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Summary
Introduction. Klebsiella pneumoniae is a Gram-negative non-
motile, encapsulated bacterium. It is a significant opportunistic 
pathogen, especially in hospital conditions, where most multi-
drug-resistant strains are present. The aim of this study was to 
determine the incidence of hospital infections caused by Kleb-
siella pneumoniae and the incidence of antimicrobial resistance 
of Klebsiella pneumoniae strains, routinely isolated from patients 
at the Clinical of Infectious Diseases of the Clinical Center of 
Vojvodina, in the period from January 1, 2013 to December 31, 
2017. Material and Methods. A retrospective study included 
1.647 patients with a diagnosis of infectious diseases of bacte-
rial etiology treated at the Clinic of Infectious Diseases of the 
Clinical Center of Vojvodina. The analysis of primo-isolates from 
patient material (blood, urine, cerebrospinal fluid, wound/decu-
bitus and throat cultures) was performed to examine the incidence 
of infections caused by Klebsiella pneumoniae and its antimicro-
bial resistance to antibiotics. Results. During the five-year study 
period, 93 primo-isolates of Klebsiella pneumoniae were iso-
lated from urine cultures 52/272 (19.1%), throat swabs 13/108 
(12%), wound swabs 12/120 (10.0%), blood cultures 13/285 (4.6%) 
and one isolate from the liver 1/47 (2.1%). Klebsiella pneumo-
niae isolates showed the highest sensitivity to tigecycline and 
colistin (100%). During the study, Klebsiella pneumoniae showed 
resistance to carbapenem in up to 100%, depending on isolates 
and the year of study. Conclusion. Klebsiella pneumoniae is a 
common cause of nosocomial infections. It is sensitive only to 
tigecycline and colistin (100%), and its resistance to carbapenems 
and other antibiotics is a major health concern.
Key words: Klebsiella pneumoniae; Klebsiella Infections; Drug 
Resistance; Anti-Bacterial Agents; Cross Infection; Microbial 
Sensitivity Tests; Tigecycline; Colistin; Carbapenems

Sažetak
Uvod. Klebsiella pneumoniae je Gram-negativna bakterija, ne-
pokretna sa izraženom kapsulom. Značajan je uzročnik oportu-
nističkih infekcija naročito u bolničkim uslovima u kojima su 
najčešće prisutni multirezistentni sojevi. Cilj rada je utvrđivanje 
učestalosti bolničkih infekcija izazvanih bakterijom Klebsiellа 
pneumoniae i prisustva rezistencije na antimikrobne lekove kod 
sojeva Klebsiella pneumoniae, izolovanih iz bolesničkog mate-
rijala rutinski uzorkovanog na Klinici za infektivne bolesti Kli-
ničkog centra Vojvodine u periodu od 1. 1. 2013. do 31. 12. 2017. 
godine. Materijal i metode. Retrospektivna studija je obuhvati-
la 1.647 pacijenta sa dijagnozom infektivnih bolesti bakterijske 
etiologije lečenih na Klinici za infektivne bolesti Kliničkog cen-
tra Vojvodine. Analizom primoizolata izolovanih iz bolesničkog 
materijala (hemokulture, urinokulture, kulture likvora, bris rane/
dekubitusa i bris grla) pratili smo učestalost infekcija izazvanih 
bakterijom Klebsiella pneumoniae i njiovu osetljivost na antimi-
krobne lekove. Rezultati. Tokom petogodišnjeg ispitivanja izo-
lovano je 93 primoizolata ove bakterije  ̶  iz urinokultura 52/272 
(19,1%), iz brisa grla 13/108 (12%), iz brisa rane/dekubitusa 
12/120 (10,0%), iz hemokultura 13/285 (4,6%) i jedan izolat iz 
likvora 1/47 (2,1%). Izolati Klebsiella pneumoniae bili su najo-
setljiviji na tigeciklin i kolistin (100%). Tokom svih godina istra-
živanja prisutna je pojava rezistencije na karbapeneme, u zavi-
snosti od izolata i godine istraživanja, koja je iznosila i do 100%. 
Zaključak. Klebsiella pneumoniae je značajan uzročnik infek-
cija kod hospitalizovanih pacijenata. Njen izolati bili su osetljivi 
jedino na tigeciklin i kolistin (100%), a zabrinjavajuća je pojava 
rezistencije na karbapeneme i ostale ispitivane grupe antibiotika.
Ključne reči: Klebsiela pneumonije; infekcije Klebsielom; ot-
pornost na lekove; antibiotici; bolnička infekcija; testovi os-
etljivosti na mikrobe; tigecikllin; kolistin; karbapenemi

Introduction 

Antibiotic resistance continues to be one of the 
most serious public health issues, which is on the 
rise in all parts of the world. It presents a serious 
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threat to the effective treatment of infectious dis-
eases, and also to progress in medicine and health in 
general [1]. The World Health Organization (WHO) 
defines antimicrobial resistance as the resistance of 
micro-organisms to drugs that have previously been 
effective. Antimicrobial resistance is a broader term, 
which includes resistance to drugs used in the treat-
ment of infections caused by other micro-organisms 
such as viruses, fungi and parasites [1]. According 
to the European Center for Disease Prevention and 
Control (ECDC), antimicrobial resistance is the abil-
ity of the micro-organism to become resistant to one 
or more antimicrobial agents used in therapy or 
prophylaxis. Multi-resistant bacteria (MRB) is the 
term used when bacterial strain is resistant to three 
or more groups of antibiotics [2].

Klebsiella is a genus of Gram-negative, rod shaped, 
non-motile, encapsulated bacteria. The species of Kleb-
siella can be found singly or in pairs, diplobacillus, with 
large polysaccharide capsule, which are different from 
most other species of the Enterobacteriaceae family. 
The capsule, a polysaccharide matrix which covers the 
cell, is the most important virulence factor. Fimbriae 
also contribute to virulence, allowing adherence to host 
epithelial cells and protect the bacteria from phagocy-
tosis. The ability to produce aerobactin, that provides 
iron supply to bacteria necessary for growth and repro-
duction, is in strong correlation with virulence. The 
presence of urease is associated with the development 

of urinary tract infections and leads to the formation 
of ammonia that damages the urinary tract epithelium 
and alkalizes the urine [3].

The representatives of this genus are widespread in 
nature; they are found in the soil, as well as in the in-
testinal tract of humans and animals. They are a major 
cause of opportunistic infections, especially in hospital 
environment, where they commonly become multi-
resistant. Klebsiella related diseases are most common 
in urology departments, in intensive care units, and in 
newborns. Intestinal and respiratory tracts of hospital-
ized patients and hospital staff are the main reservoirs 
of infection, and they are most commonly transmitted 
through the medical workers’ hands, rarely contami-
nated medical equipment and liquids [3].

In children and adults over 50 years of age, Kleb-
siella pneumoniae causes severe infections of the res-
piratory system, such as pneumonia (lobar pneumonia, 
bronchopneumonia) and lung abscesses. From the res-
piratory tract, infections can spread to the mucous 
membrane of paranasal sinuses, but cases of meningi-
tis and septicemia are also reported. In children, it 
causes enteritis and enterocolitis, the symptoms of 
which resemble dysentery. It also causes urinary infec-
tions that are characterized by severe, uncertain re-
sponse to antibiotics and frequent relapses.

Carbapenems are broad spectrum beta-lactam 
antibiotics, traditionally used as the first line ther-
apy of the most serious infections [4]. When they 
appeared, in the eighties of the last century, they 
were the first-line drugs for the treatment of infec-
tions caused by Gram-negative agents and they pre-
sented a new possibility in the treatment of severe in-
fections [4]. The clinical significance of carbapenemase 
enzyme is reflected in its ability to hydrolyze carbap-

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

Antibiotic/Antibiotik Klebsiella penumoniae/Klebsiella pneumoniae 
2014 2015 2016 2017 Total/Ukupno

S R S R S R S R S R
N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%)

Ampicillin/Ampicilin 0 (0.0) 4 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 13 (100.0)
Amoxicillin and Clavulanic 
acid/Amoksicilin i klavulans-
ka kiselina

0 (0.0) 4 (100.0) 2 (100.0) 0 (0.0) 1 (50.0) 1 (50.0) 0 (0.0) 5 (100.0) 3 (23.0) 10 (77.0)

Piperacillin/Piperacilin 4 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) 1 (50.0) 0 (0.0) 4 (80.0) 6 (46.0) 5 (38.0)
Imipenem/Imipenem 4 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 4 (80.0) 1 (20.0) 12 (92.0) 1 (7.7)
Meropenem/Meropenem 4 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 4 (80.0) 1 (20.0) 12 (92.0) 1 (7.7)
Gentamicin/Gentamicin 1 (25.0) 3 (75.0) 1 (50.0) 0 (0.0) 0 (0.0) 1 (50.0) 2 (40.0) 3 (60.0) 4 (30.7) 7 (53.8)
Amikacin/Amikacin 4 (100.0) 0 (0.0) 1 (50.0) 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0) 5 (100.0) 6 (46.0) 6 (46.0)
Trimethoprim sulfameth-
oxazole/Trimetroprini i 
sulfametoksazol

2 (50.0) 2 (50.0) 2 (100.0) 0 (0.0) 1 (50.0) 1 (50.0) 0 (0.0) 5 (100.0) 5 (38.0) 8 (61.0)

Ciprofloxacin/Ciprofloksacin 1 (25.0) 3 (75.0) 2 (100.0) 0 (0.0) 1 (50.0) 1 (50.0) 0 (0,0) 5 (100.0) 4 (30.7) 9 (69.0)
Total/Ukupno 4 – 2 – 2 – 5 – 13 –
Legend: S - susceptible, R - resistant/Legenda: S - osetljivo, R - rezistentno

Abbreviations
CCV – Clinical Center of Vojvodina
ECDC – European Centre for Disease Prevention and Control
MRB – multi-resistant bacteria
CRKP – Carbapenems-resistant Klebsiella pneumoniae
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enems, which causes bacteria that produce them de-
velop resistance to this group of beta-lactam antibiotics, 
as well as to most other members of the same group 
(penicillins, cephalosporins). Carbapenemase produc-
ing strains of Gram-negative bacteria are of great epi-
demiological significance, because spread of these 
beta-lactamases in hospitals and hospital isolates would 
present a serious global threat. The first carbapenem-
resistant bacteria were described in the nineties of the 
last century, and their resistance was mediated by chro-
mosomal coded beta-lactamases called carbapenemase 
[5]. Shortly after that, resistant strains of Klebsiella 
pneumoniae appeared in the United States, carrying 
transferable genes for carbapenemases located on plas-
mids. However, the resistance of these bacteria to this 
group of antibiotics remained sporadic until the begin-
ning of the third millennium, when we became wit-
nesses of the crisis due to the rapid spread of MRB of 
Klebsiella pneumoniae that produce carbapenemase 
encoded plasmids [6]. The main concern is that an in-

creasing number of countries in Europe report a sudden 
spread of carbapenem-resistant Klebsiella pneumoniae 
(CRKP) strains. The global spread of the CRKP en-
terobacteria has become endemic in Mediterranean 
countries (Israel, Greece, Italy), South America (Co-
lombia, Argentina and Brazil) and China [7–10]. The 
mortality reported among patients infected with these 
resistant bacteria is high, perhaps as a result of limited 
remaining antibiotic options (colistin and tigecycline). 
The introduction of tigecycline and colistin in the treat-
ment of patients infected with these resistant strains 
has significantly improved the patients’ survival [11].

Material and Methods

This retrospective study analyzed the medical 
records of 1.647 patients diagnosed with infectious 
diseases of bacterial etiology treated at the Clinic of 
Infectious Diseases of the Clinical Center of Vojvo-
dina (CCV) in the period from January 1, 2013 to De-

Table 2. Antimicrobial susceptibility of Klebsiella pneumoniae isolated from urine cultures 
Tabela 2. Osetljivost izolata Klebsiella pneumoniae na antimikrobne lekove iz urinokultura

Antibiotic
Antibiotik

Klebsiella penumoniae/Klebsiella pneumoniae 
2013 2014 2015 2016 2017 Total/Ukupno

S R S R S R S R S R S R
N/Br (%)N/Br (%)N/Br (%)N/Br (%) N/Br (%) N/Br (%)N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%) N/Br (%)

Ampicillin 
Amipicilin 0 (0.0) 5 (100.0) 0 (0.0) 4 (100.0) 1 (7.7) 12 (92.3) 0 (0.0) 8 (100.0) 0 (0.0) 22 (100.0) 1 (1.9) 51 (98.1)

Amoxicilln/
clavulanic acid 
Amoksicilin i 
klavulanska 
kiselina

0 (0.0) 5 (100.0) 0 (0.0) 4 (100.0) 2 (15.4) 11 (84.6) 4 (50.) 4 (50.) 4 (18.1) 18 (81.8) 10 (19.3) 42 (80.7)

Piperacillin/
tazobctam
Piperacilin i 
tazobaktam

4 (80.0) 1 (20.0) 4 (100.0) 0(0.0) 3 (23.0) 10 (77.0) 0 (0.0) 8 (100.0) 2 (9.1) 20 (90.9) 12 (23.0) 40 (77.0)

Imipenem 
Imipenem 4 (80.0) 1 (20.0) 4 (100.0) 0 (0.0) 13 (100.0) 0 (0.0) 7 (87.5) 1 (12.5) 10 (45.4) 12 (54.5) 38 (73.1) 14 (26.9)

Meropenem
Meropenem 4 (80.0) 1 (20.0) 4 (100.0) 0 (0.0) 13 (100.0) 0 (0.0) 7 (87.5) 1 (12.5) 6 (27.2) 16 (72.7) 34 (65.4) 18 (34.6)

Gentamicin 
Gentamicin 1 (20.0) 0 4 (80.0) 2 (50.0) 2 (50.0) 3 (23.0) 10 (77.0) 7 (87.5) 1 (12.5) 1 (4.6) 21 (95.4) 4 (5.8) 48 (74.5)

Amikacin 
Amikacin 2 (40.0) 3 (60.0 3 (80.0) 1 (20.0) 9 (69.2) 4 (30.7) 6 (75.0) 2 (25.0) 7 (31.8) 15 (68.2) 27 (53.0) 25 (47.0)

Trimethoprim
sulfamethoxa-
zole/Trimetro-
prim i sulfame-
toksazol

2 (40.0) 3 (60.0) 2 (50.0) 2 (50.0) 1 (7.7) 12 (92.3) 0 (0.0) 8 (100.0) 1 (4.6) 21 (95.4) 6 (11,7) 46 (89.3)

Ciprofloxacin 
Ciprofloksacin 1 (20.0) 4 (80.0) 2 (50.0) 2 (50.0) 1 (7.7) 12 (92.3) 0 (0.0) 8 (100.0) 1 (4.6) 21 (95.4) 5 (7.8) 47 (92.2)

Tigecycline 
Tigeciklin – – – – – – – – 6 (100.0) 0 (0.0) 6 (100.0) 0 (0.0)

Colistin/Kolistin – – – – – – – – 6 (100.0) 0 (0,0) 6 (100.0) 0 (0.0)
Total/Ukupno 5 – 4 – 13 – 8 – 22 – 52 –
Legend: S - susceptible, R - resistant/Legenda: S - osetljivo, R - rezistentno
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cember 31, 2017. The data were obtained from medical 
histories and included patients with sepsis, urinary tract 
infections - complicated urinary tract infections, skin 
and subcutaneous tissue infections, respiratory infec-
tions and pneumonia. The antimicrobial resistance was 
established based on primo-isolates isolated from the 
patient material (blood, urine, cerebrospinal fluid, 
wound and throat cultures) that were routinely sampled 
at the Clinic of Infectious Diseases of the CCV in the 
indicated period.

The inclusion criteria were clinical picture of bac-
terial infection and laboratory findings in agreement 
with it. The results of isolation, identification and 
susceptibility to antimicrobial drugs were obtained 
from standard reports of the bacteriological examina-
tion of the submitted material. Isolation and identi-
fication was done using standard bacteriological 
techniques in the laboratories of the Center for micro-
biology at the Institute of Public Health of Vojvodina 
in Novi Sad. The distribution of the causative agents 
is shown through the absolute number of primo-
isolates, as well as through the percentage of their 
occurrence in the calendar year when they were iso-
lated. The sensitivity to antimicrobial drugs is ex-
pressed as the percentage of resistant and sensitive 
strains, and only primo-isolates were analyzed. The 
sensitivity to antimicrobial drugs was analyzed only 

if there were more than two bacteral isolates in one 
year. The strains with the intermediate sensitivity 
were classified into resistant (R). The strains that 
demonstrated resistance to three or more groups of 
antimicrobial drugs were considered multiresistant.

Results

During the five-year-study, a total of 3.073 iso-
lates were examined, of which 847 isolates were 
positive and 93 primo-isolates of Klebsiella pneumo-
niae were isolated.

During the trial, a bacteriological examination 
of 1.332 blood samples for blood cultures was per-
formed. A total of 285/1.332 (21.4%) primo-isolates 
were isolated from blood cultures. In 2013, there 
was a total of 46/474 (9.7%) primo-isolates, in 2014 
62/172 (36%), in 2015, 49/205 (24%), in 2016, 62/222 
(28 %), and in 2017 66/259 (25.4%) primo-isolates.

The most frequent causative agents from blood 
cultures, during the five-year study, were coagu-
lase negative Staphylococcus spp found in 108/285 
(38%), followed by Escherichia coli in 49/285 
(17.1%), Staphylococcus aureus in 25/285 (8.7%), 
Klebsiella pneumoniae in 13/285 (4.6%), Acineto-
bacter spp and Streptococcus pneumoniae in 13/285 
(5.6%), and Streptococcus viridians in 12/285 (4.2%). 

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

Antibiotic
Antibiotik

Klebsiella penumoniae/Klebsiella pneumoniae
2013 2014 2015 2016 2017 Total/Ukupno

S R S R S R S R S R S R
N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%) N/Br (%) N/Br (%)

Ampicillin
ampicilin 0 (0.0) 3 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 4 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (100.0)

Amoxicillin and
clavulanic acid
Amoksicilin i kla-
vulanska kiselina

1 (33.3) 2 (66.6) 1 (20.0) 4 (100.0) 1 (25.0) 3 (75.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 3 (23.0) 10 (77.0)

Piperacillin taz 
obactam/Piperaci-
lin i tazobaktam

2 (66.6) 1 (33.3) 2 (40.0) 3 (60.0) 1 (25.0) 3 (75.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 5 (38.0) 8 (62.0)

Imipenem
Imipenem 3 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 4 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (100.0) 0 (0,0)

Meropenem
Meropenem 3 (100.0) 0 (0.0) 5 (100.0) 0 (0.0) 4 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (100.0) 0 (0.0)

Gentamicin
Gentamicin – – 5 (100.0) 0 (0.0) 0 (0.0) 4 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 5 (32.0) 8 (62.0)

Amikacin
Amikacin 3 (100.0) 0 (0.0) 5 (100.0) 0(0.0) 0 (0.0) 4 (100.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (69.3) 4 (30.7)

Trimethoprim
sulfamethoxazol
Trimetroprini i 
sulfametoksazol

2 (66.6) 1 (33.3) 2 (40.0) 3 (60.0) 0 (0.0) 4 (100.0) 0 (0.0) 1(100.0) 0 (0.0) 0 (0.0) 4 (30.7) 9 (69.3)

Ciprofloxacin
Ciprofloksacin 1 (33.3) 2 (66.6) 2 (40.0) 3 (60.0) 0 (0.0) 4 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 3 (23.0) 10 (77.0)

Total/Ukupno 3 – 5 – 4 – 1 – 0 – 13 –

Legend: S - susceptible, R - resistant/Legenda: S - osetljivo, R - rezistentno
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Other causative agents accounted for  less than 4%. 
Klebsiella pneumoniae was isolated in 1/46 (2.2%) 
in 2013, 4/62 (6.4%) in 2014, 2/49 (4.08%), in 2015, 
3/62 (4.8%) in, 2016, and 3/66 (4.5%) in 2017.

During the trial, bacteriological examination of 
1.175 urine cultures was performed. Out of the total 
number, 272/1.175 (23.2%) of primo-isolates were 
isolated. In 2013, there were 47/274 (17.1%), in 2014 
38/195 (14.3%), in 2015 68/218 (31.2%), in 2016 
45/213 (21.1%), and in 2017 74/275 (27%). During 
the five-year trial, Escherichia coli was isolated 
from 69/272 (25.3%) urine cultures. The following 
are Klebsiella pneumoniae with 52/272 (19.1%), En-
terobacter spp 50/272 (18.3%), Proteus mirabilis 
23/272 (8.4%), Pseudomonas aeruginosa 22/272 
(8.0%), and Acinetobacter spp 6/272 (2.2%). Other 
causative agents accounted for less than 2%. The 
annual frequency of Klebsiella pneumoniae positive 
isolates was: 5/47 (10.6%) in 2013, 4/38 (10.5%) in 
2014, 13/68 (19.1%), in 2015, 8/45 (17.7%) in 2016, 
and 22/74 (29.7%) in 2017.

The test results of 215 samples of cerebrospinal 
fluid showed that 47/215 (21.8%) samples were posi-

tive for microorganisms. In 2013, there were 10/69 
(14.5%) primo-isolates, in 2014 there were 13/43 
(30.2%), in 2015 6/22 (27.3%), in 2016 9/53 (17%), 
and in 2017 9/28 (32.1%). The most commonly iso-
lated microorganism from the cerebrospinal fluid 
was Streptococcus pneumoniae with 15/47 (31.9%). 
The following were coagulase-negative Staphyloco-
ccus spp with 14/47 (29.7%), Listeria monocytogenes 
and Neisseria meningitidis with 4/47 (8.5%), Acineto-
bacter spp and Streprococcus viridans, which were 
isolated with the same frequency of 3/47 (6.3%). 
Klebsiella pneumoniae was isolated in one case, 1/47 
(2.1%). In 2013, 1/10 (10%) Klebsiella pneumoniae 
positive isolate was isolated from cerebrospinal flu-
id. In all the other years, there were no positive iso-
lates in cerebrospinal fluid.

In the five-year study, bacteriological examina-
tion of 146 wound/decubitus swabs was performed. 
From the examined wound/decubitus swabs, 120/146 
(82.2%) primo-isolates were isolated. In 2013, there 
were 34/47 (72.3%), in 2014, 35/38 (92.1%), in 2015, 
14/15 (9303%), in 2016, 17/20 (85%) primo-isolates, 
and in 2017 20/26 (77%). The most frequently iso-

Table 4. Antimicrobial susceptibility of Klebsiella pneumoniae isolated from woud/decubitus swabs 
Tabela 4. Osetljivost izolata Klebsiella pneumoniae na antimikrobne lekove iz brisa rana/dekubitusa

Antibiotic
Antibiotik

Klebsiella penumoniae/Klebsiella pneumoniae
2013 2014 2015 2016 2017 Total/Ukupno

S R S R S R S R S R S R
N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%)N/Br (%) N/Br (%)

Ampicillin
Ampicilin 0 (0.0) 3 (100.0) 0 (0.0) 2 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 3 (100.0) 0 (0.0) 3 (100.0) 0 (0.0) 12 (100.0)

Amoxicillin and
clavulanic acid
Amoksicilin i kla-
vulanska kiselina

0 (0.0) 3 (100.0) 0 (0.0) 2 (100.0) 1 (100.0) 0 (0.0) 1 (33.3) 2 (66.6) 3 (100.0) 0 (0.0) 5 (41.6) 7 (58.4)

Piperacillin taz 
obactam/Piperaci-
lin i tazobaktam

0 (0.0) 3 (100.0) 0 (0.0) 2 (100.0) 1 (100.0) 0 (0.0) 1 (33.3) 2 (66.6) 3 (100.0) 0 (0.0) 5 (41.6) 7 (58.4)

Imipenem
Imipenem 0 (0.0) 3 (100.0) 0(0.0) 2 (100.0) 1 (100.0) 0 (0.0) 2 (66.6) 1 (33.3) 3 (100.0) 0 (0.0) 6 (50.0) 6 (50.0)

Meropenem
Meropenem 0 (0.0) 3 (100.0) 0 (0,0) 2 (100.0) 1 (100.0) 0 (0,0) 2 (66,6) 1 (33.3) 3 (100.0) 0 (0.0) 5 (41.6) 7 (58.4)

Gentamicin
Gentamicin 1 (33.3) 2 (66.6) 2 (100.0) 0 (0.0) 0 (0.0) 1 (100.0) 1 (33.3) 2 (66.6) 1 (33.3) 2 (66.6) 5 (41.6) 7 (58.4)

Amikacin
Amikacin 2 (66.6) 1 (33.3) 2 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) 2 (66.6) 1 (33.3) 1 (33.3) 2 (66.6) 8 (66.6) 4 (33.3)

Trimethoprim
sulfamethoxazol
Trimetroprini i 
sulfametoksazol

0 (0.0) 3 (100.0) 0 (0.0) 2 (100.0) 1 (100.0) 0 (0.0) 1 (33,3) 2 (66,6) 3 (100.0) 0 (0.0) 5 (41.6) 7 (58.4)

Ciprofloxacin
Ciprofloksacin 0 (0.0) 3 (100.0) 1 (50.0) 1 (50.0) 1 (100.0) 0 (0.0) 1 (33.3) 2 (66.6) 3 (100.0) 0 (0.0) 6 (50.0) 6 (50.0)

Tigecycline
Tigeciklin – – – – – – 1 (100.0) 0 (0.0) – – 1 (100.0) 0 (0.0)

Colistin/Kolistin – – – – – – 1 (100.0) 0 (0.0) – – 1 (100.0) 0 (00)
Total/Ukupno 3 – 2 – 1 – 3 – 3 – 12 –

Legend: S - susceptible, R - resistant/Legenda: S - osetljivo, R - rezistentno
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lated microorganisms in the wound swabs were Aci-
netobacter spp with 30/120 (25%), Staphylococcus 
aureus with 30/120 (25%) and Pseudomonas aerugi-
nosa with 26/120 (21.6%). They were followed by 
Proteus mirabilis 14/120 (11.6%), Enterobacter spp 
12/120 (10%), Klebsiella pneumoniae 12/120 (10.0%) 
and Enterococcus spp with 8/120 (6.6%). The an-
nual incidence of Klebsiella pneumoniae positive 
isolates was: 3/34 (8.8%) in 2013, 2/35 (5.7%) in 2014, 
1/14 (7.1%) in 2015, 3/17 (17.6%) in 2016, and 3/20 
(15%) in 2017. 

In the same period, bacteriological examination 
of 173 throat swabs was performed. From the exam-
ined throat swabs, 104/173 (60.1%) primo-isolates 
were isolated. In 2013, 37/42 (88%) were isolated, 
35/40 (87.2%) in 2014, 13/30 (43.3%), 16/33 (48.4%) 
in 2016, and 3/28 (10.7%) in 2017. Staphylococcus 
aureus, with 50/104 (46.2%), was the most com-
monly isolated as the causative agent of infection. 
Then followed Acinetobacter spp with 14/104 (13%), 
Klebsiella pneumoniae with 13/104 (12%), Strepto-
coccus pyogenes with 9/108 (8.3%), Enterobacter 
spp with 8/108 (7.4%), and Pseudomonas aerugi-
nosa with 5/104 (4.6%). The annual frequency of 
Klebsiella pneumoniae positive isolates was: 3/37 
(8.1%) in 2013, 5/35 (14.2%) in 2014, 4/13 (30.7%) in 
2015, 1/16 (6,25%) in 2016, and 0/3 (0%) in 2017.

Klebsiella pneumoniae blood culture isolates 
showed resistance to all antimicrobial drugs, except 
imipenem and meropenem until 2017, when resistance 
to these antibiotics was present in one isolate, 1 (20%). 
The sensitivity of Klebsiella pneumoniae to carbap-
enems was 100% from 2013 to 2016 (Table 1).

The resistance of Klebsiella pneumoniae isolates 
from urine cultures during 2014 and 2015 was es-
tablished to all investigated antibiotics, except imi-
penem and meropenem. During 2016, resistance to 
carbapenem was found, and in 2017 there was a 
significant resistance of this bacteria to imipenem 
12 (54.5%), and to meropenem 16 (72.7%). In 2017, 
susceptibility to tigecycline was found in six iso-
lates, while the isolates were resistant to all the 
other tested antibiotics (Table 2).

The antimicrobial susceptibility of Klebsiella pneu-
moniae isolates from throat swabs showed a 100% 
sensitivity to carbapenems (imipenem and meropen-
em). Its 100% resistance to aminoglycoside antibiotics 
(gentamicin) was observed  in 2015 and 2016, as well 
as resistance to trimethoprime/sulfamethoxazole in 1 
isolate (33.3%) in 2013, 3 isolates (60%) in 2014, and 
4 isolates (100%) in 2015 (Table 3).

The sensitivity of isolates of Klebsiella pneumo-
niae to antimicrobials from the wound/decubitus swabs 
showed 100% resistance to carbapenems (meropenem 
and imipenem) in 2013 and 2014, so that in 2017 the 
resistance in 3 isolates would be 0%. The sensitivity 
of Klebsiella pneumoniae to piperacillin/tazobactam 
was 0% during 2013 and 2014, and in 2017 it was 
100%. The limitation of this research is a small number 
of isolates. In 2016, susceptibility to tigecycline and 
colistin was shown in one isolate, while it was resistant 
to all the other tested antibiotics (Table 4).

Discussion

Klebsiella pneumoniae is one of the most com-
mon causes of urinary tract infections [12, 13]. The 
results of our five-year research showed that this 
bacterium is most often isolated from urine cultures, 
accounting for 19.1%. The number of primo-isolates 
of Klebsiella pneumoniae from urine cultures has 
significantly increased, in 2013 it accounted for 
10.6%, and in 2017 for 29.7%. This is an indication 
that urinary tract infections caused by this bacterium 
have been on the rise. The African studies show 
similar results, so in Ethiopia, urinary infections ac-
count for 20%, Cameroon 18.5% and Marrakesh 
22% [14, 15]. At the second and third place are pri-
mo-isolates of Klebsiella pneumoniae accounting 
for 12% in throat swabs and for 10% in the wound/
decubitus swabs. In regard to the causative agents 
of throat infections, the most common is primo-
isolate of Staphylococcus aureus (46.2%), while 
primo-isolate of Klebsiella pneumoniae is ranked 
third, accounting for 12%. These data are in accord-
ance with a study done at the Clinic of Infectious 
Diseases of the CCV from 2012 to 2014, where Kleb-
siella pneumoniae is in the third place (9.3%), while 
Staphylococcus aureus is the first accounting for 
48.6%, and in the second place is Acinetobacter spp, 
accounting for 11.2% [16]. The wound/decubitus 
swabs showed that primo-isolate of Klebsiella pneu-
moniae is even more frequent, but it is only ranked 
sixth in frequency (10%). Acinetobacter spp was the 
most common cause of wound/decubitus (25%) in-
fections. This shows that Klebsiella pneumoniae is 
a rare cause of throat, wound/decubitus infections, 
and that there is no significant increase in its inci-
dence during the investigated period. The results of 
the United States studies show that Klebsiella pneu-
moniae is the fourth cause of infections accounting 
for 8% of infections, while the first is Staphylococ-
cus aureus (16%) [17]. Klebsiella pneumoniae in our 
five-year study has proven to be a rare cause of sep-
sis, bacterial meningitis, and meningoencephalitis. 
However, Klebsiella pneumoniae is the most com-
monly isolated microorganism from the cerebrospi-
nal fluid, and it was isolated from one sample in 
2013, with an incidence of 2.1%. In regard to causa-
tive agents isolated from blood cultures, the most 
common isolates were Staphylococcus spp coagu-
lase negative (38%), while Klebsiella pneumoniae 
occupies the fourth position in frequency (4.6%).

All primo-isolates of Klebsiella pneumoniae 
from blood cultures in the study are susceptible to 
imipenem and meropenem, but the sensitivity has 
decreased over the years from 100% during 2014, 
2015, 2016 to 80% in 2017. Similarly, it has been 
noticed in studies performed at the territory od Eu-
ropean Union that the antibiotic resistance is below 
5% [18–20]. The highest antimicrobial resistance dur-
ing our five-year study was found for ampicillin 
(100%), amoxicillin/clavulanic acid (77%), cipro-
floxacin (69%) and trimethoprim/sulfamethoxazole 
(61%). Gentamicin, which belongs to the  second gen-
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eration of aminoglycosides, shows resistance in 54% 
of cases, while resistance to amikacin is 46%. A 
twelve year study from the United States shows an 
increase in resistance to previously mentioned antibi-
otics, most notably ciprofloxacin and piperacillin/
tazobactam. In blood cultures, resistance to imipenem 
was 5.9%, while in our study it increased to 7.7%. The 
highest increase in resistance was recorded to cipro-
floxacin from 18.9% to 69% and trimethoprim/sul-
famethoxazole from 21% to 61%, as well as to gen-
tamicin, where the increase in resistance was five 
times higher, from 10% to 50%, and to amikacin ten 
times higher, from 4.2% to 46% [21]. Studies con-
ducted in Spain, from 2010 to 2014, indicate resistance 
to imipenem 1.7%, ciprofloxacin 20.1%, gentamicin 
10.4% and amikacin 1.9%, which is significantly 
lower than in our study [22]. When we compare the 
results of our study with available data from the Na-
tional Reference Laboratory, we can notice a slight 
increase in resistance to amixocillin/clavulanic acid 
from 92.8% in 2013. to 100% in 2014 in our study [23].

The largest number of primo-isolates of Klebsiella 
pneumoniae are from urine cultures. Over the years, 
we noted that the highest resistance is expressed in 
beta-lactam and sulphonamide, which is over 80%. The 
smallest resistance was found to imipenem and mero-
penem, but significant changes have been observed 
over the years, so in 2016, where the resistance was 
about 12%, there was a rapid increase in 2017, with 
resistance to imipenem of 54% and meropenem of 
72%, as well as the number of primo-isolates of Kleb-
siella pneumoniae from 10.6% to 29.7%. In 2017, in six 
isolates of this bacterium from urine cultures, suscep-
tibility to tigecycline was obtained, while all the other 
tested antibiotics were resistant. All this shows an in-
creasing resistance of Klebsiella pneumoniae to anti-
microbial drugs, as well as a significant increase in 
multi-resistant strains in 2017. According to data from 
2013, resistance to carbapenems in the European Union 
was less than 5% [18], which does not coincide with 
our study where it was 20%. When we compare our 
results with the results of a study from the United 
States, our study showed a marked increase in cipro-
floxacin resistance from 15% to 95%, and trimetho-
prim/sulfamethoxazole from 18.3% to 91%. There was 
an increase in resistance to imipenem from 3.8% to 
30% [21]. The study conducted at the Clinic of Infec-
tious Diseases of the CCV in the period from 2012 to 
2014, showed no resistance to Klebsiella pneumoniae 
to carbapenems, except for one isolate in 2013 that was 
resistant [16]. In this study, resistance to trimethopime/
sulfamethoxazole, a drug that has been widely used in 
general practice in urinary infections, is about 50%, 
while data from Korea indicate a significantly lower 
percentage of resistance to this antibiotic (18%) [23]. 
The high percentage of resistance to trimethoprim/
sulfamethoxazole is most likely due to a large use of 
this drug in the treatment of urinary infections. The 
resistance data confirm that this antibiotic should no 
longer be used as the first line therapy in uncompli-
cated urinary infections [24]. Over the past 20 years, a 
wide range of antimicrobial drugs has been used in the 

treatment of urinary tract infections caused by Gram-
negative bacteria in the world. However, these micro-
organisms have developed multiple mechanisms of 
resistance to antibiotics [25], as shown in our study.

Out of a total of 12 primo-isolates of Klebsiella 
pneumoniae, in the period from 2013 to 2017, 100% 
sensitivity to carbapenems (imipenem, meropenem) 
was observed, and the highest (100%) resistance to 
ampicillin. Amikacin also showed to be sensitive, while 
in 2017, gentamicin, a drug from the same group, was 
detected to be 100% resistant, which is contrary to the 
study of Ndip et al. which found that gentamicin was 
the only antibiotic sensitive in the treatment of respira-
tory infections [26]. At the end of the examined period 
(2016 and 2017), amoxicillin/clavulanic acid, piperacil-
lin/tazobactam, and trimethoprim/sulfamethoxazole 
developed 100% resistance, although in 2013 the sen-
sitivity varied from 33.3 to 66.6%. Similar results were 
also observed in ciprofloxacin, from 33.3% in 2013, up 
to 100% resistant in 2017. In 1996, Hobson et al. re-
ported that eradication of Klebsiella pneumoniae was 
not possible with ciprofloxacin, nor cephalosporins, 
not even the third generation, but exactly the opposite, 
they induced the development of resistance, which is 
in accordance with our findings [27]. 

The results obtained out of 12 primo-isolates of 
Klebsiella pneumoniae from the wound/decubitus 
swabs show sensitivity to imipenem and meropenem 
of 50%, unlike other antibiotics where the sensitivity 
is much higher, even up to 100%. The highest resist-
ance was expressed to ampicillin (100%) and amoxi-
cillin/clavulanic acid, piperacillin/tazobactam, tri-
methoprim/sulfamethoxazole (58%). In 2016, an anti-
biogram showed resistance to all tested antibiotics, 
except for tigecycline and colistin. The currently avail-
able drugs for the treatment of carbapenem-resistant 
Klebsiella pneumoniae are precisely colistin and tige-
cycline [28]. Their sensitivity was investigated in our 
study, and occurrence of carbapenems-resistant bac-
teria was noticed. In India, an analysis of Klebsiella 
pneumoniae wound isolates found a sensitivity of 7.4% 
for ampicillin, 90% for imipenem and 84% for mero-
penem, while amoxicillin/clavulanic acid was 17% 
and piperacillin/tazobactam 64%. The sensitivity to 
gentamicin was 37% and to amikacin 61%, while in 
our opinion, the sensitivity to gentamicin was 41.6% 
and to amikacin 66.6%, which is in accordance with 
our study. Similar results are obtained by comparing 
these two studies, so the sensitivity to ciprofloxacin 
was 44%, while in our study it was 50% [29].

Klebsiella pneumoniae was not isolated from cer-
ebrospinal fluid, except in one isolate from 2013. This 
shows that this bacterium is a rare cause of bacterial 
meningitis and meningoencephalitis.

Conclusion

Klebsiella pneumoniae is a common cause of in-
fections. The primo-isolates of this bacterium from 
urine cultures were found in 52/272 (19.1%), followed 
by throat swabs in 13/108 (12%), and wound/decubitus 
swabs in 12/120 (10.0%). These are followed by isolates 
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from blood cultures in 13/285 (4.6%), and cerebrospinal 
fluid isolates in 1/47 (2.1%). During 2013 and 2014, 
blood culture isolates of Klebsiella pneumoniae showed 
sensitivity to carbapenems in 100%, and in 2017, 1 
isolate was resistant to these drugs. From 2014 to 2016, 
urine culture isolates of Klebsiella pneumoniae showed 
sensitivity to carbapenems in 100%, in 2016 1 isolate 
was resistant to carbapenems, whereas in 2017 the re-
sistance increased significantly to imipenem in 54.5% 
and to meropenem in 72.7%. In 2017, the sensitivity to 
tigecycline was 100%. In all Klebsiella pneumoniae 

throat isolates, in the investigated five-year period, the 
sensitivity to carbapenems was 100%. Isolates of Kleb-
siella pneumoniae from the wound/decubitus swabs in 
2013 and 2014, showed a 100% resistance to carbapen-
ems, in 2015 one isolate and in 2017 in 3 isolates the 
sensitivity to carbapenems was 100%. There was also 
a 100% sensitivity to tigecycline and colistin. Continu-
ous monitoring of the Klebsiella pneumoniae resistance 
and rational use of antibiotics can prevent further de-
velopment of multiresistant strains.
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