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Investigation of phenotypic and genotypic characteristics of 
Acinetobacter baumannii isolated from clinical samples

Klinik örneklerden izole edilen Acinetobacter baumannii’nin fenotipik ve 
genotipik özelliklerinin araştırılması

ÖZET 

Amaç: Acinetobacter baumannii dünya çapında 

yaygın bir nozokomiyal patojendir. Çalışmamızda Çorum 

Erol Olçok Eğitim ve Araştırma Hastanesine başvuran 

hastaların klinik örneklerinden izole edilmiş olan A. 

baumannii izolatlarının antibiyotik direnç oranı, blaOXA ve 

ISaba1 genleri, metallo-beta-laktamaz üretimi, biyofilm 

oluşumu ve klonal sınıflandırmasının belirlenmesi 

amaçlanmıştır. Ayrıca plazmid profilini tanımlamak ve 

genler, klonlar ve plazmidler arasındaki ilişkiyi analiz 

etmek de amaçlanmıştır.

Yöntem: 2018 ve 2019 yılları arasında izole 

edilen 98 A. baumannii çalışmaya dahil edilmiştir. 

Antibiyotik duyarlılık testleri Vitek 2 otomatize sistemi 

ile belirlenmiştir. Kolistin duyarlılığı için referans 

yöntem olan sıvı mikrodilüsyon yöntemi kullanılmıştır. 

Sıvı mikrodilüsyon ile Vitek 2’den elde edilen sonuçlar 

karşılaştırılmıştır. BlaOXA-23, blaOXA-24/40, blaOXA-51 ve blaOXA-58 

genleri multipleks polimeraz zincir reaksiyonu ile tespit 

edilmiştir. ISAba1/blaOXA-23 ve ISAba1/blaOXA-51 genleri 

PCR ile saptanmıştır. İzolatların genotipleri ve alt tipleri 

ABSTRACT

Objective: Acinetobacter baumannii strains are 

common nosocomial pathogens worldwide. Our study 

aimed to determine the antibiotic resistance rate, blaOXA 

and ISAba1 genes, metallo-beta-lactamases production, 

biofilm formation, and clonal classification of A. 

baumannii isolated from clinical samples in Çorum Erol 

Olçok Training and Research Hospital, Türkiye. It was 

also aimed to describe the plasmid profile and analyze 

the association between genes, clones, and plasmids.

Methods: Ninety-eight A. baumannii isolated 

between 2018 and 2019 were included in the study. 

Antibiotic susceptibility tests were determined with 

Vitek 2. The reference broth microdilution method 

was used to assess colistin susceptibility. These results 

were compared with those obtained from the Vitek 2. A 

multiplex polymerase chain reaction detected blaOXA-23, 

blaOXA-24/40, blaOXA-51, and blaOXA-58 genes. The ISAba1/ blaOXA-23 

and ISAba1/ blaOXA-51 genes were analyzed separately 

via PCR. Genotypes and subtypes of the isolates were 

determined with the Repetitive Extragenic Palindromic 
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Repetitive Extragenic Palindromic PCR yöntemi ile 

belirlenmiştir. Uluslararası klonlar multipleks PCR ile 

araştırılmıştır. İzolatların plazmid profilleri ise alkali lizis 

yöntemi ile saptanmıştır. Biyofilm oluşumu ve metallo-

beta-laktamaz üretiminin belirlenmesinde ise fenotipik 

yöntemler kullanılmıştır. 

Bulgular: A. baumannii derin trakeal aspirat 

örneklerinde (%32), yarada (%21), kanda (%17), balgamda 

(%15), idrarda (%9), doku biyopsi örneklerinde (%4), plevral 

sıvıda (%1) ve beyin omurilik sıvısında (%1) saptanmıştır. 

Yoğun bakım ünitesinden alınan hasta örneklerinde 

A. baumannii %58 sıklıkta tespit edilmiştir. İzolatların 

%13’ü test edilen tüm antibiyotiklere duyarlı iken 

%45’inde yaygın antibiyotik direnci olduğu bulunmuştur. 

Karbapenem dirençli izolatların %98,8’inde ISAba1/ 

blaOXA-23, ISAba1/ blaOXA-51, blaOXA-23, blaOXA-51 genleri tespit 

edilmiştir. BlaOXA-24/40 ve blaOXA-58 genleri saptanmamıştır. 

Epidemiyolojik sınıflandırmada yedi genotip ve 21 alt tip 

saptanmıştır. Hastane endemik izolatı olarak Genotip 

D ve uluslararası klon 2 tanımlanmıştır. İzolatların 

%73,4’ünün plazmid taşıdığı ve bu plazmidlerin izolatlar 

arasında farklılık gösterdiği belirlenmiştir. İzolatların 

%88’inde farklı biyofilm seviyeleri ölçülürken seftazidim, 

imipenem, meropenem, trimetoprim-sülfametoksazol 

ve siprofloksasine duyarlı izolatlarda daha güçlü biyofilm 

oluşumu tespit edilmiştir.

Sonuç: A. baumannii izolatlarında blaOXA-23 

genotipi karbapenem direnci ile ilişkilidir. Genotip D 

ve uluslararası klon 2 hastanemizin endemik izolatı 

olarak tanımlanmış olup izolatların plazmid profilleri, 

genotipler ve klonalite açısından duyarlı ve dirençli 

izolatlar arasında benzerlik saptanmamıştır. Seftazidim, 

imipenem, meropenem, trimetoprim-sülfametoksazol 

ve siprofloksasine duyarlı izolatlarda daha güçlü 

biyofilm oluşumu tespit edilmiştir ve biyofilm oluşumu 

ile antibiyotik direnci arasındaki ilişki konusunda daha 

geniş kapsamlı çalışmaların yapılmasına ihtiyaç olduğu 

kanaatine varılmıştır.

Anahtar Kelimeler: Acinetobacter baumannii, 

antibiyotik direnci, REP-PCR, plazmid, biyofilm 

PCR method. International clones were investigated 

by multiplex PCR. The plasmid profiles of the isolates 

were analyzed using alkaline lysis. Phenotypic methods 

were preferred for determining biofilm formation and 

metallo-beta-lactamase production.

Results: A. baumannii was identified in deep 

tracheal aspirate samples (32%), wounds (21%), blood 

(17%), sputum (15%), urine (9%), tissue biopsy samples 

(4%), pleural fluid (1%), and cerebrospinal fluid (1%). 

A. baumannii was detected in patient samples from 

the intensive care unit at a frequency of 58%. Of these 

isolates, 13% were susceptible to all antibiotics tested, 

while 45% were found to be extensively drug resistant. 

The ISAba1/blaOXA-23, ISab1/blaOXA-51, blaOXA-23, and 

blaOXA-51 genes were found in 98.8% of the carbapenem-

resistant isolates. BlaOXA-24/40 and blaOXA-58 genes were 

not detected. The epidemiological distribution of the 

isolates revealed seven genotypes and 21 subtypes. 

Genotype D was found, and international clone 2 was 

classified in the hospital epidemic isolates. It was shown 

that 73.4% of isolates carried plasmids, which were 

not identical among isolates. Different biofilm levels 

were measured in 88% of the isolates. However, more 

vigorous biofilm formation was detected in isolates 

sensitive to ceftazidime, imipenem, meropenem, 

trimethoprim-sulfamethoxazole, and ciprofloxacin. 

Conclusion: The blaOXA-23 genotype was associated 

with carbapenem resistance in A. baumannii  isolates. 

Genotype D and international clone 2 were defined 

as endemic isolates in our hospital, and no similarity 

was found between susceptible and resistant isolates 

in terms of plasmid profiles, genotypes, and clonality. 

Stronger biofilm formation was detected in isolates 

susceptible to ceftazidime, imipenem, meropenem, 

trimethoprim-sulfamethoxazole, and ciprofloxacin, 

and more comprehensive studies are needed on the 

relationship between biofilm formation and antibiotic 

resistance.  

Key Words: Acinetobacter baumannii, antibiotic 

resistance, REP-PCR, plasmid, biofilm
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INTRODUCTION

Acinetobacter baumannii is a gram-negative 

coccobacillus and a crucial nosocomial pathogen 

rapidly developing antibiotic resistance (1). Minimum 

inhibitory concentration (MIC) against imipenem, the 

safest treatment option, has reached an alarming 

level. In addition, colistin-resistant isolates have been 

reported, and treatment options for A. baumannii 

have become very limited (2). OXA-type β-lactamases 

and metallo-beta-lactamases (MBLs) produced by 

bacteria are mainly responsible for carbapenem 

resistance (CR) (3). Beta-lactamases (bla) of the 

blaOXA-51 group are naturally produced in Acinetobacter 

species (2). A. baumannii can also produce blaOXA-23, 

blaOXA-24/40, blaOXA-58, blaOXA-143, and blaOXA-235. Global 

epidemiological surveillance of dominant drug-

resistant strains is necessary, and A. baumannii strains 

(international clone, IC) were identified following the 

European outbreak (3). Some studies have shown 

that plasmids carried by A. baumannii are essential 

in acquiring resistance genes, and plasmids are used 

as markers in epidemiological studies (4). Our study 

aimed to determine the antibiotic resistance rate, 

blaOXA and ISAba1 genes, metallo-beta-lactamases 

production, biofilm formation, and IC classification of 

A. baumannii isolated from clinical samples in Çorum 

Erol Olçok Training and Research Hospital, Türkiye. 

It was also aimed to describe the plasmid profile and 

analyze the association between genes, clones, and 

plasmids.

 MATERIAL and METHOD

Bacterial strains

The study was conducted from April 1, 2018, to 

April 30, 2019, at the Medical Microbiology Laboratory 

of Çorum Erol Olçok Training and Research Hospital. 

Ninety-eight A. baumannii strains isolated from 

various patient samples (the first isolate from each 

patient) were included in the study. After identifying 

and antibiotic susceptibility testing of the strains 

by both manual and automated techniques (Vitek 

2 Compact, bioMérieux, Marcy l’Étoile, France), 

isolates were suspended in 15% glycerol lysogeny 

broth (LB) and stored at −80°C for further research. 

Antimicrobial susceptibility tests

The Vitek 2 Compact system was used to detect 

the antibiotic susceptibility of isolates according to 

the European Committee on Antimicrobial Resistance 

Testing (EUCAST) standards (5). Both the automated 

system and the reference broth microdilution (BMD) 

method were used to detect colistin susceptibility (6). 

Categorical agreement (CA) of test results was defined 

using the definitions of the International Organization 

for Standardization (ISO) 20776-2:2021 (7). Isolates 

detected as colistin-sensitive by Vitek 2 but resistant 

by BMD were categorized as a significant error (VME). 

In contrast, colistin-resistant isolates detected by 

Vitek 2 but susceptible by BMD were classified as a 

substantial error (ME). Standardized international 

terminology was used for the various resistance 

patterns in A. baumannii isolates, categorized as 

multidrug-resistant (MDR), extensively drug-resistant 

(XDR), and pan-drug-resistant (PDR) (8). MDR was 

defined as acquired resistance to at least one agent 

across three or more antimicrobial categories, XDR is 

defined as resistance to at least one agent in all but 

two or fewer antimicrobial categories (indicating that 

bacterial isolates remain susceptible to only one or 

two categories), and PDR is defined as resistance to 

all agents in all antimicrobial categories (8).

PCR of class D- β lactamases genes

DNAs were extracted by Tissue δ Bacterial 

DNA Purification Kit (The EURx Gene MATRIX) and 

then stored at −20°C. The gene regions of blaOXA-23, 

blaOXA-24/40, blaOXA-51, and blaOXA-58 were studied using 

multiplex polymerase chain reaction (mPCR) (9). 

The ISAba1/ blaOXA-23 and ISAba1/ blaOXA-51 genes were 

investigated separately with the PCR (10). 

Metallo-beta-lactamases combination disk 
diffusion test

0.5 McFarland bacterial suspensions were 
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Table 1. PCR methods, target genes and primer sequences used for genotyping of A. baumannii

inoculated on Mueller-Hinton agar (MHA) plates. 

Two imipenem (10 μg) disks were placed 22 mm 

apart on the surface of the medium. 10 μL of 

ethylenediaminetetraacetic acid (EDTA) (0.5 M, pH: 

8) was dropped in one of the imipenem disks. The 

plates were incubated for 18 hours at 35°C. Isolates 

were classified as MBL producers when the inhibition 

zone diameter of the imipenem/EDTA disc was above 

that of the imipenem disc by 7 mm or more (11).

 

International clone identification

Two groups of PCR primers were utilised to identify 

ICs. (12). The PCR methods, target genes, and primer 

sequences utilized for genotyping A. baumannii 

are presented in Table 1. ICs were determined by 

evaluating the bands whose molecular size was 

determined with Group 1 and Group 2 PCR analysis 

of each sample (13). According to Reboli et al.’s 

method, the genotypes and subtypes of the isolates 

were determined with the Repetitive Extragenic 

Palindromic PCR (REP-PCR) method (14).

INVESTIGATION OF PHENOTYPIC-GENOTYPIC CHARACTERISTICS OF A.BAUMANNII

Target gene Method Primer sequence Product 
size (bp) References

bla-Oxa-51-like-F

Multiplex PCR

5’-TAA TGC TTT GAT CGG CCT TG-3’
353

599

501

246

Woodford et al.,2006

bla-Oxa-51-like-R 5’-TGG ATT GCA CTT CAT CTT GG-3’

bla-Oxa-58-like-F 5’-AAG TAT TGG GGC TTG TGC TG-3’

bla-Oxa-58-like-R 5’-CCC CTC TGC GCT CTA CAT AC-3’

bla-Oxa-23-like-F 5’-GAT CGG ATT GGA GAA CCA GA-3’

bla-Oxa-23-like-R 5’-ATT TCT GAC CGC ATT TCC AT-3’

bla-Oxa-24-like-F 5’-GGT TAG TTG GCC CCC TTA AA-3’

bla-Oxa-24-like-R 5’-AGT TGA GCG AAA AGG GGA TT-3’

ISAba-1-F

PCR

5’-TGA GAT GTG TCA TAG TAT TC-3’
314

227

Bahador et al., 2015
OXA-23-R 5’-AGA GCA TTA CCA TAT AGA TT-3’

ISAba-1-F 5’-AAG CAT GAT GAG CGC AAA G-3’

OXA-51-R 5’-GGT GAG CAG GCT GAA ATA AAA-3’

Group1ompAF306

Multiplex PCR

5’-GAT GGC GTA AAT CGT GGT A-3’
355

702

559

Turton et al., 2007

Group1and2ompAR660 5’-CAA CTT TAG CGA TTT CTG G-3’

Group1csuEF 5’-CTT TAG CAA ACA TGA CCT ACC-3’

Group1csuER 5’-TAC ACC CGG GTT AAT CGT-3’

Gp1OXA66F89 5’-GCG CTT CAA AAT CTG ATG TA-3’

Gp1OXA66R647 5’-GCG TAT ATT TTG TTT CCA TTC-3’

Group2ompAF378

Multiplex PCR

5’-GAC CTT TCT TAT CAC AAC GA-3’
343

580

162

Turton et al., 2007

Group1and2ompAR660 5’-CAA CTT TAG CGA TTT CTG G-3’

Group2csuEF 5’- GGC GAA CAT GAC CTA TTT-3’

Group2csuER 5’-CTT CAT GGC TCG TTG GTT-3’

Gp2OXA69F169 5’-CAT CAA GGT CAA ACT CAA-3’

Gp2OXA69R330 5’-TAG CCT TTT TTC CCC ATC-3’

REP1R-I
REP2-I REP-PCR 5’- IIIICGICGICATCIGGC-3’

5’- ICGICTTATCIGGCCTAC-3’ - Reboli et al., 1994

REP-PCR, Repetitive Extragenic Palindromic polymerase chain reaction
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Plasmid DNA extraction

The Miniprep plasmid DNA isolation method was 

used for plasmid DNA extraction (15). The following 

solutions were added to freshly prepared bacterial 

cultures: Alkaline Lysis Solution (ALS) I (10 mM EDTA, 

pH:8.0, 50 mM glucose/ 25mM Tris-Cl, 13 µL of 

RNAase added to 1 mL solution), ALS II (1% SDS/ 0.2 

M NaOH), and ALS III (5 M potassium acetate/glacial 

acetic acid). DNA products were purified and then 

visualized using a UV transilluminator. The Fragment 

Size Calculator was used to calculate plasmid sizes. 

(http://www.basic.northwestern.edu/biotools/

SizeCalc.html) (16). 

Biofilm formation

A single colony of A. baumannii grown on LB 

agar was inoculated into brain-heart infusion broth 

containing 0.25% glucose (G-BHIB). After incubation 

at 37°C for 24 hours, the medium was 1/20 diluted 

with G-BHIB, and 200 μL of the mixture of each 

strain was dispensed into polystyrene plates in three 

adjacent wells. The microplates were washed with 

phosphate-buffered saline (PBS) X1 after 48 hours of 

incubation at 37°C in a shaker water bath and dried 

at room temperature. The residue was stained for 

15 minutes with 1% crystal violet, washed with PBS, 

and dried at room temperature for 20 minutes. 200 

µL of ethanol/acetone solution (80/20) was added to 

each well. Optical density (OD) was measured using 

a spectrophotometer at a wavelength of 590 nm. 

Based on the OD measurement, biofilm formation was 

classified as follows: OD < 1 negative; 1 < OD < 2 low 

level (+); 2 < OD < 3 moderate level (++); and OD > 

3 high level (+++). As a quality control measure, the 

Staphylococcus aureus ATCC 25923 strain was used 

(17). 

Biofilm imaging with scanning electron microscopy

Five isolates with high, medium, low, and negative 

OD values were selected for imaging using scanning 

electron microscopy (SEM). These isolates and the 

positive control strain (S. aureus ATCC 25923) were 

tested on ceramic surfaces by modifying Patenge’s 

method (18).

Approximately 30 fields of view of each sample 

were scanned with SEM. Bacterial adhesion and 

aggregation in each area were evaluated. In the SEM 

imaging, if the bacteria in the 10,000 × magnification 

covered more than 80% of the field, it was classified 

as high OD; bacteria covering 50–80% of the field it 

was classified as medium OD; bacteria covering 10–

50% of the field was classified as low OD; and bacteria 

covering less than 10% of the field was classified as 

negative OD. 

Statistical analysis

SPSS version 21.0 (IBM Corp, Armonk, NY, USA) 

was used for data analysis. P values <0.05 were 

determined as statistically significant. For continuous 

variables with a normal distribution, results were 

presented as the mean ± standard deviation, Student’s 

t-test was used to compare means between two 

groups, and analysis of variance (ANOVA) was used to 

compare means between three or more groups. For 

continuous variables with a non-normal distribution, 

results were reported as the median and range, and 

the Mann-Whitney U test was used to compare means 

between two groups, and the Kruskal-Wallis test 

was used to compare means between three or more 

groups. Chi-squared or Fisher’s exact tests were used 

for intergroup comparisons of categorical variables. 

Spearman’s correlation coefficient was used to assess 

the correlation between two continuous variables 

with a non-normal distribution.

The study was approved by the Hitit University Non-

Interventional Clinical Research Ethics Committee 

(Date: 25.10.2018 and Number: 2018-173).

RESULTS

A. baumannii was identified in deep tracheal 

aspirate samples (DTA) (32%), wounds (21%), blood 

(17%), sputum (15%), urine (9%), tissue biopsy samples 

(4%), pleural fluid (1%), and cerebrospinal fluid (1%). 

A. baumannii was detected in patient samples from 

the intensive care unit (ICU) at a frequency of 58%.
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Table 2. Antimicrobial resistance rates of A. baumannii isolates

Antimicrobial susceptibility results

According to the antibiotic resistance profiles 

of the isolates, 45% were XDR, and 42% were MDR. 

Antibiotic resistance levels for ceftazidime (CAZ), 

imipenem (IPM), meropenem (MEM), and ciprofloxacin 

(CIP) have been recorded at 86.7% each. The 

resistance rates to other antibiotics were determined 

as follows: gentamicin (CN), 73.4%; amikacin (AK), 

60.2%; trimethoprim-sulfamethoxazole (SXT), 60.2%; 

tigecycline (TGC), 2%; and colistin (CT), 8.1%.

There were eight colistin-resistant isolates with 

BMD. Using Vitek 2, six had MICs ≤ 0.5 mg/L, and they 

gave false-susceptible results. The rate of VMEs was 

75%, but no MEs were observed in the susceptibility 

test of A. baumannii isolates. The positive predictive 

value (PPV) of the Vitek 2 for detecting resistant 

isolate was 25% (2/8), while the negative predictive 

value (NPV) was 100% (90/90). The results of antibiotic 

susceptibility tests of isolates are shown in Table 2.

Distribution of carbapenemase genes

Ninety-three (94.8%) isolates were blaOXA-51 

carbapenemase genotype, while 84 (85.7%) were 

blaOXA-23 genotype. 84 (85.7%) isolates were ISAba1/

blaOXA-51 + ISAba1/blaOXA-23 genotype. The genes linked 

to the blaOXA-24/40 and blaOXA-58 groups were undetected.

The blaOXA-23, blaOXA-51, ISAba1/blaOXA-23, and 

ISAba1/blaOXA-51 genes were detected in 98.8% 

of CR isolates, and they were detected as 

significantly higher in the CR groups (all p < 0.001).

Table 3 shows the distribution of bla genes 

based on the isolates’ carbapenem susceptibility.

INVESTIGATION OF PHENOTYPIC-GENOTYPIC CHARACTERISTICS OF A.BAUMANNII

Antimicrobial Agent
Antimicrobial Resistance Rates

R% (n/N) I % (n)

Imipenem 86.7 (85/98) 0

Meropenem 86.7 (85/98) 0

Ceftazidime 86.7 (85/98) -

Ciprofloxacin 86.7 (85/98) 1 (1/98)

Gentamicin 73.4 (72/98) -

Amikacin 60.2 (59/98) -

Trimethoprim-Sulfamethoxazole- 60.2 (59/98) 0

Tigecycline 2 (2/98) 20.4 (20/98)

Colistin (Vitek 2) 2 (2/98) -

Colistin (BMD) 8.1 (8/98) -

Table 3. Distribution of bla genes and the carbapenem susceptibility of isolates

Genes
CRAB

n=85 %(n)
CSAB 

n=13 % (n)
All isolates
n=98 % (n)

blaOXA-51 98.8 (84) 69.2 (9)  94.8 (93)

blaOXA-23 98.8 (84) 0 (0)  85.7 (84)

blaOXA-24/40 0 (0) 0 (0) 0 (0)

blaOXA-58 0 (0) 0 (0) 0 (0)

ISAba1/blaOXA-51 98.8 (84) 38.4 (5) 90.8 (89)

ISAba1/blaOXA-23 98.8 (84) 0 (0) 85.7 (84)

Carbapenem-resistant A. baumannii (CRAB), Carbapenem-susceptible A. baumannii (CSAB)
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Clusters, clones, plasmids, and biofilm formation

The isolates’ local epidemiological distributions 

and band patterns were identified by repetitive-

element PCR (REP-PCR). In our study, seven genotypes 

and 21 subtypes were detected. These subtypes 

belonged to eight different clusters, and 13 isolates 

were classified under a single pattern and did not 

show similarities to the other isolates. Genotype 

D was detected in 52 (53%) of the isolates and was 

determined to be the endemic strain of our hospital. 

Although seven different clone groups were detected 

by multiplex PCR, five isolates did not belong to a 

clone. IC 2 was the dominant international clone in our 

hospital, constituting 71 isolates (73%) of the isolates. 

The distribution characteristics of IC strains of the 

isolates are summarized in Supplementary Table 1.

Plasmid DNA extraction showed that 73.4% of A. 

baumannii isolates carried one to six plasmids varying 

between 1.3 and 50.2 Kb, and these plasmids were 

heterogeneously distributed among the isolates. 

Plasmids were detected in 74.1% (63/85) of the CR 

isolates and 69.2% (9/13) of the susceptible isolates.

All colistin-resistant isolates had plasmids, 

and only two isolates had identical plasmid 

profiles, while the remaining isolates displayed 

distinct patterns. All isolates’ genotypes, IC 

distribution, and plasmid characterisation 

information are included in Supplementary Table 2.

It was defined that 20% (20/98) of the isolates 

formed a high-level biofilm, 33% (32/98) a 

medium level of biofilm, 35% (34/98) a low level 

of biofilm, and 12% (12/98) did not form biofilm. 

The distribution of biofilm measurement results 

of the isolates according to the resistance group is 

shown in Figure 1. SEM images of biofilm formation 

are shown in Figure 2. A statistically significant 

difference was seen between the resistance groups 

and the level of biofilm formation (p= 0.024). The 

strains susceptible to CAZ, IPM, MEM SXT, and CIP 

formed stronger biofilms than those resistant to 

these antibiotics. (p = 0.007, p = 0.007, p = 0.007, 

p < 0.001, and p = 0. 012, respectively) (Table 4).

Table 4. The relationship between biofilm formation level and antibiotic resistance

Biofilm OD (590 nm)
P

Resistance Median (25p–75p) Sensitive Median (25p–75p)

Ceftazidime 1.98 (1.18–2.75) 2.86 (2.06–3.14) 0.007

Gentamicin 1.98 (1.35–2.70) 2.64 (1.77–3.22) 0.059

Amikacin 2.01 (1.4–2.8) 2.3 (1.42–2.92) 0.689

Imipenem 1.98 (1.18–2.75) 2.86 (2.06–3.14) 0.007

Meropenem 1.98 (1.18–2.75) 2.86 (2.06–3.14) 0.007

SXT 1.85 (1.12–2.46) 2.86 (1.98–3.27) <0.001

Ciprofloxacin 1.98 (1.18–2.75) 2.88 (2.04–3.17) 0.012

Tigecycline 2.17 (0.95– ) 2 (2.82–1.35) 0.973

Colistin 2.61 (1.51–3.43) 2.16 (1.4–2.81) 0.695

SXT, sulfamethoxazole-trimethoprim
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Figure 1. Biofilm formation levels of A. baumannii strains in different resistance groups

Figure 2. Biofilm formation of A. baumannii on ceramic surface, imaging by SEM
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DISCUSSION

Numerous studies demonstrate that MDR 

A. baumannii is frequently isolated from the 

respiratory tract and blood samples of patients in 

ICU, attributed to extended hospitalization and 

mechanical ventilation support. In this study, A. 

baumannii was primarily isolated from DTAs (32%) 

of patients in the ICU (58%), corresponding to the 

literature (19). Of the isolates with resistance 

profiles, 45% were XDR, and 42% were MDR. 

In our investigation, the highest antibiotic 

resistance levels for ceftazidime (CAZ), imipenem 

(IPM), meropenem (MEM), and ciprofloxacin (CIP) 

have been recorded at 86.7% each. The resistance 

rates of these antibiotics in this study were above 

those reported by the Antimicrobial Resistance 

in the European Union/European Economic Area 

Network (EARS-Net) in 2020. However, they are 

consistent with the rates reported by the Central 

Asian and European Surveillance of Antimicrobial 

Resistance Network (CAESAR-Net) in 2020 (20, 21).

The colistin resistance frequency was 8.1% using 

gold standard BMD, whereas it was 2% using Vitek 

2. Several studies in the literature research VME 

and ME rates by comparing the gold standard BMD 

method with the Vitek 2 automated system for 

detecting colistin susceptibility (22). In our study, 

eight isolates were resistant to colistin when tested 

with BMD, while six of them had a MIC of less than 

0.5 mg/L and were susceptible when tested with 

Vitek 2. VME rate was 75%, but ME was not detected. 

VME rates have been documented in the literature, 

ranging from 6.7% to 55.8% (23,24). In our study, the 

VME rate was 75%, which is above what has been 

reported in the existing literature, and we concluded 

that Vitek 2 did not meet the criteria required for 

method approval due to the high VME rate and low 

PPD (25%) of the test for detecting resistant isolates.

MBL and Class D β-lactamases production are 

the most common CR mechanisms in Acinetobacter 

spp. Research on Class D β-lactamases identified the 

blaOXA-51 gene in all CR isolates; however, the blaOXA-23 

gene was the most frequently linked with resistance 

(25). In the present study, 94.8% of the isolates were 

the blaOXA-51 genotype, 85.7% were blaOXA-23 genotype, 

and no isolates with blaOXA-24/40 or bla OXA-58 genotypes 

were found. Researchers indicate that the expression 

of blaOXA-51 and blaOXA-23 genes improves CR when 

stimulated by insertion sequences (IS) like ISAba1 

(10). Our study found that the blaOXA-23 and ISAba1/

blaOXA-23 gene regions were harboured in 98.8% of 

CR isolates, whereas these genes were absent in all 

carbapenem-susceptible isolates. Our results are 

consistent with previous studies, and the blaOXA-23 

genotype was associated as a predictor of CR in the 

MDR and XDR isolates (p< 0.001). BlaOXA-51 is a natural 

beta-lactamase gene that functions as a genotype-

related marker for A. baumannii and is responsible 

for CR when insertion sequence (IS) elements, such as 

ISaba1, are expressed. While blaOXA-51 genes are found 

in most A. baumannii isolates, there is some debate 

about whether these genes are present in all isolates. 

(26). Detection of the blaOXA-51 gene is an easy and 

handy method for identifying A. baumannii, whether 

they are consistently present, and is also specific for 

this species (27). However, we detected one CR isolate 

and four susceptible isolates without the blaOXA-51 gene. 

A study by Bahador et al., demonstrated that 

the ISAba/blaOXA-51 and ISAba/blaOXA-23 genotypes of 

A. baumannii had significantly higher CR rates (10). 

On the contrary, these high-resistance genotypes 

were susceptible to imipenem. Turton et al., found 

that only ISAba/blaOXA-51 genotypes were CR (28). 

In our study, blaOXA-51, blaOXA-23, and related ISAab1/

blaOXA-51 and ISAba1/blaOXA-23 genes were present 

in 98.8% of the CR isolates, consistent with the 

literature. ISAab1/blaOXA-51 and ISAba1/blaOXA-23 

genes were detected together in 84 (85.7%) strains.

The MBL production rate of A. baumannii isolates 

is up to 99% worldwide, depending on differences in 

the tests used in studies (29). In our study, 83.5% of 

CR strains were MBL producers. In addition, the fact 

that phenotypic test results could not be confirmed 
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with genotypic tests is a limitation of our study.

REP-PCR, which is easy to apply, fast, reliable, and 

highly distinctive, is frequently used in the laboratory 

to examine the clonal proximity of resistant isolates, 

determine the source of the epidemic, and control 

the spread (30). In our study, seven genotypes (A–G) 

and 21 subtypes of A. baumannii were classified. 

Among the 21 subtypes, eight different clusters were 

observed, whereas 13 isolates were classified as a 

single pattern, showing no similarity to other isolates. 

Genotype D was detected in 53% of the isolates and 

was found to be the endemic genotype at our hospital.

In a study, IC 2 continued to spread in IMP-

resistant A. baumannii isolates from 15 hospitals in 

Italy, Greece, and Spain and was reported to be the 

dominant clonal lineage in Europe (31). Caldart et al., 

found that 27 CR A. baumannii isolates belonged to 

IC 1, IC 5, and IC 6 (32). The significant determinants 

of CR in the IC 1 and IC 5 strains were blaOXA-23, 

associated with ISAba1 and ISAba3, respectively. In 

our study, IC 2 was commonly detected in our hospital, 

consistent with the global data. Genotypes IC 1 and 

IC 2 tended to be generally MDR and XDR, while 

genotypes G5, G6, G8, and G13 were susceptible 

isolates. The majority of IC 2 (49/71) were grouped 

into Genotype D, and a significant relationship was 

found between Genotype D and IC 2 (p < 0.001). 

Studies on plasmids in A. baumannii are very 

limited. In a bioinformatics study conducted by 

Salgado-Camargo et al., 173 plasmid profiles of 

A. baumannii were analyzed using the GenBank 

database (NCBI) (33). They determined that the 

plasmid sizes ranged from 1.1 Kb to 216.7 Kb, with 

up to six plasmids in one isolate. Only 35.2% of the 

plasmids carried the resistance gene. In that study, 

plasmid resistance genes were thought to be acquired 

by secondary acquisition after the emergence of the 

lineage, as only a few members of a plasmid lineage 

have resistance genes. Our study revealed that 73.4% 

of A. baumannii isolates carried plasmids distributed 

heterogeneously among the isolates. Additionally, 

no correlation was observed between susceptible 

and resistant isolates’ genotypes, IC, and plasmid 

profiles. These findings support the theory that not 

all A. baumannii plasmids carry specific resistance 

genes and that plasmid conjugation is limited. In 

addition, the fact that all colistin-resistant strains 

carried plasmids suggests there may be plasmid-

mediated resistance, but plasmid-mediated 

resistance has not been defined in A. baumannii (34). 

Numerous studies have examined the correlation 

between biofilm formation and antibiotic resistance, 

demonstrating differences in their findings. Some 

previous studies have found a positive relationship 

between the biofilm formation capacity of bacteria 

and antibiotic resistance. A study indicated that 

76.9% (173/225) of MDR A. baumannii isolates 

showed biofilm formation; however, no significant 

correlation was found between biofilm formation and 

antibiotic resistance (35). Another study reported 

that susceptible A. baumannii strains formed 

stronger biofilms than the MDR and XDR strains (36). 

That study also underlined that biofilm formation 

was higher in isolates sensitive to aminoglycosides, 

carbapenems, fluoroquinolones, ampicillin-

sulbactam, trimethoprim-sulfamethoxazole, 

tetracycline, and penicillin than in isolates resistant 

to these antibiotics. Another study reported a 

negative correlation between antibiotic resistance 

and biofilm formation by A. baumannii (37). In 

our research, strains susceptible to CAZ, IPM, MEM 

SXT, and CIP formed stronger biofilms than the 

strains that were resistant to these antibiotics (p 

= 0.007, p = 0.007, p = 0.007, p < 0.001, and p = 

0.012, respectively). Further research is required to 

elucidate the connection between biofilm formation 

and the development of antibiotic resistance.

In hospital settings, A. baumannii is one of 

the most persistent and opportunistic pathogens 

that are difficult to control. The survival of A. 

baumannii is due to multifactorial and combined 

strategies. In our study, CR-related genes and 

blaOXA-23 genes in hospital-acquired A. baumannii 

isolates were encountered as the main determinants 

INVESTIGATION OF PHENOTYPIC-GENOTYPIC CHARACTERISTICS OF A.BAUMANNII



Turk Hij Den Biyol Derg 227

Cilt 82  Sayı 2 2025
N. KOŞAR et al.

of CR. Resistant bacteria have the potential to 

cause nosocomial outbreaks, and the selection and 

application of an appropriate method is needed to 

determine the dominant genotype. A. baumannii can 

form biofilms; this could be an adaptive mechanism 

developed for survival in the hospital environment. 

Our results underline the need for appropriate 

infection control measures to reduce A. baumannii 

survival and prevent resistance development.

As a result, Genotype D and IC 2 were defined as 

endemic isolates in our hospital, and no similarity 

was found between susceptible and resistant isolates 

regarding plasmid profiles, genotypes, and clonality. 

More vigorous biofilm formation was detected in 

isolates susceptible to ceftazidime, imipenem, 

meropenem, trimethoprim-sulfamethoxazole, 

and ciprofloxacin, and more comprehensive 

studies are needed on the relationship between 

biofilm formation and antibiotic resistance.
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