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ABSTRACT

Objective: Bloodstream infections (BSIs) caused by Enterobacterales pose a significant
challenge in healthcare, especially given the growing threat of antimicrobial resistance.
This study aimed to evaluate the distribution and antimicrobial susceptibility patterns of
Enterobacterales isolated from blood cultures at Necmettin Erbakan University Meram
School of Medicine Hospital in Konya, Tirkiye, over a four-year period.

Materials and Methods: A retrospective laboratory-based analysis was conducted using

blood culture samples collected between January 2020 and January 2023. Bacterial iden-

tification and antimicrobial susceptibility testing were performed using the BD Phoenix

system. Results were interpreted according to the European Committee on Antimicrobial

Susceptibility Testing (EUCAST) guidelines (version 15.0). Demographic and clinical data

were analyzed using descriptive statistics.
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Results: A total of 11,319 blood culture samples were analyzed during the study period.
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Enterobacterales were isolated from 1513 patients, with Klebsiella pneumoniae (52.2%) and

Escherichia coli (34.9%) being the most prevalent pathogens. High resistance rates were ob- E-mail:
served for ampicillin (91.7%) and amoxicillin-clavulanic acid (76.7%) in E. coliand particularly
among Klebsiella spp. (98.9% and 85%, respectively). Extended-spectrum f-lactamase (ESBL)
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production was detected in 81% of Klebsiella spp., and approximately 47% of E. coli isolates.
Colistin emerged as the most effective antibiotic. Notably, Klebsiella spp. also exhibited ele-
vated carbapenem resistance (58.1%), whereas E. coli showed low resistance to both colistin
(0.6%) and meropenem (1.5%). The rate of ESBL production peaked at 75.5% in 2020, then de-
clined before rising again to 63.7% in 2023. Carbapenem-resistant isolates fluctuated around
33% of total isolates annually; however, in 2023, this rate increased to 36.3%, suggesting a
potential upward trend.

Conclusion: The findings indicate a concerning burden of carbapenem-resistant Klebsiella
spp. among Enterobacterales BSI, with colistin remaining the most consistently effective
agent. Continuous surveillance, effective infection control measures, and prudent antibiotic
use are essential to limit further resistance.
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INTRODUCTION

loodstream infections (BSIs) occur when mi-

croorganisms overcome the host's normal

defense mechanisms and spread through the
bloodstream. These infections can lead to serious
outcomes, such as sepsis, septic shock, and organ
dysfunction, significantly increasing mortality and
morbidity rates (1,2). In Europe, 1,200,000 episodes
of BSIs are estimated to occur annually (3), where-
as the incidence ranges between 122 and 220 cases
per 100,000 population (4). The Turkish Society of
Intensive Care Medicine and Sepsis Study Group
conducted a multicenter study in 94 hospitals to
assess sepsis in Turkish intensive care units (ICUs).
The study reported prevalence rates of 10.9% for
sepsis, 17.3% for severe sepsis, and 13.5% for septic
shock, with high mortality rates of 55.7% for severe
sepsis and 70.4% for septic shock (5).

BSIs can be caused by a variety of microorganisms.
The most commonly isolated infectious agents are
Gram-positive cocci and Gram-negative bacilli (6).
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Graphic Abstract

Recent reports indicate a shift in the prevalence of
microbial agents causing BSIs, with Gram-negative
pathogens increasingly responsible for bacteremia
(7). The order Enterobacterales includes various
genera that primarily reside in the gut and share
similar biochemical and genetic traits. Some mem-
bers are significant opportunistic human patho-
gens responsible for various infections. Notable
genera include Klebsiella pneumoniae, Escherichia

HIGHLIGHTS

e Kilebsiella spp. and E. coli were the most common
pathogens causing bloodstream infections.

e Older adults and hospitalized patients had the
highest infection prevalence.

e High resistance to ampicillin and p-lactam an-
tibiotics was observed, whereas susceptibility to
colistin remained high.

e High rates of ESBL-producing and carbapen-
em-resistant Enterobacterales were identified.
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coli, Proteus spp., Citrobacter spp., and Enterobacter
spp. (8)-

In hospitals, high antibiotic selective pressure con-
tributes to the emergence of multidrug-resistant
(MDR) pathogens (9), particularly Enterobactera-
les (e.g., E. coli and K. pneumoniae) (7,10). Infections
caused by extended-spectrum p-lactamase (ES-
BL)-producing bacteria are challenging to the phy-
sicians (11). Carbapenems are commonly used to
treat infections caused by these strains. However,
their extensive use has resulted in carbapenem-re-
sistant Enterobacterales (CRE), which are difficult
to treat (12). Infections caused by CRE are associ-
ated with higher mortality rates, increased health-
care costs, and prolonged hospital stays (13).

Empirical antibiotic therapy is initiated promptly in
suspected cases of sepsis, based on clinical and epi-
demiological data (14). Early intervention is critical,
as the risk of mortality increases with each hour of
delay (10). A thorough understanding of pathogen
susceptibility patterns may assist clinicians in op-
timizing empirical therapy at an earlier stage (15).
This study aimed to retrospectively evaluate the
distribution and resistance patterns of Enterobac-
terales from blood cultures at Necmettin Erbakan
University Meram School of Medicine Hospital in
Konya, Tirkiye, over a four-year period.

MATERIALS AND METHODS

This retrospective, laboratory-based descriptive
study was conducted at Necmettin Erbakan Uni-
versity Meram School of Medicine Hospital and was
approved by the university's Ethics Committee (Deci-
sion no. 2024/5400). Blood culture samples collected
between January 2020 and January 2023 were includ-
ed in the study.

Blood samples were collected in blood culture bot-
tles and then loaded into the BACT/ALERT auto-
mated system (BioMérieux, Marcy L'’Etoile, France)
and incubated for five days. Samples that signaled
positive were cultured on 5% sheep blood agar and
eosin methylene blue agar and incubated at 37°C
for 24-48 hours. Isolated microorganisms were ini-
tially identified based on colony morphology and
Gram staining characteristics using conventional
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methods. Species-level identification was per-
formed using the automated BD Phoenix system
(Becton Dickinson, Sparks, MD, USA). Antimicrobi-
al susceptibility testing was performed using the
same system. Susceptibility to colistin and tige-
cycline was determined using the microdilution
method. The minimum inhibitory concentration
(MIC) values were interpreted according to the Eu-
ropean Committee on Antimicrobial Susceptibility
Testing (EUCAST) guidelines (version 15.0).

For patients with multiple blood culture samples,
only the first isolate of the same bacterium was in-
cluded in the analysis. For blood samples collected
simultaneously from the right and left arms of the
same patient, if the same bacterium was isolated
from both cultures, the isolate was considered the
causative pathogen. Samples considered contami-
nants were excluded from the study.

Extended-spectrum p-lactamase production was
detected using a modified double-disk synergy test
(DDST) with cefotaxime, ceftazidime, cefepime, and
aztreonam discs placed 20 mm apart around a disc
containing amoxicillin-clavulanic acid. Statistical
analyses were performed using the Statistical Pack-
age for Social Sciences (SPSS), version 20.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were used
to calculate the frequencies and percentages of age
groups, gender, isolated organisms, antimicrobial
susceptibility, and resistance rates.

RESULTS

A total of 11,319 blood culture samples were ana-
lyzed during the study period. Table 1 presents the
demographic and clinical characteristics of 1513
patients with Enterobacterales bloodstream infec-
tions identified between 2020 and 2023. Among the
study population, 54.8% were male and 45.2% were
female. Most patients were older adults (55.3%),
followed by adults (29%), infants (11.3%), and chil-
dren and adolescents (4.4%).

More than half of the isolates (55.5%) were isolat-
ed from patients in general wards, whereas 43.6%
were recovered from patients in ICUs. Outpatient
clinic visits constituted only 0.9% of the total pa-
tient population.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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The majority of Klebsiella spp. isolates (81%) and
nearly half of E. coli isolates (47%) were identified
as ESBL producers, whereas other members of the
Enterobacterales order exhibited significantly low-
er ESBL production rates. Carbapenem resistance
was markedly higher in Klebsiella spp. (58.1%), com-
pared to only 1.5% of E. coli isolates.

Among the identified species, K. pneumoniae and E.
coli were the most dominant, accounting for 52.2%
and 34.9% of the isolates, respectively. K. pneumoni-
ae, Serratia marcescens, and Providencia stuartii were
more frequently identified in ICU patients, where-
as E. coli and other Enterobacterales species were
primarily detected among patients from general
wards and outpatient clinics, as detailed in Table 2.

Table 3 presents the resistance patterns of Entero-
bacterales species across different patient settings.
Almost all isolates demonstrated high resistance
to ampicillin and amoxicillin/clavulanic acid. Re-
sistance rates varied among species; Klebsiella spp.
and E. coli demonstrated resistance rates of 20.4%
and 0.6% to colistin, respectively. In addition, E. coli
isolates exhibited low resistance to meropenem
(1.5%), amikacin (2.3%), and tigecycline (5.5%). In
contrast, other Enterobacterales species showed
resistance rates of 19.7% to both meropenem and
trimethoprim-sulfamethoxazole. Remarkably, En-
terobacterales isolates obtained from ICU patients
showed higher resistance rates compared to those
from ward patients.

Table 4 shows the resistance profiles of ESBL-pro-
ducing Klebsiella spp., with the lowest resistance
rate was observed for colistin (24.6%). Other En-
terobacterales species exhibited a resistance rate
of 47.6% to trimethoprim-sulfamethoxazole. More-
over, ESBL-producing E. coli isolates exhibited nota-
bly low resistance to several antibiotics, including
colistin (0.8%), meropenem (2.8%), and tigecycline
(6.4%).

Carbapenem-resistant Enterobacterales frequent-
ly exhibited resistance to antibiotics from multiple
classes. Among these isolates, E. coli displayed a
low colistin resistance rate (12.5%), whereas Kleb-
siella spp. showed higher resistance (30.9%). Oth-
er Enterobacterales species showed the highest
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Table 1. General characteristics of patients with
Enterobacterales bloodstream infections, 2020-2023.

n (%)
Sex
Male 829 (54.8)
Female 684 (45.2)
Age groups
Infancy (0-2 years) 171 (11.3)
Children/Adolescents (317 years) 66 (4.4)
Adults (18-60 years) 439 (29)
Elderly (>60 years) 837 (55.3)
Patient location
Wards 840 (55.5)
Intensive care unit 660 (43.6)
Outpatient clinics 13 (0.9)
Isolated microorganisms
Klebsiella spp.” 812 (53.7)
E. coli 528 (34.9)
Other Enterobacterales? 173 (11.4)
ESBL-producing Enterobacterales
Klebsiella spp. 658 (81)
E. coli 248 (47)
Other Enterobacterales 63 (36.4)
Carbapenem-resistant Enterobacterales
Klebsiella spp. 472 (58.1)
E. coli 8(1.5)
Other Enterobacterales 34 (19.7)

TKlebsiella spp. includes K. pneumoniae and K. oxytoca.

2Organisms with an isolation rate of less than 30% were classified as
“Other Enterobacterales.”

colistin resistance (76.5%). In this group, the lowest
resistance rate was observed for trimethoprim-sul-
famethoxazole (23.5%).

The Figure 1 illustrates the trends in ESBL-pro-
ducing Enterobacterales and CRE over four years.
Overall, ESBL rates consistently exceeded CRE
rates, peaking at 75.5% in 2020 before declining and
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Table 2. The distribution of BSIs caused by various members of Enterobacterales in relation to different types of

patient care.
Total Isolates Wards ICU Outpatient Clinics
n (%) n (%) n (%) n (%)
Klebsiella pneumoniae 790 (52.2) 279 (33.2) 508 (77) 3(23.1)
Klebsiella oxytoca 22 (1.5) 17 (2) 3(0.5) 2(15.4)
Escherichia coli 528 (34.9) 465 (55.4) 56 (8.5) 7 (53.8)
Serratia marcescens 51(3.4) 8(1) 43 (6.5) 0(0)
Enterobacter spp. 74 (4.9) 47 (5.6) 26 (3.9) 1(7.7)
Pantoea agglomerans 7 (0.5) 6(0.7) 1(0.2) 0(0)
Salmonella spp. 10 (0.7) 9(1.1) 1(0.2) 0(0)
Proteus (Proteus mirabilis) 10 (0.7) 4(0.5) 6(0.9) 0(0)
Providencia stuartii 16 (1.1) 1(0.1) 15(2.3) 0(0)
Citrobacter freundii 2(0.1) 2(0.2) 0(0) 0(0)
Morganella morganii 1(0.1) 1(0.1) 0(0) 0(0)
Hafnia paralvei/ Hafnia alvei 2(0.1) 1(0.1) 1(0.2) 0(0)
80 75.5
70 .\ 62.9 63.7
60 55.1 /.
\./
50
40 = 34.7 _— 36.3
30 o —./.
20
10
0
T T T T
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Figure 1. Percentage change in the distribution of ESBLs and carbapenem-resistant Enterobacterales over four years.

rising again to 63.7% in 2023. In contrast, CRE rates
remained relatively stable throughout the study
period but increased significantly to 36.3% in 2023.

DISCUSSION

Bloodstream infections are prevalent worldwide
and have significant direct and indirect social and

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.

economic impacts (16). They rank as the second
most common condition linked to deaths caused
by antimicrobial resistance, following respiratory
infections (17). This study aimed to assess the dis-
tribution and susceptibility patterns of Enterobac-
terales responsible for BSIs and to determine the
prevalence of ESBL production and carbapenem re-
sistance among these species.
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Table 4. Antimicrobial resistance patterns of ESBL-producing and carbapenem-resistant Enterobacterales.

ESBL-producing Enterobacterales, n (%) Carbapenem-resistant Enterobacterales, n (%)
Antibiotic
Klebsiella spp. | E. coli En tergl:;]:tzrales Klebsiella spp. | E. coli En tert)ol::\]:tl;:rales

Amikacin 407 (61.8) 22 (12.9) 36 (57.1) 327 (69.3) 1(12.5) 17 (50)
Amoxicillin-Clavulanic Acid 635 (96.5) 191 (77) 63 (100) 470 (99.6) 6 (75) 34 (100)
Ampicillin 658 (100) 248 (100) 63 (100) 470 (99.6) 7 (87.5) 34 (100)
Piperacillin-Tazobactam 614 (93.3) 63 (25.4) 53 (84.2) 469 (99.4) 6 (75) 33(97.1)
Ertapenem 592 (90) 29 (11.7) 46 (73) 472 (100) 8 (100) 34 (100)
Meropenem 519 (78.9) 7(2.8) 32 (50.8) 472 (100) 8 (100) 34 (100)
Ciprofloxacin 570 (86.6)  |200 (80.6) 39 (61.9) 454 (96.2) 7 (87.5) 17 (50)
Gentamicin 430 (65.3) 97 (39.1) 41 (65.1) 305 (64.6) 2(25) 17 (50)
Cefazolin 658 (100) 248 (100) 63 (100) 469 (99.4) 7 (87.5) 34 (100)
Cefuroxime 658 (100) 248 (100) 63 (100) 469 (99.4) 8 (100) 34 (100)
Ceftazidime 658 (100) 248 (100) 63 (100) 467 (98.9) 6 (75) 30(88.2)
Ceftriaxone 658 (100) 248 (100) 63 (100) 470 (99.6) 6 (75) 17 (50)
Cefepime 652(99.1)  |245 (98.8) 62 (98.4) 471 (99.8) 6 (75) 33(97.1)
Tigecycline - 16 (6.4) - - 1(12.5) -

Colistin 162 (24.6) 2(0.8) 47 (74.6) 146 (30.9) 1(12.5) 26 (76.5)
gﬂgﬁgﬁﬁggzole 479 (755)  |160 (64.5) 30 (47.6) 363 (76.9) 5 (62.5) 8 (23.5)

In our study, the isolation patterns of Enterobacte-
rales from blood cultures showed that K. pneumoniae
had the highest isolation rate (52.2%), followed by E.
coli (34.9%). This finding contrasts with most studies
conducted by other researchers (18-21), which typi-
cally identify E. coli as the predominant isolated spe-
cies among Gram-negative pathogens causing BSIs.
However, our results are comparable to those re-
ported by Asena (22) and Mun et al. (23), suggesting
that many patients may have developed infections
associated with healthcare settings. Klebsiella spp.
and other Enterobacterales were more frequently
detected in ICU settings, while E. coli was more com-
monly isolated from patients in hospital wards. This
observation aligns with a study conducted in Izmir
(18).

Regarding resistance patterns, nearly all Klebsiella
spp. demonstrated resistance to ampicillin (98.9%)

and amoxicillin-clavulanic acid (85%). Similar find-
ings were reported by Klos et al. (7), who observed
100% resistance to ampicillin, and by Kicik et
al. (6), who reported a resistance rate of 76.7% to
amoxicillin-clavulanic acid. High resistance lev-
els to multiple generations of cephalosporins have
also been reported. Our findings are consistent with
studies conducted in Tirkiye (1,5), whereas a re-
port from Poland indicated lower resistance rates
for the same group of antibiotics (7). The resistance
trend to penicillins and penicillin inhibitors among
Klebsiella spp. may be attributed to mobile genetic
elements carrying resistance genes. On the other
hand, colistin exhibited the lowest resistance rate
(20.4%), with most Klebsiella spp. remaining suscep-
tible to this antibiotic. Our results are close to those
reported by Kula et al. (1), who observed a colistin
resistance rate of 22.6%. However, Muderris et al.
(18) observed a significantly lower resistance rate

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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of 4.5%. The extensive use of colistin for infections
caused by MDR bacteria may contribute to the de-
velopment of resistance.

E. coli isolates exhibited high resistance to ampi-
cillin (82.2%), comparable to the estimates of ear-
lier studies by Kula et al. (1) and Oksiiz et al. (20).
Colistin and meropenem were the most effective
antibiotics against E. coli in vitro, with only 0.6% and
1.5% of isolates showing resistance, respectively.
Our findings align with previous studies conducted
in Turkiye (1,18). E. coli strains may remain suscep-
tible to these antibiotics because developing resis-
tance is energetically costly and hinders bacterial
growth. Furthermore, resistance genes associated
with these antibiotics remain uncommon among E.
coli isolates.

The results of the present study revealed that the
majority of Klebsiella spp. isolates were ESBL-pro-
ducing, accounting for 81% of isolates, while 47%
of E. coli isolates produced ESBLs. These rates are
higher than those reported in Poland, where ESBL
prevalence was 66.7% in Klebsiella spp. and 25.7% in
E. coli (7). Moreover, these values exceed those pre-
viously reported in Turkiye by Oksiiz et al. (20) and
Varigh et al. (21). Until recently, antibiotic prescrip-
tion and use in Turkiye were not strictly regulated,
which may have contributed to misuse and overuse
of antibiotics and, subsequently, to the emergence
of resistant bacterial strains.

Colistin was the only antibiotic that remained con-
sistently effective against ESBL-producing Klebsiella
spp., which showed a low resistance rate of 24.6%.
In contrast, ESBL-producing E. coli isolates demon-
strated low resistance not only to colistin (0.8%) but
also to meropenem (2.8%) and tigecycline (6.4%).
Consistent with many previous studies, carbapen-
ems remain the drugs of choice for treating infec-
tions caused by ESBL-producing bacteria (20,21).
However, carbapenems were less effective against
ESBL-producing Klebsiella spp., which frequently
exhibited an MDR pattern with low susceptibility
even to carbapenems, leaving colistin as a last-re-
sort therapeutic option.

In our study, the carbapenem resistance rate in
Klebsiella spp. was 58.1%, which aligns closely with
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the 53.1% reported by Aslan et al. (24). However, our
findings were higher than those reported in earlier
studies conducted in Turkiye (20,21, 25), where resis-
tance rates ranged from 34.6% to 39.1%. Addition-
ally, carbapenem resistance among E. coli isolates
was 1.5%. In contrast, other retrospective studies
reported rates of 3.6%, 4.7%, and 6.1% (20,21,24).
Differences in carbapenem resistance may be relat-
ed to variations in the study periods and settings.
Furthermore, the extensive use of carbapenems to
treat infections caused by MDR bacteria may have
contributed to the increase in resistance observed
in recent years.

Colistin remained the only effective agent against
carbapenem-resistant Enterobacterales; however,
susceptibility varied significantly among species.
The lowest susceptibility was noted in carbapen-
em-resistant Klebsiella spp., with a resistance rate of
30.9%. Although this rate is lower than that report-
ed by Aslan et al. (24), it remains concerning.

Analysis of ESBL and CRE trends over the four-year
study period showed that ESBL rates consistently
exceeded CRE rates. Notably, the highest ESBL rate
was recorded in 2020 (75.5%). According to a report
by the World Health Organization (WHO), approxi-
mately 75% of hospitalized patients with COVID-19
received antibiotics during the pandemic, with
cephalosporins being among the most frequently
prescribed agents (26). This situation may partially
explain the increased prevalence of ESBL-producing
Enterobacterales observed during that period. In
contrast, the proportion of CRE remained relatively
stable throughout the study period but increased
markedly in 2023 to 36.3%. This value falls within
the range reported by the European Centre for Dis-
ease Prevention and Control (ECDC), which varies
between 0% and 58.3% (13). According to ECDC re-
ports, carbapenem resistance among Enterobacte-
rales has increased considerably since 2019.

CONCLUSION

This four-year analysis underscores significant
shifts in the epidemiology and resistance patterns
of Enterobacterales causing bloodstream infec-
tions. K. pneumoniae has emerged as the leading iso-
late, surpassing E. coli. Alarmingly high resistance
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rates to B-lactam antibiotics among Klebsiella spp.
have limited therapeutic options, leaving colistin as
the last reliable therapeutic alternative. Although
colistin and carbapenems remain effective against
E. coli, the increasing reliance on colistin for Kleb-
siella infections raises concerns regarding the po-
tential emergence of further resistance. Addition-
ally, the surge in ESBL-producing isolates during
the COVID-19 pandemic and the sharp increase in
carbapenem resistance observed in 2023 highlight

Infect Dis Clin Microbiol 2026; 8(2): 203-12

the consequences of excessive antibiotic use. Since
part of the study period coincided with the pan-
demic, the findings may not be fully comparable
to the non-pandemic periods. Continuous surveil-
lance, strengthened infection control measures,
improved antimicrobial stewardship programs, and
the development of novel therapeutic strategies are
essential to combat the mounting burden of MDR
Enterobacterales in BSIs.
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