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Abstract
Background/Aim: Treatment of infections caused by biofilm-producing 
multidrug-resistant (MDR) pathogens represents a huge global problem 
due to primary antimicrobial multi-resistance enhanced by reduced pene-
tration of antibiotics in the biofilm-embedded bacteria. The aim of this study 
was to determine the capacity of biofilm production among MDR Acine-
tobacter baumannii (A. baumannii) isolates obtained from different clinical 
specimens and to evaluate the inhibitory effect of selenium nanoparticles 
(SeNPs) coated with cationic polymer cetyltrimethylammonium bromide 
(CTAB) on the biofilm formation. 
Methods: Antimicrobial effect of antibiotics (meropenem, imipenem, 
gentamicin, amikacin, ciprofloxacin, levofloxacin and trimethoprim-sulfa-
methoxazole) was determined by disk-diffusion assay, while sensitivity to 
colistin was determined with E test. All 60 isolates were tested on biofilm 
production in microtiter plates with crystal violet dye. Minimal biofilm inhib-
itory concentration (MBIC) of SeNPs was tested in order to prevent biofilm 
formation in microtiter plates. 
Results: All tested clinical isolates were classified as MDR (n = 60) and 
extensively drug-resistant (XDR, n = 60). Out of the total 60 isolates, 55 
isolates (92 %) showed the ability for biofilm formation, with the majority 
of them classified as strong (42 %) and moderate (42 %) biofilm produc-
ers. MBIC values of SeNPs for 55 biofilm-producing isolates ranged from 
0.07 to 1.25 mg/mL. Strong biofilm producers had statistically higher MBIC 
(0.15 mg/mL) in correlation to other biofilm-producing isolates (0.07 mg/
mL). There was no correlation between invasiveness of isolates with biofilm 
production and MBIC values. 
Conclusion: Presented results are very promising and interesting espe-
cially in nanotechnology and medical fields, while SeNPs with the addition 
of cationic surfactant inhibit biofilm formation of MDR A. baumannii clinical 
isolates. 
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Introduction

Acinetobacter baumannii (A. baumannii) is one 
of the most common human pathogens, associ-
ated predominantly with nosocomial infections 

such as ventilator-associated pneumonia and 
sepsis, urinary tract and skin and soft tissue in-
fections, especially among critically ill patients 
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Methods

in intensive care units.1 A. baumannii belongs to 
the ESKAPE group of microorganisms (Entero-
coccus faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, A. baumannii, Pseudomonas aerugi-
nosa, and Enterobacter spp), which are globally 
notorious for human health due to their ability 
to acquire diverse resistance genes rapidly. Car-
bapenems and colistin are the most commonly 
used antibiotics for the treatment of multi-resis-
tant bacterial isolates. Unfortunately, resistance 
to carbapenems is now significantly widespread, 
because of the genome plasticity of this bacteri-
um, which easily acquires resistance genes, in-
cluding genes for carbapenemases production. 
The high prevalence of carbapenem-resistant 
A. baumannii (CRAB) isolates carrying blaOXA-23-
like and blaOXA-24-like genes has emerged as a se-
rious problem in healthcare settings in Serbia.2, 

3 Also, bacteria can become resistant to other 
classes of antibiotics by regulation of antibiotic 
transportation through bacterial membranes (eg 
reduced expression of porins or enhanced activa-
tion of efflux pump), alteration of the target site 
(eg ribosomal protection protein) and enzymat-
ic modifications and inactivation of antimicro-
bial substance (eg aminoglycosidases).1 During 
the COVID-19 pandemic, the importance of this 
pathogen was extremely emphasised, because it 
was determined that co-infection between the 
SARS-CoV2 virus and this bacterium was very 
often associated with a fatal outcome.4, 5 Most 
of the patients who died were in intensive care 
units with respiratory failure and were treated 
with the invasive mechanical ventilation. A. bau-
mannii is capable of forming biofilm on artificial 
substrates, such as respiratory ventilators or vas-
cular and urinary catheters. It is an excellent bio-
film producer and biofilm production represents 
an additional factor contributing to the develop-
ment of antimicrobial resistance. Taking all these 
facts together, it is obvious that the World Health 
Organization ranked multidrug-resistant (MDR) 
A. baumannii as the number one priority microor-
ganism for antimicrobial substance research and 
development.

Nanoparticles (NPs) are one of the most prom-
ising antibacterial agents. Due to their small 
size and high surface-to-volume ratio, NPs have 
physical and chemical properties that differ from 
their bulk material. Selenium is an essential min-
eral and micronutrient that is well known for its 
anticancer and antimicrobial activity, as well as 
being an important substance for improving re-
productive capabilities.6 Selenium nanoparticles 

(SeNPs), compared with selenium inorganic and 
organic compounds, emerged as a promising 
agent for antimicrobial and biomedical uses due 
to their low toxicity, degradability and high bio-
availability.7 When it comes to NPs, their ability 
for aggregation is quite challenging. In order to 
avoid this unfavourable occurrence, one uses 
surfactant-coated NPs methodology. Essentially, 
NPs are surrounded and covered by the surfac-
tant which allows NPs to be more stable.

The aim of this study was to determine the ca-
pacity for biofilm production among MDR A. bau-
mannii isolates obtained from different clinical 
specimens and to evaluate the antimicrobial ef-
fect of SeNPs coated with cationic polymer cet-
yltrimethylammonium bromide (CTAB) against 
planktonic isolates and biofilm formation of clin-
ical isolates of MDR A. baumannii.

Bacterial isolates, species identification and 
antimicrobial resistance
The present experimental study included 60 
non-redundant randomly selected MDR A. bau-
mannii isolates from the bacterial collection of 
the Institute of Microbiology and Immunology in 
Belgrade. The isolates were recovered from pa-
tients admitted to hospitals in Serbia during Jan-
uary-June 2018. Identification of the A calcoaceti-
cus–baumannii complex (Acb complex) was done 
using conventional bacteriological techniques 
employed in clinical microbiology. Species identi-
fication of isolates as A. baumannii was confirmed 
by Vitek 2 System (Biomerieux, France). Invasive 
isolates were those collected from normally ster-
ile body sites (such as blood, peritoneal fluids and 
cerebrospinal fluids). Non-invasive isolates were 
those obtained from skin and soft tissue, urine 
and respiratory tract.

According to the recommendations of the Euro-
pean Committee on Antimicrobial Susceptibility 
Testing (EUCAST), the antimicrobial suscepti-
bility of A. baumannii to meropenem, imipenem, 
gentamicin, amikacin, ciprofloxacin, levofloxa-
cin and trimethoprim-sulfamethoxazole was de-
termined by disk-diffusion assay (Bio-Rad, UK).8 
ComASP Colistin (Liofilchem, Italy) was used to 
determine the minimum inhibitory concentra-
tions (MICs) for colistin, in accordance with EU-
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Results

Bacterial isolates and antimicrobial testing
All 60 isolates of Acb complex were identified as 
A. baumannii. Bacterial isolates were recovered 
from blood samples (18), cerebrospinal fluid (1), 
peritoneal fluid (1), lower respiratory specimens 
(20), urine (6) and from the wound and soft tissue 
specimens (14). Bacterial isolates were obtained 
from 19 female and 41 male patients. The median 
age of patients was 67.3 years, with a range of 18-
88 years.

CAST recommendations.8 Based on antimicrobial 
resistance, all A. baumannii isolates were classi-
fied as follows: (i) MDR- resistant to at least one 
agent in three or more antimicrobial categories, 
(ii) extensively drug-resistant (XDR)- resistant 
to at least one agent in all, but two or fewer an-
timicrobial categories and (iii) pandrug-resistant 
(PDR)- resistant to all agents in all antimicrobial 
categories tested.9

Biofilm production assay
Quantification of biofilm production was done 
following the protocol by Stepanovic et al.10 After 
the 37 °C overnight incubation in Trypticase Soy 
broth (TSB, Biorad, UK), strains were diluted in 
fresh TSB to achieve a final concentration of 106 
CFU/mL. Aliquots of A. baumannii suspension 
(100 μL) were transported to each well of the 96-
well microtiter plate and were incubated for 24 
h at 37 °C. Microtiter plates were aspirated and 
washed three times with sterile phosphate-buff-
ered saline (PBS). The plates were dyed with 100 
μL of 2 % (w/v) crystal violet for 15 min, washed 
three times and dried overnight at room tem-
perature. Thereafter, 100 μL of glacial acetic acid 
at 33 % (v/v) was used to dissolve the dye that 
had been bound to the biofilm matrix. Using an 
automated microtiter plate reader, the optical 
density (OD) of each well was determined spec-
trophotometrically at 570 nm (ICN Flow Titertek 
Multiskan Plus Reader, Meckenheim, Germany). 
TSB was the only suspension in the negative con-
trol wells. A. baumannii ATCC 19606 was used as 
positive control. Three standard deviations more 
than the mean OD of the negative control were 
designated as the cut-off OD (ODc).

The results were evaluated as follows: 
OD ≤ ODc non-biofilm producers, 
ODc < OD ≤ (2 × ODc) = weak biofilm producers, 
(2 × ODc) < OD ≤ (4 × ODc) = moderate biofilm 
producers and 
OD > (4 × ODc) = strong biofilm producers.

SeNPs synthesis
Five hundred mg of sodium selenite (Na2S2O3) 
was dissolved in 50 mL of double distilled water, 
then it was sonicated for 10 min. Along with this 
solution, the CTAB solution was also prepared. 
Two hundred fifty mg of CTAB was dissolved in 
50 mL of double distilled water and sonicated for 
10 min. Afterward, both solutions were mixed 
and stirred for 10 min on a magnetic stirrer. After 
the addition of 1500 mg of ascorbic acid, the stir-
ring was continued for 4 h and the temperature 

was set up to 80 °C. Finally, 6.25 mL of double dis-
tilled water and 1.876 mL of hydrazine were add-
ed. After 2 h, the solution was kept for 4 days at 
room temperature and it was filtered and washed 
with double distilled water and dried in an oven 
for 1 h at 50 °C. A similar procedure was reported 
previously.11, 12 

Characterisation of SeNPs 
Characterisation of SeNPs was performed using 
scanning electron microscopy (SEM) and ener-
gy-dispersive X-ray spectroscopy (EDX) tech-
nique. Images were produced by TM3030 SEM 
Hitachi Japan SEM.

Testing of inhibitory effect of SeNPs on the 
biofilm formation of A. baumannii isolates
The minimum biofilm inhibitory concentration 
(MBIC) of SeNPs was analysed following the pro-
tocol of Bagheri-Josheghani et al.13 Aliquots of 100 
µL of bacterial isolates (in a final concentration of 
106 CFU/mL) in double-strength MH broth were 
incubated with 100 µL of SeNPs (in final concen-
trations ranging from 1.25-0.0015 mg/mL). After 
overnight incubation at 37 ⁰C, microtiter plates 
were treated as described above in section 2.2.

Statistical analyses
SPSS version 20.0 (SPSS Inc, Chicago, IL, USA) was 
used for statistical analysis. Statistical compari-
son of multiple groups on the occasion of devia-
tion of normal data distribution was done using 
the Kruskal-Wallis rank sum test. To compare 
variances without normal distribution between 
the two groups, the Mann-Whitney U test was 
used. Fisher’s exact test was used for comparison 
of the frequency of occurrence of the analysed 
categorical variables. A p value less than 0.05 was 
considered to be significant.
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All isolates were resistant to carbapenems (imi-
penem, meropenem), while other antibiotics 
showed also high resistance rate: ciprofloxacin 
(93 %), levofloxacin (93 %), amikacin (95 %), 
gentamicin (98 %) and trimethoprim-sulfame-
thoxazole (93 %). All isolates were sensitive to 
colistin. According to antimicrobial resistance, 
all isolates were classified as MDR (n = 60) and 
XDR (n = 60) isolates. None PDR isolate was de-
tected.

Biofilm production
Out of a total of 60 tested isolates, the majority 
of isolates were strong (n = 25, 42 %) and mod-
erate (n = 25, 42 %) biofilm producers. Only 5 (8 
%) isolates were weak producers, while 5 (8 %) 
isolates were not capable of biofilm production. 
Among non-biofilm producing isolates, 2 isolates 
were obtained from blood and 3 isolates were ob-
tained from lower respiratory samples. Average 
biofilm mass according to O.D. for strong, mod-
erate and weak biofilm producers were 0.720, 
0.300 and 0.166, respectively. When the capacity 
of isolates to form biofilm with invasiveness of 
isolates or specimen type was compared, there 
was no statistical significance in both correla-
tions (p > 0.05). There was no statistical cor-
relation between antimicrobial resistance and 
biofilm production (p > 0.05). The distribution of 
biofilm production abilities of the tested isolates 
obtained from various clinical samples is dis-
played in Figure 1.

SeNPs characterisation
Figure 2A presents the SEM micrographs of the 
synthesised SeNPs which showed well-defined 
spherical morphology. The EDX spectrum (Fig-
ure 2B) contains a pronounced Se peak, along 
with the nitrogen (N), carbon (C) and oxygen (O) 
peaks. The last three originate from the cationic 
surfactant CTAB. Its role is to prevent agglomera-
tion of SeNPs, as well as to make energetic SeNPs 
more stable. 

Inhibitory effect of SeNPs on biofilm forma-
tion of MDR A. baumannii
SeNPs exhibited an inhibitory effect on biofilm 
formation against 55 biofilm-forming isolates. 
One isolate from the wound swab had MBIC value 
of 1.25 mg/mL, while 4 isolates (2 respiratory, 1 
urinary and 1 blood sample) had MBIC value of 
0.625 mg/mL. All other 50 isolates have MBIC 
values of 0.3 mg/mL or lower. The median MBIC 
value for all 55 biofilm-producing isolates was 
0.15 mg/mL, whereas MBIC50 and MBIC90 were 
0.07 and 0.3, respectively. When SeNPs MBIC 
values with the invasiveness of isolates was com-
pared, there was no statistically significant dif-
ference among tested isolates (p > 0.05). On the 
other hand, strong biofilm producers had higher 
MBIC in correlation to other isolates (p < 0.001), 
as represented in Table 1. There was no statisti-
cal correlation between antimicrobial resistance 
to antibiotics and MBIC SeNPs values (p > 0.05). 

Figure 1: Biofilm formation abil-
ities of 60 multidrug-resistant 
(MDR) isolates of Acinetobacter 
baumannii obtained from vari-
ous clinical specimens
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Figure 2: Characterisation of selenium nanoparticles (SeNPs) using scanning electron microscopy 
(SEM) and energy-dispersive X-ray spectroscopy (EDX) technique

a

b
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Table 1: Median minimal biofilm inhibitory concentration (MBICs) values of selenium nanoparticles (SeNPs) 
among non-producers, weak, moderate and strong biofilm producers

MBIC
(mg/mL)

Non-producers
(N = 5) 

Weak producers
(N = 5)

Moderate producers
(N = 25)

Strong producers
(N = 25)

Median (range) 0.00 (0.00-0.00) 0.07 (0.03-0.15) 0.07 (0.007-1.25) 0.15 (0.03-0.625)

Discussion

The emergence of MDR and XDR A. baumannii is 
becoming a critical health problem worldwide. 
Additionally, biofilm production of MDR and XDR 
A. baumannii isolates contributes both to anti-
microbial resistance and to bacterial endurance 
in the hospital environment, leading to the in-
creased prevalence of nosocomial infections.14, 15 
In presented study, all A. baumannii isolates were 
MDR and XDR, sensitive only to colistin, a last-re-
sort antibiotic, which is now a first choice for the 
treatment of resistant isolates. Fortunately, resis-
tance to colistin is still low and uncommon, but 
is worrisome and needs to be observed. Although 
presented resistance to other tested antibiotics 
is extremely high, similar frequencies of MDR 
and XDR isolates have been detected globally.16, 

17 Also, it is important to notice that all isolates 
were resistant to carbapenems, which, unfortu-
nately, is becoming a common finding both in our 
region and globally.18, 19 

Given that A. baumannii is most frequently asso-
ciated with nosocomial infections, eg ventilator 
associated-pneumonia, sepsis, urinary, skin and 
soft tissue infections, the majority of presented 
isolates were recovered from lower respiratory 
samples (20/60, 33 %), blood (18/60, 30 %) and 
swabs obtained from skin and soft tissue infec-
tion (14/60, 23 %), as expected.20 A. baumannii 
has excellent capacity to form biofilm in compar-
ison to other bacteria, so it is not surprising that 
almost all of isolates (55/60, 92 %) were biofilm 
producers with an equal and significant percent-
age of moderate (25/55, 45 %) and strong (25/55, 
45 %) biofilm producers. In the present study, 
equal numbers of non-invasive and invasive iso-
lates were non-biofilm and strong biofilm pro-
ducers, respectively, without a clear statistical 
correlation between bacterial invasiveness and 
capacity for biofilm production. This could be ex-
plained by the shedding of the exopolysaccharide 
biofilm envelope, enabling planktonic bacteria to 
be released from the biofilm community and enter 
the bloodstream causing bacteraemia. Although 
invasive bacteria are isolated from the blood, no 

one can claim with certainty and without addi-
tional sub-molecular testing that they do not 
come from the biofilms in tissue or on indwelling 
devices.21 Also, the treatment of infections caused 
by biofilm-producing MDR A. baumannii isolates 
represents a huge challenge, while these isolates 
could be resistant to all antibiotics, regardless of 
the results of the antibiogram. This resistance 
stems from reduced or disabled penetration of 
antibiotics into the biofilm-embedded bacteria. 
Presented isolates represent a great example of a 
problematic situation for our healthcare system, 
similar to the results of Zeighami et al.16 Better 
biofilm production among MDR A. baumannii iso-
lates is explained by several mechanisms: lipid 
A modification, overexpression of efflux pumps 
and exposure to subminimal antibiotic concen-
tration which creates positive feedback that al-
lows a switch from planktonic to sessile growth 
in biofilm.22

Infections caused by biofilm-producing MDR A. 
baumannii are very demanding for treatment 
and there are worldwide efforts for the develop-
ment of new promising and effective antibacteri-
al substances. According to available literature 
data, this study represents one of the scarce in-
vestigations about the antimicrobial activity of 
SeNPs against MDR A. baumannii isolates. The 
results obtained in this study are very encourag-
ing, because SeNPs prevented biofilm formation. 
Strong biofilm producers showed significantly 
higher MBIC values in relation to moderate and 
weak biofilm-producing isolates, as expected. 
This results, as well as the results of other au-
thors, showed that SeNPs have great potential as 
medical devices coatings, because they efficient-
ly prevented biofilm formation at low concentra-
tions.23-25 Hoseini Bafghi et al demonstrated that 
SeNPs reduced antifungal resistance due to di-
minished expression of resistance- related genes 
in resistant fungal isolates.26 Biogenic SeNPs are 
capable of both the prevention of biofilm forma-
tion and degradation of mature biofilm matrix by 
degradation of the bacterial cell membrane and 
bacterial envelope called glycocalyx in biofilm 
producing isolates of P. aeruginosa, S. aureus and 
S. Typhi.27 There are no precise data about mecha-
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nism of action of SeNPs against biofilm producing 
A. baumannii isolates and according to available 
literature, it can only be assumed that SeNPs act 
on quorum sensing molecules, preventing the 
onset of biofilm formation by the switch inter-
ruption from individual planktonic isolates into 
collective, biofilm-associated existence.28 The 
main goal of this work was to examine the pos-
sible antibiofilm effect of modified SeNPs. Due to 
technical limitations, authors’ were not able to 
perform a complete characterisation of the NPs 
or determine the precise mechanism of action of 
these NPs during the process of biofilm forma-
tion. In future experimental work, it would be 
very valuable to obtain precise information about 
these two unanswered questions to highlight the 
importance of presented modification method 
for SeNPs synthesis.

In the present study, it was demonstrated that 
modified SeNPs successfully prevented bio-
film formation in MDR A. baumannii isolates. 
Although stronger biofilm producers required 
higher concentrations of SeNPs, results sug-
gest that SeNPs coated with CTAB should be 
considered as a potential coating for indwell-
ing medical devices and further development 
in pharmaceutical nanotechnology.

Conclusion
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