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Abstract

Background:Acinetobacter baumannii is one of the pathogens considered highly potent for developing multi-drug resistance

(MDR) isolates. Several groups of virulent genes have been identified as involved in the development of MDR isolates of A.

baumannii.

Objectives: In this study, we aimed to detect the "outer membrane components" genes, including lipopolysaccharide

biotinylated (LpsB), outer membrane protein A (OmpA), capsule (Cap), phospholipase (PLD), and type VI secretion system (T6SS),

in MDR A. baumannii samples collected from different cities around Iran and find their relationship with resistance to different

antibiotics.

Methods: This cross-sectional study was performed on 50 A. baumannii identified by microbiological and biochemical assays.

The blaOXA-51 gene in PCR confirmed their identification. Antibiotic susceptibility testing was used for MDR strain

identification. Phenotypic and molecular assays identified the active efflux pumps. PCR detected OmpA, T6SS, Cap, LpsB, and PLD

as virulence genes.

Results: A total of 50 valid data points were analyzed, of which 62.0% were related to males. The mean age of participants was

51.82, and 61.5% of patients were hospitalized in ICUs. 59.2% of samples were collected from the tracheobronchial tract. The

samples' frequency of OmpA, T6SS, Cap, LpsB, and PLD genes was 50%, 92%, 56%, 96%, and 92%, respectively. The MDR samples were

100% resistant to cefepime (CPM), cefotaxime, ceftazidime (CAZ), imipenem (IPM), meropenem (MEM), and

piperacillin/tazobactam (PTZ); and least resistant to colistin, minocycline (MN; 20%, 64% respectively). The carbonyl cyanide m-

chlorophenyl hydrazine (CCCP) test was positive in 26% of strains, and an increase in AdeB gene expression was observed in 46%

of them.

Conclusions: The presence of "outer membrane components" virulent genes in MDR A. baumannii is considerably high. Also,

the presence of these genes was mostly related to resistance to CPM, cefotaxime, CAZ, IPM, MEM, and PTZ antibiotics, but less

related to resistance to colistin and MN.
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1. Background

Antimicrobial resistance occurs when pathogens

develop the ability to defeat the drugs intended to kill

them. It is a serious problem, leading to 5 million deaths

per year globally and 35,000 deaths in the U.S.A. (1). The

term "Multi-Drug Resistance (MDR)" refers to a
microorganism that is not susceptible to at least one

agent in three or more categories of antimicrobial
agents. One of the well-known pathogens capable of
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developing MDR species is Acinetobacter baumannii (2).

Acinetobacter baumannii is a major cause of nosocomial

infections and has an exceptional capacity to develop
resistance to antibiotics. To date, 45 resistance genes

have been identified in A. baumannii. These MDR A.
baumannii strains can circulate in hospitals and infect

patients (3). Ventilator-associated pneumonia and

bloodstream infections are the most common
nosocomial infections reported in relation to this

bacterium. Treatment of MDR A. baumannii infections is
often complex because it can be resistant to all systemic

antibiotics, including carbapenems and even

polymyxins. In these cases, the only alternative left is

combination therapy, but unfortunately, the available

options are narrowing as this germ develops more MDR
forms (4). There are several virulence factors enabling A.

baumannii to be resistant to available antibiotics, which,
according to the results of previous studies, can be

classified into three groups: Outer membrane

components, nutrient acquisition factors, and
community interaction factors (3). Among these

categories, the "outer membrane components" include a
wide range of factors existing or secreted outside of the

bacterial membrane, fighting against antibiotic agents.

They include the following factors: Lipopolysaccharide
biotinylated (LpsB), outer membrane protein A (OmpA),

capsule (Cap), phospholipase (PLD), and type VI
secretion system (T6SS) (5-7).

The LpsB expression is related to osmotic resistance

and permeability defects of the outer membrane,

thereby leading to antibiotic resistance. Although low

expression of porin OmpA has been attributed to

antibiotic resistance in A. baumannii, the Cap around its

bacterial surface (Cap gene) is one of the innate

mechanisms of antibiotic resistance in A. baumannii.

Some studies of antibiotic-resistant isolates of A.
baumannii have identified a linkage with PLD genes in

these strains. The valine-glycine deletion repeats vgrG

gene, a part of the T6SS, is regarded as a critical virulent

factor of A. baumannii, leading to decreased resistance to

some antibiotics like chloramphenicol (8).

2. Objectives

To the best of our knowledge, there is little

information to date in Iran concerning the detection of

genes related to the groups of virulence factors of MDR

A. baumannii (9). Therefore, this study aimed to

determine the antibiotic-resistant patterns, phenotypic

and molecular patterns of antibiotic resistance, and the

identification of some virulence genes in MDR strains of

A. baumannii.

3. Methods

3.1. Bacterial Isolation and Identification

In this study, 50 A. baumannii clinical samples were
collected from patients in 10 cities in Iran over one year.

The samples were gathered from the ICU, neurology,

nephrology, gastrointestinal, surgery, orthopedics,

internal, trauma, burn, pediatrics, CCU, NICU, OICU, and

cardiac wards of hospitals located in Tehran, Sanandaj,
Esfahan, Hamedan, Tabriz, Mashhad, and Zahedan in

Iran. Samples were collected from blood (n = 9), wound

(n = 1), urine (n = 3), CSF (n = 5), bronchi (n = 4), IV

catheter (n = 1), trachea (n = 25), double lumen central

venous catheter (n = 1), and bronchoalveolar lavage

(BAL) (n = 1).

3.2. Inclusion/Exclusion Criteria

Inclusion criteria were: (1) Clinical isolates collected

from hospitalized patients; (2) phenotypic

identification as A. baumannii by microbiological and

biochemical assays; (3) molecular confirmation by

detection of the blaOXA-51 gene using PCR; (4) isolates

meeting the definition of MDR, i.e., resistance to at least

one agent in three or more antimicrobial categories.

Exclusion criteria included: (1) Duplicate isolates

from the same patient; (2) non-baumannii isolates; (3)
samples with inadequate clinical or laboratory data.

The collected samples were stored at the Pediatric

Infections Research Center, Research Institute of

Children's Health, Tehran, Iran. Initially, we removed the

samples from the deep freezer, which was maintained at

a temperature of -80°C. Identification and confirmation

tests, such as checking the morphology of bacterial

colonies and using biochemical tests like oxidase and

triple sugar iron agar (TSI), were performed.

Samples were cultured on specific blood agar and

MacConkey agar (Merck, Germany) and then incubated

for 24 hours at 37°C. The gram-negative bacilli were

carefully monitored for further biochemical tests,

including motility, sugar fermentation, citrate

utilization, growth on TSI agar, and the IMVIC (Methyl

red, Indole, Citrate, and Voges Proskauer) test. Definitive

identification of A. baumannii isolates was achieved

using a PCR method with primers specific to the blaOXA-

51 gene (10).

3.3. Antibiotic Susceptibility Testing

After confirming the samples of A. baumannii, we

tested them to determine the MDR ones using the Kirby-
Bauer agar disk diffusion method on a Muller-Hinton
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agar culture (Merck Co., Germany). Antibiotic

susceptibility results were interpreted according to the

Clinical and Laboratory Standards Institute (CLSI)

guidelines (Institute, 2016) (11). The evaluation of the

susceptibility rate to colistin in MDR A. baumannii
isolates was done using a microdilution method. Finally,

the results were interpreted based on the European

Committee on Antimicrobial Susceptibility Testing

(CLSI) breakpoints (resistant, ≥ 4 mg/L; intermediate, ≥ 2

mg/L) (11). "Multi-Drug Resistance (MDR)" is considered
when the microorganism is not susceptible to at least

one agent in three or more categories of antimicrobial

agents (12).

Antibiotic disks (Mast Companies, UK) used included

the following: Trimethoprim-sulfamethoxazole (SXT),

ampicillin/sulbactam (SAM), gentamicin (GEN),

piperacillin/tazobactam (PTZ), imipenem (IPM),

cefepime (CPM), amikacin (AK), meropenem (MEM),

ceftazidime (CAZ), ciprofloxacin (CIP), tobramycin (TN),

and minocycline (MN).

3.4. Carbonyl Cyanide m-Chlorophenyl Hydrazone

The (carbonyl cyanide m-chlorophenyl hydrazine

(CCCP) test was used for phenotypic screening of active

efflux pumps. The sensitivity of the bacteria studied in

this research to the antibiotic IPM was evaluated by the

MIC method alone and in the presence of a non-specific

drug pump inhibitor called CCCP, using the micro broth

dilution method with Mueller Hinton Broth (MHB). The

target bacteria were evaluated as resistant to IPM. The

CCCP is a substance that has an inhibitory effect on all

bacteria and all efflux pumps. It does not affect gene
expression and does not prevent expression, but it

affects the function of pump proteins. First, MHB was
prepared, and after autoclaving, it was divided into two

microplate groups. The strains with at least a twofold

decrease in MIC after adding the CCCP are considered
strains with active efflux pumps. Real-time PCR was used

to investigate the expression of genes of the AdeB efflux
pump.

3.5. RNA Extraction and Real-time PCR

The total RNA content of the desired bacteria was

extracted with the RNA extraction kit, Thermo, USA,
according to the manufacturer’s procedure. Therefore,

RNA extracted from any bacterial isolate, which is used

for cDNA synthesis, must be completely free of DNA. For

this purpose, DNA was removed from the RNA solution

using the enzyme kit DNase I 1U/μL (a product of
Fermentas company). After extracting RNA and ensuring

the quality of extraction and removal of genomic DNA,

cDNA synthesis was performed using the AccuPower

RocketScriptTM RT PreMix kit, a product of the Bioneer

company, according to the manufacturer’s procedure.

After cDNA synthesis, the samples were subjected to

real-time PCR to check the semi-quantitative expression
of the desired efflux pumps using the primers, which

are shown in Table 1 (13).

Finally, the semi-quantitative expression of efflux

pump gene expression was calculated using the formula

2-∆∆Ct.

3.6. Identification of Pathogenic Genes

In this study, conventional PCR was used to identify

the virulence genes LpsB, OmpA, Cap, PLD, and T6SS in
MDR A. baumannii samples. The primers used to identify

the genes are listed in Table 2. and 3.

The DNA of bacteria was extracted from isolates using

a DNA extraction kit (Thermo, USA) following the

manufacturer’s procedure. After performing the

extraction steps, PCR was conducted to identify the

carbapenemase genes in the studied carbapenem-

resistant gram-negative bacteria. The materials required

for PCR were prepared in a 25-microliter reaction with

the specified volume and concentrations for each

sample and mixed in a 0.2 mL microtube (Table 1).

According to Table 1, the specific settings for the PCR

were as follows for each gene: For the LpsB gene,

preincubation was conducted for 3 minutes at 95°C. The

cycles of PCR were performed as follows: Denaturation

at 95°C for 40 seconds, primer annealing at 55°C for 40

seconds, and DNA extension at 72°C for 40 seconds per

cycle. After the last cycle, the PCR tubes underwent a

final extension for 7 minutes at 72°C and then were held

at 4°C. It should be mentioned that this method

involved 35 cycles.

The T6SS gene has the same settings as the LpsB gene,

except that we used 36 cycles. The PLD and OmpA genes

differ only in the annealing temperature, both of which

are set at 65°C. Finally, for the Cap gene, preincubation

was conducted for 3 minutes at 95°C. The cycles of PCR

were performed as follows: Denaturation at 95°C for 50

seconds, primer annealing at 53°C for 50 seconds, and

DNA extension at 72°C for 50 seconds per cycle. After the

last cycle, the PCR tubes underwent a final extension for

7 minutes at 72°C and then were held at 4°C. This setup

also involved 35 cycles.

3.7. Ethical Statement

All methods and steps, including sample collection

from human subjects, were performed in accordance

with the guidelines and regulations of the Ethical
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Table 1. Materials Used and Their Preparation Method for PCR

Materials Density Volume Used (µL)

PCR master mix 10

PCR buffer 1x

MgCl2 2 mM

DNTPs 0.4 mM

Taq DNA polymerase 0.2 u/μL

Primers (F and R) 0.8 μM 0.5

Template DNA 0.5 μg/μL 2

Distilled water - 11

Total volume - 25

Table 2. Primers Used for Detecting Virulence-Associated Genes in Multi-drug Resistance Acinetobacter baumannii Isolates

The Primer’s Name `Sequence PCR Product Size (bp) Reference

L asB 137 (14)

Forward AGGCCATCAATCTTTGGTTG

Reverse GCTGACGTAATGGACGGATT

Cap 211 (15)

Forward TGGTGAAGCAATTCAAGCTG

Reverse AATAAGGCATGCACCCAAAG

PLD 1743 (16)

Forward CTGCAGATTATGGCACAATCCTTTCATTCCA

Reverse CTGCAGGTAGAAGGCCATGATGTAAAAAGTT

T6SS 142 (17)

Forward TGCTGAGCGTGTTGAACATT

Reverse ACGTTTATCGCCATTTGCAC

Abbreviations: Cap, capsule; PLD, phospholipase; T6SS, type VI secretion system.

Committee of Sabzevar University of Medical Sciences

(code: IR.MEDSAB.REC.1401.093).

3.8. Sampling Method and Sample Size

The sampling method used in this study was

convenience sampling. Clinical isolates of A. baumannii

were collected from various hospitals across 10 cities in
Iran over one year. All non-duplicate, confirmed MDR

isolates available during the study period were

included. The sample size of 50 was chosen based on

feasibility and comparability with previous similar

studies conducted in the region, due to practical
constraints such as access to clinical isolates and

available laboratory resources.

3.9. Statistical Analysis

Data analysis was performed using SPSS software

version 26. Descriptive statistics were used to

summarize the demographic and clinical characteristics

of the patients. The association between the presence of

virulence genes and antibiotic resistance patterns was
statistically analyzed using Fisher's exact test (in cases of

small sample size with expected values < 5) or Pearson's

chi-square test (in cases of expected values ≥ 5), as
appropriate for categorical data analysis. Statistical

significance was set at P < 0.05. A P-value of less than
0.05 was considered statistically significant.

4. Results

A total of 50 samples were analyzed, of which 62.0%

were related to males and 38.0% to females. The age of
the patients from whom the samples were taken ranged

from an infant to an 84-year-old man. The mean age of

participants was 51.82 ± 23.62 years. All samples were

collected from different cities in Iran, with 34% from

Tehran, 18% from Mashhad, and the rest from Sanandaj,
Esfahan, Hamedan, Tabriz, and Zahedan. The majority of

the MDR isolates tested were from ICUs (61.5%), followed

https://brieflands.com/articles/archcid-158607
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Table 3. Real-time PCR (AdeB) Primers

Primer Name Sequence Primer Size Primer (bp) Product Size (bp)

16S 150

Forward CAGCTCGTGTCGTGAGATGT 20

Reverse CGTAAGGGCCATGATGACTT 20

AdeB 84

Forward AACGGACGACCATCTTTGAGTATT 24

Reverse CAGTTGTTCCATTTCACGCATT 22

Table 4. Antibiotic Susceptibility Pattern of 50 Multi-drug Resistance Acinetobacter baumannii Isolates (Disk Diffusion Test Results) a

Antibiotics Sensitive Intermediate Resistant

AK 2 (4.0) 0 (0.0) 48 (96.0)

GEN 2 (4.0) 2 (4.0) 46 (92.0)

TN 7 (14.0) 2 (4.0) 41 (82.0)

SAM 2 (4.0) 4 (8.0) 44(88.0)

CPM 0 (0.0) 0 (0.0) 50 (100)

Cefotaxime 0 (0.0) 0 (0.0) 50 (100)

CAZ 0 (0.0) 0 (0.0) 50 (100)

CIP 1 (2.0) 1 (2.0) 48 (96.0)

Colistin 40 (80.0) 0 (0.0) 10 (20.0)

IPM 0 (0.0) 0 (0.0) 50 (100)

MEM 0 (0.0) 0 (0.0) 50 (100)

PTZ 0 (0.0) 0 (0.0) 50 (100)

MN 14 (28.0) 4 (8.0) 32 (64.0)

Trimethoprim/sulfamethoxazole 2 (4.0) 1 (2.0) 47 (94.0)

Abbreviations: AK, amikacin; GEN, gentamicin; TN, tobramycin; SAM, ampicillin/sulbactam; CPM, cefepime; CAZ, ceftazidime; CIP, ciprofloxacin; IPM, imipenem; MEM,
meropenem; PTZ, piperacillin/tazobactam; MN, minocycline.

a Values are expressed as No. (%).

by fewer numbers from emergency departments (5.1%)

and surgical wards (5.1%). Other specimens were from
various medical-surgical units. Of the clinical isolates,

the tracheobronchial tract (n = 30) and blood (n = 9)

were the primary sites of recovery.

Table 4 shows the disk diffusion test results. All

isolates were resistant to several antibiotics, especially

β-lactams and carbapenems. The highest sensitivity was

observed toward colistin and MN.

The frequency of virulence genes among MDR

isolates was as follows: The OmpA (50%), T6SS (92%), Cap

(56%), LpsB (96%), and PLD (92%). The association between

the presence of these genes and antibiotic resistance

patterns is summarized in Table 5.

The active efflux pump was screened phenotypically

in 13 strains (26%) according to the results of the CCCP

test, and increased gene expression of the AdeB efflux
pump was confirmed by real-time PCR in 6 (46%) of

them. The presence of virulent genes in the samples

resistant to CPM, Cefotaxime, CAZ, IPM, MEM, and PTZ

was higher than in others. Additionally, the lowest
frequency of virulent genes was related to resistance to

MN. Fisher’s exact test, with Bonferroni correction for

multiple comparisons, showed that the T6SS gene had a
statistically different frequency in terms of sensitivity or

resistance to SAM (P = 0.005). Similarly, the LpsB gene
had a different frequency in the sensitive group to CIP

versus the resistant/intermediate group to CIP (P =

0.04).

5. Discussion

This investigation identified a considerable amount

of virulence genes T6SS, LpsB, and PLD in MDR A.

baumannii isolates. Zeighami et al. (18) observed a high
frequency of the genes OmpA and T6SS in MDR and its

variants in relapsing patients in Iran. Dong et al. (19) also
reported that the T6SS gene was among the frequent

genes found in resistant clinical strains in China,
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Table 5. The Relationship Between the Frequency of the Presence of Virulent Genes and Resistance to Different Antibiotics Among the Total 50 Multi-drug Resistance Samples a

Variables
OmpA T6SS Cap LpsB PLD

Positive Negative P-Value Positive Negative P-Value Positive Negative P-Value Positive Negative P-Value Positive Negative P-Value

AK 1.00 1.00 0.49 0.07 1.00

Sensitive 1 1 2 0 2 0 1 1 2 0

Resistant/intermediate 24 24 44 4 26 22 47 1 44 4

GEN 0.49 1.00 1.00 0.07 1.00

Sensitive 0 2 2 0 1 1 1 1 2 0

Resistant/intermediate 25 23 44 4 27 21 47 1 44 4

TN 1.00 1.00 0.11 1.00 1.00

Sensitive 4 3 6 1 6 1 7 0 6 1

Resistant/intermediate 21 22 40 3 22 21 41 2 40 3

SAM 1.00 0.005 1.00 1.00 1.00

Sensitive 1 1 0 2 1 1 2 0 2 2

Resistant/intermediate 24 24 46 2 27 21 46 2 44 4

CPM N/A N/A N/A N/A N/A

Sensitive 25 25 46 46 0 0 0 0 0 0

Resistant/intermediate 25 25 4 4 28 22 48 2 48 4

Cefotaxime N/A N/A N/A N/A N/A

Sensitive 0 0 0 0 0 0 0 0 0 0

Resistant/intermediate 25 25 46 4 28 22 48 2 46 4

CAZ N/A N/A N/A N/A N/A

Sensitive 0 0 0 0 0 0 0 0 0 0

Resistant/intermediate 25 25 46 4 28 22 48 2 46 4

CIP 1.00 1.00 1.00 0.04 1.00

Sensitive 0 1 1 0 1 0 0 1 1 0

Resistant/intermediate 25 24 45 4 27 22 48 1 45 4

Colistin 0.07 0.17 0.48 1.00 0.17

Sensitive 23 17 38 2 21 19 38 2 38 2

Resistant/intermediate 2 8 8 2 7 3 10 0 8 2

IPM N/A N/A N/A N/A N/A

Sensitive 0 0 0 0 0 0 0 0 0 0

Resistant/intermediate 25 25 46 4 28 22 48 2 46 4

MEM N/A N/A N/A N/A N/A

Sensitive 0 0 0 0 0 0 0 0 0 0

Resistant/intermediate 25 25 46 4 28 22 48 2 46 4

PTZ N/A N/A N/A N/A N/A

Sensitive 0 0 0 0 0 0 0 0 0 0

Resistant/intermediate 25 25 46 4 28 22 48 2 46 4

MN 0.11 1.00 0.53 1.00 1.00

Sensitive 10 4 13 1 9 5 13 1 13 1

Resistant/intermediate 15 21 33 3 19 17 35 1 33 3

Trimethoprim/sulfamethoxazole 0.49 0.15 1.00 1.00 0.15

Sensitive 0 2 1 1 1 1 2 0 1 1

Resistant/intermediate 25 23 45 3 27 21 46 2 45 3

Abbreviations: OmpA, outer membrane protein A; T6SS, type VI secretion system; Cap, capsule; LpsB, lipopolysaccharide biotinylated; PLD, phospholipase; AK, amikacin; GEN,
gentamicin; TN, tobramycin; SAM, ampicillin/sulbactam; CPM, cefepime; CAZ, ceftazidime; CIP, ciprofloxacin; IPM, imipenem; MEM, meropenem; PTZ, piperacillin/tazobactam;
MN, minocycline.

a N/A: No statistics were computed because those variables were constant.

indicating a possible role of these genes in

antimicrobial resistance. Therefore, preventing A.
baumannii infection by raising awareness of preventive

measures, such as hand hygiene among healthcare

professionals, and preventing pathogens from entering

these wards via clothes or objects is highly important.

We also need more detailed research on patterns of

antibiotic resistance of A. baumannii in different regions

of the world to understand the behavior of these

pathogens and determine effective first-line and second-

line antibiotic choices for use in infected patients.

A recent study in Iran found that the majority of the

MDR samples were in ICUs and from the respiratory

tract (18). In a recent study conducted by Elvan et al. on

67 pediatric patients infected with Acinetobacter species

in Turkey, most cases were hospitalized in intensive care

units; 46.3% of infections were related to urinary tract

infections, 43.3% were related to bloodstream infections,

and 6.7% of infections were ventilator-associated

pneumonia (20).

The percentage of the frequency of OmpA, T6SS, Cap,

LpsB, and PLD genes in the samples of our study was 50%,

92%, 56%, 96%, and 92%, respectively. In an Iranian study

conducted by Zeighami et al., the frequency of OmpA in

MDR A. baumannii samples was 81% (18). In another study

performed by Dong et al. in China, it was reported that

the T6SS gene was identified in 51 out of 77 A. baumannii

clinical samples; also, in 8 out of 13 MDR samples and 36

out of 40 extensively drug-resistant (XDR) isolates (19). It

can be concluded that the frequency of "outer

membrane components" virulent genes in MDR A.
baumannii is significantly high.

In the study by Wang et al. in 2024 in China, from the

255 A. baumannii samples, which were mostly found in

intensive care units (49%) and from sputum specimens

(80%), they found high resistance to carbapenem

antibiotics. The frequency of the most found genes in
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their samples were blaOXA-51 (66.9%), blaOXA-23

(74.48%), AmpC (84.14%), TEM (75.86%), NDM-1 (4.83%), and

KPC (8.97%) (21). In this study, the samples analyzed were

100% resistant to CPM, Cefotaxime, CAZ, IPM, MEM, and

PTZ. Samples were most sensitive to colistin (80%),

followed by MN (28%). In the study by Zeighami et al., the

resistance rate of MDR A. baumannii samples against CIP

and IPM was 100%, piperacillin was 99%, and against

CPM/levofloxacin/CAZ was 97% (18). It can be concluded

that IPM can be the worst choice for treating this

pathogen, at least in Iran, during this timeline.

In the study by Elvan et al. in Turkey, the most

antimicrobial resistance of Acinetobacter infection was

related to the use of carbapenem in the previous 3

months (20). In the study by Gharaibeh et al. on the A.

baumannii isolates of 150 Jordanian patients, it was

reported that 90% of samples were resistant to

monobactam, cephalosporins, carbapenem, penicillin,

fluoroquinolones, and β-lactam antibiotics, and 20.6% of

samples were resistant to colistin (22). We also

confirmed in our study that our collected samples in

Iran were 80% sensitive to colistin, which shows a

similar pattern. However, Jeon et al. in a study in 2024 in

China reported that for treating carbapenem-resistant A.
baumannii pneumonia, colistin monotherapy is not a

good choice, and the patients did not respond well to

the treatment; therefore, monotherapy may not be

recommended despite its remaining power against

resistant A. baumannii infections (23).

In our study, the presence of "outer membrane

components" virulent genes was mostly related to

resistance to CPM, cefotaxime, CAZ, IPM, and MEM.

Among the antibiotics tested, PTZ had the highest rate

of resistance among MDR isolates, while MN had the

lowest prevalence of resistance in this population.

This study has certain limitations. The relatively

small sample size and convenience sampling method

may limit the generalizability of the findings.

Additionally, clinical outcome data (e.g., patient

response to treatment) were not collected, preventing

correlation of resistance virulence profiles with clinical

severity. Future studies with a larger sample size and

multicenter designs are needed.

5.1. Conclusions

This study revealed that the virulence factors T6SS,

LpsB, and PLD were highly prevalent in MDR A. baumannii
isolates from clinical specimens in Iran. This suggests

that virulence factors contribute to expressions of

antibiotic resistance; however, additional studies,

especially with susceptible isolates, will be necessary to

verify this association.

5.2. Limitations

The high prevalence of T6SS, LpsB, and PLD virulence

genes in MDR A. baumannii isolates highlights the

possible role of these genes in antibiotic resistance.

However, further genomic studies are required to

investigate their potential for horizontal transmission.

Acknowledgements

We would like to thank the Pediatric Infections

Research Center, Research Institute for Children’s

Health, Shahid Beheshti University of Medical Sciences,

Tehran, Iran, for performing the laboratory tests and

maintaining the samples gathered. We also appreciate

the scientific support and recommendations of the

Cellular and Molecular Research Center, Sabzevar

University of Medical Sciences, Sabzevar, Iran.

Footnotes

Authors' Contribution: M. S. proposed the initial

idea, designed, and supervised the study. L. A. and S. F.

conducted the laboratory tests on the samples and

wrote the methodology of the study. H. H. drafted the

manuscript and the proposal of the study for the ethical

and scientific committee of the university. S. A. F. and A.

K. assisted in gathering and maintaining samples. A. K.

also assisted in the coordination between the research

centers. All authors read the final version of the

manuscript and approved it.

Conflict of Interests Statement: The authors declare

no conflict of interest.

Data Availability: The dataset related to this study will

be provided by the corresponding author to the journal

editor as requested.

Ethical Approval: This study was approved by both

the Scientific and Ethical Committees of Sabzevar

University of Medical Sciences (code:

IR.MEDSAB.REC.1401.093 ).

Funding/Support: This study was financially

supported by an agreement between two research

centers: The Research Institute for Children’s Health of

Shahid Beheshti University of Medical Sciences and

Sabzevar University of Medical Sciences (grant number:

401194).

Informed Consent: Written informed consent was

obtained from all participants.

https://brieflands.com/articles/archcid-158607
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=308735


Azimi L et al. Brieflands

8 Arch Clin Infect Dis. 2025; 20(5): e158607

References

1. Centers for Disease Control and Prevention. About Antimicrobial

Resistance. Centers for Disease Control and Prevention; 2025, [cited

2025].

2. Ibrahim S, Al-Saryi N, Al-Kadmy IMS, Aziz SN. Multidrug-resistant

Acinetobacter baumannii as an emerging concern in hospitals. Mol

Biol Rep. 2021;48(10):6987-98. [PubMed ID: 34460060]. [PubMed

Central ID: PMC8403534]. https://doi.org/10.1007/s11033-021-06690-6.

3. Sadr M, Fahimzad SA, Karimi A, Fallah F, Armin S, Almasian Tehrani N,

et al. Antimicrobial resistance and molecular epidemiology of

virulence genes among multi-drug resistant Acinetobacter

baumannii clinical isolates in Iran. Gene Rep. 2021;24:101281.

https://doi.org/10.1016/j.genrep.2021.101281.

4. Dijkshoorn L, Nemec A, Seifert H. An increasing threat in hospitals:

multidrug-resistant Acinetobacter baumannii. Nat Rev Microbiol.

2007;5(12):939-51. [PubMed ID: 18007677].

https://doi.org/10.1038/nrmicro1789.

5. Ali HM, Salem MZM, El-Shikh MS, Megeed AA, Alogaibi YA, Talea IA.

Investigation of the Virulence Factors and Molecular

Characterization of the Clonal Relations of Multidrug-Resistant

Acinetobacter baumannii Isolates. J AOAC Int. 2017;100(1):152-8.

[PubMed ID: 27765082]. https://doi.org/10.5740/jaoacint.16-0139.

6. Liu C, Chang Y, Xu Y, Luo Y, Wu L, Mei Z, et al. Distribution of

virulence-associated genes and antimicrobial susceptibility in

clinical Acinetobacter baumannii isolates. Oncotarget.

2018;9(31):21663-73. [PubMed ID: 29774093]. [PubMed Central ID:

PMC5955172]. https://doi.org/10.18632/oncotarget.24651.

7. Lee C, Lee JH, Park M, Park KS, Bae IK, Kim YB, et al. Biology of

Acinetobacter baumannii: Pathogenesis, Antibiotic Resistance

Mechanisms, and Prospective Treatment Options. Frontiers Cell Infect

Microbiol. 2017;7. https://doi.org/10.3389/fcimb.2017.00055.

8. Kyriakidis I, Vasileiou E, Pana ZD, Tragiannidis A. Acinetobacter

baumannii Antibiotic Resistance Mechanisms. Pathogens. 2021;10(3).

[PubMed ID: 33808905]. [PubMed Central ID: PMC8003822].

https://doi.org/10.3390/pathogens10030373.

9. Rahimzadeh G, Rezai MS, Farshidi F. Genotypic Patterns of Multidrug-

Resistant Acinetobacter baumannii: A Systematic Review. Adv Biomed

Res. 2023;12:56. [PubMed ID: 37200758]. [PubMed Central ID:

PMC10186031]. https://doi.org/10.4103/abr.abr_434_22.

10. Turton JF, Ward ME, Woodford N, Kaufmann ME, Pike R, Livermore

DM, et al. The role of ISAba1 in expression of OXA carbapenemase

genes in Acinetobacter baumannii. FEMS Microbiol Lett.

2006;258(1):72-7. [PubMed ID: 16630258]. https://doi.org/10.1111/j.1574-

6968.2006.00195.x.

11. Kahlmeter G, Brown DF, Goldstein FW, MacGowan AP, Mouton JW,

Odenholt I, et al. European Committee on Antimicrobial

Susceptibility Testing (EUCAST) Technical Notes on antimicrobial

susceptibility testing. Clin Microbiol Infect. 2006;12(6):501-3. [PubMed

ID: 16700696]. https://doi.org/10.1111/j.1469-0691.2006.01454.x.

12. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske

CG, et al. Multidrug-resistant, extensively drug-resistant and

pandrug-resistant bacteria: an international expert proposal for

interim standard definitions for acquired resistance. Clin Microbiol

Infect. 2012;18(3):268-81. [PubMed ID: 21793988].

https://doi.org/10.1111/j.1469-0691.2011.03570.x.

13. Peleg AY, Adams J, Paterson DL. Tigecycline Efflux as a Mechanism for

Nonsusceptibility in Acinetobacter baumannii. Antimicrob Agents

Chemother. 2007;51(6):2065-9. [PubMed ID: 17420217]. [PubMed

Central ID: PMC1891386]. https://doi.org/10.1128/AAC.01198-06.

14. Bahador A, Farshadzadeh Z, Raoofian R, Mokhtaran M, Pourakbari B,

Pourhajibagher M, et al. Association of virulence gene expression

with colistin-resistance in Acinetobacter baumannii: analysis of

genotype, antimicrobial susceptibility, and biofilm formation. Ann

Clin Microbiol Antimicrob. 2018;17(1):24. [PubMed ID: 29859115].

[PubMed Central ID: PMC5984448]. https://doi.org/10.1186/s12941-018-

0277-6.

15. Yang JL, Yang CJ, Chuang YC, Sheng WH, Chen YC, Chang SC.

Association of capsular polysaccharide locus 2 with prognosis of

Acinetobacter baumannii bacteraemia. Emerg Microbes Infect.

2022;11(1):83-90. [PubMed ID: 34825848]. [PubMed Central ID:

PMC8725928]. https://doi.org/10.1080/22221751.2021.2011624.

16. Jacobs AC, Hood I, Boyd KL, Olson PD, Morrison JM, Carson S, et al.

Inactivation of phospholipase D diminishes Acinetobacter

baumannii pathogenesis. Infect Immun. 2010;78(5):1952-62. [PubMed

ID: 20194595]. [PubMed Central ID: PMC2863507].

https://doi.org/10.1128/IAI.00889-09.

17. Kim J, Lee JY, Lee H, Choi JY, Kim DH, Wi YM, et al. Microbiological

features and clinical impact of the type VI secretion system (T6SS) in

Acinetobacter baumannii isolates causing bacteremia. Virulence.

2017;8(7):1378-89. [PubMed ID: 28448786]. [PubMed Central ID:

PMC5711433]. https://doi.org/10.1080/21505594.2017.1323164.

18. Zeighami H, Valadkhani F, Shapouri R, Samadi E, Haghi F. Virulence

characteristics of multidrug resistant biofilm forming Acinetobacter

baumannii isolated from intensive care unit patients. BMC Infect Dis.

2019;19(1):629. [PubMed ID: 31315572]. [PubMed Central ID:

PMC6637494]. https://doi.org/10.1186/s12879-019-4272-0.

19. Dong JF, Liu CW, Wang P, Li L, Zou QH. The type VI secretion system in

Acinetobacter baumannii clinical isolates and its roles in

antimicrobial resistance acquisition. Microb Pathog. 2022;169:105668.

[PubMed ID: 35811021]. https://doi.org/10.1016/j.micpath.2022.105668.

20. Elvan Tuz A, Tekin D, Ekemen Keles Y, Sahin A, Ustundag G, Tasar S, et

al. Clinical Reflections of Acinetobacter Infections in Children in a

Quaternary-Care Hospital: A Five-Year Single-Center Experience. Turk

Arch Pediatr. 2024;59(1):38-42. [PubMed ID: 38454258]. [PubMed

Central ID: PMC10837592].

https://doi.org/10.5152/TurkArchPediatr.2024.23153.

21. Wang L, Chen QW, Qin YC, Yi XL, Zeng H. Analysis of carbapenem-

resistant Acinetobacter baumannii carbapenemase gene

distribution and biofilm formation. Int J Mol Epidemiol Genet.

2024;15(1):1-11. [PubMed ID: 38505565]. [PubMed Central ID:

PMC10944714]. https://doi.org/10.62347/KBSB9946.

22. Gharaibeh MH, Abandeh YM, Elnasser ZA, Lafi SQ, Obeidat HM,

Khanfar MA. Multi-drug Resistant Acinetobacter baumannii:

Phenotypic and Genotypic Resistance Profiles and the Associated

Risk Factors in Teaching Hospital in Jordan. J Infect Public Health.

2024;17(4):543-50. [PubMed ID: 38367568].

https://doi.org/10.1016/j.jiph.2024.01.018.

23. Jeon CH, Kim SH, Kim HT, Park KJ, Wi YM. Ineffectiveness of colistin

monotherapy in treating carbapenem-resistant Acinetobacter

baumannii Pneumonia: A retrospective single-center cohort study. J

Infect Public Health. 2024;17(5):774-9. [PubMed ID: 38518683].

https://doi.org/10.1016/j.jiph.2024.03.007.

https://brieflands.com/articles/archcid-158607
http://www.ncbi.nlm.nih.gov/pubmed/34460060
https://www.ncbi.nlm.nih.gov/pmc/PMC8403534
https://doi.org/10.1007/s11033-021-06690-6
https://doi.org/10.1016/j.genrep.2021.101281
http://www.ncbi.nlm.nih.gov/pubmed/18007677
https://doi.org/10.1038/nrmicro1789
http://www.ncbi.nlm.nih.gov/pubmed/27765082
https://doi.org/10.5740/jaoacint.16-0139
http://www.ncbi.nlm.nih.gov/pubmed/29774093
https://www.ncbi.nlm.nih.gov/pmc/PMC5955172
https://doi.org/10.18632/oncotarget.24651
https://doi.org/10.3389/fcimb.2017.00055
http://www.ncbi.nlm.nih.gov/pubmed/33808905
https://www.ncbi.nlm.nih.gov/pmc/PMC8003822
https://doi.org/10.3390/pathogens10030373
http://www.ncbi.nlm.nih.gov/pubmed/37200758
https://www.ncbi.nlm.nih.gov/pmc/PMC10186031
https://doi.org/10.4103/abr.abr_434_22
http://www.ncbi.nlm.nih.gov/pubmed/16630258
https://doi.org/10.1111/j.1574-6968.2006.00195.x
https://doi.org/10.1111/j.1574-6968.2006.00195.x
http://www.ncbi.nlm.nih.gov/pubmed/16700696
https://doi.org/10.1111/j.1469-0691.2006.01454.x
http://www.ncbi.nlm.nih.gov/pubmed/21793988
https://doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/17420217
https://www.ncbi.nlm.nih.gov/pmc/PMC1891386
https://doi.org/10.1128/AAC.01198-06
http://www.ncbi.nlm.nih.gov/pubmed/29859115
https://www.ncbi.nlm.nih.gov/pmc/PMC5984448
https://doi.org/10.1186/s12941-018-0277-6
https://doi.org/10.1186/s12941-018-0277-6
http://www.ncbi.nlm.nih.gov/pubmed/34825848
https://www.ncbi.nlm.nih.gov/pmc/PMC8725928
https://doi.org/10.1080/22221751.2021.2011624
http://www.ncbi.nlm.nih.gov/pubmed/20194595
https://www.ncbi.nlm.nih.gov/pmc/PMC2863507
https://doi.org/10.1128/IAI.00889-09
http://www.ncbi.nlm.nih.gov/pubmed/28448786
https://www.ncbi.nlm.nih.gov/pmc/PMC5711433
https://doi.org/10.1080/21505594.2017.1323164
http://www.ncbi.nlm.nih.gov/pubmed/31315572
https://www.ncbi.nlm.nih.gov/pmc/PMC6637494
https://doi.org/10.1186/s12879-019-4272-0
http://www.ncbi.nlm.nih.gov/pubmed/35811021
https://doi.org/10.1016/j.micpath.2022.105668
http://www.ncbi.nlm.nih.gov/pubmed/38454258
https://www.ncbi.nlm.nih.gov/pmc/PMC10837592
https://doi.org/10.5152/TurkArchPediatr.2024.23153
http://www.ncbi.nlm.nih.gov/pubmed/38505565
https://www.ncbi.nlm.nih.gov/pmc/PMC10944714
https://doi.org/10.62347/KBSB9946
http://www.ncbi.nlm.nih.gov/pubmed/38367568
https://doi.org/10.1016/j.jiph.2024.01.018
http://www.ncbi.nlm.nih.gov/pubmed/38518683
https://doi.org/10.1016/j.jiph.2024.03.007

