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ABSTRACT 
Objective: This study aimed to identify the risk factors 
for hospital-acquired Acinetobacter baumannii infections 
in an intensive care unit (ICU), delineate the antibiotic 
resistance profiles of isolates, and elucidate the clonal 
relationships among strains through genotypic analysis. 
Materials and Methods: This prospective case-control 
study was conducted between April 2011 and March 2012 
and included 213 patients. The antibiotic susceptibility of 
Acinetobacter strains was evaluated using the Kirby–
Bauer disk diffusion method. The DiversiLab system was 
used to determine the clonal relationships among A. bau-
mannii strains. 
Results: The key independent risk factors for hospital-
acquired A. baumannii infections included age, mechani-
cal ventilator use, tracheotomy, percutaneous endoscopic 
gastrostomy (PEG), carbapenem administration, and non-
use of cephalosporins. High multi-antibiotic resistance 
was observed in 94% of the isolates. Furthermore, a sub-
stantial clonal closeness with an 86% clustering rate was 
observed among the isolates, with the largest cluster (P5) 
comprising 24 isolates persisting for approximately 14 
months in the hospital setting. 
Conclusions: The findings indicate the need for targeted 
preventive measures against specific risk factors for A. 
baumannii infections in ICUs. The genotypic analysis 
revealed significant clonal spread, necessitating enhanced 
infection control strategies. 
Keywords: Acinetobacter infections, genotype, intensive 
care units 

ÖZ 
Amaç: Bu çalışma, Yoğun Bakım Ünitesi 'nde (YBÜ) 
hastane kaynaklı Acinetobacter baumannii enfeksiyonları 
ile ilişkili risk faktörlerini belirlemeyi, izolatların anti-
biyotik direnç profillerini çizmeyi ve genotipik analiz 
yoluyla suşlar arasındaki klonal ilişkileri aydınlatmayı 
amaçlamaktadır. 
Materyal ve Metot: Bu çalışma Nisan 2011 ile Mart 2012 
tarihleri arasında prospektif vaka-kontrol çalışması olarak 
yürütülmüş olup 213 hastayı kapsamaktadır. Acinetobacter 
suşlarının antibiyotik duyarlılıkları, Kirby–Bauer disk 
difüzyon yöntemi kullanılarak değerlendirilmiştir. A. bau-
mannii suşları arasındaki klonal ilişkilerin belirlenmesi 
için DiversiLab sistemi kullanılmıştır. 
Bulgular: Hastane kaynaklı Acinetobacter enfeksiyonu 
için bağımsız anahtar risk faktörleri yaş, mekanik venti-
latör kullanımı, trakeotomi, perkütan endoskopik gas-
trostomi (PEG) uygulaması, karbapenem verilmesi ve 
sefalosporin kullanılmamasıdır. İzolatların %94'ünde 
yüksek çoklu antibiyotik direnci gözlemlenmiştir. Ayrıca 
izolatlar arasında %86 oranında belirgin bir klonal 
yakınlık gözlenmiş, en büyük kümeyi (P5) yaklaşık 14 ay 
boyunca hastane ortamında süregelen 24 izolat oluştur-
muştur. 
Sonuç: Bulgular, YBÜ'lerinde A. baumannii enfeksiyon-
ları için belirli risk faktörlerine karşı hedeflenmiş önleyici 
tedbirlerin gerekliliğini vurgulamaktadır. Genotipik 
inceleme, artırılmış enfeksiyon kontrol stratejilerini gerek-
tiren önemli bir klonal yayılımı ortaya koymaktadır. 
Anahtar Kelimeler: Acinetobacter enfeksiyonları, geno-
tip, yoğun bakım üniteleri 
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INTRODUCTION 

Acinetobacter baumannii, recognized for its swift 

emergence of antibiotic resistance, frequently results 

in difficult-to-manage outbreaks.1 This bacterium 

primarily occurs as a causative agent in bacteremia 

and respiratory tract diseases. According to the Cen-

ters for Disease Control and Prevention's Antibiotic 

Resistance Threats in the United States 2019 report, 

carbapenem-resistant A. baumannii has been report-

ed as an urgent pathogenic threat.2 The invasive pro-

cedures such as endotracheal mechanical ventilation 

and implanted invasive devices, admission to inten-

sive care, recent surgery, use of broad-spectrum anti-

biotics, ineffective treatment, and septic shock at 

diagnosis are reported as risk factors for multidrug-

resistant A. baumannii colonization or infection and 

higher mortality.3,4 In addition, molecular techniques 

such as polymerase chain reaction are very useful in 

identifying A. baumannii and examining the genetic 

affiliation of clinical isolates of A. baumannii in 

hospitals.5 

This study aimed to explore the risk factors for A. 

baumannii infections in intensive care units (ICUs). 

Furthermore, it aimed to provide insights and recom-

mendations to reduce infection rates, formulate treat-

ment procedures via culture antibiogram evalua-

tions, and determine the clonal relationships of 

strains through genotypic analysis. 

 

MATERIALS AND METHODS 

Ethics Committee Approval: This study was ap-

proved by the ethics committee of XX University 

(Date: 01.03.2011, decision no: 2011/14) and was 

conducted in accordance with the principles of the 

Declaration of Helsinki. 

Study Design: This prospective case-control study 

was conducted at XX Medical Center in the adult 

ICU from April 2011 to March 2012 to identify the 

risk factors for hospital-acquired A. baumannii in-

fections. It included 213 patients who were catego-

rized into 108 cases and 105 controls. During the 

study period, the patients who were followed up in 

the adult ICU and developed a hospital-acquired 

Acinetobacter infection attack were included as the 

case group, and the patients who did not develop an 

infection attack were included as the control group. 

Each participant completed an “Epidemiological 

Patient Study Form” and the “Apache II Form.”6 

The diagnostic criteria established by the Centers for 

Disease Control and Prevention in the United States7 

were used for hospital infection identification. 

Clinical specimens from hospitalized patients were 

grown on blood and eosin–methylene blue agar. 

Traditional techniques were employed for the gram 

staining of colonies classified as Acinetobacter. The 

antibiotic susceptibility of Acinetobacter strains ob-

tained from the clinical samples was evaluated using 

the Kirby–Bauer disk diffusion method, adhering to 

the norms set by the Clinical and Laboratory Stand-

ards Institute.8 Pseudomonas aeruginosa ATCC 

27853 was used as the reference strain. The Buyyon 

microdilution method was employed to assess the 

susceptibility of colistin and tigecycline, with mini-

mum inhibitory concentration (MIC) ≤4 and >8 μg/

mL for cholismetate sodium indicating susceptibility 

and resistance to colistin, respectively.9 The MIC 

thresholds for tigecycline in the Acinetobacter 

strains were assessed in accordance with the Food 

and Drug Administration guidelines (≤2 μg/mL for 

susceptibility).10 Commercially acquired antibiotic 

powders included colistin (cholismetate sodium) and 

tigecycline. The classification of multidrug-resistant 

strains was based on the categories provided by Fal-

agas et al.11 

Repetitive extragenic palindromic polymerase chain 

reaction (REP–PCR) using the DiversiLab system 

(bioMerieux, France) was employed to investigate 

the clonal relationship among A. baumannii strains. 

Pearson’s correlation coefficient was used for the 

band analysis, whereas the unweighted pairwise 

grouping mathematical averaging was adopted for 

the clustering analysis. 

Statistical Analysis: The Statistical Package for 

Social Sciences version 16.0 was used for data anal-

ysis. The Shapiro–Wilk test was employed to evalu-

ate the normality of the groups’ distributions. The 

unpaired t-test, chi-squared test, or Fisher’s exact 

test was used for intragroup comparisons. Univariate 

logistic regression analysis revealed the risk factors 

for hospital-acquired Acinetobacter infections, in-

cluding variations with P <0.25 in multivariate lo-

gistic regression models. Through retrospective 

elimination, the best predictive risk factor for Aci-

netobacter infection was identified by computing the 

odds ratios, 95% confidence intervals, and signifi-

cance levels. A P-value of 0.05 was deemed statisti-

cally significant. 

 

RESULTS 

The predominant Acinetobacter infection identified 

was ventilator-associated pneumonia (VAP), which 

occurred in 68 (63%) patients. Invasive procedures, 

such as urinary catheterization, tracheotomy, me-

chanical breathing, central venous catheterization, 

and percutaneous endoscopic gastrostomy (PEG), 

were more prevalent in the case than in the control 

group (P = 0.0001 for each). The case group demon-

strated significantly elevated risks for Acinetobacter 

infections, including cerebrovascular and pulmonary 

illnesses (P = 0.024 and P = 0.033, respectively). In 

the case group, it was determined that beta-lactam/

beta-lactamase inhibitor-aminoglycoside combina-
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tions and carbapenem group antibiotics were used 

more. Table 1 presents the comparison of the cases 

and controls.  
The independent risk factors were identified as a 

younger average age, mechanical ventilator use, 

tracheotomy, PEG, carbapenem administration, and 

nonuse of third-generation cephalosporin (Table 2). 

In the univariate statistical study, potential risk fac-

tors influencing mortality were incorporated into a 

multivariate logistic regression model. The study 

showed that enteral nutrition and the APACHE II 

score were independent risk factors for mortality 

(Table 3). The incidence of Acinetobacter infection 

did not substantially affect the mortality rates. 

Table 1. Comparison of the case and control groups. 

Variate Case group 
(n=108) 

Control 
group 

(n=105) 

p 

Demo-
graphic and 
laboratory 
data 

Age 59.1±18.3 66.8±16.8 0.002 
Gender 68 male+40 

female 
55 male+50 

female 
0.129 

White blood cell count (x103/mm3) 13.3±10.2 12.4±10.2 0.52 
Platelet count (x103/mm3) 241.6±132.9 210.6±119.3 0.076 
C reactive protein 13.7±10.8 10.0±9.7 0.009 
APACHE II score 23.7±7.3 19.6±7.1 0.0001 
Mortality 44 (%40.7) 32 (%30.5) 0.118 

Risk factors Immunosuppression 29 (%26.9) 30 (%28.6) 0.779 
Malignancy 15 (%13.9) 23 (%21.9) 0.127 
Diabetes mellitus 17 (%15.7) 21 (%20) 0.417 
Cerebrovascular disease 67 (%62) 49 (%46.7) 0.024 
Pulmonary disease 61 (%56.5) 44 (%41.9) 0.033 
Cardiovascular disease 41 (%38) 50 (%47.6) 0.154 
Kidney failure 13 (%12) 17 (%16.2) 0.384 
Nasogastric tube 6 (%5.6) 8 (%7.6) 0.543 
Urinary catheter 104 (%96.3) 79 (%75.2) 0.0001 
Tracheotomy 41 (%38) 5 (%4.8) 0.0001 
Mechanical ventilator use 67 (%62) 19 (%18.1) 0.0001 
Hemodialysis catheter 10 (%9.3) 10 (%9.5) 0.947 
Central venous catheter 70 (%64.8) 35 (%33.3) 0.0001 
PEG 29 (%26.9) 4 (%3.8) 0.0001 

Antibiotic 
use 

Carbapenem 49 (%45.4) 11 (%10.5) 0.0001 
Beta lactam/beta lactamase inhibitor 23 (%21.3) 27 (%25.7) 0.447 
Third-generation cephalosporin 3 (%2.8) 35 (%33.3) 0.0001 
Carbapenem and quinolone 5 (%4.6) 1 (%1) 0.212 
Beta-lactam/beta-lactamase inhibitor and aminoglycoside 6 (%5.6) 0 (%0) 0.029 

Beta-lactam/beta-lactamase inhibitor and quinolone 13 (%12) 15 (%14.3) 0.627 
Nutrition 
type 

Enteral 54 (%50) 36 (%34.3) 0.02 
Parenteral 54 (%50) 69 (%65.7) 0.02 

APACHE II score: Acute Physiology and Chronic Health Evaluation II score; PEG: Percutaneous Endoscopic Gastrostomy. 

Table 2. Results of the multivariate logistic regression analysis of the risk factors for hospital-acquired Aci-
netobacter infections. 

Variate Odd’s rate 95% confidence interval p 

Age 1.03 1.00–1.05 0.008 
Mechanical ventilator use 5.68 2.53–12.72 0.0001 
Tracheotomy 5.29 1.64–17.08 0.005 
PEG 9.49 2.41–37.27 0.001 
Carbapenem administration 6.02 2.42–14.94 0.0001 
Nonuse of third-generation cephalosporin 0.11 0.02–0.49 0.004 

PEG: Percutaneous Endoscopic Gastrostomy.  

Table 3. Results of the multivariate logistic regression analysis of the risk factors for mortality. 

Variate Odd’s rate 95% confidence interval p 

Enteral nutrition 2.53 1.33–4.78 0.004 

APACHE II score 1.08 1.03–1.13 0.0001 

APACHE II score: Acute Physiology and Chronic Health Evaluation II score. 
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The sensitivity of the recovered Acinetobacter 

strains to different antibiotics was evaluated. Ac-

cording to the evaluation made based on the catego-

ries created by Falagas et al., the rate of multidrug 

resistance (MDR) in Acinetobacter isolates in this 

study was found to be 94%. The strains exhibited the 

highest susceptibility to colistin and the highest re-

sistance to ciprofloxacin, ertapenem, piperacillin, 

and piperacillin-tazobactam. Table 4 presents the 

antibiotic susceptibility profiles for all the isolates 

included in the study. 

In our study, sensitivity was found to be 100% for 

colistin and 99.1% for tigecycline in the evaluation 

made according to the reference MIC breakpoints. 

Among the aminoglycoside antibiotics (amikacin, 

netilmicin, tobramycin, gentamicin), the highest 

sensitivity was found in netilmicin, and the highest 

resistance was found in amikacin. Genotypic analy-

sis was conducted on 96 isolates, of which 83 were 

categorized into 24 distinct clusters (Figure 1). The 

data showed a clustering rate of 86% among the 

isolates (Figure 1), indicating a high level of clonal 

similarity among the A. baumannii strains obtained 

in this study. By examining the isolation dates of 24 

strains in the P5 cluster with the highest number of 

isolates in our study, it was determined that this 

clone had persisted in our hospital for approximately 

14 months. 

Table 4. Antibiotic susceptibility of the identified Acinetobacter strains. 

Antibiotic Susceptible 
n (%) 

Moderately susceptible 
n (%) 

Resistant 
n (%) 

Amikacin 22 (20.4) 7 (6.5) 79 (73.1) 
Netilmicin 62 (93.9) 1 (1.5) 3 (4.5) 
Tobramycin 44 (86.3) 1 (2) 6 (11.8) 
Gentamicin 40 (40.8) 5 (5.1) 53 (54.1) 
Ampicillin–sulbactam 36 (33.6) 6 (5.6) 65 (60.7) 
Cefepime 6 (5.8) 4 (3.9) 93 (90.3) 
Cefoperazone-sulbactam 40 (37.7) 12 (11.3) 54 (50.9) 
Cefotaxime 5 (4.8) - 99 (95.2) 
Ceftazidime 7 (6.5) 5 (4.6) 96 (88.9) 
Ceftriaxone 3 (3.3) - 87 (96.7 
Ciprofloxacin 8 (7.4) - 100 (92.6) 
Imipenem 12 (11.1) 7 (6.5) 89 (82.4) 
Meropenem 10 (9.3) 3 (2.8) 95 (88) 
Piperacillin 2 (1,9) 1 (1) 102 (97,1) 
Piperacillin–tazobactam 4 (3.7) 3 (2.8) 101 (93.5) 
Trimethoprim-sulphamethoxazole 6 (6) - 94 (94) 
Mezlocilline 4 (4.3) - 96 (95.7) 
Tetracycline 8 (8.2) - 89 (91.8) 

DISCUSSION AND CONCLUSION 

Genotypic analysis is imperative for understanding 

the dissemination and evolution of A. baumannii in 

healthcare environments. A study that employed 

enterobacterial repetitive intergenic consensus-

polymerase chain reaction for fingerprint genotypic 

analysis reported that among 59 A. baumannii 

strains, 51 were categorized into 7 clusters. In con-

trast, the remaining 8 were identified as distinct 

strains. The significant genetic similarity among 

these strains was taken as evidence of cross-

contamination among hospitalized patients.12 One 

study showed that the analyzed strains showed more 

than 90% similarity and were grouped into 11 dis-

tinct genotypes.13 In our study, we employed REP–

PCR using the DiversiLab system (bioMerieux, 

France) to examine the clonal relationships among 

A. baumannii isolated from the ICU of our hospital. 

Using this approach, 24 unique clusters were found 

among the 96 A. baumannii isolates. An 86% clus-

tering rate indicated a high level of clonal proximity 

among isolates, implying a considerable incidence 

of cross-contamination among patients. This finding 

is corroborated by a study conducted in our country 

in which 66 A. baumannii isolates collected over a 

14-month period were typed via pulsed-field gel 

electrophoresis, yielding a clustering rate of 80.3%, 

aligning with our findings.14 A particularly signifi-

cant finding in our investigation was the enduring 

presence of a particular clone (designated as P5) for 

almost 14 months in our hospital. In this respect, the 

findings obtained in our study are similar to domes-

tic and international studies.13,14 

Acinetobacter species, although capable of inducing 

hospital infections in any area, mainly cause respira-

tory tract, urinary tract, and wound infections. A 

notable increase in the number of hospital-acquired 

pneumonia cases attributed to A. baumannii has 

been documented at numerous sites.15,16 In accord-

ance with existing research, our study identified 

VAP as the predominant type of hospital-acquired 

infection, with tracheal aspirate cultures representing 
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Figure 1. Clustering analysis using a 95% similarity coefficient. 
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the most prevalent site of Acinetobacter prolifera-

tion. 

Previous research on the risk factors for hospital-

acquired Acinetobacter infections has identified in-

dependent risk factors through multivariate analysis. 

These factors included male sex, advanced age,1,16,17 

high APACHE II score,1,18 extended hospital and 

ICU stay,18 previous ICU and hospital admissions, 

enteral nutrition,1 administration of broad-spectrum 

antibiotics (particularly third-generation cephalo-

sporins),18,19 invasive procedures (central venous 

catheterization, mechanical ventilation, urinary cath-

eterization, surgical interventions),1 and immuno-

suppression in patients with critical illness.20 

Through multivariate regression analysis, this study 

found age, mechanical ventilator use, tracheotomy, 

PEG, carbapenem administration, and nonuse of 

cephalosporins as independent risk factors for hospi-

tal-acquired Acinetobacter infections. Notably, en-

teral feeding via PEG was found to increase the inci-

dence of hospital-acquired Acinetobacter infections. 

This is consistent with the finding of a previous 

study indicating that enteral nutrition is a risk factor 

for Acinetobacter colonization or infection.1 

Similar to other research,1,16,17 our study found that 

age is an independent risk factor for hospital-

acquired Acinetobacter infections. 

Consistent with previous literature,1 the present 

study also indicated that interventional procedures 

are critical risk factors for the aforementioned infec-

tions. This study specifically demonstrated that pa-

tients who underwent tracheotomy exhibited a great-

er risk of acquiring Acinetobacter infection in the 

hospital.  

Retrospective stepwise elimination logistic regres-

sion analysis revealed that enteral nutrition and high 

APACHE II scores were independent risk factors for 

mortality. This corresponds to previous studies 

demonstrating a relationship between high 

APACHE II scores and an increased risk of acquir-

ing ICU-associated infections.19 

The use of broad-spectrum antibiotics is an im-

portant risk factor for the development of antibiotic 

resistance and colonization/infection by Acinetobac-

ter species.1,21 Our study demonstrated a markedly 

increased utilization of beta-lactam/beta-lactamase 

inhibitor–aminoglycoside combinations and car-

bapenems in the case group compared with the con-

trol group. Multivariate analysis revealed that car-

bapenem administration and nonuse of cephalospor-

in are independent risk factors, with the former in-

creasing the probability of Acinetobacter infection. 

The capacity of Acinetobacter to develop antimicro-

bial resistance and persist on many surfaces enhanc-

es its importance as a causal agent of hospital infec-

tions. A study found the multidrug resistance to be 

63% for the A. baumannii isolates and has indicated 

that the prevalence of carbapenem-resistant A. bau-

mannii exceeds 40%.16 A study reported that a car-

bapenem-resistant A. baumannii strain showed re-

sistance to the majority of the evaluated antimicrobi-

al drugs.17 In a study involving 2,636 A. baumannii 

isolates, MDR was detected in almost 65% of A. 

baumannii isolates.22 A study reported resistance 

rates of 52.2% and 47.8% to meropenem and 

imipenem, respectively, among Acinetobacter 

strains.13 Some countries in the South and Southeast 

Asian regions have resistance rates above 40%, rep-

resenting the highest frequency among important 

hospital-acquired Gram-negative infections.23 

Our analysis revealed that the isolates demonstrated 

a very high rate of MDR. This finding is consistent 

with the elevated rates of carbapenem resistance 

(82.4% for imipenem and 88% for meropenem) 

identified in our study. Within the aminoglycoside 

antibiotic category, netilmicin showed the greatest 

susceptibility, whereas amikacin exhibited signifi-

cant resistance. In a recent study, the resistance rates 

for tobramycin, gentamicin, and amikacin were 

found to be 65.2%, 73.9%, and 52.2%, respective-

ly.13 

The importance of colistin and tigecycline in the 

treatment of Acinetobacter infections has substan-

tially increased. Numerous studies have reported the 

development of in vivo resistance to colistin or 

tigecycline during the treatment of A. baumannii 

infections, frequently resulting in chronic or recur-

ring infections.24 In contrast, our study demonstrated 

a tigecycline susceptibility rate of 99.1%. 

A study examining tigecycline heteroresistance in A. 

baumannii revealed the presence of a significant 

proportion of heteroresistant isolates.25 Resistance to 

colistin, which is essential in combination therapy 

for managing MDR A. baumannii infections, has 

become increasingly prevalent. Asia has reported the 

highest resistance rates to colistin, followed by Eu-

rope.26 Conversely, our study revealed complete 

susceptibility to colistin. A separate investigation 

showed that the polypeptides polymyxin B and col-

istin had the highest efficacy against A. baumannii, 

with susceptibility rates of 82.6% and 73.9%, re-

spectively.13 

Our study on Acinetobacter infections, which is an 

important health problem today, will make a signifi-

cant contribution to the literature as it simultaneous-

ly includes research on risk factors, antibiotic re-

sistance profile and genotypic analysis. 

The limitation of our study is that it is a single-

center study. This may limit the generalizability of 

our findings. Multicenter studies may yield even 

more valuable results. 

In conclusion, multiple critical risk factors were dis-

covered for A. baumannii infections in our study, 

including advanced age, particular interventional 
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procedures, and the administration of specific antibi-

otics, such as carbapenems. Genotypic analysis re-

vealed significant clonal relatedness among the A. 

baumannii isolates, indicating considerable cross-

contamination hazards within the hospital setting. 

Identification of molecular and epidemiological di-

agnostic markers that will help identify resistant 

clones and monitor their spread will guide the man-

agement of nosocomial multidrug-resistant Acineto-

bacter infections. 
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