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Abstract
Due to the emergence of antibiotic resistance in Acinetobacter baumannii which is one of the important
causes of nosocomial infections, many problems have been raised in the successful treatment of
patients with the subsequent mortality. So, the present study was performed to evaluate the antibacterial
effect of Actinidine dehydrochloride, Actinisept, and Benzalkanium chloride against Acinetobacter
baumannii strains isolated from clinical samples and to determine the genetic diversity of strains by
RAPD-PCR. A total of 119 non-duplicate, suspected Acinetobacter baumannii isolates were collected and
con�rmed by conventional culture and biochemical tests and PCR technique. Susceptibility of the
isolates to antibiotics was evaluated by standard Antibiotic susceptibility testing (AST). For antiseptics
Octenidine dihydrochloride (OCT), Actinisept, and Benzalkonium chloride (BZK), Minimal inhibitory
concentration (MIC) was assessed. The prevalence of Qac E and Qac delta E genes related to antiseptics
was estimated by PCR. Finally, genetic diversity of strains was determined by RAPD-PCR. All 119
suspected isolates were con�rmed as Acinetobacter baumannii using conventional tests and PCR. The
isolates were mostly originated from blood samples. In AST, the lowest resistance was seen for
cipro�oxacin and gentamicin. The MIC values were reported as OCT (15.26 µg) and BZK (640 µg). The
antiseptic genes of qacE and qac ΔE1 were found to be present in 56 (47.05%) and 59 (49.57%) of
isolates respectively. RAPD typing method revealed great diversity among A. baumannii isolates, with 37
clusters in isolates from ICU, of which 32 isolates were single and 5 were multiple. In conclusion,
considering the increase of resistance to antiseptics, it is of importance to monitor the susceptibility of A.
baumannii to antiseptics and to promote antiseptic stewardship in hospitals. Furthermore, in this study
great diversity among A. baumannii was observed making it di�cult to properly carry out infection
control policies.

analysis of RAPD-PCR typing results, and we found 37 clusters, among them 32 isolates were single and
5 were multiple. So, the method generated 37 RAPD type which shows great diversity among 57 out of 62
A. baumannii isolates at 80% cutoff.

Introduction
Acinetobacter baumannii known greatly as a troublesome nosocomial throughout the world. Its clinical
importance has been driven by a notable ability to get resistant determinants which makes it one of the
most successful multipledrug-resistant (MDR) organisms threatening present antibiotic therapy [1]. In
addition, reports of extensively drug-resistant (XDR) and pandrug-resistant (PDR) isolates of A.
baumannii have been received from different countries resulting in identifying the bacteria as a critical
priority pathogen by The World Health Organization (WHO), that can cause a great threat to human health
[2–4]. In the past decade, the selection and use of systemic antibiotics have been restricted as a result of
an increase in antibiotic resistance. In comparison with antibiotics, antiseptics have a more extensive
spectrum of activity as well as multipleple targets on and in bacterial cells. Moreover, antiseptics can be
employed at higher concentrations directly onto the skin, mucous membranes and wounds [5]. Octenidine
dihydrochloride (OCT), Octenisept, and Benzalkonium chloride (BZK), can be mentioned as antiseptics
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with broad spectrum of activity against bacteria, fungi and viruses [6, 7]. Particularly, in high-risk areas
such as intensive care units when used in patient decolonization procedures, the dissemination of MDR
bacteria may be declined by antiseptic molecules. Though hospitals increasingly use antiseptics to
control the spread of nosocomial infections, its regular use of antiseptics has increased concerns about
its resistance [8, 9].

Qac genes which reduce susceptibility to quaternary ammonium compounds have been described in a
various range and are widely disseminated among clinical and environmental bacteria. Qac A/B followed
by qac C/D genes is frequently seen in gram positive while qac E is related to gram negative bacteria [9–
11].

Such outstanding tendency to cause outbreaks has derived numerous researchers worldwide to develop
typing techniques to assist infection preventionists and hospital epidemiologists with more e�ciently
implement intervention controls [12].

Several typing methods have been developed to characterize the epidemiology and clonal association of
A. baumannii strains including pulsed-�eld gel electrophoresis (PFGE), multiplelocus sequence typing
(MLST), multiple loci VNTR analysis (MLVA) and much interest has recently been focused on rapid
methods for DNA �ngerprinting based on PCR methods such as repetitive sequence-based PCR (rep-PCR)
and randomly ampli�ed polymorphic DNA (RAPD) analysis [12]. RAPD PCR (random ampli�cation of
polymorphic DNA PCR) is an uncomplicated, prompt, reasonable, and highly used typing method which
does not require advanced knowledge of DNA sequences of the target organism [13]. RAPD has gained
success in typing A. baumannii in local contexts [12].

This study aimed to detect the RAPD PCR �ngerprint, antibiotic resistance patterns, antiseptic
susceptibility and the presence of qac E genes in clinical isolates of A. baumannii.

Materials And Methods

Study design and bacterial isolates
A total of 119 non-duplicate, gram-negative, non-fermentative isolates suspected to Acinetobacter
baumannii were collected from September 2018 to May 2019. The isolates were from samples of
patients referred to the medical diagnostic laboratories of the four teaching hospitals (Golestan, Emam
Khomeini, Razi and Taleghani) a�liated to the Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran. Isolates were originated from different clinical samples such as blood, wound, cerebrospinal �uid,
urine, as well as different wards including intensive care unit (ICU), surgery, neonatal intensive care unit
(NICU), and Women's internal ward. The isolates were streaked on MacConkey agar (Merck, Darmstadt,
Germany) and incubated aerobically at 37°C for 24 hours, and were con�rmed by microbiological
standard tests including Gram staining, motility, oxidase, peroxidase, and oxidative-fermentation (OF)
reactions [14].
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Molecular identi�cation of A. baumannii
Boiling method was used for DNA extraction as described previously [15]. The DNA quantity and quality
were evaluated using Nano Drop Spectrophotometer PROMO (Thermo Scienti�c,

USA) and agarose gel electrophoresis respectively. Identi�cation of A. baumannii was con�rmed by PCR
detection of blaOXA-51-like gene according to Turton et al. [16], and gyrB gene based on the method of
Higgins et al. [17].

Antimicrobial susceptibility testing (AST)
The susceptibility of isolates to 6 antibiotics was determined by Kirby–Bauer disk diffusion method on
Mueller–Hinton agar (Merck, Darmstadt, Germany) according to the Clinical and Laboratory Standards
Institute (CLSI) guideline [18]. The antibiotics were as: piperacillin-tazobactam (100/10 µg), imipenem (10
µg), meropenem (10 µg), gentamicin (10 µg), amikacin (30 µg), and cipro�oxacin (5 µg) ((MAST,
Berkshire, UK). Escherichia coli ATCC 25922 was used as quality control.

Antiseptic susceptibility
Antiseptics OCT (Octenisept), and BZK were obtained from Schulke & Mayr (Norderstedt, Germany) &
Sigma Aldrich (St Louis, MO, USA) respectively. Minimum inhibitory concentration (MIC) of antiseptics
were determined by the broth microdilution according to the CLSI guideline [18]. The OCT and BZK (100
µl) were subjected to two-fold serial dilutions in a 96-well microtiter plate with sterile Mueller–Hinton
broth (MHB) to achieve �nal concentrations ranging from 0.625 to 1280 µg/ml for BZK and 0.122 to 250
µg/ml for OCT. Finally, 100 µl of bacterial suspensions (adjusted to 1 × 106 CFU/ml), were added to each
well to achieve the �nal concentration of 5 × 105 CFU/ml. Plates were incubated at 37°C for 24 h. The
lowest concentration of the disinfectant preventing bacterial growth was considered to be the MIC.

The minimum bactericidal concentration (MBC) was de�ned as the lowest concentration of antiseptics
where 99.9 % or more of the initial inoculum was killed and was determined by subculture of 10 µl, from
each well where visible growth was prevented, on Mueller–Hinton agar (MHA) plates.

PCR amplication qacE and qac ΔE1 genes
The presence of qacE and qac ΔE1 genes in A. baumannii isolates was determined using the set of
primers described previously [9, 19]. PCR assay was done in a thermocycler (Eppendorf, Germany). Each
25 PCR tube contained 1 µl DNA template, 9.5 µl sterile water, 1 µl of 10 pM each primer (Metabion,
Steinkirchen, Germany) and 12.5 µl 2x Taq Master Mix (Ampliqon, Odense, Denmark). The PCR
conditions was set as follows: 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 45 s,
annealing temperatures for qacE and qac ΔE1 genes at 55°C and 53°C respectively for 45s, and extension
at 72°C for 45s and a �nal extension of 72°C for 5 min. Ampli�ed PCR products were analyzed on 1.5%
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agarose gel stained with DNA safe stain (Yektatajhiz, Iran) by electrophoresis, and visualized under UV
light. The primers’ sequences, annealing temperature, and PCR product size are shown in Table 1.

Table 1
Primers used in this study

Primer Oligonucleotide sequence (5′ to 3′) Annealing
temperature

Product size
(bp)

Reference

OXA-51
like F

TAA TGC TTT GAT CGG CCT TG 54 350 16

OXA-51
like R

TGG ATT GCA CTT CAT CTT GG  

sp2 F GTTCCTGATCCGAAATTCTCG 64 490 17

Sp4 R AACGGAGCTTGTCAGGGTTA  

qacE F GCGAAGTAATCGCA ACATCC 55 240 9

qacE R GCCCCATACCTACAAA GCC  

qac ΔE1 F AATCCATCCCTGTCGGTGTT 53 175 19

qac ΔE1 R CGCAGCGACTTCCACGATGGGGAT  

RAPD4 AAGACGCCGT 48 variable 20

Randomly ampli�ed polymorphic DNA (RAPD)-PCR
RAPD assays were carried out using a single primer of RAPD4 (Table 1), as described previously [20]. PCR
was performed with a composition of 2 µl of template DNA, 1 µl of each primer (10 pmol), 9.5 µl sterile
distilled water, and 12.5 µl 2x multiplex master mix in a total volume of 25 µl. The cycling program was
as follows: 1 cycle at 94°C for 15 min, 40 cycles at 94°C for 1 min, 37°C for 1 min, and 72°C for 2 min as
�nal extension. The amplicons were separated on 1.5% agarose gel and visualized using ultraviolet light
after staining with DNA safe stain.

For analysis of DNA banding patterns, Gel Compare II software version 4.0 (Applied Maths, Sint-Matens-
latem, Belgium) was used. Dice coe�cient was used for determination of degrees of homology,
dendrogram was generated for the RAPD gels and calculation of clustering algorithm was done by the
UPGMA (un-weighted pair group method with arithmetic averages) with 80% similarity cut-off.

Statistical analysis
SPSSTM software, version 22.0 (IBM Corporation, Armonk, NY, USA) was used for analysis of data. The
results are presented as descriptive statistics in terms of relative frequency. Values are expressed as the
percentages of the group (categorical variables). For determination the signi�cance of differences Chi-
square or Fisher’s exact tests were used. A difference was considered statistically signi�cant if the p-
value was < 0.05.
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Results
In this study 119 A. baumannii isolaes were identi�ed on the basis of microbiological and molecular
tests. Of these 61(51/26%) strains were isolated from male patients and 58(48/73%) were from females.
The most common source of A. baumannii was blood (n = 47, 39.49%) followed by tracheal tube (n = 32,
26/89%), and wound (n = 26, 21.84%). Isolates were obtained from different hospital wards, mostly from
ICU (n = 62, 52.10%), and neonatal ward (n = 24, 20.16%). In Table 2, the distribution of A. baumannii
isolates among different clinical samples and hospital wards by which they isolated are presented.

Table 2
Distribution of 119 A. baumannii isolates in clinical specimens and hospital

wards
Ward Rate of isolates specimen Rate of isolates

ICU 62(52/10%) Blood 47(39/49%)

Neonatal 24(20/16%) Tracheal tube 32(26/89%)

Surgery 6(5/04%) Wound 26(21.84%)

Emergency 5(4/20%) CSF 8(6/72%)

Outpatient 3(2/52%) Pleural effusion 3(2/52%)

Burn 3(2/52%) Abscess 2(1/68%)

Nephrology 3(2/52%) Urine 1(0/84%)

Orthopedic 2(1/68%)    

Infection 2(1/68%)    

NICU 2(1/68%)    

Women 2(1/68%)    

Neurology 1(0/84%)    

Gastrointestinal 1(0/84%)    

Results of AST indicated that the highest resistances related to gentamycin and cipro�oxacin (85/71%),
followed by amikacin (81.51%), imipenem (80.67%), and meropenem (68.90%), while the most effective
antibiotic was piperacillin-tazobactam (41.17%).

For antiseptics, the MIC and MBC ranged from 0.97 to 15.62 µg/ml and 1.95 to 62.5 µg/ml for OCT and
20 to 640 µg/ml and 40 to 1280 µg/ml for BZK respectively. The range of MIC and MBC for qac E and
qac ΔE1 positive and negative isolates are shown in Table 3.
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Table 3
The range of MIC and MBC of antiseptics for isolates

with and without qac E and qac ΔE1 genes
Genes MIC (µg/ml) MBC (µg/ml)

qac E positive 20–320 40–640

qac E negative 20–640 40-1280

qac ΔE1 positive 20–640 40-1280

qac ΔE1 negative 20–320 40–640

Among the 119 isolates tested, qacE and qac ΔE1 were found to be present in 56 (47.05%) and 59
(49.57%) isolates respectively. The highest qacE and qac ΔE1 positive isolates were obtained from ICU
followed by neonatal and surgery as demonstrated in Tables 4. Most of the isolates originated from
blood, tracheal tube and wound harbored the qacE and qac ΔE1 genes (Table 5).

Table 4
Isolation of qacE and qac ΔE1 positive A. baumannii from different clinical

specimens
Clinical specimens qacE positive (n = 56) qac ΔE1 positive ((n = 59)

Blood 23 (41.07%) 24 (40.67%)

Tracheal tube 15 (26.78%) 13 (22.03%)

Wound 13 (23.21%) 13 (22.03%)

CSF 2 (3.57%) 6 (10.16%)

Pleural effusion 2 (3.57%) 2 (3.38%)

Abscess 1 (1.78%) 0

Urine 0 1 (1.69%)

Table 5
Isolation of qacE and qac ΔE1 positive A. baumannii positive A.

baumannii from different wards
Wards qacE positive (n = 56) qac ΔE1 positive ((n = 59)

ICU 29 (51.78%) 33 (55.93%)

Neonatal 12 (21.42%) 11 (18.64%)

surgery 4 (7.14%) 4 (6.77%)

emergency 2 (3.57%) 4 (6.77%)

others 9 (16.07%) 7 (11.86%)
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The isolates from ICU which were accounts as the major isolates in present study (n = 62), underwent
RAPD typing. BioNumerics version 6.6 software (Apply Mass Co., Belgium) were used for analysis of
RAPD-PCR typing results, and we found 37 clusters, among them 32 isolates were single and 5 were
multiple. So, the method generated 37 RAPD type which shows great diversity among 57 out of 62 A.
baumannii isolates at 80% cutoff. Dendrogram showing genetic diversity of A. baumannii isolates are
presented as Fig. 1. Gel electrophoresis of RAPD-PCR ampli�cation products for some tested A.
baumannii strains have shown in Fig. 2.

Discussion
Concentration of recent clinical consideration has been on the increasing rate of lactose non-fermenting,
gram-negative bacteria leading to infections in health care settings. Nowadays, Acinetobacter species are
rising as pathogens that sometimes cause infections in patients in ICU [21]. In our study, most isolates of
A. baumannii (52.10%) were obtained from patients in ICU. The high rate of infection with A. baumannii
in ICU patients have been also indicated in other studies [22, 23]. In this study susceptibility of A.
baumannii isolates to two antiseptics of OCT and BZK was evaluated. As antiseptics have no standard
breakpoints like what there is for antibiotics in A. baumannii and many other pathogens, the methods
utilized to get the MIC values for these agents are different. So, it is di�cult to compare the results from
various settings. Decreased susceptibility to BZK in A. baumannii isolates has been identi�ed in our study
that is in accordance with others [19, 24]. Increased resistance of A. baumannii to BZK in this study could
be explained by the wide use of BZK in our hospitals. On the other hand, A. baumannii isolates showed
more susceptibility to OCT than BZK. In Alvarez-Marin et al. study, OCT showed powerful effect on MDR
Gram-negative pathogens (MRGN) such as A. baumannii [8]. Yet in Gastmeier et al. study, there was no
considerable in�uence on the prevention of MRGN acquisition in ICU with the use of OCT (25). In another
study was shown that OCT is the most helpful antiseptic agent in the treatment of the P. aeruginosa-
contaminated burn wounds in rats [26].

In this study the frequency of qacE and qac ΔE1 genes which is the main reason for reduction of
susceptibility to quaternary ammonium compounds was assessed. Reports have indicated high levels of
presence of qac ΔE1 gene in clinical isolates of Acinetobacter and increased resistance against both
antibiotics and antiseptics attributed to the existence of this gene [27, 28]. In this study qacE and qac ΔE1
genes were detected in 47. 05% and 49.57% isolates respectively. While a report from Iran has suggested
that 40% of A. baumannii clinical isolates were carrying qacE gene, which is very similar to the present
study [29)] in Babaei et al., study, 73% of tested isolates were carrying qacE gene which is higher than us
[9]. However, many studies have reported higher percentage of qac ΔE1 gene in comparison with qacE
gene in their A. baumannii tested isolates [24, 28, 30]. In this study, there was no signi�cant difference (p 
> 0.05) in MIC for qacE and qac ΔE1 positive and negative isolates that was in line with Babaei et al. and
A’shimi et al. studies [9, 31]. Moreover, consequences of the study conducted by Lie et al., showed that
carbapenem resistant A. baumannii strains harboring qacE, demonstrated a higher MIC for BZK, although
qac ΔE1 genes have no signi�cant impact for qac ΔE1,on reduced susceptibility [19]. They also found
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that almost all of strains containing qacE were also positive while in our study only 18% of strains
simultaneously harbored both genes.

In this study, RAPD-PCR showed great diversity among the majority of A. baumannii strains isolated from
samples belong to ICU patients. The recent studies conducted in Ahvaz, Iran, by the application of MLVA
and MLST for typing of clinical A. baumannii isolates from a single hospital, high diversity were
demonstrated [32, 33]. These results show that population structure of the A. baumannii isolates is
genetically diverse in this region of Iran. In one study from Egypt, RAPD-PCR for typing of 50 A.
baumannii isolates was used and revealed great diversity among the isolates [34]. Additionally, in the
study of Szejbach et al. [35], 18 different patterns were demonstrated among the isolates by RAPD-PCR
despite the intra-hospital spread of some strains. In one study from Iran, molecular diversity of A.
baumannii strains isolated from nosocomial infections of hospitalized children in a referral hospital were
analyzed by RAPD-PCR and showed the genetic relatedness among the isolates including 4 clusters [36].
In another investigation performed in Bulgaria, Epidemiological typing of 226 carbapenem-resistant A.
baumannii isolated from 4 hospitals by RAPD-PCR demonstrated at least two major cluster groups in
each of the monitored hospitals [37].

Conclusion
Considering the increase of resistance to antiseptics, it is of importance to monitor the susceptibility of A.
baumannii to antiseptics and to promote antiseptic stewardship in hospitals. Furthermore, in this study
great diversity among A. baumannii isolates in ICU was observed making it di�cult to properly carry out
infection control policies. Therefore, more focus on genetic variation of A. baumannii isolates are
recommended.

Declarations
Con�ict of interest

 The authors have declared that no competing interests exist.

Ethical approval

This study was approved by the ethics committee of Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran (No: IR.AJUMS.MEDICINE.REC.1397.006), and necessary permission for sample collection
was granted.

Author contributions

Prof. Azar Dokht Khosravi and Dr. Effat Abasi Montazeri contributed to the study conception and design.
Material preparation, data collection and analysis were performed by Effat Abasi Montazeri and Seyedeh



Page 10/15

Roya Maki. The �rst draft of the manuscript was written by Azar Dokht Khosravi and all authors
commented on previous versions of the manuscript. All authors read and approved the �nal manuscript.

Consent to participate

All authors were agree to participate in the study.

Consent to publish

All authors were agree to publish present work data.

Funding

This work was sponsored by a grant (No. OG-9802) from research affairs of the Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran.

Acknowledgements

This work is part of MSc. thesis of Seyedeh Roya Maki, which was approved in Infectious and Tropical
Diseases Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran. We are
grateful to research affairs of the university for �nancial support of the study.

References
1. Ayoub Moubareck C, Hammoudi Halat D (2020) Insights into Acinetobacter baumannii: A review of

microbiological, virulence, and resistance traits in a threatening nosocomial pathogen. Antibiotics
9(3):119

2. Lee C-R, Lee JH, Park M, Park KS, Il Kwon Bae, Kim YB, Cha C-J, Jeong BC, Sang Hee Lee (2017)
Biology of Acinetobacter baumannii: pathogenesis, antibiotic resistance mechanisms, and
prospective treatment options. Front Cell Infect Microbiol 7: 55

3. Xie R, Zhang XD, Zhao Q, Peng B, Jun Zheng. (2018) Analysis of global prevalence of antibiotic
resistance in Acinetobacter baumannii infections disclosed a faster increase in OECD countries.
Emerg Microbes Infect 7:31

4. WHO publishes list of bacteria for which new antibiotics are urgently needed. available online:
https://www.who.int/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which- new-
antibiotics- are-urgently-needed (accessed on 21 August 2019)

5. Assadian O (2016) Octenidine dihydrochloride: chemical characteristics and antimicrobial properties.
J Wound Care 25(3 Suppl):S3–S6

�. Maertens H, Demeyere K, De Reu K, Dewulf J, Vanhauteghem D, Van Coillie E, Meyer E (2020) Effect
of subinhibitory exposure to quaternary ammonium compounds on the cipro�oxacin susceptibility of
Escherichia coli strains in animal husbandry. BMC Microbiol 20:155



Page 11/15

7. Ebrahimi A, Arvaneh Z, Mahzounieh M, Lotfalian S (2016) Antibiotic resistance induction by
Benzalkonium chloride exposure in nosocomial pathogens. Int J Infect 4(2):e40296

�. Alvarez-Marin R, Aires-de-Sousa M, Nordmann P, Kieffer N, Poirel L (2017) Antimicrobial activity of
Octenidine against multipledrug-resistant Gram-negative pathogens. Eur J Clin Microbiol Infect Dis
36(12):2379–2383

9. Babaei M, Sulong A, Hamat R, Nordin S, Neela V (2015) Extremely high prevalence of antiseptic
resistant Quaternary Ammonium Compound E gene among clinical isolates of multipleple drug
resistant Acinetobacter baumannii in Malaysia. Ann Clin Microbiol Antimicrob 14:11

10. Vijayakumar R, Sandle T, Al-Aboody MS, AlFonaisan MK, Alturaiki W, Mickymaray S, Premanathan M,
Alsagaby SA (2018) Distribution of biocide resistant genes and biocides susceptibility in
multipledrug-resistant Klebsiella pneumoniae, Pseudomonas aeruginosa and Acinetobacter
baumannii—A �rst report from the Kingdom of Saudi Arabia. J Infect Public Health 11(6):812–816

11. Longtin J, Seah C, Siebert K, McGeer A, Simor A, Longtin Y, Low DE, Melano RG (2011) Distribution of
antiseptic resistance genes qacA, qacB, and smr in methicillin-resistant Staphylococcus aureus
isolated in Toronto, Canada, from 2005 to 2009. Antimicrob Agents Chemother 55(6):2999–3001

12. Rafei R, Osman M, Dabboussi F, Hamze M (2019) Update on the epidemiological typing methods for
Acinetobacter baumannii. Future Microbiol 14(12):1065–1080

13. Saadatian Farivar A, Nowroozi J, Eslami G, Sabokbar A (2018) RAPD PCR pro�le, antibiotic
resistance, prevalence of armA gene, and detection of KPC enzyme in Klebsiella pneumoniae
isolates. Can J Infect Dis Med Microbiol 2018:6183162

14. Tille PM, Forbes BA. Bailey & Scott’s Diagnostic Microbiology (2017) 14th edition. St. Louis, Missouri:
Elsevier

15. Alkhudhairy MK, Saki M, Seyed–Mohammadi S, Jomehzadeh N, Khoshnood S, Moradzadeh M,
Yazdansetad S (2019) Integron frequency of Escherichia coli strains from patients with urinary tract
infection in Southwest of Iran. J Acute Dis 8(3):113

1�. Turton JF, Woodford N, Glover J, Yarde S, Kaufmann ME, Pitt TL (2006) Identi�cation of
Acinetobacter baumannii by detection of the blaOXA-51-like carbapenemase gene intrinsic to this
species. J Clin Microbiol 44(8):2974–2976

17. Higgins PG, Wisplinghoff H, Krut O, Seifert H (2007) A PCR-based method to differentiate between
Acinetobacter baumannii and Acinetobacter genomic species 13TU. Clin Microbiol Infect
13(12):1199–1201

1�. CLSI (2018) Performance Standards for Antimicrobial Susceptibility Testing; Clinical and Laboratory
Standards Institute: Wayne, PA, USA

19. Liu WJ, Fu L, Huang M, Zhang JP, Wu Y, Zhou YS, Zeng J, Wang GX (2017) Frequency of antiseptic
resistance genes and reduced susceptibility to biocides in carbapenem-resistant Acinetobacter
baumannii. J Med Microbiol 66(1):13–17

20. Deschaght P, Van Simaey L, Decat E, Van Mechelen E, Brisse S, Vaneechoutte M (2011) Rapid
genotyping of Achromobacter xylosoxidans, Acinetobacter baumannii, Klebsiella pneumoniae,



Page 12/15

Pseudomonas aeruginosa and Stenotrophomonas maltophilia isolates using melting curve analysis
of RAPD-generated DNA fragments (McRAPD). Res Microbiol 162(4):386–392

21. El-Kazzaz W, Metwally L, Yahia R, Al-Harbi N, El-Taher A, Hetta HF (2020) Antibiogram, prevalence of
OXA carbapenemase encoding genes, and RAPD-genotyping of multipledrug-resistant Acinetobacter
baumannii incriminated in hidden community-acquired infections. Antibiotics 9(9):603

22. Moosavian M, Ahmadi K, Shoja S, Mardaneh J, Shahi F, Afzali M (2020) Antimicrobial resistance
patterns and their encoding genes among clinical isolates of Acinetobacter baumannii in Ahvaz.
Southwest Iran MethodsX 7:101031

23. Rynga D, Shariff M, Deb M (2015) Phenotypic and molecular characterization of clinical isolates of
Acinetobacter baumannii isolated from Delhi, India. Ann Clin Microbiol Antimicrob 14(1):40

24. Elkhatib WF, Khalil MA, Ashour HM (2019) Integrons and antiseptic resistance genes mediate
resistance of Acinetobacter baumannii and Pseudomonas aeruginosa isolates from Intensive Care
Unit patients with wound infections. Curr Mol Med 19(4):286–293

25. Gastmeier P, Kämpf KP, Behnke M, Geffers C, Schwab F (2016) An observational study of the
universal use of octenidine to decrease nosocomial bloodstream infections and MDR organisms. J
Antimicrob Chemother 71(9):2569–2576

2�. Uygur F, Özyurt M, Evinç R, Hosbul T, Çeliköz B, Haznedaroglu T (2008) Comparison of Octenidine
dihydrochloride (Octenisept®), Polihexanide (Prontosan®) and Povidon iodine (Betadine®) for
topical antibacterial effects in Pseudomonas aeruginosa-contaminated, full-skin thickness burn
wounds in rats. Open Med 3(4):417–421

27. Gomaa FA, Helal ZH, Khan MI (2017) High prevalence of blaNDM-1, blaVIM, qacE, and qacE∆1 genes
and their association with decreased susceptibility to antibiotics and common hospital biocides in
clinical isolates of Acinetobacter baumannii. Microorganisms 5(2):18

2�. Shirmohammadlou N, Zeighami H, Haghi F, Kashe�eh M (2018) Resistance pattern and distribution
of carbapenemase and antiseptic resistance genes among multipledrug-resistant Acinetobacter
baumannii isolated from intensive care unit patients. J Med Microbiol 67(10):1467–1473

29. Mahzounieh M, Khoshnood S, Ebrahimi A, Habibian S, Yaghoubian M (2014) Detection of antiseptic-
resistance genes in Pseudomonas and Acinetobacter spp. isolated from burn patients. Jundishapur
J Nat Pharm Prod 9(2):e15402

30. Guo J, Li C (2019) Molecular epidemiology and decreased susceptibility to disinfectants in
carbapenem-resistant Acinetobacter baumannii isolated from intensive care unit patients in central
China. J Infect Public Health 12(6):890–896

31. Nor A, Alattraqchi MH, Rani AG, Rahman FM, Ismail NI, Abdullah S, Othman FH, Cleary N, Clarke DW,
Yeo SC CC (2019) Biocide susceptibilities and bio�lm-forming capacities of Acinetobacter baumannii
clinical isolates from Malaysia. J Infect Dev Ctries 13(7):626–633

32. Farajzadeh Sheikh A, Savari M, Abbasi Montazeri E, Khoshnood S (2020) Genotyping and molecular
characterization of clinical Acinetobacter baumannii isolates from a single hospital in Southwestern
Iran. Pathog Glob Health 114(5):251–261



Page 13/15

33. Khoshnood S, Savari M, Montazeri EA, Sheikh AF (2020) Survey on genetic diversity, bio�lm
formation, and detection of colistin resistance genes in clinical isolates of Acinetobacter baumannii.
Infect Drug Resist 13:1547

34. Benmahmod AB, Said HS, Ibrahim RH (2019) Prevalence and mechanisms of carbapenem resistance
among Acinetobacter baumannii clinical isolates in Egypt. Microb Drug Resist 25(4):480–488

35. Szejbach A, Mikucka A, Bogiel T, Gospodarek E (2013) Usefulness of phenotypic and genotypic
methods for metallo-beta-lactamases detection in carbapenem-resistant Acinetobacter baumannii
strains. Med Sci Monit Basic Res 19:32–36

3�. Pourakbari B, Mahmoudi S, Habibi R, Ashtiani MT, Sadeghi RH, Khodabandeh M, Mamishi S (2018)
An Increasing Threat in an Iranian Referral Children's Hospital: Multipledrug-Resistant Acinetobacter
baumannii. Infect Disord Drug Targets 18(2):129–135

37. Strateva T, Sirakov I, Stoeva T, Stratev A, Dimov S, Savov E, Mitov I (2019) Carbapenem-resistant
Acinetobacter baumannii: Current status of the problem in four Bulgarian university hospitals (2014–
2016). J Glob Antimicrob Resist 16:266–273

Figures



Page 14/15

Figure 1

Dendrogram showing genetic diversity of 57 A. baumannii isolates from Intensive care unit typed by
RAPD method. The �ngerprints show genetic relationships among 37 clusters that 32 samples was single
and 5 samples was multiple that showed high genetic diversity among the isolates. Clustering algorithm
was done by the UPGMA with 80% similarity cut-off. * Representing the multiple clusters; AB, A.
baumannii.
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Figure 2

Gel electrophoresis of RAPD �ngerprints of some A. baumannii isolates from various hospital wards
using RAPD4 single primer. M, DNA size marker 100bp; 2, outpatient department; 3-4, neurology ward; 5-
915-15, 21-22, ICU; 10, 12, 17-20, neonates ward; 11, 13, nephrology ward; 23, surgery ward.


