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Background: The potential ability of Acinetobacter species to form biofilm could explain 

their remarkable antibiotic resistance in intensive care settings. Objectives: This work 

aimed to detect the biofilm formation by Acinetobacter species and investigate its impact 

on their antibiotic resistance pattern. Methodology: A total of 50 non-replicate 

Acinetobacter isolates, recovered from patients admitted to intensive care units (ICUs), 

were collected from the Clinical Laboratories of Kasr Al-Ainy University Hospitals. The 

isolates were subjected to antibiotic susceptibility testing against nine antibiotics of 

different classes using the Kirby-Bauer disk diffusion method, while the broth 

microdilution (BMD) method was used to determine polymyxin B susceptibility. The 

ability to produce biofilm was determined via the tissue culture plate (TCP) method. 

Results: Forty-nine (98%) isolates were biofilm formers, of which 53.1% were moderate 

biofilm formers that predominated over the strong and weak biofilm formers (38.8% and 

8.1%, respectively). All cases with CAUTIs were infected with moderate biofilm formers 

(100%, p = 0.045), while the strong biofilm formers displayed a statistically significant 

higher resistance rate (68.4%) to cotrimoxazole (p = 0.048).  Although the strong 

biofilm formers among multidrug-resistant (MDR) isolates were higher than that of 

extensively drug-resistant (XDR) isolates (62.5% and 34.1% respectively), the difference 

was statistically insignificant (p = 0.442). Conclusions: The high rate of biofilm-forming 

Acinetobacter isolates could potentially increase the colonization by MDR and XDR 

bacteria in intensive care settings. Isolates with a lower level of resistance exhibited 

more robust biofilm, which necessitates the urgent finding of effective preventive 

measures against biofilm formation. 

 

INTRODUCTION 
 

Acinetobacter species are Gram-negative, 

saprophytic, non-fermentative coccobacilli that are 

recognized as significant nosocomial pathogens, 

because of their ability to sustain a broad range of dry 

and wet surfaces in healthcare settings
1
. Among the 

Acinetobacter spp., A. baumannii is known as the most 

frequently isolated organism in intensive care units 

(ICUs)
2
, causing a variety of nosocomial infections, 

including pneumonia, urinary tract infections (UTIs) as 

well as skin and soft tissue infections
3
. These infections 

are usually associated with high mortality rates ranging 

between 26% among hospitalized patients and 43% 

among ICU patients
4
. 

The terms multidrug resistance (MDR), extensive 

drug resistance (XDR), and pandrug resistance (PDR) 

have all been used to describe the level of antimicrobial 

resistance in Acinetobacter spp., however, there is no 

generally recognized definition for bacterial resistance
5
. 

The Centers for Disease Control and Prevention (CDC) 

classifies carbapenem-resistant Acinetobacter as an 

urgent threat that necessitates immediate management, 

continual public health monitoring, and prevention 

strategies
6
. Moreover, it has been reported that several 

A. baumannii nosocomial isolates showed resistance to 

colistin and tigecycline, the last resort antibiotics 

prescribed in the treatment guidelines
7
. 

Biofilm is a microbial community that forms on hard 

surfaces and is frequently embedded in a dense matrix 

of extracellular polymeric substances (EPS) that renders 

them resistant to antibiotics, thus very difficult to 

manage
8
. It has been estimated that approximately 98% 

of Acinetobacter infections are caused by biofilm-

forming strains
9
. The ability of Acinetobacter spp. to 

form biofilm that enables bacterial survival in hospital 

settings, especially in ICUs, is the most significant 

contributing factor to their virulence, and this trait is 

also responsible for their notable antibiotic resistance
10

.  

Several biofilm-related genes influence 

antimicrobial susceptibility, suggesting an association 

between the biofilm-forming ability of Acinetobacter 

spp. and their antibiotic resistance patterns 

(MDR/XDR)
11,12

. However, previous studies have 

reported contradictory results concerning this 

relationship
13,14

. Thus, it could be helpful to enhance 
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infection control measures in healthcare settings by 

providing new insight into the potential link between 

biofilm formation and antibiotic resistance patterns of 

Acinetobacter nosocomial isolates
7
. 

The aim of this study was to determine the ability of 

Acinetobacter spp. to produce biofilm and to detect their 

antibiotic resistance pattern (MDR/XDR and non-

MDR/XDR). It also attempted to explore the possible 

association between the strength of biofilm formation 

and antibiotic resistance patterns. 

 

METHODOLOGY 
 

Study design and setting:  

This cross-sectional analytic study was conducted 

over 6 months, from March 2018 through August 2018. 

A total of non-replicate 50 nosocomial isolates of 

Acinetobacter spp. were collected from the Clinical 

Laboratories of Kasr Al-Ainy University Hospitals and 

were retrieved from patients admitted to ICUs. The 

isolates were recovered from different clinical samples, 

including 12 endotracheal aspirates (ETA), 15 sputum, 

12 urine, and 11 wound swabs. Patients’ demographics, 

clinical data, and outcomes were gathered 

retrospectively from medical records. During the 

hospital stay, the patients were managed according to 

the fourth edition of Surviving Sepsis Campaign 

Guidelines 2016
15

, which were the latest at the time of 

the study. All isolates were transferred to the Medical 

Microbiology and Immunology Department, Faculty of 

Medicine, Cairo University for further testing. The 

study protocol has received the approval of the Faculty 

of Medicine, Cairo University, Egypt on 25/2/2018. 

This work has been conducted in accordance with the 

principles outlined in the Declaration of Helsinki. 

Culture and identification of Acinetobacter isolates: 

Each of the obtained isolates was subcultured on 

MacConkey’s medium (Oxoid, Hampshire, UK) and 

incubated aerobically at 37 °C for 24 hours. 

Identification of Acinetobacter spp. was confirmed by 

the conventional microbiological methods
16

, including 

colony morphology, motility test, Gram-stained smear, 

and biochemical reactions, including oxidase, catalase 

tests, and triple sugar iron (TSI). Acinetobacter isolates 

were identified as colorless or light lavender colonies, 

non-motile, Gram-negative, oxidase-negative, catalase-

negative, and non-fermentative coccobacilli. 

Antibiotic susceptibility testing: 

The Kirby-Bauer disk diffusion method was used to 

evaluate the in vitro susceptibility of Acinetobacter 

clinical isolates against the following antibiotic agents 

(Himedia, India): piperacillin (100 μg), 

ampicillin/sulbactam (10+10 μg), ceftriaxone (30 μg), 

cefepime (30 μg), imipenem (10 μg), gentamicin (10 

μg), ciprofloxacin (5 μg), tetracycline (30 μg), and 

trimethoprim-sulfamethoxazole (TMP-SMX) 

(1.25+23.75μg). The inhibition zone diameter was 

measured in mm and interpreted as susceptible, 

intermediate, or resistant using the CLSI breakpoints
17

. 

Pseudomonas aeruginosa ATCC 27853 (The Central 

Laboratories, Cairo, Egypt) was used as a quality 

control strain for susceptibility testing. Determination of 

polymyxin B (Himedia, India) susceptibility was done 

using the broth microdilution (BMD) method according 

to the protocol suggested by the CLSI
17

. The polymyxin 

B concentrations used for testing ranged from 64 μg/ml 

to 0.25 μg/ml. Controls for each plate were prepared 

using sterile cation-adjusted Mueller-Hinton (CAMH) 

broth (Oxoid, Hampshire, UK) as sterility control and 

the bacterial suspension as growth control. Results were 

interpreted according to the following breakpoints 

recommended by the CLSI guidelines for polymyxin B: 

≤2 µg/ml is considered susceptible, while ≥ 4 µg/ml is 

considered resistant
17

. According to the definitions 

stated by Magiorakos et al.
5
, the terms “MDR” and 

“XDR” were used to describe the resistance pattern of 

Acinetobacter spp.  

Biofilm formation testing by tissue culture plate 

(TCP) method: 

To determine the biofilm-forming ability of 

Acinetobacter spp., the gold standard semi-quantitative 

TCP method was performed as previously described
18,19

. 

Bacterial suspensions were prepared by inoculating 4‒5 

colonies from fresh MacConkey agar plate cultures into 

10 ml sterile trypticase soy broth (TSB) (Oxoid, 

Hampshire, UK), and incubated overnight at 37C. The 

turbidity was adjusted to match the 0.5 McFarland 

standard, then diluted 1:100 with TSB. Using a 96-well 

flat-bottomed sterile tissue culture plate (Nunc, 

Roskilde, Denmark), 200 μL of the prepared cultures 

were dispensed into the wells in triplicate. The strong 

biofilm-forming strain P. aeruginosa ATCC 27853 was 

tested in triplicate and served as a positive control, 

while eight wells containing sterile TSB served as a 

negative control. After overnight incubation at 37°C, the 

well contents were washed three times with 200 μl of 

phosphate buffer saline (PBS, pH = 7.2, Invitrogen, 

USA), then fixed with 200 µL of 99% methanol for 15 

min. The plates were decanted, air-dried, and then 

stained with 200 µl of 2% crystal violet (Merk, 

Germany) for 7 min. Lastly, the dye attached to the 

fixed cells was dissolved with 160 µl of 33% glacial 

acetic acid. The optical density (OD) of the stained 

adherent biofilm was measured at a wavelength of 570 

nm using micro-ELISA autoreader Stat Fax-2100 

(Awareness Technology, US). The results were 

averaged and interpreted according to the classification 

recommended by Babapour et al.
19

 (Table 1).  
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Table 1: Interpretation of biofilm formation using tissue 

culture plate (TCP) method
19

 

Mean OD value 
Degree of 

Adherence 

Biofilm 

formation 

OD ≤ ODc* − None 

ODc < OD ≤ 2 ODc + Weak 

2 ODc < OD ≤ 4 ODc ++ Moderate 

4 ODc < OD +++ Strong 
*Optical density cut-off value (ODc) was considered as three standard 
deviations above the mean optical density (OD) of the negative 

control 

 

Statistical analysis: 

All statistical calculations were done using the 

Statistical Package for the Social Sciences (SPSS) 

version 25 for Microsoft Windows. The quantitative 

data were statistically described in terms of mean ± 

standard deviation (± SD) for normally distributed data, 

while the median and interquartile range (IQR) were 

used for non-normally distributed data. The frequency 

(count) and relative frequency (percentage) were 

applied for categorical data. The quantitative variables 

were compared using the parametric one-way ANOVA, 

Student’s t-tests, and the non-parametric Mann-Whitney 

U test. To compare categorical variables, the chi-square 

(χ2) test was utilized, but Fisher’s exact test was used 

instead when the predicted cell count was less than 5. A 

statistical significance was determined by a P value of ≤ 

0.05. 

 

RESULTS 
 

The study involved 50 Acinetobacter isolates that 

were recovered from 28 male and 22 female patients; 

their ages varied from 23 to 83 years (mean, 52.58 ± 

16.81 years), of them 23 (46%) patients died during 

their ICU stay. The isolates were most frequently 

obtained from respiratory samples (27/50, 54%), 

followed by urine (12/50, 24%) and wound swabs 

(11/50, 22%). Table 2 presents the demographic and 

clinical characteristics of patients in relation to the 

clinical outcome. Pneumonia and UTIs were more 

commonly encountered among the survivors (48.1 % 

and 22.2 %, respectively) compared to non-survivors 

(8.7% and 0.0%, respectively), and this was statistically 

significant (p = 0.002 and 0.025, respectively). In 

contrast, skin and soft tissue infections were more 

frequently detected among non-survivors (30.4 % vs. 

0.0 %, p = 0.002). Regarding admission diagnosis, heart 

failure was commonly recorded among the survivors 

(18.5% vs. 0.0%, p = 0.054), whereas trauma at 

admission was significantly higher among the non-

survivors (30.4% vs. 3.7%, p = 0.017) (Table 2). 

 

 

Table 2: Demographic and clinical characteristics of the studied patients in relation to the clinical outcome. Data are 

presented as mean ± standard deviation or number (percentage)  

Variables 

 Clinical outcome   

Total 

N = 50  

Survived 

N = 27 (54) 

Died 

N = 23 (46) 

p-value
a
 

Age in years (mean ± SD) 52.58 ±16.81 49.52 ± 13.67 56.17 ± 19.58 0.108
b
 

Type of infection     

Pneumonia 15 (30.0)     13 (48.1)     2 (8.7)  0.002
c
 

VAP  12 (24.0) 4 (14.8) 8 (34.8) 0.099
c
 

UTI 6 (12.0) 6 (22.2) 0 (0.0) 0.025 

Catheter-associated UTIs 6 (12.0) 3 (11.1) 3 (13.0) 1 

Skin and soft tissue infections 7 (14.0) 0 (0.0) 7 (30.4) 0.002 

SSIs 4 (8.0) 1 (3.7) 3 (13.0) 0.322 

Admission diagnosis       

Renal failure 8 (16.0) 5 (18.5) 3 (13.0) 0.711 

Heart failure 5 (10.0) 5 (18.5) 0 (0.0) 0.054 

Stroke  7 (14.0) 4 (14.8) 3 (13.0) 1 

Active malignancy 2 (4.0) 0 (0.0) 2 (8.7) 0.207 

Trauma 8 (16.0) 1 (3.7) 7 (30.4) 0.017 

Sepsis 6 (12.0) 1 (3.7) 5 (21.7) 0.082 

DKA 6 (12.0) 5 (18.5) 1 (4.3) 0.199 
Abbreviations: VAP, ventilator-associated pneumonia; UTIs, urinary tract infections; SSIs, Surgical site infection; DKA, diabetic ketoacidosis.  
a Fisher’s Exact test except where specified. 
bStudent’s t-test 
cPearson Chi-square test 
A p-value ≤ 0.05 is considered significant. 
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Antibiotic susceptibility profiles of nosocomial 

Acinetobacter isolates: 

Disk diffusion method revealed a higher resistance 

rate for ciprofloxacin (48/50, 96%), followed by 

piperacillin (47/50, 94%), ceftriaxone, cefepime (45/50, 

90% each), and gentamicin (86%), whereas TMP-SMX 

displayed the lowest resistance rate (52%) (Figure 1). 

Surprisingly, all Acinetobacter isolates (100%) were 

resistant to polymyxin B using the BMD method, with 

minimum inhibitory concentration (MIC) that ranged 

from 4 to 32 µg/ml. Out of the 50 studied Acinetobacter 

isolates, XDR was detected in 41 (82%) isolates, while 

eight (16%) isolates were considered MDR. Only one 

(2%) isolate showed a susceptible (non-MDR/XDR) 

pattern. 

 

 

 
Fig. 1: Antimicrobial susceptibility profile of the studied Acinetobacter nosocomial isolates.  

TMP-SMX, trimethoprim-sulfamethoxazole. 

 

 

 

 

Results of biofilm formation among Acinetobacter 

isolates: 

The mean OD570 (± SD) of the reference strain P. 

aeruginosa ATCC 27853 (positive control) and sterile 

TSB medium (negative control) was 0.326 ± 0.059 and 

0.018 ± 0.004, respectively. Based on the OD570 

measurements and the ODc calculations, the adherence 

ability of each Acinetobacter isolate was categorized as 

none, weak, moderate, or strong adherent cells (Figure 

2). The strong biofilm formers had a median OD570 and 

IQR value of 0.160 (0.139‒0.263), whereas those of 

moderate biofilm formers were 0.111 (0.095‒0.149), 

and those of weak biofilm formers were 0.058 (0.038‒

0.082). Among the 50 studied Acinetobacter isolates, 49 

(98%) were biofilm formers, while a single (2%) isolate 

was non-biofilm former, with an OD570 equal to 0.026. 

The strong biofilm formers were detected in 38.8% 

(19/49) of the biofilm-forming isolates, whereas the 

moderate and weak biofilm formers were detected in 

53.1% (26/49) and 8.1% (4/49), respectively. Most 

biofilm-forming isolates were recovered from sputum 

(15/49, 30.6%) followed by urine (12/49, 24.5%), while 

isolates from ETA and wound swabs were equal (11/49, 

22.4% each). Of note, the only non-biofilm-forming 

isolate was recovered from ETA. 
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Fig. 2: Tissue culture plate (TCP) method for detection of biofilm formation among Acinetobacter clinical isolates. a) A 

non-biofilm-forming isolate (wells no. A1‒A3). b) A strong biofilm-forming isolate (wells no. B1‒B3). c) A moderate 

biofilm-forming isolate (wells no. C1‒C3). d) A weak biofilm-forming isolate (wells no. G1‒G3). Wells no. H1‒H8 

was the negative control (sterile trypticase soy broth), while wells no. H9‒H11 was the positive control (P. aeruginosa 

ATCC 27853). 

 

The strong biofilm formers were mostly derived 

from patients with pneumonia (42.1%), the moderate 

biofilm formers were encountered equally in patients 

with pneumonia, ventilator-associated pneumonia 

(VAP), and catheter-associated UTIs (CAUTIs) (23.1%, 

each), while only two weak biofilm formers were 

retrieved from VAP patients (50%). Statistically, no 

significant association was found between them (Table 

3). When comparing the different degrees of biofilm 

formation, it was found that all the isolates obtained 

from patients with CAUTIs were moderate biofilm 

formers (6/6, 100%), with a statistically significant 

difference between them (p = 0.045). 

 

Table 3: Distribution of biofilm-forming Acinetobacter isolates in relation to the age of patients, the type of infection, 

and antibiotic resistance profiles. Data are presented as mean ± standard deviation or number (percentage) 

Variables 

Biofilm-forming Acinetobacter isolates  

Total 

N = 49  

Strong 

N = 19 (38.8) 

Moderate 

N = 26 (53.1) 

Weak 

N = 4 (8.1) 

p-value
a
 

Age in years (mean ± SD) 52.57 ± 16.98 53.11 ± 13.99 51.42 ± 20.09 57.50 ± 5.45 0.796
b
 

Type of infection      

Pneumonia  15 (30.6) 8 (42.1) 6 (23.1) 1 (25.0) 0.377 

VAP 11 (22.4) 3 (15.8) 6 (23.1) 2 (50.0) 0.284 

UTI 6 (12.2%) 1 (5.3) 4 (15.4) 1 (25.0) 0.240 

Catheter-associated UTIs 6 (12.2) 0 (0.0) 6 (23.1) 0 (0.0)    0.045 

Skin and soft-tissue infections 7 (14.3) 4 (21.1) 3 (11.5) 0 (0.0) 0.581 

SSIs 4 (8.2) 3 (15.8) 1 (3.8) 0 (0.0) 0.505 

Antibiotic resistance profiles      

Piperacillin 46 (93.9) 18 (94.7) 24 (92.3) 4 (100) 1 

Ampicillin/sulbactam 26 (53.1) 6 (31.6) 17 (65.4) 3 (75.0) 0.144 

Ceftriaxone 44 (89.8) 17 (89.5) 23 (88.5) 4 (100) 0.672 

Cefepime 44 (89.8) 17 (89.5) 23 (88.5) 4 (100) 1 

Imipenem 37 (75.5) 12 (63.2) 21 (80.8) 4 (100) 0.223 

Gentamicin 42 (85.7) 17 (89.5) 22 (84.6) 3 (75.0) 0.7 

Tetracycline 28 (57.1) 11 (57.9) 14 (53.8) 3 (75.0) 0.835 

Ciprofloxacin 47 (95.9) 18 (94.7) 25 (96.2) 4 (100) 1 

TMP-SMX 26 (53.1) 13 (68.4) 12 (46.2) 1 (25.0) 0.048 

Polymyxin B 49 (100) 19 (100) 26 (100) 4 (100) NA 
Abbreviations: VAP, ventilator-associated pneumonia; UTIs, urinary tract infections; SSIs, Surgical site infections; TMP-SMX, trimethoprim-

sulfamethoxazole; NA, not applicable. 
a Fisher’s Exact test except where specified. bOne-way ANOVA test 
A p-value ≤ 0.05 is considered significant 
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Regarding the antibiotic resistance profile, the 

biofilm-forming isolates exhibited high resistance rates 

(>80%) to the commonly used antibiotics: polymyxin B 

(100%), ciprofloxacin (95.9%), piperacillin (93.9%), 

ceftriaxone and cefepime (89.8%, each), and gentamicin 

(85.7%) (Table 3). The strong biofilm formers displayed 

a significantly higher resistance rate (68.4%) to TMP-

SMX compared to the moderate and weak biofilm 

formers (46.2% vs. 25%, p = 0.048). Noteworthy, the 

single non-biofilm-forming isolate was resistant to all 

tested antibiotics, except TMP-SMX, and thus 

categorized as an XDR isolate. 

Relationship between antibiotic resistance patterns 

and the strength of biofilm formation: 

First, a Mann-Whitney U test was used to determine 

if there is a difference between the MDR and XDR 

groups regarding the strength of biofilm formation. The 

MDR isolates displayed higher OD values (median = 

0.158, IQR = 0.142‒0.193) compared to XDR isolates 

(median = 0.122, IQR = 0.092‒0.167). However, this 

difference was not statistically significant (p = 0.062) 

(Table 4, Figure 3). Then, we analyzed the frequency of 

biofilm-forming groups among MDR and XDR isolates 

and found that 53.7% and 34.1% of the XDR isolates 

and 37.5% and 62.5% of the MDR isolates were 

moderate and strong biofilm formers, respectively. 

Additionally, none of the MDR isolates displayed a 

weak biofilm-forming ability (Table 4). Of note, only 

one isolate of the moderate biofilm formers was neither 

MDR nor XDR i.e., susceptible, representing 2% of 

total isolates. When comparing XDR and MDR isolates, 

the proportion of strong biofilm formers was nearly two 

times higher in MDR isolates than in XDR isolates 

(62.5% vs. 34.1%). However, no statistically significant 

difference was observed between the antimicrobial 

resistance pattern and the strength of biofilm formation 

(P = 0.442). 

 

Table 4: Relationship between the antibiotic resistance patterns and biofilm-forming ability in Acinetobacter 

nosocomial isolates. Data are presented as median (interquartile range, IQR) or number (percentage) 

 The pattern of resistance of Acinetobacter isolates  

Parameter  
Total 

N = 50* 

MDR 

N = 8 (16) 

XDR
 

N = 41 (82)  

p-value 

OD570 0.136 (0.097‒0.172) 0.158 (0.142‒0.193) 0.122 (0.092‒0.167) 0.062
a
 

Biofilm-forming      
     Strong 19 (38) 5 (62.5) 14 (34.1)  
     Moderate 26 (52) 3 (37.5) 22 (53.7) 0.442

b
 

     Weak  4 (8) 0 (0.0) 4 (9.8) 
 

Non-biofilm-forming 1 (2) 0 (0.0) 1 (2.4)  
Abbreviations: MDR, multi-drug resistance; XDR, extensive drug resistance; OD570, optical density at 570 nm. 
*A single moderate biofilm-former isolate showed a susceptible (non-MDR/XDR) pattern.  
aMann-Whitney U test. bFisher’s Exact test 

A p-value ≤ 0.05 is considered significant. 

 

 

 
Fig. 3: Box-and-whisker plots present the OD570 measurements for both MDR and XDR isolates. Isolates with a higher 

degree of resistance displayed weaker biofilm formation, as reflected by the lower OD570 values. The solid horizontal 

lines indicate the median value, the box represents the 25% and 75% interquartile ranges, and the whiskers represent 

minimum and maximum values. Abbreviations: MDR, multidrug resistance; XDR, extreme drug resistance. 
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DISCUSSION 
 

Acinetobacter is an opportunistic pathogen that is 

often associated with a wide spectrum of nosocomial 

infections, especially in critically ill patients
19

. In the 

current study, the majority of Acinetobacter isolates 

were obtained from lower respiratory tract samples 

(27/50, 54%), while isolates from wound swabs were 

the lowest (11/50, 22%). This finding agrees with 

previous studies that showed maximum isolation of 

Acinetobacter spp. from respiratory samples
12,20

. 

Nevertheless, Dash et al.
21

 found a higher rate of 

isolation from pus and wound swabs (56%). The 

differences in the isolation rate of Acinetobacter strains 

from different clinical samples could be elucidated by 

the considerable variation in the frequency of infections 

in different populations and clinical settings.  

In our cohort, most of the mortality was observed in 

patients with VAP (34.8%). This finding seems in line 

with an Egyptian study conducted at Tanta University 

Hospital which revealed 41.4% (12/29) of mortality 

cases were attributed to A. baumannii, with VAP 

identified as a prominent contributing risk factor, 

accounting for 72.4% of the cases
22

. An additional study 

reported a comparable mortality rate (37.2%, 29/78) in 

ICU patients with VAP caused by A. baumannii
23

.  

Despite being an uncommon presentation, A. baumannii 

has evolved as a serious cause of skin and soft tissue 

infections that can lead to high mortality rates
24,25

. Our 

finding agrees with these studies, as 30.4% of deaths 

were detected in patients with skin and soft tissue 

infections. It is worth mentioning that none of the 

patients who had UTIs died during our study. Similarly, 

a matched cohort analysis of the incidence and 

attributable mortality of healthcare-associated infections 

in European ICUs from 2008 to 2012
26

 reported that 

patients with UTIs did not have a higher mortality rate. 

In the present study, Acinetobacter isolates showed a 

high resistance rate to ciprofloxacin (96%), piperacillin 

(94%), ceftriaxone and cefepime (90% each), and 

gentamicin (86%), whereas TMP-SMX demonstrated 

the lowest resistance rate (52%). Consistent with our 

findings, Lasheen et al.
12

 reported a higher resistance 

rate of Acinetobacter isolates to cefepime (88%), 

ceftriaxone, and piperacillin (86% each), with > 50% 

resistance to gentamycin, amikacin, ceftazidime, and 

ciprofloxacin. In a Saudi Arabian study
27

, Acinetobacter 

spp. exhibited a higher resistance rate against 

levofloxacin (83.3%), along with resistance rates 

ranging from 61.2% to 72.3% for all tested 

cephalosporins, carbapenems, and aminoglycosides, 

while the resistance rate for TMP-SMX was 55.6%. In a 

different study, it was observed that 100% of the test 

isolates were resistant to piperacillin, ceftazidime, 

cefepime, and aztreonam, with a 94.5% resistance rate 

to ciprofloxacin that is consistent with our study
20

. The 

high level of antibiotic resistance observed in our study 

could be linked to the selective pressure exerted by the 

frequent use of these drugs in our hospitals, as well as 

the ability of Acinetobacter to rapidly acquire resistance 

genes through horizontal gene transfer.  

Our study showed that all isolates (100%) were 

resistant to polymyxin B, with MIC values ranged from 

4 to 32 µg/ml. A similar rate was reported by a previous 

study that used colistin for susceptibility testing
28

. 

Lower rates were reported in Italy (69%)
29

, Greece 

(29%)
30

, Saudi Arabia (5.5%)
27

, and Egypt (5%)
31

, 

whereas other studies demonstrated 100% susceptibility 

to polymyxins
20,21

. The high rate of resistance to 

polymyxin B in our study may be attributed to the 

increased use of polymyxin B in the treatment of 

carbapenem-resistant Acinetobacter infections, 

particularly in ICUs where bacterial selective pressure is 

frequently high. Moreover, a monotherapy approach 

with polymyxin B requires caution due to the lack of 

consistently effective plasma concentrations, as 

evidenced by the evolving pharmacodynamic and 

pharmacokinetic data
32

. Therefore, combination therapy 

with polymyxin may enhance antimicrobial activity and 

prevent the development of resistance
33

.  

The incidence rate of XDR and MDR isolates in our 

study was 82% and 16%, respectively.  Similarly, a 

study from Egypt noticed that 91.7% of isolates were 

XDR and 8.3% of them were MDR
20

. Another study 

conducted by Khalifa et al.
27

 revealed that 50% of 

Acinetobacter isolates were XDR and 16.6% were 

MDR. It seems that the emergence of XDR and MDR 

Acinetobacter strains in our hospital is strongly linked 

to the selective pressure caused by the prolonged use of 

broad-spectrum antimicrobials, thus limiting the 

therapeutic strategies available to control infections.  

Our results revealed that 49 (98%) of Acinetobacter 

isolates were biofilm-forming. Consistent with our 

findings, Nahar et al.
34

 noticed that the biofilm-forming 

Acinetobacter spp. was substantially high, accounting 

for 87.5% of the total ICU Acinetobacter isolates. In our 

work, the moderate biofilm formers (53.1%) 

predominated over the strong and weak biofilm formers 

(38.8% and 8.1%, respectively). A similar study carried 

out on A. baumannii reported that the moderate biofilm 

formers (82/155, 52.9%) were the most prevalent, with 

21.3% and 25.8% being strong and weak biofilm 

formers, respectively
19

. Another study in Egypt reported 

that 34% of biofilm-forming isolates were moderate 

formers, while the strong and weak formers comprised 

20.2% and 16%, respectively
7
. By contrast, Shenkutie et 

al.
14 

found that the highest number of isolates produced 

biofilm strongly (25%) compared to the moderate and 

weak biofilm producers (14.4% and 20.2%, 

respectively). The difference in the incidence rate of 

biofilm grading observed across various studies may be 

related to the varying number of clinical isolates 

obtained from distinct sources
10

. 
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Despite previous studies have found a significant 

association of biofilm-forming Acinetobacter with 

device-associated respiratory infections
34,35

, our study 

revealed that biofilm-forming Acinetobacter was more 

frequently isolated from patients with pneumonia 

(30.6%), followed by VAP (22.4%). Likewise, an 

earlier study reported that 30% of biofilm-producing 

isolates were retrieved from pneumonia patients
36

. 

Interestingly, we found that all cases with CAUTIs 

(100%, p = 0.045) are infected with moderate biofilm 

formers, however, this significant association was not 

detected in samples originating from other sources. Our 

finding seems to suggest that moderate biofilm formers 

could achieve a balance between persistence and 

virulence without causing acute complications. Strong 

biofilm formers can form a dense and impenetrable 

biofilm that obstructs the catheter lumen, whereas weak 

biofilm formers are more susceptible to clearance, 

limiting their persistence and chronicity. 

In the present study, the biofilm-forming isolates 

showed high resistance rates to polymyxin B (100%), 

ciprofloxacin (95.9%), piperacillin (93.9%), ceftriaxone 

and cefepime (89.9%, each), and gentamicin (85.7%). A 

comparable study showed that all (100%) biofilm-

producing Acinetobacter spp. were resistant to 

amoxicillin, ceftriaxone, ceftazidime, cefotaxime, 

cefuroxime, gentamicin, 82.1% were resistant to 

ciprofloxacin, and only 7.1% of them were resistant to 

colistin
34

. The discrepancy in findings between the 

present study and other researchers can be attributed to 

the wide variation in the pattern of resistance exhibited 

by hospital-acquired bacterial strains among different 

countries and even over time within a single country
10

. 

It was observed in this work that the strong biofilm 

formers exhibited a significantly higher resistance rate 

(68.4%) to TMP-SMX than the moderate (46.2%) and 

weak (25.0%) biofilm formers. Similarly, it has been 

shown that E. coli strains with strong biofilm formation 

ability display higher resistance to cotrimoxazole, 

amoxicillin-clavulanic acid, norfloxacin, gatifloxacin, 

and gentamicin
37

. The reason behind this could be 

related to the inability of these antibiotics to penetrate 

the EPS matrix produced by the strong biofilm formers. 

Moreover, this finding highlights the importance of 

considering the strength of biofilm formation when 

selecting antibiotics for the effective treatment of 

bacterial infections.  

This study noticed that the strong biofilm-forming 

group among MDR isolates was approximately two 

times higher than among XDR isolates (62.5% vs. 

34.1%, P = 0.442). In agreement with our findings, 

several earlier studies reported an inverse relationship 

between the strength of biofilm formation in A. 

baumannii and the development of MDR/XDR patterns, 

with weaker biofilm formation among isolates with a 

higher level of resistance
14,35,38

. Although the precise 

mechanisms underlying this phenomenon are not yet 

fully understood, it is speculated that the genetic 

mechanisms responsible for antibiotic resistance could 

potentially reduce the ability of microorganisms to form 

biofilm. It has been confirmed that horizontal transfer of 

β-lactamase resistance genes can hinder biofilm 

formation in E. coli and P. aeruginosa by disrupting the 

cell adhesion processes required to initiate biofilm 

formation
39

. Another possible explanation is the diverse 

mechanisms of antibiotic resistance exhibited by strains 

with no or weak biofilm formation
13

. However, other 

studies indicated that stronger biofilm formation may be 

correlated with a broader antimicrobial susceptibility 

pattern
3,11,40

. Our study could not establish a statistically 

significant association between the strength of biofilm 

formation by Acinetobacter strains and the pattern of 

resistance; this could be attributed to the small sample 

size; therefore, we recommend conducting further 

investigations using a larger sample size and additional 

studies based on molecular levels to settle or reject the 

association. 

  

CONCLUSIONS 
 

          This study concluded that biofilm formation was 

highly prevalent among the nosocomial isolates of 

Acinetobacter spp., which could increase the 

colonization of MDR and XDR bacteria in hospital 

settings, particularly in ICUs. Analysis of the results of 

this study showed an inverse relationship between the 

development of MDR/XDR patterns and the strength of 

biofilm formation of Acinetobacter isolates. These 

findings indicate that biofilm formation is an important 

survival mechanism of Acinetobacter nosocomial 

isolates that have an insufficient level of antibiotic 

resistance. This necessitates finding effective preventive 

measures against biofilm formation and the appliance of 

proper infection control measures in ICU settings. 
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