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Summary
Introduction. Representatives of the genus Acinetobacter have 
become an important cause of hospital-acquired infections due to 
their great ability to survive and spread in a hospital environment, 
as well as rapid development of resistance to many antibiotics. The 
aim of this study was to determine the incidence of nosocomial 
infections caused by Acinetobacter spp among patients hospitalized 
at the Clinic of Infectious Diseases of the Clinical Center of Vojvo-
dina; determine the presence and prevalence of resistance to anti-
microbials in strains Acinetobacter spp, isolated from patient ma-
terials routinely sampled at the Clinic of Infectious Diseases of the 
Clinical Center of Vojvodina in the period January 1, 2012 to De-
cember 31, 2015. Material and Methods. A retrospective study 
included 1.673 patients with infectious diseases of bacterial etiol-
ogy treated at the Clinic of Infectious Diseases of the Clinical 
Center of Vojvodina. The analysis of blood cultures, urine, cerebro-
spinal fluid culture, wound/decubitus swab, throat swabs, cannula/
tube swabs, and bronchial aspirate was performed to establish the 
incidence of infections caused by Acinetobacter spp and antimicro-
bial resistance. Results. During the four-year research, Acineto-
bacter spp was isolated from blood samples in 14/260 (5.4%), urine 
in 6/198 (3.0%), cerebrospinal fluid in 2/43 (4.7%), wound/decubitus 
swabs in 33/128 (25.8%), throat swabs in 14/124 (11.3%) cannula/
tube swabs and bronchial aspirate in 32/72 (44.4%) samples. The 
isolates of Acinetobacter spp showed the highest susceptibility to 
colistin (100%). Resistance to carbapenems and piperacillin/tazo-
bactam accounted for nearly 100% in all tested isolates, while resist-
ance to other antibiotics was over 63.6%, except to tobramycin  
whose resistance accounted for 11.1%. Conclusion. Representatives 
of the genus Acinetobacter are a common cause of nosocomial 
infections in hospitalized patients. Acinetobacter spp is only sensi-
tive to colistin (100%), while it is resistant in various percentages 
to all other tested antibiotics.
Key words: Microbial Sensitivity Tests; Acinetobacter; Anti-Infec-
tive Agents; Cross Infection

Sažetak
Uvod. Predstavnici roda Acinetobacter važni su uzročnici bol-
ničkih infekcija zbog velike sposobnosti preživljavanja i širenja 
u bolničkoj sredini kao i brzog razvoja rezistencije na brojne 
antibiotike. Cilj rada bio je utvrđivanje učestalosti bolničkih 
infekcija izazvanih Acinetobacter spp i prisustva i učestalosti 
rezistencije na antimikrobne lekove kod sojeva Acinetobacter 
spp, izolovanih iz bolesničkog materijala rutinski uzorkovanog 
na Klinici za infektivne bolesti Kliničkog centra Vojvodine u 
periodu 1.1.2012−31.12.2015. godine. Materijal i metode. Re-
trospektivna studija je obuhvatila 1 673 pacijenta sa dijagnozom 
infektivnih bolesti bakterijske etiologije lečenih na Klinici za 
infektivne bolesti Kliničkog centra Vojvodine. Analizom pri-
moizolata izolovanih iz bolesničkog materijala (hemokulture, 
urinokulture, kulture likvora, brisa rane/dekubitusa, brisa grla 
i brisa kanile/tubusa i aspirat bronha) pratili smo učestalost 
infekcija izazvanih Acinetobacter spp i antimikrobnu rezisten-
ciju na antibiotike. Rezultati. U toku četvorogodišnjeg ispiti-
vanja iz hemokultura izolovano je 14/260 (5,4%) izolata Acine-
tobacter spp, iz urinokultura 6/198 (3,0%), iz likvora 2/43 
(4,7%), iz brisa rane/dekubitusa 33/128 (25,8%), iz brisa grla 
14/124 (11,3%), a iz brisa kanile/tubusa i aspiratata bronha 32/72 
(44,4%) izolata. Najveću osetljivost izolati Acinetobacter spp 
pokazali su na kolistin (100%). Rezistencija na karbapeneme i  
piperacilin/tazobaktam iznosila je skoro 100% kod svih ispita-
nih izolata, dok je rezistencija na druge antibiotike iznosila 
preko 63,6%, osim na tobramicin − iznosila je  11,1%. Zaklju-
čak. Predstavnici roda Acinetobacter značajni su uzročnici 
bolničkih infekcija kod hospitalizovanih pacijenata. Acineto-
bacter spp je osetljiv jedino na kolistin (100%), a rezistentan u 
različitom procentu na sve ostale ispitivane antibiotike.
Ključne reči: testovi mikrobne osetljivosti; Acinetobacter; an-
timikrobni lekovi; bolničke infekcije 

Introduction 

The World Health Organization defines antimi-
crobial resistance as the resistance of microorgan-

isms to a drug that was previously effective. The 
resistance of bacteria to antibiotics is called antibi-
otic resistance [1]. Multidrug-resistant (MDR) bac-
teria is the term used for bacterial strains resistant 
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to three or more groups of antimicrobial drugs. 
Cross-resistant bacteria are those that have devel-
oped resistance to a variety of drugs that have a 
similar mechanism of action [2]. The main cause 
for developement of antibiotic resistance is irra-
tional use of antibiotics [3].

Representatives of the genus Acinetobacter are 
strictly aerobic, gram-negative, immobile (Greek “ak-
inetos” - immobile), catalase positive, indole negative, 
non-fermentable coccobacilli. Within this genus there 
are over 20 different species, the most important 
among them - Acinetobacter calcoaceticus-baumannii 
complex which is responsible for most human infec-
tions [4]. Most of the clinical isolates of Acinetobacter 
baumannii, which cause infections of hospitalized pa-
tients, using genotyping methods, are divided into 
three European (international) clones, of which the 
European clone I (EU I) and European clone II (EU II) 
are most dominant. The permeability of the outer mem-
brane layer of Acinetobacter baumannii (less than 5% 
in comparison to other gram-negative microorgan-
isms), congenital decreased susceptibility to antibiotics, 
in combination with rapid acquisition of resistance 
mechanisms using mutation or genetic elements (plas-
mids, transposons and insertion sequences) are respon-
sible for rapid emergence of multi-resistant isolates. 
Another important feature of this microorganism is the 
ability to survive in wet and dry conditions up to 4 
months, with the ability to form a biofilm which plays 
a significant role. Survival of isolates that have such 
capability is  twice as long (36 vs. 15 days) in com-
parison to isolates which are not capable to form a bio-
film. Isolates that are capable to form biofilms are 
multiresistant isolates, because a biofilm is a commu-
nity of well-structured microcolonies which has the 
ability for long-term survival and causes changes to 
the genetic material. Colonization by Acinetobacter 
baumannii precedes the biofilm formation, often in 
intensive care units [5].

Acinetobacter may be part of normal bacterial 
flora of the skin and mucous membranes or various 
secretions of healthy people. Also, Acinetobacter 
colonizes the oral cavity, the respiratory and gastroin-
testinal tract. As an opportunistic bacteria it can be a 
significant cause of serious hospital infections, main-
ly contaminating catheters and the equipment for me-
chanical ventilation. Because of this, it commonly 
causes bacteremia and nosocomial pneumonia in pa-
tients on mechanical ventilation, urinary tract infec-
tions, infections of the skin and soft tissues, as well as 
meningitis and endocarditis [4].

These infections are most common in immuno-
compromised patients, patients with severe underlying 
disease, and those who have undergone invasive diag-
nostic procedures. Risk factors for colonization and 

infection include recent surgery, central venous cath-
eters, tracheostomy, parenteral nutrition and uncon-
trolled use of broad-spectrum antibiotics (third gen-
eration cephalosporins, fluoroquinolones, carbapen-
ems) [4].

Acinetobacter has the ability to survive on various 
surfaces for long periods of time. These bacteria have 
a number of mechanisms of resistance, from en-
zymes that break down the beta-lactam ring, through 
the modification of the enzyme against aminoglyco-
sides and changing binding site of quinolones, to 
changing different mechanisms of drug elimination 
and outer membrane proteins, so that the outcome of 
treatment of infections caused by Acinetobacter is 
uncertain. These mechanisms, either individually or 
in cooperation, define the resistance of Acinetobacter 
spp to antibiotics. Infection with MDR strains in hos-
pitals further complicates the patients’ conditions, 
especially in intensive care units, prolonging hospi-
talization and increasing mortality. Hospital mortal-
ity of patients with Acinetobacter spp infections ac-
counts for 8 – 23%, and in intensive care units even 
for 10 – 43% [6].

Acinetobacter is resistant to various antibiotics 
from different groups. Its multiresistant isolates are 
increasingly common around the world and the in-
fections they cause represent a serious therapeutic 
problem. Carbapenems (imipenem, meropenem) are 
β-lactam antibiotics with the broadest spectrum of 
activity. When they emerged in the 1980s, for a long 
time they were the first line drugs in the treatment 
of infections caused by gram-negative nonfermenta-
ble pathogens, and they represented a new treatment 
option for serious infections. However, despite the 
early efficiency of carbapenem in the treatment of 
infections caused by Acinetobacter, nowadays in-
creasing carbapenem-resistant Acinetobacter iso-
lates are reported worldwide [4]. Multidrug resistant 
isolates are resistant to three or more groups of an-
tibiotics that can be applied in the treatment of in-
fections caused by these microorganisms (aminogly-
cosides, carbapenems and quinolones). Although 
rare, pandrug resistant isolates have also been de-
scribed, which show resistance to sulbactam, mi-
nocycline, tigecycline and colistin.

Material and Methods

The study was conducted as a retrospective study, 
analyzing medical records of the patients treated at 
the Clinic of Infectious Diseases of the Clinical Cent-
er of Vojvodina (CCV) in the period from January 1, 
2012 to December 31, 2015. It included 1.673 patients 
diagnosed with bacterial infections. The data were 
obtained from the medical histories of patients diag-
nosed with sepsis, urinary infections (complicated 
urinary tract infections), infections of the skin and 
subcutaneous tissue, respiratory infections and pneu-
monia. The analysis of patient material (blood cul-
tures, urine, cerebrospinal fluid culture, wound/
decubitus swabs, throat swabs, cannula/tube swabs 
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and bronchial aspirates) routinely sampled at the 
Clinic of Infectious Diseases of the CCV in the afore-
mentioned period, was performed to establish the 
incidence of infestions caused by Acinetobacter spp 
and antimicrobial resistance.

The inclusion criteria were: clinical picture of 
bacterial infection, as demonstrated by laboratory 
findings and X-ray findings of pneumonia.

The results of bacterial isolation and identification 
and antimicrobial susceptibility test results were ob-
tained from standard reports on bacteriological ex-
amination. Isolation and identification was done in the 
laboratories of the Microbiology Center of the  Insti-
tute of Public Health of Vojvodina in Novi Sad using 
standard bacteriological techniques. The causes are 
shown as the absolute number of isolates, as well as 
the percentage of their representation in the calendar 
year when they were isolated. The bacterial suscepti-
bility to antimicrobials was expressed as percentage 
of resistant and susceptible strains and only primo-
isolates were analyzed. Susceptibility to antimicro-
bial drugs was analyzed only if there were more than 
two isolates in a single year. Strains showing an inter-
mediate degree of susceptibility were classified as 
resistant, whereas MDR strains showed resistance to 
three or more groups of antimicrobial drugs.

Results

During the four-year research, 4.460 samples 
were examined, of which 825 were positive, and 101 
Acinetobacter spp were isolated.

During this period, 1.682 blood samples were 
analyzed and a total of 260/1.682 (15.5%) positive iso-
lates were found. In 2012, there were 64/353 (18.1%); 
in 2013, 46/474 (9.7%); in 2014, 62/512 (12.1%); and in 
2015, 88/343 (25.6%) isolates. The most commonly 
identified pathogens from blood cultures were coag-
ulase-negative Staphylococcus spp in 121/260 (46.5%), 
followed by Staphylococcus aureus 27/260 (10.4%), 
Escherichia coli 26/260 (10.0%), Acinetobacter spp 
14/260 (5.4%), and Streptococcus pneumoniae, Kleb-
siella pneumoniae, and Streptococcus viridians, each 
in 12/260 (4.6%). Other agents were present in less 
than 4%. In 2012, Acinetobacter spp was isolated from 
blood cultures in 2/64 (3.2%), in 2013, in 1/46 (2.2%), 
in 2014, in 6/62 (9.7%), and in 2015, in 5/88 (5.7%).

During the research period, 1.344 urine cultures 
were analyzed, and 198/1345 (14.7%) positive isolates 
were found. In 2012, there were 34/320 (10.6%); in 
2013, 47/274 (17.1%); in 2014, 38/372 (10.2%); and in 
2015, 79/348 (22.7%) isolates. The most commonly 
isolated were Escherichia coli in 69/198 (34.8%), En-
terococcus spp in 36/198 (18.2%), Klebsiella pneumo-
niae in 28/198 (14.1%), Proteus mirabilis in 26/198 
(13.1%), Pseudomonas aeruginosa in 25/198 (12.6%) 
and Acinetobacter spp in 7/198 (3.5%). Other causes 
were found in less than 3%. The incidence of Acineto-
bacter isolates from positive urine cultures per year 
was: in 2012, 2/34 (5.9%); in 2013, 0/47 (0%); in 2014, 
2/38 (5.3%); in 2015, 2/79 (2.5%).

The test results of 325 samples of cerebrospinal 
fluid showed that 43 (13.2%) were positive. In 2012, 
there were 12/70 (17.1%) positive isolates, in 2013, 
10/69 (14.5%); in 2014, 13/104 (12.5%); and in 2015 
there were 8/82 (9.8%). During the four-year re-
search, the most common microorganism isolated 
from the cerebrospinal fluid was Streptococcus 
pneumoniae found in 14/43 (32.6%), followed by 
coagulase-negative Staphylococcus spp in 12/43 
(27.9%); Listeria monocytogenes and Neisseria 
meningitidis each in 3/43 (6.9%); Acinetobacter spp 
and Streprococcus viridans each in 2/43 (4.7%). 
Other causes were found in less than 3%. One iso-
late of Acinetobacter spp was found in the cerebro-
spinal fluid during 2012 and 2014, while in 2013 
and 2015 not  a single positive isolate was found.

The bacteriological examination of 183 wound/
decubitus swabs was performed during the research 
period. Positive isolates were found in 128/183 (69.9%). 
In 2012, there were 30/35 (84.6%); in 2013, 34/47 
(72.3%); in 2014, 35/63 (55.6%); and in 2015 there were 
29/38 (76.3%) positive isolates. The most commonly 
isolated microorganisms were Acinetobacter spp in 
33/128 (25.8%), followed by Staphylococcus aureus in 
28/128 (21.9%); Pseudomonas aeruginosa in 26/128 
(20.3%); Proteus mirabilis in 14/128 (10.9%); Entero-
bacter spp in 10/128 (7.8%); Klebsiella pneumoniae in 
9/128 (7.0%); and Enterococcus spp in 8/128 (6.25%). 
Other pathogens were found in less than 6%. The in-
cidence of Acinetobacter spp isolates in wound/decu-
bitus swabs per year was: in 2012, 6/30 (20.0%); in 
2013, 10/34 (29.4%); in 2014, 8/35 (22.9 %); and in 
2015, 9/29 (31.0%).

During the four-year research period, 770 throat 
swabs were examined and 124/770 (16.1%) positive 
isolates were found. In 2012 there were 35/194 
(18%); in 2013, 37/232 (15.9%); in 2014, 35/185 
(18.9%); and in 2015, 17/159 (10.7%) isolates. The 
most common isolated pathogen was Staphylococ-
cus aureus found in 61/124 (49.2%). The incidence 
of Staphylococcus aureus isolates in 2012 was 
62.8% (22/35); in 2013, 37.8% (14/37); in 2014, 
45.7% (16/35); and in 2015 it was 52.9% (9/17). The 
incidence of Acinetobacter spp was 14/124 (11.3%), 
Klebsiella pneumoniae in 13/124 (10.5%), Strepto-
coccus pyogenes in 9/124 (7.3%), Enterobacter spp 
in 8/124 (6,5%), and Pseudomonas aeruginosa in 
5/124 (4.0%). Other pathogens were found in less 
than 4%. The incidence of Acinetobacter spp iso-
lates in wound/decubitus swabs was as follows: in 
2012, 4/35 (11.4%); in 2013, 5/37 (13.5%); in 2014, 
3/35 (8. 6%); and in 2015, 2/17 (11.8%).

During the same period, bacteriological tests of 
153 swabs taken from cannula tubes and bronchial 
aspirate were performed, and positive isolates were 
found in 72/153 (47.1%). In 2012, there were 18/37 
(48.6%) positive isolates, in 2013, 21/40 (52.5%); in 
2014, 21/59 (35.6%); and in 2015, 12/17 (70.6%) iso-
lates. The most common pathogens were Acineto-
bacter spp in 32/72 (44.4%), Pseudomonas aerugi-
nosa in 18/72 (25.0%), Klebsiella pneumoniae in 
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10/72 (13.9%), Enterobacter spp and coagulase nega-
tive Staphylococcus spp  in 7/72 (9.7%) each, and 
Stenotrophomonas maltophilia in 6/72 (8.3%). The 
incidence of Acinetobacter spp per year was: in 2012, 
6/37 (16.2%); in 2013, 9/21 (42.9%); in 2014, 7/21 
(33.3% ); and in 2015, 10/12 (83.3%).

The study showed that the incidence of Acineto-
bacter spp was highest in swabs taken from can-
nula/tubes and bronchial aspirate - 32/72 (44.4%), 
then in wound/decubitus swabs in 33/128 (25.8%) 
of isolates, in throat swabs in 14/124 (11.3%), in 
blood cultures in 14/260 (5.4%), in cerebrospinal 
fluid cultures in 2/43 (4.7%), and the lowest inci-

dence of Acinetobacter spp was found in urine cul-
tures, in 6/198 (3.0%) isolates.

Acinetobacter spp isolates from blood cultures 
were resistant to all tested antibiotics, except coli-
stin and tobramycin. All Acinetobacter spp isolates 
from blood tested during 2013, 2014 and 2015, were 
100% susceptible to colistin, while in 2012 suscep-
tibility to this antibiotic had not been studied. In the 
reported period, the susceptibility to tobramycin 
was 88.9% (Table 1).

Antimicrobial resistance of Acinetobacter spp 
taken from wound/decubitus swabs during the study 
period was almost 100% to all tested antibiotics, 

Table 1. Antimicrobial susceptibility of Acinetobacter spp isolated from blood  
Tabela 1. Osetljivost izolata Acinetobacter spp na antimikrobne lekove iz hemokultura

Acinetobacter spp
Antibiotic 2012 2014 2015 Total/Ukupno

S R S R S R S R
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Imipenem 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 13 (100.0)
Meropenem 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 13 (100.0)
Piperacillin/Tazobactam 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) – – 0 (0.0) 8 (100.0)
Gentamicin 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 4 (100.0) 0 (0.0) 12 (100.0)
Amikacin 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) 1 (20.0) 4 (80.0) 1 (7.7) 12 (92.3)
Tobramycin 2 (100.0) 0 (0,0) 5 (83.3) 1 (16,7) 1 (100.0) 0 (0.0) 8 (88.9) 1 (11.)
Ciprofloxacin 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 13 (100.0)
Levofloxacin 0 (0.0) 2 (100.0) 0 (0.0) 6 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 13 (100.0)
Colistin – – 6 (100.0) 0 (0.0) 4 (100.0) 0 (0.0) 10 (100.0) 0 (0.0)
Total/Ukupno 2 6 5 13
S - susceptible/osetljivo, R − resistant/rezistentno

Table 2. Antimicrobial susceptibility of Acinetobacter spp isolated from woud/decubitus swabs
Tabela 2. Osetljivost izolata Acinetobacter spp na antimikrobne lekove iz brisa rana/dekubitusa

Acinetobacter spp

Antibiotic
2012 2013 2014 2015 Total/Ukupno

S R S R S R S R S R
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Ampicillin/
Sulbactam

0 (0.0) 6 (100.0) 1 (10.0) 9 (90.0) 0 (0.0) 8 (100.0) 0 (0.0) 5 (100.0) 1 (3.4) 28 (96.6)

Piperacillin/
Tazobactam

0 (0.0) 6 (100.0) 0 (0.0) 1 
0(100.0)

0 (0.0) 8(100.0) - - 0(0.0) 24 (100.0)

Imipenem 1 (16.7) 5 (83.3) 0 (0.0) 10 (100.0) 0 (0.0) 8 (100.0) 1 (11.1) 8 (88.9) 2 (6.1) 31 (93.9)
Meropenem 1 (16.7) 5 (83.3) 0 (0.0) 10 (100.0) 0 (0.0) 8 (100.0) 1 (11.1) 8 (88.9) 2 (6.1) 31 (93.9)
Gentamicin 4 (66.7) 2 (33.3) 8 (80.0) 2 (20.0) 0 (0.0) 8 (100.0) 0 (0.0) 9 (100.0) 12 (36.4) 21 (63.6)
Amikacin 0 (0.0) 6 (100.0) 0 (0.0) 10 (100.0) 0 (0.0) 8 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 33 (100.0)
Tobramycin 2 (33.4) 4 (66.6) 4 (40.0) 6 (60.0) 2 (25.0) 6 (75.0) 0 (0.0) 2 (100.0) 8 (30.8) 18 (69.2)
Ciprofloxacin 0 (0.0) 6 (100.0) 0 (0.0) 10 (100.0) 0 (0.0) 8 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 33 (100.0)
Levofloxacin 3 (50.0) 3 (50.0) 0 (0.0) 10 (100.0) 0 (0.0) 8 (100.0) 0 (0.0) 9 (100.0) 3 (9.1) 30 (90.9)
Colistin - - 10 (100.0) 0 (0.0) 8 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 23 (100.0) 0 (0.0)
Total/Ukupno 6 10 8 9 33
S - susceptible/osetljivo, R - resistant/rezistentno
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except colistin and tobramycin. In the examined 
period, the susceptibility to colistin was 100% and 
to tobramycin 30.8%. The isolates were susceptible 
to gentamicin  and levofloxacin during 2012, while 
during 2014 and 2015,  resistance  to these antibiot-
ics was 100% (Table 2).

Resistance to carbapenem of isolates from the 
throat swabs was 100%, in all isolates in 2012, 2014 
and 2015, while in 2013, it was recorded in three 
isolates (60%). Susceptibility to ampicillin/sul-
bactam was not recorded during the first three years 
of testing, while in 2015 there were no information 
about susceptibility to this antibiotic. Susceptibility 
to colistin was 100% in 2013, the only year that 
focused on examining the susceptibility to this an-
tibiotic. Susceptibility to tobramycin was tested in 
2013 and 2014, and it was 100% (Table 3).

Antimicrobial susceptibility of Acinetobacter 
spp isolated from cannula/tubes swabs and bron-
chial aspirate during the period of research was 
recorded only to colistin (100%). The antimicrobial 
susceptibility to this antibiotic was carried out only 
in 2015, in 2 isolates. A lower susceptibility (20%) 
was recorded to ampicillin/sulbactam and 17.4% to 
tobramycin. Resistance of Acinetobacter spp to 
other antibiotics was over 82.6% (Table 4).

Discussion

During the past decades, Acinetobacter bauman-
nii has become one of the leading causes of nosoco-
mial infections worldwide. A study that examined 
the prevalence of infections in intensive care units in 
75 countries on five continents, confirmed that infec-
tions caused by Acinetobacter baumannii are among 
the five most frequent infections [5]. In the European 

countries, it approximately causes from 2% to 10% 
of all infections caused by gram-negative microor-
ganisms, and in the United States (US) about 2.5% 
[7]. Our study shows that Acinetobacter spp causes 
blood infections in 2.2% up to 9.7% of inpatients.

In regard to data from our country, the study of 
Šuljagić and Mirović in 2006, showed that  Acineto-
bacter spp caused nosocomial blood infections with 
an incidence of 7.1% [8], which corresponds with 
our data on blood infections in 2015, with an inci-
dence of 5.7%. In our study, the incidence of Aci-
netobacter spp in blood cultures was 5.4%, taking 
the fourth place, behind the cannula/tubes swabs 
and bronchial aspirate, the wound/decubitus swabs, 
and throat swabs, whereas according to the results 
of  American authors it was in the second place, 
after isolates from the respiratory tract, with an in-
cidence of 23.9% [9]. Our results from 2014 are 
identical with the data from Saudi Arabia, where 
the incidence was also 9.7% [10].

The lowest incidence of Acinetobacter spp was 
found in cerebrospinal fluid and urine. Acinetobacter 
spp was not isolated from urine in 2013, while the 
highest incidence was recorded in 2012, 5.9%. 

During 2013 and 2015, not one strain of Acineto-
bacter was isolated from the cerebrospinal fluid, and 
in 2012 and 2015, one isolate was found each year.

During the four-year research, Acinetobacter spp 
was isolated from wound/decubitus swabs in 25.8% 
of hospitalized patients. According to literature 
data, Acinetobacter spp was found in skin swabs of 
patients who were not hospitalized, from 0.5 to 3%, 
and in hospitalized patients in up to 75% [11–13]. 
The results of our research on the dominance of 
Acinetobacter spp from wound swabs are similar to 
the findings of other authors who examined the the 

Table 3. Antimicrobial susceptibility of Acinetobacter spp isolated from throat swabs
Tabela 3. Osetljivost izolata Acinetobacter spp na antimikrobne lekove iz brisa grla

Acinetobacter spp
Antibiotic 2012 2013 2014 2015 Total/Ukupno

S R S R S R S R S R
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Imipenem 0 (0.0) 4 (100.0) 2 (40.0) 3 (60.0) 0 (0.0) 3 (100.0) 0 (0.0) 2 (100.0) 2 (14.3) 12 (85.7)
Meropenem 0 (0.0) 4 (100.0) 2 (40.0) 3 (60.0) 0 (0.0) 3 (100.0) 0 (0.0) 2 (100.0) 2 (14.3) 12 (85.7)
Ampicillin/
Sulbactam 0 (0.0) 4 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 3 (100.0) – – 0 (0.0) 12 (100.0)

Piperacillin/
Tazobactam 0 (0.0) 4 (100.0) 2 (40.0) 3 (60.0) 0 (0.0) 3 (100.0) – – 2 (16.7) 10 (83.3)

Gentamicin 0 (0.0) 4 (100.0) 2 (40.0) 3 (60.0) 0 (0.0) 3 (100.0) 1 (50.0) 1 (50.0) 3 (21.4) 11 (78.6)
Amikacin 0 (0.0) 4 (100.0) 2 (40.0) 3 (60.0) 0 (0.0) 3 (100.0) 1 (50.0) 1 (50.0) 3 (21.4) 11 (78.6)
Tobramycin – – 5 (100.0) 0 (0.0) 3 (100.0) 0 (0.0) - - 8 (100.0) 0 (0.0)
Ciprofloxacin 0 (0.0) 4 (100.0) 2 (40.0) 3 (60.0) 0 (0.0) 3 (100.0) 1 (50.0) 1 (50.0) 3 (21.4) 11 (78.6)
Levofloxacin 1 (25.0) 3 (75.0) 0 (0.0) 5 (100.0) 0 (0.0) 3 (100.0) 1 (50.0) 1 (50.0) 2 (14.3) 12 (85.7)
Colistin – – 5 (100.0) 0 (0.0) – – – – 5 (100.0) 0 (0.0)
Total/Ukupno 4 5 3 2 14
S - susceptible/osetljivo, R - resistant/rezistentno
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dominance of gram negative bacteria from swabs 
of infected decubital wounds, whose localization is 
usually near urogenital and the end of gastrointes-
tinal tract [14, 15].

The results of our research on the incidence of 
Acinetobacter spp in patient material routinely sam-
pled at the Clinic of Infectious Diseases of the CCV, 
in the period from January 1, 2012,  to December 
31, 2015, is somewhat similar to the findings from 
US [9] and Great Britain [16], where the highest 
percentage of Acinetobacter spp was also isolated 
from cannula/tubes swabs and bronchial aspirate. 
In our study, the prevalence ranged from 16.2% in 
2012, up to 83.3% in 2015, which shows that Aci-
netobacter spp is becoming a leading cause of no-
socomial infections in our environment.

Multiresistant isolates are increasingly common 
around the world and represent a serious problem for 
clinicians [4]. Many isolates of Acinetobacter spp 
have developed resistance to antibiotics, including 
until now successful, aminopenicillins, ureidopeni-
cillin, cefamandole and cephalothin, cephamycin, 
cefoxitin, most of the aminoglycosides, chloram-
phenicol, tetracycline, and the more recent antibiot-
ics, such as cefotaxime, ceftazidime, imipenem, to-
bramycin, amikacin, and fluoroquinolones [17].

All strains of Acinetobacter spp from blood cul-
tures in our study, were resistant to carbapenems, 
piperacillin/tazobactam, aminoglycosides, quinolones. 
Susceptibility was registered only to colistin and to-
bramycin. According to the Meropenem Yearly Sus-
ceptibility Test Information Collection (MYSTIC) 
study, in the period from 2002 to 2004, resistance to 
meropenem in Europe was 26.9%, 30.2% to imipenem 
66% to ciprofloxacin, and 52.4% to gentamicin [15], 

while in our study, ten years later, the susceptibility to 
these antibiotics was not observed, as shown by our 
results from 2014 and 2015, where resistance was re-
corded to all antibiotics except colistin and tobramy-
cin. The study of Šuljagić and Mirović, conducted in 
2006, examined the resistance of Acinetobacter spp 
isolated from blood of patients hospitalized in the in-
tensive care units, showed that all isolates were resist-
ant to gentamicin, and 71% to ciprofloxacin, but did 
not register resistance to imipenem [8]. Rapid develop-
ment of resistance to carbapenems in the last decade 
[17] explains existence of differences in the suscepti-
bility of isolates of Acinetobacter spp to imipenem in 
the aforementioned and our study. All strains of Aci-
netobacter spp were susceptible to colistin, as shown 
by studies carried out in Bulgaria from 1999 to 2006, 
where only colistin proved effective [18]. These strains 
that are susceptible only to colistin were also described 
in Korea in a study published in 2008 [19]. In Taiwan, 
there were isolates that were resistant to all available 
antibiotics, including colistin [20].

Due to the small number of isolates of Acineto-
bacter spp from cerebrospinal fluid and urine, data 
on their susceptibility were not analyzed.

Isolates of Acinetobacter spp from wound swabs 
in our study indicate that it is a MDR bacteria. The 
study conducted at the Institute of Public Health of 
Vojvodina at the Center for Microbiology, included 
strains of Acinetobacter spp isolated from wound 
swabs of patients hospitalized at institutes and clin-
ics in CCV in Novi Sad, show that it is a MDR 
bacteria [4]. The above-mentioned study, recorded 
a lower rate of resistance to carbapenems of 61.8%, 
and in our study it was 83.3% in 2012, 100% in 2013 
and 2014, and 88.9% in 2015. The emergence of an 

Table 4. Antimicrobial susceptibility of Acinetobacter spp isolated from the cannula/tubes swabs and bronchial 
aspirate
Tabela 4. Osetljivost izolata Acinetobacter spp na antimikrobne lekove iz  brisa kanile/tubusa i aspirata bronha

Acinetobacter Spp

Antibiotic
2012 2013 2014 2015 Total/Ukupno

S R S R S R S R S R
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Ampicillin/
sulbactam 3 (50.0) 3 (50.0) 0 (0.00) 9 (100.0) 1 (20.0) 4 (80.0) – – 4 (20.0) 16 (80.0)

Piperacillin/
tazobactam 0 (0.0) 6 (100.0) 0 (11.1) 9 (100.0) 0 (0.0) 6 (85.7) – – 0 (0.0) 22 (100.0)

Imipenem 0 (0.0) 6 (100.0) 1 (11.1) 8 (88.9) 1 (14.3) 6 (85.7) 0 (0.0) 10 (100.0) 2 (6.3) 30 (93.7)
Meropenem 0 (0.0) 6 (100.0) 1 (11.1) 8 (88.9) 1 (14.3) 6 (85.7) 0 (0.0) 10 (100.0) 2 (6.3) 30 (93.7)
Gentamicin 0 (0.0) 6 (100.0) 1 (11.1) 8 (88.9) 1 (14.3) 6 (85.7) 0 (0.0) 10 (100.0) 2 (6.3) 30 (93.7)
Amikacin 0 (0.0) 6 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 7 (100.0) 0 (0.0) 10 (100.0) 0 (0.0) 32 (100.0)
Tobramycin 1 (20.0) 4 (80.0) 0 (0.0) 9 (100.0) 3 (42.9) 4 (57.1)9 0 (0.0) 2 (100.0) 4 (17.4) 19 (82.6)
Ciprofloxacin 0 (0.0) 6 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 7 (100.0) 0 (0.0) 10 (100.0) 0 (0.0) 32 (100.0)
Levofloxacin 0 (0.0) 1 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 7 (100.0) 0 (0.0) 10 (100.0) 0 (0.0) 27 (100.0)
Colistin – – – – – – 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0)
Total/Ukupno 6 9 7 10 32
S - susceptible/osetljivo, R - resistant/rezistentno
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increasing number of strains resistant to carbapen-
ems caused the empirical use of these antibiotics 
[21]. Acinetobacter spp in our study did not show 
resistance to colistin, as found in literature data 
[22–24]. Susceptibility testing to colistin in our 
study was conducted in  2013, 2014, and 2015, but 
not for all isolates.

Susceptibility of isolates from throat swabs to 
colistin was done only in 2013, when all isolates 
were susceptible to this antibiotic. Resistance to 
carbapenems observed in the four-year period was 
85.7%. Resistance was recorded in all isolates in 
2012, 2014 and 2015, while in 2013 it was recorded 
in 60% of isolates. A disturbing percentage of re-
sistant isolates of Acinetobacter baumanii to car-
bapenems in recent years has been observed in 
Croatia, according to the Committee for Antibiotic 
Resistance in the Croatian Academy of Medical Sci-
ences, amounting to 90% in major Croatian hospi-
tals [5]. In our study, susceptibility to tobramycin 
during 2013 and 2014 was 100%, while in 2012 and 
2015, susceptibility to this antibiotic was not exam-
ined. Almost all isolates were resistant to piperacil-
lin/tazobactam, ampicillin/sulbactam, gentamicin, 
amikacin, ciprofloxacin and levofloxacin. A com-
bined application of ampicillin/sulbactam, may be 
effective, especially in hospitals where this agent is 
rarely used [25]. In our study, the resistance to this 
antibiotic in the surveyed period was 100%.

High resistance of Acinetobacter spp, isolated 
from cannula/tubes swabs and bronchial aspirate, 
to almost all tested antimicrobials except colistin 
were observed, but susceptibility to this antibiotic 
was carried out only in the course of 2015, only in 
2 isolates. Also, in 2015, susceptibility to ampicillin/
sulbactam and piperacillin/tazobactam was not 
tested, because since 2015, susceptibility testing to 
antibiotics is performed according to the EUCAST 
standard, which does not include testing to these 
antibiotics. Some authors recommend the use of a 
combination of ampicillin/sulbactam [4]. In our 
study, the resistance to this antibiotic was 80%.

Some of the epidemiological studies may have in-
cluded isolates that were not responsible for infections, 
but simply colonized ill patients. In terms of resist-
ance, 34% of Acinetobacter isolates in the National 
Healthcare Safety Network of the United States were 
resistant to cephalosporins, carbapenems, fluoroqui-
nolones and aminoglycosides [26], as show the find-
ings of antibiotic resistance of Acinetobacter spp iso-
lated from cannula/tubes swabs and bronchial aspi-
rates. In another national surveillance study conduct-
ed in the US in 2010, 44.7% and 49.0% were resistant 
to imipenem and meropenem, respectively, and 5.3% 
were resistant to colistin in vitro, whereas in our study 
resistance to colistin was not recorded [27].

Current data indicate that colistin is the main and 
only therapeutic option, and its unique pharmacoki-
netic properties have led many to suggest the use a 
combination of antibiotics. To maintain the suscep-
tibility of colistin, carbapenems, sulbactam, ri-
fampicin and tigecycline have been the most studied, 
in order to find a combination that would provide the 
best clinical efficacy and reduce toxicity [27].

Conclusion

Representatives of the genus Acinetobacter are a 
common cause of infections in hospitalized patients 
with bacterial infections. During the four-year re-
search, the incidence of Acinetobacter spp isolated 
from blood cultures was 5.4% (14/260), from urine 
cultures 3% (6/198), from cerebrospinal fluid cultures 
4.7% (2/43), from wounds/decubitus swabs 25.8% 
(33/128), from throat swabs 11.3% (14/124) and from 
cannula/tubes swabs and bronchial aspirate 44.4% 
(32/72). All strains of Acinetobacter spp isolated from 
patient material during the investigation period were 
susceptible to colistin (100%). In the examined pe-
riod, resistance of Acinetobacter spp to β-lactams, 
carbapenems, aminoglycosides and fluoroquinolones 
was over 63.6%, except to tobramycin, but only from 
blood cultures, whith resistance of 11.1%. All strains 
of Acinetobacter spp were multiresistant.
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