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Abstract

Background/Objectives: Urinary tract infections (UTIs) are common infectious compli-
cations in kidney transplant recipients (KTRs) and non-transplant nephrology patients.
However, direct culture-based comparisons of urinary isolate distribution and antimi-
crobial resistance profiles between KTRs and non-transplant nephrology (NTN) patients
remain limited. This study compared urinary isolates recovered from urine cultures with
significant growth and their in vitro antimicrobial resistance profiles in hospitalized KTRs
and NTN patients. Methods: In this retrospective culture-based study, urine culture
results from patients hospitalized in the nephrology and kidney transplantation units
between 1 January 2024 and 31 December 2025 were reviewed. Urinary isolate distribu-
tion, in vitro antimicrobial resistance profiles, and extended-spectrum β-lactamase (ESBL)
production were compared between the two. Results: A total of 397 patients with at least
one urine culture showing significant growth were included, comprising 220 KTRs and
177 NTN patients. Enterobacterales were significantly more frequent among KTRs than
among NTN patients (77.2% vs. 41.1%, p < 0.001). Escherichia coli was the predominant
urinary isolate in both groups. In contrast, Candida spp. (26.8% vs. 3.2%, p < 0.001),
Enterococcus spp. (15.8% vs. 7.7%, p < 0.001), and non-fermenting Gram-negative bacteria
(9.4% vs. 3.4%, p = 0.001) were more frequently recovered from NTN patients. Among
E. coli isolates, resistance to gentamicin (p = 0.006) and ertapenem (p = 0.001) was sig-
nificantly higher in the NTN group. Likewise, Klebsiella pneumoniae isolates from NTN
patients showed significantly higher resistance to third-generation cephalosporins, amino-
glycosides, and carbapenems (p < 0.05). ESBL production was also more frequent in NTN
patients than in KTRs (55.7% vs. 41.9%, p = 0.013). Conclusions: Hospitalized KTRs and
NTN patients exhibited distinct urinary isolate distributions and in vitro antimicrobial
resistance profiles. These findings should be interpreted as culture-based epidemiological
data rather than as differences in clinically confirmed UTI burden. Stratified local surveil-
lance may help contextualize urinary isolate and susceptibility patterns across hospitalized
nephrology populations.
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1. Introduction
Urinary tract infections (UTIs) are common infectious complications in kidney trans-

plant recipients (KTRs) and patients hospitalized in nephrology units, contributing substan-
tially to clinical burden [1,2]. In KTRs, UTIs, particularly those occurring during the early
post-transplant period, have been associated with impaired graft function, acute rejection,
and sepsis [3–5]. However, positive urine cultures do not necessarily indicate clinically
symptomatic UTI. In retrospective laboratory-based studies, urine cultures may reflect
symptomatic infection, asymptomatic bacteriuria, candiduria, colonization, or contamina-
tion, particularly when clinical symptoms, pyuria, urine culture indication, and catheter
status are not systematically available [4,6,7].

The increasing prevalence of extended-spectrum β-lactamase (ESBL)-producing or-
ganisms and multidrug resistance (MDR) complicates the interpretation of urinary isolate
susceptibility patterns and may affect empirical antimicrobial decision-making when treat-
ment is clinically indicated [1,8–10]. Accordingly, ongoing surveillance of local urinary
isolate distributions and antimicrobial susceptibility patterns is important [11,12]. KTRs
and non-transplant nephrology (NTN) patients may differ with respect to immunosuppres-
sion, urinary tract instrumentation, prophylactic antimicrobial exposure, kidney function,
and healthcare exposure. These characteristics may be associated with variation in urinary
isolate distribution and antimicrobial resistance profiles between the two populations [1–4].

In a previous single-center study at our institution that included only KTRs, Gram-
negative urinary isolates predominated, resistance to ciprofloxacin and trimethoprim–
sulfamethoxazole (TMP-SMX) was high, and carbapenem resistance was relatively low [13].
However, that study focused exclusively on KTRs and did not include a non-transplant
nephrology comparator group. Whether these patterns differ from those observed in NTN
patients managed within the same institutional setting during the same study period therefore
remains unclear. Although microbiological data have been reported separately for both pop-
ulations, direct culture-based comparisons of urinary isolate distribution and antimicrobial
resistance profiles between hospitalized KTRs and NTN patients remain limited [14,15]. The
present study addresses this gap by directly comparing contemporaneous urine culture data
from KTRs and NTN patients managed at the same tertiary-care institution during the same
two-year study period. This culture-based comparative approach may help contextualize
urinary isolate distribution and antimicrobial resistance profiles across two distinct hospital-
ized nephrology populations while minimizing differences related to laboratory methods and
study period. Therefore, this study aimed to compare the distribution of urinary isolates re-
covered from urine cultures with significant growth and their in vitro antimicrobial resistance
profiles between hospitalized KTRs and NTN patients at a tertiary-care university hospital.

2. Results
2.1. Demographic Information of the Study Group

Of the 1638 urine cultures evaluated, 1079 were obtained from kidney transplant
recipients (KTRs) and 559 from non-transplant nephrology (NTN) patients. The proportion
of cultures with significant growth was 470/1079 (43.6%) among KTRs and 265/559 (47.4%)
among NTN patients, with no statistically significant difference between groups (p = 0.147).
In contrast, contamination was more frequent among cultures from KTRs than among those
from NTN patients (173/1079, 16.0% vs. 25/559, 4.5%; p < 0.001) (Table 1).

Patient-level characteristics of the 397 patients with at least one culture showing
significant growth are summarized in Table 1 (220 KTRs and 177 NTN patients). The mean
number of cultures with significant growth per patient was higher in KTRs than in NTN
patients (2.14 vs. 1.50; p < 0.001). KTRs were younger than NTN patients, with median ages
of 49.5 years (range, 21–83) and 72.0 years (range, 20–98), respectively (p < 0.001). Female
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sex was more frequent among KTRs than among NTN patients (173/220, 78.6% vs. 104/177,
58.7%; p < 0.001).

Table 1. Sample- and patient-level characteristics of kidney transplant recipients (KTRs) and non-
transplant nephrology (NTN) patients.

Characteristic KTR NTN p-Value

Sample-level data (n = 1079) (n = 559)

Culture results, n (%)

Significant growth with urinary isolate 470 (43.6) 265 (47.4) 0.147

Contamination 173 (16.0) 25 (4.5) <0.001

No growth (negative) 436 (40.4) 269 (48.1) 0.005

Patient-level data (n = 220) (n = 177)

Age, years, median (range) 49.5 (21–83) 72.0 (20–98) <0.001

Sex, n (%) <0.001

Female 173 (78.6) 104 (58.7)

Male 47 (21.4) 73 (41.3)
KTR, kidney transplant recipients; NTN, non-transplant nephrology patients.

2.2. Distribution of Urinary Isolates

The distribution of urinary isolates by patient group and taxon is shown in Table 2
and Figure 1. Enterobacterales were the predominant group of isolates in both cohorts,
and Escherichia coli was the most frequently isolated species. However, the distribution of
major microbial groups differed between KTRs and NTN patients. Enterobacterales were
more frequently isolated from KTRs than from NTN patients (363/470, 77.2% vs. 109/265,
41.1%; p < 0.001), including E. coli (248/470, 52.8% vs. 64/265, 24.2%; p < 0.001) and Klebsiella
pneumoniae (95/470, 20.2% vs. 32/265, 12.1%; p = 0.007). In contrast, non-fermenting Gram-
negative bacteria were more frequently isolated from NTN patients than from KTRs (25/265,
9.4% vs. 16/470, 3.4%; p = 0.001). Enterococcus spp. were also more frequently isolated from
NTN patients (42/265, 15.8% vs. 36/470, 7.7%; p < 0.001), particularly Enterococcus faecium
(17/265, 6.4% vs. 3/470, 0.6%; p < 0.001). Candida spp. were also more frequently isolated
from NTN patients than from KTRs (71/265, 26.8% vs. 15/470, 3.2%; p < 0.001).

Figure 1. Distribution of major urinary isolate groups among kidney transplant recipients (KTRs)
and non-transplant nephrology (NTN) patients. Percentages were calculated within each group of
urinary isolates. KTRs, kidney transplant recipients; NTN, non-transplant nephrology patients.
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Table 2. Distribution of urinary isolates in KTRs and NTN patients.

Microorganism KTR
(n = 470)

NTN
(n = 265) p-Value

Enterobacterales, total 363 (77.2) 109 (41.1) <0.001

Escherichia coli 248 (52.8) 64 (24.2) <0.001

Klebsiella pneumoniae 95 (20.2) 32 (12.1) 0.007

Proteus mirabilis 12 (2.6) 3 (1.1) 0.300

Other Enterobacterales a 8 (1.7) 10 (3.8) 0.130

Non-fermenting Gram-negative
bacteria, total 16 (3.4) 25 (9.4) 0.001

Acinetobacter baumannii 10 (2.1) 13 (4.9) 0.063

Pseudomonas aeruginosa 6 (1.3) 5 (1.9) 0.740

Other non-fermenting Gram-negative
bacteria b 0 (0.0) 7 (2.6) 0.002

Enterococcus spp., total 36 (7.7) 42 (15.8) <0.001

Enterococcus faecalis 33 (7.0) 25 (9.4) 0.310

Enterococcus faecium 3 (0.6) 17 (6.4) <0.001

Staphylococcus spp., total 16 (3.4) 15 (5.7) 0.180

Staphylococcus aureus 1 (0.2) 5 (1.9) 0.046

Other Staphylococcus spp. c 15 (3.2) 10 (3.8) 0.840

Streptococcus agalactiae 14 (3.0) 2 (0.8) 0.085

Candida spp., total 15 (3.2) 71 (26.8) <0.001

Candida albicans 3 (0.6) 35 (13.2) <0.001

Candida glabrata 1 (0.2) 12 (4.5) <0.001

Other Candida spp. d 11 (2.3) 24 (9.1) <0.001

Other microorganisms 10 (2.1) 1 (0.4) —
KTR, kidney transplant recipients; NTN, non-transplant nephrology patients. a: Enterobacter species, Citrobacter
freundii, Morganella morganii, Serratia marcescens. b: Stenotrophomonas maltophilia, Burkholderia cepacia complex.
c: Staphylococcus haemolyticus, Staphylococcus lugdunensis, Staphylococcus epidermidis. d: Candida kefyr, Candida krusei,
Candida tropicalis, Candida lusitaniae, Candida parapsilosis, Candida dubliniensis.

2.3. Antimicrobial Resistance Profiles
2.3.1. Resistance Profiles of Gram-Negative Urinary Isolates

The antimicrobial resistance profiles of E. coli and K. pneumoniae isolates are sum-
marized in Table 3 and Figure 2. These species were the most frequently isolated Gram-
negative bacteria in the study. Among E. coli isolates, resistance to gentamicin was higher
among isolates from NTN patients than among those from KTRs (18/64, 28.1% vs. 34/248,
13.7%; p = 0.006). Ertapenem resistance was also higher among NTN isolates (12/64,
18.8% vs. 15/248, 6.0%; p = 0.001). Among K. pneumoniae isolates, resistance was higher in
NTN patients than in KTRs for amoxicillin–clavulanate (17/19, 89.5% vs. 30/55, 54.5%;
p = 0.006), ceftriaxone (24/32, 75.0% vs. 41/95, 43.2%; p = 0.002), amikacin (7/32, 21.9%
vs. 1/95, 1.1%; p < 0.001), gentamicin (10/32, 31.3% vs. 5/95, 5.3%; p < 0.001), ertapenem
(12/32, 37.5% vs. 18/95, 18.9%; p = 0.033), and meropenem (8/32, 25.0% vs. 2/93, 2.2%;
p < 0.001). Amikacin showed the lowest resistance rates for both E. coli and K. pneumoniae
isolates in both patient populations. Among Enterobacterales isolates tested for extended-
spectrum β-lactamase (ESBL) production, ESBL positivity was more frequent among NTN
patients than among KTRs (59/106, 55.7% vs. 148/353, 41.9%; p = 0.013).
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Table 3. Antimicrobial resistance profiles of Escherichia coli and Klebsiella pneumoniae urinary isolates
from KTRs and NTN patients.

Bacterial Species/Antimicrobial Agent KTR, n/N (%) NTN, n/N (%) p-Value

Escherichia coli

Amikacin 2/248 (0.8) 1/64 (1.6) 0.499

Amoxicillin–clavulanate 67/127 (52.8) 17/29 (58.6) 0.568

Ceftriaxone 105/247 (42.5) 35/64 (54.7) 0.081

Ciprofloxacin 118/224 (52.7) 36/61 (59.0) 0.379

Gentamicin 34/248 (13.7) 18/64 (28.1) 0.006

Ertapenem 15/248 (6.0) 12/64 (18.8) 0.001

Meropenem 3/244 (1.2) 2/63 (3.2) 0.273

TMP–SMX 109/248 (44.0) 27/64 (42.2) 0.800

Klebsiella pneumoniae

Amikacin 1/95 (1.1) 7/32 (21.9) <0.001

Amoxicillin–clavulanate 30/55 (54.5) 17/19 (89.5) 0.006

Ceftriaxone 41/95 (43.2) 24/32 (75.0) 0.002

Ciprofloxacin 40/82 (48.8) 19/30 (63.3) 0.172

Gentamicin 5/95 (5.3) 10/32 (31.3) <0.001

Ertapenem 18/95 (18.9) 12/32 (37.5) 0.033

Meropenem 2/93 (2.2) 8/32 (25.0) <0.001

TMP–SMX 52/95 (54.7) 20/32 (62.5) 0.443
n, number of resistant isolates; N, number of isolates tested for the respective antimicrobial agent. Comparisons
of resistance proportions between KTRs and NTN patients were performed using Pearson’s chi-square test when
all expected cell counts were ≥5 and Fisher’s exact test otherwise. KTR, kidney transplant recipients; NTN,
non-transplant nephrology patients; TMP–SMX, trimethoprim–sulfamethoxazole.

Owing to the limited number of non-fermenting Gram-negative isolates, no formal
statistical comparisons were performed; therefore, these findings should be interpreted
descriptively and cautiously. Among Pseudomonas aeruginosa isolates, imipenem resistance
was observed in 0/2 KTR isolates (0.0%) and 4/5 NTN isolates (80.0%), while meropenem
resistance was observed in 0/2 KTR isolates (0.0%) and 2/4 NTN isolates (50.0%). Cef-
tazidime resistance was observed in 0/2 KTR isolates (0.0%) and 3/5 NTN isolates (60.0%).
Ciprofloxacin resistance was observed in 1/2 KTR isolates (50.0%) and 2/5 NTN iso-
lates (40.0%), whereas amikacin resistance was observed in 0/2 KTR isolates (0.0%) and
2/5 NTN isolates (40.0%). Among Acinetobacter baumannii isolates, gentamicin resistance
was observed in 5/10 KTR isolates (50.0%) and 2/13 NTN isolates (15.4%), ciprofloxacin
resistance in 1/2 KTR isolates (50.0%) and 2/13 NTN isolates (15.4%), and amikacin resis-
tance in 5/10 KTR isolates (50.0%) and 3/13 NTN isolates (23.1%). Carbapenem resistance
among A. baumannii isolates was observed more frequently in NTN isolates, with imipenem
and meropenem resistance each detected in 0/10 KTR isolates (0.0%) and 3/13 NTN iso-
lates (23.1%).

2.3.2. Resistance Profiles of Gram-Positive Urinary Isolates

The antimicrobial resistance profiles of Gram-positive urinary isolates are presented
in Table 4. Because the numbers of E. faecium and Staphylococcus spp. isolates were lim-
ited, comparisons involving these species should be interpreted cautiously. No ampicillin
resistance was detected among Enterococcus faecalis isolates. In contrast, ampicillin resis-
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tance was observed in a high proportion of E. faecium isolates in both patient populations
(2/3, 66.7% among KTRs and 12/17, 70.6% among NTN patients). Levofloxacin resis-
tance among E. faecalis isolates was observed at similar frequencies among KTRs and
NTN patients (17/33, 51.5% vs. 11/25, 44.0%; p = 0.606). Among E. faecium isolates, lev-
ofloxacin resistance appeared more frequent among NTN patients than among KTRs (12/15,
80.0% vs. 1/3, 33.3%), although this difference was not statistically significant (p = 0.172).
No vancomycin resistance was detected among Enterococcus isolates. Linezolid resistance
was observed in one E. faecium isolate from an NTN patient (1/15, 6.7%). Cefoxitin re-
sistance was detected in approximately half of the Staphylococcus spp. isolates in both
groups (8/15, 53.3% vs. 8/15, 53.3%; p = 1.000). No vancomycin or linezolid resistance was
detected among Staphylococcus spp. isolates. No β-lactam resistance was observed among
Streptococcus agalactiae isolates.

Figure 2. Heatmap of antimicrobial resistance rates among Escherichia coli and Klebsiella pneumoniae
urinary isolates from KTRs and NTN patients. Cell values represent the percentage of resistant isolates
among isolates tested for each antimicrobial agent. Denominators are reported in Table 3. KTR,
kidney transplant recipients; NTN, non-transplant nephrology patients; TMP–SMX, trimethoprim–
sulfamethoxazole.

Table 4. Antimicrobial resistance profiles of Gram-positive urinary isolates from KTRs and NTN
patients.

Microorganism/Antimicrobial Agent KTR, n/N (%) NTN, n/N (%) p-Value

Enterococcus faecalis

Ampicillin 0/33 (0.0) 0/25 (0.0) –

Vancomycin 0/33 (0.0) 0/25 (0.0) –

Linezolid 0/33 (0.0) 0/25 (0.0) –

Levofloxacin 17/33 (51.5) 11/25 (44.0) 0.606

Enterococcus faecium

Ampicillin 2/3 (66.7) 12/17 (70.6) 1.000

Vancomycin 0/3 (0.0) 0/16 (0.0) –

Linezolid 0/3 (0.0) 1/15 (6.7) 1.000

Levofloxacin 1/3 (33.3) 12/15 (80.0) 0.172
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Table 4. Cont.

Microorganism/Antimicrobial Agent KTR, n/N (%) NTN, n/N (%) p-Value

Staphylococcus spp.

Cefoxitin 8/15 (53.3) 8/15 (53.3) 1.000

Vancomycin 0/16 (0.0) 0/15 (0.0) –

Linezolid 0/16 (0.0) 0/16 (0.0) –

Levofloxacin 6/16 (37.5) 3/16 (18.8) 0.433
n, number of resistant isolates; N, number of isolates tested for the respective antimicrobial agent. –, not calculated
because no resistant isolates were detected in either group. KTR, kidney transplant recipients; NTN, non-transplant
nephrology patients.

3. Discussion
Urinary isolate distributions and antimicrobial resistance profiles differed between

kidney transplant recipients (KTRs) and non-transplant nephrology (NTN) patients in
the present study. These populations may differ with respect to immunosuppression,
healthcare exposure, and antimicrobial use [1,3–5], although direct comparisons within
the same institutional setting remain limited [14,15]. However, these findings should be
interpreted within the culture-based epidemiological design of the study. Because clinical
symptoms, pyuria, urine culture indication, catheter status, and clinical outcomes were not
systematically available, the present data cannot distinguish clinically confirmed UTI from
asymptomatic bacteriuria, candiduria, colonization, or contamination. Therefore, the find-
ings should be interpreted as differences in urinary isolate distribution and antimicrobial
resistance profiles rather than as differences in clinically confirmed UTI burden.

The higher contamination rate among cultures from KTRs than among those from
NTN patients was noteworthy from a pre-analytical perspective. However, because the
retrospective dataset did not systematically capture urine collection method, catheter status,
or adherence to clean-catch sampling instructions, the reasons underlying this difference
could not be determined. Differences in specimen collection practices may influence
contamination rates; however, their contribution could not be assessed in the present
study [4,16–18]. Therefore, this finding should be interpreted cautiously and primarily as a
sample-level culture outcome rather than as a patient-level clinical difference.

Compared with KTRs, NTN patients were older, with median ages of 72.0 years
and 49.5 years, respectively, a pattern that may reflect differences in patient selec-
tion and clinical care pathways between transplantation and general nephrology ser-
vices [1,14,19]. The KTR cohort had a higher proportion of female patients than the NTN
cohort (173/220, 78.6% vs. 104/177, 58.7%) and a higher mean number of cultures with
significant growth per patient (2.14 vs. 1.50). Female sex, urinary tract instrumentation,
and post-transplant follow-up practices may influence the frequency of urine cultures
with significant growth [2,10,16]. However, because urinary stent duration, catheter status,
symptoms, pyuria, and indications for urine culture were not systematically assessed,
the higher number of cultures with significant growth per patient in KTRs should not
be interpreted as evidence of recurrent symptomatic UTI. Differences in culture-ordering
or screening practices may also have contributed to the observed findings but could not
be evaluated. These demographic and sampling-related differences should be consid-
ered when interpreting between-group comparisons of urinary isolate distribution and
antimicrobial resistance profiles.

With respect to urinary isolate distribution, E. coli was the most frequently recovered
species in both populations, consistent with previous reports [1,4,8,13]. Enterobacterales
accounted for a greater proportion of isolates among KTRs than among NTN patients
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(77.2% vs. 41.1%), driven primarily by E. coli and K. pneumoniae. In contrast, non-fermenting
Gram-negative bacteria, Enterococcus spp., particularly E. faecium, and Candida spp. were
recovered more frequently from NTN patients. Previous studies have associated such
patterns in hospitalized nephrology populations with factors such as older age, prolonged
hospitalization, and urinary catheterization [1,2,16]. However, because duration of hos-
pitalization, catheter use, and other healthcare-related exposures were not systematically
assessed in the present study, their contribution to the observed distribution cannot be
determined. Candida spp. were recovered more frequently from NTN patients than from
KTRs (26.8% vs. 3.2%). However, because symptoms, pyuria, and other clinical findings
were not systematically available, candiduria could not be differentiated from colonization
or asymptomatic candiduria. Therefore, the higher proportion of Candida isolates among
NTN patients should not be interpreted as evidence of a greater burden of clinically sig-
nificant fungal UTI or an indication for empirical antifungal therapy [7,20]. Likewise, the
lower proportion of Candida isolates among KTRs cannot be attributed to post-transplant
nystatin prophylaxis or other clinical practices on the basis of the present data. Similarly,
in the absence of clinical symptoms, pyuria, urine culture indication, and catheter-related
information, Enterococcus spp. recovered from urine should be interpreted as urinary iso-
lates and may represent asymptomatic bacteriuria or colonization rather than clinically
confirmed enterococcal UTI [6].

Resistance patterns differed between KTRs and NTN patients, particularly among
K. pneumoniae isolates. Among E. coli isolates, resistance to gentamicin and ertapenem
was higher among NTN patients than among KTRs. Among K. pneumoniae isolates, re-
sistance to amoxicillin–clavulanate, ceftriaxone, amikacin, gentamicin, ertapenem, and
meropenem was also higher among NTN patients. In addition, ESBL production was more
frequent among Enterobacterales isolates from NTN patients than among those from KTRs
(55.7% vs. 41.9%, p = 0.013). The higher proportion of ESBL-producing Enterobacterales
among NTN patients highlights the importance of local susceptibility surveillance. How-
ever, prior antimicrobial exposure, prescribing practices, and clinical outcomes were not
assessed; therefore, implications for specific empirical treatment regimens cannot be deter-
mined. Although ESBL prevalence varies considerably across nephrology and transplant
cohorts [16,21], the present data cannot determine whether these differences were related
to prior antimicrobial exposure, duration of hospitalization, urinary tract instrumentation,
or other unmeasured clinical factors.

These findings may also be interpreted within the broader context of global and
transplant-specific antimicrobial resistance data. The WHO GLASS 2025 report highlighted
substantial resistance among major Gram-negative bacteria, reporting that more than 40%
of E. coli and more than 55% of K. pneumoniae isolates worldwide were resistant to third-
generation cephalosporins [12]. In the present cohort, ceftriaxone resistance among E. coli
isolates was 42.5% in KTRs and 54.7% in NTN patients, whereas ceftriaxone resistance
among K. pneumoniae isolates was 43.2% and 75.0%, respectively. In a kidney transplant
cohort, Korth et al. reported increasing resistance among Klebsiella spp. isolates to TMP–
SMX, ciprofloxacin, and ceftazidime between 2009 and 2012, from 32% to 51%, 6% to 21%,
and 6% to 23%, respectively, whereas resistance patterns among E. coli isolates remained
relatively stable [5]. Although direct comparisons should be made cautiously because
of differences in study design, patient populations, isolate selection, and antimicrobial
susceptibility testing periods, these data support the need for population-specific local
surveillance of urinary isolate resistance profiles.

Fluoroquinolone and TMP–SMX resistance frequencies were substantial in both
populations. The resistance profile observed among KTRs was broadly consistent with
our previous institutional KTR-only cohort, in which Gram-negative urinary isolates pre-
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dominated and resistance to ciprofloxacin and TMP–SMX was high, whereas meropenem
resistance remained low [13]. Although KTRs were managed according to an institu-
tional protocol prescribing TMP–SMX prophylaxis for 12 months after transplantation,
individual data on time since transplantation and active prophylactic exposure at the
time of culture sampling were not systematically available. Therefore, the contribution
of TMP–SMX prophylaxis to the observed resistance patterns could not be assessed at the
individual level. Similarly, individual cumulative antimicrobial exposure among NTN
patients was not systematically captured. Resistance patterns among aminoglycosides
were agent- and species-specific. Amikacin resistance was uncommon among E. coli
isolates in both populations and among K. pneumoniae isolates from KTRs; however,
resistance was observed in 21.9% of K. pneumoniae isolates from NTN patients. These
findings should not be generalized to aminoglycosides as a class. More broadly, the
laboratory-based susceptibility data may support local resistance surveillance but cannot,
in the absence of clinical outcome and toxicity data, establish the appropriateness of
specific empirical treatment regimens.

Given the limited number of non-fermenting Gram-negative isolates, these findings
should be interpreted descriptively and cautiously. Among P. aeruginosa isolates, resistance
to imipenem, meropenem, and ceftazidime appeared more frequent among NTN patients,
whereas ciprofloxacin resistance was observed in both populations. Among A. bauman-
nii isolates, resistance patterns varied by antimicrobial agent: resistance to gentamicin,
ciprofloxacin, and amikacin appeared more frequently among KTRs, whereas imipenem
and meropenem resistance was observed only among NTN isolates. Non-fermenting Gram-
negative bacteria are often associated with healthcare-related exposures [1,16]; however,
prior antimicrobial use, intensive care exposure, urinary catheterization, and molecular
relatedness of isolates were not assessed in the present study. Therefore, no inference can be
made regarding the mechanisms underlying these resistance patterns. These low-number
observations should be considered hypothesis-generating and require confirmation in
larger studies.

Among Gram-positive urinary isolates, no statistically significant between-group dif-
ferences in resistance rates were observed. In the absence of clinical symptoms, pyuria, and
urine culture indication, Enterococcus isolates recovered from urine should be interpreted
as urinary isolates and may represent asymptomatic bacteriuria or colonization rather than
clinically confirmed enterococcal UTI [6]. However, this finding should not be interpreted
as evidence of similar resistance patterns between KTRs and NTN patients, because the
number of E. faecium isolates was particularly limited, especially among KTRs. The higher
observed levofloxacin resistance among E. faecium isolates from NTN patients did not reach
statistical significance, but the comparison was underpowered. No ampicillin resistance
was detected among E. faecalis isolates. In contrast, ampicillin and levofloxacin resistance
were observed among E. faecium isolates, consistent with previous reports [22–24]. No
vancomycin resistance was detected among Enterococcus isolates, and no vancomycin or
linezolid resistance was detected among Staphylococcus spp. isolates. Given the limited
numbers of isolates, these findings describe the in vitro susceptibility profile of this cohort
and should be interpreted cautiously. Cefoxitin resistance was detected in 53.3% of Staphy-
lococcus spp. isolates in both populations; because staphylococcal species were evaluated in
aggregate, this finding should not be interpreted as a measure of methicillin-resistant S.
aureus prevalence.

This study has several limitations. First, its single-center, retrospective design limits
the generalizability of the findings. The two-year study period also precluded assessment of
long-term temporal trends in antimicrobial resistance. Because the analyses were primarily
based on laboratory data, clinical symptoms, pyuria, indications for urine culture, catheter
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status, and clinical outcomes were not systematically assessed. Therefore, cultures with
significant growth could not be consistently distinguished from clinically confirmed UTI,
asymptomatic bacteriuria, candiduria, or colonization. Contaminated cultures were classi-
fied according to laboratory criteria, but the clinical and pre-analytical factors contributing
to contamination could not be assessed. In addition, time since transplantation and active
exposure to TMP–SMX or nystatin prophylaxis at the time of culture sampling were not
available at the individual level. These limitations precluded adjustment for important
confounders in multivariable analyses and prevented assessment of the independent effects
of antimicrobial exposure on resistance patterns. Although repeated isolation of the same
microorganism within a three-week interval was excluded, repeat isolates recovered after
this period were retained; thus, some isolate-level observations may not have been indepen-
dent, and within-patient clustering was not modeled. Furthermore, resistance profiles were
assessed phenotypically, and molecular resistance mechanisms were not investigated. The
limited numbers of non-fermenting Gram-negative bacteria and selected Gram-positive
species also reduced the precision of some comparisons. Despite these limitations, strengths
of this study include the inclusion of 397 unique patients and 1638 urine cultures over
a two-year period, as well as the direct comparison of urinary isolate distributions and
antimicrobial resistance profiles between KTRs and NTN patients managed at the same
tertiary-care institution. This design provides local comparative surveillance data while
highlighting areas that require prospective, clinically integrated investigation.

4. Materials and Methods
4.1. Study Design and Patient Population

This retrospective culture-based comparative study was conducted at Bursa Uludağ
University Hospital. Urine culture results obtained from adult patients (aged ≥ 18 years)
hospitalized in the Nephrology and Kidney Transplantation Units between 1 January 2024
and 31 December 2025 were reviewed. Patients were categorized as kidney transplant
recipients (KTRs) or non-transplant nephrology (NTN) patients.

Culture-level analyses included all eligible urine cultures and assessed culture out-
comes as significant growth, contamination, or no growth. Isolate-level analyses included
urinary isolates recovered from cultures with significant growth and evaluated microorgan-
ism distribution and antimicrobial resistance profiles. Each culture with significant growth
contributed a single isolate to the isolate-level analyses. Patient-level demographic analyses
were restricted to unique patients with at least one urine culture showing significant growth.
Repeated isolation of the same microorganism from the same patient within a three-week
period was excluded; repeat isolates recovered after this interval were retained for analysis.

Demographic data, including age and sex, were retrieved from the Hospital Infor-
mation Management System (MIA MED, MIA Teknoloji A.Ş., Ankara, Türkiye). Microor-
ganism identification and antimicrobial susceptibility results were retrieved from the
EpiCenter™ data management system (Becton Dickinson, Franklin Lakes, NJ, USA).

According to the institutional post-transplant prophylaxis protocol, KTRs are pre-
scribed TMP–SMX (80/400 mg once daily) for 12 months after transplantation and oral
nystatin prophylaxis during the first post-transplant month. Individual data on time
since transplantation and active prophylactic antimicrobial exposure at the time of urine
culture sampling were not systematically available. NTN patients admitted to the nephrol-
ogy ward were not managed according to a standardized antibacterial or antifungal
prophylaxis protocol.

The study protocol was approved by the Bursa Uludağ University Ethics Committee
for Non-Interventional Clinical Trials (approval no. 2026/206/1-17; 8 April 2026).
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4.2. Urine Culture Processing, Microorganism Identification, and Antimicrobial
Susceptibility Testing

Urine specimens were inoculated onto Columbia agar supplemented with 5% sheep
blood and eosin methylene blue (EMB) agar (BD, Heidelberg, Germany). The plates
were incubated aerobically at 35–37 ◦C for 18–24 h. In accordance with the Clinical Mi-
crobiology Specialists Association (KLİMUD) Urine Guidelines, cultures yielding ≥ 105

colony-forming units (CFU)/mL of a potential urinary pathogen were considered to show
significant growth. Cultures yielding three or more distinct colony morphotypes or predom-
inantly commensal urogenital or skin flora were classified as contaminated [25]. Contami-
nated cultures were included only in the sample-level culture outcome analysis shown in
Table 1 and were excluded from isolate-distribution and antimicrobial-resistance analyses.

Cultures yielding three or more distinct colony morphotypes or predominantly com-
mensal urogenital or skin flora were classified as contaminated and excluded from isolate-
distribution and antimicrobial-resistance analyses.

Microorganisms from cultures with significant growth were identified by matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS;
Bruker Daltonik GmbH, Bremen, Germany). Antimicrobial susceptibility testing was per-
formed using the BD Phoenix™ automated system (Becton Dickinson Diagnostics, Franklin
Lakes, NJ, USA) and interpreted according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) clinical breakpoints (version 13.0, 2023) [26]. For binary
resistance analyses, isolates categorized as resistant (R) were classified as resistant, whereas
isolates categorized as susceptible, standard dosing regimen (S), or susceptible, increased
exposure (I), were classified as non-resistant.

The antimicrobial agents included in the analyses varied by microorganism group.
For Enterobacterales, amikacin, amoxicillin–clavulanate, ceftriaxone, ciprofloxacin, gentam-
icin, ertapenem, meropenem, and TMP–SMX were assessed. For P. aeruginosa, amikacin,
ciprofloxacin, ceftazidime, imipenem, and meropenem were evaluated; for A. baumannii,
amikacin, gentamicin, ciprofloxacin, imipenem, and meropenem were evaluated. For
Enterococcus spp., ampicillin, levofloxacin, vancomycin, and linezolid were assessed. For
Staphylococcus spp., cefoxitin, levofloxacin, vancomycin, and linezolid were evaluated.
Resistance rates were calculated using the number of isolates tested for each antimicrobial
agent as the denominator (n/N).

Internal quality control was performed using Staphylococcus aureus ATCC® 29213™,
Escherichia coli ATCC® 25922™, and Pseudomonas aeruginosa ATCC® 27853™.

4.3. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version
28.0 (IBM Corp., Armonk, NY, USA). Categorical variables are presented as counts and
percentages and were compared using Pearson’s chi-square test or Fisher’s exact test, as
appropriate. Continuous variables are presented as mean ± standard deviation or median
(minimum–maximum), as appropriate. Between-group comparisons were performed using
the independent-samples t-test for normally distributed variables and the Mann–Whitney U
test for non-normally distributed variables. Antimicrobial resistance rates were calculated
using the number of isolates tested for each antimicrobial agent as the denominator. Owing
to the limited number of non-fermenting Gram-negative isolates, no formal statistical
comparisons of antimicrobial resistance rates were performed for these organisms, and the
findings were reported descriptively. All tests were two-sided, and a p-value < 0.05 was
considered statistically significant.
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5. Conclusions
In this retrospective single-center culture-based study, urinary isolate distributions

and in vitro antimicrobial resistance profiles differed between KTRs and NTN patients.
Enterobacterales, particularly Escherichia coli and Klebsiella pneumoniae, were more fre-
quently isolated from KTRs, whereas Candida spp., Enterococcus spp., and non-fermenting
Gram-negative bacteria were more frequently recovered from NTN patients. Resistance
differences were most evident among K. pneumoniae isolates, and ESBL production among
Enterobacterales was more frequent in NTN patients. These findings should be interpreted
cautiously because of the laboratory-based retrospective design and unmeasured clinical
factors, including clinical symptoms, pyuria, urine culture indication, catheter status, time
since transplantation, and individual antimicrobial prophylaxis exposure. Therefore, clini-
cally confirmed UTI could not be distinguished from asymptomatic bacteriuria, candiduria,
colonization, or contamination. Stratified local surveillance may help contextualize urinary
isolate and susceptibility patterns across hospitalized nephrology populations. Prospective
studies incorporating clinical data and outcomes are needed to clarify the determinants
and clinical significance of these differences.
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