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Background: Enterobacterales are often responsible for urinary tract infection
(UTI) in kidney transplant recipients. Among these, Escherichia coli or Klebsiella
species producing extended-spectrum beta-lactamase (ESBL) are emerging.
However, there are only scarce data on frequency and impact of ESBL-UTI on
transplant outcomes.

Methods: We investigated frequency and impact of first-year UTI events with
ESBL Escherichia coli and/or Klebsiella species in a prospective multicenter
cohort consisting of 1,482 kidney transplants performed between 2012 and 2017,
focusing only on 389 kidney transplants having at least one UTI with Escherichia
coli and/or Klebsiella species. The cohort had a median follow-up of four years.

Results: In total, 139/825 (17%) first-year UTI events in 69/389 (18%) transplant
recipients were caused by ESBL-producing strains. Both UTI phenotypes and
proportion among all UT| events over time were not different compared with UTI
caused by non-ESBL-producing strains. However, hospitalizations in UTI with
ESBL-producing strains were more often observed (39% versus 26%, p = 0.04).
Transplant recipients with first-year UTI events with an ESBL-producing strain
had more frequently recurrent UTI (33% versus 18%, p = 0.02) but there was no
significant difference in one-year kidney function as well as longer-term graft
and patient survival between patients with and without ESBL-UTI.
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Conclusion: First-year UTI events with ESBL-producing Escherichia coli and/or
Klebsiella species are associated with a higher need for hospitalization but do
neither impact allograft function nor allograft and patient survival.

KEYWORDS

kidney transplantation, urinary tract infection, Enterobacterales, E. coli, Klebsiella,
ESBL — extended-spectrum beta-lactamase, graft survival

1 Introduction

Infections are still an important cause of morbidity and mortality
following kidney transplantation (1-3). Since the most intense
immunosuppression is applied during the first year post-transplant,
the incidence of infections is highest during this period (4). Urinary
tract infection (UTI) comprises the most frequently observed type of
infection (5, 6). As causative pathogens, Enterobacterales play a major
role and are responsible for UTI in 50 to 80% of cases, mostly caused
by Escherichia (E.) coli and Klebsiella spp. (7, 8). While susceptible
strains can be treated by commonly available antibiotics, the
increasing percentage of infections by Enterobacterales producing
extended-spectrum beta-lactamase (ESBL) often requires treatment
with carbapenems that need to be applied intravenously and are more
expensive compared with most standard antibiotics. In addition,
infections with ESBL-producing strains have been associated with a
higher clinical and economic burden of disease, longer duration of
hospitalization as well as increased mortality (9, 10).

Kidney transplant recipients might be particularly prone to
develop UTI with ESBL-producing Enterobacterales due to the
antimicrobial escape pressure provoked by the use of antibiotic
prophylaxis as well as early empiric treatment in case of suspected
infection. In addition, UTI with ESBL-producing strains may affect
the outcome of transplantation. Only few single-center studies have
so far investigated UTI by ESBL-producing Enterobacterales in kidney
transplant recipients in more detail. In a cohort of kidney transplant
recipients from Paris (France), Pilmis et al. described an 11%
prevalence of bacteriuria with ESBL-producing strains and about
50% of patients developed an UTI (11). In another larger study from
Spain, Bodro et al. found a higher proportion of UTI caused by ESBL-
producing Enterobacterales among transplant recipients with
recurrent episodes of UTI versus non-recurrent UTI (12). Brakemeier
et al. reported a lower patient survival but similar death-censored
allograft survival in patients with ESBL-UTI compared with a control
group (13). Notably, patients of all cohorts were transplanted about
or even more than 10 years ago and were, as expected, frequently on
and mTOR
immunosuppression, which does not represent the current standard

cyclosporine inhibitors  for  maintenance
of immunosuppression. Only the study of Brakemeier et al. did
investigate the role of UTI with ESBL-producing Enterobacterales

with respect to graft and patient survival. Therefore, the aim of this

Abbreviations: CFU, colony forming units; DSA, donor-specific HLA antibodies;
eGFR, estimated glomerular filtration rate; ESBL, extended-spectrum beta-
lactamase; E. coli, Escherichia coli; UTI, urinary tract infection; spp., species; STCS,

Swiss Transplant Cohort Study.
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study was to describe the frequency as well as the impact of first-year
ESBL-UTI on transplant outcomes in a large nationwide
contemporary cohort of kidney transplant recipients.

2 Materials and methods
2.1 Data source

The Swiss Transplant Cohort Study (STCS) is a multicenter,
observational and long-term follow-up cohort project recruiting solid
organ transplant recipients at all six Swiss transplant centers since
2008. Design, methodology and details on the cohort of the STCS
have been previously published (14, 15). This study (project number
FUP168) was nested within the STCS and separately approved by the
ethics committee of Northwestern and Central Switzerland (www.
eknz.ch; project ID 2021-00360). Detailed patient- and transplant-
specific data, including infectious disease episodes, are prospectively
collected in the STCS. In addition, information on ESBL-production
of the causative pathogen has been captured since 2012.

2.2 Study cohort

Between January 2012 and December 2017, 1799 kidney
transplantations were performed in Switzerland. For this study, 317
(18%) transplantations were excluded for the following reasons: no
STCS consent (n =151), multiorgan transplants (n =96), pediatric
recipients (n =60), missing pre-transplant donor-specific HLA
antibody assignment (n = 8), no complete first-year follow-up (n =2).
This resulted in a cohort consisting of 1,482 transplants in adults
eligible for study inclusion (Figure 1). In order to be able to
comparatively analyze the impact of first-year ESBL-UTI,
we subsequently focused only on transplants experiencing at least
one first-year UTI event with E. coli and/or Klebsiella spp. This
decision was made because 96% of all infections caused by ESBL-
producing strains belonged to these two bacterial species. The final
study population consisted of 389 kidney transplants (Figure 1). The
median age of the cohort was 56years (47-64years) and 58%
were women.

2.3 Definitions

For this study, the same classification of UTI events as in a
previous study of our group was used (7). Briefly, all UTT events were
classified by an infectious disease specialist and/or nephrologist based
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1799 kidney transplants
Swiss kidney transplants 2012 — 2017

Excluded (n=317 transplants)

No STCS consent (n=151)
- Kidney + other organ (n=96)

- Pediatric recipients (n=60)

1482 kidney transplants
in 1481 patients (2 TRP in 1 patient)

- Incomplete virtual crossmatch (n=8)
- No complete 1st year FU (n=2)

!

n=920 transplants (62%)
No UTI or colonization

Study Population
n=389 (26%)

l

n=173 transplants (12%)
= one UTI or colonization episode
with other specimen

n=320 transplants (21%)

E. coli/Klebsiella spp.

= one UTI or colonization episode with

n=69 transplants (5%)
= one UTI or colonization episode with
E. coli/Klebsiella ESBL spp.

In total n=825 UTI events
with E. coli/Klebsiella spp. (non-ESBL and ESBL)

l

l

Colonization
n=307 (37%)

uTl

n=459 (56%)

Urosepsis
n=59 (7%)

FIGURE 1

transplantation; UTI, urinary tract infection.

\_l_l

UTI and urosepsis
n=518 (63%)

Study flowchart. ESBL, extended-spectrum beta-lactamase; E. coli, Escherichia coli; FU, follow-up; STCS, Swiss Transplant Cohort Study; TRP,

on microbiological cultures, urine analyses, and recorded clinical
symptoms as follows:

a) Urinary colonization (equivalent to ‘asymptomatic bacteriuria/
UTT) was defined as the presence of bacteria in the urine with
>10° colony forming units (CFU)/ml in the absence of local
and systemic signs or symptoms of infection.

UTTI was defined as the presence of bacteria in the urine with
>10°CFU/mL in the presence of local and/or systemic signs or
symptoms of infection. No distinction between lower UTI (i.e.,
cystitis) and upper UTI (i.e., pyelonephritis) was recorded in
the STCS database.

Urosepsis was defined as the detection of the same pathogen in
urine and blood cultures in the presence of local and/or
systemic symptoms of infection.

Recurrent UTI were defined as > three UTI events within the first
year. At all six transplant centers, urine cultures were taken in case of
leucocyturia and/or symptoms referring to an UTIL Additionally, at
one center, urine cultures were taken at each consultation during the
first 6 months after transplantation.

2.4 Treatment of UTI

At all transplant centers, UTI were consistently treated.
Colonizations were only treated in 2/6 centers early after
transplantation (for the first 6 months after transplantation and as long
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as the double J-stent was in situ, respectively). At all centers, patients
with recurrent UTI underwent thorough clinical work-up for
underlying gynecological or urogenital pathologies.

2.5 Catheter policy and infection
prophylaxis

At all six kidney transplant centers, the allograft recipients
received a Foley catheter after transplantation, which was removed
between postoperative days 4 and 7. A double J-stent was inserted
during transplantation as a standard procedure in 5/6 transplant
centers, which was removed between two and eight weeks after
transplantation. At all centers, patients received trimethoprim-
sulfamethoxazole as pneumocystis prophylaxis for 6 months after
transplantation. Additionally, at one transplant center, the patients
received antibiotic prophylaxis with either amoxicillin/clavulanic acid
or ciprofloxacin until the double J-stent was removed.

2.6 Diagnosis of rejection

Transplant biopsies were performed at any time in case of
suspected rejection or unexplained graft dysfunction. Only one of the
six Swiss transplant centers performed protocol biopsies at month 3
and month 6 on a regular basis. Biopsy-proven rejection episodes were
graded according to the Banff 2017 classification, excluding the
‘borderline changes’ category.
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2.7 Outcomes

Data of the study population were analyzed on the patient level as
well as on the UTI level. On the UTI level, we investigated the
incidence of infections with E. coli and/or Klebsiella spp., the
proportion of UTI with ESBL-producing strains as well as the
frequency of treatment and the risk for hospitalization due to UTT. On
the patient level, the investigated outcomes were graft function (i.e.,
estimated glomerular filtration rate [eGFR] according to the Chronic
Kidney Disease Epidemiology Collaboration equation) at one-year
post-transplant, occurrence of rejection as well as short- and long-
term death-censored allograft and patient survival.

2.8 Statistical analysis

JMP Pro version 16 software (SAS Institute Inc., Cary, NC,
United States) was used for statistical analysis. Data were visualized by
GraphPad Prism version 10 (GraphPad Software, San Diego, CA,
United States). Categorical data are presented as counts and/or
percentages and were analyzed by chi-square test or Fisher’s exact test
as appropriate. Continuous data are shown as median and interquartile
ranges (IQR) and compared by Wilcoxon rank sum tests. For all tests,
a (two-tailed) value of p <0.05 was considered to indicate statistical
significance. Survival curves were generated by the Kaplan-Meier
method, and the groups compared using the log-rank test.

3 Results

3.1 Baseline characteristics of patient
groups

On the patient level, 389 kidney transplant recipients experienced
UTI events with E. coli and/or Klebsiella spp. Of these, 18% (69/389)
had a least one UTI event with an ESBL-producing strain within the
first year post-transplant (Figure 1). The baseline characteristics of the
cohort grouped by the ESBL status are detailed in Table 1. Transplant
recipients in both groups were in median 56 years old. In both the
non-ESBL and the ESBL group, female sex was more common (60%
versus 51%, respectively) but there were no significant differences
between the groups (p =0.16). There was also no difference with
respect to the underlying renal diseases, with a special focus on those
that may pose patients at higher risk for UTI events. In this
contemporary cohort, both groups were mostly (89% versus 87%,
respectively) treated with a maintenance immunosuppression
consisting of tacrolimus, mycophenolate and steroids and 29% in both
groups received an induction therapy with a T cell-depleting agent.

3.2 Major one-year outcomes according to
ESBL status

We compared major one-year outcomes among transplant
recipients according to their grouped ESBL status (Table 2). Overall,
graft loss and patients’ death were rare events in both groups and no
statistically significant differences were observed (2.2% versus 2.9%,
p =0.72). Graft function at one year did not differ among the two
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TABLE 1 Baseline characteristics of patients with Escherichia coli and/or
Klebsiella spp. UTI in the first year post-transplant grouped according to
ESBL status.

Parameter No ESBL ESBL p-value
(n=320) (n=69)
Recipient age 56 (47-63) 56 (46-65) 0.81
Female sex 192 (60%) 35 (51%) 0.16
Recipient renal disease
- ADPKD 75 (23%) 21 (30%)
- Diabetic Nephropathy 22 (7%) 6 (9%) 0.56
- Reflux/Pyelonephritis 29 (9%) 5(7%)
- Other 194 (61%) 37 (54%)
RRT prior to transplantation
- HD 228 (71%) 54 (78%)
0.46
- PD 37 (12%) 5(7%)
- None 54 (17%) 10 (15%)
Donor age 54 (43-63) 55 (47-64) 0.61
Deceased donor 200 (63%) 47 (68%) 0.38
Cold ischemia time [h] 7.2 (1.8-10.4) 8.6 (2.0-11.9) 0.12
CMV constellation
- High risk 54 (17%) 13 (19%)
- Intermediate risk 204 (64%) 44 (64%) 0.80
- Low risk 58 (18%) 12 (17%)
- Unknown 4 (1%) 0
Pre-transplant HLA-DSA 71 (22%) 12 (17%) 0.38
ABO incompatible 22 (7%) 4 (6%) 0.75
A/B/DRBI1 mismatches 4 (3-5) 4(3-5) 0.43
A/B/DRB1-5/DQB1 5(4-7) 5(4-7) 0.30
mismatches (n=355)
Induction therapy
- ATG/Thymoglobulin 94 (29%) 20 (29%) 093
- Basiliximab 223 (70%) 48 (70%) ’
- None 3 (1%) 1(1%)
Maintenance
immunosuppression
- FK/MPA/Pred 286 (89%) 60 (87%) o8
.84
- CyA/MPA/Pred 27 (9%) 7 (10%)
- Other 7 (2%) 2 (3%)

ADPKD, autosomal polycystic kidney disease; RRT, renal replacement therapy; HD,
Hemodialysis; PD, Peritoneal dialysis; CMV, cytomegalovirus; HLA-DSA, donor-specific
HLA antibodies; ATG, anti-T cell globulin; Tac, tacrolimus; MPA, mycophenolic acid; Pred,
prednisone; CyA, cyclosporine.

groups (Table 2, Figure 2). Furthermore, we did not observe differences
with respect to the occurrence of rejection. However, transplant
recipients with at least one first-year UTI event with an ESBL-
producing strain experienced more frequently colonization episodes
(p =0.0004). In addition, there was a significantly higher proportion
of recurrent UTT in the ESBL group (18.4% versus 33.3%, respectively).
Notably, the number of severe UTI, namely urosepsis episodes, was not
statistically significant different among the two groups (p =0.83).
Within the ESBL group, infections with an ESBL-producing strain
were in 34 (34/69; 49%) transplant recipients the first recorded UTI
event. Among the other 35 patients, a majority (26/35; 74%) had
previously received an antibiotic therapy for an antecedent non-ESBL
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TABLE 2 First-year outcomes in patients with Escherichia coli and/or
Klebsiella spp. UTI in the first year post-transplant grouped according to
ESBL status

Parameter No ESBL ESBL p-value
(n=320) (n=69)
Graft loss or death 7 (2.2%) 2 (2.9%) 0.72
Death 5 (1.6%) 1(1.5%) 0.95
Graft loss 2(0.6%) 1(1.5%) 0.48
eGFR [ml/min] 49 (38-65) 50 (37-67) 0.98
Number of transplant
biopsies
- None 137 (42.8%) 29 (42.0%)
- One 100 (31.3%) 21 (30.4%) 0.98
- Two 58 (18.1%) 14 (20.3%)
- More than two 25 (7.8%) 5(7.3%)
Number of rejections
- None 275 (85.9%) 58 (84.1%) 0.16
- One 39 (12.2%) 7 (10.1%)
- Two or more 6(1.9%) 4 (5.8%)
Number of colonization
1(0-2) 2(1-3) 0.0004
episodes
Number of UTI
- None 86 (26.9%) 19 (27.6%)
- One 117 (36.6%) 15 (21.7%) 0.02
- Two 58 (18.1%) 12 (17.4%)
- More than two 59 (18.4%) 23 (33.3%)
UTI phenotype
- Only colonization 86 (26.9%) 19 (27.6%)
- Occasional UTI (1-2 UTI) 175 (54.7%) 27 (39.1%) 0.013
- Recurrent UTI (>3 UTI) 59 (18.4%) 23 (33.3%)
Any Urosepsis episodes
- None 282 (88.2%) 58 (84.1%)
- One 32 (10%) 9 (13.1%) 0.83
- Two 3(0.9%) 1(1.4%)
- More than two 3(0.9%) 1(1.4%)

eGFR, estimated glomerular filtration rate; UTI, urinary tract infection.
P-values indicating significant results are shown in bold.

UTI event. These non-ESBL UTI events were mostly (21/26; 81%)
previous UTI or urosepsis episodes and in only 5 patients (5/26; 19%)
previously treated colonization (data not shown).

3.3 Impact of ESBL-UTI on longer-term
patient and graft survival and evolution of
graft function

Then, we focused on the impact of UTI with ESBL-producing
strains on the longer-term patient and allograft survival (Figure 3).
Patients were followed for a median of 4.0years (2.1-5.1years). Both
death-censored allograft survival and patient survival were not
different among the two groups (p=0.63 and p=0.67, respectively).
This finding did not change when we excluded patients who had only
colonization episodes (n=284; 28% and n=18; 28%, respectively) but
no UTL Notably, the outcome of both groups was similar when
compared to transplant recipients without any first-year UTT event
(Supplementary Figure 1).

Frontiers in Medicine

10.3389/fmed.2024.1329778

Beside patient and death-censored graft survival, we also
investigated the evolution of graft function on the longer term. As
expected, there was no statistically significant difference between the
two groups at three and five years post-transplant (Figure 2).

3.4 Incidence of infections with Escherichia
coli and/or Klebsiella spp. on the UTI level

In a next step, we focused on details of the infections on the UTI
level. In the cohort consisting of 389 kidney transplants, 1,133 UTI
events occurred in total. Of these, 825/1133 (73%) were caused by
E. coli and/or Klebsiella spp. (Figure 1).

Most of these UTI events could be exclusively attributed to E. coli
and/or Klebsiella spp. (719/825; 87%, Figure 4A). In about 5% of cases,
both pathogens were found at the same time. If concomitant bacteria
were present, these were mostly Enterococcus spp. (67/106; 63%, data
not shown). As expected, the frequency of UTI events with E. coli was
higher than with Klebsiella spp. (Figure 4A).

Regarding the clinical phenotypes observed among all UTI
events caused by E. coli and/or Klebsiella spp. (non-ESBL and ESBL),
37% (307/825) were colonization and 56% (459/825) UTI episodes
(Figure 1). Urosepsis episodes were considerably less frequent (7%,
59/825;).

Overall, ESBL-producing strains were detected in 139/825 (17%)
of all UTT events caused by E. coli and/or Klebsiella spp. (Figure 4B).
The distribution of E. coli and/or Klebsiella spp. among UTI events as
compared with non-ESBL-producing strains was very similar
(Figure 4B). We did not observe a difference in the proportion of UTI
with ESBL-producing strains with respect to the clinical phenotype
(62/307; 20% of colonization, 67/459; 15% of UTI, 10/59; 17% of
urosepsis episodes, respectively, p=0.13). In addition, the proportion
of UTI events with an ESBL-producing strain remained rather stable
over time (Figure 5).

3.5 Frequency of treatment and risk for
hospitalization

Compared with UTT and urosepsis episodes that were almost
always treated with antibiotics (100% in urosepsis and 99.4% in UTI),
colonization was only treated in 66/307 episodes (21%). Moreover,
when comparing colonization episodes with and without ESBL-
producing strains, treatment frequency was very similar (53/245;
21.6% without and 13/62; 21.0% with ESBL, p=0.91).

Within the dataset, information on the need for infection-related
hospitalization was available in 97% of UTI events. Hospitalization
was required in 97% of urosepsis and 28% of UTI events. In cases of
colonization, hospitalization only rarely occurred (<3%). While
urosepsis almost always prompted hospitalization regardless of the
ESBL status (100 and 95.9%, respectively), there was a significantly
higher proportion of hospitalizations in UTI with ESBL-producing
strains (39% versus 26%, p =0.04).

4 Discussion

In this nationwide multicenter study, we investigated the impact
of UTI due to ESBL-producing E. coli and/or Klebsiella spp. on renal
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FIGURE 2
Evolution of graft function in patients with Escherichia coli and/or Klebsiella spp. UTI in the first year post-transplant grouped according to ESBL status,
shown by violin plots (the lines represent the median (bold) as well as the interquartile ranges). eGFR, estimated glomerular filtration rate; ESBL,
extended-spectrum beta-lactamase
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spectrum beta-lactamase; E. coli, Escherichia coli; UTI, urinary tract infection.

UTI only
100-*Em1‘:'—:_=
80
60-]

40
20 ;
p=0.95

0 1 2 3 4 5 6 7
Years post-transplant

Atrisk

221 151 75 10

- 47 28 14 6
[ Non-ESBL E. coli/Klebsiella spp.
N ESBL E. coli/Klebsiella spp.

UTI only

100-%

o

604

40

20 :

p=0.34

0 1 2 3 4 5 6 7
Years post-transplant

At risk
. 221 151 75 10
. 47 28 14 6

Frontiers in Medicine

06 frontiersin.org


https://doi.org/10.3389/fmed.2024.1329778
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Brune et al. 10.3389/fmed.2024.1329778
A <1%
3%|
‘ O E. coli
O Klebsiella spp.
O E. coli and Klebsiella spp.
O E. coli + other bacteria
O Klebsiella spp. + other bacteria
O E. coli and Klebsiella spp. + other bacteria
n=825 UTIl events
B
n=686 UTI events with non-ESBL n=139 UTI events with ESBL
FIGURE 4
Distribution of E. coli and/or Klebsiella spp. in (A) all UTI events (n = 825) as well as separately shown in (B) UTI events without (n = 686) and with
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TMP/SMP, trimethoprim-sulfamethoxazole; UTI, urinary tract infection.

Temporal distribution of UTI events with E. coli/Klebsiella spp. according to ESBL status
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Months after transplantation

transplant outcomes. The key observation of this study is that
occurrence of UTI with ESBL-producing strains did not affect allograft
and patient survival. Furthermore, there was no difference in allograft
function between patients with and without at least one UTT event
with an ESBL-producing strain.

The results of this study suggest a limited clinical and
predominantly epidemiological significance of ESBL-producing
Enterobacterales. In this regard, our results are in part contradictory
compared with results of previous studies pointing toward a lower
patient survival, a higher case fatality rate as well as a higher virulence
of infections caused by such resistant bacterial strains (13, 16, 17).
Some reasons might explain these discrepancies. First, we hypothesize
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that the clinical overall awareness for ESBL-producing bacteria
increased over the last 5—10 years, which might have influenced
management of patients in case of a lacking clinical response following
initial empiric therapy. Secondly, antibiotic resistance profiles are
nowadays usually available within 24 to maximum 72h, facilitating a
timely adaptation of antibiotics. Third, the percentage of severe UTI
events, namely urosepsis episodes, caused by ESBL-producing strains
was rather low (in total 10 events) in our cohort. Therefore, we cannot
exclude that a delay of appropriate treatment is more detrimental in
this particular subgroup. However, the overall rather low frequency of
urosepsis episodes of 7% in our cohort generally suggests that current
post-transplant surveillance and instruction of patients is often able
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to prevent development of such severe infections (i.e., urosepsis),
which might mitigate a potential risk conferred by ESBL production
in this regard.

Consistent with the study of Bodro et al. we found that transplant
recipients in the ESBL group had a higher proportion of recurrent UTT
(12). In addition, there was a significantly higher proportion of
hospitalizations required in UTT with ESBL-producing strains. These
results underline the economic burden of disease (10, 18). It seems
likely that, given the limited availability of outpatient parenteral
antibiotic application services, intravenous application was often the
main reason for hospitalization. Since this might have provoked a
tendency toward a shorter treatment, it could also explain more
recurrent UTT in the ESBL group. Facing lacking options for oral
treatment in infections with ESBL-producing bacteria in many cases,
improvement of management options by expansion of outpatient
services for intravenous antibiotic administration as well as better
antibiotic counseling in terms of optimal treatment duration
are needed.

In this study, we observed that 18% of transplant recipients
developing UTI with E. coli and/or Klebsiella spp. within the first year
post-transplant experience at least one infection with an ESBL-
producing strain. With respect to the whole cohort consisting of 1,482
transplants, this corresponds to an absolute frequency of 5%. The
detected frequency is consistent with results of other studies reporting
an overall prevalence of about 5% among kidney transplant recipients
and a proportion of 20% among Enterobacterales in Europe (11, 19).
Neither classical risk factors for UTI, such as female sex and the type
of underlying renal disease (e.g., ADPKD, Diabetes, reflux
nephropathy), nor the intensity of immunosuppression, such as an
induction therapy with a T cell-depleting agent, were associated with
the occurrence of UTI with an ESBL-producing strain. In addition,
there was a rather stable monthly proportion of 10 to 20% of
ESBL-UTI over time, making an influence of the antibiotic prophylaxis
with trimethoprim-sulfamethoxazole for pneumocystis prevention as
well as the DJ catheter in situ rather unlikely. Notably, we observed
that the infection with an ESBL-producing strain was the first recorded
UTI event in about 50% of transplant recipients ultimately developing
such an UTI, suggesting that pre-existing unrecognized colonization
or acquisition in the community might be underestimated risk factors.
While pre-existing colonization could potentially be counterbalanced
by the use of perioperative prophylaxis with carbapenems, future
studies should focus on further delineating the mechanism of
infection as well as the prevention of selection pressure conferred by
antecedent antibiotic therapies (20, 21). In this regard, it is important
to further study the wide range of virulence factors, especially since it
was recently nicely shown that there is no regular pattern for ESBL
production with respect to for instance type 3 fimbriae comprising an
important superficial virulence factor (22, 23).

One particular strength of our study lies in the detailed analysis
of a large and unselected multicenter cohort with a follow-up of a
median of 4 years. Notably, our cohort is one of the largest focusing
on UTI caused by ESBL-producing Enterobacterales in kidney
transplant recipients. Furthermore, all patients studied were treated
with contemporary immunosuppression. Another strength is the
strict separation of the different UTT phenotypes (i.e., colonization,
UTTI and urosepsis) in our cohort.

However, our study is also subject to limitations. First, we had
no information on the type and the lengths of antibiotics used for
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treatment of UTIL. Therefore, treatment failure, especially in UTI
with ESBL-producing E. coli and/or Klebsiella spp., cannot be ruled
out and might have influenced the results with respect to the
frequency of infections. Second, our analysis focuses only on UTI
events occurring within the first year post-transplant. This decision
was made based on the completeness of data as well as the fact that
the first year is the period with the highest incidence of infections in
general. Third, we focused only on UTI and can therefore not
exclude that patients developed infections of other organs or
colonization with ESBL-producing strains at other locations.
However, an impact of other severe infections seems unlikely in light
of the similar patient survival of both groups. Fourth, we had no
information that allowed us to distinguish between upper and lower
urinary tract infections. Additionally, we could not analyze
complications of UTI such as the abscess development or
obstruction. Lastly, the results of this study might have been
influenced by local epidemiological factors and clinical practice,
limiting its general validity in other countries.

In conclusion, overall 5% of all patients and about 20% of patients
with UTI caused by E. coli and/or Klebsiella spp. develop at least one
first-year UTI with an ESBL-producing strain. These infections are
associated with a higher need for hospitalization but do not impact
allograft function as well as allograft and patient survival.
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