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Abstract 
 
Background/Aim. Klebsiella (K.) pneumoniae is a frequent 
cause of healthcare-associated infections (HAI), particular-
ly in intensive care units. Carbapenem-resistant strains 
represent a serious threat due to high mortality and limited 
therapeutic options. The aim of this study was to identify 
clinical predictors of 30-day mortality and to determine the 
presence of carbapenemase genes among K. pneumoniae iso-
lates. Methods. A retrospective cohort study was con-
ducted at the Military Medical Academy in Belgrade, Ser-
bia. It included 121 patients with HAI caused by K. pneu-
moniae between January 2022 and December 2023. Clinical 
data were collected through active HAI surveillance. Iso-
lation and antimicrobial susceptibility testing were per-
formed according to standard microbiological proce-
dures, and detection of carbapenemase genes was carried 
out using multiplex polymerase chain reaction. Survival 
was analyzed using the Kaplan-Meier method, and pre-
dictors of mortality were assessed using Cox regression 
analysis. Results. Thirty-day mortality was 59.5%. High 

resistance rates were observed to aminoglycosides (84.3%), 
fluoroquinolones (94.2%), and carbapenems (95.9%), 
while 67.8% of isolates were multidrug-resistant. The most 
common gene was blaOXA-48-like (45.5% in 2022 and 65.9% 
in 2023), followed by blaNDM (22.7% in 2022 and 4.5% in 
2023), while blaKPC was detected only in isolates from 2023 
(23.9%). The most frequently detected combination of 
carbapenemase genes was blaNDM + blaOXA-48-like (31.8% in 
2022 and 5.7% in 2023). Detected genes had no significant 
effect on survival. Age ≥ 70 years, bloodstream infection, 
and intensive care units stay were identified as independ-
ent predictors of 30-day mortality. Conclusion. The high 
mortality among patients with HAI caused by car-
bapenem-resistant K. pneumoniae strains was primarily asso-
ciated with patient characteristics and disease severity ra-
ther than the presence of specific carbapenemase genes. 
 
Keywords:  
beta-lactamases; carbapenems; cross infection; drug 
resistance, bacterial; klebsiella pneumoniae; mortality; 
tertiary care centers. 

Apstrakt 
 
Uvod/Cilj. Klebsiella (K.) pneumoniae je čest uzročnik 
bolničkih infekcija (healthcare-associated infections – HAI), 
naročito u jedinicama intenzivne nege. Karbapenem-
rezistentni sojevi predstavljaju ozbiljnu pretnju zbog visoke 
smrtnosti i ograničenih terapijskih mogućnosti. Cilj rada 
bio je da se identifikuju klinički prediktori 30-dnevne 

smrtnosti i da se utvrdi prisustvo gena za karbapenemaze 
kod izolata K. pneumoniae. Metode. Retrospektivna 
kohortna studija sprovedena je na Vojnomedicinskoj 
akademiji u Beogradu, Srbija. Studija je obuhvatila 121 
bolesnika sa HAI izazvanim K. Pneumoniae od januara 2022. 
do decembra 2023. godine. Klinički podaci prikupljeni su 
aktivnim nadzorom nad HAI. Izolacija i ispitivanje 
osetljivosti na antimikrobne lekove urađeni su standardnim 
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mikrobiološkim procedurama, a detekcija gena za 
karbapenemaze urađena je metodom multipleks lančane 
reakcije polimeraze. Preživljavanje je analizirano Kaplan-
Majerovom metodom, a prediktori smrtnosti Koksovom 
regresionom analizom. Rezultati. Tridesetodnevna 
smrtnost iznosila je 59,5%. Zabeležene su visoke stope 
rezistencije na aminoglikozide (84,3%), fluorohinolone 
(94,2%) i karbapeneme (95,9%), dok je 67,8% izolata bilo 
multirezistentno. Najčešći gen bio je blaOXA-48-like (45,5% u 
2022. i 65,9% u 2023. godini), zatim blaNDM (22,7% u 2022. 
i 4,5% u 2023. godini), dok je blaKPC (23,9%) detektovan 
samo u 2023. godini. Najčešće otkrivena kombinacija gena 
za karbapenemaze bila je blaNDM + blaOXA-48-like (31,8% u 
2022. i 5,7% u 2023. godini). Detektovani geni nisu imali 

značajan uticaj na preživljavanje. Starost ≥ 70 godina, 
infekcija krvotoka i boravak u jedinicama intenzivne nege 
identifikovani su kao nezavisni prediktori 30-dnevne 
smrtnosti. Zaključak. Visoka smrtnost bolesnika sa HAI 
izazvanom karbapenem-rezistentnim sojevima K. pneumoniae 
pre svega je bila povezana sa karakteristikama bolesnika i 
težinom osnovnog oboljenja, a ne sa prisustvom gena za 
karbapenemaze.  
 
Ključne reči: 
beta-laktamaze; karbapenemi; infekcija, 
intrahospitalna; lekovi, rezistencija mikroorganizama; 
klebsiella pneumoniae; mortalitet; zdravstvene 
ustanove, tercijarne. 

 

Introduction 

Klebsiella (K.) pneumoniae is a major cause of 
healthcare-associated infections (HAIs), including blood-
stream infections (BSIs), pneumonia, and urinary tract infec-
tions. It represents one of the leading pathogens in intensive 
care units (ICUs) worldwide 1–3. The emergence and spread 
of carbapenem-resistant K. pneumoniae (CRKP) have be-
come a significant global public health challenge due to lim-
ited therapeutic options and high associated mortality 
rates 4, 5. The World Health Organization (WHO) has identi-
fied carbapenem-resistant Enterobacterales, particularly 
CRKP, as critical priority pathogens requiring urgent re-
search and development of new treatment options 5. 

The prevalence of CRKP infections varies geograph-
ically, with the highest rates observed in Southern and East-
ern Europe 6–8. Data from the European Center for Disease 
Prevention and Control (ECDC) and the Central Asian and 
European Surveillance of Antimicrobial Resistance highlight 
persistently high resistance levels in the Balkan region, in-
cluding Serbia, where carbapenem resistance rates among 
invasive K. pneumoniae isolates exceed 62.7% 7, 8. Local 
studies confirm that CRKP strains predominate in Serbian 
hospitals, reflecting the regional epidemiological situa-
tion 9, 10. 

The strong tendency of K. pneumoniae to acquire genet-
ic material via horizontal gene transfer has facilitated the 
emergence of multidrug-resistant (MDR) strains, which are 
now predominant in hospital settings 1, 3. Carbapenem re-
sistance is primarily driven by the production of car-
bapenemases, such as New Delhi metallo-β-lactamase 
(NDM), oxacillinase-48 (OXA-48), K. pneumoniae car-
bapenemase (KPC), Verona integron-encoded metallo-β-
lactamase (VIM), and imipenemase (IMP), which can hydro-
lyze carbapenems and other β-lactams 1, 3. Studies assessing 
whether carbapenemase type influences survival in CRKP 
infections have shown inconsistent results. Some suggest 
higher mortality with metallo-β-lactamase producers, while 
others find that host factors and illness severity are more 
predictive than enzyme type 11–15. 

In addition to host-related vulnerabilities, environmen-
tal and organizational factors, such as adherence to infection 

prevention and control (IPC) measures, staffing levels, and 
variability in nursing training, play a critical role in the ac-
quisition and outcomes of HAIs caused by K. pneumoniae. 
These factors are particularly relevant in high-MDR 
healthcare settings, where systemic constraints may facilitate 
the transmission of CRKP. Several studies, including large 
systematic reviews, have shown that lower nurse-staffing 
levels and higher workloads are associated with increased 
risk of HAI, underscoring the importance of adequate staff-
ing, adherence to IPC protocols, and organizational support 
in preventing CRKP spread 16, 17.  

The aim of this study was to identify risk factors and 
mortality outcomes associated with K. pneumoniae HAIs and 
to provide molecular characterization of carbapenemase-
producing isolates collected in a tertiary healthcare institu-
tion in Serbia. 

Methods 

This retrospective cohort study included 121 patients 
with registered HAIs caused by K. pneumonia between Janu-
ary 2022 and December 2023. The study was conducted at 
the Military Medical Academy (MMA), Belgrade, Serbia, a 
teaching hospital affiliated with the University of Defence, 
Belgrade. The MMA is a 1,000-bed tertiary university 
healthcare center, divided into 27 departments according to 
medical specialty. The study was approved by the Ethics 
Committee of the Faculty of Medicine MMA (No. 5/7/2024, 
from April 4, 2024). 

 
Surveillance of healthcare-associated infection 
 
The Department of Healthcare-Related Infection Pre-

vention and Control performs continuous HAI surveillance 
among ICU and surgical patients hospitalized for more than 
48 hrs. Patients were visited daily by an infection control 
nurse and a physician for data collection. The following vari-
ables were collected: age, sex, type of infection (pneumonia, 
BSI, urinary tract infection, surgical site infection), surgery 
within 30 days, ICU admission, primary diagnosis (cardio-
vascular, gastrointestinal, neurological, respiratory, cancer, 
injuries/intoxications, other), McCabe classification, pres-
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ence of invasive devices [drain, central venous catheter 
(CVC), mechanical ventilation (MV), urinary catheter (UC)], 
and outcome. The ECDC definitions for HAIs translated into 
Serbian were applied 18. 

 
Isolation and identification of Klebsiella pneumoniae 
 
Clinical samples were collected from hospitalized pa-

tients with HAIs and processed according to standard operat-
ing procedures, including inoculation on appropriate culture 
media and incubation for 18–24 hrs under aerobic conditions 
at 37 °C. Isolate identification to the species level was per-
formed using MALDI-TOF MS (Vitek® MS, bioMérieux, 
France). Isolates grown under aerobic conditions for 18–24 
hrs on blood agar plates with 5% sheep blood were applied 
onto the analysis plate using a sterile loop, air-dried, and 
overlaid with matrix solution (Vitek® MS-CHCA, bioMé-
rieux). The calibration strain Escherichia coli ATCC® 8739™ 
was analyzed in parallel. Non-repetitive K. pneumoniae iso-
lates were included in further analyses. 

 
Antimicrobial susceptibility testing 
 
Antimicrobial susceptibility was determined using the 

disk diffusion method according to European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) methodolo-
gy and by minimum inhibitory concentration using an auto-
mated system (Vitek® 2, bioMérieux, France). Results were 
interpreted following EUCAST standards. 

For the Kirby-Bauer disk diffusion method, Mueller-
Hinton agar (pH 7.2–7.4) and disks of meropenem (10 µg), 
imipenem (10 µg), and ertapenem (10 µg) (Bio-Rad, France) 
were used. Bacterial suspensions were prepared to a density 
of 0.5 McFarland standard [≈ 1 × 108 colony-forming units 
(CFU)/mL] and incubated at 37 °C for 18–24 hrs. K. pneu-
moniae isolates with inhibition zones for ertapenem and 
meropenem < 25 mm were selected for further testing. 

Antibiotic susceptibility for selected strains was as-
sessed using the automated Vitek® 2 system with AST-GN76 
cards containing 12 antibiotics (piperacillin–tazobactam, 
ceftriaxone, ceftazidime, cefepime, ertapenem, imipenem, 
ciprofloxacin, levofloxacin, gentamicin, amikacin, trime-

thoprim–sulfamethoxazole, tigecycline) and phenotypic de-
tection of extended-spectrum β-lactamases (ESBLs). Suspen-
sions adjusted to 0.5 McFarland were prepared in sterile 
NaCl, and cards were incubated for 8–12 hrs with automatic 
readings every 15 min. 

Colistin susceptibility was tested using the broth micro-
dilution method (Liofilchem, Italy) according to EUCAST 
recommendations. Serial two-fold dilutions of colistin were 
prepared in cation-adjusted Mueller-Hinton broth in 96-well 
microtiter plates. Inocula of 0.5 McFarland suspensions were 
diluted to a final density of ≈ 5 × 105 CFU/mL. Plates were 
incubated at 37 °C for 18–20 hrs, and minimum inhibitory 
concentrations were recorded as the lowest concentrations 
showing no visible growth. Quality control was performed 
using Escherichia coli ATCC® 25922™. 

 
Deoxyribonucleic acid isolation 
 
Deoxyribonucleic acid (DNA) was extracted using the 

boiling method. Colonies from agar plates were transferred 
into Luria-Bertani broth and incubated overnight. A 1.5 mL 
aliquot was centrifuged at 12,000 revolutions per minute 
(rpm) for 2 min. The pellet was resuspended in 300 µL ster-
ile distilled water, boiled for 10 min, cooled at -20 °C for 10 
min, and centrifuged again at 12,000 rpm for 2 min. The su-
pernatant containing DNA was transferred into a new tube 
and used for polymerase chain reaction (PCR) or stored at -
20 °C. 

 
Detection of carbapenemase genes by polymerase  
chain reaction 
 
Carbapenemase genes (blaNDM 

19, blaKPC 
20, blaOXA-48-

like 
21, blaVIM 

22, and blaIMP 
22) were detected using multiplex 

PCR. Primer sequences and amplicon sizes are listed in 
Table 1. PCR conditions included initial denaturation at 
94 °C for 5 min, followed by 30 cycles of denaturation at 
94 °C for 45 s, annealing at 59 °C for 60 s, and extension 
at 72 °C for 60 s, with a final extension at 72 °C for 10 
min. PCR products were analyzed by electrophoresis in 
2% agarose gel, stained with ethidium bromide, and visu-
alized under ultraviolet light. 

 
Table 1  

Primers used for carbapenemase gene detection 
Primer Sequence 5′-3′ Amplicon size (bp) Reference 
blaNDM Fw GGGCAGTCGCTTCCAACGGT 475 17 blaNDM Rw GTAGTGCTCAGTGTCGGCAT 
blaKPC Fw ATGTCACTGTATCGCCGTCT 893 18 
blaKPC Rw TTTTCAGAGCCTTACTGCCC 
blaOXA-48-like Fw TTGGTGGCATCGATTATCGG 744 19 blaOXA-48-like Rw GAGCACTTCTTTTGTGATGGC 
blaVIM Fw GATGGTGTTTGGTCGCATA 390 20 
blaVIM Rw CGAATGCGCAGCACCAG 
blaIMP Fw GGAATAGAGTGGCTTAATTCTC 188 20 
blaIMP Rw CCAAACCACTACGTTATCT 
NDM – New Delhi metallo-β-lactamase; KPC – Klebsiella pneumoniae carbapenemase;  
OXA-48 – oxacillinase-48; VIM – Verona integron-encoded metallo-β-lactamase;  
IMP – imipenemase; Fw – forward primer; Rw – reverse primer; bp – base pairs. 
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Statistical analysis 

Baseline differences in demographic and clinical 
characteristics were assessed across carbapenemase genes 
(blaOXA-48-like, blaNDM, blaKPC, and blaNDM + blaOXA-48-like). 
Categorical variables were summarized as counts and per-
centages, and continuous variables as mean ± standard 
deviation (SD) or median (interquartile range), as appro-
priate. Differences in categorical variables were tested us-
ing Fisher’s exact test with Monte Carlo simulation, while 
age differences were assessed using one-way analysis of 
variance. Two-sided p-values < 0.05 were considered sta-
tistically significant. The primary outcome was all-cause 
30-day mortality following K. pneumoniae isolation. Sur-
vival was analyzed using Kaplan-Meier estimates strati-
fied by carbapenemase genes, with group differences as-
sessed using the log-rank test. Univariable Cox propor-
tional hazards models were constructed for candidate pre-
dictors: age, sex, study year, infection type, surgery with-
in 30 days, ICU admission, primary diagnosis, McCabe 
classification, invasive devices (drain, CVC, MV, UC), 
and carbapenemase genes. Since age did not satisfy the 
linearity assumption in the log-hazard, it was categorized 
as a binary variable (< 70 vs. ≥ 70 years), with the cut-off 

chosen based on the cohort median and clinical plausibil-
ity. Predictors with p < 0.05 in univariable analysis or 
considered clinically relevant were included in the multi-
variable model. Variables with fewer than 10 outcome 
events were excluded to avoid unstable estimates. McCa-
be classification was omitted due to the complete separa-
tion of outcomes. The proportional hazards assumption 
was evaluated graphically using log-minus-log plots. 
Model fit was assessed using likelihood ratio tests and -2 
log-likelihood statistics. Analyses were conducted using 
IBM SPSS Statistics version 23 (IBM Corp., Armonk, 
NY, USA). 

Results 

Characteristics of the studied cohort 
 
A total of 121 patients with K. pneumoniae HAI were 

included in the study, with the majority (80.2%) detected in 
2023 and 19.8% in 2022 (Table 2). The patients included 75 
(62.0%) males and 46 (38.0%) females with a mean ± SD of 
65.3 ± 17.3 years. Clinical characteristics of the patients are 
presented in Table 2. A mortality within 30 days occurred in 
59.5% of patients. 

 
Table 2 

Distribution of carbapenemase gene types according to patient clinical characteristics 

Parameter 

 
All isolates 
(n = 121)  

 

Most frequent 
carbapenemase 

genotypes 
(n = 110)  

blaOXA-48-like  
(n = 68)  

blaNDM  
(n = 9)  

blaKPC  
(n = 21)  

blaNDM + 
blaOXA-48-like 

(n = 12)  
p-value* 

Study year 
2022 
2023 

 
24 (19.8) 

 
22 (20.0) 

 
10 (45.5) 

 
5 (22.7) 

 
0 (0) 

 
7 (31.8)  

< 0.001 97 (80.2) 88 (80.0) 58 (65.9) 4 (4.5) 21 (23.9) 5 (5.7) 
Age, years 65.3 (17.3) 65.0 (17.2) 64.5 (19.2) 74.7 (7.5) 67.1 (15.0) 57.2 (17.3) 0.148§ 
Gender 

male 
female 

 
75 (62.0) 

 
69 (62.7) 

 
42 (60.9) 

 
6 (8.7) 

 
11 (15.9) 

 
10 (14.5)  

0.374 46 (38.0) 41 (37.2) 26 (63.4) 3 (7.3) 10 (24.4) 2 (4.9) 
Previous stay in another hospital 28 (23.1) 26 (23.6) 17 (65.4) 1 (3.8) 5 (19.2) 3 (11.5) 0.909 
Type of infection** 

pneumonia 

BSI 

UTIs 

SSIs 

 
35 (28.9) 

 
33 (31.8) 

 
19 (57.6) 

 
3 (9.1) 

 
9 (27.3) 

 
2 (6.1) 

 
0.421 

49 (40.5) 45 (40.9) 29 (64.4) 2 (4.4) 10 (22.2) 4 (8.9) 0.579 
10 (8.3) 10 (9.1) 5 (50.0) 2 (20.0) 2 (20.0) 1 (10.0) 0.421 

13 (10.7) 11 (10.0) 5 (45.5) 2 (18.2) 2 (18.2) 2 (18.2) 0.275 
Comorbidities 

diabetes mellitus 
neoplasm 

 
25 (20.7) 

 
22 (20.0) 

 
8 (36.4) 

 
5 (22.7) 

 
7 (31.8) 

 
2 (9.1) 

 
0.007 

22 (18.2) 22 (20.0) 15 (68.2) 1 (4.5) 6 (27.3) 0 (0) 0.197 
McCabe classification 

non-fatal disease 
ultimately fatal disease 
rapidly fatal disease 

 
21 (17.4) 

 
19 (17.3) 

 
8 (42.1) 

 
0 (0) 

 
4 (21.1) 

 
7 (36.8)  

0.007 26 (21.5) 23 (20.9) 14 (60.9) 4 (17.4) 5 (21.7) 0 (0) 
74 (61.2) 68 (61.8) 46 (67.6) 5 (7.4) 12 (17.6) 5 (5.4) 

Presence of invasive devices*** 

drain 

central venous catheter 

mechanical ventilation 

urinary catheter 

 
 

55 (45.5) 

 
 

50 (45.5) 

 
 

33 (66.0) 

 
 

1 (2.0) 

 
 

11 (22.0) 

 
 

5 (10.0) 

 
 

0.170 
101 (83.5) 94 (85.4) 60 (63.8) 5 (5.3) 19 (20.2) 10 (10.6) 0.092 
101 (83.5) 93 (84.5) 61 (65.6) 4 (4.3) 20 (21.5) 8 (8.6) 0.002 
119 (98.3) 108 (98.2) 68 (63.0) 8 (7.4) 21 (19.4) 11 (10.2) 0.035 

Pre-infection length of stay, day 
< 14 
≥ 14 

 
 

60 (49.6) 

 
 

52 (47.3) 

 
 

31 (59.6) 

 
 

4 (7.7) 

 
 

12 (23.1) 

 
 

5 (9.6) 

 
 

0.802 61 (50.4) 58 (52.7) 37 (63.8) 5 (8.6) 9 (15.5) 7 (12.1) 
Fatal outcome within 30 days 72 (59.5) 66 (60.0) 46 (69.7) 5 (7.6) 12 (18.2) 3 (4.5) 0.048 
Surgery within 30 days 67 (55.4) 62 (56.4) 40 (64.5) 3 (4.8) 12 (19.4) 7 (11.3) 0.557 
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Table 2 (continued)        

Parameter 

 
All isolates 
(n = 121)  

 

Most frequent 
carbapenemase 

genotypes 
(n = 110)  

blaOXA-48-like  
(n = 68)  

blaNDM  
(n = 9)  

blaKPC  
(n = 21)  

blaNDM + 
blaOXA-48-like 

(n = 12)  
p-value* 

Type of care 
non-ICU 
ICU admission 

 
12 (9.9) 

 
11 (10.0) 

 
7 (63.6) 

 
2 (18.2) 

 
1 (9.1) 

 
1 (9.1)  

0.471 109 (90.1) 99 (90.0) 61 (61.6) 7 (7.1) 20 (20.2) 11 (11.1) 
Primary diagnosis 

cardiovascular diseases 
gastrointestinal diseases 
neurological diseases 
respiratory diseases 
cancer 
injuries and intoxications 
other 

 
24 (19.8) 

 
21 (19.1) 

 
8 (38.1) 

 
5 (23.8) 

 
4 (19.0) 

 
4 (19.0) 

 
0.008 

15 (12.4) 15 (13.6) 11 (73.3) 0 (0) 2 (13.3) 2 (13.3) 0.686 
11 (9.1) 10 (9.1) 8 (80.0) 0 (0) 1 (10.0) 1 (10.0) 0.845 

18 (14.9) 15 (13.6) 9 (60.0) 1 (6.7) 3 (20.0) 2 (13.3) 0.936 
22 (18.2) 22 (20.0) 15 (68.2) 1 (4.5) 6 (27.3) 0 (0) 0.194 
22 (18.2) 20 (18.2) 12 (60.0) 1 (5.0) 5 (25.0) 2 (10.0) 0.906 

9 (7.4) 7 (6.4) 5 (71.4) 1 (14.3) 0 (0) 1 (14.3) 0.433 
BSI – bloodstream infection; UTI – urinary tract infection; SSI – surgical site infection; ICU – intensive care unit;  
n – number. For other abbreviations, see Table 1. 
All values are given as numbers (percentages), except for age parameter, which is expressed as mean (standard deviation). 
§p-value for one-way analysis of variance; other p-values derived from Fisher’s exact test (Monte Carlo). Values that differ 
significantly (p < 0.05) are bolded. 
Note: Percentages in the first column are based on all isolates (n = 121). *Comparative analyses and corresponding 
percentages refer to the four most prevalent carbapenemase groups only (n = 110). ** Some patients had multiple sites of 
infection. *** Some patients could have several invasive devices.  

 
Table 3 

Antimicrobial susceptibility testing results of Klebsiella pneumoniae 

Antimicrobial Number of 
isolates tested Susceptible Susceptible, 

increased exposure Resistant 

Ceftriaxone/cefotaxime 121 0 (0) 0 (0) 121 (100) 
Cefepime 121 1 (0.8) 0 (0) 120 (99.2) 
Gentamicin 121 16 (13.2) 0 (0) 105 (86.8) 
Amikacin 121 7 (5.8) 0 (0) 114 (94.2) 
Ciprofloxacin 121 1 (0.8) 0 (0) 120 (99.2) 
Levofloxacin 117 2 (1.7) 0 (0) 115 (95.0) 
Imipenem 121 15 (12.4) 7 (5.8) 99 (81.8) 
Meropenem 121 5 (4.1) 0 (0) 116 (95.9) 
Trimethoprim-sulfamethoxazole 121 1 (0.8) 0 (0) 120 (99.2) 
Colistin 119 47 (38.8) 0 (0) 72 (59.5) 
All values are given as numbers (percentages). 
Note: No isolates exhibit single resistance. 

 
Isolates were most often obtained from blood cultures 

(44.6%) and bronchial aspirates (38.8%), with smaller per-
centages from bronchoalveolar lavage (6.6%), urine (3.3%), 
wound swabs (2.5%), drains (1.7%), cerebrospinal fluid 
(1.7%), and brain abscess (0.8%). 

 
Antimicrobial susceptibility testing 
 
Antimicrobial susceptibility results are summarized 

in Table 3. A pronounced level of multidrug resistance 
was detected. Dual resistance to aminoglycosides (gen-
tamicin and amikacin) was identified in 84.3% of isolates, 
when 15.7% remained susceptible to both agents. High 
resistance rates were also observed for fluoroquinolones, 
with 94.2% of isolates resistant to ciprofloxacin and 
levofloxacin, noting that levofloxacin testing was not per-
formed on all isolates. Resistance to carbapenems was 
confirmed in 95.9% of isolates, with 18.2% interpreted as 
susceptible, including those classified as susceptible, and 

increased exposure according to EUCAST criteria. Ac-
cording to our study definition, K. pneumoniae isolates 
were considered carbapenem-resistant if they exhibited 
resistance to at least one of the two tested carbapenems 
(imipenem or meropenem). When resistance patterns were 
analyzed across four major antibiotic groups, including 
third-generation cephalosporins, aminoglycosides, fluoro-
quinolones, and carbapenems, 67.8% of isolates exhibited 
resistance to all, highlighting the predominance of multi-
drug-resistant strains, while 32.2% retained at least partial 
susceptibility. 

 
Distribution of carbapenemase genes during the study 
period 
 
Of the 121 carbapenemase-producing isolates, 110 be-

longed to the four most frequent carbapenemase groups 
(blaOXA-48-like, blaNDM, blaKPC, and blaNDM + blaOXA-48-like), and 
were included in the comparative analysis. The distribution 
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of carbapenemase genes differed significantly between the 
two study years (p < 0.001) (Table 2). 

The blaOXA-48-like gene was the most prevalent as the sin-
gle carbapenemase gene detected in both years, with 45.5% 
of isolates in 2022 and 65.9% in 2023, followed by blaNDM, 
with 22.7% in 2022 and 4.5% in 2023, while blaKPC as a sin-
gle carbapenemase gene was detected only in isolates from 
2023 (23.9%). The most frequently detected combination of 
carbapenemase genes was blaNDM + blaOXA-48-like, with 31.8% 
in 2022 and 5.7% in 2023. 

The remaining 11 isolates were excluded from the 
comparative analysis due to their small number and heter-
ogeneity. Among these, the blaVIM gene was detected only 
in combination with other carbapenemase genes, while the 
blaIMP gene was not detected. Combinations blaOXA-48-like + 

blaKPC and blaOXA-48-like + blaVIM were each identified in 
two isolates in 2023. Single isolates carried blaNDM + 
blaKPC in 2022, and blaNDM + blaVIM and blaKPC + blaVIM in 
2023. One isolate from 2022 harbored three car-
bapenemase genes (blaNDM + blaOXA-48-like + blaKPC). In ad-
dition, three isolates from 2023 did not carry any car-
bapenemase gene (Figure 1). 

Association between carbapenemase genes and clinical 
characteristics of the patients 
 
The association between carbapenemase genes and clin-

ical characteristics of the patients is presented in Table 2. 
A statistically significant association was observed between 
carbapenemase gene distribution and diabetes mellitus sta-
tus of the patients (p = 0.007). Non-diabetic patients were 
predominantly infected with K. pneumoniae carrying blaO-

XA-48-like (68.2%), whereas this carbapenemase was detected 
in 36.4% of isolates from diabetic patients. In contrast, dia-
betic patients were more frequently infected with K. pneu-
moniae carrying blaKPC (31.8%) and blaNDM (22.7%) car-
bapenemases. 

In addition, a statistically significant association was 
observed between carbapenemase gene distribution and 
McCabe categories (p = 0.007) (Figure 2). In all categories, 
blaOXA-48-like was dominant (rapidly fatal disease 67.6%, ulti-
mately fatal disease 60.9%, and non-fatal disease 42.1%); 
however, the relative contribution of other carbapenemase 
genes varied, and blaNDM genes were not detected in the non-
fatal disease category. 

 

 
Fig. 1 – Distribution of carbapenemase genes during the study period. 
For abbreviations, see Table 1. 

 

 
Fig. 2 – Distribution of carbapenemase genes according to McCabe classification at admission. 
For abbreviations, see Table 1. 



Vol. 83, No. 3 VOJNOSANITETSKI PREGLED Page 159 

Simonović M, et al. Vojnosanit Pregl 2026; 83(3): 153–165. 

Among patients on MV, the most common isolates 
were blaOXA-48-like (65.6%) and blaKPC (21.5%), while blaNDM 
was the least frequent (4.3%) compared with patients who 
were not on MV (p = 0.002). Urinary catheterization was 
nearly universal (98.3%), but the two patients without a UC 
carried blaNDM and blaNDM + blaOXA-48-like (p = 0.035). 

Overall, 59.5% of patients died within 30 days. Among 
non-survivors, blaOXA-48-like was most frequent (69.7%), 
whereas among survivors, blaOXA-48-like was isolated in 50.0% 
of patients. Among non-survivors, blaOXA-48-like was most fre-
quent (69.7%), following blaKPC (18.2%), blaNDM (7.6%), and 
blaNDM + blaOXA-48-like (4.5%) (p = 0.048). 

 
Kaplan-Meier analysis of 30-day survival 
 
Kaplan-Meier survival analysis was performed to eval-

uate 30-day survival after K. pneumoniae isolation according 
to carbapenemase gene type (Figure 3). The overall median 
survival time was 13 days [95% confidence interval (CI): 
8.7–17.3], while the mean survival was 16.1 days (95% CI: 
13.8–18.4). In the subgroup analysis by carbapenemase gene 
type, the median survival was 12 days (95% CI: 7.5–16.5) 
for blaOXA-48-like, 14 days (95% CI: 0–40.3) for blaNDM, and 11 
days (95% CI: 0–33.4) for blaKPC producers. Median survival 
could not be estimated for the blaNDM + blaOXA-48-like group 
due to censoring, although the mean survival was longest in 
this group (22.8 days, 95% CI: 15.8–29.9) (Table 4). 

The log-rank test showed no statistically significant 
difference in 30-day survival distributions across car-
bapenemase groups (χ² = 4.83, df = 3, p = 0.185), alt-
hough isolates carrying the blaOXA-48-like gene demonstrated 
a clinically notable trend toward lower survival probabili-
ties. 

 
Cox regression analysis of predictors of 30-day survival 
 
Results of univariable Cox regression analysis are pre-

sented in Table 5. In univariable Cox regression, age ≥ 70 
years was associated with an increased risk of 30-day mortal-
ity [hazard ratio (HR): 1.96; 95% CI: 1.21–3.15; p = 0.006]. 
Among infection types, BSI was linked to a higher hazard of 
death (HR: 1.75; 95% CI: 1.01–2.78; p = 0.018), whereas 
pneumonia was associated with a lower risk (HR: 0.52; 95% 
CI: 0.29–0.91; p = 0.024). ICU admission (HR: 3.60; 95% 
CI: 1.13–11.46; p = 0.030), recent surgery within 30 days 
(HR: 1.82; 95% CI: 1.14–2.90; p = 0.013), and respiratory 
diseases as the primary diagnosis (HR: 1.80; 95% CI: 1.01–
3.23; p = 0.049) were also significant predictors. In contrast, 
injuries and intoxications as the primary diagnosis appeared 
protective (HR: 0.45; 95% CI: 0.21–0.95; p = 0.036). Nota-
bly, predictors such as BSI and respiratory diseases had low-
er confidence-interval bounds close to 1.00 (1.01 and 1.01, 
respectively), indicating statistically fragile yet clinically 
plausible associations. 

 

 
Fig. 3 – Kaplan-Meier survival estimates within 30 days  

after Klebsiella pneumoniae isolation according to carbapenemase type. 
Cum – cumulative. For other abbreviations, see Table 1. 
Note: The log-rank test showed no statistically significant difference in 30-day survival 
distributions across carbapenemase groups (χ² = 4.83, df = 3, p = 0.185). 

 
Table 4  

Kaplan-Meier survival estimates within 30 days after Klebsiella pneumoniae isolation 
Carbapenemase genes Median survival (days) 95% CI for median Mean survival (days) 95% CI for mean 
blaOXA-48-like 12 7.5–16.5 14.8 12.0–17.5 
blaNDM 14 0–40.3 16.7 8.6–24.7 
blaKPC 11 0–33.4 16.5 11.1–21.8 
blaNDM + blaOXA-48-like* – – 22.8 15.8–29.9 
Overall 13 8.7–17.3 16.1 13.8–18.4 
CI – confidence interval. For other abbreviations, see Table 1. 
Note: *Median not estimable as > 50% of patients were censored at 30 days.  
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Table 5 
Univariable Cox regression analysis of factors associated with 30-day mortality 

Variable Survivors 
(n = 49) 

Non-survivors  
(n = 72) HR (95% CI) p-value 

Study year      
2022 14 (28.6) 10 (13.9) Ref – – 
2023 35 (71.4) 62 (86.1) 1.79 (0.91–3.49) 0.088 

Age, years 57.8 ± 18.2 70.4 ± 14.7    < 70 33 (67.3) 28 (38.9) Ref – – 
≥ 70 16 (32.7) 44 (61.1) 1.96 (1.21–3.15) 0.006 

Gender      
female 16 (32.7) 30 (41.7) Ref – – 
male 33 (67.3) 42 (58.3) 0.74 (0.46–1.18) 0.211 

Previous hospital stay 10 (20.4) 18 (25) 1.05 (0.61–1.79) 0.855 
Type of infection      pneumonia 20 (40.8) 15 (20.8) 0.52 (0.29–0.91) 0.024 

BSI 15 (30.6) 34 (47.2) 1.75 (1.01–2.78) 0.018 
UTI 5 (10.2) 5 (6.9) 0.82 (0.32–2.03) 0.664 
SSI 8 (16.3) 5 (6.9) 0.54 (0.22–1.35) 0.191 

Comorbidities      diabetes mellitus 9 (18.4) 16 (22.2) 1.11 (0.64–1.94) 0.700 
neoplasm 8 (16.3) 14 (19.4) 1.08 (0.60–1.94) 0.785 

McCabe classification      non-fatal 21 (42.9) 0 (0) – – – 
ultimately fatal 15 (30.6) 11 (15.3) – – – 
rapidly fatal 13 (26.5) 61 (84.7) – – – 

Invasive devices      drain 26 (53.1) 29 (40.3) 0.77 (0.48–1.23) 0.273 
central venous catheter 43 (87.8) 58 (80.6) 0.88 (0.49–1.59) 0.683 
mechanical ventilation 40 (81.6) 61 (84.7) 1.25 (0.66–2.38) 0.489 
urinary catheter 47 (95.9) 72 (100) 1.82 (0.25–13.1) 0.553 

Other predictors      surgery within 30 days 35 (71.4) 32 (44.4) 1.82 (1.14–2.90) 0.013 
pre-infection LOS ≥ 14 days 29 (59.2) 32 (44.4) 0.75 (0.47–1.19) 0.221 
ICU admission 40 (81.6) 69 (95.8) 3.60 (1.13–11.46) 0.030 

Primary diagnosis      cardiovascular 9 (18.4) 15 (20.8) 0.97 (0.55–1.72) 0.927 
gastrointestinal 5 (10.2) 10 (13.9) 1.52 (0.77–2.96) 0.223 
neurological 6 (12.2) 5 (6.9) 0.60 (0.24–1.50) 0.276 
respiratory 4 (8.2) 14 (19.4) 1.80 (1.01–3.23) 0.049 
cancer 8 (16.3) 14 (19.4) 1.08 (0.60–1.94) 0.785 
injuries/intoxications 14 (28.6) 6 (8.3) 0.45 (0.21–0.95) 0.036 
other 3 (6.1) 6 (8.3) 1.30 (0.56–3.00) 0.537 

Carbapenemase genes      blaOXA-48-like 22 (44.9) 46 (63.9) 1.50 (0.92–2.43) 0.097 
blaNDM 4 (8.2) 5 (6.9) 0.91 (0.36–2.24) 0.829 
blaKPC 9 (18.4) 12 (16.7) 0.96 (0.51–1.79) 0.903 
blaNDM + blaOXA-48-like 9 (18.4) 3 (4.2) 0.33 (0.10–1.06) 0.063 

LOS – length of stay; HR – hazard ratio; Ref – reference category. 
For other abbreviations, see Tables 1, 2, and 4. 
All values are given as numbers (percentages) or mean ± standard deviation. 

 
Several variables did not reach statistical significance 

but showed HRs and CIs suggestive of potential clinical rel-
evance. The presence of the blaOXA-48-like gene was associated 
with an elevated mortality risk (HR: 1.50; 95% CI: 0.92–
2.43; p = 0.097), with the CI narrowly crossing 1.00. 

McCabe classification showed complete HRs prediction 
of outcome: no deaths occurred among patients with non-
fatal disease, whereas nearly all patients with rapidly fatal 
disease died within 30 days. Because of this complete sepa-
ration, HR could not be reliably estimated for McCabe cate-
gories in univariable Cox regression, although descriptive 
analysis clearly demonstrated its strong prognostic value. For 

this reason, McCabe’s classification was excluded from the 
multivariable analysis. 

In the multivariable Cox regression model, age ≥ 70 
years, BSI, and ICU admission remained independent predic-
tors of 30-day mortality (Table 6). Patients aged ≥ 70 had 
nearly a two-fold increased hazard of death compared with 
those younger than 70 (HR: 1.98; 95% CI: 1.23–3.20; p = 
0.005). BSI was associated with a 63% higher hazard (HR: 
1.63; 95% CI: 1.02–2.61; p = 0.040), while ICU admission 
was associated with more than a three-fold increased hazard 
(HR: 3.35; 95% CI: 1.05–10.72; p = 0.041). Sex was not sig-
nificantly associated with survival in this model. 



Vol. 83, No. 3 VOJNOSANITETSKI PREGLED Page 161 

Simonović M, et al. Vojnosanit Pregl 2026; 83(3): 153–165. 

Table 6 
Univariable and multivariable Cox regression analysis of predictors of 30-day mortality 

Variable Univariable HR  (95% CI) p-value Multivariable HR  (95% CI) p-value 
Age ≥ 70 years 1.96  (1.21–3.15) 0.006 1.98  (1.23–3.20) 0.005 
BSI  1.75  (1.01–2.78) 0.018 1.63  (1.02–2.61) 0.040 
ICU admission 3.60  (1.13–11.46) 0.030 3.35  (1.05–10.72) 0.041 
Pneumonia 0.52  (0.29–0.91) 0.024 – n.s. 
Surgery < 30 days 1.82  (1.14–2.90) 0.013 – n.s. 
Respiratory diagnosis 1.80  (1.01–3.23) 0.049 – n.s. 
Injuries/intoxications 0.45  (0.21–0.95) 0.036 – n.s. 
n.s. – not significant. For other abbreviations, see Tables 2, 4, and 5. 
Note: Variables considered in the stepwise Cox regression were age ≥ 70 years, sex, BSI, ICU admission, 
pneumonia, recent surgery, and respiratory diagnosis. Only significant predictors are presented. 
 

Discussion 

In this single-center cohort of hospitalized patients with 
HAI K. pneumoniae infections, 30-day all-cause mortality 
was high (59.5%). Independent predictors of poor outcome 
included age ≥ 70 years, BSI, and ICU admission, while car-
bapenemase genes did not independently influence survival. 
These findings emphasize that host and clinical severity re-
main the dominant determinants of short-term outcomes. 

In our study, the mortality rate exceeds that reported in 
most multicenter European cohorts. It is important to differ-
entiate healthcare between different countries. In the Serbian 
context, available data and literature indicate that death most 
often occurs in hospitals rather than at home. During the 
coronavirus disease 2019 pandemic, as many as 94.3% of 
deaths occurred in hospitals and only 5.7% at home 23. Fur-
thermore, the dying process has, in most cases, shifted from 
homes to healthcare facilities, highlighting that palliative 
care is still not fully integrated into everyday practice in Ser-
bia 24. 

However, Isler et al. 25 recently reported 30-day mor-
tality of 44% in carbapenemase-harboring carbapenem-
resistant Klebsiella spp. BSI infections, while a systematic 
review and meta-analysis indicated that more than 50% of 
ICU, HAI, CRKP, and ESBL-producing K. pneumoniae 
were associated with significantly higher 30-day mortality 
rates (estimated at ~ 29%) 26. 

Similarly, Maraolo et al. 27 demonstrated an adjusted 
two-fold increase in death with CRKP vs. carbapenem-
sensitive K. pneumoniae isolates. By contrast, northern Eu-
ropean series, such as Fostervold et al. 28, documented sub-
stantially lower case-fatality (~12%), likely reflecting lower 
prevalence of resistance and more favorable baseline patient 
status. Our findings, therefore, align with the higher end of 
published mortality estimates, reflecting the severe case mix 
and therapeutic limitations in our setting. 

Our results can also be compared with those of Soares 
de Moraes et al. 11, who investigated 107 patients with K. 
pneumoniae BSI in Brazil, of whom 50.5% carried car-
bapenem-resistant isolates. In their cohort, blaKPC was the 
dominant carbapenemase, whereas in our study, blaOXA-48-like 
predominated, followed by blaKPC and blaNDM. Mortality was 
elevated in both studies, but different prognostic factors 
emerged. Soares de Moraes et al. 11 identified renal failure, 

liver failure, and extensively/pandrug-resistant status as pre-
dictors of death, while in our analysis, age ≥ 70 years, BSI, 
and ICU admission were most strongly associated with 30-
day mortality. These results highlight that although re-
sistance mechanisms differ across regions, mortality remains 
high and is largely determined by host condition and severity 
of illness rather than the presence of the carbapenemase 
genes alone. 

Comparable mortality rates have been reported in sev-
eral other high-risk cohorts. In Brazil, Andrey et al. 12 ob-
served a 30-day mortality rate of 60% in patients with KPC-
producing K. pneumoniae BSIs, with the sequence type 16 
clone reaching nearly universal fatality. In Italy, Falcone et 
al. 29 reported a 30-day mortality rate of 40% in ICU patients 
with septic shock due to KPC-producing K. pneumonia. 
They demonstrated that a colistin-containing regimen, the 
use of two or more in vitro active antibiotics as definite ther-
apy, and control of a removable source of infection were in-
dependently associated with a favorable outcome, while in-
fection due to a colistin-resistant strain and an intra-
abdominal source of infection were independently associated 
with death. Giacobbe et al. 30 further demonstrated that in the 
subgroup with colistin-resistant isolates, mortality reached ~ 
50%, underscoring the impact of last-line resistance. Taken 
together, these findings confirm that our observed mortality 
lies at the upper range of global experience and is consistent 
with cohorts where advanced age, critical illness, and thera-
peutic limitations converge to drive poor outcomes. 

Although in our cohort, the presence of the car-
bapenemase genes was not significantly associated with 
short-term survival, genetic information remains clinically 
relevant for antimicrobial selection. In particular, data from 
the Hellenic Ceftazidime/Avibactam Registry demonstrated 
markedly better outcomes among patients infected with 
KPC-producing K. pneumoniae compared with those harbor-
ing NDM or OXA-48 enzymes, underscoring the therapeutic 
importance of precise carbapenemase identification 31. 

We observed high resistance rates to most of the tested 
antibiotics. Resistance to ceftriaxone/cefotaxime was universal 
(100%), far exceeding the European Union/European Econom-
ic Area (EU/EEA) population-weighted average of 34.8% re-
ported by ECDC for 2023 8. Similarly, resistance to cefepime 
reached 99.2%, underscoring the diminished therapeutic value 
of extended-spectrum cephalosporins in our setting. 
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Very high resistance rates were also recorded for ami-
noglycosides, with 86.8% of isolates resistant to gentamicin 
and 94.2% to amikacin, compared to the European average 
of 23.6% 8. Comparable patterns were observed for fluoro-
quinolones, with resistance rates of 99.2% for ciprofloxacin 
and 95.0% for levofloxacin; however, susceptibility testing 
was not performed for four isolates. By contrast, the Europe-
an average was 33.7% 8. These findings suggest that amino-
glycosides and fluoroquinolones have lost nearly all clinical 
utility in our cohort, unlike in the broader European context. 

Another major concern is the extremely high resistance 
to carbapenems, which have traditionally been considered 
last-line agents. Resistance to imipenem was observed in 
81.8% of isolates, while resistance to meropenem reached 
95.9%, compared with the EU/EEA average of 13.3% 8. Alt-
hough ECDC data indicated a gradual increase in car-
bapenem resistance over the 2019–2023 period, the levels 
observed in our study are considerably higher and align with 
reports of heavier resistance burdens in southern and eastern 
Europe 8. 

High resistance was also observed for trimethoprim-
sulfamethoxazole (99.2%). 

Colistin showed variable results, with 59.5% of isolates 
being resistant and 38.8% remaining susceptible. Results are 
based on 119 isolates, as testing was unavailable for two iso-
lates. This finding is clinically relevant given its role as a 
last-resort therapeutic option for carbapenem-resistant infec-
tions. 

Dual resistance to both aminoglycosides was present in 
84.3% of isolates, while 94.2% were resistant to both fluoro-
quinolones. Simultaneous resistance to both carbapenems 
was detected in 81.8% of isolates. In comparison, ECDC re-
ported that 21.0% of K. pneumoniae isolates across the 
EU/EEA showed combined resistance to third-generation 
cephalosporins, fluoroquinolones, and aminoglycosides, 
while 11.1% showed combined resistance to four groups of 
antibiotics, including carbapenems 8. In our study, 67.8% of 
isolates were simultaneously resistant to all four groups, in-
dicating a predominance of MDR K. pneumoniae strains. 
Similar trends were also reported in the Niš region (southern 
Serbia) during the 2014–2018 period, where Klebsiella spp. 
MDR isolates showed a decreasing trend in susceptibility to 
cephalosporins and fluoroquinolones, with resistance rates to 
ciprofloxacin and levofloxacin consistently above 60% 32. 

The exceptionally high resistance rates observed in our 
study should be interpreted within the clinical context of a 
tertiary-care referral institution. These patients typically pre-
sented with severe or advanced clinical conditions, with 
nearly half diagnosed with BSI. 

The majority required ICU management (90.1%) with 
exposure to invasive devices such as UC (98.3%), MV 
(83.5%), and CVC (83.5%), all of which are recognized risk 
factors for colonization and infection with MDR organisms. 
Extensive prior antimicrobial exposure combined with criti-
cal illness and invasive support creates strong selective pres-
sure favoring the emergence and persistence of resistant 
strains. Therefore, the predominance of MDR K. pneumoniae 
isolates in our cohort is not only expected but also reflects 

the therapeutic challenges faced in high-risk clinical envi-
ronments. 

In the past period, there has been a rapid dissemination 
of MDR strains, including carbapenem-resistant strains 6–8. A 
rapid and extensive dissemination of CRKP strains is caused 
by horizontal genetic transfer, since carbapenemase genes 
are mainly plasmid encoded 2. 

During the study period, we detected blaOXA-48-like as the 
most dominant carbapenemase gene, followed by blaKPC, 
blaNDM, and blaVIM. Moreover, the most common co-
producers were blaNDM + blaOXA-48-like. 

The distribution of carbapenemase genes in our study is 
consistent with previous reports from our country 33–35. In the 
study by Zornic et al. 33, the majority of isolates carried 
blaOXA-48-like, followed by blaKPC and blaNDM genes, while the 
majority of co-producers harbored blaOXA-48-like and blaNDM 
genes. Additionally, blaNDM + blaVIM was detected in one iso-
late. In the other two studies, the most prevalent car-
bapenemase gene was blaOXA-48-like, which was associated 
with the high-risk sequence type 101 clone. The plasmid that 
carried the blaOXA-48-like gene also carried the ESBL encoding 
gene blaCTX-M-15 and several other resistance genes 34, 35. In 
contrast to our results, a 2017 study of MDR K. pneumoniae 
strains reported blaNDM was the most prevalent gene 36. 

Our results are also related to the regional car-
bapenemase gene distribution, showing similar resistance 
profiles of K. pneumoniae strains with the predominant 
blaOXA-48-like carbapenemase circulating in neighboring coun-
tries. The predominance of blaOXA-48-like observed in our study 
is consistent with findings from several countries in the Bal-
kan region 37–40. 

In our study, the blaVIM gene was detected in only four 
isolates from 2023, indicating its limited circulation com-
pared with other carbapenemase genes. This finding is con-
sistent with data from neighboring countries, where VIM-
producing K. pneumoniae strains have been reported sporad-
ically or replaced over time by other carbapenemase types 41. 
Together, these findings suggest that in the Balkan region, 
blaVIM genes occur at low frequencies and are being progres-
sively displaced by the expansion of blaOXA-48-like and blaNDM, 
mirroring the trend observed in our cohort. 

With respect to comorbidities, diabetes mellitus was the 
only condition showing a statistically significant association 
with carbapenemase gene carriage. Among these patients, 
blaOXA-48-like and blaKPC genes predominated, followed by 
blaNDM and the blaNDM + blaOXA-48-like combination. A similar 
distribution of carbapenemase genes was observed among 
patients with neoplasms; however, this was not statistically 
significant. Given that these patients are typically immuno-
compromised, the presence of carbapenem-resistant isolates 
may further complicate treatment and increase the risk of ad-
verse clinical outcomes. In contrast to our results, the study 
from Romania detected co-producers blaNDM + blaOXA-48-like as 
the dominant carbapenemase genes, but without a statistical-
ly significant association with diabetes mellitus and neo-
plasms 13. 

A statistically significant association was also observed 
for the McCabe classification. The majority of cases were 
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classified as having a rapidly fatal disease, followed by an 
ultimately fatal disease. Within these categories, blaOXA-48-like 
and blaKPC were the most frequently detected carbapenemase 
genes, suggesting that these enzymes may be linked to more 
severe infections or reflect the higher vulnerability of criti-
cally ill patients. The majority of patients were treated in the 
ICU, frequently requiring MV and UC, both of which were 
significantly associated with carbapenemase gene distribu-
tion. Although our results confirm ICU stay, but not MV, 
CVC, or UC as risk factors for fatal outcome, other studies 
emphasize the importance of invasive procedures as potential 
risk factors for colonization or infection by CPKP 6, 10, 11. 

Kaplan-Meier analysis showed differences in survival 
across carbapenemase genes, with the blaNDM + blaOXA-48-like 
group exhibiting the longest median survival, yet no statisti-
cally significant association with 30-day survival was detect-
ed. This aligns with a recent multicenter cohort where mor-
tality did not differ between KPC- and NDM-producing iso-
lates after adjustment for therapy and clinical severity 15. In 
contrast, other cohorts reported worse outcomes with KPC 
compared with NDM producers 14. A Spanish study focusing 
on OXA-48 producers further suggests that appropriate ther-
apy, rather than the enzyme class per se, is the main deter-
minant of short-term survival 42. 

The marked shift in carbapenemase distribution be-
tween 2022 and 2023, characterized by a decline in NDM 
producers and a substantial increase in OXA-48 and KPC, 
may reflect changes in local epidemiology, plasmid trans-
mission dynamics, selective antimicrobial pressure, and pa-
tient case mix. Similar year-to-year variability has been re-
ported in tertiary hospitals across the Balkan region, where 
OXA-48 enzymes have rapidly become dominant over 
time 13. Although our study design does not allow causal in-
ference, these trends underscore the necessity of continuous 
molecular surveillance. 

In addition to patient-related and microbiological fac-
tors, contextual characteristics of our healthcare system like-
ly contribute to the high burden of CRKP and the poor out-
comes observed. IPC programs are formally implemented in 
our hospital, but adherence to hand hygiene, contact precau-
tions, and device-related bundles is often inconsistent in dai-
ly practice. These challenges are compounded by a chronic 
shortage of adequately trained nursing staff, with a consider-
able proportion of nurses newly qualified or retrained and 
with limited experience in caring for critically ill patients. 
Such constraints may reduce compliance with complex IPC 
procedures and delay early recognition of clinical deteriora-
tion, thereby further increasing the risk of adverse outcomes 
in this vulnerable population. Future studies should explicitly 
evaluate the impact of these environmental and organization-
al factors on CRKP transmission and mortality. 

This study has several limitations. First, it was conduct-
ed in a single tertiary-care center, which may limit the gener-
alizability of the findings. Second, the retrospective design is 
prone to selection and information bias, and some relevant 
clinical variables were not consistently available. Third, the 

relatively small sample size reduced statistical power, result-
ing in wide or imprecise CIs for several predictors. In some 
cases, the CIs were close to 1.00, including both statistically 
non-significant and statistically significant associations, indi-
cating limited precision and the possibility that certain ef-
fects may be underestimated or overestimated. These find-
ings should therefore be interpreted with caution and validat-
ed in larger cohorts. The limited number of events also af-
fected age modeling, where different categorizations pro-
duced similar trends but varied in stability due to sparse 
events within strata. Additionally, although molecular char-
acterization of carbapenemase genes was performed, whole-
genome sequencing was not available and would have ena-
bled a more detailed examination of resistance mechanisms 
and transmission dynamics. Finally, treatment-related data 
and infection prevention factors were not analyzed in depth, 
limiting conclusions regarding therapeutic effectiveness and 
environmental contributors to patient outcomes. 

The strengths of our study include the integration of 
clinical outcomes with both phenotypic and genotypic char-
acterization of CRKP isolates, the setting in a large tertiary-
care center that reflects real-world practice, and the contem-
poraneous data capturing the ongoing regional shift toward 
NDM and OXA-48 producers. Moreover, our study repre-
sents a foundational effort to understand K. pneumoniae re-
sistance in our hospital. 

Conclusion 

In this retrospective cohort of patients with healthcare-
associated infections caused by carbapenem-resistant 
Klebsiella pneumoniae, 30-day mortality was high. Car-
bapenemase genes were not independently associated with 
short-term survival, whereas age ≥ 70 years, bloodstream in-
fection, and intensive care unit stay emerged as the main 
predictors of mortality. These findings suggest that host fac-
tors and clinical severity, rather than specific carbapenemase 
genes, are the key determinants of outcome in this high-risk 
population. Our findings contribute valuable epidemiological 
insights from a Balkan tertiary-care setting, highlighting the 
regional predominance of New Delhi metallo-β-lactamase 
and oxacillinase-48 producers. Genes that encode Klebsiella 
pneumoniae carbapenemase and Verona integron-encoded 
metallo-β-lactamase carbapenemases were less prevalent and 
detected only in isolates from 2023, while the bla 
imipenemase gene was not detected in our study. Taken to-
gether, these observations reinforce the importance of coor-
dinated local, regional, and international efforts to mitigate 
the impact of carbapenem-resistant Klebsiella pneumoniae 
and reduce its associated mortality. 
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