 h of transformation, 
the Calcium chloride (CaCl2) treated DH5-α competent 
cells were prepared and the transformation process 
was included briefly. 200 µl of component cells were 
transferred to a sterile chilled 1.5 ml eppendorf tube, 
then 100 µl of the DNA was added, mixed well and 
stored in ice for 30 min. The tube was transferred to 
42° and incubated for 90 s, then directly the tube was 
transferred to ice and allowed to chill for 1-2 min. 800 
µl of LB broth was added to the mixture and incubated 
for 45 min in a 37° water bath. The mixture was cultured 
on LB-appropriate antimicrobial plates and incubated 
overnight at 37° and then the genetic transformation 
frequency was calculated[42].

Target Primer Sequence 5’→3’ Amplicon size 
(bp) Reference

blaOXA-51-like

OXA-51-like F: 5-TAATGCTTTGATCGGCCTTG-3
353 [38]

OXA-51-like R: 5-TGGATTGCACTTCATCTTGG-3

blaOXA-23-like

OXA-23-like F: 5-GATCGGATTGGAGAACCAGA-3
501 [38]

OXA-23-like R: 5-ATTTCTGACCGCATTTCCAT-3

ISAba1
ISAba1 F: 5’-CACGAATGCAGAAGTTG-3’

451 [39]

ISAba1 R: 5’-CGACGAATACTATGACAC-3’

ompA
ompA F: 5’-GTTAAAGGCGACGTAGACG-3’

578 [40]

ompA R: 5’-CCAGTGTTATCTGTGTGACC-3’

TABLE 1: PRIMES USED FOR AMPLIFICATION OF GENES OF A. baumannii
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RESULTS AND DISCUSSION 
A total of 39 A. baumannii were collected from 102 
DFU patients (64 males and 38 females), their ages 
ranged from 37-88 y, attending Rizgary emergency 
department and different private hospitals in Erbil 
city, Iraq for a period of 10 mo from May 2020 to 
March 2021. 

A. baumannii isolates were identified based on the 
colonial morphology present on various culture 
media, specific biochemical tests and VITEK 
2® compact confirmation. The distribution of A. 
baumannii was 38.23 % (39 out of 102), in which 
27 (68.75 %) and 12 (30.76 %) of isolates recovered 
from males and females respectively (fig. 1). In many 
specialized hospital units as well as medical ICUs, 
outbreaks of infection caused by A. baumannii that 
are resistant to multiple antibiotic groups, including 
carbapenems, are a major concern. The main effect 
of having a carbapenem-resistant A. baumannii 
infection is that “last resort” antibiotics like CL, PB 
or TIG must be used[41]. The percentage of infections 
among males was higher than in females, thus males 
were more affected by DFUs than females. Our 
results are in agreement with those reported by other 
researchers in Iran and Iraq. They showed that the 
rate of infection in males were 67.4 % and 70 % 
respectively[43,44].

The biofilm forming capacity of isolates had been 
measured. A. baumannii can form biofilm on 
polystyrene surfaces. The microtiter plate method 
detected that 27 (69.23 %) of isolates were biofilm 
producers, while 12 (30.76 %) were non-biofilm 
producers (fig. 2). Similar results were recorded by 
Hassan et al.[45], they mentioned that 64.7 % of A. 
baumannii isolates from different clinical sources 
were biofilm producers. The capacity of A. baumannii 
to build biofilms is one of their most crucial virulence-

related attributes. Many recalcitrant infections were 
brought on by biofilm-producing bacteria, which 
are notoriously difficult to eradicate, so they show 
resistance to antibiotics by several methods such 
as decreased growth rate, limited penetration of 
antibiotic into biofilm and expression of resistant 
genes[46].

A. baumannii isolates from all 102 (100 %) DFU 
patients were found to contain beta-lactamase enzyme. 
There are four main molecular classes for beta-
lactamases: A, B, C and D. Serine-beta-lactamases 
refer to the classes A, C and D of beta-lactamase, 
while MBL refers to group B beta-lactamases. 
Newer beta-lactamases that hydrolyze cephamycins, 
cephalosporins, monobactams and carbapenems are 
growing concern because they reduce the range of 
available treatments, which can result in treatment 
failures and poor prognoses[43]. Several mechanisms 
causing resistance include cabapenemase production, 
modification of Penicillin-Binding Proteins (PBPs), 
loss of porins, and/or altered efflux pump activity[47].

All 39 isolates in this case were resistant to all 
antimicrobials studied, including CTX, CIP, LVX, 
AN, GN, PIP, PIP-TZM, TMP-STX, IMP and MEM, 
with 38 isolates (97.43 %) being resistant to CAZ, 
while the number and rate of resistance to CEF and 
TE was 37 (94.87 %), TN 35 (89.74 %), NET 30 
(76.92 %), TIG 1 (2.56 %) respectively. On the other 
hand, all 39 (100 %) of A. baumannii isolates were 
sensitive to CL and PB (fig. 3). These results agree 
with those mentioned by Hans et al. They found 
that all studied A. baumannii obtained from Indian 
hospitals were resistant to GN, erythromycin, TMP/
STX, PIP/TZM and CAZ, while they were sensitive 
to CL and TIG[43]. In addition, similar results were 
recorded in Iran among MDR A. baumannii in which 
91.2 % were resistant to CAZ[48].

Fig. 1: Distribution of A. baumannii according to the gender, (       ) Male and (      ) Female
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All of the examined A. baumannii isolates were 
discovered to produce MBL, while 12 isolates (30.76 
%) were tested positive for ESBL (fig. 4). Similarly, 
ESBL production was detected in 42 (28 %) of 
isolates in India[49]. On the other hand, a study in 
Saudi Arabia only 7 (7 %) of A. baumannii isolates 
were positive for ESBL using DDST screening 
method[50]. Our results indicate the prevalence of 
A. baumannii producing MBL which may cause 
outbreak in immunocompromised patients, thus 
increase morbidity and mortality and limit therapeutic 
options due to the high degree of MDR. The higher 
rate of MBL-producing bacteria may be due to 
patients having predisposing factors such as duration 
of hospital stay, the severity of illness, compromised 
immunity, contamination of respiratory care unit 
tubes, unit hygiene and catheterization[51]. Another 
remarkable reason for the occurrence of a high rate 
of MBL-producing A. baumannii is the abuse, misuse 
and random use of antimicrobial agents, especially 
broad-spectrum antibiotics.

Presence and prevalence of certain important 
genes encoding MDR and biofilm formation 

among carbapenem-resistant A. baumannii were 
studied namely blaOXA51-like, blaOXA23-like, ISAba1 and 
ompA, which encode carbapenem-hydrolyzing 
oxacillinases, expression of OXA carbapenemase and 
biofilm formation respectively, were screened on the 
molecular level using conventional PCR technique. 
This is of valuable importance in predominant 
virulence genetic markers and their dissemination 
in local strains of this nosocomial pathogen 
circulating in the Kurdistan region. Analysis of the 
occurrence of OXA-type encoding genes revealed 
that the studied genes were detected in all 39 (100 
%) of A. baumannii isolates. The genes encoding 
the blaOXA51-like β-lactamases are chromosomally 
located in all A. baumannii isolates[52]. Through the 
occasional detection of this gene in A. baumannii 
and Acinetobacter genomic species limits its use 
as a single identification method, on the other 
hand, the expression of intrinsic blaOXA51-like in 
A. baumannii due to ISAba1 insertion has been 
associated with carbapenem resistance. Our findings 
support those of other studies representing that all A. 
baumannii isolates were PCR positive for blaOXA51-like 
carbapenemase[38,53].

Fig. 2: The number and percentage of biofilm formation by A. baumannii, (      ) Biofilm producers and (      ) Non-biofilm producers

Fig. 3: The percentage of antimicrobial resistance pattern against A. baumannii, (     ) PB; (     ) CL; (     ) TIG; (     ) NET; (     ) TN; (    ) CEP; (      ) 
TE; (       ) CAZ; (       ) CTX; (       ) CIP; (       ) LVX; (       ) MEM; (       ) IMP; (       ) PIP-TZM; (       ) PIP; (       ) GN and (       ) TMP-STX
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In this study, all 39 (100 %) A. baumannii isolates 
were confirmed as blaOXA23-like gene positive. Similar 
studies performed in Qatar and Italy mentioned that 
all tested isolates were positive for this gene[54,55]. 
In the findings, that among isolates with blaOXA51-

like, as sole carbapenemase gene, IMP and MEM 
resistance was related only with isolates in which 
ISAba1 was upstream of blaOXA51-like suggests 
that ISAba1 providing the promoter for this gene, 
evidently suggesting that ISAba1 is important in the 
expression of this gene and the production of OXA-
23 was the major carbapenem resistance mechanism, 
with an upstream insertion of ISAba1, thus 
supporting international data about the worldwide 
emergence of this carbapenemase. Also the presence 
of ISAba1 in all 39 (100 %) isolates was detected 
positive for blaOXA51-like and blaOXA23-like gene and 
ISAba1 plays an important role in overexpression 
of these genes[51] (fig. 5-fig. 8). The incidence of co-
existence with ISAba1 was 80 %, 66 % and 85 %, 80 
% for blaOXA23-like and blaOXA51-like in Turkey and Egypt 
respectively[56,57]. The various results could be as a 
result of the various geographical locations, clinical 
samples and antibiotic patterns in various studies.

Meanwhile, the ompA was detected in all A. 
baumannii isolates. It has a significant role in several 
interactions during the host infection including 
initiation of apoptosis in host cells, adherence 
invasion to epithelial cells and differentiation of host 
immune cells. These findings clarify that ompA has 
a vital role in the pathogenesis of A. baumannii[58].
Our study agrees with that conducted in Iran by Azizi 
et al. They mentioned that all studied A. baumannii 
were PCR positive for ompA gene[59]. However, all 
the isolates are positive for ompA gene, but not all 
isolates were biofilm producers, this may be due to 
other genes like Biofilm-associated protein (Bap), 
Exopolysaccharide (EPS), chaperone-subunit usher 

E (csuE) and Biofilm-Based Fermentation Mode 
(BFM) which coding for biofilm formation also.

The results revealed that 25 (64.10 %) were harbored 
from one to four bands of plasmid ranged from 1 
kbp to more than 10 kbp. Analysis of plasmid DNA 
content by agarose gel electrophoresis revealed 
variation in their size and number (fig. 9). Our findings 
are in accordance with that reported by Aris et al., 
who mentioned that 72.7 % of tested A. baumannii 
isolated from different clinical sources harbor 
plasmids, while Chen et al. mentioned that 90 % of 
A. baumannii contain plasmids[60,61]. The presence 
of more than one DNA band in the agarose gel is 
a good indicator for the existence of more than one 
plasmid DNA species. The presented findings clarify 
the dissemination of plasmids among A. baumannii 
isolates that may carry genes encoding resistance to 
broad spectrum of commonly used antibiotics which 
may explain the reason of developing antibiotic-
resistant patterns in bacterial isolates under study, 
almost all our isolates harbored 1-2 high molecular 
weight plasmids more than 10 Kbp. According to the 
various researchers, the majority of A. baumannii 
isolates contain at least one large plasmid in 
addition to other smaller plasmids, which encode for 
several virulence factors such as hemolysin, toxins, 
biofilm formation, adherence ability, in addition to 
antibiotic-resistant markers. However, some of the 
isolates have no plasmids, yet they were resistant to 
a variety of antimicrobial agents commonly used. It’s 
possible that certain antibiotic resistance genes exist 
elsewhere, such as on transposable elements or the 
bacterial chromosome, rather than on the plasmid[61]. 
Since many species of bacteria contain plasmids, 
plasmid profiling or plasmid fingerprinting has been 
used to investigate outbreaks of numerous bacterial 
diseases and track the inter and intra-species spread 
of antibiotic resistance. Plasmids can also be used as 
marker of different bacterial strains[62].

Fig. 4: Phenotypic detection of (A) MBL positive and (B) ESBL positive by DDST of A. baumannii isolates
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Fig. 5: PCR product of blaOXA51-like gene in A. baumannii, M: 100 base pair (bp) DNA ladder; A: A. baumannii representative isolates tested and NC: 
Negative Control

Fig. 6: PCR product of blaOXA23-like in A. baumannii, M: 100 base pair (bp) DNA ladder; A: A. baumannii representative isolates tested and NC: Neg-
ative Control

Fig. 7: PCR product of ompA in A. baumannii, M: 100 base pair (bp) DNA ladder; A: A. baumannii representative isolates tested and NC: Negative 
Control

Fig. 8: PCR product of ISAba1 in A. baumannii, M: 100 base pair (bp) DNA ladder; A: A. baumannii representative isolates tested and NC: Negative 
Control

Fig. 9: Plasmid profile of 5 isolates A5, A11, A16, A26, A39, the size and molecular weight of the obtained bands are estimated by comparing them 
with standard DNA marker 10 000 bp
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Also, the ability of purified DH5-α transformant 
colonies to produce ESBL enzymes was tested and the 
results revealed that these transformant colonies were 
ESBL producers, indicating that the genes coding 
for ESBL production located on plasmid DNA and 
successfully transformed to the standard laboratory 
E. coli DH5-α strain. Furthermore, the ability of 
purified DH5-α transformant colony to produce 
biofilm was tested and the results demonstrated their 
ability to grow on Congo red agar and produce typical 
black colonies with a dry crystalline consistency. 
These findings indicate that the genes encoding 
biofilm formation are also located on plasmid 
DNA. Association of plasmid-mediated quinolone 
resistance and ESBL is well documented[49,61]. The 
presence or lack of plasmids is highly connected 
with resistance to different antimicrobial drugs and 
we observed a tendency for the resistance ratio to 
rise as the quantity of plasmids rose. Usually strains 
harboring multiple plasmids simultaneously show 
co-resistance to various antibiotic classes[62].

Furthermore, genetic transformation experiment was 
performed to determine the site of genes encoding 
antibiotic resistance in A. baumannii isolates A3, 
A11 and A28. The process of genetic transformation 
depends on the ability of laboratory E. coli DH5-α 
strain, which has known genotype to be transformed 
from sensitive strain to resistant one for certain 
antimicrobial agents after treating with CaCl2 and 
exposing to the prepared plasmid DNA from chosen 
bacterial isolates using heat shock technique. In 
this study, the genes that encode resistance to AN, 
TE, CAZ, CIP, GM and CXT were located on 
plasmid DNA studied A. baumannii isolates. DH5-α 
transformant colonies showed different levels of 
resistance to mentioned antibiotics, which might 
be explained by the antibiotic resistance genes 
present on several R-plasmid fragments[63]. The 
incorporation of a variety of DNA fragments during 
natural transformation with species-foreign DNA 
may affect the antimicrobial sensitivity profile and 
contribute to the development of antimicrobial 
resistance in bacteria[64]. A. baumannii genome is 
significantly formed by horizontal gene transfer 
events. This is especially true for genetic components 
that confer antibiotic resistance and that are thought 
to have been acquired from closely related species 
like Pseudomonas and Enterobacteriaceae. Recently, 
another possible horizontal gene transfer pathway 
was identified in A. baumannii showing that the outer 
membrane vesicles can mediate transfer of resistance 

genes[65]. No thermo-sensitive plasmids were found 
in this study.

The prevalence of DFU in diabetic patients is high. If 
left untreated, these infections, which are frequently 
poly-microbial in nature and have a higher level 
of morbidity, can result in amputations. Due to the 
emergence of MDR, A. baumannii is becoming global 
medical challenge and also the rate of infections 
with MDR especially, MBL and ESBL isolates of 
A. baumannii remarkably increased among patients 
admitted to ICU and different hospital wards in 
Erbil city. Carbapenems are known to be effective 
therapeutic agents for A. baumannii infections and 
their resistance limits the treatment options and 
restricts to use PB and CL. Increased expression of 
blaOXA51-like and blaOXA23-like genes is associated with 
presence of upstream insertion sequences of ISAba1 
in all MDR studied isolates. A. baumannii develops 
antimicrobial resistance via horizontal gene transfer 
including plasmid acquisition in addition to other 
transposable elements and the genes that encode 
ESBL, biofilm formation and resistance to many 
commonly used antibiotics located on plasmid DNA. 
To distinguish cooperative or commensal behavior 
of uncommon species, more research is required to 
understand the interactions along with coexistence of 
the bacterial pathogens involved in DFU infections.
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