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ABSTRACT

The current study focused on Acinetobacter baumannii because of its increasing importance as 
a causative agent of infection in hospitals and its resistance to many antibiotics. A total of 204 
samples were collected from various cases from main hospitals in Mosul City (Iraq) and were 
cultured on selective media (HiCromeTM Acinetobacter Agar Base and MacConkey Agar). Bacteria 
were identified by conventional and molecular methods by detecting the blaOXA-51-like gene, 
which is genetically considered a diagnostic gene because it is present in all strains of A. baumannii. 
Results: A total of 18 sample isolates of A. baumannii were positive out of the 204 collected 
samples distributed in burned skin, respiratory tract infections, wounds and urine. Ten virulence 
genes (las I, lasR, RhlI,  RhlR, cvaC, iutA, kpsMTII, PAI, ibeA, traT ) were also detected in our local 
A. baumannii, the results showed the presence of Quorum Sensing genes (lasI, lasR, RhlI, RhlR) 
with percentages 84.2%, 84.2%, 89.4%, 26.3%, respectively. PAI gene showed in the 19 bacterial 
strains (including the standard) with 94.7%.  kpsMTII,  traT, and iutA genes with percentages of 
31.5%,  26.3%, and 5.2% respectively, while cvaC and ibeA genes were not recorded in any of the 
isolates under study.

Keywords: Acinetobacter baumannii, blaOXA-51 gene, Quorum Sensing genes, Virulence factor 
genes

INTRODUCTION

Acinetobacter baumannii (A. baumannii) is 
Gram-negative aerobic non-lactose-fermenting 
coccobacilli, considered an opportunistic 
bacterium responsible for nosocomial infections 
due to their virulence factors and its resistance 
to antibiotics. This bacterium can survive in the 
hospital environment together with Pseudomonas 
aerogenosa and causes pneumonia, urinary tract 
infections, oozing wounds, burns and infections 

bacteremia, skin infections and infections 
in intensive care units (ICU), especially in 
immunocompromised patients. It was classified by 
the World Health Organization (WHO) as one of the 
ESKAPE (Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa and 
Enterobacter spp.) groups [1,2]. 
The Acinetobacter genus was discovered in 
the early twentieth century and its name was 
associated with the Iraq war Iraqibacter. It is 
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non-motile, oxidase negative, and catalase 
positive, and has a GC content of 38.76–39.7% 
[3]. It has many species, the most common is A. 
baumannii. It is found in many environments, 
including soil, water, and food, in addition to the 
hospital environment and medical equipment 
[4]. The diagnosis of bacteria depends on its 
ability to grow on MacConkey agar, blood agar 
and other differential media. Also, the Gram 
stain is considered a beneficial tool for diagnosis. 
Differential biochemical tests such as Oxidase, 
Oxidative/Fermentation glucose test, Triple Sugar 
Iron test, Methyl Red, Vogas–Proskauer, Citrate 
Utilization, Motility and its ability to grow at a 
temperature of 44°C are also dependent [5].
A. baumanii diagnosis is definitively based on 
the Oxa-type genes, especially the subgroup of 
Carbapenemase gene Oxa-51  using the PCR 
technique [6]. A. baumannii has many virulence 
factors:  quorum sensing, biofilm formation, 
endotoxin, iron ligand production and cytotoxic 
necrotizing factor. Bacterial virulence factors are 
compounds that increase their potency, such as 
attaching to the host cell surface and evading the 
host's immune response [7]. In comparison to 
virulence factors identified for other Gram-negative 
bacteria, some virulence factors had been shared 
with A. baumannii. Virulence factors like efflux 
pumps, hemolytic factors, iron acquisition systems, 
lipopolysaccharides, and OmpA can trigger host 
immunological responses or bacterial adhesion to 
epithelial cells [5]. Due to the importance of this 
bacteria in terms of the increase in the spread of 
its infections due to the different virulence factors 
it possesses and its high resistance to antibiotics, 
we decided in this study to conduct a rapid survey 
to estimate the percentage of its strength from 
different clinical samples to reveal the extent of 
its dominance in clinical cases and then investigate 
what these isolates possess Virulence factors by 
detecting the genes in its genome through the 
Multiplex PCR technique.

METHODS

Specimens Collection and Culturing: 204 samples 
were collected from different clinical cases in 
Mosul City hospitals (Iraq). These hospitals 
include: Al-Salam Teaching Hospital, Al-Khansaa 
Teaching Hospital, Al-Zahrawi Teaching Hospital, 
Mosul General Hospital, Ibn-Sina Teaching 
Hospital, Albatool Teaching hospital Public Health 

Laboratory, and Mosul Specialized Center for Burns 
and Plastic Surgery
The samples included 89 burns, 40 respiratory tract 
infections, 33 wounds, 17 blood, 13 vaginal swabs, 
and 12 urine, in addition to using the standard 
strain of  A. baumannii 19606, kindly provided by 
Medya Diagnostic Center in Erbil (Iraq).
Samples were transferred under aseptic conditions 
and cultured on MacConkey agar (Figure 1A) and 
selective medium Hicrome Acinetobacter agar 
Base (Figure 1B). The plates were incubated at 
37oC for 24 h. The necessary biochemical tests 
were conducted for the initial diagnosis of  A. 
baumannii. The tests included Oxidase, Catalase, 
Triple Sugar Iron test, Citrate Utilization and growth 
at a temperature of 44°C.
Colonies of A. baumannii appeared in the 
MacConkey medium as pale yellow colonies due to 
not fermenting the lactose, with a smooth round 
shape, about 2-3 mm in diameter, While its colonies 
appeared on the HiCromeTM Acinetobacter Agar 
Base as a glossy violet colour and smooth round 
shape with 2-3 mm in diameter.

Genetic extraction and detection: The DNA of 
the suspected bacteria of being A. baumannii 
was extracted by using a DNA Extraction kit from 
(AddBio, Korea). A Nanodrop spectrophotometer 
was used to measure the concentration and purity, 
and finally, the electrophoresis was carried out in 
an agarose gel of 2% to detect the DNA.
Gene design and identification: The primers were 
blasted as forward and reverse with suitable 
specific base pair sizes as per Table 1. The presence 
of the bla oxa-51-like gene was investigated in all 
local isolates to ensure that they belong to the 
species A. baumannii, as this gene was relied upon 
as a diagnostic gene for this bacterium because 
it is present in the genome of all A. baumannii 
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Figure 1: Colonies of cultured A. baumannii on 
(A) MacConkey agar and (B) Hicrome agar
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bacteria. Therefore, it is differentiated from the 
rest species belonging to the genus Acinetobacter, 
this gene has a molecular size of 353 base pairs. 
Table 1 shows the primers used to identify the 
diagnostic gene [8]. The genes were investigated 
using the PCR technique, and the PCR mixture was 
prepared as per the manufacturer's instructions 
[9].

Electrophoresis was carried out after the 
preparation of agarose gel 2%.  8 µL of each 
sample of DNA amplification products resulting 
from PCR were added to agarose wells. 5 µL 
of DNA ladder was added in the first well, and 
the electrical migration was carried out by 
applying an electric potential difference to the 
tray of 50 volts for 60 minutes. Then, agarose 
was placed in a transilluminator apparatus. The 

Gel Documentation System was used to detect 
amplified products and the appearance of bands.
To determine the presence or absence of some 
virulence genes: (LasI, LasR, rhlI, rhlR, cvaC, iutA, 
kpsMT II, PAI, ibeA, traT)  in our local bacterial 
isolates, a PCR mixture was prepared as the 
total size 25 µL, includes 4 µL DNA (50 ng/µL), 
primers (10 µmol) for each forward and reverse 
primer (1 µL/ primer), 12.5µL master mix (2X) 
and 6.5 µL nuclease-free water. Multiplex PCR 
program (standard steps of primary denaturation, 
denaturation, annealing, extension, and final 
extension) is used to detect virulence genes 
optimized for each gene [10,11].

RESULTS

Results of identification: After collection of 204 

The gene Primer sequences (5´-3´) Gene size bp
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LasI
F-TCGACGAGATGGAAATCGATG

R-GCTCGATGCCGATCTTCAG
402 bp

LasR
F-TGCCGATTTTCTGGGAACC

R-CCGCCGAATATTTCCCATATG
401 bp

rhlI
F- CGAATTGCTCTCTGAATCGCT

R-GGCTCATGGCGACGATGTA
182 bp

rhlR
F-TCGATTACTACGCCTATGGCG

R-TTCCAGAGCATCCGGCTCT
208 bp

cvaC
F-CACACACAAACGGGAGCTGTT

R-CTTCCCGCAGCATAGTTCCAT
680 bp

iutA
F-GGCTGGACATCATGGGAACTGG

R-CGTCGGGAACGGGTAGAATCG
300 bp

kpsMT II
F-GCGCATTTGCTGATACTGTTG

R-CATCCAGACGATAAGCATGAGCA
272 bp

PAI
F-GGACATCCTGTTACAGCGCGCA

R-TCGCCACCAATCACAGCCGAAC
930 bp

ibeA
F-AGGCAGGTGTGCGCCGCGTAC

R-TGGTGCTCCGGCAAACCATGC
170 bp

traT
F-GGTGTGGTGCGATGAGCACAG

R-CACGGTTCAGCCATCCCTGAG
290 bp

Diagnostic target gene 
(blaOXA-51 gene)

bOXA-51-F

bOXA-51-R

F-TAATGCTTTGATCGGCCTTG

R-TGGATTGCACTTCATCTTGG
353 bp

Figure 1: The primers of diagnostic and virulence genes  and their molecular sizes
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samples from Mosul hospitals from different 
clinical cases, including 89 burns, 40 respiratory 
tract infections, 33 wounds, 17 blood, 7 vaginal 
swabs, and 12 urine (Table 2). The results showed 
that 93 samples had no growth on the culture 
media.  These 112  samples had mixed growth 
on the culture media, these gave 136 bacterial 
isolates on MacConkey agar. Suspected colonies 
were subcultured using the streaking method to 
obtain pure bacteria.
A. baumannii isolates were negative for the oxidase 
test, catalase was positive, TSI was k/k, lack of gas 
production, positive for citrate utilization, and it 
succeeded in growth at temperatures of 37 °C and 
44°C.
The results of the PCR technique revealed a band 
with a molecular weight of 353bp, as shown in 
Figure 2. According to this result, 18 bacterial 
strains belonging to the species of A. baumannii 
had an 8.7% isolation percentage.

Sample isolates: Eighteen isolates of A. baumannii 
were collected from different clinical settings 
of Mosul hospitals representing 8.8% positive 
samples from overall collected cases, distributed 
as 10.1% from burned skin, 12.5% from Respiratory 
tract infections, 6% from wounds and urine, while 
blood and vagina were negative cases (table 

2). A. baumannii is prevalent in Mosul hospitals 
and medical attention is required to control and 
prevent the spread of this bacterium.

Distribution of the virulence genes among local A. 
baumannii isolates: Ten genes were used for the 
investigation of virulence factors molecularly in 
A. baumannii  (las I, lasR, RhlI,  RhlR, cvaC, iutA, 
kpsMTII, PAI, ibeA, traT) in local strains by using 
the Multiplex PCR technique and specific primers 
for each. The molecular weight of the products of 
each gene was detected by ladder. Table 3 shows 
the distribution of virulence genes in local A. 
baumannii isolates as well as the standard strain 
ATCC A. baumannii 19606. The results show that 
our isolates have different genes of virulence 
factors.
Quorum sensing genes (QS): The genes of Quorum 
sensing (lasI, lasR, RhlI, and RhlR)  were investigated 
in all isolates. The results showed the presence 
of these genes in local isolates by 15 isolates for 
each of lasI and lasR with  83.3%. The gene rhlI was 
found in 16 isolates, with 88.8%, while 4 isolates 
contained gene rhlR with 22.2%.

Figure 2: Electrophoresis of PCR product for 
blaoxa-51 like 353 bp for 11 A. baumannii isolates

Sample source Total number of sample No.(%) of A.baumannii isolates % of total samples

Burns 89 9  (10.1) 4.3

Respiratory tract infections 40 5  (12.5) 2.4

Wounds 33 2   (6.0) 1

Blood 17 0  (0.0) 0

Vaginal swab 13 0   (0.0) 0

Urine 12 2  (6.0) 1

Total of samples 204 18 8.7

Table 2: Sample sources and the number of A.baumannii isolates.

Figure 3: Electrophoresis of PCR product for (A) 
lasR gene 401 bp of A. baumannii isolates, (B) 
RhlR gene 208 bp of A. baumannii isolates.
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DISCUSSION

One of the most effective organisms causing 
nosocomial infections in the current healthcare 
system is A. baumannii because of their capacity 
to persist in a hospitalized setting for an extended 
period, biofilm development, lipopolysaccharide, 
outer membrane proteins, and the protein 
secretion system are all virulence characteristics 
that allow these bacteria to survive in the harsh 
conditions of a hospitalized environment [12].
 A. baumannii is frequently isolated in nosocomial 
infections, especially in intensive care units, since 
they attack debilitated and immunocompromised 
patients; in addition, they have a high tolerance 
against antibiotics and an inherent ability to 
acquire antibiotic resistance genes, being, 
therefore, a serious emergent health problem. 
Their QS systems consist of homologues of the 
LuxR and LuxI proteins in Vibrio fischeri, known as 

AbaR receptor and AbaI (synthase) and play a role 
in biofilm formation and motility in Acinetobacter 
species. This QS system is an important virulence 
factor responsible for the outstanding antibiotic 
resistance and survival properties in the latter 
species [13].
The results revealed that 12 isolates shared the 
presence of each of the lasI, lasR, and rhlI genes, 
while 4 isolates shared the presence of the four 
genes combined. Elnegery et al. mentioned 
that lasR was detected in 47 (94%) out of 50 P. 
aeruginosa isolates collected from infected burn 
wounds and only three isolates did not harbour the 
gene [14]. The rhlR gene was detected in 45 (90%) 
out of 50 P. aeruginosa isolates collected, while 
only five 10% isolates did not harbour the gene.
Synthesis of N-(3-hydroxydodecanoyl)-L-HSL 
(3-hydroxy-C12-HSL) is catalyzed by abaI from A. 
baumannii. The completed genome sequence 
of A. baumannii strain ATCC 17978 indicates that 

Table 1: The distribution of virulence genes in A. baumannii  isolates

Sample source NO. of 
isolates

lasI lasR RhlI RhlR cvaC iutA kpsMTII PAI ibeA traT

Burns

1 1 1 1 0 0 0 0 1 0 0

2 1 1 1 0 0 0 0 1 0 0

3 1 1 1 0 0 0 0 1 0 0

4 1 1 1 0 0 0 0 1 0 0

5 1 1 1 0 0 0 0 1 0 0

6 1 1 1 0 0 1 0 1 0 1

7 1 1 0 0 0 0 0 1 0 0

8 0 1 1 0 0 0 1 1 0 0

9 1 0 1 0 0 0 1 0 0 0

Respiratory tract

infections

10 1 0 1 0 0 0 0 1 0 0

11 0 0 0 0 0 0 0 1 0 0

12 1 1 1 1 0 0 1 1 0 1

13 1 1 1 1 0 0 1 1 0 1

14 1 1 1 1 0 0 1 1 0 1

Wounds
15 1 1 1 1 0 0 1 1 0 1

16 1 1 1 0 0 0 0 1 0 0

Urine
17 1 1 1 0 0 0 0 1 0 0

18 0 1 1 0 0 0 0 1 0 0

Total (%)
15

83.3

15

83.3

16

88.8

4

22.2

0

0

1

5.5

6

33.3

17

94.4

0

0

5

27.7

A. baumannii 19606 S 1 1 1 1 0 0 0 1 0 0
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autoinducer synthase abaI (gene A1S_110) and 
acyltransferases may be the sole participants in the 
synthesis of AHL signals of variable chain length by 
the organism. Many strains of Acinetobacter 63% 
produce more than one AHL. None of the AHL 
signals can be specifically assigned to a particular 
species of the genus. Acinetobacter quorum 
signals are not homogenously distributed, and 
therefore, the distinction between virulent and 
non-virulent strains based on QS signals is difficult. 
Communication between bacteria concerning 
cell density is integral to the maturation of 
Acinetobacter spp. biofilm and efflux pump [15,16]. 

The iron uptake (siderophores) system consists 
of  Yersinobactin (fyuA gene) and aerobactin (iutA 
gene). The ability of the two genes that encode 
for these two proteins to help the bacteria to 
survive when grown in low-iron conditions, the 
results of the study showed the presence of iutA 
in only one isolate from the total 18 A. baumannii 
by 5.5%. This finding may be because no limitation 
of iron is there, the results were similar to the 
study conducted by Ahmed and Mohammad,  
where the gene iutA was present in two isolates 
from a total of 19 pathological isolates [17]. Also, 
our results were consistent with the study that 
was not recorded in their isolates from cases of 
urinary tract infection [18]. Darvishi indicated that 
the percentage of gene isolation was 25% [4]. The 
reason for the non-existence of the iutA gene in 
our invaders may be due to its have of the types 
of iron carriers Siderophores other than it was 
targeted in our study. iutA gene works on encoding 
a membrane protein that is important in taking 
iron and converting it into Ferric iron through 
transferase enzyme and thus increases the growth 
of microorganisms in the tissue and body fluids of 
the host, which increases the pathogenicity of the 
bacteria. 
The presence of the kpsMTII gene in our results was 
6 isolates from a total of 18 A. baumannii 33.3%. 
Zeighami et al. mentioned that the percentage of 
the presence of genes was 57%, which is higher 
than the percentage of our study, and it may return 
to the difference in the numbers of isolates [19]. 
Adhesive Virulence Factors are subdivided into two 
parts; Fimbrial VF: which includes fim H, Sfa/ focDE, 
pap and Non fimbrial VF: which includes csg, fnb, 
kps MT. baumannii has many biofilm-related genes 
(bfmS, epsA, CsgA, pgaB, Kps MT, amp A, bap, bla 
PER-1, CsuE) [20]. The possession of the bacteria to 

the capsule it able to resist difficult environmental 
conditions such as heat and drought, and to 
survive on living bodies and nonliving surfaces The 
bacteria containing the kpsMT gene encodes the 
polysaccharide layer that surrounds the cell and 
thus form a capsule that is considered one of the 
adhesion factors [21].
Pathogenicity Islands transform genes that encode 
one or more virulence factors such as adhesins, 
toxins, and invasins. PAI is located on the bacterial 
chromosome or may be transmitted by plasmid [22]. 
The results of the study showed a distinct presence 
of the PAI gene in our local isolates, 17 isolates of A. 
baumannii were carriers of the PAI gene by 94.4%.  
Our results did not agree with the results of the 
researcher’s study by Al Mahdi et al., in Babylon 
City (Iraq), as the percentage of gene presence 
was 28.5% with two isolates out of a total of 7 
A.baumannii  [23]. This percentage was considered 
low compared to our study, and the reason may 
be that PAI is not stable and is deleted at high 
frequencies, and it is possible to lose large parts of 
them or even lose them completely [24]. Because 
there have not been prior investigations on the 
PAI gene in A.baumnnii, other studies conducted 
by Bagaya et al. and Rezatofighi et al., indicate its 
presence in E. coli bacteria [25,26]. Therefore, 
its presence in our isolates may be attributed to 
its transmission between related isolates. PAI is 
part of the group of flexible genes, its prevalence 
has become richer than previously thought, and 
it has become one of the most common genetic 
formations found in the genomes of many types of 
bacteria, and the name (Pathogenicity Islands) has 
been changed to (Genomic Islands) encode a wide 
range of functions that carry genes useful for the 
survival and transmission of bacteria [27].
The ibeA gene encods to invasion protein A 
weighting 50KDa. The presence of the gene was 
not recorded in any isolates, and compared to what 
was stated in the study conducted by Momtaz et 
al., the percentage of presence was 12.39% of the 
total of 121 of A. baumannii, which is considered a 
low percentage [28]. Al-Mahdi et al., mentioned in 
their study on the isolated A. baumannii from the 
wounds in Hilla City (Iraq) that the percentage of the 
presence of ibe A was 71.4% with 5 isolates out of a 
total of 7, it highest compared to local studies, and 
the researcher may have to explain the different 
results to the different types of clinical samples 
(blood, burn, wounds --etc), as the presence of the 
gene determines the location of the sample [23]. 
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Because there have not been prior investigations 
on the ibeA gene in A.baumnnii, we compare to 
studies that were conducted on E.coli . where ibeA 
encoded in E.coli a virulence factor responsible for 
meningococcal evasion in the newborn genome 
of 213 pathogenic E.coli (APEC), it can penetrate 
the microvascular endothelium cells and cross 
the blood to the brain; thus, ibeA gene is directly 
related to the pathogenic strains [29].   
Our study did not show the presence of the cvaC 
gene in any of the local A. baumannii isolates 
under study. This result was not consistent with a 
study conducted in Baghdad City (Iraq) by Abdullah 
and  Ahmed. In their study, the isolates containing 
cvaC reached 16 isolates out of a total of 38 A. 
baumannii [30], and our results did not agree 
with many studies, including Al Kadmy et al. and 
Momtaz [12,28]. cvaC gene is responsible for the 
production of Colicin protein, a protein produced 
by many bacterial strains such as E.coli and many 
Shigella, Citrobacter, to Enterobacteriaceae. Colicin 
is divided into types A, B, D, V, and I. It consists 
of 103 amino acids, it is an antibacterial peptide 
that kills some bacterial species that contain its 
receptors, and therefore it works to change the 
cell membrane [31].
The traT gene is a non-adhesive virulence factor 
responsible for encoding a protein that inhibits the 
classical pathway of complement activation. It is 
part of an F-like plasmid and is thus serum serum-
resistant. The results showed the presence of traT 
of an operon in our local isolates in 5 isolates with 
a rate of 27.7%. A study conducted by Parviz et al. 
in Iran revealed 50 isolates of A. baumannii the 
presence of the gene in 40 isolates with 80% [11], 
which is considered a higher percentage compared 
to our study, while a study by Momtaz et al., 
showed that the presence of traT gene in 121 A. 
baumannii was only 1  isolate carrying the gene at 
a rate of 11.57% [28], and this percentage is lower 
than that of our study.
While the study contributes to our knowledge 
of the distribution of virulence genes in A. 
baumannii, it is important to acknowledge its 
limitations, such as the small sample size, limited 
gene selection, reliance on PCR techniques, lack of 
phenotypic analysis, and neglect of environmental 
factors. Future research should aim to address 
these limitations to obtain a more comprehensive 
understanding of the pathogenicity of this 
bacterium.

CONCLUSION

According to the results obtained, the bacteria 
are prevalent in our society with a percentage not 
to be underestimated, and the highest presence 
of these bacteria is among patients with burn 
injuries. Moreover, the spread of pathogenic genes 
in A. baumannii, especially the gene PAI and the 
genes lasI, lasR, rhlI, and rhlR, indicates their ability 
to acquire recombinants continuously, especially 
gene PAI, which is a jumping gene, as well as genes 
lasI, lasR, rhlI, rhlR, which is affected by the vicinity 
of bacteria. So, the necessary measures must be 
taken by health institutions to take these bacteria 
seriously and limit their spread.
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